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Clinicians around the world continue to strive to provide 
uncompromised excellence in the delivery of evidenced-based 
wound care. With the explosion of knowledge and multiple 
media sources (internet, etc.), clinicians struggle to decipher 
“real” information from simple sham. There remain few refer-
ences that provide current information that can guide the cli-
nician in providing appropriate evidenced-based wound care. 
Lucky for us, the 4th edition of Wound Care: A Collaborative 
Practice Manual for Health Professionals fi lls this very important 
gap. 

The 4th edition has been expanded to 30 chapters. These 
chapters are logically divided into four sections: Introduction 
to Wound Care Diagnosis; Management of Wound Etiology; 
Management of Wound Characteristics; and Management of 
Wound Healing with Biophysical Agents. As the sections note, 
it forces both novice and experienced clinicians to not only 
consider the wound type, but more importantly it guides the 
clinicians to consider the multidimensionality of providing rel-
evant wound care. This physiological-environmental-societal 
approach allows the clinician to not only manage the wound, 
but to consider the wound in the context of the whole patient 
and their caregivers. Simply said, the clinician can’t manage a 
wound successfully without the context of managing all aspects 
of the patient’s environment. What also makes this edition a 
keepsake is the addition of two new chapters on burns and the 
wise use of hyperbaric oxygen.

The book chapter authors are all global leaders in wound 
management. This is a unique strength of the 4th edition. Given 
the multiple disciplines, contributing their expertise to numerous 
book chapters clearly underscores the multidisciplinary as well as 
interdisciplinary nature of providing relevant wound care in the 
21st century. All book chapters have been signifi cantly updated 
with a brand new format. Moreover, each book chapter provides 
ample case studies and examples to translate the didactic content 
to practice. This translational approach is critical to ensure that 
the clinicians after reading each book chapter actually “get it”. 
Another major strength of the 4th  edition is the wise use of tables 
that can be readily used as practice tools in the practice arena.  

As new knowledge in the management of wound care is 
developed, this will remain the “go to” textbook to synthesize 
and codify that knowledge so it is relevant to clinicians. I am 
confi dent that there are few wound care textbooks that can pro-
vide such relevant evidenced-based information to the novice 
as well as the expert wound care clinician. In this regard, the 4th 
edition remains in the vanguard.

Respectfully,
Courtney H. Lyder, ND, GNP, FAAN

Dean and Assistant Director, UCLA Health System
Professor of Nursing, Medicine and Public Health

Executive Director, Patient Safety Institute
University of California, Los Angeles School of Nursing

F O R E W O R D
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P R E F A C E

When the fi rst edition of Wound Care: A Collaborative Practice 
Manual for Physical Therapists and Nurses was published in 
1998, you told us about the importance that this work has for 
you. That has fueled our efforts to keep the book current. The 
book has grown from 20 chapters and 481 pages to its current 
size with 30 chapters. New chapters have been added to each 
edition and former chapters updated as you have asked for 
more information and topics. Our readership now includes a 
multidisciplinary global audience so our name changed with 
the third edition to Wound Care: A Collaborative Practice 
Manual for Health Professionals. We are grateful for your loyalty 
and to the loyalty of our valued contributors, most of whom 
have remained aboard for each new edition. Along the way, 
new contributors have joined the team to share their exper-
tise and knowledge with us. In this, the fourth edition, we have 
made many changes that are highlighted below.

A NEW LOOK FOR THE FOURTH EDITION

The fourth edition of Wound Care: A Collaborative Practice 
Manual for Health Professionals is really a new book with a new 
look. In response to requests by many of our readers, we are now 
four color throughout. The hierarchy of information is color 
coded for ease in determining levels of information presented. 
See Exhibit P.1 for a key to the hierarchy of information levels and 
associated box color coding. You may notice a theme. All special 
information color bars begin with gold, something to put into the 
bank. We would like to thank the talented art team at Lippincott 
Williams & Wilkins for their user-friendly design, use of color, 
and execution. We look forward to hearing your reactions.

Photographs sometimes appear in more than one chapter as 
teaching tools for different subjects. One of our learning objec-
tives is to teach the observer to look at many aspects of a wound 
for different purposes, and fl ipping back and forth between chap-
ters to look at a photograph breaks up the learning experience at 

inopportune times. Color photographs of wounds are utilized as 
much as possible to bring reality to the learning situation.

Like in previous editions, cross-referencing of materials is 
done. When information occurs in detail in another chapter, the 
reader is referred to the appropriate chapter to fi nd that informa-
tion. Our intention is to avoid redundancy and to integrate the 
information between chapters wherever and whenever possible.

NEW FEATURES OF THE FOURTH EDITION

In response to requests from our audience of readers and educa-
tors, we implemented a number of changes. Two new chapters 
have been added to the fourth edition: Chapter 15 Management 
of Burns and Chapter 30 Hyperbaric Oxygen. The vascular ulcer 
and pressure ulcer chapters are entirely new. All chapters have 
been reviewed, edited, and updated to refl ect current informa-
tion and evidence about medical science and wound manage-
ment practice since the third edition. Information organization 
has been revised into a more logical sequence to meet another 
objective, which is to facilitate the learning process by being 
concise and cohesive in presentation.

We have omitted the appendix of wound dressing products 
because they represent a market in constant fl ux and other 
sources are better ways to locate sources and products. Chapter 
20, Management of the Wound Environment with Dressings 
and Topical Agents, provides information and guidelines about 
product classes to guide you in your clinical decision making 
about dressing and topical agent products.

ASSEMBLING A WORLD-CLASS 
INTERDISCIPLINARY TEAM

From the beginning of the development of the Wound Care 
textbook we, the editors, have recognized the value of an inter-
disciplinary, collaborative message. We have chosen contribu-
tors whose expertise refl ects that of the real world of wound 
caring. Five world-class experts in wound management have 
joined our list of returning outstanding contributors. We are 
honored to have all of them aboard.

Collaboration and use of interdisciplinary talent is evident 
throughout the book with multiple coauthored chapters. A 
further objective of Wound Care is to encourage collaborative, 
interdisciplinary practice across all borders and continents. We 
recognize our expanding global impact and and the important 
contribution of our multinational contributors and sources 
such as those found in our resource and reference materials.

ORGANIZATION OF THE FOURTH EDITION

The sections of the fourth edition have been reorganized and 
rearranged for more logical fl ow. As in prior editions, we have 
retained the same four divisions or parts but have rearranged 
them so that wound etiology comes before wound characteris-
tics for more logical exposition.

EXHIBIT P.1

Hierarchy of Chapter Information Levels with Key to 
Color Coding in Text
Level of Information Color Code
Main Section Fuchsia
First Level Subsection Blue
Second Level Subsection Green
Third Level Subsection Orange
Tables Orange and Burgundy
Review Questions Green and Blue
Clinical Wisdoms Gold/Green
Research Wisdoms Gold/Purple
Case Studies Gold/Orange
Exhibits Gold/Fuchsia
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vi PREFACE

endogenous biophysical energy sources, their applied physi-
ology, and effi cacy on aspects of as well as complete wound 
healing. The introduction, longer than that of other sections, 
is there to help you understand the relationships between the 
energies, how to choose between them, and how to value their 
addition to wound therapy. All chapters have been updated. 
Updated evidence tables are a special feature found in most 
of the chapters for quick review. The fi rst three chapters con-
cern energies derived from the electromagnetic spectrum. The 
beginning chapter is electrical stimulation, followed by pulsed 
radio frequency and pulsed electromagnetic fi elds, variants of 
electrotherapy, and phototherapy (ultraviolet and laser). The 
rest of the chapters presents use of other physical properties 
like mechanical energy to promote biophysical cellular and 
tissue responses. These chapters include ultrasound (high and 
low frequency, therapeutic and diagnostic), hydrotherapy (and 
heat), pulsed lavage with suction (negative pressure), and nega-
tive wound pressure therapy. We end our fi nal section with a 
new chapter on hyperbaric oxygen therapy.

OUR AUDIENCE

Our audience has identifi ed themselves as both seasoned and 
novice wound clinicians from many health-care disciplines in 
addition to researchers, industry representatives, and acade-
micians who select our textbook for their students in various 
health-care fi elds to teach wound management skills. Over the 
four editions, our audience has grown and expanded globally, 
reaching more people in countries around the world. We are 
gratifi ed by your acceptance of our work and that of our col-
laborators. We appreciate the opportunities you have given us 
to help you and your patients heal.

MAKING A DIFFERENCE: A VISION

As we work with you to improve wound care for patients and 
clinicians globally, we want you to know that a portion of all 
proceeds from the Wound Care book will be donated to the 
UCLA Bates-Jensen Wound REACH Foundation (http://www.
ouchrace.com or http://nursing.ulca.edu/ouchrace) whose vision 
is “Raising Money for Wound REACH, Research, Education, 
And Clinical Health: Improving Wound Care Globally”. The 
UCLA Bates-Jensen Wound REACH Foundation raises funds to 
improve Wound Research Education And Clinical Health here 
in the United States and around the world by conducting charity 
race events, the OUCH! Races. Proceeds from the events go to 
support local improvement in wound care through education 
and research and to support development of sustainable wound 
clinics in resource-poor countries through education and clini-
cal care. We think the vision of the foundation is closely aligned 
to our vision for this 4th edition of Wound Care: A Collaborative 
Practice Manual for Health Professionals, and we hope you agree.

ADDITIONAL RESOURCES

Wound Care: A Collaborative Practice Manual for Health 
Professionals includes additional resources for both instructors 
and students that are available on the book’s companion Web 
site at http://thePoint.lww.com/Sussman4e

Part I Introduction to Wound Care Diagnosis
Part I, Introduction to Wound Care Diagnosis, Chapters 1 to 7, 
presents information on assessment, evaluation, diagnosis, and 
prognosis skills. Together these chapters provide a foundation 
for clinicians caring for the patient with a wound. Wound pho-
tographs, procedures, fl ow diagrams, assessment and screening 
forms, case studies, and referral criteria are provided to enable cli-
nicians easy access to necessary tools for practice. Chapter 1 begins 
with The Wound Care Process followed by Chapter 2, Skin and 
Soft Tissue Anatomy and Wound Healing Physiology. Chapter 
3 focuses on Assessment of the Patient, Skin, and Wound. In 
Chapter 5, several tools for evaluating and predicting wound 
healing are presented. This chapter includes the assessment tools 
in appendices. Chapters about vascular assessment and assess-
ment and management of nutritional status complete Part I.

Part II Management by Wound Etiology
Part II, Management by Wound Etiology, Chapters 8 to 16, 
provides chapters on the physiology and pathophysiology asso-
ciated with different wound etiologies. This section begins with 
Chapter 8 on management of the acute surgical wounds. The 
newly revised Chapter 9 presents information on the patho-
physiology, detection, and prevention of pressure ulcers and is 
followed by Chapter 10 on Management and prevention of pres-
sure ulcers with therapeutic positioning. Chapter 11 is our entirely 
new chapter on diagnosis and management of vascular ulcers. 
We follow with diagnosis and management of the neuropathic 
foot and other common foot problems in Chapters 12 and 13. 
The fi nal three chapters in this section deal with diffi cult wound 
situations: malignant wounds and fi stulas, a new chapter 
devoted to burns, and scar management. Each chapter includes 
photographs and case studies that illustrate issues related to 
wounds specifi c to that etiology.

Part III Management by Wound Characteristics
Part III, Management by Wound Characteristics, Chapters 17 
to 22, consists of chapters that outline the steps required to 
prepare the wound for healing. These chapters include spe-
cifi c details and photographs showing signs and symptoms 
of each characteristic along with narrative text explaining the 
signifi cance of each characteristics. Chapters include step-by-
step procedures for specifi c tests, treatments, and interven-
tions. Case studies, self-care teaching guidelines, and referral 
criteria facilitate management of specifi c wound characteris-
tics for clinicians. Chapter 17 begins the section with discus-
sion on Management of Necrotic Tissue, followed by Chapter 18 
Management of Exudate and Infection, and Chapter 19 
Management of Edema. The next two chapters in this sec-
tion provide information on topical treatment of wounds and 
include Chapter 20 Management of the Wound Environment 
with Dressings and Topical Agents followed by Chapter 21 
Management of the Wound with Advanced Therapies. The 
fi nal chapter in Part III is Management of Wound Pain includ-
ing the neuroanatomy, physiology, pathogenesis of pain and 
current pharmocologic and non pharmocologic interventions. 

Part IV Management of Wound Healing with 
Biophysical Agents
Part IV, Management of Wound Healing with Biophysical 
Agents, Chapters 23 to 30, looks at eight exogenous and 
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In addition, purchasers of the text can access the searchable 
full text on-line by going to the Wound Care: A Collaborative 
Practice Manual for Health Professionals Web site at 
http://thePoint.lww.com/Sussman4e

See the inside front cover of this text for more details, includ-
ing the passcode you will need to gain access to the Web site.

Thank you.

Carrie Sussman
Barbara M. Bates-Jensen

Instructor Resources
Approved adopting instructors will be given access to the 
 following additional resources:

• Case Studies
• Image Bank
• Test Bank
• Answers to Chapter Review Questions

Student Resources
Students who have purchased Wound Care: A Collaborative 
Practice Manual for Health Professionals have access to the fol-
lowing additional resources:

• Case Studies
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P A R T  I

Introduction to Wound Care

Carrie Sussman

A diagnostic process is used to direct and guide treatment of 
wounds and allows health professionals to apply their skills 
and knowledge to the appropriate treatment of client situa-
tions that they can and should treat legally and independently. 
Recognizing its value, health professionals, besides physicians, 
have developed expertise in the role of diagnostician and have 
been integrating diagnosis into their practice for many years. 
But because the incorporation of diagnosis into the allied 
health care professions is still in its infancy, many fi nd the role 
of diagnostician unfamiliar. These clinicians may lack both 
understanding of and practical experience in the process of 
diagnosis. For these clinicians, a number of questions need to 
be answered:

• What does a diagnosis really mean?
• What kind of information needs to be collected to yield a 

diagnosis?
• How are diagnoses differentiated from one another?
• How is a diagnosis tailored to a patient’s functional problem 

or human response to health or illness?
• How does diagnosis relate to prognosis and outcomes?
• How does the wound diagnosis direct interventions?
• Advanced clinicians who are familiar with classifi cation sys-

tems and diagnostic methods will have additional questions:
• Can and should the medical diagnosis be part of the clinical 

functional diagnostic statement?
• What kind of functional diagnostic statement should be writ-

ten for a person at risk for wounds?
• What is the difference between diagnosis and classifi cation?

Part I begins with an introduction to the diagnostic process 
and provides an overview of the whole wound care process. It 
seeks to answer these questions and provide specifi c informa-
tion about wound diagnosis. Guidelines for writing functional 
diagnoses that are meaningful and related to the prognosis and 
treatment interventions are included and apply across health-
care disciplines.

Whereas physicians and podiatrists focus on etiology-based 
diagnosis, nurses and physical therapists use similar taxonomy. 
The nursing process includes a standardized language or tax-
onomy. Nurses have taxonomy for impaired tissue integrity, 
impaired skin integrity, and ineffective peripheral tissue perfu-
sion. Further, nursing’s role includes the promotion of health 
as well as activities to contribute to adjustment to or recovery 
from illness. Thus, nurses can focus on prevention and health 

promotion activities. The nursing process is used as a problem 
solving approach to provide nursing care to individuals, com-
munities, and populations.1 Physical therapists use disablement 
terminology, including the terms impairment, disability, and 
handicap in their management model.2

In addition, both nurses and physical therapists  incorporate 
functional impairment and disability into the diagnostic 
 process. For example, a nurse determines the client’s response 
to health or illness as positive functioning, altered functioning, 
or at risk for altered functioning.1 Notice that nurses can use a 
diagnosis that incorporates risk, which could work equally well 
for a physical therapist. Moreover, nursing diagnoses specifi -
cally identify collaborative problems that the health-care clini-
cal team needs for joint management. The most appropriate 
joint manager for wounds may be the dietitian, the nurse, the 
physician, the physical therapist, or the podiatrist. Functional 
diagnosis requires an understanding of functional impair-
ment, which differs from the pathogenesis or etiology of the 
problem. Instead, a functional impairment is a system or organ 
impairment that prevents normal functioning.3 It describes a 
functional change as physiologic, anatomic, structural, or func-
tional at the tissue, organ, or body system level.4 In impaired 
wound healing, a functional impairment occurs at one of these 
three levels in the body.

Chapter 2 describes skin and deep tissue anatomy, acute 
wound healing physiology, and chronic wound healing fac-
tors. Chapter 3 considers the whole patient which incorporates 
intrinsic, extrinsic, and iatrogenic factors that can infl uence 
wound healing. Next, Chapter 3 along with Chapters 4 to 
7 teaches assessment, examinations, tests, and measurements 
that are an integral part of establishing a diagnosis. The same 
chapters describe methods and procedures for collecting infor-
mation and interpreting the fi ndings.

By the time they fi nish Part I, clinicians will understand 
skin and soft tissue anatomy, acute and chronic wound 
healing physiology, patient health- and care-related factors 
that affect wound healing. They will be able to perform the 
required tests and measurements necessary to determine 
a functional wound diagnosis, develop a prognosis, select 
appropriate interventions, and document the diagnostic 
process and fi ndings with a functional outcomes report. In 
Parts II, III, and IV, clinicians will learn the management 
skills and appropriate interventions required for different 
 wound-related problems.

Sussman_Chap01.indd   1Sussman_Chap01.indd   1 7/25/2011   2:32:29 PM7/25/2011   2:32:29 PM



References
1. Doenges ME, Moorhouse MF, Murr AC. Nursing Diagnosis Manual: 

Planning, Individualizing, and Documenting Client Care. Philadelphia, 
PA: F.A. Davis Company; 2005.

2. American Physical Therapy Association. A guide to physical ther-
apy practice, I: a description of patient management. Phys Ther. 
1995;75:707–764.

3. Jette AM. Physical disablement concepts for physical therapy research 
and practice. Phys Ther. 1994;74:380–386.

4. World Health Organization. International Classifi cation of Functioning, 
Disability and Health. Geneva, Switzerland: World Health Organization; 
2001.

Sussman_Chap01.indd   2Sussman_Chap01.indd   2 7/25/2011   2:32:29 PM7/25/2011   2:32:29 PM



CHAPTER

3

CHAPTER OBJECTIVES

This chapter describes the process used for management 
of patients with acute and chronic wounds. Although their 
descriptive terminology may differ slightly, health-care practi-
tioners employ essentially the same decision-making process in 
managing patient problems: assessment, diagnosis, goals, inter-
ventions, and evaluation. To simplify terminology and guide 
health-care practitioners, this textbook presents the wound care 
process in four steps, each with two or three parts:

a. Assessment—includes review of the reason for referral, col-
lection of patient history, systems review/physical assess-
ment, and wound assessment

b. Diagnosis—includes examination strategy, evaluation, and 
diagnosis

c. Goals—includes prognosis, establishment of goals and out-
comes, and evaluation of progress

d. Intervention—described in subsequent chapters

Examinations and specifi c measurements, as well as special 
test procedures, are found in Chapters 3 and 7, as well as in 
other chapters. We present the wound care process as appropri-
ate for all health-care practitioners who manage patients with 
wounds; however, throughout this chapter, we also present 
information that is specifi c to nursing and physical therapy.

STEP 1: ASSESSMENT

The assessment process assists in clinical decision making 
by preventing undirected care and inappropriate treatment. 
Clinicians perform a thorough assessment for all patients before 
determining the need for special examinations and interven-
tions. This process begins when the patient is admitted to the 
agency or when referred for services.

Assessment involves gathering data from the patient history and 
physical examination. The patient history determines which rel-
evant system reviews should be included in the physical exami-
nation. The history and systems review determine whether the 
patient is a candidate for services and the direction of the treat-
ment plan. For nurses, the assessment process provides the frame-
work for planning comprehensive wound care and for making 
referrals for physical therapy or other services. For all providers, 
proper utilization management is mandatory in today’s health-
care environment. Utilization management, which is part of the 
process of prospective management, is designed to ensure that 
only medically necessary, reasonable, and appropriate services 
are provided.1 The interdisciplinary nature inherent in caring for 
a patient with a wound requires clinicians to carefully determine 
candidacy for services before initiating referral or treatment. For 
example, many practitioners believe that a referral to physical ther-
apy automatically confers candidacy for wound care; however, not 
all patients are appropriately referred. The physical therapist needs 
to review the case, make the appropriate assessments, and deter-
mine candidacy and then advise the referring provider of recom-
mendations. Many patients with a wound have comorbidities and 
coimpairments. For such patients, collaborative interdisciplinary 
management is critical to prevent iatrogenic effects caused by inap-
propriate selection of interventions or handling of a wound and to 
reduce extrinsic and intrinsic complications (see Chapter 3).

Standardized forms are the best tools for collecting assess-
ment data quickly and effi ciently, thus ensuring that impor-
tant information is not lost. When both the clinician and the 
patient complete assessment forms, data from the interview is 
more likely to be maintained. In addition, engaging the patient 
in his or her own care from the beginning promotes mutually 
satisfactory outcomes. Although clinicians will fi nd impor-
tant information in the patient’s medical record, the patient 

Carrie Sussman and Barbara M. Bates-Jensen

1 The Wound Care Process

At the completion of this chapter, the reader will be able to:

1. Describe each step in the wound care process.
2. Identify key data to collect during assessment.
3. Differentiate between behavioral and functional outcomes.
4. Explain the importance of determining prognosis.
5. Describe the process of evaluation using outcomes.
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4 PART I ■ Introduction to Wound Care

Ideally, in the continuum of care, the patient’s historical 
 information is transmitted via the patient’s paper or elec-
tronic medical record, but this is not always the case. You 
may need to piece together the history from the other sources 
named above. If only a limited amount of medical and social 
information is collected, then you will need to choose diag-
nostic options based on that limited data. Obviously, it is 
more effective to plan appropriate care with a complete 
history.

Remember that one of the primary goals of the patient inter-
view is to begin to develop a therapeutic relationship with the 
patient and family. History taking allows you to assess and 
diagnose patient problems and to place the problems within 
the context of the individual patient’s life. Important skills you 
will use during the patient history include listening, observing, 
and asking questions. Here, we discuss the fi ve components of 
a thorough patient history: the chief complaint and health his-
tory, the sociologic history, the psychological history, the cul-
tural history, and the nutritional history.

Chief Complaint and Health History
The chief complaint and health history includes a full descrip-
tion of the patient’s chief complaint, including symptoms; a 
review of the patient’s past history; current health information; 
and data about the health of family members.

Chief Complaint

Begin the patient history by determining the patient’s chief com-
plaint or major reason for seeking care, as well as the duration 
of the problem. Why is the patient seeking help at this time? The 
reason may be as simple as convenience or as complicated as a 
wound problem that has worsened. Investigate motivations the 
patient may have beyond the obvious problem by asking a ques-
tion such as, “How did you hope that I could help you today?”

Explore the meaning of the wound to the patient. Questions 
such as, “What do you think caused your wound?” “Why do 
you think it started when it did?” and “How long do you think 
the wound will last?” can reveal the patient’s level of under-
standing of the health problem. Based on their answers, you can 
develop a plan of care that is sensitive to the patient’s needs and 
level of understanding.

Seek a complete understanding of the patient’s symptoms, 
that is, the subjective feelings of the patient, during the interview. 
Prompt the patient to include seven criteria in describing his or 
her symptoms:

1. Location
2. Character

(or a signifi cant other or caregiver) can often provide  additional 
insights and information not otherwise available. A self-admin-
istered patient history form helps the clinician focus on the 
interview and saves time. Samples of a self-administered patient 
history form and a focused assessment form for physical thera-
pists and nurses are presented in Appendices 1A and 1B.

Review of Admission/Referral
The referral is the fi rst step in documenting the patient history. 
But what is the referral process? The initial referral for wound 
care management is usually made to a nurse; if the nurse deter-
mines the need for physical therapy or other services, these 
health-care practitioners are brought into the team. In order to 
refer appropriately, nurses need to understand the expectations 
of and projected outcomes from physical therapy and other 
health professionals. In some health-care settings, a wound care 
team decides which services are necessary for wound manage-
ment and makes the appropriate referrals.

It is essential for a physical therapist or other health-care pro-
fessional to know the reason a patient was referred. Typically, 
patients referred to a physical therapist for wound healing have 
not shown signs of normal wound repair. Most often, other 
treatment interventions are in use or have been attempted 
with limited or no success. Patients may be referred to occupa-
tional therapy for environmental adjustments related to their 
wound or to an orthotist for management of off-loading and 
positioning. Clinicians often make a referral to other health-
care practitioners in an attempt to optimize wound repair. 
However, referrals can be made for reasons beyond improved 
wound healing. For example, a patient may be referred for help 
in cleaning and debriding a necrotic wound, for enhancement 
of the infl ammatory process, to reinitiate wound repair, to 
decrease bacterial burden or palliative care. For the patient who 
presents with factors that impair wound healing, the reason for 
referral is to achieve a clean, stable wound that can be managed 
effectively by the nurse or caregiver at home. In other cases, 
pain management can be the reason for referral, and physical 
agents and/or electrotherapeutic modalities prescribed.

In addition to understanding the reason for the referral, health-
care practitioners should understand the expected outcome. 
Wound closure may not be the highest priority. Of course, the 
selected intervention must match the expected outcomes to meet 
the referral objectives. For example, a patient with a foot ulcer sec-
ondary to pressure and insensitivity is fearful of amputation and 
loss of ability to walk. The patient’s main concern is limb salvage, 
and expectations are high. In contrast, the family of a debilitated 
long-term care patient may desire only comfort for their family 
member, with no expectations of wound closure. Note that fam-
ily and caregiver perceptions of various interventions may differ 
from the clinician’s view. For example, a family member may per-
ceive physical therapy as a heroic and painful measure, whereas a 
clinician may consider it a normal procedure. The nurse or physi-
cian must address these issues before making referrals.

Patient History
Patient history information is commonly collected in three ways:

• By interviewing the patient, family, signifi cant others, and/or 
caregivers

• By consulting with other health-care practitioners
• By reviewing the medical record

CLINICAL WISDOM

Patient History Data Needed to Determine Care 
Direction
● Reason for admission or referral
● Expectations and perceptions about wound healing
● Psychosocial-cultural-economic history
● Present medical comorbidities
● Current wound status
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 CHAPTER 1 ■ The Wound Care Process 5

Current Health Information

Current health information includes allergies, health habits, 
medications, exercise patterns, and sleep habits.

Allergic reactions usually affect the gastrointestinal tract, 
respiratory tract, and skin. Thus, specifi c allergies may infl u-
ence your choice of interventions for the patient’s wound care 
regimen. Make sure to investigate environmental, animal, food, 
product, and medication allergies. Some products used for 
wound care can contribute to an allergic reaction. An example 
is latex, which is found in dressings, gloves, and plastic tubing. 
Tape is also often associated with skin allergies. Sulfonamide is 
a common drug allergen that is contained in silver sulfadiazine 
(Silvadene), a topical therapy widely used for wound care.

Evaluate current and past lifestyle habits relevant to the 
health of the patient, including use of alcohol, tobacco, illicit 
substances, and caffeine. Alcohol, tobacco, and illicit substance 
use, in particular, present signifi cant problems for tissue perfu-
sion and nutrition for wound healing.

Complete a full medication profi le, including prescription 
and over-the-counter medications, names, dosages, frequency, 
intended effect, and compliance with the regimen. Many medi-
cations interfere with wound healing or may interact with 
wound therapy.

Evaluate the patient’s usual routine to determine patterns 
of physical and sedentary activities. Ask the patient to describe 
a typical day’s activities. Exercise patterns infl uence healing of 
several wound types, such as venous disease ulcers.

Finally, investigate the patient’s sleep pattern and whether 
he or she perceives the sleep to be adequate and satisfactory. 
Ask the patient where he or she usually sleeps. Patients with 
severe arterial insuffi ciency may sleep sitting up in recliner 
chairs because of the pain associated with the disease. Likewise, 
patients with chronic obstructive pulmonary disease (COPD) 
may sleep sitting up because of diffi culty breathing in the 
supine position.

Family Health History

The family health history provides information about the gen-
eral health of the patient’s relatives. Family health information 
is helpful in the identifi cation of genetic, familial, and environ-
mental illnesses. Specifi c areas to target are diabetes mellitus, 
heart disease, and stroke, as these diseases can impair wound 
healing and are risk factors for further wounding. If the patient 
has a family history of any of these diseases, he or she may have 
early signs of the disease as yet undiagnosed and is at higher risk 
of eventual disease development.

Social History
Diagnosis and management of a patient’s wound is best accom-
plished within the context of the whole person, so it is important 
to gather information about the patient’s social, psychological, 
and nutritional status. Social data fall into seven areas, each of 
which is discussed briefl y below:

1. Relationships with family and signifi cant others
2. Environment
3. Occupational history
4. Economic status and resources
5. Educational level
6. Daily life
7. Patterns of healthcare

3. Severity
4. Timing
5. Setting in which the symptom occurs
6. Antecedents and consequences of the symptom
7. Other associated symptoms

Review the patient’s present health and present illness sta-
tus to learn additional information about his or her reasons for 
seeking care. Describe the patient’s usual health and then focus 
on the present problem, investigating the chief complaint thor-
oughly, as described above. For interpretation and analysis of 
the patient’s problem, it is helpful to document the chief com-
plaint data in chronologic order.

Past Health History

Next, review the patient’s past health history. Information 
about how the patient responded to past problems may provide 
an indication of the patient’s potential response to treatment of 
the current problem. Much of this information may be avail-
able in the patient’s medical record. If not, make sure to obtain 
the following information:

• Past general health
• Childhood illnesses, accidents, or injuries with any associated 

disabilities
• Hospitalizations
• Surgeries
• Major acute or chronic illnesses
• Immunizations
• Medications and transfusions
• Allergies

CLINICAL WISDOM

Questions to Elicit Extent of Wound Symptoms
1. Location: Where do you feel the wound? Do you feel it 

anywhere else? Show me where it hurts.
2. Character: What does it feel like?
3. Pain Severity: On a scale of 0 to 10, with 10 being the 

worst pain you could imagine, how would you rate the 
discomfort you have now? How does the wound interfere 
with your usual activities? How bad is it?

4. Emotional Feelings: On a scale of 0 to 10 with 10 being 
agonizing, how distressed do you feel about having this 
wound? Has it changed how you feel about yourself and 
your interpersonal relations?

5. Timing/Duration: When did you fi rst notice the wound? 
How often have you had wounds?

6. Setting: Does the wound occur in a certain place or under 
certain circumstances? Is it associated with any specifi c 
activity?

7. Antecedents and Consequences: What makes it better? 
What makes it worse?

8. Other Associated Symptoms: Have you noticed any other 
change s?

Answers to these questions should provide a thorough 
understanding of the patient’s wound symptoms.
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6 PART I ■ Introduction to Wound Care

Psychological History
The psychological history includes an assessment of the patient’s

• Cognitive abilities (including learning style, memory, and 
comprehension)

• Responses to illness (coping patterns and reaction to illness)
• Responses to care (compliance)

At this point in the history taking, you will usually have 
some idea of the patient’s comprehension, memory, and overall 
cognitive status. If mental function is still unclear, administer 
an examination such as the mini-mental status exam. Previous 
coping patterns and reactions to illness provide insight into 
possible reactions to the current situation. Has the patient had 
diffi culties with wound healing in the past? Is there a history of 
chronic wounds? How has the patient responded to previous 
chronic wounds? Information about the patient’s response to 
previous care and compliance with other therapy regimens can 
identify potential diffi culties with adhering to the current treat-
ment plan.

Cultural History
In today’s culturally diverse world, patients often have 
 culturally determined values, beliefs, and behaviors that  differ 
signifi cantly from those of the clinician. These differences 
often arise in the areas of health and wellness, healthcare, and 
 self-care. Thus, you should assume nothing and routinely assess 
the patient’s and caregiver’s culture prior to determining goals 
of care and the overall treatment plan. Be particularly sensitive 
when performing this assessment.

Nutritional History
Nutrition plays a major role in wound healing (see Chapter 7). 
During the patient history, determine the patient’s usual daily 
food intake, risk for malnutrition, and specifi c nutritional defi -
ciencies. Evaluate the patient’s weight in comparison with his or 
her usual weight. Ask the patient to recall all foods eaten in the 
past 24 hours and determine whether this is a normal eating pat-
tern for the patient. Involvement of the dietician or nutritionist is 
recommended if the nutrition history refl ects nutritional needs.

Systems Review and Physical Assessment
Together, the systems review portion of the patient history and 
the physical assessment of each system provide information on 
comorbidities that can impair wound healing. The individual’s 
capacity to heal can be limited by the effects of specifi c diseases 
on tissue integrity and perfusion, patient mobility, compli-
ance, nutrition, and risk for wound infection. Throughout the 
patient history, systems review, and physical assessment, con-
sider these host factors that may affect wound healing as part of 
your systems review and physical assessment. Chapter 3 details 
systems to be reviewed that include

• Respiratory system
• Cardiovascular system
• Gastrointestinal system
• Genitourinary system
• Peripheral vascular system
• Neurologic
• Musculotskeletal system
• Hematologic system
• Endocrine system

Information about relationships with family and signifi cant 
others includes the patient’s position and role in the family, the 
persons living with the patient, the persons to whom the patient 
relates, and any recent family changes or crises. This informa-
tion is important, because the role of the patient within the fam-
ily can dictate treatment decisions. For example, a grandmother 
with venous disease ulcers may be the primary caregiver of 
young grandchildren; thus, it would be unrealistic to expect her 
to comply with a therapeutic regimen that includes frequent, 
lengthy periods of elevating her lower extremities. The fam-
ily support system is another critical factor when determining 
wound care management programs, and answers to questions 
such as, “Who will change the wound dressing and perform 
procedures?” “Who prepares meals?” and “Who will transport 
the patient to the clinic?” can infl uence treatment options.

Aspects of the patient’s environment can play a signifi cant role 
in the patient’s health and illness. Ask questions about the home, 
community, and work environments. Home-care patients can 
present challenging environments for wound repair. For exam-
ple, an elderly woman living alone with four cats in a two-room 
trailer with minimal bathroom facilities will require management 
strategies that differ from those used with a middle-aged man liv-
ing with a spouse and children in a three-bedroom house in the 
suburbs. In addition, the community environment may provide 
additional resources for the patient, such as senior citizen cen-
ters, health fairs, or a neighborhood grocery store that delivers to 
the home. The work environment, along with the occupational 
history, can identify job-related health risks and provide infor-
mation on the ability of a patient to eliminate certain risk factors 
for impaired healing. For example, a grocery clerk with a venous 
disease ulcer will need support in transferring to a job that does 
not require standing for long periods of time.

Information about the patient’s economic status and 
resources is important to determine adequacy for therapy com-
pliance. It is not necessary to know a patient’s exact income, 
but ask whether the patient feels the income is adequate and 
elicit the source of the income. It is important to identify 
patients with inadequate resources and to make appropriate 
referrals for fi nancial assistance. Assess the patient’s health 
insurance resources, including the source of insurance coverage 
and resources available to obtain necessary dressing supplies. If 
prolonged wound healing is expected, a discussion of fi nancial 
reserves may be desirable. Some patients have insurance cover-
age that pays for all dressing supplies, whereas other patients 
have insurance coverage that pays for only certain types of 
supplies (e.g., gauze, but not tape). Still other patients have no 
coverage for supplies at all. Also determine whether the patient 
has adequate resources available to pay for a caregiver if one is 
needed to help with dressing changes or other aspects of care.

In order to plan for patient teaching, you’ll need to know the 
patient’s level of education. These data are also important when 
planning methods of patient self-care.

Ask the patient to describe a typical day and to identify any dif-
ferences on the weekend. Answers to questions about their typical 
daily routine, as well as social and recreational activities, should 
provide you with valuable insights into the patient’s lifestyle and 
possible health risks. These answers should also help you make 
sound clinical judgments about the patient’s past health promo-
tion and prevention activities, and use of healthcare, including 
determining whether there has been continuity of care.
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 CHAPTER 1 ■ The Wound Care Process 7

Sometimes, the medical history and systems review fi ndings 
suggest that the patient’s problem requires consultation, that is, 
it is outside the scope of your knowledge, experience, or exper-
tise. In other cases, you may determine that the intervention 
originally suggested would be inappropriate. In physical therapy, 
you would then identify the patient as a noncandidate for the 
referred service. It would then become the responsibility of the 
clinician to refer the patient to another practitioner who is skilled 
and knowledgeable in a different area or better equipped to man-
age the identifi ed problem or recommend an alternative strategy. 
Following are examples of criteria that would trigger a referral:

• Vascular testing should be considered if hair loss, skin pal-
lor or cyanosis, or cold temperature of the feet is found on 
assessment.

• Callus and hemorrhagic spots on the callus indicate deeper 
tissue damage and warrant further assessment for high 
pressure.

• Toenail abnormalities should be referred if this is not an area 
of expertise for the examiner.

• An abscess in a tunnel or sinus tract requires immediate refer-
ral for surgical management.

• Undermining or tunneling (i.e., a black hole without a 
bottom) should be immediately referred for surgical 
management.

• Signs of granulation tissue infection (e.g., superfi cial bridg-
ing, friable tissue, bleeding on contact, pain in the wound, 
and regression of healing) require medical intervention.

STEP 2: DIAGNOSIS

At this point in the diagnostic process, you will have identifi ed 
the risk factors for impaired healing, based on data you collected 
during the history and systems review. The specifi c information 
you gather about a patient determines your examination strat-
egy; thus, not all patients will receive the same examination. 
The examination strategy is typically more focused and specifi c 
than the general assessment.

Examination Strategy
There are two parts to the examination: Part 1 includes test-
ing for factors related to the patient’s comorbidities and Part 2 
looks at key features of the wound assessment.

Examination: Part 1
The fi rst part of the examination involves testing for factors 
related to the physiologic or anatomic status of the comor-
bidities that impair healing, such as vascular or sensory impair-
ment. These tests carry signifi cant weight in the prediction of 
healing and development of the prognosis. For example, a low 
ankle-brachial index score indicates severe occlusive disease 
and is a predictor of failure to heal without reperfusion. Loss 
of protective sensation in the feet indicates a high risk for ulcer-
ation from pressure or trauma and an intervention strategy is 
warranted.

A patient with a low ankle-brachial index would not be con-
sidered a candidate for physical therapy services or aggressive 
wound healing interventions because of the severity of vascu-
lar system impairment. In this case, a nurse would manage the 
patient’s wound and refer the patient to a vascular surgeon. 

Although the review of systems with physical assessment 
 guidelines presented in Chapter 3 is not inclusive, it  identifi es 
the areas of greatest concern when managing patients with 
wounds. A complete history and physical examination provides 
the context for the wound itself; after completing it, you can 
begin to plan interventions. If the information you are able to 
glean from the history and physical assessment is very limited, 
you will need to base your clinical decision about the appropri-
ateness of the referral on the reason for referral, expected out-
comes, and your personal observations of the patient.

Most clinicians can complete the general history, systems 
review, and physical assessment in about 30 to 40 minutes for 
a single wound. An experienced clinician can perform a basic 
physical assessment in 10 to 15 minutes. Typically, not all infor-
mation is gathered at one time; portions of the history and 
physical assessment can be gathered over a period of several 
days after multiple clinic or home visits.

Wound Assessment
Wound assessment involves evaluation of a composite of 
wound characteristics, including location, shape, size, depth, 
edges, undermining or pocketing and tunneling, necrotic tis-
sue characteristics, characteristics of drainage or exudate, 
drainage that contains dead cells and debris, surrounding skin 
color, peripheral tissue edema and induration, and the presence 
of granulation tissue and epithelialization (also see Chapter 3 
on wound assessment, Chapter 4 on tools, and Chapter 5 on 
wound measurement).

Wound History
Following are key questions to elicit information about the 
history of the wound:

• “How long has the wound been present?”
• “Is there a history of previous wounds?”
• “What interventions have been used, and have they been 

successful?”
• “What types of health-care providers have been involved in 

the management of the wound?”

If the patient has been seen by providers from several dis-
ciplines and has undergone multiple interventions without 
successful progress toward healing, the patient’s candidacy for 
more aggressive intervention is questionable. Examine carefully 
the patient’s previous therapy and response to therapy in order 
to avoid repeating unsuccessful interventions. Some patients do 
not heal. However, careful evaluation of past interventions with 
attention to appropriateness of topical wound care, prevention 
strategies, risk factor and comorbidity management, and use of 
adjunct therapy, such as a whirlpool or electrical stimulation, 
can reveal inconsistencies in treatment approach.

Patient Candidacy for Specialized Services
As noted earlier, during the assessment process, the clinician 
focuses on how the medical history and systems review affect the 
candidacy of the patient. For instance, although physical thera-
pists may determine the candidacy of the patient for services, 
this is not an option in nursing; the nurse typically has no role in 
determining whether to provide nursing services to the patient. 
However, the nurse may assist in determination of appropriate 
therapy for patients when other disciplines are involved.
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8 PART I ■ Introduction to Wound Care

impaired wound healing. Nursing diagnoses identify specifi c 
human responses to existing or potential health problems. 
These problems may be physical, sociologic, or psychological. 
In contrast, physical therapists establish diagnoses for the spe-
cifi c conditions requiring attention. A physical therapy diagnosis 
is defi ned as “a label encompassing a cluster of signs, symp-
toms, syndromes, or categories.”3 The purpose of a diagnosis 
is to guide the clinician in determining the most appropriate 
intervention strategy for the individual. When assessment does 
not provide adequate information to formulate a diagnosis, the 
interventions may need to be limited to alleviation of symp-
toms and remediation of defi cits.

Distinguishing Between Impairments and Disabilities
Physical therapists evaluate the functional implications of 
impairments and disabilities. Impairment is defi ned as a loss or 
abnormality of psychological, physiologic, or anatomic structure 
or function.5 It may thus involve the loss of function of a body 
system or organ due to illness or injury.6 An example is the loss 
of function of skin and underlying soft tissue due to wounding 
or underlying pathology. An underlying pathology can create 
the susceptibility to loss of function; for example, “undue sus-
ceptibility to pressure ulcers” and “undue insensitivity to pain.”8

The defi nition of disability is any restriction or lack of ability 
to perform an activity in the manner or within the range con-
sidered normal for a human being. Disability can result from 
impairment or from the person’s response to the impairment. It 
can be reversible or irreversible. Disability refl ects a deviation in 
performance or behavior within a task or activity.6 Examples are 
an individual who has musculoskeletal disablement that leads to 
diffi culty walking or moving, and an individual with integumen-
tary disablement related to the inability of the body to progress 
from the infl ammatory phase of healing to the proliferative phase.

Functional Diagnosis
Physical therapists use functional diagnosis to describe the con-
sequences of disease and to justify the medical necessity of 
management by a physical therapist. In wound care, functional 
diagnosis is an assessment of the related impairments and asso-
ciated disabilities that affect the status of a wound and its ability 
to heal. Examples of functional diagnoses include the following:

• Impaired sensation (inability to detect pressure or light 
touch)

• Impaired circulation (ankle-brachial index below 0.8) of 
lower extremities

• Impaired lower extremity strength and joint range of motion 
(including manual muscle testing and range of motion), 
resulting in persistent pressure to buttocks

• Impaired healing associated with chronic infl ammation phase

STEP 3: PROGNOSIS AND GOALS

Once the diagnosis is established, the clinician predicts, or 
prognoses, the expected outcome and selects an intervention. 
Prognosis is defi ned as a prediction of the maximal improve-
ment expected from an intervention and how long it will take. 
It is thus a useful tool for goal setting. Prognosis may also 
include prediction of improvement at different intervals during 
treatment.5

A patient with an insensitive foot due to neuropathy would be 
a candidate for physical therapy because this condition would 
constitute a medical necessity, requiring the skills of a physi-
cal therapist. The physical therapist would predict a functional 
outcome of risk reduction following interventions of pressure 
elimination and stimulation, leading to healing.

In both cases, the ulcerations are related to underlying 
medical pathology. In the former case, the ulcer would not 
be expected to respond unless the underlying pathology were 
addressed. In the latter case, ulcer management would be 
appropriate, along with risk reduction management. As you 
can see, the interpretation of the data from the history and 
physical examination sets the stage for functional diagnosis and 
allows for triage of cases that should be referred or managed 
conservatively.

Examination: Part 2
This part of the examination strategy looks at four key features 
of the wound assessment:

• Evaluation of the surrounding skin
• Assessment of the wound tissue
• Observation of wound drainage
• Size measurements

The sequence of the examination depends on visual obser-
vation and palpation of the impaired tissues. Be sure to choose 
tests and measures that are specifi c to the wound situation. For 
example, temperature testing may be the best way to distinguish 
the presence of infl ammatory processes in pressure ulcers in 
patients with darkly pigmented skin. A wound tracing may be 
the best method to measure the irregular shape of a venous ulcer.

After completing the examination portion of the diagnostic 
process, your task is to interpret the physiologic and anatomic 
systems information and wound assessment data, bringing 
all of the information together like the pieces of a puzzle to 
develop a functional diagnosis.2

Evaluation and Diagnosis
The evaluation aspect of the wound care process involves anal-
ysis of the fi ndings you have collected. The purpose of evalua-
tion is to draw conclusions about a patient’s specifi c problems 
and needs so that you can implement effective interventions. In 
short, evaluation leads to clinical judgments.

“Diagnosis” refers to the process itself, as well as the conclu-
sion reached after the evaluation data have been organized.3

Diagnosis involves forming a clinical judgment by iden-
tifying a problem—that is, a disease/condition or human 
response—through the scientifi c evaluation of signs and symp-
toms, history, and diagnostic studies. Problem identifi cation is a 
process of diagnostic reasoning in which judgments, decisions, 
and conclusions are made about the data collected to deter-
mine whether intervention is needed.4 Thus, in many respects, 
a diagnosis is analogous to a research hypothesis: A research 
hypothesis directs the research study, and a diagnosis directs 
the patient’s care plan. Both a research hypothesis and diag-
nosis are chosen based on available data and information, and 
both can be proven correct or incorrect as the study or care plan 
progresses.

Both nurses and physical therapists base diagnoses on the 
symptoms or the sequelae of the injurious process, such as 
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Long-term goals were those predicted to be met by the time 
of discharge. There has also been a shift in terminology away 
from using the term goal and replacing it with expected outcome. 
In contrast, an outcome is the actual result or status after the 
intervention.

Completing the wound care process with recommendations 
is one outcome of physical therapy services. Physical therapists 
target specifi c, measurable outcomes for specifi c interventions. 
To make them functional outcomes, they must meet the cri-
teria described below. Target outcomes are short-term, specifi c 
expectations of a change in impairment status. Since a progno-
sis is the expected outcome after a course of care, it represents 
the long-term goal.

Examples of wound healing prognoses include the following:

1. Ideally healed closure
2. Acceptably healed closure
3. Minimally healed closure
4. Clean and stable open wound
5. Wound ready for surgical closure
6. Not expected to improve

Evaluation of Progress and Outcomes
As just noted, an outcome is the result of what is done, that is, 
the change resulting from an intervention. Outcomes are mea-
sured using performance indicators, objective measurements used 
to monitor change resulting from an intervention. Providers, 
payers, regulators, and clinicians all work toward establishing 
reliable performance indicators to report clinical outcomes. 
Exhibit 1.1 lists examples of wound-related performance indica-
tors, with outcomes and functional outcomes for each.

Two types of outcomes are behavioral and functional. Payer 
groups have an interest in both types.8 Thus, we’ll discuss each 
in detail shortly.

Reporting Outcomes
The reporting of outcomes is not to be confused with process; 
that is, an intervention or activity performed to achieve a result. 
Outcomes must be specifi c, realistic, time oriented, objective, 
patient centered, and measurable. Once established, outcomes 
serve as an evaluation tool.

Terms Frequently Misused When Reporting Outcomes

This section discusses some terms that are commonly misused 
when reporting outcomes, and the appropriate way to report 
an outcome.

Reduced risk of infection is a topic of confusion, and clinicians must 
understand that it is not an outcome. Freedom from infection 
or reduction in exudate, odor, or culture results are measur-
able outcomes. For any of these outcomes to be functional 
outcomes, they must change the way the body system func-
tions. Freedom from infection can be an outcome of wound 
cleansing, but it becomes a functional outcome when wound 
healing progresses to the next phase of repair. The functional 
outcome would be correctly written as, “The wound is infec-
tion-free, and the wound healing has progressed from the 
infl ammatory phase to the proliferative phase.”

A troublesome word in healthcare is maintained, which implies 
no change. Controlled should not be mistaken for main-
tained. For example, if edema has fl uctuated from treatment 

Some clinicians are intimidated by the idea of predicting 
outcomes; however, they are in the best position to do so if 
they are knowledgeable about the effects of the interventions 
prescribed and administered. Patients would not expose them-
selves to interventions with unpredictable results, and payers 
would not reimburse providers for services with unexpected 
benefi ts and indefi nite costs. In the current health-care envi-
ronment, a sound understanding of prognosis and outcomes is 
important for all health-care practitioners.

Wound Prognosis Options
The prognosis options for wounds are limited. One system for 
evaluating wound healing defi nes healing as minimally, accept-
ably, or ideally healed. An ideally healed wound results in return 
of the fully restored dermis and epidermis with intact barrier 
function. An acceptably healed wound has a resurfaced epithe-
lium capable of sustained functional integrity during activi-
ties of daily living. A minimally healed wound is characterized 
by closure but without a sustained functional result and may 
recur. In all these defi nitions, complete closure of the wound 
is expected.7

For some individuals and some wounds, closure is not an 
option. Rather, the best prognosis is a change in the wound 
healing phase from an impaired or early phase of repair to a 
more advanced phase of repair. A change in wound healing 
phase is a functional outcome prediction. This method moni-
tors a real change in the organ function of the skin and soft 
tissues, which is a measure of reduced functional impairment.

The prognosis that a wound is not expected to improve 
should lead to referral for other management. Nurses may be 
expected to care for the wound, but the patient may need ser-
vices including palliative care that can be provided by a physical 
therapy, dietary, or orthotic intervention.

Goals
A goal is precisely defi ned as the desired or expected result of an 
intervention. Goal setting differs somewhat for different clini-
cal disciplines involved in wound care. Here we are limiting 
the discussion of goal setting to the disciplines of nursing and 
physical therapy. Other disciplines would have similar goals 
that apply to their area of expertise.

Nursing Goals
Nurses must set priorities, establish goals, and identify desired 
outcomes for patients. Goals are important because they assist 
in determining outcomes of care and measuring the effective-
ness of interventions. Goals must be measurable, objective, and 
based on the prioritized needs of the patient.

Short-term goals are typically actions that must be taken 
before a patient is discharged or moved to another level of care. 
Long-term goals may require continued attention by a patient 
and/or caregiver long after discharge. Short-term goals should 
move a patient toward the long-term goal.

Physical Therapy Goals
Physical therapists are also required to establish short-term and 
long-term goals. These goals should be measurable, objective, 
functional, and very specifi c. Traditionally, a short-term goal 
was one that would be achieved in 30 days or less and usually 
corresponded to the end of the billing period or length of stay. 
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10 PART I ■ Introduction to Wound Care

Examples of Performance Indicators with Wound Outcomes and Functional Wound Outcomes
Performance Indicators Wound Outcomes Functional Wound Outcomes

1.  Change in wound and 
surrounding skin attributes

Progression through the 
phases of wound healing 
(infl ammation, proliferation, 
and epithelialization)

1.  Clean, stable wound ready for surgical closure

2.  Reduced severity of wound in 
depth or size

2.  Dressing changes needed biweekly instead of daily

3.  Change in wound 
exudate characteristics or 
undermining

3.  Exudate managed; patient returns to work

4.  Closure 4.  Return to work/leisure activities

1.  Temperature comparison Oxygenation or perfusion of 
tissue

1.  Progress to next wound healing phase

2.  Transcutaneous partial 
pressure of oxygen level

2.  Pain level no longer interferes with ADL

3.  Laser Doppler

1.  Girth measurements Edema reduced or controlled 1.  Patient able to don compression hose

2.  Volume meter measurements 2.  Leg ulcers are smaller, require less frequent 
dressing changes

3.  Palpation grading system

1.  Wound exudate characteristics Infection controlled 1.  Wound exudate odor controlled, able to return 
to community

2.  Wound and surrounding skin 
attributes

2.  Pain alleviated, patient resumes walking

3.  Culture

1.  Free of necrosis Clean, stable wound 1.  Frequency of visits reduced

2.  Proliferation phase tissue 
attributes

2.  Physical therapy intervention no longer 
required

3.  Change in depth or size 3.  Patient can now manage wound dressings changes

1.  Braden Scale score Reduced risk of pressure 
ulceration

1.  Repositions self in bed

2.  Functional activities 
performance

2.  Patient performs self-care activities while in 
wheelchair

3.  Comprehension testing 3.  Patient demonstrates use of hand mirror to 
monitor skin

1.  Wound closure Acceptable healed scar 1.  Patient identifi es risk factors for reulceration

2.  Functional activities performed 
related to use of scar tissue

2.  Patient uses protective equipment correctly 
under scar tissue to perform functional 
activities in wheelchair

EXHIBIT 1.1

to treatment, and then stabilizes as a result of intervention, 
the outcome is that edema is controlled. A functional out-
come for controlled edema would be stated as, “The edema 
in the tissues surrounding the wound is controlled.” The 
functional outcome of control of the edema is that the 
wound progresses to the next phase of healing.

Maximized and minimized are similarly confused with outcomes. 
For example, “maximized participation in activities of daily 
living” does not refl ect the functional outcome of an interven-
tion with an orthotic device. A functional outcome reports 
the result of the intervention, such as, “The patient performs 
activities of daily living wearing/using orthotic equipment, 
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 CHAPTER 1 ■ The Wound Care Process 11

To constitute a functional outcome, the results must meet 
three criteria9:

1. The result is meaningful.
2. The result is practical.
3. The result can be sustained over time outside the treatment 

setting.

Meaningful is defi ned as being of value to the patient, caregiver, 
or both. Practical means that the outcome is applicable to the 
patient’s life situation. Sustainable over time refers to functional 
abilities achieved through an intervention that are maintained 
by the patient or caregiver outside the clinical setting (e.g., a 
patient demonstrates the ability to apply a dressing and stock-
ing during two follow-up visits).10

Standardized tests and measurement tools are useful to 
monitor and track change over time. The Bates-Jensen Wound 
Assessment Toll (BWAT), formerly called the Pressure Sore 
Status Tool (PSST), the Sussman Wound Healing Tool (SWHT), 
and the Pressure Ulcer Scale for Healing ( PUSH), described in 
Chapter 4, can be used to document the outcomes of changes 
in wound attributes by changes in test scores, and can then be 
applied to function. For example, using the BWAT to moni-
tor exudate amounts, a change in score on that test item from 
4 (moderate exudate) to 2 (scant exudate) would indicate 
reduced drainage. This outcome is measurable and objective, and 
meets the criteria for a valid outcome. However, this informa-
tion alone does not constitute a functional outcome. To interpret 
this score as a functional outcome, a statement must connect the 
fi ndings with meaning to the patient, practical effect, and sustain-
able result. A correct statement of functional outcomes would 
be, “Wound exudate BWAT has reduced from 4 (moderate) to 
2 (scant) exudate, patient demonstrates ability to monitor for 
signs of infection and action to take, and patient is now able to 
return to work and will be seen for intermittent follow-up.”

Functional outcomes should be documented throughout 
the course of care, not just at discharge. Factors you can use 
to demonstrate intermittent functional change include change 
in patient lifestyle, change in patient safety, and adaptation to 
impairment or disability. These statements should be patient 
centered and measurable (Exhibit 1.2).

and has returned to work and/or resumed leisure activities.” 
An example of misuse of minimized as an outcome is “mini-
mized stresses precipitating or perpetuating injury.” Correct 
use is, “Functional outcome—patient/caregiver identifi ed 
stress-reduction methods to minimize risk of injury.”

Improved is defi ned as “to make better or enhance in value.” 
This is a subjective measure, not a measurable outcome. An 
outcome reports the objective result of improvement. For 
example, increased vital capacity measured in liters (perfor-
mance indicator) is a measurable change in the pulmonary 
system, with a result of increased oxygenation of tissues for 
wound healing. The functional outcome is “wound pro-
gresses to next phase of healing.”

Provided is sometimes confused with an outcome, although it 
is an action by the clinician, not an outcome of the inter-
vention. An example of improper use is “provided electri-
cal stimulation to enhance circulation.” This describes the 
rationale for the intervention, not the outcome.

Promoted is another inappropriately used term. For example, 
“promoted angiogenesis” is a process. Angiogenesis is an 
expected outcome of treatment and represents an attribute 
of wound healing. The performance indicators of angiogen-
esis are change in wound attributes, phase, or size. The out-
come is wound progression through the proliferative phase.

Behavioral Outcomes

Behavioral outcomes include behaviors that can be observed or 
monitored to determine whether an acceptable or positive out-
come is achieved within the desired time frame. Like all out-
comes, behavioral outcomes must be specifi c, realistic, time 
oriented, objective, patient centered, and measurable.

Use measurable action verbs to describe behavioral out-
comes. For example, the verb understand is not measurable; we 
cannot measure a person’s understanding. The same is true for 
the verbs feel, learn, know, and accept. But identify is measur-
able; the patient can be tested to determine whether he or she 
can identify. Other appropriate action verbs include list, record, 
name, state, describe, explain, demonstrate, use, schedule, differ-
entiate, compare, relate, design, prepare, formulate, select, choose, 
increase, decrease, stand, walk, and participate.

Examples of behavioral outcomes for a patient with a wound 
include: “The patient will describe the signs of wound infection 
and identify correct action within 24 hours” and “The patient 
will demonstrate wound dressing application within 2 days.” 
Correct documentation that the target outcome was met would 
include: “Patient is able to describe the signs of infection and 
list the steps for corrective action. Patient is able to demonstrate 
correct wound dressing application.”

Functional Outcomes

A functional outcome helps to communicate a change in func-
tion to the patient, caregiver, and payer. Physical therapists usu-
ally work with patients who have experienced loss of functional 
abilities, and they use functional tests that measure physical 
attributes to predict the function that the patient is expected 
to achieve after a course of treatment. Function in this context 
refers to activities and actions that are meaningful to the patient 
or caregiver. You should make a determination about mean-
ingful function while completing the “reason for referral” por-
tion of the assessment.

Example of Functional Outcomes Documented 
Throughout Course of Care
Initial Statement: Patient is unable to sit in wheelchair 
without trauma to integument.

Initial Target Outcome: Patient is sitting for 2 hours in 
adaptive seating system in 2 weeks.

Interim Outcome After 1 Week: Patient sits for 1 hour in 
adaptive seating system.

Discharge Statement: Patient sits in adaptive seating 
system for 2 hours without disruption of integumentary 
integrity.

EXHIBIT 1.2
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How to Write Outcome Statements and Functional Outcomes
When reporting outcomes, use the following guidelines:
1.  An outcome expresses the result of an intervention—not the intervention or the process—to reach an outcome 

(e.g., wound resurfacing/closure).
2.  A behavioral outcome can be learned information (e.g., demonstrates application of wound dressing). This outcome 

would follow an intervention of instruction.
3.  Coordination of treatment including: interdisciplinary, communication, and documentation of care outcomes used to 

ensure proper utilization management include.

Functional outcomes are written to describe results of treatment on function and include three parts:
1.  Description of a meaningful functional change to a body system (e.g., progression through the phases of healing)
2.  Description of a practical result of a change in a body system (e.g., wound is minimally exudative)
3.  Description of the sustainable result or change in the impairment status or disability resulting from the intervention 

(e.g., pressure elimination allows the patient to sit up in wheelchair 2 hours twice a day)

EXHIBIT 1.3

A change in wound tissue attributes and size can also be 
used as a functional outcome; for example, “Free of necrosis, 
reduced risk of infection, and size reduced 50%, wound is clean 
and stable, decreased frequency of visits required” (Exhibit 1.3).

REEVALUATION

Reevaluation is an ongoing, dynamic process that follows reg-
ular reexamination of the effects of treatment. Clinicians use 
performance indicators to measure a patient’s progress toward 
the outcome within the desired time frame. For example, if 
the target outcome is “Patient’s wound will demonstrate 25% 
reduction in size within 2 weeks,” the clinician would moni-
tor wound size throughout the 2-week period of time, and then 
determine whether the wound had reduced in surface area by 
25% at the end of week 2. If the wound decreased in size more 
than 25%, the outcome was exceeded. If the wound decreased 
in size by 25%, the outcome was acceptably met. If the wound 
failed to decrease in size by 25%, the outcome was not met, and 
the goals must be adjusted and interventions reviewed.

What happens if an outcome is not met? Failure to achieve 
goals can be related to a change in the patient’s overall condition, 
ineffective therapy, or inadequate adherence to the treatment 
regimen. When this occurs, you may decide to adjust goals and 
outcomes, develop new goals, and modify interventions. That 

said, because utilization management attempts to infl uence the 
clinical path from the beginning, in order to reduce deviation 
from an expected course and produce optimal outcomes, your 
adjustment of goals and expected outcomes should be minimal. 
Multiple approximations to reach the target outcome are not 
tolerated by patients or third-party payers.

The APTA Guide to PT Practice11 lists wound management 
guidelines regarding range of visits and length of episodic care 
by physical therapists for patients with wounds. This range 
represents the lower and upper limits of services that an antici-
pated 80% of patients/clients with such wounds will need to 
receive to reach the predicted goals and outcomes (prognosis). 
Multiple factors can modify the duration of the episode of care, 
frequency, and number of visits.

CONCLUSION

The wound care process described in this chapter is intended as 
a framework for clinicians working with patients with wounds; 
it will be especially helpful to clinicians who are new to wound 
care. Even for experienced clinicians, review of this key material 
will likely be helpful. Use of clinical judgment with diagnostic 
reasoning is one of the essential practice tools that nurses, phys-
ical therapists, and other health-care practitioners use with the 
patients they serve.

REVIEW QUESTIONS

 1. Steps of the wound care process include
 A. assessment, diagnosis, prognosis/ goals
 B. assessment, history, reason for referral
 C. examination, prognosis, candidacy 
 D. wound assessment, history, prognosis

 2. Wound healing prognosis options include
 A. mimimally, acceptably, ideally healed
 B. closure, remodeling, hypergranulation
 C. change in wound characteristics
 D. none of the above
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REVIEW QUESTIONS (continued)

 3. A functional outcome must be
 A. meaningful to the patient’s function
 B.  communicate change in function including progres-

sion of healing
 C.  meaningful, practical, sustained outside the treatment 

setting 
 D. all of the above

 4. 3 terms often misused when reporting outcomes are
 A. debridement, dressing change, cleansing
 B. promote, provided, risk reduction 

 C. healed, closure, infection free
 D. treatment provided as before, minimal exudate, closure

 5. Performance indicators for wounds include
 A. change in wound attributes
 B. change in girth measurements
 C. change in wound exudate
 D. all of the above
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CHAPTER OBJECTIVES

Skin and soft tissue anatomy set the stage for understanding the 
signifi cance and relationship between the depth of loss of the 
tissue integrity that occurs with wounding and the role of the 
anatomical structures in regeneration and repair. Skin and soft 
tissue anatomy are also the basis for classifi cation systems that 
have been developed to diagnose wound severity. Classifi cation 
systems for wounds are presented in Chapter 3. Scientifi c study 
of the physiology of wound healing has progressed greatly in 
the past few decades. From an initial understanding of acute 
wound healing and the development of an acute wound healing 
model, research progressed to identify the cellular physiology 
and microenvironment of acute wounds. Current research is 
also focused on comparing acute wound healing mechanisms 
and the microenvironment with factors affecting wound chro-
nicity.1,2 Still, all of these areas of research are works in prog-
ress, continuing to provide new information for both acute and 
chronic wound classifi cations.

As a clinician, you need to understand the basic anatomy 
of the skin and soft tissues and the science of wound healing 
and stay abreast of new research discoveries related to both 
acute and chronic wounds. Only by doing so will you be able to 
approach clinical decision making with confi dence. At the same 
time, scientists, engineers, and manufacturers are also applying 
the growing scientifi c knowledge about wound healing to the 
development of products that promote positive outcomes and 
mitigate the negative factors in healing wounds. Ideally, all of 
these research fi ndings and resources will be transferred to the 
clinical setting as best practices in wound management.

The basic science presented in this chapter is not  comprehensive. 
Yet, it should enable you to understand the anatomy and funda-
mental physiological processes of wound healing and how they 
may affect outcomes of clinical care. The chapter covers skin and 
soft tissue anatomy, wound classifi cation systems related to skin 
integrity and basic acute wound healing models, chronic wound 
healing, fetal wound healing, the physiology of acute and chronic 
wound healing by phase, factors that interrupt acute wound heal-
ing processes and can lead to chronicity, and factors that can affect 
the healing process. Chapter 3 connects the concepts of basic 
wound healing science to the clinical assessment.

ANATOMY AND PHYSIOLOGY OF THE SKIN 
AND SOFT TISSUES

In this section, we briefl y review the anatomy and physiology 
of young and aged skin and subcutaneous soft tissues to help 
you appreciate how aging and the depth of loss of skin and soft 
tissue affect how wounds heal as well as the role of the different 
structures in tissue regeneration or repair. Figure 2.1 is a dia-
gram of skin and soft tissues, which is included here to help you 
visualize the anatomic arrangement of the structures.

As we will see shortly, wounds are defi ned according to the 
level of skin and soft tissue structure lost.

Young Skin
The skin or integument is the largest organ in the body and con-
sists of two primary layers. The outermost layer, the epidermis, 

At the completion of this chapter, the reader will be able to:

1. Identify structures that are part of skin and soft tissue anatomy.
2. Determine wound severity based on depth of tissue loss.
3. List three acute wound healing models.
4. Identify and list the benchmarks of each of the four phases of wound healing.
5. List the benchmarks of wound phase changes for acute and chronic wound healing.
6. Describe the role of basic scientifi c research in understanding pathophysiology and developing 

wound treatments.
7. Apply knowledge of the wound microenvironment to identifi cation of factors that can affect 

the healing process.

Carrie Sussman and Barbara M. Bates-Jensen

Skin and Soft Tissue Anatomy and 
Wound Healing Physiology2
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Stratum corneum
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Stratum germinativum
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papillae of the dermis
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Sweat glands
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FIGURE 2.1 Diagram of skin and soft tissues.

is itself composed of several layers of epithelium. The fi rst epi-
dermal layer is the stratum corneum, also known as the horny 
layer, which is composed of keratinocytes. The innermost skin 
layer is the dermis, a connective tissue layer that contains neu-
rons and blood vessels.

The primary function of the skin is protection—from bac-
teria and other microbes, from mechanical trauma, harmful 
chemicals, and excessive heat, cold, moisture, dryness, and 
ultraviolet radiation. Thus, when the skin is injured, the body 
is subject to invasion by outside agents, loss of body fl uids, 
and other problems. In addition to its barrier function, skin is 
important for thermal regulation, vitamin D metabolism, and 
immune defense. Also, skin health is a mirror of general health, 
and skin failure often accompanies other system failures within 
the body.

Epidermis
The epidermis consists almost entirely of keratinocytes, cells that 
produce keratin, a fi brous protein. The epidermal keratinocytes 
are arranged into fi ve layers as shown in Figure 2.2. The most 
superfi cial is the stratum corneum. Deeper layers of the epider-
mis include the stratum lucidum, stratum granulosum, stratum 

spinosum, and stratum basale (also called the stratum germina-
tivum). Keratinocytes arise from the stratum basale and, as they 
mature, they migrate upward toward the stratum corneum, 
increasing their keratin load. Keratinocytes reproduce continu-
ously and produce a protein called keratin, which is insoluble 
in water and prevents water loss and entrance of irritants into 
the body. They live for only a few weeks and, by the time they 
reach the skin surface, have died. In fact, the stratum corneum 
consists entirely of dead keratinocytes. Deposits of dry keratin 
on the skin surface are called scale. Hyperkeratosis (thickened 
layers of keratin) is often found on the heels and can indicate 
loss of sebaceous glands and sweat gland functions.

In addition to keratinocytes, the epidermis contains 
other functional cells. For instance, Langerhans cells, which 
are immune cells that help fi ght infection, and melanocytes, 
which produce the pigment protein melanin as well as have an 
immune function.3 An important function of the epidermis in 
wound healing is to close the wound quickly and effi ciently. As 
we’ll discuss in detail later in this chapter, epidermal wounds 
heal primarily by cell migration called epithelialization. Clusters 
of keratinocytes migrate into the area of damage and cover the 
defect. These lead cells are phagocytic and clear the surface 
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of debris and plasma clots. Repair cells originate from local 
sources, primarily the dermal appendages and from  adjacent 
intact skin areas. Healing occurs rapidly, and the skin is 
 regenerated and is left unscarred.

pH of the Stratum Corneum
The normal pH of the stratum corneum is between 4 and 6.5. 
This low pH forms an acid mantle that enhances the skin’s 
barrier function. Recent studies have demonstrated that enzy-
matic activity is involved in the formation of this acid mantle. 
Together, the acid mantle and stratum corneum make the skin 
less permeable to water and other polar compounds and indi-
rectly protect the skin from invasion by microorganisms.

Damage to the stratum corneum increases the skin pH and, 
thus, the susceptibility of the skin to bacterial skin infections.4 
For example, hand washing three times a day with cleansing 
agents alters the acid mantle for several hours, and multiple 
washings alter the barrier functions, including the skin pH, for 
up to 14 hours. Increased alkalinity can also be caused by perspi-
ration or urine and stool from incontinence. Systemic diseases, 
such as diabetes, chronic renal failure, and cerebrovascular 

disease, can also cause increased skin pH. Wound dressings and 
diapers have also been known to raise skin pH.4

If the pH of the skin shifts toward alkaline, it can become 
prone to secondary bacterial and fungal infections. These 
thrive, for example, in the perineal skin. Other problems asso-
ciated with increased skin surface pH include eczema, contact 
dermatitis, atopic dermatitis, perineal dermatitis, and dry skin.

An association between wound surface pH and wound heal-
ing has been made. The pH of open wounds tends to be alkaline 
or neutral (range 6.5–8.5). As new epithelium is formed at the 
wound edges, the pH on the surface is restored.5

Maintenance of the Stratum Corneum
Hydration and lubrication of the stratum corneum are impor-
tant in keeping the skin intact. Extremes of either dryness or 
hydration are equally damaging, as is mechanical trauma. 
Indeed, any disruption in the stratum corneum allows increased 
transepidermal water loss, impairing the barrier function.6 
Barrier disruption causes a localized infl ammatory cascade, 
which can prompt infl ammatory skin diseases such as eczema. 
For example, removal of wound dressing adhesives can strip the 
stratum corneum and cause noticeable transepidermal water 
loss.7 This in turn triggers an infl ammatory wound healing 
response, proportional to the amount of damage to the skin.

Following such insults, normal adult skin has the capacity to 
recover its barrier function within 6 hours. Recovery of the bar-
rier is slower in aged skin. During recovery, there is an increase 
in lipid production within the stratum corneum. Application of 
effective moisturizer products containing the appropriate mix 
of lipids can reduce the epidermal water loss during the recov-
ery period. In particular, petrolatum and lanolin-based skin 
care products have been shown to enhance barrier recovery by 
reducing water loss and inhibiting the infl ammatory reaction 
of the cells.6,8

Skin cleansers and moisturizers that have low or neutral pH 
are recommended for maintaining the acid mantle of the skin. 
Soaps are more alkaline than most synthetic detergents and 
nonionic surfactants (which are slightly acidic or neutral) and 
should not be used to clean open wounds.4

Melanin and Skin Color
Melanin pigmentation accounts for the variation in skin color 
among humans from very dark to very light. Although the num-
ber of melanocytes present in dark and light skin is similar, the 
size and activity of the melanocytes are greater in dark skin than 
in light skin. In people with dark skin, the melanin pigmenta-
tion is concentrated in a layer of the stratum corneum that can 
be wiped off when washing. Of course, this does not mean that 

Dead keratinocytes

Stratum
corneum

Stratum
lucidum
(found only in
palm, sole
of foot,
and fingertips)

Stratum
granulosum

Stratum
spinosum

Stratum
germinativum

Basement
membrane

Dermis

Keratinocyte

Langerhans cell

Melanocyte Merkel cell

Tactile disc

Sensory neuron

Lamellar 
granules

Superficial

Deep

FIGURE 2.2 Diagram of the epidermal layers.

RESEARCH WISDOM

Effect of Hand washing on Skin Health of Health-Care 
Professionals
Health-care professionals wash their hands between each 
patient, typically more than three times per day, and often 
develop eczema, contact dermatitis, atopic dermatitis, and 
dry skin.
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20 PART I ■ Introduction to Wound Care

CLINICAL WISDOM

Care of Darkly Pigmented Skin
Care of darkly pigmented skin requires keeping the skin 
lubricated. Petrolatum, lanolin-based lotions, and sparing 
use of soaps are recommended.9

all the color is removed, just the superfi cial layer. In addition, 
although the thickness of the stratum corneum in both dark and 
light skin is the same, the cells in dark skin are more compact and 
have more cell layers. For this reason, dark skin is more resistant 
to external irritants. Healthy dark skin is usually smooth and 
dry, whereas dry dark skin can have an ashen appearance.9

Basement Membrane and Dermal-Epidermal 
Junction
The basement membrane is a thin layer of protein that both 
separates and connects the epidermis and dermis at the dermal 
epidermal junction.

Dermal Appendages
Dermal appendages, which include hair follicles, sebaceous and 
sweat glands, fi ngernails, and toenails, originate in the epider-
mis and migrate into the dermis.10 Hair follicles and sebaceous 
and sweat glands contribute epithelial cells for rapid closure of 
wounds that do not penetrate through the dermis. The seba-
ceous glands are responsible for secretions that lubricate the 
skin, keeping it soft and fl exible. They are most numerous in 

the face and in the palms of the hands and soles of the feet. 
Sweat gland secretions control skin pH and thereby reduce 
the risk of infection. The sweat glands, dermal blood vessels, 
and small muscles in the skin (responsible for goose pimples) 
control temperature on the surface of the body. Nerve endings 
in the skin include receptors for pain, touch, heat, and cold. 
Loss of these nerve endings, as occurs in peripheral neuropathy, 
increases the risk for skin breakdown by decreasing the toler-
ance of the tissues to external forces. Figure 2.3 shows an anno-
tated sonogram of the skin and the dermal appendages.

Dermis
The dermis, or the true skin, is a vascular structure that sup-
ports and nourishes the epidermis.10 In addition, sensory nerve 
endings in the dermis transmit signals regarding pain, pressure, 
heat, and cold.

The dermis is divided into two layers: the superfi cial dermis 
and deep dermis. Figures 2.4 and 2.5 show superfi cial and deep 
dermis structures.

Superfi cial (Papillary) Dermis
The superfi cial dermis is connective tissue. It consists of an extra-
cellular matrix (ECM) (collagen, elastin, and ground substances) 
and fi broblasts, which produce the collagen and elastin compo-
nents that give the skin its turgor and toughness. Fibroblasts also 
secrete fi bronectin and hyaluronic acid (HA) or hyaluronan, 
major components of the ECM that are primarily proteins and 
can be found in skin, joints, eyes, and most other organs and tis-
sues. They are also thought to have important biological roles in 
skin wound healing, by virtue of the presence in high amounts 
in skin. The hyalurnan content in skin is further elevated tran-
siently in granulation tissue during the wound healing process.11

FIGURE 2.3 Sonogram of the skin shows the dermal appendages and layers of the skin. (Copyright © Paul Wilson, 
 Longport Inc.)
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It also consists of fi broelastic connective tissue, which is 
 yellow and composed mainly of collagen. Fibroblasts are also 
present in this tissue layer. Wounds that breach this level of tis-
sue are considered to be partial-thickness wounds. They will 
heal by regeneration as described in the upcoming section 
about the healing cascade.

Aged Skin
The skin aging process is continuous, and by the fourth 
decade, morphological changes are seen histologically that 
affect the function and appearance of the skin including 
change in skin topography (e.g., lines, wrinkles, and texture) 
and microcirculation.12 Since many patients who have poor 
or nonhealing wounds are elderly, age related changes to the 
skin are very relevant to wound healing but are not often 
given adequate consideration due to a lack of awareness 
and/or knowledge. Therefore, the following materials are 
included to help you understand the underlying anatomic 
and physiologic changes that occur in the skin during aging, 
which affect the speed and healing of wounds in otherwise 
healthy elders.

Epidermis
During aging, several changes occur in the epidermis that alter 
function and appearance of the skin structures. These include

• Epidermal changes
• Thickening of the stratum corneum
• Appearance of redness
• Decrease in both Langerhans cells and melanocytes
• Keratinocytes and senescence
• Atrophy of the basal membrane and fl attening of the dermal 

epidermal junction

Epidermal Changes

Age-associated epidermal changes include the atrophy of the 
epidermis. It becomes thinner and more transparent, and there 
is increased visibility of the vascular structure in the dermis 
giving the appearance of redness.12 There is a thinning of the 
stratum spinosum and thickening of the stratum corneum. The 
later thickening is not directly age related but is the body reac-
tion over time to protect the skin from sunlight.3

Langerhans Cells

Langerhans cells are the most important antigen-presenting 
cell population in the skin. Melanocytes are abundant in the 
hair follicles and also have immune function. In elderly skin, 
both cell types are decreased in number and Langerhans 
cells have reduced antigen-trapping capacity, which may 
explain the diminished cutaneous immune function in the 
elderly.3,13

The superfi cial dermis also contains blood vessels, lymphat-
ics, epithelial cells, small muscles, and neurons. The dermal 
vascular supply is responsible for nourishing the epidermis, 
regulating body temperature and skin color. One mechanism of 
thermoregulation is via blood fl ow. In this skin layer, there are 
capillary loops, which are the source of nutrition for the tissues 
and which also function for thermal regulation through skin 
surface heat exchange.12 Younger people have the ability for the 
dermal vessels to vasodilate as blood fl ow increases and permit 
heat to be dissipated from the skin.

Deep (Reticular) Dermis
The deep dermis is located over the subcutaneous fat; it con-
tains larger networks of blood vessels and collagen fi bers to 
provide tensile strength.10 The well-vascularized dermis will 
withstand pressure for longer periods of time than will subcuta-
neous tissue or muscle.

CLINICAL WISDOM

Because of the highly vascularized anatomy of the dermis, 
dermal wounds can exude serum, blood, or pus, that lead 
to formation of clots or crusts; however, they typically heal 
rapidly.

1

2

FIGURE 2.4 Superfi cial Dermis (1) and (2) macerated dermis.

FIGURE 2.5 Acute infl ammatory phase, partial-thickness stage II pres-
sure ulcer located over bony prominence. Note: (1) Erythema and 
edema. (2) Reticular layer of dermis. (Copyright © B.M. Bates-Jensen.)

1

2
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22 PART I ■ Introduction to Wound Care

Diabetes causes early aging of the body and that includes the 
skin. What has been said about elders can be applied to the 
diabetic population as well. In this population, the skin blood 
fl ow response is profoundly more diminished than in the 
elderly or even absent.18

Impairment of Vascular Endothelial Cells

As part of the aging process, there is damage of the vascular 
endothelial cells of blood vessels in the skin as well as elsewhere, 
which causes reduced nitric oxide (NO) and other vasodila-
tor production. NO function is described more fully on page 
21. Thus, due to another age related change, the microcircula-
tion capacity needed for heat dissipation of the skin is severely 
impaired, which allows the skin to heat up more quickly at the 
same temperature than for younger subjects and to become 
vulnerable to damage.

Other Soft Tissue Types and the Skeleton
It is critically important for you to be knowledgeable about 
the anatomy of the structures beneath the skin as well as the 
skin itself. Once the skin, epidermis, and dermis are breached, 
other tissues are exposed including superfi cial fascia, deep fas-
cia, subcutaneous fat, skeletal muscle, tendon, ligament, nerve, 
bursa, and skeleton. Breach of the tissues beneath the dermis 
is considered a full-thickness wound meaning that it penetrates 
through the full thickness of the skin layers. Wounds with this 
loss of tissue integrity will heal by repair and scar formation, 
which is described below.

Figure 2.6 is a cadaver dissection of a lower leg that shows 
the anatomy of the soft tissues located beneath the skin and can 
be used as a guide through this section.

Different anatomical locations have different depths 
and types of soft tissue covering the skeleton. For example, 
over the sacrum, anterior tibial, ankle, and scapula, there 
is minimal soft tissue. Over the buttocks and calf, there are 
muscle masses and other soft tissues. All of these anatomi-
cal structures are seen in open full-thickness and deeper 
wounds during wound assessment. Appropriate evaluation of 
the type and depth of tissue loss is critical for developing a 
wound severity diagnosis, to appropriately use wound clas-
sifi cation systems described in Chapter 3, as well as to spare 
critical  structures during wound debridement and cleansing 
 procedures and to develop a plan of care.

Superfi cial Fascia
Superfi cial fascia is located directly beneath the dermis and 
when healthy looks like a fi ne mesh network and functions 
to let the skin move freely. Fascia then wraps around the 
 subcutaneous fat.

Deep Fascia
Deep fascia is a dense fi brous connective tissue that enve-
lopes and separates muscles, tendons, ligaments, blood ves-
sels, nerves, and bones. Healthy deep fascia has a gleaming 
appearance. In some areas, it attaches muscles to bones such 
as the iliotibial band that connects the gluteus maximus to the 
femur. The space between muscle bundles is called the fas-
cial plane. Fascial planes are seen in wounds that have been 
surgically or sharp debrided where the integrity of the tissue 

Keratinocytes

Keratinocyte proliferative activity decreases and the cells 
become senescent or approach senescence. Senescent cells sur-
vive a long time but are unable to divide or die by the  process of 
apoptosis. Cells accumulate with DNA mutations and protein 
damage until transformation to an “immortal cell” occurs, thus 
producing a dysfunctional skin repair process due to ineffec-
tive DNA repair mechanism resulting in genetic instability and 
mutations.3 When the cells stop reproducing or do so slowly, 
the ability to reepithelialize a wound is impaired. More about 
this is explained ahead under chronic epithelialization.

Basement Membrane and Dermal-Epidermal Junction

As skin ages, the basement membrane atrophies, and there is a 
fl attening of the dermal-epidermal junction, reduced dermal-
epidermal adhesion, and a decrease in epidermal thickness.3 
A consequence of these, and other soon to be explained changes, 
is limitation of heat transfer to the deeper tissues allowing heat 
to accumulate at the surface and creating the risk of hyper-
thermia related skin damage.14 Another major consequence 
related to the fl attening of the epidermal-dermal junction is the 
increased fragility of aged skin to shear stress and the readiness 
of the skin to form blisters.3

Dermis
Age-related changes also occur in the dermis including

• Damage to the elastic and collagen fi bers
• Increasing skin stiffness
• Papillary capillary loop decrease
• Diminished skin blood fl ow and risk of hyperthermia
• Sympathetic nervous system (SNS) impairment
• Loss of endothelial vascular activity

Elastic and Collagen

Aging skin suffers superfi cial dermis changes including damage 
to elastic and collagen fi ber organization with the result that the 
tensile or breaking strength of the collagen is impaired and the 
skin is more easily broken or torn.3

Capillary Loops

As we learned, the dermis is nourished by the blood fl ow in cap-
illary loops; as aging progresses, the number of loops decreases 
and the distance between loops increases and over time they dis-
appear. Perhaps this is why persons over 80 do not have increased 
skin blood fl ow in response to thermal stimulation.15 However, 
elders exhibit increased blood fl ow in remaining microvessels, 
but this may be due to SNS impairment as explained next.12

Sympathetic Nervous System

SNS impairment occurs with aging and that affects the dermal 
vasculature. Since blood fl ow is dependent on peripheral vas-
cular resistance, which is under SNS control, and blood fl ow 
controls thermoregulation, impaired SNS function markedly 
impairs thermoregulatory control.16 The reserve capability 
of the vascular system to vasodilate in response to increased 
blood fl ow is reduced and plateaus at a certain point in elderly 
skin, putting the skin at risk for hyperthermia and burns from 
inability to dissipate heat quickly enough from the skin.17 
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When exposed to air and drying, the appearance changes as the 
fat congeals and turns to a tan or yellow-brown color. When fat 
is observed in a wound, like shown in Figure 2.7, it is classifi ed 
as a full-thickness wound.19 Classifi cation systems for wounds 
are discussed in detail in Chapter 3.

Skeletal Muscle
Skeletal muscle is striated, looks like that shown in Figure 2.8, 
and will jump or spring back when pinched. Healthy muscle is 
well vascularized and deep red in color. Because of its high lev-
els of vascularity, it is extremely sensitive to hypoxic and isch-
emic states caused by pressure. Poorly  vascularized or ischemic 
 muscle will be pink, pale, and/or cyanotic (bluish).

Tendon
Tendon is an extension of muscle whose function is to connect 
muscles to bones. It consists of a tough band of inelastic con-
nective tissue covered with a fascial sheath called peritenon. 
Peritenon is essential for tissue healing. As a part of the muscle, 
tendon has muscle characteristics of jumping when touched or 
pinched. Tendons have few blood vessels but are innervated 
with sensory nerve fi bers near the musculotendinous junc-
tion. Exposed tendons will dry and the peritenon sheath may 
die. Tendons are often observed in full-thickness foot and hand 
wounds. Figure 2.9 is a drawing of a foot with tendons, liga-
ments, and associated blood vessels.

Ligaments
Ligaments are strong fi brous bands of connective tissue that 
connect bones together. They are more fl exible than extensi-
ble and some limit motion. Ligaments contain nerve endings 
that are important in refl ex mechanisms and in the percep-
tion of movement and position. The appearance of liga-
ments is pearly white, and they are fl atter and more loosely 
woven than tendons and have a shiny fascia covering. In the 
ankle, ligaments are very superfi cial and may be seen if skin 
is removed.20

is lost. This tissue is composed of collagen and elastin fi bers. 
Although it is an avascular tissue, it is richly innervated by 
pain nociceptors. Fascia is fragile and can be readily torn by 
fi nger pressure. When the fascia is torn along a fascial plane, a 
separation occurs between the layers and is commonly called 
a tunnel. Tunnels are areas where infection can travel and an 
abscess may form.

Subcutaneous Fat
Subcutaneous fat is located directly beneath the dermis. 
Function of the subcutaneous fat is thermal regulation. Heat 
transfer to the deeper tissues is impaired by thick subcutaneous 
fat layers and this contributes to warmer skin temperature when 
heat is added to the body (e.g., warm room and warm water).15 

Aging also reduces the thickness of the subcutaneous fat layer.18 

The healthy appearance of subcutaneous fat is pale yellow, 
waxy, globular, and oily and glistens like shown in Figure 2.7. 

1

2
3

4

5 6

FIGURE 2.6 Full-thickness skin resected 
from calf. Note: (1) Vascularized dermis. (2) 
Yellow, healthy fat tissue. (3) White fi brous 
fascia. (4) Dark red muscle tissue. (5) Ten-
don covered with peritenon. (6) Blood ves-
sel. (Copyright © J. Wethe.)

M
P.    3/14/84

FIGURE 2.7 Subcutaneous fat in full-thickness wound. Eschar after 
debridement. Necrotic fat and fascia often called slough. Restart of 
infl ammatory phase. Absence of proliferative phase. (Copyright © C. 
Sussman.)
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Nerves
Nerves likely to be seen in wounds are long strands of yellow/
gray tissue. Major peripheral nerves that can be seen are usually 
2 to 3 mm in diameter. Avoid handling the nerve as they are 
easily damaged. Smaller nerves will not be visible to the naked 
eye but their presence needs to be understood.

Bursa (Plural, Bursae)
Bursae are synovial fl uid-fi lled sacs composed of fi brous con-
nective tissue that is lined with synovial membrane. The func-
tion of the bursa is to provide shock absorption between bones, 

tendons, and muscles. They are found around joints including 
the elbow, the trochanter, ischium, and the knee. Leaking syno-
vial fl uid can be identifi ed by its sticky, mucous-like fl uid.

Bones
Bones are the hard skeletal frame of the body. The 
 appearance of bone is white, shiny, and hard and  covered 
with a sheath of connective tissue called periosteum. 
Healthy periosterum feels smooth and looks shiny. In the 
absence of periosteum, the bone may feel rough and repair 
compromised.

FIGURE 2.8 Skeletal muscle. Surgical dissection 
demonstrating the extent of the tunneling process, 
forming a sinus tract. (Copyright © J. Wethe.)

FIGURE 2.9 Drawing of foot with tendons and liga-
ments and blood supply.
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2. Partial-thickness, wound healing. A wound involving the 
epidermis and the uppermost layers of the dermis.

3. Full-thickness/second intention wound healing. Any 
wound extending through all layers of the epidermis, der-
mis, into subcutaneous tissues and deeper structures that 
heals by secondary intention.

4. Primary or fi rst intention wound healing. A wound heal-
ing process in which a wound is cleaned, the edges approxi-
mated by a surgeon, and then held in place with sutures or 
another method.

5. Delayed primary intention wound healing. A dirty wound 
is left open to allow cleansing and then closed by the surgeon.

There are similarities among all fi ve models. This section briefl y 
discusses the superfi cial, partial-thickness, and full-thickness/ 
secondary intention wound healing models. An overview of 
chronic wound healing is then presented, followed by fetal 
wound healing. Chapter 8 covers the primary intention and 
delayed primary intention healing models that occur in surgical 
wounds.

Superfi cial Wound Healing
Alterations in the superfi cial skin, such as those caused by 
pressure (e.g., in stage I pressure ulcers), fi rst-degree burns, 
and contusions, activate an infl ammatory repair process that 
is comparable to that of open wounds.23 Superfi cial skin 
involvement can also indicate deeper soft tissue trauma, 
which warrants investigation for changes in skin color, tem-
perature (e.g., warmth, followed by coolness, indicating 

WOUND HEALING PHYSIOLOGY: AN OVERVIEW

Anatomic depth of tissue loss due to wounding is predictive 
of healing.21,22 Superfi cial wounds involve the epidermis as 
shown in Figure 2.4. They are resolved by subcutaneous 
infl ammatory processes, with the exception of wounds 
with intact skin that also have deep tissue injury and can 
manifest later as deep wounds such as shown in Figure 2.10 
and 2.11. Partial-thickness wounds, which do not extend 
beneath the dermis, heal by epithelialization or regen-
eration and heal faster than subcutaneous and full-thick-
ness wounds that heal by secondary intention or repair. 
Epithelialization is the resurfacing of a wound by new epithe-
lial cells, which are mostly keratinocytes derived from the 
wound edges and dermal appendages. In partial-thickness 
wounds, the skin is regenerated and has the properties of 
the original skin. Full-thickness and subcutaneous wounds 
heal by secondary intention, which concludes with scar 
formation, and scar tissue lacks the properties of the origi-
nal tissues. Secondary intention refers to a process in which 
the wound is repaired by the generation of granulation tis-
sue, whose appearance is like a bunch of granules piled 
upon each other that fi lls the wound space and enables 
closure. Granulation tissue is the manifestation of the pro-
cess of fi broplasia, laying down of the extracellular matrix, an 
intricate system of glycosaminoglycans (GAGs) and pro-
teins that provides the framework to support angiogenesis, 
growth of new blood vessels, and to fi ll the wound space. 
Contraction is the drawing together of the wound edges like 
the stings of a purse and speeds closure. Granulation tis-
sue is eventually reabsorbed and replaced by scar tissue, 
collagen fi bers that are deposited in the granulation tissue. 
Figure 2.12 shows a diagrammatic representation of fi rst 
and secondary intention healing.

Five basic wound healing models are discussed in this 
book.

1. Superfi cial wound healing. A wound involving only the 
epidermis.

1

2

12/12

FIGURE 2.10 Suspected deep tissue pressure ulcer. Ulceration with mul-
tiple, small, stage II open areas. Wound is in acute infl ammatory phase. 
Note onset date 12/12. Note: (1) Clear line of demarcation between 
healthy tissues and infl amed tissues. (2) Evidence of discoloration, 
edema, and induration, suggesting underlying tissue death. Assess tis-
sue temperature and pain. (Copyright © C. Sussman.)

1/3

1
2

3

4

FIGURE 2.11 Same pressure ulcer as Figure 2.10. Three weeks later, 
the skin shows evidence of the severe tissue destruction that occurred 
at the time of trauma. Note delayed manifestation of injury at the skin 
level. The date was 1/3. Note: (1) Continued demarcation of infl amed 
tissue. (2) Irregular, diffuse wound edges. (3) Black and adherent 
eschar. (4) Partial-thickness skin loss; there is enlargement of stage II 
ulcers compared with those in Figure 2.10. The correct staging for this 
sacrococcygeal pressure ulcer is at minimum a stage III. Once eschar is 
removed, the true depth of tissue loss can be determined. Documenta-
tion should refl ect a combined area of wounding, including all three 
visible ulcers and the area of infl ammation; this is the overall size esti-
mate for the pressure ulcer. Infl ammation is now chronic. (Copyright 
© C. Sussman.)

Sussman_Chap02.indd   25Sussman_Chap02.indd   25 7/25/2011   7:03:53 PM7/25/2011   7:03:53 PM



26 PART I ■ Introduction to Wound Care

HEALING BY PRIMARY INTENTION HEALING BY SECOND INTENTION

NeutrophilRBC Fibrin exudateMacrophageFibroblast

Key

Skin incision Deep skin burn
Typical initial injury

Narrow scar

Wide scar

Collagen

Day 30, Scar tissue

Wound contraction

Mitoses (dividing cells)

New capillaries
(angioneogenesis)

Macrophages

Fibroblasts

Days 3-7, Granulation tissue stage

Clot and exudate

Neutrophils

Hemorrhage

Capillaries

Necrosis of
epidermis
and dermis

Disruption
of tissue

Day 1, Inflammation

FIGURE 2.12 Healing by fi rst and secondary intention.
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tissue death [devitalization]), tissue tension or swelling 
(indicating tissue congestion), and sensation.

If deep tissue death occurs, the tissues can rupture and 
become a deep cavity. This often occurs in stage I pressure 
ulcers and is referred to as the erupting volcano effect. This 
effect is now attributed to deep tissue injury, and is mani-
fested under the skin as a purple discoloration, leading to 
the name “purple ulcers.” Figure 2.10 shows what initially 
appeared to be superfi cial and partial-thickness (stages I and 
II) pressure ulcers, but there are also signs of purple deep 
discoloration in the surrounding tissues suggestive of deep 
tissue injury. The true degree of involvement manifested 
itself 3 weeks after they are fi rst diagnosed (Fig. 2.11). It is 
signifi cant that the manifestation doesn’t occur immediately 
because the staging of the ulcer will not be possible until that 
happens. (Chapter 3 discusses assessment of suspected deep 
tissue injury and staging.)

In superficial wound healing, the soft tissues usually 
heal by themselves over time, but intervention at this stage 
can hasten return to functional activities, such as work 
and homemaking. For example, athletes are often assessed 
and treated immediately for superficial soft tissue injuries, 
with reduced loss of playing time, less pain, and less tis-
sue swelling from congestion in the tissues. Tissue swell-
ing can limit functional activities, resulting in diminished 
mobility and placing the individual at risk for further 
wounding.

Partial-Thickness Wound Healing
Wounds with partial-thickness loss of the dermis heal princi-
pally by epithelialization, see Figure 2.5. Epithelialization is 
the body’s attempt to protect itself from invasion or debris by 
beginning to close the wound; this process begins immediately 
following injury.

Epithelial cells at the wound edges, as well as from the dermal 
appendages—sebaceous glands, sweat glands, and hair follicles—
provide a supply of intact epithelial cells to assist in resurfacing 
the wound by lateral migration.24,25 If dermal appendages are 

present, islands of epidermis can appear throughout the wound 
surface and speed the resurfacing process. The resulting epithe-
lium is often indistinguishable from the surrounding skin, and 
the normal function of the skin is restored. Figures 2.13 and 2.14 
show a wound resurfacing from islands of epidermis. Examples 
of partial-thickness wounds are abrasions, skin tears, stage II 
pressure ulcers, and second-degree burns.

Full-Thickness or Secondary Intention Healing
Secondary intention healing is the most effective method of 
healing full-thickness wounds. It is necessary because, when a 
large amount of tissue is removed or destroyed, a gap occurs, 
and either the wound edges cannot be approximated or non-
viable wound margins are present or both (Figure 2.15). 
Wounds with a high microorganism count, debris, or 
skin necrosis are also left to close by secondary intention 
(Figure 2.16).

Full-thickness secondary intention healing princi-
pally occurs by contraction, a reduction of the wound sur-
face area by the drawing together of the wound edges 

FIGURE 2.13 Note islands of epidermal tissue which indicate probable 
presence of dermal appendages. (Copyright © C. Sussman.)

1

2

FIGURE 2.14 Same wound as Figure 2.13. 
Note: (1)  Epidermal migration from wound 
edges, island, and wound shape changes. (2) 
Progression to the acute epithelialization 
phase. (3) Hyperkeratotic skin changes due 
to old burn wounds and poor circulation. 
(Copyright © C.  Sussman.)
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Chronic Wound Healing
Secondary intention is the healing model associated with 
chronic wounds.27 A chronic wound Exhibit 2.1 is defi ned as 
one that has “failed to proceed through an orderly and timely 
process to produce anatomic and functional integrity, or pro-
ceeded through the repair process without establishing a sus-
tained anatomic and functional result.”27

Orderly refers to the progression of the wound through 
the  biological sequences that comprise the phases of repair 
of acute wounds described shortly. Orderliness can be inter-
rupted  during any of the phases of healing, but only recently 
have the causative factors for these interruptions been identi-
fi ed. Causative factors that affect the orderly progression of the 
healing process are presented in this chapter for each phase of 
wound healing.

Timeliness relates to the progression of the phases of repair 
in a manner that will heal the wound expeditiously. Timeliness 
is determined by the nature of the wound pathology, medi-
cal status of the patient, and environmental factors.27 Those 
wounds that do not repair themselves in an orderly and timely 
manner are classifi ed as chronic wounds; those that do are clas-
sifi ed as acute wounds.

9/17

2

1

FIGURE 2.15 Full thickness Wound Healing by Secondary Intention. 
(Copyright © B.M. Bates-Jensen.)

2

3

1

9/24

FIGURE 2.16 Same ulcer as Figure 2.15 with attributes of infection. 
Note change in color of granulation tissue from red to dusky pink. 
(Copyright © B.M. Bates-Jensen.)

(Figures 2.17– 2.19). This results in scar tissue formation. In 
this process, the anatomic structure of the scar tissue does 
not replicate that of the tissue being replaced (e.g., muscles, 
tendons, or nerves); thus, original tissue function is lost. In 
addition, the surface tissue will not be equal in elasticity or 
tensile strength to the original.24 Sometimes, defects are too 
large or will result in suboptimal reconstruction of the skin 
defect if surgically closed by primary intention. Then healing 
by secondary intention is preferred.

If a wound is located in an area where contraction will 
produce disfi guring or nonfunctional deformities, the 
process of healing by secondary intention can be allowed 
initially, in order to develop a strong, healthy wound bed. 
Then it is interrupted, and a skin graft is placed on the 
granulating wound bed. Autologous skin transplants are 
taken from the person’s own body and grafted to the 
wound surface. Donor sites are chosen from appropri-
ate body surfaces. Skin grafts are divided into two main 
categories: full-thickness skin grafts (FTSGs) and split 
thickness skin grafts (STSGs). STSGs are thin (0.008–
0.018 mm). FTSGs are thicker (0.018–0.030 mm). Both 
include the epidermis and FTSGs include the dermis as 
well. STSGs include only part of the dermis. The donor 
site then becomes a secondary wound, which will need to 
heal. FTSGs are used to correct defects when cosmesis is 
a primary concern and the defect to be corrected is not 
too large. STSGs are used if cosmesis is not a concern or 
if FTSG is precluded. Skin grafting is used for nonhealing 
cutaneous ulcers, to replace tissue in full-thickness burns 
and for reconstruction of skin after removal of malignan-
cies.26 Chapter 8 covers surgical wounds and grafts and 
Chapter 15 grafts and burns.

Healing of full-thickness wounds by secondary inten-
tion involves a process that is divided into four overlapping 
phases of repair: infl ammation, epithelialization, prolifera-
tion, and remodeling. Each of these phases will be discussed 
in detail later in this chapter.

EXHIBIT 2.1

Examples of Chronic Wounds
   ● Ischemic arterial ulcers
   ● Diabetic vascular and neuropathic ulcers
   ● Venous ulcers
   ● Vasculitic ulcers
   ● Rheumatoid ulcers
   ● Pressure ulcers
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1/16    AL

FIGURE 2.19 Same wound as in Figures 2.17 and 2.18. Note sustained 
wound contraction and progression of epithelialization and prolifera-
tive phase. (Copyright © C. Sussman.)

RESEARCH WISDOM

HA is a gel that is degraded in vivo and breaks down rap-
idly when applied to wounds. A wound dressing called Hyaff 
(ConvaTec, a Bristol Myers Squibb company, Princeton, NJ) 
has recently been produced from HA. When applied to the 
wound, this dressing creates an HA-rich tissue interface and 
moist wound environment conducive to granulation and 
healing (see Chapter 20).37

10/2 – AL

FIGURE 2.17 Epidermal ridge formation with rolled edges. (Copyright 
© C. Sussman.)

11/20 – AL

FIGURE 2.18 This is the same wound as Figure 2.17 that is progressing 
through the proliferative phase. It is contracting and changing size and 
shape. (Copyright © C. Sussman.)

Fetal Wound Healing
Researchers are studying what can be learned from fetal wound 
healing that will be useful in promoting improved wound heal-
ing. It has been known for some time that fetuses who undergo 
surgery in utero do not form scars.28–30 Fetal wounds are con-
tinually bathed in amniotic fl uid, which has a rich content of 
HA and fi bronectin, as well as growth factors crucial to fetal 
development. HA is a key structural and functional component 
of the ECM, which fosters an environment that promotes cell 
proliferation and tissue regeneration and repair.25,31 HA is laid 
down in the matrix of both fetal and adult wounds, but its sus-
tained deposition is unique to fetal wounds. Many questions 
remain to be answered regarding fetal wound healing. There are 
many differences between fetal development and adult repair 
and regeneration. For example, the transplacental circulation 
provides a partial pressure of oxygen of 20 mm Hg, which is 
markedly lower than that in adults, signifying that the fetus 
lives in a hypoxic environment.32 This is in marked contrast to 
the adult environment, where oxygen is a critical factor in pre-
vention of infection and in the repair process. There are also 
differences in the fetal and adult immune systems, the histology 

of fetal skin during development, the function of adult versus 
fetal fi broblasts in collagen synthesis, the absence of myofi bro-
blasts, and the absence of an infl ammatory phase.33,34

An example of the effects of HA and amniotic fl uid on healing 
of surgical wounds was reported by Byl et al. in two studies.35,36 
Amniotic fl uid, HA, and normal saline were applied to con-
trolled incisional wounds. The surgeons were blinded to the fl uids 
applied. Incisions treated with HA and amniotic fl uid both healed 
faster than the saline-treated wounds; in fact, they appeared to 
close within minutes of application. The healing was quicker, and 
the quality of the scar was better in the HA and amniotic fl uid 
incisions than in the saline-treated incisions. The tensile strengths 
of the wounds treated with amniotic fl uid and HA were slightly 
weaker than those of the saline-treated group at the end of 1 
week; however, after 2 weeks, all groups had equal tensile strength.

Four Phases of Wound Healing
The physiological process of acute wound healing includes 
four phases: infl ammation, epithelialization, proliferation, 
and remodeling. Rather than a series of distinct steps, these 
phases have been described as a cascade of overlapping events 
that occurs in a reasonably predictable fashion. A diagram by 
Hunt and Van Winkle1 (Figure 2.20) features infl ammation the 
central activity of wound healing—in its center. On either side 
are proliferation and epithelialization—the concurrent events 
that occur as a consequence of injury. The lower portion of the 
diagram represents the coming together of the phases, leading 
to the remodeling phase of wound healing. The interpreta-
tion of this diagram is that the four phases occur in an orderly, 
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FIGURE 2.20 Diagram of wound repair. (Reprinted with permission from Hunt TK, Van Winkle W. Fundamentals of 
Wound Management in Surgery, Wound Healing: Normal Repair. South Plainfi eld, NJ: Chirurgecom, Inc, 1976.)

Term Defi nition (Reference)

Angiogenesis Development of new blood vessels in injured tissues. Function of endothelial cells.

Apoptosis A mechanism for cell deletion in the regulation of cell populations, as of B and T lymphocytes fol-
lowing cytokine depletion. Often used synonymously with programmed cell death.

Basement membrane Thin layer of extracellular material found between the layers of the epithelia or between the epi-
thelia and connective tissue. Also called basal lamina.39

Chemoattractants Cause cell migration.

Chemotaxis Attraction of a cell in response to a chemical signal.

Chronic wound Wound that has “failed to proceed through an orderly and timely process to produce anatomic 
and functional integrity, or proceeded through the repair process without establishing a sustained 
anatomic and functional result.”27

Collagenases Enzymes that cleave (break) the bonds of the polypeptide chains in collagen at specifi c sites, aid-
ing in its resorption during periods of connective tissue growth or repair.39

Complement system Eleven proteins found in plasma with specifi c purpose of combating bacterial contamination. Also 
chemotactic for phagocytes; substances most responsible for acute infl ammation.24

ECM Intricate system of GAGs and proteins secreted by cells; provides the framework for tissues.39

Terminology Associated with Wound Healing Physiology2.1TABLE
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Term Defi nition (Reference)

Free radicals Highly reactive molecular species that have at least one unpaired electron in the outer shell. Attempt to 
react with other molecules to achieve an electrically more stable state in which the electron is paired 
with another. Important for normal cell functions, including metabolism and defense against infection.74

Galvanotaxis Attraction of a cell in response to an electrical signal.

GAGs Polysaccharides that contain amino acids, sugars, and glycoprotein. Termed proteoglycans.97

Growth factors (GFs) Extracellular polypeptides—proteins able to affect cell reproduction, movement, and function. Term 
encompasses items c, d, and e, below. Regulators of the wound healing cascade. May be defi cient in 
chronic wounds.39

a. Autocrine stimulation GF produced by a cell acting on itself.

b. Paracrine stimulation GF produced by one cell type acting on another in the local area.

c. Endocrine stimulation GF produced by one cell type acting on distant cells.

d. Cytokines Refers to diverse group of polypeptides and glycoproteins that are important mediators of infl ammation. 
Anti-infl ammatory cytokines inhibit production of proinfl ammatory cytokines, counter their action or both

e. Interleukins (ILs) A group of proinfl ammatory cytokines

f. Colony-stimulating factor Term for GF used by hematologists.120

Hemostasis Coagulation to stop bleeding and initiate the wound healing process.

Hydroxyproline (HoPro) A polypeptide chain of insoluble collagen.

Integrins Regulate a wide range of cellular functions during growth, development, differentiation, and the 
immune response. Serve a critical function in cell adhesion and signaling during wound healing, where 
they are fundamental to reepithelialization and granulation tissue formation.94

Ligand A molecule that binds to another molecule, used especially to refer to a small molecule that binds spe-
cifi cally to a larger molecule.121

MMPs Proteolytic enzymes that degrade proteins and ECM macromolecules. MMPs have the ability to 
degrade a variety of ECM components, which is of benefi t in the developmental and remodeling pro-
cesses in healthy tissues.94 Synthesized and secreted by multiple cell types involved in wound healing 
in response to biochemical signals.

Mitogens Cause cell growth.

Mitogenic Causing mitosis or cellular proliferation.

Neovascularization Development of new blood vessels; another term for angiogenesis.

Phagocytosis Ingestion, destruction, and digestion of cellular particulate matter.39

Proteases Proteolytic enzymes that degrade proteins.39

Substrates Substances acted upon by an enzyme, such as substances necessary for new tissue growth: protein, 
vitamin C, zinc.

Tensile strength The most longitudinal stress that a substance can withstand without tearing apart.

TIMPs Secreted proteins that are widely distributed in tissues and fl uids and serve as specifi c inhibitors for 
the MMPs. Synthesized and secreted by same multiple cell types as MMPs.52

Terminology Associated with Wound Healing Physiology (continued )2.1TABLE

overlapping fashion. Incidentally, the literature identifi es either 
three or four phases of repair, depending on whether epithe-
lialization is included as part of proliferation or as a separate 
phase. The wound healing model used in this text is based on 
four phases.

The biologic repair process is the same for all acute wounds, 
open or closed, regardless of etiology. However, the sequence of 
repair is completed more quickly in primary healing and when 
involvement is limited to superfi cial and partial-thickness skin. 
Slower healing occurs when there is full-thickness skin loss 

extending into and through the subcutaneous  tissue.38 Table 2.1 
defi nes key terminology associated with wound  healing 
 physiology to facilitate understanding.

Attributes that distinguish the healing of chronic wounds from 
that of acute wounds are continually being studied. Thus, after we 
explain the process of normal wound healing in a particular phase 
in each of the sections that follow, we go on to discuss the attri-
butes and processes that may be responsible for chronic wound 
healing in that phase. Table 2.2 summarizes factors and their 
effects on chronic wound healing during each phase of repair.
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Summary of Factors and Effects during Each Phase of Wound Healing in Chronic Wounds2.2TABLE

Chronic Infl ammatory Phase
Chronic Epithelialization 
Phase Chronic Proliferative Phase Chronic Remodeling Phase

Different stimulus of repair Diminished keratinocyte 
migration due to

Different composition of 
fi bronectin:

Imbalance of collagen 
synthesis and degradation:

a. From within a.  Lack of moist 
environment

a.  Partially degraded into 
fragments

a.  Impaired scar tensile 
strength

b. Gradual b.  Lack of oxygen b.  Fragments may perpetuate 
activity of matrix proteases

b.  Overproduction of 
collagen: hypertrophic 
scarring

c. Slowed c.  Lack of nutritious tissue 
base

c.  Inhibit healing c.  Imbalance of fi brotic and 
antifi brotic cytokines: 
hypergranulation

d.  Lack of stimulation by 
appropriate cytokine

Inadequate perfusion and 
oxygenation:

Keratinocyte migration 
obstructed by wound 
edges that are

Excess activity of proteases 
causes:

Hyperoxygenation:

a. Muted phase process a.  Rolled a.  Accelerated rate of 
connective tissue breakdown

a.  Hypertrophy of 
granulation tissue

b.  Ischemic tissue barrier to 
angiogenesis

b.  Thickened b.  Destruction of polypeptide-
signaling molecules

b.  Impediment to epidermal 
cell migration

c.  Nonproductive c.  Production of 
metalloproteinases that do not 
lyse collagen

Free radicals and oxygen 
 reperfusion injury:

Keratinocyte migration 
slowed due to

Chronic wound fl uid inhibition of: Impairment of scar tensile 
strength:

a.  Large production of free 
radicals

a.  Large gap a.  Cellular proliferation: 
endothelial cells, 
keratinocytes, fi broblasts

a.  Wound breakdown

b.  Disruption in normal defense 
against free radicals

b.  Slow fi lling of “dead 
space”

b.  Cell adhesion b.  Dehiscence

c.  Capillary plugging by 
neutrophils

Repeated trauma and infection:

a.  Increases the presence of 
proinfl ammatory cytokines

b.  Increases the presence 
of tissue inhibitors 
(metalloproteinases)

c.  Lowers the level of growth 
factors

Impediments to wound healing:

a.  Elevated levels of MMPs

b.  Imbalance between levels 
of MMPs and their inhibitors 
(TIMPs)

Large tissue defect:

a.  Prolongs proliferation of tissue 
to fi ll the space
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Summary of Factors and Effects during Each Phase of Wound Healing in Chronic Wounds (continued )2.2TABLE

Chronic Infl ammatory Phase
Chronic Epithelialization 
Phase Chronic Proliferative Phase Chronic Remodeling Phase

Substrates relationship to stalling 
or plateauing:

a.  Inadequate substrates

b.  Bacterial competition for 
substrates necessary for 
tissue repair

c.  Continued lysis of new growth 
faster than synthesis of new 
material

Long-term wound hypoxia 
effects:

a.  Negative effect on collagen 
production

b.  Decreased fi broblast 
proliferation

c.  Decreased tissue growth

Impaired wound contraction:

a.  Wound remains large

b.  Delayed reepithelialization

Adapted from Bates-Jensen B. A Quantitative Analysis of Wound Characteristics as Early Predictors of Healing in Pressure Sores. Dissertation Abstracts 
International, Volume 59, Number 11, University of California, Los Angeles; 1999, with permission.

INFLAMMATORY PHASE

Infl ammation is a normal reaction of the body’s immune system 
to tissue injury. The classic observable signs and symptoms of 
infl ammation are also the benchmarks of the infl ammatory 
phase and include changes in

• Color in the surrounding skin (red, blue, purple)
• Temperature (heat)

• Turgor (swelling)
• Sensation (pain)
• Function (reduced function)

These benchmarks, some of which can be seen in the wounds 
in Figure 2.4 are only minimally manifested with normal heal-
ing; thus, when severe as in Figure 2.21, they should be regarded 
as clinical signs of excessive infl ammation that are character-
istic of impending infection.39 The infl ammation response is 
sometimes referred to as a “fl are” because the suddenness of the 
response, color, and associated temperature changes are remi-
niscent of the fl aring up of a fi re. The descriptions of the physi-
ologic events that are presented in the following sections will 
explain the scientifi c basis for the classic signs and symptoms 
of infl ammation: reddening of the surrounding tissues (or, in 
individuals with darkly pigmented skin, a purple or violaceous 
discoloration), pain, heat, and edema.

Infl ammation is essential for orderly, timely healing. The 
physiology of infl ammation is well regulated in the normally 
healing acute wound and typically lasts 3 to 7 days. Acute 
infl ammation begins soon after the injury, setting into motion 
a biologic cascade of events. The major goals of the infl amma-
tory phase of healing are to provide for hemostasis (controlled 
bleeding) and the breakdown and removal of cellular, extra-
cellular, and pathogen debris; this produces a clean wound 
site for tissue restoration and initiation of the repair process. 
Growth factors (cytokines) are signaling biochemical substances 
that are expressed at the time of injury within the wound, 

FIGURE 2.21 Clinical signs of excessive infl ammation, the “fl are” or 
erythema, turgor, and reduced ankle function are present. (Courtesy 
of A. Myer.)
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34 PART I ■ Introduction to Wound Care

communicate with and attract responder cells and regulate 
the repair process. Growth factors are explained more fully on 
page 20.

Figure 2.22 shows an algorithm of healing through a distinct 
but overlapping series of processes, leading to scar formation 
and normal wound healing. The following is a description of 
the key processes of the acute infl ammatory phase, including

• Coagulation cascade to achieve platelet activation and 
hemostasis

• Hypoxia and regulation via the oxygen-tension gradient
• Oxygen and antibacterial effects
• Nitric oxide and cellular signaling
• Vasodilation
• Hypothermia

Degradation

Healed Wound

Macrophages
Metalloproteinases
Collagenases

Remodeling Phase (Scar Formation)
Collagen cross-linking
Capillary resorption
Collagen lysis

Epithelialization Phase
(Resurfacing)
Keratinocytes
Melanocytes

Hemostasis (Coagulation Cascade)
Platelets
Chemotaxis (bioactive mediators)
Fibrin
Fibronectin
Galvanotaxis (current of injury)

Inflammation Phase
Neutrophils
Lymphocytes
Macrophages
Plasma proteins (complement
components)
Mast cells

Proliferation Phase (Tissue Deposition)
Granulation Tissue
Fibroblasts
Endothelial cells
Angiogenesis
Extracellular matrix (ECM) synthesis
Myofibroblasts
Wound contraction

InjuryFIGURE 2.22 The phases of acute wound healing.

• Complement system activation to control infection
• Neutrophil, mast, macrophage, and fi broblast cell functions
• Growth factors and other regulatory proteins
• “Current of injury” stimulus for the repair process

As noted earlier, after describing normal infl ammation, we 
will discuss the attributes and processes that may be responsible 
for chronic wound healing during the infl ammatory phase.

Platelets, Hemostasis, and the Coagulation 
Cascade
The coagulation cascade begins with clotting and vasocon-
striction lasting 5 to 10 minutes after skin incision, to produce 
hemostasis at the site of wounding immediately after injury 
to control hemorrhaging and reduce blood loss (Figure 2.23). 
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FIGURE 2.23 Growth factors and the healing cascade.

Hemostasis is initiated as the fi rst major function of the plate-
lets. Platelets, white blood cells that are normally present in the 
intravascular space, are activated by collagen or microfi brils 
from the subendothelial layers that are exposed when injury 
occurs resulting in platelet aggregation (clotting) and degranula-
tion. This process known as platelet activation induces changes 
in platelet structure and function necessary for coagulation to 
occur, including thrombin, fi brinous clot production, and, 
ultimately, hemostasis.39 The fi brin clot becomes the primary 
foundation for collagen deposition, which will be necessary for 
tissue repair, and the pathway for the infl ux of monocytes and 
fi broblasts to the wound site.40 The second, equally important 

function of the platelet is the secretion of cytokines and growth 
factors with multiple functions, including recruitment of leu-
kocytes, and fi broblasts to the injury site.41 Growth factors 
and other regulatory peptides like cytokines are discussed on 
page 20. Fibrin clots also seal off the lymphatic fl ow to prevent 
spreading of infection. However, immediately after the forma-
tion of the fi brinous clot, the process of fi brinolysis to lyse the 
clot begins.42 Unplugging of the capillaries and vasodilation 
follows and permits entrance of fl uid into the wound space, 
which activates the complement system that is explained on 
page 22. Coagulation and the ensuing events described above 
are known as the coagulation cascade.
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36 PART I ■ Introduction to Wound Care

release of angiogenic growth factors (AGFs) by macrophages to 
attract fi broblasts to the wound site.50,51

Signs of local hypoxia often go undetected. One example is 
the case of perioperative hypothermia-induced vasoconstric-
tion and tissue hypoxia, which have been shown to triple the 
incidence of perioperative surgical wound infection.43

Thus, it should not be surprising that research on the activi-
ties of GFs shows that they provide the key biochemistry for the 
wound healing process. Platelets, macrophages, and epidermal 
cells are the primary cells that produce and release GFs. As such, 
they are the critical components initiating the wound healing cas-
cade. These include platelet-derived growth factor (PDGF), epider-
mal growth factor (EGF), transforming growth factor-ß (TGF-ß), 
heparin-binding epidermal growth factor (HB-EGF), and insulin-
like growth factor-1 (IGF-1), all of which facilitate cell migration 
of neutrophils and macrophages to the area of injury.39,41 PDGF 
is multifunctional, playing multiple roles in wound healing, 
including release of endothelial growth factor (VEGF) and basic 
fi broblast growth factor (bFGF) early in the infl ammatory phase. 
For example, TGF-ß and PDGF are specifi c chemoattractants for 
macrophages during the infl ammatory phase continuing into the 
proliferative phase (discussed on page 23)39 (see Figure 2.23).

A key role of GFs is to act as intercellular communicators. 
GFs can act on distant cells (endocrine stimulation), adjacent 
cells (paracrine stimulation), and themselves (autocrine stim-
ulation).39 They deliver messages that are released to nonim-
mune cells and result in cell proliferation, such as the synthesis 
of granulation tissue.

Cells have the ability to increase (upregulate) or decrease 
(down regulate) their receptors in response to environmental 
signals. Cell receptors are not stationary on the cell surface, 
and their numbers can vary from time to time. They also can 
bind with one or more kinds of messages.52 Cell surface recep-
tors on the target cell receive the message, bind to the cell, and 
produce a biological response in the receiving cell. Some GFs 
deliver messages related to cell proliferation like cell reproduc-
tion by mitosis (mitogenesis), others cause cell migration (via 
chemotaxis) or cell synthesis, and still others perform regula-
tory functions.

Cytokines are signaling molecules—peptides, proteins, or 
glycoproteins—that are essential in cellular communication 
throughout the body that play two critical roles in infl ammation: 
Proinfl ammatory cytokines communicate with immune system 
cells and attract those cells to the area of injury for the purpose 
of mounting an infl ammatory response to destroy foreign organ-
isms and debris. In acute wounds, the level of proinfl ammatory 
cytokines peaks in a few days and remains low in the absence of 
infection.53 Anti-infl ammatory cytokines have powerful inhibi-
tory actions on the infl ammatory cells. Table 2.3 is a key to growth 
factor acronyms used for representation of the infl ammatory 
phase, indicating the release of multiple cytokines, the cytokines, 
and an identifi cation of their cellular sources and functions.

A third group of regulatory proteins is collectively known 
as chemokines. Chemokines have two primary functions: they 
regulate the traffi cking of leukocyte populations during normal 
health and development, and direct the recruitment and acti-
vation of neutrophils, lymphocytes, macrophages, eosinophils, 
and basophils during infl ammation.53 Together GFs, cytokines, 
and chemokines are the key molecular regulators of wound 
healing. These multiple cell types associated with wound healing 

HYPOTHERMIA, PLATELET ACTIVATION, 
AND THE COAGULATION CASCADE

Hypothermia, often associated with surgery, inhibits platelet 
activation and increases bleeding time. Even a 0.2°C lowering of 
core body temperature will trigger peripheral vasoconstriction 
and tissue hypoxia.43 Unless corrected, the coagulation cascade 
may not proceed normally, and there is increased risk of blood 
loss and infection. Rewarming of the blood will restore both 
platelet function and normal clotting time.44,45 Hypothermia is 
often undetected.

Fibronectin secretion is an adhesive glycoprotein secreted 
 during the infl ammatory phase as part of the process of ECM 
formation.

Wound Space Hypoxia and Regulation via 
the Oxygen-Tension Gradient
Vasoconstriction, coagulation, and lack of blood fl ow quickly 
deplete oxygen delivery to the wound space, producing an envi-
ronmental change to the state of hypoxia. Soon after wounding, 
an oxygen-tension gradient develops between the surrounding 
tissues and the wound space. This gradient is a key factor in 
initiating the healing cascade and stimulating tissue repair. If 
the normal gradient of oxygen is eliminated, a macrophage-free 
tissue space may be created causing the process of angiogenesis, 
new blood vessel growth by the endothelial cells, to be tempo-
rarily or permanently inhibited. Hypoxia itself acts as a signal 
that recruits endothelial responder cells and stimulates angio-
genesis, which occurs during the proliferation phase. Hypoxia, 
however, puts the tissues at risk for infection by impairing the 
function of neutrophils, lymphocytes, macrophages, and fi bro-
blasts. Local hypoxia also causes a shift to anaerobic glycolysis 
with increased lactate production, which is involved in activa-
tion of both angiogenesis and collagen synthesis (see page 27), 
activities essential for later tissue repair. Unrelated trauma, like 
a surgical procedure, to a site remote from an existing wound 
also can retard the rate of healing, alter the tensions of respira-
tory gases, and cause increased susceptibility to wound infec-
tion in the existing wound, probably due to decreased nutritive 
blood fl ow.47

Lactate accumulation from white blood cells at the site 
contributes to a hyperlactic and acidotic wound space.38,48,49 
In conjunction with the lactate produced through anaerobic 
metabolism and from white blood cells, hypoxia stimulates the 

RESEARCH WISDOM

Evaluating Postoperative Healing by Monitoring 
Temperature
In postoperative patients, you can determine the tempera-
ture pattern of healing by taking daily measurements of local 
skin temperatures following surgery. The measurements can 
be obtained using liquid crystal strips (see Chapter 3). If the 
zone of warmth does not decrease in width by the fourth 
postoperative day, the possibility of wound infection and 
disturbed healing exists.46
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RESEARCH WISDOM

1. One reason that moisture-retentive dressings are a vital 
part of wound healing is because they provide the moist 
environment necessary for cellular communications.52

2. Although a moist wound environment is desirable for 
acute wound healing, chronic wound fl uid has been 
shown to have an inhibitory effect on fi broblasts.53,54

Cellular Sources Cytokines Function

Platelets PDGF
TGF-β

Chemotactic for neutrophils
Directs collagen matrix expression in late phase of wound repair

Macrophages PDGF
TNF-α
IL-1

IL-6
G-CSF—Granulocyte colony-stimulating factor
GM-CSF—Granulocyte-macrophage 
colony-stimulating factor

Induces MMP transcription; Proinfl ammatory; Stimulates synthe-
sis of Nitric oxide
Proinfl ammatory; Stimulates synthesis of Nitric oxide (NO)
Amplifi es infl ammatory response through increased synthesis of 
IL-1 and IL-6
Proinfl ammatory
Proinfl ammatory
Necrotic ECM degradation

Keratinocytes IL-6

VEGF—Vascular endothelial growth factor

Stimulate Keratinocytes
Induce Keratinocyte proliferation
Potent stimulus for angiogenesis

Fibroblasts KGF-2—Keratinocyte growth factor
IL-1

TGF-β

Enable cellular migration the ECM; directs epithelialization
Proinfl ammatory; amplifi es infl ammatory response through 
increased synthesis of IL-1 and IL-6
Directs collagen matrix expression; upregulated TIMPs

Endothelial cells VEGF Potent stimulus for angiogenesis; upregulated in presence of NO

Key to Acronyms Used2.3TABLE

plus other cell types (e.g., epithelial, endothelial, and fi broblasts) 
receive specifi c chemical communication from proinfl ammatory 
cytokines (e.g., tumor necrosis factor a [TNF-a],  interleukin-1 
[IL-1], interleukin-6 [IL-6]), which trigger synthesis of a  family 
of 20 proteolytic enzymes, called matrix metalloproteinases 
(MMPs). MMPs have been identifi ed as critical in achieving tis-
sue degradation. MMPs require calcium ions for structural con-
formation and zinc ions in their active site for function.

Balancing the activities of MMPs are endogenous enzyme 
inhibitors called tissue inhibitors of metalloproteinase (TIMPs). 
Four different TIMPs have been identifi ed, and they are syn-
thesized by the same cells that produce MMPs. If the balance 
of MMPs and TIMPs is disrupted, a shift to high levels of 
MMPs can occur, resulting in excessive tissue degradation or 
destruction of other protein components in the ECM, includ-
ing growth factors, cell surface receptors, and even the TIMPs.52 
This imbalance affects wound chronicity and chronic wound 
healing. There is considerable overlap in target cell specifi city 
and actions among the groups. Transmission of these regula-
tory messages, whether between cells of the same or different 
types, requires a fl uid medium in which to disperse the mes-
sage; thus, a moist environment is essential. On the other end, 
there must be a receptor to receive the message.

Immediately after injury, the body employs several built-
in check-and-balance systems to ensure that over prolifera-
tion does not occur. For example, extended exposure to some 
growth factors (at least 4 hours) is required before cell division 
can occur.39

Another check-and-balance system involves endothelial 
growth factor (VEGF), which is a potent stimulus for neovascular-
ization also known as angiogenesis, (growth of new blood vessels) 

and endostatin, a potent inhibitor of angiogenesis; both are prod-
ucts of the platelets, which initiate the healing cascade. The func-
tion of these two antagonists is to regulate programmed cell death 
(apoptosis) and speed removal of damaged cells, while endothe-
lial cells work to restore the vascular system and wound space to 
homeostatic state of the tissues as expeditiously as possible.55

Oxygen and Antibacterial Effects
Oxygen is essential for wound healing, both in preventing 
infection and meeting the metabolic demands of the tissues. 
Although neutrophils and macrophages are attracted to a 
hypoxic environment, once they arrive at the wound site, they 
require oxygen to kill bacteria. They do not function effi ciently 
in a hypoxic environment, where microorganisms can prolifer-
ate at a faster rate than the neutrophils can phagocytise them, 
leading to infection.56 Oxygen also has been demonstrated 
to function equivalently to an “antibiotic” for prevention of 
wound infections.57–60 In addition, fi broblasts are aerobic cells 
that require oxygen for cell function, including division and 
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38 PART I ■ Introduction to Wound Care

collagen synthesis.61 Finally, oxygen is needed for the hydrox-
ylation of proline necessary for useful collagen production 
in the remodeled wound. Oxygen is available in the blood in 
two forms: bound to hemoglobin and dissolved in plasma. 
The oxygen dissolved in plasma can be adequate for wound 
healing if tissue perfusion is satisfactory.53

Nitric Oxide and Cellular Signaling
NO is a small, bioactive gaseous free radical that is formed 
from the amino acid L-arginine by three distinct isoforms 
of nitric oxide synthase (iNOS). All three isoforms are pro-
teins. L-arginine is a semiessential amino acid that is in short 
supply after injury, but it is the critical substrate for NO 
synthesis.63 Chapter 7 details how arginine nutritional sup-
plementation is used to support NO synthesis. NO has been 
described as a “driver of skin repair” because as a key cellular 
signaling agent it is responsible for vasodilation and throm-
bolysis of the fibrinous clot following hemostasis while also 
playing two  significant roles in angiogenesis: as an “actor” 
of and as a “director of ”angiogenesis.64 One of its attributes 
that appears to allow it to play different roles is the ability 
to cross cell membranes without mediation of channels or 
receptors.

Many cells participate in NO synthesis during all phases of 
wound healing beginning in the early infl ammatory phase with 
expression by the macrophages, and keratinocytes and then 
during the proliferative phase by the fi broblasts.65

NO synthesis occurs for 10 to 14 days following wounding, 
after which time it gradually decreases as the wound progresses 
toward healing.66 This regulatory process is very important 
since low concentrations of NO stimulate angiogenesis as the 
wound progresses to the proliferative phase, but higher con-
centration, typical of infl ammatory responses, is inhibitory 
of angiogenesis.67 Dysregulation of NO may be a causative 
factor in tissue ischemia, necrosis, and chronic infl amma-
tion.67 The critical role of NO in fi broblast collagen synthesis 
is supported by the fi nding that in vivo NO inhibition results 
in reduced wound collagen formation and accumulation, 
cell proliferation, and wound contraction in distinct ways in 
human and animal models of wound healing.68 Although iNOS 
gene deletion delays healing, and arginine and NO adminis-
tration improves healing, the exact mechanisms of action of 
NO on wound healing parameters are still unknown 66,68,69 
In addition to skin reparative effects, NO has been shown to 
kill Staphylococcus aureus, prevent replication of DNA viruses 
within cells, and serve as an immune regulator.2 Chapter 27 
has information about how warmth increases blood fl ow that 
stresses the lining of the blood vessels, which enhances endo-
thelial cell NO production.

VASODILATION

As already mentioned, vasoconstriction at the wound site is fol-
lowed within several minutes by vasodilation. In addition to 
NO, other humoral and neurogenic factors, such as bradykinin, 
histamine, and prostaglandins are responsible for causing vaso-
dilation of the tissues surrounding the wound. Vasodilation 
prompts the following changes:

• Increased perfusion. Increased perfusion brings needed nutri-
ents to meet the increased metabolic demands of the tissues.

• Increased vessel permeability. Vasodilation is accompanied 
by increased capillary pressure and permeability of small 
blood and lymphatic vessels. This permits the plasma pro-
tein molecules to migrate into the surrounding tissues. This 
results in edema, erythema (redness or purplish color in 
darkly pigmented skin), and stimulation of the pain afferents. 
Vasodilation also aids in movement of infl ammatory cells 
from the vasculature into the site of injury.

Increased temperature. Increased perfusion increases local  tissue 
temperature, a response known as hyperemia. Hyperemia is not 
an infl ammatory reaction. Pain, as a consequence of the trauma 
to the tissues, irritates nerve endings and produces refl ex hyper-
emia.46 In addition, increased metabolic activities and higher 
vascularity result in higher tissue temperatures. The rise in 
tissue temperature provides an environment favorable for cell 
mitosis and enhanced cellular activities.70,71

The Complement System
A noncellular (i.e., humoral) group of substances precedes the 
arrival of neutrophils to the wound space. This system, called 
the complement system, consists of approximately 11 proteins 
that normally reside in the plasma. Components of the comple-
ment system are responsible for acute infl ammation through 
their ability to cause both humoral (i.e., protein) and cellular 
(i.e., phagocytic) defense mechanisms to move from the intra-
vascular to the extravascular space, where bacteria accumulate. 
The primary function of the complement system is to facilitate 
bacterial destruction.

Complement activation can be prompted by any of several 
specifi c substances, most often bacteria. The complement sys-
tem acts either through the classical pathway of lysing bacterial 
cell walls, thereby destroying the infecting organism, or the 
alternate pathway of opsonizing the invader (i.e., coating the 
antigen with antibody), which makes the invader more appeal-
ing and recognizable to the phagocytic cells. In addition, com-
plement acts as a chemotactic agent for attracting phagocytic 
cells, neutrophils, and macrophages to the site of infection, 
and enhances their mechanism for oxidative killing.24

Two antibodies, IgG and IgM, directly activate the classical 
pathway of the complement system. These antibodies are pro-
duced by the lymphocytes located in the spleen, lymph nodes, 
and submucosa of the gastrointestinal, respiratory, and genital 
tracts. They produce specifi c antibodies in response to specifi c 
antigens. These antibodies can neutralize viruses and lyse gram-
negative bacteria; as such, they are potent inhibitors of antigens.24

Neutrophils
Neutrophils (polymorphonuclear neutrophilic  leukocytes) 
migrate into the wound space, usually within the fi rst 

RESEARCH WISDOM

Evidence-based Ways to Facilitate Oxygen Delivery
Facilitate delivery of oxygen to wound tissues by keeping the 
patient warm and well-hydrated.61,62 Improve tissue oxygen 
levels by administering oxygen by nasal cannula at 5 L/min.57 
Precaution: CO

2
 retainers.
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Macrophages
Macrophages are key players in both the infl ammatory and 
proliferative phases of wound healing and arrive in the wound 
space approximately 2 to 3 days post injury. The life span of the 
macrophage is estimated to be months to years; it is a compo-
nent of wound fl uid for a long period of time, transcending all 
phases of healing.24

Macrophages perform several important functions during 
the infl ammatory phase, including the following:

1. Macrophages secrete collagenases and elastases, enzymes, 
which break down injured tissue and release cytokines. 
Macrophage released cytokines, amplify the infl ammatory 
response by chemotaxis (biochemical attraction of cells), 
inducing fi broblasts and endothelial cells to synthesize and 
secrete more proinfl ammatory cytokines (IL-1 and IL-6) 
and colony stimulating factors (G-CSF and GM-CSF).2

2. Macrophages phagocytize debris by ingesting microorgan-
isms. They also control infection by excreting ascorbic acid, 
hydrogen peroxide, and lactic acid. The body interprets the 
buildup of these excreted byproducts as a signal to send more 
macrophages. The result of the increased macrophage popu-
lation is a prolonged, more intense infl ammatory response.

3. Macrophages initiate autolytic debridement through syn-
thesis and secretion of collagenases in preparation for the 
laying down of the new collagen matrix.39

4. Macrophages initiate angiogenesis as well as the formation 
of granulation tissue in preparation for the proliferative 
phase that follows. Macrophage-derived growth factors play 
a pivotal role in new tissue formation, as evidenced by the 
fact that new tissue formation in macrophage-depleted ani-
mal wounds demonstrates defective repair. Reestablishment 
of the blood supply is essential for delivering nutrients to the 
newly forming tissue.

5. Macrophages also release NO, which, as just mentioned, kills 
pathogens.

Macrophages are the essential cells for transition from the 
infl ammatory to the proliferative phase of healing because of 
these activities.51

Fibroblasts
Fibroblasts respond to the chemotactic signals from growth fac-
tors released by platelets, macrophages, granulocytes, and kera-
tinocytes during the infl ammatory phase. These growth factors 
stimulate fi broblast proliferation. Alignment of the fi broblast cells 
within the wound site during the infl ammatory phase is an early 
indication of the strength that will eventually be imparted to the 
wound. Alignment of the fi broblasts along the wound axis and 

24 hours after wounding, and remain from 6 hours to sev-
eral days.24 Neutrophils are granulocytic leukocytes that func-
tion as  phagocytic cells to clean the site of debris and bacteria. 
Initially, neutrophils are the most prevalent type of white blood 
cell at the injury site. They use a special enzyme system to pro-
duce and employ free radicals to attack invading bacteria.72 
Neutrophils proliferate in hypoxic, acidotic environments and 
produce superoxide to fi ght bacteria and enhance the effective-
ness of antibiotics. When the bacterial count is low or declines, 
the neutrophils stay at the site for only a minimal period of 
time. High bacterial counts prolong neutrophil activation and 
infl ammation.73

The neutrophil is considered to be a primary cell responsible 
for cleansing wounds of microorganisms; therefore, inadequate 
numbers of neutrophils will retard healing in infected wounds. 
When bacterial counts in the wound exceed 105 organisms per 
gram of tissue or mL of fl uid, infection becomes apparent in 
the wound site.25 The wound produces pus, which is the accu-
mulation of dead neutrophils that have phagocytized debris 
in the wound. Neutrophils have a short life span because they 
cannot regenerate the stores of lysosomal enzymes and other 
enzymes they used to destroy foreign substances. In addition 
to prompting pus formation, neutrophils produce numerous 
toxic by-products that, if there is excessive neutrophil activity 
due to high bacterial counts, negatively affect the wound tissue 
and even healthy tissue.24

When the wound is predominantly clean, neutrophil accu-
mulation resolves. Whether it resolves or is prolonged (as may 
be the case in chronic wound healing), the monocyte becomes 
the primary white blood cell in the wounded tissues.50 Once in 
the wounded area, monocytes mature into macrophages.

Mast Cells
Mast cells are specialized secretory cells. In the resting state, 
mast cells contain granules, which serve as histamine-binding 
sites. Histamine, a vasoactive amine, is initially released from 
the mast cells after injury. It plays an important role in vascu-
lar dilation and permeability, inducing temporary mild edema. 
In low doses, histamine can stimulate collagen formation and 
healing.54

Clotting factor II, or prothrombin, is a vitamin K– dependent 
proenzyme that functions in the blood coagulation cascade. 
Once the body has produced enough platelet and prothrom-
bin reaction, the mast cell produces heparin. Heparin then 
stimulates the migration of endothelial cells which fi gure in 
the process of angiogenesis. It also accelerates the activity of 
the leukocytes (neutrophils and eosinophils) in the thrombol-
ysis of the hematoma, clotted blood that occurs in the wound 
following damage to the blood vessels at the time of wound-
ing.74 This is essential for the progression of the infl ammatory 
phase. Other substances derived from the mast cells, eosino-
phil and neutrophil chemotactic factors, attract leukocytic 
cells. These cells act as chemical signals for the recruitment 
of macrophages, which lead to a modulation of the infl am-
matory phase. Macrophages also promote later phases in the 
repair process through recruitment of fi broblasts.75,76 Mast 
cells themselves promote fi broblast proliferation through the 
release of tumor necrosis factor β (TNF-β), which is a weak 
mitogen for fi broblasts. Mitogens cause cell mitosis and  cellular 
proliferation.39

RESEARCH WISDOM

Physical Agents Affect Mast Cell Function
Electrical stimulation, pulsed radiofrequency stimulation, 
and ultrasound have been shown to affect mast cell function 
and promote thrombolysis and absorption of hematoma 
(see Chapters 23, 24, and 26).
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the repair process, there is a distinct pattern of current fl ow and 
polarity switching; cells of repair are attracted to either the posi-
tive or the negative poles, a phenomenon called galvanotaxis. 
Macrophages and neutrophils are attracted to the positive pole.80,81 
When the wound is infl amed or infected, neutrophils are attracted 
to the negative pole.82 The negative pole also attracts fi broblasts,83 
which stimulate protein and DNA synthesis, and increases CA2+ 
uptake, fi broblast proliferation, and collagen synthesis.84 Negative 
polarity facilitates migration of epidermal cells and is also associ-
ated with suppression of bacterial growth.85–89 When healing is 
complete, the current ceases. Clearly, there are signifi cant research 
data to support the concept that electrical current plays an impor-
tant role in the cell physiology of wound healing. Exogenous 
application of electrical stimulation, as a treatment intervention, 
to mimic the current of injury and accelerate wound healing has 
important clinical value. Clinical application and validity are dis-
cussed in Chapter 23.

INFLAMMATORY PHASE IN CHRONIC WOUNDS

Defi ning the critical attributes and benchmarks of the infl am-
matory phase of chronic wound healing is diffi cult because 
researchers have only recently begun to distinguish the differ-
ences between the normal acute wound healing process and that 
observed in chronic wound healing. Several factors that have 
been identifi ed as causing an interruption in the infl amma-
tory phase of repair include the stimulus for repair, inadequate 
perfusion and ischemia, free radicals and oxygen reperfusion 
injury, the balance of infl ammatory cytokines and proteases, 
and the levels of growth factors present.85

Stimulus for Repair
One of the primary differences between acute and chronic 
wound healing is the stimulus for repair. In acute wounds, 
there is vascular disruption from the outside of the body to the 
inside of the body, initiating the hemostasis process and, thus, 
the wound healing cascade. In chronic wounds, the injury or 
stimulus for repair may come from within and can be gradual 
in onset.

Inadequate Perfusion and Ischemia
Acute tissue trauma to normally healthy tissues changes the 
vascular perfusion to the wounded tissues resulting in tissue 
ischemia or inadequate tissue perfusion. In some cases, the isch-
emic tissue slows or stops the healing cascade and then itself 
becomes an obstacle to healing because it is a barrier to angio-
genesis.48 Small thromboses in the tissues produce multiple 
sites of hemostasis, autonomic nervous system is activated pro-
ducing physiological stress that results in vasoconstriction, and 
free radicals that cause oxygen reperfusion injury (described 
in page 25) leaving the tissues ischemic resulting in a slow and 
laborious course of healing.48,86 Underlying pathologic vascular 
conditions like insuffi ciency, venous and/or arterial, is known 
to interfere with the process of hemostasis and the coagula-
tion cascade. Because hemostasis is the stimulus for the wound 
healing cascade, the process is muted and the wound ends in a 
chronic or absent phases of infl ammation. Angiogenic stimula-
tion by GF and chemokines is suppressed and the angiogenic 
process retreats from the wound edge causing the wounds 
to heal slowly, as the angiogenic stimuli become increasingly 

creation of cell-to-cell linkages aid in the contraction of the wound 
and the strength of the fi nal scar tissue.24 During the infl ammatory 
phase, the fi broblasts differentiate into a specialized cell called the 
myofi broblast. Myofi broblast functions are explained on page 28.

Current of Injury
Endogenous biologic electrical currents are another component 
of healing. All body cells, including bone, skin, muscle, and 
nerve cells, possess injury currents. In the 1960s, Becker dem-
onstrated the existence of a direct-current electrical system that 
controls tissue healing, which he named the current of injury.77

Polarity is a key component of the current of injury. Multiple 
experiments have demonstrated that a negative charge exists on 
the surface of the skin with respect to the deeper skin layers. 
This results in weak electrical potentials across the skin, cre-
ating a “skin battery” effect. The human body has an average 
charge on the skin surface of −23 mV.78 The battery is driven 
by a sodium ion (NA+) pump, initiated by the sodium ions 
passing through the cells of the epithelium via specifi c channels 
in the outer membrane. Once in the cell, they diffuse to other 
cells of the epithelium. Then, they are actively transported from 
these cells via electrogenic “pumps” located in all of the plasma 
membranes of the epithelium except the outer membrane. The 
result is the transport of NA+ from the fl uid bathing the epi-
thelium to the internal body fl uids, as well as generation of a 
potential of 50 mV across the epithelium.79

A break in the integrity of the skin causes a net fl ow of ionic cur-
rent through the low-resistance pathway of the injured cells and 
drainage that line the wound; if the wound space becomes dry, the 
voltage gradient will stop.59,60 Figure 2.24 represents the fl ow of the 
ionic current between the skin surface and wound space. During 

CLINICAL WISDOM

Moist Wound Healing and the Current of Injury
Acute wounds benefi t from contact with acute wound fl uid, 
which provides a moist environment for cell migration and 
galvanotaxis.90

FIGURE 2.24 Current path in wounded section of the skin. Disrup-
tion in the epidermis has provided a return path for current driven 
by transepithelial potential. (Reprinted with permission from Jaffe 
LF, Vanable JW. Electric fi elds and wound healing. Clin Dermatol. 
1984(3):233–234, with permission from Elsevier Science.)
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more removed from the initial wound edge. New blood ves-
sels coalesce or drop out, resulting in a predominantly ischemic 
wound site.48,86

Tissue ischemia triggers a series of events that includes 
the production of inflammatory mediators, mechanical cap-
illary plugging by leukocytes, and oxygen metabolite forma-
tion, which leads to further tissue damage.72,87 The wound 
healing process can begin with the entry of white blood 
cells into the damaged tissues from blood vessel disrup-
tion. However, in ischemic tissues, even this process may be 
slowed. Once the injury is present, the leukocytes attempt to 
initiate the inflammatory stage of healing; however, many 
are unable to enter the wound tissue by passing through 
the capillary walls, because of increased rigidity of vessels 
and capillary plugging.72 The leukocytes that do enter the 
wound tissue have difficulty performing bactericidal activi-
ties, because underlying ischemia decreases oxygen content 
in the wound bed.56,87

Inadequate perfusion often affects the healing of lower 
extremity wounds. Arterial ulcers are associated with macro-
vascular and microvascular disease that leads to tissue isch-
emia. Pressure ulcers are the consequence of compression of 
the base tissues and closure of the capillaries, also leading to 
ischemia. Infection also contributes to ischemia when neutro-
phils are deposited in the walls and lumen of the small vessels.53 
Smoking, psychophysiological stress, and pain can all increase 
the sympathetic tone of the vascular system and decrease tissue 
perfusion. Smoking also decreases microcirculation. Calcium 
deposits in microvasculature, such as occurs in diabetics, reduce 
blood fl ow and contribute to ischemia and can progress to 
anoxia and necrosis often seen as a secondary complication of 
diabetes.

Free Radicals
The mechanisms for capillary plugging by neutrophils and 
delayed entry into the wounded tissues are related to formation 
of oxygen-free radicals and reperfusion injury.

Reactive oxygen species (ROS) is a collective term for 
 oxygen-free radicals. Oxygen-free radicals take part in many 
metabolic processes, acting as part of the defense mechanism 
against infection. Free-radical species are generated during 
the process of oxidative phosphorylation and the electron 
transfer chain within the mitochondria. Normally, the free-
radical species generated during these processes are used in 
a well-controlled manner; they serve useful functions in the 
cell metabolic processes, and do not escape to a signifi cant 
degree from the mitochondria to other parts of the cell. Free 
radicals are chemically very reactive and, if they do escape, 
can cause severe damage to many chemical compounds that 
are part of the cell, especially the lipids that make up the 
cell membrane. Fortunately, enzymes within the cells usu-
ally catalyze the safe breakdown of oxygen-free radicals, 
thus protecting the cell from these compounds. In addition, 
tocopherol (a vitamin E component) in the lipid membrane 
and ascorbic acid (vitamin C) act as free-radical scavengers 
that can safely break down free radicals.72 Free radicals are 
also implicated in the development of leg ulcers, in which the 
protective mechanisms become deranged during ischemia 
and overwhelmed after reperfusion by the extent of free-rad-
ical production.72

Oxygen Reperfusion Injury
When blood fl ow is reestablished to the ischemic tissue,  further 
damage to the tissues occurs from the disruption of the nor-
mal mechanisms of defense against injury from oxygen-free 
radicals. This is referred to as reperfusion injury. When blood 
fl ow resumes to an ischemic site, the new availability of oxygen 
causes the conversion of an enzyme called xanthine dehydroge-
nase, which the body uses in normal metabolism, to xanthine 
oxidase. This chemical reaction releases large numbers of free 
radicals.72 This overwhelms the normal free-radical defense 
mechanisms and leads to extensive injury of the endothelium 
by lipid peroxidation, with ultimate destruction of the micro-
circulation. The consequence of these events is cell death.

In addition, an already diffi cult situation can be compli-
cated by the escape of free radicals from the mitochondria.72 
Additional free radicals are released by neutrophils in response 
to activation of compounds released by endothelial cells dur-
ing reperfusion. Both neutrophil activation and the availability 
of xanthine oxidase increase free radicals at the wound site, 
which results in increased endothelial damage.54 When acti-
vated to produce free radicals, neutrophils lose their ability 
to deform to enter capillaries and adhere more easily to the 
endothelium, occluding capillaries.72 Capillary occlusion and 
the neutrophils’ inability to deform may explain the decreased 
levels of functioning neutrophils and macrophages present in 
chronic wounds.72 Current research is focused on prevention 
of the most damaging features of ischemia and the resulting 
reperfusion injury. Clinicians need to be aware of the impli-
cations of new treatments that may be developed as a conse-
quence of this research.

EPITHELIALIZATION PHASE

Epithelialization, a second phase of wound healing, involves 
resurfacing or reepithelialization of the wound and changes in 
the wound edges. Reepithelialization, which means restoring 
the denuded wound surface, protects the body from invasion 
by outside organisms, commences immediately after trauma, 
and occurs concurrently with the other phases of wound heal-
ing (Figure 2.14).2

Role of Keratinocytes
The process of reepithelialization is the function of the kera-
tinocytes, which make up the layers of the dermis and epider-
mis as well as the linings of various body organs and dermal 
appendages (e.g., sebaceous glands, sweat glands, and hair fol-
licles). Derived from epidermal stem cells that are located in 
the bulge area of the hair follicle, keratinocytes migrate from 
there into the basal layers of the epidermis and are capable 
of proliferating and differentiating to produce the epidermis. 
That is, the epidermis is replenished by epidermal stem cells 
and progenitors arising from the keratinocytes. Keratinocytes 
synthesize insoluble proteins that cross-link to form a protec-
tive, cornifi ed layer, the stratum corneum, which functions to 
keep pathogens out and water in.88 Keratinocytes respond to 
signals from the macrophages, neutrophils, and the current of 
injury within hours after injury. As soon as the skin barrier is 
broken by a wound, the proinfl ammatory cytokine IL-1, which 
is stored in skin cells, is released. Within hours, keratinocytes 
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EPITHELIALIZATION PHASE IN CHRONIC WOUNDS

As is true for interruption of the infl ammatory phase, if the 
reepithelialization process is interrupted or arrested, the result 
is a chronic wound. Any factor that diminishes keratinocyte 
migration may arrest the reepithelialization process. Such fac-
tors are discussed below.85

Histological analysis of biopsies from chronic ulcers reveals 
a different appearance of the epidermis. It is mitotically active 
and hyperproliferative; however, keratinocytes are unable to 
migrate. It seems that those keratinocytes at the chronic wound 
edge are only partially activated. The differentiation process is 
also incomplete and incapable of proceeding. One consequence 
is that cells grown from the nonhealing wound edge fail to 
respond to GFs and cytokines.88

Delayed reepithelialization due to diminished keratinocyte 
migration can also occur because of lack of a moist, oxygen-
rich, nutritious tissue base. This is the case, for example, with 
debris-fi lled chronic wounds.51 Decreased keratinocyte migra-
tion can also be due to a lack of stimulation, caused by failure 
of the appropriate cytokine to be released during the initial pro-
cesses of the infl ammatory phase of healing.51,93

Keratinocyte migration can be diffi cult in chronic wounds 
because of the rolled, thickened, nonproductive wound edge. 
Additionally, reepithelialization or wound resurfacing may be 
delayed until the wound has fi lled suffi ciently with granulation 
tissue to provide a moist environment for keratinocyte migra-
tion. In wounds with signifi cant tissue loss, reepithelialization 
is slowed by virtue of the larger area requiring resurfacing. If 
wound contraction is impaired and the wound remains large, 
reepithelialization is also affected.

Research related to chronic wound healing in the epitheliali-
zation phase provides new insight into the process of reepitheli-
alization of the skin surface and identifi es the weak links. Tissue 
engineers are taking advantage of the new science and develop-
ing products in the form of human skin equivalents that can 
be grown and combined with a patient’s own keratinocytes to 
reconstruct skin.

PROLIFERATIVE PHASE

The proliferative phase (Figure 2.25) of wound healing over-
laps with and succeeds the infl ammatory phase, beginning 3 to 
5 days postinjury and continuing for 3 weeks in acute wounds 
that heal by primary intention50 (see Figure 2.12). The goals of 
this healing phase are to fi ll in the wound defect with new tissue 
and restore the integrity of the skin. New tissue formation is the 
benchmark for the start of this phase. The processes involved 
in the proliferative phase are angiogenesis (growth of new blood 
vessels), collagen synthesis (ECM formation), and wound con-
traction (the drawing together of the wound edges as shown in 
Figures 2.17 to 2.19.2

Oxygen and nutrition demands remain very high to support 
the cells of repair (i.e., fi broblasts, myofi broblasts, endothelial 
cells, and epidermal cells), which reproduce at a rapid rate to 
create the collagen matrix. Nutrients, including zinc, iron, cop-
per, vitamin C, and oxygen, are essential for fi broblast synthesis 
of the collagen matrix. The macrophages and neutrophils work 
to control infection as long as the wound remains open. The 
combination of these activities raises tissue temperatures. The 

respond to signals from the macrophages, neutrophils, and the 
current of injury by entering an activation cycle.88 Keratinocyte 
activation is transmitted to other neighboring cells (primarily 
fi broblasts), which in turn release multiple growth factors and 
initiate the wound healing cascade.88

Keratinocytes respond to signals from released growth factors 
by advancing in a sheet to resurface the open space. The leading 
edges of the advancing keratinocytes become phagocytic; they 
clean the debris, including clotted material, from their path. 
Cell sheets continue to migrate until the wound is covered and 
a new basement membrane is generated. Multilayered epithelial 
cells appear to migrate either as a moving sheet or in a complex 
“leapfrog” manner (epiboly). The wound environment speeds 
the migration of keratinocytes toward one another from the 
edges of the wound and the dermal appendages.

Full-thickness wounds involve loss of the dermal append-
ages, which are an important source of new keratinocytes. As a 
consequence, epithelial cells can migrate only from the wound 
edges. The advancing front of epidermal cells cannot cover 
a cavity, so they dive down and curl under at the edges. For 
example, full-thickness pressure wounds develop a buildup of 
epithelial cells at the wound edges, forming an epidermal ridge 
that curls under the edges and slows closure. The situation is as 
though the epithelial cells get tired of waiting for granulation 
tissue to fi ll in the wound defect, so they prematurely prolif-
erate and migrate over the edge, as shown in Figure 2.17 and 
form and epidermal ridge. The migration of epithelial cells is 
also oxygen-dependent; when there are low levels of oxygen, 
epithelial migration cannot debride the wound.

In surgical wounds that are sutured, epidermal migration 
begins within the fi rst 24 hours. In healthy adults, it is usu-
ally complete within 48 to 72 hours postoperatively. In other 
wounds, skin trauma results in tissue degeneration, with broad, 
indistinct areas and edges that are diffi cult to see. This forms 
a shallow lesion, with more distinct, thin, separate edges. As 
tissue trauma progresses, the reaction intensifi es, with a thick-
ening and rolling inward of the epidermis. The edge is well-
defi ned, sharply outlining the ulcer, with little or no evidence 
of new tissue growth. Repeated trauma and attempts to repair 
the wound edges result in fi brosis and scarring. The edges of 
the wound become indurated and fi rm,89 a condition that can 
impair the migratory ability of the keratinocytes.91

Once the wound has been resurfaced by epithelial cells, the 
cells begin the process of differentiating and maturing forming 
scar tissue. Tissue properties of elasticity and tensile strength of 
the replaced epidermal layers affect the function of the skin as 
it overrides bony prominences and moving muscles or tendons 
because it is less elastic and more friable, easily torn, than the 
original. The tensile strength, breaking strength of the fi bers, of 
the remodeled skin will not exceed 70% to 80% of the original. 
The quality of the scar tissue is an indication of the fi nal outcome.

The fact that closure has been achieved by reepithelialization 
does not mean that the wound is fully healed. At this time, the 
new skin has a tensile strength of approximately 15% of normal 
compared to the 70% to 80% of the original that it will possess 
when it is remodeled and mature. It must be treated carefully 
to avoid trauma, which can cause edema and infection, and can 
lead to reinfl ammation. Chronic infl ammation compounds the 
problems of impaired scar quality since it causes a thickening of 
the skin and less elastic remodeled tissue.92
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FIGURE 2.25 A. Acute proliferative phase. Note the attached wound edges from the 12:00 to 6:00 positions and how well 
vascularized granulation tissue fi lls up one side of the ulcer. A new pink border of epithelium surrounds the granulation 
tissue. B: Same wound as in (A). All of the wound edges are now attached to the wound base. Note the presence of fi brin 
(yellow) within the granulation tissue. Ready for epithelialization phase. (Copyright © B.M. Bates-Jensen.)

wound needs warmth at this time to promote cellular division 
and manage infection.

Integrins
In unwounded tissues, cells that are involved in repair are sta-
tionary; however, after wounding, they change into migrating 
cells. Migrating cells express specialized receptors called inte-
grins.52 Integrins serve a critical function in cell adhesion and 
signaling during wound healing. They are critical for a duality 
of events: reepithelialization and formation of granulation tis-
sue because of their ability to recognize and respond to various 
components during formation of the ECM.94

Growth Factors—Proliferative Phase
As wound healing progresses from the infl ammatory to pro-
liferative phase, the keratinocytes, fi broblasts, and endothelial 
cells synthesize growth factors. As we will see, GFs function to 
promote cell migration, proliferation, angiogenesis, and syn-
thesis of the ECM components.53 AGFs, TGF-β, TNF-a, IL-1, 
and bFGF are the GFs involved.39

Angiogenesis
Restoration of vascular integrity begins in the infl ammatory 
phase but becomes a major activity during the proliferative 
phase. During this phase, angiogenesis, growth of new blood 
vessels by the endothelial cells (also known as neovasculariza-
tion), takes place. Angiogenesis occurs as new capillary buds, 
arising from intact vessels adjacent to the wound, extend into 
the wound bed. As endothelial cells proliferate, grow into the 
wound space, and create capillaries, they connect to form a new 
network of vessels to fi ll the tissue defect. In the early stages of 
vessel growth, the vessels have loose junctions and gaps in the 
endothelial lining.51 As a result, the initial capillaries are fragile 

and permeable, allowing passage of fl uids from the intravascular 
to the extravascular space; thus, new tissue is often edematous 
in appearance.51 The thick capillary bed, which fi lls the matrix, 
supplies the nutrients and oxygen necessary for the wound to 
heal. To the naked eye, the capillary loops look like small gran-
ules, explaining the name granulation tissue.27 Granulation tis-
sue fi rst appears as pale pink buds; as it fi lls with new blood 
vessels, it becomes bright, “beefy,” and red, as shown in Figure 
2.25. In Figure 2.25A,B, the granulation begins at one side of 
the wound and “marches” across the wound bed.

At this time, the granulation tissue is very fragile and unable 
to withstand any trauma. Trauma to the new tissue will cause 
bleeding that can reinitiate the infl ammatory process and cause 
the laying down of excessive collagen; this results in poor elas-
ticity and a less desirable scar. Protection of the new granula-
tion tissue is very important.

Even when mature, granulation tissue will remain structur-
ally and functionally different from the tissues it replaces. It will 
not differentiate into nerves, muscles, tendons, or other tissue.24

Fibroblasts
Fibroblasts mainly participate in the biosynthesis of collagen to 
form the ECM, which acts as a mold, precursor, plastic mate-
rial, and cementing substance in the wound healing process. 
Fibroblasts secrete collagen until the wound is fi lled; then, col-
lagen production ceases as the fi broblast is downregulated. This 
process of fi brous tissue formation is called fi broplasia. Wound 
healing by fi broplasia requires that the wound be shaped like 
a boat or bowl to ensure that granulation tissue fi lls the base 
before the epithelial edges of the wound meet. Wounds that 
are not of this shape are at risk for premature surface healing, 
leaving a cavity under the skin that will subsequently break 
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down.2,95 The optimal wound conditions for supporting fi bro-
blast production of collagen and ground substances includes an 
acidic, low-oxygen wound bed.

Fibroblasts synthesize three polypeptide chains that coil 
to form a right-handed triple helix.92 Now called procollagen, 
these spiraled chains are extruded from the fi broblast into the 
extracellular space. The next step is cleavage of the triple-helical 
molecule at specifi c terminal sites. Now the helix is referred to 
as a tropocollagen molecule. Tropocollagen, thus transformed, 
amassed and convolving with other tropcollagen molecules, 
form a collagen fi bril, then combine with ground substance to 
form the ECM or scaffolding of repair that will support blood 
vessel growth by the endothelial cells.24,96 The endothelial cells 
migrate and proliferate along the scaffolding, building new cap-
illaries that are capable of providing oxygen and nourishment 
to the new collagen.51,66

Tropocollagen, a precursor to collagen, is a soluble substance 
that is transformed into hydroxyproline (HoPro), insoluble 
collagen, by a process called hydroxylation of praline. Ferrous 
iron, a reducing agent (e.g., ascorbic acid), alpha ketoglutarate 
(a collagen boosting agent), and oxygen are required to achieve 
this transformation. In research, the measurement of HoPro is 
used to assess collagen deposition, with collagen estimated as 
seven times the value of HoPro.97 In vitro and in vivo studies 
show that collagen hydroxylation, cross-linking, and deposi-
tion are proportional to the arterial partial pressure of oxygen. 
Hydroxyproline deposition is proportional to wound tensile 
strength in rats.61 Another reason is that the oxygen gradient is 
critical to the wound healing process.

Collagen Types
Tropocollagen polymerizes (joins with many small particles 
to create a large molecule) to form various types of colla-
gen.23 Types I and III collagen are important to our discussion, 
because they are found in the dermis and are involved with 
wound healing. New tissue growth in the wound follows a char-
acteristic pattern:51,66

• Production of type III collagen. Type III collagen is the pre-
dominant type of collagen synthesized in the wound.66

• Type III collagen is poorly cross-linked and not aligned in the 
same manner as type I collagen; as such, it provides minimal 
tensile strength to the new tissue.51 Type III collagen fi brils are 
small (40–60 nm), but elastic. They help the tissue withstand 
a load over time, a quality referred to as creep resistance. The 
proportion of small to large fi brils changes over the life span, 
with type III gradually replaced by type I.

• Production of type I collagen. Early immature type III collagen 
is gradually replaced with the normal adult type I collagen 
throughout the proliferation phase of healing and continu-
ing through the remodeling phase of healing. Type I collagen 
fi brils have a larger diameter (100–500 mm) than type III, 
and are less elastic. These fi bers are organized and arranged 
in parallel lines along mechanical stress points, giving tissue 
strength.51 Approximately 80% of dermal collagen is type I, 
and these fi bers provide the tensile strength to the tissue. The 
proportion of large-diameter to small-diameter fi brils deter-
mines the overall dermal tensile strength.96

At this point, about 3 weeks after wounding, the greatest 
mass of collagen assembled by the tensile strength is roughly 
only 15% of normal. This new scar will not tolerate mobiliza-
tion or rough handling, both of which will ultimately lead to 
creation of a new wound and further scarring.92 Wound dehis-
cence (separation of all the layers of an incision or wound) 
occur most frequently during this phase.23

Matrix Formation
Fibrous connective tissue elements that give strength to the 
ECM include collagen, elastin, fi bronectin (an adhesive gly-
coprotein secreted during the infl ammatory phase as part of 
the process of ECM formation) and reticulin (young collagen 
fi bers).98 Elastin derives its name from its elastic properties. 
It is found in skin, lungs, blood vessels, and the bladder, and 
functions to maintain tissue shape.23 Matrix proteins, including 
collagen, form the basal lamina over which the keratinocytes 
migrate. Laminin is a component of the basement membrane 
that functions to inhibit keratinocyte migration.53

Cross-Linking of Collagen
Once the collagen fi brils are formed, they are very disorganized. 
This disorganization is why early scar tissue is weak with poor 
tensile strength. Cross-linkage is necessary for wound tensile 
strength. As the proliferative phase gives way to the remodeling 
phase of wound healing, the collagen is remodeled into ordered, 
structured formations, which increase the tensile strength of 
the scar tissue. The number of collagen fi laments does not give 
the collagen matrix durability or tensile strength; rather, tensile 
strength depends on the microscopic welding, or bonding, of 
one fi lament to another. The sites at which these bonds occur 
are called cross-links. Intermolecular bonds are the major force 
holding the collagen molecules together. The greater the num-
ber of these bonds, the greater the strength of the collagen fi la-
ment. In an anoxic wound, cross-linking is inhibited.

Ground Substance
Ground substance is primarily water, salts, and GAGs. GAGs 
are polysaccharides that contain amino acids, sugars, and gly-
coprotein (called proteoglycans).96 GAGs are hydrophilic sub-
stances, so they attract large amounts of water and sodium. The 
turgor (feeling of fullness) normally associated with connective 
tissue is a manifestation of the accumulation of fl uid by the 
GAGs. Ground substance has semiliquid gel properties24 Turgor 
will be discussed as part of wound assessment in Chapter 3.

Myofi broblasts and Contraction
Wound contraction pulls the wound edges together for the 
purpose of closing the wound. In effect, this reduces the open 

CLINICAL WISDOM

Granulation Tissue Complications
A change from healthy red granulation tissue to dark red or a 
dusky pink color is a sign that warrants further investigation 
and possible intervention (Figs. 2.15 and 2.16). Wound fl uid 
can also change in color and/or quantity. Pain may increase; 
this is often a sign of infection.
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5. Myofi broblasts appear to attempt wound contraction, but 
their efforts may be compromised by cellular senescence 
and/or necrosis.

The literature review associated with this study pointed out 
that diabetic patients show premature fi broblast senescence and 
decreased fi broblast division; moreover, senescent  fi broblasts 
lose their ability to bind to collagen.99

Fibronectin Composition
Fibronectin is a matrix protein critical in the laying down of 
collagen. Wysocki demonstrated differences in the composi-
tion of fi bronectin in chronic wounds, as compared with acute 
wounds.100 The fi bronectin in chronic wounds was partially 
degraded, whereas it remained intact in acute wounds. The 
small fi bronectin fragments found in chronic wounds may per-
petuate the activity of matrix proteases and inhibit healing.101 
Indeed, the excess activity of proteases, which breaks down 
connective tissue faster than it is formed and destroys impor-
tant polypeptide-signaling molecules that coordinate healing, 
may play a role in persistent nonhealing wounds.102

Parks103 has shown that chronic wounds exhibit produc-
tion of stromelysins (metalloproteinases that do not lyse col-
lagen), which may represent the unregulated production of 
proteinase that contributes to the inability of some chronic 
wounds to heal.

Chronic Wound Fluid
The desire to learn more about the wound microenvironment 
has led researchers to look at wound fl uid as a refl ection of the 
microenvironment from which it was collected. Human stud-
ies of wound fl uids are complicated by the inability to carefully 
control the variables related to the wound, the patient, and 
the way wound fl uids are collected, leading to varied results. 
However, considerable efforts have been made by investigators 
to study fl uid from both acute and chronic wounds.

It is fairly well-accepted that fl uid from acute wounds is 
mitogenic for wound-associated cells, and fl uid collected 
from chronic wounds is inhibitory to these cells of regenera-
tion.104,105 Analysis and study of wound fl uid is providing an 
important insight into the healing of chronic wounds. It has 
been suggested that chronic wound fl uid analysis could be used 
to identify potential biomarkers of wound chronicity, leading 
to new treatment strategies and possibly customized treatment 
based on the identifi ed biomarkers. This concept has already 
been applied to secreted biofl uids of other chronic infl amma-
tory conditions such as osteoarthritis and periodontal disease 
to determine disease and metabolic activity.54

area and, if successful, results in a smaller wound, with less need 
for repair by scar formation.

Myofi broblasts are important in wound contraction. They 
contain an actin and myosin contractile system similar to that 
found in smooth muscle cells,61 which allows them to contract 
and extend. The myofi broblast connects itself to the wound skin 
margins and pulls the epidermal layer inward. The myofi bro-
blast ring forms what has been described as a “picture frame” 
beneath the skin of the contracting wound. The contracting 
forces start out equal in all wounds, but the shape of the “pic-
ture frame” predicts the resultant speed of contraction. Linear 
wounds contract rapidly, square and rectangular wounds con-
tract at a moderate pace, and circular wounds contract slowly. 
One characteristic of pressure ulcers is that they take on a circu-
lar shape, which is an indicator that they will contract slowly (see 
Figure 2.17).92 Wound contraction is manifested by a change in 
wound shape and reduction in the open area of the wound. This 
occurs at the fi nal stage of wound repair (see Figure 2.19).

Partial-thickness wounds heal with very little wound con-
traction. However, in full-thickness wounds, contraction can 
account for up to a 40% decrease in wound size.51,93 For suc-
cessful healing, contraction needs to be balanced. A diminished 
level of contraction leads to delayed healing, with possible 
excess bleeding and infection. Conversely, excess contraction 
can lead to loss of function from tissue contractures.51

Wound contraction can be extremely benefi cial in the clo-
sure of wounds in areas such as the buttocks and trochanter, but 
it can be harmful in areas such as the hand and around the neck 
and face, where it can cause disfi gurement and excessive scarring. 
Rapid, uncontrolled wound contraction in these areas must be 
avoided. Tissue that draws together too tightly can cause defor-
mity of the repaired scar and impairment of tissue  function. 
Skin grafting is used to reduce contraction in undesirable loca-
tions. The thickness of the skin graft infl uences the degree of 
contraction suppression. Pressure garments are another method 
of controlling wound contraction (see Chapter 16).

PROLIFERATIVE PHASE IN CHRONIC WOUNDS

Several differences exist for the chronic wound in the prolifera-
tive phase.85 These processes and differences are described here.

Fibroblast Senescence
Vande Berg et al. studied fi broblast senescence in pressure 
ulcers.99 For this purpose, the study hypothesis defi ned cell pop-
ulations as senescent when they failed to undergo 0.5 doubling 
after a 1-week period.99 Findings from the research included99

1. Fibroblast populations grown from normal, unulcerated 
skin undergo more doublings than those from the ulcer 
margin or wound bed before becoming senescent.

2. Small fi broblasts have more doubling compared with large 
fi broblasts.

3. Fibroblasts from patients of all ages become senescent after 
fewer population doublings than fi broblasts from adjacent 
normal skin.

4. As fi broblast cell populations age, the number of senescent 
cells appear to increase, while cells in the proliferating pool 
decrease.

RESEARCH WISDOM

Best Time to Apply Skin Grafts
Text Split-thickness skin grafts suppress contraction by 31%, 
and full-thickness skin grafts diminish contraction by 55%. 
The best time for application of skin grafts is during the 
infl ammatory phase, before contraction begins.92
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REMODELING PHASE

The fi nal phase of wound healing is the remodeling phase, which 
begins as granulation tissue forms in the wound site during the 
proliferative phase and continues for 1 to 2 years postinjury 
until the tissue reaches maturation.51,113 During the remodeling 
phase, scar tissue is rebuilt, and tensile strength increases from 
the 15% to 20% strength associated with the initial scar tissue, 
to as much as 80% of the preinjury tissues by the end of the 
remodeling phase.93,94

The remodeling phase shows most clearly the overlapping of 
all of the phases of wound healing. Typically, it is described as the 
end of the proliferative phase, which is about 3 weeks postacute 
injury. Actually, collagen matrix formation and remodeling 
begin concurrently with the formation of granulation tissue.23

As we will see shortly, remodeling requires maintenance 
of a delicate equilibrium between collagen synthesis and lysis. 
Regulation of the remodeling process is the function of growth 
factors, primarily TGF-β, PDGF, and FGF, which are stimu-
lated during tissue injury and repair by specifi c MMPs called 
collagenases.39

Matrix Remodeling
ECM and collagen deposition continuously and gradually 
changes from the time it is initially produced in the wound 
bed, and this process continues even after tissue continuity is 
restored.51 Type III collagen, originally produced by the fi bro-
blasts, is gradually lysed by lysosomal proteases and tissue col-
lagenases, and type I collagen is produced to replace the lost 
tissues. The lysis of old collagen and production of new col-
lagen lead to a change in the orientation of the scar tissue: as 
noted earlier, type I collagen fi brils are laid down parallel to 
the lines of tension in the wound in an organized fashion, with 
strong cross-linking and bundle construction.51 Proteoglycans 
are deposited with the new type I collagen, increasing the 
wound’s resilience to deformation.51 Also during this phase, the 
highly vascular and cellular granulation scar tissue is gradually 
replaced with less vascular and less cellular tissues.56

Matrix Metalloproteinases and Collagen Lysis 
or Degradation
Numerous proteases have been implicated in the proteolytic 
degradation of the ECM, most prominent among which are 
members of the MMP family. MMPs have been divided into 
collagenases, gelatinases, stromelysins, and matrilysins.114

Recall that collagenase and other proteolytic enzymes are 
produced during the infl ammatory phase and throughout the 
proliferative phase as regulators of fi broplasia. Collagenase can 
cleave, or break, the cross-linkage of the tropocollagen mole-
cules, aiding in its reabsorption during periods of connective 
tissue growth or repair.28 In a healthy wound, collagenase regu-
lates the balance between synthesis and lysis of collagen. It is 
this ability to break down collagen that makes collagenase use-
ful as a debriding agent. Breaking of the cross-linkage makes 
the tropocollagen molecule soluble so that it can be excreted 
from the body. The balance between collagen synthesis and 
collagen lysis is delicate, with a goal that one process should 
not exceed the other. However, as the wound matures during 

Chronic wound fl uid has been shown to inhibit prolifera-
tion of endothelial cells, keratinocytes, fi broblasts, and cell adhe-
sion.106,107 In nonhealing wounds, proinfl ammatory  cytokines 
and proteases are present at high levels compared to the relatively 
low levels and narrower range of GFs present in healing wounds. 
When there is an increase in proinfl ammatory cytokines, there 
is an accompanying elevation of proteases production. This may 
be due to the presence of bacteria and their endotoxins, as well as 
the presence of platelet degranulation products.52

Recently, the focus of chronic wound fl uid research has been 
on the proinfl ammatory cytokines and proteases, but there is 
also interest in the potential of ECM components in wound 
fl uid as biomarkers of wound healing pathology.54 It is no lon-
ger recommended to allow wounds to bathe in chronic wound 
fl uid such as occurs under an occlusive dressing, because of the 
potential for defective remodeling, as will be described in a fol-
lowing chapter section.

Protracted Infl ammatory and Proliferative 
Responses
Repeated trauma and infection of chronic wounds changes 
chronic wound fl uid mediator concentrations by increasing 
the presence of proinfl ammatory cytokines and tissue inhibi-
tors or metalloproteinases, and lowering the level of growth fac-
tors compared with acute wounds and creates imbalances that 
appear to impede proliferative responses necessary for pressure 
ulcer healing.108 –111 This is of clinical signifi cance because heal-
ing has been associated with reduced levels of MMPs and an 
increase in TIMP activities.54 Another, clinically signifi cant, 
outcome of research on wound fl uid is temperature change 
effects on chronic wound fl uid mediators. Inhibitory effects are 
abolished by heating the wound fl uid to100°C, and heating it to 
38°C has a signifi cant effect.105 Clinically, this has importance in 
the selection of interventions that affect tissue temperature and 
is discussed in several chapters.

Dead Space or Large Tissue Gap
Full-thickness ulcers often present with a “dead space” or “tis-
sue gap,” which prolongs proliferation because of the larger tis-
sue defect that needs to be fi lled with new connective tissue and 
blood vessels.56 Prolongation of the proliferative phase of heal-
ing can be observed in many chronic wounds. In these cases, 
the wound progresses to a certain point of new tissue growth 
and then “stalls” or “plateaus,” with no further evidence of 
proliferation. The cessation of proliferation may be related to 
inadequate substrates necessary for new tissue growth, such 
as protein, vitamin C, and zinc.48 Inadequate substrate avail-
ability may be due to increased levels of bacteria in the wound 
environment or continued lysis of new growth faster than new 
material can be synthesized. The increased bacteria levels may 
compete with healthy cells for the substrates necessary for heal-
ing and thus prevent further tissue growth.56

Siddiqui and colleagues112 suggested an alternate cause 
of decreased tissue proliferation. Using an in vitro system, 
their study demonstrated decreased collagen production and 
fi broblast proliferation in a chronically hypoxic wound envi-
ronment, suggesting that long-term wound hypoxia exerts a 
negative infl uence on tissue proliferation.
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process of wound remodeling until maturation takes from 3 
weeks to 2 years postinjury.92 Chapter 16 explains normal scar 
formation processes, complications, and methods of managing 
scar formation for the most cosmetic and functional outcomes.

REMODELING PHASE IN CHRONIC WOUNDS

The remodeling phase in chronic wounds is altered if there 
is dysregulation of the remodeling process. The ratio of this 
activity is an important determinant of the progress of wound 
healing and formation of hypertrophic scarring and hyper-
granulation tissue. Figure 2.26 shows hypertrophic scaring and 
Figure 2.27 shows hypergranulation tissue.

remodeling, collagen lysis increases. The organization of colla-
gen fi bers as they are laid down by the fi broblasts is part of this 
regulatory process; better organization produces a better func-
tional outcome of more elastic, smoother, and stronger fi bers 
for the repaired scar tissues.

Scar Formation
As mentioned, collagen synthesis and lyses are well regulated 
process leading to scar formation and wound remodeling. In 
uncomplicated healing, TGFβ-1 is expressed early during the 
infl ammatory phase. TGFβ-1 levels drop and TGFβ-3 levels rise 
during the late proliferative phase. These receptors, along with the 
corresponding TGF-β isoforms, decrease in  density during gran-
ulation tissue remodeling when healing is well-regulated. In addi-
tion to GFs, their corresponding  receptors are also expressed.33,34

Clinical manifestations of the remodeling phase of healing 
include changes in the appearance of scar tissue. Normotrophic 
or normal scaring results in a visible scar that is not raised above 
the surface of the surrounding tissue. As collagen synthesis and 
degradation (lysis) proceed, the vascularity and cellularity of 
the scar tissue diminish, with loss in scar tissue mass and obvi-
ous changes in the visual appearance of the wound site. The 
scar changes from bright red or pink to a silvery gray or white, 
and the site becomes less bulky, fl attening over time until a 
normotrophic scar is achieved.56,113 Additionally, the scar tissue 
becomes more fl exible as it matures.56 As long as the scar exhib-
its a rosier appearance than normal, remodeling or maturation 
of the immature scar is underway92 An example is a surgical scar 
on the incision line. Initially, it is bright red; then, over time, 
it blanches and conforms to the body contours. The entire 

FIGURE 2.26 Hypertrophic scarring.

FIGURE 2.27 Wound is in chronic proliferative phase. Note hypergranulation tissue and absence of epithelialization 
phase. (Copyright © B.M. Bates-Jensen.)
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When both collagen synthesis and lysis are out of balance, 
they never seem to reach equilibrium; the result is prolifera-
tive scarring or excessive healing. Thus, the repair process con-
tinues without an apparent “turn-off switch.”85 There appears 
to be several reasons for this. Collagen synthesis is oxygen- 
dependent, but collagen lysis is not. One result of dysregula-
tion, excess oxygen delivery to tissue, is thought to produce 
hypergranulation. Hypergranulation refers to over production 
of granulation tissue in excess of the surface of the surrounding 
tissue. Other terms used to describe hypergranulation include 
exuberant granulation, hyperplasia or “proud fl esh,” and they are 
synonymous. Hypergranulation inhibits epidermal cell move-
ments because they must now move against gravity, which they 
are now unable to do and thus cannot cover and resurface the 
wound.

Excessive scarring is associated with dysregulation and 
the failure to eliminate TGF-β receptors, which are expressed 
by overactive fi broblasts during the remodeling phase. The 
result is persistent overproduction of matrix proteins and 
fi brosis.33,34

SUMMARY

Acute wound healing has been studied extensively, and infor-
mation learned over time has been extrapolated and applied 
to chronic wound healing based on the assumption that 
chronic wound healing is “abnormal.” Research has identifi ed 
chronic wound healing as a different process in many ways, as 
described in this chapter. The current thinking is that imbal-
ances exist in the molecular environment of healing and 
nonhealing wounds. When the scales are tipped toward low 
levels of infl ammatory cytokines and proteases, and mitoti-
cally competent cells are present, the balance will produce 
high mitogenic activity and healing. When high levels of 
infl ammatory cytokines and proteases are present along with 

RESEARCH WISDOM

Hypergranulation in Horses
In the veterinary community, there has been signifi -
cant interest in hypergranulation because it is a frequent 
complication of wound healing on the legs of horses. 
Predisposing factors for hypergranulation in horses 
include tissue hypoperfusion, infection, trauma, and ban-
daging of wounds.115–118 In horses, the initial infl amma-
tory reaction tends to be protracted, and this leads to the 
perseverance of TGFβ-1 well into the proliferative phase; 
this is suggested as the predisposing factor that leads to 
production of excessive granulation tissue. One study of 
horses reported fi ndings that TGFβ-1 and TGFβ-3 expres-
sion in normal and exuberant wound healing are different. 
The latter tend to have higher concentrations of fi brogenic 
TGFβ-1 and lower concentrations of antifi brotic, antiscar-
ring TGFβ-3. However, the differences were not statistically 
signifi cant. Based on the study results, the authors suggest 
that production of exuberant granulation is related to ban-
daging (dressing) of the wound, which is associated with 
higher concentration of fi brogenic TGFβ-1 and decreased 
expression of antifi brotic TGFβ-3. Healing appeared nor-
mal in wounds in which the TGFβ-3 concentrations were 
higher.117

Different dressing types appear to be related to hyper-
granulation formation.119 Silicone gel dressings were found 
to prevent hypergranulation and improve tissue quality. 
Possible rationale includes

1) Microvessel occlusion, which occurs signifi cantly more 
often in wounds that were dressed with silicone

2) Gradual decrease in oxygen tension in the tissue until the 
point of anoxia, when fi broblasts no longer function ade-
quately and undergo apoptosis, and the ratio of collagen 
synthesis to degradation is altered in favor of degradation 
minimizing fi brosis

3) Diminished expression of mutant p53, an indirect 
inhibitor of apoptosis also found in these wounds. 
Exuberant granulation typically does not go on to 
wound closure.48

CLINICAL WISDOM

Wound dressings appear to play a signifi cant role in exu-
berant granulation tissue formation and hypertrophic 
scarring, in humans, related to prolonged contact of the 
wound tissue with wound fl uid. Dressings are described 
in Chapter 20.

Twelve Possible Wound Healing Phase Diagnoses
1. Acute Infl ammation
2. Chronic infl ammation
3. Absence of infl ammation
4. Proliferation
5. Chronic proliferation
6. Absence of proliferation
7. Epithelialization
8. Chronic epithelialization
9. Absence of epithelialization

10. Remodeling
11. Chronic remodeling
12. Absence of remodeling

EXHIBIT 2.2
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REVIEW QUESTIONS

 1. The erupting volcano effect is attributed to which type of 
pressure ulcer?
 A. Deep Tissue Injury
 B. Stage II
 C. Stage III
 D. Stage IV

 2. Experts agree that fetal tissue is different from adult tissue.  
Which of the following statements is true regarding fetal 
tissue and healing?
 A.  Contraction is a usual event along with minimal scar-

ring.
 B.  Low levels of adrenal steroids and an immature 

 immune system affects cellular activity.
 C.  Amniotic fl uid surrounding the fetus has no effect on 

the healing response of the fetus.
 D.  When amniotic fl uid is removed there is an abrupt 

transition to adult like healing.

 3. The shape of the myofi broblast “picture frame” beneath 
the skin can be predictive of the speed of wound contrac-
tion. Which statement is true?
 A. Linear wounds contract moderately.
 B. Circular wounds contract slowly.
 C. Rectangular wounds contract rapidly.
 D. Square wounds contract slowly.

 4. Chronic wound fl uid has been shown to:
 A. Inhibit proliferation of endothelial cells.
 B. Promote proliferation of keratinocytes.
 C. Inhibit proliferation of proinfl ammatory cytokines.
 D. Promote proliferation of fi fi broblasts.

 5. High levels of matrix metalloproteinases (MMPs) can 
 result in:
 A. Excessive tissue degradation.
 B. Maintenance of growth factor levels.
 C. Promotion of cell surface receptors.
 D.  Promotion of tissue inhibitors of metalloproteinase 

(TIMPS)

senescent cells, there is low mitogenic activity, and the result 
is a chronic wound.53 Understanding the differences between 
acute and chronic wound healing is a work in progress; as 

scientists demonstrate new fi ndings, this information is being 
used to customize treatment  interventions. Other chapters in 
this book are devoted to those interventions.
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CHAPTER OBJECTIVES

Holistic patient care requires looking at the whole patient includ-
ing pertinent internal and environmental factors as well as inap-
propriate management factors that have the potential to interfere 
with wound healing. Thus, the fi rst portion of Chapter 3 begins 
by considering these factors. Next is instruction about assess-
ment and evaluation of attributes of the skin and wound. In 
the following sections, you will learn how the data gleaned from 
these assessments lead to wound classifi cation and to two wound 
diagnoses pertaining to the wound healing status.

FACTORS AFFECTING WOUND HEALING

Wound healing processes are complex and sensitive to internal 
and external environmental forces. In this section, we review 
internal (host) and external (environmental) factors as well as 
inappropriate management (iatrogenic) factors that need to be 
identifi ed and assessed that may interfere with wound healing. 
We begin this section by looking at the patient and three groups 
of factors that infl uence whether a wound will go on to heal or 
become chronic or refractory:

• Underlying pathology (intrinsic factors)
• Environmental infl uences (extrinsic factors)
• Inappropriate management (iatrogenic factors)

These factors that affect wound healing are summarized in 
Table 3.1.

The Patient’s Health Status
We begin with the patient’s health status including his or her 
internal and external environment, to identify factors such as 
comorbidities that will aid in predicting the healing response. 

Chronic wounds affect millions of people and are a particular 
problem of the elderly who are most likely to have comorbidi-
ties assumed to impair healing. Few studies have identifi ed spe-
cifi c comorbidities that can be attributed to effecting healing 
and nonhealing. Two retrospective reviews showed that patients 
with comorbid conditions of cerebral vascular accident (CVA), 
neuropathy, and dementia were statistically never likely to heal 
(p < .0001).1,2 Other important comorbidities identifi ed associ-
ated with the never healing included malnutrition, infection,1 
diabetes mellitus (DM), depression, dementia, and degenerative 
arthritis.2 Other statistically signifi cant factors identifi ed here as 
predictive of nonhealing were a high number of chronic ulcers 
and lower hemoglobin counts.2 Hypertension, cardiovascular/
respiratory diseases, senile dementia, and neurologic disease are 
conditions identifi ed as associated with development of pres-
sure ulcers.3 The effects of chronic and comorbid illness on 
predicting wound healing must be considered as part of the 
holistic patient evaluation. From what we know, it is reasonable 
to say that early identifi cation of factors that predict wound 
healing response will help you triage cases, reduce variability 
in cost and care, and improve the prognosis and outcome for 
planned interventions.

Underlying Pathology (Intrinsic Factors)
Underlying pathology includes the intrinsic factors related 
to the patient’s health status that can affect skin integrity 
and/or healing. Intrinsic factors affecting health and wound 
healing considered here include age, body systems and asso-
ciated chronic diseases, perfusion and oxygenation, immu-
nosuppression, neurologically impaired skin, confusion and 
mental status wound extent and duration, and skin changes 
at the end of life.

At the completion of this chapter, the reader will be able to:

1. Identify patient-related factors that effect wound healing.
2. Perform tests and assess adjacent tissues and periwound status.
3. Perform tests and evaluate wound status.
4. Apply classifi cation systems to diagnose wound severity.
5. Explain and apply the concept of wound phase diagnosis, based on the status of the phase of 

wound healing.

Carrie Sussman

Assessment of the Patient, Skin,
and Wound3
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Intrinsic Related to Medical Status Extrinsic Related to Environment Iatrogenic Related to Wound Management

Age Medications Local ischemia

Chronic Disease Nutrition Inappropriate wound care

Perfusion and oxygenation Irradiation and chemotherapy Trauma

Immunosuppression Psychophysiologic stress Wound extent and duration

Neurologically impaired skin Wound bioburden and infection

Factors Affecting Wound Healing3.1TABLE

Age

Infl ammation, cell migration, proliferation, and maturation 
responses slow with aging.4,5 A major skin change that occurs 
with aging is thinning of the epidermis, which increases the risk 
of injury from shearing and friction, resulting in skin tears and 
ulceration. The skin also loses its impenetrability to substances 
in the environment, so irritants and certain drugs are more 
readily absorbed. The reproductive function of epidermal and 
fi broblast cells diminishes with age, and replacement is slowed. 
Elastin fi bers are lost, and the skin becomes less elastic. There 
is diminished vascularity of the dermis, and the dermis atro-
phies, which slows wound contraction and increases the risk of 
wound dehiscence.6 Wound dehiscence is two to three times 
higher in patients over age 60, yet, as Eaglstein5 notes, the caus-
ative factors may be infection, inadequate protein intake, and 
other medical complications—not solely age.

Aging and chronic disease states often go together, and both 
delay repair processes; this is due to delayed cellular response to 
the injury stimulus, delayed collagen deposition, and decreased 
tensile strength in the remodeled tissue. The regeneration pro-
cess can be diminished as a result of impaired circulatory func-
tion. Because chronic disease is more common in older adults, 
age is at least a marker for conditions that predispose to chronic 
wounds, and it is typically identifi ed as a cofactor in impaired 
healing.7 Despite these factors, aging alone is not a major fac-
tor in chronic wound healing. Research now demonstrates that 
healing is only slightly retarded in healthy elderly individuals 
without chronic disease states, compared with that of a young 
population.1,2,8 Patient age does not signifi cantly affect the heal-
ing time for leg ulcers associated with venous insuffi ciency9 
or for neuropathic foot ulcers using total contact casting.10 
However, age appears to affect the risk for skin breakdown in 
individuals who are older than 85 years; this group demon-
strated a 30% risk of developing pressure ulcers.11

Chronic Diseases

Cardiopulmonary morbidities. Chronic diseases of all kinds 
affect the cardiopulmonary system and oxygen-transport 
pathway that delivers oxygen from the lungs to the tissues and 
removes carbon dioxide. Oxygenation and oxygen balance in 
the tissues are key requirements for healing. The cardiopul-
monary system is affected by hematologic, neuromuscular, 
musculoskeletal, endocrine, and immunologic conditions.12 
For example, in patients with chronic obstructive pulmonary 
disease, breathing functions are compromised. This reduces 
effi cient respiratory function, which affects lung volumes, 

fl ow rates, and the delivery of oxygen to and removal of carbon 
dioxide from the tissues that are required for healing. Impaired 
cardiopulmonary function affects mobility that is considered a 
risk factor for skin ulceration.

Diabetes mellitus. Patients with DM are at risk for poor 
wound healing, due to the effects of high blood glucose levels 
on leukocyte function, predisposing them to increased risk of 
infection.13 The microvascular and neuropathic components of 
diabetes also place these patients at increased susceptibility to 
impaired healing.14 The rest of this section and Chapter 12 dis-
cuss in more detail how DM infl uences multiple body systems 
associated with wound healing.

Immune suppression. In cases of immune suppression, 
such as is common in patients who have diabetes, cancer, 
human immunodefi ciency virus (HIV) infection, and acquired 
immune defi ciency syndrome, or those who are undergoing 
immunosuppressive therapy, the body lacks the ability to pro-
duce an infl ammation phase that initiates the cascade of repair. 
Absence or impairment of infl ammation at the onset of trauma 
will impair the healing cascade through all phases of healing.15

Perfusion and Oxygenation

All phases of wound healing require adequate perfusion to 
bring nutrients and oxygen to the tissues, thus the lack of perfu-
sion is a signifi cant barrier to healing. Several factors infl uence 
perfusion including

Peripheral vascular impairment. Wound healing is depen-
dent on a well-vascularized wound bed to sustain the growth 
of new tissue and immunological response of the tissues to 
counter infection, which means that adequate perfusion 
is required. Impaired peripheral vascular function such as 
chronic arterial hypertension secondary to peripheral arterial 
atheroma (hardening of the arteries) restricts blood fl ow and 
tissue perfusion because the blood vessels do not dilate but 
instead create blood fl ow resistance. A low fl ow state occurs 
that is usually located in the lower extremities, and the result 
is risk for arterial ulceration from severe tissue ischemia and 
the mechanisms of  ischemic reperfusion injury, which were 
described in Chapter 2. Diabetes also leads to increased sus-
ceptibility to peripheral arterial  atheroma, which can progress 
to stenosis and occlusion, ischemia, and ulceration.16 Oxygen-
free-radical activity, also described in Chapter 2, is elevated in 
individuals with DM and has been implicated in the etiology of 
vascular complications that may be related to ulceration and 
poor healing.16 Chronic venous hypertension leads to leukocyte 
accumulation in the skin and other tissues of the leg, which 
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motor, and autonomic. Sensory neuropathy is the loss of the 
ability to recognize and react to sensations of touch, pain, pres-
sure, and kinesthesia (position). It also frequently includes 
symptoms of burning and paresthesias. Other signs of PN are 
reports of gait and balance dysfunction. Motor neuropathy is 
the loss of the motor control of the muscles, and the results are 
the development of muscle atrophy and imbalance that con-
tributes to structural changes and deformities. Neuropathy of 
the autonomic nervous system (ANS) impairs the function 
of the sweat and sebaceous glands located in the skin. When 
ANS function is impaired in the feet, the skin becomes dry 
and cracked, providing a portal of entry for infection. The skin 
acidity also changes, resulting in impairment of the ability to 
control surface bacteria. Because of an impaired immune sys-
tem, another complication of diabetes, when infection occurs, 
these individuals are unable to generate an infl ammatory phase 
of repair and overcome the infection. Chapter 12 describes the 
examinations for testing for neuropathy, including photos of 
the consequences of polyneuropathy.

Spinal cord injury results in alteration of the functions of the 
same three nervous system components: sensory, motor, and 
autonomic and all may be affected at the same time depending 
on the extent and location of cord injury. In progressive condi-
tions like PN, neuronal changes occur slowly and progressively 
over time. If the SCI lesion is above the 6th thoracic level, ANS 
function is impaired in the early stages postinjury, and the indi-
vidual is often unable to maintain a constant body temperature. 
This is due to loss of the ability to dissipate and retain heat from 
the interior of the body to the periphery via vasomotor responses 
to heating. Refl ex sweating is also lost with injury at these levels, 
which places the individual with an SCI at risk for overheating.22 
Another complication of SCI is loss of vasomotor tone; this leads 
to dilation of the veins of the lower extremity, with resultant 
peripheral edema and frequent deep vein thrombosis.23

Neurologically impaired skin in persons with SCI undergoes 
metabolic changes that can take 3 to 5 years to stabilize follow-
ing the SCI.22 These changes include the following:

• The rate of collagen catabolism increases immediately, and 
signifi cantly, and there is a rapid increase in the rate of col-
lagen catabolism.

• Decreased enzyme activity related to defective collagen bio-
synthesis in the skin below the level of injury decreases; the 
increased rate of catabolism of collagen, coupled with defec-
tive collagen biosynthesis, produces fragile skin that is more 
subject to skin breakdown.

• Decrease in the proportion of type I collagen, allowing type III 
collagen greater prominence in the skin below the level of 
injury. Recall that properties of type III collagen include thin-
ner, weaker, and has more widely spaced fi brils that contribute 
to the fragility of the neurologically impaired skin.

• Decrease in the density of adrenergic receptors in the skin 
below the level of injury could be the cause of abnormal vas-
cular reactions.

• Large increase in the level of glycoaminoglycans (GAGs) 
excreted in the urine increases, robbing the skin of the elastic-
ity necessary to adapt to mechanical insults.

Motor function loss, paralysis, produces muscle atrophy, which 
reduces muscle bulk over bony prominences and exposes 
the skin covering them to mechanical forces. It also limits 

initiate the damage that eventually leads to skin ulceration.16 In 
addition to generating oxygen-free radicals, these cells replace 
proteolytic enzymes and infl ammatory cytokines that lead to 
skin ulceration.16 Thus, when reviewing the medical history, 
it is important to consider vascular changes such as these as 
intrinsic factors that will predict the development and healing 
of vascular ulcers. Perfusion assessment methods are described 
in Chapter 7. Chapter 11 covers the diagnosis and management 
of vascular ulcers.

Blood volume. Hypovolemia, the lack of adequate intravas-
cular blood volume, has been shown to impair healing because 
there is insuffi cient volume to transport oxygen and nutrients 
to the tissues and remove waste products.17 Prolonged hypo-
volemia impairs collagen production and diminishes leukocyte 
activities.8 There are no external signs of mild hypovolemia; 
its diagnosis is made by measuring the transcutaneous partial 
pressure of oxygen in the blood (Chapter 6). Hypovolemia 
should be considered in situations that are common to the 
chronic wound population, such as the use of diuretics, renal 
dialysis, and blood loss.

Fluid administration can correct hypovolemia.8 Hartmann 
et al.18 reported that, according to measurements of subcutane-
ous oxygen tension, fl uid replacement improved tissue perfu-
sion19 and improved accumulation of collagen in healing wounds 
by day 7 in 29 patients after major abdominal surgery (p < .05).18 
Fluid replacement thus can be used to improve tissue perfu-
sion.19 When replacing fl uids, care must be taken to maximize 
intravascular volume without causing fl uid overload, as over 
hydration can lead to diffi culties related to edema. Thus, fl uid 
balance is the key principle to follow to promote wound heal-
ing. For example, in anemia, there is reduced hemoglobin and 
thus reduced oxygen-carrying capacity of the blood. However, 
research data suggest that anemia does not impair wound heal-
ing when there is adequate perfusion and blood volume.17

Immunosuppression

Wound healing is also delayed in patients with HIV or can-
cer, in those undergoing immunosuppressive therapy, and 
in severely malnourished individuals.20 Immunosuppression 
retards or prevents the infl ammatory response and affects all 
phases of wound healing.15

Neurologically Impaired Skin

Neurologically impaired skin is related to several different 
pathologies. Two such conditions that are often associated 
with wounds are peripheral neuropathy (PN) and spinal cord 
injury (SCI).

Peripheral neuropathy is a complication associated with 
such conditions as chronic diabetes, alcoholism, and chemo-
therapy and involves the loss of neuronal signaling and trans-
mission. PN usually occurs fi rst in the feet and is progressive 
in the case of diabetes and other progressive conditions and 
with repeated series of chemotherapy and ongoing alcoholism. 
Chemotherapy-induced sensory peripheral neuropathy (CIPN) 
is a relatively common side effect reported in 30% to 50% of 
patients who are treated with these agents. CIPN is underes-
timated and underdiagnosed but is becoming more prevalent 
as survival rates and lifespan of cancer survivors increase.21 
Therefore, the incidence of skin trauma due to insensitivity can 
also be expected to rise. Three types of PN can occur: sensory, 
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was mentioned earlier as a requirement for adequate blood 
volume to perfuse tissues and deliver nutrients and oxygen to 
tissues as well as other important bodily activities. Chapter 7 
discusses nutritional assessment and treatment in detail.

Wound Extent and Duration

Research supports that the extent of wound surface area, mul-
tiple wounds, and wound depth are factors in time to healing1,2 
since they impair the hosts’ ability to combat infection and to 
repair.6,8,28–31 Patients with venous ulcers that are initially large 
in size or who have moderate arterial insuffi ciency (ankle-
brachial index [ABI] of 0.5–0.8, see Chapter 6) have associated 
delayed healing times.9 Injuries with large surface areas and 
multiple wounds, which increase the total body surface area to 
be repaired, increase the need for oxygen, nutrients, and adap-
tive resources for healing because there is more damaged tissue 
to repair and therefore take longer to heal.

In addition to wound size, duration of ulceration is an 
important factor infl uencing wound healing. Researchers look-
ing at factors that can be used to predict wound healing have 
identifi ed duration and size as two factors that are predictive 
of healing outcomes. Percentage of healing of ulcerated area at 
week 3 was a good predictor of 100% healing. Shorter duration 
of ulceration and smaller size were predictive of reduced time 
to heal.32 Ulcers that are large, long-standing, and slow to heal 
after 3 weeks of optimal therapy are unlikely to change their 
course.33 It is now possible to identify and diagnose correctly 
those ulcers that are unlikely to respond to standard care, and 
consideration should be given to introduce alternative thera-
pies.33 Chapter 4 presents information about healing percent-
age and size change predictors of healing.

Skin Changes at the Life’s End (SCALE)

In this section, we have reviewed systems and conditions that 
are predictive of problems with wound healing or nonhealing. 
One system deserving special consideration is the skin. The skin 
is the largest organ in the body and it is subject to failure as 
are other organs. Kennedy observed that patients at the end of 
life may experience a skin failure phenomena that is a subset of 
pressure ulcers that she identifi ed as having the following char-
acteristics: sudden onset; may be pear, butterfl y, or horseshoe 
shape; often located on the sacrum or coccyx but can appear 
in other areas, with irregular borders, showing colors of red, 
yellow, and black; and usually precedes death by a short period 
of time. This is now referred to as a Kennedy Terminal Ulcer 
(KTU)34,35 (Fig. 3.1).

Case studies have appeared in the literature that also docu-
ment this phenomena.36 The pathogenesis of these ulcers has 
been attributed to hypoperfusion that occurs in conjunction 
with multiorgan system dysfunction or failures.37,38 However, at 
this time, this is only a suspicion. Research regarding the etiol-
ogy and pathogenesis of this phenomena is under study.

Since KTU are considered a type of pressure ulcer, a persis-
tent question in health care is whether all pressure ulcers are 
avoidable. To address this question, a panel of experts con-
vened to consider this problem and the result is 10 consensus 
statements about skin changes at the end of life. The panel rec-
ognized that at the end of life skin, the largest organ in the body, 
like any other organ undergoes “Physiological changes that 
occur as a result of the dying process (days or weeks) (that) may 
affect the skin and soft tissues and may manifest as observable 

ability to reposition and to be mobile. Sensory loss causes skin 
 insensitivity and loss of signaling of impending damage. The 
combination of these changes increases the vulnerability of the 
skin to ulceration as well as negatively affecting ulcer healing.22

Mental Status Changes (Dementia)

Changes in mental status often accompany aging. When there 
is obvious dementia, it is readily recognized; however, when 
there is mild cognitive impairment (MCI), it may be unob-
served. When a patient with MCI has a wound, he or she may 
not be able to adhere to a wound management care plan. When 
you interview a patient, look for symptoms of MCI such as for-
getfulness of recent events, inability to understand words, and 
diffi culty focusing on the interview or tasks. Ask a caregiver 
about personality changes.

Delirium, an acute confusional state, is characterized by 
reduced attention, changes in cognition, or perceptual dis-
turbances.24 Delirium and depression may often coexist. 
Development of delirium is often associated with the use of 
multiple medications to treat a variety of medical conditions 
and risk of infection. Delirium can have devastating conse-
quences and in many cases is both preventable and treatable. 
Suspicion of delirium requires an urgent referral to geriatric 
medicine or geriatric psychiatry.24

Depression is a common fi nding among elders. Elderly 
possess several factors that predispose them to depression. 
Depression is correlated with a sedentary lifestyle, female gen-
der, cigarette smoking, and alcohol consumption. The later 
behaviors increase as the depression increases. This population 
is dependent on others and has the presence of multiple dis-
ease conditions and associated disabilities, which may include a 
wound. The occurrence of depression in community-dwelling 
older adults is reported to be as high as 20% to 37%. Patients 
who reside in nursing homes have a 15% to 25% prevalence of 
depression. Older adults also are embarrassed by these changes 
and often talk about somatic symptoms like aches and pains, 
and gastric problems diverting attention from the problems of 
depression. Subclinical depression often goes undetected and 
untreated due to the common misconception that depression 
is a part of normal aging or because of social taboos associated 
with depression or psychiatric care. Depression is character-
ized by diminished appetite and signifi cant weight loss; loss of 
interest in activities of daily living; lack of sleep and lethargy; 
restlessness; decreased capacity to concentrate, act, think, and 
do problem solving activities; feelings of worthlessness; loss of 
self-esteem; feelings of guilt; and suicidal or thoughts of death. 
Major depression is characterized by fi ve or more of these 
symptoms.25 All of these factors are associated with impaired 
ability of wounds to heal.

Undernutrition (Malnutrition) and Dehydration

Undernutrition, formerly referred to as malnutrition, is defi ned 
as a state in which there is a nutritional defi ciency or an excess 
or imbalance of energy protein and other nutrients essential for 
support of bodily functions including healing.26 Undernutrition 
affects the hosts’ resistance to infection.27 The causal relation-
ship between undernutrition and skin breakdown is at this 
point unclear, but it is clear that providing and consuming 
suffi cient kilocalories are necessary for tissue repair.26 In addi-
tion, the patient must be able to chew, swallow, and consume 
enough nutrients to support tissue growth. Adequate  hydration 
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delayed wound healing as well as having negative effects on pro-
gression to the proliferative phase when angiogenesis is occurring, 
because they alter the balance of antiangiogenic and proangiogenic 
factors.40 However, they may be benefi cial in controlling infl amma-
tion during the resolution of the infl ammatory phase but should 
be discontinued, if possible, during the proliferative phase, because 
in the proliferative phase, they inhibit angiogenesis by altering the 
balance of antiangiogenic and proangiogenic factors and have a 
direct effect on endothelial cells. Subsequently, there may be delete-
rious effects on mitogenic activity of fi broblast growth factor (FGF) 
that can reduce proliferation of fi broblasts. Consequently, the ratio 
of proliferation by the fi broblasts to apoptosis is diminished with 
both NSAIDs and COX-2.41 This results in decreased collagen pro-
duction in the proliferative/angiogenic phase.42

Another consequence of using these medications on a regu-
lar basis is that people who use them bruise easily, an effect that 
may increase the risk of pressure ulceration. Finally, NSAIDs 
have other adverse effects, including gastrointestinal bleeding 
and delayed healing of colonic anastomoses.40 Your clinical 
judgment is required to evaluate the risks and benefi ts of these 
medications for patients with wounds.

Steroids. Steroids are another class of medication of concern in 
wound healing. Steroids are prescribed for a diverse group of dis-
orders, ranging from asthma to polymyalgia rheumatica. Steroids 
delay all phases of wound repair. They inhibit macrophage lev-
els, reduce immune-competent lymphocytes, decrease antibody 
production, and diminish antigen processing.7,43 Applications of 
topical vitamin A and systemic vitamin A supplementation are 
effective in counteracting the effects of steroid medication.44

Other common medications. Some other common medica-
tions that can alter wound healing include antiprostaglandins 
and antineoplastics. Specifi c agents implicated in CIPN include 
the platinum agents (e.g., cisplatin), taxanes (e.g., paclitaxel 
and docetaxel), vinca alkaloids, and thalidomide, which is also 
an antiangiogenesis agent.21 Phenylbutazone and vitamin E also 
disrupt normal healing.7 Data suggest that local anesthetics also 
cause some cellular impairment of healing, but pain relief can 
be achieved with no clinically signifi cant impairment in the rate 
of healing.7 Prolonged use of antibiotics appears to suppress 
rate of wound healing.1

Nutrition

Protein and calories. Protein energy malnutrition (PEM) and 
insuffi cient calories are comorbidities related to impaired 
wound healing. Multiple studies cite this and other forms of 
malnutrition as a risk factor for wound healing.45–47 A nutritional 
assessment should be considered for all patients with wounds 
who have comorbidities, and it is required for individuals who 
are unable to take food by mouth or who experience weight loss.

Chapter 7 presents the requirements and methods to do 
nutritional assessment, the effects of nutrition on wound heal-
ing, and nutrition interventions to prevent skin breakdown and 
promote healing.

Irradiation and Chemotherapy
Radiation therapy is given for the purpose of disrupting cell 
mitosis, and has ongoing effects for the remainder of the 
individual’s life.7 The extent, dosage, frequency, and location 
of irradiation in relation to the wound site will determine its 
effects on wound healing. Injuries to the cells of repair (fi bro-
blasts and endothelial cells) and the vasculature of the area put 

(objective) changes in skin color, turgor, or integrity, or as sub-
jective symptoms such as localized pain. These changes can be 
unavoidable and may occur with the application of appropri-
ate interventions that meet or exceed the standard of care.”38 
This is the fi rst consensus statement by the SCALE expert panel 
recognizing that current knowledge of skin changes at life’s 
end are limited and that skin changes are insidious and diffi -
cult to prospectively determine. The panel came up with nine 
additional statements to address this problem. All statements 
from the panel along with a glossary of terms and references 
are available online at www.gaymar.com. The patient’s circle 
of care (members of the family, signifi cant others, caregivers, 
and health-care professionals) needs to be educated regarding 
identifying and managing SCALE. Therefore, the topic is raised 
here as we proceed to learn about wound assessment attributes. 
For detailed information about pressure ulcers, see Chapter 9.

Extrinsic (Environmental) Factors
Extrinsic factors come from sources in the environment that 
affect the body or wound, such as medications, nutrition, irra-
diation and chemotherapy, wound bioburden and infection, 
and psychophysiologic stress.

Medications

Anticoagulation and anti-infl ammatory agents. Many patients 
with chronic wounds have multiple comorbidities requiring 
medications that interfere with platelet activation. These include 
anticoagulation agents (e.g., warfarin or heparin), antiplatelet 
aggregation medications (e.g., clopidogrel, aspirin, or other 
salicylates), and/or nonaspirin nonsteroidal anti-infl ammatory 
drugs (NSAIDS) (e.g., ibuprofen or cyclooxygenase [COX-2] 
inhibitors) medications. All of these drugs interfere with plate-
let activation.39 Even a baby aspirin, 81 mg, can cause maximum 
inhibition of platelet function and primary hemostasis.39 The 
effects of NSAIDs and aspirin on platelets is reversible, and the 
degree of intensity and duration of inhibition of platelet func-
tion by NSAIDs is dose-dependent. Many individuals are on a 
prophylactic regime of baby aspirin, so this should be checked 
as part of the medical history. Platelet function returns to nor-
mal within 12 hours of administration of these drugs.39

Nonaspirin NSAIDs can have both negative and benefi cial 
effects on the coagulation cascade. Early in the infl ammatory phase, 
these drugs can blunt the coagulation response, setting the stage for 

FIGURE 3.1 Photo of KTU (Photograph used with permission of 
Karen Lou Kennedy.)
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amount of research and the mechanisms of action are only just 
begining to be understood. The following is a brief description 
of how some of the identifi ed mechanisms may affect healing 
outcomes, and discuss as well PNI interventions used to reduce 
the effects of stress.

Anatomically, there is a close interaction between the ner-
vous, endocrine, and immune systems and studies demon-
strate the existence of physical and chemical links between 
them at the cellular level.49 Close communication between 
the mind and these body systems occurs in both health and 
disease states.50 For example, the brain can start, infl uence, 
and stop biologic skin events, and negative emotions have the 
ability to change the functions of the skin by producing signs 
such as pallor, sweat, horripilation, itching, and/or redness.51 
This is demonstrated by ways in which the skin acts as part 
of the “diffuse brain” in its ability to modify the quality of 
 perceptions and feelings.

As noted above, one of the most studied aspects of PNI is the 
interrelationship between stress and the nervous, endocrine, 
and immune systems. Stress can be positive or negative. Positive 
stress allows us to perform all of our daily functions, whereas 
negative stress may weaken the immune system. An example 
of positive stress is exercise. Emery found that although corti-
sol levels in healthy elderly adults rose with exercise, this group 
demonstrated more rapid healing than a comparison group of 
sedentary healthy elderly, possibly because the exercise activity 
increased blood fl ow to the area and improved tissue oxygen 
levels while enhancing neuroendocrine function.52 In contrast, 
it is estimated that negative stress contributes to 50% to 80% 
of illnesses. Stress is recognized as a risk factor in addictions, 
obesity, high blood pressure, peptic ulcers, colitis, asthma, 
insomnia, migraine headaches, and lower back pain. Close 
communication between the body and mind occurs in both 
health and disease states.50

Cortisol and wound healing. Stress and depression induce 
the release of pituitary and adrenal hormones, adrenalin, nor-
adrenalin, and cortisol by the endocrine system, and this in 
turn infl uences effects of immune function and wound heal-
ing. Cortisol is a key regulatory substance. For example, cor-
tisol can up or down regulate proinfl ammatory cytokine 
production that appears to be a self-maintaining phenomena 
associated with both chronic infection and delayed wound 
healing. Increased cortisol levels suppress migration of neu-
trophils and inhibit synthesis of proinfl ammatory mediators 
like Interleukin-1 (IL 1), Interlukin-6, and impair activation of 
metal metalloprotease enzymes like MMP-9. This can lead to 
decreased macrophage function and subsequent suppression 
of fi broblast proliferation, as well as matrix degradation that 
affects the duration and strength of the wound.53 Thus, it is not 
surprising that high preoperative stress levels are predictive of 
postsurgical reduction in levels of IL-1 and MMP-9, resulting 
in more painful, poorer, and slower healing.53 In another study, 
paraplegic college students were found to have more skin break-
down during fi nal examination periods than at other times of 
the school year.54 Also, caregivers of Alzheimer’s patients who 
experienced wounds were found to take longer to heal than 
individuals who did not live in such stressful  situations.55 In 
contrast, the use of guided imagery for relaxation and wound 
healing of surgical patients has been found to reduce cortisol 
levels and infl ammation. This work parallels the subsequent 

tissues that have been irradiated at risk for breakdown and poor 
healing. The damage may not be visible on the skin surface and 
may be suppressed or have a latent appearance. Thus, an indi-
vidual who experienced radiation therapy may show signs of 
poor wound healing months or years after completion of the 
radiation therapy treatments. Injuries to the cells of repair 
(fi broblasts and endothelial cells) and the vasculature of the 
area put tissues that have been irradiated at risk for breakdown 
and poor healing. The extent, dosage, frequency, and location 
of irradiation in relation to the wound site will determine its 
effect on wound healing. These effects of irradiation on tissue 
are not easily reversed.6 Recovery depends on the dose of radia-
tion and the half-life of the various cells.7

Chemotherapy is accomplished with anticancer drugs that 
damage DNA or prevent DNA repair; thus, these drugs can 
interfere with tissue repair. The primary effects of chemother-
apy occur during the treatment period and immediately after 
it.7 However, some drugs, such as methotrexate, are used for 
other medical reasons on a long-term basis and can interfere 
with tissue repair. Another consequence of chemotherapy as 
mentioned earlier is induced PN with loss of protective sensa-
tion; this puts tissues, particularly those of the feet, at risk for 
breakdown similar to other peripheral neuropathies. As che-
motherapeutic agents become more common, and individu-
als receive repeat episodes of care, the incidence of impaired 
wound healing and induced PN is likely to rise.

Bioburden and Infection
Excessive bioburden from necrotic tissue and infection has 
been identifi ed as a barrier to preparing the wound bed for 
healing and the development of a chronic wound. For exam-
ple, epidermal cells normally march forward as a sheet and 
lyse the necrotic debris from the wound edges; however, they 
are impaired in this process of phagocytosis if obstructed by 
a large quantity of devitalized material. Devitalized tissue and 
foreign matter debris contribute to the proliferation of bacteria 
in the wound, which, in turn, overwhelms the body with infec-
tion and can lead to sepsis. In such situations, the body cannot 
cleanse the wound without intervention.

It is imperative to clean the wound down to healthy bleed-
ing tissue to restart the infl ammatory phase and the biologic 
cascade of healing. Bleeding creates a new acute infl amma-
tory phase and serves as a signal source for the responder cells. 
However, if there is inadequate circulation, the response may 
fail to occur or be inadequate to initiate a new infl ammation 
response. Frequent sharp and mechanical debridement over the 
fi rst 3 months of care also appears to retard healing.1 Chapter 16 
has detailed information about management of necrotic tissue.

Psychoneuroimmunology and Psychophysiologic Stress
Psychoneuroimmunology (PNI) is a multidisciplinary fi eld of 
study research that has the central premise that studies inter-
relationships between the behavioral, nervous, endocrine, and 
immune systems. Thirty years ago, Ader proposed that these 
are components of an integrated system of body defenses.48 
Chapter 22 has more information about how these protective 
systems work together. The PNI premise accounts for many of 
the current theories about the impact of stress on health out-
comes. The effects of PNI interactions—especially those involv-
ing stress—on wound healing are the subject of a signifi cant 
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 CHAPTER 3 ■ Assessment of the Patient, Skin, and Wound 59

Reversal of Psychophysiologic Stress

The patient may be able to reverse the adverse effects of stress 
through PNI interventions including hypnosis,  progressive 
muscle relaxation, exercise, classical conditioning, self-
disclosure, visual imagery, visualizing the process of healing 
(e.g., increasing blood fl ow to the affected area by imagining 
the phagocytic cells gobbling up bacteria and debris), and posi-
tive self-talk about healing.51,52,60

Iatrogenic Factors in Chronic Wound Healing
Iatrogenic factors are related to the specifi c way that a wound 
is managed. These include a failure to prevent local ischemia, 
inappropriate wound care, and additional trauma.

Local Ischemia
Local ischemia can occur in many different ways. For example, 
failure to prevent chronic ischemia from pressure over a bony 
prominence, or inappropriate application of compression to a 
limb with mixed venous and arterial disease. Individuals who 
smoke experience nicotine-induced vasoconstriction and tissue 
ischemia. Persons with a history of tobacco use are 76% more 
likely to develop a pressure ulcer than are nonsmokers63

Inappropriate Wound Care
Inappropriate wound care has been implicated as a factor in 
development of a chronic wound.6,8 It includes the misuse 
of topical agents (e.g., antiseptics) or poor technique in the 
application of dressings and tape that results in tears and blis-
ters on surrounding skin or the wound bed. Inappropriate 
wound care has been implicated as a factor in develop-
ment of a chronic wound.6,8 Wound desiccation from lack 
of dressing or inappropriate dressing choice is not uncom-
mon. Drying out of the wound interferes with the “cur-
rent of injury” function (described in Chapter 2) (Fig. 3.2),64 
as well as with the mitotic and migratory function of cells. 
Dressing changes and wound cleansing disrupt the wound envi-
ronment, causing chilling of the wound and surrounding tissues. 
Lock found that it takes up to 40 minutes for the tissues to regain 

fi ndings by Braden that individuals with lower cortisol levels 
did not develop pressure sores.56 In another study, satisfaction 
with life activities was inversely related to the incidence of pres-
sure sore development.57

Sleep and Wound Healing

Growth hormone, which is essential for tissue repair, is released 
during the deepest stage of sleep. Thus, interrupted sleep or 
sleep of short duration can interfere with wound healing, 
whereas adequate, restful sleep may promote the physiologi-
cal processes involved with wound healing.58 The interaction 
between stress and the growth hormone–somatomedin system 
is not entirely understood. Lee and Stotts reviewed the effect 
of the growth hormone–insulin-like growth factors (IGFs), 
formerly called somatomedin, system on healing, as well as the 
negative effects of sleep changes and stress on the system. They 
described the importance of the anabolic function of growth 
hormone on tissue repair and recommended interventions 
targeted at healthy functioning of the growth hormone–IGF 
system. Suggested PNI interventions include promoting ade-
quate time for uninterrupted sleep and encouraging exercise 
as a mild stressor to promote secretion of growth hormone.59 
North reviewed the effect of sleep on wound healing, conclud-
ing that sleep and relaxation may affect the physiological pro-
cesses involved with wound healing.58 The exploratory studies 
and reviews described here have focused on acute wound heal-
ing, but studies on the effect of stress as a causative factor in the 
development of chronic wound healing by interruption of the 
healing cascade would be useful.

Satisfaction with life activities has been inversely related to 
the incidence of pressure ulcer development.57

Stress-Induced Vascular Changes and Wound Healing

West also examined the role of stress, but looked at the effect of 
perioperative stress on the repair process, concluding that peri-
operative stress appears to decreases tissue and wound oxygen 
tension via vasoconstriction related to high levels of circulating 
catecholamines.57 In contrast, biofeedback relaxation training 
for patients with chronic leg ulcers increased tissue perfusion in 
the experimental group, which had 87.5% healing compared to 
44% healing for the control group.60

Noise and Wound Healing

Noise as a stressor has also been explored in relation to wound 
healing. McCarthy and colleagues reviewed the potential 
impact of noise on wound healing.61 Using an animal model, 
this group of researchers demonstrated impairment in leuko-
cyte function in rats exposed to noise stress, compared with 
rats not exposed to noise stress. Wysocki in another study dem-
onstrated decreased healing in rats when they were exposed to 
intermittent noise.62

Learned Elements in Wound Healing

The nervous system changes as new information is learned 
by a process called neuroplasticity. Negative learning such as 
“learned pain” leads to degradation of nervous system repre-
sentation that adversely affects the cells of repair,  maintenance 
of  infl ammation, adequate protein synthesis, and circulation. 
Chapter 22 has more information about learned pain and neu-
roplastic changes that effect wound healing.

FIGURE 3.2 Desiccated leg ulcer that shows absence of proliferative and 
epitheliazation phase. When treated properly went on to heal (Copy-
right © A. Myer.)
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60 PART I ■ Introduction to Wound Care

just the wound, needs to be prepared. What follows adheres to 
these principles.

Certain familiar terms are used somewhat differently when 
discussing wound care:

• Tests are the instruments or means by which wound events 
are assessed or measured.

• Examination is the process of determining the values of the 
tests.

• Assessment is the systematic process of assigning numbers or 
grades to wound events during the examination.

• Evaluation is the process of making clinical judgments based 
on the data gathered from the examination. Skills of evalua-
tion are necessary for interpreting the appropriateness, signif-
icance, reliability, and validity of the tests and measurements.

Both assessment and evaluation require an understanding of 
the condition, the ability to recognize the importance and value 
of the information, and the skills to collect this  information 
 appropriately and methodically.69 One thing that  differentiates 
assessment from evaluation is the scope of practice and skill set of 
the examiner. For example, performing tests and examinations 
and monitoring tissue attributes are within the scope of prac-
tice of physical therapist (PT) assistants and licensed  practical/
vocational nurses. Evaluation of the data is a skill that is in the 
purview of licensed PTs, registered nurses, nurse specialists, 
physician assistants, nurse practitioners, and podiatrists who 
have advanced skills and knowledge of wound management.

Purpose and Frequency
Wound assessment data are collected for fi ve purposes:

1. Examine the severity (stage) of the lesion
2. Determine the status of wound healing
3. Establish a baseline for the wound
4. Prepare a plan of care
5. Report observed changes in the wound over time

Assessment data enable clinicians to communicate clearly 
about a patient’s wound, provide for continuity in the plan of 
care, and allow for evaluation of treatment modalities.

Baseline assessment, monitoring, and reassessment are the 
keys to establishing a plan of care and evaluating the achieve-
ment of target outcomes and progress toward goals. For a 
successful assessment process, start by selecting valid, signifi -
cant tests and measurements. Continue to use the same tests 
throughout the course of care to evaluate progress and revise 
the treatment plan as required.

After the initial or baseline examination, reassess wound 
attributes at regular intervals in order to measure any change in 
the status of the ulcer or in risk factors.70 How frequent should 
these regular intervals be? One study of category/stage III and 
category/stage IV pressure ulcers found that the percentage of 
reduction in the ulcer area after 2 weeks of treatment was pre-
dictive of healing time.70 Thus, reassessment at 2-week intervals 
is commonly advised. If, after 2 to 4 weeks of appropriate treat-
ment, reassessment indicates that the wound has deteriorated 
or has failed to improve, the plan of care should be modifi ed, 
and adjunctive treatment should be considered.71

Between full reassessments, wounds must be continually 
monitored. Monitoring is a means of checking the wound briefl y 
but frequently such as during dressing changes and other treat-
ment applications or signs and symptoms that should trigger a 

their usual temperature, and chilling impairs cell mitosis for up 
to 3 hours.65 Chilling also severely disrupts leukocytic activity 
and oxyhemoglobin dissociation.66 Persistent use of antimicro-
bial dressings and frequent dressing changes appears to be asso-
ciated with higher likelihood of nonhealing.1

Containment of wound fl uid on the wound with moisture-
retentive dressings to maintain a moist wound environment 
for cell migration and communication has been part of wound 
management for many years. Although this may be useful for 
acute wounds, it has since been learned that bathing the wound 
in chronic wound fl uid has a negative effect on the wound heal-
ing microenvironment, as described above.27 For more infor-
mation about wound care products, (see Chapter 19.)

Additional Trauma
Additional trauma even at a distance from a wound retards the 
rate of healing due to alteration of the tensions of respiratory 
gases in previous wounds and causes increased susceptibility 
to wound infection, probably due to decreased nutritive blood 
fl ow.67 Additional trauma direct to the wound can be attributed 
to many different causes, including

• High-pressure irrigation, such as in a whirlpool or with a 
Water Pik™

• Sharp or mechanical debridement
• Improper pressure to new granulation tissue, traumatizing 

the fragile tissue and initiating a new infl ammatory response, 
which retards healing and causes abnormal scarring

• Improper handling during removal of dressings, compression 
wraps, or stockings, causing trauma to venous ulcers whose 
surrounding skin is often extremely fragile

To address the problem of wound trauma, specialized dressings 
and adhesives have been developed (see Chapter 20).

THE WOUND ASSESSMENT PROCESS

For many years, it was assumed that the healing processes for 
acute and chronic wounds were equivalent, and that fi ndings 
from one could be directly applied to the other. However, that 
opinion has shifted as more is understood about disruption in 
wound healing physiology and barriers to orderly healing. In 
this context, the search for the best method of wound assess-
ment is ongoing.

Groups of experts meet and publish reports on best practices 
for clinicians, such as the wound bed preparation approach to 
wound management, MEASURE, a proposed wound assess-
ment framework.27,68 There is consensus by these experts that 
global assessment is needed when wounds are not healing as 
expected in order to analyze the probable underlying causes. In 
these cases, a plan for management of the whole patient, not 

CLINICAL WISDOM

Avoiding Adverse Treatment Effects
Careful evaluation of each treatment and technique, based 
on wound assessment, can avoid adverse treatment effects 
and change the course of the wound.
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fl ow sheet used by nurses. Methods of recording assessment 
data should allow for the tracking of each assessment item over 
time, in objective and measurable terms that show changes in 
wound status. The Sussman Wound Healing Tool (SWHT) and 
Bates-Jensen Wound Assessment Tool (BWAT), and Pressure 
Ulcer Scale for Healing (PUSH) tool, mentioned earlier, can be 
used to record fi ndings and measure each attribute objectively. 
Both forms, with instructions, are described in Chapter 5.

Useful forms for tissue assessment usually include the fol-
lowing items:

• Periwound skin attributes
• Wound tissue attributes
• Wound exudate characteristics

Regardless of which instrument is used to collect fi ndings, all 
attributes on the form should be considered. If the attribute is 
not applicable, the notation “N/A” should be made to fi ll the 
blank. If an attribute is absent, record a zero. If present, a grade 
or check is required. Leaving a blank space on the form implies 
that the attribute was not considered or assessed.

If the patient’s medical diagnosis suggests possible related 
medical impairments associated with the wound and peri-
wound skin (e.g., neuropathy or vascular disease), multiple 
forms may be required to report all the necessary elements 
relating to the patient’s condition. Later chapters include forms 
specifi c to recording data related to specifi c problems.

Documentation requirements for wound assessment should 
be part of a facility’s policies and procedures. Documentation 
should be accurate and clearly refl ect the patient’s condi-
tion, examinations performed, fi ndings, care rendered, and 
proper notifi cation of the physician of signifi cant fi ndings. 
Documentation of similar fi ndings by practitioners in the 
same department or facility should be consistent and refl ect 
facility policies.72 Remember, medical records can be subpoe-
naed into court, sometimes several years after the assessment. 
“Documentation can be either your shield against a potential 
malpractice lawsuit or the sword that strikes you down.”72

ASSESSMENT OF SKIN AND WOUND ATTRIBUTES

In this section, we discuss procedures that require you to use 
your senses to assess the physical characteristics of the skin and 
wound, that is, the skin and wound attributes. For instance, 
you will use your vision to observe surrounding tissues and 
the wound; smell to identify healthy from unhealthy tissues; 
touch to palpate skin and soft tissue contours, temperature, and 

full reassessment, such as increased wound exudate or bruising of 
the adjacent (i.e., tissues extending away from the periwound) or 
periwound skin. The periwound skin refers to the tissues imme-
diately surrounding the wound. Monitoring includes gross evalu-
ation for signs and symptoms of wound complications, such as 
erythema (redness) of nearby skin, and presence of a yellowish 
drainage, commonly called pus, which is indicative of infection. It 
should also include progress toward wound healing, such as gran-
ulation tissue growth (indicated by red color of newly vascularized 
tissues) and reepithelialization (new skin observed as pale pink 
color even in darkly pigmented surrounding skin). Monitoring, 
unlike assessment, may be performed by unskilled caregivers, 
such as the patient, the patient’s family, or a nurse attendant.

Different care settings have different requirements that 
designate specifi c individuals to perform the assessment and 
monitoring functions. For example, in the home setting, a non-
professional caregiver may monitor the wound attributes, but 
a nurse or PT assesses the fi ndings. The caregiver may gather 
data at dressing changes and predetermined intervals and 
report changes to the nurse or PT, who evaluates the results of 
the treatment plan. The professional wound case manager may 
see the patient’s wound only intermittently for a complete reas-
sessment. In a skilled nursing facility, requirements by federal 
licensing agencies typically prescribe intervals for reassessment. 
If the patient is in an acute or subacute setting where there are 
very short lengths of stay, there may be only a single assessment.

Data Collection and Documentation: Forms 
and Procedures
Data is better organized and more consistent when it is col-
lected on a form, whether on paper or an electronic template. 
Although many forms exist, the most common is the skin care 

CLINICAL WISDOM

Monitoring Wound Progress
Teach family members and other caregivers to monitor 
the wound at each dressing change. Help them to identify 
signs of wound infection, such as large amounts of purulent 
exudate (pus red or purplish color of nearby skin, warmth, 
increased tenderness or pain at the site, and elevated temper-
ature). Caregivers should also be aware of healing character-
istics, such as bright red color, new skin, and small amounts 
of clear drainage.

Dangers of Differing Clinical Procedures and Facility 
Policies
A PT debrided a toenail on a patient with a medical history of 
neuropathy associated with diabetes. The toe became infected, 
leading to below-the-knee amputation of the leg. The PT’s 
action was called into question in a malpractice lawsuit. The 
debridement procedure followed by the PT was acceptable and 

documented, but it was the facility’s policy to have a patient 
with diabetic neuropathy evaluated in the vascular laboratory 
for transcutaneous oxygen levels before debridement. The PT 
did not document an evaluation of the patient for circulatory 
status prior to performing the debridement procedure. As a 
consequence, the PT’s action was called into question, and he 
became the defendant in a malpractice lawsuit.

CASE STUDY     
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62 PART I ■ Introduction to Wound Care

nervous system responses such as pain and guarding; and hear-
ing to evaluate blood fl ow with a Doppler ultrasound and to 
listen to the patient’s responses to tests and questions. Note that 
your assessment fi ndings should refl ect a composite of wound 
attributes. A single attribute cannot provide the data necessary 
to determine the treatment plan, nor will it allow for the moni-
toring of progress or degradation of the wound. The attributes 
for wound assessment include all of the following:

• Location
• Age of wound
• Size of the wound
• Stage or depth of tissue involvement
• Presence of undermining or tunneling
• Presence or absence of tissue attributes that prevent healing 

(e.g., necrotic tissue in the wound and erythema of the peri-
wound tissue)

• Presence or absence of tissue attributes that aid healing 
(e.g., condition of the wound edges, granulation tissue, and 
epithelialization)

• Exudate characteristics
• Pain status

There are two schools of thought regarding tissue assessment: 
The fi rst looks only at the wound tissue, whereas the second 
examines adjacent soft tissue structures, periwound skin, and the 
wound tissue. Because the adjacent and periwound skin are inti-
mately involved in the circulatory response to wounds, and the 
risk for infection, it is prudent to evaluate all areas. The exami-
nation of the wound and periwound skin provides data related 
to the wound healing phase diagnosis discussed in a later section. 
Exhibit 3.1 lists the common indexes for wound assessment.

Assessment of the wound is separate from assessment of the 
etiology of the wound, although the examinations chosen for 
the assessment can relate to or provide clues to the etiology. 
For example, wounds caused by venous insuffi ciency typically 
appear on the lower leg above the ankle; a brawny color is often 

EXHIBIT 3.1

Indexes for Wound Assessment
   ● Anatomic location
   ● Size: length, width
   ● Volume: depth (also stage if initial assessment; note if 

unable to stage)
   ● Undermining/tunneling
   ● Age of wound in weeks or months
   ● Attributes preventing healing: necrotic tissue (including 

eschar140, hemorrhage (purple deep tissue injury), 
periwound erythema and edema, edges undermined 
(not connected)

   ● Attributes characteristic of healing: granulation tissue, 
new epithelium, attached wound edges

   ● Wound exudate: color, amount, odor, consistency
   ● Pain: to touch, pressure, tissue tension, all of the time or 

only during treatment
   ● Temperature: excess warmth, coolness, normal body 

temperature for the area

CLINICAL WISDOM

Assessment Toolbox
A penlight, small mirror with a long handle, infrared and/or 
liquid crystal thermometer, and tuning fork are handy items 
to keep in the assessment toolbox.

Begin the tissue examination by evaluating for symme-
try with the contralateral limb and adjacent structures, using 
both observation and palpation. Look for symmetry of tis-
sue color, texture, contour, hardness/softness, and tempera-
ture. When compared with an area of normal skin and soft 
tissue, any differences in the skin, subcutaneous tissue, fas-
cia, and muscle should be noted.

In palpation, the hands are important, sensitive diagnos-
tic instruments. Your hands should be clean, and your fi n-
gernails short. It is important to develop a palpatory sense 
using different parts of your hands for different tests:

● The palms of the hands are best used to detect changes in 
soft tissue contours (induration, edema).

● The thumbs are useful in applying pressure to check for 
hardness or softness at different tissue depths.

● The fi nger pads are more sensitive to texture (fi brotic tis-
sues) and fi ne discrimination.

● The back of the hands can get a sense of temperature, 
warmth or coolness. Follow-up with appropriate testing.

seen in the adjacent tissues, edema is likely to be present, and 
the periwound skin may be fragile. A patient diagnosed with a 
diabetic ulcer and insensitivity will often have an ulcer on the 
plantar surface of the foot. There may be areas of callus over 
bony prominence, bony deformities, and hyperkeratosis of the 
heel, which are related to polyneuropathy. Therefore, soft tis-
sues adjacent to the area of wounding should be assessed for the 
attributes of location, sensation, circulation, texture, and color. 
These fi ndings will be used to establish a treatment plan, and 
predict wound outcomes.

Observation and Palpation Techniques
Observation and palpation are classic components of physi-
cal assessment of skin and wound attributes. They are used to 
determine alteration in soft tissue characteristics, including the 
skin, subcutaneous fascia, and muscles leading to a soft tissue 
or structural diagnosis.73 Proper lighting and positioning of the 
patient and tissue to be assessed will improve observation.

Effective palpation technique requires you to use light pres-
sure and slow movements. Pressing too hard and trying to exam-
ine the area too quickly can send confusing messages to your 
hands’ sensory receptors. It’s also helpful to reduce other sensory 
inputs in the environment (noise, traffi c, conversation). This will 
help you to concentrate and focus on the palpation examination.

Finally, you need a common language of easily understood 
terms with which to communicate your fi ndings. Paired descrip-
tors, such as superfi cial-deep, moist-dry, warm-cold, painful-
nonpainful, rough-smooth, hard-soft, and thick-thin, are useful 
to accurately describe fi ndings. The state of tissue changes can 
be reported as acute, subacute, chronic ( persistent), or absent. 
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and lower extremities. This causes more prominent bony pro-
tuberances on the hips, knees, ankles, and bony areas of the feet, 
which results in a higher risk of pressure ulcer formation.

Other changes of aging skin include loss of elasticity because 
of shrinkage of both collagen and elastin. There is a weakening 
of the juncture between the epidermis and dermis causing the 
skin layers to “slide” across each other and placing the person 
at risk for skin tears. Sebaceous glands and their secretions are 
diminished, which results in skin that is dry, often itchy, and eas-
ily torn.74 Impaired circulation also contributes to changes in the 
skin; it is usually associated with aging, but can be due to a disease 
process, such as neuropathy associated with diabetes. This dis-
ease impairs the secretion of sweat and sebaceous glands, which 
in turn contributes to the slow resurfacing of partial-thickness 
dermal ulcers. Loss of sweat changes the pH of the skin, making 
it more susceptible to infection and bacterial penetration.

To assess skin texture, use observation and palpation. Look 
for evidence of dryness, such as fl aking or scaling. To check skin 
turgor, gently pinch the tissues with thumb and forefi nger, and 
observe how they respond. For example, in older patients, loss 
of elasticity can be exhibited by the tissues’ slow return to nor-
mal after pinching. Tenting of the skin when pinched can be 
an early indicator of dehydration. In older patients, it is best to 
check for general skin turgor on the forehead or sternal area. 
Palpate by gently rubbing your fi ngers across the patient’s skin 
and feeling for sliding of the epidermis away from the dermis.

Skin inspection is an opportunity to spot suspicious signs 
of early melanoma. If a suspicious skin lesion is noted, ask the 
patient how long the area of skin has been discolored, whether 
it has changed shape or size in the past 6 weeks to 6 months, 
and whether it has been examined by a physician. The ABCD 
rule with a 90% positive value is a valid screening tool for early 
melanoma (Fig. 3.3).75

Scar Tissue
Inspection of the adjacent skin should include checking for scar 
tissue. If present, scar tissue should be assessed for smoothness, 
fl exibility, thickness, and toughness. Scar tissue that is mature has 
greater density and toughness and is less resilient than surround-
ing skin. New scar tissue is thinner and more fl exible than mature 
scar tissue and is less resilient to stress. Wounding in an area of 
scarring will have less tensile strength when healed than will a 
new wound and will be more likely to break down (Fig. 3.4A).

New scar tissue is bright pink in appearance. As the scar 
tissue matures, it becomes nearly the same color as the peri-
wound skin, except in individuals with darkly pigmented skin. 
Hypopigmentation frequently follows injuries to dark skin. 
Loss of skin color can create more anxiety for individuals than 
the wound itself. If the wounding disruption is less than full-
thickness loss of the epidermis, repigmentation will usually 

CLINICAL WISDOM

Requirements for a Successful Palpatory Examination
1. Light pressure
2. Slow movement
3. Concentration
4. Standardized language to communicate fi ndings

They can also be graded on a scale of 0 to 3+; for  example, 
 pitting edema, discussed shortly, uses this grading scale. 
The use of a grading scale is also helpful in reporting response 
to treatment intervention.

Assessment of Adjacent and Periwound Tissues
The tissues adjacent to and immediately surrounding a closed 
or open wound provide many clues to the patient’s over-
all health status, the health of the integumentary system, the 
body’s ability to respond to the wound, and the precise phase of 
wound healing. The attributes of the adjacent tissues and peri-
wound skin that you should assess, which are described in the 
following sections, include the following:

• Skin texture (e.g., dryness, thickness, turgor)
• Scar tissue
• Callus
• Maceration
• Edema
• Color
• Depth of tissue injury
• Temperature
• Hair distribution
• Toenails
• Blisters
• Sensation (pain, protective sensation, thermal sensation, and 

vibratory perception threshold [VPT])

Skin Texture
Smooth, fl exible skin has a feeling of fullness and resistance to 
tissue deformation that is called turgor. Turgor is a sign of skin 
health. In aging skin, atrophy and thinning of both the epithe-
lial and the fatty layers commonly result in a loss of turgor. The 
areas most affected by loss of subcutaneous fat are the upper 

RESEARCH WISDOM

ABCD Rule
While checking the skin, observe for ABCD signs of early 
melanoma:

A: asymmetry—uneven edges, lopsided in shape
B: borders—irregular (scalloped, poorly defi ned)
C:  color—black or shades of brown, red, white, occasionally 

blue
D:  diameter—greater than 5 mm (larger than a pencil eraser)

FIGURE 3.3 Photo of melanoma.
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3 1
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B

FIGURE 3.4 A: Wound with tunneling before insertion of a cotton-tipped applicator. Note: (1) Ulcer reoccurrence at 
site of old scar tissue, (2) Skin bridge between two open ulcers, (3) Surrounding skin has unblanchable erythema; wound 
edges rolled under demonstrate chronic infl ammatory phase, (4) Absence of proliferative phase. B: Same wound as in 
(A). The wound’s overall size is much larger than the surface open area. Tunneling is present. Note the bulge from the 
end of the cotton-tipped applicator. (Copyright © B.M. Bates-Jensen.)

occur over time. However, new skin covering deeper lesions 
and new lesions will appear pink.76 The scar area can even turn 
white. Hypopigmented areas are more susceptible to sunburn 
than are normally pigmented areas. For some individuals, 
burns and physical trauma can be followed by localized areas of 
hyperpigmentation. Like hypopigmentation, hyperpigmenta-
tion causes anxiety in many individuals.

Observe for abnormal scarring characteristics. Hypertrophic 
scarring results from excessive collagen deposition, causing a 
very thick scar mass that remains within the area of the original 
wound. These scars are unattractive and disfi guring, and can 
cause itching or pain that interferes with functional mobility 
(Fig. 3.5).

Hypertropic scars are differentiated from keloids, which are 
also thickened but extend beyond the boundaries of the origi-
nal wound (Fig. 3.6).77 Although keloids are found in people 
of all races, scarring is of special concern to African American 
individuals and some Asians because of the frequency of keloid 
formation in these populations. Frequency of occurrence is 
equal among men and women.

Keloids are similar to benign tumor growths in that they 
continue to grow long after the wound is closed and can reach 
a large size. Any attempt to cut or use dermabrasion to buff 
away a keloid will result in even more scarring.76 In keloids, 
the mechanism of collagen deposition is totally out of con-
trol. Areas with keloids can be itchy, tender, or painful.78 New 
 therapies are being used to control this phenomenon, but if a 
patient reports a previous keloid or a familial tendency to form 
keloids, special attention should be made to address this prob-
lem at the time of initial assessment.

Hyperkeratotic scarring involves hypertrophy of the horny 
layer of the epidermis. It is commonly seen in diabetic patients 
and can be located in adjacent and periwound tissue (Fig. 3.7) 
(see Chapter 16).

Callus
Callus formation is a protective function of the skin to shear-
ing forces of a prominent bone against an unyielding surface—
most often, a shoe. The most commonly encountered calluses 
are located on the plantar surface of the foot, along the medial 

FIGURE 3.5 Hypertrophic scar. (Copyright © 2001, R. Scott Ward.)
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Maceration of Skin and Moisture Balance
Maceration is defi ned as “the softening of a tissue by soaking 
until the connective tissue fi bers are so dissolved that the tissue 
components can be teased apart.”74 Where it occurs, the stra-
tum corneum takes on a soft, white, spongy texture (Fig. 3.9). 
Softened tissue is easily traumatized by pressure and contrib-
utes to the development of pressure ulcers.74

Determine the cause of the maceration. The source of mois-
ture can be perspiration, soaking in a tub, wound exudate, 
or incontinence (urine or feces), as well as wound dressing 
products.

Macerated skin is thinner than adjacent skin. Palpate very 
gently to avoid trauma. Exposure to friction and shear should 

FIGURE 3.6 Keloid scar. (Copyright © 2001, R. Scott Ward.)

FIGURE 3.7 There is an absence of the epithelialization phase. Hyper-
keratosis on heel ulcer of a 100-year-old woman. (Copyright © 
C. Sussman.)

side of the great toe, over the metatarsal heads, and around the 
heel margin (Fig. 3.8).

Untreated, callus buildup will continue, creating additional 
shear forces between the bony prominence and soft tissues, 
and resulting in breakdown of the interposing soft tissues. 
Hemorrhage on a callus indicates probable trauma and perhaps 
ulceration beneath.

The location of the callus is a due to the underlying patho-
logic condition.79 For example, neuropathy often leads to muscle 
imbalance and subsequent uneven weight distribution and high 
pressure and shear along the metatarsal heads, which results in 
callus formation in those areas. The presence of a callus indicates 
the need for further assessment of the foot. Chapter 12 contains 
illustrations and more information about callus management.

FIGURE 3.8 Callus on plantar surface of foot.

1

2

FIGURE 3.9 Intact skin with subcutaneous microvascular bleed-
ing (unblanchable erythema), suggesting deeper trauma located over 
a bony surface. This wound would be classifi ed as a stage I pressure 
ulcer. (2) Note maceration of the periwound skin. (Copyright © B.M. 
Bates-Jensen.)
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The presence of edema can be associated with the infl ammatory 
phase, the result of dependence of a limb, or an indication of 
circulatory impairment or congestive heart failure. One conse-
quence of trauma is increased extracellular fl uid in the tissues 
that both blocks the lymphatic system and causes increased cap-
illary permeability. The function of edema following injury is to 
block the spread of infection. The result is a swelling that is hard; 
the application of pressure to the swollen area does not distort 
the tissues. The term brawny edema refers to this type of swell-
ing and is associated with the infl ammatory phase. Traumatic 
edema is usually accompanied by pain, whereas swelling result-
ing from lymphedema or systemic causes is usually painless.83

There are two types of edema: nonpitting and pitting. 
Nonpitting edema is identifi ed by skin that is stretched and 
shiny, with hardness of the underlying tissues. Pitting edema 
is identifi ed by fi rmly pressing a fi nger down into the tissues 
and waiting 5 seconds. If the tissues fail to resume the previous 
position after pressure is released, and an indentation remains, 
pitting edema is present. Pitting edema is often observed with 
dependence of a limb and with tissue congestion associated with 
congestive heart failure, venous insuffi ciency, and lymphedema. 
It is measured on a severity scale of 0–3+, where 0 = not present, 
1+ = minimal, 2+ = moderate, and 3+ = severe (Fig. 3.10).

When examining for edema, look for body symmetry and 
review the patient’s medical history. Bilateral edema of the 
lower extremities can be a sign of a systemic problem, such as 
congestive heart failure, cirrhosis, malnutrition, or obesity. It 
may also be caused by dependence on or use of certain drugs. 
Drug-induced edema is often pitting edema and can be caused 
by hormonal drugs, including corticosteroids, estrogens, pro-
gesterones, and testosterone. Other drugs to consider include 
nonsteroidal anti-infl ammatory and antihypertensive drugs. 
Symptoms usually resolve if the drug is withdrawn.83

Systemic edema can extend from the lower extremities into 
the abdomen, which is termed ascites. Unilateral edema of the 
lower extremity of sudden onset can be due to acute deep vein 
thrombophlebitis and is a medical red fl ag that requires imme-
diate referral to a physician. Other causes of unilateral edema 
include chronic venous insuffi ciency, lymphedema, celluli-
tis, abscess, osteomyelitis, Charcot joint, popliteal aneurysm, 

be avoided. Skin moisture barrier products can be used to 
reduce the impact of moisture on the skin, but they need to be 
evaluated based on the needs of the patient.

Excessive sweating can be related to medication, infection, 
or the environment, and may not be controllable.81 Excessive 
sweating is a problem in skin folds, such as under the breasts. 
Obese individuals have many skin folds that need to be 
examined because they are a common site of yeast infection. 
Absorbant products to control the moisture need to be evalu-
ated to meet the requirements of the individual. Moisture con-
trol should include use of support surfaces and chair cushion 
coverings, because moisture and temperature affect tissue load 
tolerance. Moist skin has a higher coeffi cient of friction than 
dry skin; in that state, it has reduced tissue integrity. Cotton or 
air exchange covers for seat cushions are recommended because 
they can better dissipate moisture and heat on the surface, and 
promote better skin moisture balance.

As described, too much moisture can affect skin integrity. 
Likewise, a dry or desiccated wound is out of balance and 
slows keratinocyte migration. A dry state can be benefi cial if 
the wound is located on the heel, has a dry eschar, and shows 
no signs of edema, erythema, or drainage; however, even these 
wounds should be monitored daily.41

Edema
Edema is “the presence of abnormally large amounts of fl uid in 
the intercellular tissue spaces of the body, usually referring to 
demonstrable amounts in the subcutaneous tissues. It may be 
localized, due to venous or lymphatic obstruction or increased 
vascular permeability, or systemic, due to heart failure or renal 
disease.”82 Edema is another example of moisture imbalance. 

CLINICAL WISDOM

Good moisture balance of the skin can be achieved by 
choosing a dressing product that manages wound exudate 
and does not macerate the skin. Protect the periwound skin 
by applying petrolatum or a zinc oxide paste combined 
with petrolatum to make it less stiff and easier to apply 
with a tongue depressor. The zinc oxide does not need to be 
removed during dressing changes. To ease removal of zinc 
oxide from the skin, apply petrolatum or oil.80 FIGURE 3.10 Pitting edema. (Copyright © Evonne Fowler, RN, CNS, 

CWOCN.)

CLINICAL WISDOM

Observation and Palpation of Calluses
Calluses often appear as thickened areas on the sole of the 
foot and are usually lighter in color (often yellow) than the 
adjacent areas. When palpated, the callus area will feel fi rm 
or hard to touch. There may also be some scaling or fl aking, 
roughness, or cracking of the callus. A cracked callus is a por-
tal for infection. Buildup of callus around a wound signals an 
area of high pressure, and further examination is required.
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The procedure for girth measurements is as follows:

1. Mark and record the bony landmarks on the limb to guide 
the measurements, including the metatarsal heads, both 
malleoli, 3 cm above the lateral malleolus, 12 cm above the 
lateral malleolus, 18 cm above the lateral malleolus, and the 
lower edge of the patella.

2. Use a fl exible tape measure to measure the circumference 
around these landmarks.

3. Measure both limbs.
4. Record measurements (for both limbs) side by side. Repeat 

at next assessment. Compare.

Volumetric measurement is made by using water displacement 
and is considered the gold standard. Volume meters are made of 
a heavy Lucite and come in different sizes for immersion of a foot 
and ankle, leg above the knee, or hand (Fig. 3.12). These meters 
are strong and durable. The water displacement method pres-
ents several problems, including the time to set up; transport of 
the apparatus, which may contain 1000 mL of water; inability to 
immerse the entire extremity in the tank; and unsuitable patient 
conditions, such as immersion of a limb that has an open wound.

dependence, and revascularization. Deep vein thrombophlebi-
tis, chronic venous insuffi ciency, and lymphedema are the three 
most common causes.83

If the etiology of the edema is uncertain, consult with a 
physician before planning further testing or an intervention. If 
edema remains in the tissue, the large protein molecules can 
clog the lymphatic channels and cause fi brosis. Management of 
edema is another way to clinically manage moisture balance. 
Chapter 10 describes the management of edema.
Measurement of edema. Tissue volume increases when edema 
is present, stretching and expanding the tissue with a change in 
circumference or girth. Accurate assessment of edema is essen-
tial for early intervention and to evaluate the outcomes of treat-
ment interventions. Edema is often evaluated and diagnosed 
by visual inspection, palpation for change in contour of the 
tissues, and by photographs. However, visual diagnosis is not 
as accurate as measurement.84 Two methods used for measure-
ment of the extent of edema formation are girth and volume.

After visual inspection, girth measurement of the limb is 
the most common method used in clinical practice because it 
is simple to perform. Research fi ndings validate the sensitivity 
of girth measurements as a way to evaluate changes in edema 
over time.84 Measurements should be taken at one or more 
reproducible reference points on the limb. (Fig. 3.11). Clinical 
variation in edema status is considered improved if the edema 
is diagnosed by girth measurement at the initial visit and then 
reduced at the follow-up visit, unchanged if girth is the same 
at both visits, and worsened if the measurement increases 
between the fi rst and second assessments. A change of 1.5 cm 
between two measurements is reported as a valid, reliable esti-
mate of improvement or worsening of edema. Smaller changes 
between assessments were evaluated but were less accurate.84 A 
simple form, such as that shown in Exhibit 3.2 either handwrit-
ten or preprinted, that lists the measurements of both limbs 
side by side is a useful guide for consistency and completeness 
of the measurements. It is also useful for comparing baseline 
with retest measurements quickly and easily. Change in edema 
measurements is one way to assess treatment outcomes.

FIGURE 3.11 Correct measurement of an edematous leg.  (Copyright © 
Evonne Fowler, RN, CNS, CWOCN.) FIGURE 3.12 Volumetric edema measurement.

EXHIBIT 3.2

Lower Extremity Girth Measurement Form
Date

Right Left Right Left Right Left

Locations:

 Metatarsal heads

 Both malleoli

 3 cm ↑ lateral 
malleolus

 12 cm ↑ lateral 
malleolus

 18 cm ↑ lateral 
malleolus

 

 Lower edge of 
patella
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The procedure for volume displacement measurement is as 
follows:

1. Fill volume meter with tepid water (∼95°F or 37°C).
2. Immerse the affected extremity in water.
3. Catch overfl ow in a graduated cylinder to measure volume 

displaced.
4. Repeat with both limbs.
5. Record volume displacements to both limbs side by side on 

a form.

Reassessment of edema. When reassessment of edema is pre-
formed, the target outcomes to track are that the edema will be 
absent, reduced, or controlled. Baseline girth or volume measure-
ments that were larger for the affected limb or area at baseline will 
be equal to or closer to the measurements of the unaffected limbs.

If both limbs are affected, it is not possible to do an oppo-
site limb comparison, and measurements will be compared 
with the same limb or area. Palpation and observation, as well 
as decreased measurements, are used for evaluating changes in 
edema. Change in severity of pitting is another measurement 
with which to report changes in edema. Controlled edema 
means that, following an initial reduction, the edema has not 
returned to the prior level and remains in the tissues.

Color
Assessment of adjacent skin color provides clues to skin health 
and general health, including circulation, and is used clinically 
to check for ischemia. For example, cyanosis would suggest 
hypoxia and the need for further testing. It’s important to dis-
tinguish between transient erythema, a component of reactive 
hyperemia, and persistent erythema. Transient erythema can be 
detected in lightly pigmented skin by applying pressure to the 
skin. The pressure closes capillaries and induces a blanching of 
the skin color that returns to normal when pressure is released. 
(Make sure you remove pressure from the area and expose it to 
ambient room temperature for 5–10 minutes before examin-
ing). If the color does not return to that of the adjacent skin 
within 20 to 30 minutes after removal of pressure, it is consid-
ered unblanchable erythema, or persistent erythema.85 Histology 
of unblanchable erythema shows erythrostasis in the capillar-
ies and venules, followed by hemorrhage (Figs. 3.9 and  3.13).86 
Unblanchable erythema is one of the hallmarks of stage I pres-
sure ulcers. The same indexes cannot be used in darkly pig-
mented skin. Exhibit 3.3 has tips for assessing unblanchable 
erythema.

1

2

FIGURE 3.13 Acute infl ammatory phase, partial-thickness stage II 
pressure ulcer located over bony prominence. Note: (1) Erythema and 
edema, (2) Reticular layer of dermis. (Copyright © B.M. Bates-Jensen.)

EXHIBIT 3.3

Tips for Evaluating Blanchable Erythema122

   ● Blanchable Erythema “If the reddened area blanches 
when gentle pressure is applied, the microcirculation 
is intact.”122

   ● Too little pressure: blanching may not occur
   ● Too much pressure: further tissue damage is possible
   ● Hard to determine blanching and nonblanching erythema if 

vascular refi ll time is short
   ● Use of a transparent pressure disc makes it easier to observe 

whether the reddened area blanches when pressure is exerted. 
Use of the disc can standardize the amount of pressure.

Color Assessment for Darkly Pigmented Skin

Identifi cation of stage I pressure ulcers has historically relied 
heavily on color changes in the skin; however, color changes 
may be diffi cult to observe in darkly pigmented skin.76 Darkly 
pigmented skin is defi ned as skin tones that “remain unchanged 
(do not blanch) when pressure is applied over a bony promi-
nence, irrespective of the patient’s race or ethnicity.”87 Darkly 
pigmented skin is usually found in African Americans, Africans, 
Caribbean individuals, Hispanics, Asians, Pacifi c Islanders, 
Middle Easterners, Native Americans, and Eskimos

When assessing patients with darkly pigmented skin who are 
at high risk for pressure ulcers, careful attention should be paid 
to color changes at sites located over bony prominences. Look 
for color changes that differ from the patient’s usual skin color 
(as described by the patient or those who are familiar with the 
patient’s usual skin color, or as observed in an area of healthy 
tissue).87 Consider conditions that can cause changes in skin 
color, such as vasoconstriction (pallor) caused by lying on a 
cold surface or hyperemia (redness or deepening of skin tones) 
from lying on a bony prominence. As with light-colored skin, 
remove pressure and allow the area to be exposed to ambient 
room temperature for 5 to 10 minutes before examining. When 
darkly pigmented skin is infl amed, the site of infl ammation 
is darker and appears bluish or purplish (eggplant-like color) 
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crater. When there is an extremely high melanin content, the 
color of the skin can be so dark that it is diffi cult to assess any 
changes in color.74

Another complicating factor in identifying erythema in 
darkly pigmented skin is differentiating infl ammation from the 
darkening of the skin caused by hemosiderin staining, which 
is a sign of wound chronicity or repeated injury. Hemosiderin 
staining usually occurs close to the wound edges, whereas 
injury-related color changes usually extend out a considerable 
distance and are accompanied by the other signs of infl amma-
tion. Figure 3.16 shows hemosiderin staining at the margins of a 
wound in a dark-skinned person. The mechanism of hemosid-
erin staining is described later in this chapter. Color changes are 
apparent around acute (infl amed—red or violet) and chronic 
open wounds (pigmentation—dark brown). If color is not a 
reliable indicator, use other clinical indicators, such as sensa-
tion (pain), temperature (heat or coolness), and tissue tension 
(edema or induration and hardness) to confi rm the diagnosis 
of infl ammation in darkly pigmented skin.

Assessment of tissue circulatory status by use of color is also 
diffi cult in darkly pigmented skin. Consider the effects of grav-
ity on vasomotor changes in the tissues of the extremities in ele-
vated and dependent positions. Color changes will appear more 
subtle than those in light skin. Assess the patient from a neutral 
position and then with the area elevated approximately 15° and 
dependent for about 5 minutes, and compare.88 Assessment of 
capillary refi ll time for individuals with darkly pigmented skin 
should be attempted at the tips of the second or third fi ngers.89 
Also consider examining the nail beds. If they are not pig-
mented, apply pressure to the second or third fi ngers; if the skin 

(Figs. 3.14A and 3.15). This is comparable to the erythema or 
redness seen in persons with lighter skin tones.87 Changes in 
color can indicate hemorrhage of the microvasculature in the 
skin or deep tissue trauma that will later rupture and form a 

1

2

12/12

A

1/3

B

1
2

3

4

FIGURE 3.14 A: Pressure ulceration with multiple, small, stage II open areas. Wound is in acute infl ammatory phase onset 
date 12/12. Note: (1) Clear line of demarcation between healthy tissues and infl amed tissues; (2) Evidence of discolor-
ation, edema, and induration, suggesting underlying tissue death. Assess tissue temperature and pain. B: Same pressure 
ulceration as in (A). Three weeks later, the skin shows evidence of the severe tissue destruction that occurred at the time 
of trauma. Note delayed manifestation of injury at the skin level. The date was 1/3. Note: (1) Continued demarcation of 
infl amed tissue; (2) Irregular, diffuse wound edges; (3) Black and adherent eschar; (4) Partial-thickness skin loss; there 
is enlargement of stage II ulcers compared with those in (A). The correct staging for this sacrococcygeal pressure ulcer is 
at unstageable. Once eschar is removed, the true depth of tissue loss can be determined. Documentation should refl ect a 
combined area of wounding, including all three visible ulcers and the area of infl ammation; this is the overall size estimate 
for the pressure ulcer. Infl ammation is now chronic. (Copyright © C. Sussman.)

1

4

3

2

FIGURE 3.15 Assessment of infl ammatory phase attributes in darkly 
pigmented skin. Note: (1) Erythema gives skin a reddish-brown glow, 
(2) Hemorrhage of microvasculature gives skin a purplish gray hue, 
(3) Eschar-note tissue texture change to hard black, (4) The color of 
adjacent skin is used as reference for normal skin tones. (Copyright © 
B.M. Bates-Jensen.)
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FIGURE 3.16 A: Hemosiderin staining (hemosiderosis) in darkly pigmented skin. B: Same wound 
as in (A) with surgical dissection demonstrating the extent of the tunneling process, forming a sinus 
tract. (Copyright © J. Wethe.)

under the nail blanches, it will provide a color comparison for 
assessing pallor or cyanosis. The speed of color return follow-
ing the slow release of pressure is an indicator of the quality of 
vasomotor function. The slower the return of color, the more 
diminished is the vasomotor function. Compare the speed of 
return with that in your own nail bed or that of another person 
with normal vascularity.88

Importance of Lighting in Color Assessment

Proper lighting is important for accurate assessment of all skin 
tones. Avoid fl uorescent light, which casts a blue color to the 
skin. Use natural or halogen lighting to assess skin tones. Flash 
photographs are recommended, because the fl ash makes the 

demarcation between normal skin tones and those that are trau-
matized easier to see, and the picture provides a visual record of 
the patient’s skin status.87 Notice the demarcation between nor-
mal skin tones and the traumatized area in Figure 3.14A. The 
patient or a family member who is familiar with the patient’s 
natural skin tones should be the primary person to provide 
information about skin color changes.

Deep Tissue Injury
Trauma to the skin and subcutaneous tissue causes rupture of 
the blood vessels and subcutaneous bleeding or hemorrhage, 
called ecchymosis (bruising); this is a sign of deep tissue injury. 
Ecchymosis appears as a purple discoloration in white skin and 
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and the development of effi cacious interventions to address 
the problem. Figure 3.14B is the same wound as shown in 
Figure 3.14A that showed suspected deep tissue injury (sDTI) 
and has manifested as a large deep pressure ulcer. However, at 
this point, it is still unstageable. Staging is used to describe the 
depth of tissue injury and will be explained in the next chapter 
section. The term unstageable is often used to diagnose eschar-
covered lesions, and it has come to be interpreted as wounds 
that will be staged once they are debrided. However, deep tissue 
injury lesions should not be debrided. As such, labeling a deep 
tissue “purple ulcer” as unstageable can have the unintended 
consequence of a care plan that does not include offl oading.93

An analysis of wound attribute relationships to healing, 
using the SWHT (see Chapter 5), ranked the presence of hem-
orrhage as the most signifi cant predictor of poor prognosis for 
healing.94 Why do purple ulcers slow or complicate healing? 
First, hemorrhage occurs followed by clotting (thrombosis) 
that cuts off oxygen to the tissues, with subsequent hypoxia and 
ischemia. Rapid deterioration of the tissues following injury 
can be a combination of direct ischemic injury and reperfusion 
injury from oxygen-free radicals, cytokines, and neutrophilic 
adhesion to microvascular endothelium.95 When hypoxia is 
prolonged, the initial damage can be due to ischemia. However, 
a short period of ischemia followed by reperfusion can result in 
damage that is more severe than the injury itself. If the blood 
clot is not lysed (thrombolysis) and reabsorbed into the tissues 
in a timely fashion, tissue necrosis will occur. It is not known 
exactly how long clotted blood can remain in the tissues before 
necrosis occurs.

Purple ulcers are now classifi ed according to the current 
National Pressure Ulcer Advisory Panel (NPUAP) staging sys-
tem as suspected deep tissue injury (sDTI). However, the sig-
nifi cance of these ulcers is seldom recognized. NPUAP has 
attempted to raise awareness of this unstageable type of ulcer 
through a consensus conference of the pressure ulcer commu-
nity,96 a white paper,95 and a literature review identifying limi-
tations in the current staging systems’ attempts to categorize 

a deepening to a purple color in darkly pigmented skin. In the 
literature, these areas have been described as “purple ulcers.”90 
With purple ulcers, the skin over the hemorrhagic area can be 
taut, shiny, and edematous (Figs. 3.17 and Fig. 3.14A). It can 
be intact or, in some cases, it can be rubbed off.90 Purple ulcers 
typically develop as a consequence of an acute injury, such as 
trauma from pressure, bumping, or shearing, as well as trauma 
to new granulation tissue and venous leakage from venous 
insuffi ciency (Fig. 3.18). They can also develop as an adverse 
effect of oral anticoagulant therapy.91,92 In fact, use of these 
medications predisposes tissues to subcutaneous hemorrhage 
with minimal amounts of pressure, friction, and shear. Proper 
labeling for this class of pressure ulcers is important because 
they are dangerous lesions with the potential for rapid deterio-
ration. Labeling provides the means for appropriate diagnosis 

FIGURE 3.17 Soft, soggy necrosis and ecchymosis often referred to 
as “purple” ulcer. Foot shows signs of cellulitis and edema. Chronic 
infl ammatory phase. (Copyright © C. Sussman.)

FIGURE 3.18 Wound is in acute infl ammatory phase and shows subcutaneous hemorrhage 
(ecchymosis) associated with venous disease. (Copyright © C. Sussman.)
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Toenails
Part of a comprehensive examination of the feet includes the 
toenails. Assess the color, thickness, and shape, and note any 
irregularities. Hypertrophic, thick nails are a commonly seen 
toenail pathology. Some toenails are shaped like a ram’s horn. 
Ingrown toenails and fungal and pseudomonas infections, 
which give the toenail a green color, can also be observed. 
Findings of toenail abnormalities are considered referral crite-
ria unless the clinician has knowledge and training in foot and 
nail care.98 Chapters 12 and 13 include specifi c information that 
guides the assessment and care of feet.

Blisters
Trauma to the epidermis gives rise to blisters. Blisters can con-
tain clear fl uid or, if the trauma is deeper than the epidermis 

these lesions.97 Action subsequently taken includes revising the 
NPUAP pressure ulcer classifi cation system to include sDTI 
pressure ulcer. NPUAP pressure ulcer classifi cation system 
is fully described in a following section. Further research is 
needed to fully understand and reliably diagnose and predict 
the natural history of these lesions, the extent of tissue damage 
under the intact skin, and the viability of injured tissue, and to 
identify the most effi cacious treatments for deep tissue injury.95

Another type of hemorrhagic condition for assessment 
is rupture of the vessels around a wound and seepage from 
venous hypertension that cause deposition of blood in the sub-
cutaneous tissues. The blood stains the tissues by deposition of 
hemosiderin from lysed red blood cells, turning the skin a rust-
brown color that is called hemosiderosis. Hemosiderosis is seen 
as a ring around pressure ulcers (Fig. 3.16A) or a brown dis-
coloration of the skin of the lower leg in patients with venous 
disease (Fig. 3.19). The discoloration can be permanent or 
gradually disappear.

Hair Distribution
Body hair is distributed over all four extremities, extend-
ing down to the digits. Over time, body hair diminishes and 
is eventually lost. The diminished presence of hair is seen in 
aging skin and in individuals with impaired circulation. As cir-
culation in a leg decreases, hair is lost distally. Hair distribution 
can be used as an indicator of the level of vascular impairment 
and the need for vascular testing. Hair follicles are important to 
wound healing because, as discussed in Chapter 2, they contrib-
ute epidermal cells for resurfacing partial-thickness wounds. As 
such, the absence of hair is a factor in the prognosis of wound 
healing if there is a partial-thickness wound in an area where 
hair is usually found, such as the lower leg.

CLINICAL WISDOM

Education of Clinicians about Deep Tissue Injury
Health-care providers need to be educated about the phe-
nomenon of deep tissue injury and how to identify, describe, 
and document purple ulcers during the skin assessment.

RESEARCH WISDOM

Electrical stimulation, pulsed radiofrequency stimulation, and 
ultrasound facilitate thrombolysis, when started soon after 
injury (e.g., within 48–72 hours). However, in one reported 
case, therapeutic ultrasound was not started to treat a large 
rectus sheath hematoma until 9 days after the diagnosis, and 
hematoma was completely resolved following 20 sessions (fi ve 
times per week for 4 weeks).91 Effi cacy studies reported in 
the literature and photographs that show the effects of these 
interventions are described in Chapters 23–25.

1 & 2

3

FIGURE 3.19 Shallow and irregularly shaped lesion with a good 
granulating base. The associated physical signs of chronic venous 
insuffi ciency, such as hyperpigmentation, chronic scarring, and skin 
contraction in the ankle region, are readily identifi ed. Note the clas-
sic characteristics of venous disease: (1) Irregular edges, (2) Shallow 
ulcer, (3) Evidence of hyperpigmentation (hemosiderosis), (4) Loca-
tion above the medial malleolus. (Copyright © C. Donayre.)
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CLINICAL WISDOM

Assessment of Hair Distribution as an Indicator of 
Peripheral Circulation
1. An easy checkpoint for adequate tissue perfusion to the 

lower extremities is examination of the great toes for hair 
growth. Hair growth on the great toes implies adequate 
circulation to support the hair follicles. When working 
with female patients, remember to ask if they shave the 
hair on their great toes.

2. Move up the leg proximally from the ankle and assess the 
most distal point at which hair distribution stops. Next, 
palpate for skin temperature and pulses, and observe skin 
color in any areas denuded of hair for circulatory changes.

8/26 – MM

A

1

8/31 – MM

B

10/8 – MM

C

1

FIGURE 3.20 A: Unstageable bloody fi lled blister. Legend should 
change to leave off day of identifi cation. B: Same wound as in (A). 
Note apparent necrosis without blister roof. Note area of sDTI. 
C: Same wound as in Figure 3.20a with the blister opened and it is 
now stageable. Category/Stage III pressure ulcer. Note area of sDTI. 
(Copyright © C. Sussman.)

and ruptures blood vessels, the fl uid can be bloody or brown 
(Fig. 3.20A). The blister roof is nature’s best dressing, but it can 
hide deep tissue damage (Fig. 3.20B). Removal of the blister 
roof is controversial. If the blister fl uid is clear, tissue damage 
may not extend into the dermis or deeper; the wound will likely 
heal under the blister roof, and the epidermis will eventually fall 
off. The blister roof should not be disturbed and, in fact, may 
require protection. However, if the fl uid is bloody, brown, or 
cloudy as in Figure 3.20A, deep tissue damage may be present, 
and unroofi ng the blister can be the only way to determine the 
extent of trauma (Fig. 3.20B). Ultrasound technology to iden-
tify depth of tissue edema and trauma, such as under a blister, is 
being tested with good outcomes (see Chapter 26).

Assessment of the tissue under the blister without breaking 
the blister is helpful in evaluating when the blister needs to be 
unroofed. The validity of using digital palpation to determine 
tissue resilience (i.e., less resilient or less stiff compared with 
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normal area before applying to possible insensate areas to avoid 
burns. Research reports that the lateral aspect of the foot is the 
area most sensitive to thermal sensation.102 If a patient is unable 
to sense warmth, he or she is at high risk of burns if heat is 
applied to the skin. Testing for cold can be performed by apply-
ing a cold tuning fork. If a patient is unable to sense cold, he or 
she is at risk for injury from exposure to cold; the feet should be 
protected from frostbite if the patient is going to be exposed to 
very cold temperatures. Thermal allodynia can also be detected 
in hypersensitive areas.

Vibratory Perception Threshold

VPT is a measure of progressive PN for aging adults and indi-
viduals with immune-mediated polyneuropathies including 
diabetes. In all groups, VPT is better perceived in the upper 
extremities compared with the lower. There is a signifi cant age-
related decline in VPT at all locations. VPT is recommended as 
a part of routine neurologic examination, as well as for patients 
with diabetes and other risk factors for skin ulceration.103,104

VPT testing is simple and easy to perform with a 128 Hz tun-
ing fork.103–105 The simplest method is the on/off method, which 
is reliable for testing VPT at the foot.105 The test procedure is as 
follows:

1. Before testing the VPT at the foot, give the patient a pre-
liminary test by placing the vibrating tuning fork on the 
sternum, so that the vibratory sensation can be readily 
recognized.

2. Ask the patient to shut the eyes and keep them closed.
3. Ask the patient to report the start of the vibration sensation 

and the cessation of vibration (on-off).
4. Strike the tuning fork and place it on the bony prominence 

on the dorsum of the great toe proximal to the nail bed.
5. Repeat the test eight times at the same location, recording 

the on/off report.
6. VPT is defi ned as “the total number of times the application 

of the vibrating tuning fork and the dampening of vibration 
was NOT felt. Scores can range from 0–8.”105

Note that VPT is a screening test used to predict risk for ulcer-
ation, rather than a wound assessment technique. Screening is 
recommended annually for patients without neuropathy and 
every 6 months for individuals who have neuropathy but do 
not have deformity or vascular disease. Patients who have neu-
ropathy with deformity or vascular disease diagnoses should be 
evaluated every 3 months. If ulceration is part of the patient 
history, evaluation should be performed every 1 to 3 months.106 
Any patient identifi ed as having abnormal values at screening 
should be referred for further medical workup and special edu-
cation, such as foot care education programs, as described in 
other chapters. VPT results are a trigger to evaluate candidates 
for this intervention, as well as to validate the outcome of the 
intervention.

Skin Temperature
Baseline skin temperature is one objective measurement of cir-
culation that can be used to evaluate infl ammation, and diag-
nose infection and monitor circulatory response to treatment. 
Local body temperature can be tested by palpation, with a 
thermistor, liquid crystal skin thermometer, or with an infrared 
thermometer.

adjacent tissue) has been demonstrated. Gently press down with 
a fi ngertip on the tissue beneath the blister roof and compress it. 
Release and feel for the resiliency of the subcutaneous tissues. If 
there is good resilience (i.e., it bounces back when the pressure is 
removed), the deep tissues may be mildly congested. However, 
if the tissue feels soft, spongy, or boggy, there is high probability 
of tissue congestion and probable necrosis.85 The common term 
for this characteristic is “mushy” or “boggy.” Practice and care-
ful concentration are needed to perform this palpation examina-
tion. One tip is to try pressing the skin down on the contralateral 
location (e.g., on the heel) to compare the resiliency.

Sensation
Sensory testing procedures and expected outcomes are 
described in this section. They include pain, protective sensa-
tion, thermal sensation, and VPT.

Pain

Accreditation standards for health-care facilities in the United 
States require each patient’s pain to be measured regularly 
and proper relief supplied.99 Severe pain or tenderness, either 
within or around the wound, can indicate the presence of infec-
tion, deep tissue destruction, or ischemia. In recognition of the 
signifi cant effect of pain on wound healing and wound man-
agement, Chapter 22 is devoted entirely to that topic, address-
ing the issues of wound pain and wound healing, including 
pain physiology, pain issues, pain assessment, and treatment 
strategies.

Protective Sensation

Testing for protective sensation, defi ned as loss of the ability 
to feel or perceive a minimal amount of touch/pressure using 
Semmes-Weinstein monofi laments, is indicated if sensory loss 
is suspected. Neuropathy from many causes, including diabe-
tes, Guillain-Barré syndrome, alcoholism, chemotherapy, and 
Charcot-Marie-Tooth disease, results in the loss of protective 
sensation. A minimal protective sensation threshold is the key 
to protecting the neuropathic foot from ulceration.

A safe, accurate method for testing protective sensation has 
been developed using Semmes-Weinstein monofi laments.100 
The monofi laments come in different force levels. Levels 4.17, 
5.07, and 6.10 are used to check for protective sensation. Force 
levels increase as the numbers increase. The object of the test 
is to determine if the patient can detect pressure when the 
monofi lament is placed against the skin and the force applied 
is suffi cient to buckle the monofi lament. Testing is usually per-
formed on the sole of the foot. The inability to sense the 5.07 
monofi lament is the threshold for loss of protective sensation 
and indicates a limited ability to use protective sensations. If the 
patient can distinguish this level of sensation at several points 
on the feet, the sensation is considered to be adequate to avoid 
trauma.101 Many individuals with PN do not feel the largest 
monofi lament (6.10), which indicates a loss of protective sensa-
tion of 75 g. This fi nding should trigger the prompt referral to 
a specialist for appropriate protective footwear and should be 
followed closely (see Chapter 12).

Thermal Sensation

The test for thermal sensation is performed using test tubes or 
small narrow bottles fi lled with warm water. Be sure to test in a 
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7. For large wounds, measure at the wound edge at the 12:00 
and 6:00 positions and near the expected outer margin of 
the periwound erythema/discoloration. Repeat at the 3:00 
and 9:00 positions.

8. For small wounds, measure by placing the liquid crystal strip 
across the wound diameter.

9. Record temperature at each point.

Infrared Thermometer

A radiometer or infrared scan determines temperature by 
measurement of surface refl ection of infrared radiation. These 
devices can reliably be used in the clinic with minimal training. 
In addition, personal infrared thermometers may prove to be 
an effective means of reducing risk of ulceration in high-risk 
patients by providing an easy-to-use tool that encourages vigi-
lant monitoring, provides immediate feedback about a pending 
problem, and empowers the patient to take action when change 
is measured. Chapter 12 has explicit directions for use of the 
infrared scanner.

Utility of Skin Temperature Assessment

Skin temperature is a useful measure for assessing many types 
of wounds and tissue status including the following situations:

Surgical wounds. Changes in wound temperature are readily 
apparent during the fi rst 8 postoperative days. During the fi rst 
3 postoperative days, the temperatures of the wound and adja-
cent tissues are typically the same. However, by postoperative 
day 4, there should be a discernible change, with the tempera-
tures of the wound and surrounding tissues decreasing gradu-
ally. Zones of warmth around the wound become narrower, 
with signifi cantly greater warmth over the incision than in the 
surrounding tissues. The heat measured in adjacent skin areas 
is not an infl ammatory reaction; rather, it is reactive hyper-
emia. Hyperemia is the consequence of humoral substances 
released from cellular damage at the time of wounding—
chiefl y  histamine—and pain that triggers neurogenic reactions, 
including vasodilation.109 Only a narrow zone adjacent to the 
wound is due to infl ammation. During the early postoperative 
period, the two areas are indistinguishable from one another. 
As the wound heals, the area of warmth narrows, decreases in 
temperature, and represents the area of true infl ammation.

Wound temperature depends on the degree of vascularity of 
the tissues: a higher grade of vascularity will result in a higher 
tissue temperature.109 If the expected outcomes (i.e., that the 
wound and adjacent skin temperatures decrease by the fourth 
postoperative day) are not met, this indicates that the wound 
is not healing as expected and secondary intention healing (see 
Chapter 2) is imminent because of tissue necrosis or bacterial 
contamination.109

Infl ammation. An increase in skin temperature of 4°F com-
pared with the contralateral side110 can indicate infl ammation 
that has not manifested on the surface, such as a pressure ulcer 
over a bony prominence or the presence of infection (e.g., an 
abscess) or Charcot arthropathy (see Chapter 12). It is a very 
useful tool for assessing infl ammation and wounding in darkly 
pigmented individuals in whom the margins of erythema are 
diffi cult to see. Skin temperature can be measured at loca-
tions on the margins of discoloration and at the center over 
the bony prominence. The clock method (i.e., measuring the 
temperature at the 12:00, 3:00, 6:00, and 9:00 positions around 

Palpation

Palpation using the assessors hands is a subjective measure-
ment of skin temperature, which has limited reliability detect-
ing subtle differences in skin temperature.107,108

Thermistor

Temperature can also be measured using a thermistor, which 
is a probe placed against the skin that takes a reading. These 
devices are diffi cult to attach to the body surface resulting in 
poor surface contact, which limits the accuracy of the read-
ings and take signifi cant time to equilibrate.108 Therefore, these 
devices are not recommended for assessment purposes.

Liquid Crystal Skin Thermography

A liquid crystal skin thermometer is a thermosensitive strip 
that changes color in a few seconds after contact with the skin 
to indicate skin temperature. It is a semiquantitative method 
that relies on color to measure periwound and adjacent skin 
temperature.

Liquid crystal strips are available with different temperature 
ranges. Use of an inexpensive liquid crystal skin fever ther-
mometer strip that changes color with temperature change is 
a simple, accurate, and useful way to assess the temperature of 
periwound skin. These devices are reliable and have been clini-
cally tested for evaluation of primary wound healing status of 
surgical wounds. The method is quick, simple, reliable, and 
inexpensive.109 Strips are available with a range of 80°F to 100°F 
(26°C–38°C).

A higher temperature of both periwound and adjacent skin 
measured on the liquid crystal compared with contralateral area 
is an indication of increased circulatory perfusion. This is the 
heat described as a classic sign of infl ammation, which includes 
hyperemia associated with increased blood fl ow but can also 
be an indicator of infection.108 Assessment and judgment of 
an experienced clinician are needed to make an appropriate 
diagnosis. Cooler periwound skin temperature compared with 
adjacent and contralateral skin should be considered an indica-
tor of wound chronicity.

The procedure for measuring skin temperature with a liquid 
crystal strip is as follows:

1. Ensure that the area of skin to be tested has been pressure-
free and exposed to ambient air temperature for at least 5 to 
10 minutes before testing. (A sheet can cover the patient for 
privacy and to avoid chilling.)

2. Dry the skin of sweat before each measurement, because 
moisture on the skin considerably modifi es the image.109

3. Place a single layer of plastic against the skin as a hygienic 
barrier (this does not interfere with temperature accuracy). 
This step and the following can be eliminated if the strip is 
disposable. Strips can be reused for a single patient if the 
barrier is used.

4. Lay the temperature strip fl at on the plastic barrier.
5. Hold the strip in place at both ends lightly, to avoid com-

pressing capillaries. Wait for the color of the strip to 
change, allowing at least 1 full minute for the change to 
occur. In very infl amed tissues, color change can occur 
immediately, but it may change more as it is held for the 
full minute.

6. Read the temperature while the strip is still against the skin.
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WOUND CLASSIFICATION SYSTEMS

Differential Diagnosis of Wound Etiology
In Part II of this book, you will learn in detail about the man-
agement of wounds of different etiology. This is just a brief 
introduction to the differential diagnosis of wound etiology of 
fi ve types of ulcers discussed in this chapter and is adapted from 
Woundpedia (www.woundpedia.com).

Surgical wounds usually go on to heal without complications 
and do not need specialized wound care. Local surgical factors 
such as infection, edema, seroma and hematoma formation, 
wound tension, wound trauma, wound drainage, the presence 
of drainage devices, muscle spasticity, and wound dressings all 
affect postoperative wound healing.115

Pressure ulcers also known as decubitus, pressure sores or 
bedsores are lesions caused by factors such as constant pressure, 
friction, or shear, usually occurring over bony prominences.115

Vascular pathology is associated with the majority of 
leg ulcers. Almost 70% of leg ulcers have a venous etiology; 
approximately 20% to 25% are due to arterial insuffi ciency; and 
some of these have a mixed vascular etiology. The remaining 
leg ulcers have a variety of less common causes, including infec-
tion, malignancy, vasculitis and other conditions and most are 
not discussed in this text.

Venous leg ulcers result from venous hypertension due to 
valve dysfunction, venous obstruction, and/or failure of calf 

the wounded tissue) is useful for recording this measurement 
in large wounds. Expect periwound temperature to decrease as 
the wound heals.110

Infection. Infrared thermometry is a reliable instrument for 
detecting increased periwound skin temperature. Evaluation of 
venous leg ulcers demonstrates a statistically signifi cant rela-
tionship between periwound skin temperature and the pres-
ence of wound infection.108

Increased blood fl ow. To measure the effects of an interven-
tion, take a baseline temperature measurement before treatment 
and repeat the measurement after treatment. Skin temperature 
should rise after treatment with increased blood fl ow. If the target 
outcome of the intervention is to initiate the acute infl ammatory 
phase, with resultant hyperemia and mild infl ammation, mea-
surement of tissue temperatures will help to verify the outcome.

Ischemia. Ischemia may be detected by measurement of skin 
temperature. Like warmth, coolness without trauma can be an 
indicator of circulatory status. Sometimes, there is an initial 
increase in skin temperature that is followed by coolness after 
trauma. Some areas of the body naturally have less warmth, 
such as the feet, toes, and fi ngers. The areas of the trunk or 
over well-perfused muscle tissues have greater warmth. If there 
is coolness in the digits or feet, or other signs and symptoms, 
such as lack of hair, altered skin color, pulse, or texture, the area 
should be evaluated for circulation. If those signs are also sug-
gestive of circulatory impairment, further circulatory examina-
tion is warranted. Coolness can also be an indicator of impaired 
tissue viability or tissue death following ischemia.

A quantitative measure of tissue temperature as part of the 
assessment of wounds is not yet a standard of clinical practice. 
Journal articles describe temperature measurement as a useful 
method of assessment for infl ammatory processes.108,109,111–114 
All of the procedures described in this chapter are simple, non-
invasive, and quick. Most importantly, they have validity and 
clinical signifi cance, and they are more reliable than clinical 
observation or manual palpation.108,109

Wound Classifi cation 

Systems Pressure Ulcers Venous Ulcers

Arterial and 

Ischemic Ulcers

Diabetic Ulcers 

(Neuropathic) Other Wounds

Pressure ulcer staging X X (Those with 
a pressure 
component)

X (Those with 
a pressure 
component)

Stage II classifi cation 
is appropriate for 
skin tears and tape 
damage

Wagner Ulcer dysvascular 
Classifi cation System

X X

University of Texas 
Diabetic Classifi cation

X

Depth of tissue injury X (full-thickness 
wounds require 
examination of deep 
tissue involvement)

X (full-thickness 
wounds require 
examination of deep 
tissue involvement)

X (full-thickness 
wounds require 
examination 
of deep tissue 
involvement)

X (full-thickness 
wounds require 
examination 
of deep tissue 
involvement)

Useful for skin tears, 
burns, and other skin 
wounds surgical 
secondary intention 
healing

Red, yellow, and black X X X X

Wound Classifi cation Systems and Wound Types3.2TABLE

RESEARCH WISDOM

A patient can have unapparent, mild core hypothermia that 
will affect wound healing and resistance to infection. The 
tympanic membrane temperature is an accurate measure of 
core body temperature.109
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Avoid using any wound classifi cation system “in reverse” as 
a method of measuring wound healing. Biologically, wounds 
do not heal in the manner suggested by reversing a staging sys-
tem, and classifi cation systems were not developed for use in 
assessing healing. This inappropriate use can actually hinder 
tracking of progress.

The fi ve wound classifi cation systems presented in this 
 chapter are116–118

1. Classifi cation by depth of tissue injury
2. NPUAP pressure ulcer staging criteria
3. Wagner staging system for grading severity of dysvascular 

ulcers
4. University of Texas Treatment-Based Diabetic Foot 

Classifi cation System
5. Marion Laboratories red/yellow/black color system. Table 3.2 

presents the four wound classifi cation system discussed in 
this section and identifi es the types of wounds most appro-
priate for use with each system.

Classifi cation by Depth of Tissue Injury
In Chapter 2, we identified four types of wounds, distin-
guished by depth of tissue injury: superficial, partial-thick-
ness, full-thickness, and subcutaneous (see Table 3.3). This 
“generic” classification system identifies specific anatomic 
levels of the tissues involved, but does not report their condi-
tion or color. It is commonly used for wounds that are not 
categorized as pressure ulcers or neuropathic ulcers, such 
as skin tears, donor sites, vascular ulcers (venous ulcers in 
particular), surgical wounds, and burns. However, in some 
cases, these classifications do have parallels in other systems. 
For example, superficial wounds are equivalent to NPUAP 
stage I pressure ulcer or, on the Wagner scale, a grade 0 dys-
vascular ulcer.

Anatomic depth of tissue loss is predictive of healing.29,69 
Superfi cial wounds are often resolved by subcutaneous infl am-
matory processes, with the exception of wounds with intact skin 
that also have deep tissue injury and can manifest later as deep 
wounds. Partial-thickness wounds, which heal by epithelializa-
tion, heal faster than full-thickness and subcutaneous wounds. 
Full-thickness and subcutaneous wounds heal by secondary 

muscle pump function. They usually occur on the medial side 
of the lower leg and are accompanied by edema that may be 
weeping. Skin changes including hemosiderosis and hyper-
keratosis are signs that often accompany this condition. They 
often take a prolonged time to heal, frequently months to more 
than a year, and they commonly recur. Venous refl ux testing 
(Chapter 6) confi rms this diagnosis.

Arterial ulcers result from inadequate perfusion of skin and 
subcutaneous tissue, and they are primarily a complication of 
peripheral arterial disease (PAD). A punched-out appearance, 
with a pale, dry poorly perfused base is characteristic of arterial 
ulcers. The foot and leg may be cold, pale or bluish, with shiny, 
taut skin and dependent rubor, and possibly gangrenous toes. 
Pain is common, especially after exertion or leg elevation. A 
decreased ABI confi rms the diagnosis (see Chapter 6). Arterial 
insuffi ciency may be slowly or rapidly progressive, and early 
diagnosis is critical to prevent further tissue death.115

Diabetic foot ulcers are a major complication, occurring 
in approximately 15% of people with DM, and are a preced-
ing factor in approximately 85% of lower limb amputations. 
Poor diabetes control may result in PN and vascular disease. 
PN raises the likelihood of both trauma to the foot and inability 
to detect abnormal pressures that may predispose patients to 
develop foot ulcers. Sensory testing and vascular testing pro-
vide a differential diagnosis for neuropathic ulcers.

Wound Classifi cation Systems
A wound classifi cation system is a hierarchical system that classi-
fi es or categorizes wounds by severity according to different char-
acteristics, such as level of tissue involvement, color of wound, 
and so forth. Documenting assessment fi ndings and diagnosing 
wounds following a standardized classifi cation system allows 
you to communicate effectively with other health-care providers. 
Note that each wound classifi cation system was researched and 
designed for use with one specifi c wound type; thus, it is inap-
propriate to use the same classifi cation system for all wounds you 
encounter. Since each system measures only one characteristic of 
the wound (e.g., the depth of tissue loss), it should not be viewed 
as a complete assessment independent of other indicators. A com-
plete wound assessment and written description is still required.

Classifi cation by Depth of Tissue Loss3.3TABLE

Thickness of Skin Loss Defi nition Clinical Examples/Healing Process

Superfi cial wounds Effects only the epidermis Sunburn, stage I pressure ulcer, stage 0 diabetic 
ulcer; heal by infl ammation

Partial-thickness skin loss Extends through the epidermis, into, but 
not through, the dermis

Skin tears, abrasions, tape damage, blisters, perineal 
dermatitis from incontinence; heal by epidermal 
resurfacing or epithelialization

Full-thickness skin loss Extends through the epidermis and 
dermis into subcutaneous fat and deeper 
structures

Donor sites, venous ulcers, surgical wounds; heal by 
granulation tissue formation and contraction

Subcutaneous tissue wounds Additional classifi cation level for full-
thickness wounds that extend into, or 
beyond, the subcutaneous tissue

Surgical wounds, arterial/ischemic wounds; heal by 
granulation tissue formation and contraction
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intention, a combination of fi broplasia or granulation tissue 
formation and contraction.

At the beginning of Chapter 2, we defi ned a chronic wound 
as “one that deviates from the expected sequence of repair in 
terms of time, appearance, and response to aggressive and 
appropriate treatment”.119 When the response to wounding does 
not conform to the described acute phased model of wound 
recovery after a period of 2 to 4 weeks, the wound may have 
become “stuck” and unable to progress through the phases of 
healing without intervention. This wound would then be classi-
fi ed as a chronic wound.

The typical medical model for diagnosing chronic wounds 
is to use the pathophysiology associated with ulcers. For exam-
ple, there are ischemic arterial ulcers, diabetic ulcers (both 
vascular and neuropathic), pressure ulcers, vasculitic ulcers, 
venous ulcers, and rheumatoid ulcers. All of the ulcers listed in 
Exhibit 3.4 are considered chronic wounds.

National Pressure Ulcer Advisor Panel Pressure 
Ulcer Staging System
The NPUAP pressure ulcer staging system is probably one of the 
most widely known wound classifi cation systems. It was devel-
oped by the NPUAP and used by the Agency for Health Care 
Research and Quality (AHRQ) based upon an earlier pressure 

ulcer staging system proposed by Shea.120 The earlier four-stage 
systems described pressure ulcers using depth of anatomic tis-
sue loss and the involvement of soft tissue layers and was rede-
fi ned in 2007 by adding two stages on deep tissue injury and 
unstageable pressure ulcers with descriptions of each. It is a 
diagnosis of severity of tissue insult before healing starts. The 
NPUAP system is most often applied to pressure ulcers, but it is 
also used (sometimes inappropriately) to classify other types of 
wounds. It is best used for wounds with a pressure or tissue per-
fusion etiologic factor, such as with arterial/ischemic wounds 
and diabetic neuropathic ulcers.

The NPUAP staging system is widely accepted and com-
monly used to describe wound severity, organize treatment 
protocols, and select and reimburse treatment products 
for pressure ulcers. For example, the AHRQ adopted the 
NPUAP staging system for use in two sets of clinical practice 
guidelines.71,121 The new defi nitions are included in the 2009, 
International Prevention and Treatment of Pressure Ulcer 
Clinical Practice Guideline with the addition of the term cat-
egory/stage. Figures 3.9, 3.13, 3.17, and 3.22–3.28 present 
diagrams and photos illustrating the NPUAP and European 
Pressure Ulcer Advisory Panel (EPUAP) 2009 Pressure Ulcer 
Classifi cation system.26

The pressure ulcer staging system has many problems. For 
example, the defi nition of a category/stage I pressure ulcer 
does not account for the severity of soft tissue trauma beneath 
the unbroken skin, such as that seen with purple ulcers. Thus, 
NPUAP proposes that this trauma should be referred to as 
“ suspected pressure-related deep tissue injury under intact 
skin” or “suspected deep tissue injury (sDTI).”97

Furthermore, category/ stage I lesions vary in presentation and 
pose validity concerns. For example, some stage I lesions indicate 
deep tissue damage that is just beginning to manifest on the skin, 
whereas others indicate only superfi cial insult in which damage 
may be reversible and may not be indicative of underlying tissue 
death. There are also problems reliably assessing stage I ulcers in 
dark-skinned patients. Identifi cation and interpretation of skin 
color changes in darkly pigmented skin require special assess-
ment strategies described later in this chapter. An ultrasound 
scanner image that can detect tissue damage and provide early 
identifi cation of stage I pressure ulcers is demonstrated in Figure 
3.29A–C). Chapter 26  discusses has information to interpret with 

1

2

FIGURE 3.21 Perineal dermatitis with partial-thickness skin loss that 
is not a pressure ulcer. (Copyright © B.M Bates-Jensen.)

FIGURE 3.22 Diagram Normal Skin © National Pressure Ulcer Advi-
sory Panel. 2007.

EXHIBIT 3.4

Examples of Chronic Wounds
   ● Ischemic arterial ulcers
   ● Diabetic vascular and neuropathic ulcers
   ● Venous ulcers
   ● Vasculitic ulcers
   ● Rheumatoid ulcers
   ● Pressure ulcers
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FIGURE 3.25 A: Diagram Stage III: Full-thickness tissue loss. Subcutaneous fat may be visible but bone, tendon, and 
muscle are not exposed. Slough may be present but does not obscure the depth of tissue loss. May include undermining 
and tunneling. Further description: The depth of a stage III pressure ulcer varies by anatomical location. The bridge of 
the nose, ear, occiput, and malleolus do not have subcutaneous tissue and stage III ulcers can be shallow. In contrast, 
areas of signifi cant adiposity can develop extremely deep stage III pressure ulcers. Bone/tendon is not visible or directly 
palpable. (Copyright © National Pressure Ulcer Advisory Panel. 2007.) B: Photo of category/stage III pressure ulcer. 
(Copyright © B.M. Bates-Jensen.)

9/17

2

B

1

FIGURE 3.24 Diagram Stage II: Partial-thickness loss of dermis presenting as a shallow open ulcer with a red pink wound 
bed, without slough. May also present as an intact or open/ruptured serum-fi lled blister. Further description: Presents as a 
shiny or dry shallow ulcer without slough or bruising. This stage should not be used to describe skin tears, tape burns, perineal 
dermatitis, maceration, or excoriation. Bruising indicates sDTI. (Copyright © National Pressure Ulcer Advisory Panel. 2007.)

1

2

FIGURE 3.23 Diagram Stage I: Intact skin with nonblanchable redness of a localized area usually over a bony promi-
nence. Darkly pigmented skin may not have visible blanching; its color may differ from the surrounding area. Further 
description: The area may be painful, fi rm, soft, warmer, or cooler as compared to adjacent tissue. Stage I may be dif-
fi cult to detect in individuals with dark skin tones. May indicate “at risk” persons (a heralding sign of risk). (Copyright © 
National Pressure Ulcer Advisory Panel. 2007.)

1
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the information shown on the scan. Category/Stage II pressure 
ulcers are lesions that exhibit partial-thickness skin loss or a blis-
ter, which leads to superfi cial and partial-thickness damage to 
the epidermis and dermis26 (Fig. 3.12). Pressure ulcers will pres-
ent with a shallow open red/pink wound bed, without slough 
or maybe an open/ruptured serum-fi lled blister. Theoretically, 
pressure ulcer trauma starts at the bony tissue interface and 
works outward, eventually manifesting as damage on the skin. 
Conversely, stage II lesions start at the epidermis or skin and can 
progress to deeper layers. Figure 3.20A shows a bloody fl uid-fi lled 
blister but it cannot be staged because the tissue under blister is 
not visible. Figure 3.20C shows the same wound as Figure 3.20A 
with the blister opened and it is now stageable.

EPUAP defi nes incontinence ulcers as “skin lesions not 
caused by pressure or shear.”122 This information is introduced 
here as a clarifi cation to reduce confusion and misdiagnosis 

of lesions in this category. Distinguishing features of lesions 
caused by incontinence include location (not necessarily over 
bony prominences), edema, wet skin, incontinence of urine or 
feces, and color (more purple)122 (Fig. 3.21).

Pressure ulcers with necrotic tissue fi lling the wound bed are 
full-thickness wounds, category/stage III or category/stage IV 
(Fig. 3.26B). Staging of pressure ulcers covered by eschar 
and necrotic tissue cannot be accomplished until removal of 
necrotic tissue allows for determination of the extent of depth 
of tissue involvement and are designated as “unstageable—
depth unknown” (Fig. 3.28C). They remain unstageable until 
viable tissue is observed at the base of the wound. Then they are 
staged based on the anatomical structures exposed. Likewise, 
with deep tissue injuries, associated with pressure, the level of 
tissue insult cannot be categorized/staged until the full impact 
of the lesion manifests. It is also diffi cult to defi ne stages in 

FIGURE 3.27 Diagram Suspected Deep Tissue Injury: Purple or maroon localized area of discolored intact skin or blood-
fi lled blister due to damage of underlying soft tissue from pressure and/or shear. The area may be preceded by tissue that is 
painful, fi rm, mushy, boggy, warmer, or cooler as compared to adjacent tissue. Further description: Deep tissue injury may 
be diffi cult to detect in individuals with dark skin tones. Evolution may include a thin blister over a dark wound bed. The 
wound may further evolve and become covered by thin eschar. Evolution may be rapid exposing additional layers of tissue 
even with optimal treatment. (Copyright © National Pressure Ulcer Advisory Panel. 2007.)

1/3

1
2

3

4

FIGURE 3.26 A: Diagram Stage IV: Full-thickness tissue loss with exposed bone, tendon, or muscle. Slough or eschar may 
be present on some parts of the wound bed. Often include undermining and tunneling. Further description: The depth of 
a stage IV pressure ulcer varies by anatomical location. The bridge of the nose, ear, occiput, and malleolus do not have sub-
cutaneous tissue and these ulcers can be shallow. Stage IV ulcers can extend into muscle and/or supporting structures (e.g., 
fascia, tendon, or joint capsule) making  osteomyelitis possible. Exposed bone/tendon is visible or directly palpable.  Copyright © 
(National Pressure Ulcer Advisory Panel. 2007.) B: Photo of category/stage IV pressure ulcer. Necrotic fatty tissue. (Copyright 
© C. Sussman.)

B
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FIGURE 3.29 Using the EPISCAN, pressure ulcers have been found to develop in the subcutaneous tissue over a hard 
prominence, typically a bone, and then spread out through the dermis to the epidermis, where at some point, an open 
wound often develops. Studies have shown that the early phases of pressure ulcer development can be used to initiate 
earlier and more targeted intervention, and that this can signifi cantly and cost-effectively reduce the occurrence of open 
pressure ulcers. (Copyright P. Wilson.)

patients with supportive devices because of the  diffi culty in 
accurately assessing the wound without removal of the devices. 
Finally, accurate, meaningful communication is diffi cult, 
because clinicians may not have the experience necessary to 
recognize the various tissue layers that identify the category, 
stage, or grade. In addition, clinicians may defi ne stages dif-
ferently. Staging requires practice and skill that develops with 

time spent examining wounds. The NPUAP has a  teaching 
aide for staging pressure ulcers available on its Web site www.
npuap.org.

We noted earlier that classifi cation systems are misapplied 
when used to monitor healing. This is as true for the NPUAP 
system as it is for other classifi cation systems. For example, a 
category/stage IV pressure ulcer cannot “heal” and become a 

FIGURE 3.28 A: Diagram Unstageable: Full-thickness tissue loss in which the base of the ulcer is covered by slough 
(yellow, tan, gray, green, or brown) and/or eschar (tan, brown, or black) in the wound bed. Further description: Until 
enough slough and/or eschar is removed to expose the base of the wound, the true depth, and therefore stage, cannot be 
determined. Stable (dry, adherent, intact without erythema or fl uctuance) eschar on the heels serves as “the body’s natu-
ral (biological) cover” and should not be removed. (Copyright © National Pressure Ulcer Advisory Panel. 2007.) B: Dia-
gram of unstageable pressure ulcer. (Copyright © National Pressure Ulcer Advisory Panel 2007.) C: Photo of Unstageable 
pressure ulcer. (Copyright © B.M. Bates-Jensen.)

C

Sussman_Chap03.indd   81Sussman_Chap03.indd   81 8/5/2011   12:23:10 PM8/5/2011   12:23:10 PM

http://www.npuap.org
http://www.npuap.org


82 PART I ■ Introduction to Wound Care

Grade 0 I II III

S

T A Preulcerative or postulcerative 
lesion; completely epithelialized

Superfi cial wound (not involving 
tendon, capsule or bone)

Wound penetrating 
to tendon or capsule

Wound penetrating to 
bone or joint

A B Infection Infection Infection Infection

G C Ischemia Ischemia Ischemia Ischemia

E D Infection and Ischemia Infection and Ischemia Infection and 
Ischemia

Infection and Ischemia

Reprinted with permission from Armstrong DG, Lavery L, Harkless LB. Validation of a diabetic wound classifi cation system: the contribution of depth, infection, 
and ischemia to risk of amputation. Diabetes Car PMID: 9589255 [PubMed - indexed for MEDLINE]. May 1998;21(5):855–859.

University of Texas, San Antonio Classifi cation3.5TABLE

category/stage II pressure ulcer. The purpose of staging pres-
sure ulcers is to document the maximum anatomic depth of 
tissue involved (after all necrotic tissue is removed) and to 
determine the extent of tissue damage only. Staging can also 
aid examination of the wound severity, but not wound healing.

The SWHT, PUSH, and the BWAT are tools for monitoring 
wound healing attributes described in Chapter 6.

Wagner Ulcer Grade Classifi cation
The Wagner Ulcer Grade Classifi cation system is used to estab-
lish the presence of depth and infection in a wound. This 
system was developed for the diagnosis and treatment of the 

CLINICAL WISDOM

Reverse Staging or Back Staging of Pressure Ulcers
Reverse staging or back staging of pressure ulcers is an inap-
propriate way to defi ne a healing wound. Once the ulcer is 
staged, the stage and wound severity diagnosis do not change; 
rather, correct terminology is healing stage II (or III or IV).

Grade Characteristics

0 Preulcerative lesions; healed ulcers; presence of bony deformity

1 Superfi cial ulcer without subcutaneous tissue involvement

2 Penetration through the subcutaneous tissue; may expose bone, tendon, ligament, or joint capsule

3 Osteitis, abscess, or osteomyelitis

4 Gangrene of digit

5 Gangrene of the foot requiring disarticulation

Copyright © 2011 by the American Orthopardic Foot and Ankle Society, Inc., originally published in Food & Ankle. 1981;(2):64–122 and 
reproduced here with permission.

Wagner Ulcer Grade Classifi cation3.4TABLE

dysvascular foot.118 It is commonly used as an assessment instru-
ment in the evaluation of diabetic foot ulcers, but is limited in 
its ability to identify and describe vascular disease and infection 
as independent risk factors.123 The system includes six grades, 
progressing from 0 to 5 in the order of severity of breakdown 
in the diabetic, neuropathic foot (Table 3.4). The 0 classifi cation 
evaluates for predisposing factors leading to breakdown; along 
with grades 1–3, it is used for risk management. Photos of the 
grades appear in Chapter 12.

The University of Texas Treatment-Based Diabetic 
Foot Classifi cation System
The University of Texas Treatment-Based Diabetic Foot 
Classifi cation System is a matrix of grades used for situations 
in which neuropathy is present and information is needed 
about infection, circulation (PVD), and the combination of 
infection and ischemia in order to assign risk and predict out-
come (Table 3.5).117 Each ulcer is given both a numeric grade 
(0–III) and an alphabetic stage (A–D). Letter “A” denotes wound 
depth. Other letters denote ischemia and infection categories. 
However, this system lacks consideration of biomechanics and 
neuropathy. Analysis of this system reveals that it is a better pre-
dictor of group outcome than of individual patient outcome.117 
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3.6TABLE

Color Indication

Red Clean; healing; granulation

Yellow Possible infection; needs cleaning; necrotic

Black Needs cleaning; necrotic

Data from Cuzzell JZ. The new RYB color code. American Journal of Nursing. 1988;88(10):1342-1346 And Stotts NA. Seeing red & yellow & black: the three color 
concept of wound care. Nursing. 1990;2:59–61.

Marion laboratories Red, Yellow, and Black Wound Classifi cation System

Therefore, this is the favored classifi cation system for neuro-
pathic ulcers.123

Marion Laboratories Red, Yellow, Black 
Classifi cation System
The Marion Laboratories system of classifi cation by color is 
popular because of its simplicity and ease of use. Three colors—
red, yellow, and black—are used to describe the wound’s surface 
color, with each color corresponding to specifi c therapy needs:89

• The red wound is clean, healing, and granulating.
• Yellow signals possible infection, the need for cleaning or 

debridement, or the presence of necrotic tissue.
• The black wound is necrotic and needs cleaning and 

debridement.

Red is considered the most desired characteristic, yellow is 
less desirable, and black is least desirable. If all three types are 
present, select the least desirable as the basis for treatment. 
Table 3.6 shows the red, yellow, and black classifi cation system 
with  clinical manifestations. Examples of wounds that would be 
classifi ed as red, yellow or black are shown accompanying the 
NPUAP staging diagrams.

WOUND SEVERITY DIAGNOSIS

The more tissue layers that a wound penetrates, the more severe 
the wound is considered. This wound severity diagnosis infl u-
ences further wound assessment strategies and treatment deci-
sions. It can also be used to predict healing time and risk for 
nonhealing and complications, which in turn infl uences pre-
diction of length of stay and reimbursement. For example, a 
category/stage IV pressure ulcer requires more care and a lon-
ger length of stay than does a category/stage II pressure ulcer, 
and the risk of complications is greater.

Wound severity diagnosis statements for all wound care cli-
nicians are similar, in that all use diagnoses that refl ect impair-
ments of the involved tissues. In medicine, wound diagnoses 
are made based on identifi ed pathological conditions such as 
venous ulcer or diabetic ulcer.

Nurses use nursing diagnoses to classify skin and tissue 
impairments, and to assist with developing care plans for wound 
care patients. Nursing diagnoses are expressed as specifi c diag-
nostic statements that include the diagnostic category and the 
“related to” stem statement. For example, impaired tissue integrity 
is a broad diagnosis that would be correctly applied to category/

stage III and category/stage IV pressure ulcers. Impaired skin 
integrity is a subcategory that correctly applies to partial-thick-
ness or full-thickness loss of skin. Impaired skin integrity should 
not be used as a diagnosis for surgical incisions or deep tissue 
wounds. The diagnosis of risk for infection related to  surgical inci-
sion is more appropriate, because of the disruption of the skin 
during surgery, making it more vulnerable to infection.

The “related to” stem statements aid in communicating with 
other health-care professionals and planning care by target-
ing the defi ning characteristics for the diagnostic statement. 
For example, the diagnosis statement impaired skin integrity 
would be followed by a statement such as impaired skin integrity 
related to friction and moisture from urinary incontinence. For 
nurses, the “related to” stem statement usually refl ects etiologic 
factors in wound development and directs the plan of care and 
specifi c interventions.124

PTs also use wound severity diagnoses that relate to depth of 
wound penetration. Wound diagnosis statements include a stem 
statement that indicates depth of skin involvement, such as super-
fi cial skin involvement or partial-thickness skin involvement and 
scar formation, full-thickness skin involvement and scar formation, 
or involvement extending into fascia, muscle, or bone. An example 
of a complete statement is impaired integumentary integrity sec-
ondary to partial-thickness skin involvement and scar formation.125 
The statement refers to the functional impairment of the skin 
and different tissues, which has implications for disability.

The concept that the depth of tissue involvement or wound 
stage is a measure of wound severity is regularly accepted by all 
health-care disciplines, and this concept is used to select exami-
nations, plan treatment, and predict functional outcomes.

EVALUATION OF WOUND HEALING STATUS

This section explains how to evaluate the status of wound 
 healing. Chapter 2 presents acute and chronic wound healing 
physiology; therefore, you may wish to review pertinent sec-
tions for explanation of the mechanisms that may underlie your 
assessment fi ndings. After the assessment, you will be able to 
determine a wound healing phase diagnosis; that is, a diagnosis of 
the functional status of healing based on the phase of the wound 
at the time of the assessment.126 The wound healing phase diag-
nosis is useful to demonstrate medical necessity for advanced 
interventions, which are described shortly. (See Table 3.7).

Wound healing begins with the infl ammatory phase, pro-
gresses to the proliferative phase and epithelialization phase, 
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and then enters the remodeling phase. Careful assessment of 
the wound and periwound tissue establishes the present, pre-
dominant wound healing phase, which is the primary “phase 
diagnosis” for the wound at that time.

Identifying the Aspect of the Wound Healing Phase
In order to determine the phase of wound healing, you need to be 
able to recognize the signs and symptoms of the three potential 
aspects of each phase: acute (progressing), chronic (“stuck” or 
plateaued), and absent (not apparent). Each aspect of each phase 
has benchmarks that are indicators of the phase status. There are 
also benchmarks that signify transition to the next phase(s) or 
absence of the subsequent phases(s). Tables 3.7 through 3.10 list 
the wound healing phase diagnoses and related wound healing 
phase benchmarks, which are also discussed in more detail below.

Acute Aspect
As normal acute wounds heal, there is an orderly, timely over-
lapping progression through the wound healing phases: infl am-
matory to proliferative/epithelialization, to remodeling.

Chronic Aspect
Failure of the orderly, timely progression of healing through the 
successive phases results in a chronic wound. Chronic wounds 
can fail to initiate or stall in any phase of wound healing. When 
a wound stalls, plateaus, or simply gets stuck in one wound 
healing phase, the wound becomes chronic with respect to that 
phase. For example, wounds that experience repeated trauma 
from dressing changes or debridement often become stuck in 
the infl ammatory phase of wound healing. This phase diagno-
sis would be chronic infl ammatory phase. Another example is 
the wound that fi lls with granulation tissue but does not stop 
proliferating, instead going on to form hypergranulation  tissue 
(Fig. 3.42). At this point, the wound appears stuck building the 
collagen matrix and is unable to progress to  remodeling. This 
wound is in the chronic proliferative phase. A fi nal example is the 
wound with chronic scar formation, such as with  hypertrophy or 
keloid scars (Figs. 3.5 and 3.6) that do not stop  laying down colla-
gen and progress to remodeling. This is chronic epithelialization.

Absent Aspect
The wound that fails to pass through a wound healing phase lacks 
attributes of that phase and is referred to as being in the absence 

of infl ammatory phase, absence of proliferative phase, or absence 
of epithelialization phase (see Fig. 3.2). Wounds that fail to prog-
ress through a wound healing phase differ from those that get 
stuck or exhibit characteristics of chronicity in a phase. Wounds 
that lack an infl ammatory response, for example, do not dem-
onstrate signs of infl ammation, whereas wounds with chronic 
infl ammation show signs of a continued infl ammatory response. 
Absence of the wound healing phase indicates that the wound 
has not initiated the phase, for whatever reasons (e.g., lack of 
circulation). Absence of the wound healing phase signifi es either 
the inability to heal or the need for help from an intervention to 
initiate the acute phase, leading to progression through phases 
(e.g.,  reperfusion through surgical intervention, debridement of 
senescent cells, or enhanced blood fl ow from a physical agent).

Identifying the Wound Healing Phase Diagnosis
Since phases overlap, benchmarks for multiple wound healing 
phases can be apparent at the same time. But as noted earlier, 
if the wound is transitioning from one phase to the next, the 
wound healing phase diagnosis is defi ned by the predominant 
phase appearance.

Infl ammatory is the wound healing phase diagnosis if the 
identifi ed attributes of acute or chronic infl ammation are at 
least 50% to 75% of what would be expected (Figs. 3.13, 3.17, 
3.18 and 3.34). Although a wound in the chronic infl ammatory 
phase is also in absence of the proliferative phase and absence 
of the epithelialization phase, the chronic infl ammatory phase 
would be the primary wound healing phase diagnosis.

When the wound attributes of the acute infl ammatory phase are 
less than 50% of what are expected and there is signifi cant prolifer-
ation of granulation tissue in the wound bed, the primary wound 
phase diagnosis changes to the proliferative phase (Fig. 3.31B). A 
wound healing phase diagnosis of acute proliferative phase means 
that most (50% or greater) of the wound surface appearance attri-
butes (granulation tissue and  contraction) are observed.

A diagnosis for a wound “halfway” between the infl amma-
tory and proliferative phases exists: If less than 50% of the pro-
liferative phase attributes are identifi ed, the wound is primarily 
in an infl ammatory phase and has not yet reached the prolif-
erative phase for diagnostic purposes. The diagnosis would be 
written infl ammatory phase/proliferative phase. Some clinicians 
call this late infl ammatory or early proliferative phase.

Wound Healing “Phase Diagnosis” and Prognosis3.7TABLE

Wound Healing Phase

Acute Wound Healing 

“Phase Diagnosis”

Chronic Wound Healing “Phase 

Diagnosis”

Absence of Wound Healing “Phase 

Diagnosis”

Infl ammatory Acute infl ammatory Chronic infl ammatory Absence of infl ammatory

Proliferative Acute proliferative Chronic proliferative Absence of proliferative

Epithelialization Acute epithelialization Chronic epithelialization Absence of epithelialization

Prognosis Orderly, timely progres-
sion through phases of 
healing

Reinitiate acute phase, then prog-
ress through phases of healing. 
Progress to a clean, stable wound.

Initiate healing phase, if able, and progress 
through phases. Or progress to a clean, 
stable wound. If unable to initiate healing 
phase, refer.

Outcome Healed wound Healed wound clean stable wound
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A wound phase diagnosis of epithelialization phase is based on 
fi ndings that the wound is resurfacing. Partial-thickness wounds 
that are resurfacing from the middle or edges are in the epithe-
lialization phase. Wounds that are greater than 50% attached at 
the edges and do not have steep walls that are epithelializing also 
are diagnosed as being in the epithelialization phase (Fig. 3.31C). 
Wounds in the acute epithelialization phase have an excellent 
prognosis for healing, whereas wounds in the chronic epitheli-
alization phase need an intervention to restart the healing pro-
cess. The prognosis then would be that the wound will heal with 
intervention. Wounds that have absence of the epithelialization 
phase of healing are at high risk for nonhealing unless contrib-
uting conditions can be altered, e.g., by reperfusion, application 
of moisture-retentive dressings, or stimulation with biophysical 
agents, as described in Part IV of this text.

ASSESSING WOUNDS IN THE INFLAMMATORY 
PHASE

Assessment of the periwound and wound tissues during the 
infl ammatory phase includes four categories of wound attributes:

• Adjacent and periwound tissue appearance
• Wound bed tissue appearance (color and texture)
• Wound edges
• Exudate characteristics (odor, type, and quantity)

In this section, the attributes of the wound and the peri-
wound tissues that serve as benchmarks of the phase are 
described during acute infl ammation, chronic infl ammation, 
and absence of infl ammation. Figures 3.30 and 3.41A,B show 
a wound that went from the chronic infl ammatory phase to the 

acute infl ammatory phase and subsequently progressed to the 
proliferative and then to epithelialization and remodeling phase.

Acute Infl ammation
Signs of acute infl ammation (e.g., erythema, pain, edema, 
heat, loss of function) often extend well beyond the imme-
diate wound and periwound tissues into adjacent tissues. 
Initially, they indicate a healthy response and are a prerequi-
site to normal healing. Use the characteristics observed during 
acute infl ammation as a reference point for the evaluation of 
impaired responses.

Adjacent and Periwound Tissue Assessment
The major attributes of adjacent and periwound tissues that 
are observed and palpated in the infl ammatory phase are color, 
fi rmness/texture, temperature, and pain.

Skin Color

Erythema is one of the classic characteristics of the acute infl am-
matory phase. Initially, the adjacent skin can be erythematous 
due to reactive hyperemia. Erythema may not be evident in 
individuals with darkly pigmented skin (see previous discus-
sion on skin color attributes). Reddened skin with streaks lead-
ing away from the area can indicate cellulitis, a skin infection. If 
observed, check the patient’s history for fever, chills, history of 
recurrent cellulitis, or medications being used to treat the con-
dition. If no treatment has been initiated, these fi ndings should 
be reported immediately to a physician.

Edema and Induration
The edema of the acute infl ammatory phase is localized and 
brawny. It feels fi rm and distorts the swollen tissues, causing the 
skin to become taut, shiny, and raised from the contours of the 
surrounding tissues. This edema results from trauma (e.g., pres-
sure ulcers, burns, and surgical debridement) and is related to the 
release of histamines. Histamines cause vasodilation and increase 
vascular permeability, resulting in the movement of fl uid in the 
interstitial spaces. Edema is usually accompanied by pain.

Induration is abnormal hardening of the tissue at the wound 
margin from consolidation of edema in the tissues. To test for 
induration, attempt to pinch the tissues gently; if induration 
is present, the tissues cannot be pinched. Induration follows 
refl ex hyperemia or chronic venous congestion.74

Skin Temperature

Skin temperature should be tested as previously described. 
During acute infl ammation, expect the temperature of the 
wound and adjacent tissues to be the same. As healing pro-
gresses, the temperature of the adjacent wound tissue will gradu-
ally decline, and the area of increased temperature will narrow.109

Pain

Chapter 22 is devoted to wound pain with specifi c assessment 
guidelines. Therefore, this discussion is very limited. Assess 
spontaneous or induced pain in the adjacent tissues by pal-
pation or patient/family report, or both. Quantify using an 
accepted pain scale like the visual analog scale. Pain can indi-
cate infection or subcutaneous tissue damage that is not visible, 
such as in pressure ulcers or vascular disease. Report of the sud-
den onset of pain accompanied by edema in a leg is a common 

5
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1

2

FIGURE 3.30 Traumatic wound in acute infl ammatory phase. Note: 
(1) Adjacent tissue erythema, (2) Periwound erythema, (3) Hemor-
rhagic tissue, (4) Sanguinous drainage, (5) Location over anterior 
tibia, (6) Classifi cation: full thickness. (Copyright © A. Myer.)
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10/2 – AL

A

11/20 – AL

B

1/16    AL

C

3/31    AL

D

FIGURE 3.31 A: Chronic wound: converted to acute infl ammatory phase. This is a sacral wound with stringy, yellow 
slough evident. Note example of epidermal ridge formation of wound edges. Predominant wound healing phase diagnosis: 
acute infl ammatory/proliferative phase. Wound severity diagnosis: impaired integumentary integrity secondary to skin 
involvement extending into fascia, muscle, and bone (Stage IV pressure ulcer). B: Same wound as in (A), progressing 
through the proliferative phase. The wound is contracting and proliferating. Note changes in size, shape, and depth, as well 
as new healthy granulation tissue compared with (A). C: Note sustained wound contraction. Note epithelialization and 
proliferative phases. D: The wound is completely resurfaced and is in the remodeling phase. (Copyright © C. Sussman.)
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4

5 6

FIGURE 3.32 Full-thickness skin resected from calf. Note: (1) Vascularized dermis; (2) Yellow, 
healthy fat tissue; (3) White fi brous fascia; (4) Dark red muscle tissue; (5) Tendon covered with 
peritenon; (6) Blood vessel. (Copyright © J. Wethe.)
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indicator of deep vein thrombosis and wound infection. Pain in 
the calf or during palpation over a vein accompanied by unilat-
eral edema is an indicator of thrombophlebitis, and immediate 
referral is required. The absence of pain in an obviously infected 
or infl amed wound should be investigated as an indication of 
neuropathy and the need for further assessment of sensation.

Wound Bed Tissue Assessment
Assess the wound bed for depth, undermining and tunneling, 
and exposure of subcutaneous and deeper tissues.

Depth

A partial-thickness skin loss creates a shallow  crater that looks 
red or pink, or shows the yellow reticular layer—a thin, yellow, 
mesh-like covering that constitutes the deep layer of the dermis 
(Fig. 3.12). If the crater is bright and shiny, it is healthy and viable 
and should be left intact. Refer back to Chapter 2 and Figure 3.38 
to view the anatomy of the tissues deep to the skin. If the wound 
penetrates through the dermis into the subcutaneous tissue, 
it will appear as though it contains yellow fat (such as chicken 
fat) or white connective tissue, called fascia. Fascia covers and 
wraps around all muscles, tendons, blood vessels, and nerves. 
Wounds that extend through the subcutaneous tissue into the 
muscle can have a pink or dark red appearance with a shiny 
layer of fascia on top.

Undermining and Tunneling

Excavation of the subcutaneous tissues during debride-
ment creates a “cave,” or undermining, of the wound edges. 
Undermining can lead to separation of fascial planes 
(Figs. 3.4A,B and 3.33). Muscles lie together in bundles that 
are held together by fascia; when the fascia is cut, the muscle 
bundles separate. Separation of the fascial layers opens tun-
nels along the fascial planes between the muscles under the 
skin. Tunnels can join together and form sinus tracts (Fig. 
3.16B). Infection can travel through these tunnels, leading to 
abscess.

Exposure of Subcutaneous and Deeper Tissues

When debriding or treating deep or undermined wounds, it is 
likely that muscle tissue or tendons will be exposed. Muscle tis-
sue can be identifi ed by appearance (striated) and by activity 
(it jumps or twitches when palpated). Muscles are connected to 
bones by tendons. These are rope-like structures covered with 
a sheath of white fascia called peritenon. Sparing the peritenon 
during wound care procedures facilitates the growth of new 
granulation tissue over the intact peritenon.

Penetration of a wound into a joint can expose several ana-
tomic structures, including ligaments, which are white and 
striated; joint capsule, which is white and shiny; and cartilage, 

which is white, hard, and smooth, and is located on the ends of 
bones. Bone is white and hard, and covered with a clear or white 
membrane called periosteum. Loss of peritenon or periosteum 
will compromise a skin graft. Wounds that can be probed to 
bone are considered to have osteomyelitis, and immediate refer-
ral is warranted.

Assessment of Wound Edges
Palpate wound edges for fi rmness and texture. Observe the mar-
gins for curling. During acute infl ammation, the wound edges are 
often indistinct or diffuse as in Fig. 3.30, and they change shape 
as wound contraction and epithelialization begins to cover the 
wound surface. Wound edges can be attached to the wound base 
or separated from it, forming walls with the base of the wound at 
a depth from the skin surface as in Fig. 3.33. This is considered a 
key factor in wound resurfacing. When undermining occurs, the 
wound edge is not attached, and epithelialization cannot advance, 
because the keratinocytes are unable to advance across the gap. 
Repetitive injury to the wound edges can cause them to become 
fi rm, fi brotic, and indurated; this in turn can affect the ability of 
epithelialization to progress.68 Figure 3.35A–D shows examples 
of wound edges. Chapter 5 has detailed descriptions of different 
types of wound edges.

Assessment of Wound Drainage
Wound drainage during the acute infl ammatory phase is an 
indication of the status of the clotting mechanisms and infec-
tion. During assessment, record the presence or absence, color, 
odor, quantity, and quality of the wound drainage.

Wound drainage that contains proteins, dead cells, and 
debris is called exudate and is typically brown or grey, although 
it may be viscous and look like pus (Fig. 3.36A,F). Bloody exu-
date is called sanguineous drainage. Sanguineous wounds may 
have impaired clotting due to anticoagulant or antiplatelet 
pharmaceutical products (e.g., aspirin or Plavix) or disease 
processes such as hemophilia. A medical history, including a 
pharmacologic history, and systems review are indicated to 
determine the causes of the sanguineous drainage (Fig. 3.36F). 

CLINICAL WISDOM

Excessive Infl ammatory Signs and Infection
Excessive signs of acute infl ammation should be considered 
a signal of impending wound infection.127

1

FIGURE 3.33 Cave, or undermining, of the wound edges. Note the 
shelf. (Copyright © C. Sussman.)
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Wound Bed Tissue Assessment
In wounds in the chronic infl ammatory phase, necrotic tissue 
usually covers all or part of the wound surface. Necrotic tissue 
varies in color and may be black, yellow, tan, brown, or gray. 
Soft necrotic tissue, such as fi brin or slough, can be present in 
the wound bed. Fibrin forms on the wound surface of venous 
ulcers. Slough is necrotic fat and fascia adhering to the layer 
beneath it. See Figures 3.17, 3.26B, 3.28C, 3.38, and 3.39 for 
different appearances of necrotic tissue.

During assessment, record the presence and color of necrotic 
tissue. Wounds that are in the chronic infl ammatory phase of 
healing often have a combination of several attributes. For 
example, a wound can have black and yellow necrotic  tissue, 
as well as pink granulation tissue or healthy muscle tissue 
(Fig. 3.34) and sanguinous drainage.

In wounds that are chronically infl amed, a portion of the 
wound surface is often in the proliferative phase with granula-
tion tissue present, but the proliferation fails to progress pos-
sibly due to infection. Not all pink tissue is granulation tissue: 
muscle tissue that lies beneath newly removed necrotic tissue is 
pink or dark red.

Signs of acute infl ammation may be absent. If, however, 
cellulitis or other infection is present, streaks of redness will 
often be seen in the periwound and adjacent skin extending 
away from the wound, and pain can become intense (Fig. 3.37). 
Signs and symptoms of systemic infection that can lead to sep-
sis include fever of 101°F (39.4°C) or higher; chills; manifesta-
tion of shock, including restlessness, lethargy, and confusion; 
and decreased systolic blood pressure.89 These are red fl ags that 
require immediate medical follow-up.

Chronic Wound Drainage
Prolonged, chronic infl ammation is the result of a bacteria-
fi lled wound.128 When there is a high bacterial count (>105), 
signs of active infection are seen. Wound drainage characteris-
tics, including color, odor, and volume, are often used as indi-
cators of active wound infection. During assessment, record the 
presence or absence, color, odor, and quantity of exudate. The 
BWAT includes a nominal Likert scale to rate each one of these 
aspects. (See Chapter 5).

Exudate Color

Exudate color can suggest the type of infection. Normally, 
wound exudate is serous—a clear or light-yellow fluid. 
Exudate from an infected wound can be yellow, tan, brown, 
or green. Wound drainage that has a yellow/gray or green 
color, has a foul odor, and/or is viscous, is commonly 
referred to as pus. Pus is a result of the demise of neutro-
phils after they have phagocytosed debris and excessive 
bacterial loads. Green exudates are usually associated with 
an  anaerobic infection. The wound dressing should be 
 examined after removal for evidence of the attributes of the 
wound exudate (Fig. 3.36A–F).

Exudate Odor

Not all malodorous exudate signifi es infection. The odor can 
result from solubilization of necrotic tissue by enzymatic 
debriding agents or autolysis. In assessing exudate odor, begin 
by cleansing exudate from the wound to determine whether the 

Copious or persistent  sanguineous drainage should be reported 
to a physician immediately, as it may be a sign of internal 
bleeding.

In contrast, clear fl uid drainage is called transudate. The 
presence of transudate indicates diffusion of plasma fl uid from 
the blood into the surrounding tissues. Serous transudate is 
a clear yellow fl uid that exudes from the wound. It is usually 
odorless, and is present in varying amounts during the infl am-
matory phase (Fig. 3.36B,E).

Chronic Infl ammation
Infl ammation that persists for weeks or months is referred 
to as chronic (or persistent). Chronic infl ammation occurs 
when the macrophages and neutrophils fail to phagocytose 
necrotic matter, ingest foreign debris, and fi ght infection.128 
Therefore, necrotic matter and foreign debris is typically found 
in the wound bed. Chronic infl ammation is also related to the 
release of histamine from the mast cells and refl ex hyperemia 
associated with vasodilation of the surrounding vasculature. 
Repeated trauma to a wound can also develop into chronic 
infl ammation.

Adjacent and Periwound Tissue Assessment
Chronic infl ammation in the periwound area appears as a halo 
of erythema in lightly pigmented skin and a dark halo in darkly 
pigmented skin. The latter may be easily mistaken because of 
its similar appearance to hemosiderin staining. Arterial ulcers 
over the malleolus and pressure ulcers are frequently seen with 
a halo of erythema, but they lack the blood fl ow to progress the 
wound (Fig. 3.37).

There is minimal temperature change or cooling, compared 
with adjacent uninjured tissues. Edema may prompt some 
minimal fi rmness in the periwound tissues. Usually, the pain 
response is minimal. Intense pain may be associated with arte-
rial vascular disease or infection.

1

2
3

FIGURE 3.34 Chronic infl ammatory phase. Note the following wound 
characteristics: (1) Sanguineous drainage, (2) Muscle exposure, 
(3) Hemosiderin staining surrounding the wound. (Copyright © B.M. 
Bates-Jensen.)
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FIGURE 3.35 Wound edges. A: Absence of proliferative phase. Wound 
with no epithelialization present. The wound is clean, but nonprolif-
erating. B: Same wound as in Figure 3.41A. Wound is in acute pro-
liferative phase with evidence of new epithelial migration. indicating 
wound improvement. C: There is an absence of the epithelialization 
phase due to chronic fi brosis and scarring at the wound edge. Edges 
achieve a unique, grayish hue in both dark and lightly pigmented skin. 
Note rolled and thickened attributes. Chronic proliferative phase. D: 
Example of knowledge gained from careful examination of the wound 
edge. This is a chronic, deep ulcer that does not bleed easily. Wound is 
in chronic proliferative phase. Note: (1) New pressure-induced dam-
age (hemorrhage), (2) Maceration from wound fl uid, (3) Friction 
injury with signs of infl ammation. (Copyright © B.M. Bates-Jensen.)
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1

2

B

FIGURE 3.36 Assesment of wound Drainage. A: Wound appears “clean,” but it is in the chronic proliferative phase. 
The quantity of exudate is determined by the amount of dressing saturated by the drainage. Note: (1) Moderate to large 
amount of sanguineous exudate, (2) Moderate to large amount of purulent exudate. Evaluate for infection. B: Wound 
with packing still present. Note: (1) Moderate amount of serous exudate on dressing, (2) Green color of exudate sug-
gests possible infection. C: Wound with composite dressing shows scant amount of serous exudate. Wound is in chronic 
infl ammatory phase. There is an absence of proliferative phase. Wound is stage III pressure ulcer. D: Wound with com-
posite dressing. Dressing shows scant amount of serosanguineous exudate. The wound bed shows a gelatinous mass that 
may be gelatinous edema. Bright pink skin is scar tissue. Evaluate for trauma. (Copyright © C. Sussman.) 
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FIGURE 3.36 (continued ) E: Large amount of serous drainage. Note: (1) Drainage fl ows into secondary dressing; (2) 
Green tinge to edges of dressing, suggesting anaerobic infection (e.g., pseudomonas). Monitor for a degenerative change 
in exudate type from present serous to purulent (e.g., greener, thicker, and more opaque). F: Large amount of purulent 
exudate. Note: (1) Thick, opaque, cloudy appearance; (2) Green and red color. Assess for odor. (Copyright © C. Sussman.)

Sussman_Chap03.indd   91Sussman_Chap03.indd   91 8/5/2011   12:23:52 PM8/5/2011   12:23:52 PM



92 PART I ■ Introduction to Wound Care

odor is transient or internal. If enzymatic or autolytic meth-
ods of debridement are used, the odor and debris should be 
removed by cleansing. If odor remains, or the exudate that is 
expressed from the wound or adjacent tissues has color or odor, 
consider infection. Check for other symptoms of infection, 
such as heat, fever, and lethargy (Refer to chapter 18.)

Exudate Volume

Exudate volume is considered an indicator of wound outcome.70 
Estimate the amount of wound exudate as scant/minimal, 
small, moderate, or large/copious from examining the wound 
dressing or by expressing it from the wound. The absence of 
exudate or dryness of the wound bed can indicate desiccation 
and the need for adding moisture (Fig. 3.36D).

Gelatinous Edema
Following a secondary trauma to the wound bed, such as sharp 
or enzymatic debridement, leaking plasma proteins from the 
damaged or irritated capillaries can allow moisture to accumu-
late and form an opaque, gelatinous mass visible in the base of 
the wound. The edematous mass contains many substances, 
all of which contribute to sustaining the chronic infl ammatory 
response. This gelatinous edema is considered a benchmark 

1

3 & 4

2

FIGURE 3.37 Classic ischemic ulcer. Note: (1) Chronic infl ammation 
with cellulitis; (2) Punched-out, ulcer edges; (3) covering of dry, black 
eschar; (4) Location over lateral malleolus. (Copyright © C. Sussman.)

FIGURE 3.38 Soft, soggy, black eschar in the absence of an infl amma-
tory phase. Typical location and butterfl y shape associated with a Ken-
nedy Terminal Ulcer. (Copyright © B.M. Bates-Jensen.)

FIGURE 3.39 Chronic wound with yellow, mucinous slough. (chronic 
wound exudate) (Copyright © C. Sussman.)

RESEARCH WISDOM

Wounds with early signs of infection are treated with a 
regimen of oral antibiotics for 2 to 4 weeks, and those that 
have late healing signs of infection are treated with topical 
antibiotics.129 The prognosis is that the wound will resume 
progression through the phases of healing following inter-
vention with antibiotics.

All chronic wounds are colonized with bacteria; however, 
at times the bacteria overwhelm the host and become criti-
cally colonized and progress to infection. During assessment, 
the clinician will identify certain attributes that may be indi-
cators of infection. Cutting and Harding did an extensive 
literature review to determine criteria suggesting wound 
infection in granulating wounds.130 These include

●  Delayed or stalled healing compared with the norm for the 
site or condition

● Discoloration of the granulation tissue
● Friable granulation tissue that bleeds easily
● Unexpected pain or tenderness
● Pocketing at the base of the wound
● Bridging of the soft tissue
● Abnormal smell
● Wound breakdown

Sibbald et al. developed a mnemonic guide that parallels 
the same indicators of chronic bacterial damage identifi ed by 
Cutting and Harding and called this system NERDS (non-
healing, exudate, red friable granulation tissue, necrotic debris 
and/or smell). Three or more of these attributes are consid-
ered positive indicators of infection in chronic wounds.131 
However, symptoms of deep infection more closely refl ect 
classic signs and symptoms of infection. Chapter 18 is 
devoted to management of wound excudate and infection.
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CLINICAL WISDOM

Distinguishing Granulation Tissue from Muscle
To distinguish granulation tissue from healthy muscle, 
 palpate the tissue with a gloved fi nger. Granulation tissue 
feels soft and spongy. It will not “jump” if pinched, but it 
may bleed. Muscle tissue is fi rm and resilient to pressure. It 
will jump or twitch if pinched or probed.

of the chronic infl ammatory phase, and should be recorded if 
present (Fig. 3.36C).132

Absence of Infl ammation
Absence of the infl ammatory phase, or the inability of the 
body to present an immune response to wounding, can be 
due to many causes, including an immune-suppression state 
(e.g., HIV infection/AIDS, cancer, diabetes, drug or radia-
tion therapy, overuse of antiseptics, and severe ischemia). The 
absence of an infl ammatory response prevents the wound 
from progressing through the biologic cascade of repair. It is 
different from chronic infl ammation, with distinct signs and 
symptoms.

Lack of tissue perfusion is a common cause for an absent 
infl ammatory phase. For example, a patient with an ulcer on 
an ischemic foot with an eschar over a wound on the heel has 
an absence of infl ammation. Lack of perfusion is a barrier to 
 healing. Unless reperfusion is an option, it may not be possible 
or appropriate in such a case to remove the eschar. In this case, 
the eschar is nature’s best protection from the entry of infec-
tion. Protection of the eschar and the limb from trauma to 

1

FIGURE 3.40 Severe arterial ischemic disease with multiple ischemic ulcers below the ankle bilaterally. There is an 
absence of the infl ammatory phase with hard, dry, black eschar covering. Note trophic changes on foot, evidence of 
scaling. Do not debride. (Copyright © E. Fowler.)

prevent opening of the body to infection and new wounding 
is the preferred treatment strategy (Fig. 3.40).71 In order for the 
wound to heal, interventions are necessary to restart the infl am-
matory response. However, because of the comorbidity related 
to the problem, palliative care would be the best option.

Adjacent and Periwound Tissue Assessment
The absence of an infl ammatory phase is recognized by the 
absence of a vascular response to wounding, including the absence 
of color changes in the periwound skin and the absence of tension 
or hardness. However, there may be a boggy feeling and mini-
mal temperature difference or coolness compared with adjacent 
tissue. Minimal pulses are palpable. Such fi ndings should trigger 
further investigation of the vascular status of the patient.

Wound Bed Tissue and Drainage Assessment
Wound bed tissue can be covered with hard, dry eschar to seal 
off debris and infection from the wound (Fig. 3.40).

Wound drainage can be scant, or the tissues can be dry. 
Dryness can be due to hemostasis sealing off the blood sup-
ply to the tissues without adequate perfusion to progress the 
healing, ischemia reperfusion injury, or improper treatment. 
Table 3.8 summarizes the fi ndings during the infl ammatory phase.

ASSESSING WOUNDS IN THE PROLIFERATIVE 
PHASE

Like the infl ammatory phase, the proliferative phase can be 
described with three aspects: acute, chronic, or absent.

• The acute proliferative phase is the active biologic process of 
proliferation, including extracellular matrix (ECM) synthesis, 
granulation tissue formation and degradation, and wound 
contraction.
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Periwound Skin and Wound 

Tissue Characteristics Acute Infl ammatory Phase Chronic Infl ammatory Phase Absence of Infl ammatory Phase

Periwound skin color •  Unblanchable erythema 
in light-skinned patients

•  Discoloration or deepen-
ing of normal color in 
darkly pigmented patients

•  Ecchymosis (purplish 
bruising)

•  Halo of erythema or 
darkening

•  Hemosiderin (rust-brown) 
staining

•  Hemosiderin staining
•  Ecchymosis

•  Pale or ashen skin color
•  Absence of erythema or darkening
•  Hemosiderin staining
•  Ecchymosis

Edema and induration •  Firmness
•  Taut, shiny skin
•  Localized swelling
•  Consolidation (hardness) 

between adjacent tissues
•  Gelatinous edema may be 

seen on wound tissue

•  Minimal fi rmness
•  Absent
•  May feel boggy

Tissue temperature •  Elevated initially, 
decreases as infl amma-
tion progresses

•  Minimal change or coolness •  Minimal change or coolness

Pain •  Present; wound is tender 
and painful unless neu-
ropathy is present

•  Minimal pain unless arterial 
etiology or infection, then 
can have intense pain

•  Minimal or no pain unless arterial 
etiology, then can have intense 
pain

Wound tissue •  Blister with clear or 
bloody fl uid

•  Shallow or deep crater 
with red to pink color

•  Red muscle
•  White, shiny fascia
•  Yellow reticular layer of 

dermis with granulation 
buds

•  Necrotic; varies in color 
from yellow to brown to 
black

•  Necrotic tissue covering full 
or partial surface area

•  Soft or hard necrotic tissue
•  Yellow fi brin or slough
•  Portion of wound can have 

granulation tissue
•  Can also appear as clean, 

pale pink

•  Covered with hard, dry eschar
•  Necrotic; varies in color from yel-

low to brown to black
•  Scab

Undermining/tunneling •  Can be present in deep 
wounds

•  Has potential for infection 
and abscess

•  Can be present in deep 
wounds

•  Has potential for infection 
and abscess

•  Can be present in deep wounds
•  Has potential for infection and 

abscess

Wound edges •  Diffuse, indistinct; can 
still be demarcating from 
healthy tissues

•  Distinct; edges can be rolled 
or thickened

•  Is not continuous with 
wound bed if deep wound 
cavity

•  Has distinct, well-defi ned wound 
edges

•  Can be attached to necrotic tissue

Wound drainage •  Serous or serosanguineous •  Infection
•  Viscous
•  Malodor
•  Pus (yellow, tan, gray, or 

green)
•  Moderate to large amount

•  Scant or dry

Wound Healing Phase Diagnosis: Aspects of Infl ammatory Phase3.8TABLE
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• The chronic proliferative phase is characterized by a wound 
that is stuck in the proliferative phase, hyperproliferating, 
or not progressing to the next phase of epithelialization and 
remodeling.

• Absence of the proliferative phase is characterized by a wound 
bed that lacks signs of ECM development or is not contract-
ing (see Fig. 3.35A).

Assessment of each of these three aspects of the prolifera-
tive phase is described next, using the same four categories of 
wound attributes discussed for the infl ammatory phase: adja-
cent and periwound tissue, wound bed tissue, wound edges, 
and wound drainage.

Acute Proliferative Phase
Signs of acute proliferation indicate a healthy response and 
normal healing. They are also benchmarks against which to 
evaluate impaired responses.

Adjacent and Periwound Tissue Assessment
During the acute proliferative phase, periwound skin regains 
color and contour symmetry with that of adjacent skin 
(i.e., edema is resolved). With recovering chronic wounds, 
however, you will likely see hemosiderin staining (pigmenta-
tion) around the wound margins (Fig. 3.41B). Ecchymosis 
should be resolved. Skin turgor is normal and is not stretched 
or taut because the edema and induration are resolved (absent). 
Firmness is absent or minimal.

Periwound skin temperature, when palpated or measured 
with an LCD skin thermometer, is the same as the adjacent 
skin or slightly elevated, due to the enhanced perfusion of 
tissues and higher metabolic activities associated with heal-
ing. A temperature gradient of 4°F or greater indicates 
 infl ammation and possible infection, and further evaluation 
is needed.

Minimal pain is experienced during this phase. Pain may be 
entirely absent in patients with neuropathy. Sudden onset of 
pain suggests possible infection.

As previously described, wound undermining and  tunneling 
occurs following debridement of the skin and subcutaneous 
tissue (Fig. 3.33). The extent of undermining or  tunneling 
is a measure of the total soft tissue involved in the wound. 
Tunneling may be unobservable from the surface and yet have 
a great extent, as shown in Figure 3.16A,B of the same wound. 
In the proliferative phase, undermining and tunneling close 
as the tissues reestablish continuity during the laying down 
of the collagen matrix and granulation tissue (Fig. 3.41A,B). 
Reduction of the extent of undermining/tunneling is a measure 
of the progression of proliferation and reduced overall wound 
size. Record fi ndings of undermining and tunneling as part of 
the tissue assessment. If the tunneling extends beyond approxi-
mately 15 cm, notify the physician. Chapter 4 describes how to 
measure undermining/tunneling and calculate the extent of the 
overall wound.

Wound Bed Assessment
Granulation tissue develops during this phase. Granulation 
buds are clearly seen in Figure 3.41B. Wounds that have a bowl-
shaped cavity will fi ll with ECM and granulation tissue during 
the acute proliferative phase to create a surface across which 
epidermal cells can migrate. Notice in these photos how the 
cavity is fi lling to create a level surface with the adjacent skin.

The acute proliferative phase, which overlaps with the late 
infl ammatory phase, starts when the wound bed tissue begins 
to show red or pink granulation buds. The collagen matrix is 
laid down and is infi ltrated by and supports the growing capil-
lary bed, giving it a red color. Reduced depth in a full- thickness 
wound is a measure of proliferation activity. The collagen 
matrix does not replace the structures or functions of the tissues 

2
3

4
1

A

1

2

B

FIGURE 3.41 A: Chronic infl ammatory phase. Note: (1) Yellow, stringy slough; (2) Edema; (3) Skin color changes (red), 
erythema; (4) Rib bone noted in superior ulcer. Wound severity diagnosis: Impaired integumentary integrity secondary 
to skin involvement extending into fascia, muscle, and bone (Stage IV pressure ulcer). B: Same wound as in Figure 3.35A. 
Note: (1) Softening of the rolled epidermal ridge edge around granulation base, (2) Brown hemosiderin staining (hemo-
siderosis). Wound healing phase: acute proliferative phase. (Copyright © C. Sussman.)
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Chronic Proliferative Phase
Chronic proliferation develops when tissue integrity is not rees-
tablished in a timely fashion.

Adjacent and Periwound Tissue Assessment
In the chronic proliferative phase, the color of the skin at the 
wound edges can blanch or begin to draw together very tightly 
(Fig. 3.35D). Gelatinous edema can be present, signifying an 
episode of trauma.

Compared with the temperature of the adjacent skin, peri-
wound skin during the chronic proliferative phase can be cool 
or mildly elevated. There may be signs of intense pain, indicating 
that the wound has been traumatized and is undergoing another 
episode of acute infl ammation, or infection may be present.

Tunneling can extend a long distance, presenting an oppor-
tunity for infection to travel up the fascial plane. Tissues in the 
tunnel can be necrotic. Tunneling can become a sinus tract, a 
cavity, or channel underlying a wound that involves an area 
larger than the visible surface of the wound (Fig. 3.16A,B). An 
abscess can form in the tunnel or sinus tract.70 When under-
mining/tunneling persists in a proliferating wound and the 
assessment fi ndings include a black hole that has no reachable 
bottom, the wound requires urgent medical management.

Wound Bed Tissue Assessment
Wound bed tissue in the chronic proliferative phase is com-
monly caused by infection. The presence of infection may 
be indicated by a livid red surface color (Fig. 3.36A) or rep-
resent a change from healthy red to pale pink. An example is 
Figure 3.25B, which was progressing through the proliferative 
phase. Seven days later, it had attributes of infection, prolifera-
tion had ceased, and the wound was in the chronic prolifera-
tive phase and the change was attributed to infection (Fig. 3.43). 
Other features of infection that can be observed in granulating 
wounds include superfi cial bridging, friable tissue, bleeding on 
contact, pain in the wound, and a delay in healing. There are two 
stages in the proliferative phase when the granulation tissue can 
show these characteristics of infection: approximately 10 days 
postoperatively and at the end stage of healing, when the wound 
has progressed satisfactorily, but then becomes indolent.129

Other factors that can contribute to chronic proliferation 
include poor vascular supply, desiccation, hemorrhage, and 
hypergranulation (Fig. 3.34). Poor vascular supply is indicated 
by pale pink, blanched to dull, and dusky red granulation  tissue. 
Desiccated granulation tissue is dark, dull, and garnet red as seen 
in Figure 3.3.  Hemorrhage can result from trauma to the fragile 
tissues, such as from pressure. Hemorrhaging of the granulation 
tissue vessels causes acute infl ammation in the area and pro-
motes scarring. The surface on the granulation tissue looks like 
a purple bruise. In Figure 3.44, note the small hemorrhagic area 
at the center of the wound, indicating rupture of blood vessels.

An imbalance of collagen synthesis and degradation can 
allow the collagen to proliferate unchecked, creating a hump 
of granulation tissue called “hypergranulation.” When hyper-
granulation tissue overfl ows the wound bed, the epithelial cells 
cannot “climb the hill” of granulation tissue against gravity; the 
result is that the epithelialization process is halted. It is as if the 
proliferative “switch” is stuck and won’t turn off, leaving the 
wound in a chronic proliferative phase. In this state, the tissue 
is predisposed to infection (Fig. 3.42).

that occupied the cavity prior to injury; rather, this is scar 
 tissue. The prevailing opinion is that this deep red color indi-
cates a healthy, healing wound. Figure 3.36B is such a wound. 
A contrary opinion is presented shortly.

Another feature that has been reported to appear during the 
acute proliferative phase of healing in a number of patients is 
the development of a yellow, fi brinous membrane on the sur-
face of the granulation tissue. When removal of this membrane 
has been attempted, it has recurred within a few days. Wounds 
that develop this yellow membrane appear to be less susceptible 
to infection and heal in a normal fashion. It is important to rec-
ognize this membrane during examination and avoid unneces-
sarily disrupting it.129

Assessment of Wound Edges
The wound edges are soft to fi rm and fl exible to touch. Edges 
will roll in full-thickness wounds, but when the wound tissue 
fi lls the cavity to a point even with the edge of the wound, the 
edges will fl atten, and epithelialization and contraction will 
continue together (Fig 3.31B,C and 3.41B). At this point, the 
wound acquires a distinctive wound shape or “picture frame.” 
The cells that control the movement of the picture frame, the 
myofi broblasts, are located beneath the wound edge. The cells 
are contractile and will move forward, drawing the wound 
together, as in the drawing together of purse strings, shrinking 
the size of the open area measurably. The shape that the wound 
now assumes predicts the resulting speed of contraction. Linear 
wounds contract rapidly. Square or rectangular wounds con-
tract at a moderate pace. Circular wounds contract slowly.

Wound contraction is a major activity of the acute prolifera-
tive phase of healing. Contraction reduces the areas that need to 
close by epithelialization. Contraction in areas such as the glu-
teals and abdomen is typically uncomplicated, but contracture is 
troublesome in areas such as the head, neck, and hand. Drawing 
together too tightly in those areas will cause a defect or contrac-
ture that can impair function and cosmesis. Wounds that would 
have a poor outcome if allowed to close by contraction warrant 
surgical intervention at the start of the proliferative phase.133

Assessment of Wound Drainage
During the acute proliferative phase, the wound drainage is sero-
sanguineous and of moderate to minimal quantity and odor.

FIGURE 3.42 Hypergranulation tissue; chronic proliferative phase. (Copy-
right © B.M. Bates-Jensen.)
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FIGURE 3.43 Chronic proliferative phase with attributes of  infection. 
Note: (1) Hemorrhagic area of trauma; (2) Hypopigmentation; 
(3) Dull, pink granulation tissue. (Copyright © B.M. Bates-Jensen.)

FIGURE 3.44 Wound is in chronic proliferative phase. Note: (1) 
Trauma to granulation tissue caused hemorrhagic spot that may go on 
to necrose, (2) Hemosiderin staining from prior bleeding surrounds 
ulcer. (Copyright © C. Sussman.)

Assessment of Wound Edges
One sign that a wound is in the chronic proliferative phase is 
when wound edges roll in and become hard and fi brotic, inhib-
iting further wound contraction. Figure 3.35C is an example of 
rolled fi brotic edges. Wounds of different pathogeneses develop 
this problem, including pressure ulcers and venous ulcers. This 
is apparently due to imbalances in the wound biochemistry that 
controls tissue deposition and degradation during the prolif-
erative phase. Another area of research suggests that impaired 
senescent cells are present in specifi c cellular patterns in the 
edges of nonhealing wound that are different from those of 
healing wounds and the true “healing edge” of the wound lies 
further away from the wound edge than traditionally thought. 
The true “healing edge” is the wound margin where cells capa-
ble of migration and wound healing are found. Scientists are 
developing tools, like bar coding scanners, that can be used 
to identify the healing wound margins and thus guide wound 
debridement and improve healing outcomes.137

Assessment of Wound Drainage
Chronic proliferative exudate can be a yellow, gelatinous, vis-
cous material on the wound granulation base, which indicates 
the wound has been traumatized. This appearance should not 
be confused with residue from wound dressings, such as amor-
phous hydrogels, or hydrocolloids or treatments, such as anti-
microbial ointments.

An infected wound in chronic proliferation can have a 
malodorous, viscous, reddish-brown, green, or gray exudate. 
Figure 3.36A shows an apparently clean wound; however, the 
wound dressing shows signs of moderate to large amounts of 
sanguineous and purulent, reddish-brown exudate. This is a 
benchmark of the chronic proliferative phase and the wound 
needs treatment to recover.

Absence of Proliferative Phase
The absence of proliferation may be caused by interference in 
the healing cascade due to one or more of the following factors. 

Adjacent and Periwound Tissue Assessment
The presence of hemosiderin staining or a halo of erythema 
surrounding the wound signifi es a wound that is also in the 
chronic infl ammatory phase. The skin can show signs of ecchy-
mosis. Edema and pain are minimal or absent. Temperature is 
the same as adjacent skin, or coolness is present signifying poor 
perfusion.

Wound Bed Tissue Assessment
A wound in the absence of proliferative phase is either not pro-
ducing granulation tissue or not contracting (Fig. 3.35A). The 
wound bed tissue can appear dry, dull red, and desiccated, like 

CLINICAL WISDOM

Management of Hypergranulation
Because hypergranulation inhibits the reepithelialization 
of the wound surface, it must be prevented or controlled. 
Methods for preventing and controlling hypergranulation 
include the following:

1. Cauterization, by applying silver nitrate sticks to the sur-
face, will necrose the superfi cial granulation tissue, which 
can then be wiped off.

2. Excess hypergranulation tissue can be trimmed by rub-
bing with a gauze sponge or snipping with scissors. This 
can trigger a new infl ammatory cascade.

3. The application of hypertonic saline is a nontoxic method 
of reducing hypergranulation (see Chapter 20).

4. The application or avoidance of certain wound dressings: 
silicone gel dressings have preventative potential,134 and 
polyurethane foam-type dressings reduce hypergranu-
lation.135 Occlusive moisture-retentive dressings appear 
to enhance the development of hypergranulation136 (see 
Chapter 20).
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98 PART I ■ Introduction to Wound Care

soft and thin to touch, making it very susceptible to trauma, 
such as from pressure.

Assessment of Wound Bed Tissue and Wound Edges
Within hours of wounding, epithelial cells start migrating 
toward the center from the wound edges to cover the defect 
with new skin. The wound edges must be adhered to the wound 
base for epithelial cell migration to cover the wound. Gradually, 
the epithelium spreads across the wound bed, as shown in 
Figure 3.31A–D. The migrating tissue is connected to the 
 adjacent skin and pulls it along to cover the opening.133

The new skin will be bright pink, regardless of normal 
pigmentation, and may never regain the melanin factors that 
color skin (Fig. 3.45). New skin is formed as a very thin sheet, 
and it takes several weeks for it to thicken. If the wound is less 
than full-thickness, islands of pink epithelium can appear 
in the wound bed from migrating cells donated by the der-
mal appendages, hair follicles, and sweat glands. Cells from 
these islands and edges spread out and cover the open area. 
Figure 3.48A shows a wound with an island of epithelium. 
Figure 3.48B shows the migration of the epithelium across the 
wound from the edges and island. Notice how the edges of the 
new  epithelium are jagged.

Full-thickness wounds lose these island contributors, and they 
never regenerate.138 Full-thickness wounds begin to epithelialize 
when the edges are attached and even with the wound so that 
there are no sides or walls, and the epithelial cells can migrate 
from the edge across the wound surface. Edges are soft to fi rm 
and fl exible to touch, as shown in Figure 3.47. This wound went 
on to heal by epithelialization from the wound edges.

Wounds can bypass this phase of repair if it is necessary 
to place a skin graft or muscle fl ap to close the wound. Large 
wounds and wounds in areas where contraction will be harm-
ful or will simply take too long to cover the wound can benefi t 
from surgical repair. The wound shown in Figure 3.51B was 
closed at that time by a split-thickness skin graft to speed the 
repair process.

dried raw meat, or it can contain pale pink granulation tissue 
(see Figure 3.2). There is no change in wound depth in a 2- to 
4-week time frame. Wounds that are simultaneously in the 
chronic infl ammatory phase or absence of infl ammatory phase 
often have a surface appearance of necrotic tissue and/or hem-
orrhage/ecchymosis. Any signs of ecchymosis signify a restart of 
the infl ammatory process within the wound. The chronic infl am-
matory phase and absence of the proliferative phase can both be 
used as wound healing diagnoses for the same wound. The prog-
nosis would be for the wound to progress to the acute prolifera-
tive phase. The medical history and systems review should guide 
you to investigate the reasons behind the impairments to the pro-
liferation process.

Assessment of Wound Edges
Wound edges can be rolled or jagged, and the wound shape is 
irregular. The wound does not change shape, signifying lack 
of wound contraction. Deep wounds can lack continuity of 
wound bed and edges. The wound does not reduce in size.

Assessment of Wound Drainage
Wounds lack exudate or have scant serous exudate. The wound 
in Figure 3.36D is in the chronic infl ammatory phase and has 
absence of a proliferative phase. Note the scant amount of serous 
exudate on the wound dressing. Treatment interventions should 
be reviewed to determine why the wound lacks moisture. Table 3.9 
summarizes the fi ndings during the proliferative phase.

ASSESSING WOUNDS IN THE EPITHELIALIZATION 
PHASE

Acute Epithelialization Phase
Adjacent and Periwound Tissue Assessment
Because acute epithelialization begins at the time of  wounding 
concurrently with the infl ammatory phase and overlapping 
with the other phases, expect the signs of acute infl ammation 
in the periwound skin. As the acute infl ammatory process sub-
sides, the periwound skin should return to the usual color for 
ethnicity, and to the temperature of adjacent tissues. It should 
be fi rm, but not hard, edematous, or fi brotic. Maceration of the 
periwound skin and new epidermis can occur from leakage of 
wound exudate or the use of products that moisten the skin and 
saturate the cells. Maceration is especially damaging to new epi-
thelium. Macerated skin appears pale and wrinkled, and feels 

CLINICAL WISDOM

Describing a Wound in the Proliferative Phase
The following is an example of a narrative note describing a 
wound in the acute proliferative phase:

Evaluation: The wound on the right hip has red granulation tis-
sue. The wound edges are fi rm and soft. Wound is contracting 
into a rectangular shape.

Wound healing phase diagnosis: The wound healing phase diagno-
sis is acute proliferative phase. 2

4

3

1

FIGURE 3.45 A,B. Assessment of epithelialization and remodeling 
attributes in darkly pigmented skin. Note: (1) New epithelial tissue is 
light red, (2) New scar tissue lacks melanin and is bright pink, (3) Old 
scar tissue lacks melanin and is silvery white, (4) Residual hemosiderin 
staining. (Copyright © C. Sussman.)
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Periwound Skin 

and Wound Tissue 

Characteristics

Acute Proliferative 

Phase Chronic Proliferative Phase Absence of Proliferative Phase

Periwound skin color •  Continuity with adjacent 
skin

•  Hemosiderin staining 
if recovering chronic 
wound

•  Continuity with adjacent skin
•  Paler than adjacent skin
•  Hemosiderin staining

•  Hemosiderin staining if chronic 
wound

•  Halo of erythema if in chronic 
infl ammatory phase

•  Ecchymosis

Edema and 
induration

•  Absent •  Gelatinous edema can be 
present, signifying trauma

•  Minimal edema present

Tissue temperature •  Temperature can be 
minimally elevated if 
wound is well-perfused

•  Minimal change •  Minimal change or coolness

Pain •  Pain-free or minimal pain
•  Inappropriate indicator 

in presence of 
neuropathy

•  Painful, can indicate local 
infl ammation; if intense, 
consider infection

•  Minimal or absent
•  Intense if infection present

Wound tissue •  Shiny, bright red to pink 
granulation

•  Sustained reduction in 
wound depth

•  Sustained wound 
contraction

•  Reduced size
•  Covering of yellow 

fi brinous membrane on 
granulation tissue

•  Livid red

•  Hypergranulation
•  Desiccation (dark red color)
•  Poor vascularization (pale pink)
•  Ecchymosis on granulation

•  Necrotic tissue—stuck in chronic 
infl ammatory phase

•  Ecchymosis on granulation 
infl ammation restarting

•  Dull red—desiccated granulation
•  Pale pink granulation
•  Lacking change in wound depth
•  Unsustained contraction—no 

reduction in size of surface area

Undermining/
tunneling

•  Can be present in deep 
wounds

•  Closes as proliferation 
progresses

•  Can be present in deep wounds
•  Fails to close or can extend
•  Has potential for infection and 

abscess

•  Can be present in deep wounds
•  Fails to close or can extend
•  Has potential for infection and 

abscess

Wound edges •  Soft to fi rm
•  Flexible to touch
•  Rolled if full-thickness
•  Change in wound shape 

from irregular to regular
•  Reduction in size of 

surface area
•  Drawing together
•  Adherence of wound 

edges by end of phase

•  Tight drawing together to 
reduce size—contracture

•  Absence of continuity of wound 
bed and edges

•  Fibrotic
•  Fibrotic
•  Ecchymosis on wound edge

•  Unchanged size
•  Rolled or jagged, irregular edges
•  No change of shape—not drawing 

together
•  Absence of continuity of wound bed 

and edges

Wound drainage •  Serosanguineous or 
serous in moderate 
to minimal amount for 
wound size

•  Yellow gelatinous following 
trauma

•  Infection: viscous malodorous, 
red/brown, green, purulent

•  Large amount

•  Serous drainage, scant to minimal 
amounts

•  Desiccated and dry

Wound Healing Phase Diagnosis: Aspects of Proliferative Phase3.9TABLE
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Chronic Epithelialization Phase
If the edge of the wound is separated from the wound base cre-
ating a gap such as shown in Figure 3.35C, the keratinocytes 
will still initially attempt to epithelialize the wound by migrat-
ing to the periwound edge and then curling over, creating a 
rolled edge. Repeated cellular attempts to cross the gap result in 
thickening of this edge. Eventually, the cells seem to run out of 
reproductive capacity and become senescent as described ear-
lier. Presence of thickened fi brotic wound edges is character-
istic of wounds of long duration. When palpated they will feel 
hard, rigid, and indurated, and the wound is now in chronic 
epithelialization phase.

Adjacent and Periwound Tissue Assessment
The characteristics of the skin can be the same as those seen 
in the chronic infl ammatory and absence of infl ammatory 
phases. The periwound skin can show signs of ischemia, such 
as a pale or ashen color in the elevated position that deepens to 
dark purple with dependence (rubor). Pain can be constant and 
throbbing, or intermittent claudication  during walking, if it is 
associated with arterial occlusive disease. The appearance of the 
adjacent skin is usually dry, shiny, taut, and/or hairless. These 
characteristics indicate the loss of hair follicles and sweat and/
or sebaceous glands, which  benchmark the phase.

The wound shown in Figure 3.49 is in both the chronic 
epithelialization and chronic infl ammatory phases. In the 
same wound, the appearance of adjacent and periwound skin 
changed as chronicity was altered and the acute epithelializa-
tion and proliferative phases were initiated.

Assessment of Wound Bed Tissue
Wound bed tissue that is hypergranulating can develop a 
chronic epithelialization phase because the epithelial cells can-
not migrate over the hump of granulation tissue against gravity 
(Fig. 3.42). In this case, the granulation tissue must be trimmed 
back to a level even with the periwound skin for epithelializa-
tion to resume.

Assessment of Wound Edges
Epithelialization of deep wounds occurs only at the edges and 
can involve thickening and rolling under of the edges. When 
the cells cannot continue to migrate across the wound, they 
build up an epithelial ridge along the edge of the wound, as 
seen in Figures 3.31A and 3.36A. Pressure ulcers typically 
develop a round shape when this occurs. In wounds in chronic 
epithelialization, the cells pile up on each other until the rolled, 
thickened edges become fi brotic. The wound edges need to be 
modifi ed and the wound bed fi lled before wound epithelializa-
tion can be reinitiated. With full-thickness and deeper wounds, 

CLINICAL WISDOM

Protection of Skin from Maceration
Skin barriers are products that can be used over the peri-
wound skin and new scar tissue to protect them from 
maceration.

FIGURE 3.47 Full-thickness skin loss in the acute proliferative phase. 
The wound is a full thickness venous leg ulcer. Wound edges are soft 
and fl exible to touch. 

FIGURE 3.46 Immature keloid scar; chronic epithalialigation stage. 
(Copyright © 2001, R. Scott Ward.)

CLINICAL WISDOM

Maintaining a Moist Wound Bed for Epithelialization
Amorphous hydrogel dressings are useful wound mois-
turizers. Along with moisture-permeable fi lms and sheet 
hydrogels, they provide the warm, moist, homeostatic envi-
ronment that is critical for epithelialization. Avoid hydrocol-
loids or other strong adhesives on new or fragile skin.

Assessment of Wound Drainage
A scant or small amount of serous or serosanguineous wound 
exudate is expected. The wound must be kept moist during 
this phase of healing, because desiccation will destroy the 
 epithelial cells.

Sussman_Chap03.indd   100Sussman_Chap03.indd   100 8/5/2011   12:24:20 PM8/5/2011   12:24:20 PM



 CHAPTER 3 ■ Assessment of the Patient, Skin, and Wound 101

1

2

B

FIGURE 3.48 A: Note beefy, red granulation tissue and island of epidermal tissue in full-thickness 
wound. The wound was in the acute proliferative phase on 12/28. B: Same wound as in Figure 
3.47A. Note: (1) Epidermal migration from wound edges, island, and wound shape changes; (2) 
Progression to the acute epithelialization phase by 2/17; (3) Hyperkeratotic skin changes due to 
old burn wounds and poor circulation. (Copyright © C. Sussman.)

the process of healing by epithelialization at the wound edges 
will be arrested if (1) a large amount of wound debris inter-
feres with epithelialization, or (2) the wound edges fall off into 
a deep wound bed with steep walls or do not adhere to the 
wound bed.

Hyperkeratosis (overgrowth of the horny layer of the skin) 
is another abnormality of the epithelialization phase. Figure 3.7 
shows a wound with hyperkeratosis and the irregular shape 
of a heel ulcer in a 100-year-old woman. Additional photos of 

hyperkeratosis and the management of the problem are shown 
in Chapter 12. Chronic epithelialization affects scar formation 
as shown in Figure 3.46. Hypertrophic and keloid scars are aber-
rations of the epithelialization phase. Chapter 16 discusses scars.

Assessment of Wound Drainage
The wound can be dry with no wound drainage. Epithelial 
cells migrate best in a warm, moist environment; thus, if no 
exudates or only scant exudate is assessed, additional moisture 
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FIGURE 3.49 Pyoderma gangrenosum ulcer in both chronic infl am-
matory and chronic epithelialization phases. (Copyright © H. Loehne.)

1

2

FIGURE 3.50 Ischemic ulcer in chronic proliferative phase and absence 
of epithelialization phase. Note: (1) Punched-out ulcer appear-
ance with rolled wound edges, (2) Dependent rubor.  (Copyright © 
C.  Sussman.)

may be needed to facilitate epithelialization. Wound dry-
ness can be due to improper dressing selection, loss of dress-
ing, dehydration of the wound or patient, or other iatrogenic 
conditions.

On the other hand, there may be heavy exudate from a 
 partial-thickness ulcer that should be epithelializing, but the 
exudate washes out the epidermal cells faster than they can 
migrate and attach to the wound surface. Excessive moisture 
associated with certain wound products can also cause this to 
occur and needs to be managed. 

Absence of Epithelialization Phase
Absence of the epithelialization phase can be due to many fac-
tors, such as failure of the wound to fi ll with the ECM, desic-
cation of the tissues, scar tissue from a prior wound that is not 
donating epithelial cells, or repetitive trauma to the wound 
edges. Figure 3-46 is an example of a wound in this phase.

Adjacent and Periwound Tissue Assessment
The color of the adjacent and periwound skin offers clues to 
the etiology of absence of the epithelialization phase. Absence 
of this phase can be related to a condition such as arterial 
obstructive disease (AOD). AOD limits blood supply and 
 oxygen to the tissues and impairs the ability of the skin to 
repair itself. Examination of adjacent skin will reveal absence 
of hair, dependent rubor, and pallor on elevation. The wound 
will have a punched-out appearance and a very limited ring 
of epidermal tissue around it that does not migrate across the 
wound, as shown in Figure 3.50. If no prior vascular testing 
has been reported, further assessment of the vascular system is 
warranted.

Periwound skin that is dry, fl aky, macerated, or has an irreg-
ular texture provides limited epidermal cells to resurface the 
wound. This wound will lack epithelialization activity.

Skin temperature is a refl ection of blood supply. Skin tem-
perature cooler than 92°F–96°F on the torso and lower in the 
extremities (75°F–80°F) indicates that blood supply to the skin 
may be limited; warmer skin can be due to infection.

Chronic edema, which can be caused by tissue conges-
tion, such as lymphedema, congestive heart failure, or venous 

insuffi ciency, stretches the skin and fi lls the interstitial spaces 
with excess fl uid, including large protein molecules. When the 
capacity of the tissue to hold fl uid is exceeded, the fl uid leaks 
through the skin. As a result of this disease process, changes 
occur in the vascularity of the tissues, leading to the loss of 
dermal appendages and dry stasis eczema. These changes are 
known as lipodermatosclerosis.139 Skin changes associated with 
this disease process are shown in Figure 3.51A,B. Patients with 
lipodermatosclerosis can show absence of epithelialization 
phase. More information on lipodermatosclerosis is presented 
in Chapter 12.

Assessment of Wound Bed Tissue
As noted previously, throughout the wound healing process, 
the infl ammatory, proliferative, and epithelialization phases 
overlap. This overlapping can be seen when assessing hypo-
granulation of wound bed tissue in the absence of epithelializa-
tion phase: Hypogranulation occurs because of the absence of 
the proliferative phase. This failure to fi ll the wound bed means 
there will be no surface for the epidermal cells to migrate across 
to cover the wound.

Assessment of Wound Edges
Another intrinsic factor that causes absence of epitheliali-
zation is decreased epidermal proliferation due to cellular 
senescence and delayed cellular migration, which are attrib-
uted to aging. In this case, there is slow or absent new skin 
growth from the edges or islands. Absence of epithelializa-
tion attributes includes dry, fl aky, hyperkeratotic skin at the 
wound edges. The dryness can be associated with a dry wound 
environment.

Assessment of Wound Drainage
Table 3.10 summarizes the fi ndings during the epithelialization 
phase.
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FIGURE 3.51 A: Stasis dermatitis. There is an absence of the epithelialization phase. Note evidence 
of: (1) Brawny edema, (2) Trophic skin changes, (3) Hemosiderin staining (hyperpigmentation), (4) 
Multiple shallow ulcers. B: Close-up view of same leg as in Figure 3.54A. Note evidence of (1) Edema 
leakage through wounds, (2) Scaling and crusting (trophic changes) due to lipodermatosclerosis. 
(Copyright © B.M Bates-Jensen.)
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Periwound Skin and Wound 

Tissue Characteristics Acute Epithelialization Phase

Chronic Epithelialization 

Phase

Absence of Epithelialization 

Phase

Periwound skin •  Early phase has same char-
acteristics as acute infl am-
matory phase

•  Returns to normal color for 
ethnicity as infl ammation 
subsides

•  Hemosiderin staining if 
chronic wound

•  Can be same as chronic or 
absence of infl ammatory 
phase

•  Can be ischemic (pale) or 
ashen

•  Can be purplish with 
dependency

•  Dry, fl aky (hyperkeratotic—
can be due to desiccation or 
aging skin)

•  Maceration: pale, wrinkled, 
soft, thin

•  Hemosiderin staining

•  Scar tissue
•  Same as chronic or absence 

of infl ammatory phase
•  Dry with hyperkeratosis or 

lipodermatosclerosis

Wound tissue •  Even with wound edges
•  Pink/red granulation
•  Reduction in wound surface 

area

•  Not connected with wound 
edge

•  Hypergranulation

•  Absence of resurfacing from 
edges or dermal appendages

•  Hypogranulation
•  Presence of scab or necrotic 

tissue

Undermining/tunneling •  Steep walls limit migration •  Steep walls limit migration •  Steep walls limit migration

Wound edges •  New skin moves out from 
wound edge and dermal 
appendages in irregular 
pattern

•  Bright pink color, regardless 
of usual skin pigmentation

•  Texture is soft to fi rm and 
fl exible to touch, thin

•  Epithelial ridge
•  Rolled under or thickened
•  Dry, fl aky skin
•  Rounding off of wound shape

•  Fibrotic wound edge
•  Rounding off of wound shape 

and edges
•  Macerated
•  Dry, fl aky skin

Wound drainage •  Minimal to scant serous or 
serosanguineous

•  Absent, dry; if hypergranula-
tion, minimal/moderate

•  Absent, dry

Scar tissue •  Thin layers of scar tissue
•  Thickens over time
•  Deep pink color initially; 

changes to bright pink color, 
regardless of normal skin 
pigmentation

•  Hypertrophic scarring
•  Keloid scarring
•  Hyperkeratotic scarring

•  Weak, friable epithelial 
tissue

•  Breaks or washes out

Wound Healing Phase Diagnosis: Aspects of Epithelialization Phase3.10TABLE

REFERRAL CRITERIA

A patient’s problems must be identifi ed and if indi-
cated referred early to the medical provider who is most 
 appropriate, according to the patient’s wound severity or 
wound healing phase diagnosis. Make a referral when your 
fi ndings require the attention of another practitioner more 
skilled or more  knowledgeable in management of the identi-
fi ed problem.

Referral depends on location, available resources, and other 
signifi cant factors. For example, skin lesions such as scales, 
papules (e.g., warts and tumors), vesicles (e.g., chickenpox), 
shingles, and skin cancers are examples of skin conditions that 
can be seen on the adjacent skin and should be referred to a 

dermatologist. Wounds with a history of nonhealing for long 
periods of time can be cancerous, and they should be referred 
to a dermatologist for biopsy evaluation. Deep wounds that can 
be probed to the bone should be considered positive for osteo-
myelitis and require immediate referral to an orthopedic sur-
geon. Wounds that are in the chronic infl ammatory phase often 
need enhanced perfusion to heal. Vascular assessment would 
be a primary consideration, and a vascular surgeon may be the 
most qualifi ed professional to evaluate and treat. A wound with 
deep tunneling should be referred to a plastic surgeon. PTs are 
skilled in  exercise, use of physical agents, and electrotherapeutic 
modalities, all of which enhance perfusion to tissues. Exhibit 3.5 
lists possible referral sources, and Exhibit 3.6 lists red fl ags for 
referral.
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EXHIBIT 3.5

Referral Sources

Physicians Nurses
Allied Health 
Professionals

Dermatologist Dermatology Nurse Physical 
Therapist

Orthopedic 
Surgeon

Wound Ostomy 
Continence Nurse 
(WOCN)

Podiatrist

Plastic 
Surgeon

Geriatric Nurse 
Practitioner

Vascular 
Technician

Vascular 
Surgeon

Vascular Nurse

EXHIBIT 3.6

Red Flags for Referral
   ● Unilateral edema of the lower extremity of sudden 

onset; may be due to acute deep vein thrombophlebitis
   ● Findings of gross toenail abnormalities needing foot care
   ● Loss of protective sensation; requires prompt referral 

to a specialist for appropriate protective footwear and 
should be followed closely.

   ● Inability to initiate and progress through the phases of 
healing; prognosis for the wound is nonhealing

   ● Wounds that can be probed to bone; patient is con-
sidered to have osteomyelitis, and emergent referral is 
needed.

   ● Excessive signs of acute infl ammation; should be con-
sidered as a signal of impending wound infection

three aspects for each physiologic phase: acute, chronic, and 
absent. Each phase includes attributes and benchmarks for the 
acute, chronic, or absent state of the phase by signs found in the 
adjacent, periwound, and wound tissues.

At the baseline assessment, you need to determine where 
the wound is within the trajectory of healing. This knowledge 
will help you to plan treatment, make a diagnosis and progno-
sis of healing, select interventions, predict outcomes, and tri-
age patients. Trajectories of healing are presented in Chapter 4. 
Collection tools to measure, grade, record, and monitor fi nd-
ings are described in Chapters 4 and 5.

Documentation requirements for wound assessment should 
be part of a facility’s policies and procedures. Documentation 
should be accurate, clearly refl ect the patient’s condition, and 
consistent with documentation by other professionals in the 
same department or facility. If it is not documented, it did not 
happen.

10 Point Observation Tool
 
1.    

2.    
       

3.    
       

4.    

5.    
        
        

6. 
      

7.  

8.     

9. 

10.   

Report any changes in the skin or wound to your health-care provider. 
Research shows that contacting your health-care provider at the first 
sign of a problem can prevent bad things from happening.

 
Changes in how the skin looks. 

Changes in the color of the skin over bony areas (learn to identify 
the color of skin that is normal for you). 

Changes in the color of the wound tissue (more red, more yellow, 
more black). 

Reddened areas where you have worn shoes or braces. 

Skin irritations, sores, or foreign bodies (check the soles of your 
feet with a mirror to see if there are any foreign items lodged there 
or areas of redness or tenderness).  

Signs of excess moisture, redness, or cracking under skin folds 
(breast, stomach, around rectum, genitals).  

Swelling of the feet and ankles.  

New blisters, scrapes, cuts, or bruises.  

Foul wound odor after wound is cleansed . 

Any pain in the wound or surrounding skin. 

FIGURE 3.52 10 Point Observation Tool.

CLINICAL WISDOM

Describing a Wound in the Epithelialization Phase
The following is an example of a narrative note describing a 
wound in the epithelialization phase:

Evaluation: A wound on the left medial ankle is adhered at 75% 
of the edges, and epithelialization is progressing over 50% 
of the open area.

Wound healing phase diagnosis: The wound is in the acute epi-
thelialization phase.

SELF-CARE TEACHING GUIDELINES

Patients and caregivers should be brought into the wound  team 
at the time of assessment. In many cases, the patient or a family 
member or other caregiver will be required to monitor the skin 
and wound. A simple, 10-point observation tool , such as the 
one provided in Figure 3.52 can be used to educate them about 
self assessment of their skin and wounds.

CONCLUSION

Assessment begins with looking at the whole patient and 
determining comorbidities and other factors that will predict 
the healing response. Wound classifi cation systems are used 
to identify wound severity by the depth of tissue impairment, 
leading to an impairment fi nding of impaired skin integrity (if 
the dermis is not penetrated) or impaired tissue integrity (if the 
wound extends through the dermis and deeper). Wound heal-
ing assessment by physiologic wound healing phase includes 
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REVIEW QUESTIONS

 1. Intrinsic factors that can affect wound healing include all 
of the following except
 A. age
 B. immunosuppression
 C. confusion

 2. Which of the medications following characteristics of pe-
ripheral  neuropathy is correct?
 A.  Sensory neuropathy involves symptoms of paresthesia 

and coolness.
 B.  Motor neuropathy involves muscle imbalance and 

 deformities.
 C.  Autonomic neuropathy involves improved function of 

sebaceous glands.
 D.  None of the above.

 3. When assessing darkly pigmented skin consider

 A. color changes over bony prominences
 B. the type of lighting
 C. conditions that may cause color changes
 D. all of the above

 4. The NPUAP staging system is commonly used to
 A. assess all wound types
 B. describe wound severity
 C. guarantee reimbursement
 D. describe pressure ulcer severity

 5. Poor vascular supply, desiccation, hemorrhage, and hyper-
granulation are factors that can contribute to
 A. chronic proliferation
 B. chronic infl ammation
 C. infection
 D. all of the above
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CHAPTER OBJECTIVES

Wound measurement looks quantitatively at four wound 
assessment components: SA, undermining/tunneling, depth, 
and volume. These components are directly associated with the 
phases of wound healing and are therefore direct indicators of 
healing. As new granulation tissue develops, wound depth and 
volume decrease, the wound contracts, new epithelium covers 
the wound, and the area decreases in size. This chapter discusses 
common methods of wound measurement, including linear 
ruler measurements, tracings, and photography. Each has its 
advantages, disadvantages, and level of reliability, which are dis-
cussed in this chapter. Step-by-step procedures for measuring 
wounds and the surrounding tissues, along with user-friendly 
hints and clinical “words of wisdom,” are provided.

INITIAL CONSIDERATIONS IN WOUND 
MEASUREMENT

Before we discuss the three methods for measuring wound size, 
we explore some initial considerations regarding frequency 
and documentation of measurements. We also discuss the 
issues of consistency, completeness, accuracy, and reliability of 
measurements.

Frequency of Baseline and Subsequent 
Measurements
Measurement taken at the beginning of care establishes a base-
line wound size; subsequent measurements are then performed 
at regular intervals depending on the health-care setting. For 
example, wound measurements are required weekly for the fi rst 

4 weeks in long-term care, usually every 48 hours in acute care, 
and at every visit in home care. The rationale for measurement 
is to quantify and measure the progression of wound healing 
and aid in predicting the treatment outcome.1 A number of 
studies have found that baseline wound size, when accompa-
nied by other risk factors for healing, is a signifi cant predictor 
of response to treatment and 100% healing.2–5 As we discussed 
in Chapter 3, larger ulcers were less likely than smaller ones to 
heal rapidly, even with optimal therapy; in the former case, the 
prognosis of the need for a longer time to heal should be docu-
mented, or a referral could be triggered.4

A policy and procedure (P&P) document concerning the fre-
quency and method of wound measurement is necessary to set the 
standard for a particular facility and improve consistency across 
practitioners and disciplines. Comparison of wound measure-
ments is only valuable if they are taken under the same conditions 
using the same methods. A standard for wound measurement 
also has legal and regulatory implications, since the baseline mea-
surement and changes in wound size are the basis for judging 
changes in wound status and compliance with regulation.

A section of the P&P can address the issue of who should per-
form baseline and subsequent measurements. For example, the 
policy could dictate that the baseline measurement be taken by a 
health-care professional and that, after training, a family member 
in the home could take subsequent wound measurements and 
report to the health-care professional at a specifi ed interval, such 
as weekly. Linear measurement of the size of the open SA of a 
wound is an example of a type of measure that might be  delegated 
to a family member. The signifi cance of changes in wound size 
would be interpreted by the professional case manager.

At the completion of this chapter, the reader will be able to:

1. Explain the importance of wound measurement accuracy and reliability.
2. Describe the benefi ts and disadvantages of each of the three most commonly used methods of 

wound measurement: linear, tracing, and photography.
3. Use the linear method to measure a wound surface area (SA), undermining/tunneling, and 

depth.
4. Use wound measurements to calculate and track the rate of wound healing.
5. Use wound healing rates to predict the effectiveness of therapeutic interventions.
6. Describe new technologies for measuring and reporting wound healing.

Carrie Sussman

Wound Measurements and Prediction
of Healing4

Sussman_Chap04.indd   110Sussman_Chap04.indd   110 8/6/2011   1:08:11 PM8/6/2011   1:08:11 PM



 CHAPTER 4 ■ Wound Measurements and Prediction of Healing 111

Arterial Ulcers Pressure Ulcers Neuropathic Ulcers Venous Ulcers

Lower leg dorsum Bony prominences: Plantar surface of foot Above the ankle

Foot  Occiput Metatarsal heads Medial lower leg

Malleolus  Ears Heel

Toe joints  Shoulder Lateral border of foot

Lateral border of foot  Scapulae Midfoot deformities

 Sacrum

 Coccyx

 Trochanter

 Ischial tuberosity

 Knees—condyles, patella

 Tibia/fi bula

 Malleolus

 Heel

 Metatarsal heads

 Toes

Common Locations of Chronic Wounds by Etiology4.1TABLE

Documenting the Wound Location
Documenting the anatomic location of the wound is the fi rst step 
in being able to reproduce measurements at that site. Record the 
anatomic name that clearly describes the wound location at the 
time of the wound measurement. For example, trochanter is a 
more precise descriptor than hip and signifi es that the wound 
lies over the bony prominence. A circle over the anatomic site 
on the body diagram gives quick, easy identifi cation of wound 
location on the completed wound measurement form.

The wound’s anatomic location can be an indication of the 
wound etiology (Table 4.1). For example, wounds located over 
bony prominences are usually pressure wounds, wounds on the 
soles of the feet are often due to pressure and insensitivity (dia-
betic wounds), and wounds over the medial side of the ankle are 
often venous ulcers. Location also provides important informa-
tion about the expected wound healing. Wounds in areas of 
diminished blood fl ow, such as over the tibia, heal slowly.

If several wounds are clustered close together in a location, 
they should be identifi ed by either different letters or references 
such as outer, inner, upper, and lower. It is important to keep 
the same reference location ID for all of the wounds by name 
throughout the course of care. If one of the wounds in the cluster 
heals, this fact should be documented, and the same reference 
names for the remaining wounds should be retained for further 
documentation. If several wounds join together to become one, 
this information should be recorded, with a new ID name given 
to the revised wound site. Exhibit 4.1 shows an example of how 
to document wound location for multiple wounds.

Using Measurement Forms
Measurements of wound size, extent, and changes are  important 
to the interdisciplinary team, payers, and regulators, as well 
as to the patient and the family. Well-documented wound 

EXHIBIT 4.1

Documenting Wound Location

Documenting Wound Location with Narrative Note
Example:
1. Single wound location: coccyx
2. Multiple wounds at a location:

Initial note: Three wounds are located upper, middle, and 
outer side on the right trochanter.

The upper and middle wounds merge. Since they are 
upper to the outer wound, the same term upper is retained 
and the merger noted as in this example:

Follow-up note: The upper and middle wounds have merged 
and will in the future be referred to as the upper wound on 
the right trochanter.

measurements can also be used as the best legal defense. The 
changes and progress toward recovery can also provide positive 
feedback to the clinician, who can review the measurements and 
feel a sense of accomplishment. Alternatively, measurements 
can serve as the red fl ag that all is not well, triggering reevalua-
tion of the wound, patient, and treatment interventions.

Because the information gathered is so important, the docu-
mentation must be complete and accurate. In addition, the 
language used requires uniform and consistent terminology 
to encourage good communication among the team members; 
such terminology is also benefi cial for reimbursement.
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One way to promote uniformity, consistency, and com-
pleteness is with the use of forms. Forms guide the examiner 
in a logical sequence and assist in organizing the information 
gathered. Forms can be paper-and-pencil instruments or elec-
tronic templates. They save time, because one simply completes 
the appropriate information on the preprinted form, which 
becomes a part of the documentation record.

There are numerous forms in use for documenting wound 
measurements. Exhibit 4.2 is a sample completed form for per-
forming a wound measurement examination. A new form is 
used each week, and the forms are “tiled” onto pages of note 
paper with tape in the chart for easy reference to prior mea-
surements or in paperless facilities the data can be recorded on 
a computer template designed for this purpose. Keeping the 
measurements together in one place facilitates regular monitor-
ing of the size changes. The sample form uses the clock method 
(see below) for monitoring wound depth and undermining and 
includes the following items:

• Wound anatomic location (called the wound ID)
• Size, including length-by-width open area, length-by-width 

area of erythema (color change), depth, undermining/tunnel-
ing, and overall wound size estimate (explained below)

• Period of the wound assessment: initial, interim observation 
week number (OB), and discharge(DC)

• Information about the wound healing phase (initials are 
inserted next to wound phase to identify the current wound 
phase—I for infl ammatory, P for proliferative, and E for 
 epithelialization, as described in Chapters 2 and 3)

• Discharge outcome status (healed or not healed)

The sample form works well when used in conjunction with the 
Sussman Wound Healing Tool (SWHT),6 described in Chapter 
5. Data can be entered into a computer database and program 
outcomes monitored.

Promoting Accuracy and Reliability of Wound 
Measurements
The accuracy and consistency of measurements are critical to 
the objective evaluation of wounds in clinical practice and for 
research. Many studies of the best way to measure wounds to 
achieve a reliable result have been published; however, no method 
reported is completely reliable.7,8 In other words, at this time, there 
is no gold standard for wound measurement. This fact presents a 
dilemma for the wound care provider: Accurate measurements 
are required to establish a wound diagnosis, plan treatment, and 
document results. If the measurements are not reliable, how can 
the clinician ensure that the wound is healing and responding to 
the treatment interventions in a timely fashion?

Fortunately, you can maximize the accuracy of wound mea-
surements by using the following strategies:

• Defi ne the specifi c procedures you used to determine the 
wound edge, total wound area, and description of areas of 
necrotic tissue (i.e., percentage of wound area).

• Be consistent. Take the measurement the same way each time 
from a noted reference point on the body. Meaningful com-
parisons can only be made if a standardized measurement 
system is used.

• Use the same terminology and units of measure for each 
measurement.

EXHIBIT

Completed Wound Measurement Form

4.2

Wound Measurements
 Initial  _____
 Discharge _____
 OBWK#:  _____
 DC Status: _____

Date: __________________________  Patient Name:  _____________________________________________________________

Wound ID: ________________________________________________________  Med Rec#:  ___________________________

Wound Phase:  ___________________________________________________________________________________________
(all measurements in cm)

Linear Size: L(12:00–6:00) __________   X W (3:00–9:00) __________  = __________  
Undermined: 12:00 (A1) ____ 6:00 (A2) ____  3:00 (B1) ____  9:00 (B2) ____ 
Overall Undermined 
  Estimated Area  L + A1 + A2                X W + B1 + B2               = UEA 
  (UEA): (a) ______________________ X (b) ______________________ = ______________________

Depth 12:00 ______

  3:00 ______

  6:00 ______

  9:00 ______

Erythema   12:00–6 :00  __________     X 3:00–9:00  __________ area = __________  
  (measured across wound surface)  

Examiner: ____________________________________    (OBWK = the observation week # since start of care)

X

O

01/23/08 G. Lucky
0397R Trochanter 

Chronic inflammation

4.4 3.3 14.52 cm2

0 00.5 1.5

4.9 ( overall length) 4.8 (overall width) 23.52 cm2

6.5 cm 4.5 cm 29.25 cm2

B Sweet, PT

0 

0 
0 

0.3
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Comparing the Three Methods of Wound 
Measurement
Table 4.2 provides an overview of the three commonly used 
methods for measuring wounds and monitoring wound healing.9 
The table identifi es the purpose, requirements, and information 
derived from each method. All are discussed in this chapter, but 
not all will be useful in all settings. Different skills and interests 
will determine the methods and measurements used.

Table 4.3 is a guide to the frequency with which the different 
wound measurement techniques are used clinically. For exam-
ple, a measurement of length by width is always performed, but 
a video is rarely used. This table will become more useful to you 
as you learn about each technique.

Most clinical wound measurements are approximations 
rather than precise measurements. Although sophisticated 

• When possible, have the same person take repeat 
measurements.

• Record even small changes indicating improved or deterio-
rated wound status.

• When possible, use an assistant to record measurements as 
they are taken and help position the patient.

• Use a prepared form, and fi ll in a measurement number at 
each space indicated on the form. This form can be pre-
printed or handwritten so nothing is forgotten. Record as 
soon as each parameter is measured; memory is not accurate.

• If a characteristic is assessed and found absent, record a zero 
to confi rm that you observed the characteristic and assessed 
it. For example, partial-thickness wounds are superfi cial, so 
a zero should be written next to the depth measure spaces. 
A blank space does not show that this characteristic was 
assessed.

Purpose Photo Tracing/Planimetry Measurements

Objective Establishes baseline wound 
status and tracks changes 
throughout recovery

Records shape and size changes at 
baseline and throughout recovery

Linear: estimates size

Wound size measurement Wound size area Perimeter: estimates boundary

Records change in recovery 
phase or wound stage

Digitization: approximates surface 
area

Treatment 
planning

Validates overall treatment plan Demonstrates short-term response to 
treatment plan

Demonstrates rate of recovery

Frequency Baseline, weekly, or change in 
phase/condition, discharge

Baseline, weekly, or change in phase/
condition, discharge

Baseline, weekly, or change in 
phase/condition, discharge

Time reference Prospective Prospective Prospective

Ongoing/interim Ongoing/interim Ongoing/interim

Requirements Photo Tracing Measurements

Conditions Correct light, body position, 
and device to indicate relative 
size; adjust for curvature and 
position

Use of standard anatomic landmarks 
and method to transfer tracing to 
medical record

Use of standard anatomic landmarks

Equipment Camera and digital recording 
card or fi lm

Tracing kit or digital recording Measurement tool and recording 
form

Graph paper or grid

Information Photo and Flash Tracing Measurements

Type Displays full-color picture Gives black-and-white picture of size 
and shape

Provides numeric information

Comparison Provides color comparison 
of phase, size, and tissue 
attributes

Represents topographic effects, size, 
and change

Summarizes quantitative changes for 
use in a graph

Use Clinical medical review, 
program management, referral 
source, reports, survey team, 
legal, patient compliance

Clinical medical review, program 
management, referral source, reports, 
survey team, legal, self-care, patient 
compliance

Clinical medical review, program 
management, referral source, 
reports, survey team, legal, self-care, 
patient compliance

Monitoring Recovery of Chronic Wounds: Photo, Tracing, Measurements4.2TABLE
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and sometimes are the only linear measurements recorded 
(see Table 4.3).

The clock method is another way to measure the SA of 
wounds. In this method, you imagine the wound as the face of a 
clock. Select a 12:00 reference position on the wound; this posi-
tion is usually toward the patient’s head. Then, take the mea-
surement from 12:00 to 6:00 and from 3:00 to 9:00. The four 
steps of the procedure are as follows:

1. Establish the 12:00 position by choosing an anatomic land-
mark that is easy to identify and document it for all follow-
ing measurements (e.g., 12:00 toward head).

2. Mark 12:00 with arrow on the skin. Repeat with marks at 
6:00, 3:00, and 9:00.

3. Measure from wound edge at 12:00 to wound edge at 6:00 
position.

4. Measure from wound edge at 3:00 to wound edge at 9:00 
position.

In situations such as severe contractures of the trunk and lower 
extremities, it may be more convenient and easier to reproduce 
the measurements if another convenient anatomic landmark is 
selected as the 12:00 reference point; for example, measurements 
in the foot may use the heel or toes. In a person whose body is con-
tracted in the fetal position, a trochanteric pressure ulcer may be 
more easily tracked if the 12:00 reference point is toward the knee.

computer-assisted technologies can increase precision, infor-
mation about measuring with such equipment has been omit-
ted from this chapter because these devices are usually research 
tools and are not commonly available in clinical practice 
settings.

WOUND MEASUREMENT: LINEAR METHODS

This section describes linear measurements, which you will use 
to track changes in wound size over time. These include SA 
measurements (length multiplied by width), undermining or 
tunnels, and depth. At the conclusion of this section, we will 
briefl y discuss measurements of volume.

Measuring the Surface Area
The most common wound measurements are length and width, 
which are measured from wound edge to wound edge, and are 
used to calculate SA. Other terms used for edge may be border, 
or margin. It is extremely important to identify the wound edge 
before you start. Edges may be indistinct and diffuse; there are 
areas where the normal tissues blend into the wound bed. Well-
defi ned edges are clear and distinct, and can easily be outlined 
on a transparent piece of plastic. Therefore, the determination 
of the wound edge is based on the perception of the examiner. 
Thus during repeated measurements, identical measurement 
points for the wound edge cannot be guaranteed, and this 
accounts for most variations in SA measurements reported by 
different observers.8 Edges that are not attached to the base of 
the wound imply a wound with some depth of tissue involve-
ment. The wound edge can be described as nonadvancing or 
undermined.10 Figure 4.1 shows an example of a wound with 
all of these attributes. Chapters 3 and 5 have pictures and more 
fully describe wound edges and their signifi cance.

Choose a Consistent Method
Two SA measurement methods are commonly used in clinical 
practice. Figure 4.2 illustrates the two measuring methods.

The greatest length and greatest width method refers to mea-
surement across the diameter of the greatest length and great-
est width of the wound. Multiplying the length by the width 
gives the estimated SA of the wound in centimeters squared. 
This product is a single number that can be easily monitored 
for change in size. Length, width, and SA are always measured 

FIGURE 4.1 Wound edges are not attached to the wound bed and the 
wound edge is not advancing and is undermined. (Copyright © B.M. 
Bates-Jensen).

Always Often Sometimes Rarely New

L and W L × W = area Clock L × W area Depth—greatest Polaroid grid photo Depth—four points of clock

Tracing shape Undermining —longest 
and “mapping”

Digital photography with 
computer technology

Stereophotography Undermining/Tunnelling—four
points of clock

Digital photo with fl ash Planimetry Video Undermined estimate

Area of erythema or discolor-
ation in darkly pigmented skin

Digital Tracing “wound map” 
with computed measurements

Frequency of Usage for Different Wound Measurement Techniques4.3TABLE
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wounds are diffi cult to position for accurate  measurement. 
Once a convenient and comfortable position is found, record 
the position that works best. This will save time and effort 
and improve the uniformity of measurements over time.

Example: Coccyx wound—position: right side-lying; heel 
wound—position: left side-lying.

 2. Don gloves and remove wound dressing and packing.
 3. Place dressing and packing in disposable infectious waste bag.
 4. Clean wound with normal saline and syringe with 18-gauge 

needle or angiocatheter (see Chapter 17 for wound cleansing 
procedure).

 5. Take measurements with disposable wound measurement 
ruler.

Both of these measurement methods are acceptable and 
widely used. It is important to bear in mind two things when 
using them:

1. The geometric formula for the area of a rectangle (length 
times width) gives only an approximation of a wound’s SA. In 
fact, it has been estimated to infl ate the size of the wound by 
as much as 44% if the wound is irregularly shaped and large.10

2. All wound shapes are irregular, so assume that this measure-
ment will be infl ated.

In short, the goal is not to make a precise measurement, but 
rather to make consistent measurements that can be used to 
monitor healing. So choose a method that you are comfortable 
with and record which method is used. Then, use this method 
consistently. Exhibit 4.3 lists advantages and disadvantages of the 
clock method and the greatest length and greatest width method.

Gather Your Supplies
Assemble the supplies needed for wound measurement in 
advance to improve effi ciency and reduce patient fatigue. If 
wound measurements are taken frequently, assemble a kit 
made up of these supplies. Keep it with you in a small plastic 
carrier. These supplies include

• Pen or pencil
• Disposable, plastic straight-edge ruler with linear measure 

ruled in centimeters
• Disposable gloves
• Normal saline
• Disposable syringe with 18-gauge needle or angiocatheter 

(for cleaning)
• Gauze paper, pocket-sized notebook, or wound measurement 

form to record data (see Exhibit 4.4)

Follow a Step-by-Step Procedure
Before measuring, the wound should be cleaned and exam-
ined closely. Look carefully at the edges to determine whether 
they are distinct so that you can measure from wound edge to 
wound edge. You may wish to use an assistant to help you posi-
tion and comfort the patient, control wound “sagging” (see 
Step 6), record measurements, or seek additional supplies or 
assistance. Take the following steps:

 1. Position the patient. It is easier for everyone if the patient is 
comfortable during the procedure. Some patients and some 

12

9

Greatest
length by
greatest
width method

Clock Method
12:00 to 3:00
Perpendicular to
each other

3

6

FIGURE 4.2 Two wound measurement methods.

EXHIBIT 4.3

Comparison of Two Wound Measurement Methods

Greatest Length by Greatest Width Method
Advantages

   ● Simple and easy to learn and use
   ● Most common method
   ● Reliable

Disadvantages
   ● Diameters change as size and shape change, so different 

diameters are measured each time
   ● Wound open area will be larger than in clock method

Clock Method
Advantages

   ● Simple and easy to learn and use
   ● Tracks same place on the wound over time
   ● More conservative measure of area

Disadvantages
   ● Requires more steps to perform
   ● More precision required to line up wound points along 

the clock “face”
   ● Less commonly used
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10. Apply fresh dressing.
11. Calculate wound SA.
12. Repeat weekly or more frequently, if indicated.

Measuring Undermining and Tunneling
Measurements of undermining (erosion under the wound 
edge) and tunneling (a sinus) indicate the extent of wound 
damage into surrounding deep tissue. Undermining/tunneling 
is often the consequence of wound debridement: when a body 
of necrotic tissue is removed, the fascial planes can separate 
during the probing action. Tunneling can progress to become 
a sinus tract and a pathway for infection. For this reason, any 
measurement of undermining and tunneling requires careful, 
gentle probing to avoid further separation of the fascial planes. 
A measurement of extensive tunneling is a red fl ag that  indicates 
the urgent need to contact the physician and report the fi nding. 

 6. Measure the wound using one of the three methods 
just described. If measurements are always taken in the 
same order, the tracking of wound size will be more 
consistent.

Take the length fi rst and the width second. If the clock method 
is used, take measurements from 12:00 to 6:00 then from 3:00 
to 9:00 for consistency. While measuring, control sagging 
wounds. Full-thickness wounds with undermining can sag 
from lack of subcutaneous support and the pull of gravity. Try 
to keep sagging to a minimum and maintain uniform tension 
for accurate length and width measurements.

 7. Record each measurement as it is taken.
 8. Dispose of measurement instrument and gloves in infec-

tious waste container.
 9. Dispose of syringe with 18-gauge needle in sharps 

container.

CLINICAL WISDOM

Using a Template to Improve Measurement Accuracy
To improve accuracy and better align the measurements, 
cut a circle from paper folded in half twice and mark the 
four clock points at the four paper folds. Place the circle 
over the wound to use as a template or guide, taping it to the 
periwound skin to keep it from shifting.11 Take all measure-
ments with the template in place to uniformly track the same 
wound locations for SA, undermining, and depth (Fig. 4.3).

FIGURE 4.3 Using a template to improve measurement accuracy.

EXHIBIT 4.4

Calculating Percentage Rate of Change in Wound Size
One interesting way to determine how a wound is progressing is to look at the percentage rate of change. This is also an effective 
way to measure and predict successful outcomes. Percentage rate of change is a simple statistical calculation that uses the follow-
ing formula:
1. Baseline (week 0) wound size (0A or overall 0A size) measurement is used as the original size.
2. Subtract the next wound size 0A or overall 0A size measurement (interim) taken from the baseline.
3. Divide by baseline wound measurement and multiply by 100%.

Formula for computing rate of change in wound open area:

−Baseline open area (OA) Interim open area (OA)
×100%

Baseline open area

Example: Wound open area (OA) baseline week 0 = 30 cm2

 Wound open area (OA) week 1 (interim) = 28 cm2

 OA baseline – OA week 1 (interim) = 30 − 28 = 2
 Divide the remainder by the baseline OA = 2/30 = 0.066
 Multiply 0.066 × 100% = 6.6% = Percentage rate of change

Note: A weekly percentage of change would use the prior week’s size measurement instead of baseline. Wound size often changes signifi cantly 
from week to week in the early phases of healing, and then the rate slows. Referring to the percentage rate of change on a weekly or biweekly 
basis is a reliable measure of how the wound is healing.
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FIGURE 4.4 Mapping undermining around the entire wound perim-
eter. (Courtesy of Evonne Fowler, MN, RN, CETN.)

the total wound area when undermining is calculated, com-
pared with measurement of the SA alone. Figures 4.6 and 4.7 
demonstrate the extent of the tunneling process in a trochan-
teric pressure ulcer.

In a principal component analysis of the Pressure Ulcer 
Scale for Healing (PUSH) (see Chapter 5), the addition of a 
 tunneling measurement was not found to improve the valid-
ity and  reliability of that tool; therefore, the measurement 
is not part of the tool components.12 Facilities and health-
care  organizations need to determine if the measurement of 
 undermining and tunneling should be part of wound docu-
mentation and thus included in the wound care policies and 
procedures.

Choose a Consistent Method
Three methods for measuring undermining and tunneling 
are described below. Choose one and use it consistently (see 
Figs. 4.8 and 4.9).

Method 1

1. Map undermining around the entire wound perimeter by 
inserting a moist, cotton-tipped applicator into the length 
of the undermined/tunneled space and continuing around 
the perimeter. Dip the cotton tip into normal saline before 
insertion, so it slides in easier and is less likely to cause tissue 
trauma (Fig. 4.4).

2. At the end point, do not force further entry, but gently push 
upward until there is a bulge in the skin. Mark the points on 
the skin with a pen and connect them. Measure the length 

Some wound experts claim that the true extent of a wound is not 
known unless undermining/tunneling is measured.12 Figure 4.4 
shows the larger perimeter of a wound when undermining is 
mapped, and Figure 4.5 compares measurements over time of 

FIGURE 4.5 Wound healing trajectory: recovery of a pressure wound.
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FIGURE 4.7 Same wound as in Figure 4.6 with surgical dissection demonstrating the extent of the tunneling process, 
forming a sinus tract. (Copyright © J. Wethe.)

2. Wet the cotton-tipped applicator with normal saline and 
insert gently into tunnel. Mark the place on the skin where 
the cotton tip causes a bulge, and withdraw the  cotton-tipped 
applicator.

3. Grip the cotton-tipped applicator at the point at which the 
skin and wound edge meet, and withdraw it. This is the 
length of the tunnel.

and width, and multiply these measurements to calculate 
the overall undermined estimate (explained below).

Method 2

1. The Sussman method for wound measurement applies the 
four cardinal points of the clock method to measurement of 
undermining and tunneling.9 The 12:00 position is toward 
the head unless otherwise noted.

FIGURE 4.6 Unobservable tunneling. (Copyright © J. Wethe.)
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3 1

2

FIGURE 4.8 Wound with tunneling before insertion of a cotton-tipped applicator. Note: (1) Ulcer reoccurrence at site of 
old scar tissue; (2) Skin bridge between two open ulcers; (3) Surrounding skin has unblanchable erythema; wound edges 
rolled under demonstrate chronic infl ammatory phase. (Copyright © B.M. Bates-Jensen.)

1

FIGURE 4.9 Same wound as in Figure 4.8. The wound’s overall size is 
much larger than the surface open area. Tunneling is present. Note the 
bulge from the end of the cotton-tipped applicator. (Copyright © B.M. 
Bates-Jensen.)

RESEARCH WISDOM

Accuracy and Reliability of Wound Undermining 
Measurements
Taylor11 studied the variability of measurements of wound 
undermining among physical therapists trained in the 
Sussman wound undermining measurement method. Her 
fi ndings show that the most signifi cant variation occurred 
when the 12:00 position coincided with the greatest length of 
the wound’s open SA, which infl ated the area measurements.

The results of studying measurements by 39 physical 
therapists over a 4-week period demonstrated several inter-
esting fi ndings. Three common errors occurred: misread-
ing the measuring device, transferring the numbers, and 
calculating. As would be expected, there were more errors 
in measurement when the wounds were smaller. Overall, 
the variation was 10.5% or less. Validation of the measur-
ing technique was proven highly reliable, suggesting that this 
measurement can be used to document progress in the heal-
ing of undermined wounds.11

4. Place the length of the cotton-tipped applicator up to the 
withdrawal point against a centimeter ruler or measure 
from wound edge to mark on skin as in method 1. Record 
the length measurement.

Method 3

1. Test the perimeter for undermining with a cotton-tipped 
applicator, and then select the longest tunnel to measure.

2. Use the clock method to identify the location(s) on the 
wound perimeter where tunneling is present, and then track 
the tunnel over time.

Calculating the Overall Undermined Estimated Size
To derive an estimate of the overall undermined estimated size 
of the wound area, add the measurements of undermining/

tunneling to the SA length and width to derive the overall 
length and overall width. Next, multiply the overall length by 
the overall width.9 For example, using the clock method:

12:00–6:00 length + 12:00 undermining + 6:00 undermining 
= overall length

3:00–9:00 width + 3:00 undermining + 9:00 undermining = 
overall width

Overall length × overall width = overall estimated area
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FIGURE 4.10 Trajectory of healing for heal-
ing and nonhealing diabetic ulcers. (Source: 
Robson MC, Hill D, Woodske M, et al. 
Wound healing trajectories as predictors 
of effectiveness of therapeutic agents. Arch 
Surg. 2000;135(7):773–777.)

The product is a single number that can be monitored and 
graphed to show the trajectory of healing over time, as indi-
cated by the dashed line in the graph in Figure 4.5. This fi gure 
also shows how the overall undermined estimated size com-
pares with the SA estimate.9 If only the open SA is monitored 
for change in size, the wound appears signifi cantly smaller 
than it actually is, and information about incremental changes 
in size is lost.

Graphing the Trajectory and Percentage 
of Healing
Wound SA and undermining measurements can be plotted 
on a graph to show a trajectory of healing that identifi es those 
patients whose wounds are on track to heal and those whose 
wounds are not healing. The points on the trajectory can be 
used as end points to compare results, rather than complete 
healing.13 Graphs showing the wound healing trajectory, such 
as the one shown in Figure 4.10, are a very useful visual method 
for monitoring healing over time. Graphing is recommended 
for tracking the scores obtained using the Pressure Ulcer Scale 
for Healing (PUSH) tool (see Chapter 5). Recently, the wound 
healing trajectory has been suggested as a method for tracking 
signifi cant points along the continuum of healing, rather than 
a single end point, when determining the effi cacy of treatment 
interventions.13

Controlled clinical trials of many types of wound healing 
products use reduction in ulcer SA as the dependent variable, 
and results are reported as a percentage of reduction in unit area 
per unit time (cm2/mm2 or %/day/week).14 Percentage of heal-
ing per unit of time (PHT) refers to the decrease in wound area 
from the baseline to the day of measurement for each reevalu-
ation period (e.g., per week) as a percentage of the wound size. 
PHT rates have been used to calculate the linear daily or weekly 
healing rates analyzed for different wound etiologies (pressure 
ulcers, venous ulcers, and diabetic ulcers). (Refer to Part II for 
information about different wound etiologies.) These rates are 
now becoming the standard predictor of whether the wound 
will heal, and are also useful for comparing the results and costs 
of different interventions.2–4,15–17

Steps for Graphing the Trajectory and Percentage of 
Healing
Creating a trajectory of healing involves the following basic 
steps. Note that the graph can be generated as part of a database 
program or manually drawn on graph paper:

1. Perform the size measurements following a defi ned protocol.
2. Calculate the total wound area (cm2) or the percentage 

change in size. Methods of calculating the PHT vary. See 
Exhibit 4.4 for an example. Plot the wound healing curve on 
a graph. This requires two axes: horizontal and vertical. The 
horizontal axis represents time, and the vertical axis rep-
resents size in square centimeters or percentage of change. 
Time should be graphed at consistent intervals (e.g., weekly, 
with the baseline week 0). See Figure 4.10 for example.

Using the Trajectory Graph to Determine Phase of Healing
A great deal of information can be gleaned from trajectory 
graphs. For instance, consider again the simple trajectory graph 
in Figure 4.5. Note the signifi cant variations in the extent of 
the wound between May and July. However, notice the linear 
reduction in wound extent from September to December. As 
the wound healed, undermined/tunneled spaces closed, tissue 
integrity was restored, and the overall size was reduced.

Graphing can also show how changes in the undermined esti-
mate parallel the changes in wound phase. For example, notice the 
abrupt jump in wound overall undermined estimate from 42.25 
cm to 122.43 cm; this frequently coincides with the early prolifera-
tive phase. The expansion of the wound extent refl ects the effects 
of wound debridement on loss of subcutaneous tissue integrity 
(the separation of fascial planes), producing tunneling. Loss of 
subcutaneous tissue integrity produces increased risk of infection, 
but subcutaneous tissue integrity is restored as the wound pro-
gresses through the proliferative phase to the remodeling phase.

Using the PHT to Predict Healing and Nonhealing
As you can see, percentage reduction in wound size—rather 
than the actual size measurements—is a valid and useful method 
for predicting wound healing rates and tracking the healing of 
pressure ulcers, venous ulcers, and diabetic ulcers.16,18,19
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Comparing Healing Rates
Venous ulcers that healed in 4 weeks or more had an initial heal-
ing rate of 0.049–0.065 cm per week, and diabetic ulcers had a 
rate of 0.063 cm per week, suggesting that there may be a fairly 
uniform rate of healing for chronic ulcers, regardless of etiol-
ogy.23 Because repairing wounds appear to heal at the same rate, 
there should be no correlation between initial ulcer size and the 
rate of healing. By using the 0.062 cm per week rate of healing 
for full-thickness chronic ulcers, a 4-week period could be suf-
fi cient to establish a healing trend.23 Before this recommenda-
tion can be used as a standard for all chronic wounds, consider 
the fi ndings that the trajectory for healing differs for partial-
thickness and full-thickness ulcers. Linear advancement of the 
wound margin was 0.056 mm per day (0.0392 cm per week) 
for partial-thickness ulcers and 0.021 mm per day (0.0147 cm 
per week) for full-thickness ulcers. Median time is the time by 
which at least one-half of the patients have healed. Median time 
to healing for the partial-thickness ulcers was 28 days, and it 
was 56 days for full-thickness ulcers. These fi ndings suggest that 
norms for duration and rate of healing are specifi c to the level 
of tissue injury (Exhibit 4.6). Polansky and vanRijswijk  suggest 
using the median time of healing for study groups, rather than 

The conclusion supported by a number of studies is that 
pressure ulcers and leg ulcers (venous and diabetic) that do not 
reduce in size between 30% and 50% in a 2- to 4-week period 
are not on a healing trend and are less likely to heal than ulcers 
that do reduce by these amounts.5,15,16,19–21

Healing trajectories are signifi cantly different for healers 
and nonhealers (see Fig. 4.10)13. By plotting the percentage of 
change on a graph, you will create a trajectory that you can 
then use to compare against these numbers. This will indicate 
whether the wound is following a course for healing or for 
nonhealing.

In addition, review of the PHT at clinical decision points 
can be extremely valuable in helping you identify early on the 
patients who require more aggressive and possibly more expen-
sive interventions.

It can also help you identify those who are likely to heal with 
standard care. Shifting of the wound healing trajectory from an 
impaired course to a more ideal course can also be one way to 
evaluate the effi cacy of the treatment plan.

It is clear that the precision of wound measurement and the 
method of calculating the rate of change can and should infl u-
ence clinical decision making. Clinicians today are responsible 
for setting the goals of treatment and differentiating wounds 
that will go on to heal with standard care from those that should 
be triaged to adjunctive therapy.

Limitations of PHT Calculations
The calculation method presented in Exhibit 4.4 is commonly 
used to measure healing. However, this method can exagger-
ate the progress made by larger wounds relative to smaller 
ones, and the percentage of reduction in area can minimize the 
actual progress made by large wounds relative to the progress 
made in small wounds.19 Wounds of different sizes and shapes 
present special problems. To compensate for these problems, 
Gilman22 proposed a formula for measuring the wound perim-
eter change over time (Exhibit 4.5). Tallman et al.3 found that 
using initial wound size as the baseline for percentage of change 
in size calculation to determine the weekly healing rate gave 
healing rate instability from week to week, which decreased 
the ability to predict complete healing. They created another 
method to compare healing rates, which takes the mean of 
all previous healing rates between each visit (which becomes 
the mean adjusted healing rate) and uses that rate as the base-
line size to calculate the percentage of change. This method 
improved healing rate stability from week to week and allowed 
prediction of complete healing as early as 3 weeks from start of 
therapy (p <0.001).3

CLINICAL WISDOM

Healing Rates
Healing rates should not be used to predict a specifi c antici-
pated healing date because factors that affect healing can-
not be controlled. The rates should be used to help clinical 
decision making and identify effective and ineffective treat-
ments. Accurate measurement of wound size is the basis for 
reliable predicting.

EXHIBIT 4.5

Gilman Method of Measuring Wound Healing Using 
the Wound Perimeter

d = DAp
d =  units of distance; d represents the average distance 

of advance of the wound margin over the study 
time T, in a direction toward the wound center

DA =  the difference in area of the wound before and after 
the study time T

p =  the average perimeter before and the wound 
perimeter after time T

Reprinted with permission from T.H. Gilman, Parameter for 
Measurement of Wound Closure, Wounds: A Compendium of 
Research and Practice, 1990;2(3):95–101. Health Management 
Publications.

EXHIBIT 4.6

Factors that Signifi cantly Affect Healing Outcomes
   ● Initial SA size: Larger ulcers take longer to heal.4,16

   ● Duration: Ulcers of short duration are most likely to 
heal.4

   ● Healing rate: A 30% to 50% reduction in area size in the 
fi rst 2 to 4 weeks predicts healing.4,15,16,19

   ● Circulation: Moderate arterial insuffi ciency (ankle-bra-
chial index (0.5–0.8) increases risk of delayed healing.2

   ● Nutrition: Full-thickness pressure ulcers heal faster with 
proper nutrition.16
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to reproduce from measurement to measurement because the 
wound bed fi lls in irregularly; what is the deepest spot one time 
may not be the same spot at the next measurement. There is 
controversy, especially among researchers, about the usefulness 
of depth measurements because of the inaccuracies recorded.32

The Clock Method
Depth measurement accuracy is limited, regardless of how this 
measurement is made; however, the clock method allows for 
consistency in the measurement site that can be more closely 
reproduced at subsequent tests than the use of a single “deepest 
spot” method. Using the clock method for measuring wound 
depth is also suggested as a method of tracking changes in depth 
at specifi c locations around the wound bed; however, reliability 
for this use has not been validated.9 Steps for measuring depth 
using the clock method are as follows:

1. Cleanse the wound thoroughly before measuring.
2. Take depth measurements at the 12:00, 3:00, 6:00, and 9:00 

positions.
3. Insert a cotton-tipped applicator perpendicular to the 

wound edge.
4. Hold the stick of the applicator with fi ngers at the wound 

skin surface edge.
5. Holding this position on the applicator stick, place applica-

tor stick along a centimeter-ruled edge. Record for each of 
the four positions.

6. These depth measurements may or may not be at the deepest 
area of the wound.

7. A separate measurement may be taken and noted at the 
deepest area.

Partial-thickness wounds have a depth of less than 0.2 cm. 
Wounds with greater than 0.2 cm depth are diffi cult to measure 
and should be recorded as greater than 0.2 cm. Measure the 
depth of full-thickness wounds of greater than 0.2 cm depth. 
When a wound is undergoing debridement of nonviable tissue, 
the wound depth usually increases; as the wound bed fi lls with 
granulation tissue, the depth decreases. Reduction in wound 
depth is a measurement of progression through the prolifera-
tive phase of healing.

Numeric Score Method
Instead of a quantitative measurement of wound depth, some 
wound measurement tools observe the layers of tissue lost and 
rank the loss by an increasing numeric score that corresponds 
to greater depth of tissue lost. For example, a superfi cial ulcer 
may have a score of 1. A full-thickness wound with tissue loss to 
the bone may have a score of 4 or 5.

Measuring Wound Volume
Wound volume measurements present special challenges. 
Although advances in technology may improve their reliability, 
currently they are too costly to implement in most wound care 
settings. However, they are used in research studies for quantify-
ing research results more accurately than is possible with stan-
dardized measurements; thus, to help you appreciate the direction 
that wound measurement is taking, we introduce you here to two 
currently available volume measurement technologies.

One method involves fi lling the wound with a measured 
amount of normal saline from a syringe. This works best for 

the mean (midpoint) time to plot healing time curves.14 The 
healing time curve provides a “moving picture” of healing and 
is developed using the Kaplan-Meir method called survival 
analysis. This methodology is particularly useful when there is 
a large study population and a signifi cant number of patients 
who do not complete the entire study course; it may also be 
useful for prediction of healing of individual wounds.13 These 
healing time curves provide more information about healing 
than looking at the proportion of the population healed at the 
end of a study. More research on the rate of healing of a large 
population sample with chronic wounds is needed to substanti-
ate the trend before using these numbers as benchmarks for the 
rate of healing for all chronic wounds. Robson et al. showed 
that healing trajectories are signifi cantly different for healers 
and nonhealers with diabetic ulcers (see Fig. 4.10).13 Shifting 
of the wound healing trajectory from an impaired course to a 
more ideal course can be one way to evaluate the effi cacy of the 
treatment plan. For more information about the measurement 
methods involved in doing survival analysis for wound heal-
ing in a clear and relatively easy-to-understand way, readers are 
encouraged to read the Polansky and vanRijswijk article.14

The healing rates for chronic wounds can be put into 
 perspective when they are compared with the healing rates for 
acute wounds. Ramirez et al. looked at the rate of healing of 
acute  surgical wounds in normal adults in 1969.24 The average 
 surgical wound size was 10 cm2, and there was a 50% reduction 
in wound size in 13 days, for an estimated healing rate of 0.37 cm2 

per day. Wound closure was achieved in 21 days. Gilman 
 calculated that this healing rate is about six times faster than 
chronic wounds make when making good progress.25

Measuring Wound Depth
Wound depth is defi ned as the distance from the visible skin 
surface edge to the wound bed.29 Initially, wound depth is 
correlated with the depth/extent of tissue damage, and sev-
eral staging systems use depth to categorize wound severity 
(see Chapter 3). As the wound heals, measurement of wound 
depth is a crude method of tracking the growth of granulation 
tissue in the wound base of deep wounds. It is also a way to 
measure early healing progress that may otherwise be missed, 
since depth reduction usually precedes the reduction in wound 
SA.30,31 Reduction in wound depth is accomplished through the 
formation of scar tissue that does not represent replacement of 
the tissue destroyed. Recently, another rationale for consider-
ing a change in wound depth was proposed: this is the obser-
vation that “pocketing” at the bottom of a wound is a clinical 
indicator of critical wound colonization or infection.

Accuracy of Depth Measurements
When measuring wound depth, it is common practice to try to 
fi nd the deepest site in the wound bed. This method is diffi cult 

RESEARCH WISDOM

Healing rate during the fi rst 4 weeks of observation has been 
validated as a predictor of healing outcome and is steady 
over the course of healing for venous, diabetic, and pressure 
ulcers.3,4,15,16,18,23,26–28
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wounds that can be positioned horizontally so the liquid does 
not spill out. Still, accuracy is questionable because the amount 
of fl uid absorbed by wound tissue or left in the wound cannot 
be measured.33

Another method involves the use of Jeltrate, an alginate 
hydrocolloid used by dentists. By pouring the rapidly setting 
plastic into the wound, a mold of the wound is made. Jeltrate is 
reported to be well tolerated by the wound tissue.32

Regardless of which method of measuring wound volume is 
used, there are signifi cant inaccuracies. Use of this parameter 
of measurement appears to be most appropriate in the research 
arena and of less value to the clinician.32 Some studies appear to 
support the idea that measurement of depth or volume may be 
superfl uous, since percentage of change calculations based on 
SA have demonstrated validity for tracking healing.

Measuring Surrounding Skin Erythema
Erythema of the skin surrounding a wound can be a measure 
of the infl ammation phase of healing or a sign of infection. 
Chronic wounds often show a halo of erythema but lack the 
other signs of infl ammation. As discussed in Chapter 3, the 
periwound erythema can be identifi ed as unblanchable red-
ness (see Figs 4.11 and 4.12). The “Clinical Wisdom” below 
addresses measurement of erythema in darkly pigmented 
skin. Streaking or signifi cant signs of erythema projecting out 
a distance from the wound can indicate cellulitis, and medical 
measures are warranted. Measurement can be taken using the 
greatest length and greatest width method or the clock method.

Gather Your Supplies
Assemble all supplies needed:
• Two acetate measuring guides or one each plastic wrap over 

wound, topped by measuring guide
• Two pieces of plastic wrap, cut in approximately 6 inches × 8  

inches pieces or larger, if wound plus periwound erythema is 
larger

• Fine-point transparent fi lm-type marking pen, so that ink 
would not bead up on the plastic (dark Pentel™ or Vis-a-Vis™)

• Paper towel, folded in half lengthwise
• Paper or graph form
• Transparent tape

FIGURE 4.11 Periwound erythema or, in darkly pigmented skin, a 
darkening of the skin.

1

2

12/12

FIGURE 4.12 Suspected deep tissue injury pressure ulcer. Note: 
(1) Line of demarcation between healthy tissue and  hemorrhagic or 
 erythematous tissue in darkly pigmented skin; (2) Note small areas of 
tissue break down.

How to Measure Using the Clock Method
1. Measure across the wound SA from the 12:00 to the 6:00 posi-

tion and to the outer margin of the periwound erythema.
2. Measure across the wound SA from the 3:00 to the 9:00 posi-

tion and to the outer margin of the periwound erythema.
3. Compute the periwound area of erythema: 12:00 to 6:00 

length × 3:00 to 9:00 width = _____ cm2.

Example: 9:0 cm × 6.0 cm = 54 cm2

WOUND MEASUREMENT: WOUND TRACINGS

Making a wound tracing, also known as the acetate method, is 
a popular and practical method for measuring wound area. 
A tracing is a drawing of the wound shape. It can be made on 
acetate measuring sheets supplied by manufacturers for this 

CLINICAL WISDOM

Measurement of Erythema in Darkly Pigmented Skin
Skin color changes reported by clinicians and in the litera-
ture27 indicate that, when infl amed, the skin color of darkly 
pigmented individuals darkens to an eggplant/purplish color 
(see Fig. 4.12). It can be diffi cult to differentiate darkening of 
infl ammation from hemosiderin staining. When this is the 
case, proceed with temperature and edema examinations. 
For a full description of the assessment of darkly pigmented 
skin, see Chapter 3.

The following are guidelines for measuring the extent of 
infl ammation/trauma in darkly pigmented skin:

● Use natural light or halogen light, not fl uorescent light.
● Outline the margins of color change on the surrounding 

skin with a marking pen.
● Select a reference point for future measures.
● Measure using the greatest length and the greatest width 

or the clock method.
● Calculate the area of color change (as described for all 

length-by-width measurements).
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• The wound map tracing becomes the document on which 
assessment findings of tissue attributes are recorded. 
A map key at the bottom of the graph form assigns let-
ters to each tissue attribute, making this an easy way to 
describe the tissue in the drawing. The tracing is a paper-
and-pencil instrument to track wound healing over time. 
Note: The tissue attributes on the wound recovery form37 
are the same as those represented in the SWHT described 
in Chapter 6.

• The wound tracing can be scanned into a computer, making a 
digitized measurement of the wound. The area can be calcu-
lated, and the tracing can be stored on the computer.

Steps for Making a Wound Tracing
1. Place two acetate measuring guides or two pieces of plastic 

wrap over the wound, so that the bottom piece fi ts across the 
wound from 3:00 to 9:00, and the top piece fi ts from 12:00 
to 6:00. This arrangement helps when separating the top 
layer from the bottom layer. Smooth each piece of plastic to 
remove wrinkles. Two layers are used to prevent contamina-
tion of the layer on which the tracing is made. The layer that 
was in contact with the wound is discarded with infectious 
waste after the tracing is completed.

2. Draw an arrow on the plastic wrap in the location and direc-
tion of the 12:00 position.

3. Trace the wound edges.

Optional Additions to Tracings
1. Draw any notable features within or around the wound SA, 

such as an outline of the necrotic tissue or exposed bone. 
Label the features with a letter from the wound recovery 
form key.26

2. Mark areas of erythema or darkened darkly pigmented skin 
with broken lines around the wound SA.

3. Mark areas of necrotic tissue or eschar with diagonal lines.
4. Mark other features with circles and dots, and label them 

with letters.
5. Place the tracing so that the 12:00 arrow is in the conven-

tional 12:00 position on the graph form, and tape it onto the 
graph form. Make sure the plastic is taut and free of wrin-
kles. (See instructions for completing the wound recovery 
form below.)

6. Photocopy the wound tracing to create a permanent record. 
Discard the graph with the plastic tracing.

7. Mark wound features with lines drawn at right angles to the 
feature and label.

purpose or household plastic wrap with a plastic transparency 
marking pen (the ink does not bead up). These can then be 
transferred to graph paper to determine size by counting the 
squares (centimeters). This is called planimetry. Using 1 cm 
graph paper to count squares has been reported to be quick, 
effi cient, and realiable.34,35 Compared with linear measurements 
with a ruler, there is less overestimation of the real wound area. 
This method is most useful on wounds that are on fl at sur-
faces, and it has limited usefulness for full-thickness wounds. 
Accuracy of measurement with the tracing method depends 
on how carefully the wound edges are followed as the tracing 
is drawn. Greater reliability using planimetry has been found 
for wounds with edges that begin to approximate over a bed 
of granulation tissue.34 The method of measuring the wound 
area from transparency tracings and placing it on graph paper 
to determine size by counting the centimeters has shown high 
intratester and intertester reliability (0.99).

Repeated tracings show changes in the size and shape of a 
wound over the course of recovery. Tracing is easy to learn, 
inexpensive, readily available, and requires minimal training.36

Clean tracings taped to a sheet of paper can be stored in the 
patient record. However, because these tracings can come loose 
or become ragged, the tracing and form can be photocopied, 
with the photocopy stored in the chart.

Applications of Tracings
Following are ways that tracings can be used:

• Tracings show change in the wound perimeter shape over 
time. Wound shape is a helpful indicator of the rate of heal-
ing. As described in Chapter 2, linear wounds contract rap-
idly, square or rectangular wounds contract at a moderate 
pace, and circular wounds contract slowly.35

• When placed on a metric graph form (planimetry), trac-
ings show the wound size, as well as the shape of the healing 
wound (Exhibit 4.7).

• A tracing can become a “wound map,” showing features of the 
wound bed, such as necrotic tissue, and adjacent tissue charac-
teristics, such as erythema (see Exhibit 4.7). Household plastic 
wrap is better than a grid sheet for this because it is clear.

• When placed on metric graph paper, features such as the 
actual amount of undermining/tunneling around the wound 
perimeter can be drawn on the wound map using the actual 
measurements and a ruler.

RESEARCH WISDOM

Measuring Wounds of Different Shapes
A comparison of the standard error of measurement for 
wounds of different shapes using four techniques: linear 
ruler length and width, planimetry, stereophotogrammetry 
(SPG) length and width, and SPG area showed that linear 
ruler length and width measurements best measured circu-
lar wounds, tracing worked best for pear-shaped wounds, 
and SPG had the lowest standard error of measurement for 
L-shaped wounds.34 SPG incorporates the use of enhanced 
digital photography with a computer system using wound 
measurement software.

CLINICAL WISDOM

Tracings on Plastic Sandwich Bags
A plastic sandwich bag can be placed over the wound and a 
tracing can be made on the top layer, with the bottom layer 
of the bag acting as a wound barrier. Slit the bag in half and 
discard the contaminated layer with infectious waste. The 
top layer can be put on a graph form or placed in a zippered 
sandwich bag to keep for comparison measurements. This 
method is very useful for home care.
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EXHIBIT

Wound Recovery Form with Tracing

4.7

NAME: DATE: 
WOUND I.D. (1) (2) (3) 
INFLAMMATION PROLIFERATION EPITHELIALIZATION

X
B = BLISTER F = FIBROPLASIA EP = EPITHELIALIZATION
E = ERYTHEMA C = CONTRACTION M = MACERATION
H = HEMORRHAGIC FT = FULL THICKNESS R = REMODELED

SB = SCAB PT = PARTIAL THICKNESS I = INTACT
N = NECROSIS U = UNDERMINING 

DRAINAGE: DRAINAGE:DRAINAGE:
V = VISCOUS S = SEROUS S = SEROUS

PU = PURULENT SS = SEROSANGUINEOUS DY = DRY

Adapted with permission from Sussman CA. Physical therapy choices for wound recovery. Ostomy/Wound Management. 1990;20:20–28, Health Man-
agement Publication, Inc., Wayne, PA.

G. LUCKY 4/20/08 B Sweet
COCCYX
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Using a Wound Recovery Form
The wound recovery form37 is a paper-and-pencil instrument 
that consists of a centimeter graph sheet, a linear measure 
aligned with the graph coordinates to show size, and anatomic 
fi gures (front and back) to mark location. The tissue charac-
teristics are listed by phase: infl ammation, proliferation, and 
epithelialization. You can use this key in evaluating and devel-
oping the wound phase healing diagnosis and in tracking the 
recovery of the wound by phase and wound characteristics. 
A completed form is shown in Exhibit 4.7.

The supplies needed for the wound recovery form include

• Wound recovery form
• Wound tracing
• Transparent tape
• Fine-tip marking pen
• Photocopier (optional)

The steps in creating a wound recovery form include the 
following:

1. Prepare wound tracing (see above).
2. Place tracing on wound recovery graph with the arrow 

aligned with lines at the 12:00 position.
3. Tape tracing in place unless it is adhesive backed.
4. Draw lines that are exactly the same length as the length 

measurements taken from the undermining at clock points 
around the wound perimeter, starting at wound edges and 
moving outward.

5. Draw lines from the tissue characteristics out to the side of 
the graph and label with letter from key.

HELPFUL HINTS

Tracings
A grid printed on acetate fi lm that peels off a plastic backing 
sheet can be used to make wound tracings. The sheet acts as 
a barrier to infection and is discarded. The tracing is then 
ready to place in the medical record.

6. Print wound location at the bottom of the picture. Mark its 
location on anatomic fi gures.

7. This “wound map” is also a tissue assessment report.

WOUND MEASUREMENT: WOUND PHOTOGRAPHY

“A picture is worth a thousand words.” This adage certainly 
applies to wound photography. As discussed below, photo-
graphs of wounds serve many important clinical functions. In 
addition, they can be extremely valuable in preventing litiga-
tion, allowing us to put a new twist on the old adage: “A pic-
ture of a wound is worth thousands of dollars.”7 That’s because 
serial photographs serve as a permanent record of the wound 
at baseline and throughout the patient’s course of care. In fact, 
in many facilities, the photographs of wounds are part of the 
patient’s medical record; wound photographs were reported to 
be part of the documentation procedures in 75% of the home 
health-care agencies in the United States.38

Use of Serial Photographs
Any wound present upon admission should be photographed 
promptly. Wounds that develop during the patient stay should 
be photographed when acquired and at discharge, as well. In 
long-term care settings, wounds should be photographed.

Serial color photographs are useful for many reasons. First, 
they document wound tissue characteristics. For instance, they 
can show color, streaking. However, the type of lighting affects 
the color: fl ash photography and fl uorescent lighting tend to 
give a blue tone to the photograph, and incandescent light gives 
a yellow tone.

Photographs are used also to measure the wound size; how-
ever, the accuracy of wound measurements derived from pho-
tographs is compromised by the problem caused by measuring 
wound area on curved surfaces.36

Serial photographs can also be used to validate the over-
all treatment outcome. Serial photos are also effective teach-
ing tools for in-services, referral sources, reimbursement, and 
patient encouragement.

Choosing the Equipment
Photographs can be taken with simple point and shoot digital 
cameras or with more complex camera equipment. However, 
with lower end equipment, color and image quality may not 
accurately represent the wound. For instance, resolution with 
low-priced digital cameras like those found in cell phones is not 
high enough to assure a quality image. Fortunately, better reso-
lution is now available using moderate-priced digital cameras, 
so this technology is now widely available.

Digital photography has many real benefi ts. For instance, 
with a digital camera, you can view the photo instantly to deter-
mine if it is a good representation of the wound. If not, you can 
quickly and easily retake it. Also, you can use the dating feature 
to help you maintain accurate records. Moreover, digital photo-
graphs can be downloaded into a computer where the records 
can be stored, and you can quickly print the photos on inexpen-
sive photo printers. You can also add to each photo identifi ca-
tion information that protects patient privacy while still allowing 
for accurate record keeping. Obviously, in order to maintain the 
validity of the original, digital photos should not be retouched.

CLINICAL WISDOM

Using the Wound Tracing for Positive Reinforcement
The wound tracing can also be a positive reinforcement for 
wound patients. Two wound tracings are made on acetate 
fi lm or plastic wrap. A date is placed on the tracing next to 
the wound edge. One copy is placed in the patient records, 
and the other is given to the patient. The next assessment 
day, the patient brings in his or her copy, and the copy 
from the chart is presented. The wound is redrawn on both 
pieces of fi lm and dated, so the size change can be visually 
compared. Patients receive positive reinforcement for their 
efforts by seeing their wounds get smaller (N. Elftman, 
 personal communication).
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Digital photography can be combined with computerized 
planimetry. This noncontact method of photography and 
measurement eliminates the risk of wound bed contamination 
and trauma, and avoids procedural pain.31 The photograph is 
uploaded to the computer and analyzed using computer soft-
ware that is also designed to be used as a database of wound 
information. Unfortunately, these systems are not yet available 
in many facilities.

Scanning is yet another method for digitally storing photo-
graphs. Again, the quality of photograph and scanner infl uence 
the quality of the computer image.

More complex camera equipment and computer systems 
are typically limited to use by researchers, but their availabil-
ity to clinicians may increase as the standards for recording and 
 documenting wounds are revised and use of telemedicine expands.

Taking a High-Quality Photograph
Unless consent for patient photography is part of the facility 
admission package, consent should be obtained before photog-
raphy is used. The following are suggestions for taking high-
quality photographs:

• Use a good light source.
• Position patient and wound carefully, ensuring that the 

patient’s private areas are screened from the camera.
• Position a linear measure (ruler) in the photo to show relative 

size.
• Use a string of known length to measure distance from the 

camera to the wound for consistency of photos over time.
• Use an identifi cation sign with patient ID, wound location, 

and date in the photograph (unless dated by the camera).
• Select a camera with a zoom and/or macro feature, if possible, 

to take close-up views of the wound.
• If you are using an SLR-type camera, use a ring fl ash attach-

ment on a 35-mm close-up lens to eliminate shadows.
• Use an assistant to help maintain the patient’s position and 

perhaps to position the marker.
• Record wound and patient position for repeated photographing 

sessions (e.g., “right side-lying”).

Using a Photographic Wound Assessment Tool
The Photographic Wound Assessment Tool (PWAT) is a 
modifi ed version of the Bates-Jensen Wound Assessment Tool 
(BWAT) (see Chapter 5). It makes use of six domains of the 
BWAT that can be determined from photographs alone and 
do not require bedside assessment.38 Each domain item of 
the PWAT is scored numerically, and a total score is calcu-
lated by adding the scores assigned to each of the six domains 
(Exhibit 4.8). The range of possible total PWAT scores is 
between 0 and 24, with zero representing a healed ulcer.38

The PWAT was applied and tested with pressure ulcers and 
leg ulcers and found to have high intertester and intratester reli-
ability among experienced wound clinicians. It was also found to 
have high concurrent validity, based on the degree of agreement 
between SA calculations obtained from the wound photograph 
(n = 46), as compared to wound tracings and linear measure-
ments. Researchers were able to divide the ulcers into “healers” 
and “nonhealers,” based on the changes in wound SA, as mea-
sured by the PWAT. A comparison of PWAT scores revealed that 
there were almost statistically signifi cant differences between the 

two groups (p = 0.07). The highest reliability was achieved when 
the PWAT was applied to pressure ulcers, compared with leg 
ulcers, probably refl ecting its derivation from the BWAT, which 
was designed for assessment of pressure ulcers.

Drawbacks to its use are the added costs associated with 
wound photography, the need for consent before taking photo-
graphs, and the impact on the decision-making process by the 
clinician.38 However, the PWAT may play an important role in 
the fi eld of wound telemedicine. A tool that gives you a reliable 
and easy-to-use method of quantifying the status of wounds 
from photographs could potentially improve the quality of out-
patient wound care. Trials of telemedicine using digital pho-
tography show that wound evaluation on the basis of viewing 
digital images is comparable to standard wound examination 
and results in similar diagnoses, most of the time.39

Use of Video Teleconferencing
Interactive video teleconferencing has also been pilot tested on 
patients with wounds.40 Video teleconferencing offers the ben-
efi t over still photography and digital imaging alone of allow-
ing visualization of the wound from a variety of angles and 
positions with immediate feedback from the clinician, other 
health-care practitioners, patient, and family.40 It is especially 
benefi cial for patients with wounds who are unable to travel to 
health-care centers. Additional benefi ts to the health-care sys-
tem includes more time effi cient use of skilled personnel.40

A number of challenges to implementation of this type of 
service do exist. These include the diffi culty of providing proper 
lighting and a private space designated for the teleconference, as 
well as the need to secure funding for purchase of the equipment 
and telecommunication services, and for operator training. Still, 

HELPFUL HINTS

Making an Identifi cation Marker for Photographs
1. Tape plastic measuring sheet to a 3 inches × 5 inches 

index card.
2. Put card into a plastic sandwich bag.
3. Put two strips of white tape on the plastic sandwich bag.

●  Write patient ID and wound location on the fi rst strip 
(e.g., W.J., coccyx).

● Write date on second strip (e.g., 01/23/2010).
4. Throw away the plastic bag.
5. Reuse the card.

EXHIBIT 4.8

Six Domains of PWAT
1. Edges
2. Necrotic tissue type
3. Necrotic tissue amount
4. Skin color surrounding skin
5. Granulation tissue
6. Epithelialization
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this technology holds potential for enhancing patient access to 
quality health-care services. Patients who experience telemedi-
cine report being “very satisfi ed” with the telemedicine visit.40 It 
is clear that telemedicine consult for wounds is increasing.

REFERRAL CRITERIA AND SOURCES

As you and your colleagues perform serial wound measure-
ments, you may discover that a wound is not progressing or 
is on a downward course. In this case, a prompt referral for 
alternative or adjunctive treatment is necessary. The availability 
of advanced technologies for treatment, such as growth factors 
and tissue-engineered products, has made it very important to 
be able to recognize and understand the criteria for referral. 
To do that, you must have a valid and reliable way of measur-
ing the effi cacy of standard care. The standard care for chronic 
wounds has been well developed and includes pressure relief 
off-loading or compression, debridement, moisture balance, 
bacterial balance, and proper nutrition.

Consider referral when one or more of the following four 
criteria are met41: Initial ulcer size and duration indicates that 
standard care is likely to fail (e.g., large, deep ulcer of longer 
than 1-year duration):

• Rate of healing with standard care predicts failure (>30% 
healing)

• Wound fails to heal in predicted time, based on guideline of 
30% to 47% reduction in size in 2 to 4 weeks

• Special circumstance exists, such as unusual diagnosis or 
patient demand

• Emergent referral is warranted when:
• The extent of wound involves bone and/or deep  subcutaneous 

spaces—may indicate osteomyelitis or other infection.
• There is an impending exposure of a named anatomic 

 structure—wound extent should be evaluated medically.
• There are black holes or tunnels that cannot be measured—

high-risk situation.
• Wound tunneling may perforate the peritoneal cavity in 

either the abdomen or rectum.
• Wound size is enlarging more than expected.

Many health-care practitioners have experience in complex 
wound management. If any of the referral criteria listed above 
is met, contact one or more of these professionals for follow-up 
management. Some choices are shown in Table 4.4.

SELF-CARE GUIDELINES

In today’s health-care environment, family members and other 
at-home caregivers commonly measure and monitor the wound 
size parameters discussed in this chapter, reporting their fi nd-
ings to the expert clinician for interpretation. The most success-
ful results occur when step-by-step instructions and repeated 
demonstrations are given to the designated data collector. 
Prepare an instruction sheet for measuring and/or tracing 
wounds and create a record such as that shown in Exhibit 4.9 
for recording the data. The patient or caregiver can then send 
the record via e-mail or fax to the wound case manager.

Before beginning instruction, assess the individual’s ability 
to follow directions. If the patient or a lay caregiver is going to 
perform the measurements, teach only the simple length-by-
width method. It is helpful if you teach measurement methods 
in the same sequence each time (e.g., fi rst length then width). If 
the person monitoring the wound is a paraprofessional, physi-
cal therapist assistant, or licensed practical nurse, you can teach 
additional wound measurements.

Both lay caregivers and paraprofessionals may also be capa-
ble of making wound tracings. Doing so can help them see that 
the wound is getting smaller as the report number decreases, or 
that the wound is changing in shape and size. This reinforces 
both the caregiver’s and the patient’s feeling of success. If the 
wound is not decreasing in size, this fact will be more obvious, 
triggering a change in treatment planning.

Instructions for Measuring a Wound at Home
Gather the following supplies
• Disposable wound measurement ruler (provided)
• Nonsterile disposable gloves
• Measurement form
• Waste disposal container

Follow these instructions
Wound measurements are taken once a week or biweekly.

1. Note the position of the patient (e.g., side-lying on right 
side)

2. Note the date.
3. Measure the longest diameter of the wound in each direc-

tion, head to toe (length) and side to side (width). Do in the 
same order each time.

4. Record the length and width in the appropriate boxes on the 
form as the measurements are taken.

EXHIBIT 4.9

Wound Measurement Record
Name: ___________________ Medical Record #: ______

Date Length (cm) Width (cm) Total (cm2)

4/30/14 5 3 15

5/15/14 4.5 2.5 11.25

5/30/14 4.0 1.75 8.8

6/15/14 2.5 1.25 3.13

Physicians Nurses Other Providers

Dermatologist Dermatology nurse Physical therapist

Orthopedic surgeon Wound ostomy 
continence nurse

Vascular technician

Plastic surgeon Registered nurse Podiatrist

Vascular surgeon Geriatric nurse 
practitioner

Vascular nurse

Referral Sources4.4TABLE
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Instructions for Making a Wound Tracing at Home
Gather the following supplies
• Plastic measuring sheet (provided), clear kitchen plastic wrap, 

or plastic sandwich bag
• Fine-point transparent fi lm-type marking pen so that ink 

won’t bead up on the plastic (dark Pentel™ or Vis-a-Vis™)
• Nonsterile disposable gloves

Follow these instructions
1. Use either two pieces of clear plastic wrap, or a plastic sand-

wich bag.
2. Place one layer of plastic against the clean wound. Place the 

second layer on top of the fi rst. If the plastic becomes foggy, 
lift a corner of the plastic to allow the heat and moisture to 
escape, and the fog will go away.

3. When you can see the edges of the wound, use a fi ne point 
felt-tip marking pen to draw around the wound edges. Mark 
the date of the drawing beside the wound drawing.

4. After the ink is dry (about 10 seconds), lift the top layer of 
plastic wrap or cut off the top layer of the plastic bag.

5. Save the piece with the wound tracing in another clean 
 plastic sandwich bag.

6. Discard the dirty plastic sheet.

CONCLUSION

This chapter described several measurement strategies for 
monitoring wound extent and healing by tracking change 
in six parameters of size: length, width, SA, undermining/ 
tunneling, depth, and volume. Obviously, performing all 
of the above measurements on all wounds is not realistic. 
Hold a team  meeting to decide on the method that meets the 
needs of the majority of practitioners and conveys the desired 
 information. There is enough similarity among methods that 
the  information communicated through the continuum of 
care can and will be readily interpreted. The keys to successful 
 measurements are consistency and accuracy. Once a method is 
selected,  incorporate it into the facility policies and procedures 
and then make sure it is used consistently by all clinicians.

REVIEW QUESTIONS

 1. What is the most important consideration when taking 
wound measurements?
 A. Choosing the longest length
 B. Choosing the widest part
 C. Choosing a consistent method of taking measurements
 D. Choosing who will take the measurements

 2. What anatomic feature of the wound needs to be identifi ed 
for reliable wound measurements?
 A. Undermined area
 B. Wound edge
 C. Granulation tissue
 D. Wound depth

 3. What is the healing rate expected for a wound that is on a 
healing trajectory?
 A. 15% to 25% in 2 to 4 weeks
 B. 10% to 15% in 2 to 4 weeks

 C. 30% to 50% in 2 to 4 weeks
 D. 75% to 80% in 2 to 4 weeks

 4. To maximize the accuracy of wound measurements,
 A. Record even small changes
 B. Encourage all staff to participate
 C. Position the patient however they are comfortable
 D.  Have a variety of terminology and units of measure-

ment
 5. When utilizing the clock method to measure a wound,

 A. Length is the longest measurement
 B. Width is the smallest measurement
 C. Length and width are added to determine SA
 D. Select a 12:00 reference position

RESOURCES

• Plastic/acetate measuring sheets are available from many 
wound care product manufacturers.
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CHAPTER OBJECTIVES

Most clinical standards and practice guidelines require assess-
ment of wounds to determine healing at least weekly. Clearly, 
this demonstrates agreement on the importance of frequent 
evaluation; however, the best method for evaluating wound 
healing has not been agreed on.

As you learned in Chapter 3, classifi cation or staging 
 systems—which assess wound tissue appearance—are appro-
priate for determining the initial severity of damage but are 
inadequate for measuring wound healing. Use of a single 
wound characteristic has not been helpful in monitoring heal-
ing, determining treatment response, or prescribing therapy. 
Thus, there is general agreement on the need for assessment of 
multiple wound characteristics to monitor and measure heal-
ing. In addition, although limited data exist to demonstrate 
improved outcomes by using a standardized, research-based 
tool, use of a systematic approach promotes effective commu-
nication among those involved in the wound care plan and is 
recommended in clinical practice guidelines.

Several such tools have been proposed;1–9 this chapter 
focuses on the SWHT,5 the PUSH,2 and the BWAT,1 which are 
currently in use for clinical practice or research in the United 
States and internationally. All are standardized tools that assess 
multiple wound characteristics to enable the clinician to evalu-
ate healing. This chapter describes these tools, exploring how 
each was developed, its attributes, and its use in clinical prac-
tice. Three additional tools that focus on specifi c needs or pop-
ulations are also presented including the Photographic Wound 
Assessment Tool (a derivation of the BWAT),6 The Wound Bed 
Score,8 and the Spinal Cord Injury-Pressure Ulcer Monitoring 
Tool (SCI-PUMT). Table 5.1 shows the wound characteristics 
and scoring systems used by these tools.

CRITERIA FOR EVALUATING WOUND 
HEALING TOOLS

Before deciding on which tool to use in your clinical practice, 
it may be helpful to understand the psychometric properties 
of the tool. Psychometric properties of validity and reliability 
provide important information on how useful a tool is likely to 
be when used by different clinicians and with various patient 
populations. Criteria to evaluate the appropriateness and utility 
of a tool include validity, reliability, responsiveness, and clini-
cal practicality. We hope this basic discussion will help you to 
understand better the use of an evidence-based instrument for 
measuring wound healing.

Validity
Validity is the accuracy with which an instrument or test mea-
sures what it purports to measure.10 Validity is context specifi c, 
meaning that a tool that is valid in one study or clinical set-
ting may not be valid for another study or clinical setting. For 
instance, a tool that is valid for measuring healing in pressure 
ulcers in elders may not be valid for measuring healing in lower 
extremity vascular ulcers or in persons with spinal cord injury. 
Validity, as it relates to tool development, is a cyclical process. 
When indicated, information from validity testing may be used 
to change a tool to increase validity, and then the newly revised 
tool is retested. There are three main qualities in validity:

• Content validity is the degree to which an instrument measures 
an intended content area. For example, if the tool is intended to 
measure wound healing in lower extremity ulcers, are the areas 
that are important in healing of lower extremity ulcers actu-
ally included on the tool? Content validity is often determined 

At the completion of this chapter, the reader will be able to:

1. Identify the criteria used to evaluate wound healing tools.
2. Identify the wound characteristics commonly included in wound healing assessment tools.
3. Describe the development and use of three wound healing tools:

• Sussman Wound Healing Tool (SWHT)
• Pressure Ulcer Scale for Healing (PUSH)
• The Bates-Jensen Wound Assessment Tool (BWAT)

4.  Describe wound healing tools developed for specifi c needs or populations.

Barbara M. Bates-Jensen and Carrie Sussman

Tools to Measure Wound Healing5
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Wound Characteristics and Format SWHT PUSH BWAT, previously PSST PWAT WBS SCI-PUMT

Size X X X X X

Depth or stage X X X X X

Necrotic tissue X X X X X X

Granulation tissue X X X X X

Epithelial tissue X X X X X

Surrounding tissue Characteristics X X X X

Exudate X X X X X

Undermining and tunneling X X X X

Scoring Methods

Likert scale X X X X

Subscales with total score X X X X X

Comparison of Wound Healing Tools5.1TABLE

using an expert panel whose members rate, in some man-
ner, the items on the tool and the tool’s ability to measure the 
objective. Guidelines are available for interpreting content 
validity but, in clinical practice, evaluation of how the tool was 
developed, who was involved, where knowledge of the content 
was obtained, and the outcome of the expert panel is usually 
enough information. Ratings of the content specialists are only 
as good as their levels of expertise in the area measured.

• Criterion validity evaluates the relationship between the 
instrument and some other criterion. Criterion validity is 
concerned with the pragmatic issue: is the tool a useful pre-
dictor? Two types of criterion validity are concurrent and 
predictive. Concurrent validity tests the tool against present 
performance or status on a criterion. An example of concur-
rent validity for wound healing tools is the ability of a tool 
to separate partial- and full-thickness wounds, based on their 
scores on the tool. Predictive validity tests the tool against 
future performance or status on a criterion. An example is the 
ability of a tool to predict wound closure. Predictive validity 
can be either positive or negative; for instance, a tool would 
be equally benefi cial if it predicted those wounds that would 
not heal as it would if it predicted wounds that would heal. It 
also includes the characteristics of sensitivity and specifi city, 
both of which involve precision and accuracy of the instru-
ment. For example, a sensitive wound healing assessment 
tool should be able to determine all of the wounds that have 
improved. And in an ideal world, a tool should be 100% spe-
cifi c to the condition being measured.

• Construct validity focuses on the tool’s ability to function in 
accordance with the purpose for which it is being used. For 
instance, tools to measure wound healing should function by 
identifying wounds that are healing or nonhealing (the pur-
pose for which the wound healing tool is being used).11

Reliability
Our next criterion for evaluating wound healing assessment 
tools is reliability, a tool’s ability to be used with minimal random 
error. Reliability refl ects the consistency of the measure obtained 

and is concerned with accuracy, dependability,  consistency, and 
comparability of the tool. Note that a tool can be very reliable 
and still not meet the criteria for validity, but it is not possible 
to have a tool that is valid and not reliable. In other words, reli-
ability is also an essential component of validity.

As with validity, reliability estimates are specifi c to the popu-
lation in the sample being tested. In clinical practice, this means 
that a wound healing tool that works for one type of organiza-
tion may not work for another type of organization, or another 
type of clinician user. For example, a tool may be reliable when 
used by physicians but nurse aides may be unable to use the 
same tool with reliability. Each organization may have to test 
the tools to determine which work most reliably for the clini-
cian users and the organization.

There are three aspects of reliability:

• Stability reliability or intrarater reliability is the consistency of 
the tool with repeated measures. Ideally in this type of reli-
ability, the same clinician gets the same score when observing 
the same wound repeatedly at different times. This is often 
diffi cult to demonstrate with wound healing tools as wounds 
themselves change over time, thus scores from a wound 
 healing tool would also change.

• Equivalence or interrater reliability is concerned with different 
clinicians getting the same score on the tool when evaluat-
ing the same wound. This is essential as there is no benefi t to 
using a wound assessment tool that cannot be accurately used 
by different clinicians equally well.

• Homogeneity is the similarity or “sameness” of items within an 
instrument. That is, all items on a tool should consistently 
measure the same objective. For example, the presence or 
absence granulation tissue and the amount of exudate both 
contribute to measuring aspects of wound healing.

Responsiveness
Responsiveness, or sensitivity to change, is another criterion for 
evaluating a tool. An appropriate tool must be able to detect 
changes in the condition of the wound over time with repeated 
administrations, and to respond with a change in tool score. 
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In other words, responsiveness is the ability of the tool to 
respond quickly to changes in the wound status.

Clinical Practicality
Clinical practicality, our fi nal criterion, means that the tool must 
be simple, easy to learn, and easy to use, with clear instructions. 
It must be time-effi cient. The tool must also provide data that 
are meaningful enough to warrant the additional time and 
energy required to complete the assessment. In a clinically prac-
tical tool, the level of the language used, the understandability 
of the items, the scoring mechanisms, and any mathematical 
calculations required must be appropriate for the intended user.

WOUND CHARACTERISTICS ASSESSED IN WOUND 
HEALING MEASUREMENT TOOLS

This section provides a brief description of wound characteristics 
commonly included in wound assessment instruments. More 
comprehensive descriptions of wound characteristics are found 
in Chapter 3. The precise characteristics included in any given 
tool vary according to the purpose of the instrument (prediction 
of healing, assessment of wound status, prescription of treat-
ment, etc.) and the philosophy of the instrument developers.

Location
Assess the location of the wound by identifying where the lesion 
occurs on the patient’s anatomy. As discussed in Chapter 3, 
body diagrams are typically used to document wound location. 
Location may also be identifi ed by choosing the anatomic site 
from a list. Specifi c wound locations benefi cial or detrimental 
to healing are still to be determined.

Shape
Some assessment tools measure wound shape. Wound shape, 
which also helps to determine the overall size of the wound, is 
determined by evaluating the perimeter of the wound. Shape 
of the wound is related to wound contraction: as wounds heal, 
they often change shape and may begin to assume a more regu-
lar, circular/oval shape. Compare Figures 5.1 to 5.3 to see the 
onset and progression of contraction and epithelialization. 
It is identifi ed by a change in wound open area size as well as 
a change in wound shape (e.g., from irregular to symmetric, 
such as the circular or oval formation and rounding off of the 
edges of the wound). One wound shape deserves mention, the 
butterfl y shape or mirror image pressure ulcer on the sacrum. 
This shape is important because it has been associated with 
rapid evolution and mortality. The butterfl y shape as seen in 
Figure 5.4 has been suggested as a characteristic of terminal 
pressure ulcers related to skin failure.12,13

Size
Most tools include some measure of size. Size can be deter-
mined by measuring (in cm) the longest and perpendicularly 
widest aspect of the wound surface that is visible. Determine 
surface area by multiplying the length by the width. It can be 
diffi cult to determine where to measure size on some wounds, 
because the edge of the wound may be hard to visualize or the 
edge may be irregular. This is a skill that takes practice. Use of 
the same reference points for determining size improves the 
reliability and meaningfulness of the measures. In clinical prac-
tice, one of two reference points are used; the longest aspect of 

10/2 – AL

FIGURE 5.1 Stage IV pressure ulcer on sacrum with stringy yellow slough 
evident. Note the epidermal ridge formation. (Copyright © C. Sussman.)

11/20 – AL

FIGURE 5.2 Same wound as in Figure 5.1. The wound shows evidence 
of contraction with a smaller surface area. Healthy granulation tissue 
present throughout wound bed. (Copyright © C. Sussman.)

1/16    AL

FIGURE 5.3 Same wound as in Figures 5.1 and 5.2. The wound is now 
100% fi lled with healthy granulation tissue. Note sustained wound con-
traction and evidence of epithelialization. (Copyright © C. Sussman.)
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depth. Edges that are not attached to the base of the wound 
imply a wound with some depth of tissue involvement (see 
Fig. 5.5). The wound that is a crater or has a bowl/boat shape 
is a wound with edges that are not attached to the wound base 
as shown in Figure 5.6. The wound has walls or sides. There is 
depth to the wound.

• Thickness. As the wound ages, the edges become rolled under 
and thickened to palpation. Wounds of long duration may 
continue to thicken, with scar tissue and fi brosis developing 
in the wound edge, causing the edge to feel hard, rigid, and 
indurated. Hyperkeratosis is the callus-like tissue that may 
form around the wound edges, especially with diabetic ulcers 
(see Chapters 3 and 12).

• Color. The edge achieves a unique coloring with time. The pig-
ment turns a grayish hue in both dark- and light-skinned persons.

Evaluate the wound edges by visual inspection and palpation. 
Figures 5.5 to 5.7 show wounds with different edges.

Undermining/Tunneling
Some wound assessment tools include an evaluation of undermin-
ing or pocketing and tunneling. As explained in Chapters 3 and 4, 

the wound and perpendicular widest aspect of the wound or 
the length of the wound from head to toe (or using a clock face 
to represent the body, 12 o’clock—the head to 6 o’clock—the 
feet) and the width of the wound from side to side (or 3 o’clock 
to 9 o’clock). (Chapter 4 has step-by-step procedures for 
 measuring size, depth, and undermining.)

Depth
Measure the depth of the wound as explained in Chapter 4. 
Multiple measures of depth within the wound can increase reliabil-
ity of depth evaluation. Some tools evaluate wound depth using 
description of tissues involved instead of numeric measurements.

Edges
The edges of the wound refl ect some of the most important 
characteristics of the wound. When assessing edges, consider 
the following qualities:

• Distinctness. Look for how clear and distinct the wound out-
line appears. If the edges are indistinct and diffuse, there are 
areas where the normal tissues blend into the wound bed. 
Well-defi ned edges are clear and distinct and can be outlined 
easily on a transparent piece of plastic.

• Attachment. Edges that are even with the skin surface and 
the wound base are edges that are attached to the base of the 
wound. This means that the wound is fl at, with no appreciable 

FIGURE 5.4 Butterfl y-shaped pressure ulcer on the sacrum. Note also 
soft, soggy black eschar present. (Copyright © B.M. Bates-Jensen.)

FIGURE 5.5 Full-thickness pressure ulcer with wound edges that are 
not attached to the base of the wound. The edges are rolled and thick-
ened. (Copyright © B. M. Bates-Jensen.)

1

FIGURE 5.6 Full-thickness pressure ulcer that is bowl or crater-
shaped. The wound has edges that are not attached to the wound base. 
(Copyright © C. Sussman.)

1

FIGURE 5.7 Pressure ulcer with chronic fi brosis and scarring at the 
wound edge. The edge is rolled and thickened and indurated to palpa-
tion. (Copyright © B.M. Bates-Jensen.)

Sussman_Chap05.indd   134Sussman_Chap05.indd   134 8/6/2011   12:31:25 PM8/6/2011   12:31:25 PM



 CHAPTER 5 ■ Tools to Measure Wound Healing 135

undermining and tunneling represent the loss of tissue under-
neath an intact skin surface. Typically, instruments measure 
undermining and tunneling as either present or absent or with 
measurements of the extent of the processes. If measurements are 
used, the percent of the wound edge involved in the process and 
the distance the process extends from the edge are evaluated.

Necrosis
Necrosis is dead, devitalized tissue. Characteristics of necrotic 
tissue included in most wound healing measurement tools 
include presence, amount, color, consistency or moisture content, 
and adherence to the wound bed. In most cases, the clinician is 
asked to choose the predominant characteristic present in the 
wound. For additional information on necrosis, see Chapters 3 
and 17 and Figures 5.4 and 5.8.

The amount of necrotic tissue present in the wound is 
evaluated by one of two methods. One method involves using 
clinical judgment to estimate the percentage of the wound cov-
ered with necrosis. Picture the wound as a pie and divide it into 
four (25%) quadrants. Look at each quadrant and judge how 
much necrosis is present. Add up the total percentage from 
judgments of each quadrant; this determines the percentage of 
the wound involved. A second method involves actual linear 
measurements of the necrotic tissue. Measure the length and 
width of the necrosis and multiply to determine surface area 
of necrosis.

Exudate/Drainage
Most wound healing measurement tools require evaluation of 
exudate or drainage type and amount. Evaluating exudate type 
can be tricky because of the moist wound healing dressings 
used on most wounds. Some dressings interact with wound 
drainage to produce a gel or fl uid, and others may trap liq-
uid and drainage at the wound site. Before assessing exudate 
type, gently cleanse the wound with normal saline or water 
and evaluate fresh exudate. Additionally, observe the wound 
dressing for exudate prior to discarding it. Pick the exudate 
type that is predominant in the wound, according to color and 
consistency.

CLINICAL WISDOM

Tips for Assessing Wound Edges
Defi nitions for help in assessing wound edges:

● Indistinct, diffuse—unable to distinguish wound outline 
clearly

● Attached—even or fl ush with wound base, no sides or 
walls present, fl at

● Not attached—sides or walls are present; fl oor or base of 
wound is deeper than edge

● Rolled under, thickened—soft to fi rm and fl exible to touch
● Hyperkeratosis—callus-like tissue formation around 

wound and at edges
● Color—intensifi ed color, increased pigmentation with 

grey hue at edge 

To judge the amount of exudate in the wound, observe two 
areas: the wound itself and the dressing used on the wound. 
Observe the wound for the moisture present. Are the tissues dry 
and desiccated? Are they swimming in exudate? Is the drain-
age spread throughout the wound? Use clinical judgment to 
determine how wet the wound is. Evaluate the dressing used 
on the wound for how much it interacts with exudate. (See 
also Chapter 18 for management of exudate and infection.) 
Figures 5.9 to 5.12 show different characteristics of exudate.

Surrounding Skin Characteristics
The tissues surrounding the wound are often the fi rst indica-
tion of impending further tissue damage. Some wound healing 
assessment tools include evaluation for

• Color, including erythema
• Edema
• Induration
• Maceration
• Hemorrhage or hematoma

Information on assessing for these characteristics of surround-
ing skin was provided in Chapter 3.

Granulation Tissue
Most wound-measurement tools include assessment of the 
wound bed for granulation tissue. As presented in Chapter 2, 
the presence of granulation tissue signals the proliferative phase 

FIGURE 5.8 Sacral pressure ulcer with yellow slough and black necrotic 
areas present. Large amount of serosanguineous exudate present, the 
dressing is saturated. (Copyright © B.M. Bates-Jensen.)
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from the edges only. Use of a transparent measuring guide can 
be helpful to determine percentage of the wound involved in 
resurfacing and to measure the distance that the epithelial tis-
sue extends into the wound from proliferative edges.

Use of Wound Characteristics Assessment in 
Specifi c Measurement Tools
The wound healing measurement tools discussed in this chap-
ter include assessments of some combination of the forego-
ing characteristics. All evaluate tissue attributes of the wound, 
and several evaluate surrounding skin. Methods of assessment, 

of wound healing. It is present in full-thickness wounds only. 
Partial-thickness wounds do not require granulation tissue for-
mation for wound healing. Granulation tissue is healthy when 
it is bright, beefy red, shiny, and granular with a velvety appear-
ance. The tissue looks bumpy and may bleed. Well-vascularized 
granulation tissue can be seen in Figures 5.13 and 5.14.

Epithelialization
As discussed in Chapter 2, epithelialization is the process 
of  epidermal resurfacing and appears as pink or red skin. 
Figures 5.15 to 5.17A–D show the process of epidermal resur-
facing. In partial-thickness wounds, the epithelial cells migrate 
from islands on the wound surface as well as from the wound 
edges. In full-thickness wounds, epidermal resurfacing occurs 

1

2

FIGURE 5.10 Wound with packing still present, note the moderate 
amount of serous exudate on dressing. The green color suggests pos-
sible infection. (Copyright © C. Sussman.)

FIGURE 5.11 Full-thickness stage IV pressure ulcer with moderate 
amount of serous exudate. (Copyright © B.M. Bates-Jensen.)

FIGURE 5.12 Wound with moderate amount of purulent exudate. 
(Copyright © B.M. Bates-Jensen.)

FIGURE 5.9 Wound with bleeding or sanguineous exudate. (Copy-
right © B.M. Bates-Jensen.)
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format, and scoring differ. Copies of the SWHT, PUSH, and 
BWAT tools and instructions for their use are found in this 
chapter’s appendixes.

SUSSMAN WOUND HEALING TOOL

The SWHT was developed by Sussman and Swanson5 to moni-
tor and track the effectiveness of physical therapy technologies 
used for pressure ulcer healing. The monitoring and tracking of 
healing and treatment outcomes are essential for clinical deci-
sion making and triage. In addition, they improve utilization 
management for payers and providers. The SWHT is based on 
the acute wound healing model and can be applied to chronic 
wounds, such as pressure ulcers, as well.

Development of the SWHT
The basis for the SWHT is the acute wound healing model (see 
Chapter 2) that describes the changes in tissue status and size 
over time as the wound progresses through the physiologic 

FIGURE 5.13 Traumatic wound with healthy granulation tissue 
 present. Note bumpy appearance.

FIGURE 5.14 Stage IV pressure ulcer with pale initial granulation tis-
sue. (Copyright © B.M. Bates-Jensen.)

3/31    AL

FIGURE 5.15 Same wound as in Figures 5.1 to 5.3 fully resurfaced with 
epithelial tissue. (Copyright © C. Sussman.)

FIGURE 5.16 Acute proliferative phase. Note the attached wound edges 
from the 12:00 to 6:00 positions and how well vascularized granulation 
tissue fi lls up one side of the ulcer. A new pink border of epithelium 
surrounds the granulation tissue. (Copyright © B.M. Bates-Jensen.)

phases of wound healing. Chronic wounds heal by the same 
process but much slower due to complicating factors as 
described in Chapter 3. Some attributes of the wound that are 
observed during each phase are considered to be related to fail-
ure to heal or “not good for healing,” and others are consid-
ered to be indicators of improvement or “good for healing.” 
For example, necrosis is thought to be negative or not good 
for healing, whereas granulation tissue is considered good for 
healing. The concept of the SWHT is to benchmark the wound 
attributes as it recovers and progresses throughout the heal-
ing phases. For example, the “not good” attribute, necrosis, 
should change over time from present to absent, thus mov-
ing from “not good for healing” to “good for healing.” The 
“good for healing” attribute, granulation, signifi cant reduction 
in depth should be observed as the wound heals and changes 
from absent to present, which indicates improved tissue status.

SWHT is a qualitative instrument, meaning that a wound 
would be described as having certain tissue attributes. It 
is composed of 10 wound and periwound skin attributes, 
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FIGURE 5.17 A–D Series with same wound showing contraction and epithelialization process. A. Pressure ulcer in early stages 
of proliferative phase of wound healing. Minimal epithelialization present. B. Ulcer is now clean with evidence of re-epithe-
lialization noted at the wound edge. New epithelial tissue appears as bright pink tissue at edge of wound. C. 50% of original 
wound is now reepithelialized. D. Wound closed and fully resurfaced with epithelial tissue. (Copyright © B.M. Bates-Jensen.)

CLINICAL WISDOM

Appearance of Unhealthy Granulation Tissue
Unhealthy granulation tissue due to poor vascular supply 
appears as pale pink or blanched to dull, dusky red color. 
Usually, the fi rst layer of granulation tissue to be laid down 
in the wound is pale pink; as the granulation tissue deepens 
and thickens, the color becomes the bright, beefy red color. 
Try to judge what percentage of the wound has been fi lled 
with granulation tissue. This is much easier if there is history 
with the wound. If the same person follows the wound over 
multiple observations, it is simple to judge the amount of 
granulation tissue present in the wound. If the initial obser-
vation of the wound was done by a different observer or if 
the data are not available, simply use best judgment to deter-
mine the amount of tissue present.

combined with 9 descriptive attributes of depth, and extent 
of tissue damage (undermining) plus location, and relation-
ship to the acute wound healing phase, which are not mea-
surable. All wound depth and undermining attributes are 
each assigned a score, as in Part I, of present or absent but are 
not ranked. It has been suggested that the tracking of tun-
neling in addition to undermining would be useful to show 
wound extent. That can be added to the tool without signifi -
cantly changing its descriptive qualities. Since undermining 
and tunneling changes occur more slowly than change in 
tissue attributes, another suggestion is to evaluate the tissue 
attributes as in Part I weekly and those attributes in Part II at 
2- to 4-week intervals.

Use of the SWHT
Appendix 5A shows the two parts of the long version of the 
SWHT with defi nitions for each of the attributes and the pro-
cedure for using the SWHT. Part I is the collection form for 
10 wound and surrounding tissue attributes. Part II is the list of 
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Granulation tissue is evaluated by measuring wound depth, 
with a signifi cant reduction in depth indicating proliferation of 
granulation tissue formation. A signifi cant reduction in depth 
is defi ned as at least 0.2 cm change in linear depth measure-
ments since the prior assessment. Figures 5.1 to 5.3 show a sig-
nifi cant reduction in depth.

Contraction is assessed as being present when the open 
surface area size of the wound reduces. This item is scored at 
subsequent assessments as the contraction continues or if it 
has stopped. If the wound enlarges, however, this item would 
change from present to absent, and a new appearance of con-
traction would be required to have a score of “present” again.

Sustained contraction means there is a continued drawing 
together of the wound edges that is measured by a reduction 

11 other attributes, including extent, location, and wound healing 
phase. All items on the SWHT are scored present (1) or absent (0) 
except location and the wound healing phase. Omission of a score 
indicates that the assessment of the attribute was not completed.

Scoring begins at baseline, week 0. This reporting format is 
readily compatible with computer technology and simplifi es 
using the tool to build a database.

Completion of the form requires understanding of the defi -
nitions for each of the scored items. This is discussed next. 
Notice that the assessment process is visual except for deter-
mining the presence of undermining/tunneling, which cannot 
be seen at the surface, and measurement of the open surface 
area of the wound. Assessment of tissue attributes is described 
in more detail in Chapter 3 and reviewed earlier in this chapter. 
Chapter 4 teaches how to measure wounds and use this infor-
mation for wound prognosis.

Explanations of SWHT Attributes
Part I: Tissue Attributes
The fi rst fi ve attributes listed in Part I of the SWHT are 
 hemorrhage, maceration, undermining/tunneling, erythema, 
and necrosis. Of these fi ve attributes, hemorrhage present at 
baseline was ranked as the most statistically signifi cant attri-
bute for prediction of nonhealing and was followed at week 1 by 
maceration, undermining, erythema, and necrosis.6 Therefore, 
these are all classifi ed as attributes “not good for healing”. These 
items require a brief explanation. As you learned in Chapter 3, 
hemorrhagic tissue appearance can signify deep tissue injury 
and maceration indicates very friable tissue that is easily trau-
matized and subject to breakdown with subsequent wound 
enlargement. Undermining, or the excavation of subcutaneous 
tissues, as recently discussed, occurs in full-thickness wounds, 
and is an indicator of wound severity. On the SWHT Part I, 
it is recorded if present at any one or more of four locations 
corresponding to the four quadrants of the clock around the 
wound perimeter. The extent of undermining is not recorded 
or included as part of the assessment; only the presence or 
absence of this attribute if it is greater than 0.2 cm. This attri-
bute should be measured as described in Chapter 4. Erythema, 
as used in this tool, refers to redness or darkening of the skin 
in darkly pigmented skin, in the periwound skin and is usually 
accompanied by heat. Necrosis as used here includes all types of 
necrotic tissue from eschar to slough.

Figure 5.18 shows an ulcer with hemorrhagic tissue, macera-
tion, erythema, necrosis, and undermining. On the SWHT, all 
fi ve items would be recorded as present and scored as “1.”

The second fi ve attributes—adherence at wound edge, gran-
ulation tissue, contraction, sustained contraction, and epitheli-
alization—are all classifi ed as good for healing. These items also 
require a brief explanation.

Adherence at the wound edge means that there is continuity 
of the wound edge and the base of the wound at any location 
along the wound perimeter (refer to Figs. 5.1–5.3). By defi ni-
tion, a partial-thickness wound will be adhered at all the wound 
edges (see Fig. 5.19). A full-thickness or deeper wound will have 
closed by either granulation or contraction to the point where 
some area of the wound edge will be even with the skin surface 
(see Fig. 5.1).

3

2

1

FIGURE 5.18 Pressure ulcer shows a wound with (1) hemorrhagic tissue 
at the wound edge, (2) maceration from wound fl uid, (3) new superfi cial 
damage with signs of infl ammation. (Copyright © B.M. Bates-Jensen.)

9/16 – EF

FIGURE 5.19 Wound edges are attached to the wound base; there is 
evidence of wound contraction. The edges are soft, irregular with evi-
dence of new epithelialization. The wound is in an epithelialization 
phase. (Copyright © C. Sussman.)
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140 PART I ■ Introduction to Wound Care

of undermining and tunneling measured the greater the risk for 
slower healing and the larger the wound extent.

Additional Descriptive Attributes
Wound Location

A blank line is provided to note the wound location. Indicate 
the region most closely related to the wound site as follows: UB 
for upper body, C for coccyx, T for trochanter, I for ischial, H 
for heel, and F for foot. Wounds in other locations can be added 
to the list if they are commonly seen in the practice setting by 
using letters on the form and adding a location descriptor to 
the key (e.g., K = knee, A = abdomen, Th = thigh). Be sure to 
include the side of the body where the wound is located—right 
or left—by putting an R or an L next to the location letter.

Wound Healing Phase

The wound healing phase refers to the four biologic phases of 
wound healing. Letters are used to represent the current wound 
healing phase: I for infl ammatory, P for proliferative, E for epi-
thelialization, and R for remodeling. As described in Chapter 
3, the wound healing phase may be chronic, acute, or absent. 
Placing the letter C before the phase indicates chronic. No let-
ter before the phase indicates the acute. You may use the let-
ter L for lacking or absent. A change in phase over time is an 
expected outcome. Chronicity of a phase should change to an 
active state of the phase, followed by progression to the next 
phase in the trajectory. Absence of a phase indicates need for 
investigation as to why the phase has not been achieved. This 
item is listed but unscored.

SWHT Reliability and Practicality
The SWHT has been clinically tested for reliability and clinical 
practicality by physical therapists (PTs) and PT assistants work-
ing in long-term care facilities. It has been found to be very 
reliable for monitoring and tracking healing and nonhealing of 
pressure ulcers. Its clinical practicality is high. It relies primarily 
on visual observation skills. No linear measurements, arithme-
tic calculations, or estimates of amount of tissue characteristic 
present are required. To health-care professionals who treat 
wounds, the SWHT information communicates wound prog-
ress or risk. Documentation is simple, and outcomes are visual. 
For example, it takes the clinician about 5 minutes to complete 
the assessment. In a trial educational session, a group of 10 PTs 
and PT assistants, who received 1 hour of classroom train-
ing followed by 1 hour of clinical practice on pressure ulcer 
patients, learned to use it well.

Assessment of Treatment Outcomes
The initial reason for development of the SWHT was to assess 
treatment outcome. Most patients are referred to the PT by the 
nurse for treatment after conventional treatments fail to heal the 
wound. To qualify for an intervention by the PT, the patient and 
the wound often need to meet a criterion of no progress, regres-
sion, or a halt of healing. Once the patient has been referred, 
the PT would use the SWHT to set target outcomes, and then 
for reporting wound outcomes associated with the interven-
tions, such as biophysical agents discussed in Part IV of this 
book. Response to treatment with these interventions should 
demonstrate consistent change in tissue status that corresponds 
to the biologic model for acute wound healing. A change in 

in wound surface open area size. It is usually accompanied by 
a change in wound shape. (Again refer to Figs. 5.1–5.3.) These 
fi gures show the same wound as it goes through wound con-
traction. Sustained contraction is scored 0 at the appearance of 
the contraction benchmark, then scored 1 at subsequent reas-
sessment (see Figs. 5.2 and 5.3), following the appearance of 
contraction. Occasionally, something interferes with the wound 
contraction, and the wound does not reduce in size or increases. 
This attribute would be marked 0—absent—if the wound size 
does not reduce or enlarges after the appearance of contraction.

Notice that the not-good-for-healing attributes are all related 
to attributes that are commonly observed when the wound 
is in a chronic infl ammatory phase of healing as presented in 
Chapter 3. The attributes that are good for healing are related 
to the acute proliferative and epithelialization phases of heal-
ing. Thus, indicating that the wound is progressing through the 
phases corresponding to those of acute wound healing.

Part II: Size Location and Wound Healing Phase Measures
Wound depth and undermining indicate extent of wound. If a 
wound has a depth less than 0.2 cm, it is scored as 0 at all four 
points and at general depth. Greater depth and undermining 
means that the wound has extended into subcutaneous tissues 
and the wound is now full thickness, which are two indicators 
of “not good for healing.”

11–15: Wound Depth

Five items on Part II of the SWHT are related to presence of 
depth of at least 0.2 cm, both in general depth and at the four 
points of the clock—the 12, 3, 6, and 9 o’clock positions. Depth 
is measured as described in Chapter 4, and if it is at least 0.2 cm, 
it is recorded as present. Extent of depth is not reported for this 
assessment as long as it is at least 0.2 cm. Figure 5.20 has greater 
than 0.2 cm and is classifi ed as full-thickness depth.

16–19: Undermining/Tunneling

Undermining and tunneling are measured at all four points of 
the clock, like depth. Likewise, the indication used to report 
this attribute is present or absent at each point The more points 

FIGURE 5.20 Soft, soggy necrosis and bruising often referred to as 
“purple” ulcer. Food shows signs of cellulitis and edema. Acute infl am-
matory phase. (Copyright © C. Sussman.)
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present. The next column ranks the relationship to healing as 
not good or good. The last column is where the rating is listed 
as a score of present or absent. Part II lists measures and extent. 
The same scoring system of present or absent for 19 attributes of 
extent is applied. The attributes are the general depth of greater 
than 0.2 cm, the depth at the four clock points, and undermining 
at the four clock points. Date and week of care should be noted 
on the form. The benefi t of this form is having the defi nitions 
on the form. This would be helpful to a nurse or PT learning 
the system or for medical reviewers and surveyors looking for 
information about the rating system used for documentation.

Form B of the SWHT is the same as Form A, except that 
in this version the form lacks the explanations printed on the 
form. Form B lists only the attributes and has columns to record 
data for multiple weeks as shown in Exhibits 5.1A and 5.1B. 

tissue status benchmarks the healing process and becomes a 
target functional outcome for reporting purposes, such as the 
wound will be hemorrhage free, undermining free, necrosis 
free, and so forth. Clinicians can quickly determine a change in 
wound tissue status during the course of care because, as already 
described, the wound attributes should change from those that 
are not good for healing to those that are good for healing.

SWHT Forms
Form A
There are two forms of the SWHT (see Appendix 5A). Form A, 
Part I contains the 10 tissue attributes, listed in descending order 
of severity, next to an explanation of each s, followed by a col-
umn listing the rating option for the attribute as present or not 

Using SWHT Form B

Patient History
Bed and wheelchair bound 90-year-old female with a recur-
rent pressure ulcer in the left scapular region as a secondary 
complication of a signifi cant kyphoscoliosis of the thoracic 
spine. Scar tissue is present in this area and there is a prior 
history of pressure ulceration at that location. The SWAT is 
used to record wound progress with physical therapy wound 
management over the course of a 4-week period. Since this 

wound is a partial-thickness ulcer, there were no scores for 
depth or undermining and there is adherence from baseline. 
Debridement of the necrotic tissue left appearance of a thin 
layer of granulation tissue. Tables 5.2 and 5.3 show how the 
SWHT refl ected the wound’s progress.
Case Study Source: Rujita Dhere, MSPT, WCC 2010

CASE STUDY     

SWHT Part I: Wound Tissue Attributes

Week 0 1 2 3 4

Date: 2010

 1. Hemorrhage 0 0 0 0 0

 2. Maceration 0 0 0 0 0

 3. Undermining 0 0 0 0 0

 4. Erythema 1 1 1 1 0

 5. Necrosis 1 1 0 0 0

 6. Adherence 1 1 1 1 1

 7.  Granulation (decreased 
depth)

0 1 1 1 1

 8.  Appearance of contraction 
(reduced size)

0 0 1 1 1

 9.  Sustained contraction 
(more reduced size)

0 0 0 1 1

 10. Epithelialization 0 0 0 0 1

Total “Not Good” 2 2 1 1 0

Total “Good” 1 2 3 4 5

Key: Present = 1. Absent = 0.

Patient with Upper Back Pressure Ulcer5.2TABLE SWHT Part II: Size, Location, Wound Healing Phase 

Measures, and Extent

Week 0 1 2 3 4

Date:

11. General depth > 0.2 cm 0 0 0 0 0

12. Depth @ 12:00 > 0.2 cm 0 0 0 0 0

13. Depth @ 3:00 > 0.2 cm 0 0 0 0 0

14. Depth @ 6:00 > 0.2 cm 0 0 0 0 0

15. Depth @ 9:00 > 0.2 cm 0 0 0 0 0

16. Underm @ 12:00 > 0.2 cm 0 0 0 0 0

17. Underm @ 3:00 > 0.2 cm 0 0 0 0 0

18. Underm @ 6:00 > 0.2 cm 0 0 0 0 0

19. Underm @ 9:00 > 0.2 cm 0 0 0 0 0

Location UB UB UB UB UB

Wound healing phase I P P E E

Key: Present = 1. Not present = 0. Location choices: upper body (UB), coccyx 
(C), trochanter (T), ischial (I), heel (H), and foot (F); add right or left (R or L). 
Wound healing phase: infl ammation (I), proliferation (P), epithelialization (E), 
remodeling (R).

5.3TABLE
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Case Example 2 Using the SWHT
Exhibits 5.2A and 5.2B show an example of a case where 
wound healing was monitored over a 5-week course of care, as 
reported on Form A of the SWHT, Parts I and II. A summary 
(see Exhibit 5.3) of the case example shows how the SWHT can 
be used to document a change in wound tissue status from a 
predominance of not-good-for-healing attributes to a pre-
dominance of good attributes. Exhibits 5.2A and 5.2B refl ect 
the following:

• At baseline, week 0, the patient had the presence of hemor-
rhage, necrosis, and erythema, and absence of any attributes 
good for healing. The presence of these attributes at baseline 
is an indication that this wound will need aggressive interven-
tion to improve.

• At week 2, there were multiple attributes that were indicators 
that this patient would be in the risk-for-not-healing group, 
including undermining and depth at all four clock points, 
further indicating the medical necessity for aggressive inter-
vention to put the wound on a course of healing.

• Following aggressive intervention undertaken at week 2, the 
improvement in the wound tissue status from not good to 
good is signifi cant by week 4.

SWHT Database
The SWHT can be used to create a wound database on a com-
puter. The scoring system of using a 1 or a 0 is computer com-
patible for data management and data entry. The SWHT forms 
are printed on the computer as screens, and data are entered 

Part I can be printed on one side of a page and Part II on the 
other. Printing the forms as a pad punched with a hole pat-
tern to match the notebook or chart where a paper form is 
kept makes it easy and convenient to keep forms on hand. 
A set of the explanations and scoring can be printed on the 
same size paper, and then kept in the notebook for reference. 
An additional benefi t of Form B is that it is easy to see a 
 complete history of the change in tissue status over multiple 
weeks of assessment. Reading the report over time provides a 
quick and clear evaluation to monitor wound healing progress. 
The entire SWHT can become part of the patient’s electronic 
record by creating a template of the form for completion by the 
clinician on the computer.

CLINICAL WISDOM

Use of Forms for Wound Measurement Along 
with the SWHT
Because wound measurement and tissue assessment or reas-
sessment are usually done at the same time, it makes sense to 
record the information at the same time using a companion 
form. Chapter 4 has examples of a sample wound measure-
ment form designed to fi t this model.

EXHIBIT 5.1A

SWHT Short Form Part I: Wound Tissue Attributes
Name: __________ Med Rec # _______ Examiner: ______

Week 0 1 2 3 4

1.  Hemorrhage

2.  Maceration

3.  Undermining

4.  Erythema

5.  Necrosis

6.  Adherence

7.  Granulation (decreased 
depth)

8.  Appearance of contraction 
(reduced size)

9.  Sustained contraction 
(more reduced size)

10.  Epithelialization

Key: Present = 1. Not  present = 0.

Total not good

Total good

Source: Copyright © 1997, Sussman Physical Therapy, Inc.

EXHIBIT 5.1B

SWHT Short Form Part II: Size, Location, Wound 
Healing Phase Measures, and Extent 
Date 0 1 2 3 4

11.  General depth > 0.2 cm

12.  Depth @ 12:00 > 0.2 cm

13.  Depth @ 3:00 > 0.2 cm

14.  Depth @ 6:00 > 0.2 cm

15.  Depth @ 9:00 > 0.2 cm

16. Underm @ 12:00 > 0.2 cm

17.  Underm @ 3:00 > 0.2 cm

18.  Underm @ 6:00 > 0.2 cm

19.  Underm @ 9:00 > 0.2 cm

Location

Wound healing phase

Key: Present = 1. Not present = 0. Location choices: upper body 
(UB), coccyx (C), trochanter (T), ischial (I), heel (H), and foot 
(F); add right or left (R or L). Wound healing phase: absent (A), 
chronic (C), infl ammation (I), proliferation (P), epithelialization 
(E), remodeling (R).
Source: Copyright © 1997, Sussman Physical Therapy, Inc.

Sussman_Chap05.indd   142Sussman_Chap05.indd   142 8/6/2011   12:31:56 PM8/6/2011   12:31:56 PM



 CHAPTER 5 ■ Tools to Measure Wound Healing 143

either prospectively or retrospectively. Data reports can be 
printed, and the captured data can be analyzed for each indi-
vidual patient or by group.

PRESSURE ULCER SCALE FOR HEALING

The PUSH is a tool originally developed for measuring the 
healing of pressure ulcers.

Development of the PUSH
In 1996, the National Pressure Ulcer Advisory Panel (NPUAP) 
convened a task force to address the practice of reverse staging of 
pressure ulcers in long-term care facilities in the United States. 
At the time, the practice had been encouraged by Medicare 
documentation requirements using the Minimum Data Set 
(MDS) system. The Panel’s objective was to develop a biologi-
cally accurate and easy-to-use instrument to replace reverse 
staging. The task force developed and tested a tool to measure 
pressure ulcer healing,14 and the PUSH tool was presented in 
1997 at the NPUAP biennial conference2,15 (see Appendix 5B).

Use of the PUSH
The PUSH tool was fi rst developed as a way to measure healing of 
pressure ulcers,2,14,15 and has since been evaluated as an instrument 
to assess progress of venous and diabetic foot ulcer healing.16–18

The PUSH tool involves assessment of three wound 
 characteristics: surface area measurements, exudate amount, 
and surface appearance. Use of the tool therefore involves mea-
suring size, evaluating exudate, and categorizing tissue type. 
The clinician measures the size of the wound, using length and 
width to calculate surface area (length × width) and chooses 
the appropriate size category on the tool (there are 10 size cat-
egories, from 0–10). Exudate is evaluated as none (0), light (1), 
moderate (2), or heavy (3). Tissue type choices include closed 
(0), epithelial tissue (1), granulation tissue (2), slough (3), and 
necrotic tissue (4). The three subscores are then summed for a 
total score and can be plotted on a graph.

The PUSH tool was designed for use as a trigger to identify 
when goals of treatment are being met and when patients may 
need to be reevaluated. In short, it is best used as a method of 
quantitatively reporting the direction of healing over time. The 
PUSH scores can be monitored with an ulcer healing record 
form and a graph that allows for recording of subscores and 
total score on a periodic basis.

Utility of the PUSH tool
Utility of the PUSH tool has been demonstrated most with 
pressure ulcers in long-term care settings.19–21 Total PUSH score 
and change in PUSH scores over time can be used as outcome 
measures for a variety of interventions targeted at wound heal-
ing. For example, PUSH score change was used as the outcome 
measure for evaluating a set of clinical decision trees to guide 
multidisciplinary interaction and collaboration in long-term 

EXHIBIT 5.2A

SWHT Part I: Wound Tissue Attributes
Week 0 1 2 3 4

Date: 2010 1/7 1/14 1/21 1/28 2/4

 1.  Hemorrhage 1 0 0 0 0

 2.  Maceration 0 0 0 0 0

 3.  Undermining 0 0 1 1 1

 4.  Erythema 1 1 1 0 0

 5.  Necrosis 1 1 1 0 0

 6.  Adherence 0 0 0 1 1

 7.  Granulation 
(decreased depth)

0 0 1 1 1

 8.  Appearance of 
contraction 
(reduced size)

0 0 1 1 1

 9.  Sustained contrac-
tion (more reduced 
size)

0 0 0 1 1

10.  Epithelialization 0 0 0 1 1

Total “Not Good” 3 2 3 1 1

Total “Good” 0 0 2 5 5

Key: Present = 1. Absent = 0.
Source: Copyright © 1997, Sussman Physical Therapy, Inc.

EXHIBIT 5.2B

SWHT Part II: Size, Location, Wound Healing Phase 
Measures, and Extent
Week 0 1 2 3 4

Date: 1/7 1/14 1/21 1/28 2/4

11. General depth > 0.2 cm 0 1 1 1 1

12. Depth @ 12:00 > 0.2 cm 0 1 1 1 1

13. Depth @ 3:00 > 0.2 cm 0 1 1 1 1

14. Depth @ 6:00 > 0.2 cm 0 1 1 1 1

15. Depth @ 9:00 > 0.2 cm 1 1 1 1 1

16. Underm @ 12:00 > 0.2 cm 0 0 1 1 0

17. Underm @ 3:00 > 0.2 cm 0 1 1 0 0

18. Underm @ 6:00 > 0.2 cm 0 1 1 1 0

19. Underm @ 9:00 > 0.2 cm 0 0 1 1 1

Location RT RT RT RT RT

Wound healing phase I I I P P

Key: Present = 1. Not present = 0. Location choices: upper body 
(UB), coccyx (C), trochanter (T), ischial (I), heel (H), and foot 
(F); add right or left (R or L). Wound healing phase: infl amma-
tion (I), proliferation (P), epithelialization (E), remodeling (R).
Source: Copyright © 1997, Sussman Physical Therapy, Inc.
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144 PART I ■ Introduction to Wound Care

size documented weekly) were recorded in medical records, 
when traditional assessment determined an ulcer “improved” 
(n = 212 observations), there were only 42% “better” or con-
cordant PUSH scores. Further, of the 212 observations of 
improved ulcers, 47% received PUSH scores indicating no 
change and 11% had scores indicating worsening ulcer status. 
In ulcers that were noted by traditional nursing assessment 
to have deteriorated (n = 48), only 25% of PUSH scores also 
indicated worsening status.22

Pompeo23 revised the way PUSH tool data were collected 
in order to capture system wide wound outcome information. 
The same methodology and components of the original PUSH 
tool were kept intact. The revisions involve how the data were 
aggregated and used for determining organizational out-
comes. The data used to determine organizational outcomes 
included

• Combining total PUSH scores for multiple wounds on the 
same patient to obtain a wound burden score

• Identifying the initial or admission and end of stay or dis-
charge total PUSH score

• If available, use of monthly summed PUSH scores
• Noting change in total PUSH score from admission or initial 

assessment to discharge or end of stay assessment
• Calculating healing rate (PUSH score/total days of stay)

Appendix 5C is a copy of the Pompeo form.
The PUSH tool has also been validated for use in monitor-

ing healing in diabetic foot ulcers and venous ulcers.16–18 PUSH 
score was used as an outcome measure to evaluate a commu-
nity-based “Leg Club” support group on venous leg ulcer heal-
ing and demonstrated responsiveness to change in ulcer status 
for ulcers that healed with the intervention.18 Feasibility of 
using the PUSH tool with venous ulcers has also been posi-
tively evaluated in a clinic setting with venous leg ulcers.16 As 
with PUSH tool use with pressure ulcers, when the PUSH tool 
is used to monitor healing in diabetic foot ulcers and venous 
leg ulcers, it demonstrates responsiveness to change with 
 signifi cant  differences in PUSH scores between healing diabetic 
foot ulcers and venous ulcers compared to nonhealing diabetic 
foot ulcers and venous ulcers.17Aspects of the PUSH tool have 
been incorporated into several standardized patient assessment 
documents for various health-care organizations including the 
OASIS for home healthcare, the MDS 3.0 for long-term care, 
and the proposed CARE tool for transitions across health-care 
settings. To summarize, PUSH is a valid tool for monitor-
ing pressure ulcer, leg ulcer, and diabetic foot ulcer healing or 
deterioration over time and enhancing communication among 
health-care providers regarding changing wound status.

THE BATES-JENSEN WOUND ASSESSMENT TOOL

BWAT is a measuring instrument used to assess and monitor 
healing in pressure ulcers and other chronic wounds.

Development of the BWAT
In 1990, Bates-Jensen1 developed the PSST, which was revised 
in 2001 as the BWAT. The original PSST was developed as a 
wound assessment tool for both clinical and research use. 

care facilities.19 Total PUSH scores have been used to evaluate 
pressure ulcer healing among residents in nursing homes.20,21 
PUSH scores are responsive to change in ulcer status and can 
differentiate between ulcers that heal and those that do not.20,21 
In prospective studies using the PUSH tool weekly to measure 
pressure ulcer healing, PUSH scores:

• Were signifi cantly lower among pressure ulcers that healed 
compared with unhealed ulcers20,21

• Decreased signifi cantly over time among healed ulcers but 
did not among unhealed ulcers21

• Differentiated between healing and nonhealing ulcers starting 
with the fi rst week20

• Were highly correlated with scores on the Pressure Sore 
Status Tool (PSST [now the BWAT]) and surface area 
measurements21

Use of the PUSH tool does not necessarily correlate with 
traditional nursing observations and documentation in 
long-term care settings.22 In 370 observations for 48 nurs-
ing home residents with pressure ulcers where both PUSH 
scores and traditional nursing assessment (primarily ulcer 

EXHIBIT 5.3

Summary of Wound Attribute Change over a 
5-Week Course of Care
Week 0 Week 2 Week 4

“NOT GOOD” 
for healing

“NOT GOOD” 
for healing

“NOT GOOD” for 
healing

Hemorrhage Necrosis Undermining

Undermining Undermining Depth 12, 3, 6, 9:00

Erythema Erythema Undermining 9:00

Necrosis Depth 12, 3, 6, 
9:00

Depth 9:00 Undermining 12, 
3, 6, 9:00

“GOOD” for 
healing

“GOOD” for 
healing

“GOOD” for healing

None Fibroplasia Fibroplasia

Appearance of 
contraction

Appearance of 
contraction

Sustained 
contraction

Adherence

Epithelialization

Wound healing 
phase

Wound healing 
phase

Wound healing phase

Infl ammatory 
phase

Infl ammatory 
phase

Proliferative phase

Source: Copyright © 1997, Sussman Physical Therapy, Inc.
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resulted in lower reliability than the tool’s use by specialists, but 
still within an acceptable range.27 Predictive validity has also 
been evaluated. This study involved assessments of 143 pres-
sure sores over 6 weeks, with a minimum of three assessments 
per ulcer during the study period.28 The main outcome measure 
of the study was time to 50% healing, as measured by surface 
area. The results showed that changes in the BWAT score at 
1 week plus changes in surface area measurements were pre-
dictive of those wounds that achieved 50% healing during the 
6 weeks compared to those that did not. A 1-week net decrease 
(improvement) in total BWAT score plus a decrease in surface 
area was the best predictor of time to 50% wound closure. The 
positive predictive value of a net improvement in total PSST 
score at 1 week was 65%, whereas the positive predictive value 
of a net deterioration in PSST score at 1 week was only 31%. 
Sensitivity in this sample was 61%, and specifi city was 52%.28 
Thus, the total BWAT score may provide a method of predicting 
outcomes. More research is needed in this area.

Converting BWAT Scores into PUSH Scores
A PUSH score can be calculated from the BWAT tool and the 
two tools are highly correlated.21 The following guidelines will 
enable you to convert BWAT subscale scores into PUSH sub-
scale scores. Table 5.4 provides an example of conversion.

1. Wound size: It is best to use actual surface area measure-
ments, length by width, to determine which PUSH size 

Over the years, BWAT use has evolved to include measuring 
and predicting wound healing and is used in a wide variety 
of wounds beyond pressure ulcers. The BWAT has provided a 
basis for many other wound assessment tools and is the most 
widely used of the instruments presented. Only minor changes 
were made to the PSST to create the second generation tool, 
the BWAT.

Use of the BWAT
The BWAT is recommended for use to assess and monitor 
healing in pressure ulcers and other chronic wounds. It uses 
a numerical scale to rate wound characteristics from best to 
worst possible (see Appendix 5D). Two items are nonscored: 
location and shape. The remaining 13 are scored items. These 
are: size, depth, edges, undermining or pockets, necrotic tissue 
type, necrotic tissue amount, exudate type, exudate amount, 
surrounding skin color, peripheral tissue edema, peripheral 
tissue induration, granulation tissue, and epithelialization. 
Each scored item appears with characteristic descriptors rated 
on a scale (1 indicating best for that characteristic and 5 indi-
cating worst). Once a lesion has been assessed for each item on 
the BWAT, the 13 item scores can be summed to obtain a total 
score for the wound. The total score can then be plotted on the 
wound continuum at the bottom of the tool to “see at a glance” 
healing or degeneration of the wound. Total scores range from 
9 (wound closure) to 65 (profound tissue degeneration). The 
tool has a one-page sheet of instructions for use, in addition to 
the item descriptions (Appendix 5D). There is also a pictorial 
guide for training health professionals in use of the BWAT.24,25 
The BWAT Pictorial Guide includes102  photographs of a 
 variety of wound types, not just pressure ulcers, illustrating 
each descriptor for each of the BWAT items. Validation of 
the photographic content was accomplished in a three-stage 
consensus process working with nurses specializing in wound 
care.24 Figure 5.21 provides an example of a page from the pic-
torial guide.

Wounds should be scored with the BWAT initially for a 
baseline assessment and at regular intervals (i.e., at least weekly) 
to evaluate intervention effectiveness.

Validity and Reliability of the BWAT
The original items on the BWAT were developed using a 
modifi ed Delphi process that involved use of a multidisci-
plinary panel of experts in pressure ulcers and wound healing. 
The expert panel reviewed and developed consensus on the items 
and descriptors of each item on the tool, format of the tool, and 
scoring mechanisms. Once developed, the tool was validated 
through the use of a second expert panel, which established con-
tent validity for each individual item on the tool and for the total 
tool.1 Concurrent validity was established in a study with nurs-
ing home residents by comparing total tool scores and the depth 
item scores with the NPUAP’s staging classifi cation system.26

Reliability of the BWAT was demonstrated on adult patients 
in an acute care hospital with enterostomal therapy (ET) nurses 
or nurses with special training in wound care and demon-
strated excellent reliability with correlation coeffi cients greater 
than 0.90.1 Reliability with practitioners who did not have edu-
cation or experience in wound assessment and management 

FIGURE 5.21 A page from the Bates-Jensen Wound Assessment Picto-
rial Guide. (Copyright © B.M. Bates-Jensen.)
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BWAT Items BWAT Scores PUSH Items PUSH Scores

 1.  Size 4 (6.5 × 6.0 cm = 39 cm2) 1. Size (724 cm2) 10

 2.  Depth 3

 3.  Edges 2

 4.  Undermining 1

 5.  Necrotic Tissue Type 3

 6.  Necrotic Tissue Amt. 4

 7.  Exudate Type 4

 8.  Exudate Amt. 5 2. Exudate Amt. (Heavy) 3

 9.  Skin Color 4

10.  Edema 1

11.  Induration 2

12.  Granulation 3 Tissue Typea (Slough) 3

13.  Epithelialization 4

Total Score 40 Total Score 16

aNote that necrotic tissue is item 5 on BWAT and 3 on PUSH, where slough is not classifi ed as necrotic tissue if all necrotic tissue is 
absent.

Example of PUSH Score Derivation from BWAT Scores5.4TABLE

category is appropriate. If actual measurements are not 
available, the following guide may be helpful:

• If BWAT size category = 1, then PUSH size category score 
= 0, 1, 2, 3, 4, 5, or 6.

• If BWAT size category = 2, then PUSH size category score 
= either 7 or 8.

• If BWAT size category = 3, then PUSH size category score 
= either 9 or 10.

• If BWAT size category = 4 or 5, then PUSH size category 
score = 10.

2. Exudate amount:
• If BWAT exudate amount score = 1, then PUSH exudate 

amount score = 0.
• If BWAT exudate amount score = 2 or 3, then PUSH exu-

date amount score = 1.
• If BWAT exudate amount score = 4, then PUSH exudate 

amount score = 2.
• If BWAT exudate amount score = 5, then PUSH exudate 

amount score = 3.
3. Tissue type:

• If BWAT Total Score = 13, then PUSH Type Score = 0.
OR

If Granulation = 1 and Epithelialization = 1, then PUSH Type 
Score = 0.

• If Necrotic Tissue Type = 4 or 5, then PUSH Type Score = 4.
• If Necrotic Tissue Type = 2 or 3, then PUSH Type Score = 3.
• If Epithelialization < 5, then PUSH Type Score = 1.
• If Granulation < 5 AND Epithelialization = 5, then PUSH 

Type Score = 2.

CLINICAL WISDOM

Realistic Goal Setting
In some instances, a wound may never heal because of host 
factors or other contextual circumstances. In this case, an 
example of a goal might be to maintain the total BWAT score 
between 20 and 22.

Utility of the BWAT
An additional benefi t associated with the assignment of numeric 
values to items on the BWAT is that it assists you in setting real-
istic goals. Clinical experience shows that not all wounds heal 
and certainly not always in the same setting. The BWAT allows 
for more realistic goal setting as appropriate to the health-care 
setting and the individual patient and wound. For example, the 
patient with a large, necrotic, full-thickness wound in acute care 
will probably not be in the facility long enough for the wound 
to heal completely. However, the tool enables clinicians to set 
intermediate or secondary goals, such as “Necrotic tissue in the 
wound will decrease in amount and type.”

As already noted, the BWAT allows for monitoring of 
improvement or deterioration in individual characteristics, 
as well as the total score. This in turn enables you to assess 
the patient’s response to specifi c treatments. For exam-
ple, the characteristics of necrotic tissue type and amount 
may be tracked with exudate type and amount to evaluate 
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Mild Severity
BWAT score 21–30

Moderate Severity
BWAT score 31–40

Critical Severity
BWAT score 41–65Minimal Severity

BWAT score 13–20

FIGURE 5.22 Severity states based on BWAT scores. The goals of 
therapy are (1) to decrease the overall severity state of the wound and, 
thus, the BWAT score and (2) to make the decrease in a timely fashion. 
There is equal concern regarding severity of the wound and the dura-
tion of time that the wound spends in any severity state. (Copyright 
Barbara Bates-Jensen.)

the response to  debridement or infection management. The 
 ability to track wound symptoms such as exudate allows you 
to evaluate outcomes of interventions designed to alleviate 
distressing wound symptoms and may be useful for palliative 
care, wound-related complaints, and when symptoms affect 
the patient’s quality of life.29

Use of BWAT Scores to Identify Severity State 
and Guide Treatment
The severity of a wound, as well as overall health status of the 
patient, can determine the appropriate management approach 
for healing. Severity states are a measure of the degree of the tis-
sue insult or wound burden on the patient. The goals of wound 
care are to decrease the overall severity status and to make this 
decrease in a timely fashion. You can use the BWAT to help you 
identify a wound’s severity state, and thereby guide your care 
planning.

As shown in Figure 5.22, BWAT scores can be divided into 
four suggested severity states: total scores of 13–20 indicate 
minimal severity; 21–30 indicates mild severity; 31–40 is mod-
erate severity; and 41–65 is extreme severity. An example of 
a treatment algorithm for one wound in each of these sever-
ity states is presented below. These treatment algorithms are 
derived from clinical practice guidelines.

BWAT Minimal Severity Scores 13–20
Wounds with a BWAT total score of 13–20 are generally shal-
low partial-thickness wounds. Figure 5.23 presents a generic 
algorithm for treatment for wounds in this severity state. The 
main goals for wounds in this severity state are to prevent fur-
ther damage and to provide a moist wound environment for 
healing.

BWAT Mild Severity Scores 21–30
Wounds with mild severity include both partial-thickness 
and full-thickness wounds. Figure 5.24 presents a general 
treatment algorithm for partial-thickness wounds with mild 
severity scores. The goals of care for partial-thickness wounds 
with mild severity scores are to absorb excess wound exudate, 
maintain a clean wound bed, and maintain a moist environ-
ment. Full-thickness wounds with mild severity scores offer 
more options for treatment because the wound can present 
as a clean, full-thickness wound or as a wound fi lled with 
necrotic debris.

BWAT Moderate Severity Scores 31–40
Figure 5.25 is a care plan for a full-thickness wound with 
necrotic tissue present. The goals of care for full-thickness 
wounds with moderate severity scores are to obtain/maintain a 
clean wound bed, provide a moist environment, absorb excess 
exudate, prevent premature closure, and reduce wound dead 
space. Wounds with moderate (and mild) severity scores have 
the most diverse presentations clinically, so choices regarding 
treatment are numerous.

Figures 5.26 to 5.28 demonstrate general treatment algo-
rithms. These algorithms can be used to determine appro-
priate care for a variety of chronic wounds with moderate 
to extreme BWAT severity scores. Wounds in the moderate 
severity state are predominantly full-thickness wounds such 
as stage III or IV pressure ulcers. Figure 5.26 presents the case 
of the full-thickness wound with necrotic debris and large 
amounts of exudate. Treatment is focused on debridement 
and absorbing exudate. Figure 5.27 presents the case of the 
full-thickness clean wound with undermining or dead space, 
and the treatment focus is on eliminating the dead space 
and prevention of premature wound closure. The goals of 
care for wounds in this severity state are to obtain/maintain 
a clean wound bed, absorb excess exudate, eliminate dead 
space to prevent premature wound closure, and provide a 
moist wound environment.

BWAT Critical Severity Scores 41–65
Wounds with BWAT total scores between 41 and 65 are gen-
erally deep full-thickness wounds with more critical clini-
cal manifestations, including undermining and necrosis. 
Figure 5.28 presents an algorithm for treatment of a wound 
with necrotic eschar. The goals of care for wounds in this 
severity state are to identify and treat infection, obtain a clean 
wound bed, absorb excess exudate, eliminate dead space 
to prevent premature wound closure, and provide a moist 
wound environment.

Considerations in Using the BWAT Scores 
to Guide Treatment
The use of the BWAT score for determining severity state and 
guiding treatment offers one approach to managing wounds. 
This approach may be useful in designing broad generic treat-
ment guidelines; however, you must still use your clinical 
judgment to individualize the care plan. Moreover, the treat-
ment plans presented based on the BWAT severity scores focus 
only on topical wound care. Attention to nutrition, use of 
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FIGURE 5.23 Minimal BWAT severity score treatment algorithm for mild, dry, partial-thickness wound. (Adapted from 
ConvaTec, with permission.)
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FIGURE 5.24 Partial-thickness wound with mild BWAT severity score treatment algorithm. (Adapted from ConvaTec, 
with permission.)
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150 PART I ■ Introduction to Wound Care

Re-evaluate plan of care or address underlying etiology if ulcer has not reduced in size during 2 to 4 weeks of care

Wound is not infected and is healing as evidenced by a reduction in size 
after 2 to 4 weeks of care. No evidence of new skin breakdown.

Secondary Dressing

Reduce risk factors 
for developing chronic 
ulcers and delayed 
healing, e.g.:

Expected
Outcomes

Delayed Healing

Wound Assessments Observed

Goals of 
Patient Care

Wound bed/exudate

Wound bed/tissue

Depth

Surrounding skin

Wound edges

Goals of  
Wound Care

Primary Dressing

Patient
Care Plan

Medical Diagnosis: Acute or Chronic Wound
Nursing Diagnosis: Skin Integrity Impaired or Tissue Integrity Impaired

> 25% necrotic tissue/fibrin slough

Moist-moderately exuding

Cleanse and Debride* Wound

Superficial or partial thickness Full-thickness

Healthy/ 
reddened

 Healthy

Maintain moist  
environment

Healthy Undermined

Wound Care Plan
Cleanse/Debride

White/gray/
macerated

Healthy/ 
reddened

White/gray/
macerated

Absorb excess
exudate/

maintain moist 
environment

Maintain moist  
environment

Absorb excess
exudate/

maintain moist 
environment

Prevent  
premature 

wound closure

Moisture  
Retentive 
Dressing

Exudate  
Management

Moisture  
Retentive 
Dressing

Exudate  
Management

N/A
Moisture  
Retentive 
Dressing

N/A
Moisture  
Retentive 
Dressing

*Wound Debridement Options:
- Autolytic
- Enzymatic - Apply enzymatic debridement agent according to 
  package insert instructions, avoiding exposure to intact skin.
- Surgical - Qualified provider removes devitalized tissue with scalpel  
  or other sharp instrument. Obtain hemostasis before dressing wound.

Reduce risk factors for ulcer development and delayed healing. Prevent wound complications and promote wound healing.

 Assess for Clinical Signs and Symptoms of Infection (Purulent exudate and/or elevated temperature and/or peripheral induration or edema)

Obtain clean wound bed

RISK FACTORS
Arterial ulcers: Smoking, hypertension, hyperlipidemia and inactivity. Review surgical/medical management options to improve arterial circulation.
Diabetic ulcers: Smoking, hypertension, obesity, hyperlipidemia and high blood glucose. Review surgical/medical management options and use appropriate off-loading 
techniques.
Pressure ulcers: Pressure, shear, friction, nutritional deficiencies, dehydration and dry skin conditions, skin exposure to moisture or wound contamination secondary to 
incontinence, perspiration or other fluids, e.g. skin protection.
Venous ulcers: Edema with leg elevation, ambulation and compression. If patient is not ambulatory, assure frequent ankle flexes. Review 
surgical/medical management options to improve arterial circulation and compression bandages if appropriate.
Mixed arterial-venous ulcers: Smoking, hypertension, inactivity, hyperlipidemia. Review surgical/medical management options to improve arterial circulation and 
compression bandages if appropriate.
All patients: Provide patient and/or caregiver teaching and support. Confirm and treat infection if needed. Assess and manage wound pain and odor if present.

FIGURE 5.25 Full-thickness stage III or stage IV pressure ulcer with a moderate BWAT severity score treatment algo-
rithm. (Adapted from ConvaTec, with permission.)
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Re-evaluate plan of care or address underlying etiology if ulcer has not reduced in size during 2 to 4 weeks of care

Wound is not infected and is healing as evidenced by a reduction in size 
after 2 to 4 weeks of care. No evidence of new skin breakdown.

Secondary Dressing

Reduce risk factors 
for developing chronic 
ulcers and delayed 
healing, e.g.:

Expected
Outcomes

Delayed Healing

Wound Assessments Observed

Goals of 
Patient Care

Wound bed/exudate

Wound bed/tissue

Depth

Primary Dressing

Patient
Care Plan

Medical Diagnosis: Acute or Chronic Wound
Nursing Diagnosis: Skin Integrity Impaired or Tissue Integrity Impaired

> 25% necrotic tissue/fibrin slough

Wet-heavily exuding

Cleanse and Debride* Wound

Superficial or partial thickness Full-thickness

Wound Care Plan
Cleanse/Debride

Exudate Management

Moisture Retentive Dressing

Surrounding skin

Wound edges

Goals of  
Wound Care

Healthy/ 
reddened

 Healthy Healthy Undermined

White/gray/
macerated

Healthy/ 
reddened

White/gray/
macerated

Absorb excess exudate/ 
maintain moist environment

Prevent  
premature 

wound closure

Absorb excess exudate/ 
maintain moist environment

*Wound Debridement Options:
- Autolytic
- Enzymatic - Apply enzymatic debridement agent according to package insert instructions, 
  avoiding exposure to intact skin.
- Surgical - Qualified provider removes devitalized tissue with scalpel or other sharp instrument. 
  Obtain hemostasis before dressing wound.

Reduce risk factors for ulcer development and delayed healing. Prevent wound complications and promote wound healing.

 Assess for Clinical Signs and Symptoms of Infection (Purulent exudate and/or elevated temperature and/or peripheral induration or edema)

RISK FACTORS
Arterial ulcers: Smoking, hypertension, hyperlipidemia and inactivity. Review surgical/medical management options to improve arterial circulation.
Diabetic ulcers: Smoking, hypertension, obesity, hyperlipidemia and high blood glucose. Review surgical/medical management options and use appropriate off-loading 
techniques.
Pressure ulcers: Pressure, shear, friction, nutritional deficiencies, dehydration and dry skin conditions, skin exposure to moisture or wound contamination secondary to 
incontinence, perspiration or other fluids, e.g. skin protection.
Venous ulcers: Edema with leg elevation, ambulation and compression. If patient is not ambulatory, assure frequent ankle flexes. Review 
surgical/medical management options to improve arterial circulation and compression bandages if appropriate.
Mixed arterial-venous ulcers: Smoking, hypertension, inactivity, hyperlipidemia. Review surgical/medical management options to improve arterial circulation and 
compression bandages if appropriate.
All patients: Provide patient and/or caregiver teaching and support. Confirm and treat infection if needed. Assess and manage wound pain and odor if present.

Obtain clean wound bed

FIGURE 5.26 General full-thickness wound with critical BWAT severity score treatment algorithm. (Reprinted from 
ConvaTec, with permission.)
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152 PART I ■ Introduction to Wound Care

Re-evaluate plan of care or address underlying etiology if ulcer has not reduced in size during 2 to 4 weeks of care

Wound is not infected and is healing as evidenced by a reduction in size 
after 2 to 4 weeks of care. No evidence of new skin breakdown.

Secondary Dressing

Reduce risk factors 
for developing chronic 
ulcers and delayed 
healing, e.g.:

Expected
Outcomes

Delayed Healing

Wound Assessments Observed

Goals of 
Patient Care

Wound bed/exudate

Wound bed/tissue

Depth

Surrounding skin

Wound edges

Goals of  
Wound Care

Primary Dressing

Patient
Care Plan

Medical Diagnosis: Acute or Chronic Wound
Nursing Diagnosis: Skin Integrity Impaired or Tissue Integrity Impaired

< 25% necrotic tissue/fibrin slough

Moist-moderately exuding

Cleanse Wound

Superficial or partial thickness Full-thickness

Healthy/ 
reddened

 Healthy

Maintain moist  
environment

Healthy Undermined

Wound Care Plan
Cleanse

White/gray/
macerated

Healthy/ 
reddened

White/gray/
macerated

Absorb excess
exudate/

maintain moist 
environment

Maintain moist  
environment

Absorb excess
exudate/

maintain moist 
environment

Prevent  
premature 

wound closure

Moisture 
Retentive 
Dressing

Exudate  
Management

Moisture 
Retentive 
Dressing

Exudate  
Management

N/A
Moisture 
Retentive 
Dressing

N/A
Moisture 
Retentive 
Dressing

Reduce risk factors for ulcer development and delayed healing. Prevent wound complications and promote wound healing.

 Assess for Clinical Signs and Symptoms of Infection (Purulent exudate and/or elevated temperature and/or peripheral induration or edema)

RISK FACTORS
Arterial ulcers: Smoking, hypertension, hyperlipidemia and inactivity. Review surgical/medical management options to improve arterial circulation.
Diabetic ulcers: Smoking, hypertension, obesity, hyperlipidemia and high blood glucose. Review surgical/medical management options and use appropriate off-loading 
techniques.
Pressure ulcers: Pressure, shear, friction, nutritional deficiencies, dehydration and dry skin conditions, skin exposure to moisture or wound contamination secondary to 
incontinence, perspiration or other fluids, e.g. skin protection.
Venous ulcers: Edema with leg elevation, ambulation and compression. If patient is not ambulatory, assure frequent ankle flexes. Review 
surgical/medical management options to improve arterial circulation and compression bandages if appropriate.
Mixed arterial-venous ulcers: Smoking, hypertension, inactivity, hyperlipidemia. Review surgical/medical management options to improve arterial circulation and 
compression bandages if appropriate.
All patients: Provide patient and/or caregiver teaching and support. Confirm and treat infection if needed. Assess and manage wound pain and odor if present.

Obtain clean wound bed

FIGURE 5.27 General full-thickness wound with undermining or pocketing with moderate BWAT severity score treat-
ment algorithm. (Reprinted from ConvaTec, with permission.)
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Re-evaluate plan of care or address underlying etiology if ulcer has not reduced in size during 2 to 4 weeks of care

Wound is not infected and is healing as evidenced by a reduction in size 
after 2 to 4 weeks of care. No evidence of new skin breakdown.

Secondary Dressing

Reduce risk factors 
for developing chronic 
ulcers and delayed 
healing, e.g.:

Expected
Outcomes

Delayed Healing

Wound Assessments Observed

Goals of 
Patient Care

Wound bed/exudate

Wound bed/tissue

Depth

Surrounding skin

Wound edges

Goals of 
Wound Care

Primary Dressing

Patient
Care Plan

Medical Diagnosis: Acute or Chronic Wound
Nursing Diagnosis: Skin Integrity Impaired or Tissue Integrity Impaired

> 25% necrotic tissue/fibrin slough

Dry-minimal moisture

Cleanse and Debride* Wound

Superficial or partial thickness Full-thickness

Healthy/reddened

 Healthy

Provide moist environment

Healthy Undermined

Healthy/reddened

Provide moist environment/
prevent premature wound closure

Wound Care Plan
Cleanse/Debride

Wound Hydration

Moisture Retentive Dressing

Obtain clean wound bed

*Wound Debridement Options:
- Autolytic
- Enzymatic - Apply enzymatic debridement agent according to package insert instructions,  
  avoiding exposure to intact skin.
- Surgical - Qualified provider removes devitalized tissue with scalpel or other sharp instrument. 
  Obtain hemostasis before dressing wound.

Reduce risk factors for ulcer development and delayed healing. Prevent wound complications and promote wound healing.

 Assess for Clinical Signs and Symptoms of Infection (Purulent exudate and/or elevated temperature and/or peripheral induration or edema)

RISK FACTORS
Arterial ulcers: Smoking, hypertension, hyperlipidemia and inactivity. Review surgical/medical management options to improve arterial circulation.
Diabetic ulcers: Smoking, hypertension, obesity, hyperlipidemia and high blood glucose. Review surgical/medical management options and use appropriate off-loading 
techniques.
Pressure ulcers: Pressure, shear, friction, nutritional deficiencies, dehydration and dry skin conditions, skin exposure to moisture or wound contamination secondary to 
incontinence, perspiration or other fluids, e.g. skin protection.
Venous ulcers: Edema with leg elevation, ambulation and compression. If patient is not ambulatory, assure frequent ankle flexes. Review 
surgical/medical management options to improve arterial circulation and compression bandages if appropriate.
Mixed arterial-venous ulcers: Smoking, hypertension, inactivity, hyperlipidemia. Review surgical/medical management options to improve arterial circulation and 
compression bandages if appropriate.
All patients: Provide patient and/or caregiver teaching and support. Confirm and treat infection if needed. Assess and manage wound pain and odor if present.

FIGURE 5.28 Critical BWAT severity score with dry eschar treatment algorithm. (Reprinted from ConvaTec, with permission.)
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154 PART I ■ Introduction to Wound Care

an adequate support surface, determining need for more 
advanced wound care, and consideration of the status of the 
whole patient is also part of the care plan.

Outcomes with Standardized Wound Assessment 
Using the BWAT
The BWAT was evaluated as part of a standardized assessment 
and treatment program in a prospective multicenter study of 
wound healing outcomes.30 Wound healing outcomes from 
March 26 to October 31, 2001 were recorded on patients in 
three long-term care facilities, one long-term acute care hos-
pital, and 12 home care agencies for wounds selected by staff 
to receive care based on computer-generated validated wound 
care algorithms, which were based on BWAT scores. Most of 
the 767 wounds selected to receive the standardized protocols 
of care based on BWAT scores were stage III to IV pressure 
ulcers (n = 373; mean healing time 62 days) or full-thickness 
venous ulcers (n = 124; mean healing time 57 days). The study 
provides data on use of BWAT scores to identify treatments 
and measure healing. In addition to being used to identify spe-
cifi c wound treatments, the BWAT has been used to describe 
characteristics of recurrent pressure ulcers in persons with spi-
nal cord injury as these ulcers have not been well described. 
Because the BWAT evaluates multiple wound characteristics it 
is particularly well suited for describing specifi c wound char-
acteristics in special populations or wounds. For example, 
recurrent pressure ulcers in persons with spinal cord injury 
tend to occur at the same anatomic location as the original 
ulcer, present as full-thickness ulcers with a mean BWAT score 
of 33.63, minimal exudate, and with nearly half presenting 
with undermining (48%) and necrotic slough (50%).31 The 
BWAT has also been used as an outcome measure examining 
use of negative pressure wound therapy for pressure ulcers in a 
long-term acute care setting.32 The BWAT is incorporated into 
several health-care organizational electronic medical records 
(EMR) and lends itself well to EMR in terms of data entry and 
data access for reports.

WOUND HEALING ASSESSMENT TOOLS 
DEVELOPED FOR SPECIFIC NEEDS OR 
POPULATIONS

Several wound healing assessment tools have been developed 
to address specifi c needs or populations. In this section, we 
present three such instruments: the Photographic Wound 
Assessment Tool (PWAT), the Wound Bed Score (WBS), and 
the Pressure Ulcer Measurement Tool.

Photographic Wound Assessment Tool
To this point, we have discussed wound healing assessment 
tools that have been developed to be used at the point of care, 
in the presence of the patient and wound. In many cases, the 
expert clinician is not present with the patient and wound. 
This is particularly true in home health and rural areas, 
where photos and telemedicine are often used for documen-
tation of wound status and delivered to expert clinicians or 
consultants for determining wound treatment and judging 
treatment response. To assess wounds from photographs, 

Houghton et al.6 adapted the BWAT. The PWAT includes 
six items that can be evaluated from a photograph: wound 
edges, necrotic tissue type and amount, skin color surround-
ing wound, granulation tissue type, and epithelialization. 
Each item was rated on a 5-point scale where a score of “0” 
refl ects the best for the characteristic and a score of “4” the 
worst. The six items can then be summed for a total score. 
The PWAT was validated with both pressure ulcers and 
venous leg ulcers. The PWAT has demonstrated a strong cor-
relation with the BWAT as performed in person on the same 
wounds at the bedside.6 Trained health-care professionals 
demonstrated excellent intrarater and interrater reliability 
and similar to the BWAT, the PWAT is responsive to changes 
in wound status with scores signifi cantly greater (better) for 
wounds (pressure ulcers and venous ulcers) that healed com-
pared to those that did not heal.6 The PWAT has been used 
as an outcome measure to evaluate electrical stimulation for 
pressure ulcer healing in persons with spinal cord injury liv-
ing in the community.33

The Wound Bed Score
In today’s wound care treatment options, there are many high 
technology and advanced therapies such as topically applied 
growth factors, bioengineered skin, and negative pressure 
wound therapy devices. Future wound care options may see 
advanced therapies including genetic modifi cation and therapy. 
In order to effectively use these advanced therapies for maximal 
benefi t, wound bed preparation is essential as using these thera-
pies on a wound not adequately prepared will result in poor 
outcomes at a high price. Adequate wound bed preparation 
means the wound is

• Free of infection
• Well vascularized
• Free of fi brinous material
• Free of scarring
• With minimal exudate

To assist clinicians in assessing wound bed preparation 
prior to application of advanced high technology therapy, 
Falanga8,34 developed the WBS to specifi cally address wound 
bed preparation. The WBS consists of a score for wound bed 
appearance (includes items evaluating granulation tissue, 
fi brinous tissue, and presence of eschar) and a wound exudate 
score (includes items evaluating extent of exudate control, 
exudate amount, and dressing requirements).6,34 The score for 
wound bed appearance and wound exudate can be summed 
for a total score.

The WBS was revised in 2006 with additional items relating to 
the surrounding skin (healing edges, black eschar, wound depth, 
edema, periwound dermatitis, and callus).35 Each item receives a 
score from 0 (worst score) to 2 (best score) with all items summed 
for a total score. The modifi ed WBS is presented in Exhibit 5.4. 
The WBS has been used in venous ulcers and correlated with 
healing.35 The instrument can be used at the bedside to deter-
mine the likelihood that wound closure will occur. The higher 
the score, the more favorable the wound outcome and total scores 
are divided into four quartiles: scores up to 9; scores of 10 and 
11; scores of 12 and 13; and scores of 14 to 16. For each quartile 
increase, there is an increased chance of healing of 22.8%.35
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EXHIBIT 5.4

Modifi ed Wound Bed Score
Wound bed score Characteristics 0 1 2

Healing edges None 25%–75% >75%

Black eschar >25% of wound surface area 0%–25% None

Greatest wound depth/granulation tissue Severely depressed or raised when 
compared to periwound skin

Moderate Flushed or almost even

Exudate amount Severe Moderate None/mild

Edema Severe Moderate None/mild

Periwound dermatitis Severe Moderate None or minimal

Periwound callus fi brosis Severe Moderate None or minimal

Pink wound bed None 50%–75% >75%

Wound duration prior to treatment ≥1 year <1 year

1. The total WBS adds each individual score for each characteristic to give a total score.

2. The maximum possible score (best score) is 18.

3. The minimum possible score (worst score) is 0.

Copyright V. Falanga, used with permission

The Spinal Cord Injury Pressure Ulcer 
Monitoring Tool (SCI-PUMT)
Thomason and Colleagues9 developed a tool to monitor 
 pressure ulcer healing over time, in persons with spinal cord 
injury (SCI). Expert panels developed a 31-item pool of SCI-
specifi c variables for monitoring pressure ulcer healing, which 
included items from the BWAT and the PUSH (see Exhibit 5.5). 
Sixty-six participants with a history of SCI for at least 1 year 
and at least one pressure ulcer were assessed weekly for each 
of the 31 variables over a 12-week period. A panel of experts 
identifi ed a pool of items designed to gauge pressure ulcer heal-
ing and a second group of experts established content validity 
of the items. Based on exploratory factor analysis and clinical 
judgment, seven items were identifi ed and included in the fi nal 
version of the SCI-PUMT. The seven-item SCI-PUMT dem-
onstrated predictive validity explaining 65% of the variance of 
surface area and volume of the ulcers at baseline and the total 
score was associated with the measure of area/volume across 
the 12-week follow-up period of the study. Interrater reliability 
was 0.79. Because the item pool included items from the PUSH 
and BWAT, comparisons were made of predictive validity and 
sensitivity to change over time of these tools to those of the 
SCI-PUMT. At baseline, the BWAT accounted for 49% and 
the PUSH accounted for 46% of the variance in surface area 
and volume variables compared to 65% for the SCI-PUMT. In 
the mixed model analysis for sensitivity, the SCI-PUMT model 
accounted for a reduction of 55% of unexplained variance, 
while the models with the BWAT and PUSH scores reduced 
unexplained variance by 33% and 27%, respectively. This 
seven-item tool is being tested for use in monitoring pressure 

ulcers in persons with SCI. The SCI-PUMT Quick Reference 
Guide is presented in Exhibit 5.6.

CONCLUSION: CLINICAL UTILITY OF WOUND 
HEALING ASSESSMENT TOOLS

Wound healing assessment tools provide a framework for 
assessment and documentation of wound healing, with an 
attempt at quantifi cation of aspects of multiple wound attri-
butes. Thus, their use should promote more meaningful 
communication among health-care professionals involved in 
wound care. An objective method of assessing wound healing 
and monitoring changes over time also allows for evaluation 
of the therapeutic plan of care and may be used to guide and 
direct therapy. For example, if a specifi c treatment modality is 
in use and the patient’s wound status, as determined with the 
wound healing tool, has not changed in 2 weeks, reevaluation 
of the plan of care is warranted. Use of wound healing tools 
may uncover other outcome criteria that will help to identify 
critical attributes during the course of healing.

Use of a research-based wound healing tool, such as those 
described in this chapter, can also allow discrimination in stud-
ies dealing with treatment modalities, and may help to improve 
our overall understanding of wound healing. It can provide 
increased sensitivity as well, for example, allowing greater pre-
cision and clarity in studies related to the treatment of pressure 
ulcers. Overall, an instrument that is sensitive to changes in 
wound status helps us develop improved guidelines for wound 
care and helps us evaluate individual patient’s progress more 
effectively.
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SPINAL CORD IMPAIRMENT PRESSURE ULCER MONITORING TOOL  (SCI-PUMT)

Patient SS# Ulcer #

Pressure Ulcer

Site:   Sacrum-Coccyx       Trochanter   Ischium         Heel            Other

Body Side:   Right                        Left                   Midline

   Orientation:                             Medial   Lateral

Positioning

Upper Leg Flexed When Turned: Yes   No

Surface Turned Onto:   Right   Left   Back Abdomen

Variables Scoring Options
Variable 

Score

Geometric Factor
1

<1 cm2
2

>1 – <2.5 cm2
3

–>2.5 <5 cm2
4

–>5 <10 cm2
5

–>10 <15 cm2
Surface Area

(L x W)
6

>15 - <25 cm2 –
7

>25 <35 cm2 –
8

>35 <55 cm2 –
9

>55 <85 cm2
10

>85 cm2

Depth 0
0 cm –

1
>0 <1 cm –

2
>1 <2 cm –

3
>2 <3 cm

4
>3 cm

Edges 1
· Indistinct, diffuse, none clearly 

visible

· Distinct, outline clearly visible, 
attached, even with ulcer base

· Well-defined, not attached to ulcer 
base

2
· Well-defined, not attached to base, 

rolled under, thickened

· Well-defined, fibrotic, scarred, or 
hyperkeratotic

Tunneling 0
None <

1
 2 cm – <

2
> 2  4 cm

3
>4 cm

Undermining 0
None <

1
 2 cm – <

2
> 2  4 cm

3
>4 cm

Sub-total Score Geometric Factor
Substance Factor

Exudate Type 0
None

1
Serous/Sanguineous

2
Green/Purulent

Necrotic Tissue 
Amount

0
None

1
<25%

2
>25%

Sub-total Score Substance Factor
TOTAL SCORE  (Total of Geometric and Substance Sub-totals)

Maximum score = 26   The HIGHER the score, the more severe the ulcer.

Evaluator: Date:

EXHIBIT 5.5
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SCI-PUMT Quick Reference Guide
Specifi city

   ● The SCI-PUMT is specifi c only to pressure ulcers.
   ● Reliability and validity of the SCI-PUMT have not been established to track the healing of dermatitis, excoriations, mac-

erations, skin tears, or neuropathic, venous, and arterial ulcers.

Scoring
   ● Determine the geometric subtotal scores (i.e., surface area, depth, edges, tunneling, undermining).
   ● Determine the substance subtotal scores (i.e., exudate type, necrotic tissue amount).
   ● Add geometric and substance subtotals to obtain the total score (maximum score is 26).
   ● The HIGHER the score, the more severe the ulcer.

General Guidelines
   ● Pressure Ulcer Location: Indicate the location of the pressure ulcer being assessed: sacrum, coccyx, trochanter, ischium, 

heel, other.
   ● Pressure Ulcer Body Side: Document the body side of the ulcer: left side, right side, midline.
   ● Positioning: Use consistent patient positioning to obtain accurate measurements. Two or more clinicians are often 

required to position the patient to optimize ulcer visualization and measurement. Use safe patient handling and move-
ment techniques (e.g., use a sling to position the body to the side or lift the leg). Document the position to which the 
patient is turned onto during the assessment: left side, right side, prone, supine.

   ● Hip/Leg Flex: Flex the upper leg if the patient is turned to the side to maximize the ulcer’s surface area and visualization.

Supplies
   ● Use separate supplies for each ulcer to avoid cross contamination.
   ● Supplies include:

   ❍ Personal protective equipment (e.g., gloves)
   ❍ Biohazardous bag
   ❍ Linear guide in centimeters
   ❍ Measurement grid with blocks and/or marked into 4 quadrants
   ❍ Cotton-tipped applicators (1–2)

SCI-PUMT Assessment Variables—Geometric
Surface Area

Instruction Key Points

Measure the length as the greatest distance head-to-toe 
(12 o’clock to 6 o’clock)

Measure the distance inside the ulcer bed using a non-
stretch linear guide with centimeters; use the patient’s 
head as 12 o’clock and the feet as 6 o’clock

Measure the width as the greatest distance side-to-side 
(9 o’clock to 3 o’clock)

Measure the width perpendicular to the length

Multiply the length × width
Score 1–10 (Variable: ≤1 to >85 cm2)

Only measure open, uninterrupted, continuous areas; 
avoid measuring over “islands” of intact skin that are 
within the ulcer bed

Depth

Instruction Key Points

Place a cotton-tipped applicator horizontally across the 
ulcer edges.

Establish a reference point for the periulcer skin surface.

Place a disposable ruler perpendicular to the horizontal 
applicator.

Measure the depth from the deepest point of the ulcer 
bed, excluding tunnels.

Measure the distance from the skin surface (i.e., horizontal 
applicator) to the deepest aspect of the ulcer base.
Score 0–4 (Variable: 0 to >3 cm2)

Use a second applicator to measure vertical distance if a 
disposable ruler is unavailable. Use a pen to mark the ver-
tical applicator where the two applicators intersect. Place 
the vertical applicator beside a linear guide to measure.

EXHIBIT 5.6

(continued)
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EXHIBIT 5.6 (continued )

Edgesa

Instruction Key Points

Identify the worse case with any of the following 
descriptions:

The edge is where intact skin contacts the ulcer bed; the 
edge is sometimes known as the ulcer margin.

Variable 1

• Indistinct, diffuse, none clearly visible

•  Distinct, outline clearly visible, attached, even with ulcer 
base

•  Well defi ned, not attached to ulcer base

Variable 2

•  Well-defi ned, not attached to base, rolled under, 
thickened

• Well-defi ned, fi brotic, scarred, or hyperkeratotic

Score the edges based upon the edge appearance and ulcer 
depth.

Edge integrity facilitates or impedes epithelialization.

Score 1–2 Score 1: Edges are not rolled/thickened and are even with 
the ulcer base; sides/walls are not present.
Score 2: Edges are rolled and are typically higher than the 
ulcer base. 

Tunneling

Instruction Key Points

Measure only the longest tunnel. A tunnel is a space that extends laterally, obliquely, or 
vertically from the ulcer bed or epithelium; a tunnel is 
sometimes known as a sinus tract or channel.b

Insert a ruler to measure the distance from the ulcer bed to 
the most distal aspect of the tunnel.

The Clinician should not be able to visualize skin elevation 
of the distal tip of an applicator when it is inserted into a 
tunnel.

Never force the ruler or applicator into a tunnel if resis-
tance is encountered.

Use an applicator if a disposable ruler is unavailable or the 
tunnel is too narrow. Use a pen to mark the proximal part 
of the applicator where it contacts the ulcer bed. Place the 
applicator beside a linear guide to measure.

Score: 0–3 (Variable: None to >4 cm2) Tunnels inhibit granulation of full-thickness ulcers and 
may result in abscesses.

Undermining

Instruction Key Points

Measure only the greatest undermined distance. Undermining is an opening that begins at the ulcer edge 
and extends beneath the skin either parallel or tangential 
to the skin surface.b Undermining is under intact skin 
adjacent to the open ulcer.

Insert a ruler to measure the distance from the ulcer edge 
to the most distal aspect of undermined area.

The clinician should be able to visualize skin elevation of 
the distal tip of an applicator when it is inserted into an 
undermined area.
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EXHIBIT 5.6 (continued )

Never force the ruler or applicator into an undermined 
area if resistance is encountered.

Use an applicator if a disposable ruler is unavailable or 
the undermined area is too narrow. Use a pen to mark the 
proximal part of the applicator where it contacts the ulcer 
edge. Place the applicator beside a linear guide to measure.

Score: 0–3 (Variable: None to >4 cm2) Undermining negatively impacts the circulation of the 
intact epidermis and dermis.

SCI-PUMT Assessment Variables—Substance
Exudate Type

Instruction Key Points

Assess drainage on the soiled dressing, not the ulcer bed. Exudate is the fl uid that drains from tissues due to infl am-
mation or injury.b

Assess the presence and type of drainage. Serous drainage is clear.

Variable 0 Sanguineous drainage is bloody.

• No drainage Green or purulent drainage is opaque.

Variable 1

• Serous

• Sanguineous

Variable 2

• Green

• Purulent

Score 0–2 Green or purulent drainage may indicate infection that 
may inhibit the healing process.

Necrotic Tissue Amounta

Instruction Key Points

Use a transparent metric measuring guide divided into 4 
(25%) pie-shaped quadrants to determine the percent of 
the ulcer that has necrotic tissue.

Necrosis is the pathological death of tissues or cells result-
ing from irreversible damage.b

Devitalized collagen may present as slough or eschar that 
may be relatively thick or thin.

•  Slough is devitalized tissue that may involve a portion or 
all of the ulcer bed. Slough is typically yellow but may be 
green or brown. It is often stringy.

•  Eschar is dark, leathery tissue that may involve a por-
tion or all of the ulcer bed. It is typically dry but may be 
moist.

Score 0–2 (Variable: None to >25%) Necrosis inhibits granulation tissue in full-thickness 
ulcers.

aVariables of Edges and Necrotic Tissue Amount were adapted from the Bates-Jensen Wound Assessment Tool.
bConsortium for Spinal Cord Medicine (2000). Pressure ulcer prevention and treatment following spinal cord injury:
From A Clinical Practice Guideline for Health-Care Professionals. Washington, DC: Paralyzed Veterans of America.
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REVIEW QUESTIONS

 1. Predictive validity is best described as follows:
 A.  It tests the tool against present performance or status 

on a criterion.
 B.  It tests the tool against future performance or status on 

a criterion.
 C.  It tests scores from one rater against a second rater.
 D. It tests the tool against a gold standard.

 2. Which are wound characteristics commonly included in 
instruments to evaluate wound healing?
 A. Size, shape, necrotic tissue characteristics, exudate
 B.  Size, granulation tissue characteristics, exudate, ne-

crotic tissue characteristics
 C.  Size, stage, necrotic tissue characteristics, surrounding 

skin characteristics
 D. Size, depth, necrotic tissue characteristics, exudate

 3. Which is a recommended method of measuring wound 
size?
 A.  Measure the longest length and the perpendicular wid-

est width in centimeters.
 B. Measure the wound circumference.

 C.  Measure the length from 12 o’clock to 6 o’clock and 
multiply by 2.

 D.  Measure the head-to-toe length and the side-to-side 
length.

 4. Interrater reliability is best defi ned by which statement?
 A.  The consistency of the tool with repeated measures.
 B.  It is concerned with different clinicians getting the same 

score on the tool when evaluating the same wound.
 C. It is the accuracy of the tool.
 D.  It is concerned with all items on a tool consistently 

measuring the same objective.
 5. The ability of the tool to respond quickly to changes in the 

wound status is the defi nition of
 A. intrarater reliability
 B. predictive validity
 C. responsiveness
 D. sensitivity
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Appendix 5A      LONG FORM SWHT AND PROCEDURES FOR USING THE SWHT

Sussman Wound Healing Tool (SWHT)
WOUND ASSESSMENT FORM

NAME: _____________________________________ MEDICAL RECORD NO.: _______________________________

DATE: ______________________________________ EXAMINER: _________________________________________

CIRCLE WEEK OF CARE: B 1 2 3 4 5 6 7 8 9 10 11 12

SWHT 
Variable

Tissue Attribute Attribute Defi nition Rating Relationship 
to Healing

Score

 1 Hemorrhage Purple ecchymosis of wound tissue or 
surrounding skin

Present or 
absent

Not good

 2 Maceration Softening of a tissue by soaking until 
the connective tissue fi bers are soft 
and friable

Present or 
absent

Not good

 3 Undermining Includes both undermining and 
tunneling

Present or 
absent

Not good

 4 Erythema Reddening or darkening of the skin 
compared to surrounding skin; usually 
accompanied by heat

Present or 
absent

Not good

 5 Necrosis All types of necrotic tissue, including 
eschar and slough

Present or 
absent

Not good

 6 Adherence at wound 
edge

Continuity of wound edge and the 
base of the wound

Present or 
absent

Good

 7 Granulation 
(Fibroplasia—signifi cant 
reduction in depth)

Pink/red granulation tissue fi lling in 
the wound bed, reducing wound depth

Present or 
absent

Good

 8 Appearance 
of  contraction 
(reduced size)

First measurement of the wound 
drawing together, resulting in 
reduction in wound open surface area

Present or 
absent

Good

 9 Sustained contraction 
(more reduced size)

Continued drawing together of wound 
edges, measured by reduced wound 
open surface area

Present or 
absent

Good

10 Epithelialization Appearance and continuation of 
resurfacing with new skin or scar at 
the wound edges or surface

Present or 
absent

Good

MEASURES AND EXTENT (Depth and Undermining: Not Good)

Depth/
Location SCORE

Undermining/
Location SCORE Other Letter

11 General depth >0.2 cm 16 Underm @ 12:00 Location

12 General depth @ 12:00 >0.2 cm 17 Underm @ 3:00 Wound 
healing 
phase

13 General depth @ 3:00 >0.2 cm 18 Underm @ 6:00 Total “Not 
Good”

14 General depth @ 6:00 >0.2 cm 19 Underm @ 9:00 Total “Good”

15 General depth @ 9:00 >0.2 cm

Key: Present = 1. Absent = 0. Location choices: upper body (UB), coccyx (C), trochanter (T), ischial (I), heel (H), foot (F); add right or left 
(R or L). Wound healing phase: infl ammation (I), proliferation (P), epithelialization (E), remodeling (R).
Source: Copyright © 1997, Sussman Physical Therapy Inc.
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Location ____________________________________

Wound healing phase __________________________

Total “Not Good” _____________________________

Total “Good” _________________________________

Procedure for Using the SWHT

Completion of the SWHT is by observation and physical assessment, as follows:

1. Each wound of each patient needs its own SWHT attributes form.
2. The patient’s name, medical record number, and date of assessment are written at the top of the form.
3. The examiner signs the document.
4.  As the wound is assessed, the rater marks a 1 or a 0 to signify present or absent on the form next to each of the 19 attri-

butes. The squares in the column must be marked with one of the two scores.
5.  The wound location and the current wound healing phase are marked with the appropriate letter. Choose the appropriate 

letter to represent the anatomic location of the wound and place it in the square at the time of the initial assessment and 
subsequent reassessments. The location will not change.

6.  Letters are also used to represent the current wound healing phase: mark an I for infl ammatory, P for proliferative, E for 
epithelialization, and R for remodeling. In the appropriate box, the phase is noted initially and at each reassessment. The 
wound healing phase should change as the wound heals.

7.  Undermining and depth require some physical assessment to determine presence or absence.
8.  Open area measurements are made and listed on a separate form (see Chapter 4), then compared with subsequent mea-

surements of these characteristics to determine contraction and sustained contraction, measured as reduction in linear size.
9.  Scoring part I. Add the number of “not good for healing” attributes and the number of “good for healing” attributes 

listed. The score of “not good for healing” should diminish as the wound heals, and the score of “good for healing” attri-
butes should increase.

10. A summary of the change is shown in Exhibit 5.4.
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Appendix 5B      PRESSURE ULCER SCALE FOR HEALING AND INSTRUCTIONS FOR USE

PUSH Tool 3.0

Patient Name: _____________________________________ Patient ID#:  _____________________________________

Ulcer Location: ____________________________________ Date: ___________________________________________

DIRECTIONS:

Observe and measure the pressure ulcer. Categorize the ulcer with respect to surface area, exudate, and type of wound tissue. 
Record a subscore for each of these ulcer characteristics. Add the subscores to obtain the total score. A comparison of total 
scores measured over time provides an indication of the improvement or deterioration in pressure ulcer healing.

Length 0 1 2 3 4 5

0 cm2 <0.3 cm2 0.3–0.6 cm2 0.7–1.0 cm2 1.1–2.0 cm2 2.1–3.0 cm2

× Width 6 7 8 9 10 Subscore

3.1–4.0 cm2 4.1–8.0 cm2 8.1–12.0 cm2 12.1–24.0 cm2 >24 cm2

Exudate 
Amount

0 1 2 3 Subscore

None Light Moderate Heavy

Tissue 
Type

0 1 2 3 4 Subscore

Closed Epithelial tissue Granulation tissue Slough Necrotic 
tissue

Total Score

Length × Width: Measure the greatest length (head to toe) and the greatest width (side to side) using a centimeter ruler. 
Multiply these two measurements (length × width) to obtain an estimate of surface area in square centimeters (cm2). Caveat: 
Do not guess! Always use a centimeter ruler and always use the same method each time the ulcer is measured.

Exudate Amount: Estimate the amount of exudate (drainage) present after removal of the dressing and before applying any 
topical agent to the ulcer. Estimate the exudate (drainage) as none, light, moderate, or heavy.

Tissue Type: This refers to the types of tissue that are present in the wound (ulcer) bed. Score as a “4” if there is any necrotic 
tissue present. Score as a “3” if there is any amount of slough present and necrotic tissue is absent. Score as a “2” if the wound 
is clean and contains granulation tissue. A superfi cial wound that is reepithelializing is scored as a “1.” When the wound is 
closed, score as a “0.”

4—Necrotic Tissue (Eschar): black, brown, or tan tissue that adheres fi rmly to the wound bed or ulcer edges and may be 
either fi rmer or softer than surrounding skin.
3—Slough: yellow or white tissue that adheres to the ulcer bed in strings or thick clumps, or is mucinous.
2—Granulation Tissue: pink or beefy red tissue with a shiny, moist, granular appearance.
1—Epithelial Tissue: for superfi cial ulcers, new pink or shiny tissue (skin) that grows in from the edges or as islands on the 
ulcer surface.
0—Closed/Resurfaced: the wound is completely covered with epithelium (new skin).

Version 3.0: 9/15/98
©National Pressure Ulcer Advisory Panel

Source: Copyright © National Pressure Ulcer Advisory Panel.
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PRESSURE ULCER HEALING CHART
(To Monitor Trends in PUSH Scores over Time)

(Use a separate page for each pressure ulcer)

Patient Name: _____________________________________ Patient ID#:  _____________________________________

Ulcer Location: ____________________________________ Date: ___________________________________________

Directions: Observe and measure pressure ulcers at regular intervals using the PUSH Tool. Date and record PUSH subscale 
and total scores on the pressure ulcer healing record below.

PRESSURE ULCER HEALING RECORD

DATE

Length × Width

Exudate Amount

Tissue Type

Total Score

Graph the PUSH total score on the pressure ulcer healing graph below (see Exhibit 5.4)

PUSH Total Score PRESSURE ULCER HEALING GRAPH

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

Healed 0

DATE

PUSH Tool Version 3.0: 9/15/98
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Instructions for Using the PUSH Tool
To use the PUSH Tool, the pressure ulcer is assessed and scored on the three elements in the tool:

• Length × Width → scored from 0 to 10
• Exudate Amount → scored from 0 (none) to 3 (heavy)
• Tissue Type → scored from 0 (closed) to 4 (necrotic tissue)

Ensure consistency in applying the tool to monitor wound healing, defi nitions for each element are supplied at the bottom of 
the tool.

Step 1: Using the defi nition for length × width, a centimeter ruler measurement is made of the greatest head-to-toe diameter. 
A second measurement is made of the greatest width (left to right). Multiply these two measurements to get square centime-
ters, then select the corresponding category for size on the scale and record the score.

Step 2: Estimate the amount of exudate after removal of the dressing and before applying any topical agents. Select the corre-
sponding category for amount and record the score.

Step 3: Identify the type of tissue. Note: if there is ANY necrotic tissue, it is scored a 4. If there is ANY slough, it is scored a 3, 
even though most of the wound is covered with granulation tissue.

Step 4: Sum the scores on the three elements of the tool to derive a total PUSH Score.

Step 5: Transfer the total score to the Pressure Ulcer Healing Graph. Changes in the score over time provide an indication of 
the changing status of the ulcer. If the score goes down, the wound is healing. If it gets larger, the wound is deteriorating.

Unmodifi ed Version 3.0: 9/15/98
©National Pressure Ulcer Advisory Panel

Reprint Permission granted. Further reprint requests should be directed to: NPUAP online at: www.npuap.org
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Appendix 5C        POMPEO INDIVIDUAL PATIENT PRESSURE ULCER SCALE FOR HEALING FORM21
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Appendix 5D      THE BATES-JENSEN WOUND ASSESSMENT TOOL (BWAT)

Instructions for use

General Guidelines
Fill out the attached rating sheet to assess a wound’s status after reading the defi nitions and methods of assessment described 
below. Evaluate once a week and whenever a change occurs in the wound. Rate according to each item by picking the response 
that best describes the wound and entering that score in the item score column for the appropriate date. When you have 
rated the wound on all items, determine the total score by adding together the 13-item scores. The HIGHER the total score, 
the more severe the wound status. Plot total score on the Wound Status Continuum to determine progress. If the wound has 
healed/resolved, score items 1, 2, 3, and 4 as = 0.

Specifi c Instructions
1.  Size: Use ruler to measure the longest and widest aspect of the wound surface in centimeters; multiply length × width. 

Score as = 0 if wound healed/resolved.

2.  Depth: Pick the depth, thickness, most appropriate to the wound using these additional descriptions, score as = 0 if 
wound healed/resolved:

1 = tissues damaged but no break in skin surface.
2 = superfi cial, abrasion, blister or shallow crater. Even with, and/or elevated above skin surface (e.g., hyperplasia).
3 = deep crater with or without undermining of adjacent tissue.
4 = visualization of tissue layers not possible due to necrosis.
5 = supporting structures include tendon, joint capsule.

3.  Edges: Score as = 0 if wound healed/resolved. Use this guide:

Indistinct, diffuse = unable to clearly distinguish wound outline.
Attached = even or fl ush with wound base, no sides or walls present; fl at.
Not attached = sides or walls are present; fl oor or base of wound is deeper than edge.
Rolled under, thickened = soft to fi rm and fl exible to touch.
Hyperkeratosis = callous-like tissue formation around wound and at edges.
Fibrotic, scarred = hard, rigid to touch.

4.  Undermining: Score as = 0 if wound healed/resolved. Assess by inserting a cotton tipped applicator under the wound 
edge; advance it as far as it will go without using undue force; raise the tip of the applicator so it may be seen or felt on 
the surface of the skin; mark the surface with a pen; measure the distance from the mark on the skin to the edge of the 
wound. Continue process around the wound. Then use a transparent metric measuring guide with concentric circles 
divided into four (25%) pie-shaped quadrants to help determine percent of wound involved.

5.  Necrotic Tissue Type: Pick the type of necrotic tissue that is predominant in the wound according to color, consistency, 
and adherence using this guide:

White/gray nonviable tissue = may appear prior to wound opening; skin surface is white or gray.
Nonadherent, yellow slough =  thin, mucinous substance; scattered throughout wound bed; easily separated 

from wound tissue.
Loosely adherent, yellow slough = thick, stringy, clumps of debris; attached to wound tissue.
Adherent, soft, black eschar = soggy tissue; strongly attached to tissue in center or base of wound.
Firmly adherent, hard/black eschar = fi rm, crusty tissue; strongly attached to wound base and edges (like a hard scab).

6.  Necrotic Tissue Amount: Use a transparent metric measuring guide with concentric circles divided into four (25%) pie-
shaped quadrants to help determine percent of wound involved.

7.  Exudate Type: Some dressings interact with wound drainage to produce a gel or trap liquid. Before assessing exudate 
type, gently cleanse wound with normal saline or water. Pick the exudate type that is predominant in the wound according 
to color and consistency, using this guide:

Bloody = thin, bright red
Serosanguineous = thin, watery pale red to pink
Serous = thin, watery, clear
Purulent = thin or thick, opaque tan to yellow or green may have offensive odor

© 2001 Barbara Bates-Jensen
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8.  Exudate Amount: Use a transparent metric measuring guide with concentric circles divided into four (25%) pie-shaped 
quadrants to determine percent of dressing involved with exudate. Use this guide:

None = wound tissues dry.
Scant = wound tissues moist; no measurable exudate.
Small =  wound tissues wet; moisture evenly distributed in wound; drainage involves ≤25% dressing.
Moderate =  wound tissues saturated; drainage may or may not be evenly distributed in wound; drainage involves 

>25% to ≤75% dressing.
Large =  wound tissues bathed in fl uid; drainage freely expressed; may or may not be evenly distributed in 

wound; drainage involves >75% of dressing.

9.  Skin Color Surrounding Wound: Assess tissues within 4 cm of wound edge. Dark-skinned persons show the colors “bright 
red” and “dark red” as a deepening of normal ethnic skin color or a purple hue. As healing occurs in dark-skinned persons, 
the new skin is pink and may never darken.

10.  Peripheral Tissue Edema and Induration: Assess tissues within 4 cm of wound edge. Nonpitting edema appears as skin 
that is shiny and taut. Identify pitting edema by fi rmly pressing a fi nger down into the tissues and waiting for 5 seconds, on 
release of pressure, tissues fail to resume previous position and an indentation appears. Induration is abnormal fi rmness 
of tissues with margins. Assess by gently pinching the tissues. Induration results in an inability to pinch the tissues. Use a 
transparent metric measuring guide to determine how far edema or induration extends beyond wound.

11.  Granulation Tissue: Granulation tissue is the growth of small blood vessels and connective tissue to fi ll in full thick-
ness wounds. Tissue is healthy when bright, beefy red, shiny and granular with a velvety appearance. Poor vascular supply 
appears as pale pink or blanched to dull, dusky red color.

12.  Epithelialization: Epithelialization is the process of epidermal resurfacing and appears as pink or red skin. In partial thick-
ness wounds it can occur throughout the wound bed as well as from the wound edges. In full thickness wounds it occurs 
from the edges only. Use a transparent metric measuring guide with concentric circles divided into four (25%) pie-shaped 
quadrants to help determine percent of wound involved and to measure the distance the epithelial tissue extends into the 
wound.

© 2001 Barbara Bates-Jensen
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BATES-JENSEN WOUND ASSESSMENT TOOL NAME _____________________________________

Complete the rating sheet to assess wound status. Evaluate each item by picking the response that best de-
scribes the wound and entering the score in the item score column for the appropriate date. If the wound 
has healed/resolved, score items 1, 2, 3, and 4 as = 0.
Location: Anatomic site. Circle, identify right (R) or left (L) and use “X” to mark site on body diagrams:

_______ Sacrum and coccyx
_______ Trochanter
_______ Ischial tuberosity
_______ Buttock

_______ Lateral ankle
_______ Medial ankle
_______ Heel

_______ Other site: 

Shape: Overall wound pattern; assess by observing perimeter and depth.
Circle and date appropriate description:

_______ Irregular
_______ Round/oval
_______ Square/rectangle

_______ Linear or elongated
_______ Bowl/boat
_______ Butterfl y _______ Other Shape

Item Assessment Date Score Date Score Date Score

1. Size* *0 = Healed, resolved wound
1 = Length × width <4 cm2

2 = Length × width 4 to <16 cm2

3 = Length × width 16.1 to <36 cm2

4 = Length × width 36.1 to <80 cm2

5 = Length × width >80 cm2

2. Depth* *0 = Healed, resolved wound
1 = Nonblanchable erythema on intact skin
2 =  Partial thickness skin loss involving epidermis 

and/or dermis
3 =  Full thickness skin loss involving damage or 

necrosis of subcutaneous tissue; may extend 
down to but not through underlying fascia; 
and/or mixed partial and full thickness and/or 
tissue layers obscured by granulation tissue

4 = Obscured by necrosis
5 =  Full thickness skin loss with extensive destruc-

tion, tissue necrosis or damage to muscle, bone 
or supporting structures

3. Edges* *0 = Healed, resolved wound
1 = Indistinct, diffuse, none clearly visible
2 =  Distinct, outline clearly visible, attached, even 

with wound base
3 = Well-defi ned, not attached to wound base
4 =  Well-defi ned, not attached to base, rolled 

under, thickened
5 = Well-defi ned, fi brotic, scarred or 
hyperkeratotic

4.  Undermining* *0 = Healed, resolved wound
1 = None present
2 = Undermining <2 cm in any area
3 = Undermining 2–4 cm involving <50% wound 
margins
4 =  Undermining 2–4 cm involving >50% wound 

margins
5 = Undermining >4 cm or Tunneling in any area
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5.  Necrotic Tissue 
Type

1 = None visible
2 =  White/grey nonviable tissue and/or nonadher-

ent yellow slough
3 = Loosely adherent yellow slough
4 = Adherent, soft, black eschar
5 = Firmly adherent, hard, black eschar

6.  Necrotic Tissue 
Amount

1 = None visible
2 = <25% of wound bed covered
3 = 25%–50% of wound covered
4 = >50% and <75% of wound covered
5 = 75%–100% of wound covered

7. Exudate Type 1 = None
2 = Bloody
3 = Serosanguineous: thin, watery, pale red/pink
4 = Serous: thin, watery, clear
5 =  Purulent: thin or thick, opaque, tan/yellow, 

with or without odor

8.  Exudate Amount 1 = None, dry wound
2 =  Scant, wound moist but no observable 

exudate
3 = Small
4 = Moderate
5 = Large

9.  Skin Color 
Surrounding 
Wound

1 = Pink or normal for ethnic group
2 = Bright red and/or blanches to touch
3 = White or grey pallor or hypopigmented
4 = Dark red or purple and/or nonblanchable
5 = Black or hyperpigmented

10.  Peripheral 
Tissue Edema

1 = No swelling or edema
2 =  Nonpitting edema extends <4 cm around 

wound
3 =  Nonpitting edema extends >4 cm around 

wound
4 = Pitting edema extends <4 cm around wound
5 =  Crepitus and/or pitting edema extends >4 cm 

around wound

11.  Peripheral 
Tissue 
Induration

1 = None present
2 = Induration, <2 cm around wound
3 =  Induration 2–4 cm extending <50% around 

wound
4 =  Induration 2–4 cm extending >50% around 

wound
5 = Induration >4 cm in any area around wound

12.  Granulation 
Tissue

1 = Skin intact or partial thickness wound
2 =  Bright, beefy red; 75%–100% of wound fi lled 

and/or tissue overgrowth
3 =  Bright, beefy red; <75% and >25% of wound 

fi lled
4 =  Pink, and/or dull, dusky red and/or fi lls ≤25% 

of wound
5 = No granulation tissue present
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13. Epithelialization 1 = 100% wound covered, surface intact
2 =  75% to <100% wound covered and/or epithe-

lial tissue extends >0.5 cm into wound bed
3 =  50% to <75% wound covered and/or epithe-

lial tissue extends to <0.5 cm into wound bed
4 = w25% to < 50% wound covered
5 = <25% wound covered

TOTAL SCORE

SIGNATURE

WOUND STATUS CONTINUUM

1 5 9 13 15 20 25 30 35 40 45 50 55 60

Tissue Healed Wound Wound
Health Regeneration Degeneration

Plot the total score on the Wound Status Continuum by putting an “X” on the line and the date beneath the line. Plot mul-
tiple scores with their dates to see-at-a-glance regeneration or degeneration of the wound.
© 2001 Barbara Bates-Jensen
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CHAPTER OBJECTIVES

Many of the patients referred to wound care specialists have 
wounds with a vascular etiology. These include arterial, venous, 
and diabetic wounds. Despite modern wound care therapies, few 
of these wounds will heal unless the underlying cause is assessed 
and treated or confi rmed to be not signifi cant. Wounds that do 
heal without treatment of their etiology exhibit a high rate of 
recidivism. This is especially true for venous ulcers with under-
lying chronic venous insuffi ciency. For these reasons, the initial 
evaluation of the wound care patient should always contain a 
thorough vascular assessment. This is the subject of this chapter.

PROCEDURE FOR VASCULAR EVALUATION

The procedure for conducting a thorough vascular assessment 
consists of three steps: a medical history focusing on vascular-
related events, a targeted physical examination, and specifi c 
vascular testing.

Past Medical History
Exhibit 6.1 lists areas of the medical history used to identify risk 
factors for vascular disease, both arterial and venous. Notice that 
it goes beyond the general medical history discussed in Chapter 
1 and focuses on specifi c vascular-related events. The medical 
history should include questions about diagnoses of peripheral 
vascular disease (PVD), atherosclerotic cardiovascular disease, 
diabetes mellitus, renal disease, prior deep vein thrombosis, 
varicose veins, chronic venous insuffi ciency, and elevated cho-
lesterol and triglycerides. A thorough surgical history should 
include all previous operations, especially vascular proce-
dures, including peripheral arterial and venous procedures. 
Cardiac procedures should also be included, because the greater 

saphenous vein is often utilized for bypass  procedures. This can 
cause signifi cant wounds, especially in the diabetic population, 
and can aggravate any long-standing venous insuffi ciency.

It is also essential to review the patient’s use of medications. 
Especially signifi cant are the use of steroids, rheologic agents, 
antihypertensive medications, anticoagulants, antiplatelet agents, 
and aspirin.

Critical evaluation of the patient’s symptoms can help you 
distinguish the cause of the wound. In the patient with sus-
pected arterial problems, pay attention to reports of pain, 
including the following:

• Claudication. Typical claudication (from the Greek for “to 
limp”) is pain in the calf upon walking some distance. It is 
due to inadequate perfusion to the calf muscles. The pain rap-
idly diminishes after the activity is stopped. If this symptom 
disappears for long periods of time or if the pain is helped by 
positional changes, a neurologic cause, such as spinal stenosis 
or disk problems, should be entertained. This is the so-called 
pseudoclaudication or neuroclaudication.

• Rest pain. Rest pain is pain across the forefoot, mainly associ-
ated with positional elevation. It occurs with inadequate blood 
supply to the foot. Patients may state that, to relieve the pain at 
night, they will “hang” their feet over the side of the bed. This 
enables gravity to increase blood fl ow, thus relieving pain.

• Fatigue and/or swelling. Often patients with vascular disease 
will experience a sensation of “tiredness” in the limbs. They 
may also experience swelling that increases during the day or 
during long periods of standing.

With female patients, elicit an obstetrical history focusing on the 
development of varicosities during pregnancy. The varicosities 

At the completion of this chapter, the reader will be able to:

1. Identify the areas of the medical history and the physical examination techniques important for 
assessing patients for vascular disease.

2. Compare and contrast techniques for noninvasive arterial testing.
3. Explain the technique for obtaining an ankle brachial index.
4. Describe the most common type of invasive arterial study.
5. Discuss the physiologic and anatomic tests for evaluating venous insuffi ciency.

Gregory K. Patterson

Vascular Evaluation6
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EXHIBIT 6.1

Past Medical History

Risk Factors for Peripheral Vascular Disease1

Cardiac history

   ● Heart disease (cardiac catheterization? results?)
   ● Heart attack (date of last event)
   ● Chest pain (note location of the pain, how is pain relieved? 

onset?)
   ● Stroke (date of event, note location of weakness or speech 

defi cit)

Hypertension (severity, medications, age at onset, highest 
blood pressure reading)
Hyperlipidemia (last cholesterol level, medication, number 
of years)
Smoking history (number of packs per day × years smoked = 
number of pack-years) (For example: a patient smoking two 
packs per day for 20 years has a 40-pack-year smoking his-
tory.) (quit? year quit)

Diabetes (number of years, medications)
Concomitant illnesses (renal disease, collagen vascular dis-
ease, arthritis, pulmonary disease, malignancy [type of 
malignancy], back [spine] problems, etc.)
Family history of arterial disease

Risk Factors for Venous Disease
Trauma (type, date)
Deep vein thrombosis (date, anticoagulants)
Prolonged inactivity or standing activity
Multiple pregnancies
Family history of venous disease or varicose veins
Obesity
Clotting disorders

Past Surgical History
Vascular surgery (date of procedure, indication)
Angiogram/venogram (dates, indication, intervention?)
General surgery (date of procedure, indication)

Arterial Insuffi ciency Venous Insuffi ciency

Pain Intermittent claudication. May progress to rest pain; 
chronic, dull aching pain. Progressive throughout the day.

Color Pale to dependent rubor, a dull to bright, reddish color. 
More common with advanced disease.

Normal to cyanotic. More common with 
advanced disease.

Skin temperature Poikilothermic, taking on the environmental temperature. 
Much cooler than normal body temperature.

Usually no effect on temperature.

Pulses Diminished to absent without Doppler stethoscope. Usually normal. May be diffi cult to palpate. 
Secondary to signifi cant edema.

Edema Usually not present unless combined disease or can be 
related to cardiac disease and congestive heart failure.

Present from mild to severe pitting edema. Can 
have weeping edema fl uid from open wounds.

Tissue changes Thin and shiny. Hair loss. Trophic changes of the nails. 
Muscle wasting.

Stasis dermatitis with fl aky, dry, and scaling skin. 
Hemosiderin deposits—brownish discoloration. 
Fibrosis with narrowing of the lower legs, “bottle 
legs.”

Wounds Distal ulceration, especially on toes and in between in the 
web spaces. May develop gangrene and severe tissue loss.

Shallow ulcers in the gaiter distribution of the 
foot and ankle, usually the medial surface.

Comparison of Arterial and Venous Disease6.1TABLE

occur secondary to the effect of high levels of estrogen on the 
vein walls or pelvic congestion from the gravid uterus “press-
ing” on the iliac veins.

Physical Examination
The general physical examination is extremely important for 
patients with suspected or known vascular disease. It includes 
techniques of inspection, palpation, and auscultation that can 

help you identify objective signs of vascular insult. To perform the 
examination and interpret the fi ndings appropriately, you need a 
thorough understanding of the anatomy and physiology of the 
cardiovascular and lymphatic systems. Use Table 6.1 to help you 
differentiate between inspection and palpation fi ndings due to 
arterial insuffi ciency and those due to venous insuffi ciency.

Inspection should include the size and symmetry of the 
limb in question. Compare it with the contralateral limb. 
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Observe for edema or swelling. Check the color and texture 
of the skin, including the nail beds and capillary refi ll. Also 
assess for the absence of hair, which is highly suggestive of 
arterial disease, and for muscle wasting. Determine the over-
all venous pattern, and document the presence and location 
of all varicose veins. Scars, rashes, and pigmentation changes, 
such as hemosiderin deposits seen in chronic venous insuf-
fi ciency, should be noted.

The palpation step of the physical exam begins with palpa-
tion of all major pulse points. Palpate the radial and brachial 
pulses in the arm, the carotid pulse in the neck, and the femoral 
pulse in the groin (Fig. 6.1). Although the popliteal pulse can be 
diffi cult to assess, you should check it routinely, as a bounding 
popliteal pulse could indicate popliteal artery aneurysm. The 
popliteal pulse can be assessed from an anterior approach with 
the patient supine (Fig. 6.2); however, it is easier to palpate with 
the patient in the prone position, using the posterior approach 
(Fig. 6.3). The dorsalis pedis and posterior tibial arteries are 
also assessed (Figs. 6.4 and 6.5).

Auscultation includes assessment for any audible harsh 
sounds, called bruits. This can be done with a regular stetho-
scope and is performed typically over the larger vessels, the 
carotids, the aorta, renal arteries, and iliac arteries. Auscultation 
for bruits occurs after palpation of the pulses. The bell of the 
stethoscope is placed over the artery, and you should listen for 
a blowing or rushing sound. A bruit may be a sign of arterial 

CLINICAL WISDOM

Trophic Changes
Trophic changes are skin changes that occur over time in 
patients with chronic arterial insuffi ciency. Trophic changes 
include absence of leg hair; shiny, dry, pale skin; and thick-
ened toenails. These symptoms are due to the chronic lack of 
nutrition from an inadequate blood supply to the extremity. 
Some of these changes occur naturally in elderly patients.

CLINICAL WISDOM

The pulse exam includes locating and grading bilateral 
femoral, popliteal, dorsalis pedis, and posterior tibial artery 
pulses. The following system should be used to grade pulses:

● 0 = No pulse
● 1+ = Barely felt
● 2+ = Diminished
● 3+ = Normal pulse (easily felt)
● 4+ = Bounding, aneurysmal (“pulse hits you in the face”)

FIGURE 6.1 Palpation of femoral artery. (Courtesy of Archbold 
Wound Care Center, Thomasville, Georgia.)

narrowing. Finally, assessment of any visible wounds should be 
completed as with all wound patients (see Chapter 3).

Vascular Testing
If fi ndings from the standard history and physical suggest that 
further investigation of a patient’s vascular status is needed, vas-
cular testing should be obtained. Many vascular tests are non-
invasive, using some form of external imaging or measurement 
method to gather data on the structure and functioning of the 
vessels in a given region. The most commonly used noninvasive 
techniques employ ultrasound and its many derivatives. As part 
of your vascular evaluation, you should be prepared to conduct 
a variety of noninvasive tests.

Other vascular evaluation techniques are invasive; they are 
performed by vascular labs or radiology departments and may 
be recommended if noninvasive testing indicates problems that 
require more in-depth examination. Those involving injection 
of contrast media and data acquisition, usually in the form of 
radiographs, are the most commonly employed.

As a wound care professional, you should become famil-
iar with the various tests, their benefi ts, and their limitations. 
These are the subject of the remainder of this chapter. We fi rst 
discuss noninvasive tests of the arterial system. We then discuss 
briefl y the invasive tests—mainly angiography—that require 
the care of a vascular surgeon. We then explore tests conducted 
to evaluate chronic venous insuffi ciency.

FIGURE 6.2 Palpation of popliteal artery (anterior approach). (Cour-
tesy of Archbold Wound Care Center, Thomasville, Georgia.)
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embedded in a handheld probe (Fig. 6.6). The crystal emits a 
sound wave that is refl ected by the red blood cells traveling in 
the vessel of interest. This sound wave is refl ected back to the 
probe and is transformed into an audible signal, which you can 
evaluate subjectively or record on a graphic analyzer.

The continuous wave Doppler gives us a phasic fl ow pat-
tern. The normal fl ow is triphasic: The fi rst sound represents 
forward fl ow during systole. The second sound represents a 
reversal of fl ow during diastole. The third and smallest sound 
represents a return of forward fl ow, caused by elastic recoil of 
the artery. As vascular disease progresses, this triphasic fl ow 
diminishes to a biphasic fl ow. This is due initially to the loss of 
elastic recoil caused by “hardening” of the arteries. If the dis-
ease progresses further, the fl ow will decrease to a monophasic 
signal; that is, the fl ow will lose its pulsatile nature altogether 
(Fig. 6.7).

The phasic fl ow patterns are mainly a subjective test in which 
the data are interpreted in a subjective manner by the clinician. 
When we apply a blood pressure cuff and occlude the fl ow in 
the artery, and then use the Doppler to access the return of fl ow 
as the pressure is decreased in the blood pressure cuff, we have 
obtained a Doppler blood pressure. In vascular assessment, 

NONINVASIVE ARTERIAL STUDIES

Noninvasive tests of the arterial system include those employ-
ing ultrasound as well as measurements of transcutaneous 
oxygen and skin perfusion, and magnetic resonance imaging 
(MRI) and computed tomography (CT) scans.

Continuous Wave Doppler Ultrasound 
and the Ankle Brachial Index
In 1842, Christian Johann Doppler, a physicist, discovered the 
Doppler effect. This principle states that when a sound source 
and a refl ector are moving toward one another, the sound 
waves are spaced closer to one another. When the two are mov-
ing apart, the sound waves are farther apart. A modern example 
of this principle is that as a train approaches, the whistle’s pitch 
rises (because the sound waves are closer together), and as it 
passes, the pitch becomes lower (because the sound waves are 
farther apart). By using this principle today, we can determine 
the velocity and direction of blood fl ow. This is the basis of 
many of the modern noninvasive vascular tests.

The most widely used noninvasive test is the continuous 
wave Doppler ultrasound. This instrument consists of a crystal 

FIGURE 6.3 Palpation of popliteal artery (posterior approach). (Cour-
tesy of Archbold Wound Care Center, Thomasville, Georgia.)

FIGURE 6.4 Palpation of dorsalis pedis artery. (Courtesy of Archbold 
Wound Care Center, Thomasville, Georgia.)

FIGURE 6.5 Palpation of posterior tibial artery. (Courtesy of Archbold 
Wound Care Center, Thomasville, Georgia.)

FIGURE 6.6 Continuous wave Doppler probe assessing dorsalis pedis 
artery. (Courtesy of Archbold Wound Care Center, Thomasville,  Georgia.)
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vascular demand, decreasing vascular resistance, and decreas-
ing overall relative blood fl ow. Utilizing this exercise testing will 
uncover some marginal patients.1 Some of the fl aws in obtain-
ing ABIs are operator error, placing the cuff too high on the 
lower leg, and dividing the arm pressure by the foot pressure, 
instead of vice versa.

Segmental and Digital Plethysmography
An expansion of the standard ABI is the segmental plethysmog-
raphy (or lower extremity arterial study). This utilizes either a 
three- or a four-cuff system to obtain blood pressures along 
the entire leg: from the high thigh, low thigh, below the knee, 
and above the ankle. All pressures are indexed again to the 
brachial artery blood pressure. A signifi cant decrease between 
two cuff measurements indicates an arterial lesion between 
these two locations. This allows you to localize arterial disease 
and can be seen in Figure 6.8A. However, such measurements 
may be somewhat diffi cult to interpret if there is multifocal 
disease.

the most common use of this is the ankle brachial index (ABI). 
This compares (or indexes) the blood pressure in the arm to 
the blood pressure in the ankle. This value is obtained by fi rst 
assessing the systolic arm pressure, then placing the blood 
pressure cuff just above the ankle, and measuring the systolic 
pressure with the Doppler probe. Conduct the test at both the 
posterior tibial artery and the dorsalis pedis artery. The ankle 
systolic pressure is then divided by the arm systolic pressure, 
giving a percentage value. In a normal patient, this value is 
equal to 1.0. In diabetic patients, the ABI may be greater than 
1 due to microvessel inelasticity, and these patients should be 
referred to a vascular specialist for more specifi c testing. There 
is some disease present when the number falls below 0.90 to 
0.95. However, the patient usually becomes symptomatic (with 
claudication pain) at around 0.70. Rest pain usually occurs at 
0.4 to 0.5. Tissue loss occurs at 0.3 and below. Table 6.2 pres-
ents ABI data on prediction of wound healing, and the ABI val-
ues and their signifi cance are presented in Exhibit 6.2.

Bear in mind that patients experience claudication pain 
when walking. If a patient’s symptoms are consistent with clau-
dication and the ABIs are not, this may be because they were 
obtained at rest. Therefore, to test for claudication, you should 
begin by having the patient exercise by walking, thus increasing 

Triphasic Biphasic Monophasic

FIGURE 6.7 Phasic fl ow patterns.

CLINICAL WISDOM

The ABI in Diabetic Patients
The ABI can be falsely elevated in patients with diabetes. This 
is due to calcifi cation of the inner layer of the artery, that is, 
the cuff is unable to compress calcifi ed distal vessel(s). This 
phenomenon is referred to as noncompressible vessels. Instead 
of ABI, one should measure systolic pressure in the digital 
arteries of the toes, as discussed shortly.

Table of ABI Values6.2TABLE

Courtesy of Huntleigh Diagnostics Ltd., Cardiff, United Kingdom.
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FIGURE 6.8 Segmental pressure study with PVRs. (A) shows severe occlusive disease on the left leg, which is seen just 
with the pressure reading alone. 

EXHIBIT 6.2

Signifi cance of Ankle Brachial Index Values
ABI ≤ 0.5 Referral to vascular specialist  (compression therapy contraindicated)

ABI = 0.5–0.8 Referral to vascular specialist. Intermittent claudication indicating peripheral arterial occlusive disease 
(compression therapy contraindicated)

ABI = 0.8–1.00 Mild peripheral arterial occlusive disease (compression therapy with caution)

ABI = 1.00 Normal vascular fl ow

ABI ≥ 1.00 Referral to vascular specialist. Indicates calcifi ed vessels if diabetic.
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FIGURE 6.8 (continued) (B) shows decrease in the artery upstroke for the femoral, popliteal, and dorsalis pedis arteries; 
there is also decrease in volume under the curve evident in the waveforms for the left leg. Both fi ndings indicate severe 
occlusive disease.

Segmental plethysmography measurements, or segmental 
pressures, as they are also known, are typically accompanied 
by pulse volume recordings (PVRs). PVRs show the volume of 
change in the limb with each pulse beat. These are obtained 
with the same equipment, including the blood pressure cuffs, 
as with the segmental pressures. The cuffs are infl ated to 
occlude arterial fl ow, and then defl ated to just below systolic 
pressure, so that only arterial fl ow is maintained in the limb. 
The readings are then obtained. These readings usually have 
a sharp upstroke, indicating systolic fl ow. They also have a 

corresponding dicrotic notch, a small downward defl ection 
seen on the downstroke of an arterial pressure waveform, indi-
cating elastic recoil of the artery wall. With mild disease, there 
is loss of the dicrotic notch. With moderate to severe disease, 
there is decrease in the upstroke of the waveform. With severe 
disease, there is loss of the volume beneath the curve notice-
able when the right and left leg waveforms are compared in 
Figure 6.8B.

Digital plethysmography measurements, or “toe  pressures,” 
are the same as segmental pressures, except that a special, 
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may be carried out if the tcPO
2
 is greater than 30 mm Hg. In the 

case of amputation, less than 5 mm Hg indicates insuffi cient 
levels of oxygen for healing.8

As mentioned earlier, the diabetic patient with PVD presents 
some diffi culty in evaluating because of MCS. Toe pressure of 
digital plethysmography is the test of choice, but, as is often the 
case, if the toes are involved, extensively calloused, or have been 
amputated, tcPO

2
 measurements are very useful.

Transcutaneous oxygen measurements do have disadvantages. 
The reproducibility of the test can be questioned. Also, the test is 
time-consuming: it takes approximately 30 minutes to perform.

Skin Perfusion Pressures and the Laser Doppler
The skin in many vascular patients seems to become the “fi rst 
victim” of critical limb ischemia. With this in mind, the actual 
skin perfusion pressure (SPP) has been looked at for a prediction 
of critical ischemia. Traditionally, SPP had a variety of draw-
backs: it required special equipment; the patient had to keep 
the limb in question immobile for at least 20 minutes; and the 
procedure could be painful, necessitating analgesics.

Fortunately, new techniques of measuring SPP with a laser 
Doppler (Fig. 6.9) have been developed in the past several years. 
The laser Doppler uses a low-energy laser probe, secured in the 
bladder of a blood pressure cuff. These cuffs come in a variety 
of sizes, from large cuffs for thigh measures to tiny cuffs for toe 
digital SPP measurements (Fig. 6.10). The cuff is infl ated to stop 
skin perfusion; after an adequate baseline is obtained, the cuff 

 small-sized cuff is used and placed on the toe, usually the great 
hallux. Because of the small-sized digital arteries and the increase 
in vascular resistance through these arteries, these pressures are 
reduced. When indexed to the brachial pressure as a toe brachial 
index (TBI), the normal value is greater than or equal to 0.75. TBIs 
are extremely useful with diabetic patients because of the process 
of medial calcifi c stenosis (MCS), which is a  process where the 
tunica media of the vessel wall is calcifi ed. This causes a standard 
segmental pressure study to have values that are falsely elevated 
(>1.2) as the vessels become noncompressible because the vessel 
in question cannot be occluded to obtain a true systolic blood 
pressure. MCS does not affect digital arteries; therefore, they will 
be more indicative of arterial disease in diabetic patients.

Arterial Duplex Scanning
Duplex scanning is a combination of two scanning methods: 
ultrasound scanning is used to reveal anatomic details, and 
pulsed Doppler is used to show blood direction. When there is 
a blockage within a vessel, the resulting reversal of fl ow appears 
as a mosaic color pattern. The Doppler signal can be set to ana-
lyze the interior of the vessel only, so that the readings are not 
confused with other surrounding structures. Duplex scanning 
can reveal arterial stenosis, because the velocity or speed of the 
blood increases through the stenosis. A good example of this is 
when you place your fi nger over the end of a water hose. The 
more of the opening you cover, the faster the water will come 
out. Velocity measurements are recorded in centimeters per sec-
ond (cm/s).2–4

Transcutaneous Oxygen Measurements
The primary concern of all vascular studies is adequate delivery 
of blood to the tissues, but, in reality, the actual measurement 
of oxygen at the tissue level mirrors the delivery on the cellular 
level. Thus, measurement of transcutaneous oxygen levels—
skin oxygenation—provides data about cellular oxygenation.

In transcutaneous oxygen (tcPO2) measurement, an airtight fi xa-
tion ring is affi xed to the site in question. An electrode inside 
the ring is then heated above body temperature to 41°C. This 
allows diffusion of oxygen from the capillary level to the skin 
level, and a measurement in millimeters of mercury (mm Hg) 
is made.

Transcutaneous oxygen measurements have been shown to 
be predictive for healing of ulcers and amputation wounds5 and 
for determining the extent of chronic ischemia in limbs with 
and without wounds.6,7 If the tcPO

2
 is less than 20 mm Hg, the 

wound or ulcer will not heal. If the tcPO
2
 is greater than 30 mm 

Hg, the wound or ulcer should heal without problems. This is 
also true of an ulcer that needs to be debrided. Safe debridement 

CLINICAL WISDOM

Accuracy of tcPO2 Measurements
Transcutaneous oxygen measurements are not reliable in 
patients with swelling or infection! Do not test these patients. 
The patient can be tested when the infection is clear and the 
swelling is gone.

FIGURE 6.9 Laser Doppler unit with transducer cuffs. (Courtesy of 
Archbold Wound Care Center, Thomasville, Georgia.)

FIGURE 6.10 Patient undergoing laser Doppler exam. (Courtesy of 
Archbold Wound Care Center, Thomasville, Georgia.)
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more invasive techniques such as contrast  angiography 
(discussed shortly).

MRA has several advantages over traditional contrast angi-
ography. As just noted, it is essentially noninvasive. If contrast 
is used, it is a nonionic contrast, which does not cause any 
nephrotoxicity. Also, cortical bone does not show up on MRA, 
so it does not affect fi ndings as much as seen in traditional 
contrast angiography where cortical bone is reduced in digital 
subtraction angiography, but it has not been completely elimi-
nated. Probably the single greatest advantage of MRA is that 
it can readily identify those vessels of concern or the targeted 
recipient vessels not always identifi ed on conventional contrast 
angiography.12 This problem of contrast “washout” before the 
vessels of concern have been visualized on the angiography may 
increase amputation rates before vascular reconstruction is 
attempted. This is a signifi cant advantage of MRA over conven-
tional contrast angiography. MRA is also comparable in overall 
cost to contrast angiography.

is slowly defl ated. The skin perfusion is measured in volume 
percent units (LDFU or laser Doppler fl ow units); the SPP is 
the reading that increases at least 40% over baseline (Fig. 6.11). 
The laser Doppler can also obtain PVRs of skin perfusion, thus 
allowing for further assessment of a patient’s vascular status. 
Newer machines often have both a laser Doppler and a tcPO

2
.

The laser Doppler has been shown to be 80% accurate at pre-
dicting critical limb ischemia.9,10 In a study of use of SPP in the 
diagnosis of critical limb ischemia, patients with an SPP greater 
than 45 mm Hg were shown to have a 100% healing rate. Those 
patients with SPP of 25 mm Hg, exhibited a 50% healing rate.9 
SPP has also been shown to be a good predictor of healing of 
amputation wounds.11

Magnetic Resonance Angiography
Magnetic resonance angiography (MRA) is a vascular study 
that uses MRI technology. MRA can visualize all of the same 
vessels and hemodynamically significant stenoses seen with 

FIGURE 6.11 Normal laser Doppler exam with SPP = 90 to 100 mm Hg and normal PVR waveforms.
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shown that up to 70% of patients have failure to opacify the 
small  distal runoff vessels during angiography.12–19 Therefore, 
the vessels should be explored before amputation is considered 
or before patients undergo “on-table” intraoperative angiogra-
phy and, in some cases, MRA.18–21

STUDIES OF VENOUS INSUFFICIENCY

Chronic venous insuffi ciency also known as chronic venous disease 
is a condition that occurs when the veins cannot pump blood 
back to the heart effectively. The primary purpose of evaluation 
studies is to look for two underlying problems, venous obstruc-
tion and refl ux. Obstruction can be due to a previous thrombo-
sis, a congenital malformation, or external compression from 
something such as a tumor or a scar. Refl ux, which is catego-
rized by abnormal fl ow back through the valves within veins, is 
usually caused by incompetent valves.

Before we describe the various tests, a brief review of venous 
circulation may be helpful. Recall that the heart pumps blood 
inferiorly through the systemic arteries to the legs. Obviously, 
this is a high-pressure system. The return of blood to the heart 
occurs as blood is transported by the superfi cial veins to the deep 
venous system via perforator veins at a much lower pressure. It 
would seem, therefore, that this situation would result in a sig-
nifi cant build-up of blood pressure at the ankle level. But nor-
mally, this increased pressure does not occur because the venous 
valves maintain just the pressure in the isolated column of the 
vein between two subsequent valves. If, however, there is an 
obstruction such that a valve cannot open to allow blood to fl ow 
superiorly, then pressure will build up in the region of the vein 
inferior to the obstruction. On the other hand, if a valve becomes 
incompetent (cannot shut tightly), the column of blood superior 
to it will fl ow backward into the next column of blood, increas-
ing the pressure in that column signifi cantly. With more than 
one obstruction or incompetent valve, such problems can occur 
throughout the leg, causing ambulatory venous hypertension, the 
main pathophysiologic problem associated with chronic venous 
insuffi ciency. Again, the above-mentioned tests evaluate both for 
obstruction of blood fl ow and for refl ux from incompetent valves.

The tests can be divided into two main types:

• Physiologic tests provide some type of quantitative mea-
sure of the overall venous hemodynamics that occur. They 
include ambulatory venous pressure monitoring, photo 
plethysmography (PPG), string gauge plethysmography, and 
air plethysmography (APG). These tests can be useful both 
prior to treatment and after treatment to quantify the overall 
improvement of the venous hemodynamics.

• Anatomic tests provide a qualitative assessment of the overall 
function or dysfunction of the venous system. Duplex ultra-
sound is the most commonly used anatomic test.

Ambulatory Venous Pressure Monitoring
Ambulatory venous pressure monitoring records the pressure in 
the veins while the patient ambulates. The test is typically per-
formed using a small butterfl y needle, such as a 20- or 21-gauge 
needle, which is placed in a superfi cial vein on the foot, 
and is then connected to a pressure transducer and record-
ing device. First, static pressure measurements are obtained 

MRA does have some disadvantages. Successful testing and 
interpretation require experienced radiologists and surgeons. 
With inexperienced clinicians, “overreading” or overcalling 
the severity of the stenoses is common. It also needs the avail-
ability of an MRI unit, including specialized software and coils. 
Despite this, it is replacing angiography in some centers.

Computed Tomography Angiography
One of the newer applications of an existing radiologic test is 
that of computed tomography (CT) angiography. This test employs 
ultrafast helical CT scanners to obtain multiple serial images 
enhanced with contrast. These images are then reconstructed 
into a three-dimensional projected image. Many of the newer 
generation CT scanners and the available software allow for 
some of the most “contrast-enhanced angiogram”–like pic-
tures, when compared with true angiography.

The acquisition of CT angiography images is quick and non-
invasive for the patient, but the reconstruction of these images 
requires highly sophisticated computer software and hardware 
that has only recently become more widely available. Future 
computer and reconstructive developments will undoubtedly 
move CT angiography to the forefront of all noninvasive vascu-
lar imaging techniques.

INVASIVE ARTERIAL STUDIES

Invasive arterial studies require some type of invasive interven-
tion. The most common is contrast angiography, which usually 
requires a femoral artery puncture or brachial artery cutdown 
where a small incision is made in the skin and the artery is 
accessed. A catheter is then inserted and advanced. During the 
manipulation of the catheter, complications can occur such as 
plaques breaking off with resultant embolization or damage 
to the vessel wall itself. Serious complications can occur from 
the procedures, including heart failure, contrast-induced renal 
heart failure, and even death (0.05%).13–15 Despite these compli-
cations, angiography remains the “gold standard” for vascular 
evaluation. If angiography is entertained, the patient should be 
in the care of a general or vascular surgeon.

Angiography does have advantages over other types of arte-
rial studies. These include easier anatomical approaches that 
lead to better localization of vessels in question. Smaller inci-
sions and more direct approaches during revascularization can 
be used because of the better anatomic approach and result-
ing improved identifi cation of vessels for repair. Endoluminal 
interventions, such as angioplasty, can also be done during the 
procedure. This is a signifi cant advantage beyond pure diag-
nostic tests, as it expands the role of angiography to include a 
therapeutic modality.

Angiography is all about visualization of vessels by observ-
ing contrast media fl ow through the vasculature. It is the abil-
ity to actually visualize blood fl ow through vessels of concern 
that makes it so advantageous as a diagnostic test. One techni-
cally signifi cant disadvantage of angiography is nonvisualiza-
tion of distal runoff vessels. The inability to observe blood fl ow 
through runoff vessels is of concern as these vessels may provide 
for collateral blood fl ow to an area. The problems with visu-
alization relate to dilution and washout of the contrast media 
before reaching the distal runoff vessels. Several studies have 
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Light refl ective rheography (LRR) is a variation of PPG that uses 
infrared light and three light diodes. This reduces the overall 
effect of external light and surface refl ection, in theory giving a 
much more accurate study.

Both PPG and LRR have been discussed at national wound 
care meetings as screening tools for large scale wound care pop-
ulations. Both versions have been shown to be effective.

String Gauge Plethysmography
String gauge plethysmography is a variation of PPG that also stud-
ies venous refi ll times, as well as overall venous emptying. It 
uses a string gauge to encircle the leg and sense tension changes 
caused by the calf with exertion. A small, specialized blood cuff 
can also be used to occlude superfi cial venous structures and 
help in isolating superfi cial disease. String gauge plethysmog-
raphy is not widely used anymore as newer  techniques such as 
APG have come to replace it.

Air Plethysmography
Air plethysmography (APG) uses air cuffs to show volumetric 
changes in the leg that can be quantifi ed to reveal venous 
refl ux times. Again, the patient is instructed to repeatedly dor-
sifl ex the foot so that the calf pumps blood out of the venous 
circuit. Refi ll times are obtained through the air chambers in 
the cuff, which are connected to a pressure transducer and a 
computerized recorder. Tourniquets may be placed above the 
ankle, below the ankle, below the knee, and above the knee 
to stop abnormal refi ll times and show corrected refi ll times. 
This can isolate disease, both to the superfi cial system differ-
entiating between the greater saphenous and lesser saphenous 
vein, as well as the perforator system, and fi nally on to the 
deep system.

Outfl ow obstruction can also be evaluated by  changing 
the patient’s position. Doing so may reveal evidence of a 
more proximal occlusion from a previous clot or anatomic 
abnormality.

Venous Duplex Scanning
Duplex scanning, which we defi ned earlier as combining ultra-
sound scanning to reveal anatomic details and pulsed Doppler 
to show blood direction, is the gold standard in detecting 
refl ux in the outpatient setting. The test can also detect the 
presence of a clot from deep vein thrombosis, as well as slug-
gish blood fl ow, indicating engorgement of the vessels. The 
test can also assess for vessel compressibility. Normally, a 
vein is easily compressible; if a thrombosis is present, it will 
be noncompressible. A complete venous duplex ultrasound 
should show not only the patency of the vessels, but any ana-
tomic abnormalities, accessory vessels, and vessels with refl ux, 
and should isolate these to what system of veins is involved. 
A full assessment should include all the deep veins, including 
the common femoral vein, superfi cial femoral vein, profunda 
femoral vein, popliteal vein, posterior tibial and peroneal 
veins, and occasional isolation of the anterior tibial veins. 
Superfi cial veins should include not only the greater saphe-
nous vein and lesser saphenous vein but also accessory path-
ways such as the vein of Giacomini. Perforator vessels should 
be elicited as well with the standard criteria being if refl ux is 
not visualized, then refl ux may be present in a dilated perfora-
tor greater than 3 mm in size. Perforators should be typically 

while the patient is still. Then, the patient is asked to perform 
 provocative maneuvers such as dorsifl exion of the foot up on 
the “tip toes,” and dynamic pressure is recorded. In addition, 
the overall time for the pressure to return to a resting level can 
also be calculated.

Interpret the fi ndings of this test as follows: Active dorsi-
fl exion of the foot normally causes blood to be pumped out 
of the lower leg, so you should see a drop in venous pressure. 
When the activity is stopped, the pressure will slowly rise as 
the arterioles fi ll through the capillary system back into the 
venous system. This usually takes approximately up to 2 to 
5 minutes but typically can be seen in 1 minute. If the pres-
sure returns to baseline much more quickly, for example, in 
less than 30 seconds, there is some evidence of refl ux through 
the veins. This is considered abnormal. Also, a resting ambu-
latory venous pressure of greater than 30 mm Hg is consid-
ered abnormal. Overall, the greater the extent of chronic 
venous insuffi ciency, the higher the venous ambulatory pres-
sure found. Studies have also shown a correlation between 
increased ambulatory venous pressure and increased inci-
dence of ulceration.

Photoplethysmography
Photoplethysmography (PPG) essentially measures the venous 
refi ll time; that is, the time that it takes for the vein to refi ll 
through the normal arterial capillary system. In a situation 
of refl ux, refi ll time decreases, refl ecting the backward fl ow of 
blood through the veins. PPG measures the light refl ected from 
the skin as it changes color with fi lling of microvasculature. A 
light-emitting diode is placed approximately 10 to 15 cm from 
the medial malleolus. The machine is calibrated and zeroed, 
and then the patient is asked to perform passive dorsifl exion 
of the foot to cause venous pumping through the calf sinu-
soids, emptying the lower leg veins. After approximately eight 
passive dorsifl exions, the foot is relaxed. Utilizing both paper 
tracing and an audible change in tone emitted by the machine, 
the examiner can measure the rapidity in which the veins refi ll, 
again obtaining a quantitative venous refi ll time.

Interpretation of the fi ndings is as follows: Refi ll times greater 
than 24 seconds are considered normal. Rapid refi ll times can 
be quantifi ed on the overall severity of chronic venous insuf-
fi ciency (Table 6.3).22 False negatives can occur if there is any 
signifi cant arterial infl ow disease, as this may hamper normal 
fi lling of the vessels through the arterial circuit. Also, a signifi -
cant decrease in ankle mobility can decrease calf-muscle pump-
ing of venous blood out of the venous circuit.23

Normal >25 s

Level 1 Mild 20–24 s

Level 2 Moderate 10–19 s

Level 3 Severe <10 s

These correlate with the overall severity of chronic venous insuffi ciency.

 Venous Refi ll Times and Levels of 
Venous Disease6.3TABLE
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subcutaneous injection at the fi rst web space of each foot. A 
picture is obtained with a gamma camera n of both the legs and 
pelvis at certain times: 10, 20, 30, and 60 minutes. The patient 
walks before, during, and in between the examinations to pro-
vide venous return.

Findings are interpreted as follows: Normally, radioactive 
material should fl ow superiorly from the foot and be  visualized 
in the groin lymph nodes faintly at 10 minutes and well at 
20 minutes. If the groin lymph nodes can be visualized at 10 and 
20 minutes, further study can be concluded as essentially  normal. 
Abnormal studies show faint or delayed uptake at 30 minutes. 
No uptake at 60 minutes indicates absence of  lymphatic activity.

REFERRAL CRITERIA

The following indicators guide referral to a vascular surgeon or 
the vascular lab:

1. ABI greater than 1.0, tcPO
2
 measurement greater than 

30 mm Hg: semi-urgent vascular appointment
2. Gangrene present: urgent vascular appointment
3. ABI
 a. Greater than 0.8: routine vascular appointment
 b. Between 0.5 and 0.8: semi-urgent vascular appointment
 c. Below 0.5: urgent vascular appointment
4. Exposed bone or tendon at the base of ulcer: urgent vascular 

appointment
5. Gross infection or cellulitis: urgent vascular appointment
6. ABI less than 1.0 with diminished or absent pulses: semi-

urgent vascular appointment
7. Nonhealing wounds despite 3+ pulses and good wound 

care: semi-urgent vascular appointment

When in doubt, refer to vascular lab for further evaluation

SELF-CARE TEACHING GUIDELINES

The key to preventing vascular diseases is patient education. 
Patients need to learn how to reduce stress to their circula-
tory system, and they must understand the signs and symp-
toms that should prompt them to contact their physician 
immediately.

Self-Care Teaching Guidelines Specifi c to Arterial 
Insuffi ciency
 1. Do not smoke! Even one cigarette a day can decrease 

circulation.
 2. Follow your physician’s directions for controlling blood 

pressure, diabetes, and high cholesterol.
 3. Inspect your legs and feet daily, and report any signs of red-

ness, pain, or ulceration immediately. Be sure to inspect 
between your toes.

 4. Wash and dry your feet every day.
 5. Lubricate your skin to avoid cracks.
 6. The fi rst thing to go into your shoes in the morning should 

be your hand! Check to make sure there are no protrusions 
or foreign objects inside your shoes that could injure the 
foot.

 7. Cut your toenails straight across. If possible, have a podia-
trist cut your toenails.

identifi ed in relationship to a known anatomic spot, such as 
the medial malleolus, and distance from the top of the medial 
malleolus should be given in centimeters so that isolation of 
these areas is obtained.

Duplex testing can also be used to evaluate an ulcer bed, 
but caution should be taken to protect the transducer head 
from contamination by covering it with a commercially 
available sterile bag or a sterile glove in which ultrasound gel 
has been placed. Additional sterile gel is placed in the wound, 
and the wound is then scanned with the covered transducer 
ultrasound probe. Veins running underneath the ulcer or 
within 2 cm of the periphery are considered the damaged 
veins responsible for development of the ulcerated area and 
generally correspond to known anatomic vessels. Typically, 
medial lower leg wounds above the medial malleolus are 
drained by branches from the greater saphenous vein, the 
posterior arch system, the posterior tibial veins, and poten-
tially the peroneal veins. Laterally placed ulcers correspond 
to the short saphenous vein and peroneal veins and anteri-
orly placed ulcers to the anterior arch of the greater saphe-
nous vein and anterior tibial system. Other ulcer locations 
correspond to other vessels.

Other Studies of Venous Insuffi ciency
Invasive tests for chronic venous insuffi ciency include 
 venography, which is similar to contrast angiography. Ascending 
venography evaluates for obstruction, and descending venog-
raphy is used to assess for valvular function. Typically, these 
tests are performed on separate days because contrast loads 
can be nephrotoxic. In addition, multiple superfi cial points 
must be accessed for ascending venography, whereas access 
points are usually in the deep femoral vessels in descending 
venography.

Other noninvasive studies may include magnetic resonance 
venography or CT venography. However, it can be diffi cult 
to obtain accurate data from these tests because of problems 
in timing contrast injections so that only the venous phase is 
obtained and there are no arterial vessels present causing “arte-
rial contamination” of the results.
Intravascular ultrasound (IVUS) is a new method initially employed 
in arterial evaluation but is gaining more favor in venous evalu-
ation. IVUS can be used during invasive venous procedures such 
as bedside placement of inferior vena cava fi lters where the fi lter 
is placed with the assistance of an IVUS catheter without typical 
x-ray studies. Typically, the IVUS catheter has either a tiny rotat-
ing vascular ultrasound head at the end of the catheter or mul-
tiple arrays in a circumferential pattern that give a full picture 
of the vessel wall. IVUS provides information on vessel stenoses 
by evaluating the vessel diameter and any changes in diameter. 
Obstructive processes can be determined with IVUS. IVUS can 
present data on general anatomy including vessel branches for 
visualization of smaller veins and to identify anatomic land-
marks for use in performing interventions.

Lymphoscintigraphy
Lymphoscintigraphy is a test requiring injection of a radioactive 
tracer, technetium-99m–sulfur colloid. It is used to diagnose 
lymphedema, which can be caused by lymphatic obstruction or 
overwhelming venous obstruction. A portion of technetium-
99m–sulfur colloid is administered through an intradermal and 
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 8. Do not wear tight shoes.
 9. Test your bath water with a hand or thermometer (<98°F) 

to avoid burns.
10. Do not walk barefoot at any time, either inside or outside 

the home.
11. Wear comfortable, wide-toed shoes that cause no pressure 

(orthotics, if necessary).
12. Do not wear constricting clothes.
13. Wear clean cotton socks with smooth seams or without seams.

Self-Care Teaching Guidelines Specifi c 
to Venous Insuffi ciency
1. Do not smoke!
2. Wear support stockings as prescribed.
3. Avoid crossing legs.
4. Elevate legs when sitting.
5. Inspect legs and feet daily, and report any increased swelling, 

new or larger ulcers, increased pain, redness, or infection.

6. Avoid trauma to legs, such as bumping or scratching.
7. Keep legs and feet clean.
8. Eat a well-balanced nourishing diet that is low in sodium.

CONCLUSION

Since vascular disease underlies many wounds, all wound 
care patients should undergo a targeted history and physical 
examination. Once a major etiology is considered, you’ll need 
to obtain further data by noninvasive vascular testing. As a 
wound care specialist, you should be familiar with and ready 
to apply the ABI. You should also familiarize yourself with the 
more sophisticated testing that is available at your institution 
and determine the institution’s accuracy for this testing. If you 
are considering referring the patient for invasive testing such 
as angiography, consultation with a general or vascular surgeon 
will be needed.

REVIEW QUESTIONS

 1. Taking segmental pressures is a noninvasive diagnostic test 
for arterial competence. In a comparison of lower extrem-
ity pressures with upper extremity pressures, which of the 
following is associated with a poor prognosis in terms of 
lower leg wound healing?
 A. Ankle brachial index of 1.1
 B. Ankle brachial index of 0.9
 C. Ankle brachial index of 0.8
 D. Ankle brachial index of 0.5

 2. Which of the following descriptions is MOST characteristic 
of venous ulcers?
 A.  Commonly occur on the tips of toes or over the 

 malleolar head, with minimal exudate.
 B. Usually pale ulcer base, with necrotic tissue present.
 C.  Wound edges are punched out and regular in 

 appearance, and wound is usually painful.
 D.  Commonly occur superior to the inner or outer 

 malleolus with irregular wound edges and moderate 
exudate.

 3. Which of the following best refl ects adequate tissue perfu-
sion and oxygenation to support wound healing?
 A. Capillary refi ll time greater than 35 seconds
 B.  Transcutaneous oxygen tension greater than 40 mm Hg

 C. Albumin levels greater than 2.5
 D. Palpable dorsalis pedis and posterior tibial pulses

 4. In evaluating PVRs from segmental pressure studies, evi-
dence of moderate to severe occlusive disease is evident 
when
 A. there is a sharp upstroke in the waveform
 B. the dicrotic notch is evident on the downstroke
 C. volume under the curve is reduced
 D. both a and b

 5. In venous duplex scanning the goal is to
 A.  visualize the deep venous system and any occlusions 

that may be present
 B.  visualize only superfi cial venous system as well as col-

lateral accessory vessels
 C. determine location of any occlusions
 D.  visualize deep, superfi cial, and perforator venous sys-

tems; determine presence of any occlusions; and view 
any anatomic abnormalities, accessory vessels, and ves-
sels with refl ux.
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CHAPTER OBJECTIVES

With the spotlight on elaborate diagnostic tests, high-tech 
 surgeries, and complex drug prescriptions, it is easy to lose sight 
of the basic importance of nutrition. Indeed, nutrition is often 
the forgotten factor in wound healing. The identifi cation of a 
patient’s nutritional status begins with a nutrition screen, fol-
lowed by an assessment. A plan of care is then developed, based 
on the data derived from the assessment process.

As defi ned by the American Dietetic Association (ADA) 
Nutrition Care Process and Model, medical nutrition therapy 
(MNT) begins with a screening and referral system for iden-
tifying risk factors, which leads to the nutrition assessment. 
The assessment includes review and analysis of a patient’s food 
and nutrition-related history, biochemical data, tests and pro-
cedures, anthropometric measurements, nutrition-focused 
physical fi ndings, and patient history.1 Based on the assess-
ment, the nutrition modalities most appropriate to manage 
the condition or treat the illness or injury are chosen. The reg-
istered dietitian (RD) analyzes and interprets the data using 
evidence-based standards and documents the use of these 
standards. A plan of care including nutrition interventions fol-
lows the assessment.

NUTRITIONAL SCREENING

Nutritional screening is the process of identifying characteristics 
known to be associated with nutritional problems. Its purpose is 
to pinpoint individuals who are malnourished or at nutritional 
risk. A screening involves interdisciplinary collaboration and 

can be completed by a member of the health-care team, such 
as the RD, dietetic technician, registered nurse (RN), physician 
(MD), or other qualifi ed health-care professional.

Nutritional Screening Guidelines
The Centers for Medicare and Medicaid Services (CMS), which 
regulates long-term care facilities in the United States, has tar-
geted pressure ulcers, inadequate nutrition, and inadequate 
hydration as key survey issues. Surveyors at both the federal and 
the state level utilize an Investigative Pressure Ulcer Protocol to 
determine whether pressure ulcers are avoidable or unavoid-
able. As part of a facility’s pressure ulcer prevention and treat-
ment strategies, the Protocol investigates assessment, including 
nutritional screening and assessment.

The National Pressure Ulcer Advisory Panel and the European 
Pressure Ulcer Advisory Panel published the 2009 Pressure 
Ulcer Prevention and Treatment Clinical Practice Guideline.2 
These guidelines provide evidence-based recommendations that 
can be used by health-care professionals around the world. The 
nutrition guidelines assist dietetic practitioners to assess and 
develop action plans for the nutritional care of patients with 
pressure ulcers. The Braden Scale for Predicting Pressure Sore 
Risk (see Chapter 9) includes a nutrition subscale, which pro-
vides information about the patient’s nutritional status.

Risk Factors Important in Nutritional Screening
There are several valid, reliable, and practical tools for nutri-
tion screening. The Malnutrition Screening Tool (MST), 
Short Nutritional Assessment Questionnaire (SNAQ), or the 

At the completion of this chapter, the reader will be able to:

1. Identify the guidelines for completing a nutritional screening and assessment.
2. Screen patients at risk for nutrition defi ciency, using a nutritional screening tool.
3. Describe the role of nutrients in the process of wound healing.
4. Identify nutrients of particular importance to wound healing.
5. Discuss the nutritional implications of pressure ulcers, surgical wounds, burns, skin tears, leg 

ulcers, and dermatitis.
6. Demonstrate appropriate documentation of medical nutrition therapy in the patient’s medical 

record.

Mary Ellen Posthauer

Assessment and Treatment of Nutrition7
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Mini Nutrition Screening Form (MNA) consists of questions 
that are most predictive of malnutrition.3,4 The MNA screen-
ing tool designed for adults 65 years and above has an 80% 
sensitivity and specifi city and correlates with the full MNA 
assessment form.5 Screening tools consider current weight sta-
tus (e.g., weight versus usual weight, percent of weight lost), 
food/appetite intake, and severity of disease. If the nutrition 
screen indicates an individual is at risk for skin breakdown, 
undernourished, or at nutritional risk, a comprehensive nutri-
tional assessment should be completed. See Appendix for 
 sample screening and assessment forms.

NUTRITIONAL ASSESSMENT

Nutritional status should be assessed at minimum every 
3 months for those patients at low risk and monthly for those 
at high risk or who are already undernourished. Nutritional 
assessment includes the interpretation of data from the screen-
ing process, as well as a review of data from other disciplines 
(e.g., physical therapy and occupational therapy), which can 
affect the assessment process.

Functional limitations affect the patient’s ability to ingest 
adequate calories and fl uids. Chewing and swallowing prob-
lems can result in poor oral intake and lead to undernutri-
tion. Edentulous patients or those who have loose dentures 
as a result of weight loss often avoid foods high in protein—
such as meat or meat alternates—that are diffi cult to chew. 
This restricts their overall intake, thus increasing the chance 
for weight loss. If untreated, patients with dysphagia become 
dehydrated, lose weight, and may develop pressure ulcers. Loss 
of dexterity is another functional limitation with nutritional 
implications: diffi culty manipulating eating utensils can result 
in poor oral intake. Furthermore, reduced mobility can affect 
a person’s ability to shop, prepare meals, or travel to a dining 
room. Sensory losses, such as reduced hearing and vision, com-
promise a patient’s communication skills and can result in poor 
intake at meals. The saying, “We eat with our eyes,” is obvious 
when poor vision reduces appetite or hampers self-feeding. 

A diminished sense of taste and/or smell, thus decreasing appe-
tite, can also result in poor intake.

Altered mental status can limit a patient’s ability to feed him-
self or herself, or to comprehend the importance of consuming 
a balanced diet. Advanced dementia often results in weight loss, 
dysphagia, undernutrition, and pressure ulcers. The probability 
of developing pressure ulcers increases among clients who can 
no longer respond to their caregivers’ attempts to assist in their 
nourishment.

Depression has been linked to weight loss and poor nutritional 
status especially among older adults.6 Any decline in nutritional 
status places patients at risk for pressure ulcer  development and 
hampers the healing process. An  antidepressant may result in 
increased food intake.

Specifi c medical conditions can also put patients at nutri-
tional risk. For example, chronic hyperglycemia impairs the 
body’s ability to eliminate bacteria, leading to an increase in 
infections. Soft tissue infections of the lower extremities and 
gangrene are serious complications.7 Disorders involving gas-
trointestinal function, including atrophic gastritis, GI cancers, 
liver disease, and malabsorption disorders such as celiac dis-
ease, can dramatically increase the risk of malnutrition. Hip 
fractures and spinal cord injuries that restrict a client’s mobil-
ity often result in increased pain and the functional limitations 
mentioned above that interfere with eating.

Drug therapy can often cause side effects, such as nausea 
and gastric disturbances, which limit food and fl uid intake. 
Corticosteroids inhibit protein synthesis; cause depletion of 
vitamin A from the liver, plasma, adrenals, and enzymes; and 
interfere with collagen synthesis and resistance to infection, 
increasing the risk of wound complications.8

Nutritional assessment precedes development of a care plan, 
intervention, and evaluation. The Prevention of Pressure Ulcers: 
Nutrition Decision Tree (Fig. 7.1) can be used as guidelines for 
performing a nutritional assessment. See MNA Screening and 
Full Assessment form.

The RD reviews the screen and assessments from the vari-
ous therapies to determine a nutritional care plan. The speech 
therapist determines the diet texture, including the need for any 
special feeding techniques, to be implemented by the dietary 
department. As an example, patients may require thickened 
liquids to prevent dehydration or aspiration. The occupational 
therapist determines the need for self-help feeding devices, 
which promote eating independence. The RD is then responsi-
ble for ensuring that this special equipment is provided at meal 
time. Physical therapy sessions often result in the need for both 
increased calories and fl uid, for which the RD will calculate and 
arrange provision at appropriate times.

Poor Nutritional Status
The RD and other health-care professionals should examine 
the patient for physical signs of malnutrition, a condition of 
inadequate nutrition. The term malnutrition or undernutrition 
refers to an excess or imbalance of energy, protein, and other 
nutrients that cause adverse effects on tissues, body structures, 
body function, and clinical outcomes. Undernutrition has been 
defi ned as pure protein and energy defi ciency, which is reversed 
solely by the administration of nutrients.9 Finally, poor nutri-
tional status also encompasses evidence that a patient’s nutri-
tional status may be deteriorating over time. Such evidence can 

CLINICAL WISDOM

Ensuring Optimal Nutrition for Residents of Long-Term 
Care Facilities
Maintaining or improving the nutritional status of elderly 
individuals in long-term care settings presents a challenge 
for the health-care team. Identifi cation of risk factors that 
contribute to undernutrition or malnutrition in long-term 
care facilities is essential. Federal regulations mandate that 
nursing facilities provide care that maximizes the resident’s 
quality of life. Protein-energy undernutrition has been asso-
ciated with the development of pressure ulcers, cognitive 
problems, infections, and increased mortality. Optimizing 
nutrition screening and intervention helps to achieve posi-
tive outcomes for the resident. Often, reimbursement rates 
do not cover the cost of care. Oral nutritional supplements 
or fortifi ed foods are not reimbursable under state or federal 
regulations but fall under the daily rate of care.
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Algorithm for Prevention of Pressure Ulcers: Nutrition Guidelines ≠ 

 
 
 
 
 
 
 
 
 
 
 

At Nutrition 
Risk? 

Refer to dietitian to Assess & Document: 
RD follows the Nutrition Care Process 

Dietitian Assessment:1

· Current weight/height 
· Determine deviation from Usual Body Weight.  
· Body Mass Index (BMI) 
· Interview for food preferences/intolerances 
· Determine nutritional needs 

1. Calories (30-35 kcal/kg body wt (BW)s  
2. Protein  (1.25-1.5 g/kg) 
3. Fluid  (1 mL fluid per calorie intake/d or 

minimum of 1500 mL/day or per medical 
condition) 

· Compare nutrient intake with nutritional needs: assess 
adequacy 

· Laboratory values (within 30 days) 
1. Serum protein levels may be affected by 

inflammation, renal function, hydration and other 
factors and do not reflect nutritional status 

2. Consider lab values as one aspect of the 
assessment process.  Refer to facility policy for 
specific labs 

· Risk factors for pressure ulcer development 
1. Medical history 
2. Validated risk assessment (i.e., Braden Scale) 
3. Malnutrition (use screening tool, e.g. Mini 

Nutritional Assessment (MNA® for >65 years 
located at www.mna-elderly.com) 

4. Medical Treatments 
5. Medications (review type of medications) 
6. Ability to meet nutritional needs orally (if 

inadequate, consider alternative method of 
feeding) consistent with individual's wishes 

7. Oral Problems (e.g. chewing, swallowing)     
EAT-10: A Swallowing Assessment Tool 
available through Nestlé Nutrition Institute 

Trigger Conditions: 
 

· Unintended wt. loss ≥5% in 30 days; ≥10% in 180 days 
· BMI §< 18.5 (weight (lb) / (height (in) x height (in)) x 703  

or weight (kg) / (height (m) x height (m)) 
· Swallowing Problems /dysphagia 
· Receiving enteral or parenteral nutrition 
· Poor oral intake 
· At risk of developing pressure ulcer (i.e., low score on 

Braden Scale ∆) 
· Immobility  
· Infections (i.e., respiratory, urinary tract, gastrointestinal) 
· Decline in ADLs (activities of daily living) 
· Other selected conditions per facility 
 
§ Body Mass Index 
∆ Braden BJ & Bergstrom N. Decubitus 1989;2(3):44 
 

Considerations: 
· Incorporate fortified foods at meals for weight gain 
· Provide supplements between meals as needed 
· Vary the type of supplements offered to prevent taste 

fatigue 
· Provide preferred food/food substitutions 
· At admission weigh weekly x 30 days and then monthly 
· Monitor acceptance of food and/or supplements offered 
· Monitor tolerance of oral nutritional supplements, e.g. 

diarrhea 
· Provide a vitamin/mineral supplement, if intake is poor 
· Provide assistance at meal time if needed 
· Encourage family involvement 
· Offer food/fluid at appropriate texture for condition 
· Liberalize restrictive diets 
· Consult with Pharmacist and provide food and drugs at 

appropriate times and amounts 
· Consider alternative method of feeding and if consistent 

with individual's wishes and goals of therapy: 
1. Provide tube feeding to meet needs per 

assessment 
2. Monitor tolerance, if needed recommend a 

specialty formula 
3. Provide parenteral nutrition when gut is non-

functioning  

Re-assess & 
Document as needed 

No Yes 

Monitor Status as 
needed or following 

a change in 
condition 

Provide Nutrition 
Therapy 

© 2010 Nestlé.  All rights reserved. 
1 National Pressure Ulcer Advisory Panel and European Pressure Ulcer Advisory Panel. Prevention and treatment of pressure ulcers: clinical practice 
guideline. Washington DC: National Pressure Ulcer Advisory Panel; 2009. 
≠
These are general guidelines based on various clinical references and are not intended as a substitute for medical advice or existing facility guidelines.    

An individual assessment is recommended. 

FIGURE 7.1 Algorithm for prevention of pressure ulcers: nutrition guidelines.
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CLINICAL WISDOM

The Link Between Poor Nutritional Status and 
Pressure Ulcer Development
Warning Signs
The following are signs that an individual is at risk for or 
suffering from pressure ulcers (Table 7.1):

● Subject to incontinence
● Needs help

● Moving arms, legs, or body
● Changing position when sitting

● Loses weight
● Eats less than half of meals/snacks served
● Is dehydrated
● Has discolored, torn, or swollen skin over bony area

Report and Take Action
Below are some action steps to help individuals who are at 
risk for or suffering from pressure ulcers.

● Report observations and warning signs to nurse and 
dietitian.

● Check and change linens as appropriate.
● Handle/move the resident with care to avoid skin tears 

and scrapes.
● Reposition the resident frequently and properly.
● Use “unintended weight loss action steps” so the patient 

gets more calories and protein.
● Use “dehydration action steps” so the patient gets more to 

drink.
● Record meal/snack intake.

Adapted with permission from the Nutrition Screening 
Initiative, a project of the American Academy of Family 
Physicians, the American Dietetic Association, and the 
National Council on the Aging, Inc., and funded in part by a 
grant from Ross Products Division, Abbott Laboratories Inc.

be derived from objective clinical signs and responses to direct, 
specifi c questions about diet and nutrition (even if complaints 
are not volunteered), and reliable observations from third par-
ties (family, friends, caregivers, aides, social workers).10

Assessment of Physical Conditions Related 
to Nutritional Status
Observe the client’s skin condition, looking for signs of skin break-
down and nonhealing wounds, purpura, or bruises.11 Older adults 
are particularly prone to pressure ulcers as a result of decreased 
mobility and loss of muscle mass, multiple contributing diagno-
ses, and poor nutrition. Nutritional factors that contribute to skin 
breakdown include protein defi ciency, creating a negative nitro-
gen balance; anemia, inhibiting the formation of red blood cells; 
and dehydration, causing dry, fragile skin. Dehydration can also 
increase the blood glucose level and slow the healing process.12

Make a visual scan for dry, fl aky skin, and skin that “tents.” 
These signs suggest dehydration. The loss of skin elasticity and 
moisture, coupled with reduced sensation in susceptible areas, 
place older clients at risk for impaired skin integrity.

Loose skin can be evidence of weight loss. Question the 
 client about his or her usual weight. (Also see anthropometry, 
discussed shortly.)

Look for edema and/or ascites, which can be indicative of 
protein defi ciency, renal disease, or hepatic disease. For other 
physical manifestations of malnutrition (see Table 7.1).

Anthropometry
Anthropometry is the measurement of body size, weight, and 
proportions. These measurements are used to evaluate a patient’s 
nutritional status. For example, low body weight, when associ-
ated with illness or injury, increases the risk of morbidity. Obesity 
is common among nonambulatory patients whose caloric expen-
diture is low. In addition, the natural process of aging causes 
changes in body composition, including a decrease in lean body 
mass (sarcopenia), loss of height, and increased body fat.

Height and Weight
Measure the patient’s height and weight. Weight tends to peak 
in the sixth decade of life, plateau, and then gradually decrease 
beyond the seventh decade. Height also normally decreases with 
advanced age as intervertebral disks compress; however, signifi -
cant loss of height suggests osteoporosis.13 Body composition 
shifts as well: the proportion of lean body mass (LBM) declines 
by 40% from age 20 to 80.14 LBM contains smooth muscles, col-
lagen (skin and tissue and cell structure). Preservation of LBM 
is critical to would healing since its functions include structure 
of bone and muscles, digestion, energy production, regulating 
metabolism, body’s defense system (immune cells), and the 
movement of nutrients such as protein through the body.

Body Mass Index
Use the height and weight measurements to calculate the 
patient’s body mass index, or BMI. BMI is a weight-to-height 
ratio representing a person’s body weight in kilograms divided 
by the square of his or her height in meters:

2
2

weight (kg)
BMI (kg / m ) =

(m)height 

It is generally agreed that a normally hydrated person with a 
BMI of 30 or more is obese, and a person with a BMI of more 
than 27 is at major risk for obesity.15 A BMI of 25 or above is 
overweight, and a BMI between 18.5 and 24.9 is normal weight. 
A BMI at or below 21 with involuntary weight loss places a 
 client at risk for developing pressure ulcers.16

Although BMI is highly correlated with body fat through-
out the general population, increased lean body mass or a large 
body frame can also increase the BMI. For example, athletes 
commonly have a BMI above 25. In addition, the BMI stan-
dards are based on middle-aged adults and do not adequately 
refl ect age-related changes in adults over 65 years, or muscle 
and bone growth in children.

Unintentional Weight Loss
Unintentional weight loss has a signifi cant impact on overall 
health, and the degree of a person’s weight loss positively cor-
relates with the severity of the impact. When evaluating signifi -
cant and severe weight loss, it is important to determine possible 
causes, such as recent surgery or any recently initiated treatments 
(e.g., radiation or diuretic therapy) that can affect weight status.
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Signs Possible Nutrition-Related Causes

Hair

Dull, dry; lack of natural shine, easily plucked Protein-energy defi ciency

Essential fatty acid defi ciency (EFA)

Thin, sparse; alopecia Zinc, biotin, protein defi ciency

Color changes, depigmentation, lack luster Other nutrient defi ciencies: manganese, copper

Easily plucked with no pain Protein defi ciency, seen in kwashiorkor and occasionally in 
marasmus

Corkscrew hair; unemerged, coiled hairs Vitamin C defi ciency

Eyes

Small, yellowish lumps around eyes Hyperlipidemia

White rings around both eyes

Angular infl ammation of eyelids, “grittiness” under eyelids, 
superfi cial vascularization, ulcerations of cornea

Ribofl avin defi ciency

Pale eye and mucous membranes Vitamin B12, folate, and/or iron defi ciency

Night blindness, dry membranes, dull or soft cornea Vitamin A, zinc defi ciency

Redness and fi ssures of eyelid corners; red and infl amed 
conjunctiva, swollen and sticky eyelids

Niacin defi ciency ribofl avin/pyridoxine defi ciency

Ring of fi ne blood vessels around cornea General poor nutrition

Bitot spots (white spots in eyes) Vitamin A defi ciency

Ophthalmoplegia Thiamin, phosphorus defi ciency

Lips

Redness and swelling of mouth, stomatitis Niacin, ribofl avin, iron, and/or pyridoxine defi ciency

Angular fi ssures, scars at corner of mouth (cheilosis) Niacin, ribofl avin, iron, and/or pyridoxine defi ciency

Soreness, burning lips, pallor Ribofl avin defi ciency

Gums

Spongy, swollen, bleeds easily, redness (swollen, bleeding gums; 
retracted gums with teeth)

Vitamin C defi ciency

Gingivitis Folate, pyridoxine, vitamin C, zinc defi ciency

Vitamin A excess

Mouth

Cheilosis, angular scars Ribofl avin, iron, pyridoxine, niacin defi ciency

Soreness, burning Ribofl avin defi ciency

Tongue

Sores, swollen, scarlet, raw, “beef tongue” Folate, niacin defi ciency

Smooth, beefy red tongue Vitamin B12, niacin defi ciency

Soreness, burning tongue Ribofl avin defi ciency

Purplish/magenta color

Smooth with papillae (small projections) Ribofl avin, vitamin B12, pyridoxine, niacin, folate, protein, iron 
defi ciency

Glossitis Ribofl avin, iron, zinc, pyridoxine defi ciency

(continued)

Physical Signs of Malnutrition (Bundled Item)7.1TABLE
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192 PART I ■ Introduction to Wound Care

Taste

Sense of taste diminished Zinc defi ciency

Teeth

Gray-brown spots; mottling Increased fl uoride intake

Missing or erupting abnormally General poor nutrition

Face

Skin color loss, dark cheeks and eyes; enlarged parotid glands, 
scaling of skin around nostrils

Protein-energy defi ciency; specifi cally niacin, ribofl avin, and 
 pyridoxine defi ciencies

Pallor Iron, folate, vitamin B12 and vitamin C defi ciencies

Hyperpigmentation Niacin defi ciency

Neck

Thyroid enlargement Iodine defi ciency

Symptoms of hypothyroidism Iodine defi ciency

Nails

Fragility, banding Protein defi ciency

Spoon shaped; concave Iron defi ciency

Skin

Slow wound healing, decubitus ulcers Zinc, vitamin C, protein defi ciency; kwashiorkor

Psoriasis Biotin defi ciency

Eczema; lesions Ribofl avin, zinc defi ciency

Scaling of the scalp, dandruff, oiliness of the scalp, lips, and nose Biotin defi ciency, pyridoxine, zinc, ribofl avin, essential fatty acids 
defi ciency; vitamin A excess or defi ciency

Purple or red spots due to skin bleeding Vitamin C and/or K defi ciency

Dryness, mosaic, sandpaper feel, fl akiness Increased or decreased vitamin A

Dark, dry, scaly skin Niacin defi ciency

Lack of fat under skin, cellophane appearance Protein-energy defi ciency, vitamin C defi ciency

Bilateral edema Protein-energy, vitamin C defi ciency

Yellow colored Beta carotene excess, vitamin B12 defi ciency

Cutaneous fl ushing, desquamation Niacin

Body edema; round swollen face Protein, thiamin defi ciencies

Pallor, fatigue, depression, apathy Iron, folic acid defi ciencies

Gastrointestinal

Anorexia, fl atulence, diarrhea Vitamin B12 defi ciency

Muscular System

Weakness Phosphorus or potassium defi ciency, vitamin C defi ciency, 
vitamin D defi ciency

Wasted appearance Protein-energy defi ciency

Calf tenderness, absent knee jerks, foot and wrist drop Thiamin defi ciency

Physical Signs of Malnutrition (continued )7.1TABLE
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Peripheral neuropathy, tingling, “pins and needles” Folate, pyridoxine, pantothenic acid, phosphate, thiamine 
defi ciencies, vitamin B12 defi ciency

Muscle twitching, convulsions, tetany Magnesium or pyridoxine excess or defi ciency; calcium, vitamin 
D defi ciencies

Muscle cramps Chloride decreased, sodium defi ciency; calcium, vitamin D, 
magnesium defi ciencies

Muscle pain Biotin defi ciency

Skeletal System

Demineralization of bone Calcium, phosphorus, vitamin D defi ciencies

Epiphyseal enlargement of leg and knee, bowed legs Vitamin D defi ciency

Bone tenderness Vitamin D defi ciency

Nervous System

Listlessness Protein-energy defi ciency

Loss of position and vibratory sense, decrease and loss of ankle 
and knee refl exes, depression, inability to concentrate, defective 
memory, confabulation, delirium

Thiamin, pyridoxine, vitamin B12 defi ciencies

Seizures, memory impairment, and behavioral disturbances Magnesium, zinc defi ciencies

Peripheral neuropathy, dementia Pyridoxine defi ciency

Dementia Niacin, vitamin B12 defi ciencies

Resources
1. Chernoff R. Geriatric Nutrition: The Health Professional’s Handbook. Jones & Bartlett; 2006
2. Journal of the American Medical Association, February 11, 2004.
3.  Hetzel BS, Clugston GA. Iodine. In: Shils M, Olson JA, Shike M, Ross AC, eds. Nutrition in Health and Disease. Vol. 9. Baltimore, MD: Williams & Wilkins; 1999:253–264.
4.  The Merck Manual. Available at http://www.merck.com/pubs/mmanual_ha/tables/tb17_1.html. Accessed August 26, 2009.
Table adapted from Pocket Resource for Nutrition Assessment 2009, rev. Dietetics in Health Care Communities a dietetic practice group of the American Dietetic 
Association, pp. 65–69, with permission.

Physical Signs of Malnutrition (continued )7.1TABLE

Undernutrition or poor nutritional status impairs 
the wound healing process in a self-perpetuating cycle: 
 undernutrition, dehydration, or unintentional weight loss, 
whether secondary to poor appetite or other disease pro-
cesses, increases a patient’s risk for tissue breakdown. When a 
wound develops, the patient is stressed, which further depletes 
nutrient stores. Hypermetabolism, a responsive increase in 
metabolic rate, is triggered by injury, trauma, and/or infec-
tion. For example, during wound healing, the metabolic rate 
increases. Hypermetabolism, a catabolic reaction, breaks down 
glycogen, triglycerides, and protein stores energy stress fac-
tors. Catecholamines and cortisol increase glycogen break-
down, mobilize free fatty acids from triglyceride stores, and 
accelerate glucose production from visceral protein stores. 
Protein from the skeletal muscle, gut, and connective tis-
sues supplies glucose and amino acids necessary for the syn-
thesis of stress factors and immune cells. As a result of these 
processes, body stores of glycogen, triglycerides, and protein 
decline (Fig. 7.2).17

Homeostasis

Severe Stress

Glycogen and Protein
Make Glucose and Stress Factors

Ketone
Body Relieson Protein to Make

Glucose/Stress Factors

Metabolic Rate

Continued Protein Depletion Total Energy Needs

Accelerated Loss of Energy and Protein Stores

FIGURE 7.2 Metabolic response to severe stress. (Reprinted from 
Mary Ellen Posthauer, RD, CD, LD. Published in Advances in Skin and 
Wound Care, September 2005, with permission.)
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Therapeutic Diets
A highly restrictive diet order, especially when it denies 
patients their favorite foods, can contribute signifi cantly to 
reduced food intake and a marked decline in nutritional sta-
tus. It can also diminish a patient’s quality of life. Food is not 
nutritious unless eaten. Certain medical conditions require 
diet modifi cations, but these can often be met with simple 
adjustments and minimal restrictions.18 It is important for 
the nursing staff to communicate with the RD when a patient 
refuses to eat or eats very little. If after evaluating the patient’s 
intake of a therapeutic diet and food preferences, it is deter-
mined that the restrictions hinders the intake of nutrients the 
RD recommends the appropriate individualized meal plan. 
For example, a patient with diabetes may consume a consis-
tent carbohydrate diet with the carbohydrate containing foods 
balanced throughout the day. Nutrition goals for patients with 
wounds should focus on adequate intake of nutrients rather 

CLINICAL WISDOM

Unintended Weight Loss
Warning Signs

 ● Needs help eating or drinking
 ● Eats less than half of meal/snack served
 ● Has mouth pain
 ● Has dentures that don’t fi t
 ● Has a hard time chewing or swallowing
 ● Coughs or chokes while eating
 ● Has sadness, crying spells, or withdrawal from others
 ● Is confused, wanders, or paces
 ●  Has diabetes, chronic obstructive pulmonary disease 

(COPD), cancer, HIV, or other chronic disease

Report and Take Action
Below are some action steps to increase food intake, create 
a positive dining environment, and help individuals con-
sume adequate calories:

 ●  Report observations and warning signs to other members 
of the health-care team.

 ● Encourage the resident to eat.
 ● Honor food likes and dislikes.
 ● Offer many kinds of foods and beverages.
 ● Help individuals who have trouble feeding themselves.
 ● Allow enough time to fi nish eating.
 ● Notify nursing staff if the resident has trouble using utensils.
 ● Record meal and snack intake.
 ● Provide oral care before meals.
 ● Position individual correctly for feeding.
 ●  If the resident has had a loss of appetite and/or seems sad, 

ask what’s wrong.

Adapted with permission from the Nutrition Screening 
Initiative, a project of the American Academy of Family 
Physicians, the American Dietetic Association, and the 
National Council on the Aging, Inc., and funded in part by a 
grant from Ross Products Division, Abbott Laboratories Inc.

than strict limitations that may compromise the healing pro-
cess. An obese patient should not be placed on a low calorie 
diet below 1500 kcal, which would not have adequate vitamins 
or minerals.19 The primary goal for the obese patient is wound 
healing not weight reduction.

Role of Medications in Nutritional Risk
Many of the drugs designed to calm or reduce agitation can, in 
turn, reduce a client’s mobility and activity levels, resulting in 
decreased food intake. The common side effects of some drugs, 
such as gastric disturbances, affect the intake of food and fl uid. 
Radiation therapy, chemotherapy, and renal dialysis can result 
in increased nausea and vomiting, as well as decreased activity.

Medication should be checked for possible effects on nutri-
tional intake, as well as any effect on the client’s mental and 
physical status. Constipation and diarrhea are medication-
related risk factors that should be addressed in a nutritional 
assessment. In addition, laxative abuse, which is common 
with some older adults, can induce a state of malabsorption. 
Chronic diarrhea can lead to dehydration and weight loss, 
which increase the risk for malnutrition and pressure ulcers.

Lab Values
Laboratory indexes are one aspect of a nutrition assessment 
but there is not one test that can specifi cally identify nutri-
tional status. Hepatic proteins such as  albumin,  prealbumin 
(transthyretin), or transferrin have been linked to nutritional 
status. However, research indicates serum hepatic protein 
levels correlate with severity of illness.20 Serum albumin, pre-
albumin, and transferrin decrease with acute changes in clini-
cal status such as infection, injury, trauma, cytokine-induced 
infl ammatory state, and dehydration. Levels increase when 
the body recovers from these conditions.20 Age and declining 
liver function also affect the ability of the body to synthesize 
albumin. Levels are shown with implications in Table 7.2.
Other lab values of signifi cance include serum cholesterol and 
hemoglobin/hematocrit. A serum cholesterol level of less than 
160 mg per dL with poor intake and weight loss places a client 
at risk for undernutrition. A hemoglobin level less than 12 mg 
per dL and hematocrit level less than 33% may indicate iron 
defi ciency anemia or anemia of chronic disease.21

Biochemical assessment data must be used with caution 
because they can be altered by hydration, medication, and changes 
in metabolism. Parameters for evaluating hydration status include 
assessing urine output (I/O), weight, blood urea nitrogen (BUN)/
creatinine ratio (>10 to 1), and skin turgor (Table 7.3).

THE ROLE OF NUTRIENTS IN WOUND HEALING

More than just food, nutrition encompasses the six classes of 
nutrients—carbohydrates, proteins, fats, vitamins, minerals, 
and water—all of which are vital to the healing of wounds.

Carbohydrates
Carbohydrates are energy nutrients consisting of molecules of 
carbon, hydrogen, and oxygen atoms arranged in simple ring 
shapes or more complex chains. Plants synthesize the most 
abundant form of dietary carbohydrate, glucose, using sun-
light, in the process called photosynthesis. Carbohydrates pro-
vide 4 kcal per g.
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Selected Laboratory Values for Adults*7.2TABLE

Test Normal Values Some Implications

Albumin Serum
ALB

3.5–5.0 g/dL

(35–50 g/L SI units)

>60 y 3.4–4.8 g/dL
(34–48 g/L SI units)

Function: Maintain colloidal osmotic pressure; transport molecule for enzymes, 
fatty acids, hormones, bilirubin, and some drugs.
Site of synthesis: Liver
Half Life: 12–18 d
Increased: Dehydration; also diarrhea, Hodgkin disease, metastatic  carcinomatosis, 
non-Hodgkin lymphoma, ulcerative colitis, uremia, and vomiting.
Decreased: Overhydration; also acute infection and chronic infl ammation, alcohol 
abuse, ascites, beriberi, burns, cholecystitis, CHF, cirrhosis, Crohn’s, Cushing’s, 
cystic fi brosis, dementia, diabetes mellitus, essential HTN, liver disease, leuke-
mia, lymphoma, malabsorption syndrome, malnutrition, meningitis, myasthenia, 
myeloma, MI, neoplasms, nephrotic syndrome, nephrosis, osteomyelitis, peptic 
ulcer, pneumonia, pregnancy, protein-losing enteropathies and protein-losing 
nephropathies, rheumatic fever, rheumatoid arthritis, sarcoidosis, scleroderma, 
sprue, steatorrhea, stress, surgery, systemic lupus erythematosus, thyrotoxicosis, 
trauma, tuberculosis, and ulcerative bowel disease. Is this correct that the same 
conditions can cause either an increase or a decrease? Many repeats between 
these two sections. This was corrected by CP.

Blood Urea Nitrogen
BUN

Blood Urea Nitrogen, 
BUN, cont.

10–20 mg/dL
3.6–7.1 mmol/L
(SI units)

>60 y: 8–21 mg/dL
2.9–7.5 mmol/L (SI units)

Function: End product of protein metabolism converted in the liver to form urea.
Site of synthesis: Liver
Increased: Addison disease, allergic purpura, amyloidosis, anabolic steroid use, 
analgesic abuse, blood transfusions, burns, cachexia, cardiac failure, congenital 
hypoplastic kidneys, CHF, dehydration, DM with diabetic ketoacidosis, Fanconi 
syndrome, excessive fl uids, excessive protein intake, GI bleed, glomerulonephritis, 
Goodpasture syndrome, gout, heavy-metal poisoning, hemoglobinurias, hypovole-
mia, infection, intestinal obstruction, MI, nephritis, nephropathy, nephrosclerosis, 
nephrotoxic drugs, pancreatitis, peritonitis, pneumonia, polyarteritis nodosa, poly-
cystic disease, postsurgical state, pregnancy, protein catabolism, pyelonephritis, 
renal arterial stenosis or thrombosis, renal insuffi ciency or failure, scleroderma, 
sepsis, shock, sickle cell anemia, starvation, stress, subacute bacterial endocar-
ditits, suppuration, systemic lupus erythematosus, thyrotoxicosis, tumor necrosis, 
uremia, and urinary tract obstruction.
Decreased: Acromegaly, alcohol abuse, amyloidosis, celiac, cirrhosis, hemodi-
alysis, hepatitis, insuffi cient protein intake, overhydration, liver damage or failure, 
malabsorption, malnutrition, nephrotic syndrome, pregnancy (advanced), and 
syndrome of inappropriate antidiuretic hormone.

Cholesterol—blood
Total Chol

<200 mg/dL <5.2 mmol/L
(SI units)

Function: Used to form bile acids and hormones; component of brain and nerve 
cells and cell membranes throughout the body.
m: Liver and intestines

200–239 mg/dL
Borderline high

>239 mg/dL
High

Increased: Aplastic anemia, anorexia nervosa, atherosclerosis, bile duct obstruc-
tion, biliary cirrhosis, carbon disulfi de exposure (textile workers), CHD, CHF, 
celiac, cholestasis, Cushing’s, DM (uncontrolled), excessive cholesterol, saturated 
or trans fat consumption, Forbes disease, glycogen storage diseases, H. pylori, 
hypercholesterolemia, hyperlipidemia, hyperlipoproteinemia, hypertension, hypo-
thyroidism, jaundice, leukemia, lipoidosis, MI, nephrosis, nephrotic syndrome, 
obesity, oophrectomy, pancreatectomy, pancreatitis (chronic), pregnancy, smok-
ing, stress, and xanthomatosis.
Decreased: Acanthocytosis, amylopectinosis, Andersen disease, anemia (hemo-
lytic or pernicious), Bassen-Kornzweig syndrome, brancher defi ciency, cancer, 
cholesterol lowering drugs, chromium enhanced diet, cirrhosis, depression, epi-
lepsy, absent cholesterol esters, gastric bypass surgery, Gaucher disease, 

(continued)
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Test Normal Values Some Implications

Hansen disease, hepatic disease, hepatitis, hyperthyroidism, hypolipoprotein-
emias (Abeta and hypobeta), infections(severe), intestinal obstruction, jaundice, 
leprosy, liver necrosis, malnutrition, MI (up to 90 days), pancreatic carcinoma, 
porphyria, premenstrual time phase, steatorrhea, suicidal behavior, Tangier dis-
ease, TB, glycogen deposition diseases, and uremia.

Creatinine Serum Male: 0.6–1.2 mg/dL
53–106 μmol/L (SI units)
Female: 0.5–1.1 mg/dL
44–97 μmol/L (SI units)

Elderly: may be lower

Function: Nitrogenous by-product in the breakdown of muscle creatinine phos-
phate for energy metabolism.
Site of synthesis: N/A
Increased: Acromegaly, allergic purpura, amyloidosis, analgesic abuse, azotemia, 
congenital hypoplastic kidneys, CHF, DM, dehydration, high meat intake, gigantism, 
glomerulonephritis, Goodpasture syndrome, gout, hemoglobinuria, high dietary
intake, hypovolemic shock, hypothyroidism, intestinal obstruction, Kimmelstiel-
Wilson syndrome, microalbuminemia, metal poisoning, multiple myeloma, muscle 
destruction, nephritis, nephropathy, nephrosclerosis, nephrotoxic drugs, pan-
creatitis (necrotizing), polyarteritis nodosa, polycystic disease, preeclampsia, 
pyelonephritis, renal artery stenosis or thrombosis, renal failure, rhabdomyolosis, 
rheumatoid arthritis, scleroderma, sickle cell anemia, subacute bacterial endo-
carditis, systemic lupus erythematosus, testosterone therapy, toxic shock, uremia, 
urinary obstruction, and vomiting. Values are signifi cantly higher later in the day.
Decreased: DKA (artifactual), overhydration, muscular dystrophy, myasthenia 
gravis, severe muscle wasting.

Prealbumin Serum 
PAB

15–36 mg/dL
150–360 mg/L (SI units)

Function: Transport protein that carries thyroxine and retinol in the body.
Site of synthesis: Liver
Half-Life: 2–4 d
Increased: Adrenal hyperfunction, CKD, dehydration, Hodgkin disease, nephrotic 
syndrome, pregnancy, shigellosis.
Decreased: Abdominal peritoneal dialysis, burns, cirrhosis, chronic illness (with 
concomitant subnormal nutritional status), CF, DM, disseminated malignant dis-
ease, epithelial ovarian carcinoma, hereditary amyloidosis, infection, infl ammation, 
liver damage, overhydration, protein and calorie malnutrition, salicylate poisoning.

Total lymphocyte 
count (TLC)

2500–3300 cells/mm3

2500–3300 × 106

Function: Fight infection and fi ght against foreign bodies (both bacterial and viral).
Site of synthesis: Bone marrow stem cells
Increased: Chronic bacterial infection, infectious hepatitis, infectious mononucleosis, 
lymphocytosis, lymphocytic leukemia, multiple myeloma, mumps, rubella, and radiation.
Decreased: Adenocorticosteroid therapy, antineoplastic therapy, HIV (late stage), 
immunodefi ciency diseases, leukemia, lymphocytopenia, radiation therapy, sepsis, 
systemic lupus erythematosus. cancer, chemotherapy, radiotherapy, surgery, lym-
phopenia, malnutrition, AIDS, bone marrow failure, Cushing syndrome, renal failure.

* Each laboratory may use different standards to establish normal values; therefore, fi gures may vary among different sources.
Adapted from Pocket Resource for Nutrition Assessment, 2009, Dietetics in Health Care Communities a dietetic practice group of the American Dietetic 
Association, pp. 71–85 with permission.

Selected Laboratory Values for Adults* (Continued)7.2TABLE

Simple carbohydrates are single sugar rings—glucose, fruc-
tose, or galactose—or double rings composed of two simple 
sugars joined together—lactose, maltose, or sucrose. Simple 
carbohydrates are the natural sugars contained in fruits, vegeta-
bles, honey, table sugar, and milk. Added sugars in desserts, soft 
drinks, and many other processed foods also provide simple 
carbohydrates in the diet.

Complex carbohydrates are generally long chains of glucose. 
They are supplied by starches in the form of grains, legumes 
(peas, beans, and lentils), and tubers (potatoes and yams). They 

are of course also supplied by products made from these staples, 
such as breads. Fiber is a nonnutrient complex carbohydrate 
that passes through the digestive tract without being metabo-
lized or absorbed; however, it absorbs water and provides bulk 
that aids in the elimination of feces.
Carbohydrates serve several functions:

• Provide 4 kcal per g of energy
• Serve as the most readily available source of energy for the 

body and the preferred energy source for brain and blood cells
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Lab Test Normal Values Dehydration Over-hydration

Osmolality 280–303 mOsm/kg > 303 mOsm/kg (critical) > 320 mOsm/kg

Serum sodium 135–145 mEq/L > 145 mEq/L < 130 meEq/L

Albumin 3.4–5.4 g/dL Higher than normal Lower than normal

Blood urine nitrogen (BUN) 7–20 mg/dL > 35 mg/dL < 7mg/dL

BUN/creatinine ratio 10:1 > 25:1 < 10:1

Urine specifi c gravity 1.002–1.028 g/mL > 1.028 g/mL < 1.002 g/mL

Medline Plus Medical Encyclopedia
Reprinted from Healing Solutions, Hydration Care for Wound Prevention and Healing, Novartis Medical Nutrition; 2004:25, with permission.

Useful Lab Values to Screen for Hydration Status7.3TABLE

• Spare protein for its primary use: building and maintaining 
tissues

• Provide cellular components for regulating metabolism
• Provide fi ber to help maintain bowel function
• Provide fl avor, color, and variety to the diet

Protein
Proteins are energy nutrients consisting of carbon, hydrogen, 
oxygen, and nitrogen atoms. Like carbohydrates, they provide 
4 kcal per g. All proteins contain nitrogen, and some also contain 
phosphorus and sulfur. Proteins molecules are long chains of sub-
units called amino acids. Of the 20 amino acids in the body, 9 are 
indispensable; that is, the body cannot synthesize them and they 
must be obtained in the diet. The remaining 11 amino acids can 
be manufactured by the body and are dispensable amino acids.

Dietary proteins that provide all nine of the indispensable 
amino acids are considered complete proteins. Food sources of 
complete protein include meat, poultry, fi sh, eggs, milk prod-
ucts, and soybeans. Other legumes, grains, and vegetables pro-
vide dispensable protein; however, if eaten in complementary 
combinations (e.g., rice with vegetables, or pasta with beans), 
the meal provides complete protein.
The body utilizes proteins in numerous ways:

• Provide 4 kcal per g of energy
• Provide amino acid building blocks for the growth, repair, 

and maintenance of tissues
• Act as enzymes to facilitate chemical reactions throughout 

the body
• Are components of antibodies and essential to immune sys-

tem functioning
• Act as hormones and serve in important regulatory functions
• Help maintain fl uid and electrolyte balance and acid-base 

balance
• Help transport lipids and other substances in the blood and 

across cell membranes

Adequate protein is also essential for wound healing. For exam-
ple, proteins are required for cell multiplication, for the synthe-
sis of collagen and connective tissue, and for enzymes involved 
in wound healing. Protein is also a component of the antibod-
ies necessary for proper immune system function, and thus is 
important to prevent and fi ght infection.

Earlier, we mentioned that dispensable amino acids can be 
synthesized by the body and do not need to be consumed in food; 
however, under conditions of physiologic stress, arginine, cyste-
ine, glycine, proline, tyrosine, and glutamine become condition-
ally indispensable amino acids. Arginine, which is 32% nitrogen, 
stimulates the insulin-like growth factor that promotes healing. 
This stimulation of insulin secretion promotes the transport of 
amino acids into tissue cells and supports the formation of pro-
tein in the cells. Arginine is also the substrate for nitric acid and 
a regulator of nucleic acid synthesis. As discussed in Chapter 2, 
nitric acid production activates wound  macrophages, which 
are rich sources of growth factors, cytokines, bioactive lipid 
 products, and proteolytic enzymes necessary for the healing 
process.22,23 In addition, an increased level of arginine promotes 
the conversion of arginine to ornithine, which is a precursor to 
 proline, which is incorporated into collagen.22,23

Given the contributions of protein to wound healing, it’s not 
surprising that increased protein levels are linked to improved 
wound healing in patients with pressure ulcers.24,25 The NPUAP/
EPUAP guideline recommends a protein range of 1.25 to 1.5 g 
of protein a day per kilogram of body weight when compatible 
with goals of care.2

Patients with chronic kidney disease may not be candidates 
for receiving high levels of protein. Renal function should be 
assessed to ensure tolerance of higher protein levels.26

Nutritional supplements formulated for wound care are 
often fortifi ed with arginine, cysteine, and glutamine, as well 
as b-hydroxy-b-methylbutyrate (HMB), the metabolite of the 
amino acid leucine, which has a role in supporting immune func-
tion. HMB serves as a precursor to cholesterol, which is a compo-
nent of all cell membranes, and enhances the integrity of cells and 
reduces cell rupture under stress. Thus, lean body mass and mus-
cle integrity are preserved.27 Clinical judgment should be used 
when recommending the use of supplements with arginine alone 
or combined and other nutrients for pressure ulcer healing.28

Patients with chronic kidney disease who are not on dialysis 
and require limited protein should be offered foods with com-
plete protein, such as eggs, meat, poultry, fi sh, milk, and cheese. 
The RD evaluates the appropriate quality and type of protein 
that will meet the diet order for these patients. Patients who are 
obese or those on low-cholesterol diets should select foods low 
in saturated fat, such as skim milk, lean fi sh, and low-fat cheese. 
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Modular protein supplements can be added to the diets to 
increase the amino acid intake. This type of supplement provides 
the necessary protein to promote healing in a moderate amount 
of calories and is a good choice for patients who are obese.

Fats
Fats are energy nutrients made up of carbon, hydrogen, and 
oxygen. They provide 9 kcal per g. Triglycerides, which are 
composed of three fatty acid chains attached to a molecule of 
glycerol, are the most common fats in both the diet and the 
body. Saturated fats are provided largely from animal sources 
such as meat, poultry, fi sh, eggs, and dairy products (e.g., milk, 
butter, cream). They exert negative effects on blood lipids and 
increase the risk for heart disease. Unsaturated fats are provided 
mostly from vegetable oils, nuts, and some fruits, such as olives 
and avocados. They exert benefi cial effects on blood lipids and, 
in moderation, reduce the risk for heart disease.
The functions of fats include the following:

• Provide the most concentrated source of energy, 9 kcal per g
• Are the body’s main source of energy during rest, sleep, and 

long periods of food deprivation
• Are a major energy source during exercise
• Maintain normal cell membrane function
• Permit the absorption of the fat-soluble vitamins (A, D, E, 

and K) and allow other fat-soluble substances to move in and 
out of the cell

• Insulate the body from heat and cold
• Cushion the kidneys, bones, and other organs from shock and 

injury
• Provide fl avor, texture, and variety to foods

Micronutrients: Vitamins
Vitamins and minerals are micronutrients that are essential in 
small amounts for the body. The Institute of Medicine (IOM) 
and National Academy of Sciences (NAS) Dietary Reference 

Intakes indicate the level of each micronutrient needed at each 
stage of life for healthy individuals.29

A vitamin is an organic compound that the body requires 
in small amounts for proper functioning. Except for vitamins 
D and K, the body cannot produce vitamins, so they must be 
obtained from food and beverages or from synthetic supple-
ments. Vitamins facilitate various chemical reactions in the 
body, with different vitamins performing different functions. For 
example, although vitamins do not themselves provide energy, 
they support the cell’s ability to break down the energy nutrients 
and build the energy molecule, ATP. Vitamins also participate in 
protein synthesis and cell replication. The functions of specifi c 
vitamins are best known by the results of their defi ciencies.

Vitamin supplements are recommended if a patient’s diet 
is poor or limited in calories, or if a vitamin defi ciency is sus-
pected. A daily high-potency multiple vitamin and mineral 
supplement is necessary if vitamin and mineral defi ciencies are 
confi rmed or suspected. In addition, supplement-medication 
interactions are not uncommon: a pharmacist or physician can 
determine the appropriate time to take a vitamin supplement in 
relationship to other medications.

Vitamins are divided into two groups, according to whether 
they are soluble in fat or water.

Fat-Soluble Vitamins
Vitamins A, D, E, and K are derived from the fatty and oily 
parts of certain foods. They remain in the liver and fat tissue 
of the body until they are used. Because the body does not 
excrete excess fat-soluble vitamins, there is some risk of toxicity 
from overdose resulting from overaccumulation. On the other 
hand, defi ciencies of the fat-soluble vitamins can occur if the 
diet is extremely low in fat, or in the presence of malabsorption 
disorders.

Vitamin A is required for the infl ammatory response, and 
defi ciencies of vitamin A have been associated with retarded 
epithelialization and decreased collagen synthesis. Fortunately, 
because vitamin A is a fat-soluble vitamin and not excreted 
from the body, defi ciencies are rare.

Vitamin D is essential for calcium regulation and bone 
health, as well as for cell differentiation and healthy immune 
function. Although it can be synthesized by the body in 
response to exposure to adequate sunlight, many people, espe-
cially elderly residents of long-term care facilities, lack suffi cient 
sun exposure to avoid defi ciency. Vitamin D is also available 
from fortifi ed milk and breakfast cereals, a few fatty fi sh such as 
salmon and sardines, and from supplements.

Vitamin E is an antioxidant that protects cell membranes 
from oxidation, and by protecting white blood cells, enhances 
immune function. It is widespread in the diet, especially in 
plant oils.

Vitamin K is important in bone health as well as in blood 
clotting, and thus is important for effective wound healing. It is 
produced in our large intestine and is available from green leafy 
vegetables and some plant oils.

Water-Soluble Vitamins
Water-soluble vitamins include the vitamin B family and vita-
min C and are derived from the water components of foods. 
They are distributed throughout the water compartments of 
the body and, for the most part, are carried in the bloodstream. 

CLINICAL WISDOM

Tips for Adding Protein and Calories
• Add dry milk to cream soups, mashed potatoes, casseroles, 

puddings, and milk-based desserts.
• Add one-third cup of nonfat dry powdered milk to each 

cup of regular milk.
• Add cheese to vegetables, salads, potatoes, rice, noodles, 

and casseroles.
• Mix commercial supplements with ice cream or sherbet.
• Add yogurt to fruit and cereal.
• Add nuts, seeds, or wheat germ to casseroles, breads, muf-

fi ns, pancakes, and cookies.
• Sprinkle nuts, seeds, or wheat germ on fruit, cereal, ice 

cream, and yogurt, or use in place of bread crumbs.
• Add peanut butter to sandwiches, toast, crackers, or muf-

fi ns; use as a dip for vegetables and fruit; or add to milk 
and blend.

• Add dry beans to soups or casseroles.
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Unlike fat-soluble vitamins, they are not stored but are excreted 
in the urine when their concentration in the blood becomes 
too high.

B vitamins are necessary for the production of energy from 
glucose, amino acids, and fat. Vitamin B

6
 (pyridoxine) helps 

maintain cellular integrity and form red blood cells. Thiamine 
and ribofl avin are needed for cross-linking and collagenation.

Defi ciency of vitamin C (ascorbic acid) is associated with 
impaired fi broblast function and decreased collagen synthesis, 
resulting in delayed healing, capillary fragility, and breakdown 
of old wounds. Vitamin C increases the activation of leukocytes 
and macrophages to a wound site, and defi ciency is associated 
with impaired immune function, decreasing the individual’s 
ability to resist infection.30 Because vitamin C is a water- soluble 
vitamin and cannot be stored in the body, defi ciencies can 
develop quickly if adequate intake is not maintained. Thus, if 
a patient’s diet is defi cient in good sources of vitamins, a mul-
tivitamin may be appropriate. Vitamin C supplementation in 
mega doses has not been demonstrated to accelerate wound 
healing.31,32

Minerals
Minerals are inorganic elements that are needed by the cells to 
build and maintain body tissues, maintain fl uid balance, and 
activate enzyme systems. Once ingested, mineral salts usu-
ally dissolve in body fl uids and form ions. The skeletal system 
depends on the minerals calcium, magnesium, and phosphorus 
for its structural rigidity.

Various minerals play a role in wound healing. These 
include iron, which is essential for oxygen transport, and cop-
per, which is required for cross-linking of collagen fi bers in 
rebuilding tissue. Zinc is an essential cofactor for formation of 
collagen and for protein synthesis. Zinc defi ciencies have been 
associated with delayed healing, and appear to act by reducing 
the rate of epithelialization and fi broblast proliferation.33 Good 
sources of zinc include high protein foods such as meat, liver, 
and shellfi sh. Zinc supplementation (above the upper tolerable 
limit of 40 mg per day) is not recommended.29 High serum zinc 
levels may inhibit healing, interfere with copper metabolism, 
and induce a copper defi ciency, resulting in anemia. Copper 
and zinc compete for binding sites on the albumin molecule.34,35 
Copper defi ciency may be harmful as copper is crucial for col-
lagen cross-linking.3

Water
Water, which constitutes about 60% of an adult’s body weight, 
is the most critical nutrient. It is distributed in the body in three 
fl uid compartments: intracellular, interstitial, and  intravascular. 
Water serves many vital functions in the body:

• Acts as a solvent for vitamins, minerals, amino acids, and glu-
cose, enabling them to diffuse in and out of cells

• Transports vital substances to cells and carries away wastes
• Serves as a lubricant and cushion for joints, the brain, the 

 spinal cord, the lungs, and other organs
• Helps to maintain body temperature
• Accounts for blood volume
• Aids in hydration of wound site and oxygen perfusion

Fluid requirements are met with 30 mL per kg of body weight 
or 1 mL per kcal, or a minimum of 1500 mL per day (1.5 L) 

CLINICAL WISDOM

Nutritional Strategies
Once you have performed a nutritional assessment, you can 
devise an appropriate individualized nutrition plan for the 
patient. Some patients will be able to maintain their nutritional 
status by oral intake of a balanced diet, supplemented with a 
multivitamin/mineral. But for other patients, such as those 
with pressure ulcers, the concurrent challenges of weight gain 
and wound healing may make greater nutrient demands. For 
these patients, the following interventions may be appropriate:

● Provide calorically dense supplement between meals with 
a protein profi le of 8 g or higher and 200 to 250+ kcal per 
serving.

● Determine the client’s fl avor preferences and offer those 
preferred fl avors. Clients often prefer a fruit-based prod-
uct rather than the traditional milk-based products.

● Offer 2 fl  oz of a nutrient-dense supplement three to four 
times daily, followed by 4 fl  oz of water.

● Serve juice and/or fruit with meals to increase vitamin C 
intake.

● Offer supplements at least 1 hour before the next meal so 
the patient is hungry for the meal.

● Liberalize the diet when possible, as restrictive diets often 
reduce food intake. The American Dietetic Association 
has stated that the quality of life and nutritional status 
of older adults residing in heal care communities can be 
enhanced by individualization to the least restrictive diet 
appropriate.36

● Consider nutritional support (enteral or parenteral) when 
the patient cannot meet nutritional needs orally.

● Inform the patient and/or caregivers of the risks and ben-
efi ts of nutritional support. Ensure that nutritional sup-
port achieves the desired goals and is compatible with the 
wishes of the client and family.

unless medically contraindicated. Clients with end-stage renal 
disease or severe congestive heart failure may require slightly 
less fl uid intake, calculated at 20 to 25 mL per kg body weight. 
In contrast, additional fl uids are needed for clients with heavily 
draining wounds, emesis, diarrhea, elevated temperature, and 
increased perspiration. Nutritional Needs and Assessment is a 
guide for calculating energy and fl uid requirements (Table 7.4).
Signs and symptoms of dehydration include

• Weight loss (2% mild, 5% moderate, 8% severe)
• Dry skin
• Cracked lips
• Thirst (may be diminished in the elderly)
• Poor skin turgor (may be an unreliable test in the elderly)
• Either fever or low body temperature
• Altered sensation
• Loss of appetite
• Nausea
• Dizziness
• Increased confusion
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Nutritional Needs and Assessment: Shortcut Method for Estimating Adult Energy 
Needs per Kilogram7.4TABLE

kcals Required

Nonobese population 25–35 kcal/kg body weight

Obese, critically ill population 21 kcal/kg body weight

Paraplegicsa 28 kcal/kg/d

Quadriplegicsa 23 kcal/kg/d

aEstimated energy needs for paraplegics and quadriplegics are adjusted by reducing calculated desirable body weights because immobilized patients lose muscle.

Indirect Calorimetry

Indirect calorimetry (IC) is considered the gold standard for energy expenditure estimation. IC determines resting metabolic rate (RMR) 
by measuring respiratory gas exchange. Measured RMR is preferred to the use of prediction equations because such equations fail by 
more than 10% in up to one-third of patients. Because IC quantifi es stress due to injury, illness, and other idiosyncratic medical condi-
tions, including the affects of medications, the dietitian only needs to apply the appropriate activity factor.

Pros: Advances in technology make IC accurate, affordable, accessible, and easy to administer with minimal staff training.

Cons: Food, ethanol, stimulants, physical activity, and ambient conditions affect RMR; therefore, adherence to pretest protocol is neces-
sary to obtain accurate results.

Costs: IC units range in price from $4000 to $20,000. Insurance reimbursement for IC ranges from $10 to $130.

“Because energy expenditure is diffi cult to predict on the basis of conventional equations, patients in long-term acute care facilities 
routinely are overfed and underfed, with only 25% receiving calories within 10% of required needs. Measuring a patient’s energy require-
ment at least once by IC is important, because the degree of metabolism predicts how easily a patient will be underfed or  overfed.
”—McClave, S, Are patients fed appropriately according to their caloric requirements?, JPEN, Nov-Dec 1998; vol. 22, pp. 375–381.

References Indirect Calorimetry

1.  Compher, C., et.al., Best Practice Methods to Apply to Measurement of Resting Metabolic Rate in Adults: A Systematic Review, J Am 
Diet Assoc, February 2006.

2.  Schoeller, D., Making Indirect Calorimetry a Gold Standard for Predicting Energy Requirements for Institutionalized Patients, J Am 
Diet Assoc, March 2007.

3.  Manual of Clinical Dietetics, 6th edition, 2000, p 31.

Protein Needs:

Another method of calculating protein needs is as a ratio of nonprotein calories to grams of nitrogen (6.25 g protein = 1 g N).

Patient Conditions Ratio of Nonprotein kcal: 1 g N

Adult Medical 125–150:1

Minor Catabolic 125–180:1

Severe Catabolic 150–250:1

Hepatic or Renal Failure 250–400:1

Adult Fluid Requirements

Hydration status as a part of nutritional status is often overlooked. This can affect interpretation of biochemical measurements, anthro-
pometry, and the physical exam. Assessment of hydration is quick and easy and should include assessment of fl uid intake.

Method I: Wt (kg) × 30 mL = Daily Fluid Requirement
Fluid requirements may differ for those clients with cardiac problems, renal failure, dehydration, or 
for those requiring fl uid restrictions
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kcals Required

Method II: 100 mL/kg for fi rst 10 kg body weight
+50 mL/kg for second 10 kg body weight
+15 mL/kg for remaining kg body weight

Shortcut Method II: (kg body weight – 20) × 15 + 1500 = mL fl uid requirement

Serum Osmolality

Osmolality measures the concentration of particles in solution. Osmolality increases with dehydration (loss of water without loss of 
solutes) and decreases with overhydration.

Greater than normal levels may indicate: dehydration, diabetes insipidus, hyperglycemia, hypernatremia, uremia.

Lower than normal levels may indicate: hyponatremia, overhydration, inappropriate ADH secretion.

Serum Osmolality = (2 × (Na + K) ) + (BUN/2.8) + (glucose/18). Normal range is 285–295 mOsm/kg.

Factors That May Alter Fluid Requirements

The following may INCREASE fl uid needs:

• Anabolism • Diarrhea • Hemorrhage • Medications

• Burns • Emesis • Hot or dry environments • Nasogastric Suctioning

• Constipation • Fevera • Hyperventilation • Polyuriab

• Dehydration • Fistulas/drains • Hypotension

aFluid needs increase 7% for each °F above normal; 13% for each °C.
bPoor glucose control; excess alcohol, caffeine; osmotic diuresis.

The following may DECREASE fl uid needs:

• Cardiac disease (especially CHF)

• Edema

• Fluid overload

• Hepatic failure with ascites

• Medications

• Renal failure

• SIADH

• Signifi cant hypertension

• “Third spacing” of fl uid

Adapted with permission from Pocket Resource for Nutrition Assessment, 2009 Edition. Dietetics in Health Care Communities, a dietetic practice group of the 
American Dietetic Association, pp. 22–24.

Nutritional Needs and Assessment: Shortcut Method for Estimating Adult Energy 
Needs per Kilogram  (continued )7.4TABLE

• Increased serum creatinine hematocrit, BUN, K+, CL−, 
osmolarity (sodium can be increased, normal, or decreased 
depending on the underlying cause of the dehydration)

• Decreased blood pressure
• Increased pulse
• Constipation (may be due to recent diarrhea)
• Concentrated urine

Daily body weight measurements can indicate large fl uid losses 
or gains. For example, a weight loss of 2 kg in 48 hours indi-
cates a corresponding loss of 2 L of fl uid. Health-care provid-
ers should offer hydration more frequently to elderly patients 
whose sense of thirst is declining.

NUTRITION BASED ON WOUND ETIOLOGY

Pressure Ulcers
Refer to PU guidelines. As previously noted, nutrition plays 
a key role in the prevention and treatment of pressure ulcers. 
The 2009 NPUAP/EPUAP Pressure Ulcer Nutrition Prevention 
and Treatment Guidelines offer recommendations that are a 
resource for practitioners when developing nutrition interven-
tions for individual patients (Table 7.5). The Guideline was 
developed following a systematic, comprehensive review of 
the peer-reviewed, published research on pressure ulcer treat-
ment. The guidelines have a cumulative strength of evidence 
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International Guideline

Prevention and Treatment of Pressure Ulcers:

Quick reference Guide

Specifi c Recommendations: Nutrition Prevention

1.  Offer high-protein mixed oral nutritional supplements and/or tube feeding, in addition to the usual diet, to individuals with nutritional 
risk and pressure ulcer risk because of acute or chronic diseases, or following surgical intervention. (Strength of Evidence = A.)

  1.1.  Administer oral nutritional supplements (ONS) and/or tube feeding (TF) in between the regular meals to avoid reduction of 
normal food and fl uid intake during regular mealtimes. (Strength of Evidence = C.)

Role of Nutrition in Pressure Ulcer Healing

1.  Screen and assess nutritional status for each individual with a pressure ulcer at admission and with each condition change and/or 
when progress toward pressure ulcer closure is not observed. (Strength of Evidence = C.)

  1.1.  Refer all individuals with a pressure ulcer to the dietitian for early assessment and intervention of nutritional problems. 
(Strength of Evidence = C.)

  1.2.  Assess weight status for each individual to determine weight history and signifi cant weight loss from usual body weight 
(≥ 5% change in 30 d or ≥ 10% in 180 d). (Strength of Evidence = C.)

  1.3.  Assess the individual’s ability to eat independently. (Strength of Evidence = C.)

  1.4.  Assess the adequacy of total nutrient intake (food, fl uid, oral supplements, enteral/parenteral feedings). (Strength of Evidence = C.)

2.  Provide suffi cient calories. (Strength of Evidence = B.)

   2.1.  Provide 30–35 kcal/kg body weight for individuals under stress with a pressure ulcer. Adjust formula based on weight loss, 
weight gain, or level of obesity. Individuals who are underweight or who have had signifi cant unintentional weight loss may 
need additional kilocalories to cease weight loss and/or regain lost weight. (Strength of Evidence = C.)

   2.2.  Revise and modify (liberalize) dietary restrictions when limitations result in decreased food and fl uid intake. These adjustments 
are to be managed by a dietitian or medical professional. (Strength of Evidence = C.)

   2.3.  Provide enhanced foods and/or oral supplements between meals if needed. (Strength of Evidence = B.)

   2.4.  Consider nutritional support (enteral or parenteral nutrition) when oral intake is inadequate. This must be consistent with 
individual’s goals. (Strength of Evidence = C.)

3.  Provide adequate protein for positive nitrogen balance for an individual with a pressure ulcer. (Strength of Evidence = B.)

   3.1.  Offer 1.25–1.5 g protein/kg body weight daily for an individual with a pressure ulcer when compatible with goals of care, and 
reassess as condition changes. (Strength of Evidence = C.)

   3.2.  Assess renal function to ensure that high levels of protein are appropriate for the individual. (Strength of Evidence = C.)

4.  Provide and encourage adequate daily fl uid intake for hydration. (Level of Evidence = C.)

   4.1.  Monitor individuals for signs and symptoms of dehydration: changes in weight, skin turgor, urine output, elevated serum 
sodium, or calculated serum osmolality. (Strength of Evidence = C.)

   4.2.  Provide additional fl uid for individuals with dehydration, elevated temperature, vomiting, profuse sweating, diarrhea, or heavily 
draining wounds. (Strength of Evidence = C.)

5.  Provide adequate vitamins and minerals. (Strength of Evidence = B.)

   5.1.  Encourage consumption of a balanced diet that includes good sources of vitamin and minerals. (Strength of Evidence = B.)

   5.2.  Offer vitamin and mineral supplements when dietary intake is poor or defi ciencies are confi rmed or suspected. (Strength of 
Evidence = B.)

Adapted from European Pressure Ulcer Advisory Panel and National Pressure Ulcer Advisory Panel. Prevention and Treatment or Pressure Ulcers: Quick 
Reference Guide. Washington, DC: National Pressure Ulcer Advisory Panel; 2009, with permission.

International Guideline Prevention and Treatment of Pressure Ulcers: Quick Reference Guide7.5TABLE
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 CHAPTER 7 ■ Assessment and Treatment of Nutrition 203

presence of underlying medical conditions or malignancies; 
management of postoperative therapies such as wound care; 
and skin prep/type of suture material used.

Burns
Major burns result in severe trauma. In this state, energy 
requirements can increase as much as 100% above resting 
energy expenditure, depending on the extent and depth of 
the burn. This hypermetabolism is accompanied by exagger-
ated protein catabolism (i.e., breaking down of amino acids for 
energy) and increased urinary nitrogen excretion. Clients suf-
fering from burns are in negative nitrogen balance because their 
bodies are using protein for energy (Fig. 7.4). Protein is also lost 
through the burn wound exudate. Metabolic needs are reduced 
slightly by the practice of covering wounds as early as possible 
to reduce evaporative and nitrogen losses and prevent infection.

Skin Tears
Lacerations resulting from falls, bumps, or shearing forces due 
to poor lifting technique are often found in the frail elderly. 
Their skin is less elastic, has limited subcutaneous fat stores, is 
more susceptible to medication reactions, and is prone to tear-
ing away. A skin tear that shows only limited improvement in 
7 to 14 days may require the initiation of more aggressive nutri-
tion therapy, such as the addition of protein, calories, and fl uid. 
The RD should assess the current diet for adequacy prior to ini-
tiating additional nutrients.

Leg Ulcers
Many chronic, nonhealing ulcers occur on the lower legs and 
feet, particularly those of vascular origin. Management of 
lower extremity ulcers is complex and is discussed in detail in 
Chapter 11. It is extremely important to provide support for 
possible alterations in life style (e.g., weight loss, proper diet, 
and smoking cessation).

Oral Candidiasis
The yeast-like fungus Candida albicans lives with the normal 
fl ora of the mouth, vaginal tract, and gut. In the adult, oral can-
didiasis occurs for several reasons. It may occur among diabetic 
clients with depressed cell-mediated immunity, the elderly, 
and those with cancer, particularly leukemia. Prolonged 

supporting each recommendation. The Clinical Practice 
Guideline (CPG) summarizes recommendations and support-
ing evidence for the guidelines. The Algorithm for Treatment 
of Pressure Ulcers: Nutrition Guideline (Fig. 7.3) offers sug-
gestions for implementing the guidelines. The RD should use 
clinical judgment when applying any guideline, as the specifi c 
recommendation may not be appropriate in all circumstances.

Surgical Wounds
Acute surgical wounds result from operative procedures and 
typically progress in a timely fashion along the healing trajec-
tory, with at least external manifestations of healing apparent 
early in the postoperative period. Key factors infl uencing heal-
ing include the systemic state of the client; nutritional status; 

CLINICAL WISDOM

Dehydration
Patients who are at risk of dehydration must be monitored 
carefully.

Watch for Warning Signs
The following are signs that an individual may be at risk for 
or suffering from dehydration:

● Drinks less than six cups of liquid daily
● Has one or more of the following: dry mouth cracked lips 

sunken eyes dark urine
● Needs help drinking from a cup or glass
● Has trouble swallowing liquids
● Has frequent vomiting, diarrhea, or fever
● Is easily confused/tired

Report and Take Action
Most individuals need at least six cups of liquid to stay 
hydrated. Below are some action steps to help residents get 
enough to drink:

● Report observations and warning signs to nurse and 
dietitian.

● Encourage the residents to drink every time you see him 
or her.

● Offer 2 to 4 oz of water or liquids frequently.
● Record fl uid intake and output.
● Offer ice chips frequently (unless the patient has a swal-

lowing problem).
● Check swallowing precautions; if appropriate, offer sips of 

liquid between bites of food at meals and snacks.
● Drink fl uids with the residents, if allowed.
● Make sure pitcher and cup are near enough and light 

enough for the residents to lift.
● Offer the appropriate assistance, as needed, if the resident 

cannot drink without help.

Adapted with permission from the Nutrition Screening 
Initiative, a project of the American Academy of Family 
Physicians, the American Dietetic Association and the 
National Council on the Aging, Inc., funded in part by a 
grant from Ross Products Division, Abbott Laboratories Inc.

CLINICAL WISDOM

Tips to Increase Fluids
● Hydration carts—offer fl uids, such as juices, fl avored 

water, or lemonade three times a day
● Popsicles
● Gelatin cubes
● Soups
● Sorbet/sherbet
● Ice cream
● Milk and milkshakes
● Ice chips
● Offer 4 oz of water between meals
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DOCUMENTATION OF MEDICAL NUTRITION 
THERAPY

Documentation of medical nutrition therapy in the medical 
record should include

• Amount or % of meals consumed. If applicable, type and 
amount (ounces) of supplements consumed

• Average fl uid consumed daily (mL), related to amount 
required

• Ability to eat: assisted, supervised, or independent
• Acceptance or refusal of diet, meals, and/or supplements
• Current weight and percent gained or lost
• New conditions affecting nutritional status, such as introduc-

tion of thickened liquids or new diagnosis
• New medications affecting nutritional status
• Current laboratory fi ndings (past 3 months)
• Condition and/or stage of wounds; for example, healing 

stage IV pressure ulcers
• Current calorie, protein, or fl uid requirements
• Recommendation for new interventions if current treatment 

plan is not achieving the desired outcome

CONCLUSION

Undernutrition impedes healing of both chronic and acute 
wounds. Indeed, the development of a pressure ulcer or the 
failure of any type of wound to heal can be an indicator of 
undernutrition or poor nutritional status. Reduced food intake, 
unintended weight loss, hydration defi cits, and the impaired 
ability to eat independently are known risk factors for pres-
sure ulcer development, and unless these defi cits are reversed, 
wound healing is delayed.16,37,38

Medical nutrition therapy can provide the means to meet 
these challenges. A diet that allows the client to enjoy favorite 
foods using oral nutrition supplements (if needed) or enteral 
and parenteral nutrition support can achieve  optimal nutri-
tion, thereby exerting a positive impact on wound healing.

corticosteroid, immunosuppressive, and broad-spectrum anti-
biotic therapy, as well as inhalant steroids, can also cause infec-
tion. Nutritional therapy includes.

NUTRITIONAL SUPPORT

The term nutritional support is commonly used to describe a 
variety of techniques available for use when patients are unable 
or unwilling to meet their nutrient needs by normal ingestion 
of food. The goal of nutritional support is to place the patient 
into positive nitrogen balance (i.e., the body maintains the same 
amount of protein in its tissues from day to day), in accordance 
with the goals of care and compatibility with the patient’s and 
family’s wishes.

The technique chosen for nutritional support can be quite 
simple. For example, in addition to the client’s usual oral diet, 
a liquid nutritional supplement or high calorie pudding, or fro-
zen dairy products can be provided between meals. The diet 
may include fortifi ed foods such as cereal, mashed potatoes, or 
soups.

A more complex form of nutritional support is enteral nutri-
tion, feeding by way of a tube placed into the gastrointestinal 
tract. Enteral feeding can be initiated when the ability to chew, 
swallow, and absorb nutrients through the normal gastroin-
testinal route is compromised by conditions such as stroke, 
Parkinson disease, cancer, and dysphagia, or when clients can-
not meet their nutritional needs orally. Most enteral tube feed-
ing formulas are nutritionally complete and designed for a 
specifi c purpose.

Even more invasive is total parenteral nutrition (TPN, which 
is a form of feeding that administers nutrients directly into the 
venous system, bypassing the GI tract). TPN is initiated when 
enteral feeding is contraindicated—for example, when the gas-
trointestinal tract is not functional—or when enteral feeding 
is insuffi cient to maintain nutritional status or has led to seri-
ous complications. The Prevention of Pressure Ulcers Nutrition 
Decision Tree (see Fig. 7.1) can be used to determine when 
enteral and parenteral feeding should be considered.

Clinical Data
Mrs. T, 85 years old, has dementia and a nonhealing, draining 
stage IV pressure ulcer on her coccyx. She is 5′6′′ and weighs 
120 lb, having lost 10 lb (8%) in 30 days. The staff reports 
that she consumes only 50% of her 2 g sodium diet, or about 
900 calories. Because she prefers liquids to solid food, most of 
these calories come from beverages; her protein intake aver-
ages only 16 to 20 g per day. Mrs. T is very distracted when she 
eats in the dining room with other patients.

One week later, neither Mrs. T’s weight nor her pressure 
ulcer shows any sign of improvement. She has lost another 5 lb 
and continues to refuse meat or vegetables. Her body is clearly 
under stress and in a catabolic state. She requires increased 

energy, in the form of carbohydrate calories to  promote 
anabolism and preserve her lean body mass. In  addition, 
she needs to consume additional sources of high-quality 
 protein to advance the healing process. Unfortunately, the 
traditional intervention of enhancing her meals with fortifi ed 
foods is failing to achieve a positive nitrogen balance because 
Mrs. T refuses to eat them.

1. Based on the NPUAP Nutrition Guidelines, how many 
 calories should Mrs. T receive daily?

 a. 2010–2210 kcal
 b. 1568–1829 kcal
 c. 1640–1909 kcal
 d. 1772–2069 kcal

Answer: b

CASE STUDY     
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2. Based on the NPUAP Nutrition Guidelines, how many 
grams of protein should Mrs. T receive daily?

 a. 65–79 g
 b. 80–89 g
 c. 75–86 g
 d. 79–104 g

Answer: a.
 3. Based on her current clinical condition, Mrs. T should 

receive
 a. 220 mg zinc sulfate bid
 b. 500 mg ascorbic acid bid
 c. Multivitamin/minerals q daily
 d. 50 mg elemental zinc

Answer: c.
4. Mrs. T’s current BMI is

 a. 19
 b. 21
 c. 24
 d. 18

Answer: a
 5. The current plan of action for Mrs. T should include

 a. Weekly prealbumin
 b. Request liberalized diet

 c. Initiate a tube feeding
 d. Weekly electrolytes

Answer: b
 6. Strategies should include

 a. Supplements with meals
 b. Two eggs per day
 c. Supplements between meals
 d. Six meals

 Answer: c
 7. Minimum fl uid requirements are

 a. 30 mL/kg/body wt
 b. 40 mL/kg/body wt
 c. 1 mL/kcal
 d. 2 mL/kcal

Answer: c
 8. The registered dietitian should

 a. Assess adequacy of total nutrient intake
 b. Reassess caloric requirements, if decline continues
 c. Recommend Mrs. T dine in a quiet area
 d. All of the above

Answer: d

CASE STUDY     

REVIEW QUESTIONS

 1. Albumin levels are decreased with
 A. acute infl ammation
 B. surgery
 C. infection
 D. all of the above
 E. both C and A

 2. The Center for Medicare and Medicaid Services (CMS) 
 defi nes signifi cant weight loss as
 A. 7% in 60 days
 B. 5% in 30 days
 C. 3% in 14 days
 D. 10% in 180 days
 E. both B and D

 3. A client who weighs 140 lb with a stage IV pressure ulcer 
has a protein requirement of
 A. 80–95 g of protein per day
 B. 64–74 g of protein per day
 C. 51–74 g of protein per day
 D. 76–86 g of protein per day
 E. 95–127 g of protein per day

 4. Identify the factor(s) associated with the body’s metabolic 
response to severe stress:
 A. Metabolic rate slows
 B. Conservation of energy per protein stores
 C. Protein is the prime source for glucose
 D. Accelerated loss of energy and protein stores
 E. Both C and D
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Appendix 7A      

Mini Nutritional Assessment
MNA®

Complete the screen by filling in the boxes with the appropriate numbers. Add the numbers for the screen. If score is 11 or less, continue with the 
assessment to gain a Malnutrition Indicator Score.  

G 

H 

I 

Screening score 
(subtotal max. 14 points) 

12 points or greater: Normal – not at risk – no need to 
complete assessment 

11 points or below: Possible malnutrition – continue 
assessment  

Ref. 

Has food intake declined over the past 3 months due to 
loss of appetite, digestive problems, chewing or 
swallowing difficulties? 
0 = severe decrease in food intake 
1 = moderate decrease in food intake 
2 = no decrease in food intake 
Weight loss during the last 3 months 
0 = weight loss greater than 3kg (6.6lbs) 
1 = does not know 
2 = weight loss between 1 and 3kg (2.2 and 6.6 lbs) 
3 = no weight loss 
Mobility 
0 = bed or chair bound 
1 = able to get out of bed / chair but does not go out 
2 = goes out 
Has suffered psychological stress or acute disease in the 
past 3 months? 
0 = yes 2 = no 
Neuropsychological problems 
0 = severe dementia or depression 
1 = mild dementia 
2 = no psychological problems 
Body Mass Index (BMI) (weight in kg) / (height in m2) 
0 = BMI less than 19 
1 = BMI 19 to less than 21 
2 = BMI 21 to less than 23 
3 = BMI 23 or greater  

How many full meals does the patient eat daily? 
0 = 1 meal 
1 = 2 meals 
2 = 3 meals 
Selected consumption markers for protein intake 

· At least one serving of dairy products 
(milk, cheese, yoghurt) per day yes no 

· Two or more servings of legumes 
or eggs per week   yes no 

· Meat, fish or poultry every day  yes no 
0.0 = if 0 or 1 yes 
0.5   = if 2 yes 
1.0   = if 3 yes                 . 
Consumes two or more servings of fruit or vegetables per day? 
0 = no 1 = yes 
How much fluid (water, juice, coffee, tea, milk...) is consumed per 
day? 
0.0 = less than 3 cups 
0.5 = 3 to 5 cups 
1.0 = more than 5 cups                . 
Mode of feeding 
0 = unable to eat without assistance 
1 = self-fed with some difficulty 
2 = self-fed without any problem 
Self view of nutritional status 
0 = views self as being malnourished 
1 = is uncertain of nutritional state 
2 = views self as having no nutritional problem 
In comparison with other people of the same age, how does the 
patient consider his / her health status? 
0.0 = not as good 
0.5 = does not know 
1.0 = as good 
2.0 = better                   . 
Mid-arm circumference (MAC) in cm 
0.0 = MAC less than 21
0.5 = MAC 21 to 22 
1.0 = MAC 22 or greater                . 
Calf circumference (CC) in cm 
0 = CC less than 31 
1 = CC 31 or greater 

A 

B 

C 

D 

E 

F 

Last name:      First name: 

Sex:   Age:   Weight, kg:  Height, cm:  Date:  

Screening

Assessment 

Lives independently (not in nursing home or hospital) 
1 = yes 0 = no 
Takes more than 3 prescription drugs per day 
0 = yes 1 = no 
Pressure sores or skin ulcers 
0 = yes 1 = no

Vellas B, Villars H, Abellan G, et al. Overview of MNA® - Its History and Challenges.
J Nut Health Aging 2006; 10: 456-465. 
Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for 
Undernutrition in Geriatric Practice: Developing the Short-Form Mini Nutritional 
Assessment (MNA-SF). J. Geront 2001; 56A: M366-377. 
Guigoz Y. The Mini-Nutritional Assessment (MNA®) Review of the Literature – What 
does it tell us? J Nutr Health Aging 2006; 10: 466-487. 
® Société des Produits Nestlé, S.A., Vevey, Switzerland, Trademark Owners 
© Nestlé, 1994, Revision 2006. N67200 12/99 10M 
For more information: www.mna-elderly.com

J

K

L

M

N

O

P

Q

R

Assessment (max. 16 points)    . 

Screening score     . 

Total Assessment (max. 30 points)    .

Malnutrition Indicator Score 

17 to 23.5 points   at risk of malnutrition 

Less than 17 points   malnourished 

Sussman_Chap07.indd   208Sussman_Chap07.indd   208 7/25/2011   8:42:51 PM7/25/2011   8:42:51 PM

http://www.mna-elderly.com


 CHAPTER 2 ■ Wording of Chapter Title 209

209

Appendix 7B      

Mini Nutritional Assessment 
                   MNA®

Complete the screen by filling in the boxes with the appropriate numbers. Total the numbers for the final screening score.

IF BMI IS NOT AVAILABLE, REPLACE QUESTION F1 WITH QUESTION F2. 
DO NOT ANSWER QUESTION F2 IF QUESTION F1 IS ALREADY COMPLETED. 

For a more in-depth assessment, complete the full MNA® which is available at www.mna-elderly.com

Ref.  Vellas B, Villars H, Abellan G, et al. Overview of the MNA® - Its History and Challenges. J Nutr Health Aging 2006;10:456-465. 
Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for Undernutrition in Geriatric Practice: Developing the Short-Form Mini 
Nutritional Assessment (MNA-SF). J. Geront 2001;56A: M366-377. 
Guigoz Y. The Mini-Nutritional Assessment (MNA®) Review of the Literature - What does it tell us? J Nutr Health Aging 2006; 10:466-487. 
® Société des Produits Nestlé, S.A., Vevey, Switzerland, Trademark Owners 
© Nestlé, 1994, Revision 2009. N67200 12/99 10M 
For more information: www.mna-elderly.com

Last name: First name:  

Sex: Age: Weight, kg: Height, cm: Date: 

Screening 

A   Has food intake declined over the past 3 months due to loss of appetite, digestive problems, chewing or 
 swallowing difficulties? 
 0 = severe decrease in food intake 
 1 = moderate decrease in food intake 
 2 = no decrease in food intake                             

B   Weight loss during the last 3 months 
 0 = weight loss greater than 3 kg (6.6 lbs) 
 1 = does not know 
 2 = weight loss between 1 and 3 kg (2.2 and 6.6 lbs) 
 3 = no weight loss                

C   Mobility 
 0 = bed or chair bound 
 1 = able to get out of bed / chair but does not go out 
 2 = goes out 

D   Has suffered psychological stress or acute disease in the past 3 months? 
 0 = yes 2 = no                

E   Neuropsychological problems 
 0 = severe dementia or depression 
 1 = mild dementia 
 2 = no psychological problems               

F1 Body Mass Index (BMI) (weight in kg) / (height in m2) 
 0 = BMI less than 19 
 1 = BMI 19 to less than 21 
 2 = BMI 21 to less than 23 
 3 = BMI 23 or greater                

F2 Calf circumference (CC) in cm 
 0 = CC less than 31 
 3 = CC 31 or greater               

Screening score                       
(max. 14 points) 

12-14 points:   Normal nutritional status 
8-11 points:   At risk of malnutrition 
0-7 points:   Malnourished
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P A R T  I I

Management by Wound Etiology

Barbara M. Bates-Jensen

of lower extremities with a focus on the neuropathic foot and 
management of common foot problems, including those 
involving the skin and nails of the foot.

Chapter 14 describes management of malignant wounds 
and fi stulas, which are often complex and diffi cult to manage. 
Palliative care and the role of wound care clinicians when faced 
with wounds with little or no healing potential are  emphasized 
in this chapter. Finally, Chapter 15—which is new to this 
 edition—discusses management of burn wounds.

Although similarities exist in the treatment of any wound, 
the treatment approach varies depending on wound etiol-
ogy. The chapters in Part II form a foundation of knowl-
edge that should provide you with a more individualized 
and more effective approach to caring for the patient with 
a wound.

Determining the etiology of a wound is a critical task in creat-
ing a comprehensive treatment plan for patients with wounds. 
Expanding your knowledge of wound etiology will empower 
you to provide quality comprehensive care in clinical practice. 
The chapters in Part II focus on management by wound etiol-
ogy with specifi c information on acute surgical wounds, pres-
sure ulcers, vascular ulcers, and neuropathic ulcers. In these 
chapters, we’ll discuss the pathophysiology involved in the 
wound type, assessment methods, and prevention and manage-
ment of specifi c wound types.

Chapter 8 presents management of the acute surgical wound. 
Chapters 9 and 10 describe issues related to the pathophysiol-
ogy, detection, and prevention, of pressure ulcers. Chapter 11 
provides an in-depth analysis of the diagnosis and management 
of vascular ulcers. Chapters 12 and 13 continue the examination 
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CHAPTER OBJECTIVES

Management of Acute Surgical Wounds

Barbara M. Bates-Jensen and John Williams

As you learned in Chapter 2, acute wounds are disruptions in 
the integrity of the skin and underlying tissues that progress 
through the healing process in a timely and uneventful man-
ner. The acute surgical wound is an example of a healthy wound 
in which healing can be maximized. However, not all surgical 
wounds are uncomplicated. Acute surgical wounds can occur 
in unhealthy tissues, in a compromised host, or as a result of 
unexpected or signifi cant trauma.

Surgical wounds are most commonly allowed to heal 
by primary intention. Wounds that heal by primary intention 
are wounds with edges that are approximated and closed as 
shown in Figure 8.1. The acute surgical incision wound heal-
ing by primary intention is the focus of this chapter; however, 
we also discuss special situations requiring healing by sec-
ondary (see Fig. 8.2A–D) and tertiary intention later in this 
chapter. Table 8.1 provides defi nitions of the three types of 
acute wound healing. A surgical incision healing by primary 
intention could be described as the ideal wound for healing. 
The wound is controlled with attention to tissue handling 
and proper use of surgical instruments by the surgeon, and 
the wound edges are apposed and aligned immediately to 
decrease the risk of infection. In general, such a wound should 
complete the proliferative phase of wound healing in 4 weeks; 
that is, the incision line should have fi lled with granulation 
tissue and be resurfaced with epithelial tissue. Acute surgical 
wounds that progress at a slower pace or fail to progress can 
be considered chronic.

FACTORS AFFECTING HEALING IN ACUTE WOUNDS

Healing in acute surgical wounds involves the interaction of 
extrinsic and intrinsic factors. Extrinsic factors relate to those 
agents outside the person, whereas intrinsic factors are those 
infl uencing the person internally or systemically.

Extrinsic Factors
The physical environment before and during surgery, surgi-
cal preparation, surgical techniques, and types of sutures are 
all examples of extrinsic factors that can affect acute wound 
healing. Thus, for the surgical wound, evaluation of the peri-
operative period is important, because it plays a role in the 
wound outcome. Wound infection is the major cause of surgi-
cal wounds failing to progress through the healing process in a 
timely and uneventful manner and can be caused by extrinsic 
factors. Surgical site infections (SSIs) both greatly increase a 
patient’s length of stay and costs and contribute to morbidity 
and mortality.1,2 An estimated 2.6% of nearly 30 million opera-
tions are complicated by SSIs each year.2 Organizations such 
as the Institute of Medicine and the Institute for Healthcare 
Improvement have pushed for patient safety to be a higher pri-
ority for health-care personnel, and preventing SSIs is a facet of 
this undertaking. SSIs are caused by either external (from the 
operating room environment or personnel) or internal (from 
the patient’s own body) microbial contamination. Operating 

At the completion of this chapter, the reader will be able to:

1. Discuss factors affecting healing of acute surgical wounds.
2. Describe assessment and management of the acute surgical wound, including care of the sur-

gical dressing.
3. Identify circumstances in which a surgical wound may be left to heal by secondary or tertiary 

intention.
4. Discuss outcome measures for acute surgical wounds during the preoperative, intraoperative, 

and postoperative periods.
5. Identify referral criteria for patients with surgical wounds.

8
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216 PART II ■ Management by Wound Etiology

Wound Healing Type Defi nition

Primary intention Wound edges approximated and 
closed at time of surgery

Secondary intention Wound left open after surgery and 
allowed to heal with scar tissue 
replacing the tissue defect

Tertiary or delayed 
primary closure

After surgery, wound left open 
 initially and after short period 
of time, wound edges are 
 approximated and wound is closed

Types of Surgical Wound Healing8.1TABLE

Preoperative Period
The length of time a patient spends in the hospital prior to 
surgery infl uences the rate of surgical wound infection. As the 
length of the hospital stay increases prior to surgery, the risk of 
wound infection increases, though length of stay is more likely 
a surrogate for disease severity and comorbidities.2,3 Preparation 
of the operative site also infl uences the risk of wound infection. 
The use of a systematic approach for preoperative skin prepara-
tion can decrease SSI rates by sustaining a greater and longer 
preparation time.3 Although showering with a hexachlorophene 
or 4% chlorhexidine gluconate prior to surgery is common prac-
tice, there is limited evidence showing any benefi t of showering 
or bathing with chlorhexidine over bar soap or other products 
in reducing SSIs.1,4,5 Further, there are mixed fi ndings compar-
ing bathing with chlorhexidine with no preoperative washing.5

Shaving the operative area and the method used to shave 
the area have also been implicated in surgical wound infec-
tion,6 because shaving causes skin aberrations that can become 
infected by proliferating microorganisms.7

Preoperative prophylactic antibiotic administration is more 
strongly supported for most surgeries and is specifi cally rec-
ommended for clean surgery, when a prosthetic or implant 
is placed, clean-contaminated, and contaminated surgery 

FIGURE 8.2 Surgical incision healing by secondary intention. A: Wound has been left open after surgery with a tissue cav-
ity that must be fi lled with scar tissue (granulation tissue). B: Wound appearance postoperatively. C,D: Wound 8 weeks 
later showing complete closure and wound resurfaced with epithelium. (Courtesy of Dr. M.A. Treadwell, Eastland, Texas.)

FIGURE 8.1 Surgical incision healing by primary intention. Wound 
edges are well approximated and closure materials remain in place. 
(Courtesy of Dr. M.A. Treadwell, Eastland, Texas.)

room protocols, attention to instrumentation, and appropri-
ate surgical technique are all means of decreasing the risk of 
 infection and ensuring optimal healing from the outset for the 
surgical wound.
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Wound Classifi cation Surgical Label Defi nition Procedure Type

I Clean •  Nontraumatic injuries
•  No infl ammation found during procedure
•  No break in sterile technique

•  Exploratory laparotomy
•  Mastectomy
•  Total hip replacement
•  Vascular surgeries

II Clean-contaminated •  Procedures involving GI or respiratory tract
•  No signifi cant contamination

•  Bronchoscopy
•  Small bowel resection
•  Whipple 

pancreaticoduodenectomy

III Contaminated •  Major break in sterile technique
•  Gross spillage from GI tract

•  Appendectomy for infl amed 
appendicitis

•  Bile spillage during 
cholecystectomy

•  Diverticulitis

IV Dirty or infected •  Acute bacterial infl ammation found
•  Pus encountered
•  Devitalized tissue encountered

• Excision and drainage of abscess
•  Perforated bowel
• Peritonitis

Surgical Wound Classifi cations8.2TABLE

RESEARCH WISDOM

Operative Site Preparation
Body hair is regularly removed prior to surgery, but there 
is insuffi cient evidence to suggest that this practice reduces 
SSI rates and hair should only be removed if it will inter-
fere with the procedure.7 Use of depilatory creams, electric 
razors, or clippers is associated with reduced wound infec-
tion rates when compared with the use of nonelectric razors 
to shave the operative area. It is still unclear whether it is best 
to remove hair on the day of surgery or the day prior.7

(see Table 8.2).1,6,8,9 When indicated, prophylactic antimicrobial 
agents have been found to effectively reduce SSIs.10 Antibiotics 
should be administered by an intravenous route and timed in 
such a manner that therapeutic concentrations of the drug are 
perfused to the tissues by the time the incision is made.9 This 
means that most antibiotics should be given within 1 hour of 
surgery and intraoperatively when anesthesia is administered to 
ensure that the drug is present in the tissue until after the inci-
sion is closed.8,9,11 If possible, all infection remote to the surgical 
site should be treated prior to elective surgery.

Intraoperative Period
Limiting the infection rate intraoperatively is largely under the 
control of the surgeon. Sometimes, infection control is diffi cult 
to achieve. For example, the surgeon has limited power over the 
nature of the problem for which the surgery is performed, the 
operative site, and the general condition of the patient; all are 
complex factors that are not easily controlled. The type of sur-
gical procedure also infl uences the risk of infection.12 Table 8.2 
shows the classifi cation of surgical procedures according to the 
risk of infection.13

The National Nosocomial Infections Surveillance (NNIS) 
System Basic Surgical Site Infections (SSI) Risk Index is 
another method for determining the risk of infection.14 The 
NNIS system scores surgical procedures by including the 
American Society of Anesthesiologists (ASA) classifi cation 
 perioperatively, whether the procedure is contaminated or 
dirty infected, and the duration of the surgical procedure. 
The NNIS Basic SSI Index is a multivariate index for wound 
classifi cation that compensates for the limitation of the tra-
ditional wound classifi cation system, which does not take 
into account a patient’s intrinsic risk of developing a surgical 
wound infection.14

In addition to the degree of wound classification and 
ASA score, the duration of the surgical procedure has been 
found to be independently associated with surgical wound 
infections.6 Strict adherence by operating room person-
nel to an infection control protocol has also resulted in 
decreased wound infection rates.15 Data comparing use of 
hand antisepsis using alcohol scrubs with additional active 
ingredients to aqueous scrubs (such as povidone iodine 
and chlorhexidine) by surgical personnel to reduce SSIs 
have shown mixed findings, although aqueous scrubs with 
chlorhexidine were more effective in reducing the amount 
of bacteria on the hands compared to aqueous scrubs with 
povidone iodine.16

Other factors such as obesity or increased tension on the sur-
gical incision site and specifi c comorbidities have also demon-
strated increased risk for surgical wound infection. Some degree 
of mechanical stress on tissue during surgery is inevitable; how-
ever, excess trauma from this stress can lead to a prolonged 
infl ammatory phase of healing, decreased tensile strength, and 
increased risk of infection. Surgeons must be concerned with 
wound tension, vascular supply, and proper surgical technique. 
If the wound cannot be closed without a signifi cant amount of 
tension or if the vascular supply is poor, there is increased risk 
of dehiscence, necrosis, and infection.9,10
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Providing adequate oxygenation to the tissues may require 
supplemental oxygen for the patient. Patients should be given 
suffi cient oxygen during major surgery and in the recovery 
period to ensure that a hemoglobin saturation of more than 
95% is maintained.8 As pain increases the stress response and 
causes vasoconstriction, management of pain is recommended 
to ensure optimal wound healing.15,21,22

Intrinsic Factors
Intrinsic factors that affect healing of the acute surgical wound 
are those that infl uence the patient systemically. Intrinsic fac-
tors include age, concurrent conditions, nutritional status, and 
oxygenation and tissue perfusion.

Age
The physiologic changes that occur with aging place the older 
individual at higher risk for poor wound healing outcomes.9,23–25 
The healing process for older adults proceeds more slowly 
and this population is more likely to present with comorbidi-
ties.9 Aging causes skin changes, including decreased elastin 
in the skin with thinning of the dermoepidermal junction and 
decreased collagen and elastin content of the skin.25 Cellular 
senescence occur as well. Cellular senescence is the decline in 
the ability of cells to multiply and divide and this is most evident 
when the skin of an elder is challenged with wound healing.25 
Neutrophils and macrophages demonstrate decreased growth 
factor production, migration, and phagocytosis. Growth fac-
tors are less responsive, and their amounts are decreased.26 
A decreased rate of migration by keratinocytes affects the rate 
of wound healing and, in particular, reepithelialization of the 
skin.26 Finally, older adults demonstrate decreased ability to 
replace collagen after abdominal surgery.27

For example, Australian investigators developed a preopera-
tive scoring system to better predict sternal SSIs as a result of 
coronary artery bypass graft (CABG) surgical procedures that 
incorporates obesity as a risk factor. The Australian Clinical 
Risk Index assigns 1 point for diabetes mellitus, 1 point for 
body mass index (BMI) of 30 or greater but less than 35, and 2 
points for BMI of greater than 35. Each point in the scoring sys-
tem represents approximately a doubling of risk for infection.17 
The Australian Clinical Risk Index performed better than the 
NNIS system in predicting risk for SSI and can stratify patients 
into discrete groups associated with increased risk of SSIs.18 
There are several methods to predict risk for SSI.

Methods of reducing infection risk and optimizing wound 
healing outcomes include attention to suturing technique. 
Use of buried sutures and primary layered anatomic closure 
can improve primary wound healing by decreasing the poten-
tial for hematoma formation in dead space under the inci-
sion, giving tensile support in the fi rst 2 to 4 months while the 
wound is still weak, and decreasing tension on the apposed 
wound edges.9,19 Surface sutures can negatively impact opti-
mal healing because they provide additional “wounds” to heal 
alongside the incision. In some cases, tissue adhesives may 
be used to close wounds. In general, there are no differences 
between use of tissue adhesives and sutures for most out-
comes. Some evidence exists that wounds breakdown more 
frequently when stitches/sutures are used compared to tissue 
adhesives, and tissue adhesives are more time-consuming to 
use than other methods.20

Postoperative Period
The stress response associated with surgery can impair wound 
healing.21 The stress of surgery stimulates the sympathetic 
nervous system, with a resultant sympathetic nervous sys-
tem–mediated vasoconstriction. High levels of circulating 
catecholamines in the immediate postoperative period cause 
vasoconstriction, with factors that trigger the sympathetic 
nervous system, including hypoxia, hypothermia, pain, and 
hypovolemia.21,22 Measures of subcutaneous tissue wound oxy-
genation are lower after extensive, more complex surgical pro-
cedures.22 Attempts to restore tissue and wound oxygen defi cits 
minimize the risks of hypothermia, pain, hypovolemia, and 
hypoxia simultaneously in the immediate postoperative period.

Fluid replacement occurs simultaneously with rewarming 
efforts. Correcting hypovolemia with adequate fl uid infusion 
prevents the continuing vasoconstriction caused by hypovole-
mia. Administration of supplemental intravenous fl uids until 
hemodynamic balance is reached is benefi cial.

RESEARCH WISDOM

Operation Environment
Traffi c in and out of the operating room should be mini-
mized in order to reduce the microbial level of the air and 
the room should be at a positive pressure relative to sur-
rounding areas. Operating room doors should be kept closed 
except as needed for passage of personnel, equipment, and 
the patient.8

CLINICAL WISDOM

Maximizing Wound Healing
Critical measures to maximize wound healing in the imme-
diate postoperative period include keeping the patient

● Warm
● Well hydrated, intravenously or orally
● Pain free by use of patient-controlled analgesia, if possible
● Well oxygenated by use of supplemental oxygen, if needed

Thermoregulatory responses are diminished in surgical 
patients because of their prolonged exposure to the cold 
operating room environment. Patients treated with active 
rewarming by use of heated blankets during the recov-
ery period experience a faster return of normal tissue and 
wound oxygen levels than do those allowed to return to 
normothermia without rewarming interventions.22 The rou-
tine use of measures to actively warm the patient during the 
surgical procedure, such as warming blankets and warmed 
intravenous fl uids, along with active monitoring, also helps 
to prevent thermoregulatory problems.8,9 It is easier to pre-
vent thermoregulatory problems than to remedy them. 
Normothermia and absence of hypoxia increase tissue per-
fusion that assists in wound healing and prevention of SSIs.9
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Several aging-related changes have been shown to be 
 reversible. For example, estrogen hormone replacement 
therapy can increase healing capacity in wounds with normal 
older adults.28 Some have suggested that estrogen alone is the 
major regulator of delayed wound healing in elders.29 Much 
of the delayed healing response in elders has been attributed 
to an inappropriately prolonged and excessive infl ammatory 
response, and research has demonstrated that the decline in 
sex steroid hormones with aging may play a major role on the 
infl ammatory response. Further, topical and systemic estro-
gen and progesterone treatments have shown an increased rate 
of healing by reducing infl ammation and stimulating matrix 
deposition and reepithelialization.30,31

The normal decline in immune system function with age 
may account for the increased risk of infection in older adults. 
The diminished immune response allows microorganisms to 
proliferate in the wound before they can be removed. Older 
adults may also present with chronic diseases, circulatory 
changes, and nutritional problems, all of which increase the risk 
for poor or delayed wound healing. Decreased motor coordi-
nation and diminished sensory function increase the potential 
for injury, wound complications, and repeated wounding at the 
same site.23

Concurrent Conditions
The presence of certain diseases, conditions, and treatments 
can infl uence surgical wound healing outcomes. Diabetes mel-
litus is associated with small vessel disease, neuropathy, and 
problems specifi c to glucose control—all of which predispose 
the individual to impaired wound healing.32 Wound healing 
problems related to diabetes include increased risk of infec-
tion, delayed epithelialization,33 impaired or delayed collagen 
synthesis with decreased or delayed quantity of granulation 
tissue,33 and slowed wound contraction and closure. There 
may be a delayed response or impaired functioning of the leu-
kocyte and fi broblast cells, decreased or impaired growth fac-
tor production,33 and imbalance between the accumulation 
of extracellular matrix components and their remodeling by 
metallomatrix proteinases (MMPs) all of which are essential for 
wound repair.32–34

The effect of surgery on patients with diabetes can be dra-
matic. Patients with diabetes respond to the stress of surgery 
by releasing a series of hormones: epinephrine, glucagon, cor-
tisol, and growth hormone. These stress hormones reduce 
the amount of circulating insulin while increasing circulating 

CLINICAL WISDOM

Risk of Delayed Wound Resurfacing in 
the Older Adult
Delays in wound resurfacing put older patients at risk for 
wound infection. Daily wound assessments and use of 
topical dressings for protection may be required for a lon-
ger period of time than is necessary for younger patients. 
However in healthy older patients, clinicians can expect the 
fi nal outcome to be consistent with that of younger individ-
uals despite the age-related changes in older adults.23,24

glucose. Elevated glucose levels can reduce the effectiveness of 
neutrophils’ phagocytotic function and alter the deposition of 
collagen by fi broblasts, leading to a decrease in wound tensile 
strength.35 Elevated glucose levels can also lead to cellular mal-
nutrition, because insulin is the key for allowing nutrient use in 
cells. When glucose cannot be used as energy, proteins and fats 
are used as fuel, depleting the necessary substrates for wound 
healing. Maintaining serum glucose levels of 120 to 180 mg/dL 
is recommended for postoperative patients with diabetes to 
decrease their risk for wound infection.35 Careful monitoring 
of blood glucose levels and insulin administration as necessary 
can promote optimal healing.9,35

Immunocompromised patients are another group at risk 
for poor healing outcomes. As just noted, the immune system 
plays a signifi cant role in wound healing, and any impairment 
(e.g., aging, malnutrition, cancer, and HIV infection) can result 
in serious sequelae for patients with surgical wounds.9

Treatments that affect wound healing include steroids, 
anti-infl ammatory drugs, antimitotic drugs, and radiation 
therapy. Steroids inhibit all phases of wound healing, affecting 
phagocytosis, infl ammation, collagen synthesis, and angio-
genesis. Steroid doses should be minimized before wound-
ing and during wound healing.9 The effects of steroids can be 
diminished with the use of topical vitamin A; when applied 
directly to a wound, it acts as an infl ammatory agent. Vitamin 
A is appropriate to apply to open wound beds. However, 
wounds healing by primary intention that are closed with 
well-approximated edges may not be appropriate candidates 
for topical vitamin A.

Other anti-infl ammatory drugs also inhibit wound heal-
ing, with effects seen predominantly during the infl ammatory 
phase. Cancer therapies, including antimitotic medications 
and radiation therapy, impede the normal cell cycle in rapidly 
dividing cells. The antimitotic activity interferes with new tis-
sue generation in wounds. In addition, radiation therapy has 
both acute effects on cellular function and long-term sequelae 
for healing. Its long-term effects are caused by hypoperfusion 
of tissues in the irradiated fi eld due to damage, deterioration, 
and fi brosis of the vasculature. Measures to maximize the 
time between neoadjuvant and adjuvant therapy and surgery 
are encouraged.9 Cancer patients may also present with mal-
nutrition, or cancer cachexia. Providing enteral nutritional 
supplementation (not intravenous supplementation) improves 
healing in cancer patients.9

It is especially important to take comorbidities into account 
when caring for surgical wounds in older adult populations 
because risk for chronic illness rises with age and many older 
adults suffer from conditions such as cardiovascular disease, 
cancer, and diabetes. Ischemic states due to heart disease 
and diabetes may contribute to prolonged infl ammation and 
wound dehiscence, as well as impaired angiogenesis.

CLINICAL WISDOM

Vitamin A Use for Wounds
The usual dose of topical vitamin A is 1,000 IU applied three 
times a day to the open wound bed for 7 to 10 days.
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physical components, such as pain and exhaustion, and psy-
chological factors, such as anxiety and anger, raises cortisol 
levels that, when prolonged, can decrease immune and infl am-
matory responses.42 It is therefore important that both be regu-
larly assessed and appropriately managed.

ASSESSMENT AND MANAGEMENT OF 
THE ACUTE SURGICAL WOUND

Assessment of the acute surgical wound involves physical 
examination of the wound site and surrounding wound tis-
sues in relation to the wound healing process. This examination 
includes

• Anatomic location of the incision
• Linear measurement of the length of the incision (in 

centimeters)
• Observation of the wound tissues for epithelial resurfacing, 

wound closure, wound exudate, and health of surrounding 
tissues

• Palpation of the incision for collagen deposition and health of 
surrounding tissues

Observation and palpation of the incision line provide insight 
into the healing process taking place in the underlying tissues. 
Healing proceeds in the surgical incision as it does in other 
wounds with infl ammation, proliferation of new tissues, and 
remodeling. In the surgical incision, the wound healing pro-
cesses are not always visible. Thus, the standard for assessment 
of healing may be best based on time since the surgical injury. It 
is important to track the postoperative time, because the heal-
ing progress of the wound can be measured against the stan-
dard time expectations for acute wound repair.

Knowledge of the wound healing process, described in 
Chapter 2, provides a critical foundation for assessment of 
the acute surgical incision. During the infl ammatory phase, 
assessment focuses on identifi cation of signs and symptoms 
of infl ammation, evaluation of wound closure materials and 
wound dressings, and appraisal of epithelial resurfacing. 
The central point during the proliferation phase of wound heal-
ing is evaluation of collagen deposition, wound exudate, and 
tissues surrounding the incision. Assessment during the remod-
eling phase is directed toward examination of collagen remod-
eling at the incision site.

Nutritional Status
As discussed in detail in Chapter 4, adequate nutrition is essen-
tial for wound healing. In healthy surgical patients, malnutrition 
may not be an issue. However, with the population aging and 
more procedures being performed on older adults, nutritional 
status is increasingly a concern for wound healing. Adequate 
amounts of calories, proteins, fats, carbohydrates, vitamins, 
and minerals are all required for wound repair. Inadequate 
amounts of any nutrients negatively infl uence wound healing.32 
Chapter 4 provides a full discussion of the role of specifi c nutri-
ents in wound healing.

Malnutrition in older adults is a signifi cant impediment to 
the healing of wounds; it has been estimated that up to 60% of 
residents of long-term care facilities suffer from malnutrition, a 
condition that both impairs healing as well as increases suscep-
tibility to infection.36 Prior to surgery, older adults should con-
sume suffi cient calories, supplementing with protein if necessary.

Oxygenation and Perfusion
As discussed in Chapter 3, adequate wound oxygenation and tis-
sue perfusion is essential for healing of any wound, including sur-
gical wounds. Thus, postoperative interventions to improve the 
circulatory and oxygen-carrying capacity of the tissues and blood 
(the oxygen saturation of tissues) can enhance wound healing.

Problems related to tissue perfusion and oxygenation can 
be due to hypovolemia. Thus, maintaining vascular volume is 
critical for ensuring adequate tissue perfusion. It is essential, 
therefore, to balance fl uid replacement to prevent both underhy-
dration and overhydration. Excess hydration can lead to hyper-
volemia and edema, which can decrease tissue oxygenation.

Decreased oxygenation and perfusion can also be caused by 
concurrent cardiovascular or pulmonary disease. To optimize 
oxygenation in the presence of adequate tissue perfusion, use 
of pulmonary hygiene interventions, assessment and monitor-
ing of tissue oxygen levels, and low-fl ow supplemental oxygen 
may be warranted.37 Pulmonary hygiene, including incentive 
spirometry, deep breathing and coughing, and postural drain-
age, improves the pulmonary toilet and increases the likelihood 
of adequate oxygenation of the wound. Low-fl ow oxygen can 
saturate hemoglobin so that the supply to the tissue is ample. 
Promoting activity, such as repositioning and early ambula-
tion, can also be benefi cial for peripheral tissue perfusion and 
oxygenation.37

Stress and Pain
Pain and stress are complex and interrelated processes that can 
slow wound healing. Pain alone has been found to increase 
healing time and can increase stress.40,41 Stress that involves 

CLINICAL WISDOM

Immune Enhancing Supplements
Supplementing the diets of older adult patients with l-arginine 
and omega-3 fatty acids can help to strengthen the immune 
system and promote faster recovery. Additionally, maintaining 
glucose levels below 200 mg/dL should be maintained in the 
period prior to surgery.8

RESEARCH WISDOM

Smoking and Wound Healing
Because nicotine causes adrenergic vasoconstriction, tissue 
perfusion is decreased. A study of patients undergoing head 
and neck surgery found that those patients who had abstained 
from smoking for longer than 3 weeks prior to surgery had 
fewer incidences of impaired wound healing than those who 
smoked within the 3 weeks prior to surgery.38 Refraining from 
smoking for 3 to 4 weeks prior to surgery and during the 
postoperative period has been shown to decrease incidence of 
SSIs but not wound dehiscence or improve healing.39
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tape replacement can decrease the problems associated with 
sutures. Removal of the wound sutures or staples in a timely 
manner is a proactive healing intervention. Removal of sutures 
in healthy surgical patients in 7 to 10 days postoperatively can 
be used as a general guideline, depending on surgical site.

The Proliferative Phase
Evaluation of the incision healing ridge, wound exudate, and 
surrounding incisional tissues provides information on the 
progress of wound healing during the proliferative phase.

Palpation of the surgical incision reveals the underlying 
process of collagen deposition. New collagen tissues can be 
 palpated as a fi rmness or stiffness along the incision, extending 
1 cm on either side of the incision.15 This fi rmness to the tissues, 
caused by new collagen deposition in the wound area, is called 
the healing ridge. The healing ridge should be palpable along the 
entire length of the incision between day 5 and day 9 postop-
eratively; if it is not palpable in this time frame, the wound is at 
risk for dehiscence or infection.15,21

Evaluation of surgical incision wound exudate requires 
knowledge of the expected changes to the characteristic and 
amount of wound exudate during the course of healing. The 
wound exudate immediately after surgery is bloody. Within 
48 hours, the wound drainage becomes serosanguineous in 
nature and, fi nally, the exudate is serous. The amount of wound 
exudate should gradually decrease throughout the healing 
period. An increase in wound exudate usually indicates com-
promised wound healing caused by infection. New drainage 
from a previously healed incision forewarns of wound dehis-
cence, infection, and, in some cases, fi stula formation.

Observe and palpate the tissues immediately surrounding 
the incision for the presence of edema and induration, and for 
color changes. The presence of edema retards the wound healing 
process because excess fl uid in the tissues provides an obstacle 
to angiogenesis and increases the potential for wound ischemia. 
Skin color changes can indicate bruising or hematoma formation 
caused by surgery. The skin color will appear dark red or purple. 
Skin color changes can also indicate impending infection. Signs 
of erythema, warmth, and edema, as well as increased pain at the 
incision wound, are indicators of possible wound infection.

The Remodeling Phase
The remodeling phase of wound healing can last 1 to 2 years. 
In the surgical incision in the remodeling phase, assess wound 
healing by evaluating the color of the incision. As the scar tissue 
is remodeled and reorganized structurally, the color of the tis-
sue changes. Throughout the fi rst postoperative year, the color 
of the incision gradually changes from bright red or pink to a 
silvery gray or white.

The Infl ammatory Phase
Signs of infl ammation are expected and normal during the fi rst 
4 postoperative days. The surgical incision may feel warm to the 
touch, and there may be surrounding erythema and edema at 
the incision site.

Patients who are immunocompromised may not be able to 
mount an effective infl ammatory process; in such cases, the 
signs of infl ammation at the incision would not be visible. In 
fact, lack of infl ammation at the incision site is itself an indica-
tion of immune system compromise. Again, an incision with 
no indication of infl ammation is an abnormal fi nding during 
the fi rst 4 days after surgery.

The process of epithelial resurfacing also occurs during the 
infl ammatory phase of wound healing. In the acute surgical inci-
sion, new epidermal tissues are generated quickly because of the 
presence of intact hair follicles and sebaceous and sweat glands, as 
well as the short distance the epithelial cells must travel to resurface 
the incision. The surgical incision is resurfaced with epithelium 
within 72 hours postsurgery. The new epidermis provides a barrier 
to bacterial organisms and, to a small degree, external trauma. The 
tensile strength of the incision is relatively weak, however, and the 
incision is not able to withstand force, thus the need for sutures 
and other closure materials to provide external support.

Astute clinicians can observe changes in the new incision 
that indicate the presence of new epithelial tissue. The inci-
sion is evaluated for close approximation of the wound edges 
and color of the incision line. Wound edges should appear well 
aligned, with no tension observed (see Fig. 8.1).

Once epithelial resurfacing has occurred, a wound dressing 
is no longer necessary to prevent bacterial contamination of the 
incision. However, wound dressings provide other benefi ts at 
this stage. Some clinicians suggest that the presence of a dress-
ing at this point can be a reminder of the wound’s presence and 
the need to use care in the wound area. The dressing also pro-
vides a physical barrier to rough edges of clothing to limit local 
irritation. Moreover, a dressing can promote patient adaptation 
to the wound: by allowing more gradual viewing, it can help 
patients include the wound in their new body image.

Assess wound closure materials for the reaction of the sur-
rounding incisional tissues. The use of sutures of any type to 
approximate the wound edges creates small wounds alongside 
the incision wound. The suture wounds increase infl amma-
tion at the wound site and can cause ischemia if the sutures are 
pulled taut with increased tension, either from poor technique 
or postoperative wound edema. Although the continued pres-
ence of sutures or staples provides additional tensile strength 
for the wound, sutures can also increase the risk of infection 
and potential for wound ischemia. Use of Steri-Strip tapes for 
wound closure or early removal of sutures with Steri-Strip 

CLINICAL WISDOM

Signs of Infl ammation
It is normal to observe signs of infl ammation, such as 
warmth, erythema or discoloration, pain, and edema, at the 
incisional wound site during the fi rst few days after surgery.

CLINICAL WISDOM

Incisional Color Changes
As new epithelial tissue migrates across the incision, the color 
of the incision can change from bright red to pink; although 
this change is not observed in all patients, it is a useful clinical 
sign that demonstrates maturing epithelial tissue.
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stripping around incision wounds, a problem that can develop 
from frequent dressing changes. However, frequent dressing 
changes are more likely to be a problem with draining wounds 
and with wounds that are healing by secondary intention or ter-
tiary intention, discussed next. (See Chapter 19 for more infor-
mation about wound dressings.)

SURGICAL WOUND HEALING BY SECONDARY 
AND TERTIARY INTENTION

Secondary intention wounds are wounds that are left open after 
surgery. Their healing involves scar tissue replacement during 
the proliferative phase; that is, the tissue defect must fi ll with 
new collagen tissue. Figure 8.2A–D shows a surgical incision 
healing by secondary intention.

Tertiary intention healing, or delayed primary closure, 
involves aspects of both primary and secondary wound healing. 
In tertiary intention healing, the wound is left open initially; 
after a short period of time, the edges are approximated, and 
the wound is closed. Tertiary wound healing is designed for 
specialized wounds in which primary intention is preferred but 
not possible at the time of wounding. The delay in primary clo-
sure can be necessary to clear infection, allow for some wound 
contracture, or create a healthy granulation base for a graft.

Most surgical wounds that are left to heal by secondary 
or tertiary intention are those in which the risk of infection 
is increased. Often, the infl ammatory phase of wound heal-
ing becomes prolonged because of wound contamination. 
Assessment of the wound for signs and symptoms of infection 
includes evaluation of the character and amount of wound exu-
date, and examination of the wound and surrounding tissues 
for erythema, edema, induration, heat, and pain. In addition, 
the administration of systemic antibiotics, when appropriate, 
can lessen the infection risk.

Surgical wounds left to heal by secondary or tertiary inten-
tion often show extensive tissue loss such that the wound edges 
cannot be approximated without unacceptable tension on the 
incision. You can promote reversal of tissue loss in the early 
weeks following surgery with careful wound assessment and 
care. The primary wound dressing becomes critically important 
in the care of these wounds. Nonadherent, absorptive dress-
ings optimize healing. However, clinical evidences supporting 
the choice of moisture-retentive dressings or gauze are based 
on education of clinical providers (most are educated with 
gauze as the dressing of choice), case series, small cohort stud-
ies, small methodologically fl awed randomized trials, and sys-
tematic reviews that tentatively suggest that gauze is more labor 
intensive and painful than moisture-retentive dressings. There 
is no evidence to suggest that there are any differences in wound 
healing time or duration of hospital stay between gauze dress-
ings and moisture-retentive dressings for surgical wounds.43,44

Overall, surgical wounds that are left open to heal by sec-
ondary or tertiary intention have a reparative trajectory similar 
to that of chronic wounds. Thus, you should evaluate healing 
using the same parameters used for chronic wounds. Evaluate 
the wound size and depth, presence or absence of necrotic tis-
sue, characteristics and amount of exudate, condition of the 
surrounding tissues, and presence of the healing characteristics 
of granulation and epithelialization.

The tensile strength of the wound also gradually increases 
over the fi rst year, eventually achieving approximately 80% of 
the original strength of the tissues. The focus of interventions 
at this stage is to limit force and tension on the wound site, 
including teaching the patient to avoid heavy lifting, bending, 
and straining at the site.

Care of the Surgical Dressing
Management of the surgical incision includes attention to fac-
tors that affect wound healing, as addressed earlier, as well as 
dressing care. The surgical dressing includes the primary and 
secondary dressings.

The primary, or fi rst, surgical dressing is the dressing that 
is in direct contact with the wound. The direct wound con-
tact requires that the primary dressing be nontraumatic to the 
wound. The primary dressing absorbs drainage, maintains a 
sterile wound environment, and serves as a physical barrier to 
further wound trauma. It should be nonadherent to the wound 
site. In contrast, a traditional gauze dressing adheres to new 
incisions and, upon removal, can cause new tissue injury.

The primary dressing absorbs wound exudate and wicks it 
away from the wound site, allowing the exudate to be absorbed 
into the secondary dressing. Secondary wound dressings pro-
vide increased absorptive capacity or hold the primary dressing 
in place. Secondary wound dressings are applied on top of the 
primary dressing and can be composed of the same materials. 
The secondary dressing is important when increased amounts 
of wound exudate are anticipated, because it absorbs drainage 
from the primary dressing and wicks the exudate away from 
the wound bed and into the absorbent material of the dressing. 
There is no evidence that providing a dressing on a clean sur-
gical incision in the immediate postoperative period decreases 
SSIs but it is prudent to protect the incision from harm.8 There 
is no robust evidence to support the use of one dressing over 
another. However, one practice guideline recommends use of 
a semipermeable fi lm membrane with or without an absorbent 
island dressing in the majority of cases.8 There is scattered con-
sensus that the use of gauze as a primary dressing should be 
avoided because of its association with pain and disruption of 
healing tissues at the time of dressing change. However, these 
beliefs have not always been upheld by the evidence.8,43,44

Tape is usually used to secure wound dressings. Premature 
and frequent dressing changes can damage the tissues surround-
ing the incisional wound and interfere with wound healing. Use 
of Montgomery straps, skin sealants, or hydrocolloid frames 
around the wound and underneath the tape can eliminate skin 

RESEARCH WISDOM

Surgical Incisional Dressings
The majority of primary intention surgical wound dress-
ings continue to be gauze. Conversion to moisture-retentive 
dressings in the immediate postoperative period has not 
been shown to improve wound healing and data are equivo-
cal in relation to moisture-retentive dressings providing for 
less pain during dressing changes compared to traditional 
gauze dressings in surgical wounds.43,44
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none. Any increase in the amount of wound exudate  during 
days 5 to 9 is considered a negative outcome and heralds 
 probable wound infection.

Suture materials should begin to be removed from the inci-
sional site during days 5 through 9. Adhesive tape strips or Steri-
Strips can be used to provide additional wound tensile strength. 
Failure to remove any of the wound suture materials during 
days 5 to 9 can indicate a negative outcome for the wound.

Continued signs of infl ammation at the incision site dur-
ing days 5 to 9 are indicative of delayed wound healing. Signs 
of erythema or edema, extensive pain, and increased tempera-
ture at the incision wound during this time frame indicate that 
wound healing is not normal. Prolonged infl ammation can 
occur as a result of underlying infection, compromised immu-
nity, or continued trauma at the wound site.

Documentation of all characteristics of the incision and 
healing is important for continuity of care throughout the 
wound recovery period, but especially during this time period, 
because the patient will likely be changing health-care settings 
and communication between health-care providers during the 
transition is important. For example, surgical patients are often 
discharged from an acute care hospital to the home setting very 
soon after surgery, typically between days 5 and 9.

Postoperative Days 10 Through 14
The major outcome measure for days 10 through 14 is the 
removal of external incision suture materials. Internal or “bur-
ied” sutures remain in place. Failure to remove external suture 
materials during this time period will prolong incision healing. 
Healing is delayed by increasing the risk of infection from the 
suture microwounds and the continued insult to the tissues by 
the presence of the foreign objects (the suture materials), pro-
longing the infl ammatory response.

Postoperative Day 15 Through 1–2 Years
During the end of the proliferative phase of wound healing and 
throughout the remodeling phase, characteristic changes occur 
in the incisional scar tissue. The collagen deposited alongside 
the incision is gradually realigned, restructured, and strength-
ened. The outcome measure for this time period is predomi-
nantly based on changes in the color of the incisional scar 
tissue. The color of the incision changes from a bright pink after 
the initial epithelial resurfacing, gradually fading to pink and, 
eventually, turning a pearly gray or silvery white color. In addi-
tion, the noticeable induration and fi rmness associated with the 
healing ridge gradually softens. Finally, recovery of functional 
ability with the scar tissue becomes a key outcome measure for 
many surgical incisional wounds.

Negative outcomes include reinjury of the incisional line, 
such as herniation of the wound site, and complications associ-
ated with scarring, such as keloid formation and hypertrophic 
scarring. Loss of or reduction in functional ability is also a neg-
ative outcome.

At 1 year, positive outcome measures include lack of sig-
nifi cant hypertrophic scarring and wound herniation, maxi-
mal functional ability with the new scar, and acceptable 
cosmetic results of healing, with a silvery white or gray scar line. 
Tables 8.3 and 8.4 present the positive and negative outcome 
measures for time frames from the point of surgery to the end 
of remodeling. Chapter 22 discusses management of scars.

OUTCOME MEASURES

Outcome measures for acute surgical incisions relate to heal-
ing progress according to time frame since injury, as described 
below.

Postoperative Days 1 Through 4
The following signs and symptoms represent measures of 
positive outcomes for acute surgical incision wounds. During 
the fi rst 4 days after surgery, the presence of an infl ammatory 
response, including erythema or skin discoloration, edema, 
pain, and increased temperature at the incision site, is a sign of 
normal healing. Lack of infl ammation at a new surgical incision 
is a negative outcome.

Wound exudate should be bloody in character initially; 
toward days 3 and 4, it should change to serosanguineous exu-
date. The amount of wound exudate should gradually decrease 
from moderate to scant by day 4. Many surgical wounds, espe-
cially facial wounds, have no exudate past days 2 or 3. Failure 
of the wound exudate to decrease in amount and to change in 
character from bloody to serosanguineous is a negative indica-
tor for healing.

Epithelial resurfacing should be complete by day 4. The inci-
sion will appear bright pink, as opposed to its initial red color. 
The lack of epithelial resurfacing of the surgical incision indi-
cates delayed healing and less than optimal outcomes.

One negative outcome that can occur at any time during 
the postoperative course of the patient is the development of a 
hematoma. External evidence of hematoma formation includes 
swelling or edema at the site; a soft or boggy feel to the tissues 
initially, which may be followed by induration at the site; and 
color change of the skin (similar to bruising).

Postoperative Days 5 Through 9
The major healing outcome in the surgical incision on days 
5 through 9 is the presence of a healing ridge along the entire 
length of the incision. A healing ridge indicates new collagen 
deposition in the wound site. Lack of development or incom-
plete development of a healing ridge can be prodromal to wound 
dehiscence and wound infection. A defi cient or nonexistent 
healing ridge is a negative outcome measure for wound healing.

Wound exudate character should change from serosanguin-
eous to serous and gradually disappear over days 4 to 6. The 
exudate amount should diminish from a minimal amount to 

RESEARCH WISDOM

Wound Dressing
Primary incision wounds should be protected with a sterile 
dressing for 24 to 48 hours after surgery. The nurse should 
perform hand hygiene before and after any contact with the 
surgical site, and, in contrast to chronic wounds, sterile tech-
nique should be used while performing dressing changes. It 
is important to inform the patient and the family on proper 
incision care, the symptoms of infection and the importance 
of reporting possible infection.
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Outcome 

Measure

Days 1–4: 

Infl ammation

Days 5–9: 

Proliferative

Days 10–14: 

Proliferative

Day 15–Years 

1–2: Proliferative 

Remodeling

Incision color Red, edges approximated Red, progressing 
to bright pink

Bright pink Pale pink, progress-
ing to white or silver in 
light-skinned patients; 
pale pink, progressing to 
darker than normal skin 
color in darkly pigmented 
skin

Surrounding tissue 
infl ammation

Edema, erythema, or skin 
discoloration; warmth, 
pain

None present None present None present

Exudate type Bloody or sanguineous, 
progressing to serosan-
guineous and serous

None present None present None present

Exudate amount Moderate to minimal None present None present None present

Closure materials Present, may be sutures 
or staples

Beginning to remove exter-
nal sutures/staples

Sutures/staples 
removed, Steri-Strips 
or tape strips may be 
present

None present

Epithelial resurfacing Present by day 4 along 
entire incision

Present along entire 
incision

Present Present

Collagen deposition 
(healing ridge)

None present Present by day 9 along 
entire incision
Present along entire incision

Present

Positive Outcome Measures for Incisional Wound Healing8.3TABLE

CLINICAL WISDOM

Documentation of Incisional Wound Healing
Documentation should include all of the following:

● Time since surgery in days
● Location
● Size in centimeters
● Closure materials present
● Color of the incision
● Type and amount of exudate
● Presence or absence of epithelial resurfacing
● Presence or absence of collagen deposition or healing ridge
● Actions taken for follow-up or referral, as necessary
● Primary and secondary dressings, as appropriate

Example: Postoperative day 6 for a 12-cm midline abdominal 
incision with Steri-Strips present. Incision is completely reepi-
thelialized, with no exudate present. Incision is bright pink, 
with healing ridge palpable along anterior 10 cm of incision. 
Posterior 2 cm of incision is soft and boggy to touch, with no 
healing ridge palpable and erythema present. Physician noti-
fi ed of possible impaired healing. Dry gauze 2 × 2-inch dressing 
applied to posterior aspect of incision for protection of site.

REFERRAL CRITERIA

Refer patients meeting any of the following descriptions to a 
physician or advanced practice nurse for evaluation and inter-
vention for complications of wound healing.

• Patients with markedly increased bloody drainage during the 
immediate postoperative period may be at risk of hemorrhage 
from undetected leaking blood vessels in the surgical fi eld.

• Patients with exudate that changes from bloody or serosan-
guineous to purulent should be evaluated for wound infec-
tion or abscess formation and treated with appropriate 
antimicrobial therapy.

• Patients with an increase in the amount of exudate after post-
operative day 4. This situation is indicative of wound infection 
or abscess formation and requires evaluation by the primary-
care provider and appropriate antimicrobial therapy.

• Patients with a wound showing the absence of a healing ridge 
along the entire length of the incision by postoperative day 9. 
This situation indicates impaired healing and, often, abscess 
formation. Prompt referral to the primary-care provider usu-
ally results in drainage of the abscess area, antimicrobial ther-
apy, and a wound left to heal by secondary intention.

• Patients with signs and symptoms of wound infection, includ-
ing erythema, edema, elevated temperature, and increased 
pain along the incision after day 4, and/or signs of systemic 
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226 PART II ■ Management by Wound Etiology

Lack of Infl ammatory Response Postoperatively
M.J., a 71-year-old Caucasian woman, was admitted for 
bowel surgery with resection of the descending colon and low 
anterior anastomosis. M.J.’s history included long-term ste-
roid therapy for rheumatoid arthritis. On postoperative day 
1, her midline incision primary dressing showed evidence 
of bright red bleeding. The wound edges were well approxi-
mated, with staples as the closure material. Assessment of 
the incision on postoperative days 2 and 3 revealed no evi-
dence of edema, warmth, erythema, or discoloration at the 

incision site. Exudate was moderate and serosanguineous 
to  seropurulent in nature. By postoperative day 4, the inci-
sion was not fully resurfaced with new epithelial tissue. Signs 
of infl ammation, although now present, were diminished, 
and the exudate remained seropurulent and moderate in 
amount. M.J. showed signs of confusion and agitation (signs 
of  infection in older adults), and lab tests confi rmed the 
presence of wound infection. In this case, the absent signs of 
infl ammation were early warning signs of impaired healing 
and wound infection.

CASE STUDY     

infection, including elevated temperature, elevated white 
blood cell count, and confusion in the older adult, require 
evaluation. These signs and symptoms suggest a wound infec-
tion, and the primary-care provider should evaluate and treat 
the patient appropriately.

• Patients with frank wound dehiscence or fi stula formation 
require evaluation by the primary-care provider, usually the 
surgeon, and may warrant a referral to a certifi ed wound 
nurse (a nurse specializing in management of draining 
wounds) for management.

SELF-CARE TEACHING GUIDELINES

General self-care teaching guidelines for patients with acute 
surgical incisions are provided in Exhibit 8.1. However, every 
patient’s and caregiver’s instruction in self-care must be indi-
vidualized to the type of surgical incision and the patient’s 
wound, the specifi c incisional dressing management routine, 
the individual patient’s learning style and coping mecha-
nisms, and the ability of the patient/caregiver to perform 
procedures.

Incisional Wound Healing
P.L., a 78-year-old African American man, was admitted for 
radical prostatectomy surgery for prostate cancer. P.L. has 
a history of diabetes mellitus, hypertension, obesity, and 
peripheral vascular disease. His diabetes is managed with oral 
hypoglycemic agents and an 1,800-calorie diabetic diet (with 
which he is noncompliant). P.L. lives alone on a small pension 
and fi xed income. He is a smoker. He was admitted with a ran-
dom blood sugar of 198 mg/dL.

Preoperatively
Assessment of P.L. revealed several risk factors for impaired 
healing: uncontrolled diabetes mellitus, obesity, advanced 
age, hypertension, and peripheral vascular disease. Control of 
blood sugar level was identifi ed as a goal in the preoperative 
period, and P.L. was started on sliding-scale insulin therapy 
with blood glucose monitoring. P.L.’s history of hypertension 
and peripheral vascular disease put him at risk for poor tis-
sue perfusion; thus, in the immediate postoperative period 
(days 1 and 2), he was put on supplemental oxygen by nasal 
cannula to optimize tissue oxygenation. Obesity is a risk factor 
for excess incision wound tension, which increases the poten-
tial for poor perfusion of the incision wound due to the pres-
ence of excess subcutaneous tissue.

Postoperative Day 4
P.L.’s 15-cm midline abdominal incision showed evidence of 
infl ammation with edema, skin discoloration, and warmth at 

the site. There was evidence of epithelial resurfacing, and the 
incision line was bright pink. There was a continued minimal 
amount of serous drainage, and staples remained in place. 
The primary gauze dressing was changed daily. Blood sugars 
ranged from 110 to 132 mg/dL on insulin therapy. Oxygen 
was administered the fi rst 2 days postoperatively at 2 L by 
nasal cannula.

Postoperative Day 9
P.L. was discharged from the hospital to his home with home-
health nursing follow-up. Upon discharge from the hospital, 
P.L.’s incision was bright pink with no exudate present. The 
incision was completely resurfaced with new epithelial tissue 
present along the entire incision, and half of the staples had 
been removed. A healing ridge was palpable along the anterior 
13 cm of the wound, but not palpable at the posterior aspect 
of the wound.

Postoperative Day 10
The home-health nurse evaluated P.L.’s incision and found 
surrounding skin discoloration, increased pain, and edema 
present at the posterior aspect of the wound. No healing 
ridge was palpable at the posterior aspect of the wound, 
although collagen deposition was evident along the anterior 
13 cm of the wound. Half of the original staples were still 
present in the incision line. The physician was notifi ed, and 
P.L. was referred to the physician’s offi ce for evaluation of 
the incision.

CASE STUDY     
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Self-Care Teaching Guidelines

Self-Care Guidelines Specifi c to Acute Surgical Incisions

Instructions 
Given (Date 
Initials)

Demonstration 
or Review of 
Material 
(Date Initials)

Return Demonstration 
or States Understanding 
(Date Initials)

1.  Type of incisional wound and specifi c cautions required
  a.  No heavy lifting and other measures to prevent hernia 

formation
  b.  Showering or bathing area
  c.  Importance of adequate nutrition for wound healing

2.  Signifi cance of wound exudate, incision wound tissue color, 
surrounding tissue condition, and presence of healing ridge

3.  Wound dressing care routine
  a.  Wash hands, then remove old dressing and discard
  b.  Clean wound with normal saline
  c.  Apply primary dressing to wound
  d.  Apply secondary dressing if appropriate
  e.  Secure dressing with tape
  f. Universal precautions and dressing disposal
  g. Frequency of dressing changes

4.  Expected change in wound appearance during healing process
  a. Scheduled removal of closure materials
  b.  Incision color change as wound heals (bright red or pink to 

pale pink and fi nally to silvery white or gray)

5. When to notify the health-care provider
  a.  Signs and symptoms of wound infection (erythema, edema, 

pain, elevated temperature, change in exu date character 
or amount, discoloration in tissues surrounding incision 
wound)

  b.  Absent or incomplete healing ridge along incision after post-
operative day 9

6. Importance of follow-up with health-care provider

EXHIBIT 8.1

CONCLUSION

A variety of strategies are available for use to optimize wound 
healing in patients with an acute surgical incision. The measures 
described in this chapter will help you reduce the risk of com-
plications, identify delayed or impaired healing, and provide 
for a supportive healing environment. The key to successful 

intervention for the patient with an acute surgical incision is 
knowledge of normal healing mechanisms and temporal expec-
tations, knowledge of factors that impair wound healing, and 
vigilant attention to both. The case study presented earlier helps 
to demonstrate the interaction between knowledge of normal 
healing and normal healing times, and factors that interfere 
with normal healing.

Postoperative Day 12
The physician removed the remaining staples, performed an 
incision and drainage (I&D) of the posterior aspect of the 
incision in the offi ce, started P.L. on systemic antibiotics, and 
left the posterior aspect of the wound open to heal by second-
ary intention, using moist saline gauze dressings.

Postoperative Day 15
P.L.’s posterior incision was 75% fi lled with granulation  tissue, 
and there is minimal serous exudate present. The anterior 
aspect of the incision was well healed and pale pink. P.L.’s inci-
sion wound went on to heal uneventfully by secondary inten-
tion over the next 10 days.

CASE STUDY (continued)
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228 PART II ■ Management by Wound Etiology

REVIEW QUESTIONS

 1. Which of the following provides the best example of the 
acute surgical wound?
 A. Surgical wound healing by secondary intention
 B. Dehisced surgical wound
 C. Pressure ulcer
 D. Surgical incision

 2. Which of the following statements best describes the effects 
of age as an intrinsic factor affecting wound healing?
 A.  Aging decreases elastin in the skin; affects collagen 

 replacement; decreases the rate of replacement of cells, 
delaying reepithelialization; and causes a decline in 
 immune function.

 B.  Aging decreases protein synthesis, causes lower levels 
of serum albumin, and causes a decline in immune 
 function.

 C.  Aging causes collagen weakness, leading to poor bind-
ing with ground substances, and causes a decrease in 
fi broblast function and poor white blood cell function.

 D.  Aging increases blood glucose levels, leading to poor 
leukocyte function and inadequate protein synthesis.

 3. Factors affecting wound healing in the immediate 
 postoperative period include which of the following?
 A.  Hydration, pain management, and protein intake
 B. Tissue perfusion, pain management, and temperature
 C.  Tissue perfusion, protein intake, age, and concurrent 

conditions
 D.  Volume status, pain management, tissue perfusion, 

and temperature

 4. A clinician assessing a client’s abdomen 3 days post 
 abdominal-perineal resection surgery notes erythema, 
slight edema, and a slight increase in temperature at the 
abdominal incision site. These fi ndings are most consistent 
with which of the following?
 A.  These are normal signs of the infl ammatory phase of 

wound healing.
 B.  The wound is exhibiting early signs of impending 

 infection .
 C.  The wound is in the proliferative phase of wound healing.
 D. The wound is exhibiting signs of abscess formation.

 5. A clinician is evaluating a client’s status post abdominal 
surgery on postoperative day 8. In assessing the midline 
abdominal incision, the clinician should be aware of which 
of the following?
 A.  Signs of infl ammation, including redness, warmth, 

pain, and edema are expected signs of normal healing 
at this time.

 B.  A moderate amount of serous to serosanguineous 
drainage is expected during this phase of healing.

 C.  A healing ridge or collagen matrix deposition should be 
palpable along the incision line.

 D.  The wound edges should begin to show signs of 
 approximation by this time.
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CHAPTER OBJECTIVES

Pressure ulcers are areas of local tissue trauma, usually devel-
oping where soft tissues are compressed between bony promi-
nences and any external surface for prolonged time periods. 
Thus, they are most commonly found over bony prominences 
subject to external pressure. A pressure ulcer is a sign of local 
tissue necrosis: The skin may be involved or there may be major 
muscle and subcutaneous fat tissue destruction underneath 
intact skin.

PRESSURE ULCER SIGNIFICANCE

Pressure ulcers are a highly complex, multifactorial, and costly 
global health problem common in all health-care settings. The 
Joint Commission estimates that 2.5 million patients in United 
States acute care hospitals are treated for pressure ulcers each 
year1 and this number is likely to increase as the population 
ages. Prevalence is the number of all persons with the condition 
at one particular point in time. Thus, prevalence includes both 
facility-acquired cases and those admitted with the condition.

• Among hospitalized elders of all ages, the prevalence of pres-
sure ulcers has been estimated at 15%.2

• Critical care units are of special concern with prevalence rates 
as high as 23% among critical care patients.3

• Prevalence among nursing homes is 11% based on the 2004 
National Nursing Home Survey, a continuous cross-sectional 
survey of a nationally representative sample of US nursing 
homes.4

• Hispanic and non-Hispanic blacks have a higher prevalence 
of pressure ulcers than non-Hispanic whites (7.6%, 9.7%, and 
12.1%, respectively).5 In a separate study of black and white 
nursing home residents, pressure ulcer prevalence was 18.2% 
for black residents compared to 13.8% for whites.6

• In home health-care settings, the prevalence of pressure ulcers 
has been estimated to be 6% to 9%.7,8

• In outpatient settings, the prevalence of pressure ulcers is esti-
mated to be 1.6%.9

• Pressure ulcer prevalence in palliative care settings ranges 
from 9% to 38%.7

• Rehabilitation facilities present special concerns related to 
pressure ulcer development because patients in rehabilitation 
facilities have conditions that limit mobility, such as spinal 
cord injury, traumatic brain injury, cerebral vascular accident, 
burns, multiple trauma, or chronic neurologic disorders. 

At the completion of this chapter, the reader will be able to:

 1. Describe the epidemiology of pressure ulcers in various health-care settings and with a 
 variety of populations.

 2. Explain the role of physical forces and tissue tolerance on the pathophysiology of pressure 
ulcer development.

 3. Defi ne each category in the National Pressure Ulcer Advisory Panel’s pressure ulcer 
 classifi cation system.

 4. Identify risk factors contributing to the development of pressure ulcers.
 5. Explain pressure ulcer risk screening and pressure ulcer risk assessment.
 6. Describe the Braden Scale for Predicting Pressure Sore Risk and the Norton Scale.
 7. Describe three methods of detecting pressure-induced tissue damage.
 8. Outline, describe, and explain components of pressure ulcer prevention programs.
 9. Identify and describe strategies for implementing pressure ulcer prevention guidelines into 

practice.
10. Identify the most appropriate outcome measures to evaluate the effectiveness of pressure 

ulcer prevention programs.

Barbara M. Bates-Jensen

Pressure Ulcers: Pathophysiology, 
Detection, and Prevention9
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Prevalence rates are reported between 11%–12%10,11 and 
25%.12

• Among persons with spinal cord injury, pressure ulcer prev-
alence rates are as high as 40% during acute rehabilitation, 
15% at the fi rst annual examination, and 29% to 32% at 20 
years post discharge.13,14

• Prevalence of recurrent pressure ulcers among veterans with 
spinal cord injury over 3 years has been reported at 39%, with 
most ulcers occurring over the pelvic area (sacrum, ischium, 
trochanters) and at stage IV (e.g., full thickness involving 
muscle, bone) severity.15

Incidence is the number of new cases developing over a period 
of time. Incidence includes only facility-acquired conditions 
and, as such, can refl ect the effectiveness of the prevention pro-
gram in the organization.

• Patients with a stay in critical care units are twice as likely to 
develop pressure ulcers as those without.16 Hospital-acquired 
pressure ulcer (HAPU) rates in critical care units are reported 
from 9% to 12%.3,16

• Palliative care incidence varies from 3% to 13%, the majority 
of which are stage I or II ulcers.17,18

• African Americans demonstrate a higher incidence of pres-
sure ulcers compared to Caucasians in long-term care facili-
ties with incidence rates reported as 0.56 per person year 
compared to 0.35 per person year for Caucasians in nursing 
homes.19

• Rehabilitation facility incidence rates over 2 months have 
been reported at 4%.20

• Incidence of pressure ulcer development for nonhospice, 
pressure ulcer–free older adults during their home health-
care period has been reported as ranging from 6.3% to 9.2%, 
with 20% of the pressure ulcers developing in the fi rst week 
after admission.21

• Pressure ulcer incidence reportedly increases 10% each week 
of home care services through week 4. Of home care patients 
who developed a pressure ulcer, 50% developed the ulcer 
within 24 days after admission.21

• Individuals with spinal cord injury are at higher risk for pres-
sure ulcer development, with incidence rates reported at 20% 
for those undergoing spinal surgery22 to 31% over 1 year’s 
time.23

• The incidence of pressure ulcers among acutely ill pediat-
ric patients has been reported at 27%,24 for those undergo-
ing cardiac surgery 17%,25 and for neonates in intensive care 
units 19%.26

The Department of Health and Human Services’ Agency 
for Healthcare Research and Quality (AHRQ) data show the 
number of pressure ulcers in acute care hospitals increased by 
63% during the period 1993 to 2003.2 Clearly, pressure ulcers 
are a signifi cant problem in all health-care settings and there 
is evidence that the condition has not improved as data from 
the Healthcare Cost and Utilization Project report point out.2 
From 1993 to 2006, hospitalizations increased by 15%. During 
this same time period, there was an 80% increase in hospital 
stays with pressure ulcers for a total of 503,300 hospital stays 
in 2006. Hospital stays with a secondary diagnosis of pressure 
ulcers increased by 86.4% during this period, while stays prin-
cipally for pressure ulcers increased by 27.2%. Adult hospital 

stays noting a diagnosis of pressure ulcers totaled $11.0 billion 
in 2006. This suggests that hospitals did not improve in pres-
sure ulcer prevention during this time period. Stays principally 
for pressure ulcers were slightly longer than those with a sec-
ondary pressure ulcer diagnosis (14.1 days versus 12.7 days).2 
Furthermore, the length of stay for hospitalizations principally 
for pressure ulcers was nearly three times longer than hospital-
izations with no diagnosis of pressure ulcers (14.1 days versus 
5.0 days). Though stays principally for pressure ulcers were lon-
ger than stays with a secondary diagnosis of pressure ulcers and 
those with no pressure ulcer diagnosis, the average cost per day 
($1,200) was lower—nearly $400 less than secondary pressure 
ulcer stays ($1,600 per day) and $800 less than stays for all other 
conditions ($2,000 per day).2

Data from other sources suggest that the progress is more 
positive. The National Database of Nursing Quality Indicators 
(NDNQI) is national project established by the American 
Nurses Association in 1998 to monitor quality indicators in 
hospitalized patients that are nursing sensitive. In 2000, the 
NDNQI added HAPUs as one of the patient safety and quality 
of care indicators to monitor in participant hospitals. Hospital 
sites in 2011 include 1,721 hospitals in 50 states. Participating 
institutions collect data by medical record abstraction and 
direct skin assessments and enter it into a secure website. 
Comparing HAPU data from 2010 (fi rst and second quarter) to 
2004 (quarters 2 and 3) and 2006 (quarter 4) to 2007 (quarter 
1) shows a decrease in stages I to IV and unstageable pressure 
ulcers with a rate of 3.8% in 2010 compared to 6.4% in both 
2004 and 2006–2007.27

Pressure ulcers are costly. In 1999, the cost of treating pres-
sure ulcers ranged from $5 to $8.5 billion annually.28 Factoring 
in a 7% per year increase to account for health-care infl ation, 
costs for treating pressure ulcers can be estimated at $10.5 to 
$17.8 billion dollars for 2010. The cost for managing a single 
full-thickness pressure ulcer is as much as $70,000.1 One study 
reports the average hospital-associated costs for managing one 
full-thickness stage IV ulcer and related complications for one 
hospital admission at $129,248 and costs for managing a com-
munity-acquired stage IV ulcer over an average of four hospital 
admissions at $124,327.29 The Centers for Medicare/Medicaid 
Services (CMS) reports the cost of treating a pressure ulcer in 
acute care (as a secondary diagnosis) is $43,180.00 per hospi-
tal stay.28 Contributing cost factors include increased length of 
stay due to pressure ulcer complications such as pain, infection, 
high-tech support surfaces, and decreased functional ability.30 
The AHRQ reported that pressure ulcer–related hospitaliza-
tions ranged from 13 to 14 days and cost $16,755 to $20,430 
compared to the average stay of 5 days and costs approximately 
$10,000.2 Health-care utilization and costs of caring for persons 
with SCI who experience the complication of a severe (stage 
III/IV) pressure ulcer are high (in excess of $100 k annually).31 
Clearly, there are considerable fi nancial repercussions related 
to pressure ulcers.

Pressure ulcers are signifi cant in terms of morbidity and 
mortality.32–34 Sepsis is the most serious complication of pres-
sure ulcers. There are 3.5 episodes of pressure ulcer–associated 
bacteremia per 10,000 discharges. Of these episodes of pressure 
ulcer–associated bacteremia, the pressure ulcer is the probable 
source in nearly half of the cases. When the pressure ulcer is 
the source of bacteremia, the in-hospital mortality is nearly 
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60%. Clinicians should be aware that transient bacteremia 
occurs after débridement of pressure ulcers in as many as 50% 
of patients. In-hospital mortality is higher for pressure ulcer–
related hospitalizations, especially among those hospitaliza-
tions with a secondary diagnosis of pressure ulcers. In-hospital 
death occurred in 11.6% of stays with pressures ulcers noted as 
a secondary diagnosis, as compared to 4.2% of stays principally 
for pressure ulcers and 2.6% of stays for all other conditions. 
Development of a hospital-acquired pressure ulcer is associated 
with greater risk of death at 1 year, with one study reporting 
59% of patients developing a pressure ulcer dying within 1 year 
compared to 38% of patients without pressure ulcers.34 Each 
year 60,000 persons die from pressure ulcer complications.2

Pressure ulcers have also received attention in the courtroom. 
Health-care organizations have been prosecuted for negligence 
related to pressure ulcer care and development.35,36 One report 
reviewed 54 nursing home law suit cases from September 1999 
to April 2002 involving pressure ulcers. The average monetary 
recovery was more than $13.5 million and included awards of 
up to $312 million in one case, when determined by a verdict 
or settlement.36 In a landmark case, a care-home operator was 
found guilty of manslaughter for a resident’s death related to 
improper care for her pressure ulcers.37 In a New Mexico case, 
the jury awarded $10.3 million to the estate of a man who sued 
a Medical Center after he developed pressure ulcers.38 Of the 
total awarded, $595,000 was designated as compensatory dam-
ages and $9.75 million as punitive damages. The patient spent 
a week at the hospital after undergoing hip surgery, then spent 
a week at a nursing home before returning to the hospital for 2 
more weeks. He developed serious pressure ulcers on his heels 
because the hospital failed to follow its system of screening for 
and protecting against pressure ulcers.38 Pressure ulcers are a 
signifi cant costly problem in all health-care settings.

PRESSURE ULCER PATHOPHYSIOLOGY

Pressure ulcers are the result of mechanical injury to the skin and 
underlying tissues. Traditionally, pressure (stress), shear, and 
friction were considered the primary external factors involved 
in pressure ulcer development.39–43 More recently, deformation 
(strain),44–52 heat,53 reperfusion injury,54–56 and impaired lym-
phatic function57 have been considered as additional primary 
forces involved in pressure damage.58,59 Four hypotheses for the 
pathophysiology behind pressure ulcer development include

1. Ischemia caused by capillary occlusion
2. Impairment in lymphatic fl ow with increase in metabolic 

waste products
3. Reperfusion injury (damage that occurs because of the 

infl ammatory response that occurs when blood fl ow 
resumes to the ischemic tissues)

4. Deformation of tissue cells

There are probably aspects of each of these hypotheses that 
play a role in pressure ulcer development. Pressure (stress) 
and deformation (strain) are involved in all four pressure ulcer 
development hypotheses. Pressure is the perpendicular force or 
load exerted on a specifi c area, causing ischemia and hypoxia of 
the tissues. The gravitational pull on the skeleton causes load-
ing and deformation of the soft tissue between the bony promi-
nence and external support surface. High-pressure areas in the 

supine  position are the occiput, sacrum, and heels. In the sit-
ting position, the ischial tuberosities exert the highest pressure, 
and the trochanters are affected in the side-lying position.40,60 
The mechanical physical forces of shear, which is force applied 
against a surface as it moves or slides in an opposite but paral-
lel direction stretching tissues and displacing blood vessels later-
ally, and deformation, which stretches and pulls cells, are also 
key factors in pressure ulcer development. Friction, which is the 
resistance to motion or rubbing of one object or surface against 
another in a parallel direction, and moisture, which macerates 
tissues and increases the coeffi cient of friction between sur-
faces, are major forces in superfi cial damage over bony promi-
nences, abrading the epidermal surface and increasing the risk 
for infection.

Pathophysiology of Pressure Ulcer Formation
The triggering event in pressure ulcer formation is develop-
ment of a pressure gradient. With perpendicular pressure, as 
the amount of soft tissue available for compression decreases 
and the deformation increases, the pressure gradient increases. 
Likewise, as the tissue available for compression increases, the 
pressure gradient decreases. Thus, most pressure ulcers occur 
over bony prominences where there is less tissue for compres-
sion and the pressure gradient within the vascular network is 
altered.42 Figure 9.1 demonstrates this relationship.

Pathophysiology at the Tissue Level
Over time, pressure occludes blood and lymphatic circulation, 
causing defi cient tissue nutrition and buildup of waste products. 
If pressure is relieved before a critical time period is reached, 
reactive hyperemia, a normal compensatory mechanism, 
restores tissue oxygenation and compensates for compromised 
circulation. If pressure is not relieved before the critical time 
period is reached, then the increased pressure gradient leads to 
vascular network changes fi rst in the venous system followed by 
arterial changes. Initially, the interstitial fl uid pressure increases, 
exceeding and inhibiting venous fl ow. The increased interstitial 
fl uid pressure and the increase in venous pressure increase the 
pressure gradient throughout the vascular network impeding 
arteriolar circulation. Increased capillary arteriole pressure leads 
to fl uid loss through the capillaries, tissue edema, and subse-
quent autolysis. The capillaries collapse and thrombosis occurs. 
Lymphatic fl ow is also decreased, increasing tissue edema and 
contributing to tissue necrosis.39–41 The tissues are deprived of 
oxygen, nutrients, and waste removal. In the absence of oxy-
gen, cells use anaerobic pathways for metabolism and produce 
toxic byproducts. The toxic byproducts lead to tissue acidosis, 
increased cell membrane permeability, edema, and eventual cell 
death.39 Muscle tissue is more sensitive to ischemia and hypoxia 
likely due to the increased vascularization and higher metabolic 
demand compared to the skin and subcutaneous tissue.61

It is not just the hypoxia and ischemia that cause damage. 
Deformation of tissues is a key factor in the damage seen in 
deep tissue injury (DTI) and full-thickness pressure ulcers and 
may be the force that initiates cell death. Tissues are deformed 
due to the bone’s compression of the soft tissue against the 
external surface. How the tissues are deformed depends on 
the tissues (i.e., size and shape of the different tissue layers), 
the mechanical properties of the involved tissues (e.g., stiffness, 
strength), and the magnitude and distribution of the exter-
nal mechanical force applied to the tissues. The tissue’s ability 
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or reperfusion injury.55,58,60–66 These cellular changes result 
in infl ammation and edema locally at the site of injury.56,60–66 
These infl ammatory changes exist in the tissues before any 
damage is fully visible on the skin surface.44,45,47,67 This is the 
nonvisible spectrum of pressure-induced tissue damage, the 
preclinical stage of disease in the physiology cascade leading 
to frank ulceration. These infl ammatory changes with tissue 
edema can occur from 3 to 10 days before visible skin break-
down44,45,67 (see Fig. 9.2).

Pathophysiology at the Cellular Level
Ischemia results in hypoxic injury to the cell. Lack of oxygen 
results in a rapid decrease in mitochondrial phosphorylation 
with subsequent insuffi cient adenosine triphosphate (ATP) 
production. The lack of ATP leads to increased anaerobic 
metabolism and causes the plasma membrane’s sodium-
potassium pump and sodium-calcium exchange to fail, which 
leads to an intracellular accumulation of sodium and calcium, 
and diffusion of potassium out of the cell.68 Sodium and water 
can then enter the cell freely and cellular swelling results. The 
movement of water and ions into the cell causes dilation of the 
endoplasmic reticulum, which causes ribosomes to detach with 
subsequent reduced protein synthesis. The cell becomes more 
swollen and with continued hypoxia, the accumulation of cal-
cium in the cell activates multiple enzyme systems. The result 
is cytoskeleton disruption, membrane damage, activation of 
infl ammation, DNA degradation, and eventual cell death.68 The 
activation of infl ammation leads to vascular dilation, increased 
membrane permeability, and movement of fl uid from the vas-
cular space to the interstitial space.68 The end result is increased 
water and fl uid in the tissues or subepidermal moisture (SEM) 
at the site of injury. The tissue edema resulting from infl amma-
tion is subclinical disease or preclinical pressure damage (pre-
stage I) that is invisible on the skin.

to withstand deformation can change with time due to aging, 
lifestyle changes, injury, or disease. The sustained mechani-
cal deformation damages cells directly and also obstructs blood 
fl ow.48–52 In fact, it is likely that tissue deformation is the major 
underlying factor in muscle damage. Several investigators have 
examined the reaction of cells to deformation. Observing single 
muscle cells has demonstrated that deformations exceeding 80% 
have consistently ruptured cell membranes, causing immediate 
and irreversible damage.49 Observations of an entire muscle have 
demonstrated similar fi ndings; 2 hours of sustained deformation 
at strains higher than 50% infl icted irreversible damage to muscle 
tissue.48 As with hypoxia and ischemia, muscle tissue is more sen-
sitive to deformation forces and irreversible damage may be pres-
ent at the muscle layer without such damage occurring in the skin 
or subcutaneous layers. The cell death and local tissue necrosis 
change the geometry and characteristics of the tissues that further 
increases the deformation force exacerbating the pressure injury.

Heat accumulation or increased skin temperature intensifi es 
the effects of ischemia and hypoxia on tissues.53 Increased skin 
temperature causes an increase in metabolic rate, which increases 
the need for oxygen in the tissues.53 Normal skin temperature 
ranges from 90°F to 95°F. When skin temperature approaches 
95.5°F the perspiration threshold is reached and local sweating 
occurs to cool the skin. The sweat increases moisture on the skin. 
Thus, the increase in heat increases metabolic activity of the tis-
sues and may increase moisture on the skin creating a micro-
climate that places the tissues at increased risk for breakdown. 

When prolonged pressure is fi nally relieved, the damage 
does not end. As the vascular network is relieved of pressure, 
the tissues are reperfused and reoxygenated. The sudden entry 
of oxygen into previously ischemic tissues releases oxygen-free 
radicals known as superoxide anions, hydroxyl radicals, and 
hydrogen peroxide, all of which induce new endothelial dam-
age and decrease microvascular integrity causing postischemic 

FIGURE 9.1 Pressure gradient at the bony prominence. (Source: Barbara M. Bates-Jensen.)
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the tissue is estimated at about 240 mm Hg.49,73 Some pressures 
lower than those that cause immediate tissue damage when 
present over a long period of time are as capable of produc-
ing tissue damage as are higher pressures for a short period of 
time.70–73 The critical time frame is 1 to 3 hours for both pres-
sure and deformation. Deformations below 65% (of normal 
tissue formation) are only tolerated by muscle cells for periods 
of time less than 1 hour.50 Moreover, when tissues have been 
compressed for prolonged periods, tissue damage continues to 
occur, even after the pressure is relieved. This continued tissue 
damage relates to changes at the cellular level that lead to dif-
fi culties with restoration of perfusion as discussed earlier and to 
increased muscle stiffness (from muscle cell death) that widens 
the area of loading, changing the strain and stress distributions, 
and increasing tissue damage.48,50,73

CLINICAL PRESENTATION OF PRESSURE ULCERS

Four levels of skin breakdown occur, depending on the amount 
of time tissue is exposed to unrelieved pressure.72,74 Hyperemia 
can be observed within 30 minutes or less; it is manifested as 
redness of the skin and dissipates within 1 hour after pressure is 
relieved. Ischemia occurs after 2 to 6 hours of continuous pres-
sure; the erythema is deeper in color and may take 36 hours 
or more to disappear after pressure is relieved. Necrosis is the 
third level and occurs after 6 hours of continuous pressure. The 
skin may take on a blue or gray color and become indurated. 
Damage that has progressed to this level may take longer peri-
ods to disappear and the time to recovery is variable. Ulceration 
is the fourth and fi nal level and may occur within 2 weeks after 
necrosis with potential infection; it resolves on a variable basis.74

Two types of pressure ulcers exist; superfi cial and deep tis-
sue ulcers. Superfi cial ulcers are those caused by friction and 
shearing forces and involve the epidermis and part of the der-
mis. Deep tissue ulcers start at the bony tissue interface, involve 
muscle damage and over a period of time, involve the skin 
structures. Pressure ulcers are commonly classifi ed by the level 
of visible tissue damage, where stage I pressure ulcers exhibit 
nonblanchable erythema (i.e., redness) on intact skin, stage II 
pressure ulcers are partial-thickness ulcers, and stages III and 
IV ulcers involve full-thickness damage. The visible spectrum 
of pressure-induced tissue damage often begins with blanch-
able erythema or redness of the skin. Ability of the tissues to 
blanch indicates suffi cient perfusion of the tissues for capil-
lary refi ll to occur. More severe pressure damage is observed 
as nonblanchable erythema. Nonblanchable erythema may 
appear as red, maroon, dark red, or purple discoloration 

Intensity and Duration of Pressure
Ischemia and hypoxia of body tissues are produced when capil-
lary blood fl ow is obstructed by localized pressure. How much 
pressure and what amount of time is necessary for ulceration 
to occur has been a subject of study for many years. In 1930, 
Landis,69 using single-capillary microinjection techniques, 
determined normal hydrostatic pressure to be 32 mm Hg at the 
arteriole end and 15 mm Hg at the venule end. His work has 
been the criterion for measuring occlusion of capillary blood 
fl ow. Generally, a range from 25 to 32 mm Hg is considered 
normal capillary blood fl ow and is used as the marker for ade-
quate relief of pressure on the tissues. We now know that it is 
not just the pressure that is at work but also the forces of defor-
mation of cells.

Pressure is most intense at the bony prominence and soft 
tissue interface and gradually lessens in a cone-shaped gradient 
to the periphery.54,70–73 Thus, although tissue damage apparent 
on the skin surface may be minimal, the damage to the deeper 
structures can be severe. Recall that damage at the cellular level 
with resultant edema and tissue damage exist prior to visible 
skin damage and that signifi cant muscle death can be present 
even with intact nondamaged skin. In addition, subcutaneous 
fat and muscle are more sensitive than the skin to ischemia. 
Muscle and fat tissues are more metabolically active and, thus, 
more vulnerable to hypoxia with increased susceptibility to 
pressure damage. The vulnerability of muscle and fat tissues to 
deformation and pressure forces explains DTI lesions and pres-
sure ulcers where large areas of muscle and fat tissue are dam-
aged with undermining or pocketing due to necrosis, yet the 
skin opening is relatively small.44,45,74

Pressure intensity also differs according to body position. 
Pressures are highest (70 mm Hg) on the buttocks in the lying 
position, and in the sitting position can be as high as 300 mm 
Hg over the ischial tuberosities.71 These levels are well above the 
normal capillary closing pressure and are capable of causing tis-
sue ischemia. Further, deformation forces are most intense in 
the sitting position with ischial tuberosities compressing gluteal 
muscle tissue. Deformation forces over 200 mm Hg are associ-
ated with irreversible and nearly immediate damage to muscle 
tissue.50–52

It is also important to understand the relationship between 
intensity and duration of pressure in pressure ulcer develop-
ment. The most recent work on pressure-time curves views 
the curve as a sigmoid curve that is supported with cell stud-
ies and animal research where muscle tissue has a fi nite toler-
ance to high levels of pressure and fi nite load limits that can 
be borne over very long time periods.50 This failure strength of 

Local Cellular
Injury

Subclinical inflammaory
manifestations

Local edema, elevated temperature

Subclinical Pre-Stage I

pressure damage

FIGURE 9.2 Local cellular injury occurs as a result of vascular changes which trigger infl ammation and release of infl am-
matory mediators. Infl ammatory mediators cause vascular dilation, increased membrane permeability and movement of 
fl uid from the vascular space to the interstitial space. This results in local tissue edema from infl ammation. This is sub-
clinical disease or pre-stage I pressure damage that is invisible on the skin. (Source: Barbara M. Bates-Jensen.)
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temperature may decrease, signaling underlying tissue damage. 
Nonblanchable erythema develops, in which the color of the 
skin becomes more intense, varying from dark red to purple 
or cyanotic in both light- and dark-skinned patients (Fig. 9.4). 
Persons with dark skin tones may show a deepening of normal 
skin color, a purple, blue or grey color to the skin.79,80 In light-
skinned patients, nonblanchable erythema is detected by test-
ing for capillary refi ll of tissues. Increased damage to tissues is 
indicated by the inability of the tissues to blanch.

In addition, skin texture changes. The skin may feel hard and 
indurated, and observation may reveal heightened skin features 
or an orange-peel appearance.79,80 This stage of tissue destruc-
tion is also reversible, although tissues may take 1 to 3 weeks to 
return to normal.81 Additionally, the patient may report pain at 
the site.

Stage II Pressure Ulcers
Stage II category pressure ulcers are superfi cial ulcers most 
often the result of the mechanical force of friction on the epi-
dermis. Stage II pressure ulcers involve damage to the epider-
mis and part of the dermis, they are partial-thickness lesions. 
The ulcer is superfi cial, with indistinct margins and a red pink, 
shiny base (Fig. 9.5). It is usually surrounded by blanchable or 
nonblanchable erythema. If not dealt with aggressively, stage II 
ulcers can progress to involve deeper tissues. Still, if properly 
treated, the situation may resolve in 2 to 4 weeks.81

Stage III and IV Pressure Ulcers
Whereas superfi cial or partial-thickness ulcers such as stage II 
ulcers begin at the skin surface and progress to deeper layers, 
deep, full-thickness ulcers do not originate at the skin surface; 
they begin at the bony prominence–soft tissue interface at the 
muscle tissue layer and spread to involve the skin structures.

The chronic deep ulcer usually has a dusky red wound base 
and does not bleed easily (Fig. 9.6). It is surrounded by blanch-
able or nonblanchable erythema or deepening of normal skin 
tone, induration, possible edema, change in temperature com-
pared to healthy tissues, and possible mottling with or with-
out hemosiderin staining. Undermining and tunneling may be 
present with a large necrotic cavity.

Unstageable Pressure Ulcers
Pressure ulcers that present covered with devitalized necrotic 
tissue are classifi ed as unstageable because the depth of tissue 
destruction is not visible. The necrotic tissue may be slough or 

on the skin depending on the individual’s skin color and the 
severity of the damage. Without intervention, and sometimes 
even with aggressive intervention, blanchable and nonblanch-
able erythema can progress to full-thickness ulceration (see 
Fig. 9.3). The classic clinical signs of pressure ulcer formation 
are  discussed next.

Early Pressure-Induced Tissue Damage
The immediate response of the tissues to a sustained period 
of pressure are related to the infl ammatory response and are 
manifest as elevated temperature, subepidermal edema, and 
erythema. Skin temperature and subepidermal edema are 
refl ections of the nonvisible spectrum of pressure-induced tis-
sue damage. Elevated skin surface temperature, as compared 
with that of healthy tissues can be evaluated by palpation, skin 
thermistors, or thermography. Subepidermal edema can be 
assessed using ultrasound and surface electrical capacitance 
methods. These are discussed in more detail later.

If pressure is not relieved, pressure-induced tissue damage 
progresses to the visible spectrum. The fi rst visible indicator of 
pressure damage is blanchable erythema. Erythema presents as 
redness of a fl at, nonraised area of the skin larger than 1 cm. 
The discoloration varies in intensity from pink to bright red in 
persons with light skin tones. In persons with dark skin tones, 
the discoloration appears as a deeper than normal pigmenta-
tion or a purple or blue-gray hue to the skin.

In light-skinned patients, the severity of the tissue insult can 
be evaluated by testing for blanchability of tissues. After fi nger 
pressure is applied to the area, complete blanching of the skin 
occurs, followed by quick return of redness from capillary refi ll, 
once the fi nger is removed. In patients with dark skin tones, 
the blanch response is not visible. Increased tissue damage is 
observed when pressure and other mechanical forces continue 
to assault the skin and tissues. To enhance communication 
about this visible pressure-induced tissue damage, the National 
Pressure Ulcer Advisory Panel (NPUAP) developed a six cat-
egory system for classifying pressure ulcers by visible tissue 
damage. The NPUAP classifi cation system is used throughout 
the United States in all health-care organizations.75 Exhibit 9.1 
presents the pressure ulcer categories.

Stage I Pressure Ulcers
If pressure is not relieved, the damage progresses to stage I cat-
egory, with additional temperature, coloration, and texture 
changes seen.76–78 As the tissues become more disturbed, the 

Blanchable
Erythema

Stage I Pressure Ulcer
Non blanchable

Erythema

Full thickness
Pressure Ulcer

FIGURE 9.3 Beginning visible clinical indicators of pressure ulcers all relate to the signs of infl ammation in the tissues. 
The fi rst visible sign of damage is Blanchable erythema. If detected, this beginning stage of damage may be transient if 
pressure is relieved. If pressure is not relieved, the damage can progress to a stageable pressure ulcer or nonblanchable 
erythema (Stage I). Stage I pressure ulcers are also thought to be reversible, although tissues may take 1 to 3 weeks to 
return to normal. If pressure is not relieved, and in cases where initial pressure was intense, damage may present as a full 
thickness ulcer. (Source: Barbara M. Bates-Jensen.)

Sussman_Chap09.indd   235Sussman_Chap09.indd   235 7/25/2011   2:52:28 PM7/25/2011   2:52:28 PM



236 PART II ■ Management by Wound Etiology

Suspected Deep Tissue Injury
Pressure-induced skin damage that manifests as purple, 
blue, or black areas of intact skin may be suspected DTI 
areas.44–48,73,75 These lesions commonly occur on the sacrum 
and heels and signal more severe tissue damage below the 
skin surface (Fig. 9.9). DTI lesions reflect tissue damage at 
the bony tissue interface and may progress rapidly to large 
tissue defects.62,82

eschar. Eschar is the formation of an acellular dehydrated com-
pressed area of necrosis, usually surrounded by an outer rind of 
blanchable or nonblanchable erythema (Fig. 9.7). Eschar forma-
tion indicates a full-thickness loss of skin and may be the result 
of both pressure and shear forces. Slough is devitalized tissue 
with a higher water content than eschar. Slough appears as yel-
low or tan material that is thickly adherent to wound bed tissues 
(Fig. 9.8). Slough also indicates full-thickness tissue damage.

EXHIBIT 9.1

National Pressure Ulcer Advisory Panel Pressure Ulcer Staging Classifi cations
Stage Defi nition

Stage I    ● Intact skin with nonblanchable redness of a localized area usually over a bony prominence. Darkly pigmented 
skin may not have visible blanching; its color may differ from the surrounding area.

   ● Further description:
The area may be painful, fi rm, soft, warmer or cooler as compared to adjacent tissue. Stage I may be diffi cult 
to detect in individuals with dark skin tones. May indicate “at risk” persons (a heralding sign of risk).

Stage II    ● Partial-thickness loss of dermis presenting as a shallow open ulcer with a red pink wound bed, without 
slough. May also present as an intact or open/ruptured serum-fi lled blister.

   ● Further description:
Presents as a shiny or dry shallow ulcer without slough or bruising.a This stage should not be used to 
describe skin tears, tape burns, perineal dermatitis, maceration or excoriation.

Stage III    ● Full-thickness tissue loss. Subcutaneous fat may be visible but bone, tendon or muscle are not exposed. Slough 
may be present but does not obscure the depth of tissue loss. May include undermining and tunneling.

   ● Further description:
The depth of a stage III pressure ulcer varies by anatomical location. The bridge of the nose, ear, occiput and 
malleolus do not have subcutaneous tissue and stage III ulcers can be shallow. In contrast, areas of signifi -
cant adiposity can develop extremely deep stage III pressure ulcers. Bone/tendon is not visible or directly 
palpable.

Stage IV    ● Full-thickness tissue loss with exposed bone, tendon or muscle. Slough or eschar may be present on some 
parts of the wound bed. Often include undermining and tunneling.

   ● Further description:
The depth of a stage IV pressure ulcer varies by anatomical location. The bridge of the nose, ear, occiput and 
malleolus do not have subcutaneous tissue and these ulcers can be shallow. Stage IV ulcers can extend into 
muscle and/or supporting structures (e.g., fascia, tendon or joint capsule) making osteomyelitis possible. 
Exposed bone/tendon is visible or directly palpable.

Unstageable    ● Full-thickness tissue loss in which the base of the ulcer is covered by slough (yellow, tan, gray, green, or 
brown) and/or eschar (tan, brown, or black) in the wound bed.

   ● Further description:
Until enough slough and/or eschar is removed to expose the base of the wound, the true depth, and there-
fore stage, cannot be determined. Stable (dry, adherent, intact without erythema or fl uctuance) eschar on 
the heels serves as “the body’s natural (biologic) cover” and should not be removed.

Suspected 
DTI

   ● Purple or maroon localized area of discolored intact skin or blood-fi lled blister due to damage of underlying 
soft tissue from pressure and/or shear. The area may be preceded by tissue that is painful, fi rm, mushy, boggy, 
warmer or cooler as compared to adjacent tissue.

   ● Further description:
DTI may be diffi cult to detect in individuals with dark skin tones. Evolution may include a thin blister over 
a dark wound bed. The wound may further evolve and become covered by thin eschar. Evolution may be 
rapid exposing additional layers of tissue even with optimal treatment.

aBruising indicates suspected DTI.
Source: National Pressure Ulcer Advisory Panel and European Pressure Ulcer Advisory Panel. Prevention and treatment of pressure ulcers: Clinical 
practice guideline. Washington DC: National Pressure Ulcer Advisory Panel; 2009.
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FIGURE 9.4 Stage I pressure ulcer of the heel exhibiting nonblanch-
able erythema. The color is an intense, dark red in light skinned per-
sons. (©B. M. Bates-Jensen.)

FIGURE 9.5 Stage II pressure ulcer presents as a superfi cial shallow 
abrasion with a pink-red clean base. (©B. M. Bates-Jensen.)

FIGURE 9.6 Full thickness Stage IV pressure ulcer presents with exten-
sive loss of tissue. The wound bed appears dusky and the head of the 
trochanter can be seen at the base of the wound. (©B. M. Bates-Jensen.)

FIGURE 9.7 Unstageable pressure ulcer on the heel of a patient. The 
ulcer is covered with necrotic black eschar such that the depth of the 
wound cannot be determined. The ulcer is full thickness but we are 
unable to determine if deep structures are involved until debridement 
occurs. (©B. M. Bates-Jensen.)

Location
The great majority of pressure ulcers occur on the lower half 
of the body; more than 95% develop over fi ve classic locations: 
sacral/coccygeal area, greater trochanter, ischial tuberosity, 

heel, and lateral malleolus. Several multisite prevalence surveys 
of pressure ulcers in hospitals have found the sacrum the most 
common location, followed by the heels.83–85 In the spinal cord–
injured population, the sacral/coccygeal area and ischial tuber-
osities are the most common locations.86,87 While the prevalence 
of pressure ulcers is low (4%) in the pediatric population, 66% 
are facility-acquired lesions and the most common locations 
are the head area (31%), seat area (20%), and foot area (19%).88 
Correct anatomic terminology is important for communicating 
the location of the pressure ulcer to other health-care profes-
sionals. For example, many clinicians document pressure ulcers 
as being located on the patient’s hip. The hip, or iliac crest, is 
not a common location for pressure ulcers. The iliac crest is 
located on the front of the patient’s body and is rarely subject to 
pressure forces. The area that these clinicians typically are refer-
ring to is the greater trochanter. This is the bony prominence 
located on the side of the body, just above the proximal, lateral 
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FIGURE 9.8 This full thickness pressure ulcer presents with areas of 
yellow slough. The slough is dead necrotic material. (©B. M. Bates-
Jensen.)

FIGURE 9.9 The pressure area presents as suspected deep tissue injury 
which is identifi ed by the deep purple discoloration of the tissues. 
(©B. M. Bates-Jensen.)

Scapula

Sacrum

Coccyx

Greater Trochanter

Ischial Tuberosity

Medial Malleolus

Lateral Malleolus
Calcaneous

FIGURE 9.10 Correct anatomical names and locations of common 
pressure ulcer sites.

aspect of the thigh or “saddle-bag” area. Figure 9.10 presents 
the typical locations of pressure ulcer development with correct 
anatomic terminology.

Although pressure ulcers most commonly occur over bony 
prominences, they can develop at any site where tissues have 
been compressed, causing tissue ischemia and hypoxia. Patients 
with contractures are at special risk for pressure ulcer develop-
ment because of the internal pressure of the bony prominence 
and the abnormal alignment of the body and its extremities. 
(Refer to Chapter 10 on Therapeutic Positioning.) Other 
locations of concern are body areas under or around medical 
devices.89 In the case of medical devices, individuals are at spe-
cial risk due to the pressure on tissues caused by the medical 
device itself.90 In many instances, the medical device cannot be 
removed and it may not be possible to reduce the pressure on 
the tissues from the device.89,90 This is particularly true if the 
device is applied when edema is present. One study found that 
patients with medical devices were 2.4 times more likely to 
develop a pressure ulcer.90

CLINICAL WISDOM

Managing Medical Devices
Use of soft silicone foam under tracheostomy tubes and 
oxygen tubing may help reduce pressure. For CPAP masks, 
alternating use with full face devices has been successfully 
applied as a prevention strategy. 

PRESSURE ULCER DETECTION

Stage I pressure ulcers account for up to 47% of all pressure ulcers 
in the elderly,83 many of which progress to more severe ulcers. 
In hospitalized patients, 22% to91 26% of stage I pressure ulcers 
deteriorate to more severe ulcers in as little as 7 days.92 Nursing 
homes report pressure ulcer deterioration among residents with 
stage I pressure ulcers range from 9%89 to 58% in as short as 2 
weeks.93,94 Thus, detection of subclinical pressure-induced tissue 
damage is important because early intervention may prevent 
decline to stage I pressure ulcers and more severe pressure ulcers.

The standard method of detecting early pressure damage 
is visual skin assessment observing for blanchable and non-
blanchable erythema. While this method has some reliability for 
individuals with light skin tones,94 by the time nonblanchable 
erythema is evident, tissue damage has already occurred. In fact, 
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patients with pressure-induced erythema.77 Skin temperature 
variability also differentiates between nursing home residents at 
high and low risk for pressure ulcer development and between 
those residents who do and do not develop pressure ulcers.104 In 
a study using a hand-held thermistor to measure skin surface 
temperature, temperatures for sacral and buttocks sites with 
erythema or stage I pressure ulcers were signifi cantly higher 
than for normal skin. Skin surface temperature was responsive 
to visual changes in the skin, with higher temperatures asso-
ciated with any change in the skin: deterioration or improve-
ment. Further, a decrease in skin surface temperature by 4°F 
predicted stage I pressure ulcers that were visible on the skin 
the following week.105 This is also true for predicting diabetic 
foot ulcers. Patients with diabetes were able to use a hand-held 
infrared skin temperature probe to monitor foot temperatures 
and informed to seek healthcare when temperatures were ele-
vated from the contralateral foot by 4°F. Those patients not 
using the infrared thermometer to monitor for impending 
ulcers were 10 times more likely to develop a foot complica-
tion compared with patients using the hand-held infrared ther-
mometer to assess skin temperature.67 In the case of predicting 
diabetic foot ulcers, it is the pattern of skin temperature that 
is important as simply using temperature as an initial screen-
ing method has not been successful.106 The same is likely to be 
true in predicting pressure-induced damage. Others have not 
been able to show a direct relationship between skin tempera-
ture and pressure ulcer severity.107 It may be that temperature 
is best used with specifi c populations such as elders and those 
with neurologic impairment. For example, older tissue may 
be more at risk for pressure damage due to accumulated dys-
function with impaired pressure-induced vasodilation and 
associated skin temperature dysfunction.78,108 In persons with 
spinal cord injury or other neurologic impairment, increased 

blanchable erythema alone has been suggested as a strong pre-
dictor of later stage ulcers among nursing home residents and 
can be viewed as visible prestage I pressure damage.94–96 In addi-
tion, evidence suggests that visual skin assessment fails to detect 
skin color changes in darkly pigmented skin, missing both pre-
stage I pressure damage and stage I pressure ulcers.32,82,97 Use of 
a plastic or glass disc pressed into the tissues to evaluate capil-
lary refi ll and blanching has been shown to be more effective 
than use of fi nger pressure alone.92 There are several nonvisual 
methods of detecting pressure damage: ultrasound, thermogra-
phy, spectroscopy, and surface electrical capacitance.

Ultrasound Evaluation of Pressure-Induced Skin 
and Tissue Damage
High-resolution ultrasound is a noninvasive method of visual-
izing skin and soft tissues that provides echogenic images of skin 
and deeper tissues. Ultrasound has been used for evaluating skin 
structure and thickness,98 chronic wound healing,99 differentiat-
ing benign skin lesions from melanoma,100 detecting skin involve-
ment in systemic sclerosis,101 and to determine pathogenesis of 
pressure ulcer development.102 High-resolution ultrasound is 
portable, noninvasive, and provides visual images of microscopic 
infl ammatory changes in the skin and deeper tissues. Researchers 
found that over 50% of ultrasound images obtained from nursing 
home residents indicated abnormal fi ndings with tissue edema 
present compared to ultrasound images obtained from healthy 
volunteers.102 Nearly 80% of those with abnormal ultrasound 
images did not have documentation of erythema suggesting that 
ultrasound technology can detect tissue damage before clinical 
signs occur.102 Researchers at Georgia Institute of Technology also 
conducted fi eld trials on the use of ultrasonic imaging devices 
to detect early stage pressure ulcers and underlying tissue dam-
age and to age bruises as a method of diagnosing neglect among 
elders.103 Others have shown high-resolution ultrasound’s abil-
ity to identify edema in the tissues, which precedes palpable 
skin involvement.100,101 Advantages of ultrasound technology for 
detecting early pressure ulcer development include (1) reproduc-
ibility, (2) noninvasiveness, and (3) objective and quantitative 
data on tissue damage below skin surface.

Temperature as a Method of Detecting 
Pressure-Induced Skin and Tissue Damage
The NPUAP includes skin temperature as a nonvisual method 
of early pressure ulcer detection yet it is not clear whether 
increased or decreased temperature, or both, or the pattern of 
temperature over time is the critical element. Both increased 
and decreased skin temperature (compared to adjacent normal 
tissue) is associated with stage I pressure ulcers in rehabilitation 

FIGURE 9.11 The thermography device records both a photograph of 
the ulcer and a thermograph scan showing temperature variation in 
the tissues indicating underlying tissue damage. (Courtesy of Wound-
Vision, 410 South College Ave, Suite 100 | Indianapolis, IN 46203.)

CLINICAL WISDOM

Monitoring for Deterioration of Erythema
One method of monitoring existing erythema for progres-
sion of tissue damage is to test capillary refi ll every 8 hours. 
When capillary refi ll is not present, it indicates an increase in 
tissue damage.45
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FIGURE 9.12 Thermography image demonstrates extent of tissue damage below intact skin surface. In the thermography 
image (left) the deep tissue damage is indicated by arrows. This is a thermal image of a pressure ulcer on a patient’s left 
heel. This particular patient was being treated for a venous stasis ulcer on both legs but developed a pressure ulcer on 
their left heel due to no preventative care plan. The right heel did have a preventative care plan and proper offl oading 
which resulted in no pressure ulcer. To confi rm the imaging a physical evaluation of the left heel could not detect an 
existing DTI with pending pressure ulcer development. (Courtesy of WoundVision, 410 South College Ave, Suite 100 | 
Indianapolis, IN 46203.)

temperature may be a predictor of pressure ulcer development; 
a 1.2°C increase in skin temperature may occur 24 to 96 hours 
before sacral pressure ulcer development.109

Temperature has also been employed to predict healing of 
existing ulcers and as an intervention to limit pressure-induced 
tissue damage. When a patient lies in a supine position for a 
period of time, heat is generated at the sacral bony prominence. 
The metabolic needs of the tissues are increased due to the 
increased temperature thus further compromising the tissues. 
Mild cooling of the skin may provide protection from pres-
sure damage.110 Temperature has been examined as a method 
of limiting pressure-induced tissue damage (specifi cally cool-
ing) where local cooling of tissues resulted in reduced postisch-
emic reactive hyperemia, thus providing a protective effect.111 
Thermography has also been used to predict delayed healing in 
persons with existing pressure ulcers. More ulcers with low skin 
temperatures at the wound margins healed compared to those 
ulcers that healed with higher temperatures.112 Higher tem-
peratures surrounding the ulcers may be indicative of increased 
infl ammatory response or undetected clinical infection.112 
Devices that perform thermography and temperature screen-
ing range from simple hand-held thermistors to thermography 
cameras. (Fig. 9.11 shows an example of a thermography cam-
era and Fig. 9.12 shows the results of a thermography image for 
detecting deep tissue damage.)

Tissue Refl ectance Spectroscopy as a Method 
of Detecting Pressure-Induced Skin and Tissue 
Damage
The dermatology fi eld has used tissue refl ectance spectroscopy 
(TRS) as a method of examining changes in skin color dur-
ing and after skin treatments. TRS is a noninvasive measure-
ment approach that uses the characteristic absorption of light 

by hemoglobin and melanin in the skin layers to measure the 
amount of these substances present in the tissue. Briefl y, light 
passes through the epidermis (and the melanin present in the 
epidermis), then passes through blood vessels in the dermis 
(and the hemoglobin present) to the collagen layer in the lower 
dermis and then is refl ected back.113 The technology is based on 
the tissue chromophores: melanin, hemoglobin, and oxyhemo-
globin. In the visible portion of the spectrum, light is absorbed 
by melanin and hemoglobin and refl ected off the collagen layer. 
Oxygenated hemoglobin has absorption peaks at 542 and 574 
nm; deoxygenated hemoglobin has an absorption peak at 545 
nm.114 Melanin has a linear decreasing absorption function 
with the wavelength and absorption related to the amount of 
melanin present.113 Detection of subcutaneous hemoglobin is 
likely in the green portion of the spectrum and the near-infra-
red spectrum. In general terms, light at the red and green end of 
the spectrum are directed through the tissues and the refl ected 
light data is captured in an image and interpreted using an algo-
rithm. Use of TRS entails a light-emitting apparatus directed to 
the skin area of concern; an image and data are collected and an 
algorithm is used to interpret collected data. Algorithms have 
been tested113 with several demonstrating good sensitivity and 
specifi city for erythema detection.76,113 A variety of devices and 
techniques are used for spectroscopy evaluation. One method, 
multispectral imaging, has demonstrated excellent sensitivity 
and specifi city for erythema detection signifi cantly enhancing 
contrast of erythema over that observed with digital photo-
graphs.115 Use of TRS has also been used to characterize of reac-
tive hyperemia116 and detect erythema in persons with dark skin 
tones.115 Near infrared imaging is another method of spectros-
copy for detecting erythema in persons with dark skin tones.114 
Many of the devices used in TRS are not yet clinically practical; 
however, as invention and research in this area continues, it is 
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water are nearly identical and thus, the measure is refl ective of 
total water content in the tissue.122,123 Pure water has a dielectric 
constant of 78.5, the dielectric constant of air is 1, and normal 
skin is approximately 40.118,122,123 For devices that measure in pF 
the range of readings is 0 to 4.096 pF with normal skin values 
between 0.9 and 2 pF.

At the cellular level, SEM indirectly measures the action 
potential of sodium and potassium across cell membranes. 
When tissues and cells are injured such as that occurs with early 
pressure-induced tissue damage, cellular permeability increases 
and the action potential across the cell membrane is decreased 
allowing quick/high electrical charges to pass through the tis-
sues (e.g., SEM increases). Devices to measure SEM are small, 
hand-held dermal phase meters that require light skin touch 
with readings available within 3 to 8 seconds (Fig. 9.13).

SEM measures have been used to quantify wound healing 
in burn patients124 and lymphedema presence in mastectomy 
patients,125 and to examine erythema and stage I PUs.126–129 
In nursing home residents, SEM has detected infl ammatory 
changes in the tissues, identifying prestage I and stage I pres-
sure ulcers on the sacrum and buttocks.127–129 In addition, SEM 
was higher (e.g., increased edema and infl ammation) when 
residents exhibited no visible skin damage at the time but a 
stage I pressure ulcer was visible on the skin 1 week later. SEM 
values have identifi ed 26%127 and 30%128 of the stage I pres-
sure ulcers the following week, 25% more than with expert 
visual assessment. SEM has also been used to detect erythema 
and stage I pressure ulcers in nursing home residents with dark 
skin tones.129

DIFFERENTIAL DIAGNOSIS

Clinical diagnosis of pressure ulcers can be complicated. 
Superfi cial stage II pressure ulcers and incontinence associated 
dermatitis (IAD) are often confused. Differentiating between 
skin failure and a terminal pressure ulcer is also diffi cult.

likely that equipment will become more useful to clinicians.115 
These techniques, as well as studies using laser Doppler perfu-
sion imagers, have shown that there is a signifi cant difference 
between the blood fl ow in normal tissues compared to tissues 
with erythema, both blanching and nonblanching, supporting 
the importance of clinical identifi cation of erythema as a pre-
cursor to pressure damage.76,117

Subepidermal Moisture as a method of Detecting 
Pressure-Induced Skin and Tissue Damage
Measurement of water content of skin and tissue has been 
used to assess the maturity of the epidermal barrier function 
of the skin,118–126 measure edema in irritant exposed skin,119,120 
and is related to development and healing of wounds.121,124,126 
Measurement of the hydration or water content of the skin and 
underlying tissue can be accomplished using capacitive devices. 
These devices detect and measure water below the stratum cor-
neum (the uppermost layer of skin and the most infl uenced by 
outside surface moisture). While the stratum corneum of the 
epidermis is infl uenced by environmental moisture, the lower 
epidermal layers contain water generated from within the tis-
sues and are not as affected by environmental moisture. The 
ability to measure water content in the lower epidermal lay-
ers, dermis, and subcutaneous fat allows for evaluation of SEM 
without signifi cant interference by surface moisture such as 
occurs with incontinence. These devices determine hydration 
with electrical methods using two approaches, capacitive and 
impedance-based capacitive parameters or dielectric param-
eters. Both approaches share similarities in technique but differ 
in measurement values and how values are calculated. SEM is 
measured by electrical properties based on different water con-
tents of skin layers. Both capacitive and conductive properties 
of tissues are related to the water content. When measuring skin 
using dielectric parameters with an electromagnetic fi eld pene-
trating through the skin, the uppermost layer is predominantly 
capacitive, while the deeper layers are conductive.118,122 The dry 
stratum corneum acts like a dielectric medium. Addition of 
water in the tissues makes the stratum corneum responsive to 
an electrical fi eld.

Using dielectric parameters, high-frequency low-power 
electromagnetic waves of 300 MHz are transmitted via a device 
that is manually placed on the skin. In the skin, the induced 
electrical fi eld interacts mainly with water molecules closest to 
the probe with depth of interaction depending on the diam-
eter of the circular probe.122,123 The portion of the electromag-
netic energy that is not absorbed by tissue water is refl ected and 
measured by the same electrode as used for wave transmission. 
From the properties of the refl ected wave, the dielectric proper-
ties of the site are determined and displayed in the measuring 
unit. Among dielectric properties, a dielectric constant is calcu-
lated and is directly proportional to the free and bound water 
(total water) in the skin and tissues.122 Depending on the device 
used, SEM values are displayed in pico Farads (pF) or relative 
dielectric constant units. The dielectric constant is a dimension-
less physical quantity and it is directly proportional to the water 
content in the measured tissue. The measured value increases 
when water content increases. Dielectric constant of water mol-
ecules depends on the used radiofrequency. Free and bound 
water behave electrically differently with different frequencies. 
At around 300 MHz, the electrical properties of free and bound 

FIGURE 9.13 Use of a dermal phase meter, the SEM Scanner (Bruin 
Biometrics, LLC) to evaluate the heel of a patient. These devices 
 typically require light skin touch and provide a reading of the mois-
ture in the skin and tissues in 3 to 5 seconds. Higher readings refl ect 
increased moisture in the skin and tissue as a result of local infl amma-
tory response to tissue damage. (©B. M. Bates-Jensen.)
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occurs on the posterior aspect of the penile shaft and the ante-
rior aspect of the scrotum. More damage is seen in the lower 
perineal regions, such as the inner thighs and low buttocks, 
than in the higher perineal regions, such as the sacral/coccygeal 
area or groin. In women, the skin damage usually involves the 
vulva and groin areas and spreads distally from those sites.

Chronic skin changes in patients with long-standing incon-
tinence include a thickened appearance of skin where moisture 
is allowed to maintain skin contact, and increased evidence of 
scaling and crusting. The thickened appearance of the skin is 
due to urine or stool pooling on the skin. This skin is overhy-
drated and easily abraded, with minimal friction. The reaction 
is notable at the coccyx, scrotum, and vulva. Excoriation from 
patients’ scratching at affected sites may also be present.95 In 
many cases of long-standing incontinence, partial-thickness 
ulcers are present over the sacral/coccygeal area and medial 
buttocks region, close to the gluteal fold. Although these lesions 
present in a typical pressure ulcer location, some characteris-
tics of these partial-thickness ulcers differ from characteristics 
seen with superfi cial pressure-induced skin trauma as shown in 
Table 9.1. First, the lesions tend to be multiple. The lesions may 
or may not be directly over a bony prominence, the lesions are 
typically surrounded by other characteristics of IAD (e.g., dif-
fuse blanchable erythema), they may present as copy lesions, 
or “kissing” ulcers, where one lesion on the buttocks mirrors a 
second lesion on the opposite buttock and they may present in 
the gluteal cleft itself.

When caring for patients who are incontinent of urine 
and feces, you are faced with the challenge of preventing IAD 
and pressure ulceration as a result of the decreased tissue tol-
erance to trauma. As we have seen, superfi cial stage II pres-
sure ulcers result from friction forces abrading the epidermis. 
When moisture, urine, and feces have caused maceration and 

Superfi cial Stage II Pressure Ulcers and IAD
Assess the patient’s skin for signs of IAD. IAD is infl ammation 
of the skin that happens when the perineal area is subject to 
prolonged contact with urine or stool.130 Objective signs of IAD 
include erythema, swelling, vesiculation, oozing, crusting, and 
scaling, with subjective symptoms of tingling, itching, burning, 
and pain130,131 (Figs. 9.14 and 9.15). In persons with dark skin 
tones, IAD presents with white, dark red, purple, or yellow skin 
discoloration.130,132,133 The condition can occur anywhere in the 
perineal region, which is broadly defi ned as the perineum (area 
between the vulva or scrotum and anus), buttocks, perianal 
area, coccyx, and upper/inner thigh regions. The clinical pre-
sentation is variable and may be dependent on the frequency 
of incontinence episode, rapidity and effi cacy of postepisode 
hygiene, and duration of incontinence.131,132

IAD may present with manifestations characteristic of acute 
episodes, or chronic skin changes suggestive of more long-
standing incontinence. In acute episodes, the skin characteris-
tics most predominant are erythema, papulovesicular reaction, 
frank erosions and abrasions, and, in some cases, evidence of 
monilial infection, due to the moist warm environment. In 
general, a diffuse blanchable erythema is present involving but-
tock areas, coccyx area, perineum, perianal area, and upper/
inner thighs. The extent of the erythema varies, and the inten-
sity of the reaction may be muted in immunocompromised and 
some elderly patients. A papulovesicular rash is particularly 
evident in the groin and perineum areas (upper/inner thigh, 
vulva/scrotal area). Secondary skin changes include crusting 
and scaling, and are usually evident at the fringes of the reac-
tion. Erosions and frank denudation of the skin may be more 
common with incontinence associated with feces. The distribu-
tion of the dermatitis differs in men and women, as might be 
expected. Typically, the more severe damage in male patients 

1

2

FIGURE 9.14 Superfi cial partial thickness ulcers caused by inconti-
nence. Note the location of the damage is not over the bony promi-
nence. (©B. M. Bates-Jensen.)

1

2

FIGURE 9.15 Incontinence associated dermatitis with classic differ-
entiating characteristics of diffuse erythema across the buttocks and 
perineal area, and partial thickness skin loss. Note there are multiple, 
partial thickness ulcers with irregular wound edges and the ulcers 
occur across the area singly and in groups and not necessarily over the 
bony prominence. (©B. M. Bates-Jensen.)
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Pathologic Factors Incontinence Location Acute/Early Skin Signs Chronic/Late Skin Signs

Pressure 
ulcers

Any disease or 
condition that leads 
to limited mobility 
or immobility such 
that pressure/com-
pression in asso-
ciation with
• Friction
• Shearing
• Moisture
over a bony promi-
nence leads to skin 
and tissue damage

May or may not be 
present; if present, 
is a risk factor as 
moisture increases 
the coeffi cient of 
friction (i.e., less 
friction necessary 
to damage skin)

Pelvic locations: 
Sacrum, coccyx, 
buttocks, and ischial 
tuberosities
No gender 
differences

• Progression from less 
severe, blanchable ery-
thema to more severe, 
nonblanchable erythema
• In dark-skinned individu-
als, purple-bluish color
• Progression from 
increased temperature to 
cool temperature of the 
skin
• Slight edema
• Progression from intact 
skin to partial-thickness 
skin loss shallow crater 
(epidermis, dermis, or 
both)

• Full-thickness skin loss 
surrounded by blanch-
able or nonblanchable 
erythema
• Progression to a deep 
crater (subcutaneous tis-
sue to the fascia) to expo-
sure of the muscle, bone, 
or supporting structures 
(i.e., tendon)
• Surrounding skin may 
appear with deepening 
of ethnic skin tone or 
erythema, induration, 
warmth, possible mottling

Incontinence 
associated 
dermatitis

Moisture macer-
ates the skin and 
the excess mois-
ture in the skin 
tissues makes the 
epidermis friable. 
Urine and espe-
cially stool change 
the pH of the skin 
increasing the risk 
for skin infection 
and damage from 
friction.

Fecal or urinary 
incontinence must 
be present

Buttocks, coccyx, 
perineum, perianal 
area, and upper/inner 
thighs
Male:
• Common on the 
posterior side of the 
penile shaft and the 
anterior side of the 
scrotum
• More damage 
typically on the lower 
perineal areas (i.e., 
inner thighs and low 
buttocks)
Female:
• Common on the 
vulva and groin areas 
and spreads distally 
out from those areas

Primary:
• Diffuse, blanchable 
erythema
• Papulovesicular reaction 
(specifi cally, in the groin 
and perineum areas)
• Tingling, itching, burning, 
and pain
• Frank erosions and 
abrasions
• Monilial infection, in 
some cases
Secondary:
• Scaling and crusting at 
edges of papulovesicular 
reaction
• Erosions and frank denu-
dation especially with 
fecal incontinence

• Thickened appearance 
of the skin
• Increased amount of 
scaling and crusting
• Overhydrated
• Easily abraded with 
minimal friction
• Some evidence to sup-
port the presence of 
itching
• Multiple lesions
• Partial thickness
• May or may not be over 
a bony prominence
• Surrounded by other 
characteristics of 
 incontinence associated 
dermatitis

Characteristics of Pressure Ulcers and IAD9.1TABLE

overhydration of the epidermis, the skin and tissues are less 
tolerant of friction forces. Further moisture increases the coef-
fi cient of friction, which increases damage to the epidermis 
with less friction force applied. Stage II partial-thickness skin 
lesions, such as abrasions, are most commonly attributed to 
friction and shearing forces and it is likely that incontinence 
plays a critical role in the development of superfi cial pressure 
ulcers.134

Skin Failure and Terminal Pressure ulcers
Persons at life’s end, during an acute critical illness or with 
severe trauma may experience skin failure or terminal pres-
sure ulcers. Skin failure is defi ned as an acute episode where 
the skin and subcutaneous tissues die (become necrotic) due to 
hypoperfusion that occurs concurrent with severe dysfunction 

or failure of other organ systems.135 It is the hypoperfusion that 
creates an extreme infl ammatory reaction along with severe 
dysfunction or failure of multiple organ systems that compro-
mises the skin. The skin, the largest organ of the body, is no dif-
ferent from other organs, and also can become dysfunctional. 
Skin compromise, including changes related to decreased per-
fusion and hypoxia, can occur at the tissue, cellular, or molecu-
lar level resulting in decreased oxygen availability and reduction 
in nutrient use by the tissues.136–138 These changes weaken the 
skin making it less tolerant of mechanical forces such as pres-
sure, shear, and friction. Skin failure may present anywhere on 
the body (not just bony prominences) but often occurs over 
bony prominences.

One manifestation of skin failure may be a terminal pressure 
ulcer. One of the fi rst clinical descriptions of terminal ulcers was 
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framework, which divides factors into these two categories 
according to the role they play in pressure ulcer development.

Immobility, inactivity, and sensory loss increase pressure. 
Extrinsic factors (shear, friction, and moisture) and intrinsic 
factors (poor nutrition, advanced age, and reduced arteriolar 
pressure) reduce tissue tolerance. Several additional areas may 
infl uence pressure ulcer development: concurrent medical con-
ditions, emotional stress, temperature, smoking, and interstitial 
fl uid fl ow.141,142

Immobility, Inactivity, and Sensory Loss
Any disease process leading to immobility and limited activity 
levels, whether a spinal cord injury, dementia, Parkinson disease, 
severe congestive heart failure, or lung disease, increases the risk 
of pressure ulcers. Immobility or severely restricted mobility is 
the most important risk factor for all populations and a neces-
sary condition for the development of pressure ulcers. Mobility 
is the state of being movable. Thus, the immobile patient can-
not move, or facility and ease of movement is impaired. Exton-
Smith and Sherwin143 demonstrated that 90% of individuals with 
20 or fewer spontaneous nocturnal body movements developed 
a pressure ulcer, whereas none of the persons with greater than 
50 movements per night developed a pressure ulcer.

Closely related to immobility is limited activity. Often 
defi ned clinically as the ability of the individual to ambulate 
and move about, activity is more generally the production of 
energy or motion. Patients who are bed or chair bound and 
are thus inactive are at greater risk for pressure ulcer develop-
ment.144–146 A sudden reduction in activity level may signal a 
deterioration in health status and increased potential for pres-
sure ulcer development.

Sensory loss increases the risk for compression of tissues and 
pressure ulcer development because the normal mechanism 
for translating pain messages from the tissues is dysfunctional. 
Patients with intact nervous system pathways feel continuous 
local pressure, become uncomfortable, and change their posi-
tion before tissue ischemia occurs. These responses are reduced 
or absent in patients with spinal cord injury and many patients 
with altered mental status. Thus, these patients have a higher 
incidence and prevalence of pressure ulcers.147,148 Specifi cally, 
patients with paraplegia or quadriplegia are unable to sense 
increased pressure, and if their body weight is not shifted, pres-
sure ulceration develops. Further, denervation of the muscle tis-
sue changes the functional nature of the tissue making it more 
susceptible to mechanical forces of deformation and pressure. 
Likewise, patients with changes in mental status functioning may 
not feel the discomfort from pressure, not be alert enough to 
move spontaneously, not remember to move, be too confused to 
respond to commands to move, or be physically unable to move.

by Kennedy in 1989.139 Kennedy described a specifi c subgroup 
of pressure ulcers that some individuals developed as they were 
dying. They present typically over the sacrum and are shaped 
like a pear, butterfl y, or horseshoe (Fig. 9.16).139 The ulcers are 
a variety of colors including red, yellow, or black, are sudden 
in onset, typically deteriorate rapidly, and usually indicate that 
death is imminent with just over half (55.7%) dying within 6 
weeks of discovery of the ulcer. Others have also reported ter-
minal pressure ulcers occurring in the 2 weeks prior to death.140

PRESSURE ULCER RISK SCREENING

Pressure ulcers are physical evidence of multiple causative 
infl uences, and our discussion of etiology and pathophysi-
ology would not be complete if we failed to identify these. 
Understanding the factors that make an individual suscep-
tible to pressure ulcer development is an essential component 
of prevention programs and includes risk screening and risk 
assessment. Risk screening and assessment are strategies for 
targeting interventions to those persons most in need of pro-
tection. Pressure ulcer risk screening involves identifi cation 
of individuals for whom a more complete risk assessment is 
needed. Risk assessment is a method of determining the specifi c 
factors that place an individual at increased risk of developing 
a pressure ulcer. Risk assessment should include use of a risk 
assessment scale or tool to identify specifi c factors that place 
an individual at increased risk for pressure ulcer development, 
skin assessment to determine existing skin condition, and clini-
cal judgment based on specialty-specifi c indicators related to a 
person’s risk status.141 We fi rst discuss risk factors in general, 
then provide guidance on risk screening and fi nally review risk 
assessment tools and assessment for specialty-specifi c factors 
and skin assessment.

Risk Factors for Pressure Ulcer Development
It may be helpful to classify risk factors into two general groups: 
those that increase the pressure force over the bony promi-
nence, and those that reduce the tolerance of the tissues to pres-
sure. Figure 9.17 illustrates Braden and Bergstrom’s conceptual 

FIGURE 9.16 Suspected terminal pressure ulcer in a nursing home 
patient. The ulcer progressed rapidly even with intervention. The ulcer 
is butterfl y–shaped with each buttock mirroring the ulceration on the 
opposite buttock. (©B. M. Bates-Jensen.)

RESEARCH WISDOM

Immobility

Immobility or severely restricted mobility is the most 
important risk factor for all populations and a necessary 
condition for the development of pressure ulcers.

Sussman_Chap09.indd   244Sussman_Chap09.indd   244 7/25/2011   2:52:42 PM7/25/2011   2:52:42 PM



 CHAPTER 9 ■ Pressure Ulcers: Pathophysiology, Detection, and Prevention 245

FIGURE 9.17 Factors contribution to the development of pressure ulcers. (Reprinted from Braden, B. (1987), a conceptual 
schema for the study of the etiology of pressure sores. Rehabilitation Nursing, 12(1), 9 with permission of the Association 
of Rehabilitation Nurses. Copyright © 1987 by the Association of Rehabilitation Nurses.)

Extrinsic Factors
Extrinsic risk factors are those external forces that make the 
tissues less tolerant of pressure. Extrinsic forces include shear, 
friction, and moisture (see Fig. 9.17).

Shear

At the beginning of this chapter, we noted that, whereas pressure 
acts perpendicularly to cause ischemia, shear is a parallel force 
that causes ischemia by displacing blood vessels laterally, thereby 
impeding blood fl ow to tissues.134,149,150 Shear acts to stretch and 
twist tissues and blood vessels at the bony tissue interface and, as 
such, affects the deep blood vessels and deeper tissue structures. 
Further, eschar formation may be a result of larger vessel dam-
age below the skin surface from shearing forces. Shear forces are 
those responsible for deformation of tissues (both the strain—
relative deformation and the stress—force transferred per unit 
area).141 Figure 9.18 shows the effect of shearing and friction on 
the tissues when the head of the bed is raised.

Shear is caused by the interplay of gravity and friction. 
The most common circumstance for shear occurs in the 
bed patient in a semi-Fowler position (semisitting position 
with knees fl exed and supported by pillows on the bed or 
by elevation of the head of the bed). The patient’s skeleton 
slides down toward the foot of the bed, but the sacral skin 
stays in place (with the help of friction against the bed linen). 
This produces stretching, pinching of cells and occlusion of 
the underlying vessels, resulting in ulcers with large areas of 
internal tissue damage at the muscle level and less damage at 
the skin surface.

Friction

Friction and moisture, although not direct factors in pres-
sure ulcer development, have been identifi ed as contrib-
uting to the problem by reducing tolerance of tissues to 
pres-sure.134 Friction occurs when two surfaces move across 
one another. Friction acts on the tissue tolerance to pressure 
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Friction Friction

Shear Shear

Friction
Shear

FIGURE 9.18 Mechanical forces contribute to pressure ulcer 
development. As the person slides down or is improperly pulled up 
in bed, friction resists this movement. Shear occurs when one layer 
of tissue slides over another, disrupting microcirculation of skin 
and subcutaneous tissue. (Reprinted from Smeltzer SC, Bare BG. 
Brunnar & Suddarth’s Textbook of Medical -Surgical Nursing. 9th 
ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2000, with 
permission.)

by abrading and damaging the epidermal and upper dermal 
layers of the skin. Additionally, friction acts with gravity to 
cause shear. Friction abrades the epidermis, which may lead to 
superfi cial pressure ulcer development by increasing the skin’s 
susceptibility to pressure injury and increases the risk for infec-
tion. Pressure combined with friction produces ulcerations at 
lower pressures than does pressure alone.134 Friction acts in 
conjunction with shear to contribute to development of sacral/
coccygeal superfi cial pressure ulcers on patients in the semi-
Fowler position.

Moisture

Moisture contributes to pressure ulcer development by 
removing oils on the skin, making it more friable and less tol-
erant of mechanical forces, as well as by interacting with body 
support surface friction. Constant moisture leads to macera-
tion of the epidermis. Once it is eroded, there is increased 
likelihood of further tissue breakdown. Moisture also alters 
the resiliency of the epidermis to external forces. Both shear-
ing force and friction increase in the presence of mild to mod-
erate moisture.

Excess moisture may be due to wound drainage, diaphore-
sis, and fecal or urinary incontinence. In fact, urinary and fecal 
incontinence are common risk factors associated with pressure 
ulcer development. Incontinence contributes to pressure ulcer 
formation by creating excess moisture on the skin and by chemi-
cal damage to the skin.151 Fecal incontinence has an added det-
rimental effect: the presence of bacteria in the stool, which can 
contribute to infection as well as to skin breakdown. Enzymes in 
stool also contribute to skin breakdown.151–154 In the presence of 
both urinary and fecal incontinence, the pH in the perineal area 
is increased by the fecal enzymes’ conversion of urea to ammo-
nia. The elevated pH increases the activity of proteases and lipases 
found in stool, which, in turn, cause increased permeability of the 
skin, leading to irritation by other agents, such as bile salts.152–154 
Inadequately managed incontinence poses a signifi cant risk 

factor for pressure ulcer development, and fecal incontinence is 
highly correlated with pressure ulcer development.130,141

Intrinsic Risk Factors
The major intrinsic risk factors affecting tissue tolerance to 
pressure include poor nutritional status, increased age, reduced 
oxygenation and perfusion, and concurrent medical conditions 
and psychological factors (Fig. 9.17).

Nutrition

Weight loss, cachexia, and malnutrition are all commonly 
identifi ed as risk factors predisposing patients to pressure ulcer 
development.155,156 In addition, individuals with low serum albu-
min levels (hypoalbuminemia) are at increased risk for pressure 
ulcers. Measures of nutritional intake157,158 and weight159 are also 
predictive of pressure ulcer development.

Age

Advanced age is a risk factor for pressure ulcer development 
with several studies identifying that persons over age 70 are 
more susceptible to pressure ulcers.145,157–162 The skin and 
support structures undergo changes in the aging process. 
There is a loss of muscle, a decrease in serum albumin lev-
els, diminished inflammatory response, decreased elasticity, 
and reduced cohesion between the dermis and epidermis.163 
These changes combine with other changes related to aging 
to make the skin less tolerant of pressure forces, shear, and 
friction.

Reduced Oxygenation and Perfusion

Factors that reduce oxygenation and perfusion of the skin 
and tissues increase the likelihood of pressure ulcer develop-
ment. Reduced arteriolar pressure produces hypoperfusion of 
the tissues leading to compromised oxygenation and hypoxia 
of the skin. Hypoperfusion of the tissues decreases the toler-
ance of the tissues for mechanical forces. Reduction in arterio-
lar fl ow and the resultant skin compromise typically occurs in 
critically ill patients with cardiovascular instability or norepi-
nephrine use and these persons are at higher risk for pressure 
ulcers.146,157,160,164–166 Persons with low blood pressure146,157,160 
and diabetes mellitus145,157 also experience decreased oxygen-
ation and perfusion of tissues increasing risk for pressure ulcer 
development.

Concurrent Medical Conditions and 
Psychological Factors

Certain medical conditions or disease states are also asso-
ciated with pressure ulcer development. Orthopedic inju-
ries specifically hip fractures and spinal cord injury11–14 (in 
addition to the sensory loss) are such conditions.167 Others 
have examined psychological factors that may increase 
risk for pressure ulcer development.168 These include poor 
self-concept, depression, and chronic emotional stress.167 
General health status has also been associated with pres-
sure ulcer development. Higher illness severity scores or 
increased acuity,146,157,164–166 acute versus elective admission to 
the hospital,157 mechanical ventilation specifically in pediat-
ric patients,166 and length of stay all increase risk for pressure 
ulcer development.
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Risk Assessment Tools
For practitioners to intervene cost-effectively, a method of eval-
uating persons for the presence of risk factors is necessary. Risk 
assessment tools promote prevention by distinguishing patients 
who are at risk for pressure ulcer development from those who 
are not. The use of a risk assessment tool also enables you to 
allocate resources effectively, targeting interventions to specifi c 
risk factors for specifi c patients. Selection of which risk assess-
ment instrument to use is determined by reliability of the tool 
for the intended raters, predictive validity of the tool for the 
population, sensitivity and specifi city of the instrument under 
consideration, and ease of use and time required for comple-
tion. The most common risk assessment tools are the Norton 
Scale176,177 and the Braden Scale for Predicting Pressure Sore 
Risk.142,178,179 We also discuss two risk assessment scales devel-
oped for specifi c populations, the Braden Q scale for use in 
infants and children24,180 and a supplement to the Braden Scale 
for evaluating high-risk critical care patients.173

The Norton Scale
The Norton Scale is the oldest risk assessment instrument. 
Developed in 1961, it consists of fi ve subscales: physical condi-
tion, mental state, activity, mobility, and incontinence.176 Each 
parameter is rated on a scale of 1 to 4, with 4 being normal. 
The sum of the ratings for all fi ve parameters yields a total score 
ranging from 5 to 20. Scores of 17 to 20 are considered low risk. 
A score of 13 to 16 indicates “onset of risk,” and scores 12 and 
below indicating high risk for pressure ulcer formation.177

The Braden Scale for Predicting Pressure Sore Risk
The Braden Scale was developed in 1987 and is composed of six 
subscales that conceptually refl ect degrees of sensory perception, 
moisture, activity, mobility, nutrition, and friction and shear.178,179 
All subscales are rated from 1 to 4, except for friction and shear, 
which is rated from 1 to 3. The subscales may be summed for a 
total score, with a range from 6 to 23 (see Exhibit 9.2).

Lower scores indicate lower function and higher risk for 
developing a pressure ulcer. The cutoff score for hospitalized 
adults is considered to be 18, with scores of 18 and below indi-
cating at-risk status.96,142 In older patients, some have found cut-
off scores of 17 or 18 to be better predictors of risk status.160,179 
Levels of risk are based on the predictive value of a positive 
test. Scores of 15 to 16 indicate mild risk, with a 50% to 60% 
chance of developing a stage I pressure ulcer; scores of 12 to 14 

Risk Screening
Certain risk factors can be easily identifi ed and used to quickly 
screen individuals in order to place them immediately on a 
general prevention program. For these individuals, a more 
complete risk assessment is necessary to identify specifi c fac-
tors that are amenable to more targeted prevention strate-
gies. Screening is particularly useful for acute care hospitals 
and specifi c populations. Screening factors range from indi-
vidual factors such as age to factors that are more related to 
procedures or medical conditions such as emergent admission 
to the hospital or prolonged surgical time. Some factors that 
might be used as a screen for pressure ulcer risk include the 
following:

• Demographic characteristics: female gender, African 
American race, and advanced age (over 75 years old).169,170

• As a general screen, individuals of all ages who have lim-
ited mobility or for whom movement is not possible with-
out staff or caregiver assistance should be considered at 
risk. This includes persons who are unable to move due to 
sedation.170

• Persons admitted to the hospital from a nursing home. These 
individuals are already frail as they require nursing home care 
and they are acutely ill.171

• Persons admitted to the critical care unit from the emergency 
department.172

• Persons over 65 years old admitted to the acute care hospital 
who are scheduled for a surgical procedure anticipated to be 
4 hours or longer.

• Patients who experience intraoperative hypotensive 
episodes.89,141

• Elders admitted to the hospital from the community who 
were found down for a prolonged time.

• Patients undergoing special therapy, for example, oncology 
patients admitted for bone marrow transplant or with graft 
versus host disease.

• Patients with hospital transport times greater than 1 hour.
• Patients readmitted to a nursing home from the hospital.
• All persons who have had a previous pressure ulcer and espe-

cially persons with spinal cord injury or dysfunction with 
prior pressure ulcers.170

• Patients admitted to the acute care hospital with any diag-
nosis affecting skin integrity (besides obvious open wounds 
this includes gangrene, nutritional defi ciencies, diabetes, 
anemia).169

• Patients admitted to the acute care hospital with system fail-
ure including paralysis, senility, respiratory failure, acute 
renal failure, cerebral vascular accident, and nonhypertensive 
congestive heart failure.169,170

• Patients admitted to the acute care hospital with infection: 
sepsis, osteomyelitis, pneumonia, bacterial infections, and 
urinary tract infections.169

• Intensive care unit patients with sepsis, surgery times greater 
than or equal to 8 hours, or long-term vasopressor therapy 
(consider at high risk).173–175

Pressure ulcer risk screening should not take the place of risk 
assessment but rather mobilize you to complete a more com-
prehensive pressure ulcer risk assessment.

CLINICAL WISDOM

Pressure Ulcer Risk Assessment in Nursing Homes
The only risk assessment tool recognized by the CMS is the 
Resident Assessment Protocol (RAP) for Pressure Ulcers. 
Pressure ulcer risk screening occurs in nursing homes with 
the use of the Minimum Data Set (MDS), which must be 
completed within 7 days of admission. This is then followed 
by completing the pressure ulcer RAP for risk assessment.
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EXHIBIT 9.2

Braden Scale for Predicting Pressure Sore Risk

Patient’s Name————- Evaluator’s Name—————- Date of Assessment

Sensory Perception
Ability to respond mean-
ingfully to pressure-related 
discount

1. Completely Limited:
Unresponsive (does not moan, 
fl inch, or grasp) to painful 
stimuli, due to diminished 
level of consciousness or 
sedation.
OR
limited ability to feel pain over 
most of body surface.

2. Very Limited:
Responds only to painful 
stimuli. Cannot communi-
cate discomfort except by 
moaning or restlessness.
OR
has a sensory impairment 
that limits the ability to 
feel pain or discomfort 
over 1/2 of body.

3. Slightly Limited:
Responds to verbal com-
mands, but cannot always 
communicate discomfort 
or need to be turned.
OR
has some sensory 
impairment that limits 
ability to feel pain or 
discomfort in one or two 
extremities.

4. No Impairment:
Responds to verbal 
commands. Has no 
sensory defi cit which 
would limit ability to 
feel or voice pain or 
discomfort.

Moisture
Degree to which skin is 
exposed to moisture

1. Constantly Moist:
Skin is kept moist almost con-
stantly by perspiration, urine, 
etc. Dampness is detected every 
time patient is moved or turned.

2. Very Moist:
Skin is often, but not 
always moist. Linen must 
be changed at least once 
a shift.

3. Occasionally Moist:
Skin is occasionally 
moist, requiring an extra 
linen change approxi-
mately once a day.

4. Rarely Moist:
Skin is usually dry, 
linen only requires 
changing at routine 
intervals.

Activity
Degree of physical activity

1. Bedfast:
Confi ned to bed.

2. Chairfast:
Ability to walk severely 
limited or nonexistent. 
Cannot bear own weight 
and/or must be assisted 
into chair or wheelchair.

3. Walks Occasionally:
Walks occasionally 
during day, but for very 
short distances, with 
or without assistance. 
Spends majority of each 
shift in bed or chair.

4. Walks Frequently:
Walks outside the 
room at least twice a 
day and inside room 
at least once every 2 h 
during waking hours.

mobility
Ability to change and 
control body position

1. Completely Immobile:
Does not make even slight 
changes in body or extremity 
position without assistance.

2. Very Limited:
Makes occasional slight 
changes in body or 
extremity position but 
unable to make frequent 
or signifi cant changes 
independently.

3. Slightly Limited:
Makes frequent though 
slight changes in body 
or extremity position 
independently.

4. No Limitations:
Makes major and 
frequent changes 
in position without 
assistance.

NUTRITION
Usual food intake pattern

1. Very Poor:
Never eats a complete meal. 
Rarely eats more than 1/3 of 
any food offered. Eats 2 serv-
ings or less of protein (meat or 
dairy products) per day. Takes 
fl uids poorly. Does not take a 
liquid dietary supplement.
OR
is NPO and/or maintained on 
clear liquids or IVs for more 
than 5 d.

2. Probably Inadequate:
Rarely eats a complete 
meal and generally eats 
only about 1/2 of any food 
offered. Protein intake 
includes only 3 servings of 
meat or dairy products per 
day. Occasionally will take 
a dietary supplement.
OR
receives less than optimum 
amount of liquid diet or 
tube feeding.

3. Adequate:
Eats over half of most 
meals. Eats a total of 
4 servings of protein 
(meat, dairy products) 
each day. Occasionally 
will refuse a meal, but 
will usually take a sup-
plement if offered.
OR
is on a tube feeding 
or TPN regimen that 
probably meets most of 
nutritional needs.

4. Excellent:
Eats most of every 
meal. Never refuses 
a meal. Usually eats 
a total of 4 or more 
servings of meat 
and dairy prod-
ucts. Occasionally 
eats between meals. 
Does not require 
supplementation.

FRICTION AND SHEAR
Requires moderate to 
maximum assistance in 
moving. Complete lifting 
without sliding against 
sheets is impossible. 
Frequently slides down 
in bed or chair, requiring 
frequent repositioning 
with maximum assistance. 
Spasticity, contractures, 
or agitation leads to 
almost constant friction.

1. Problem:
Moves feebly or requires 
minimum assistance. During 
a move skin probably slides to 
some extent against sheets, 
chair, restraints, or other 
devices. Maintains relatively 
good position in chair or bed 
most of the time but occasion-
ally slides down.

2. Potential Problem:
Moves in bed and in chair 
independently and has 
suffi cient muscle strength 
to lift up completely dur-
ing move. Maintains good 
position in bed or chair at 
all times.

3. No Apparent 
Problem:

Total Score

Source: Copyright © 1988, Barbara J. Braden and Nancy Bergstrom.
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indicate moderate risk, with a 65% to 90% chance of develop-
ing a stage I or II lesion; and scores below 12 indicate high risk, 
with a 90% to 100% chance of developing a stage II or deeper 
pressure ulcer.96,179

The Braden Scale has been tested in acute care and long-term 
care settings with several levels of nurse raters and demonstrates 
high interrater reliability with registered nurses. The Braden 
scale offers the best balance between sensitivity and specifi c-
ity and the best risk estimate.181 Validity has been established 
by expert opinion, and predictive validity has been studied in 
several acute care settings, with good sensitivity and specifi city 
demonstrated.96,160 The Braden Scale has a fi rm evidence base 
and is the most widely used instrument in the United States. 
However, it is not the ideal risk assessment tool for pediatrics, 
critically ill patients, or for persons with spinal cord injury. 
For use with infants and children, the Braden scale has been 
adapted by altering the subscales slightly to refl ect developmen-
tal needs of the pediatric population. In critically ill patients, it 
may require supplemental assessment to identify those at high-
est risk. In the spinal cord–injured population, the risk factors 
may not be different, rather it is a matter of range restriction or 
a fl oor effect as everyone with a spinal cord injury is at risk for 
pressure ulcer development.

The Braden Q Scale
Risk assessment for pressure ulcer risk in pediatrics is targeted 
at acutely ill infants and children. Immobility and hemody-
namic instability present the same concerns in the pediatric 
population that they do in the adult population. Quigley and 
Curley adapted the Braden Scale for use in the pediatric pop-
ulation.180 The Braden Q scale adaptations involved changing 
subscale defi nitions to refl ect developmental needs of pediatric 
patients, the prevalence of tube feedings in this population, and 
the availability of laboratory and other noninvasive diagnostic 
tests for acutely ill pediatric patients. Modifi cations include 
the following:

• Mobility: changed “2 very limited” to unable to completely 
turn self independently.

• Activity: all patients unable to walk based on developmental 
age are scored a “4, walks frequently.”

• Sensory perception: refi ned defi nition, ability to respond 
in a developmentally appropriate way to pressure-related 
discomfort.

• Moisture: changed frequency of defi nitions of linen changes.

• Friction and Shear: added additional category at the low end 
to account for different pediatric patient groups and refi ned 
operational defi nitions of each choice.

• Nutrition: added feedings to the defi nitions, defi ned as ade-
quate or not for age, and added albumin levels.

• Added a new category, “Tissue Perfusion and Oxygenation”: 
this subscale quantifi es tissue perfusion and uses arterial pres-
sure readings, oxygen saturation, hemoglobin levels, capillary 
refi ll, and/or serum pH, all of which are commonly available 
in a pediatric acute care setting.143

Each subscale on the Braden Q is rated from 1 to 4 with 
1 indicating high risk and 4 indicating less risk. The range 
of scores is from 7 to 28 points and persons with scores less 
than 23 are considered at risk for pressure ulcer develop-
ment.180 Generally, scores of 25 to 21 are considered at mild 
risk, those with scores of 16 to 21 moderate risk, and scores 
below 16 high risk. In a study of patients in pediatric inten-
sive care units using a cutoff score of 16 for determining risk 
resulted in sensitivity of 0.88 and specifi city of 0.58.24 The 
performance of the Braden Q scale with pediatric patients 
is similar to the performance of the Braden Scale in adults. 
Risk assessment with the Braden Q scale should occur on 
admission to the pediatric intensive care unit as most pres-
sure ulcers develop within 24 hours after an infant or child is 
admitted.24 Although, some subscales on the Braden Q scale 
require trending information, determining risk quickly in 
this  high-risk population is essential.

High-risk Critical Care Patient Risk Assessment
Patients in critical care settings often experience uncontrol-
lable risk factors placing them at very high risk for pressure 
ulcers. While use of the Braden Scale is helpful in identify-
ing patients at risk in most health-care settings, additional 
factors may increase risk for patients in intensive care, thus 
a method of further assessment may be helpful. Essentially, 
the goal of pressure ulcer risk assessment in critically ill 
patients is to target more aggressive prevention strategies 
to the “sickest of the sick.”173 Uncontrollable factors specific 
to intensive care that increase risk for critically ill patients 
include multiple surgical procedures, mechanical ventila-
tion, sedation or paralytics, traction and/or external fixators, 
weeping anasarca, shock, multiorgan dysfunction syndrome, 
cardiac arrest, multiple vasopressors, drive lines, and nitric 
oxide ventilation.173–175 To identify these high-risk patients, 
Brindle developed a supplement to the Braden Scale for use 
with critically ill patients.173 The high-risk identifier tool is 
designed to target patients for immediate prevention actions. 
Two groups of criteria are identified: automatic action crite-
ria and summary criteria. Automatic action criteria are fac-
tors that, if any single factor is present, require prevention 
actions. Summary criteria are a second group of factors that 
are actionable if five or more are present. The  automatic 
action criteria include

1. Surgical procedure greater than 8 hours (may be cumulative 
surgeries = 8 hours)

2. Cardiac arrest during current admission
3. Vasopressors greater than 48 hours
4. In shock, SIRS, MODS

RESEARCH WISDOM

Does Risk Assessment Matter?
Yes, it does! A systematic review of risk assessment scales for 
pressure ulcer prevention, which included 33 studies on risk 
assessment scale validation and 3 studies on clinical judg-
ment alone, found that use of either the Braden or Norton 
Scale are more accurate than nurses’ clinical judgment in 
predicting pressure ulcer risk. Further, use of a scale increases 
the intensity and effectiveness of prevention interventions.181
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hips, and knees. Observe for open wounds, abrasions, evi-
dence of friction, signs of early pressure damage, IAD, skin 
tears, and rashes.

General skin assessment parameters are discussed in 
Chapter 3. Briefl y, examine the skin for moisture, temperature, 
sensory defi cits, edema, and induration. Evaluate the patient’s 
skin for dryness and cracking. Skin texture should be smooth 
and elastic. Dehydration is present if the skin is dry, wrinkled, 
withered, and has poor turgor. Older adults are at higher risk 
for dry skin, and dry skin may decrease tissue tolerance to 
external forces. To check for turgor in older adults, check the 
forehead or sternum and gently lift the skin, if the skin “tents” 
or hangs in the shape you lifted it before resuming normal 
position, the patient may be dehydrated. Lack of moisture in 
the air may contribute to dry skin and can be counteracted by 
use of a humidifi er in the room.

Skin should be warm to touch. The dorsal aspect of the 
hand is more sensitive to temperature changes than the palm 
of the hand; thus, clinicians should use the dorsal aspect of the 
hand to judge skin temperature. Two-point discrimination is 
used to evaluate skin sensation. The patient should be able to 
distinguish sharp, dull, or pressure sensations against the skin 
surface. Diminished sensation may be generalized or local-
ized to a specifi c area, such as the lower extremities. Edema 
causes the skin to appear taut and shiny and may present as 
pitting or nonpitting. Induration is an abnormal stiffness or 
fi rmness to the tissues. Both edema and induration may indi-
cate underlying tissue damage. Observe for coloration changes 
over bony prominences and areas subject to pressure forces. 
If skin color is altered, check for blanching. It is essential that 
the skin assessment be documented in the medical record on 

If fi ve of the summary criteria are present, the clinician 
should initiate additional prevention actions and these criteria 
include

• Weeping edema/anasarca
• Traction
• Morbid obesity
• Age greater than 65 years old
• Diabetes Mellitus
• Bedrest
• Liver failure
• Malnutrition (prealbumin <20, albumin <2.5, or NPO 

>3 days)
• Sedation/paralytics greater than 48 hours
• Mechanical ventilation greater than 48 hours
• Quadriplegia or spinal cord injury
• Nitric oxide ventilation
• Restraints
• Drive lines (LVAD, RVAD, Balloon pump)
• Past history of pressure ulcers

Use of a supplement to the Braden Scale such as developed 
for critically ill patients is an approach that may be benefi cial 
for other risk groups. For example, if other general major risk 
factors are present such as fever, poor dietary intake of protein, 
diastolic pressure less than 60 mm Hg, or hemodynamic insta-
bility, then advance the patient to the next level of risk regard-
less of their total Braden Scale score:

• Mild risk: 15 to 18
• Moderate risk: 13 to 14
• High risk: 10 to 12
• Very High risk: ≤ 9

Conducting a risk assessment using a scale or tool and iden-
tifying specialty-specifi c risk factors are only the fi rst steps in 
pressure ulcer risk assessment. It should be followed by a com-
prehensive skin assessment.

Skin Assessment
A complete skin assessment is a critical part of risk assess-
ment as persons with existing pressure ulcers or other skin 
damage are at higher risk for pressure ulcer development. Key 
areas for skin assessment are the common bony locations for 
pressure ulcer development: sacrum, coccyx, ischial tuber-
osities, trochanters, buttocks, ankles, heels. Medical devices 
should be removed and the skin examined for wounds, abra-
sions, or signs of pressure damage. Other areas for examina-
tion include the occiput of the head, shoulder blades, elbows, 

CLINICAL WISDOM

Skin Assessment
Use of technology and devices such as ultrasound, skin 
temperature measurement, spectroscopy, or SEM to better 
detect pressure-induced tissue damage is recommended as a 
part of skin assessment.

CLINICAL WISDOM

Handle the skin gently to prevent skin tears, especially in 
older patients. The epidermis and dermis junction is less-
ened with age, making older patients at higher risk for skin 
tears.

CLINICAL WISDOM

Who Can Conduct Skin Assessments?
The skin assessment must be performed by registered 
nurses or physicians. Direct care providers can be taught to 
inspect the skin for characteristics may indicate a problem. 
Caregivers can monitor the wound by taking digital pho-
tographs and transmitting them to health-care providers 
for evaluation. Thus, caregivers can inspect and monitor the 
skin for changes indicating a potential problem and notify 
licensed providers of areas of concern, but they cannot assess 
the skin.
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week thereafter until day 62 depending on patient condition 
and frequency of home visits.20

Of course, regardless of health-care setting, risk assess-
ment should be performed whenever a signifi cant change 
occurs in the patient’s general health and status. A regis-
tered nurse should perform risk assessment. However, in 
many instances, a registered nurse will need input from the 
direct-care provider, such as a family member or a nursing 
attendant.

Specifi c prevention strategies should be targeted to risk fac-
tors identifi ed in individual patients. In those persons in whom 
prevention is not successful, the continued monitoring of risk 
status may prevent further tissue trauma at the wound site and 
development of additional wound sites. Exhibit 9.3 presents a 
fl ow diagram for determining prevention strategies based on 
risk factor assessment.

Risk Stratifi cation
Risk stratifi cation is a method of arranging data related to 
quantifi able outcomes, resource utilization, or other phenom-
ena associated with pressure ulcer prevention or treatment 
by level of risk. For example, using the Braden Scale for Risk 
Assessment instrument, patients can be stratifi ed, or grouped, 
according to their levels of risk, as follows:

• Mild risk = 15 to 18 Braden Score
• Moderate risk = 13 to 14 Braden Score
• High risk = 10 to 12 Braden Score
• Very high risk= ≤9 Braden Score

admission to the health-care facility. This ensures that areas 
of concern and areas with existing damage are communicated 
to the health-care team. Skin assessment should be conducted 
daily at a minimum. Additionally, in acute care hospitals skin 
assessment of major pressure areas (sacrum, buttocks, ischial 
tuberosities, and heels for adults, occiput and buttocks for 
pediatrics) should be conducted whenever a change in pro-
vider occurs; at the change of shift as part of the handoff to the 
nurse taking over the care, whenever the patient is transferred 
to a new unit or different level of care and prior to discharge 
from the facility.

Risk Assessment Frequency
Persons admitted to general medical–surgical units of hospitals 
should have risk assessment conducted on admission and if the 
risk assessment indicates “at risk,” every 48 hours after admis-
sion. Those persons admitted to critical care units should have 
a risk assessment that includes specialty-specifi c risk factors 
conducted on admission and at least daily thereafter.182

In long-term care, conduct pressure ulcer risk assessment 
on admission to the facility and if the risk assessment score 
indicates “at risk” then weekly for 4 weeks, and for all residents 
quarterly or whenever a change in status occurs.182 The MDS 
is the mandated resident assessment for all persons admitted 
to nursing homes and this must be completed within 7 days 
of admission to the facility. However, completing the pressure 
ulcer risk assessment within 24 hours of admission is recom-
mended. For home care patients, assess risk on admission to 
home healthcare, weekly for the fi rst 4 weeks, and every other 

EXHIBIT 9.3

Determining Prevention Strategies Based on Risk Factor Assessment

Presence of tissue trauma over bony prominence? (usual locations: sacral/coccygeal, trochanter, 
ischial tuberosity, malleolus, heel)

NO YES, provide for wound assessment and treatment plus prevention strategies

Patient NOT chair or bed bound and thus at no or low risk? 
(patient scores a 1 or 2 on Braden Scale activity subscale)

NO, complete full risk 
assessment

YES, do not need further risk assessment at this time

Pressure ulcer risk factors present?

Immobility Inactivity Decreased Sensory 
Perception

Nutrition Friction and Shear Moisture Urinary 
and Fecal 
Incontinence

Prevention interventions by risk factors:

Immobility, Inactivity, and Decreased 
Sensory Perception

Malnutrition Friction and Shear Moisture 
Incontinence

passive repositioning, pillow bridging, 
pressure-reducing/relieving support 
surfaces

provide  nutrition 
supplement: 
 protein, calorie, 
vitamin C, zinc, 
iron

cornstarch,  lubricants, 
pad protectors, 
 transparent fi lm, thin 
hydrocolloid dressings, 
turning, and draw sheets

absorbent 
 products, 
 diagnosis of 
incontinence, 
 general skin care
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Risk stratifi cation can give a more realistic picture of a facility’s 
progress in prevention of pressure ulcers. It can also supply a 
more realistic means of comparison between different institu-
tions’ outcomes. Risk stratifi cation can also provide a tool to see 
where strengths and weaknesses in the program of  prevention 
might exist.

PRESSURE ULCER PREVENTION STRATEGIES

Pressure ulcer prevention includes actions to reduce pressure 
effects, maintain skin integrity, and address nutritional sta-
tus. Early interventions to prevent the development of pres-
sure ulcers should focus on eliminating specifi c risk factors. 
Prevention interventions should also be appropriate to the 
patient’s level of risk. For example, the risk factor of immobility 
is managed very differently for the comatose patient versus the 
spinal cord–injured patient. The comatose patient requires that 
you educate the caregiver, especially about repositioning. The 
spinal cord–injured patient requires self-care education and 
may be able to perform self-repositioning. Thus, the interven-
tion for the risk factor of immobility is very different for these 
two patients.

Reduce Pressure Effects
Patients with impaired ability to reposition and who can-
not independently change body positions must have local 
pressure alleviated by scheduled repositioning performed 
by the caregiver and use of pressure redistribution support 
surfaces for chair and bed. Additional strategies include 
measures to increase mobility and activity and to decrease 
friction and shear.

Scheduled Repositioning
Scheduled repositioning is part of all pressure ulcer clinical 
practice guidelines as a key intervention for patients with 
immobility risk factors. Scheduled repositioning is a costly 
prevention strategy as it involves significant use of staff 
time and it is difficult to implement on a consistent con-
tinual basis. Typically, repositioning schedules are based on 
event or time. Event-based schedules relate to typical events 
during the day, for example, repositioning the patient after 
each meal. If time based, repositioning schedules are usually 
interpreted as every 2 hours for full-body change of position 
and more often for small shifts in position. Full-body change 
of position involves turning the patient to a new lying posi-
tion, for example, turning the patient from the right side-
lying position to the left side-lying position or the supine 
position.

How often should repositioning occur? Frequency of repo-
sitioning should be based on the individual’s tissue tolerance, 
level of mobility and activity, medical condition, skin integ-
rity, treatment goals, and support surface use.141,170 Use of 
4-hour repositioning schedules in conjunction with use of vis-
coelastic support surfaces has been shown to reduce the fre-
quency and time to occurrence of stage II or greater pressure 
ulcers compared to standard care (no turning schedule), those 
on standard hospital mattresses who were turned every 2 and 
every 4 hours and to persons on a viscoelastic support surface 

who were turned every 6 hours.183 Further, there was no sig-
nifi cant difference in the incidence of stage II or greater pres-
sure ulcers between patients on a viscoelastic support surface 
who were placed in a lateral position for 2 hours and those 
who were allowed to remain in a lateral position for 4 hours, 
thus supporting use of a 4-hour repositioning frequency when 
used in conjunction with a viscoelastic pressure-redistribut-
ing support surface.183,184 In general, for patients on a standard 
hospital mattress repositioning should occur every 2 hours. 
Persons with acute spinal cord injury may require more fre-
quent repositioning because of the microvascular dysfunction 
that occurs.109

In what position should patients be placed? Use the 
30-degree side-lying position as shown in Figure 9.19 alternat-
ing with the supine position and prone position (if the patient 
can tolerate proning). When the side-lying position is used in 
bed, avoidance of direct pressure on the trochanter is recom-
mended. Transcutaneous oxygen and blood fl ow measures at 
the trochanter are decreased in the 90-degree side-lying posi-
tion, even if the patient is placed on a pressure-redistributing 
support surface.185–187 Interface pressures also have been shown 
to be higher in the 90-degree side-lying position and although 
interface pressures are an intermediate outcome measure, the 
use of the 90-degree side-lying position is not recommended. To 
avoid placing pressure on the trochanter, position the patient 
in a 30-degree laterally inclined side-lying position instead of 
the 90-degree side-lying position. The 30-degree side-lying 
position allows for distribution of pressure over a greater area 
(see Fig. 9.19). However, in studies evaluating the use of the 
30-degree side-lying position, many participants (30% to 60%) 
are noted to have changed their positions from the 30-degree 
side-lying position to a supine position in-between reposition-
ing events.184,187 This suggests that use of the 30-degree side-
lying position may not be comfortable for patients, it may be 
an unnatural position, and that it may be diffi cult to maintain 
the position.

FIGURE 9.19 Sidelying position. Note the pillow between the knees. 
 Pillows can also be placed between the ankles to alleviate pressure. One 
pillow is placed behind the back for the patient to lean back against, 
leaving the patient in a 30 degree side lying position. (From Smeltzer SC, 
Bare BG. Brunnar & Suddarth’s Textbook of Medical -Surgical Nursing. 
9th ed. Philadelphia, PA: Lippincott Williams & Wilkins; 2000.)
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pad in place under the patient and one side that is ripstop 
nylon that slides easily across the bed linens. The ripstop 
nylon decreases friction and helps the sheet move with the 
patient to make turning easier. Both the device and the pad 
are breathable, allowing air circulation, and can be used on 
any support surface. There are also therapeutic beds that 
include turn assistance built into the support surface. For 
example, the P500 (Hill-Rom Services, Inc.) support sur-
face features a turn assist bladder that allows the patient 
to be turned with the push of a button and inflation of 
the surface itself. Further, the device includes a reminder 
feature that can be used to schedule repositioning epi-
sodes. Devices such as this can decrease the time and effort 
required to reposition a patient increasing the likelihood 
that repositioning actions will occur.

Repositioning in Special Populations
There are special considerations for repositioning pediatric and 
bariatric patients, patients in critical care units, and patients 
receiving palliative care.

Pediatric Patients

Repositioning schedules for pediatric patients may include 
the prone position as this position is often easier to 

When positioning patients in the supine position the issue 
is elevation of the head of the bed. Maintain the head of 
the bed at or below 30 degrees. Elevations above 30 degrees 
increase pressure at the sacrum and increase friction and 
shearing forces between the skin and the support surface.188,189 
Elevating the knees and feet at 30 degrees as well as the head 
of the bed elevation of 30 degrees results in lower pressures 
at the sacrum.189 Positioning patients in a semi-Fowler posi-
tion increases the sacral interface pressures compared to other 
positions regardless of type of redistribution support surface 
in use.190 Keeping the head of the bed below 30° is problem-
atic for patients who are on ventilators as elevations below 30° 
are associated with ventilator-associated pneumonia. For these 
patients, it is necessary for infectious disease and wound care 
nurses to meet and decide which approach is in the best inter-
ests of the individual patient. This decision may change as the 
patient’s condition changes. Small shifts in position involve 
moving the patient but keeping the same lying position,191 for 
example, changing the angle of the right side-lying position or 
changing the lower extremity position in the right side-lying 
position. Pillows or foam wedges can be used to change the 
angles of legs or the body to achieve small shifts in position. 
Small shifts in position are helpful in achieving reperfusion of 
compressed tissues, but only full-body change of position com-
pletely relieves pressure.

There are techniques to make turning patients easier and 
less time consuming. Turning sheets, draw sheets, and pil-
lows are essential for passive movement of patients in bed. 
Turning sheets are useful in repositioning the patient to a 
side-lying position, and draw sheets are used for pulling the 
patient up in bed. Both help to prevent dragging the patient’s 
skin over the bed surface. Two-person repositioning is a 
simple task with the turning sheet and can be accomplished 
in a very small amount of time with little risk of producing 
shearing:

1. Position one person on each side of the bed.
2. Bend the patient’s knees and fold the patient’s arms across 

the chest.
3. Roll up the draw sheet next to the patient’s body and grasp 

fi rmly.
4. On a prearranged verbal cue, both persons lift and move the 

patient up in bed.
5. Next, one person pulls on the turn sheet to roll the patient 

passively toward the side.
6. The person on the other side of the bed immediately places 

pillows behind the patient’s back for support.
7. Additional pillows are then used for easing pressure on other 

bony prominences.

Turning patients (nonbariatric) with one person takes, 
on average, 5 minutes to complete.192 There are devices 
available to assist with turning and repositioning that 
decrease the time and physical effort required to reposition 
patients. One example is shown in Figure 9.20. This system 
offloads the sacrum, includes a method of managing mois-
ture due to incontinence, minimizes friction and shear, 
and assists in positioning the patient at the 30-degree 
angle with use of two small foam wedges. It includes a 
low-friction material that has one side that holds the body 

CLINICAL WISDOM

Repositioning Schedules in the Critical Care Unit
Many patients in the critical care unit can tolerate a reposi-
tioning program and for those who cannot the nurse must 
continually reassess the patient to determine when the 
patient recovers some stability and can safely resume some 
level of repositioning.

FIGURE 9.20 The Prevalon® Turn and Position device includes two 
30-degree wedge shaped foam cushions, a breathable low friction sheet 
(side toward the bed is ripstop nylon), with a full body disposable pad 
that wicks away moisture and incontinence from the skin and allows 
air fl ow through the pad, and an anchor strip that affi xes to the head 
of the bed so the device stays with the patient’s body and does not slide 
down the bed. (Courtesy of Sage Products, Inc.)
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care plan. Small shifts in position may be less painful and most 
appropriate during this time.

Bariatric Patients

There are unique concerns for repositioning bariatric 
patients. The patient must be placed on an appropriate bed 
frame that allows enough room for safe repositioning. The 
bed must be large enough to allow for the patient’s body 
to fit easily in a side-lying position. Bariatric patients pres-
ent additional risk for pressure ulcer development and 
placement on a high-level pressure redistribution support 
surface specific for bariatric patients is recommended. 
Repositioning requires the proper equipment and adequate 
staff to safely (for staff and the patient) move the patient 
to the new position. When positioning patients with a 
large abdominal pannus in a side-lying position, the pan-
nus should be lifted away from the underlying skin and 
supported with pillows, foam wedges, or other off-loading 
devices.141,196

Scheduled Repositioning in Chairs
Similar approaches are useful for patients in chairs. Full-
body change of position for persons in chairs involves 
standing the patient and resitting him or her in the chair. 
Small shifts in position for those in chairs might be chang-
ing lower extremity position or tilting the chair. For the 
chair-bound patient, if the patient’s feet do not touch the 
floor it is helpful to use a footstool to help reduce the pres-
sure on the ischial tuberosities and to distribute the pres-
sure over the wider surface of the thigh.141,170,197 Attention to 
proper alignment and posture is essential. Yet, this must be 
matched by maintaining the person’s functional abilities.141 
Individuals at risk for pressure ulcer development should 
avoid uninterrupted sitting in chairs and should be reposi-
tioned every hour. Limiting chair sitting to 2 hours or less 
per session may result in fewer pressure ulcers in patients 
after fracture or orthopedic surgery compared to sitting in a 
chair for unlimited periods.198 Limiting the sitting time and 
allowing for a rest period of at least 1 hour is recommended 
for acutely ill patients.199 The rationale behind the shorter 
time frame is the extremely high pressure, shear and defor-
mation generated on the ischial tuberosities in the seated 
position.

Patients with spinal cord injury have amplifi ed issues 
regarding chair repositioning as they spend considerable time 
up in a chair. Thus, they are better served by high-level pres-
sure redistribution support surfaces for the chair. Patients with 
upper body strength should be taught to shift weight every 
15  minutes to allow for tissue reperfusion. Weight shifting 
can occur with chair push-ups, backward chair tilts, leaning 
side to side, or forward leans.200–202 Forward leans, side-to-side 
leans and backward tilts may be more achievable for patients 
compared to chair push-ups.200 Forward leans demonstrate 
the most effective pressure relief compared to the other meth-
ods.201 Again, pillows or foam wedges may be used to help posi-
tion the patient in proper body alignment. Physical therapy 
and occupational therapy can assist in body alignment strate-
gies with even the most contracted patient. (See Chapter 10 for 

implement and tolerated better in infants and children. 
Prone position in critically ill infants and children with 
acute lung injury does not result in difficulties with airway 
management, mechanical ventilation, enteral nutrition, 
pain, sedation management, or staff utilization of the posi-
tion compared to the supine position.193 Two other groups 
may use the prone position, persons with spinal cord injury 
and patients in the operating room undergoing specific sur-
gical procedures.

Critical Care Patients

Repositioning in critically ill patients sometimes must be 
avoided because of hemodynamic instability or other medi-
cally unstable conditions. Two approaches are appropriate 
when critically ill patients are so unstable such that repo-
sitioning is contraindicated. First, these patients should 
be placed on a high-level redistribution support surface 
to help compensate for the lack of repositioning. Second, 
these patients must be reassessed very frequently dur-
ing the period of time when repositioning is not possible. 
Reassessment is focused on determining when the patient 
is more stable from a hemodynamic status and thus, able 
to resume some level of repositioning and detection and 
monitoring of any skin areas with erythema or early pres-
sure ulcer damage. For critical care patients who are not 
hemodynamically unstable repositioning can and should 
occur as with other patients at risk for pressure ulcer devel-
opment. In fact, several investigators have evaluated 2 hour 
repositioning using the 30-degree side-lying position in 
patients early after heart surgery and showed no influence 
from the repositioning on cardiac index, antihypertensive or 
inotropic/vasopressor therapy, or practical issues even with 
intraaortic balloon pumps.194 Further, measurements of pul-
monary artery and pulmonary wedge pressures obtained 
in the 30-degree side-lying position and supine positions 
have been found to be clinically interchangeable, support-
ing use of repositioning in critical care patients.195 Of note, 
when repositioning critical care patients, attention must be 
focused on making sure that the patient is not positioned on 
tubing or a medical device.141

Palliative Care patients

Repositioning for persons receiving palliative care is an impor-
tant part of the pressure ulcer prevention program for this 
population. As with critical care patients, most palliative care 
patients can be placed on a repositioning program. The goal of 
scheduled repositioning for persons who are receiving pallia-
tive care is to prevent or minimize pressure-induced skin dam-
age. Repositioning may be painful for palliative care patients 
yet often this can be managed with adequate pain manage-
ment. Premedicate patients with systemic pain medication at 
least 30 minutes prior to repositioning the patient. Because of 
increased risk for pressure ulcers and the pain associated with 
routine repositioning, palliative care patients may benefi t from 
high-level pressure redistribution support surfaces. Near death, 
patients may have a position of most comfort. This is the time 
when repositioning may be postponed or eliminated from the 
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for patients who are able to move their lower extremities. Many 
can be worn when ambulating and provide for low friction 
when extremities are moved in bed. Look for devices that are 
easy to apply and remove to assure compliance.

Pressure Redistribution Support Surfaces
The use of support surfaces to prevent and manage pressure 
ulcers is important; however, regardless of the type of support 
surface in use with the patient, the need for scheduled reposi-
tioning remains an important component of the prevention 
program.170 The support surface serves as an adjunct to strate-
gies for positioning and careful monitoring of patients. The 
NPUAP defi nes a support surface as a specialized device for 
pressure redistribution developed for managing tissue loads, 
microclimates, or other therapeutic functions.204 Pressure 
redistribution support surfaces assist in pressure ulcer risk 
reduction by managing tissue loading either by reducing the 
load or duration of loading.205 The type of support surface 
chosen is based on a multitude of factors, including clini-
cal condition of the patient, type of care setting, ease of use, 
maintenance, cost, characteristics of the support surface, and 
whether or not the patient can tolerate scheduled reposition-
ing. The primary concern should be the therapeutic benefi t 
associated with the surface. Support surfaces are used to redis-
tribute pressure in bed and chairs, over the heels, and during 
operative procedures.

Support Surfaces for Beds

There are two basic types of pressure redistribution support 
surfaces, nonpowered and powered. Nonpowered devices do 
not move; they reduce pressure by spreading the load over a 
larger area, and do not require electricity or a battery to func-
tion. Pressure redistribution nonpowered support surfaces 
increase the body surface area that comes in contact with the 
support surface to decrease the interface pressure (pressure 
between the body and the support surface interface). Increasing 
the body surface area that comes in contact with the support 
surface is accomplished by immersion and envelopment (i.e., 
the body sinks into or is engulfed by the surface). Examples of 
nonpowered support surfaces are high-specifi cation foam, air, 
or gel mattress overlays and water-fi lled mattresses. Mattress 
overlays are devices that are applied on top of the standard mat-
tress. Most overlays require a one-time charge, setup fee, daily 
rental fee, or a combination of fees. Most are single-use items 
and may present environmental issues for disposal. When using 
mattress overlays, the height of the bed is increased, so transfers 
and linen fi t may be complicated.

When considering high-specifi cation foam support surfaces, 
you should consider stiffness of the foam and the density and 
thickness of the foam. Indentation load defl ection (ILD) is a 
measure of the stiffness of the foam; generally, the ILD should 
be 25% for 30 lb. The density and thickness of the foam relate 
to the foam’s ability to defl ect the pressure and redistribute the 
pressure over a wider area. Typically, the density and thick-
ness of a foam product should be 1.3 lb per cubic foot and 3 
to 4 inches, respectively.206 High-specifi cation foam surfaces 
have diffi culties with retaining moisture and heat, and typi-
cally do not reduce shear. Air and water surfaces also have 

further discussion on Management of Pressure by Therapeutic 
Positioning.)

Pillow Bridging
Pillow bridging involves the use of pillows to position patients 
with minimal tissue compression. The use of pillows can help to 
prevent pressure ulcers from occurring on the medial knees, the 
medial malleolus, and, to a lesser degree, on the heels. Pillows 
should be placed between the knees, between the ankles, and 
under the heels to completely offl oad them from the support 
surface.
(Use a small pillow for comfort under the arm in side-lying 
position.)

Pillow use is especially important for reducing risk of devel-
opment of heel ulcers, regardless of the support surface in use. 
The best prevention strategy for eliminating pressure ulcers on 
the heels is to keep the heels off the surface of the bed. Use of 
pillows under the lower extremities, if they remain in place, can 
keep the heel from making contact with the support surface of 
the bed. Pillows help to redistribute the pressure over a larger 
area, thus reducing high pressure in one specifi c area; how-
ever, it can be diffi cult to keep them appropriately positioned 
under the legs with the heels fl oated off the end.203 Position 
the pillows to support the entire calf making sure the heel 
and the Achille’s tendon are both free of pressure. Pillows are 
best used for patients with little or no movement of extremi-
ties. Patients that move will often dislodge the pillow reduc-
ing the effective off-loading of the heels. Some specialized heel 
pressure- redistributing devices are effective in reducing pres-
sure on heels and completely off-load the heel. Many of these 
devices also prevent foot drop. These devices are appropriate 

CLINICAL WISDOM

Positioning Pillows
Five pillows can overcome repositioning pressure point dif-
fi culties. Use the pillows in the following positions:

Pillow 1: under legs to elevate the heels
Pillow 2: between the ankles
Pillow 3: between the knees
Pillow 4: behind the back
Pillow 5: under the head

RESEARCH WISDOM

Donut Pillow Devices
One type of pillow device is not recommended for use. Use 
of a donut type or ring cushion device is contraindicated. 
Donut ring cushions cause venous congestion and edema, 
and actually increase pressure to the area of concern.
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diffi culties associated with retaining moisture and heat. Use 
of high-specifi cation foam or specialized sheepskin overlays 
reduce pressure ulcer incidence compared with standard hos-
pital mattresses.207,208 There is no difference between different 
high- specifi cation foam mattresses.

Powered active support surfaces require a motor or pump 
and electricity or batteries to operate. Powered redistribution 
support surfaces work by sequentially altering the parts of the 
body that bear load and so reduce the duration of loading on 
the tissues at any given anatomic location.141,205 Examples are 
alternating pressure air mattresses and overlays. Most use an 
electric pump alternately to infl ate and defl ate air cells or air 
columns, thus the term alternating pressure air mattress. The 
air cells in alternating pressure air mattresses need to be greater 
than 10 cm in order to be suffi ciently infl ated to ensure pres-
sure relief over the defl ated cells.141 These devices may also 
include physical features that allow for envelopement and 
immersion as well as alternating pressure. Powered support 
surfaces may also have diffi culties with moisture retention and 
heat accumulation. Some powered active support surfaces are 
equipped to help reduce skin temperature and moisture and 
maintain the microclimate. Most use air fl ow to the skin to 
maintain the microclimate. Use of alternating pressure pow-
ered support surfaces reduces incidence of pressure ulcers 
in hospitalized patients compared to standard hospital mat-
tresses and may also be effective in critical care units.207,209–212 
Alternating pressure active support surfaces should be used 
for patients at higher risk of pressure ulcer development when 
repositioning is not possible.141 There is no evidence of any 
difference between alternating pressure active support surface 
overlays or mattresses although patients may prefer mattresses 
to overlays.141,212

Table 9.2 provides intrinsic and extrinsic factors to consider 
when deciding on a support surface. One additional factor to 
consider when choosing a support surface is the microclimate 
at the skin and surface interface. The microclimate is the local 
temperature and moisture at the body support surface inter-
face. Heat is a risk factor for pressure ulcer development as it 
contributes to superfi cial ulcerations. Heat accumulates at 
the skin surface over time. So, the longer the patient is in one 
position, the more likely the local temperature is of the skin 
and tissue is elevated. Controlling the microclimate can be 
 accomplished with thermal mass, low-air-loss devices, and reg-
ular repositioning. Support surface coverings that wick mois-
ture away from the body or those that have continual air fl ow at 

the skin-surface interface reduce local temperature and control 
the microclimate.

High-end powered support surfaces include low-air-loss 
therapy beds and overlays, air-fl uidized beds, and kinetic ther-
apy. Low-air-loss therapy is a bed frame with a series of con-
nected air-fi lled pillows with surface fabrics of low-friction 
material. The amount of pressure in each pillow can be con-
trolled and can be calibrated to provide maximum pressure 
relief for the individual patient. They provide pressure redis-
tribution in any position, and most models have built-in scales.

Fluidized air or high-air-loss therapy consists of a bed frame 
containing silicone-coated glass beads. The design incorporates 
both air and fl uid support: the beads become fl uid when air is 
pumped through, making them behave as a liquid. High-air-
loss therapy has bactericidal properties because of the alkalinity 
of the beads (pH 10), the higher temperature, and entrapment 
of microorganisms by the beads. High-air-loss therapy relieves 
pressure and reduces friction, shear, and moisture (due to the 
drying effect of the bed). However, the increased air fl ow can 
increase evaporative fl uid loss, leading to dehydration. Also, it 
is diffi cult to transfer patients in these devices because of the 
height of the bed frame in relation to the support surface itself. 
Finally, if the patient is able to sit up, a foam wedge may be 
required, thus limiting the benefi cial effects of the bed on the 
patient’s upper back.

Kinetic therapy beds or continuous lateral rotation therapy 
beds are designed to counter the effects of immobility by con-
tinuous passive motion. Multiple body systems are involved in 
the therapy, which is believed to improve respiratory function 
and oxygenation, prevent urinary stasis, and reduce venous sta-
sis. Generally, the patient must have a stable spine. The beds 
usually are of two types: Either the bed frame itself moves or 
the air cushions infl ate or defl ate, rotating the patient from side 
to side or pulsating. Pressure relief and low-friction surfaces 
are provided with repositioning. Most models include built-in 
scales for obtaining weight of patients. Conscious patients may 
not tolerate the movement of the bed.

How can you tell if the support surface is working? One 
problem with support surface mattress overlays is inadequate 
support or “bottoming out.” Bottoming out occurs when the 
patient’s body sinks down, the support surface is compressed 
beyond function, and the patient’s body lies directly on the hos-
pital mattress. When bottoming out occurs, there is no pressure 
redistribution for the bony prominence of concern. Bottoming 
out typically happens when the patient is placed on a sup-
port surface that is not appropriately fi lled with air or when 
the patient has been on a foam support surface for extended 
periods of time. The health-care provider can monitor for bot-
toming out by inserting a fl at, outstretched hand between the 
overlay and the patient’s body part at risk. If less than an inch 
of support material is felt, the patient has bottomed out. It is 
important to check for bottoming out when the patient is in 
various body positions and to check at various body sites. For 
example, when the patient is lying supine, check the sacral/coc-
cygeal area and the heels; when the patient is side-lying, check 
the trochanter and lateral malleolus.

The method most commonly used to examine effi cacy of 
support surfaces is interface pressure measurements and pres-
sure mapping. Interface pressure is a measurement obtained 

CLINICAL WISDOM

Recommendations for Bed Support Surfaces
●  Use a high-specifi cation foam mattress or overlay instead 

of standard hospital mattress for persons determined at 
risk for pressure ulcer development.

●  Use alternating pressure active support surface overlays or 
mattresses for persons at high risk for pressure ulcer devel-
opment and those who cannot be repositioned.
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tissues may be three to fi ve times higher than skin inter-
face pressure. Typically, interface pressures are evaluated by 
comparing the values obtained to capillary closing pressure 
(generally considered to be 12–32 mm Hg). Capillary closing 
pressure values vary by individual. Other factors that should 
be considered include

• Skin tension
• Shear force
• Temperature
• Humidity
• Magnitude and duration of pressure
• Pressure and blood fl ow distribution

New pressure mapping devices have been introduced that 
provide real time monitoring of pressure magnitude and 

by placing a sensor between the skin and the resting support 
surface. It is usually obtained with some type of electropneu-
matic pressure sensor connected to an infl ation system and 
gauge or a mat composed of many sensors connected to or 
read by a computer. Instrumentation (size of sensor, shape of 
sensor, position of sensor, number and density of sensors in 
a pad system) greatly affects values of pressure readings, so it 
is diffi cult, if not impossible, to make comparisons between 
studies. In addition to variability in accuracy of measure-
ments, another problem with interface pressures is that due to 
a patient’s weight and body type, interface pressures alone are 
not suffi cient to evaluate the effi cacy of a particular device or 
class of devices.207,210,213 Interface pressures are only an  indirect 
indication of the actual pressure and deformation of the tis-
sues at the bony tissue interface. Pressure on subcutaneous 

Intrinsic and Extrinsic Criteria for Selection of Support Surfaces9.2TABLE

Intrinsic Criteria Considerations

Wound burden Tissue history—previous ulcers, surgical repair, stress, duration of pressure 
ulcer, number of pressure ulcers present

Body build Obese, thin, contractures presenta

Magnitude and distribution of pressures Location of highest pressures

Extrinsic Criteria Considerations

The number of hours spent on the support surface 
daily

Will product be needed for short- or long-term use?b

Shear and friction effects Is the patient agitated? Are they exhibiting continual body movements?

Environmental factors What is the temperature, humidity, continence, and moisture of the environment?

Micro-climate factors Will the support surface allow for maintaining normal skin surface temperature 
and moisture?

Living arrangements Will the patient be in a long-term care or home care setting? If patient sleeps with 
a signifi cant other, can the support surface be used on half of the bed? Is the 
patient on a standardized mattress or does the surface need to be placed on top 
of a nonhospital mattress?

Self-care defi cits Is the risk of pressure ulcer development likely to increase or decrease?

Ease of transition and weaning to other products or 
other health-care settings

Movement off support surface can promote patient independence if patient able. 
Transitioning to less costly surfaces can reduce fi nancial burden if clinically 
appropriate.

Ease of use and manageability How can independence be promoted? Is the support surface feasible for the home 
environment? Can the home caregiver maintain and provide care with the device?

Initial cost level Is the patient expected to recover or improve?c

Service and warranty of the surface Evaluate product services to achieve optimal effi ciency and effi cacy.

Availability of product What options are accessible? Consider patient needs and economic versus clini-
cal benefi ts.

Scientifi c validity What does the research show?

aPatients with severe contractures may not require a support surface that has good heel pressure readings (with contraction of the legs, the heels do not reach 
the bottom of the mattress).
bThe patient who uses the support surface only at night and spends most of the day in the chair will require an aggressive approach to seating support surfaces, 
and a lesser support surface can be chosen for the bed. If the patient spends most of the day in bed, the support surface chosen will be different.
cIf the patient is expected to recover or improve, a lower-cost support surface may be appropriate. If the patient is expected to decline in function, choosing a 
support surface that will meet future, as well as present, skin care needs may be best.
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child’s extremities and buttocks may fall into gaps between the 
air cells.214

Throughout the decision-making process, one thought 
should prevail: it is important to promote patient indepen-
dence, not dependent behavior. Patient mobility out of bed and 
off of the support surface is important for those patients who 
are able, and you should encourage and support this whenever 
appropriate.

Seating Support Surfaces

Providing pressure redistribution for chair-bound patients is 
critical because of the high pressures across the ischial tuberosi-
ties when sitting upright. Most pressure-redistributing support 
surfaces for chairs are nonpowered overlays, such as those made 
out of foam, gel, air, or some combination. Positioning chair-
bound individuals includes evaluation of body contours, postural 
alignment, weight distribution, and balance/stability in addition 
to pressure redistribution. The use of a chair support surface can 
help lessen the burden of wheelchair push-ups or side leans, but 
does not eliminate the need for reperfusion of the tissues. This is 
diffi cult as few people can actually consistently sustain the rigor 
associated with maintaining a schedule of weight changes. Use 
of a timer or alarm may be helpful in reminding patients and/or 
caregivers of the need for body movement. Chapter 10 provides 
additional information on Therapeutic Positioning.

Patients with spinal cord injury need special attention to 
chair support surfaces because of long-term limited mobility. 
Routine maintenance and evaluation of chair support surfaces 

duration of pressure. These devices use multiple sensors that 
provide data on interface pressure both the magnitude of pres-
sure at specifi c sites and the duration of that pressure. The data 
are presented as a real-time color map of bony prominences 
with pressure magnitude and duration of pressure displayed. 
Figure 9.21 presents an example of such a device. This type of 
technology may be helpful in providing more information on 
pressure magnitude and duration to clinicians allowing for 
more individualized repositioning programs. However, it is not 
known if devices that provide additional information on pres-
sure assist clinicians in preventing pressure ulcers.

Two populations require additional considerations related 
to support surfaces, bariatric and pediatric patients. For bariat-
ric patients, it is important that surfaces designed for bariatric 
patients be utilized. These support surfaces are designed to pro-
vide pressure reduction for the severely obese patient and can 
accommodate extreme loading. Bariatric devices have features 
similar to the other support surfaces described. Generally, the 
bed frame is larger and many have a feature that can raise the 
patient to a sitting and standing position while positioned in 
the bed. There are also chair devices for bariatric patients.

In the pediatric population, use of low air loss support sur-
faces is not recommended as most were not designed for use 
with infants and children. Pressure redistribution support 
surfaces such as nonpowered high-specifi cation foam mat-
tress overlays or gel pillows are alternatives.213,214 Further, use 
of powered alternating pressure support surfaces may not 
be sized appropriately for infant and children body size; the 

FIGURE 9.21 The handheld M.A.P ® System collects data from the sensor pad coverlet placed over the support surface 
of the bed. The device provides bedside pressure mapping and gives clinicians real-time pressure distribution data on the 
location, magnitude, and duration of pressure across the body. These types of systems provide feedback on off-loading 
and may assist in repositioning patients off bony prominences of concern. The system can be programmed with pre-set 
reminders for repositioning schedules. 
Source:  WellSense USA, Inc. 2416 21st Avenue South Nashville, TN. 37212.
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RESEARCH WISDOM

Evaluating Studies Using Interface Pressures
● Look for interface pressures stated as a percentage against 

a standard surface, usually a hospital mattress. Standard 
hospital mattress interface pressures for sacrum = 36 to 
48 mm Hg and for trochanter = 62 to 97 mm Hg.215 For 
example, a support surface that reports tissue interface 
pressure readings of 25 mm Hg for the sacrum has approx-
imately 30% lower pressures than the standard hospital 
mattress pressures for the sacrum (25/36 mm Hg × 100 = 
69.44; 100–70 = 30% of hospital mattress pressures).

● Look for standard deviations (SD) reported in the 
study—95% of measurements lie within 2 SD of the mean 
(average). So, the larger the standard deviation, the less 
reproducible the pressure measurements and the more 
variable the results with the product. For example, a study 
reports mean tissue interface pressures of 25 mm Hg with 
standard deviation of 8.2. So, 95% of all the measure-
ments were between 8.6 and 41.4 mm Hg. This is not so 
bad at the 8.6 end, but what about the 41.4 mm Hg? That 
fi gure is far higher than standard capillary closing pressure 
of 32 mm Hg.

● To interpret the study results, consider these issues:
1.  Range and number of pressure readings obtained for 

each site. How was site placement determined? (The 
bony prominence is usually larger than the pressure 
probe. Was it placed in the center of the bony promi-
nence? Was the site marked so subsequent readings 
were taken at the same location?) Was a full-body or 
partial-body pressure mapping system used?

2.  Procedure used to acquire the pressure readings should 
be described as well as the training procedures for those 
conducting the testing.

3.  Who were tested and how do they compare with the 
patients you care for?

4. How were they tested?
5.  How often was equipment recalibrated? (The equip-

ment is fragile and subject to malfunction.)

is essential for the spinal cord–injured patient. In choosing a 
chair support surface for spinal cord–injured patients, it is help-
ful to use pressure mapping to identify areas of high pressure. 
Pressure mapping can also identify changes in pressures over 
time as the patient ages and determine when a new  support 
 surface is needed.

Pressure Redistribution Support Surfaces for Heels

The heels are particularly prone to pressure ulcer formation 
because of the lack of soft tissue to redistribute pressure forces, the 
large calcaneus bone, and the small surface area of the heel. The 
heels should not be in contact with the support surface. Support 
surfaces fail to redistribute the pressure by increasing the contact 
area with the support surface or by decreasing the duration of 
pressure over the small area of the heel.203 There are some data 
suggesting patients on viscoelastic nonpowered pressure redis-
tribution support surfaces develop more heel ulcers compared 

CLINICAL WISDOM

Additional Considerations for Choosing a Support 
Surface
The following examples help to illustrate other  considerations 
in choosing a support surface:

● Patients who undergo surgical operative repair of an exist-
ing pressure ulcer may need to be placed on air fl uidized 
therapy postoperatively.

● Patients with multiple ulcers involving more than one 
turning surface need to be placed on pressure-redistribut-
ing support surfaces, such as low-air-loss therapy.

● Patients with severe contractures may not require a sup-
port surface that has good heel pressure readings (with 
contraction of the legs, the heels do not reach the bottom 
of the mattress).

● If the bony prominence of concern is the greater trochan-
ter, the support surface chosen must adequately reduce 
pressure over the trochanter.

● The patient who uses the support surface only at night and 
spends most of the day in a chair will require an aggressive 
approach to seating support surfaces, and a lesser support 
surface can be chosen for the bed. If the patient spends most 
of the day in bed, the support surface chosen will be different.

● A support surface’s ability to handle shearing and friction 
may be critical for agitated patients (particularly those 
with continual body motions), and good choices may 
involve evaluation of the support surface covering.

● If the patient is at home, with no air conditioning, is 
incontinent of urine, and lives in a humid environment, 
the ability of the support surface to breathe and handle 
moisture are essential to positive outcomes.

● Evaluation of the patient’s prognosis is helpful in sup-
port surface choice. Is the patient expected to recover and 
improve? If so, a pressure redistribution nonpowered sup-
port surface may be appropriate. However, if the patient 
is expected to decline in function, choosing a support 
surface that will meet future, as well as present, skin care 
needs may be prudent.

As these case examples illustrate, the clinician must evaluate 
the individual patient’s needs.

CLINICAL WISDOM

Reimbursement of Bed Support Surfaces
Support surfaces are reimbursed in home care under 
Medicare Part B benefi ts. Medicare requirements for reim-
bursement include the following:

● Must be stage III or IV pressure sore
● Must have pressure sore located on trunk of body
● Must have current Medicare Part B coverage
● Must be in permanent residence (own home, long-term 

care facility, etc.)
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to those placed on alternating pressure air mattress support sur-
faces.216 As previously discussed, pressure can be relieved com-
pletely from the heels by elevating them off the support surface 
with pillows placed under the calves.141 Use of standard pillows 
has been compared to foam wedge cushions for off-loading heels 
and patients treated with the foam wedge cushions had lower 
incidence of heel pressure ulcers.217 Heel protection support sur-
faces may offl oad the heel by redistributing the pressure along 
the calf of the leg. When high-specifi city foam, medical grade 
sheepskin, and air-fi lled heel protection support surfaces have 
been compared, the results have demonstrated no difference 
in heel pressure ulcer development.212 When devices have been 
compared to use of standard pillows, the incidence of pressure 
ulcers has not been signifi cantly different although time to ulcer 
development was shorter with pillows use for off-loading.203

There are several considerations for choosing a heel pres-
sure redistribution support surface. Use of foam wedges that 
span the width of the end of the bed and keep the legs cradled 
in place do successfully suspend the heels off the bed surface. 
However, these devices may limit mobility and do not address 
foot drop. Heel pressure redistribution boots stay in place and 
do address foot drop issues. Those that incorporate a brace 
should be properly fi tted by a physical therapist for proper 
attention to foot drop and leg alignment. Boots without a brace 
are made of foam, air cushions, fi ber fi lled, or medical grade 
sheepskin. Those made of high-specifi city foam may be warm 
and limit ease of movement in bed because of friction; how-
ever, they are relatively inexpensive. Air-fi lled cushions address 
friction and shear, they are light and do not limit bed mobil-
ity. They do require monitoring to be sure suffi cient infl ation 
is present. Fiber-fi lled boots can be washed, and they wick 
moisture and heat from the foot. Sheepskin boots may increase 
temperature.203 Additional questions to address in deciding on 
a heel support surface include

• Foot drop addressed by device?
• Moisture and temperature issues?
• Able to ambulate with device?
• Ability to remain in place?
• Shear and friction addressed?
• Bed mobility issues?
• Able to wash device?203

Use of Pressure Redistribution Support Surfaces 
in the Operating Room

Pressure redistribution support surfaces should be used on 
the operating table for persons determined at risk for pressure 
ulcers and those undergoing prolonged procedures or at risk 
of hypotensive episodes during surgery.170,218–221 Use of high-
specifi cation foam or medical grade sheepskin on the operating 
table as a pressure-redistributing support surface can reduce 
the incidence of operative acquired pressure ulcers.170 More 
specifi cally, use of a viscoelastic support surface on the operat-
ing table compared to the standard operating table resulted in a 
relative reduction in incidence of postoperative pressure ulcers 
of 47% for those persons undergoing elective major general, 
gynecologic, or vascular surgery.218 Alternating pressure air sup-
port surfaces used during surgery and postoperatively have also 
demonstrated lower pressure ulcer incidence.219,220 In addition 
to use of pressure redistribution support surfaces on the oper-
ating table, padding bony prominences after positioning for 

surgery and assessing heels and off-loading if possible may also 
be helpful.141 It is also important to continue use of pressure 
redistribution support surfaces during the immediate postoper-
ative recovery period. Positioning the patient in a different posi-
tion following the surgery, if possible, is also recommended.222

In summary, effective use of support surfaces requires the 
following actions: choosing support surfaces for patients based 
on multiple factors, use of a multidisciplinary team to fi nalize 
selections, and periodic reevaluation of products and patient/
institution needs based on baseline pressure ulcer prevalence 
and incidence data. These steps are critical as limited evidence 
exists to support use of one specifi c device versus another.

Measures to Increase Mobility and Activity
Overhead bed frames with trapeze bars are helpful for patients 
with paraplegia, stroke patients with upper body strength, and 
obese patients, and may increase mobility and independence 
with body repositioning.141,170 Wheelchair-bound patients 
with upper body strength can be taught and encouraged to do 
wheelchair push-ups and body tilts/leans to relieve pressure 
and allow for reperfusion of the tissues at the ischial tuberosity. 
For patients who are weak from prolonged inactivity, provid-
ing support and assistance for reconditioning and increasing 
strength and endurance will help to prevent future disability and 
dysfunction. Setting goals for increased mobility and activity 
may be helpful. Progressive sitting plans are helpful for patients 
with spinal cord injury, especially following operative repair of 
existing pressure ulcers. Mobility plans for each patient should 
be individualized, with the goal of attaining the highest level of 
mobility and activity individually possible. Mobility plans are the 
responsibility of nurses and physical therapists working together 
in all health-care settings. Even frail elder nursing home patients 
are capable of improving mobility and activity levels; one study 
showed nursing home residents could successfully participate 
in an incontinence and exercise intervention conducted every 2 
hours from 8 am to 5 pm 5 days a week and that walking distance 
and walking time improved as did other measures of mobility.221

It is essential to train and observe home caregivers in the mobil-
ity plan and, in particular, repositioning techniques. Caregivers 
in the home are often left to fend for themselves for prevention 
interventions and may be frail and have health problems them-
selves. A return demonstration of a repositioning procedure 
or performance of a mobility exercise can be very informative, 
revealing a need to coach, improvise, or think of creative strate-
gies for caregivers to use in the home setting in order to meet the 
patient’s need for movement, activity, and tissue reperfusion.

Reducing Friction and Shearing
Measures to reduce friction and shear relate to passive or active 
movement of the patient. To reduce friction, two interventions 
are generally appropriate: Provide topical preparations to elim-
inate or reduce the surface tension between the skin and the 
bed linen or support surface and use appropriate techniques 
when moving patients so that skin is never dragged across lin-
ens. Patients who exhibit voluntary or involuntary repetitive 
body movements (particularly of the heels or elbows) are at 
higher risk for damage to the skin from friction.

Reducing Surface Tension Between the Skin 
and the Support Surface

To help eliminate the surface contact of the area and decrease the 
friction between the skin and the linens, consider using any of the 
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Position System® (see Fig. 9.21) helps reduce friction by maintain-
ing a low coeffi cient of friction between the patient and the bed lin-
ens. The low friction between the device and the bed linens makes 
moving the patient easier and minimizes dragging. Maintaining 
the head of the bed at or below 30 degrees (if consistent with the 
medical condition of the patient) to prevent sliding and shear 
injury.170 Lowering the head of the bed 1 hour after meals or tube 
feedings if possible to prevent pressure damage to the sacrum. Use 
of transfer boards with low-friction surfaces is helpful for moving 
from bed to wheelchair for patients with spinal cord injury. Even 
though heel, ankle, and elbow protectors do nothing to reduce or 
relieve pressure, they can be effective aids against friction.

Most shear injury can be eliminated by proper positioning, 
such as avoidance of the semi-Fowler position and limiting use 
of the upright position (positions over 30 degrees inclined). 
Use of footboards and knee gatches (or pillows under the lower 
leg) to prevent sliding and to maintain position can also help 
reduce shear effects on the skin when in bed. Observation of 
the patient when sitting is also important, because the patient 
who slides down in the chair is at equally high risk for shear 
injury. Use of footstools and the foot pedals on wheelchairs, 
and appropriate 90-degree fl exion of the hip (which may be 
achieved with pillows, special seat cushions, or orthotic devices) 
can help prevent chair sliding.

Moisture
Moisture can macerate the skin decreasing the tolerance of the 
tissues to pressure and friction forces. Further, moisture removes 
the oils on the skin, which makes it friable and softens the skin’s 
connective tissue leading to erosion of epidermis. To minimize 
skin exposure to excessive moisture, assess for excessive moisture 
by determining the cause; for example, urine, feces, perspira-
tion, wound exudate, saliva. If urinary and/or fecal incontinence 
is the main contributing factor to moisture, establish a bowel 
and bladder regimen for patients. Since most, but not all, mois-
ture concerns in patients at risk for pressure ulcers is related to 
 incontinence, we focus this discussion on management of incon-
tinence. In this chapter, we can only briefl y address the strategies 
for managing incontinence most pertinent to the patient at high 
risk of developing a pressure ulcer.127,170

The etiology and type of incontinence should be determined 
and if the incontinence is reversible or transient, the cause should 
be eliminated. Management strategies for incontinence are 
grouped into three main areas for this discussion: behavioral man-
agement, containment strategies, and skin protection guidelines.

Behavioral Management Strategies
Patients at risk for pressure ulcer development are not can-
didates for all methods of behavioral management. The most 
successful behavioral management strategies for frail, cogni-
tively impaired patients at risk of pressure ulcer development 
include scheduled toileting and prompted voiding programs. 
Both strategies are caregiver dependent and require a moti-
vated caregiver to be successful. Scheduled intake of fl uid is an 
important underlying factor for both strategies.

Scheduled toileting (also called habit training) is toileting on a 
planned basis. The goal is to keep the person dry by assisting him 
or her to void at regular intervals. Try to match the interval to the 
patient’s natural voiding schedule: avoid attempting to motivate 
patients to delay voiding or to resist the urge to void. Scheduled 

following: cornstarch to decrease skin resistance; a protective fi lm, 
such as a transparent fi lm dressing or a skin sealant; a protective 
dressing, such as a thin hydrocolloid223; a soft silicone or sheet 
hydrogel dressing173; hyperoxygenated fatty acid preparations224; 
hexachlorophene lotion170; or protective padding. Hydrocolloid 
dressings have been shown to be effective in reducing shear force 
on heels in elder hospitalized patients.223 Soft silicone sheets have 
been effective in reducing sacral pressure ulcers on patients in 
critical care units.173 Transparent fi lm dressings have been used 
on the face of patients undergoing noninvasive ventilation to 
protect the skin from face mask pressure and friction damage.225 
New textiles and materials that have a low coeffi cient of friction 
may be useful to decrease friction over the heels and sacrum.226 
One such garment fi ts over pressure redistribution support sur-
faces on the heels as shown in Figure 9.22 and has been shown 
to reduce friction with lower skin damage outcomes.226 It is not 
known if these garments aid in reducing the incidence of pressure 
ulcers. Avoid vigorous massage over bony prominences as this 
creates friction damage from the repetitive parallel rubbing or 
sanding of the epidermis.170 Pay special attention to elbows and 
skin areas that are macerated as moisture increases the friction 
coeffi cient and results in damage more readily.141,170

Techniques for Moving Patients

Use of lift sheets, draw sheets, or devices to turn and transfer 
patients will assist in avoiding dragging or pulling that can result in 
friction on the skin. Use of devices such as the Prevalon Turn and 

FIGURE 9.22 These garments are placed over the pressure redistribu-
tion support surface on the heels and provide for a low coeffi cient of 
friction reducing the friction forces between the skin and the underly-
ing bed support surface and making movement easier. (Courtesy of 
APA Parafricta LTD, Medical INVISTA, Kennesaw, GA 30144.)
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catheters are self-adhesive and easy to apply. A key concern 
with use of external collection devices is routine removal of the 
product and inspection and hygiene of the skin.

There are special containment devices for fecal incontinence, 
as well. Fecal incontinence collectors consist of a self-adhesive 
skin barrier attached to a drainable pouch. Application of the 
device is somewhat dependent on the skill of the clinician, and 
the patient should be put on a routine for changing the pouch 
prior to leakage to facilitate success. The skin barrier provides 
a physical obstacle to the stool on the skin and helps to prevent 
dermatitis and associated skin problems. In fact, skin barrier 
wafers without an attached pouch can be useful in protecting 
the skin from feces or urine.

There are also indwelling bowel catheters for managing fecal 
incontinence but they are not a long term care option and data 
are limited regarding effect on skin health.

Incontinence Skin Hygiene
After an incontinence episode, the skin should be cleansed with 
pH-balanced cleansers.170 Special perineal cleansers are more 
effective at preventing IAD than soap and water.229 Bar soap 
tends to dry the skin and creates an alkaline pH resulting in 
increased risk for tissue damage. Cleansing should be gentle 
as vigorous cleansing can strip the surface epidermis. Use of 
smooth woven disposable clothes is preferred over washcloths 
as they create less surface friction on the skin.133 Use of solu-
tions designed for incontinence care cleansing can be protective 
of the skin and can decrease the time and energy involved in 
postepisode cleansing. These commercially available cleansers 
include surfactants as ingredients. The surfactants make the 
removal of urine and stool residue easier, with less abrasive-
ness. Every attempt should be made to cleanse the perineal skin 
immediately after an incontinent episode to limit the amount 
of contact time between the urine or stool and the skin.

Moisture barriers protect the skin from the effects of mois-
ture. The success of the particular product is linked to its for-
mulation and hydrophobic properties. Generally, pastes are 
thicker and more repellent of moisture than are ointments. 
A quick evaluation is the ease with which the product can be 
removed with water during routine cleansing. If the prod-
uct comes off the skin with just routine cleansing, it probably 
is not an effective barrier to moisture. Mineral oil for cleans-
ing some of the heavier barrier products, such as zinc oxide 
paste, will ease removal from the skin. Products with humec-
tants (e.g., urea, glycerin, alpha hydroxyl acids, and lactic acid) 
should be avoided as they retain water in the skin and with 
incontinence the problem is too much water retained in the 
skin.133 Dimethicone (3%) skin protectants have been shown to 
decrease pressure ulcer incidence at the sacrum and buttocks in 
incontinent long-term care patients.230

General Skin Care
Basic skin care should begin with daily skin inspections with spe-
cifi c attention toward identifying reddened areas. Neither red-
dened areas nor bony prominences should be massaged as noted 
earlier as this can further damage fragile blood vessels. Discovery 
of dry and cracked skin should also be regarded with concern as 
these areas indicate diminished skin integrity and increase risk 
for the occurrence of pressure ulcers. Exhibit 9.4 presents a skin 
observation form that can be used with caregivers.

toileting may be based on the clock (toilet the patient every 
2 hours) or based on activities (toilet the patient after meals and 
before transferring to bed). Like scheduled toileting, prompted 
voiding involves use of a toileting schedule (every 2 hours); 
however, this is supplemented with teaching the incontinent 
patient to discriminate their continence status and to request 
toileting assistance. Three additional elements in prompted 
voiding include monitoring the incontinent patient routinely, 
prompting the patient to use the toilet, and praising the patient 
for maintenance of continence. Prompted voiding results in 
40% to 50% reduction in frequency of daytime incontinence, 
and between 25% and 33% of urinary incontinent patients in 
nursing homes respond to the therapy.227,228 Prompted voiding 
has also been shown to be effective in dependent and cognitively 
impaired nursing home incontinent patients.227,228

Both of these behavioral management strategies have the added 
benefi t of moving the patient at routine intervals. This relieves 
pressure over bony prominences and reduces the risk of pressure 
ulcer development by allowing reperfusion of the tissues.

Containment Strategies
Underpads and briefs may be used to protect the skin of 
patients who are incontinent of urine or stool. These products 
are designed to absorb moisture, wick the wetness away from 
the skin, and maintain a quick-drying interface with the skin. 
Studies with both infants and adults demonstrate that products 
designed to present a quick-drying surface to the skin and to 
absorb moisture do keep the skin drier and are associated with 
a lower incidence of dermatitis. It is important to note that the 
critical feature is the ability to absorb moisture and present a 
quick-drying surface, not whether the product is disposable 
or reusable. Regardless of the product chosen, containment 
strategies imply the need for a check and change schedule for 
the incontinent patient, so that wet linens and pads may be 
removed and the skin cleansed in a timely manner.

Underpads are not as tight or constricting as briefs. Kemp229 
suggests alternating the use of underpads and briefs if the skin 
irritation is thought to be related to the occlusive nature of the 
brief. Her recommendations echo the early work of Willis230 on 
warm water immersion syndrome, who found that the effects 
of water on the skin could be reversed and tempered by sim-
ply allowing the skin to dry out between wet periods. Use of 
briefs when the patient is up in a chair, ambulating, or visiting 
another department and use of underpads when the patient is 
in bed is one suggestion for combining the strengths of both 
products.

External collection devices may be more effective with male 
patients. External catheters or condom catheters are devices 
applied to the shaft of the penis to direct the urine away from 
the body to a collection device. Newer models of external 

CLINICAL WISDOM

Reducing Friction
Sprinkling cornstarch on the bed linen or use of skin 
 lubricants is helpful in reducing overall friction.
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Body 

Location Day: 1 2 3 4 5 6 7 8 9 1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

3
1

Skin Condition

Sacrum or 
Tailbone

Redness

Bruise

Open Wound

Right Buttock Redness

Bruise

Open Wound

Left Buttock Redness

Bruise

Open Wound

Right 
Ischium (At 
gluteal fold)

Redness

Bruise

Open Wound

Left Ischium 
(At gluteal 
fold)

Redness

Bruise

Open Wound

Right Hip Redness

Bruise

Open Wound

Left Hip Redness

Bruise

Open Wound

Right Heel Redness

Bruise

Open Wound

Left Heel Redness

Bruise

Open Wound

Other 
Locations:

Redness

Bruise

Open Wound

Other 
Locations:

Redness

Bruise

Open Wound

EXHIBIT 9.4

Skin Observation Form for Direct Caregivers
Instructions: Observe skin daily and record if condition is present

Name:____________________________ Month:__________________Year:_________
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albumin contributes to the amino acid pool, and amino acids 
are essential building blocks for new tissue development. It is 
also essential for maintaining oncotic pressure in the vascular 
fl uid compartment and thus avoiding edema.
• Total lymphocyte count less than 1,800 mm. Malnutrition 

impairs the immune system, and total lymphocyte counts 
are a refl ection of immune competence.

• A decrease in body weight by more than 15%.

If the patient is diagnosed as malnourished, nutritional supple-
mentation may be indicated to help achieve a positive nitrogen 
balance. Examples of appropriate oral supplements are assisted 
oral feedings and dietary supplements. The goal of care is to 
provide approximately 30 to 35 kcal/kg of weight per day and 
1.25 to 1.5 g of protein per kg of weight per day. Patients should 
be encouraged to improve their own dietary habits, and educa-
tion should focus on maintaining a varied diet with adequate 
caloric and protein intake.

It may be diffi cult for a pressure ulcer patient or an at-risk 
patient to ingest enough protein and calories necessary to main-
tain skin and tissue health. Oral supplements can be very help-
ful in boosting calorie and protein intake. Liquid nutritional 
supplements are designed to be used as an adjunct to regular 
oral feedings.

Monitoring nutritional indexes is essential to determine 
effectiveness of the care plan. Serum albumin, protein markers, 
body weight, dietary intake, and nutritional assessment should 
be performed at least every 3 months in long-term care and 
more frequently in acutely ill patients to monitor for changes 
in nutritional status.

IMPLEMENTING PRESSURE ULCER PREVENTION 
PROGRAMS: WHAT WORKS?

One of the struggles in preventing pressure ulcers is implement-
ing and maintaining a prevention program within an organiza-
tion.244 Facilities often fail to show an improvement in pressure 
ulcer outcomes such as incidence because attention has not been 
focused on the process of implementing new interventions in 
an organization. Successful pressure ulcer prevention requires 
a comprehensive multipronged approach that is designed by a 
staff from multiple disciplines. Further, we know that a single 
approach to implementing programs is generally not success-
ful and that use of multiple implementation strategies is more 

Skin hygiene interventions involve daily skin hygiene and 
skin cleansing after fecal or urinary incontinent episodes. The 
older adult’s skin is less tolerant of the drying effects of soap 
and hot water. Use of warm water and a mild soap (if any 
soap at all) can limit skin drying. For older adults, daily bath-
ing is not necessary for skin health.. Daily cleansing of the feet, 
axilla, and perineal areas is appropriate, but daily showers or 
baths can be damaging to the skin. Use of a schedule of twice 
weekly or every other day bathing or showering is suffi cient. 
Use of moisturizers and emollients for dry skin and lubricants 
for reduction in friction injuries is recommended.141 The use 
of hyperoxygenated fatty acids has been shown to result in a 
reduction in pressure ulcer development when compared to a 
placebo and shows promise as an emollient of choice for pres-
sure ulcer prevention.224

Skin maintenance interventions involve actions to pre-
vent skin breakdown and actions to promote healthy skin. 
Maintaining skin lubrication is essential. Use of moisturiz-
ers on a routine basis can prevent skin drying and cracking. 
Application of moisturizers immediately after bathing or show-
ering helps to remoisturize and lubricate the skin.

There are three main types of moisturizers—lotions, creams, 
and ointments. Lotions have the highest water content and, 
therefore, must be reapplied more frequently to be effective. 
Creams are mixtures of oil and water and, for best results, 
should be applied four times a day. Ointments (generally lano-
lin or petrolatum bases) have the lowest water content, are the 
most occlusive, and have the longest duration of moisturizing 
action. Special attention to moisturizing the lower legs and feet 
is often needed to compensate for decreased perfusion and 
diminished skin health in these areas.

Nutrition
In Chapter 4, we discussed the importance of a nourishing diet 
in maintaining healthy skin and tissues. So it is not surprising 
that there is a strong relationship between nutrition and pres-
sure ulcer development.155 The severity of ulceration is also cor-
related with the severity of the nutritional defi cits, especially low 
protein intake or low serum albumin levels.155,156,166,231–240 Thus, 
nutritional assessment should be performed on all patients 
determined to be at risk for pressure ulcer formation at rou-
tine intervals. However, the role of nutrition in the prevention 
of pressure ulcers is controversial, the relationship is assumed 
but there is limited evidence to support it.241–243 While mul-
tiple studies have demonstrated a relationship between differ-
ent markers of malnutrition (e.g., serum albumin level, dietary 
protein intake, inability to feed self, and weight loss) and pres-
sure ulcer formation and severity, defi ning a causal relationship 
between malnutrition and pressure ulcer development, some-
thing that seems so logical, has proven diffi cult. Data support-
ing a prophylactic effect of nutritional supplements on pressure 
ulcer development are not so clear. See Chapter 4 for more 
information on General Assessment of Nutrition.

The following fi ndings suggest malnutrition:

• Hypoalbuminemia (serum albumin levels below 3.5 mg/dL). 
This fi nding has been associated with pressure ulceration,149,228 
although some have found no relationship and little prog-
nostic value for pressure ulcer healing.233–235 When protein 
intake is insuffi cient, the serum albumin decreases. Serum 

CLINICAL WISDOM

When to Consult the Dietitian
General parameters for consultation with the dietitian for a 
thorough nutritional assessment are

● Inadequate dietary intake (e.g., <50% of most meals 
consumed)

● Drop in body weight of 5%, or
● Serum albumin level below 3.5 mg/dL
● Patients with previous or existing pressure ulcer
● Patients at risk for pressure ulcers

Sussman_Chap09.indd   264Sussman_Chap09.indd   264 7/25/2011   2:52:50 PM7/25/2011   2:52:50 PM



 CHAPTER 9 ■ Pressure Ulcers: Pathophysiology, Detection, and Prevention 265

likely to succeed. What strategies should you employ as you 
work to implement a pressure ulcer prevention program? Here 
we outline approaches that have demonstrated achievement.

An interdisciplinary approach is fundamental in the pres-
sure ulcer prevention.244 One of the commonalities prevalent 
in recent successful quality improvement efforts in hospitals 
and in nursing homes is the multiapproach structure of pres-
sure ulcer care that includes the collaboration of multiple 
disciplines. By drawing on the expertise of interdisciplinary 
members, care that is both current and evidence based can be 
delivered. Stakeholders that can be included in the pressure 
ulcer team are wound care specialists, nurses, nutritionists, 
physical therapists, social workers, and physicians from a vari-
ety of disciplines (e.g., vascular surgery, plastic surgery, geri-
atricians). The cross disciplinary care can allow for a patient to 
receive débridement from a certifi ed wound specialist or plastic 
surgeon, diet and nutritional status evaluation by a nutrition-
ist, wheelchair support surface pressure mapping and mobility 
conditioning by a physical therapist, and pain management by 
a physician. Through the coordinated efforts of the multidis-
ciplinary team, effective and effi cient care can be successfully 
achieved. This can be accomplished with skin care rounds. Use 
of a multidisciplinary team that meets/rounds on patients at 
risk each week is a strategy that has worked in hospitals as the 
key clinicians have an opportunity to provide input into the 
care plan for individual patients. One person, no matter how 
talented or devoted, can do it alone.

Delivery of care that appreciates the highly interdepen-
dent nature of pressure ulcer management and recognizes the 
importance of communication is of great importance. Under 
the shared goal of improving clinical outcomes and provid-
ing quality care, the health-care team can collaborate to meet 
the dynamic and individual needs of the patient. So the second 
recommendation is to incorporate methods of improving com-
munication among the health-care team as part of the imple-
mentation plan. Implementation of a standardized means of 
communication such as SBAR (situation, background, assess-
ment, and recommendation) can facilitate continuity of care. 
This method of exchange allows for a situational awareness that 
all stakeholders can understand and appreciate. Under this sys-
tem, the patient’s history and priority problems are made very 
clear and the report is timely and effi cient. Critical language 
can also be addressed, to ensure that there is little misunder-
standing on the severity or meaning of words used. The SBAR 
concludes with a recommendation that the clinician on the 
receiving end can then consider when adjusting the patient’s 
plan of care. This standardized means of communicating can 
ensure that each member of the health-care team has a cur-
rent understanding of the patient’s condition and is aware of 
the priority goals of care. A critical part of this communica-
tion vehicle is use of standard tools for reporting activities. For 
example, if a hospital uses the Braden Scale for pressure ulcer 
risk assessment, all clinicians in the hospital should be familiar 
with it and those nursing homes who routinely receive patients 
from the hospital should also use the Braden Scale. Use of the 
same standard tools enhances transitions from one care level 
to another within and between health-care organizations. Use 
of the same standard tools facilitates accurate communication 
about the patient’s pressure ulcer risk status, prevention strate-
gies in use, and response to prevention.

Another method of improving communication is to 
 incorporate “Turn on Transfer” and “hand off” protocols. Turn 
on Transfer protocols require that when a patient is transferred 
anywhere within an institution that the receiving clinician must 
turn the patient (unless the medical condition prohibits turn-
ing) and check the sacrum, buttocks, and heels prior to accept-
ing the patient. This takes very little time and assures that all 
are aware of the status of the skin. Change of shift is handled 
in the same manner, as a part of change of shift “handoff,” the 
patient’s risk status, current prevention strategies, and response 
to prevention strategies is reported and the patient is turned to 
check the sacrum, buttocks, and heels.

Research has shown that a third approach benefi cial in 
improving patient outcomes has been to bundle a standard-
ized set of interventions necessary to achieving quality care and 
create an acronym for the bundled care practices.245–248 Similar 
to the bundles created for prevention of ventilator associated 
pneumonia or surgical site infection in the acute care setting, 
the NO ULCERS and SKIN bundles have been established as 
a means to prevent the inadvertent omission of any steps in 
pressure ulcer care. The NO UCLERS bundle, created by the 
New Jersey Hospital Association is an acronym for Nutrition 
and fl uid status, Observation of skin, Up and walking or turn 
and position, Lift (don’t drag) skin, Clean skin and continence 
care, Elevate heels, Risk assessment, and Support surfaces for 
pressure redistribution.246,247 Similarly, the SKIN (Surface selec-
tion, Keep turning, Incontinence management, and Nutrition) 
bundle acts as an alternative tool kit for standardizing pressure 
ulcer prevention and management.246–248 Such bundles serve as 
a reminder of what procedures of pressure ulcer care are most 
important and provide clinicians with a consistent set of inter-
ventions that can be referenced for improved communication. 
The acronyms assist in communication and motivation, exam-
ples of other acronyms include SOS—save our skin; PUPP—
pressure ulcer prevention program. Bundles work because they 
have built in redundancy; if one aspect of care is missed when 
the next care practice is delivered, the missed care is caught 
and corrected.

One of the distinct advantages of bundles is that it allows 
multiple disciplines to communicate effectively regarding the 
status of care already received and care that has yet to be per-
formed. Thus, the bundle can clarify when and where to make 
referrals and ease the continuity of care between disciplines.

The fourth recommendation is to incorporate routine 
audits of behaviors with prompt feedback on performance 
to clinicians. Providing feedback on performance commu-
nicates the status of the implementation of the new program 
and demonstrates where improvement is needed. Providing 
feedback from data based audits is most successful when the 
feedback is timely and focused. For example, feedback should 
be provided on a unit or individual level as compared to on 
an organization as whole. The audit procedure to collect data 
on clinician behavior needs to be quick and easily conducted 
or you run the risk of the audit becoming so burdensome and 
time consuming that it is not performed. This leads to lack of 
feedback data to clinicians and the disappearance of the pro-
gram. Audit data provides the information that can be used 
to further improve the program. Thus, implementation is a 
continual process that is data driven based on frequent use of 
audit and feedback approaches. Small experiments to improve 
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the program can be conducted through quality improvement 
cycles of plan-do-study-act.244

The fi fth recommendation is to understand the importance 
of both clinician and administration or leadership involvement 
in the process. Identifi cation of a skin champion, a clinician that 
is focused on improving the skin care of patients on a particular 
unit is a key strategy in successful programs. But involvement 
of clinicians and direct care providers is not enough. Leadership 
of the organization must be actively supportive of the program. 
Administrators can make skin rounds to talk with

• Patients/family members about how often they are being 
repositioned

• Nurses and direct care providers about barriers or obstacles 
to implementing the program

• Unit leaders or champions about progress and patient 
outcomes

The infl uence that top administration can make on motivat-
ing direct care providers in implementing the program cannot be 
overstated. Ongoing support, commitment, and recognition from 
all levels of leadership in the organization are critical to success.

A sixth recommendation is to use visual cues such as turn-
ing clocks, stickers on medical records, arm bands on patients 
at risk, pocket-sized reference cards for nurses, or newsletters 
updating staff on progress. These cues provide a nonverbal 
method of quickly communicating patient status to all who 
work in the organization or provide a quick reference for nurses 
and direct care providers at the bedside.

While these six recommendations do not include all strat-
egies for implementing a pressure ulcer prevention program, 
they provide some guidance on what has worked in organiza-
tions. One of the diffi culties in evaluating implementation of 
pressure ulcer prevention programs is that there is limited data 
on sustainability of such programs. There are little data available 
to know what strategies are successful with long-term sustain-
ability of a program, or even if a program can be institutional-
ized such that it is maintained. These strategies assume that the 
organization has a person who is knowledgeable about wounds 
and pressure ulcers. In some areas, access to a knowledgeable 
wound care clinician is not available. In these cases, use of tele-
health may be helpful in implementing a pressure ulcer preven-
tion program and in treating existing pressure ulcers.

TELEHEALTH AND PRESSURE ULCER CARE

Telecommunication technology enables clinicians to deliver care 
from a remotely based facility and improves continuity of care. 
While the health-care provider remains at a distance, utilization 
of a videophone system, video conferencing exchange, or digi-
tal image transfer facilitates the assessment of a patient’s clini-
cal condition.249 Telehealth not only provides relief for patients 
with impaired mobility but for frail elders who consider trans-
port to specialized clinics both a strenuous and stressful event.250 
Telerehabilitation with transmission of still images and audio 
regarding stage III/IV pressure ulcers as a means of clinical 
assessment for spinal cord injury patients in home care results 
in increased wound healing.201 Further, by including standard 
wound characteristics such as tunneling, undermining, granu-
lation tissue, necrotic tissue, purulent  exudate, induration, and 

erythema, several investigators found that communication via 
a video telecommunications systems could effectively con-
nect the remotely based nurse with wound care experts.251 This 
same approach can be used for pressure ulcer prevention and 
detection of early pressure damage. In particular, several of the 
devices to detect early pressure ulcer damage are or would be 
able to transmit data to off-site experts for interpretation, thus 
aiding remote facilities in early detection of damage.

The use of digital cameras to track pressure ulcer staging is 
a popular practice advancing the management and treatment 
of wounds from distant facilities. By transferring digital pho-
tographs from the remote environment to expert clinicians’ 
agencies, both economic and clinical benefi ts emerge. The 
images provide objective, detailed records capturing changes 
in a wound’s color, size, and depth. This more advanced form 
of documentation surpasses the traditional written description 
of pressure ulcers and can result in superior wound healing 
outcomes for existing ulcers252 as well as reducing emergency 
department visits, decreasing hospitalizations, shortening hos-
pital lengths of stay, and lowering cost.253

OUTCOME MEASURES

The most appropriate outcome measures to evaluate the effec-
tiveness of pressure ulcer prevention programs are incidence and 
prevalence rates. When a prevention program is successful, the 
organization’s incidence of pressure ulcer development should 
decrease or remain at a low level. Incidence and prevalence data 
should be risk adjusted by using risk-stratifi cation techniques 
when gathering data. This will allow comparison of data with 
other health-care facilities for benchmarking and adequate eval-
uation of prevention programs as case mix of the organization 
varies over time. For patients who already have a pressure ulcer, 
a successful outcome for pressure ulcer prevention is no further 
areas of skin breakdown. Again, risk-stratifi cation techniques 
should be used so that data can be compared with other facili-
ties and so that severity of pressure ulcers can be evaluated accu-
rately. In addition to patient outcome data such as incidence, 
process outcomes measures can be useful in evaluating program 
success. Examples of process outcome measures include

• Percent of patients admitted to the facility who have a risk 
assessment conducted within 12 hours

• Percent of patients admitted to the facility who have a skin 
assessment conducted within 4 hours

• Percent of patients determined at high risk who are placed on 
a support surface within 8 hours

REFERRAL CRITERIA

As we have seen, an interdisciplinary approach is critical to 
prevention of pressure ulcers. Referrals assist with appropriate 
management of particular risk factors for developing pressure 
ulcers. Use referral in the following circumstances:

• Nutritional consultation for patients determined at risk for 
pressure ulcers, malnutrition, or with nutritional concerns

• Enterostomal therapy or continence nurse (or clinical special-
ist in this area) consultation for patients with urinary or fecal 
incontinence
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and the ability of the patient/caregiver to perform procedures. 
In teaching prevention guidelines to caregivers, it is particu-
larly important to encourage return demonstration. Observe 
the caregiver performing repositioning, managing inconti-
nence, and providing general skin care. Your observations will 
help you not only to evaluate the caregiver’s learning, but also 
to provide individualized support and follow-up education. 
General education strategies are presented for patients, caregiv-
ers, nurse attendants, and nurses in Table 9.3 and Exhibit 9.5 
presents a tool for documenting teaching.

• Physical therapy for assistance with correct positioning in 
seated individuals and for conditioning and strength training 
to increase mobility and activity

SELF-CARE TEACHING GUIDELINES

Patient’s and caregiver’s instruction in self-care must be indi-
vidualized to specifi c pressure ulcer development risk factors, 
the individual patient’s learning style and coping mechanisms, 

Nurse

Nurse Assistant (or 

Direct Caregiver) Family/Caregiver Patient

Turning and 
Repositioning

Recognize and incorporate the 
following into the patient’s plan 
of care:
•   The signifi cance of low pres-

sures over long periods of 
time and high pressures over 
short periods of time

•  Areas of highest pressure 
and greatest risk: i.e., but-
tocks and ischial tuberosities 
in seated position, heels and 
sacrum in lying position

•  Recognize the infl uence of sup-
port surfaces in relationship to 
turning and repositioning

•  Incorporate individual patient 
factors into determining fre-
quency of repositioning

•  Coach, improvise, and devise 
creative strategies for meet-
ing individual patient needs

•  Educate family/caregiver and 
patient

•  Collaborate with multidis-
ciplinary team to optimize 
pressure ulcer prevention and 
treatment

•  Maintain a 30-degree tilt 
with a foam wedge

•  Create schedule for turn-
ing and repositioning

•  Perform return demon-
stration of a reposition-
ing procedure to the 
nurse

•  Understands the pur-
pose of and how to use 
turning sheets or turning 
device

•  Avoid semi-Fowler posi-
tion and limit the upright 
position (anything >30 
degrees)

•  Turn patient as needed 
and in accordance with 
devised turning schedule 
(every 4 h if also on a 
pressure redistribution 
support surface; every 
2 h if on a standard 
mattress)

•  Position pillows under 
legs to elevate the heels, 
between the ankles 
and the knees, behind 
the back, and under the 
head

•  Perform return demon-
stration to the nurse

•  Understands the pur-
pose of and how to use 
turning sheets

•  Observation of patient 
when sitting to avoid 
sliding out of chair

•  Use sidebars or an 
overhead trapeze to aid 
with movement

•  Understands neces-
sity for movement (i.e., 
weight shifting)

•  Performs self-care 
measures when 
appropriate

•  Wheelchair-bound 
patients should per-
form push-ups, side 
leans, or back tilts a 
minimum of once every 
hour

•  Use footstools and foot 
pedals on wheelchairs 
to prevent chair sliding

•  Ensure that wheelchair 
seat cushion is in good 
condition

•  Minimize exposure to 
risk factors (i.e., smok-
ing and drinking)

•  Support 
Surfaces

•  Understands the importance 
of support surfaces (i.e., tis-
sue load)

•  Assess patient for need of 
support surface

•  Evaluate and collaborate 
with family/caregiver and 
patient in determining sup-
port surface to be used (cost, 
comfort, ease of use, patients 
condition, powered versus 
nonpowered, etc.)

•  Educate family/caregiver and 
patient on use of selected 
surface

•  Check for bottoming out 
(refer to text)

•  Check to make sure the 
patient is in-place on the 
wheelchair, chair, or bed

•  Check to make sure that 
the surface is function-
ing properly (i.e., if it’s a 
powered device)

•  Communicates with 
patients and families/
caregivers about con-
cerns regarding support 
surfaces

•  Monitors condition of 
the support surface and 
reports to nurse when 
problems occur

•  Ensures that patient is 
positioned properly on 
support surface

•  Communicates with 
family/caregiver, nurse, 
and multidisciplinary 
team about prefer-
ences and concerns 
regarding support 
surface

•  Monitors condition of 
the support surface 
and reports to nurse 
when problems occur

Principal Mechanisms of Primary and Secondary Intention Healing 9.3TABLE Education for the Direct Health-Care Team
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Nurse

Nurse Assistant (or 

Direct Caregiver) Family/Caregiver Patient

Skin 
Assessments

•  Performs routine skin 
 assessments, specifi cally 
over bony prominences and 
under medical devices

•  Uses appropriate wound 
assessment and risk 
 assessment tools (i.e., BWAT 
and Braden Scale)

•  Plans and implements 
 interventions accordingly

•  Takes pictures of skin 
to  monitor progression 
and improvement of skin 
breakdown

•  Uses multidisciplinary 
approach

•  Uses telehealth services to 
aid in skin assessments

•  Educates family/caregiver 
and patient on how to perform 
daily skin observations

•  Aids in skin observations 
especially during bathing 
and over areas of bony 
prominences

•  Inspects patient for 
incontinent episodes and 
intervenes accordingly

•  Communicates with 
nurse new areas of pos-
sible skin breakdown

•  Takes pictures of skin to 
monitor skin health

•  Aids in daily skin 
observations over bony 
prominences

•  Inspects patient for 
incontinent episodes and 
intervenes accordingly

•  Reports to nurse any 
changes in skin integrity

•  Takes pictures of skin to 
monitor skin health

•  Performs daily skin 
observations on areas 
accessible to the 
patient (i.e., using a 
mirror), especially over 
bony prominences

•  Reports to nurse any 
changes in skin integ-
rity or pain at bony 
prominences

Nutrition •  Routine assessment of 
patient’s nutritional status 
to detect and monitor for 
malnutrition

•  Uses appropriate tool for 
nutrition assessment

•  Assess and monitor patient’s 
dietary intake, weight, body 
mass index, key laboratory 
values (e.g., serum albumin, 
prealbumin, total lymphocyte 
count)

•  Consult dietician regarding 
patients nutritional status 
(serum albumin, transferring, 
lymphocyte levels)

•  Educate family/caregiver 
on appropriate dietary 
 selections including the 
importance of consuming 
high-protein foods

•  For patients in need of 
 nutritional supplementa-
tion and/or vitamin supple-
mentation, educates on 
importance and type of 
supplementation

•  Assists patient with 
meals

•  Measures and records 
weights

•  Monitors intake and 
output

•  Assists with nutritional 
supplementation

•  Encourages suffi cient 
fl uid intake

•  Purchase and prepare 
nutritionally relevant 
meals

•  Assist patient with meals
•  Provides snacks and 

nutritional supplements 
between meals

•  Offer plenty of fl uids 
to ensure adequate 
hydration

•  Communicates favor-
ite foods to family/
caregiver

•  Reports anorexia, 
nausea, vomiting, signs 
of weight loss to the 
nurse

•  Maintains adequate 
fl uid intake

Principal Mechanisms of Primary and Secondary Intention Healing 9.3TABLE Education for the Direct Health-Care Team (continued )

(continued )
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Nurse

Nurse Assistant (or 

Direct Caregiver) Family/Caregiver Patient

Moisture 
Management

•  Understands the effects of 
excessive moisture or lack of 
moisture on skin integrity and 
skin breakdown

•  Helps family/caregiver and 
patient establish a bowel or 
bladder regimen

•  Establishes with family/care-
giver and patient a bathing 
schedule

•  Encourages and educates 
family/caregiver and patient 
on how to give a bath (i.e., 
avoid hot water and irritating 
cleansers; use pH-balanced, 
low-acid moisturizers after 
bathing)

•  Understands the importance 
and use of barrier creams and 
other equipment

•  Aids family/caregiver and 
patient on the purchase of 
appropriate equipment to 
manage moisture

•  Identify presence of fungal 
infections

•  Assesses patient for poorly 
managed incontinence and 
intervenes accordingly (i.e., 
need for a collection device 
or absorbent pads)

•  Assist with personal 
hygiene after inconti-
nent episodes when 
appropriate

•  Encourages patient 
participation in personal 
hygiene

•  When performing baths, 
avoid using hot water

•  Use pH-balanced lotion 
after bath and as needed 
to maintain adequate 
skin moisture

•  Replaces pads and 
linens when soiled

•  Understands and uses 
topical barrier to protect 
skin

•  Implement the bowel 
and bladder briefs during 
incontinence care

•  Applies ointments/bar-
rier creams to protect 
skin from IAD

•  Inspects for wetness 
and fecal matter and 
intervenes accordingly

•  Assist with personal 
hygiene after inconti-
nent episodes when 
appropriate

•  Encourage patient par-
ticipation in personal 
hygiene

•  Replaces pads and 
linens when soiled

•  Understands and uses 
topical barrier to protect 
skin

•  Aid patient with toileting 
needs

•  Reports problems in 
controlling excessive 
moisture or dryness to 
the nurse

•  Participates in per-
sonal hygiene

•  Involved in bowel and 
bladder regimen, if 
incontinent

•  Reports problems with 
elimination and mois-
ture management to 
the nurse

BWAT, Bates-Jensen Wound Assessment Tool.

Principal Mechanisms of Primary and Secondary Intention Healing 9.3TABLE Education for the Direct Health-Care Team (continued )

EXHIBIT 9.5

Self-Care Teaching Guidelines

Self-Care Guidelines Specifi c to 
Pressure Ulcer Prevention

Instructions Given 
(Date/Initials)

Demonstration or Review 
of Material (Date/Initials)

Return Demonstration 
or States Understanding 
(Date/Initials)

1.  Identifi cation of specifi c risk factors for pressure 
ulcer development

2.  Immobility, inactivity, and decreased sensory 
perception strategies

 a. Passive repositioning
  (1) Demonstrates one-person turning
  (2) Demonstrates two-person turning
  (3) Frequency of turning/repositioning
  (4)  Full shifts in position versus small shifts in 

position
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Self-Care Guidelines Specifi c to 
Pressure Ulcer Prevention

Instructions Given 
(Date/Initials)

Demonstration or Review 
of Material (Date/Initials)

Return Demonstration 
or States Understanding 
(Date/Initials)

  (5)  Avoidance of 90-degree side-lying position, 
demonstrates 30-degree side-lying position

  (6)  Passive range of motion exercises and 
frequency

 b. Pillow bridging
  (1) Use of pillows to protect heels
  (2) Pillows between bony prominences
 c. Pressure-reducing/relieving support surface
  (1) Management of support surface in use
  (2) Devices for sitting
  (3)  Up in chair for _____ hour(s), _____ 

time(s) per day
3. Nutrition strategies
 a. Provide adequate nutrition
  (1)  Small frequent (six meals a day) high-

calorie/high-protein meals
  (2)  Nutritional supplements provided. Give __ 

_oz of ____ supplement ___ times per day.
 b.  Provide adequate hydration
  (1)  Eight 8-oz glasses of noncaffeine fl uids per 

day unless contraindicated
 c. Provide general multivitamin as needed
4. Friction and shear strategies
 a. Use of turning and draw sheets
 b.  Use of cornstarch, lubricants, pad protectors, 

thin fi lm dressings, or hydrocolloid dressings 
over friction risk sites

 c. General skin care
  (1) Skin cleansing
  (2)  Skin moisturizing (Use _____ product on 

_____ areas of skin, _____ times a day.)
5. Moisture—incontinence management strategies
 a. Use of absorbent products
  (1) Pad when lying in bed
  (2)  Brief or panty pad when up in chair or walking
 b.  Use of ointments, creams, and skin barriers 

prophylactically in perineal and perianal areas 
(Use _____ product on perineal/perianal 
areas of skin, _____ times a day.)

 c.  Use of behavioral management strategies for 
incontinence

  (1) Scheduled toileting: toilet every _____ hours
  (2) Prompted voiding
 d. General skin care
  (1) Skin cleansing
   (a) Cleanser: _____
   (b) Soap: _____
   (c) Frequency: _____
  (2)  Skin moisturizing (Use _____ product(s) on 

_____ areas of skin, _____ times a day.)
  (3) Skin inspection daily
6. Importance of follow-up with health-care provider

EXHIBIT 9.5 (continued )
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• Wound Ostomy Continence Society
http://www.wocn.org
Guideline for the prevention and management of pressure 

ulcers
• Association for the Advancement of Wound Care

http://www.aawconline.org/
Patient education materials on basic skin care and wound 

care, patient support blog for wound patients, family members, 
caregivers, powerpoints for teaching, professional education 
materials
• Wound Healing Society

http://www.woundheal.org/
Guidelines for the prevention of pressure ulcers, guidelines 

for the treatment of pressure ulcers.
• CMS

Tag F314 Guidance to Surveyors: Pressure Ulcers. 
Interpretive guidelines: Pressure ulcers. CMS Manual System, 
Pub 100–07 State Operations, Provider Certifi cation. Centers 
for Medicare & Medicaid Services, Nov. 12, 2004. On-line: 
www.cms.hhs.gov/manuals/pm_trans/ R4SOM.pdf
• AHRQ

http://www.ahrq.gov/research/ltc/pressureulcertoolkit/
Toolkit for how to implement pressure ulcer prevention 

programs in hospitals
• Institute for Healthcare Improvement (IHI)

http://www.ihi.org/ihi
Tools for implementing best practice related to pressure 

ulcers.

CONCLUSION

Pressure ulcers are the result of multiple interacting factors and 
require a multifaceted approach for prevention. Development 
of a pressure ulcer occurs with mechanical forces of pressure, 
shear, and deformation, and friction. A wide variety of factors 
place patients at risk for pressure ulcer development. Timely 
recognition of risk is essential in able to promptly intervene to 
prevent pressure-induced damage. Pressure ulcer prevention 
involves attention to risk assessment, skin assessment, man-
agement of tissue loads with repositioning and use of pres-
sure redistribution support surfaces, nutrition assessment, and 
incontinence management. Much of pressure ulcer prevention 
is routine care that is delivered at intervals 24 hours a day, 7 
days a week in the context of other care delivery. Yet, even as 
the care is routine, it is also necessary to individual pressure 
ulcer prevention to the individual risk factors for a particular 
patient. A successful pressure ulcer prevention program is mul-
tidisciplinary and multifaceted.

RESOURCES

• NPUAP
http://www.npuap.org
Pressure ulcer prevention and treatment clinical practice 

guidelines, staging information, powerpoints for teaching, 
some patient education materials, current information on pres-
sure ulcers

REVIEW QUESTIONS

 1. Pressure ulcers are the primary result of which of the following?
 A. Pressure and deformation of tissues
 B. Friction
 C. Moisture
 D. Friction and shear

 2. Which of the following are intrinsic risk factors that de-
crease the tissue tolerance to pressure?
 A. Shear, friction, and moisture
 B. Nutrition, age, psychological issues, and temperature
 C. Immobility, inactivity, and loss of sensation
 D.  Time of pressure, duration of pressure, and compres-

sion force
 3. Which of the following method of early pressure ulcer de-

tection uses transmission of color to determine the status 
of tissues?
 A. Spectroscopy
 B.  Subepidermal moisture measured with capacitance 

methods
 C. Ultrasound
 D. Surface temperature

 4. Clinical manifestations of a stage II pressure ulcer include
 A. nonblanchable erythema on intact skin
 B.  shallow pink lesions or abrasions involving only the 

epidermis and dermis
 C.  ulcers with yellow necrotic slough d. ulcers that present 

with subcutaneous tissue
 5. The clinician is asked to recommend a support surface 

for P.L., who has three pressure sores: one on the sacral/
coccygeal area, one on the left greater trochanter, and one 
on the right ischial tuberosity. The ulcers range in severity 
from clean, healing stage II on the sacral/coccygeal area to 
necrotic stage III on the left trochanter and clean stage IV 
on the right ischial tuberosity. Which of the following is the 
MOST appropriate support surface choice?
 A. A nonpowered high-specifi cation foam support surface
 B. An alternating pressure air mattress or low-air-loss bed
 C. Standard hospital mattress
 D. A medical grade sheepskin
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CHAPTER OBJECTIVES

Therapeutic positioning is a dynamic and necessary part of the 
wound care prevention and management program for patients 
with disabilities. If you fail to properly position a patient in bed 
or in a sitting position, the vulnerable tissues overlying bony 
prominences will be damaged by inappropriately high carrying 
loads. Patients who are more sitting dependent than ambula-
tory and/or who use the recumbent and sitting positions for 
the majority of the day are at high risk for tissue breakdown. 
Approximately 50% of all tissue breakdown occurs on the 
sacrum, most often associated with recumbent positions, and 
the ischial tuberosities (ITs), most often associated with the 
sitting position.1–3 For patients with existing pressure ulcers, 
proper positioning in the most active and functional posi-
tions possible, both sitting and recumbent, may improve heal-
ing rates of the ulcers and help to minimize the likelihood of 
recurrence.

Technological advances in equipment, the huge variety of 
equipment now available, and the individual needs of patients 
requiring specialized equipment have elevated therapeutic 
positioning to a complex specialty among therapists and medi-
cal suppliers. Given this complexity, we cannot cover all seating 
and positioning topics thoroughly in this chapter; instead, we 
provide essential information on the following topics:

• Overview of the areas that you should examine to determine 
the need for intervention

• Basics of therapeutic positioning
• How therapeutic positioning affects body system impairments
• Specifi cs in positioning patients with existing ulcers, both 

sitting and recumbent

NEED FOR THERAPEUTIC POSITIONING

Just as pressure ulcers affect patients of all ages, from pediatric to 
young adult to middle aged and elderly, so does the need for thera-
peutic positioning cross all age groups. The human body requires 
support for proper postural alignment in both the sitting and the 
recumbent positions in order to perform functional activities and 
maintain healthy tissues. Proper positioning has been identifi ed 
as important for good health in people of all ages and all occupa-
tions. Signifi cant research and resources are devoted to correctly 
positioning and supporting people who sit in their jobs, such 
as computer users, truck drivers, and workers in manufactur-
ing. It is reasonable to conclude, then, that wheelchair users and 
bed-bound patients are also in great need of proper support.

IT ulcers, which are located on the major weight-bearing sur-
faces of the sitting-dependent patient, are associated with the 
sitting position.3 It has been estimated that 75% of the sitting-
dependent population will develop an IT or other pressure ulcer. 
Of these, 75% will have a recurrence.4–6 Therapeutic positioning, 
using correctly chosen equipment, plays a direct and critical role 
in reducing these staggering numbers. Any patient with a dis-
ability who is sitting dependent for any part of the day or night 
should be evaluated by a therapist experienced in positioning to 
ensure that the optimal position is being attained. Although full-
time wheelchair users are often considered the only candidates 
for therapeutic positioning, part-time wheelchair users who sit 
for relatively shorter periods of time each day are also candidates.

Sacral wounds are most often associated with the recumbent 
position. This is not surprising since pressures in recumbent 
patients are highest (70 mm Hg) on this bony area. All patients 

At the completion of this chapter, the reader will be able to:

1. Defend the need for therapeutic positioning for patients in sitting and recumbent positions.
2. Initiate and complete an evaluation of a patient with limited mobility in the sitting and recumbent 

positions.
3. Identify the best positioning and the devices to obtain those positions for both sitting and 

recumbent patients.
4. Evaluate seating and mattress or support surface products for their effectiveness in distributing 

pressure therapeutically.
5. Explain the potential healing benefi ts of proper therapeutic positioning interventions.

Laurie M. Rappl

Management of Pressure by 
Therapeutic Positioning10
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who are recumbent with limited mobility are candidates for 
therapeutic positioning. The more bed dependent the patient 
is, the more critical the need for proper evaluation and posi-
tioning interventions.

A common intervention for nonhealing wounds on the ITs 
or sacrum is a myocutaneous fl ap surgery, usually referred to 
as simply a fl ap. Literature reports the failure rates for fl ap 
surgeries at 76% to 91%.4,5 In addition, it is standard proce-
dure for plastic surgeons to plan for fi ve more fl ap donor sites 
on a client before doing the fi rst one. Treating the symptom 
does not cure the root problem. Therefore, one strategy to 
reduce the need for surgical intervention and the risk to the 
patient is to choose an appropriate therapeutic positioning 
intervention. Therapeutic positioning, using correctly chosen 
equipment, plays a direct and critical role in reducing these 
poor outcomes.

Proper therapeutic positioning redistributes interface pres-
sures off of bony prominences to affect the development or 
healing of pressure ulcers. Positioning can also enhance mobil-
ity to reduce the hazards of immobility. These hazards include 
cardiorespiratory dysfunction, slowing of the digestive system, 
and cognitive changes. These are discussed in more detail fur-
ther in this chapter in the section on bed rest.

The process for evaluating a patient’s need for therapeu-
tic positioning is discussed next. Reevaluation should occur 
when there is a signifi cant change in condition, such as the 
development of a deformity, signifi cant weight gain or loss, 
occurrence of tissue breakdown, or change in the patient’s 
mobility status, such as increased weakness that further 
inhibits mobility. Reevaluation may also be necessary if cur-
rent equipment breaks or is in disrepair, or if warranties have 
expired.

EVALUATING PATIENTS FOR THERAPEUTIC 
POSITIONING

The fi rst step in evaluating patients for therapeutic position-
ing is to determine the reason for referral. Next, review the 
patient’s medical history and body systems to determine the 
possible related impairments. These data will help direct your 
examination strategy. After the examination, analyze the infor-
mation you’ve gathered to determine a functional diagnosis 
related to the need for therapeutic positioning. This in turn 
will guide your selection of appropriate equipment and posi-
tioning interventions. Prognosis and expected outcome com-
plete the process.

Reason for Referral
The reason for referral provides the fi rst clue about the position-
ing needs of the client. The reason identifi ed by the referring 
clinician may or may not coincide with the reason the family, 
caregiver, or patient provides for seeking positioning assistance. 
In such cases, the reasons of the family, caregiver, and patient 
should take priority. For example, the goal of the caregiver may 
be comfort in recumbent positions for an uncommunicative 
client, whereas the clinician may want to pursue an aggressive 
program to reverse contractures. The clinician’s goal may be 
viable, but if the caregiver cannot devote the time, interest, or 
fi nancial resources to an aggressive program, you will have to 

consider less aggressive positioning goals. Reasons for a referral 
for therapeutic positioning commonly include the following:

• Decrease pain
• Increase a specifi c functional ability
• Increase independent mobility
• Increase ease of care for the caregiver
• Decrease risk of tissue breakdown
• Assist in healing existing tissue breakdown

The reason for referral can also be reevaluation of position-
ing and/or equipment due to a change in the client’s condition. 
Examples include surgery that changes anatomical alignment 
such as scoliosis or ischiectomy, weight gain or loss that changes 
the fi t of the wheelchair, and tissue breakdown that is thought 
to have been caused in part by poor positioning.

During the initial interview, make sure to consider the 
patient’s social situation; for example, factors such as the liv-
ing situation and the patient’s level of independence. These fac-
tors are important for selecting the appropriate examination 
techniques and the level of complexity of interventions and 
equipment. For example, a patient in a solid, supportive home 
environment with consistent caregivers may be able to handle 
more complicated equipment than an individual in a group liv-
ing situation with multiple caregivers. In addition, as discussed 
in Chapter 9, the number of hours spent sitting or lying down 
is correlated to the risk of breakdown. Generally, long time 
periods in sitting or recumbent positions indicate a high risk 
of breakdown and the need to be highly specifi c in equipment 
selection and thorough in your patient/caregiver training.

Medical History
Review the past and current medical history for information 
that would affect appropriate positioning. Note any comorbidi-
ties, as they will affect your choice of systems to review related 
to appropriate positioning. For example, pulmonary and car-
diac pathologies suggest that the patient may benefi t from spe-
cial positioning that provides for optimal breathing function as 
well as prevention or healing of pressure ulcers.

Medications also affect positioning choices. For example, 
antispasmodic medications would indicate that spasticity and 
abnormal movement synergies have been a problem and need 
to be accommodated for by the equipment and positioning. 
Some medications cause lethargy or dizziness that may cause 
the therapist to consider more supportive equipment. Other 
classes of medications affect cognition, alertness, and muscle 
tone, which may affect the choice of nonpowered over powered 
mobility devices.

Note any past surgeries or orthopedic procedures that would 
limit the ability of the client to achieve the “ideal” sitting posi-
tion or require accommodation to help the client maintain that 
position. For example, spinal fi xation can limit range of motion 
(ROM) in the spine and pelvis; this could necessitate equipment 
that does not force the body to sit in level planes, but instead 
accommodates and supports a tilted pelvis or curved back pos-
ture. Another example is a report of any fl ap or graft surgeries 
on the seating surface; this should prompt you to watch for the 
condition of the scar tissue in the area, which could predispose 
the tissue to ulcer development.

Following the history is the systems review, which focuses on 
identifying pathologies and system impairments that potentially 
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could be addressed with therapeutic positioning. These occur 
in the neuromuscular system, musculoskeletal system, cardio-
pulmonary and vascular systems, integumentary system, and 
psychosocial/cognitive system. Your systems review should 
also guide your choice of systems examinations. Examples are 
discussed in the following sections.

Neuromuscular Systems Review and Examinations
Pathology of the central or peripheral nervous system leads to 
many impairments that affect positioning and the develop-
ment of pressure ulcers. If sensation is diminished, the skin 
and soft tissues over bony prominences in the insensate areas 
of the body that are weight bearing will have an undue suscep-
tibility to pressure ulceration. Equipment selection and posi-
tioning must protect and redistribute pressure on tissue over 
bony prominences in the impaired areas as much as possible. 
In sitting, these prominences are the ITs, sacrum, and coc-
cyx. Bed-restricted individuals and those with poor self-repo-
sitioning abilities often develop tissue breakdown over several 
bony prominences, including occiput, scapula, sacrum, heels, 
malleoli (ankles), and trochanters (hips). Both the choice of 
a support surface or seating system and the instruction in 
proper positioning are critical in protecting these individuals.

If a patient has suffered an insult to the central nervous sys-
tem, such as a stroke, brain injury, or spinal cord injury, or has 
a disease of the central nervous system, such as Parkinson dis-
ease, the damage can cause spasticity and/or abnormal move-
ment synergies, both of which can lead to impaired postural 
alignment. The equipment must support the body so as to dis-
tribute pressure and provide safe, secure seating and bed posi-
tioning. Proper equipment and positioning also facilitate the 
patient’s visual perception, swallowing, and social interaction 
and can prevent the development of irreversible muscle and 
joint contractures, which impair functional activities.

Individuals with degenerative diseases of the central ner-
vous system, such as multiple sclerosis, have different needs. 
These patients may benefi t from therapeutic positioning for 
postural support of weak muscles, which will prolong func-
tional activities, conserve energy, prevent contractures, and 
increase comfort and safety. For these patients, you should 
anticipate that the equipment needs will change as the disease 
progresses over time.

Most interventions directed to individuals with diabetic 
neuropathy are focused on protecting the feet from injury, but 
diabetic neuropathy also affects positioning decisions if the 
individual is bed bound or wheelchair bound. These patients 
have an increased risk of trauma to areas that are insensate, 
such as the feet and hands. Also, many individuals in this group 
are amputees who have special support surface needs due to 
weight concentration over smaller body areas.

Neurologic Examination
Central nervous system damage can result in problems of 
motor control that involve components of the neuromuscular 
system. These include the inability to sequence movements, 
recruit muscles in the proper sequence, scale the activities, and 
adapt motor responses to changing task conditions. The goal 
of the neurologic examination is to identify the impairments 
that can be infl uenced by positioning. It is beyond the scope 
of this book to provide examination strategies for all of these 

impairments; however, some examples are presented here. 
Additional resources are provided at the end of the chapter.

One fi nding commonly seen in central nervous system 
pathologies is hyperactive refl exes that affect postural control. 
These hyperactive refl exes, along with abnormal muscle tone, 
create abnormal movement synergies. One example of a hyper-
active refl ex is the asymmetric tonic neck refl ex (ATNR). This 
refl ex causes the individual to extend the extremities on the face 
side and fl ex the extremities on the occiput side when the head 
is rotated. Such a refl ex can interfere with motor control of the 
upper extremities when performing functional activities. For 
example, it can cause the patient driving a motorized wheel-
chair with a side-mounted joystick to have diffi culty controlling 
the device. A center-mounted joystick may solve this problem. 
A strong ATNR will make maintaining a side-lying position dif-
fi cult, since it involves not only the upper extremities, but the 
trunk and lower extremities as well. The head and trunk will 
need to be positioned to avoid triggering this hyperactive refl ex. 
Positioning the patient so that he or she can see when some-
one approaches without having to turn the face to look over the 
uppermost shoulder will help to compensate.

Another common hyperactive refl ex is symmetric tonic neck 
refl ex (STNR), which is also infl uenced by head position. When 
the neck is fl exed, the arms fl ex and the legs extend. When the 
neck is extended, the arms extend and the legs fl ex. The STNR 
can be accommodated by limiting the movement of the head so 
that voluntary control of the body is maintained.

A third hyperactive refl ex, extensor thrust, which is described 
as uncontrolled extension of the trunk, hips, and knees, can be 
the result of extensor spasticity, an associated reaction, or an 
extensor synergy, composed of hip extension, adduction, and 
internal rotation, knee extension, plantar fl exion and inversion 
of the ankle, and dorsifl exion of the toes. It can be triggered by 
common activities, such as talking or reaching. The neurologic 
examination is used to determine the underlying problem and 
trigger for this response. Then, you can assess what is needed for 
the patient to maintain as close to a 90- to 95-degree hip angle as 
possible. For example, seat and back equipment, hip belts, and 
lap trays and proper foot support that does not trigger the syn-
ergy will help the patient maintain a functional sitting posture.

Contact of the ball of the foot on the footrest or fl oor can 
trigger a spastic reaction known as clonus. Positioning of the 
foot to avoid contact with the ball of the foot on the footrest can 
decrease this uncontrolled movement.

In the supine position, another refl ex, the tonic labyrinthine 
refl ex (TLR), can be hyperactive. In this position, extensor 
posture is activated. This posture increases the risk of break-
down on the occiput and heels, and its presence indicates the 
need for repositioning so that there is fl exion of the hips and 

CLINICAL WISDOM

Position the individual with a strong ATNR so that he or 
she can visualize the entrance to the room with ease from 
a frontal position and does not need to rotate the head. This 
simple act will eliminate a great deal of fear and agitation 
and positioning problems.
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add to overload in that location. Uncorrected, spinal joint 
 impairments such as scoliosis can ensue.

Skeletal deformities are either fi xed or fl exible. A fl exible 
deformity is an impairment that can potentially be corrected by 
therapy and/or the selection of the proper positioning equip-
ment. A fi xed deformity, however, is a disability that is immov-
able and must be accommodated by the equipment. A curved 
leg resulting from a traumatic break to the tibia is an example 
of a fi xed deformity that requires accommodation with equip-
ment to compensate. Accommodation would be necessary if 
the curved lower leg made the level of the knees and lap uneven, 
causing the curved leg to push against the legrest and cause 
pressure. Surgical changes to the skeletal system require special 
positioning attention. For example, a unilateral ischiectomy 
results in an asymmetric pelvis (pelvic obliquity), which will 
change the biomechanics of the spine from erect alignment to a 
curvature, and cause excessive weighting of the intact side of the 
pelvis. In general, rather than attempting to correct the problem 
associated with a fi xed deformity, you should select equipment 
that conforms to the deformity and helps to hold the patient in 
the best functional position as close to “ideal” as possible.

Evaluation or reevaluation for seating needs should be done 
when there are changes in the patient condition, such as signifi -
cant weight loss, which can make bony prominences that were 
once fairly protected much more vulnerable to the effects of 
pressure and shear. Signifi cant weight gain will result in poorly 
fi tting equipment, possibly limiting mobility and transfers and 
putting skin at increased risk.

Examination of Joint Range of Motion and Muscle Strength
Assessing the patient’s joint ROM and muscle strength can help 
you to determine the contribution of each to the motor coor-
dination problem affecting postural control. In addition, if you 
identify reduced ROM or strength early on, you can sometimes 
prevent problems such as the development of contractures. For 
patients with long-standing neurologic insults, the exam can 
help you identify the ROM or muscular strength component 
that contributes to the problem and to develop a positioning 
plan to prevent worsening of contractures.

ROM evaluation should include the spine and pelvis, as well 
as the extremities. Examine the spinal curves for proper align-
ment in sitting, as shown in Figure 10.1. Common deviations 
from the normal can include

1. Limitations in the ROM of the spine that affect the client’s 
ability to sit upright easily. These problems should be noted 
as fi xed, that is immovable, or fl exible, that is movable or 
correctable. Fixed problems need to be accommodated for 
as a disability, whereas fl exible problems should be noted as 
those which the proper equipment or positioning can help 
to correct.

2. Limitations in movement and position of the pelvis should 
be evaluated for ROM in anterior and posterior tilt, and 
lateral rotation. The anterior/posterior tilt is assessed from 
the side. The anterior superior iliac spines (ASIS) should be 
roughly level with the posterior superior iliac spines (PSIS). 
A posterior tilt in which the PSIS are lower than the ASIS 
will fl ex and fl atten the lumbar spine, decrease hip fl exion, 
and cause the body to assume a “slouched” position. In 
this case, weight will be concentrated on the ITs and on the 

knees. Pillows are not stable enough to do this, and specifi cally 
designed foam positioning aids are required. These products are 
more expensive than pillows, but their effectiveness  outweighs 
the cost. Positioning devices designed for controlling the body 
position are described later in this chapter.

Sensory Examination
Sensation can be partially or completely impaired by a central 
nervous system insult. For example, in a complete spinal cord 
lesion, the patient may have no sensation below the lesion. 
However, if the lesion is due to a cerebral vascular accident, 
traumatic brain injury, or a partial injury to the spinal cord, the 
loss of sensation may be incomplete. A sensory examination is 
useful to determine the extent and type of sensory loss.

Patients are at increased risk for pressure ulcers if they lack 
the ability to detect light and deep pressure and pain on all 
areas of the body that are weight bearing or that may come into 
contact with equipment. The inability to detect pain or pres-
sure can lead to tissue breakdown because the patient does not 
know when to shift weight to relieve pressure. For the insensate 
patient, great care must be taken to search for and prescribe 
equipment that not only positions the body but also protects 
insensate skin (see the section on seat cushion categories). 
Chapter 3 includes information on performing sensory testing 
and Chapter 22 discusses pain testing.

Another important sensory loss is vision. For example, 
patients with a visual loss on one side of the body can neglect 
that side. In such cases, you need to protect the involved limbs 
and position the patient to provide for maximum environmen-
tal interaction.

Musculoskeletal System Review and Examinations
Examination of this system can include a manual muscle test 
to determine muscle strength, ROM testing to identify con-
tractures and limitations and a functional mobility assessment. 
Impairments can reduce a patient’s ability to self-position, to 
maintain correct postures, and to perform activities of daily liv-
ing (ADLs) and other movements. In addition, impairments in 
ROM and/or muscle strength directly affect the patient’s abil-
ity to shift weight to relieve pressure. This in turn increases the 
risk of tissue breakdown. For example, a patient who cannot 
reach 90 degrees of hip fl exion will “sacral sit” on a fl exed lum-
ber spine, putting excessive pressure on the sacrum, coccyx, 
and lumbar spinous processes. Equipment must be chosen that 
accommodates for the limitations in range by supporting the 
body at the angle available at the hip with a supportive cush-
ion, possibly an angled seat, and a back rest that can be fi xed 
to open the seat-to-back angle to match achievable hip fl exion. 
This is called an angle-adjustable back or an open seat-back 
angle. Another example is a patient who eats sitting up in bed 
or seated in a mobility base; the positioning system must sup-
port upright posture for functional use of the upper extremities, 
safe swallowing, and social interaction. Limitations in strength 
and mobility are also considered in the selection of a powered 
device over a manual one.

Patients who have had a cerebrovascular accident resulting 
in a hemiparesis or hemiplegia have patterns of muscle weak-
ness on one side of the body. This imbalance predisposes the 
client to sit unevenly, thus overweighting one ischium and 
the overlying soft tissue. Spinal and pelvic malalignment also 
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in a neutral (right angle) position with 0 degree of  inversion/
eversion, a footrest that can change angulation is necessary 
to accommodate the position of the foot as closely to ideal as 
possible.

6. Decreased or imbalanced muscular strength of the trunk 
and upper extremities. Weakness of the trunk contributes to 
postural instability and an inability to shift weight off of the 
IT on the weak side. A hypotonic or weak arm can also affect 
positioning, because it lacks the ability to provide support 
from that side.

Mobility Examination—Recumbent
Activities performed in bed should be evaluated for move-
ment impairments that can become the focus of the position-
ing intervention. Movement impairments to consider include 
motor coordination, motor planning, and strategies for move-
ment in the recumbent position. Tasks to evaluate include the 
following:

• Rolling right or left from supine
• Shifting the body from side to side
• Moving from sitting to supine, supine to sitting, sitting to 

standing (get out of bed), and standing to sitting (get into 
bed)

• Moving the body toward head of bed and moving the body 
toward the foot of bed

Assess for the ability and the strategy used by the patient to per-
form transfers independently, dependently, or assisted in many 

FIGURE 10.1 Ideal sitting position is approximately 95 degrees at hip 
and knee, and 90 to 95 degrees at the ankle. This is a reference point 
only; therapists should work to position clients as close to this position 
as possible. (Courtesy of Span-America Medical Systems, Greenville, 
South Carolina.)

coccyx. The thoracic spine will also fl ex. To shift weight off 
of the ITs, the patient must be able to shift the weight of the 
upper body forward by tilting the pelvis forward, extending 
the lumbar and then the thoracic spine, and raising the neck 
and head. Document the presence of pelvic rotation, indi-
cated by one iliac crest positioned in front of the other. A tilt 
to left or right in the frontal plane is called a pelvic obliquity. 
See Exhibit 10.1 for a method of testing for pelvic obliquity.

3. Lack of ROM of hip fl exion to 90 degrees that affects the cli-
ent’s ability to be accommodated in a chair with a 90-degree 
seat-to-back angle. Accommodations will be needed, such 
as a backrest that is angled back in relation to the seat to 
open the seat-to-back angle, and a seat cushion that pro-
vides enough pelvic stability to keep the hips from sliding 
forward. A seat that tilts up in front may be helpful if used 
with a reclining backrest as described.

4. Knee fl exion fi xed at less than 90 degrees from straight or 
more than 90 degrees from straight. In either case, the legs 
will tend to pull the body forward from the back of the seat 
and out of position. Footrests that support the foot and 
allow the hip and knee to achieve approximately 90-degree 
fl exion or the specifi c client’s range will help to position the 
lower body.

5. Limitations in ankle dorsifl exion or plantar fl exion or inver-
sion/eversion ROM that affect the support of the lower 
extremity on the footrest. If the ankle cannot be maintained 

EXHIBIT 10.1

Pelvic Obliquity Evaluation
Pelvic obliquity should be assessed as fi xed or fl exible. 
Examination steps follow:

 1.  Place the client on a fi rm seat with knees at 90 degrees 
and feet supported.

 2. Note whether one iliac crest is higher than the other.
 3.  Note the presence of a lateral curvature of the trunk, both 

with and without upper extremity support.
 4.  Place a support under the ischium on the lower side of 

the pelvis to even the iliac crests.
 5.  If the trunk curvature remains, and the client becomes 

more unstable when the arms are raised, the obliquity is 
fi xed.

 6.  The fi xed obliquity should then be accommodated for 
by building up the cushion under the higher ischium to 
maintain the pelvic obliquity.

 7.  If the trunk curvature decreases, and the client is more 
stable, the obliquity is fl exible.

 8.  The fl exible obliquity can be accommodated for in one of 
two ways:
 a.  Putting the client on a fi rm cushion with both ischials 

unsupported and both femurs fully supported and at 
the same height, inducing a level pelvis

 b.  Building up the cushion under the lower, supported 
ischium to even the iliac crests
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can cause shear and friction to the skin over the ITs when 
pulling the body forward with the leg. The most effi cient foot 
propulsion can be accomplished if the patient can achieve 
a heel-toe pattern in forward propulsion.

• A patient who has the functional use of only one arm may 
be a good candidate for a one-arm-drive chair. However, this 
equipment is heavy and diffi cult for some weak patients to 
operate.

• A patient who is strong and can use both arms but not the 
feet to propel a wheelchair is a good candidate for a standard-
height wheelchair with footrests.

• For patients who have cognitive and perceptive skills, but not 
physical skills, a powered base, either a power wheelchair or 
a scooter style, may best meet mobility needs.

Shear and Friction Examination
Friction and shear are two very different forces. These two 
terms are not synonymous, and their outcomes are not the 
same. Friction is a one-sided force acting on the surface of the 
skin. Shear is a two-sided force of an outside pressure pulling 
the subcutaneous tissues in one direction, while movement 
of the bony structures beneath the tissues pull in an opposite 
direction. Friction and shear are two common problems for 
sitting patients: they can occur during wheelchair propulsion, 
during postural changes, and during transfers. Proper equip-
ment and positioning can control trunk and pelvic movement 
in order to limit friction and shearing during these activities. 
Observe the patient’s method of transfer and movement in the 
wheelchair for potential shear and friction. The best and safest 
transfer method that reduces risk factors for shear and friction 
should be determined, and then seating equipment should be 
selected to meet those requirements. For example, removable 
or swing-away hardware and positioning pieces can markedly 
facilitate transfers without shear and friction.

Signs of friction are identifi ed on the skin by elongated, red-
dened areas on weight-bearing surfaces, similar to what you see 
on a “skinned knee” or road rash after a motorcycle or bicycle 
accident. This is in contrast to signs of high vertical pressure, 
usually round areas of redness or tissue damage over bony 
prominences in the shape of the object that caused the pres-
sure (Fig. 10.2). Shear causes injury to deep tissues that results 
in undermining of pressure ulcers or the formation of pockets 
of fl uid or tissue damage deep to the skin (Figs. 10.3 and 10.4).

Activities of Daily Living Evaluation
Evaluate ADLs to determine how they affect movement that 
puts the patient at risk for tissue breakdown. The more ADLs 
done in the wheelchair, such as dressing, bathing, eating, and 
toileting, the more the equipment will need to accommodate 

combinations: bed to chair, chair to bed, commode to bed, bed to 
commode, and sit to stand. This will impact the choice of support 
surface for the patient. Firm, stable support surfaces that do not 
move under the patient make bed mobility much easier to per-
form for all patients.

For patients with pressure ulcers, functional mobility is often 
compromised in favor of a less stable surface for improved tis-
sue load management, but this compromise is usually not nec-
essary. There are options within each of the support surface 
categories: alternating pressure for pressure-related wounds, 
low–air-loss therapy for patients with excessive perspiration, 
high–air-loss therapy for patients with both needs, and static 
pressure redistribution for patients who can utilize a variety of 
positions that offer the preferred therapy as well as stability for 
patient mobility. These surfaces can have a fi rm edge to prevent 
mattress collapse when the patient rolls or sits on the edge of 
the mattress.

Mobility Examination—Sitting
The purpose of the sitting evaluation is to determine the best 
seating system to meet the needs of the patient for postural sta-
bility, mobility, and safety.

The seat base, the seat cushion, and the back support are the 
key parts of the seating system. These will be discussed in more 
detail later in this chapter. The seat base supports the cushion, 
examples include the sling seat upholstery and a solid board or 
insert. The cushion is the direct support for the patient. The 
back support can be solid, fl exible, or molded. The system can 
be confi gured in a variety of positions depending on the type 
of backing and seating used and incorporates or attaches to the 
mobility base, the mechanism for moving the patient once in the 
seating system. For example, the standard wheelchair includes 
a chair with a sling back, sling seat, and a manual mobility base. 
Use of a support surface/cushion in the wheelchair would com-
plete this basic seating system.

Many factors go into the decision regarding choice of mobil-
ity bases. Some of these include the motor status of the indi-
vidual; ability to function at the speed afforded by a motorized 
wheelchair, including such factors as cognition and visual spa-
tial capabilities; required mobility status; cardiovascular status; 
strength and endurance status; functional goals of the patient 
or family; and method that will be used to relieve pressure and 
position the user on the seating surface. Other considerations 
in choosing the mobility base are the dependent versus inde-
pendent mobility status of the individual, which includes what 
is easiest and safest for him or her to use. If the patient does not 
have the physical, cognitive, or visual perceptive abilities to be 
safely independently mobile in a manual or power chair, other 
sitting equipment should be considered.

Some of the considerations in selecting a mobility base include

• Recliner chairs, often called “Geri-chairs,” are commonly used 
in long-term care settings, but they do not provide good sup-
port for postural alignment and are not safe for soft tissues 
without signifi cant extra padding.

• Patients who need one or both feet to propel may best be 
fi tted with a hemi-height wheelchair, which has a lower-
than-standard seat-from-fl oor height. This allows patients 
to contact the ground fi rmly with the propelling foot (feet), 
without having to scoot the pelvis forward on the chair, which 

CLINICAL WISDOM

Transfer Technique
Poor transfer technique is a major contributor to tissue 
breakdown, because the skin is dragged across surfaces or 
subjected to sudden overload when the patient sits down or 
is seated abruptly.
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peak pressure index rather than peak pressure point to quan-
tify differences between cushions and to aid the clinician in the 
selection process is ongoing.9,10 Mapping devices give pictorial 
readouts of the pressure recorded by each cell, the cell with the 
peak pressure, and many other data points that can help you 
determine the location and value of peak pressures on a par-
ticular client on a particular cushion. High pressures on the 
most vulnerable prominences (IT, coccyx, sites of previous or 
current breakdown) can indicate that the cushion and client 
are not an appropriate match. Figure 10.5 shows an example 
of interface pressure mapping on two different seat cushions, 
and Figure 10.6 shows interface pressure mapping on a support 
surface.

Reducing or eliminating pressure on the ITs and coccyx is 
the goal of most seat cushion interventions. Reducing pres-
sure by equalizing pressure over the entire sitting surface may 
be enough intervention for some patients. Other patients may 
require that the areas of highest risk (i.e., ITs and coccyx) record 
lower pressures than those at lower risk, such as the femurs; 
structurally, the femurs tolerate more load and can, therefore, 
tolerate higher pressures and carry more weight than the vul-
nerable ITs and coccyx.

Intuitively, it would seem that the better product choice 
would be the one with the lower peak pressure. However, peak 
pressure can be recorded by a single, small, aberrant cell that 
folded or one that recorded a clothing seam rather than a true 
peak pressure point. Some professionals within the inter-
national pressure mapping community have begun to aver-
age the readings of the peak pressure cell and the eight cells 
around it to get a more accurate picture of the pressures in 
that small area.

Pressure measurements can be taken with single-cell, handheld 
devices or larger, multiple-cell, computerized mapping devices. 
The handheld, single-cell monitors are more portable and less 
expensive, but accurate readings depend heavily on proper place-
ment of the cell under the bony prominence while the client is 
sitting upright and stable. In contrast, the multiple-cell device 
gives a better overall picture of the pressures on the entire seating 

beyond simple positioning. For example, noncontoured seat-
ing can assist caregivers with dressing and bathing because the 
patient can be placed in different positions to pull clothing on 
and off and to bathe the various body parts. Clothing is easier 
to pull up using noncontoured seating.

A patient who is able to transfer independently and does so 
while performing ADLs such as toileting needs a clear path in 
which to move, so consider the best way to minimize the num-
ber of extra devices, such as medial and lateral thigh supports 
used for positioning. These devices tend to get in the way of 
independent transfers and are cumbersome for caregivers in 
dependent transfers.

Interface Pressure Examination
In a study conducted by the University of Pittsburgh, higher 
interface pressures were directly associated with a higher inci-
dence of pressure ulcers on the sitting surfaces of the body.7 
Using a mathematical approach, Ragan et al. found inter-
face pressures to be good indicators of subcutaneous stress.8 
Research to validate interface pressure mapping measurements 
such as contact area, percent of force in the IT region, and 

FIGURE 10.2 Wound is in chronic proliferative phase. Note: (1) 
Trauma to granulation tissue caused hemorrhagic spot that may go on 
to necrose. (2) Hemosiderin staining from prior bleeding surrounds 
ulcer. (Copyright © C. Sussman.)

1

FIGURE 10.3 The wound’s overall size is much larger than the surface 
open area. Tunneling is present. Note the bulge from the end of the 
cotton-tipped applicator. (Copyright © B.M. Bates-Jensen.)

1

FIGURE 10.4 Undermined wound. Note the shelf. (Copyright © C. 
Sussman.)
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Cardiopulmonary and Vascular Systems Review 
and Examinations
Pathology of the cardiopulmonary and vascular systems directly 
affects the ability of the blood to carry oxygen and nutrients to 
the integumentary system. Medical diagnoses such as chronic 
obstructive pulmonary disease, cardiomyopathy, arteriosclero-
sis, and hypertension are just a few of the pathologies that affect 
tissue perfusion.

Inactivity and extended bed rest have several negative effects 
on these systems. Without an active muscle pump or the effects 
of gravity on the upright body, blood fl ow and blood diffusion 
are slowed throughout the body and, therefore, to any wound 
sites. Increased resting heart rate and decreased maximum 
oxygen consumption (VO2max) are also potential problems. 
Immobility promotes fl uid stasis in the kidneys, which can lead 
to kidney stones and infection.11 Inactivity and bed rest can 
impair nutrition intake by reducing the appetite. Recumbence 
also inhibits safe swallowing and facilitates aspiration of food, 
which can lead to pneumonia. Swallowing occurs 24 hours per 
day, not just at mealtime. The correct head and neck positions 
conducive to safe swallowing should be identifi ed and attained 
in the chair and the bed; consultation with a speech/language 
pathologist may be necessary for success in this area.

surface simultaneously. Pressure mapping uses color and num-
bers to show area of high pressure. Red and yellow (warm colors) 
are areas of high pressure, whereas green and blue (cool colors) 
are areas of low pressure. Mapping is evaluated by color distri-
bution, not by numbers. Figures 10.5 and 10.6 show the results 
of using mapping devices for sitting and recumbent applications.

With the advent of sophisticated interface pressure map-
ping devices, many facilities and clinicians are using these 
measurements as the major factor in determining seat selec-
tion. However, pressure is only one of several factors that 
cause breakdown. You must also consider shearing, fric-
tion, heat/moisture buildup, and sitting instability as equally 
important, even though they are more diffi cult to measure 
than interface pressure. Other practical considerations 
include ease of maintenance and ease of transfers and ADLs 
with a particular cushion, factors that are subjective and 
require assessment with the patient and the caregiver. In 
short, use interface pressure measurements in conjunction 
with other factors affecting the patient.

FIGURE 10.6 Four-inch high air-fi lled cushion takes some of the pressure off the ischials and redistributes it evenly over 
the surface of the cushion.

CLINICAL WISDOM

The Dangers of Bed Rest
Although sitting-related pressure ulcers can be totally 
relieved of pressure through bed rest, the hazards of immo-
bility, the increased risk for breakdown on other bony prom-
inences, and the psychological ramifi cations of an enforced 
sedentary lifestyle make bed rest a radical treatment recom-
mendation. Clinicians should recommend bed rest only with 
great caution, forethought, patient preparation, and for as 
limited a duration as possible.

FIGURE 10.5 Pressure mapping uses color and numbers to show areas 
of high pressure. Red and yellow (warm colors) are areas of high pres-
sure, whereas green and blue (cool colors) are areas of low pressure. 
Mapping is evaluated by color distribution, not by numbers. Here, the 
same subject (5′10″ and 175 pounds) was placed on two different seat 
cushions. Note the different pressure loading patterns of the buttocks 
on the two cushions. Foam cushion with sized ischial cutout eliminates 
pressure over the ischial tuberosities and redistributes pressure over 
the femurs.
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and buttocks, due to tissue changes caused by the irradiation 
technology in use at that time.

Psychosocial/Cognitive System Review and 
Examinations
The treatment program for skin ulcers, whether pressure ulcers 
or vascular ulcers, often entails a decrease in mobility. This 
can be as minor as occasional brief periods of time elevating 
the feet higher than the heart to assist blood/lymph fl ow, or as 
drastic as 24/7 bed rest for an IT ulcer on a sitting-dependent 
client. Extended unnatural periods of immobility can lead to 
many physical and psychological impairments, which are often 
referred to as hazards of immobility. The psychological haz-
ards include subjective sensory distortions after as little as 2.75 
hours in bed; this condition persists for a period of time equal 
to the period of confi nement. Other complications are intel-
lectual and perceptual disorders, depression, anxiety, hostility, 
embarrassment, helplessness, and “learned helplessness.”13 The 
recumbent position also induces mental and physical lethargy.

Often, a patient who refuses to follow prescribed treatments, 
including extended bed rest, is labeled “noncompliant” or “non-
adherent,” that is, having the ability to do a task but willfully not 
doing it. In many cases, however, he or she may perceive the 
bed rest as akin to imprisonment and simply cannot “comply” 
and may be using this behavior as a cry for help in changing 
the wound management program. If such behavioral signs are 
observed, the team and the patient should collaborate on fi nding 
a solution that will meet the needs of the situation. If this avenue 
is not available, consider involving psychosocial services for help 
in coming to a workable solution. The patient with impaired 
cognitive abilities may be unable to move safely or maintain safe 
postures independently. The equipment for someone with cog-
nitive impairments is therefore usually more supportive than 
that for patients who are able to reposition themselves or can 
request assistance in maintaining safe postures.

Summary
Tables 10.1 and 10.2 list examples of medical and functional 
diagnoses relating to the need for therapeutic positioning, 
prognosis, related interventions, and expected functional out-
comes for sitting and recumbent patients.

Proper upright positioning allows greater diaphragmatic 
expansion and facilitates breathing, thus improving oxygen-
ation of the blood as well as pulmonary function through better 
movement of pulmonary secretions.11,12 Upright positioning in 
a functional and comfortable position will improve general cir-
culation by encouraging activity and movement. Cardiac func-
tion is also improved in the upright position.

Integumentary System Review and Examinations
Skin is more susceptible to breakdown if it is dry, fl aky, fri-
able, aged, insensate, prone to excessive sweating, or subjected 
to incontinence, friction, or shear. Therapeutic positioning can 
protect the skin over bony prominences, and correct use of the 
proper equipment can maintain safe postures and reduce tissue 
loads on those bony prominences. For some people, an equaliza-
tion of pressure is suffi cient to protect skin from breakdown. For 
others, a maximal reduction in pressure on a certain bony prom-
inence is necessary because the patient’s combination of risk fac-
tors makes him or her highly susceptible to pressure ulcers. For 
example, the skin over the coccyx is prone to breakdown because 
of the shape of the bone, lack of padding over the coccyx, and 
frequent use as a weight-bearing surface. Equipment that takes 
pressure completely off the coccyx in the sitting position, when 
used correctly, can help to avoid or treat this breakdown.

Check the skin and soft tissues over bony prominences for 
signs of injury; for example, a change in color (red, blue, purple) 
from the adjacent skin color. If trauma is identifi ed, consider 
the anatomic location of each area of trauma and its relation-
ship to positioning. Note areas of previous breakdown and any 
previous surgeries to repair skin, because these areas are at high 
risk of reopening and must be protected at all costs. Chapter 
3 provides more information about skin and wound assessment.

Even if there is no current tissue breakdown, soft tissues 
covering bony prominences on weight-bearing surfaces can 
be at risk. Observe and palpate the most prominent, least pro-
tected of these tissues, and those that bear the most weight. For 
example, muscle atrophy of the gluteals and signifi cant weight 
loss make the ischium or sacrum more prominent than usual 
and can make protection from breakdown a primary goal in the 
selection of seat cushions and bed-positioning devices.

Finally, patients who had pelvic irradiation prior to 1980 are 
at very high risk for tissue breakdown over the sacrum, coccyx, 

(continued )

10.1TABLE

Medical Diagnosis—Functional 

Diagnosis Prognosis Intervention Outcome

Kyphosis—Client cannot maintain 
90-degree hip fl exion or keep face 
vertical due to thoracic kyphosis

Client will sit upright with 
face vertical and as close 
to 90-degree hip fl exion as 
possible

Open seat-to-back angle 
adjustable backrest with stabi-
lizing seat cushion; may need 
antitippers

Client able to sit stabilized 
as close to 90-degree 
back-to-seat angle as pos-
sible with face vertical

Scoliosis (fi xed)—Client cannot sit 
with shoulders and hips level due 
to fi xed asymmetric spine or pelvis

Client will maintain sitting posi-
tion with shoulders and hips as 
level as possible

Cushion with buildup under 
higher ischium to accommo-
date asymmetry; back support 
to assist in comfortable trunk 
positioning

Client able to maintain 
upright sitting with shoul-
ders and hips as close to 
level as possible

Functional Diagnosis—Sitting Position 
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(continued )

Medical Diagnosis—Functional 

Diagnosis Prognosis Intervention Outcome

Scoliosis (fl exible)—Client sits 
asymmetrically with one shoulder 
and hip elevated and opposite 
shoulder and hip depressed, but 
has potential to sit with shoulders 
and hips level

Client will maintain upright 
sitting position with level shoul-
ders and hips without strain

Cushion with pressure elimina-
tion at ischials and full femur 
support or cushion with buildup 
under lower ischium to raise 
that side of pelvis; three lateral 
trunk supports: apex of the 
curve, and the hip and upper 
trunk on the contralateral side

Client able to maintain 
upright sitting with shoul-
ders and hips level and 
spine straight

<90-Degree hip fl exion—Client 
cannot achieve the 90-degree 
seat-to-back angle built into the 
majority of standard wheelchairs

Client will maintain correct sit-
ting position with hips on back 
of seat

Positioning cushion to stabilize 
pelvis, with open seat-to-back 
angle adjustable backrest; 
angle of recline approximates 
maximum hip fl exion allowed 
by range of motion limitations

Client will maintain upright 
sitting as close to 90 
degrees as is allowed by 
range limitations

<90-Degrees knee Flexion avail-
able—Client unable to bend knee 
to 90 degrees to reach standard 
footrests for support

Provide equipment that sup-
ports lower extremity at avail-
able range so that client can 
maintain proper sitting position

Hanger with calf and foot 
support; angle set at maximum 
angle allowed at knee

Client will maintain upright 
sitting with hips on back 
of seat and lower extremi-
ties maintained at allowed 
knee fl exion

>90 degrees Knee Flexion avail-
able – Client cannot achieve 90 
degrees knee fl exion

Provide equipment that sup-
ports lower extremity at avail-
able range so that client can 
maintain proper sitting position

Angle adjustable foot/leg sup-
port to hold lower leg at com-
fortable position

Client will maintain upright 
sitting with hips on back 
of seat and lower extremi-
ties maintained at allowed 
knee fl exion

Foot propeller—Client requires 
use of feet to mobilize chair; 
unable to reach fl oor to propel

Provide equipment that allows 
effi cient heel strike on the fl oor

Hemi-height chair with cushion 
or drop seat and cushion, so 
that total seat-to-fl oor height is 
equal to height from bottom of 
shoe to back of knee of propel-
ling leg; involved leg requires 
60 or 70 degrees hangar with 
thigh supported by wedge

Client will be self-mobile 
via foot propulsion while 
maintaining proper seating 
posture

One-arm driver—Client can use 
only one arm for self-mobility

Provide equipment designed 
for propulsion with one arm

One-arm-drive wheelchair Client will be self-mobile 
using one arm while main-
taining proper seating 
posture

Above the knee amputee—Client 
has limited femur length to support 
body weight; diffi cult to maintain 
posture in sitting; may lead to tis-
sue breakdown on ischials due to 
increased weight on ischials

Provide fi rm, fl at support for 
femurs and protection for 
ischials

Stabilizing seat cushion; ampu-
tee adapters to move rear 
wheel axle backward from 
normal position; antitippers

Client will maintain upright 
sitting with full protection 
of ischials and full femur 
support

Tissue breakdown on sitting sur-
faces (ischials, sacrum, or coc-
cyx)—Client cannot sit without 
pressure eliminated at ulcer site

Pressure elimination on ulcer 
while maintaining correct 
postural alignment

Cushion with selective pres-
sure elimination

Client will maintain sitting 
schedule with pressure 
elimination provided at the 
site of breakdown

Asymmetric tonic neck refl ex 
(ATNR) infl uence—Client has dif-
fi culty controlling direction of chair 
with side-mounted joystick when 
head moves

Change placement of joystick 
to midline to decrease infl u-
ence of ATNR

Position joystick in center of 
lap tray

Client will drive safely and 
in control despite move-
ment of head

10.1TABLE Functional Diagnosis—Sitting Position  (continued )
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(continued )

Medical Diagnosis—Functional 

Diagnosis Prognosis Intervention Outcome

Hip fracture—Client cannot sit 
with full 90-degree hip fl exion; may 
lead to skin breakdown due to 
ischial and coccyx weight bearing

Provide seating arrangement 
that allows <90-degree hip 
fl exion with skin protection

Seat cushion that provides 
ischial/coccyx pressure reduc-
tion or elimination with position-
ing and can be customized with 
unilateral sloping to accommo-
date the lack of hip fl exion on 
the involved side; open seat-to-
back angle adjustable backrest 
with sacral protection; solid 
seat beneath cushion, may 
require cutout in board.

Client will maintain upright 
sitting with maximum 
allowed hip fl exion and no 
pressure on coccyx

Trunk/hip hyperactive extensor 
tone—Client cannot maintain hips 
in proper position on seat due to 
uncontrolled hip extension; may lead 
to tissue breakdown due to shearing

Provide seating arrangement 
that best positions the client as 
close to 90-degree hip fl exion 
as possible; antithrust seat 
assembly with pre-ischial block

Increase trunk/lower extrem-
ity angle past 90 degrees; 
fi rm contoured back support; 
90-degree positioning belt

Client will maintain proper 
seated posture with hips 
on back of seat and trunk 
upright

Copyright © Laurie Rappl.

10.1TABLE Functional Diagnosis—Sitting Position  (continued )

Functional Diagnosis Prognosis Intervention Outcome

Cardiorespiratory or gas-
trointestinal pathologies 
requiring elevation of the 
head of the bed

Client will assume Fowler posi-
tion with proper positioning and 
skin protection devices to pro-
tect heels and sacrum

Hip aligned at gatch or bend of bed; 
sacrum protected by lifting under 
one hip with pillow or foam support; 
heel protection devices employed; 
frequent turning/repositioning 
schedule. Do not substitute ele-
vated head of bed for upright sitting 
in a supportive chair. Alternately, 
gatch the knees so that the hips and 
knees are fl exed to 90 degrees and 
heels are off loaded. Monitor sacro-
coccygeal area for pressure.

Client will tolerate head of 
bed elevated without sliding 
down on the bed causing 
shear and friction on the 
sacrococcygeal areas

Less than full hip or knee 
extension allowed due to 
joint ROM impairment at the 
knees; undue susceptibility 
to pressure ulcers due to 
potential exposure of heel 
and sacrum to pressure

Client will assume supine posi-
tion with foam support devices in 
place to accommodate hip/knee 
fl exion requirements, and with 
protection of occiput, heels, and 
sacrum

Foam positioning devices to 
protect occiput and heels, and 
to elevate lower extremities to 
accommodate fl exion contrac-
tures; one side of pelvis elevated 
slightly with towel roll or foam to 
protect sacrum

Client will maintain supine 
position with support 
devices correctly placed

Infl uence of the asymmetric 
tonic neck refl ex (ATNR) 
causes involuntary move-
ments into trunk extension 
and inability to maintain 
side-lying position

Client will be positioned with 
strong side down and trunk and 
upper limbs fully supported

10.2TABLE Functional Diagnosis Process—Recumbent Position
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Based on functional diagnosis, clinicians establish the prog-
nosis and select interventions, with a targeted outcome for each 
intervention. Interventions include analysis of the most effective 
forms of equipment required, selection of appropriate equipment 
to achieve correct therapeutic position, analysis of the patient 
using the selected equipment, and education of the patient and 
caregivers in correct use. Therapeutic exercise often is another 
important component of the total therapy plan of care.

INTERVENTION IN THE SITTING POSITION

Sitting can be regarded as either a cause of tissue breakdown 
or a part of the solution. In a proactive environment in which 
educated clinicians have access to the proper equipment and are 
skilled in the techniques of therapeutic positioning, sitting can 
and should be part of a prevention program that can improve 

the quality of life for patients and assist in the healing of tissue 
breakdown if it occurs. In addition, sitting can decrease medical 
costs over the course of time. In a study of 30 long-term care 
residents, Trefl er et al. showed that individually fi tted wheelchair 
systems were benefi cial in terms of independent mobility, func-
tional reach, quality of life, and satisfaction with an individual’s 
assistive technology.14 Once equipment is prescribed, follow-up 
to ensure adequacy of equipment and proper usage is essential. 
In a study of 42 long-term care residents who used wheelchairs 
and equipment purchased by Medicaid, 27 were found to have 
inadequate seat frames, and 24 had inadequate seat cushions. 
The authors hypothesize that lack of follow-up may have con-
tributed to the frequency of problems discovered.15

When the sitting skeleton is viewed from the side, it is 
apparent that the ITs extend approximately 1.5 inches past the 
femurs, making the ITs the major weight-bearing points on the 
sitting surface (see Fig. 10.7). The skin over these points is also 

FIGURE 10.7 Pressure equalizing versus pressure eliminating. A: Side view of pressure equalizing cushion; loads the 
ischium, which allows pelvic tilt. B: Side view of pressure-eliminating cushion. Note pre-ischial bar limiting forward 
ischial movement. C: Rear view of pressure-eliminating cushion. Note pressure distribution across full width of femur to 
support the load of the body. (Courtesy of Span-America Medical Systems, Greenville, South Carolina.)

Functional Diagnosis Prognosis Intervention Outcome

OR

Client will be positioned with 
strong side up, body fully sup-
ported along full trunk, and the 
bed situated so that client is not 
required to turn the face up to 
view the room

Position with stronger side down 
and trunk fully supported from 
shoulder to pelvis; bed is placed 
so that need for cervical move-
ment is minimized, e.g., against far 
wall, facing door of the room

30-degree foam wedge fully 
supporting trunk, pelvis, 
shoulders, and uppermost arm 
and leg supported away from 
midline in abduction; head 
supported in midline in both 
frontal and sagittal planes

Venous ulcers on lower 
extremity with edema

Client will maintain supine or 
side-lying positions with lower 
extremity elevated to reduce 
swelling, and with ulcer and 
heels pressure-free

Foam device to support leg above 
the level of the heart in supine 
position and in 30-degree side-
lying position

Client will maintain safe 
postures with limb elevated 
and sacrum protected

Copyright © Laurie Rappl.

10.2TABLE Functional Diagnosis Process—Recumbent Position  (continued )
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Applying the Basic Principles of Seating
Therapeutic positioning has traditionally been considered the 
realm of physical and/or occupational therapists, and indeed 
many highly skilled PTs and OTs work in seating clinics for 
patients with all types of positioning needs. However, special-
ized seating clinics are not available in all areas, so an under-
standing of proper seating and positioning must be a priority 
for all clinicians and caregivers. Your ability to apply the basic 
principles of seating will benefi t the majority of your patients.

Basic principles of proper positioning (Exhibit 10.2) can be 
learned and applied in the home setting, skilled nursing facility, 
and rehabilitation facility, by all clinical staff. Of course, some 
patients need more intervention than just these basic principles. 
Clinicians and caregivers need to identify when the basic seating 
principles will not or cannot help the patient, or when equip-
ment needs to accommodate a position that varies from these 
basic principles, and seek a referral to a skilled outside source.

Interventions Using Additional Seating Concepts
Beyond the basic seating principles are concepts specifi c to pel-
vic, thigh, and postural control.

Pelvic Control
Pelvic control is the cornerstone of seating. If the pelvis rolls 
out of position, the entire sitting posture is diffi cult to control. 
Therefore, stabilizing the pelvis is the foundation for stabilizing 
the entire body. However, the basis of this cornerstone, the ITs, 
is also the most vulnerable areas for tissue breakdown and the 
pivot points for pelvic rotation. Most cushions do not address 
positioning but are fl at pads for comfort. Others equalize pres-
sure across the sitting surface, maintain pressure on the ITs, and 
address pelvic stability by molding around and under the ITs. An 
alternative way to keep the pelvis in place is to stop the fulcrum 
action of the ITs by eliminating pressure on them. The pelvis can 
then be stabilized through the stabilization of the femurs.22–27

The femurs are joined to the pelvis at the hips and work 
together with the pelvis to stabilize the body. Transferring 
weight onto the femurs unloads the ITs and provides a larger 
surface area for the cushion to control. The cushion must match 
the posterior surface of the femurs with fi rm, fl at support, espe-
cially for the proximal femur closest to the pelvis. Stabilizing 
here controls rotation of the entire femur and holds the pelvis 

the most vulnerable to tissue breakdown because of their coni-
cal shape and poor natural padding. As a patient becomes less 
mobile and more sitting dependent, muscle atrophy of the glu-
teal muscles causes the minimal natural padding to deteriorate, 
making the tissues even more vulnerable to breakdown. The 
ITs are the fulcrum, or pivot, points for the pelvis. When bear-
ing weight, they cause the pelvis to rock about a horizontal axis 
through the frontal plane that leads to anterior or posterior 
pelvic tilt. Most often, people tend to sit in a posterior tilt, or 
a slouched position. The act of moving into the slouch causes 
shearing forces on the ITs, and sacral sitting can lead to the for-
mation of pressure ulcers on the sacrum and coccyx, by causing 
those bones to be weight bearing.

Sitting Posture Examination and Evaluation
The goal in seating a patient is to help maintain a position that 
is as close to ideal as possible (Fig. 10.1). Orthopedic or neuro-
logic limitations can prevent achievement of the ideal position 
as a realistic goal, but it is the benchmark position. Ideal is the 
position that the body could be in if ROM, muscle and soft tis-
sue fl exibility, neurological integrity, and physical capabilities 
allowed it to be anatomically aligned to meet four needs:

1. For muscle balance
2. To achieve proper alignment of the bones and joints accord-

ing to their design
3. To take advantage of the most load-tolerant areas of the body 

in handling pressure to keep the skin safe from breakdown
4. To maximize safe and functional mobility

An old positioning mantra “90/90/90” referred to 90-degree 
angles at the hip, knee, and ankle. This is uncomfortable for 
long-term sitting and has been softened to approximately 
95 degrees (with straight being 180 degrees) at the hip and knee, 
and 90 to 95 degrees at the ankle (see Fig. 10.1 for an approxi-
mation of this position). The following points will assist you 
in evaluating a patient’s position and in helping patients to 
achieve it.
In the “ideal” position:

• The ear should be in line with the acromion process and hip.
• The thigh should be parallel to the ground so that the hip and 

knee are in line with one another.
• The spine should be supported in its natural curves in the 

cervical, thoracic, and lumbar regions.
• The face should be vertical.
• Viewed from the front, the trunk and head should be com-

fortably upright with the shoulders and hips (pelvic crests) 
level, thighs in neutral position (i.e., not internally or exter-
nally rotated), feet fl at on the footrests and pointed straight 
ahead, and arms supported so that the shoulders are not ele-
vated or depressed when the elbows rest on the armrests.

• Dignity issues clearly indicate the need for women to be posi-
tioned with their legs together, rather than separated.

Knowledge of the ideal sitting position enables you to evalu-
ate patients to determine how closely they can come to achiev-
ing the ideal position comfortably, what impairments prevent 
them from attaining that position, and then what equipment 
interventions can assist them in maintaining a position as close 
to ideal as is possible or functional.16–22

EXHIBIT 10.2

Basic Seating Principles
Basic seating principles include the following:

   ● Level the cushion and seat upholstery (base of support) 
to keep thighs horizontal to the ground; knees and hips 
should be even.

   ● Support the feet so that the knees are even with the hips.
   ● Support the back so that natural spinal curves are main-

tained; the ear, shoulder, and hip should be in alignment.
   ● When the pelvis is properly positioned on the seat, the seat 

cushion ends 1.5 to 2 inches from the back of the knee.
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Interventions Specifi c to Wheelchairs or Mobility 
Bases
The major piece of equipment in seating, which carries the 
highest price tag and serves as the basis for the rest of the seat-
ing system, is the mobility base. These can include manual and 
powered wheelchairs, bedside or living room recliner chairs, 
collapsible transport chairs, and scooters. Figure 10.8 is an algo-
rithm to guide the clinician through the decision-making pro-
cess to determine mobility needs.

The appropriate mobility base must be determined along 
with the seating system. It is often impossible to make any seat-
ing system, even the appropriate one for the patient, work on 
an inappropriate base. For example, many people move their 
chair by propelling with their feet. If the wheelchair seat is too 
high to allow the feet to reach the ground, any seat cushion will 
put the patient even higher and further reduce mobility. “Quick 
fi xes,” such as a drop seat, are, at best, only fair compromises.

In the same way, using a seating system on a mobility base 
for which it is not designed will compromise the effect of the 
system. Reclining geriatric or Geri-chairs offer little support as 
mobility bases and are not designed to accept most seating sys-
tems. However, these chairs are sometimes the only available 
alternative to bed rest; therefore, it is necessary to attempt to 
adapt even these chairs to fi t the individual’s needs by utilizing 
the appropriate seat and back cushions, head supports, lateral 
trunk or hip guides, and lower extremity support.

The standard wheelchair—a folding frame style with adjust-
able or fi xed armrests, a seat 18 inches wide × 16 inches deep, 
and elevating or adjustable footrests—is designed for temporary 
transportation, not for mobility and positioning usage all day, 
every day. The vast majority of users require more support than 
these chairs can give. There are a multitude of variations on the 
standard frame:

• Hemi-height wheelchair—The axle for the back wheel is fi xed 
higher on the frame than on standard chairs, thereby lower-
ing the height of the seat and allowing patients who propel 
with their feet to reach the fl oor and propel the chair using 
a heel-toe pattern. Also used for shorter people to facilitate 
transfers.

• Lightweight wheelchairs—These chairs are useful for individ-
uals such as the frail elderly because they take less energy to 
propel than standard chairs. Conserving these patients’ energy 
gives them more overall endurance for functional activities.

• Sport or ultra-lightweight—These chairs are for the very 
active user who needs the lightest frame possible for trans-
porting and maximum mobility.

• Rigid—This is a nonfolding frame style for the very active 
user; it is less prone to breaking and loosening, and increases 
stroke propulsion effi ciency.

• Pediatric-sized—These chairs are for the child or the child-
sized adult.

• Tilt-in-space—Rather than reclining just the backrest and open-
ing up the seat-to-back angle, tilt-in-space maintains the seat-
to-back angle of upright sitting and tilts or reclines the entire 
seat system. Tilt-in-space is favored over reclining back chairs.

• Reclining back chairs—These are adjusted by manual releases, 
hydraulic releases, ratchet-style fi xation, or power. The seat-
to-back angle can be changed to accommodate the client 
who cannot attain upright sitting or who needs to recline for 

on the back of the seat. Movement of the pelvis is contained 
within the pressure elimination area (Fig. 10.7), and the ITs are 
free of contact. This type of cushion design is contraindicated 
in patients with unstable hip joints, severe fi xed pelvic obliq-
uity, and hip disarticulations.

Any pelvic cushion requires the assistance of a back support. 
The top of the back of the pelvis must be supported with a back 
support so that it cannot rock backward. The back support also 
fi lls in the lumbar curve for more supported and comfortable 
sitting and relieves stresses related to back pain by improving 
the seating ergonomics. Seat cushions are discussed in more 
detail further in this chapter.

Thigh Control
Except for patients with a strong anterior pelvic tilt, the thighs 
should be positioned so that they are parallel to the ground. 
The seat should be fl at, with the hips and knees horizontally 
aligned. If the knees are lower than the hips, the weight of the 
legs pulls the body forward on the seat and pulls the pelvis into 
a posterior pelvic tilt, which clinicians work to avoid, and the 
client slouches. This is the position most commonly seen in 
settings where generic chairs are used with footrests that are 
lengthened as much as possible or have been lost.

Conversely, if the knees are higher than the hips, as in the 
use of a wedge cushion, the natural curve of the lumbar lor-
dosis is lost; the proximal femur, along with the sacrum, coc-
cyx, and ITs, bears an inordinate amount of weight, and the 
client is put at high risk of tissue breakdown and back pain. 
This commonly occurs when wedge-type cushions are used 
in an attempt to keep the client from sliding out of the seat. 
Wedge cushions cause so many problems that they should be 
prescribed with extreme caution. These problems can include 
tissue breakdown on the sacrum and spine due to excessive 
body weight being forced on those prominences, discomfort in 
a fl exed lumbar spine, diffi culties in transferring, and loss of 
mobility and ADL skills.

Postural Control and Stability
In order for products to help the client as much as possible, 
they must provide for sitting stability and comfort. The client 
must be supported in as close to an upright and aligned posture 
as possible. This will keep pressure on bony surfaces that can 
tolerate it (femurs) and off of surfaces that are less tolerant (ITs, 
coccyx, sacrum, and spinous processes). Stability and comfort 
also make patients as functional as possible and help to prevent 
further complications, such as contractures and internal organ 
compression.

CLINICAL WISDOM

Simple Tools
A simple toolbox is a necessity and a relatively inexpensive 
investment when working with seating equipment. This 
should include a variety of screwdrivers, wrenches, and 
a lubrication agent. For example, a simple wrench is usually 
all that is needed to change the height of a footrest, so that it 
is the proper height for full foot support.
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FIGURE 10.8 Algorithm for determining mobility base needs. (Copyright © Laurie Rappl.)

some time during the day, but not necessarily out of the chair. 
Similarly, upholstered recliners, such as Geri-chairs or living 
room reclining chairs allow the body to slouch from upright. 
These chairs cause many positioning problems; for the most 
part, they have been replaced by tilt-in-space chairs.

• Power chairs—These are available in wheelchair style or as 
scooters (Fig. 10.9).

Wheelchair Measurement
Comfortable and functional wheelchair seating requires that 
the seat-to-back angle accommodates the client in approxi-
mately a 95-degree hip fl exion angle, or as close to that angle 
as the body will allow. Proper measurements for a wheelchair 
include (Fig. 10.10)

• Seat depth. The seat depth, that is the length of the seat cush-
ion from the backrest to the front edge of the seat upholstery, 
should be about 1.5 to 2 inches shorter than the distance from 
the seat back to the back of the knee (Fig. 10.10E). Seats with 
less depth than this do not take advantage of the weight bear-
ing or support that the posterior femur can give; seats with 
greater depth than this will pull the body forward on the chair 
and out of position. Many fl eet or institution chairs have very 
short seat depths, so people tend to slide about on their chairs 
and slide out of position. Large recliner-style chairs have seat 

depths that are too deep, causing pressure on the back of the 
lower legs and pulling the body forward on the seat.

• Back height. Measure from the seat cushion to the point on 
the patient’s back that requires needed support without hin-
dering function (Fig. 10.10C). Patients without trunk control 
often require support up to the upper/mid thoracic regions. 
Those with active trunk control and who require more 
mobility will fi nd a lower backrest supporting the lumber or 
lower thoracic region is more conducive to daily function and 
mobility needs.

• Width. Measure the width from hip to hip and shoulder to 
shoulder, kept as close as is comfortable, so that the overall 
chair is as small as possible (Fig. 10.10D).

• Footrest adjustment. The knee should be even with the hip when 
the foot is fl at on the footrest. This foot support measurement 

CLINICAL WISDOM

Measurements must include the cushion when measuring 
the backrest height, seat-to-fl oor height, and footrest length 
(Fig. 10.10). Otherwise, the cushion and chair will not work 
together to position the client successfully.
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FIGURE 10.9 Power chair with back and seat.

FIGURE 10.10 Measuring for a wheelchair. A: Seat-to-foot support height. B: Seat to top of sacrum for placement of 
lumbar support. C: Height of backrest needed for back support. D: Seat width. E: Seat depth, measured from backrest to 
popliteal fossa less than 1.5 inches (Courtesy of Span-America Medical Systems, Greenville, South Carolina.)

will be the fl oor-to-seat height in hemi-style chairs, or the 
footrest selection and setting in a manual or power-propelled 
chair (Fig. 10.10A).

When choosing equipment, match the needs of the patient 
with the features of a product. Don’t rely strictly on history or 
manufacturers’ claims to determine what products to use; pre-
determine what features the product should have to fulfi ll the 
patient’s needs and use clinical decision-making skills, includ-
ing common sense, to make the product selection with the 
most benefi ts for the patient.

Selection of Seat Cushions
The use of appropriate seat cushions is commonly considered to 
be the primary intervention in positioning patients.23–25 Products 
should be evaluated for how well they control physical and 
physiologic factors that cause skin and seating problems. These 
factors are pressure, shear, heat and moisture buildup, and pos-
tural control and stability (see Exhibit 10.3 and Fig. 10.8).

Pressure
Pressure is considered the major causative factor of tissue break-
down on the body’s sitting surfaces, with the greatest effect over 
bony prominences where high forces are generated on small areas. 
Large, fl at surfaces, such as the posterior femurs, seldom break 
down because they distribute forces over a larger area. Conversely, 
the ITs are a common site for tissue breakdown; they are small and 
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Shear
Many clinicians suspect that shear is underappreciated and 
even more dangerous to tissues than pressure. Shearing is 
a tearing force in the deep tissues that causes capillary occlu-
sion, interruption of blood fl ow, stress in soft tissues, and tissue 
destruction. Shearing magnifi es the effects of pressure, causes 
increased soft tissue damage and undermining, and makes 
it more diffi cult to keep ulcer dressings in place. At this time, 
shear cannot be measured, nor is there a benchmark for deter-
mining “too much shear.”

To address shear, the seat cushion must eliminate one of the 
two opposing forces at work on the skin (i.e., the force coming 
from the surface onto the pressure-sensitive prominences) or pro-
vide inherent movement with signifi cant amplitude in individual 
cells that can shift with the body and decrease drag on the skin.

Heat and Moisture
Dispersion of heat and elimination of moisture should be prime 
considerations when selecting seat cushions. Sitting on cush-
ions that depend on immersion or enveloping of the buttocks 
into the cushion to equalize pressure can allow sweat and heat 
to be contained around the ITs. This buildup causes macera-
tion or softening from fl uid retention in the skin. In this state, 
the skin is more susceptible to damage from increased friction 
between the skin and the surface material, which results in shear 
stresses to the subcutaneous tissues and puts them at risk for 
pressure damage. Another complication of heat and moisture is 
loosening of adhesives that keep dressings in place. When this 
happens, the clinician can be tempted to choose dressings with 
aggressive adhesives that can damage fragile skin.

Heated tissues can handle less pressure than cooler tissues 
because heating of the skin increases metabolic demand 6% 
to 13% per degree Celsius rise in temperature.28,29 Increased 
metabolic demands require increased blood perfusion and 
oxygenation. Higher metabolism will produce more metabo-
lites that need to be removed by the blood stream. At the same 
time, perfusion is hampered as vessels under pressure are com-
pressed. Cooling the tissues decreases metabolic demand, so 
that decreased perfusion and blood supply are required for oxy-
genation. In an integrative review, Lachenbruch estimated that 
an 8°C reduction in skin temperature would be equivalent to 
a 29% reduction in interface pressure, and that a 3°C temperature 
reduction would be equivalent to a 14% pressure reduction.30

One way of partially mitigating the heat and moisture prob-
lem is to choose cotton or air-exchange covers. These covers 
help, but they cannot combat total contact around the ischium. 
The most desirable cushion should provide full ventilation of 
the IT area with no contact.

Types of Cushions
Cushions can be divided into groups according to their features 
and abilities to meet various levels of client need for position-
ing, tissue breakdown risk, and treatment. In 2004, the Centers 
for Medicare and Medicaid Services (CMS) categorized cush-
ions into six groups based on measurable, physical characteris-
tics of each group:

1. General use
2. Positioning
3. Skin protection

pointed, concentrating pressure over the peak of the bony promi-
nence. Thus, the ITs can safely tolerate only one-third to one-half 
of the amount of pressure that the femurs can tolerate.26,27

Any cushion being considered for a sitting client must be 
assessed for its abilities to reduce pressure under the ITs. This 
can be done either with a pressure-mapping device or by palpa-
tion. To palpate, place the seat cushion on the seat and position 
the client appropriately on the cushion. Insert one hand, palm 
up, between the bottom of the seat cushion and the upholstery 
of the chair, and under the ischium. There should be at least 
1 inch of soft support material (e.g., foam, gel, or rubber and 
air) between the ischium and the seat upholstery to protect the 
skin from pressure.

Many people believe that a cushion must be 4 in (10 cm) 
thick to be effective. However, the effectiveness of a cushion 
depends on many features, not simply thickness. Foams have 
a wide range of qualities specifi ed by industry standards inden-
tation load defl ections (ILDs) and density. However, none 
of these specifi cations has been correlated to cushion effec-
tiveness. Ragan et al. found that subcutaneous pressures and 
stresses decreased with thicker cushions, but almost all of the 
reduction was obtained with a cushion 8 cm thick; reduction 
was negligible after this height was reached.8

EXHIBIT 10.3

Seat Cushions are Not Mattresses in Miniature
It is important to understand that the seat cushion is not 
a mattress in miniature. Consider that a mattress has the 
advantage of the entire weight-bearing surface of the body 
over which to spread the load. Because there is more tissue 
in contact with the bed, the goal of a mattress can be tissue 
support, that is equalizing pressure across the bony promi-
nences and plateaus such that pressures are not high enough 
to cause breakdown on any one point. Compare this with the 
seat cushion, which must bear 75% of the body weight on 
a small area, average size 18 × 16 inches.

In seating, that body weight is concentrated on two 
prominences, the ischials, which are the lowermost skeletal 
points on the sitting surface. The ischials are small, pointed, 
and unprotected; therefore, they are less load tolerant than 
the large, fl at, padded femurs. With this disparity in load 
tolerance in mind, it is imperative that the seat cushion be 
examined for the skeletal support it can provide to protect 
the skin over these at-risk areas. Then, shift the support to 
the load-tolerant areas. This is not equalization, but load 
distribution consistent with tolerances. Equalizing the pres-
sure over the sitting surface causes low-tolerance, high-risk 
prominences (the ischials) to bear the same weight as the 
high-tolerance, low-risk areas (the femurs). The skin man-
agement principle that dictates removal of pressure at pres-
sure ulcer sites infers that the ischials—on which breakdown 
occurs most frequently—should bear less weight than the 
femurs and should not bear any weight in the presence of 
tissue breakdown. This is also true for those individuals who 
are identifi ed as being at high risk for tissue breakdown.

Sussman_Chap10.indd   294Sussman_Chap10.indd   294 7/25/2011   5:26:28 PM7/25/2011   5:26:28 PM



 CHAPTER 10 ■ Management of Pressure by Therapeutic Positioning 295

interchangeable and are appropriate for patients at various lev-
els of risk for tissue breakdown. For many patients, redistribut-
ing or equalizing pressure is enough to allow healing.

Many cushions at many price levels satisfy these basic 
requirements. Assess the patient’s risk for tissue breakdown and 
the pressure-redistributing capabilities of the cushion without 
regard to price and then balance the capabilities of the product 
with the cost and acuity of the patient’s needs. Most of these 
products are classifi ed by CMS as General Use or Adjustable 
Skin Protection cushions, that is, air-fi lled cushions that equal-
ize pressure, but do not offer positioning features.

Generically Contoured or Precontoured Cushions

These cushions are shaped with a bucketed area under the pelvis 
to assist with pelvic placement and channels under the femurs 
to assist in neutral alignment or optimal lower extremity posi-
tioning (Fig. 10.11B). They are more sophisticated than pres-
sure equalization cushions because they have some means of 
actively molding to or mirroring the shape of the body’s sitting 
surfaces to equalize pressure across the ITs and femurs (via air 
cells, gel or viscous fl uids, viscoelastic foam, etc.), while offering 
contouring for body support. These products are appropriate 
for patients who are at moderate risk for tissue breakdown and/
or require more assistance with positioning than a noncon-
toured cushion can provide.

It is important to note that the generic contour base is 
shaped to a muscled bottom, not to the atrophied bottom of 
a sitting-dependent patient. Therefore, they often do not hold 
the pelvis as securely as cushions more specifi cally contoured 
to fi t individual bone structure. Many manufacturers provide 
optional components, such as medial thigh supports, lateral 

4. Skin protection and positioning
5. Adjustable
6. Custom

Each group has specifi c client criteria that must be met in 
order for the client to qualify for a cushion from that group.31

While the CMS categories are based on physical criteria, in 
this text, cushions are divided into four groups based on their 
design philosophy for addressing tissue breakdown:

1. Pressure reduction or equalization/redistribution (Fig. 10.11A)
2. Generically contoured or precontoured (Fig. 10.11B)
3. Selective pressure elimination (Fig. 10.11C)
4. Fully customized contouring

A list of product examples for each group is provided at the 
end of this chapter.

Pressure-Reduction or Equalization/Redistribution 
Cushions

These cushions decrease pressure on the ITs and coccyx (com-
pared with no cushion at all) and attempt to equalize or redis-
tribute that pressure across the entire sitting surface (see Fig. 
10.11A). This group comprises a wide range of cushions made 
from fl at, noncontoured foam, gel, single- or multiple-cell air 
bladders, and plastic matrix honeycomb products. The amount 
of pressure reduction off bony prominences, pressure equal-
ization across the surface, or pressure redistribution depends 
on the amount of immersion of the body into the surface, the 
resulting shaping of the cushion around the body, and the pre-
vention of bottoming out. Most of these equalizing cushions 
do little to address shearing forces, and they may address heat/
moisture via cover materials only. These cushions are not all 

FIGURE 10.11 Examples of seat cushions. A: Pres-
sure reduction/equalization/redistribution cushion. 
B: A generically contoured or precontoured cush-
ion. C: Selective pressure elimination. (Courtesy of 
Span-America Medical Systems, Greenville, South 
Carolina.)
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the healthiest possible environment. These requirements mir-
ror and follow basic medical protocol for pressure ulcer treat-
ment.6,33–37 Selective pressure elimination cushions are in the 
CMS category of Skin Protection and Positioning.38–42

As with any sitting-dependent client, especially those with 
tissue breakdown, maintenance of the proper seated position 
is essential to enhance function and endurance, and to protect 
the skin under other areas of the sitting surface from breaking 
down. The pressure elimination cushion positions the pelvis in 
three ways. First, the ITs are unweighted and cannot act as pivot 
points for pelvic rotation. Second, the body is controlled by fully 
supporting the femurs (both length and width) in a nonrotated 
position such that they are even with each other in the horizon-
tal plane. This keeps the pelvis and the trunk level (rather than 
obliquely inclined), keeps the pelvis toward the back of the seat, 
and prevents the pelvis from falling into the cutout area. Third, 
the walls of the elimination area confi ne movement of the pel-
vis to a defi ned area and keep the ITs from sliding forward with 
an effective pre-IT block. As with any cushion, the top of the 
back of the pelvis must also be supported with a back support 
so that it cannot rock backward. The back support also fi lls in 
the lumbar curve for more supported and comfortable sitting.

Do not confuse this time-tested, fi tted cushion design with 
the donut design, which is specifi cally recommended against 
by the Agency for Health Care Research and Quality (AHRQ) 
guidelines.43 Unlike a true selective pressure elimination cush-
ion, a donut cushion is simply a closed ring of material that 
cuts off circulation by inducing the tourniquet effect. In addi-
tion, the ring forces weight bearing on the area around the ITs, 
rather than on the femurs, which are the anatomically load-
tolerant areas. For these reasons, the donut cushion should 
never be used, especially by patients with existing breakdown or 
at high risk for breakdown.

Fully Customized Contouring Cushions

These unique cushions are fashioned specifi cally for individual 
patients. Usually they are prescribed for patients with severe 
structural deformities that cannot be accommodated by off-the-
shelf products, or for patients with excessive trunk and lower 
extremity tone that pulls them out of position on other cushions. 
The CMS category “Custom” covers these cushions (Fig. 10.12).

thigh supports, hip guides, and obliquity wedges that can cus-
tomize the cushion to control lower extremity positioning even 
further. These cushions are distributed through four CMS cat-
egories: skin protection, positioning, skin protection and posi-
tioning, and adjustable, depending on the depth of immersion 
of the ITs allowed by the cushion and the height of the posi-
tioning features of the cushion.

A feasibility study published by the University of Pittsburgh 
compared the effi cacy of generically contoured cushions with 
simple foam slab cushions. Although no statistically signifi -
cant differences were seen between the groups for overall pres-
sure ulcer incidence, the generically contoured cushions were 
more effective in preventing IT pressure ulcers specifi cally.7 
Generically contoured cushions offer better stability to the user 
when tested during reaching tasks than air-fi lled or fl at foam, 
simple pressure reduction cushions.32

Selective Pressure Elimination Cushions

These cushions have an area that eliminates pressure on the ITs 
via a pocket that is sized to the user’s IT span—the measure-
ment from the center point of one ischium to the center point 
of the other (see Fig. 10.11C). They also offer fl at support to the 
full length and width of the posterior femurs, thereby support-
ing the body on the femurs, not in the elimination area (also see 
Fig. 10.11B and C). This protects the skin over the ITs through 
pressure elimination, and the skin over the femurs by pres-
sure redistribution. Although appropriate for the moderate-
risk client as well, these products are often used for high-needs 
patients, who may be characterized by some of the following:

• Sitting dependent
• Minimally ambulatory, if at all
• Insensate
• Limited ability to reposition self to relieve pressure
• Existing or recurrent breakdown on the bony prominences of 

the sitting surfaces (ITs, sacrum, or coccyx)
• Currently in the granulation or remodeling phases of wound 

healing
• History of tissue breakdown on those sitting surfaces

Selective pressure elimination at the ITs, shearing elimina-
tion, and maximum ventilation puts the skin over the ITs in 

FIGURE 10.12 A,B: High-end cushion. (Courtesy of Sunrise Medical.)
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FIGURE 10.13 Algorithm for determining sitting surface. The surface must work with the mobility base to achieve opti-
mal sitting height. CNS, central nervous system; CHI, closed head injury; CP, cerebral palsy; UE, upper extremity; LE, 
lower extremity. (Copyright © Laurie Rappl.)

Other Cushion Features

Other features to consider when evaluating cushions include 
urine-proof surface, stability of the sitting surface, washability, 
weight for portability, leak-proof surface, low maintenance, 
ease of correct use, cosmesis, durability, and slip resistance. 
A representative listing of manufacturing sources for these cat-
egories of seat cushion is found at the end of this chapter. The 
algorithm in Figure 10.13 can help you make appropriate seat 
cushion choices.

Selection of Back Supports
As noted earlier, the seat cushion is only one part of the seating 
system. To support a body adequately, the proper back support 
must also be prescribed. Most wheelchairs have a material back 
that allows the chair to fold. Unfortunately, this material bows 
in the opposite direction that the back requires. Therefore, 
almost every patient sitting in a standard folding wheelchair 
requires an accessory back support to accommodate the lumbar 

and thoracic curves. The complexity and expense of the back 
support depends on the needs of the patient and the number of 
roles that the back support must fi ll. The algorithm shown in 
Figure 10.14 can help you choose the appropriate back support 
for a patient.

A relatively new development in back upholstery is the 
tension-adjustable back. A series of horizontal Velcro straps 
between the seat back uprights and under the fold-over uphol-
stery can be tightened or loosened to conform the back to the 
individual user’s body. These backs are not as fi rm as solid back 
supports, but weigh less, are easily changed, and can be suffi -
cient for some individuals (Fig. 10.15).

Patients who can maintain the upright ideal position with 
little or no assistance may require only minimal back sup-
port. For these patients, a fi rm, contoured back that can be slid 
into the chair with an attachment to the upholstery is often 
suffi cient.

Patients with tissue breakdown on the sacrum need a back 
support that removes pressure from and ventilates the area. 
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FIGURE 10.14 Algorithm for determining back support needs. (Copyright © Laurie Rappl.)

At the same time, the back support must accommodate natural 
spinal curves and fi xed deformities, as well as correct any fl ex-
ible deformities. None of these needs can be overlooked when 
positioning a client with sacral tissue breakdown in a sitting 
position. Thus, you should look for a commercially available 
device that is designed to meet all of these goals.

In some patients, including many older adults, the lumbar 
spine is fl attened and the hip ROM is compromised so that 
it is less than 90 degrees. For these patients, a chair fi xed at 
a 90-degree seat-to-back angle is inappropriate. Instead, select 
a backrest that can be adjusted to open the seat-to-back angle. 
This allows the patient to be positioned with the hips all the 
way back on the seat for full support; the back can be supported 
at the appropriate degree of recline to facilitate safe swallowing 
and maximize mobility and function.

Patients with reduced ability to support their trunk can 
benefi t from a backrest that has lateral supports to help main-
tain the trunk in an upright position. A fl exible thoracic or 

lumbar kyphosis or scoliosis can be handled by correcting the 
position of the pelvis and possibly using lateral supports on 
the trunk. Back supports can also be fully customized to fi t 
the unique contours of an individual. Such a support is indi-
cated for patients with fi xed trunk deformities or severe trunk 
weakness.

Selection of Footrests and Footrest Accessories
Footrests are critical pieces of the seating system that support 
and position the entire lower half of the body. Since the upper 
body and lower body are anatomically connected, any action 
on one affects the function of the other. For instance, if the 
footrests are too high, the weight is unevenly distributed across 
the femurs and concentrated on the sacrum and ITs; if they are 
too low, the weight of the poorly supported legs and lower body 
pulls the whole body out of position. As a general rule, footrests 
should support the legs so that the knees are even with the hips 
and the thighs are parallel to the ground.
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FIGURE 10.15 Back rests.

To keep the thighs parallel to the ground, simply adjust the 
height of the footrests of the wheelchair. Some footrests also 
allow adjustment in the sagittal plane to change the angle of the 
ankle. The pedal or platform of the footrest can be ordered in 
various sizes to support as much of the foot as possible. Ensure 
that patients wear the appropriate supportive footwear to pro-
tect the feet from trauma, evenly distribute pressures across 
the entire sole of the foot, and assist in decreasing dependent 
edema in the feet.

In the past, some clinicians have elevated the height of the 
foot section of the footrest, so that the foot is level with the knee, 
believing that this promotes venous return and controls edema. 
This intervention has little effect on edema, because the extremi-
ties must be positioned above the level of the heart for passive 
edema control; moreover, it can actually pull the body out of 
position and into the slouched position described earlier, and will 
also extend the turning radius of the chair, thus limiting mobility.

Selection of Other Accessories
Many patients require the assistance of accessory products, 
such as head supports, solid seat bases, armrests, back and front 
wheels, and ancillary devices.

Head Supports
Head supports come in a variety of models, depending on the 
amount of support needed and the ability of the backrest to sup-
port the headrest. Models include fl at (attached to the seat back 
uprights of manually reclining chairs), molded around the neck 
and occipital regions, adjustable in height and angle, and fi xed.

Solid Seat Base
Seat cushions have been discussed above. When cushions are 
placed on sagging seat upholstery, many of the therapeutic 
effects are negated. The seat support can be stiffened by add-
ing a solid seat or board to the chair under the seat cushion to 
eliminate the sling of the upholstery and distribute interface 
pressure away from the ITs. Another intervention is a drop 
seat, a solid seat board with hooks that latch onto the side 

rails of the mobility base and thereby lowers the user closer 
to the fl oor. Be aware that addition of a solid seat can increase 
the interface pressure over the ITs if the cushion is inadequate 
in pressure distribution over time; in other words, if the 
cushion bottoms out, the ITs will press into a solid, unforgiv-
ing surface that could then contribute to the formation of a 
pressure ulcer.

Armrests
Armrests are important in seating because they can be used 
to stabilize the patient during transfers and weight shifts and 
can decrease back pain by allowing changes of position. They 
can also become a hindrance to daily movement if they are not 
removable or cannot be swung away to facilitate transfers and 
transportation. Standard armrests on standard wheelchairs 
come in full length, shortened desk length (allows the chair to 
be pulled up closer to a table or desk), and height adjustable to 
accommodate the needs of a wide range of patient heights.

Back Wheels
The back wheels of standard wheelchairs are usually 24 or 
26 inches in diameter and come in a variety of widths. Tilt-in-
space chairs have 12 to 24 inches wheels, and hemi-height chairs 
also have smaller diameter wheels. Note that the height of the 
seat from the fl oor—a critical factor in the client’s mobility—
can be affected by changing the diameter of the back wheel.

Wheels are available with solid or infl ated tires and treaded 
or nontreaded tires. For everyday, general use, most people use 
infl atable tires with moderate tread. Solid tires made with treads 
are now available for individuals who want to avoid the possi-
bility of fl at tires. For mainly indoor use, consider a minimal 
tread. There are also various tread patterns to benefi t various 
terrains, such as indoor tile, outdoor pavement, and outdoor 
rough ground.

Front Wheels
The front wheels of wheelchairs (also called “casters”) come in 
almost as many varieties as the back wheels—solid or infl at-
able, in various widths and diameters. The standard caster is 
8 inches in diameter, solid rubber, and minimally treaded, if 
at all. Sport-type chairs are often seen with casters as small 
as roller blade wheels for increased turning abilities. Outdoor 
chairs have more substantial casters with larger diameters and 
widths (and often treads). Larger diameters are better over 
rough terrain, whereas smaller diameters are more adaptable 
to indoor needs.

Ancillary Devices
Ancillary devices include the following:

• Seat belts, lap belts, and anterior pelvic belts are used to 
help prevent the pelvis and femurs from sliding forward on 
the wheelchair seat. Lap belts, seat belts, and anterior pelvic 
belts—usually placed at a 45-degree angle to the seat-to-back 
angle, but often more effective when secured to the seat side 
rail, a few inches in front of the seat-to-back junction and 
crossing the proximal femur at a 90-degree angle, just below 
the trunk/leg crease. When the wheelchair is transported in 
a vehicle, installed tie downs and belts are needed to secure 
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the patient into the vehicle much like standard seat/shoulder 
harnesses secure a seated passenger in a regular car seat.

• Lap trays—full or partial, clear or solid, padded or unpadded 
to assist with upper extremity support. These should not be 
used as a restraint, but as an assist to ADLs, including com-
munication, for support to a fl accid arm, and to help provide 
a point of stability for hypertonic extremities. Lap trays can 
also provide trunk support for patients who fatigue over time.

• Antitippers—small wheels that attach to the back of the 
wheelchair to keep it from tipping over backward. These are 
usually used as a safety factor. In everyday life, it is necessary 
to tip wheelchairs backward in order to lift the front of the 
chair over small bumps and curbs, so antitippers can limit 
mobility while providing safety for the client. They can be 
removable.

• Amputee axle adapters—allow the rear wheels to be moved 
posterior to the seat back upright to keep the patient safe 
from tipping over backward. Amputees have less weight on 
the front of the chair, so moving the wheels back provides 
counterbalance and stability.

• Residual limb support—holds the residual limb of the below-
the-knee amputee.

• Chest straps—provide anterior support for the chest and 
upper trunk. This is useful for patients who lack trunk con-
trol, for example those with neurological defi cits that impair 
the ability to sit upright and who need more support than 
a contoured back or side supports can provide.

Working with Suppliers
Suppliers are important resources on the wound care team. 
A good supplier will help you keep abreast of new technology and 
new items on the market; but more importantly, they will help 
you match equipment to each patient’s unique needs. Do not 
work with a supplier who offers only one or two lines of chairs 
and other equipment. Look for suppliers who carry multiple lines 
and are proactive in assisting with selection. Of course, ultimate 
accountability for this critical aspect of patient care resides with 
the healthcare team working with the patient, and with the physi-
cian, who is responsible for actually prescribing the equipment.

INTERVENTION IN THE RECUMBENT POSITION

The average person spends about one-third of his or her life in 
bed. Patients who cannot readily maintain standing or sitting 
positions spend even more time in the recumbent position. Just 
as with the seated patient, choosing the proper support surface 
and correctly positioning the recumbent patient are important 
aspects of humane and holistic treatment. Any patient who 
depends on the recumbent position for any part of the day or 

night should be evaluated to ensure that the optimal positions 
are being attained.44–48 In practical terms, the more time spent in 
bed, the more need there is for positioning intervention. Proper 
utilization of support surfaces, including proper choice and 
correct and consistent positioning on the surface, can minimize 
contractures, minimize the effects of hyperactive refl exes and 
muscle synergies that positively affect the integrity of the skin, 
provide restful sleep, and maximize a client’s  independence in 
self-mobility.

Effects of Recumbent Position on Pressure Ulcer 
Formation
No matter how conforming the mattress, when the many con-
tours of the body are placed on a relatively fl at surface, tissues 
over bony prominences are likely to endure high pressures that 
lead to tissue breakdown. These include the occiput, shoulders, 
elbows, trochanters, sacrum, heels, and malleoli and all must 
be protected. Statistics show that, of these, the sacrum and 
heels are the most likely areas to break down. Oot-Giromini1 
reported incidence rates of up to 48% on the sacrum/coccyx 
and 14% on the heels, while Cuddigan and Young reported 
prevalence rates in these same two areas, of 28.3% and 24.1%, 
respectively.49 The positioning goals are to support the body, 
position the major joints in good alignment, and achieve 
muscular relaxation.

Positioning the Recumbent Patient
The recumbent patient can be positioned in supine, side-lying, 
or prone positions. Each of these requires special intervention. 
Throughout this section, the terms “open pack” or “resting 
position” and “closed-pack” positions are used. The open pack 
or resting position of a joint refers to the anatomical position 
in which the joint space is as wide as possible and the tendons 
and ligaments around that joint are relaxed. Closed pack refers 
to the position in which the joint spaces are narrow, the joint 
surfaces are close together, and the tendons and ligaments are 
tense. Open pack would be preferred because it is the more 
comfortable position for rest and relief of pain.

Supine Positioning
When the patient is supine, consider the following points:

• The head and neck should be centered, with the cervical and 
lumbar curves supported.

• The trunk should be aligned and straight.
• The hips and knees should not be fully extended or straight, 

but bent or fl exed 25 to 30 degrees, the open pack position for 
both the hip and the knee.44 Maintaining this slight fl exion for 
the hips in the supine position can put increased pressure on 
the sacrum and heels. Therefore, these prominences should 
be provided with extra protection if the surface itself is not 
adequate. Protection for the sacrum can take the form of lift-
ing one side of the pelvis so that the sacrum is not directly 
bearing weight. The heels can be protected by elevating them 
with a fi rm pillow under the calves or with heel protection 
devices on the feet or under the lower leg (Fig. 10.16A,B). 
Devices should be chosen that take all weight off of the heel 
to eliminate pressure, rather than simply putting a layer of 
padding under the heel.50

CLINICAL WISDOM

Safe Installation of Vehicle Lap Belts
For safety, lap belts and tie downs for wheelchairs should be 
installed in the vehicle by a professional installer.
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• The lower extremities should be maintained in a neutral posi-
tion, with the knees and toes pointing straight up to the ceil-
ing and about shoulder width apart.

• The ankle/foot angle should be maintained close to 90 
degrees (a right angle) if bed rest will be prolonged to prevent 
the development of foot drop or contractures in the plantar 
fl exors.

Protection in the form of pressure redistributing surfaces or 
ancillary positioners may be required for the at-risk areas of the 
occiput, thoracic spinous processes, and elbows.

Side-Lying Positioning
Many people consider side-lying to consist of turning the body, 
so that it is at a 90-degree angle from supine. However, because 
this puts the greater trochanter at tremendous risk of break-
down, experts advocate the use of a more moderate 30 degrees 
incline.43,51 This position takes direct pressure off the pointed 
lateral trochanter and distributes weight across fl atter areas of 
the posterolateral femur and the wing of the sacrum. In this 
position, the head and neck should be centrally aligned, with 
the cervical curve supported.

Support is needed behind the entire trunk and pelvis to 
maintain the 30-degree position. Support the uppermost arm as 
close to the resting position of the shoulder (55 degrees abduc-
tion with 30-degree horizontal adduction48) as can be achieved 
comfortably. This will ensure that it does not fall forward across 
the body or backward, pulling the trunk into a twisted posi-
tion. The uppermost leg tends to adduct and rest on the bed but 
should be elevated with pillows or foam positioners, so that it 
is aligned with the trunk and maintained in a neutral rotation, 
with slight hip and knee fl exion for comfort. Protect the low-
ermost leg from pressure from the uppermost leg, so that tis-
sue breakdown on the medial knee, malleolus, and foot can be 
avoided. Protection in the form of pressure-reducing surfaces 
or ancillary positioners may also be required for the lowermost 
ear, shoulder, greater trochanter, lateral knee, lateral malleolus, 
and fi fth metatarsal head, as well as the uppermost medial knee 
and medial malleolus.

Prone Positioning
The prone position requires full ROM of the cervical, thoracic, 
and lumbar spine and since this is not usually the situation, it is 
not well tolerated by most patients. This position requires full 
extension at the hip and knee, and full external rotation of the 

A B

FIGURE 10.16 Protection of sacrum. A: limb elevator and B: foot drop stop. (Courtesy of Span-America Medical 
Systems, Greenville, South Carolina.)

shoulders. The trunk should be centrally aligned, with the head 
turned to the side. The hips should be in neutral rotation and 
slight abduction, and the ankles plantar fl exed. The bony prom-
inences at risk are the ears, patellas, and dorsum of the feet. The 
prone position puts the shoulder into its most stressful position 
of full external rotation with abduction. Because of the ankle 
position, it can also encourage foot drop. However, the major 
benefi t to this position is that it takes all weight off of sitting 
weight-bearing surfaces, and is useful for stretching the hips 
and back into extension, the opposite of their sitting position.

Choosing Equipment
Bed support surfaces were discussed in detail in Chapter 9. 
Here, we provide a brief review of types of surfaces, focusing 
on positive and negative features for maintaining position and 
maximizing mobility.

In 2001, the National Pressure Ulcer Advisory Panel 
(NPUAP) initiated the Support Surfaces Standards Initiative 
(S3I), a workgroup tasked with developing uniform terminol-
ogy and test methods, and reporting standards for support 
surfaces. The resulting guidelines are intended to provide an 
objective means for evaluating and comparing support surface 
characteristics. At the time of this writing, their work is incom-
plete. Progress and output of this workgroup can be found at 
the NPUAP Web site at www.npuap.org.

Overlays
As you learned in Chapter 9, overlays are designed to be used 
on top of mattresses. The term “overlay” is often misused to 
include any mattress other than a standard hospital or con-
sumer mattress. Overlays are about 1 to 4 inches thick, and thus 
raise the level of the bed surface. This can make the sit-to-stand 
movement easier but beware that both moving from standing 
to sitting and statically sitting on the edge of a bed are safer to 
accomplish when the height of the surface of the bed is equal to 
the distance from the back of the knee to the bottom of the foot. 
Overlays tend to raise this level, making ingress and egress more 
dangerous. However, overlays are inexpensive, and foam over-
lays with individual, undercut, and crosscut cells are extremely 
effective pressure distributors.52 Therefore, if the level of the 
height of the bed can be changed or if ingress and egress are not 
issues, an overlay can be a cost-effective and appropriate choice.

For the most part, overlays are used for prevention of tis-
sue breakdown in patients who are at risk. They are seldom 
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recommended for treatment, as they are, of necessity, too thin 
to prevent the client from bottoming out onto the very surface 
they are being protected from.

Mattress and Cushion Replacements
The collapsing edge is a safety concern for both the recumbent 
and the sitting patient. When patients roll to the side of the 
mattress, or when they are placed into a sitting position on the 
edge of the mattress or cushion before or after transfer to a seat-
ing system, the edge of the mattress must not collapse under 
them. Therefore, a stable edge bolster built into the mattress 
helps to prevent accidental sliding from the sitting position, 
and prevents entrapment in the side rails of the bedframe or 
falling to the fl oor from the recumbent patient.

Types of mattress replacements are next discussed.

Static Mattress Replacements

Static mattress replacements come in a variety of mediums: all 
foam, foam/air, foam/water, and foam/gel. They are not powered, 
that is they do not have a motor or plug into the wall. These surfaces 
replace standard mattresses and are often purchased as permanent 
equipment, rather than rented. They eliminate the extra height that 
an overlay entails and offer better redistribution of pressures than 
overlays or standard mattresses; however, they are more expensive 
than these two alternatives. Static surfaces generally offer a more 
stable surface to accomplish bed mobility, ingress, and egress than 
do alternating pressure or low-air-loss mattresses.

Static mattress replacements are sometimes called “Group I” 
products, as this is the name for the group of static mattresses 
that is reimbursable under some Medicare payment scenarios 
for prevention and fi rst-level ulcer treatment intervention.

Powered Dynamic Mattress Replacements

Powered dynamic mattresses entail some means of moving air 
through the mattress using electrically powered motors. One 
technology, low-air-loss, uses a porous fabric to wick heat and 
moisture down into the mattress system and a blower to move 
the air, heat, and moisture out of the system. The intention is 
to decrease maceration of the skin and may reduce suscepti-
bility to pressure. In an earlier discussion, you learned that it 
is estimated that a 3°C drop in skin temperature might equate 
to a 14% reduction in interface pressure.30 Another technology, 
called alternating pressure, cyclically moves air through cham-
bers in the mattress to alternately apply and remove pressure 
from each area of the body at regular intervals. This technology 
does not remove moisture as the low-air-loss mattresses do.

This group of mattresses is commonly paid for on a rental 
basis by some Medicare scenarios and by insurance companies 
during the treatment of tissue breakdown. Since a client should 
not be positioned on the ulcer, the effectiveness of these sur-
faces on pressure ulcer healing is questionable. At the very least, 
they may help to prevent tissue breakdown. Powered surfaces 
are often referred to as “Group II” surfaces, as this is the name 
for the group of mattresses that is reimbursable under Medicare 
for the treatment of pressure ulcers, given certain patient char-
acteristics and settings.

Nonpowered Dynamic Mattress Replacements

This category of mattresses offers the stability of the static mat-
tress replacement for maintaining or changing position, along 

with the skin protection of a dynamic mattress. Some  accomplish 
this by dynamic air movement via interconnected elasticized 
reservoirs that accept air from and release air into the support 
tubes.53 Others have gel/fl uid bladders that conform to the body 
and claim to reduce shearing. Still others use self-adjusting air 
valves that maintain constant air pressures within the air cyl-
inders for pressure redistribution. These are included in the 
Group II category for Medicare reimbursement for the treat-
ment of pressure ulcers, given certain patient characteristics.

Air-Fluidized Surfaces

These are considered to be the best surfaces for equalizing 
pressures across the body and reducing soft tissue shearing, 
heat, and moisture on the skin. In a large retrospective study, 
Ochs et al. found that ulcers on air-fl uidized surfaces had sig-
nifi cantly faster healing rates for all ulcer stages, particularly 
stage III and IV pressure ulcers, than did ulcers on powered 
alternating air or low-air-loss surfaces.54 However, air-fl uidized 
surfaces are extremely diffi cult to maintain therapeutic posi-
tions on, independent ingress or egress is nearly impossible, 
independent repositioning is diffi cult, and many patients com-
plain of pain because the surface is so unstable. These surfaces 
are referred to as Group III surfaces under certain Medicare 
reimbursement scenarios.

Effectiveness of Mattress Replacements

Reports in the literature have been inconclusive regarding 
whether any one of these methods of pressure redistribution 
is superior to the other in healing tissue breakdown. Many cli-
nicians feel that, because of the constant changes in pressure, 
temperature, and moisture on any one body part, powered sur-
faces are safer for the skin than are static surfaces. In a large 
literature review of randomized controlled trials, Cullum et al. 
found that the benefi ts of alternating pressure and low-air-loss 
for ulcer prevention were unclear.55 One signifi cant disadvan-
tage of powered mattresses is that the movement in the surface 
makes maintaining or changing a position more of a challenge 
than on a static surface. Surfaces that alternate under the cli-
ent can make transfers and edge-of-bed sitting more dangerous 
because the bed surface is constantly shifting beneath the client.

Positioning Supplies for Recumbent Patients
Since the resting position of major joints such as the hips, knees, 
and shoulders is slightly fl exed, and bony prominences such as 
the trochanters require positioning in the 30-degree side-lying 
position, it is safe to say that all patients require the use of posi-
tioning devices to help maintain therapeutic and anatomic 

CLINICAL WISDOM

Photographs
Photograph a client in position with all appropriate posi-
tioning devices and display the photo in a place easily seen 
by caregivers. This can be the most helpful way to describe 
positions and use of devices to all caregivers, so that devices 
are used consistently and appropriately.

Sussman_Chap10.indd   302Sussman_Chap10.indd   302 7/25/2011   5:26:33 PM7/25/2011   5:26:33 PM



 CHAPTER 10 ■ Management of Pressure by Therapeutic Positioning 303

body alignment and protect bony prominences. Pillows are 
an inexpensive support, but they are only minimally effective. 
They are puffy rectangles that do not naturally conform to body 
contours, have a tendency to slide on the surface when body 
pressure is applied, and are often not readily available for posi-
tioning. Foam positioners such as those shown in Figure 10.17 
are shaped for supporting specifi c body contours, do not shift 
on the surface when pressure is applied, and are less likely to 
be confi scated for other purposes. The wedge in Figure 10.17 

is useful for a variety of recumbent positioning needs—behind 
the head and neck of a patient with kyphosis, behind the back 
to maintain a 30-degree side-lying position, between the feet 
and footboard to prevent foot drop, under the upper arm in 
side-lying to achieve the open pack position for a painful shoul-
der. Such devices are often inexpensive to purchase, and they 
afford the client quality of alignment, positioning, and protec-
tion. Table 10.3 describes the use and expected outcomes for 
commonly used and available positioning supplies.

FIGURE 10.17 Thirty-degree Wedge for body alignment in side-lying. (Courtesy of Span-America Medical Systems, 
Greenville, South Carolina.)

Device Function Action/Outcome

Abduction pillow Maintains lower extremities in slight abduction, 
neutral rotation, and knee extension

Supine—maintains lower extremities (LEs) in 
neutral positions
Side-lying—maintains separation of LEs to pro-
tect medial knee and malleolus of upper leg

30-degree incline wedge 
(see Fig. 10.17)

Supports trunk and pelvis in 30-degree side-lying 
position

Side-lying—protects lower greater trochanter 
by maintaining 30-degree incline position

Cradle boot or Heel 
protector

Keeps heel elevated off surface while maintaining 
right angle or neutral ankle dorsifl exion

Supine—Protects heel from breakdown by 
suspending off surface
Should also protect malleoli, fi fth metatarsal 
heads, and Achilles tendon
Side-lying—suspends lower malleoli and fi fth 
metatarsal head

Limb elevator 
(see Fig. 10.16A)

Uses wedge with leg trough to put LE in slight hip/
knee fl exion with ankle elevated above knee

Supine—maintains neutral hip position with 
slight hip/knee fl exion and foot elevation
Side-lying—is used with trough side down to 
cup the lower leg and maintain leg separation 
for skin protection

Flexion/abduction pillow Maintains slight knee fl exion with separation of 
medial knee surfaces

Supine—maintains hip/knee fl exion while break-
ing up adduction tone

Cervical pillow Shaped to support cervical curve while cradling 
occiput

Maintains cervical curve in supine or side-lying 
positions

Occipital pillow, head-neck 
cushion, Occi-Dish

Cradles posterior surface of skull to reduce or 
eliminate pressure on occiput.

Supine—protects occiput by pressure removal, 
supports cervical curve, inhibits tonic lab refl ex
Side-lying—protects lower ear and supports 
cervical curve

Copyright © Laurie Rappl.

10.3TABLE Positioning Supplies for Recumbent Position

Sussman_Chap10.indd   303Sussman_Chap10.indd   303 7/25/2011   5:26:33 PM7/25/2011   5:26:33 PM



304 PART II ■ Management by Wound Etiology

2 hours and monitor again. The goal is to build up the tolerance 
of the tissues to the new sitting surface, allowing the skin to tell 
you when it is beyond its tolerance by redness that is slow to 
remit. Continue this process of gradually increasing sitting time 
until a full day of safe sitting is achieved.

Similarly, some patients can build skin tolerance to spend 
a full night in one position. This should be determined care-
fully, with a gradual increase in time between position changes, 
and a careful inspection of the skin on the weight-bearing 
surfaces for redness in a manner similar to that described for 
increasing sitting tolerance described above.

CONCLUSION

Positioning in the seated and recumbent positions requires 
constant learning, creativity, and patience. It is up to you to 
begin and continue the learning process by evaluating new 
technology as it is developed, determining client needs, assess-
ing features of new products, and matching needs with fea-
tures to optimally benefi t your patients. Because positioning 
is a dynamic process, reassessment is important. Schedule an 
appointment for a reassessment, so that you can monitor the fi t 
and functioning of the equipment and modify it to match the 
patient’s changing needs.

SELF-CARE TEACHING GUIDELINES

Patients and caregivers must be taught as much as possible about 
the equipment that has been prescribed, including why each 
piece was chosen, how to use it properly, where it was ordered 
(for warranty repair), and how to care for it. When changing to 
a new seat cushion, some patients may need to use a weaning on 
schedule because new equipment can sit the client differently or 
put loads on the skin in patterns different from those of the old 
equipment. A sample of such a schedule follows:

Day 1: 1 hour in morning and afternoon; assess skin response 
after each session.

Day 2: 1.5 hours in morning and afternoon; assess skin 
response after each session.

Day 3: 2 hours in morning and afternoon; assess skin 
response after each session.

Increase the sitting time gradually while checking to see that 
any redness disappears in a time equivalent to the amount of 
time sitting. If it takes longer, decrease sitting time to an ear-
lier step in the schedule and continue to monitor the skin. For 
example, if after 2 hours of sitting on the new cushion morn-
ing and afternoon redness is noted that does not go away in 
2 hours, decrease sitting time to 1.5 hours morning and after-
noon and monitor the skin for a few days. Then increase to 

Therapeutic Positioning for Pressure Ulcer Healing

History
The patient is a long-term resident of a skilled nursing facil-
ity. Past medical history includes surgical removal of a benign 
brain tumor 10 years prior to current therapy intervention. 
She has paralysis of the lower extremities and signifi cant cog-
nitive defi cits (see Fig. 10.18A,B). She sits in a wheelchair for 
6 hours, two times per day, for a total of 12 hours daily, and 
is totally dependent for changing position in bed and sitting. 
She requires a two-person assist for all transfers. She is totally 
dependent in all ADLs (feeding, wheelchair propulsion, dental 
hygiene, dressing).

Reasons for Referral
• Right IT tuberosity pressure ulcer, stage III, increasing in 

length, width, and depth.
• Hyperactive refl exes, extensor synergy in trunk and hip 

musculature with mild fl exion contractures in knees that 
make positioning in bed and pressure relief in wheelchair 
diffi cult.

Examinations
Neuromuscular
Refl ex exam shows hyperactive refl exes of the trunk and hip 
present in recumbent and sitting positions.

Musculoskeletal
Muscle strength exam. Trunk strength is poor, and upper 
extremity strength is fair but not functional. The patient has 
no volitional movement in lower extremities.

ROM exam. All joint ranges of motion are within func-
tional limits with the exception of knee fl exion contractures, 
which measure 20 degrees bilaterally. There is a fl exible right 
pelvic obliquity, 2 inches lower on the right than on the left.

Postural exam. The patient prefers full fetal position with 
fl exion of all major joints in side-lying when recumbent; in 
supine recumbent position, head and neck are hyperextended 
into the pillow, and extensor posture dominates at all other 
major joints. In sitting, she demonstrates trunk, hip, and knee 
extension with pelvis sliding forward on the seat and into 
posterior tilt, and the cervical spine is in hyperextension. She 
is bearing weight on her hands and right hip. The right side 
of the pelvis is rotated and tilted posteriorly. The right hip is 
externally rotated, and the left hip is internally rotated. Both 
knees are fl exed (see Fig. 10.18A).

Activities of daily living (ADLs). The patient is unable to 
move or change positions volitionally in the bed or wheelchair. 
She is dependent in all transfers, requiring total assistance of 
two-person transfer. She is dependent for all ADLs, including 
feeding, hygiene, dressing, and wheelchair propulsion.

Sensory
The patient is unable to detect deep or surface pressure on sit-
ting surfaces and lower extremities.

Integumentary
The patient has a Braden Scale pressure ulcer risk assessment 
score of 12, which is considered high risk (see Chapter 9).

She presents with a stage III pressure ulcer on the right IT 
tuberosity, measuring 3 cm × 3 cm × 1 cm deep. The pressure 

CASE STUDY     
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ulcer is 50% yellow slough and 50% granulation tissue. The sur-
rounding skin is pale, and the perimeter is macerated. Drainage 
is serosanguineous. No undermining or tunneling is present.

Interface pressures over the sacrum, trochanter, heels, and 
shoulders in the supine and side-lying positions in bed were 
considered unsafe, as they ranged from 70 mm Hg to greater 
than 100 mm Hg and were higher than the fl at surfaces of the 
body. Interface pressures over the right IT tuberosity and coc-
cyx in the sitting position in the wheelchair were also consid-
ered unsafe, as they were greater than 100 mm Hg and higher 
than the fl atter areas of the sitting surface.

Evaluation
Muscle weakness and joint impairment contribute to her 
inability to weight shift in the sitting and recumbent posi-
tions. She has a learned disuse of her arms and does not 
demonstrate postural movement strategies to change her 
position. Her sitting posture puts her at a biomechanical dis-
advantage to use her weakened muscles, which prevents func-
tional movement. The stage III pressure ulcer over the right 
IT tuberosity is a consequence of her inability to weight shift 
off of the bony prominence of the IT. Maceration around the 
wound site is probably a combination of factors that disrupt 

the moisture balance in the area, including heat and moisture 
build up around her seat cushion, the 6-hour period of time 
she is seated in her wheelchair twice daily, and possible wound 
exudate and/or incontinence. Her sensory impairments on 
the seating surface and impaired cognition contribute to her 
tissue breakdown.

Functional Diagnosis
Patient is disabled and unable to fulfi ll functional roles due to 
her lack of mobility, putting her at risk for pressure ulcers on 
bony prominences.

Need for Physical Therapist Services
The patient needs intervention by a physical therapist to 
achieve the following goals:

1. Healing the pressure ulcer
2. Correct postural alignment, including ability to shift 

weight and redistribute pressures on the seating surface off 
of bony prominences to tolerant areas

3. Retrain functional movement for weight shifting and use 
of upper extremities

4. Reduce risk of additional ulcerations

FIGURE 10.18 Therapeutic positioning for pressure ulcer healing. A: Before therapeutic positioning. Note cervical and 
trunk hyperextension, pelvis/chest restraint, right pelvic obliquity, hips forward on seat, lower extremities unsupported. 
B: After therapeutic positioning. Note that head, neck, and trunk are in good postural alignment and are in a safe and 
functional position. Shoulders are relaxed and equal, and hands are in clients lap. She is facing forward and able to 
make eye contact. The knees are level and lower extremities are supported. (Courtesy of Debby Hagler, PT, Cheyenne 
Mountain Rehabilitation.)

CASE STUDY (continued) 
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Prognosis
1. The ulcer will heal.
2. The risk of further pressure ulceration will be reduced by 

positioning intervention to allow restoration of functional 
mobility.

3. Adaptive support surface and positioning equipment will 
aid in restoration of function.

4. The patient will sit in a functional upright position in 
wheelchair with a 90-degree hip-to-back angle with a side-
to-side wedged, pressure-eliminating seat cushion and 
a fi rm back cushion, with lower extremities supported and 
protected.

5. In the functional upright position, she will be retrained to 
use her upper extremities for self-care.

6. The sitting schedule will be changed to 2 hours, three times 
per day, for a total sitting time of 6 hours; the time up in the 
wheelchair will be coordinated with the meal schedule to 
facilitate safe swallowing, improved nutritional intake, and 
environmental stimulation. Sitting time will be increased 
gradually according to a prescribed sitting schedule.

7. The patient will be positioned in functional positions in 
supine and 30-degree side-lying positions on a prescribed 
support surface in bed, with safe interface pressure read-
ings on all bony prominences in all positions.

8. Staff will demonstrate correct use of all equipment sup-
plied and therapeutic positioning of this patient at all 
times, whether in bed or in the wheelchair.

Intervention: Therapeutic Positioning
Recommendations for adaptive seating equipment.

1. Wedged seat assembly with 5 inches on one side, decreasing 
to 3 inches on the other, with full pressure-relief pocket at 
ITs and coccyx, sized to distribute pressure fully over poste-
rior trochanter and thighs

2. Firm back support to maintain an 85-degree seat-to-back 
angle to prevent extensor synergy

3. A positioning hip belt secured midway down the seat rail to 
fasten at a 90-degree angle to the thigh to assist in keeping 
the pelvis and lower extremities in appropriate position

4. Padded lap tray to provide upper extremity and trunk 
support

5. Footrests, calf support, and protective footwear to protect 
and support lower extremities and facilitate appropriate 
positioning

6. Hip abduction wedge to inhibit adductors and extensors 
and to facilitate positioning and pressure distribution on 
the seat assembly

7. Analysis of patient using adaptive equipment for appropri-
ateness and safety

8. Instruction of caregivers in correct use of positioning 
devices

Recommendations for therapeutic positioning in bed.

1. A self-adjusting, dynamic air/foam mattress replacement 
to encourage mobility and allow skin protection

2. Positioning in a 30-degree side-lying position to distribute 
interface pressure away from the trochanter and shoulder

3. Wedges and a pillow placed between the knees to maintain 
the side-lying position

4. In supine, use of a leg-elevating positioning cushion to 
facilitate reduction in hip extensor muscle hyperactivity, 
accommodate for the knee fl exion contractures, and posi-
tion heels off the bed

5. Head-positioning cushion to provide occipital and cervical 
spine support and prevent excessive cervical extension in 
supine

6. Over-the-bed trapeze and side rails, and encouragement in 
their use to assist patient in self-mobility

Assessment of a patient using recumbent positioning and 
pressure-relief devices for safety and proper pressure relief.

Staff instruction:

1. Instruction in appropriate use of all seating and bed-posi-
tioning supplies and equipment

2. Instruction in safe and effective position changes, transfers, 
and positioning in the bed and wheelchair

3. Provide instruction for two shifts of nursing personnel 
because of projected sitting schedule of 2 hours, three 
times per day, coordinated with the meal schedule

4. Provide instruction about monitoring strength, endurance 
for sitting, and skin tolerance under the new prescribed 
schedule

5. Follow-up assessment of staff for appropriate and safe use 
of devices and components of the devices

Functional Outcomes
1. The patient is able to sit in a functional and safe position 

for a total of 9 hours per 24-hour period (3 hours, three 
times per day).

2. Interface pressure is eliminated on the ITs and coccyx, and 
pelvic alignment obliquity is corrected.

3. With corrected postural alignment, movement has been 
facilitated, and she has learned improved motor control 
and better use of her weakened muscles in the neck, trunk, 
hips, and abdomen. She has recovered functional use of her 
arms and is now using her arms to feed herself and propel 
the wheelchair.

4. The patient is positioned in a safe and functional posi-
tion in bed on a nonpowered dynamic air/foam mattress 
replacement with safe interface pressure on all bony prom-
inences in all positions; in side-lying, using a wedge cush-
ion behind the back, a wedge cushion under the bottom 
leg, and a pillow between the knees; and in supine, using 
a leg-positioning cushion and head-positioning cushion.

5. The patient is able to assist in repositioning self from side 
to side, using the trapeze and side rails. No additional ulcers 
have developed. The risk assessment score is reduced to 16.

6. The pressure ulcer on the IT tuberosity is healed.

Note: Case study and photographs provided by Debby Hagler, 
PT, Cheyenne Mountain Rehabilitation.

CASE STUDY (continued) 
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REVIEW QUESTIONS

 1.  Healing rates for patients with existing pressure ulcers may 
improve by proper positioning
 A. in the least active position
 B. in the most functional position
 C. in the sitting position only
 D. in the recumbent position only

 2. Which statement is true?
 A.  A fl exible deformity can potentially be corrected by 

therapy and/or equipment.
 B.  A fl exible deformity can potentially be corrected by 

therapy but not by equipment.
 C.  A fi xed deformity can potentially not be corrected by 

therapy or equipment.
 D.  A fi xed deformity can potentially be corrected by ther-

apy but not by equipment.
 3.  Which of the following support surfaces is correctly paired 

for its purpose?
 A.  Alternating pressure for patients with pressure ulcers 

and excessive perspiration
 B. Static pressure for immobile patients

 C.  High-air-loss therapy for patients with pressure ulcers 
and excessive perspiration

 D. Low-air-loss for patients who are mobile
 4.  The most vulnerable area for tissue breakdown when sit-

ting is
 A. femurs
 B. sacrum
 C. coccyx
 D. ITs

 5.  When a patient is placed on a relatively fl at surface, the tis-
sues over bony prominences most likely to break down are
 A. occiput and sacrum
 B. sacrum and heels
 C. heels and malleoli
 D. shoulders and trochanters

RESOURCES

Motor Control Theory
Shumway-Cook A, Wollacott MH. Motor Control: Theory 
and Practical Applications. 2nd ed. Baltimore, MD: Lippincott 
Williams & Wilkins; 2001.

The following is a representative listing of manufacturing 
sources for the categories of seat cushion products discussed 
in the text. Some manufacturers have products in multiple 
categories.

Pressure Reduction
AliMed; Ken McRight Supplies - Bye-bye Decubiti; Maddak 
Skin-Care; Span-America Medical-Geo-Matt

Generic Contour
Cascade Designs–Varilite; Crown Therapeutics-Roho family; 
Jay Medical-Jay basic, Jay2; Span-America Medical-Geo-Matt 
Contour, EZ-Dish; Supracor

Selective Pressure Elimination
Span-America Medical-ISCH-DISH; Ride Designs

Customized Contour
Freedom Designs; Invacare–Contour-U; Otto Bock Shape 
System Signature 2000; Ride Designs

SCI Clinical Practice Guidelines
Paralyzed Veterans of America

Wheelchair Seating Standards
International Standards Organization Working Group-II

Support Surface Standards
Support Surface Standards Initiative (S3I); supported by the 
National Pressure Ulcer Advisory Panel (NPUAP) found at 
www.npuap.org
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CHAPTER OBJECTIVES

One of the most important steps in the process of treating a 
patient with a nonhealing wound is to obtain an accurate 
assessment of the vascular supply. Without adequate perfu-
sion, healing is not possible regardless of the dressing selected 
or modality employed. It is important to assess both infl ow 
(arterial) and outfl ow (venous and lymphatic) in order to gain 
a complete understanding of the vascular status of the patient. 
The clinician must assess these systems at both a macro- and 
microvascular level.

It is imperative that tissue perfusion is analyzed within 
the paradigm of both the macro- and microvascular status. 
Conventional wisdom suggests that when there is adequate cir-
culation at the macro level, the microcirculation should also be 
suffi cient. In fact, both systems need to be assessed indepen-
dently in order to obtain an accurate assessment of the over-
all perfusion status. It is important to understand not only the 
anatomy for each system but also the connections between the 
systems, interdependencies, and oftentimes similar pathophysi-
ological mechanisms that lead to ulceration and nonhealing. In 
general, the arterial system delivers blood, oxygen, and nutri-
ents to the tissues. The venous system returns oxygen-depleted 
blood along with toxic metabolic products back to the central 
circulation. The lymphatics drain the interstitial spaces and 
provide an immune function by trapping bacteria and debris in 
the lymph node network. The lymphatic system is very impor-
tant but is discussed elsewhere in this textbook (see Chapter 
19). Because of the complexity of vascular ulcers and the need 
to attend to both the macro- and microvascular level of both 
the arterial and venous system, in this chapter, we present the 
anatomy, pathophysiology, clinical signs, diagnostic testing/
treatment options, and anticipated outcomes for each circula-
tory system and vascular level separately.

Wound healing is inextricably linked to the vascular system. 
Without adequate blood fl ow, with its supply of nutrients and 
oxygen, the repair process of adult tissue would be impossible. 
Because of the tremendous growth and interest in the fi eld of 
vascular medicine, a bias has developed toward the diagno-
sis and treatment of macrovascular problems. Interventional 
procedures and surgical techniques have been perfected giv-
ing many patients a chance at limb salvage and wound healing 
that were not available even a few years back. Macrocirculation 
refers to the named vessels that can be seen with the unaided 
eye and are amenable to interventional or surgical manipula-
tion. As a result of the emphasis placed on the macrovascular 
system, there is a misconception that the presence of adequate 
macrovascular fl ow alone will result in successful healing or 
limb salvage. Recently wound care clinicians are turning their 
attention to the status of the microcirculation in order to pre-
dict healing. The microcirculation refers to an enormous “web” 
of microscopic vessels and their communications, which the 
skin and other organs are dependent on for nutrients and oxy-
gen.1 Studying wound healing along this paradigm requires a 
refocusing of traditional views from a macro level to the micro 
or cellular level. At this level, there are many commonali-
ties across tissue types in relation to infl ammatory responses 
and repair processes. Dr. Karl Weber proposed a “common 
ground” theory as he answered the question: “What charac-
teristics of tissue are common to most organs?”2 His theory 
eloquently describes a common ground at the organ (stroma 
and mesenchymal cells), cellular (fi broblast-like cells), and 
molecular level (genes that govern phenotypic expression). In 
this chapter, every effort is made to provide the reader with 
up-to-date, evidence-based information that can be used in 
clinical practice.

At the completion of this chapter, the reader will be able to:

1. Explain the pathophysiology underlying vascular ulcers of venous and arterial origin attending 
to both macro- and microvascular dysfunction.

2. Discuss assessment of the patient with vascular ulcers.
3. Identify diagnostic tests appropriate for the patient with vascular ulcers.
4. Describe the general guidelines for treating vascular ulcers of venous and arterial origin.
5. Discuss effective management strategies for vascular ulcers of venous and arterial origin.

William J Ennis, Martin Borhani, and Patricio Meneses

Management and Diagnosis 
of Vascular Ulcers11
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SIGNIFICANCE

In the United States, the most common cause for leg ulceration 
is venous disease. While most clinicians have learned to appre-
ciate the importance of compression as a mainstay of therapy, 
there is still much confusion over the classifi cation of venous dis-
ease and how the underlying venous hemodynamics can impact 
therapeutic decisions. When reviewing the wound care literature, 
it becomes apparent that most studies have “lumped” all venous 
ulcers together rather than separating them into groups using 
accepted classifi cation systems endorsed by vascular surgery 
societies. This makes both meta-analysis and interstudy com-
parisons very diffi cult. Although there has been a tremendous 
focus in the United States on surgical innovations within arte-
rial surgery, surgical options have, until recently, been limited for 
venous surgery. Studies report that venous ulcers can take from 
6 to 12 months to heal despite an adequate treatment protocol.3 In 
addition, up to 70% of venous ulcers are thought to recur within 
5 years of closure.4 Venous ulcers are often painful and are attrib-
uted as the cause for up to 2 million work days lost to disability. 
An estimated 3 billion dollars is spent annually on the treatment 
of venous disease in the United States.5 Due to this extreme mor-
bidity and cost to the health-care system, the American Venous 
Forum has recently published a report targeting a reduction in 
venous leg ulcerations (VLUs) within 10 years.6

While much attention has been given to the treatment 
of arterial disease, surprisingly little improvement in over-
all amputation rates have been achieved in the United States. 
Endovascular procedures are proliferating with little evidence 
to support long-term outcomes. In addition, there is a poor 
understanding of the importance of the anatomic distribution 
of the target vessel for revascularization and the overall fi nal 
outcome of a healed wound. Lastly, the impact of the microcir-
culation continues to be frequently overlooked when treating 
arterial disease. Limb loss is often preceded by a small, painful 
ischemic ulcer on the foot (see Fig. 11.1).

ARTERIAL MACROVASCULAR SYSTEM

The arterial system begins at the ascending aorta as it provides 
the exit pathway from the left ventricle. The aortic arch, which 
has several branches, including the brachiocephalic trunk, the 
left carotid, and the left subclavian artery, is the continuation of 
the ascending aorta. Further downstream is the thoracic aorta 
and as this large muscular artery descends through the dia-
phragm, it becomes the abdominal aorta. The abdominal aorta 
terminates in a bifurcation (right and left common iliac arter-
ies) at about the level of the umbilicus. The clinician should 
check for abdominal pulsations at this level and listen with a 
stethoscope for the presence of bruits, which could be signs of 
an aneurysm or atherosclerotic narrowing. Each of the com-
mon iliac arteries then divides in the pelvis, into an internal 
and external iliac artery. The internal iliac artery provides the 
vascular supply to the pelvic viscera and musculature, the glu-
teal region, medial thigh, and perineum. This vessel cannot be 
examined through the traditional methods of pulse exam, or 
handheld Doppler due to its anatomical location and is there-
fore signifi cantly undervalued during wound care evaluations.

The external iliac artery becomes the common femoral 
artery as it passes underneath the inguinal ligament. Draw a 
line in your mind between the anterior superior iliac spine 
and the pubic tubercle. This is the location of the inguinal 
ligament. As you palpate the pulse and auscultate the vessel 
with your stethoscope in the groin, you are feeling and lis-
tening to the common femoral vessel. Within a few centime-
ters from the groin, the common femoral artery divides into 
the superfi cial femoral and the profunda artery (Fig. 11.2). 
The profunda courses laterally into the thigh and is the chief 
blood supply to the thigh. It is the profunda that allows for 
healing of an above knee amputation when the superfi cial 

FIGURE 11.1 Arterial ulcer on the top of the foot. (Courtesy of W. Ennis.)

CLINICAL WISDOM

Importance of Internal Iliac Artery in Development 
of Sacral and Gluteal Ulcers
A patient in the Intensive Care Unit who develops a rapidly 
expanding area of eschar and necrosis after a vascular sur-
gery procedure is often labeled as having an incident pres-
sure ulcer. Currently, a pressure ulcer that occurs during a 
hospital stay has clinical, economic, and legal implications 
for both the hospital and the nursing unit.7 The more likely 
scenario is a thromboembolic event involving the internal 
iliac artery that results in an acute occlusion with subsequent 
muscle necrosis. The overlying skin eventually fails and the 
wound looks like a pressure ulcer and is in the correct ana-
tomic location, but the rapid onset and temporal relation-
ship to the surgical procedure should lead the clinician to 
make this alternate diagnosis.8 In addition, the failure of a 
gluteal pressure ulcer to respond to surgical debridement 
and negative pressure wound therapy can be secondary to an 
inadequate internal iliac perfusion to allow for tissue growth. 
These two scenarios point out the importance of under-
standing the vascular anatomy that supplies any location of 
the body you are asked to evaluate for a nonhealing wound.
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femoral artery is occluded. Through a series of collaterals, 
the profunda can supply the lower leg and is often patent 
despite signifi cant proximal atherosclerotic lesions. Lower 
in the leg, the superfi cial femoral artery passes through the 
adductor canal and becomes the popliteal artery. The popli-
teal artery passes behind the knee to give off the anterior tibial 
vessel as the popliteal passes deep to the tendinous arch of 
the soleus (Fig. 11.3). The anterior tibial vessel supplies the 
anterior compartment of the leg and ultimately becomes the 
dorsalis pedis as it passes the ankle into the foot. The pulse 
on top of the foot therefore is a refl ection of the patency and 
fl ows through the anterior tibial artery. It is also important 
for the clinician to understand that an ulcer anywhere within 
the anatomical location of the anterior compartment would 
primarily be supplied by the anterior tibial artery. Collateral 
vessels could perfuse this region but would not likely deliver 
pulsatile fl ow as would be anticipated with direct axial blood 
fl ow from the femoral artery directly into the anterior tibial 
vessel. The tibioperoneal trunk is the name given to the ves-
sel immediately distal to the anterior tibial takeoff. This vessel 
then divides into the posterior tibial and the peroneal arter-
ies. The posterior tibial vessel supplies the posterior compart-
ment of the lower leg and foot and is the vessel responsible 

FIGURE 11.2 Normal arterial anatomy in the pelvic region. An angio-
gram demonstrates the usual course of the right iliac vessels: common 
iliac (CI), external iliac (E), and internal iliac (I) arteries. The external 
iliac artery becomes the common femoral artery (CF) when it crosses 
the inguinal ligament and gives rise to the profunda femoris artery (P) 
and the superfi cial femoral artery (SF).

for the pulse you feel behind the ankle on the medial side. 
The peroneal artery descends obliquely toward the fi bula and 
passes along its medial side. Distally, the peroneal gives rise 
to a perforating branch and terminal lateral malleolar and 
calcaneal branches. The diabetic patient frequently has only a 
patent peroneal artery remaining below the knee, giving rise 
to the term “diabetic peroneal leg.” Since the peroneal artery 
terminates at the level of the ankle, this vessel often does not 
provide adequate fl ow to heal a distal toe, or foot ulcer. An 
important anatomical concept, the angiosome, is discussed in 
a subsequent section of this chapter. It is extremely important 
that the clinician maps out the underlying blood supply that 
feeds the location of the ulcer prior to making therapeutic 
decisions.

FIGURE 11.3 Normal arterial anatomy in the lower extremity. An 
angiogram of the left lower extremity demonstrates the usual course of 
the vessels. The superfi cial femoral artery traverses the adductor mag-
nus canal to become the popliteal artery (P), which bifurcates into the 
anterior tibial artery (AT) and a tibioperoneal trunk. The tibiopero-
neal trunk also bifurcates to give rise to the posterior tibial (PT) and 
peroneal (Pe) arteries. The peroneal artery terminates at the ankle, and 
only the anterior and posterior tibial arteries travel into the foot. The 
anterior tibial artery continues in the foot as the dorsalis pedis artery, 
and the posterior tibial artery bifurcates into the medial and lateral 
plantar arteries.
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The ulcers are usually secondary to minor skin trauma that the 
patient rarely remembers. Small, punched out lesions appear, 
frequently on the top of the foot or toes that are extremely pain-
ful. There is little exudation and the symptoms seem out of pro-
portion for the small wound that is seen on exam as shown in 
Figure 11.1.12 Classifi cation systems include the Rutherford and 
Fontaine and should be utilized in order to accurately report a 
patient’s status and to communicate with other clinicians using 
the same language (see Table 11.1).

Management of Ulcers Caused by Arterial 
Macrovascular Dysfunction
The ischemic ulcer is usually a dry, punched out wound located 
on the toes, dorsal foot, ankle, or less frequently the anterior 
tibial region. The ulcers are characteristically painful and have 
scant drainage. The pain often appears out of proportion to the 
size of the wound. Providing a moist environment will help 
with the pain and potentially allow for some granulation tis-
sue formation, but these positives must be balanced against the 
danger of creating a macerated wound with a local infection. 
Oftentimes, the use of cadexomer iodine or a silver product that 
maintains a dry environment is the most appropriate solution 
while awaiting the macrovascular tests and possible revascular-
ization. The decision to debride should be thought through very 
carefully as it is very possible to create a new, expanded nonheal-
ing wound. In addition, frequently after a local debridement of 
an ischemic wound, the wound bed becomes necrotic within 
a day and the clinician can be pulled into a cycle of frequent 
debridements that never achieve a healing wound environment.

Clinical Signs and Symptoms of Arterial 
Macrovascular Dysfunction
The clinical history should focus on the recent and remote 
functional status of an individual. The majority of patients with 
underlying atherosclerosis will be asymptomatic making the 
physical exam and Doppler study extremely important. In most 
reports, for every symptomatic patient, there is on average three 
to four patients who have asymptomatic peripheral arterial dis-
ease (PAD).9 The prevalence of PAD increases from 3%–10% 
to upwards of 20% overall for patients over the age of 70.10 The 
most common symptom of arterial disease is claudication. This 
term is taken from the Latin “Claudicos,” which literally means 
to limp. However, the patients will give a description of heavi-
ness, tired legs, a dull ache, cramping, or pain rather than a 
complaint of limping. The hallmark fi nding for this diagnosis 
is a history of a consistent amount of exertion that results in 
symptoms. For example, claudication is likely if a patient states 
that he develops pain in the calf while walking to the mailbox 
from the garage on a daily basis. The symptoms must arise each 
time the exertion occurs and should be completely relieved by 
standing still for a couple of minutes. If however on several 
days the patient can ambulate for a mile and the next day only 
100 yards induces similar symptoms, the likely diagnosis is 
“pseudoclaudication.” Pseudoclaudication relates to a similar 
set of clinical symptoms as with claudication; however, they are 
caused by neurocompression, usually in the lumbosacral spine. 
In addition to inconsistent distances resulting in symptoms, the 
patient with pseudoclaudication will often describe the need to 
sit or stretch in order to eliminate the discomfort compared to 
true claudication in which patients usually stand still for several 
minutes. Time should be taken to carefully separate these two 
clinical entities. The anatomic area where the patient describes 
symptoms can provide a clue as to the location of the under-
lying atherosclerotic stenotic region of the blood vessel. The 
affected muscle group will be one level below the arterial ste-
nosis. For example, a patient with thigh claudication will have a 
blockage in the external iliac artery. Calf pain is usually second-
ary to a blockage in the adductor canal within the superfi cial 
femoral artery. The natural history for patients with claudica-
tion is usually benign with 75% of patients remaining stable 
over time.11 Rest pain is discomfort in the foot (usually below 
the level of the malleoli) that occurs consistently when the legs 
are placed horizontal. Patients initially are awakened with pain 
and go to the bathroom to take medicine or “stretch” and the 
pain subsequently resolves. It is actually the upright position 
that allows for the increased fl ow and the resolution of isch-
emic pain. Over time, the patients will begin to hang their feet 
over the side of the bed and, as symptoms progress, sleep in a 
lounge chair with their head up and feet down. Interestingly, 
patients will not usually share these symptoms with the clini-
cian without a probing in-depth history. The patients tend to 
believe they simply sleep better in a chair, do not want to bother 
spouses by frequently getting up, and are getting a better night’s 
sleep in the chair without realizing that the symptoms are what 
lead to the alterations in body position and sleeping patterns. 
This can occur because often the progression of vascular dis-
ease is slow, and the patients simply lose track of time and 
how they have been changing their habits to accommodate the 
symptoms. Tissue loss is the end-stage manifestation for PAD. 

RESEARCH WISDOM

Risk Factors for Arterial Dysfunction
Risk factors for atherosclerosis include advanced age, non-
white race, diabetes, and smoking.13–16 Symptoms can pres-
ent with ulceration and limb-threatening infections as there 
is not always a linear progression from asymptomatic ath-
erosclerotic disease through claudication, rest pain, and 
ulceration. Amputation however is still surprisingly unlikely 
outside of the diabetic population.

CLINICAL WISDOM

Role of Microorganisms and Arterial Ulcers
Bioburden management takes on a more important role in a 
patient with an ischemic ulcer. Since there is limited perfusion, 
and delivery of white cells to the wound, bacteria can multiply 
without the host being able to respond. Systemic antibiotics 
are frequently prescribed; however, it should be remembered 
that the antibiotic is carried through the blood stream, and it 
is unlikely that an adequate tissue level will be achieved within 
ischemic tissue. This is why the use of concomitant topical 
agents becomes so important in this patient population.
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Arterial

Fontaine Rutherford

Stage Clinical Grade Category Clinical

1 Asymptomatic 0 0 Asymptomatic

2a Mild claudication 1 1 Mild claudication

2b Mod-severe 1 2 Moderate

3 Rest pain 1 3 Severe

4 Ulcer/gangrene 2 4 Rest pain

3 5 Minor tissue loss

3 6 Major tissue loss

Venous CEAP

Clinical Etiology Pathophysiology

C0 No visible signs Ec Congenital Pr Refl ux

C1 Telangiectasia or reticular vein Ep Primary Po Obstruction

C2 Varicose veins Es Secondary Pr,o Refl ux and 
obstruction

C3 Edema En None identifi ed Pn No path identifi ed

C4a Pigmentation and/or eczema

C4b Lipodermatosclerosis and/or atrophie 
blanche

C5 Healed venous ulcer Anatomic

C6 Active venous ulcer As Superfi cial vein

S Symptoms are present Ap Perforator vein

A Asymptomatic Ad Deep vein

An No location noted

Diagnostic Tests for the Arterial 
Macrovascular System
The initial arterial evaluation focuses on the macrocircula-
tion and begins with the palpation of peripheral pulses. Ankle 
pulses are however not suffi cient to detect impaired arterial 
circulation, and additional testing is frequently required for 
the patient with leg ulcerations.17 When interpreting an ankle 
brachial index (ABI), it must be remembered that in patients 
with diabetes, renal failure, and often in the elderly, medial cal-
cifi cation of the blood vessel leads to an incompressible blood 
vessel resulting in falsely elevated values.18 Performing an ankle 
arm index is useful not only for wound healing prediction but 
also as an overall marker for cardiovascular health.19,20 A useful 
option for the patient with heavily calcifi ed vessels is the use 
of a toe/brachial index (TBI).21–23 Using the TBI in combina-
tion with Doppler waveform analysis, the wound clinician can 
obtain a more accurate picture of the macrovascular status of 
their patients. Only about 10% of patients presenting to an 
outpatient wound clinic will have isolated arterial disease as an 
etiology for their leg ulcer.24 Arterial duplex scans, segmental 

pressures including toe pressures, pulse volume recordings, 
magnetic resonance angiography (MRA), and rapid sequence 
CT scans are other noninvasive macrocirculation studies that 
may be ordered. An interventional angiogram is still considered 
the gold standard at this time although many facilities are uti-
lizing MRA as an alternative. After a complete assessment of the 
macrocirculation, the clinician’s attention must be turned to 
the status of the microcirculation. Adequacy of macrovascular 
fl ow does not ensure that healing will occur or that the micro-
circulation is functional.

ARTERIAL MICROVASCULAR SYSTEM

The circulation of the skin arises from cutaneous branches off 
subcutaneously located musculocutaneous arteries. A single 
artery pierces the dermis and divides into smaller arterioles.25 
A superfi cial and deep plexus of arterioles and venules is pres-
ent within the dermis, connected by multiple communicating 
vessels.26 The deep plexus is parallel to the skin surface and is 
located deep in the reticular dermis. The superfi cial plexus also 

Classifi cation Scheme for Both Arterial and Venous Disease11.1TABLE
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macrophages most of which are fi lled with lipid droplets. These 
fatty streaks are benign and may not lead to further problems 
but are thought to be the precursor lesions to advanced athero-
sclerotic plaques in the adult.35 Lesions can advance, gain lipid 
content, and vascularize to form stable or nonstable atheroscle-
rotic plaques. These lesions can either compromise the lumen 
or acutely dislodge and result in embolic phenomenon, respec-
tively. The fi rst theory of atherosclerosis focuses on the level 
of cholesterol in the blood. In particular, oxidized low-density 
lipoprotein (LDL) appears to be chemotactic for monocytes 
and T cells and is directly injurious to the endothelial lining.36,37 
This process continues over time with the ultimate develop-
ment of a lipid-laden atherosclerotic lesion. Other researchers 
have focused on the response to injury model as the primary 
etiology for atherosclerosis. More recently, infection and 
infl ammatory processes have been proposed as a mechanism 
for atherosclerosis. Infections with Chlamydia and the infl u-
ences of heat shock proteins are gaining attention as potential 
targets for therapeutic interventions.38,39

Clinical Signs and Symptoms of Arterial 
Microvascular Dysfunction
The clinical signs of abnormal microcirculation are more subtle 
than those of the macrocirculation and require keen observa-
tion and routine follow-up of patients with nonhealing wounds. 
A wound that has recently been debrided due to the presence 
of necrotic tissue along the periphery of the wound margin may 
redevelop the same necrotic tissue within 24 hours of the pro-
cedure. The clinician thinks it is secondary to desiccation and 
applies a wound gel and occlusion. The next day the wound bed 
is dusky and the perimeter is macerated. Another attempt at 
debridement results in a healthy appearing wound and perim-
eter, but the necrotic tissue returns again. This is a classic pic-
ture of a wound in which the microcirculation is inadequate to 
support the blood fl ow needed for healing. If this is not recog-
nized, the clinician may inappropriately debride multiple times 
resulting in a much larger nonhealing wound than the baseline 
measurements. This is a clinical example of microcirculatory 
pathology. The problem facing the clinician is an absence of 
quantitative, reproducible measurement tools to accurately diag-
nose the problem and, often, inadequate knowledge of therapeu-
tic modalities that might enhance the microcirculatory fl ow.

Diagnostic Tests for the Arterial 
Microvascular System
Specialized arteriovenous shunts (glomus bodies) important in 
thermoregulation, allow blood to bypass the capillary bed. This 
parallel circulation provides much greater blood fl ow than is 

lies parallel to the skin surface just below the papillary dermis 
 (subpapillary plexus). The majority of microcirculatory fl ow 
occurs in the superfi cial plexus. The vessels located at the plexus 
level include end arterioles, capillaries, and postcapillary venules. 
The venules are more numerous and can be recognized histologi-
cally by their multilaminated basement membranes in contrast to 
the homogeneous membrane seen in the arteriole.27 Many of the 
physiological events in the microcirculation, including changes in 
permeability, white blood cell (WBC) diapedesis, and vasculitis as 
a result of immune complex deposition on the vessel wall, occur 
at the venule.28 It is the superfi cial plexus that gives rise to the 
“capillary loop.” Projections of the dermis, along with accompa-
nying blood vessels and nervous tissue into the epidermis, make 
up the papillary system. Each papilla usually contains one capil-
lary loop, consisting of an intra- and extrapapillary segment.27

The red blood cells (RBC) move through the capillary with a 
velocity of 0.4 to 0.8 mm per second and remain in the capillary 
for several seconds allowing for exchange of gases and fl uids. 
Cardiac pulsations, autoregulation, and intrinsic vasomotion 
are all factors in capillary fl ow.29 Filtration is favored at the arte-
riolar limb of the capillary loop and absorption at the venular 
limb. Increases in pressure at either end of the capillary loop 
will lead to increased interstitial edema formation as capillary 
pressure exceeds plasma oncotic pressure. The body has a built-
in protective mechanism for capillary hypertension known as 
the venoarteriolar refl ex. As the increased pressure in the capil-
lary is sensed, a refl ex sympathetic response leads to a constric-
tion on the arterial side, thereby decreasing overall fl ow to the 
capillary and indirectly lowering the pressure. This mechanism 
is defective in the patient with diabetes. This defect, along with 
microsclerosis, which can occur in the microcirculation of the 
patient with diabetes, leads to abnormal responses to infl am-
mation, infection, and wound healing.30

Arterial Microvascular Pathophysiology
The microcirculation is initially compromised by arterial insuf-
fi ciency at the macro level. Over time, however, a series of com-
pensatory mechanisms can allow for adequate tissue perfusion. 
Hypoxic tissue induces a process known as angiogenesis (cre-
ation of new blood vessels from existing capillary networks).31 
More recently, it has been discovered that endothelial progeni-
tor cells (EPCs) can come from the bone marrow to hypoxic 
tissues and help create blood vessels de novo in a process known 
as vasculogenesis.32 Although these processes will not achieve 
the same level of tissue perfusion that is possible with a healthy 
macro fl ow, it can be enough to allow for wound healing to 
occur. Vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), and hypoxia-inducible factor 
(HIF1alpha) are all important in the process and are known to 
be defi cient in diabetic patients.33 If a patient has documented, 
compromised macrovascular fl ow and is not a candidate for 
revascularization, he or she should undergo testing of the micro-
circulation in order to determine the level of compensation that 
has occurred and if healing is likely at that baseline value. As dis-
cussed below, the microcirculation can improve, stay the same, 
or worsen after an attempt at restoring the macrovascular fl ow.

The process of atherosclerosis occurs at the cellular level 
and there have been three main theories proposed over the 
years. The initial lesion that can be seen even in children, is 
the fatty streak.34 There is an increase in the number of intimal 

RESEARCH WISDOM

Atherosclerosis and Response to Injury
Both shear and mechanical stress can induce biochemical 
changes through intracellular signal transduction pathways 
that lead to enhanced atherosclerosis through alterations in 
cell death, proliferation, and cytokine production.40–42
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These general strategies are then tailored as the  individual 
case dictates. Factors that may shift treatment strategy 
toward endovascular intervention instead of surgical bypass 
include patient age, prohibitive operative risks, limited 
expected lifespan, unsuitable autologous conduit for  distal 
revascularization, lack of adequate target vessel, or hos-
tile leg that prohibits surgical intervention. Examples of a 
“hostile” leg include marked edema, severe venous stasis 
changes, and open ulcers in the region of bypass target ves-
sel. Factors that may shift treatment strategy toward surgical 
intervention include severe renal insuffi ciency that precludes 
contrast dye administration required for endovascular inter-
vention. Additional considerations include the relationship 
between expected patency rates and likelihood of limb sal-
vage. Patients in whom short-term patency following endo-
vascular intervention are suffi cient for limb salvage are more 
likely to be treated by endovascular means than patients who 
require long-term patency to maintain limb salvage. It is crit-
ical therefore that communication between the wound care 
and vascular surgery team identifi es specifi c goals of therapy, 
so that the most appropriate treatment option is selected. 
Short-term goals of wound healing might be achieved 
through less invasive procedures allowing for more “defi ni-
tive care” procedures to be reserved for possible future symp-
tomatic vascular disease.

A patient may have compromised macro fl ow but due to 
compensatory mechanisms such as the development of collat-
eral fl ow be able to heal a wound. In a study of 111 patients 
with nonreconstructable vascular disease, the microcirculatory 
assessment was predictive of ultimate limb salvage.48 The cli-
nician can treat the microcirculation through the use of vari-
ous modalities that can increase angiogenesis and local blood 
fl ow to the wound bed.49 A concept known as the push-pull 
theory has been presented by the authors as a working theo-
retical construct.50 The push is achieved by the macrovascular-
based arterial reconstruction. Other forms of “push” include 
increasing cardiac output, volume resuscitation, and the use of 
medications in the treatment of shock. The pull component is 
achieved through the use of mechanical energy–based modali-
ties that lead to vasodilation and subsequent angiogenesis.49,51 
These therapies “pull” the blood fl ow toward the microcircula-
tion in a bimodal pattern that can be demonstrated through 
the use of a scanning laser Doppler.52 The “pull” is essentially 
created by decreasing peripheral resistance and increasing the 
quantity of available capillaries, a process known as capillary 
recruitment. After the initial increase in fl ow, mediated by 
nitric oxide release from the endothelium within the micro-
circulation, a second phase of increased microcirculatory fl ow 
is achieved through the process of angiogenesis. Local micro-
circulatory perfusion can also be infl uenced by both vaso-
constriction and adequate volume status. Noxious stimuli 
such as hypothermia, stress, pain and depression can all lead 
to increased sympathetic tone and subsequent decreased tis-
sue perfusion.53 Smoking, through the action of nicotine, can 
also result in decreased microcirculatory fl ow.54 Several medi-
cations including beta-blockers have been thought in the past 
to negatively impact the microcirculation, but with improved 
imaging techniques appear to be safe.55,56 Other medications 
(pentoxifylline) can be used to augment microcirculation and 
tissue perfusion.57

metabolically required at rest. The distinction between nutritive 
and nonnutritive fl ow is diffi cult to assess with indirect tech-
niques.43 For example, an indirect measurement of a near nor-
mal perfusion may be the result of shunted (nonnutritive fl ow) 
perfusion and may not refl ect “nutritive” (cutaneous) fl ow. It is 
therefore critical to assess not only fl ow (oxygen transport) but 
also cellular metabolism (oxygen utilization and energy produc-
tion). Intravital capillaroscopy can help visualize nutritive capil-
lary fl ow and quantify capillary density. The laser Doppler can tell 
us about the microcirculatory fl ow, but one would need to add a 
transcutaneous oxygen measurement to understand if the oxygen 
delivered to the tissue was utilized. As noted above, high levels of 
either shunted (nonnutritive fl ow) or dermal (nutritive) blood 
fl ow would be detected but not differentiated by laser Doppler. 
31P NMR spectroscopy data could reveal at a cellular level oxygen 
consumption by the cell. Near infrared spectroscopy and positron 
emission tomography (PET scan) are additional examples of mea-
surement tools for the microcirculation.44,45 Recently, clinicians 
are attempting to quantify the pressure in the skin by employing 
laser Doppler technology.46 The “skin perfusion pressure” might 
allow the wound clinician to use this value in combination with 
an ankle brachial pressure to begin to comprehensively analyze 
the perfusion on both the macro and micro level.

Management of Ulcers Caused by Arterial 
Microvascular Dysfunction
Patients who present with tissue loss are treated with a goal 
of restoring pulsatile fl ow to the wound bed whenever possi-
ble. For patients who will require concomitant or subsequent 
infrainguinal revascularization, it is more likely that a surgi-
cal rather than endovascular aortoiliac reconstruction would 
be performed in order to ensure optimal infl ow. Infrapopliteal 
occlusive disease is preferentially treated by saphenous vein 
bypass unless the distribution of disease is clearly focal and 
amenable to simple balloon angioplasty. If adequate saphenous 
vein conduit is not available and tibial disease is extensive, then 
the choice of alternative autologous vein or prosthetic conduit 
is weighed against endovascular intervention. If a suitable tibial 
target with axial runoff to the foot can be found, PTFE bypass 
with a distal vein segment adjunct, such as a Miller cuff or 
Linton patch, is performed.47 Otherwise, patients may be con-
sidered for extensive  endovascular-based interventions.

CLINICAL WISDOM

Inadequate Microcirculation for Healing
A clinical example of when the microcirculation is inad-
equate to support blood fl ow needed for healing is when a 
negative pressure therapy system is applied at a high pres-
sure on continuous mode to a freshly debrided wound in the 
operating room. The fi rst dressing take down reveals a dusky, 
nongranular bed. The surgeon reports the wound looked very 
good with brisk bleeding in the operating room. A follow-
up debridement with the reapplication of negative pressure 
therapy at a lower pressure, and intermittent suction, results 
in a red, moist, granular wound at the next dressing change.
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hypoxic tissue. More recently, measurements taken inside the 
hyperbaric chamber at pressures above 2.0 atmospheres abso-
lute have been shown to be more predictive of a potential heal-
ing response with hyperbaric oxygen therapy.60 Several reports 
have demonstrated healing of ischemic ulcerations through the 
use of pneumatic counter-pulsation therapy.61–63

Finally, amputation can be the most appropriate solution 
for some patients with ischemia and tissue loss. As previously 
described, when both the macro and micro fl ow is severely 
compromised, signifi cant time and expense can be wasted with 
a patient who ultimately ends up with an amputation at the end 
of a long, diffi cult treatment. During these treatments, patients 
can decondition and ultimately be unable to ambulate with a 
prosthetic after their amputation. Therefore, the decision con-
cerning limb loss should be individualized, multidisciplinary, 
and patient focused.

VENOUS MACROVASCULAR SYSTEM

There is a misconception amongst wound care clinicians that 
venous ulcerations are essentially all the same and rarely is 
there an effort to separate them by underlying pathophysiology. 
Most wound care literature reports healing outcomes by wound 
etiology without any attempt to divide venous ulcerations into 
subcategories. Despite the evidence supporting compression as 
the mainstay of therapy for venous ulcerations, it is common to 
see a patient in the clinic with a history of venous disease who 
has never received any compression therapy. In addition, the 
term venous ulcer is applied to many patients without any diag-
nostic testing. Many leg ulcers that are secondary to vasculitis, 
malignancy, vasculopathy, and trauma get labeled as venous 
ulcers, further confounding the results from case observa-
tional series. Improvements in both diagnostic ultrasound and 
an agreed-upon classifi cation system should make the future 
reporting of this disease state more accurate and will hopefully 
allow clinicians to tailor therapeutic options for specifi c con-
ditions. Recently, surgical-based procedures have been shown 
to help reduce the recurrence rate of venous ulcerations, which 
has historically been very high.64 The goal of this section is to 
review the anatomy, pathophysiology, clinical signs and symp-
toms, diagnostic testing, and treatment options.

Approximately 7 million people in the United States suf-
fer from venous insuffi ciency.65 It is thought that throughout 
the Western world the overall prevalence of venous ulcerations 
approaches 1%, but over the past 20 years, the prevalence and 
characteristics of chronic venous insuffi ciency (CVI) have 
changed.66 Due to the high prevalence of the disease, variabil-
ity in diagnosis, treatment, and patient conformance, there are 
high economic costs that include outpatient clinic visits, home 
healthcare, hospitalizations, and supplies.67–69 It is important for 
the wound care clinician to approach the patient with a sus-
pected venous leg ulcer with a consistent, algorithmic approach 
and to deliver the best evidence-based therapies based on the 
individual patient’s needs.

The veins in the lower extremity are divided into superfi cial, 
deep, perforator, and communicating veins. Perforating veins 
function as conduits between the superfi cial and deep system. 
The communicating veins however connect veins that are 
within the same system. In the foot, there are two subcutaneous 
venous networks located on the dorsum and plantar surface of 
the foot. A dorsal vein arch runs across the dorsal foot at about 

Management Strategies for Arterial Ulcers with 
Macro- and Microvascular Dysfunction
If a patient has a nonhealing wound, abnormal macrovascular 
fl ow studies, and microvascular studies (i.e., transcutaneous 
oximetry) that are adequate for healing, a trial of aggressive 
local wound care could be warranted. This assumes the patient 
does not have an infected wound or confounding comorbidity 
that would warrant rapid surgical correction. If after a 4-week 
treatment course no signifi cant improvement in either wound 
dimensions or quality of tissue is noted, then further invasive 
studies followed by revascularization or other surgical interven-
tions might be necessary. Approaching a wound patient in this 
manner avoids unnecessary high-risk procedures, puts a limit 
on treatment times, and can minimize potential harmful out-
comes. If the microcirculatory studies are abnormal, a trial of 
treatments aimed at enhancing the microcirculation (i.e., elec-
trical stimulation, growth factors, bioengineered tissue, and 
therapeutic ultrasound) could be used along with aggressive 
wound care for a short course. Systemic therapy along with life 
style modifi cations should also be employed where indicated.

When treating patients with ischemic ulcers, it is important 
to monitor for signs of infection. Ischemic tissue is vulnerable 
to infection due to decreased tissue perfusion with a concomi-
tant decreased number of polymorphonuclear cells to fi ght 
infection.58 The use of topical agents that control bioburden 
can play an important role in ischemic ulcerations; however, 
systemic antibiotics are required for deep infections and when 
infection appears to be advancing beyond the wound margins.

In situations in which patients have no open or endovascu-
lar options for reconstruction, and microcirculatory therapies 
have been exhausted, palliative symptomatic treatment should 
be considered if appropriate clinically. Pain control can be 
achieved through sympathetic block procedures and the use of 
spinal cord stimulators.59 Often a side benefi t of these therapies 
in addition to pain relief is increased microcirculatory fl ow. 
Hyperbaric oxygen should be considered for patients who either 
cannot undergo revascularization or have incomplete revascu-
larization as evidenced by the continued nonhealing of a wound 
despite a functional bypass. A transcutaneous oxygen test should 
be conducted on the periwound tissue with and without 100% 
oxygen via a nonrebreather to identify potentially reversible 

CLINICAL WISDOM

Overall Medical Management of the Patient with 
Arterial Macro- and Microvascular Dysfunction
Another aspect of treatment for the vascular wound patient 
is the overall medical management of their underlying ath-
erosclerosis. Frequently this is overlooked in PAD. With 
coronary disease, there is frequently an organized treatment 
regimen, but due to the myriad of clinicians who care for a 
patient with a lower extremity wound and PAD, often these 
important treatments fall through the cracks. Smoking ces-
sation is paramount not only for graft patency and wound 
healing but also for overall health.13,14 Aggressive lipid lower-
ing, hypertension control, and tight diabetic control are all 
important issues that require attention.15
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vein. The lesser saphenous vein runs between the heads of the 
gastrocnemius muscle and approximately 5 cm proximal to the 
knee crease and empties into the popliteal vein (Fig. 11.4). In 
over two-thirds of patients with venous disease, an intersaphe-
nous vein is located in the posteromedial thigh.71 There is much 
duplication and anatomic variants within the venous system 
making the noninvasive assessment via duplex scanning diffi -
cult even for trained sonographers. There are bicuspid valves 
throughout the superfi cial venous system that ensure unidirec-
tional fl ow toward the heart. There are more valves below the 
knee than above, and more on the medial side of the leg.

Deep veins of the lower extremity are paired with each cor-
responding artery. The proximal continuation of these paired 
veins is the popliteal vein, which continues as the femoral vein 
within the adductor canal in the lower thigh. Below the inguinal 
ligament the femoral vein joins the deep femoral (profunda vein) 
to become the common femoral. One of the important anatomic 
concepts for the wound clinician is to remember the continuation 
of the deep system into the external iliac vein, common iliac, and 
ultimately the inferior vena cava (Fig. 11.4). A patient presented 
to our hospital with a 3-day history of left lower leg swelling and 
erythema. She was admitted with cellulitis and, despite a normal 
white count and no fever, was started on antibiotics. Duplex scan 
of the leg was negative for deep vein thrombosis (DVT). After 4 
days, there was no improvement in the swelling or redness and 
a second duplex was also read as negative. She then had a PICC 
line placed and was being considered for transfer to a subacute 
for long-term antibiotics. Her leg continued to swell and now 
she complained of numbness, and extreme pain, and there were 
areas of soft tissue breakdown along the medial lower leg. We 
were consulted and noticed engorged labial and perineal veins 
that led us to order a venogram to be performed through the 
groin. The patient had a 99% stenosis of the left common iliac 
vein secondary to a rare condition known as May Thurner syn-
drome.72,73 After successful angioplasty and stent placement, the 
swelling and erythema resolved. Patients with frequent venous 
ulcerations and an inability to tolerate compression therapy need 
to be assessed for central venous stenosis as a number of reports 
cite an increasing frequency of iliac webs and stenotic lesions.74

Venous Macrovascular Pathophysiology
Overall, the purpose of the venous circulation is to return 
blood fl ow to the heart for reoxygenation. The overall move-
ment of blood fl ow in the venous circulation is dependent on 
pressure differentials. Pressures in the right atrium average 
between 4 and 7 mm Hg and in the supine position the venous 
pressure at the ankle level is between 12 and 18 mm Hg.75 Flow 
can proceed therefore from the ankle toward the heart in nor-
mal conditions in the recumbent position. When standing, the 
hydrostatic pressure at the ankle is 94 mm Hg. Venous return 
fl ows from the superfi cial system to the deep via the perfora-
tors, and then proximally toward the heart. The one-way valves 
act to ensure a directional fl ow pattern. The calf muscles act as 
a pump and eject over 60% of total venous volume with each 
contraction.76 With repeated contractions, a residual venous 
volume is reached. This volume is known as the ambulatory 
venous pressure (AVP) and remains beneath 22 mm Hg in 
normal conditions. As AVP exceeds 30 mm Hg, the incidence 
of VLU increases.77 Incompetent valves, poor muscle contrac-
tile function, or any outfl ow obstruction will result in elevated 
AVPs and increase the chances for VLUs.

the level of the metatarsal heads. The medial end of this arch 
continues anterior to the medial malleoli and up the medial side 
of the leg as the greater saphenous vein (GSV). Near the groin, 
the greater saphenous joins with multiple other veins at the con-
fl uence of the superfi cial inguinal veins, formally known as the 
saphenofemoral junction. The GSV is often duplicated in both 
the calf and thigh making accurate duplex examinations imper-
ative (see Fig. 11.4).70 The lateral end of the dorsal arch becomes 
the lateral marginal vein and ascends as the lesser saphenous 

RESEARCH WISDOM

Role of Venous Sinuses
There are as many as 150 perforating veins in the lower 
extremity and over the years debate over their contribution 
to venous disease has not been defi nitively proven. Venous 
sinuses are large veins that reside within the calf muscles 
and have tremendous volume capacity. There are no valves 
within the sinuses and they act as holding chambers that 
empty with the rhythmic contraction of the calf muscles, 
leading investigators to call them the “peripheral heart.”

FIGURE 11.4 Normal venous anatomy. A schematic diagram demon-
strates the veins of the lower extremity, which are divided into superfi -
cial, deep, and perforating veins.
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surgery, medical conditions, and family history of varicose 
veins and/or vein clots. The patient needs to be examined in 
the standing position in order to evaluate the venous system. 
Sit down on a stool in a room with good lighting and look for 
dilated or tortuous veins. The distribution of varicose veins 
will commonly follow either the greater or the lesser saphe-
nous vein distribution. Clinical signs of importance include 
the presence of a corona phlebectatica. This sign is diagnostic 
of elevated AVPs and appears as a fl are of intradermal varices 
along the medial aspect of the foot. Lipodermatosclerosis (LDS) 
refers to the hardened subcutaneous tissue in the lower half of 
the leg that is so common in patients with venous disease. LDS 
has both an acute and a chronic presentation. The acute form is 
often misdiagnosed as cellulitis due to the presence of a demar-
cated, erythematous, infl ammatory reaction that overlies an 
incompetent perforator.82,83 The chronic variant demonstrates 
pigmented skin that is densely attached to the underlying 
infl amed subcutaneous tissue. The tissue is hard to palpate and 
“wood like.” The location of chronic LDS coincides with the 
maximal sites of AVPs and is often the site of ulceration. White 
scar-like areas of the skin are referred to as atrophie blanche. 
Hyperpigmentation is secondary to macrophage uptake of local 
hemosiderin that has leaked from the microcirculation; how-
ever, a role for dermal melanocytes has been proposed.84 The 
varices can be percussed to trace out the pattern of the vein (Tap 
test of Chevrier), and through a series of maneuvers, known as 
the Trendelenburg test, the clinician can identify the level and 
location of deep to superfi cial refl ux.85

Although there are many diagnostic tests available for eval-
uating patients with venous disorders, the duplex scan has 
become the most important and should be considered a fi rst-
line assessment tool. Duplex scanning is a routine test to rule 
out acute DVT in the hospital setting. Duplex scanning is non-
invasive, portable, and readily available. Accuracy is generally 
reported as over 90% for detecting femoral-popliteal thrombo-
sis.86 There are four important components of all duplex scans 
and these include visualization of the vein, compressibility of 
the vein wall, spontaneous venous fl ow, and the ability to aug-
ment fl ow with a compression force distal to the probe. There 
is a considerable drop in accuracy of DVT detection below the 
knee in most institutions. The majority of patients presenting to 
an outpatient wound care center however are ambulatory and 
not at high risk for DVT; yet, the vascular lab may only provide 
the clinician with a DVT rule out study when a “vein study” is 
ordered. A comprehensive venous system duplex scan is time 
consuming and requires additional expertise in performing.

Refl ux is essentially a reversal of normal fl ow within the 
vein. There is always a small amount of physiological reversal of 
fl ow that is required to achieve vein valve wall apposition and 
closure. Refl ux beyond this small quantity is pathological and 
should be measured for all vein segments. Duplex scanning is 
essential in order to accurately classify patients using the CEAP 
classifi cation system.

In addition to duplex scanning, there are a number of other 
noninvasive tests available to the wound care clinician to assess 
venous function. Venous outfl ow can be measured with imped-
ance and/or strain gauge plethysmography.87,88 Air plethysmogra-
phy can be used to analyze the overall calf muscle pump function 
and venous hemodynamics through a noninvasive test.89

Clinical Signs and Symptoms of Venous 
Macrovascular Dysfunction
The clinical signs and symptoms of venous disease can be readily 
recorded using the CEAP classifi cation system (see Table 11.1). 
This system was initially created by the American Venous 
Forum in 1994.78–80 A major revision of the CEAP classifi cation 
was released in 2004.81 The main components of the classifi ca-
tion scheme describe the clinical, etiological, anatomical, and 
pathophysiological state of the venous system and the clinical 
consequences. Most papers in the vascular literature describe, at 
a minimum, the clinical scoring component of the CEAP when 
discussing venous leg ulcer patients. The revised CEAP added 
two subcategories of symptomatic and asymptomatic to the clin-
ical score that ranges from C0 (no venous disease) to C6 (active 
venous ulcer). Chronic venous disorder refers to a term that 
refers to all clinical grades from C1 to C6 while CVI specifi cally 
refers to classes C3–C6. The nomenclature is important as many 
wound clinicians use the terms interchangeably. The E stands 
for etiology. The underlying cause for the venous pathology can 
be congenital, primary, secondary, or a category in which no 
venous pathology was identifi ed. Congenital disorders such as 
Klippel-Trenauney refer to deformations of the venous system 
that are present at birth. Primary venous disease (PVI) refers to 
a degenerative condition of the vein walls and the valves and is 
more prevalent than secondary disease. This disorder is slowly 
progressive and can move from C1–C2 toward C4–C6 over time. 
Primary venous insuffi ciency should be separated from second-
ary due to important clinical and therapeutic reasons. Secondary 
venous insuffi ciency is what clinicians are classically taught about 
during their training. Some type of venous clot in the past leads 
to incomplete recanalization, increased venous pressures, and, 
over time, ulceration. Secondary venous insuffi ciency results in 
both refl ux and obstructive noninvasive fi ndings. Patients with 
secondary insuffi ciency often require anticoagulation and rarely 
benefi t from saphenous vein ablation and might even be harmed 
by the procedure. The last two components of the CEAP, ana-
tomical and pathophysiological classes, require a formal, com-
prehensive duplex scan in order to accurately classify.

Diagnostic Tests for the Venous 
Macrovascular System
The history and physical exam are performed prior to any non-
invasive or invasive venous testing. Obvious questions include 
history of prior ulcerations, thrombotic episodes, venous 

RESEARCH WISDOM

Use of CEAP Classifi cation
The use of the CEAP classifi cation system is widespread in 
the vascular surgery fi eld but is rarely discussed in the wound 
care community. Most healing outcomes related to venous 
leg ulcers fail to subclassify the VLU patients by CEAP crite-
ria. Future subgroup analysis of these reports might help to 
identify responders from nonresponders for a wide variety 
of advanced wound care products.
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Diagnostic Tests for the Venous 
Microvascular System
Diagnostic testing for the microcirculatory component of 
venous disease is limited. Laser Doppler imaging, transcutane-
ous oxygen, and intravital video capillaroscopy were employed 
to analyze patients with venous disease at the microcirculatory 
level.100 The fi ndings included lowered transcutaneous oxy-
gen levels, increased microcirculatory fl ow, a decrease in the 
number of capillaries and glomeruloid-like capillary architec-
ture. This has led investigators to monitor the effects of topical 
agents before and after therapy at a microcirculatory level.101,102 
Others have tried to monitor the microcirculation in venous 
disease after a 4-week trial of a moist wound care product.103

Management Strategies for Venous Ulcers with 
Macro- and Microvascular Dysfunction
The most important aspect of treating patients with venous 
disease is the application of adequate compression therapy. 
The Cochrane review fi ndings indicated that compression is 
always better than none, high compression is better than low 
compression, but failed to identify four layer as better than 
three layer.104,105 Despite these fi ndings, it is not uncommon for 
patients to present to the offi ce without ever having received 
compression therapy. Lack of knowledge on the part of the cli-
nicians and patient noncompliance are likely the two leading 
reasons for this outcome. The reader is referred to several ref-
erences that describe the various forms of compression, that is, 
inelastic versus elastic, and to Chapter 19.106

Surgical interruption of the saphenous vein has been a 
well-described therapy for many years, but with the advent of 
radiofrequency and laser ablation techniques, most clinicians 
are considering the less invasive treatment. Initially, thought 
to augment venous leg ulcer healing, the ablation of the saphe-
nous vein was shown to have a signifi cant effect on reducing 
venous ulcer recurrence but not overall healing in a random-
ized controlled trial.109–113 Patients should of course have docu-
mented refl ux via duplex scan prior to undergoing any invasive 
therapy. Controversy still exists surrounding the treatment of 
perforator vein incompetence. The Linton procedure was an 
open surgical approach in which perforators were ligated at the 
subfascial level.114 This surgery often resulted in wound com-
plications that led to the development of the SEPS procedure 

Recent advances in radiological imaging have improved the 
accuracy with which a clinician can diagnose venous outfl ow 
obstruction. Classically, contrast ascending venography was the 
method of choice to evaluate the venous system, while descend-
ing venography was employed for detecting refl ux. Computed 
tomography (CTV) or magnetic resonance imaging (MRV) can 
now help make the diagnosis of venous outfl ow obstruction.90,91 
The wound care clinician needs to keep this in mind when eval-
uating a recalcitrant venous leg ulcer patient. If the patient is 
complaining of extreme pain with the use of compression or 
the wound has failed to improve despite adequate compres-
sion, a consideration for central venous obstruction should be 
entertained.

VENOUS MICROVASCULAR SYSTEM 
PATHOPHYSIOLOGY

It is not the anatomy of the microcirculation that is unique 
in venous disease, but the pathophysiological alterations that 
are of most importance in the development of venous ulcer-
ations. Historically, it was John Homans who published on the 
etiology of venous ulcers in 1917 that led investigators to fol-
low a “stasis” model of venous insuffi ciency.92 Additional theo-
ries describing potential etiologies for venous ulcer formation 
included arteriovenous fi stula formation, diffusion block due to 
fi brin cuffs, and the activation and plugging of leukocytes.93–95 
The venous microcirculation was studied using quantitative 
morphometric analysis in 1997 by Pappas et al.96 This study 
described the distribution of macrophages, mast cells, and the 
extracellular matrix in patients with and without venous dis-
ease. Current attention surrounds the role of fi broblast senes-
cence, cytokine regulation of dermal fi brosis, and the role of 
matrix metalloproteinases.97–99

Clinical Signs and Symptoms of Venous 
Microvascular Dysfunction
The clinical signs of venous disease at the microcirculatory 
level include the visual appearance of the previously men-
tioned atrophie blanche. This area of white scar tissue essen-
tially represents a dermal infarct and the skin immediately 
surrounding it can be painful. Despite conventional wisdom 
that venous ulcers are not painful, many of them actually are 
quite uncomfortable for patients. Many patients describe pain 
that is worse when lying down, which complicates the history 
and makes the clinician think of arterial causes. The microcir-
culatory impact of hypoxia can lead to dermal ischemic pain 
that is relieved with dependency and worsened with eleva-
tion. Paradoxically, these symptoms improve with compres-
sion as the elimination of microedema allows for increased 
microcirculatory perfusion. The skin immediately surround-
ing the venous ulcer can demonstrate lowered transcutaneous 
oxygen values and is at risk for ulceration with only minor 
trauma. The repetitive cycle of ulceration and healing leads to 
increased scar formation, which is poorly perfused and is at 
risk for recurrent ulceration. Even minor shifts of leg edema 
can lead to repeated ulcerations due to decreased elasticity of 
the subcutaneous tissue.

RESEARCH WISDOM

Medication Treatment
Medical therapy for venous ulcers plays a small role in the 
United States but is more prominent in the European com-
munity. Pentoxifylline has level one evidence to support its 
use in the comprehensive treatment of venous leg ulcers. The 
drug was studied at 400 mg three times a day in two studies 
while a third trial utilized 800 mg three times a day.107 There 
are a myriad of other medication that have been studied, 
many of them with good supporting evidence.108
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fl uid. The compression therapy can be started at a low pressure 
and then gradually increased to try and increase patient accep-
tance of the treatment. Once the wound bed is stabilized, arterial 
disease ruled out, and compression initiated the patient should 
improve over 4 weeks with a decreasing wound area. Patients 
who fail to improve should be considered for biopsy to rule 
out alternative diagnosis and cultured and imaged to rule out 
central venous obstruction. Cultured skin substitutes have been 
shown to statistically increase the healing of venous leg ulcers 
and should be considered early if the patient fails the standard 
approach described.117,118 In recalcitrant cases, consideration for 
tangential excision of the entire wound and subcutaneous tissue 
can be performed with subsequent implantation of dermal sub-
stitutes in an effort to completely remove the pathological tissue 
causing the recurrent ulcers. Other forms of skin grafting have 
insuffi cient evidence at this time.119

(subfascial endoscopic perforator surgery).115 Surgeons have 
moved away from this procedure as it has proved time consum-
ing and there are a fair number of cases in which the most distal 
perforators cannot be accessed endoscopically forcing the sur-
geon to use an incision in addition to the endoscopic procedure.

The local wound care is no different for venous ulcers than 
other types of chronic wounds. Most venous ulcers are highly 
exudative and require absorptive dressings. There has been little 
evidence to support the use of any one dressing over another.116 
It is more important to match the characteristics of the wound 
with the characteristics of the wound dressing. It is important to 
protect the periwound skin through the use of some protective 
barrier cream. This is especially important along the inferior 
margin of the wound because as the patient stands, the wound 
fl uid moves down from the wound and can cause dermatitis and 
increasing skin loss due to the hostile nature of venous wound 

Venous Ulceration Case Study
JJ is a 65-year-old African American female with a history 
of type 2 diabetes, hypertension, and leg ulcers over the past 
10 years. She has had numerous treatments and each time her 
wound would heal and then recur within 1 year of healing. 
The patient was wearing compression stockings during each 
recurrence and has been compliant with her prescribed ther-
apies during each ulcer occurrence. During the most recent 
workup, a full duplex scan was ordered and the patient was 
found to have isolated severe saphenous refl ux with a com-
petent deep system. Her arterial Dopplers revealed bipha-
sic waveforms and normal ankle pressures. A biopsy of the 
wound edge was negative for malignancy and the immuno-
fl ourescent stains were negative for the presence of vasculitis. 
The patient’s sugars have been brought under good control, 
and after the wound failed to progress over 45 days, the deci-
sion was made to treat with a biological skin substitute. The 
patient was maintained in a multilayer compression wrap 
throughout the treatment and ultimately healed at 12 weeks. 
She was immediately placed in newly measured 30– to 
40–mm Hg stockings and was referred to a vascular surgeon 
for saphenous venous ablation. The procedure was successful 
and postoperative duplex scanning revealed complete elimi-
nation of saphenous refl ux. The patient maintained the use of 
her stockings and has remained ulcer free for 5 years.

Clinical Points
1. Always consider a wound biopsy for wounds greater than 

1 year in duration or in those wounds that have an abnor-
mal appearance.

2. Randomized controlled trial data support the use of com-
pression therapy, biological skin substitutes, and pentoxi-
fylline for venous ulcer healing and saphenous ablation for 
a decrease in recurrence rates.

Arterial Case Study
TI is a 44-year-old white male with a history of claudica-
tion since he was 15 years old. He is currently a stock clerk 

in a warehouse and is having a problem maintaining his 
position because of the limitations he experiences when 
trying to walk any distance greater than 400 ft. As well, he 
is currently suffering with a nonhealing wound located at 
the medial malleoli of the right leg. The wound is 1.8 cm2, 
0.1 cm deep, surrounded by a zone of hyperpigmentation, 
and completely fi lled with healthy-appearing granulation 
tissue. The wound has opened and closed several times over 
the past 5 years. The history is also positive for a prior inter-
ventional vascular procedure (balloon angioplasty) with 
concurrent use of urokinase (clot-dissolving medicine). 
A physical examination reveals a well-developed male with 
normal physical examination results. Pulses were present, 
with biphasic signals in both the dorsalis pedis and the pos-
terior tibial vessels. When the pulses were examined after 
the patient exercised for 5 minutes, they were noted to be 
absent. A CAT scan performed on the legs revealed the pres-
ence of an abnormally located medial head of the gastrocne-
mius muscle. The muscle in effect “traps” the popliteal artery 
and vein during active motion. The condition is known as 
popliteal entrapment syndrome. This fi nding was confi rmed 
with an angiogram. As the patient’s foot was actively plan-
tar fl exed, one could see the cutoff of contrast fl owing down 
the vessel. The treatment for this was the surgical removal 
of the medial head of the muscle, which freed up both the 
artery and the vein. The ulcer was then treated as a standard 
venous ulcer with local moist wound care and compression. 
The patient went on to heal and was able to resume normal 
activities again.

Clinical Points
1. The presence of a pulse does not preclude further investi-

gation if the symptoms warrant. As well, we have demon-
strated in this chapter that the presence of macrovascular 
fl ow does not always imply adequate microcirculation.

2. Consider evaluating both the ABI and the pulses after exer-
cise in a patient with a history compatible with vascular 
disease and palpable pulses at rest.

CASE STUDY     
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CONCLUSIONS

Arterial disease is a growing problem in the United States and 
there is an increased awareness of PAD within the general pop-
ulation. Wound clinicians need to understand arterial anatomy 
and be able to identify which artery is most responsible for tis-
sue perfusion within the region of the patient’s wound. There 
are numerous treatment options, both surgical and endovas-
cular, that may be appropriate to revascularize the patient with 
an arterial wound. The clinician needs to weigh many factors 
when deciding the best approach for a patient with an arterial 
wound. The durability of the procedure, the chance of distal 
embolization, the status of collateral fl ow, the health status and 
cardiac status of the patient, as well as the patient’s underly-
ing functional status. Without a multidisciplinary approach 
to these cases, there is a tendency to perform procedures that 
the clinician is comfortable with and a focus on “fi xing the 
angiogram.” With a renewed focus on cost-effectiveness and 

health-care reform, clinicians will need to be sure the proce-
dure they select has the greatest outcome on both a clinical and 
an economic basis.

There are actually several evidence-based therapeutic 
options for treating venous ulcer patients. It is important to 
classify the venous ulcer patient using approved anatomical and 
clinical classifi cation schemes that help the clinician identify 
possible treatment options. Untreated, venous disease leads to 
a myriad of skin changes that can place the patient at risk for 
frequent recurrences and bouts of cellulitis. The clinician needs 
to be mindful of the venous outfl ow anatomy proximal to the 
inferior vena cava when working up a patient with venous 
insuffi ciency and hypertension.

In both arterial and venous disorders, there is a strong 
potential for microcirculatory dysfunction and the clinician 
needs to consider testing methods and treatment options that 
address this circulatory network when organizing a treatment 
protocol.

REVIEW QUESTION

 1. The following statements are true:
 A.  HIF1alpha levels are normal or high in diabetic patients.
 B. Endothelial function is rarely impacted in diabetes.
 C.  EPCs hone from the bone marrow and help revascular-

ization through a process known as vasculogenesis.
 D.  EPCs hone from the bone marrow and help revascular-

ization through a process known as angiogenesis.
 2. Atherosclerosis is thought to occur, in part, as a result of 

which of the following theories?
 A. Oxidized LDL cholesterol causing intimal damage
 B.  A response to infectious agents, in particular  Chlamydia
 C.  An infl ammatory process with heat shock proteins im-

plicated
 D. An injury response phenomenon
 E. All of the above

 3. The involved stenotic vein in May-Thurner syndrome is
 A. the inferior vena cava
 B. the external iliac vein

 C. the saphenous vein
 D. the left internal iliac vein
 E. the left common iliac vein

 4. More accurate classifi cation of venous disease can be 
achieved through the use of
 A. Fontaine classifi cation system
 B. Wagner classifi cation
 C. Rutherford classifi cation
 D. CEAP classifi cation
 E. Duke classifi cation

 5. The essential component of treatment for macro- and 
 microvascular dysfunction of the venous system is:
 A. compression theraphy
 B. Pentoxifylene
 C. leg exercises
 D. leg elevation
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CHAPTER OBJECTIVES

As you know, advancements in medication and technology 
now extend the lives of patients with previously fatal diseases: 
the prognosis has changed from fatality to chronic complica-
tions.1 The chronic disease complication addressed in this 
chapter is the neuropathic foot, a common complication of 
peripheral neuropathy, degeneration involving peripheral 
nerves. The objective of management of the problem is to con-
trol its progression and reduce amputations.

The patient with peripheral neuropathy often has dysvas-
cular components that must be addressed by a medical team, 
rather than one specialty (see Chapter 11). With the team 
approach, the limb can be evaluated, treated, and monitored 
through follow-up to provide continued ambulation for the 
patient.2 The team goal is the prevention or delay of amputa-
tion and/or limb salvage of lower extremities. Although the 
individual training programs of the healthcare professionals 
on the team typically include normal foot anatomy and bio-
mechanics, few describe the neuropathic foot and associated 
complications.3 This chapter aims to provide this information, 
which is critical to effective team care.

In the formation of clinical teams, there has been a 
trend to include practitioners of several disciplines, includ-
ing the wound care, advanced practice, or wound ostomy 
continence nurse (CWOCN) (ET); diabetologist/endocri-
nologist; vascular surgeon; physical therapist; orthotist/
pedorthist; orthopaedic surgeon/podiatrist; and dermatolo-
gist. The disciplines playing the most important roles are 
nurse educators, who encourage high-risk patients to modify 

their behavior; orthotists, for recommendation of suitable 
 footwear,  stockings, and orthotic devices (shoe inserts, pads, 
etc.); and primary-care providers, to remove calluses, treat 
minor trauma, and provide healthcare. Physical therapists 
will play a role in all of these aspects of care. Referrals should 
be available to vascular surgeons and other specialists when 
specifi ed by a physician.4

PATHOGENESIS AND TYPICAL PROGRESSION

The neuropathic process is poorly understood, and there are 
many theories regarding its etiology. For example, many believe 
that all peripheral neuropathy is caused by hyperglycemia—
high levels of glucose in the blood—and advocate tight blood 
glucose regulation.5 But as we will see, hyperglycemia is not the 
only etiology. When attempting to understand the pathogen-
esis of peripheral neuropathy, you are likely to encounter the 
following obstacles:

• Lack of a clear defi nition of diabetic neuropathy (discussed 
shortly)

• Separation of diabetes from other potential etiologies of 
neuropathy

• Absence of single, repeatable tests of neuropathy that are 
not dependent on either expensive technology or subjective 
 clinical judgment

• Varied manifestations of neuropathy: distal symmetric, 
mononeuropathies, autonomic neuropathies

At the completion of this chapter, the reader will be able to:

1. Discuss the pathogenesis of the neuropathic foot.
2. Identify patients at risk for foot ulceration due to lack of protective sensation.
3. Conduct a focused systems review and examination to determine co-impairments that can 

affect wound healing.
4. Assess the patient’s footwear, wound, sensation, temperature, and foot pressure distribution, 

and examine for Charcot joint and osteomyelitis.
5. Discuss management with orthotics, special shoes, and other adaptive devices.
6. Discuss surgical management of the neuropathic foot.
7. Provide care of the skin and nails of the neuropathic foot.

Nancy Elftman and Joan E. Conlan

Management of the Neuropathic Foot12
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Peripheral neuropathy can involve sensory, motor, and auto-
nomic nerves. The neuropathic foot is typically affected by all 
three; that is, it is a poly neuropathy. The three types often occur 
simultaneously (Fig. 12.1):

• Sensory neuropathy—loss of sensation, leaving the patient 
incapable of sensing pain and pressure. The patient has no 
sense of identity with the feet.

• Motor neuropathy—loss of intrinsic muscles, resulting in 
clawed toes (Fig. 12.2) and eventual foot drop. The ankle jerk 
refl ex is absent.6

• Autonomic neuropathy—loss of autonomic system function, 
resulting in the absence of sweat and oil production, leaving 
skin dry and nonelastic.

Onset and Typical Progression
Peripheral neuropathy can develop gradually or suddenly:

• Gradual onset. Neuropathies that develop gradually are usu-
ally painless. The exact cause is unknown but may be related 
to duration of diabetes and level of blood sugar control. 
Symptoms may include numbness, tingling, burning, and a 
pins-and-needles sensation.

• Sudden onset. Those that develop suddenly (or acutely) are 
almost always painful. Then, just as suddenly, the pain disap-
pears, leaving sensory loss.

In the clinical setting, no initial problem is too small to address. 
The clinical team must treat minor trauma immediately to pre-
vent deterioration of the condition. There is a destructive chain 
of trauma surrounding the typical progression of the neuro-
pathic foot, as follows:

1. Trauma
2. Infl ammation
3. Ulceration
4. Infection
5. Absorption
6. Deformity
7. Disability

This chain can be broken with effective care, including a thor-
ough examination and objective measurement, immediate and 
focused treatment, and patient education.2

Conditions Associated with Peripheral Neuropathy
The medical history is a useful way to identify neuropathy that 
may accompany many chronic disease processes. The most 
common disease processes resulting in peripheral neuropathy 
are the following:

• Diabetes
• Spina bifi da
• Hansen disease
• Systemic erythematosus lupus
• Acquired immunodefi ciency syndrome (AIDS), human 

immunodefi ciency virus (HIV) infection, AIDS-related 
complex

• Chemotheraphy
• Vitamin B defi ciency
• Multiple sclerosis

FIGURE 12.1 Feet of a patient with sensory, motor, and autonomic 
neuropathies. Manifestations of motor neuropathy (deformity, clawed 
toes, toe amputation, foot imbalance needing immediate intervention) 
and autonomic neuropathy (dry, cracked skin) are evident. Note the 
difference in trophic changes between the feet. (Reprinted with per-
mission from N. Elftman, Clinical management of the neuropathic 
limb. J Prosthet Orthot. 1991;4(1):1–12. Copyright © American Acad-
emy of Orthotists and Prosthetists.)

FIGURE 12.2 Clawed toes. Note the corn on the fourth toe, caused by 
rubbing from the top of the shoe.
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• Uremia
• Vascular disease
• Charcot-Marie-Tooth muscle disease

Congenital sensory loss, as in spina bifi da, is especially impor-
tant to identify because the patient will never have experienced 
normal sensation and will be unable to evaluate his or her own 
sensory status.7–9

Toxins and toxic syndromes can also cause insensitivity in 
the limbs. These include abuse of or exposure to alcohol, arse-
nic, lead, steroids, the antituberculosis medication isoniazid, 
and pharmaceuticals containing gold.

Many other factors may also promote neuropathy; thus, all 
patients must be evaluated, regardless of reported history.

Diabetic Neuropathy
The most common disease process seen in peripheral neu-
ropathy is diabetes. Statistics on diabetes are growing. It affects 
194 million people worldwide. During their lifetimes, 15% to 
25% of type 1 and type 2 diabetic patients face the risk of foot 
ulceration, a major complication. Within this population, some 
patients have recurrent ulceration. For 2% to 6% of patients 
with diabetes, these ulcers occur anually.10 The medical costs 
related to diabetes in the United States is currently $14  billion 
per year. About 25% of all hospital visits among patients with 
diabetes are due to infected and/or ischemic diabetic foot 
ulcers.10 Included in this cost are 88,000 lower extremity ampu-
tations per year, of which 50% to 70% could have been pre-
vented by team management. It is estimated that 85% of the 
lower extremity amputations were preceded by a foot ulcer. 
Successful team management not only can reduce the cost of 
these ulcers but reduce the presence of comorbidities, thus 
improving the patient’s quality of life.10 More than 14 million 
Americans have diabetes (half are undiagnosed), with 700,000 
cases diagnosed per year. In the general population, 1 in 20 
has diabetes. Many diabetics are diagnosed when they present 
a nonhealing foot ulcer.11–16 Of major concern is the mortality 
rate after amputation, which is 50% within 3 to 5 years. The 
rate of contralateral amputation is 50% within 4 years.17 The 
World Health Organization has estimated that the number of 
diabetics will climb to 366 million by 2030.18

Although there are several different divisions of diabetes, the 
two main categories are insulin-dependent diabetes mellitus 
(IDDM), or type I, and non–insulin-dependent diabetes melli-
tus (NIDDM), or type II. In IDDM, the insulin defi ciency is due 
to loss of pancreatic islet cells. Type 1 can develop at any age but 
often presents in childhood or adolescence. In type 2 diabetes, 
body cells develop resistance to the effects of insulin. Initially, 
the pancreatic islet cells produce more, but over time, insu-
lin production fails and blood glucose levels rise dramatically. 
Type 2 used to be seen solely in adults but now occurs at any 
age. About 90% of patients with type 2 diabetes are overweight.19

Some dysvascular patients are also diabetic. These comor-
bidities signifi cantly increase the risk of neuropathic foot, espe-
cially following infection. As discussed in Chapter 11,  vascular 
disease impairs delivery of antibiotics to the infected limb, 
reducing the potential for healing. One limb may be severely 
insensitive while the other may be only mildly affected (see 
Fig. 12.1). Refer patients with loss of vascularity to a vascular 
surgeon for possible correction or improvement.

The Role of Pressure in Pathogenesis 
of the Neuropathic Foot
Pressure is a critical risk factor in development of most neu-
ropathic foot ulcers. Of all amputations, 86% could have been 
prevented by patient education and appropriate footwear.4 
Various sources and levels of pressure produce characteristic 
types of stress that lead to ulceration and destruction of tissue 
in the neuropathic foot. These are as follows:

• Ischemic necrosis is usually seen on the lateral side of the fi fth 
metatarsal head and is due to wearing a shoe that is too nar-
row. The ischemia is caused by a very low level of pressure 
(2–3 psi) over a long period of time, causing death of the tis-
sue. As the progression of breakdown continues at the meta-
tarsal heads, due to migration of fat pads, bone and skin are 
left to absorb shock.

• Mechanical disruption occurs when a direct injury caused by 
high pressure (600+ psi) infl icts immediate damage to tissue.

• Infl ammatory destruction occurs with repetitive moderate 
pressures (40–60 psi). Infl ammation develops and weakens 
the tissue, leading to callus formation and ulceration from 
thousands of repetitions per day.

• Osteomyelitis (and other sepsis) destruction is the result of 
a moderate force in the presence of infection. Infection is 
spread as forces are applied by intermittent pressure.20

Other pathways to ulceration include Exposure to heat or 
chemicals or stepping on a foreign object are common traumas 
that damage the skin, which occurs due to the loss of sensation, 
absence of the withdrawal refl ex response, and loss of cortical 
signaling regarding danger and seeking help.

The incidence of ulceration is 71% on the forefoot, with the 
third metatarsal head most commonly affected, followed by the 
great toe and fi rst and fi fth metatarsal heads. Once breakdown 
has begun on the foot, 53% of the contralateral limbs follow the 
progression of breakdown within 4 years.21 The highest inci-
dence of ulceration occurs at sites of previous ulceration. Thus, 
you should review the patient’s history carefully for previous 
ulcers.22 Observation is also helpful in detecting breakdown of 
recently healed ulcers: a newly healed ulcer is covered by thin, 
fragile skin that requires time to mature and become strong. 
However, the potential for breakdown in this area always 
remains high. In completely healed ulcer areas, scar tissue may 
adhere to underlying structures. The healed areas are composed 
of tissues of different density and, therefore, compress uniquely, 
causing shear between opposing tissue durometers.21,23

SYSTEMS REVIEW AND EXAMINATION

A focused systems review and examination for the patient with 
neuropathy is required to determine the co-impairments that 
will affect wound healing and require management. Four sys-
tems to review for this patient population are the  neuromuscular 
system, the vascular system, the  musculoskeletal system, and 
the integumentary system.

Neuromuscular System
A foot with neuropathy has toes that are clawed (see Fig. 12.2). 
It is incapable of sensing trauma. The rigid anesthetic foot is 
more likely to break down than is a fl exible anesthetic foot.24 
Evaluate the anesthetic foot carefully and bilaterally.
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Treatment of venous stasis ulcerations begins with leg eleva-
tion.31 The limb must be treated with compression bandages or 
an Unna boot. The Unna boot is a semirigid dressing of gelatin 
and zinc oxide (Fig. 12.4). Its application protects vulnerable 

Any form of peripheral neuropathy can produce the dis-
comfort of paresthesia: prickling, burning, and jabbing sensa-
tions.25,26 The length of this period of discomfort varies among 
patients. Neuromuscular system examinations to assess for 
neurologic changes are the focus of the foot screening process 
and are described in detail later.

Vascular System
Peripheral vascular disease (PVD) is a serious complication 
affecting millions of Americans. Of the 500,000 vascular-related 
ulcerations, 10% are arterial and 70% are venous ulcerations; 
some individuals have both venous and arterial diseases.16 Many 
patients with neuropathy also have PVD. Therefore, it is criti-
cal to review the vascular history (to identify strategies that are 
being used to manage vascular problems) before planning any 
intervention. Some of the related circulatory system diseases that 
usually accompany neuropathy and management recommenda-
tions are described here. Chapter 11 describes the pathogenesis 
and management of vascular problems in more detail. Chapter 6 
discusses noninvasive vascular testing for patients with diabetes.

Atherosclerosis is also known as hardening of the arteries. The 
interior wall of arteries is usually smooth but with atherosclerosis 
platelets, calcium, and connective tissue deposit on the walls. In 
early stages, the patient may experience intermittent claudication 
or cramping in the lower limb, which goes away with rest. As the 
disease progresses, symptoms appear when the patient is not walk-
ing (rest pain).16 Arterial compromise can be noted by the loss of 
hair growth, shiny skin, atrophy, and cool skin over the toes.29

Atherosclerosis leads to impaired circulation in the legs and is 
one of the most important causes of gangrene, leading to amputa-
tion.30 Arterial ischemic ulcers are located on tips of (or between) 
toes, on heels, on metatarsal heads, on sides or soles of the foot, 
and above the lateral malleoli. The ulcer will look punched out, 
with well-demarcated edges, and be nonbleeding (Fig. 12.3). The 
ulcer base may be deep and pale or black and necrotic. Treatment 
involves vascular reconstruction, bed rest, and immobilization. 
Arterial ulcers have a poor prognosis. Misdiagnosis of an arterial 
ulcer as a venous ulcer can lead to serious complications.

The venous stasis ulcer has a better prognosis for healing 
than does the arterial ischemic ulcer. Veins are less elastic than 
arteries. The valves within veins no longer function to return 
blood to the heart against gravity, leaving blood to pool in the 
lower limb. The pooling does not allow new oxygenated blood 
into the area, and the cell walls of the veins begin to break 
down. The waste blood products begin to weep through the 
lower limb. Venous stasis ulcerations are commonly located in 
the anteromedial malleolus and pretibial areas. The ulcerations 
are irregular in shape, surrounded by bluish brown skin. These 
ulcers are exudative and show evidence of bleeding.

RESEARCH WISDOM

Interventions for Paresthesia
Paresthesia may be helped by use of a transcutaneous elec-
tronic nerve stimulator (TENS) unit, which generates small 
pulses of electricity similar to an electric massage. Another 
method of controlling the discomfort is with topical 
creams.27,28 See Chapter 14 for more information.

1

2

FIGURE 12.3 Ischemic ulcer in chronic proliferative phase and absence 
of epithelialization phase. Note: (1) punched-out ulcer appearance with 
rolled wound edges and (2) dependent rubor. (Copyright © C. Sussman.)

FIGURE 12.4 Unna boot.
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skin from the weeping exudate, especially below the ulcer site. 
The Unna boot is applied wet. When it dries, it forms a nonelas-
tic, nonexpandable, nonshrinkable, porous mold that sticks to 
the skin. This treatment has been used on venous ulcers for 100 
years. When applied across a joint, it is a means of controlling 
edema. The motion of the joint generates a pumping action.1

Chronic venous stasis of the lower limb without an open 
ulceration will typically show signs of edema. It may also have 
small water blisters or weeping. All these signs indicate that 
compression should begin (Figs. 12.5 and 12.6). In addition, 
when venous stasis ulceration occurs on one limb, you should 
begin compression therapy on the contralateral side. Treat the 
limb with pressure-gradiated stockings daily. Pressure-gradiated 
stockings exert a higher compression at the metatarsal heads 
and decreased pressure above the ankle to facilitate pumping 
action and assist the venous system in removing fl uids from the 
lower limb (Fig. 12.7). Most patients do well with compression 

in the range of 30 to 40 mm Hg at the foot and ankle. When 
applying these stockings, remember to avoid seams around 
bony prominences, and never place a zipper over the malleoli.

Antiembolism stockings are not designed for the ambula-
tory patient and do not supply the pumping action required. 
Antiembolism compression is for the recumbent hospitalized 
patient.

The prosthetic shrinker sock (Fig. 12.8A–C) should be used 
following a major limb amputation to reduce edema and shape 
the residual limb. The prosthetic shrinker applies both cir-
cumferential and vertical (distal to proximal) compression.32 
Chapter 18 describes procedures for management of edema.

Musculoskeletal System Examination
The musculoskeletal system examination includes examina-
tion of joint integrity, range of motion, skeletal deformity, 
and muscle strength. Motor neuropathy will distort skeletal 

1

2

3

4

FIGURE 12.5 Stasis dermatitis. There is an 
absence of the epithelialization phase. Note 
evidence of (1) Brawny edema, (2) trophic skin 
changes, (3) hemosiderin staining (hyperpig-
mentation), and (4) multiple shallow ulcers. 
Precursors to venous ulceration (Copyright © 
B.M. Bates-Jensen.)

1

2

FIGURE 12.6 Close-up view of same leg as in 
Figure 12.5. Note evidence of (1) edema leak-
age through wounds, (2) scaling and crusting 
(trophic changes) due to lipodermatosclero-
sis. (Copyright © B.M. Bates-Jensen.)
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range of at least 10 degrees to allow ambulation without harm 
to the great toe.33 The forces on the plantar surface can peak to 
275% of body weight when running and 80% when walking.34 
There is an absence of the ankle jerk refl ex when neuropathy is 
advanced to glove-and-stocking distribution.35

Leg length discrepancy affects 70% to 80% of the popula-
tion and often does not cause pain or deformity. A discrepancy 
can relate to chronic complications, such as hammertoes, hal-
lux valgus, and referred joint disruption of the ankle, knee, 
hip, and lower back. A 2-cm discrepancy is suffi cient to cause 
symptoms and requires shoe lifts with physical therapy. Any lift 
over 1/4 in. should be placed on the sole of the shoe. The full 
discrepancy should be reduced only gradually to allow the body 
to respond to changes as the pelvis levels.36

There is a constant concern with toe deformities that may 
result in ulceration. In the case of claw toe deformity, the toes 
are dorsifl exed at the metatarsal-phalangeal joints, with fl exion 
at the interphalangeal joints.37 The great toe should be exam-
ined for deformity. A fi brous proximal joint can cause ulcer-
ation that is especially diffi cult to relieve. Great toe extension 
can be seen when weight bearing, because the patient will thrust 
the toe into extension when ambulating, causing calluses and 
discoloration on the distal tip near the nail from contacting the 
shoe. Great toe pronation is seen on the medial/plantar sur-
face of the great toe. Hallux rigidus refers to limited range of 

alignment, and Charcot joint will leave a foot deformed, as 
will be discussed later in this chapter. An analysis of abnormal 
gait should also be included. Beginning with the joint range of 
motion review, it is important that the foot has a dorsifl exion 

FIGURE 12.8 A: The prosthetic shrinker assists in shaping the limb 
following major amputation surgery. Postop bulbous residual limb 
of below knee (transtibial) amputee. B: The prosthetic shrinker assists 
in shaping the limb following major amputation surgery. Application 
of prosthetic shrinker. (Courtesy of Juzo-Julius Zorn, Inc., Cuyahoga 
Falls, Ohio.) C: The prosthetic shrinker assists in shaping the limb fol-
lowing major amputation surgery. Final residual limb shape for pros-
thetic application. (Courtesy of Juzo-Julius Zorn, Inc., Cuyahoga Falls, 
Ohio.)

FIGURE 12.7 The full foot compression stocking begins compression 
at the metatarsal heads and decreases compression above the ankle 
to assist in the venous pumping mechanics. (Courtesy of Juzo-Julius 
Zorn, Inc., Cuyahoga Falls, Ohio.)
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Integumentary System Examination
Toenail deformities are commonly seen in the neuropathic foot. 
Hypertrophic nails are caused by onychomycosis (nail fungus) 
infection (Fig. 12.10) and are common in the diabetic popula-
tion. The nails tear the lining of the shoe, creating rough areas 
that abrade the toes. Nail care for fungus, ingrown toenails, and 
trimming must be performed by trained medical personnel to 
ensure that injury is not infl icted.

Soft corns are hyperkeratotic lesions between toes (usually 
between the fourth and fi fth toes). They result from pressure 
of an opposing toe in a region that is moist.39 Injury and mac-
eration of the toes is commonly controlled by the use of lamb’s 
wool between the toes or tube foam to space toes and prevent 
friction (Fig. 12.11A–C, Exhibit 12.1).

Dryness of the skin with small skin fi ssures is the result of 
autonomic neuropathy in which the sweat and oil production is 
decreased and moisture must be replaced. Loss of hair growth 
may be indicative of vascular impairment.

motion in the proximal great toe metatarsal-phalangeal joint 
and requires a rigid rocker-bottom shoe to allow ambulation 
without excessive pressure on the great toe. Hallux valgus (bun-
ion) is the increased valgus angle of the great toe in relation 
to the metatarsal, requiring a shoe that can be modifi ed and 
molded to conform to the medial bunion formation.

Toe amputations may be required for single or multiple toes 
(see Fig. 12.1). The amputation may be a disarticulation or a 
resection (metatarsal shaft is removed). The distal end of the 
amputation site must be followed carefully and protected from 
trauma. Common complications must be addressed with the 
neuropathic limb. Bursa formation over the navicular promi-
nence is due to the constant high forces and must be provided 
with an area of pressure relief before ulceration occurs. A sinus 
tract formation will result when previous areas of ulceration 
heal over a pocket of bacteria instead of healing from internal 
to external tissues. The small pocket of bacteria will be moved 
anteriorly through the tissues, causing infection to spread.

Motor neuropathy produces common abnormal gait char-
acteristics in the neuropathic population. The shoes are worn 
on the lateral side of the sole because of a varus deformity 
(Fig. 12.9). This weakness often causes ankle injuries. After 
further deterioration, foot drop can occur. The stiffness in the 
complex joint structures leads to abnormal motion in the foot’s 
function. Muscle atrophy, imbalances, and deformity lead to 
abnormal concentration of forces and shear forces that are pre-
cursors to wound formation.38

FIGURE 12.9 Lateral shoe fl are to reduce varus deformity progression 
due to motor neuropathy. (Courtesy of Nancy Elftman.)

CLINICAL WISDOM

Modifi cation of a Standard-Depth Shoe
To compensate for varus gait abnormalities, shoes need to be 
modifi ed. The modifi cations required are (1) a full, lateral-
fl are sole, as shown in Figure 12.9, (2) a strong counter to 
support the heel, and (3) a high top to support the ankle. 
A standard-depth shoe can be modifi ed by an orthotist, or 
a shoe repairperson may be able to do the job, if guided. 
Although not all orthotists will agree to modify an existing 
shoe, others will. This will save the patient money.

FIGURE 12.10 This foot has soft corns between toes, thickened toe-
nails, and onychomycosis (fungal) infection.
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FIGURE 12.11 A: To keep the web space open and dry, use tube 
foam or lamb’s wool. (Courtesy of Nancy Elftman.) B: The tube 
foam should be cut to allow a “tail” under the foot. This extension 
will deter migration of the pad. (Courtesy of Nancy Elftman.) C: 
Diagram of construction of a tube foam separator.
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degenerated collagen with reduced numbers of fi brocytes. 
The dry, scaly areas have been infi ltrated with chronic 
 infl ammatory cells.40 The round, fi rm plaques of reddish brown 
to yellow are seen three times more often in women than in 
men.41,42 Necrobiosis can be confused with venous stasis disease 
but does not require or respond to extensive treatment. Indeed, 
these ulcerations require only protective dressings.

A callus (or tyloma) is a yellowish gray lesion that may be fl at 
or raised and spread over a large area (see Chapter 3). Calluses 
typically are caused by friction (shear), irritation, and/or pres-
sure. There is hyperemia and thickening of the skin. The skin 
is compressed, and superfi cial layers of callus are laid down. 
Treatment requires that the friction, irritation, or pressure to 
the area be relieved. The callus may be reduced mechanically 
with sanding tools and callus reducers. The pumice stone is 
used as a wet tool on wet skin. The callus reducer debrides dry 
callus with a dry tool (Fig. 12.13).43

Keratoderma plantaris is a condition characterized by keratin 
cracks and ulcerations. It develops when autonomic neuropathy 
reduces sweat and oil gland production, reducing the moisture 
and elasticity of the skin. As keratin builds up, it creates small 
fi ssures that allow bacteria to enter, and infection to begin. The 
entire sole around the margin of the heel may undergo diffuse 
thickening and develop fi ssures, which will be painful if the 
foot is sensate or will go undetected if insensate (see Fig. 12.14). 
Prevention includes reduction of keratin buildup and retention 
of skin moisture.39

Many forms of rashes and infections must be evaluated and 
treated in the neuropathic foot. These are usually discovered 
by inspection, rather than patient discomfort. Typical rashes 
in the diabetic population include shin spots and diabetic bul-
lae.43 Infections include Pseudomonas infection, which is bacte-
rial growth that occurs within a moist environment. Because 

Another common occurrence is burns, which may be due 
to either heat or chemicals, such as over-the-counter foot rem-
edies. Soaking the foot in hot water is a specifi c cause of burns. 
A common wisdom is that neuropathic patients should never 
soak their feet. The insensitive foot cannot produce the warning 
signals necessary to prevent severe burns.
Necrobiosis lipoidica diabeticorum is a dermatologic condition 
that may be seen on the shin (along the tibia) in diabetic patients 
(Fig. 12.12). The condition manifests as irregular patches of 

CLINICAL WISDOM

Tube Foam and Lamb’s Wool for Quick Relief 
of Pressure on Toes
Claw toes, hammer toes, calluses, corns, and small ulcer-
ations can be relieved of pressure by inserts and shoe modifi -
cations and spaced with tube foam or lamb’s wool separators 
to allow air fl ow. Separators prevent maceration and skin 
breakdown; they should be removed before and replaced 
after bathing. In addition, the custom tube foam separator 
serves as a toe separator, reduces shear from the shoe, cush-
ions metatarsal heads, and can be used as a positioner for 
overlapping toes. Figure 12.11A shows lamb’s wool pieces 
placed between toes. Figure 12.11B shows a tube foam toe 
separator in place. Figure 12.11C and Exhibit 12.1 illustrate 
and describe the steps to create a tube foam separator. The 
tube foam is available from podiatric supply companies.

Instructions for Making a Foam Toe Separator
Make a custom foam toe separator (Fig. 19-8B,C) by the 
following steps:

1.  Select a size of tube foam with a diameter that will not 
constrict the toe.

2.  Cut a 21/2–3-in. piece of the foam.

3.  To make the toe cuff:

   a.  Measure back 1/2 to 3/4 in. from one end of the 
tube foam and mark.

   b.  Cut across the diameter of the tube three fourths of 
the way through.

   c.  Slit up the tube to the marking on the side that is 
cut to the diameter cut (see diagram).

   d.  The foam will fl atten out (see diagram).

   e.  The tube will slip over the toe and the fl at section 
will be located on the plantar surface of the foot.

EXHIBIT 12.1

FIGURE 12.12 Necrobiosis lipoidica diabeticorum: a dermatologic 
condition often present in the diabetic, neuropathic limb.
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area. This process of auto-amputation could take weeks to 
months.37 It is nature’s way of protecting the body from infec-
tion and should not be disturbed. Figure 12.15A shows a foot 
with dry gangrene.

of the impaired circulation and immunosuppression seen in 
 peripheral neuropathy, signs and symptoms of infection are 
usually absent in the neuropathic foot, even though the infec-
tion is present and virulent. See Chapter 17 for strategies to 
assess and treat infection.

Gangrene is another fi nding that may be discovered during 
the integumentary system review. There are two types of gan-
grene: wet and dry. Dry gangrene is due to loss of nourishment 
to a part, followed by mummifi cation. The area is dry, black, 
and shriveled. When dry gangrene is present, there is a line of 
demarcation at which the body will autoamputate the affected 

FIGURE 12.13 Callus reducer: a tool used dry on dry callus to remove 
buildup and reduce the superfi cial layers.

FIGURE 12.14 Typical neuropathic foot with keratoderma plantaris. 
Note the dry, cracked skin, dirt imbedded in the skin, open wounds, 
and the absence of dressing, due to lack of awareness of the condition.

FIGURE 12.15 A: Wet gangrene and possible infection. B: Dry gangrene. In either condition urgent referral to a surgeon 
is indicated.
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management. The neuropathic limb often suffers from dysvas-
cularity as well; therefore, the system is often used for both pop-
ulations. For continuity of documentation and communication, 
the team must understand the Wagner scale of ulcer grading 
and use it consistently. The preferred conservative method of 
treatment is also guided by the Wagner grade. Figure 12.17A–F 

Wet gangrene is the necrosis of tissue, followed by destruction 
caused by excessive moisture. Bacterial gases accumulate in the tis-
sue. The line of demarcation is ill defi ned, and the limb is pain-
ful, purple, and swollen. Wet gangrene is common when infection 
exists.39,44 Figure 12.15B shows wet gangrene of the fi fth toe. 
A patient with wet gangrene needs immediate referral to the 
surgeon.

FURTHER VISUAL AND PHYSICAL ASSESSMENTS

Examination of the neuropathic limb includes assessment of 
footwear, the wound itself, sensation, temperature, and pressure.

Footwear Assessment
Examine the patient’s footwear for patterns of wear indicating 
excessive pressure. Shoes should show a normal wear pattern 
on the lateral heel of the sole, as contrasted with the pattern in 
Figure 12.9. Shoes should be resoled on a regular basis to keep 
sides from wearing down. Inserts are replaced as required when 
relief modifi cations are no longer suffi cient and shock absorp-
tion is decreased.

Examine the ends of the patient’s toes for injury caused by 
a short shoe. Notice in Figure 12.16 that the toe with a short-
shoe injury extends to the end of the shoe insole. Alignment 
is required when fi tting a shoe for proper weight distribution 
and length measurement. We discuss this later in the chapter. 
The interventions section of this chapter provides instructions 
in footwear management.

Wound Grading
The Wagner scale45 for grading neuropathic ulcers and the stages 
are listed in a table just like Table 12.1. Ulcers with low grades 
are managed by conservative measures, whereas ulcers with 
higher grades are a direct threat to limb loss and require surgical 

FIGURE 12.16 Short shoe. The toe extends to the end of the insole. 
(Reprinted with permission from N. Elftman, Clinical management of 
the neuropathic limb. J Prosthet Orthot. 1991;4(1):1–12. Copyright © 
American Academy of Orthotists and Prosthetists.)

Grade Description

Grade 0 Skin intact (Fig. 12.13A)

Grade 1 Superfi cial ulcer (Fig. 12.13B)

Grade 2 Deeper ulcer to tendon or bone (Fig. 12.13C)

Grade 3 Ulcer has abscess or osteomyelitis (Fig. 12.13D)

Grade 4 Gangrene on forefoot (Fig. 12.13E)

Grade 5 Gangrene over major portion of foot

Wagner Scale12.1TABLE

FIGURE 12.17 A: Skin intact, Wagner grade 0. B: Superfi cial ulcer, 
Wagner grade 1.
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FIGURE 12.17 (continued) C: Deeper ulcer to tendon or bone, Wagner grade 2. D: Ulcer has abscess or osteomyelitis, 
Wagner grade 3. E: Gangrene on forefoot, Wagner grade 4. F: Gangrene over major portion of foot, Wagner grade 5.
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EXHIBIT 12.2

Conservative Management by Wagner Ulcer Grade
Wagner Ulcer Grade and Treatment Protocol

Grade 0 Depth shoes and shock-absorbing insert.

Grade 1 Cast, ODS splint, or wound care shoe to 
reduce weight at ulceration site; antibiotic 
intervention as required.

Grade 2 Debridement and cast, ODS splint or 
wound care shoe for weight distribution; 
antibiotics as required.

Grade 3 Remove infected tissue, cast and antibiotic 
intervention.

Loss of protective sensation, history of prior ulceration, and 
reduced circulatory perfusion are important factors in develop-
ment of foot ulcers. A risk classifi cation system based on these 
factors48 is useful in identifying patients who would benefi t from 
different levels of intervention. Risk is classifi ed by four grades:

• 0, no loss of protective sensation
• 1, loss of protective sensation (no deformity or history of 

plantar ulceration)
• 2, loss of protective sensation and deformity or abnormal 

blood fl ow without history of plantar ulcer
• 3, history of plantar ulcer

Three interventions have proven effective in reducing risk of 
ulceration: protective footwear, patient education, and frequent 
clinic follow-up. For example, when a patient’s ulcer is grade 
0, preulceration, and the patient can sense the 10-g monofi la-
ment (has protective sensation), he or she will sense pain before 
damage occurs to the feet. Patients in this category usually do 
well with a standard shoe of correct sizing and a simple shock-
absorbing pad.

In contrast, the patient without protective sensation will 
need very different interventions. These patients will not cease 
ambulating when damage begins to tissues. Patients with feet 
such as those in Figure 12.14 who walk into the clinic are insen-
sate. They require extra-depth shoes with a total-contact accom-
modative insert to distribute pressure and reduce forces on 
areas of potential breakdown. Orthotics are discussed shortly.

Testing for vibratory sensation may be accomplished by 
using the bioesthesiometer. This instrument is essentially an 
electrical tuning fork that uses repetitive mechanical inden-
tation of skin delivered at a prescribed frequency and ampli-
tude.49 The simple graduated tuning fork is a rapid means of 
sensory testing.50,51 Bear in mind that the purpose of all sensory 
testing equipment is to identify those at risk.52

Upper and lower extremity peripheral neuropathy is present 
when sensation testing reveals that the level of sensation loss 
is symmetric and equidistant from the spine in both arms and 
legs. It is important to evaluate the hands of these patients care-
fully. Physical signs of upper extremity involvement include 
cheiroarthropathy (motor neuropathy in the upper extrem-
ity), a condition in which the patient cannot touch the palms 
together in the prayer position. The fi rst sign of motor neu-
ropathy in the hand is atrophy of the web space between the 
thumb and fi rst fi nger. Consideration of the hand defi cit must 
be taken into account for donning, doffi ng, and choice of clo-
sures for orthotics and footwear.53 Little attention has been paid 
to the diabetic hand syndrome, or limited joint mobility (LJM), 
in which the joints of the fi ngers and wrists become limited. 
This condition occurs in 30% to 50% of people who have had 
type 1 diabetes for more than 15 years. To test for LJM, have the 
patient place the hands fl at on a table. Patients with severe LJM 
will not be able to fl atten the fi ngers onto the table. The skin 
will also be thick and can be tented on the back of the metacar-
pophalangeal (MCP) joint54 (Fig. 12.19).

Surface Temperature Testing
Since the time of Hippocrates, physicians have known that 
body temperature variations offer important clues for diagnos-
ing disease. The objectives and procedure for acquiring surface 
temperatures are discussed at the end of this section.

provides photos illustrating each of the six Wagner grades, 
from 0 to 5. Exhibit 12.2 shows how the  different grades dictate 
different treatment strategies.46

Sensation Testing
Most clinicians evaluate sensation using reliability tested 
Semmes-Weinstein monofi laments, which can be obtained com-
mercially in elaborate sets for precise measurement of protective 
sensation, but research has consolidated the testing to three sizes 
of monofi laments for grading the insensitive foot (Exhibit 12.3):47

• The 4.17 monofi lament supplies 1 g of force. Patients who 
can feel this have normal sensation.

• The 5.07 monofi lament supplies 10 g of force. If the patient 
cannot feel this, he or she does not have protective sensation 
and cannot sense trauma to the foot to cease weight bearing. 
Failure to sense the 10-g monofi lament is used as the deter-
mining factor for use of protective footwear and accommoda-
tive orthotics.

• The 6.10 monofi lament supplies 75 g of force. A large per-
centage of patients do not feel this largest monofi lament. 
A loss of sensation at 75 g indicates an insensate foot that 
must be accommodated and followed closely.

The monofi lament is a single-point perception test. The exam-
iner places the monofi lament on the skin, presses until the 
monofi lament bends, and removes it from the skin surface. The 
patient is to respond when he or she feels the pressure sensa-
tion. To avoid errors in testing, the monofi lament is never used 
in areas of scarring, calluses, or necrotic tissue. Figure 12.18 
shows the proper method for the monofi lament testing pro-
cedure. Note the bend of the monofi lament. This must occur 
to measure correct pressure sensation. Monofi lament testing is 
never used in areas of scarring, calluses, or necrotic tissue.

Notice that monofi lament testing is not to be confused 
with the testing for sharp/dull sensation. The sharp/dull 
test stimulates multiple nerves, as opposed to a single-point 
 perception test.

Bilateral monofi lament testing is especially important for the 
unilateral and bilateral amputee to determine areas of insensi-
tivity and progression of the neuropathy.
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EXHIBIT 12.3

Name: ____________________________________________________________ Date: ____________ ID#: _______________

Screening Form for Diabetes Foot Disease

I. Medical History (Check all that
apply.)

___ Peripheral neuropathy
___ Retinopathy
___ Cardiovascular disease
___ Nephropathy
___ Peripheral vascular disease

(For Sections II & III, fill in the blanks
with an “R,” “L,” or “B” for positive
findings on the right, left, or both
feet.)

II. Current History
1. Any change in the foot since the

last evaluation? Y ____ N ____
2. Current ulcer or history of a foot ul-

cer? Y _____ N _____
3. Is there pain in the calf muscles

when walking that is relieved by
rest? Y _____ N _____

III. Foot Exam
1. Are the nails thick, too long, in-

grown, infected with fungal dis-
ease? Y _____ N _____

2. Note foot deformities
____ Toe deformities
____ Bunions (hallus valgus)
____ Charcot foot
____ Foot drop
____ Prominent metatarsal heads

Amputation (Specify date, side, and
level.)

3. Pedal Pulses (Fill in the blanks with
a “P” or an “A” to indicate present
or absent.)

Posterior tibial:
Left ____ Right____
Dorsalis pedis:
Left ____ Right ____

4. Skin Condition (Measure, draw in, and
label the patient’s skin condition, using
the key and the foot diagram below.)

C = Callus
U = Ulcer
R = Redness
W = Warmth
M = Maceration
PU = Preulcerative lesion
F = Fissure
S = Swelling
D = Dryness

IV. Sensory Foot Exam (Label sensory level with a “+” in the five circled areas
of each foot if the patient can feel the 5.07 Semmes-Wienstein (10-g) nylon
filament and “-” if the patient cannot feel the filament.)

V. Risk Categorization (Check appropriate box.)

___ Low-Risk Patient

All of the following:
___ Intact protective sensation
___ Pedal pulses present
___ No severe deformity
___ No prior foot ulcer
___ No amputation
___ High-Risk Patient

One or more of the following:
___ Loss of protective sensation
___ Absent pedal pulses

___ Severe foot deformity
___ History of foot ulcer
___ Prior amputation

VI. Footwear Assessment (Fill in the blanks.)

Does the patient wear appropriate shoes? Y ____ N ____
Does the patient need inserts? Y ____ N ____
Should therapeutic footwear be prescribed? Y ____ N ____

VII. Education (Fill in the blanks.)

Has the patient had prior foot care education? Y ____ N ____
Can the patient demonstrate appropriate self-care? 
Y ____ N ____

VIII. Management Plan
(Check all that apply.)
___ Provide patient educa-

tion for preventive foot
care. 

Date: _________

Diagnostic studies:
___ Vascular laboratory
___ Other: _______
___ Schedule follow-up visit.

Footwear recom-
mendations:
___ None
___ Athletic shoes

___ Accommodative inserts
___ Custom shoes
___ Depth shoes

Refer to:
___ Primary care provider
___ Diabetes educator
___ Orthopaedic foot sur-

geon

___ RN foot specialist
___ Orthotist
___ Podiatrist
___ Pedorthist
___ Endocrinologist
___ Rehab specialist
___ Vascular surgeon
___ Other: ________

Date: __________________ ______________________________________________________________________________
Provider Signature

NOTES:

Reprinted from Feet Can Last a Lifetime: A Health Care Provider’s Guide to Preventing Diabetic Foot Problems, Institute of Diabetics and Digestive
and Kidney Diseases, U.S. Department of Health and Human Services, National Institutes of Health, Bethesda, MD.

Right Foot Left Foot

Dorsal
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Thermography is the measurement of temperature. Most 
thermographic tools used in wound care convert infrared 
radiation to a numerical measurement and display the read-
ing on a monitor.51 For example, thermocouples (or thermis-
tors) are recording devices that, when touched to the skin for 
10 seconds, give a numeric display of temperature.55 In contrast, 

A B

FIGURE 12.18 Sensory foot exam. The sensory testing device is a 10-g (5.07 Semmes-Weinstein) nylon fi lament mounted 
on a holder that has been standardized to deliver a 10-g force when properly applied. Research has shown that a person 
who can feel the 10-g fi lament in the selected sites is at reduced risk for developing ulcers. (1) The sensory exam should 
be done in a quiet and relaxed setting. The patient must not watch while the examiner applies the fi lament. (2) Test the 
monofi lament on the patient’s hand so he or she knows what to anticipate. (3) The fi ve sites to be tested on each foot 
are indicated on the screening form. (4) Apply the monofi lament perpendicular to the skin’s surface (part A of fi gure). 
(Reprinted with permission from Feet Can Last a Lifetime: A Health Care Provider’s Guide to Preventing Diabetic Foot 
Problems. Institute of Diabetes and Digestive and Kidney Diseases, U.S. Department of Health and Human Services, 
National Institute of Health, Bethesda, MD.)

FIGURE 12.19 Neuropathic hand. Motor neuropathy testing reveals 
tenting on the back of the MCP joint, clawing of the fi ngers, and atro-
phy of the web space between the thumb and the fi rst fi nger.

the infrared thermometers shown in Figure 12.20A,B allow 
 accurate, immediate spot temperature reading, and the feature 
of scanning the foot quickly with or without skin contact.

A high temperature reading provides objective evidence of 
tissue damage and infl ammation produced by repeated mechan-
ical (pressure) trauma or infection.56,57 When evaluating the 
normal, healthy limb, the most distal aspects are cool. Muscular 
areas with good blood supply are warmer than bony regions. 
Arches are several degrees warmer than heels or toes.55 Excessive 
heat in an area of the foot is a vascular response to trauma. The 
trauma may be due to external forces, infection, Charcot joint, 
or other internal complications. Certainly you could feel the 
increased heat manually, but without instrumentation to record 
actual numbers, you will not be able to provide the objective 
documentation needed for follow-up and comparison.

Implications of Temperature Testings
To perform temperature testing, use a surface-sensing temper-
ature device (thermocouple or infrared). Record temperatures 
in predetermined areas, usually those related to common areas 
of breakdown. If you discover one defi nite area with a temper-
ature 3°F higher than that of adjacent areas, you can assume 
that this is an area of high pressure or stress. Even if there is no 
current breakdown, you must relieve the pressure in this area 
and the redistribute it over the remaining weight-bearing sur-
faces. Upon follow-up of this same patient, you should notice 
a decrease in the temperature differentiation as healing of the 
tissue progresses.

In a comparison of contralateral limbs, suspect vascular 
impairment when one limb is signifi cantly colder or distal 
portions of the foot show an extreme drop in temperature. 
A chronic hot spot points to the presence of a chronic stress 
or an underlying bone or joint problem. Bear in mind, how-
ever, that increased temperature tells that there is a problem 
and where it is—not what it is!23
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340 PART II ■ Management by Wound Etiology

1. Temperature testing may be done with or without contact of 
skin.

2. Read the fi rst number seen.
3. Avoid pressure against the skin that causes ischemia.

Use of Temperature Testing for Self-Care
A recent study evaluated the effectiveness of at-home infrared 
temperature monitoring as a preventive tool in diabetics at high 
risk for lower extremity ulceration and amputation. The study 
group measured temperatures in the morning and evening and 
were instructed to reduce their activity and contact the study 
nurse when temperatures increased. This group had signifi -
cantly fewer foot complications due to early warning of infl am-
mation and tissue injury.58

Pressure Testing
A variety of devices have been used for many decades to 
determine pressure distribution while standing and walk-
ing. For example, force plates have given us valuable infor-
mation regarding peak pressures during ambulation, but are 
limited in that they represent only a single step on the plate. 
Attempts to place sensors in the shoes have been unreliable 
because of the sensor structure and attachment within the 
shoe.59 Another option is the Harris mat, which provides a grid 
analysis of pressure distribution, imprinting low foot pressures 
in large, light squares and heavier pressures in smaller, darker 
squares (Fig. 12.21).2 The Harris mat can be used for static and 
dynamic assessment, can provide permanent records, and is 
relatively inexpensive.

Recent developments in computer-aided documenta-
tion have included devices, which provide full-color three-
dimensional pressure recordings that can be used for static 
or dynamic documentation. Computer-aided devices are also 
being used to produce live scanning of the foot in order to 
provide a positive mold for orthotics, as well as for custom 
shoes.60 Using three-dimensional, digital computer graphics, 
a plastic sock may be molded to the patient and converted to 
a shoe cast.61Objectives and Procedure for Taking Temperature

Objectives for taking temperature:

• To evaluate baseline temperature at sites of high incidence of 
ulceration

• To determine presence of infl ammation
• To evaluate sites of baseline-elevated temperature for decrease 

in temperature after intervention to relieve pressure

Procedure for taking and recording temperature using a 
thermocouple

1. Expose the bare skin of the foot to the room temperature for 
5 to 10 minutes before recording any temperature.

2. Take temperature at 10 locations on the sole of foot and toes 
(shown by circles on foot evaluation form Exhibit 12.3).

3. Follow steps for measuring temperature.
4. Record readings in degrees at each location on foot evalua-

tion form and date.
5. Record readings at each location on successive evaluations 

below the initial reading and date.

Procedure for Use of an Infrared Scanner Thermometer
Follow these steps in measuring temperature with an infrared 
scanner thermometer:

FIGURE 12.20 Tempgun infrared thermometer. Used with permis-
sion: James Birke, PT, PhD.

FIGURE 12.21 Harris mat pressure testing record. Darker areas repre-
sent higher pressure.
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Charcot Joint Examination
Charcot joint (Charcot arthropathy) is a relatively painless, 
progressive, and degenerative arthropathy of single or multi-
ple joints, caused by underlying neuropathy. The neuropathy 
may be periosteal and not cutaneous. There are several theories 
behind the causes of Charcot joint, as follows:

• Multiple microtraumas to the joints cause microfractures. 
These fractures lead to relaxation of the ligaments and joint 
destruction.62 (Fig. 12.22).

• There is increased blood fl ow and bone reabsorption (oste-
olysis). Patients with Charcot joints have bounding pulses.

• Changes in the spinal cord lead to trophic changes in bones 
and joints.

• Osteoporosis is accompanied by an abnormal brittleness of 
the bones, leading to spontaneous fracture.63

In clinical observations, the limb is usually painless, swollen, 
and red. Unhealed painless fractures are often visible with 
radiography. In advanced Charcot disease, there are multiple 
fractures, accompanied by extensive bone demineralization 
and reabsorption. Later stages reveal architectural distortion of 
the foot, with shortening and widening of the joint.42 The foot 
joints most commonly affected are the following:

• tarsometatarsal (30%)
• metatarsophalangeal (30%)
• tarsus (24%)
• interphalangeal (4%)

Charcot joint is frequently misdiagnosed and mistreated, leav-
ing the patient with deformities that require further medical 
intervention and/or expensive footwear (see Fig. 12.23). The 
acute stage will show a foot that is 5°F to 10°F hotter than the 
contralateral limb in the same area. The red, hot, swollen foot 
will usually not have a skin opening or ulceration. Laboratory 
tests, including radiographs, may not show changes in the 
acute stage to differentiate Charcot disease from other 
diagnoses.

The duration of the catastrophic destruction, dissociation, 
and eventual recalcifi cation found with Charcot joint will vary 
with the individual, but the average healing time in a cast for 

FIGURE 12.23 Classic Charcot rocker bottom foot deformity. Note 
ulceration over bony deformity surrounded by callus formation.

the hindfoot is 12 months; for the midfoot, 9 months; and for 
the forefoot, 6 months. By evaluating with comparative tem-
perature measurements of the contralateral foot, the stages can 
usually be verifi ed by radiograph. As the involved foot tem-
perature increases, the destruction and dissociation are taking 
place. The temperature gradually decreases as recalcifi cation is 
in progress. A radiograph shows that recalcifi cation is complete 
when temperatures bilaterally are within 3°F.

The treatment plan for acute Charcot joint is total con-
tact casting, discussed later in this chapter. The cast must be 
changed in 1 week to accommodate volume changes. Following 
the period of volume changes, the cast should be changed every 
2 to 3 weeks. When the temperature is equal to that of the other 
limb, the patient may be weaned gradually from the cast to a 
splint, then to shoes. Follow-up should continue to ensure that 
there is no recurrence of an episode of Charcot joint.

Osteomyelitis Examination
The clinical manifestations, including laboratory data, of 
Charcot joint and osteomyelitis (bone infection) are very simi-
lar, and the patient should be monitored closely to verify the 
diagnosis. With osteomyelitis, you will often observe the pres-
ence of an opening in the skin to allow an entrance for bacteria 
to infect the bone (see Fig. 12.24A,B). Take the temperature 
over the best surrounding skin. Refer for immediate medi-
cal management. The recalcifi cation would not occur radio-
graphically as in Charcot disease. Verifi cation may be made 
for osteomyelitis with a three-phase bone scan or biopsy (Fig. 
12.24C).22 The more common or familiar method of evaluat-
ing for osteomyelitis involves the use of radiographs as seen in 
Figure 12.25.

Diabetic patients with foot ulcers that expose bone should 
be treated for osteomyelitis, even if there is no evidence of 
infl ammation.64

FIGURE 12.22 Charcot foot A. anteroposterior radiograph reveals 
osteolytic destruction of metatarsophalangeal joints, with pencil-like 
tapering of the metatarsal shafts resembling “sucked candy” or “licked 
peppermint stick”. B Graphic represents the radiographic fi ndings. 
(This article was published in Sanders LJ, Frykberg RG: Diabetic neu-
ropathic osteoarthropathy: the Charcot foot in Fryberg RG, editor: 
The high risk foot in diabetes mellitus, New York, 1991, Churchill 
 Livingstone, © Elsevier. Reprinted with permission.
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342 PART II ■ Management by Wound Etiology

FIGURE 12.24 A: Red, hot, swollen toe: infection suspected. (Courtesy of Nancy Elftman.) B: Distal tip of infl amed toe. 
(Courtesy of Nancy Elftman.) C: Blood pooling of infl amed toe: infection confi rmed. (Courtesy of Nancy Elftman.)

FIGURE 12.25 Radiograph showing osteomyelitis of talonavicular joint.

INTERVENTIONS

Interventions for the neuropathic foot include application of 
orthotics and other adaptive equipment, total-contact casting, 
and the use of splints and other devices. We discuss surgical 
management and skin care separately.

Orthotics and Adaptive Equipment
Treatment of the neuropathic foot requires accommodation, 
relief of pressure/shear forces, and shock absorption. This can 
be achieved with accommodative inserts, special shoes, socks, 
and blocks.

Accommodative Inserts
Accommodative inserts do not apply correction; they are used 
to fi ll the spaces between the fl at shoe and the foot contours. 
All inserts are applied on the underlying surface in contact with 
the shoe, never in contact with the foot. The surface in contact 
with the foot is always a solid, uninterrupted surface that will 
not apply edges for the foot to receive shear forces. There are 
different types of inserts, as follows:

• Soft: cushioning/accommodation; improves shock absorption
• Semirigid: some cushion/accommodation; affords pressure 

relief
• Rigid: hard, single layer of plastic; controls abnormal foot and 

leg motion65

For example, metatarsal head (MTH) pads are soft cushioning 
inserts. They are placed proximal to the MTHs to redistribute 
the weight from the heads to the metatarsal shafts as well as to 
increase the transverse arch of the foot (Fig. 12.26).
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freely; open-cell material has no windows, leaving many cells 
 interconnected, so that gas may pass between cells. Cell walls 
are not totally impermeable to the fl ow of gases. Under a sus-
tained load (especially the heavy patient), gases are squeezed 
out; when the load is removed, gases are drawn back into the 
cells.66 These materials will bottom out from compaction of the 
materials as cells fracture under repetitive stress. For example, 
Plastazote, when used alone, has a limited effective period of 
about 2 days. However, when Plastazote is combined with 
Poron to form a single unit, the combined attributes of both 
perform well for 6 to 9 months67,68 The advantages of these 
foams are low-temperature molding, nontoxicity, water resis-
tance, and washability without absorbency of fl uid.69

The Aliplast/Plastazote ™ insert is an immediate preparation 
and can be provided within a clinic setting, but it has a relatively 
short life of compressibility (6–8 months). Plastazote is a closed-
cell polyethylene foam that can be heated to 280°F and molded 
directly onto the patient’s foot.21 Care must be taken never to 
mold the toes or create ridges that the toes will ride over as the 
patient ambulates. By combining materials over a cast model of 
the foot, the composite type of insert can achieve all goals of the 
accommodative insert and provide a minimum life of 1 year.

An insert with a Plastazote surface in contact with the foot 
can be used as a diagnostic tool for future follow-up. The self-
molding properties of Plastazote reveal deep sock prints in 
areas of high pressure. These high-pressure areas should be 
noted and relieved in future insert designs for the patient.

Temperature testing can help you evaluate the effective-
ness of accommodative inserts. As noted earlier, areas of high 
trauma will have increased temperature. After the patient has 
worn accommodative inserts, the temperature differentiation 

A variety of materials are available for more sophisticated 
accommodative inserts, and it is important to understand 
the benefi ts and limitations of the material you will be using. 
Figure 12.27 shows the several different layers that make up 
an accommodative insert. Cellular polyethylene foams, such 
as Aliplast, Plastazote, and Pelite, are composed of a mass of 
bubbles in a plastic and gas phase. The bubbles are cells with 
lines of intersection called ribs or strands, and the walls are 
called windows. In closed-cell materials, the gases do not pass 

FIGURE 12.26 Metatarsal pads made of soft durometer to aid in pres-
sure relief of metatarsal heads and increase transverse arch of foot. 
(Courtesy of UCO International, Inc., Wheeling, Illinois.)

FIGURE 12.27 Accommodative inserts require multiple layers of varied durometer materials. Compression should 
reduce thickness by half. (Courtesy of Nancy Elftman.)
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lateral soles to discourage varus instability, and shank/rocker 
bottom for a partial foot, hallux rigidus, or decreased motion 
at the metatarsal heads. A rocker bottom should be added to 
the shoe when metatarsophalangeal extension is to be avoided.21 
When properly fi t, the instep leather should not be taut.

There are three tests to determine the proper fi t of shoes 
(Fig. 12.29A,B):

Length: Allow 1/2 to 3/4 in. of space in front of longest toe.
Ball width: With the patient weight bearing, grasp the vamp 

of the shoe, and pinch the upper material; if leather cannot be 
pinched, it is too narrow. The ball should be in the widest part 
of the shoe.70

Heel to ball length: Measure the distance from the patient’s 
heel to the fi rst and fi fth metatarsal heads. Bend the shoe to 
determine toe break, and repeat measurements on the shoe. 
They should be close to the same measurements.71

The simple addition of shoes instead of walking barefoot 
may correct many deformities.72 Laced shoes will give the best 
control, but they must be broken in slowly, beginning with 2 
hours per day and slowly adding time.21 Cutout sandals are not 
recommended because they can cause irritation along the bor-
ders of the sandal and straps.73

To evaluate pressures within a shoe, there is a pressure-
sensitive sock that is coated with dye-fi lled wax capsules. The 
capsules fracture when a certain pressure threshold is exceeded, 
leaving dye stains in areas of high pressure.69

To protect a healing area in which dressings will be applied, 
a healing shoe lined with Plastazote will allow greater circum-
ference and volume adjustability.

will decrease if the proper accommodation has been achieved. 
If the temperature has not decreased in the area, the relief may 
require enhancement, or there may be other underlying com-
plications to be investigated.

Shoes
Shoes for the insensitive foot should be of soft leather that will 
conform to abnormalities on the dorsal surface and allow for 
the depth of an accommodative insert. Leather gradually adapts 
to the slope of the foot and will retain shape between wearings. 
The leather will breathe and absorb perspiration.69

The patient should not depend on the “feel” of a shoe for cor-
rect size. The shoe must be full width and girth and allow 1/2 to 
3/4 in. of space beyond the longest toe to prevent distal shoe 
contact through the gait cycle. Figure 12.28A–D shows modifi -
cations of the shoe appropriate for the insensitive foot. Standard 
modifi cations of extra-depth shoes for the neuropathic patient 
include stretching of the soft toe box for clawed toes, fl ared 

CLINICAL WISDOM

Choose Crepe Sole Shoes for Pressure Relief
Crepe soles, which are full of air cells, provide pressure relief 
to the plantar surface, whereas air or water “pillows,” which 
are enclosed in an infl exible compartment, create pressure.

FIGURE 12.28 A: Common shoe modifi cations for the neuropathic foot. Rocker sole for limited great toe motion and 
forefoot complications. (Courtesy of Nancy Elftman.) 
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FIGURE 12.28 (continued) B: Common shoe modifi cations for the neuropathic foot. Heel wrap to widen heel contact 
surface and increase stability. (Courtesy of Nancy Elftman.) C: Common shoe modifi cations for the neuropathic foot. C. 
Lateral fl are for varus deformity. (Courtesy of Nancy Elftman.) 
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FIGURE 12.28 (continued) D: Common shoe modifi cations for the neuropathic foot. D. Bolster for 
midfoot medial support. (Courtesy of Nancy Elftman.)

FIGURE 12.29 A: The neuropathic foot requires shoes that have a space of 1/2 to 3/4 in. of space beyond the longest toe. 
(Courtesy of Nancy Elftman.) 

Sussman_Chap12.indd   346Sussman_Chap12.indd   346 8/6/2011   12:23:10 PM8/6/2011   12:23:10 PM



 CHAPTER 12 ■ Management of the Neuropathic Foot 347

FIGURE 12.29 (continued) B: The wound on the distal end of the great toe due to a short shoe. (Courtesy Nancy Elftman.)

Socks
Socks for the neuropathic limb should have no mended areas 
or seams over bony prominences. A cotton/acrylic blend will 
assist in the wicking of perspiration away from the foot.74 The 
sock should be fully cushioned and have a nonrestrictive top. 
The partial foot requires a sock that will conform to the shape 
without distal prominent seams or excess material at the distal 
end. For the active patient, socks can be obtained with silicone 
over high-stress areas to prevent shear for full or partial feet.

Blocks
The partial foot may require a block within the shoe for the area 
of amputation. The purpose of a block is to reduce migration of 
the partial foot and medial/lateral shear for the toe amputation. 
No block or “prosthetic toe” is used for a central digit amputa-
tion. The low pressures applied by a block to central digits cause 
ischemic ulcerations on opposing surfaces. Medial or lateral 
amputations (fi rst and fi fth toes) may require a block to hold the 
foot in the correct position within the shoe. The forefoot block 
holds the shoe leather away from the distal end of the foot and 
discourages distal migration of the foot. All forms of blocks must 
have space from the amputation site and be an integral part of 
the insert, not added to an existing orthotic. Forefoot blocks 
require a rigid rocker sole to prevent ulceration to distal end.

By utilizing state-of-the-art foams and room temperature 
vulcanized (RTV) silicone elastomers, shear can be reduced in 
areas of skin grafts, chronic ulcerations, and calcanectomies 
within more rigid orthotics. The viscoelastomer gel is a two-
part gel that can be adjusted for durometer desired. The mixture 
can be used for shock absorption and shear reduction. Scar-
adherent areas can benefi t from a medium durometer mixture. 
The disadvantage is weight, so it should be used in small areas. 
Low-density foams can be designed into orthotics, such as toe 
breaks and forefoot blocks and reliefs. Reliefs for heel pain can 
be designed into the insert or shoe sole as a Sach heel. Sach 

heels use soft and medium durometer soling to  simulate plantar 
 fl exion and provide shock  absorption at heel strike.

Total-Contact Casting
The total-contact casting (TCC) method provides decreased 
plantar pressures by increasing weight bearing over the entire 
lower leg75 (Fig. 12.30). Brand introduced the total-contact cast 
to the United States in the 1950s to redistribute walking pres-
sures, prevent direct trauma to the wound, reduce edema, and 
provide immobilization to joints and soft tissue. The average 
healing time for ulcerations treated with TCC is 6 weeks.73

TCC provides decreased plantar pressures by increasing weight 
bearing over the entire lower leg, so that no part of the foot takes 
more than 5 psi. It has been successful as a treatment for plantar 
ulcerations but requires careful application, close follow-up, and 
patient compliance with scheduled appointments to minimize 
complications.75 TCC has also been used for patients without as 
well as with evidence of severe peripheral vascular disease.76

Application methods vary by institution. Steps for applica-
tion of the Carville-type TCC are given here solely for refer-
ence, as these casts are applied only by skilled technicians:

1. The ulcer is covered with a thin layer of gauze.
2. Cotton is placed between the toes to prevent maceration.
3. A stockinette is applied.
4. A 1/4-in. piece of felt is placed over the malleoli and anterior 

tibia.
5. Foam padding is placed around toes.
6. A total-contact plaster shell is molded.
7. The shell is reinforced with plaster splints.
8. A walking heel is attached.
9. A fi berglass roll is applied around the plaster.

A window is never cut into the cast or there may be localized 
swelling, shear stresses, and, eventually, a secondary wound.21
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The patient is instructed to ambulate only 33% of usual 
 activity. The cast is removed in 5 to 7 days and reapplied. New 
casts are applied every 2 to 3 weeks.75 To allow thorough drying, 
the patient should not stand or walk on the cast for 24 hours.73

A common complication of the neuropathic patient is severe 
foot deformity, including joint subluxation or dislocation, fol-
lowing neuropathic fractures or Charcot joint. The presence of 
severe foot deformity has been shown to be predictive of pro-
longed healing time for patients treated with TCC. Sinacore 
et al.77 found that fi xed foot deformity prolonged healing of 
ulcers with TCC when located in the midfoot and rear foot. 
Ulcers located in the midfoot healed in 73 � 29 days, and rear 
foot ulcers healed in 90 � 19 days. Individuals without fi xed 
deformities with chronic diabetes mellitus and those with fore-
foot ulcers healed in 41 days. Therefore, early detection during 
the musculoskeletal examination of a fi xed foot deformity in a 
patient with an ulcer located in the midfoot or rear foot can be 
used to determine a prognosis that healing time will be signifi -
cantly longer when a TCC is used as the treatment intervention.

While not as effective as total contact, a posterior splint cov-
ers the posterior lower leg and plantar foot surface, and is held 
in place with elastic wrap. The splint acts to protect the plan-
tar surface. This procedure may be chosen for the patient with FIGURE 12.30 Total-contact cast.

Charcot Arthropathy
The patient was a 44-year-old woman with a 15-year history 
of type 2 diabetes mellitus. She had neuropathic extremities 
to mid-calf bilaterally, loss of sensation, and motor function 
demonstrated by bilateral foot drop. She had a right foot 
Charcot arthropathy 4 years ago. The extremity was treated 
with a series of total-contact casts for 11 months and gradu-
ally weaned to ankle-foot orthotics with shoes. The contralat-
eral side used ankle-foot orthosis to control foot drop.

The patient came to the clinic for an emergency check-up 
due to a weekend traumatic injury to the left foot. She recalls 
twisting the left ankle and slight discomfort. Within an hour, 
there was swelling so she went to a local emergency depart-
ment. The patient was told that she had possibly torn a liga-
ment and was put in a precautionary plaster cast with a rubber 
walking pad.

When the patient came to the clinic 2 days later, she was 
in a great deal of discomfort and the plaster cast seemed to 

have absorbed exudate. The toes were left exposed in the cast 
and had swollen beyond the confi nes of the distal cast edge. 
When the cast was removed, it was observed that the walking 
pad had been forced through the plaster on the plantar surface 
and traumatized the entire plantar midfoot. The patient had 
Charcot arthropathy of the midfoot that was further destroyed 
by the nonreinforced walking pad. The edges of the plaster 
caused open abrasions to the exposed toes, leading to infection.

The patient was treated for abrasions and put into a total-
contact cast. After 16 months, the Charcot episode was over 
but the foot was left with deformities that could not be accom-
modated in a standard shoe. A custom shoe was ordered for 
the left foot deformity.

Key Points
1. Immediate total-contact casting could have reduced the 

deformities and length of treatment.
2. A total-contact cast differs from a standard short leg cast 

and should be applied by a skilled technician.

CASE STUDY     

CLINICAL WISDOM

Bathing While Wearing a TCC
A seal-tight cast and bandage protector is a heavyweight 
plastic vinyl bag that slips over the cast and forms a seal that 
is watertight. The product is convenient to use, durable, and 
has a sueded sole to minimize slippage in the shower.
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reliefs modifi ed. With all of the advantages of the TCC, the 
advantages that were added with the ODS splint included the 
possibilities for daily inspection, regular cleaning/dressings/
debridement, and adjustments to areas of excessive pressure 
and/or friction (Fig. 12.31).

The Plastazote/Aliplast insert is fi rst molded to the patient’s 
foot and trimmed to follow the plantar surface, with 1/4 in. of 
length added beyond toes. A stockinette is placed on the leg, the 
insert is positioned, and another stockinette is applied to hold 
the insert in place. A padded TCC is applied, using fi berglass 
only. The cast is bivalved; straps are added; edges are fi nished; 
and the insert is removed, relieved, and replaced to unweight 
the area of ulceration. After insert modifi cation, it is replaced 
within the splint, and the patient may ambulate with a rocker-
bottom cast shoe under the splint. The patient is instructed on 
volume control with sock thickness.

a limb compromised by poor circulation or when the patient 
cannot tolerate the confi nement of a cast.78

Healing Cast Shoe
There have also been attempts to heal ulcers by using a heal-
ing cast shoe molded of plaster. This healing cast shoe must be 
changed in 3 days, then reapplied every 10 days. Results have 
reported healing of plantar ulcers in 39 days.79 Contraindications 
for the use of a healing cast shoe include infection (redness, 
swelling, warmth, fever) and hypotrophic skin (thin, shiny 
appearance, marked dependent edema).73

Orthotic Dynamic System Splint
The orthotic dynamic system (ODS) splint was developed to 
take advantage of the casting method of a TCC with the inclu-
sion of a custom-molded insert that could be removed and 

FIGURE 12.31 The ODS splint will be fi t with a cast 
shoe for ambulation. (Courtesy of Nancy Elftman.)
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The rocker sole allows for easy ambulation, but the  contralateral 
shoe must be adjusted for height.

When casting for the neuropathic walker, the patient’s limb 
is wrapped and placed on a soft foam block until the plaster 
is set. The plantar surface will accommodate without excessive 
pressures on bony prominences. Modifi cations of the positive 
model include smoothing the plantar surface but never remov-
ing plaster. Any area that has had plaster removed during 
modifi cation will be an area of excess pressure in the fi nished 
orthosis. The distal end is built up at the medial and lateral 
metatarsal areas and the length is extended 1/2 in. to allow 
room for the toes and to decrease the chances of maceration.

Fabrication is completed on the modifi ed positive cast. The 
insert is fi rst fabricated, fi nished, and placed in position. The 
posterior Plastazote lining is pulled over the insert, followed by 
the copolymer (plastic) vacuum-formed shell. The entire pos-
terior section is fi nished and trimmed. The anterior Plastazote 
is positioned, and the copolymer shell is applied over the entire 
posterior. There should be a 1/2- to 1-in. overlap of copolymer 
on the fi nished orthosis. The Velcro straps and rocker bottom 
are attached (apex of rocker proximal to MTH).

The disadvantage will lie with compliance of the patient. The 
splint design allows donning and doffi ng by the patient, there-
fore allowing him or her to remove the cast. The total contact 
of a healing cast cannot be compared in its superiority, but the 
clinical experience of the authors suggests that the advantages 
of being able to inspect the ODS daily and adjust it for patient 
comfort are a great asset in the treatment protocol.

Neuropathic Walker
The neuropathic walker is a combination of an ankle-foot 
orthosis (AFO) and a boot that is custom designed to be total 
contact for weight distribution (Fig. 12.32A,B). The ankle 
is locked to reduce force through the Lisfranc joint and/or 
ankle. The design is indicated for the patient with changes of 
Charcot joint in the tarsal and ankle joints, chronic recurrence 
of Charcot disease, and chronic ulcerations. The orthosis is eas-
ily donned and doffed, and is fabricated of a copolymer plastic 
with a closed-cell lining. The removable insert may be adjusted 
to reassign weight-bearing areas on the plantar surface. The 
insert may also be formed over chronic breakdown areas, such 
as the malleoli, posterior heel, and bunions, to reduce pressure. 

FIGURE 12.32 A: The custom neuropathic walker has a rocker sole and provides total contact for the high-risk foot. 
(Courtesy of Nancy Elftman.) B: The orthosis fi ts the individual and supports deformity. (Courtesy of Nancy Elftman.)
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Patellar tendon-bearing (axial resist) AFO designs are 
intended to decrease forces on the plantar weight-bearing sur-
face of the foot. The design is only minimally effective in reduc-
ing the load off the lower leg.83 The patellar tendon-bearing 
design AFO has been used successfully for calcanectomy, plan-
tar skin graft, and heel ulceration. This orthosis is contraindi-
cated in the patient with vascular impairment because of the 
excess restriction in the popliteal area of arterial fl ow.

The prosthesis has been the orthotic replacement when the 
amputation case is complicated and the patient is not a can-
didate for prosthetic management. The prosthesis becomes a 
useful device for transfers and limb protection. This is always a 
creative design, with no two the same, unique to the individual 
and his or her needs.

As discussed in Chapter 10, the nonambulatory patient must 
be examined carefully for pressure ulceration due to positioning. 
Heel ulcers are particularly diffi cult to off-load in the recum-
bent position (Fig. 12.34A). For these patients, the prefabricated 
soft ankle-foot orthosis (soft AFO) can help. It is constructed 
of a soft foam over a semirigid posterior/plantar support. The 
device allows decreased pressure at the posterior, medial/lateral, 
and plantar areas of the heel (Fig. 12.34B). The soft outer con-
struction decreases trauma to the contralateral leg.80

Off-Loading of Foot Ulcerations
In the treatment of foot ulcerations, the wound care protocol 
must include debridement/cleansing and simultaneous off-
loading of the affected area; that is, pressure and shear affect-
ing the area must be relieved. Many patients are given crutches, 
a walker, or a wheelchair, but they must have the upper body 
strength, cardiovascular reserves, and/or motivation to use 
assistive devices.80 Bed rest eliminates the pressures on the foot 
but promotes deconditioning of the patient.81 Thus, the wound 
care team should consider custom as well as prefabricated off-
loading devices for each individual patient.

Custom Plastazote Healing Sandals
The custom Plastazote healing sandal contains a molded foot 
bed and has a rigid rocker sole (Fig. 12.35). The device is 
lightweight but requires considerable time and experience to 
fabricate.80 The Carville sandal has been used as a successful off-
loading shoe and interim device following the TCC and before 
defi nitive shoewear.84

Prefabricated Off-Loading Alternatives
Prefabricated devices are inexpensive alternatives for off-
loading ulcerations. The following prefabricated products are 
improved in function by the addition of a customized accom-
modative insert. The area of off-loading can be designed using 
the patient’s fl oor reaction imprint (Harris mat) as a pattern. 
Follow-up appointments should include temperature measure-
ments to ensure proper off-loading. If temperature is increased, 
the off-loading area must be increased. Lower temperature 
indicates decreased infl ammation and healing progression.85

Post Op/Med Surg/Cast Shoe

An inexpensive alternative for wound off-loading is a postop-
erative shoe (rigid sole) or cast shoe (roller sole) containing an 
off-loading insert (Fig. 12.36). These shoes adjust for bandage 
volume but do not offer an intimate fi t to control foot motion.82 

Instruct the patient to check the skin daily for redness and 
possible breakdown. During follow-up, assess and record 
temperatures of the plantar surface. Your measurements may 
suggest that adjustments of insert pressures are needed. Sock 
management will be very important to continue a snug fi t of the 
orthosis and volume control.

Total-Contact Ankle-Foot Orthosis
Like the neuropathic walker, the total-contact ankle-foot ortho-
sis (AFO) is used for the patient who has an area of trauma in 
the mid-or hindfoot. The orthosis includes a custom, remov-
able insert and is lined with Plastazote. This orthosis must be fi t 
within a shoe, and this may be diffi cult in standard shoes. The 
casting procedure is the same as that for the neuropathic walker. 
The toes are open, and the anterior shell terminates at midfoot.

Other Devices
Short leg walkers and orthopaedic walkers have been used by 
some clinics, but they compromise the total-contact feature. 
The walkers have become popular as alternatives to cast immo-
bilization but the indications for their use are for foot and ankle 
fractures, sprains, acute ligament/muscle, and postsurgical 
immobilization. Although prefabricated walkers (Fig. 12.33) are 
not custom-made to provide total contact, they do contain some 
features that may assist in reducing movement of the limb within 
the walker.80 The walkers can be improved in function with the 
addition of a wide base, rocker sole, and custom insert.81 The 
low-risk patient does well in the orthosis with a custom insert. 
In contrast, the high-risk patient with sensory neuropathy may 
be better served by a custom total-contact orthosis.82

FIGURE 12.33 Prefabricated walker to assist in reducing motion at the 
ankle. (Courtesy of Darco International, Huntington, West Virginia.)
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FIGURE 12.34 A: Common heel ulceration. (Courtesy of Boston Brace International, Avon, Massachusetts.) B: Soft AFO 
for the recumbent patient to off-load heel ulceration and prevent trauma to contralateral limb. (Courtesy of Boston Brace 
International, Avon, Massachusetts.)
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area. The forefoot half shoe provides a pressure-free area for 
the forefoot, especially for the common ulcerations of the 
hallux. The heel relief shoe suspends the heel for noncontact. 
These devices may be contraindicated for the patient with 
limited ankle motion or balance problems associated with 
proprioception. Assistive devices may be required to reduce 
incidence of falls.80,81

Wound Healing Shoe Systems
Wound healing shoes are designed for the practitioner who 
does not have casting facilities or available support to off-
load ulcerations by TCC or ODS splint. The basic wound 
shoe (Fig. 12.39) provides a base that allows relief of pres-
sure for the dorsum, medial, lateral, and posterior ulceration. 
The plantar contact system (Fig. 12.40) enables the practitio-
ner to off-load plantar ulcerations with four layers (multiple 
durometer) of material (Fig. 12.41A). The system is to be 
worn until the ulceration has healed. On fi nal closure of the 
wound, a long-term material layer is added, and the wound 
shoe becomes the casual slipper to be worn at all times when 
defi nitive off-loading footwear is not being used (Fig. 12.41B). 
A previous ulceration site is susceptible to breakdown repeat-
edly, and the wound shoe used as a casual slipper ensures that 
pressure relief is achieved at all times. The patient must never 
walk barefooted.

These shoes usually require extensions to Velcro straps and 
minor modifi cations. Use of the shoes as off-loading devices 
requires careful monitoring of the patient.

Wedged Shoe

The wedged shoe (Fig. 12.37) has full contact with the plan-
tar surface of the foot but reduces load forces applied from the 
ground. The sole angle is designed to shift weight bearing away 
from the ulcerated area. The wedge shoe is contraindicated 
when the patient does not have the range of motion to accom-
pany the shoe angle. A patient with poor proprioception, who 
is fi tted with this shoe, may not be able to ambulate without 
assistive devices.

Half Shoes

Many clinics use the half shoe (Fig. 12.38) to suspend the 
ulcerated area, providing complete off-loading of the ulcerated 

FIGURE 12.35 Plastazote Healing Sandal developed at Carville to pro-
vide a molded foot bed and rigid rocker sole. (Courtesy of the Depart-
ment of Health and Human Services, Division of National Hansen’s 
Disease Program.)

FIGURE 12.36 Post op/med surg/cast shoes: An inexpensive alterna-
tive to off-loading a wound on the plantar foot surface when plan-
tar insert is supplied. (Courtesy of Darco International, Huntington, 
West Virginia.)

FIGURE 12.37 Wedged shoe reduces fl oor reaction forces to healing 
plantar surfaces. (Courtesy of Darco International, Huntington, West 
Virginia.)

FIGURE 12.38 Half shoes suspend ulcerated area to eliminate external 
pressure. (Courtesy of Bauerfeind USA, Inc., Kennesaw, GA.)
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ulcerations. The combination of state-of-the-art wound care 
preparations and off-loading delivers optimal outcomes, as well 
as unlimited adjustments to forces applied.

SURGICAL MANAGEMENT

The most conservative treatment of foot infections is antibi-
otic therapy, but this is not always suffi cient to treat aggres-
sive, virulent cases.86 Surgical intervention may be in the best 
interest of the patient if conservative therapy is not an option 
or has proven ineffective. Options should be discussed frankly 
with the patient and the family. Explain the necessity of sur-
gical debridement of all osteomyelitis and nonviable tissue.87 
Reassure them that the surgeon will preserve as much length 
and width as possible to balance the motor function.8 Finally, 
emphasize that the goal of amputation is reconstruction and 
ambulation.

Metatarsal osteotomies can eliminate the intrinsic stresses 
caused by elongated or plantarfl exed metatarsal joints in neu-
ropathic limbs and decrease the number of amputations.88 Toe 
resections are the most distal amputation choices available. 
Expected outcomes of each toe resection are as follows:

• First toe—Interphalangeal disarticulation for an infected dis-
tal phalanx gives good balance. When possible, a wafer of the 
proximal phalanx should be left to maintain the position of 
the sesamoids beneath the fi rst metatarsal head.

• Second toe—Disarticulation results in loss of lateral sup-
port of the fi rst toe. A second ray resection is usually better to 
avoid secondary hallux valgus.

• Third or fourth toes—The remaining toes will tend to shift to 
close the gap.

• All fi ve toes—A long forefoot lever is left with good weight-
bearing properties.8

The advantages of the partial foot amputation are the following:

• It preserves end weight-bearing function.
• It preserves proprioception.
• It provides for limited disruption of body image.
• It requires only shoe modifi cation/orthosis or limited pros-

thesis. Limitations of the partial foot amputation are the 
loss of normal foot function related to loss of forefoot lever 
length and associated muscles, and the challenges presented 
in selecting appropriate adaptive equipment.

The Chopart’s amputation is selected when a patient retains 
sensation in the heel pad. Metatarsals and tarsals are removed, 
leaving a very short limb. It is diffi cult to suspend a shoe with-
out the aid of an AFO or prosthesis.

The transmetatarsal/Lisfranc amputation is preferred for the 
resultant length of foot; amputation is through the metatar-
sals. The longest partial foot amputation is the distal metatar-
sal amputation, in which the toes are amputated. This level will 
require a short shoe or forefoot block to prevent forward motion.

In all partial feet, it is important to watch for an equinus 
deformity. The toes are no longer present, and visual inspection 
is more diffi cult without their reference.

Whether from trauma or chronic infection, the partial 
removal of the calcaneus is a follow-up challenge for the ortho-
tist. Removing weight bearing from the heel is diffi cult, and the 
patient who has had a calcanectomy must be followed carefully.

The fl oor reaction imprint (Harris mat, Fig. 12.42) is helpful 
to use as a pattern for the off-loading position, but is not neces-
sary. The top layer to contact the foot is always a solid inter-
face that will mold to the foot contours. There are two layers 
of higher durometer that will be relieved using available tools 
(scissors, scalpel, blade). With lower grade ulcers (Wagner 0 
and 1), one off-loading layer is suffi cient (Fig. 12.41C), whereas 
higher grade ulcers require two off-loading layers (Fig. 12.41D). 
On wound closure, a shock-absorbing layer is to be added to 
prolong use of the system as a slipper (Fig. 12.41E).

For ulcerations that are not weight bearing (not plantar 
surface), the double-layer upper construction can be trimmed 
to off-load pressure areas without allowing window edema 
to occur (Fig. 12.43A,B). The Velcro system is adjustable for 
bandage volume. The off-loading system allows for minimal 
dressings, which will usually add excess pressure areas when the 
patient is weight bearing.

The goal of the wound healing shoe system is to allow par-
tial weight bearing while off-loading the high-risk foot with 

FIGURE 12.39 The wound healing system provides optimal envi-
ronment for wound care protocol and simultaneous off-loading to 
encourage healing. (Courtesy of Darco International, Huntington, 
West Virginia.)

FIGURE 12.40 The wound shoe system allows off-loading of plantar, 
as well as dorsal wounds.
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FIGURE 12.41 A: Plantar layers provide immediate in-clinic off-
loading of wounds using four color-coded materials of varying 
durometers. B: Upon the healing of the ulceration, the material 
order is changed to utilize the shoe as an off-loading house shoe. 
C: Superfi cial wounds (Wagner grade 0 + 1) use one off-loading 
modifi ed layer. D: Wagner grade 2+ ulcerations will require two 
off-loading layers. E: Upon healing of the superfi cial layer, the 
order of the materials is changed to provide an off-loading shoe for 
home ambulation.
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FIGURE 12.42 Floor reaction imprint (Harris mat) serves as pattern 
for plantar off-loading. (Courtesy of National Pedorthic Services Inc, 
Milwaukee, Wisconsin.)

The most successful methods of controlling future 
 breakdown have involved the patellar tendon-bearing (axial 
resist) orthosis or the neuropathic walker. A soft RTV foam has 
been used to fi ll a void between the orthosis and the heel area. 
The same orthotic treatment is useful for chronic heel ulcers 
and plantar skin grafts that require reduction in weight-bearing 
and shear forces.

CARE OF THE SKIN AND NAILS 
OF THE NEUROPATHIC FOOT

Routine noninvasive skin and nail care is vital to promote 
foot health in patients with peripheral neuropathy. The medi-
cal community has long recognized the need for this skilled 
area of clinical expertise. You should also teach basic foot 
care to the patient and family, and encourage them to exam-
ine the patient’s feet daily for early detection of complications. 

FIGURE 12.43 A: Lateral foot ulceration, not a weight-bearing surface. 
B: Upper construction allows relief of pressure for nonplantar ulcer-
ations without window edema consequence.
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It grows about 1 mm per week unless inhibited by disease. 
Regeneration of a lost toenail occurs in 6 to 8 months.89

Noninvasive Skin and Nail Care
Before beginning skin and nail care, thoroughly inspect feet 
and ankles for breaks in the skin. Look for ulcers, heel fi s-
sures, maceration between the toes, or imbedded objects. 
When nails are neglected and overgrown, they can break 
the skin of the neighboring toe. Abnormal nails that are not 
given routine care can accumulate excess keratin and debris 
under the nails and in the nail folds, creating an ideal envi-
ronment for bacteria to grow.91 Poor hygiene necessitates 
routine foot care. The poorly managed foot will require pro-
fessional treatment twice a month until the skin and nails are 
conditioned; routine care can be managed monthly. All tools 
should be cleaned and sterilized, or disposed of, to reduce 
cross-contamination. The procedure for basic skin and nail 
care for neuropathic feet is discussed here and illustrated in 
Figure 12.45A–H:

 1. Wash hands and prepare sterilized tools (Fig. 12.45A).
 2.  Submerge feet into warm water (not to exceed 95°F, use ther-

mometer). You can also use water, that is three parts water to 
one part vinegar. Vinegar softens the skin and nails.92

 3.  While wearing gloves, make a paste of baby shampoo (or 
any mild soap) and baking soda in the palm of your hand 
and gently massage over the entire foot.

 4. Rinse and wrap feet individually in towels.
 5. Expose toes and apply Blue Cross cuticle remover.
 6.  Using the curette, gently remove dead skin and loose cuticle 

from the toes (Fig. 12.45B).
 7. Rinse.
 8.  Using the nail clippers, cut the nail straight across. Do 

not cut what you cannot see. Always have good lighting 
(Fig. 12.45C).

 9.  Thinner, more fragile nails can be cut using the smaller 
cuticle nippers (Fig. 12.45D).

10.  Ingrown toenails are a puncture wound. To prevent them, 
use the ingrown nail fi le to smooth sharp corners that can 
dig into the skin (Fig. 12.45E).

11.  Smooth rough edges of nails with an emery board. The 
patient may take the emery board home for self-care (Fig. 
12.45F).

12.  Massage emollient into feet but not between toes. Avoid 
lotions with fragrance, because they contain alcohol that 
will dry the skin. Vaseline, lanolin, or even Crisco may be 
used as a moisture barrier to contain the moisture within 
the skin. Remind the patient to use caution when using 
emollient to prevent slipping and falling. Removing excess 
and covering with socks will help to minimize the hazard.

13. Educate the patient regarding appropriate footwear.

There are nails that are diffi cult to trim. The safest way to trim 
the pincer nail is to fi le it straight across, rather than to risk cut-
ting the skin (Fig. 12.45G). Some nails have grown into a “tent” 
shape. This tenting is usually caused by years of wearing pointed 
shoes. When trimming this type of nail, be aware of the skin 
under the nail at the dorsal apex. A condition called onycholysis, 
separation of the nail plate from the nail bed, can be caused 
by nail traumas and disorders. If onycholysis has been present 
for an extended period (6 months or more), the structure of 

This section includes the procedures, implements, and tech-
niques for optimal results.

It is important to promote conditions as close as possible to 
normal skin for neuropathic patients because they already have 
compromised utility of the skin’s attributes. With routine care, 
the performance of the skin as protection of the body can be 
improved.89

Nails are composed of hard keratin, a modifi cation of the 
horny epidermal cells of the skin. The white crescent shape 
of the lunula at the proximal end of each nail is caused by air 
mixed in the keratin matrix. The nail plate originates from the 
proximal nail fold and attaches to the nail bed (Fig. 12.44A,B). 

FIGURE 12.44 A: Anatomy of the nail. Cross section. B: Nail diagram. 
(1) nail matrix, (2) nail root, (3) nail fold, (4) eponychium, (5) nail 
bed, (6) nail body, (7) free edge, (8) lunula, (9) hyponychium.

CLINICAL WISDOM

Facts About Nails
● Nails grow approximately 0.1 mm per day, or 3 mm per 

month.
● Nails grow faster in daytime and summer.
● Fever and serious illness slow growth rates.
● Pregnancy enhances growth.
● Nails grow more rapidly in men and young people than in 

women and the elderly.
● Toenails grow one-half to one-third the rate of fi nger 

nails.90
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FIGURE 12.45 A: Tools for nail care: (1) ingrown nail fi le, (2) curette, (3) clippers, (4) cuticle nippers, (5) emery board. 
B: Use curette to loosen and remove debris. C: Clippers to cut nails. D: Cuticle nipper for fragile nails and small spaces. 
E: Ingrown nail fi le to round sharp corners. F: Emery board to smooth edges. G: Pincer nail. H: Nail with hematoma.
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Care of Heel Fissures
Patients with autonomic neuropathy can have very dry, 
 nonelastic skin, due to the lack of sweat and oil production. 
Deep heel fi ssures develop from the dry skin, creating an 
opportunity for bacteria and debris to invade the skin, causing 
ulcerations and infection (Fig. 12.46A).

the nail bed can change, and the nail plate will no longer attach 
to the nail bed. At this point, the condition becomes perma-
nent. Keep the patient’s nails short to prevent them from catch-
ing on surroundings and tearing off.93 Some patients will have 
nails that are atrophied, due to their illness. Figure 12.45H 
reveals an atrophied nail with a hematoma.

FIGURE 12.46 A: Heel fi ssures: dry, cracking hyperkeratotic heel. B: Callus reducer; used dry on dry skin. C: Dremel tool 
to reduce callus. D: Heel cup to concentrate basic callus paste. E: Heel cup on foot. F: Plastic wrap to apply and contain 
basic callus paste on large areas. G: Foot fi le to exfoliate heel callus. H: Heel fi ssures after fi rst treatment.
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fi lter device would give added protection. Do not attempt to 
fi nish a diffi cult case in one session; several appointments will 
be required to reduce the build-up. The procedure for care of 
heel fi ssures is discussed here and shown in Figure 12.46B–H:

1. Wash hands and don gloves.
2. Use the callus reducer (Fig. 12.46B) or Dremel tool 

(Fig. 12.46C) to decrease the hyperkeratotic thickness.
3. Wrap the foot in a warm, moist towel for 5 minutes.
4. Remove towel, apply Vick’s VapoRub™ to heel, followed 

by Back to Basics Callus Paste (Fig. 12.46D, Exhibit 12.4). 
The paste can be held in place with a plastic heel cup or 
plastic wrap, followed by a towel wrap, for 10 minutes 
(Fig. 12.46E,F).

5. Unwrap foot and remove paste from the heel with a wet foot 
fi le (Fig. 12.46G).

6. Rinse the foot and apply a moisture barrier emollient 
(Fig. 12.46H).

7. Wipe excess emollient off and don socks and shoes.

Once the patient’s feet are conditioned, routine foot care can be 
maintained with 4- to 6-week follow-up appointments.

Care of heel fi ssures begins with the basic callus care proce-
dure. Use a dry callus reducer on dry skin with one-directional 
strokes. A Dremel tool is a cordless, rotary tool with disposable 
abrasive disks. With proper training, you can use this tool in 
the same fashion as a callus reducer to remove very thick hyper-
keratotic skin. It is important for you and the patient to wear 
coverings for your eyes, nose, mouth, and hair, because use of 
the Dremel tool generates airborne particles. Use of a HEPA air 

EXHIBIT 12.4

Back to Basics Paste
1 cup kosher salt

1/2 cup Epsom salts

8 tbsp baking soda

8 tbsp mineral oil

FIGURE 12.47 A: Reducing hypertrophic nails: hypertrophic nails. B: Dremel tool to reduce nail thickness. C: Reduced 
nail with raised nail bed. D: Completed nail procedure after conditioning.
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Care of the Hypertrophic Nail (Onychauxis)
The hypertrophic nail may be caused by damage to the 
matrix, fungal infection, age, and/or vascular complications. 
Hypertrophic nails that have been neglected need to be thinned 
to make shoe fi t possible and to prevent secondary infections 
due to traumatization of the prominent nail.

The most effective and expedient method for thinning the 
nail is to use the cordless rotary Dremel tool as described in the 
previous procedure. Follow these steps for reducing hypertro-
phic nails (Fig. 12.47A–D):

1. Wash hands, don gloves, mask, eye shield, and hair covering. 
Instruct patient to put on similar coverings.

2. Examine the skin around the nail for damage (Fig. 12.47A).
3. If there are no signs of broken skin or infection, secure toe 

with thumb and index fi ngers and move other toes away 
from the working area.

4. Turn Dremel on and move sanding disc in a proximal to 
distal direction, with slow, even strokes until nail is thinned 
(Fig. 12.47B). Take care when thinning the nail, as you may 
encounter a raised nail bed (Fig. 12.47C).

5. Wash and dry the thinned nail and apply a condition-
ing agent such as Tineacide. Use of this or comparable 
product will allow future nail care to be more effective 
by keeping the nail and surrounding skin conditioned 
(Fig. 12.47D).

Care of a Callus (Hyperkeratosis)
A callus typically forms in an area of high pressures and shear 
forces, typically on the plantar surface. It is the body’s protec-
tive mechanism for an area of chronic irritation. To the neu-
ropathic patient, the callus is indicative of chronic trauma 
(repetitive stress injury) that may lead to skin breakdown and 
serious complications.94 Lack of sensation prevents the neuro-
pathic patient from reacting to high pressures that can produce 
an ulceration.

Reduction of callus is required on an ongoing basis to pre-
vent ulceration. The majority of plantar ulcerations in neuro-
pathic patients are located in the forefoot, especially at the great 
toe and fi rst, second, and fi fth metatarsal heads.91

The procedure for callus reduction is as follows:

1. Wash hands.
2. Don gloves and hold foot securely with one hand. In the 

other hand, use the dry callus reducer in one direction over 
the dry callused area. When the screen fi lls with debris, tap 
on a hard surface, clear the screen, and continue the process. 
After the callus is reduced, give the screen to the patient with 
instructions on home use.

3. When the callus is reduced, ulceration may be revealed 
under the callus (Fig. 12.49). Reduce the callus but do not 
open the skin. An off-loading insole will be necessary to 
reduce the pressure and shear to the area.

4. Once the callus is reduced, wrap the foot in a warm, moist 
towel for 5 minutes.

5. Remove the towel and apply Vick’s VapoRub™, followed with 
Back to Basics Paste (see Exhibit 12.4). Cover with plastic 
wrap and towel for 10 minutes.

6. Gently remove paste with foot fi le, rinse, and pat dry.
7. The patient may need to be seen weekly to reduce the callus 

in stages.
8. Assess footwear to determine what is causing callus forma-

tion. Therapeutic depth shoes with accommodative inserts 
should be worn by all patients with neuropathic feet.91

You can also use a cordless Dremel rotary tool to reduce callus:

1. When learning to use the Dremel, begin with the less pow-
erful Mini-Mite cordless model until skills are developed. 
Practicing on hoof trimmings purchased from a pet supply 
company will give similar experience to working on callus 
and hypertrophic nails. When profi cient, the more powerful 
Multi-Pro model can be used.

2. When using a Dremel, thin the callus thickness by sanding 
in one direction (proximal to distal). Do not work in an area 
for a long period because the prolonged friction can cause 
overheating at the skin surface.

3. Continue with steps 2 through 7 in the procedure for callus 
reduction above.

SELF-CARE TEACHING GUIDELINES

The patient is the most important member of the clinical team 
caring for a neuropathic limb. Teach the patient that no com-
plication is too small to bring to the team’s attention.

Foot Inspection
Self-care begins with daily inspections of the feet, with the help 
of mirrors, magnifying glasses, and family members, when nec-
essary. Examination includes footwear and orthotics for wear 
and foreign objects. The diabetic patient must understand that 
their own ability to perform this examination effectively may be 
complicated by other disease processes, including retinopathy, 
autonomic neuropathy (loss of smell and sensory signals), and 
decreased mobility of joints. They may therefore need to recruit 
family members to assist them. Overall, patients and family 
members require systematic instruction in the proper skills 
required for daily foot inspection and detection of impending 
trauma.

CLINICAL WISDOM

Callus Care
Avoid corn medications that can produce chemical burns; 
they contain salicylic acid. Vick’s VapoRub™ will act quickly 
to soften the hardened skin. Petrolatum is the daily treat-
ment to provide a moisture barrier after bathing.

CLINICAL WISDOM

Bathroom Surgery
Remind patients to never perform “bathroom surgery.” Self-
infl icted wounds due to razor blades and other sharp objects 
are common with patients who lack protective sensation.
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The neuropathic patient may neglect foot care. Figure 
12.48A–D is a pictorial case study of a neuropathic patient 
who neglected regular foot and nail care. In spite of the over-
grown, hypertrophic nails and callus formation, he continued 

to don his socks and shoes. Once foot and nail care were initi-
ated, the skin and nails improved in appearance and there was 
reduced risk of injury to adjacent skin.

CASE STUDY     

FIGURE 12.48 A: The neuropathic patient may neglect foot care. The patient continues to don shoes over excessive nail 
growth. B: The neuropathic patient may neglect foot care. The patient continues to don shoes over excessive nail growth. 
C: Condition of feet after an extensive foot care procedure. D: Condition of feet after an extensive foot care procedure.
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easily detect drainage due to trauma. When breaking in new 
shoes, the patient should wear two thin socks on each foot. The 
double socks will allow shear to occur between them and will 
decrease the probability of blistering from new leather.

Patients with a partial foot need special socks made of highly 
elastic fi bers. The sock shape will conform to the partial foot 
length and shape. The single size fi ts a Chopart’s amputation, as 
well as a long transmetatarsal amputation. There are no folds or 
seams to cause friction.

Toe socks decrease maceration between toes (see Fig. 12.50). 
The moist environment between the toes encourages fungal 
growth and may lead to ulceration and bacterial infection. The 
seamless construction helps to reduce overlapping of lesser toes 
but must be compensated for in shoe size. Advise patients to 
keep current on product recalls and warnings. For example, 
one hair removal system published a product alert on its device 
because of problems occurring with diabetic patients. Small 
areas were bleeding after hair was removed, leaving an entrance 
for bacteria and possible infection! Over 50% of the over-the-
counter foot care products should never be used by a patient 
with a neuropathic limb or diabetes. There are occasionally 
warnings, but they are in very fi ne print.

FIGURE 12.49 Foot requiring callus reduction and redistribution of 
weight-bearing forces at fi rst and fi fth metatarsal head.

FIGURE 12.50 Specialty socks designed for the neuropathic partial and 
macerated foot. (Courtesy of Knit rite, Inc., Kansas City, Kansas.) 

Precautions and Risk Reduction Methods
There are several precautions for the patient with a neuropathic 
limb. The skin is very susceptible to damage and infection, and 
it must be treated carefully. It is advised that the patient not soak 
the feet in water because the chance of burns is always present, 
and the soaking will leave the skin moist and susceptible to fun-
gal infection. Prolonged soaking can remove the natural pro-
tective barrier from the skin and lead to other infections. Feet 
should be washed with a nondrying soap, then towel-dried. 
After drying, petroleum jelly can be applied to retain natural 
moisture and the feet covered with socks. Care should be taken 
not to use creams with perfumes (alcohol), because they will 
further dehydrate the skin.

Dehydrated skin is especially susceptible to trauma. 
Adhesives of any form should never be applied directly to the 
skin of a neuropathic limb. On removal of the adhesive, there is 
a risk of loss of the outer layer of skin, leaving an area open to 
infection. The adhesives could be in the form of tape, a Band-
Aid, or over-the-counter self-adhesive pads.

In selecting footwear, the patient should choose not only 
the correct size and width but also shoes with no stitching 
over the forefoot. The stitched areas will never mold to the 
foot; instead, they will cause breakdown of the skin, especially 
over bony areas. Socks should be seamless and without holes 
or repairs (Fig. 12.50). Tube socks do not contour to the foot 
without folds that can cause irritation, and therefore should not 
be used. The fabric of the socks should be a blend of fi bers to 
wick perspiration, and should be non-constricting at the calf. 
The choice of white or light colors will enable the patient to 
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Self-Care Guidelines for the Patient with Neuropathic Foot
Self-Care Guidelines for Patient with Neuropathic Foots Instructions 

Given (Date/
Initials)

Demonstration 
or Review 
of Material 
(Date/Initials)

Return Demonstration 
or States Understanding 
(Date/Initials)

1.  Foot Inspection Methods
  a.  Use mirror to check feet
  b.  Use magnifying glass to check feet
  c.  If blind, family member performs foot inspection

2.  Foot Inspection Item
  a.  Toe nails: check for broken, cracked, or sharp nails
  b.  Broken skin: check between toes, along sides of feet, tops 

and ends of toes, sole of foot
  c.  Soft toe corns: check between toes
  d.  Callus: check for cracks
  e.  Drainage: check for any drainage from a sore
  f.  Odor: check for odor from any source on the foot

3.  Patient Understands
  a.  Signifi cance of fi ndings of foot inspection: break in nails, 

skin, or callus
  b.  When to notify health-care provider if there is break in 

nails, skin, or callus
  c.  To notify health-care provider immediately if there is any 

injury to the feet

4.  Foot Care Routine
  a.  Wash feet with nondrying soap and towel dry
  b.  Apply coating of petroleum jelly to all skin surfaces of feet
  c.  Cover coated feet with clean white socks

5.  Foot Care Precautions
  a.  Never walk barefoot
  b.  Never use adhesive tape products on the skin
  c.  Never put feet in hot water or apply a heating pad or hot 

pack
  d.  Never soak feet
  e.  Never apply over-the-counter foot care products to 

remove corns or callus, or to treat nails

6.  Shoe Wear Orthotic Inspection
  a.  Choose shoes that are correct size and width
  b.  Make sure there is no stitching over the forefoot of shoe
  c.  Check for wear: heels, soles, tops, inside, bottom, edges, 

counter
  d.  Always check shoes, socks, and orthotics for foreign 

objects; remove objects before donning

7.  Exercise Precautions
  a.  Never jog
  b.  Walk with short, slow steps

8.  Preferred Exercises
  a.  Aerobic: low impact
  b.  Swimming (wear soft bathing shoes in water to protect 

feet, dry feet thoroughly following)
  c.  Cycling: protect feet and ankles from trauma
  d.  Dancing
  e.  Chair and mat exercises

9.  Importance of Follow-Up with Health-Care Provider

EXHIBIT 12.5
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(sensory neuropathy), or smell (autonomic neuropathy) that 
there is an infection or a potential problem. This is one rea-
son that it is important to solicit help from a family member or 
caregiver in adhering to self-care guidelines.

Exhibit 12.5 is a checklist of instructional items with docu-
mentation to verify learning and understanding for the patient 
with neuropathic foot.

CONCLUSION

As the population ages, the medical community will be faced 
with the increasing demand for basic, noninvasive foot care 
with minimal risk of transmitted infections and skin condi-
tions. Attention to foot care has become a recognized require-
ment for aging and, especially, neuropathic patients. Healthcare 
professionals are seeking information and specialized train-
ing relating to foot care in the clinical setting. Their efforts 
are being rewarded with fewer amputations, and patients are 
being educated in self-care. Self-care has allowed early detec-
tion and medical attention to conditions that would otherwise 
result in catastrophic events. Routine foot care is an integral 
part of comprehensive care for the neuropathic patient, and its 
presence will greatly improve the quality of life to those in the 
 greatest need. See Chapter 13 for more information about foot 
and nail care in the nondiabetic foot.

Patients must also take care when choosing a form of exer-
cise. Teach the patient that, when we walk, each step carries 
one and one-half times our body weight; jogging increases the 
force to three times the body weight.95 The patient with a neu-
ropathic limb would be advised to choose an exercise program 
that includes aerobics, swimming, cycling, dance, or chair exer-
cises. Even walking should include slow, short steps only—no 
jogging.96

It is critical to teach the patient with a neuropathic limb 
never to walk barefoot. Even in the pool or on the beach, water 
shoes should be worn. Hot sand can cause burns, and unde-
tected objects in the sand can cause injury. Burns can be caused 
by the fl oorboard of an automobile, as well as by any warmth-
producing equipment.

Finally, patients should examine the interior of their shoes 
before every donning. Small objects can easily drop into a shoe.

Compliance/Acceptance Issues
Given these many instructions in self-care, it is not surprising 
that compliance/acceptance problems arise in patients with 
neuropathic limbs, especially diabetic patients. Bear in mind 
that they do not willfully neglect self-care activities, but simply 
are not aware of the possible dangers and may not have received 
adequate instruction or motivational messages.2 Patients with 
peripheral neuropathy may also have other complications 
that reduce compliance. Many cannot see (retinopathy), feel 

REVIEW QUESTIONS

 1. Motor neuropathy involves
 A. No sense of identity with the feet
 B. Loss of intrinsic muscles
 C. Absence of sweat production
 D. All of the above

 2. Upper and lower peripheral neuropathy is present when
 A. Sensation loss in both legs is symmetrical
 B.  Sensation loss in both arms and legs is asymmetric and 

equidistant from the spine
 C.  Sensation loss in both arms and legs is symmetric and 

equidistant from the spine
 D. Sensation loss in both legs is asymmetrical

 3. Objectives for taking temperatures are
 A.  To evaluate baseline temperature at the site of high 

 ulceration
 B. To determine the presence of infl ammation

 C.  To evaluate baseline temperatures after pressure has  
been relieved

 D. All of the above
 4. Characteristics of a Charcot foot includes

 A. Microtraumas to joints leading to microfractures
 B. Decrease in blood fl ow
 C. Absence of trophic changes in joints
 D. Decrease in bone reabsorption

 5. Expected outcomes of each toe resection are
 A. First toe: poor balance
 B. Second toe: loss of medial support
 C.  Third or fourth toes: remaining toes will shift to close 

the gap
 D.  All fi ve toes: poor weight-bearing properties

RESOURCES

Acor Orthopedic
18530 South Miles Pkwy Cleveland, OH 44128 (800) 237-2267 
fax (216) 662-4547 Materials/fabrication tools Prefab orthoses 
Custom and diabetic shoes

Alimed, Inc.
297 High Street Dedham, MA 02026 (800) 225-2610 fax (800) 
437-2966 Materials/wound supplies Wheel chairs/positioning 
Specialty diabetic products

Apex Foot Health
170 Wesley St. South Hackensack, NJ 07606 (800) 526-2739 
fax (800) 526-0073 Materials/tools Prefab orthoses Modifi able 
footwear

Boston Brace International
20 Ledin Dr. Avon, MA 02322 (800) 262-2235 fax (800) 634-
5048 Soft ankle foot orthosis (AFO)

Brown Medical Industries
481 South 8th Ave. East Hartley, IA 51346 (800) 843-4395 fax 
(712) 336-2874 Cast and bandage protector
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Ipos, North America, Inc.
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Sally’s Beauty Supply (nationwide franchise)
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Tineacide
(800) 307-8818
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CHAPTER OBJECTIVES

Foot problems plague approximately 70% of individuals 
65 years of age and older.1 These conditions, which affect the 
nails, skin, and fascia, require skillful intervention to preserve 
the patient’s functional ability and maintain quality of life. They 
can also lead to more serious complications, such as infections, 
wounds, and, in some cases, amputation.2 Patients with diabe-
tes and impaired circulation can be at greater risk for such com-
plications.3 Therefore, it is critical that you assess the patient’s 
feet as part of your routine care. Inspect the patient’s skin and 
toenails; investigate complaints of itching, pain, and tempera-
ture irregularities and other odd sensations; and provide inter-
ventions to ameliorate or prevent more serious foot problems.

In the previous chapter, we discussed foot care interven-
tions, such as debriding toenails, paring hyperkeratotic lesions 
(corns and calluses), and other strategies for the prevention and 
management of foot complications in patients with peripheral 
neuropathy. This chapter focuses instead on common foot 
problems.

TINEA PEDIS

Tinea pedis (“athlete’s foot”) is the most common mycotic disor-
der of the feet. It results from infection by dermatophytes, a class 
of aerobic fungi that feed on keratin in dead layers of skin, hair, 
and nails.4 Trichophyton rubrum is the species of dermatophyte 
most prevalent in the United States and the one most commonly 
associated with tinea pedis. Dermatophytes invade, infect, and 
persist in the stratum corneum and sometimes are successful in 
penetrating below the surface of the epidermis and its append-
ages. The skin responds to the superfi cial infection by increased 
proliferation, which leads to scaling and epidermal thickening.5

Dermatophytes can be acquired from the soil, animals, and 
other humans. The most common source in the United States 
is infected individuals and their belongings (towels, bath mats, 
etc.). Contributing factors include warmth and high humidity, 
with constant occlusion.

Ten percent of the population is estimated to be infected by 
a dermatophyte at any given time. This high incidence has been 
attributed to the increased use of broad-spectrum antibiotics, 
the expanding number of immunocompromised patients, such 
as those with HIV or AIDS, aging, and lifestyle changes. There 
is also an increased incidence of fungal infections among gar-
deners and farmers; individuals who regularly wear boots or 
sports shoes such as ice hockey skates; and individuals who fre-
quent sports facilities, pools, and communal leisure facilities. 
Individuals with hepatic, renal, and endocrine diseases (e.g., 
diabetes mellitus) are at higher risk; as the incidence of diabetes 
increases, so does the risk of dermatophytoses. In fact, the prev-
alence of fungal foot infections in people with diabetes is often 
underestimated. Many health-care providers mistake marked 
mycoses on the soles of the feet for dry skin; therefore, people 
with diabetes require more diagnostic, therapeutic, and preven-
tive care in terms of mycotic diseases than previously thought.6

Signs and Symptoms
Exhibit 13.1 identifi es the clinical fi ndings of tinea pedis. 
Symptoms include pruritus, scaling, redness, painful or uncom-
fortable breaks in the skin, weeping, odor, and disability.1,4

Diagnosis
Laboratory studies are generally indicated, because greater diag-
nostic accuracy occurs when the clinical diagnosis is verifi ed by 

At the completion of this chapter, the reader will be able to:

1. Describe the clinical presentation and management of three foot problems: tinea pedis,  plantar 
fasciitis, and onychomycosis.

2. Discuss miscellaneous conditions affecting the foot, including xerosis and anhidrosis, 
 hyperhidrosis, cellulitis, maceration, hyperkeratotic lesions, fi ssures, and onychauxis.

3. Describe four patient education points related to the prevention of foot disorders.
4. List three referral criteria for foot complications.

Teresa J. Kelechi

Management of Common Foot Problems13
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laboratory data. This verifi cation is especially important when the 
use of systemic therapy is anticipated. Aqueous potassium hydrox-
ide preparation (KOH) and fungal cultures can be performed.

KOH specimens should be obtained from the active border 
or edge of a lesion or scale by scraping a skin sample from the 
site of infection. If a vesicle or bulla is present, the roof is an 
appropriate specimen. In pustular lesions, the purulent debris 
is acceptable. Place the material on a glass slide and add 10% 
to 20% KOH, with or without dimethyl sulfoxide (DMSO). If 
DMSO is added, heating is not necessary. A fungal stain, such as 
chlorazol black E or Parker blue-black ink, can be added to high-
light the hyphae. A positive KOH specimen will show multiple 
septate hyphae.5 A negative result does not necessarily exclude 

the possibility of dermatophyte infection; therefore, a culture of 
the sample helps identify the causative fungal organism.4

Fungal cultures are recommended for persistent and dif-
fi cult conditions that require specifi c identifi cation. Various 
methods of obtaining cultures have been described in the 
literature, such as using a sterile toothbrush or rubbing 
moistened sterile swabs or gauze pads over the affected area, 
and then pressing into the surface of the dermatophyte test 
medium to be cultured. The laboratory should be contacted 
for the acceptable method of obtaining the culture and which 
medium is to be used.

Differential diagnosis is indicated to rule out psoriasis, 
eczema, candidiasis, bacterial infection, and other dermatoses.

The diagnosis of tinea pedis is generally classifi ed into three 
categories: interdigital toe web infections, plantar moccasin-
type infection, and vesiculobullous tinea pedis.

Interdigital toe web infections usually start as dermatophyte 
infections with an interplay between various bacterial species 
and, although rare, Candida species. Scaling is the initial fea-
ture, and, when the bacteria proliferate, maceration occurs 
(Fig. 13.1). The terms dermatophytosis simplex and dermatophy-
tosis complex have been proposed to address two forms of inter-
digital infection: simplex refers to the features of scaling and, 
at times, fi ssures, whereas complex includes a highly macerated, 
leukokeratotic symptomatic process in which dermatophytes 
can be recovered in only one-third of patients. This variety of 
interdigital infection is mainly caused by an overgrowth of a 
myriad of bacterial species.7

Plantar moccasin-type infection results in diffuse, hyper-
keratotic scaling of the plantar surface and is often associated 
with toenail involvement. The skin can become red, with severe 
itching in some cases. The main feature is small scales that often 
appear as small, round areas of peeling skin.

EXHIBIT 13.1

Clinical Presentation of Tinea Pedis
 1. Whitish, macerated interdigital spaces
 2. Erythematous skin with vesicles, scales, or fi ssures
 3.  Malodor from bacterial superinfection, which can mask 

the underlying fungal infection
 4. Thickened, scaly, dry patches on the soles and sides of feet
 5.  Lesions that are noninfl ammatory scaly, acute or sub-

acute eczematous-like, chronically lichenifi ed, nodular 
and granulomatous, bullous and pustular, or resembling 
pyoderma

 6.  Associated infections involving the hair follicle and nail, 
persistent hyperpigmentation and/or hypopigmentation, 
and secondary bacterial infection

FIGURE 13.1 Tinea pedis interdigital toe 
web infection.
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Vesiculobullous tinea pedis presents as acute, highly infl am-
matory eruptions, particularly on the arch and side of the 
foot. The dermatophyte species T. mentagrophytes is primarily 
responsible. People with recurrent episodes tend to have low-
grade scaling between exacerbations of acute infl ammation. 
Differing environmental factors, such as seasonal temperature, 
sweating from physical activities, and types of shoe wear, infl u-
ence the growth of the fungus. When suffi cient proliferation 
and penetration of the stratum corneum occur, the epidermis 
comes into contact with fungal antigens, and a T cell–mediated 
immune contact allergic response occurs.7

Management
Treatment modalities for tinea pedis include general and spe-
cifi c interventions, which are often varied and include both 
topical and oral medications. General interventions involve 
the use of topical antifungal agents, which are indicated for 
simple interdigital and noninfl ammatory moccasin-type der-
matophytoses. According to a recent systematic review of top-
ical treatments for fungal infections of the skin and nails of the 
foot, there is good evidence that allylamines, azoles, buten-
afi ne, ciclopiroxolamine, tolciclate, and tolnaftate are effective 
compared to placebo for the treatment of fungal infections 
of the skin.4 Allylamines are more effective than azoles. 
Exhibit 13.2 presents common topical products  including 
allylamines and azoles.

CLINICAL WISDOM

Terbinafi ne hydrochloride cream (Lamisil Cream 1%, avail-
able over the counter) should be applied twice daily until 
clinical signs and symptoms of tinea pedis signifi cantly 
improve, usually by day 7. Drug therapy should be provided 
for a minimum of 1 week, not to exceed 4 weeks. Interdigital 
tinea pedis may respond to ciclopirox 0.77% gel, applied 
twice daily for 4 weeks.8

EXHIBIT 13.2

Common topical antifungal products
   ● Azoles: clotrimazole (Lotrimin®) applied for 4 weeks or 

per package directions (over the counter).
   ● Allylamines: terbinafi ne (Lamisil®) or naftifi ne (Naftin®) 

applied for 1 week or per package directions (over the 
counter).

   ● Azoles: clotrimazole (Lotrimin®) and econazole 
(Spectazole®) applied for 4 weeks (prescription).

   ● Allylamines: terbinafi ne (Lamisil®), naftifi ne (Naftin®), and 
butenafi ne (Mentax®) applied for 1 week (prescription).

   ● Ciclopirox 0.77% gel, applied once or twice daily for inter-
digit tinea.

Specifi c interventions for tinea pedis vary according to the 
type of infection. For dermatophytosis complex, a topical fungi-
cidal agent, such as an allylamine (terbinafi ne), alternated with a 
double antibiotic ointment, such as Polysporin, or with broad-
spectrum antibacterial agents, such as Castellani paint, alumi-
num chloride, and various tinctures of dye (gentian violet), can 
be used. If the toenails are infected, treat this reservoir of fungi 
as well. Topical therapy of the skin is often required for several 
weeks to eradicate residual fungus and prevent relapse. Monitor 
the patient’s progress closely. As an adjunct to topical antifungals 
such as terbinafi ne, a 40% urea cream has been found benefi cial 
in the treatment of the erythema, scaling, and pruritus. It has 
been especially useful when severe hyperkeratoses (very thickened 
skin) are present. Instruct patients to apply the 40% urea cream 
once daily and the ciclopirox cream twice daily for 2 to 3 weeks.9

Vesiculobullous tinea pedis with acute, highly infl ammatory 
eruptions requires topical or systemic corticosteroids in con-
junction with antifungal agents for acute attacks (Fig. 13.2). The 
choice of topical or systemic therapy depends on the extent and 
severity of the process. The use of combination topical cortico-
steroid-antifungal mixtures requires caution, however, as these 
medications contain fl uorinated corticosteroids to reduce the 
infl ammatory response. Moreover, steroid therapy should be 
withdrawn once the cell-mediated immune response is curtailed 
or there is evidence that symptoms are relieved, and it should 
never exceed 4 weeks. Contraindications for the use of combi-
nation products include application on occluded areas and use 
in children less than12 years of age and immunosuppressed 
patients.11

RESEARCH WISDOM

For most dermatophytic infections of the foot, topical agents 
are usually effective and less expensive than oral agents. 
Recent advances in short-term therapies, such as the use of 
terbinafi ne emulsion gel for 5 days or simple fi lm-forming 
solutions, have reduced the costs of treatment dramatically 
and enhanced adherence.10

FIGURE 13.2 Severe infl ammatory tinea pedis.
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Members of households may choose to use separate tubs and 
showers from those who are affected to prevent the transmis-
sion from one person to another; the surface should be cleaned 
after each use with a solution that kills fungus such as bleach-
containing products.

PLANTAR FASCIITIS

Plantar fasciitis is the most common form of heel pain. It is 
caused by infl ammation, microruptures, hemorrhages, and col-
lagen degeneration of the plantar fascia. The sequelae are fi bro-
sis and possible ossifi cation between the origin of the fl exor 
digitorum brevis and the fascia.

The causes of plantar fasciitis are variable and multifacto-
rial.13 The major underlying factor is overuse injury to soft tis-
sue, involving repetitive, excessive loading impact on heel strike 
over time. Anatomic, biomechanical, and environmental fac-
tors contribute to damage:

• Anatomic risk factors include pes planus, subtalar joint pro-
nation, cavus foot, unequal leg length, tarsal coalition, and 
low or high foot arch.

The complications of both topical and systemic therapy 
should be discussed with each patient. The most common side 
effects of topical therapy include irritation, burning, itching, 
and dryness. Systemic therapy side effects can occur with ter-
binafi ne (Exhibit 13.3) and itraconazole (Exhibit 13.4). Patients 
who have known hypersensitivities to topical and systemic anti-
fungal therapy should not take these drugs.

Surgical intervention is usually not indicated. However, 
some patients elect to have the infected toenail plate perma-
nently removed, due to continuing nail deformity.

Outcome measures for successful treatment of tinea pedis 
include skin that is free of scaling, fl akiness, and peeling, and 
relief of symptoms, such as itching or discomfort. Suspect treat-
ment failure if the skin has not improved after 1 month of treat-
ment. In such cases, it may be wise to obtain a skin culture. It is 
important to treat any proven foot dermatophytosis, as it is a 
signifi cant risk factor for the development of acute bacterial cel-
lulities (discussed later in this chapter).12

Prevention
Prevention of tinea pedis is a lifelong goal. Many individuals 
experience several acute exacerbations during their lifetimes. 
Prevention goals are to minimize damp, moist skin caused by 
footwear and avoid environments that promote fungal growth, 
such as contaminated showers. The following self-care tips can 
help to prevent recurrences:

• Dry feet well after bathing and showering, making sure to dry 
between the toes.

• Use antifungal powders such as Zeasorb AF or sprays twice 
daily to minimize moisture on the feet and between the toes.

• Use skin sealant/antiseptic products such as Liquid Band-Aid, 
which act as moisture barriers between the toes. This helps 
repel moisture as well.

• Change socks frequently, especially when damp.
• Wear socks made of fabrics that are most conducive to wick-

ing moisture away, including synthetic blends with nylon. 
While cotton is still advocated, it tends to absorb moisture 
and “hold” it next to the skin.

• Change shoes frequently and especially when they become wet.

CLINICAL WISDOM

Systemic antifungal agents can be hepatotoxic. It is impor-
tant to rule out existing liver dysfunction because these 
agents could potentiate unknown liver disorders. Because of 
this, liver function studies are indicated prior to treatment 
with oral itraconazole and terbinafi ne, per package insert.

EXHIBIT 13.4

Side Effects of Itraconazole (Sporanox)
   ● Gastrointestinal disorders
   ● Edema
   ● Fatigue
   ● Fever
   ● Malaise
   ● Skin disorders, including rash and pruritus
   ● Central and peripheral nervous system problems, includ-

ing headache
   ● Psychiatric disorders, including decreased libido
   ● Hypertension
   ● Hypokalemia
   ● Albuminuria
   ● Abnormal hepatic function
   ● Impotence

EXHIBIT 13.3

Side Effects of terbinafi ne (Lamisil)
   ● Gastrointestinal disorders, including diarrhea and 

dyspepsia
   ● Dermatologic disorders, including rash, pruritus, and 

urticaria
   ● Liver enzyme abnormalities
   ● Taste disturbance
   ● Visual disturbance

CLINICAL WISDOM

Tinea pedis can mimic dry skin. Dry skin tends to be fl aky, 
whereas infected skin tends to produce small, round scales 
that give the appearance of the skin peeling.

Sussman_Chap13.indd   371Sussman_Chap13.indd   371 7/25/2011   3:01:43 PM7/25/2011   3:01:43 PM



372 PART II ■ Management by Wound Etiology

• Complete or partial plantar fascia rupture
• Systemic disorders, such as lupus erythematous, rheumatoid 

arthritis, ankylosing spondylitis, Reiter syndrome, gout, and 
vascular insuffi ciency

Patient assessment and diagnosis include a thorough history 
(e.g., reports of heel pain) and physical examination. The pro-
cedure for examining the patient is as follows:

1. Ask patient to stand. Assess for a rigid cavus foot (high arch) 
or pes planus (fl at foot).

2. Ask patient to walk. The gait should be observed for any 
excessive pronation (ankles turning inward) on heel strike. 
Observe for a limp that might occur with weight bearing 
when the foot touches down on its lateral aspect.

3. Ask patient to dorsifl ex (move foot upward toward leg) 
and plantar fl ex (push toes downward toward fl oor). Assess 
range of motion of the ankle for inversion and eversion to 
identify a tight heelcord.

4. Inspect the shoes for any abnormal wear and the quality of 
arch support within them. Shoes that do not fi t properly 
or are in poor condition should be replaced. Athletic-type 
walking shoes with proper arch supports are indicated.

Management
Interventions include treating pain, restoring fl exibility to the 
ankle and arch, strengthening the muscles in and around the 
foot, and gradually resuming activities. Conservative measures 
are described.17

General measures include rest, ice application, stretching, 
and muscle strengthening. A conservative rest program involves 
a decrease in activity for 6 weeks. Local ice application sev-
eral times per day (conservative) includes ice massage for 6 to 
7 minutes or application of an ice pack for 20 to 40 minutes four 
to six times a day. The patient should apply ice long enough to 
achieve a numbing affect, while avoiding frostbite injury.

Conservative stretching is considered by some to be the most 
important aspect of the treatment regimen, although evidence 
to support stretching as a best practice is limited. Demonstrate 
gastrocnemius and soleus stretches to the patient and have him 
or her repeat the demonstration. Gastrocnemius stretch is per-
formed by having the patient lean forward into a wall and place 
the affected foot 12 to 18 in. from the wall, with the foot fl at 
against the fl oor and the knee straight. The soleus stretch is per-
formed in the same manner, but with the knee slightly bent. The 
stretch can be obtained in the seated position by placing a towel 
under the ball of the foot and gently pulling it upward. Proper 

• Biomechanical forces include tight Achilles tendon with 
infl exibility, weak plantar fl exors, weak ankle fl exors, weak 
intrinsic muscles, obesity, sudden weight gain, pregnancy, and 
sudden trauma.

• Environmental factors include changes in activity level; 
a rapid increase in training activities related to speed, inten-
sity, and duration; running on steep hills, poor/hard surfaces, 
or barefoot on sand; running wearing worn-out athletic 
shoes; wearing shoes with poor support; inadequate stretch-
ing; excessive walking on the job; and excessive standing on 
hard, unyielding surfaces.

Athletic activities that have been linked to plantar fasciitis are 
running, distance running, tennis, gymnastics, and basketball.

Signs and Symptoms
The clinical features of plantar fasciitis include subjective symp-
toms of pain or discomfort. The pain can be described as a slow, 
dull ache; intense achiness; or burning sensation. The pain can 
be sharp, pinpoint, or knifelike. Patients often complain of pain 
in the heel when standing after periods of rest, especially dur-
ing the fi rst step in the morning.14 This pain diminishes with 
each successive step, but can return late in the afternoon after 
prolonged weight bearing. It is usually described as nonradiat-
ing and well localized to the medial aspect of the heel pad. The 
symptoms are predominantly unilateral, but bilateral involve-
ment occurs in 10% of cases.13

Diagnosis
Palpation over the medial calcaneal tuberosity produces a local-
ized point tenderness. The pain can be reproduced during pas-
sive dorsifl exion of the ankle or toes and when standing on the 
toes to tighten the plantar fascia. If the condition is chronic, 
you will be able to palpate thickening, nodularity, and tautness 
along the fascia.

Diagnostic tests such as radiographs, bone scans, and blood 
studies are generally reserved for ambiguous presentations. 
A radiograph can be normal or reveal a horizontal bone spur 
projecting from the calcaneal tuberosity. The spur is not neces-
sary in making the diagnosis, but its presence indicates chronic 
infl ammation.15

Other related problems that can mimic plantar fasciitis 
include but are not limited to16

• Heel pad atrophy
• Tarsal tunnel syndrome
• Achilles tendonitis
• Calcaneal fracture
• Stress fracture
• Compartment syndrome

CLINICAL WISDOM

One of the most common complaints of heel pain associated 
with plantar fasciitis is the report that the pain is excruciat-
ing upon fi rst rising in the morning, when the foot touches 
the fl oor. This is a hallmark symptom of fasciitis.

CLINICAL WISDOM

A bag of frozen vegetables, such as peas, can be placed in 
a plastic zipper bag and labeled ice bag. Or, the patient can 
place a foam cup fi lled with water in the freezer. When fro-
zen, place the cup in a plastic zipper bag and massage the 
foot with the ice. Another method is to fi ll a 20-oz soda bot-
tle with water and freeze. The frozen bottle can be placed on 
the fl oor, and the affected foot can be “rolled” over the bottle 
to ice the foot.
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a day, beginning with a warm soak for the fi rst half and fol-
lowed by a cold soak for the remaining time.

If improvement is only minimal after another 6 to 8 weeks, 
a steroid injection may be necessary. A corticosteroid injection 
into the calcaneal attachment can help control the infl ammation 
of plantar fasciitis. The major risks are fascia rupture, associated 
with degeneration of the fascia, and fat-pad atrophy. Steroid 
injections tend to be very painful. Measures to reduce the pain 
include use of a local anesthetic and corticosteroid cryospray 
before the injection, and use of medial injection parallel to 
the fascia. Three injections may be given 2 to 4 weeks apart.20 
Evidence to support the long-term effectiveness of injections 
remains scant. If pain is recalcitrant to treatment, surgery may 
be an option. Candidates for surgery are limited to those with 
signifi cant pain and disability in activities of daily living after 
conservative therapy has been exhausted.21,22 Exhibit 13.5 pres-
ents complications related to plantar fasciitis treatment.

Outcome measures of successful treatment of plantar fasci-
itis include a reduction in pain after 4 to 6 weeks of conservative 
treatment and cessation of symptoms after 8 months to a year. 
Referral criteria include patients whose symptoms last lon-
ger than 6 months or who present with chronic symptoms of 
many months to years duration. Consultation with a foot care 
specialist in sports medicine, orthopedics, podiatry, pedorthy, 
or physical therapy depends on the patient’s responsiveness 
to conservative treatment. Follow-up is generally appropriate 
within 6 weeks from onset of treatment.

Prevention
Self-care strategies for prevention of exacerbations include 
wearing proper footwear with adequate arch supports and 

stretching involves a gentle pulling pressure in the muscle with 
the tendon being stretched, without causing an increase in pain.

Encourage the patient to apply ice prior to stretching. In 
addition, the patient may choose to take a nonsteroidal anti-
infl ammatory drug (NSAID) or other anti-infl ammatory agent 
prior to stretching. Recommend that the patient stretches for 
10 to 20 seconds on rising in the morning, with 15 repetitions, 
repeated at least two to fi ve times per day.

You should also teach the patient conservative muscle 
strengthening exercises. For example, instruct the patient to 
pick up articles off the fl oor, using only the toes. The patient 
can also dorsifl ex and plantar fl ex the foot several times during 
the day. Patients should observe you demonstrating the exer-
cises and then perform these exercises several minutes each day 
for at least 6 weeks.

Specifi c interventions include the use of medications, sup-
port devices, strapping, shoe wear, and orthotics.13 NSAIDs can 
be prescribed for pain management. In acute cases, NSAIDs are 
prescribed for a 7- to 10-day course up to 1 month, depend-
ing on the drug and degree of symptom management required. 
Patients should be encouraged to check with their health-care 
provider before starting a regimen of NSAIDs, because of the 
side effects.

Conservative support devices include use of heel cups, pads, 
lifts, and arch support inserts placed in both shoes. These devices 
relieve tension on the plantar fascia by reestablishing the arched 
shape of the foot. Cups and pads are especially benefi cial to the 
elderly when there is atrophy of the plantar heel pad. If tender-
ness is localized, a cutout can be made into any of these three 
types of shoe inserts to relieve pressure over the tender area. 
Pedorthists, physical therapists, chiropractors, and podiatrists 
can recommend the proper inserts and orthotics when needed.

Strapping, splinting, and other methods of immobilizing the 
foot help to reestablish or maintain the arch of the foot, stabi-
lize the fi rst metatarsal head, decrease forefoot pronation, con-
trol heel valgus (turning outward), and change the foot strike 
position. Strapping is considered to be benefi cial in the acute 
phase of plantar fasciitis. Night splints can be obtained from 
specialty shoe stores and pharmacies and worn at night to keep 
the foot in proper alignment (dorsifl exed), thus preventing 
relaxation of the fascia, which, when supported, is less painful. 
Sports medicine or physical therapy professionals can perform 
the strapping procedure and recommend splints. The splints 
can also be obtained from specialty footwear and online stores.

Good walking shoes and athletic-type footwear are also part of 
the treatment plan. Shoes with a fi rm heel, proper heel cushion-
ing, and adequate longitudinal arch support are recommended. 
Orthotics within the shoes can relieve symptoms by providing 
adequate resistance to the mechanical forces applied to the foot. 
Patients can be referred to an orthotist, pedorthist, podiatrist, or 
other foot care–related specialist for orthotic devices. Evidence 
about which types of devices (customized or off-the-shelf) are 
most effective at reducing discomfort is lacking.

If no improvement is noted within 6 weeks, you can con-
sider referring the patient to physical therapy, although there 
are confl icting data regarding the benefi t of certain physical 
therapy modalities, such as pulsed ultrasound, phonophore-
sis, monochromatic near infrared light, and high-energy shock 
wave therapy.18,19 Additionally, recommendations for contrast 
soaks can be made: warm and cold soaks for 15 minutes twice 

CLINICAL WISDOM

When historical or physical fi ndings of plantar heel pain are 
unusual or routine treatment proves ineffective, consider an 
atypical cause of heel pain, such as stress fracture of the cal-
caneus or heel spur syndrome.

EXHIBIT 13.5

Complications of Plantar Fasciitis Treatment
A.  Orthotics—Toe jamming, heel irritation, and slippage 

from an improper fi t
B.  Nonsteroidal anti-infl ammatory drugs—Gastrointestinal 

upset most common (see package insert for comprehen-
sive list of adverse reactions)

C.  Strapping—Allergy to tape or prep adhesive, blistering, 
and irritation

D.  Shoes—Ill-fi tting footwear, leading to blisters, corns, cal-
luses, and pain

 E.  Steroid injections—Fat-pad atrophy, pain and degenera-
tion of the fascia, and plantar fascia rupture

  F. Surgery—Decrease in strength and function
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and nondermatophyte molds, including Aspergillus species, 
Scopulariopsis brevicollis, Scytalidium dimidiatum, Scytalidium 
hyalinum, Fusarium species, and Acremonium species, account 
for 2% of onychomycosis. Mixed infections involving two or 
more fungi can occur.

The initial pathophysiology involves a mild infl ammatory 
response to the fungi once they have invaded the nail bed, caus-
ing hypertrophy of the bed. Hyperkeratosis and hypertrophy of 
the nail plate results in a discolored, deformed, thick, crumbly 
nail that can become loosened from the nail bed.28

Signs and Symptoms
Onychomycosis presents with three classic signs: discoloration, 
with white, brown, or yellow patches or streaks; subungual 
hyperkeratosis and debris; and onycholysis (loosening or sepa-
ration of all or part of the nail plate from the bed). In addi-
tion, four patterns of onychomycosis are seen: distal subungual, 
proximal subungual, white superfi cial, and Candida. Each pat-
tern is associated with a different entry point of the fungi into 
the nail unit and a different appearance of the infected nail.

Distal subungual onychomycosis is the most common type, 
and T. rubrum is the most common cause. The distal nail plate 
turns yellow or whitish brown, with hyperkeratotic debris accu-
mulation under the nail. The plate often becomes thickened, 
deformed, brittle, and crumbly. These changes can make wear-
ing shoes uncomfortable or painful.23

Proximal subungual onychomycosis, which is caused by a 
variety of dermatophytes, appears more frequently in immu-
nocompromised patients. Fungi invade the proximal nail fold 
and cuticle, and then infect the deeper portion of the plate. The 
proximal nail plate develops a white color in patchy areas. The 
surface remains smooth and intact. Hyperkeratotic debris can 
accumulate under the plate.

White superfi cial onychomycosis (WSO) is most often 
caused by the dermatophyte T. mentagrophytes and a variety of 
other molds. Fungi directly invade the surface of the plate, pro-
ducing a white, soft, dry, powdery, crumbly appearance. The 
plate does not thicken and continues to adhere to the nail bed. 
It can occur in patients with HIV infection.29,30

avoiding extreme dorsifl exion of the feet, such as bending 
down on the forefoot, which puts excessive pressure on the 
toes and metatarsal heads of the feet. This position causes 
extreme tension on the fascia and can induce microtears. The 
patient should also avoid excessive trauma from sports-related 
“pounding” of the feet during activities on hard surfaces, such 
as concrete.

ONYCHOMYCOSIS

Onychomycosis (tinea unguium) is an infection of the toenails 
in which fungal organisms invade the nail unit via the nail bed 
or nail plate. If left untreated, the infection can cause insidious, 
progressive destruction of the nail plate (Figs. 13.3 and 13.4).

Onychomycosis is precipitated by environmental factors, 
including repeated microtrauma to the nail and its structures. 
This can occur, for example, in athletic activities in which 
repeated trauma to the nail weakens the seal between the nail 
plate and nail bed, allowing fungal organisms to penetrate the 
nail unit.23 Athletes are also at high risk because of profuse 
sweating, with runners particularly prone to onychomycosis. 
In addition, chronic exposure of nails to water, as with regular 
swimming activity, can double the risk of developing onycho-
mycosis.24 Exogenous heat and hyperhidrosis (excessive sweat-
ing), as seen in people who wear shoes or boots every day for 
prolonged periods of time, also increase the risk. Data  suggest 
that people who wear sandals are less vulnerable to fungi 
because their feet are exposed to the air.

Onychomycosis is also more common in certain populations. 
The elderly are at increased risk because of the slower growth of 
the nail and decreased circulation that accompanies aging. Males 
are at greater risk than females, though postmenopausal women 
are affected because estrogen appears to exert a protective effect 
in younger women. Immunocompromised patients are also at 
risk: extensive use of chemotherapeutic, systemic antibiotic, and 
immunosuppressive therapies, and infection with the human 
immunodefi ciency virus (HIV) predispose to the condition. 
Finally, a history of cancer, diabetes, circulatory impairment, 
psoriasis, tinea pedis interdigitalis, the moccasin form of tinea 
pedis, and other foot infections increases the risk.25–27

Three main classes of fungi cause onychomycosis. 
Dermatophyte fungi account for 90% of these infections. They 
include T. rubrum, Epidermaophyton fl occosum, and T. menta-
grophytes. Yeasts, including Candida albicans, account for 8%, 

FIGURE 13.3 Onychomycosis demonstrating hyperkeratosis and 
hypertrophy of the nail plate with a deformed, thick, crumbly nail. The 
plate is thickened, deformed (misshapened), brittle, and crumbly.

FIGURE 13.4 Onychomycosis involving multiple nail plates.
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a reduction in symptoms associated with onychomycosis. Tea 
tree oil, Vick’s VapoRub, and vinegar all have been reported to 
lessen the severity of symptoms but evidence is lacking to sup-
port their use.36

Systemic antifungal agents, such as terbinafi ne (Lamisil), are 
useful (Exhibit 13.6). Data from a plethora of studies of drug ther-
apies yield inconsistent fi ndings about the effi cacy, best treatment 
regimens, and cost-effectiveness of these treatments.37–45 Baseline 
liver function studies are obtained prior to initiation of oral ther-
apy and during its course. Refer to package insert for prescribing 
information.46 It is important to review the literature pertaining 
to the best practices for prescribing oral antifungal therapy, as 
open studies and randomized controlled trials are proliferative, 
and newer fi ndings could change prescribing practices.

Most recent data suggest that the combination of topical 
and oral therapies is most effective when nail fungus is resis-
tant to topical treatments of greater than 2 months duration.46 
Combination therapy can reduce the duration and cumula-
tive dosage of oral therapy.23 In the future, combined therapies 
with new oral antimycotics and antifungal lacquers, and treat-
ments combined with surgical, laser, or chemical removal of 
the affected nail regions, may improve results. Novel treatment 
approaches are evolving, such as nail exposure to photo thera-
pies, which exert an antifungal effect.47

The optimal clinical effect for systemic therapy is seen 
some months after cessation of treatment and is related to the 
period required for outgrowth of healthy nail. It can take up to 
12 months for nail cure. The duration of treatment is based on 
prescribing recommendations, mycological cure, and outcome 
measures, including a nail free of discoloration, thickness, and 
crumbly texture.35 It is important to remind patients that a 
“perfect” nail may not be an attainable goal. However, a nail 
plate that is much less thick is cosmetically more appealing and 
does reduce the risk of injury to the underlying nail bed.

Referral criteria include treatment failure with systemic agents 
(after 9–12 months of nail growth, even after systemic therapy 
has been completed) and patient dissatisfaction with mechani-
cal debridement. Refer patients who are unable to take systemic 
therapy to foot care specialists for evaluation for more aggres-
sive treatment, such as removal of the nail plate by surgical or 
chemical methods, particularly when severe toenail deformities 
exist. Patients who elect conservative measures, such as mechani-
cal debridement, should see foot care  professionals every 2 to 
3 months.2 Quality of life is important to consider  during all 
aspects of treatment and should be included as part of the history.48

Candida onychomycosis is mainly caused by C. albicans. It is a 
rare syndrome, limited to patients with chronic mucocutaneous 
candidiasis. The nail plate thickens and turns yellow-brown.23

The hallmark symptom of onychomycosis is nail discolor-
ation, which commonly occurs as the nail plate thickens. Pain 
can result from pressure on the nail bed from ill-fi tting foot-
wear. The patient might also experience tenderness and trauma 
to adjacent soft skin folds from the thickened nails, and embar-
rassment from disfi gured, discolored, and deformed nails.

Diagnosis
As a rule, laboratory studies are conducted when onychomy-
cosis cannot be managed by standard mechanical or pharma-
cologic treatments. Histologic analysis via nail culture should 
be conducted in resistant clinical situations in which fun-
gal infection is suspected. Because specimen processing can 
require special techniques, it can take several days to obtain 
results. Contact a local laboratory for requirements. If a diag-
nosis is still not possible using microscopic exam or histologic 
analysis, biopsy of the nail bed is indicated. Several diagnostic 
approaches are described in detail in the literature.31–33

Management
Treatment of onychomycosis includes general measures such 
as foot hygiene and mechanical manual debridement with nip-
pers. More specifi c measures include use of topical prepara-
tions, systemic agents, and surgical nail removal. Monotherapy 
is often ineffective in the treatment of onychomycosis; thus, 
combination therapies are preferable.

You can promote topical nail reduction using urea com-
pound (20%–40%) under a thin fi lm dressing. You may also 
use manual debridement in conjunction with antifungal nail 
lacquers and creams.34 Recent evidence shows that a common 
topical treatment delivered through a transungual drug deliver 
system (TDDS), or colorless nail lacquer, is a step forward 
from previous ineffective topical agents. Two common TDDS 
ciclopiroxolamine 8% (Penlac®) and amorolfi ne 5% (Loceryl®) 
are applied to the nail daily, layered over each other, and then 
every 7 days the layers are removed with nail polish remover or 
alcohol. This daily regimen is continued until the nail is clear of 
infection, which might take up to 6 to 9 months. There is gen-
eral consensus that topical monotherapy (where only one agent 
is used) should be used where less than 50% of the nail surface 
is affected, without matrix involvement.35 The overall cure rates 
of topical therapy and particularly monotherapy are relatively 
low, and relapse rates are relatively high.

Anecdotal data suggest that patients who use various herbal 
and over-the-counter topical preparations have experienced 

CLINICAL WISDOM

Many nail conditions can mimic onychomycosis. These 
include psoriasis, eczema, lichen planus, ischemic condi-
tions, congenital nail disorders, yellow nail syndrome, and 
pseudomonas infections. In addition, dystrophic nails (nails 
that are abnormal in appearance, shape, and/or texture) can 
result from trauma.

EXHIBIT 13.6

Guidelines for systemic antifungal therapy for 
onychomycosis
Terbinafi ne, 250 mg every day for 12 weeks. Adverse reac-
tions include headache; gastrointestinal symptoms, such as 
diarrhea, dyspepsia, abdominal pain, nausea, diarrhea, and 
fl atulence; dermatologic symptoms, such as rash, pruritus, 
and urticaria; liver enzyme abnormalities; taste disturbance; 
and visual disturbance.

Sussman_Chap13.indd   375Sussman_Chap13.indd   375 7/25/2011   3:01:45 PM7/25/2011   3:01:45 PM



376 PART II ■ Management by Wound Etiology

Products containing humectants attract and retain moisture 
on the skin.

• Instruct the patient to wear proper footwear and socks, which 
are barriers between the skin and shoe, to reduce friction.

Hyperhidrosis
Hyperhidrosis is excessive moisture production related to 
endocrine/neurologic or sweat gland disorders. Management 
includes the following:

• Teach the patient to change acrylic or acrylic-blend socks 
 several times each day.

• Suggest that the patient use spray antiperspirants on skin 
and absorptive powders daily or more frequently as needed. 
Prescription-strength antiperspirant (e.g., Drysol) may be 
needed to treat recalcitrant sweating.

• Footwear should be of leather or canvas/cloth material that is 
breathable.

Cellulitis
Cellulitis is infl ammation and subsequent infection of the con-
nective tissue between adjacent tissues and organs, and com-
monly results from bacterial infection. It gives the overlying 
skin a reddish appearance. Infection can be located in the toes, 
dorsum and plantar surface of the feet, and lower leg skin. The 
initial insult is often trauma. Risk factors include wounds and 
immunodefi ciency syndromes.

Management of cellulitis includes the following:

• Order diagnostic testing, such as radiographs or magnetic 
resonance imaging, to rule out osteomyelitis.

• Initiate proper antibiotic therapy.
• Initiate wound care, if wound is present.
• Teach patient to dress the wound and prevent mechanical, 

thermal, and chemical injury to the area.
• Instruct patient to report worsening of symptoms, such as 

increased size, drainage, redness, pain, and fever.
• Instruct patient to take pain relievers.

Maceration
Macerated toe web spaces can result from rigid or fi xed toe 
deformities or functional impairments, such as stiffness, which 
prevent the patient from bending over to dry the feet and areas 
between the toes. Excessive moisture gets trapped and can lead 
to fungal and bacterial infections.

Prevention
Measures to prevent fungal infection or reinfection are criti-
cal.49 Patients should be instructed on the following key points:

• Wear properly fi tting shoes. Alternate between two pairs so 
you do not wear the same pair every day. Shoes with a high 
toe box of extra depth can accommodate thickened nails.

• Wear thin acrylic or acrylic-cotton blend socks, such as those 
worn by runners. These wick the moisture away from the 
skin, rather than absorbing it, keeping the skin drier. The 
socks should be changed frequently if they do become moist.

• Wash the feet daily and pay close attention to drying well 
between the toes.

• Trim toenails straight across, smoothing any rough or jagged 
edges and following the contour or shape of the toe.

• Alert health-care professionals of any changes in the nail or skin.

MISCELLANEOUS CONDITIONS

This section presents information on miscellaneous foot condi-
tions. For each condition, the defi nition, pathophysiology, key 
points, and general guidelines for management are provided.

Xerosis and Anhidrosis
Xerosis and anhidrosis describe excessively dry, fl aky skin that 
can be particularly severe on the heels and bottoms of the 
feet. Anhidrosis is often related to autonomic dysfunction 
caused by endocrine or neurologic disorders, which results 
in loss of moisture production in the skin and severe fl aking 
(Figs. 13.5 and 13.6).

Management of xerosis and anhidrosis includes the 
following:

• Teach the patient to avoid prolonged soaking of feet in hot 
water because it can cause excessive drying by depleting mois-
ture from the skin. Soaking should be eliminated or  limited to 
5 to 10 minutes.

• Apply topical hydrating products such as emollients and seal 
them with petrolatum-based products several times each day 
and at bedtime. The condition can require a prescription-
strength product if symptoms do not resolve after 4 weeks. 

FIGURE 13.5 Anhidrosis of the foot.

FIGURE 13.6 Dry skin on heel.
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• Teach the patient to pad the area with a proper over-
the-counter pad, as directed. Choices include silicon-based 
products such as nonadhesive and reusable sleeves that fi t 
over the toes.

• Recommend pressure relief shoes, such as those with a high 
toe box and padded cushion inserts. There are numerous 
commercially available inserts and orthotics that can further 
reduce the buildup of calluses by redistributing weight from 
bony prominences.

Fissures
Fissures are cracks in the dermis that cause a partial-thickness 
wound. They are common in the heel (Fig. 13.9). Management 
includes the following:

• Reduce keratotic tissue around fi ssure, if present, by mechan-
ical or chemical debridement.

• Cleanse the area and apply a thin dressing, such as thin fi lm, 
thin hydrocolloid, or sheet hydrogel, and dressing cloth 
tapes, to close the wound. A skin sealant or adhesive such as 
Dermabond can be used to fi ll and seal the fi ssure.

• Change the dressing weekly to allow for closure of wound. 
If the fi ssure is draining, red, infl amed, or extremely painful, 
consider an infection and treat accordingly.

• Instruct the patient on moisturizing protocol to prevent fur-
ther fi ssures.

• Instruct the patient to wear shoes at all times and to avoid 
slippers or sandals that “fl op” against the heel, causing exces-
sive friction.

Onychauxis
Onychauxis describes hypertrophic toenails that result from 
trauma, aging, genetic predisposition, or other factors unre-
lated to onychomycosis. Management includes

• Mechanical debridement
• Teaching the patient to reduce the toenails at home if func-

tionally able, using proper equipment such as nail fi les
• Instructing the patient to obtain extra-depth shoes or shoes 

with a high toe box to accommodate thickened toenails

Management of maceration includes the following:

• Implement moisture control practices, such as drying well 
between toes after bathing or showering and wiping toe web 
spaces with drying agents (e.g., alcohol) for up to 1 week. 
Spray antiseptics can be used, which also offer a drying effect.50

• Use absorptive material placed between toes to keep toes from 
rubbing together and to reduce moisture. This should be 
changed daily.

• Apply skin sealants to the toe web spaces as a moisture bar-
rier. Liquid antiseptic products such as Liquid Band-Aid and 
New-Skin are available from drug stores and major discount 
chains and can be sprayed or “painted” between the toes.

• Apply absorptive powder between toes and in shoes to reduce 
moisture.

• Instruct the patient to wear thin acrylic or acrylic-blend socks 
when wearing shoes.

• Advise the patient to change shoes frequently.
• Once maceration is treated, skin moisture barrier/protectant 

wipes can be used between the toes as a moisture barrier.

If maceration persists for longer than 10 to 14 days, consider the 
presence of an interdigital tinea pedis and/or superimposed bac-
terial infection. Topical antifungal and antibacterial agents should 
be used for up to 1 month. Oral antifungal agents may be war-
ranted if the fungal infection is recalcitrant to topical therapies.

Hyperkeratotic Lesions
Hyperkeratotic lesions, commonly referred to as corns and cal-
luses, are circumscribed masses of a hornlike collection of epi-
dermal cells that are thicker in the center and gradually taper, 
becoming thinner at the periphery. They form as a result of 
abnormal intermittent or chronic weight-bearing pressure and/
or shear sliding stresses. Corns are technically known as helo-
mas. Hard corns arise on top of or on the sides of the toes; soft 
corns arise between the toes (Fig. 13.7). Calluses, or tylomas, 
are found on the plantar surface of the feet under prominent 
weight-bearing areas and on the medial and lateral aspects of 
the sides of the feet and great toes (Fig. 13.8).

Management of hyperkeratotic lesions includes the 
following:

• Reduce amount of thickened keratoses by either mechani-
cal debridement (buffi ng) or paring with sharp debridement. 
Instruct the patient to gently buff areas two to three times per 
week with a pumice stone and fi le board before taking a shower or 
bath. Alternatively, you can use a topical keratolytic agent contain-
ing urea, such as Carmol lotion, cream, or gel to “thin” the thick-
ened epidermis and reduce hyperkeratoses, especially on the heels.

FIGURE 13.7 Example of a corn in the interdigital space.

FIGURE 13.8 Callus formation.
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Teaching guidelines for general foot care should address the 
following:

• Proper self-care practices to include general information on 
bathing, drying well between toes, and avoiding excessive 
soaking. No bathroom surgery!

• The importance of daily self-inspection of feet and the areas 
between the toes. The patient can place a mirror on the fl oor, 
so that the patient can inspect the plantar surface of the foot 
for any cracks, discolorations, drainage, redness, and swelling. 
For individuals with limited vision, help from family mem-
bers and caregivers can be required to inspect the feet.

• The need to wear shoes or slippers at all times, even when get-
ting up at night to go to the bathroom.

• Information on purchasing proper shoes to accommodate 
structural deformities, diabetes, and other individuals needs.

• When to report problems to the health-care provider, such 
as abnormal sensations and pain in the legs at night or when 
ambulating.

• Reminding the health-care provider to inspect the feet 
 routinely during each visit.

CONCLUSION

Foot problems continue to plague a disproportionately high 
percentage of older adults, affecting functional abilities and 
quality of life. In particular, problems affecting the toenails, 
skin, and plantar structures of the foot can have profound con-
sequences such as severe infections or foot deformities. Help 
patients preserve their foot health by routinely including ques-
tions about the feet in the patient history, inspecting the skin 
and nails during the physical examination, and vigorously 
investigating complaints of heel and plantar foot pain. The 
evidence-based interventions discussed in this chapter can help 
guide you in ameliorating and/or preventing more serious foot 
problems and improving the patient’s quality of life.

SELF-CARE TEACHING GUIDELINES

Specifi c self-care teaching guidelines were presented earlier for 
each specifi c foot problem discussed. The following are some 
general guidelines for self-care for all foot problems.

It is important to instruct patients to purchase shoes that 
accommodate structural deformities and swelling, offer support 
and cushioning, and are easy to put on and take off. Proper shoes 
are important for preventing a variety of complications. Those 
that are too narrow can cause blisters and corns, and shoes that 
are too short can cause toenail injury and hammertoes. Shoes that 
offer little support can lead to foot pain. Finally, shoes should be 
considered functional aids, rather than stylish accompaniments to 
clothing. Unfortunately, culture often dictates dress codes. Help 
your patients to understand that proper footwear can prevent seri-
ous foot complications, provide relief from excessive pressure and 
mechanical stress, and add to quality of life by reducing foot pain.

FIGURE 13.9 Fissure.

Mr. D. is a 72-year-old patient with a history of diabetes, 
CVA, hypertension, and high cholesterol. He also has chronic 
venous insuffi ciency. He lives alone in an apartment. He has 
some functional impairment due to right-sided weakness 
from his CVA. He has a long history of tinea pedis and ony-
chomycosis. The major problem is his inability to bend over 
and care for his feet (see Fig. 13.10), and thus his toenails are 
extremely discolored, thickened, and now becoming so long 
that they are causing trauma to his skin. He also cannot put 
on compression stockings to manage edema. What is the most 
appropriate care approach for Mr. D?

a. Place him on a daily dose of an antifungal agent to decrease 
the nail thickness

 b. Provide assistance with nail debridement and proper skin 
care

 c. Tell his caregiver to apply topical urea agents to thin the 
nails and skin

CASE STUDY     

FIGURE 13.10 A patient with poor self-care abilities.
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REVIEW QUESTIONS

 1. How does the clinical presentation of tinea pedis differ 
from dry skin (xerosis)?
 A. Tinea pedis generally causes large blisters and drainage.
 B.  The skin tends to have small areas that resemble peel-

ing skin.
 C.  Tinea pedis causes severe itching, whereas dry skin does 

not.
 2. What is the hallmark symptom of plantar fasciitis?

 A. Foot cramps during the night
 B. Plantar foot bruising and discoloration
 C. Pain upon rising when foot touches fl oor

 3. What are the best types of socks fabrics to wick away mois-
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 A. Acrylic blends
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CHAPTER OBJECTIVES

This chapter explores your role when caring for a patient with a 
malignant cutaneous wound that has little or no healing poten-
tial. In these cases, symptom reduction is a primary goal and 
typically focuses on pain management, odor control, manage-
ment of bleeding, and pouching for fi stula output. Malignant 
wounds and fi stulas are often complex and diffi cult to manage, 
and both creativity and sensitivity are required.

MALIGNANT CUTANEOUS WOUNDS

Malignant cutaneous wounds are skin wounds that develop 
secondary to cancer. They can occur from a primary skin can-
cer, from local spread of soft tissue tumors, or via lymphatic or 
blood vessels (metastatic spread). They are also known in the 
literature as malignant fungating wounds when they exhibit nod-
ular, fungal-like growth that protrudes above the skin surface 
and malignant ulcerating wounds when there are deep erosions 
or craters. These wounds present both a physical and an emo-
tional challenge for patients and even experienced clinicians. 
Often unsightly, malodorous, and painful, these wounds are a 
blow to self-esteem and may cause social isolation at the very 
time when the patient needs more time with family and friends 
(see Figs. 14.1–14.5). In caring for patients with malignant cuta-
neous wounds, your primary goal should be to improve the 
patient’s quality of life through symptom palliation. Develop a 
treatment plan aimed at minimizing pain and infection, manag-
ing exudate and odor, and controlling bleeding.

Signifi cance of Malignant Cutaneous Wounds
Malignant cutaneous lesions may occur in up to 5% of patients 
with cancer and 10% of patients with metastatic disease. In the 

largest US study done at a single site to date, Lookingbill et al.1 
retrospectively reviewed data accumulated over a 10-year 
period from the tumor registry at Hershey Medical Center 
in Pennsylvania. Of 7,316 patients, 367 (5.0%) had cutane-
ous malignancies. Of these, 38 patients had lesions as a result 
of direct local invasion, 337 had metastatic lesions, and 8 had 
both. A secondary analysis from the same registry found that 
420 patients (10.4%) out of 4,020 with metastatic disease had 
cutaneous involvement.2 Krathen et al.3 performed a meta-
analysis of nine studies examining the incidence of cutane-
ous metastasis from data collected from patient registries and 
autopsy reports. Excluding patients with melanoma, leukemia, 
and lymphoma, cutaneous metastasis was found in 1,080 out of 
20,380 cancer patients for an incidence rate of 5.3%. The most 
common origins of metastasis are cancers of the breast, skin 
(melanoma), lung, head and neck, colon, rectum, and ovary.1–6 
Although these types of cancer account for the majority of skin 
involvement, it is important to note that metastatic cutaneous 
lesions may arise from any type of malignant tumor.7–10 In some 
cases, the tumor of origin may not be identifi ed.11

Cutaneous metastasis of internal cancer may predict survival 
time. In a retrospective study of 200 patients who developed 
cutaneous metastasis over a 46-year period, the median survival 
time after cutaneous involvement was 6.5 months.12 Survival 
time varied by primary diagnosis. Median survival after cutane-
ous metastasis of the three most commonly observed cancers 
were 2.9 months for bronchopulmonary cancer, 13.8 months 
for breast cancer, and 15.5 months for melanoma.

Pathophysiology of Malignant Cutaneous Wounds
Malignant cutaneous lesions may develop secondary to local 
invasion of a primary tumor, or to metastasis from a distant site.7,8

At the completion of this chapter, the reader will be able to:

1. Explain the signifi cance, pathophysiology, and assessment of malignant cutaneous wounds.
2. Describe methods of managing bleeding, exudate, and odor in malignant cutaneous wounds.
3. Describe interventions for management of pain related to malignant cutaneous wounds.
4. Explain the signifi cance and pathophysiology of fi stulas.
5. Identify the factors to be considered when assessing the client with a fi stula.
6. Examine management methods for the client with a fi stula.
7. Design a pouching procedure for a fi stula.

Barbara M. Bates-Jensen and Susie Seaman

Management of Malignant Cutaneous 
Wounds and Fistulas14
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Figure 14.3 Eight years post mastectomy with ulcerative malignant 
lesion. Note necrotic center and friable edges. Note new metastatic nod-
ule forming above ulcer. Reprinted with permission, © Susie Seaman.

Figure 14.1 Fungating tumor secondary to metastasis of head and 
neck cancer. Note extreme friability of tissue. Requires extreme care 
to reduce bleeding with wound care. Reprinted with permission, 
© Gwen Thomas.

Figure 14.2 Fungating tumor from local invasion of oral cancer. Sig-
nifi cant drainage and odor. Later developed an oral-cutaneous fi stula. 
Reprinted with permission, © Gwen Thomas.

growth to support the entire mass. This results in fragile capil-
laries, poor perfusion, altered collagen synthesis, and resultant 
tissue ischemia and necrosis.

As noted earlier, the resulting lesion may be fungating, with 
the tumor mass extending above the skin surface with a fungus 
or caulifl ower-like appearance, or it may be erosive and ulcer-
ative.7 The wound bed may be pale pink to red with very fri-
able tissue, tissue that is fragile and bleeds easily, or completely 
necrotic, or a combination of both. Bleeding may be a challenge 
to control. In addition, the presence of necrotic tissue provides 
an ideal environment for overgrowth of anaerobic organisms, 
which may result in signifi cant malodor.16,17 The surrounding 
skin may be erythematous, edematous, fragile, and exceed-
ingly tender to touch. Maceration may occur in the presence of 
excessive wound exudate.

Local invasion may initially manifest as infl ammation with 
induration, redness, heat, and/or tenderness. The skin may 
have a peau d’orange appearance, and the area may be fi xed to 
the underlying tissue. As the tumor infi ltrates the skin, one or 
more ulcerating and/or fungating wounds develop.

In metastatic disease, tumor cells detach from the primary 
site and travel via blood and/or lymphatic vessels or tissue 
planes to distant organs, including the skin.7,8 The resulting 
cutaneous lesions commonly present as well-demarcated nod-
ules, ranging in size from a few millimeters to several centi-
meters.7 Their consistency may vary from fi rm to rubbery. 
There may be pigmentation changes noted over and around 
the lesions, from deep red to brown-black. In general, these 
nodules are painless and may initially be misdiagnosed as epi-
dermal cysts, lipomas, or other benign dermatoses. Cutaneous 
metastasis may also present as infl amed erythematous patches 
or plaques,13 violaceous papules and vesicles, or alopecia. Over 
time, any of these lesions may ulcerate, drain, and become very 
painful. When patients with a history of cancer present with 
nodules, rashes, or infl amed skin, cutaneous metastasis must be 
a differential diagnosis.

Tumor cells secrete growth factors that promote metastasis, 
angiogenesis, extracellular matrix deposition, and, thus, tumor 
growth and extension.14,15 Abnormalities in capillary develop-
ment and lymphatic fl ow cause changes in local tissue perfu-
sion that lead to increased tumor growth with simultaneous 
tissue death and alterations in local edema and exudate. As the 
tumor grows larger, it is unable to sustain suffi cient vascular 

Figure 14.4 Cutaneous metastasis of breast cancer, four years post 
mastectomy and radiation therapy. Note thick dry eschar with dried 
exudate covering moist underlying wound. Signifi cant odor. Reprinted 
with permission, © Susie Seaman.
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Assessment of Malignant Cutaneous Wounds
A comprehensive evaluation of the patient and the malig-
nant wound is necessary to create an individualized treatment 
plan. Assessment of malignant cutaneous wounds includes all 
parameters of wound assessment (see Chapter 3). Thorough 
assessment is important not only to determine treatment needs 
but also to document wound improvement or deterioration 
and to evaluate treatment effectiveness.

Expect malignant cutaneous wounds to change in size and 
appearance over time depending on the aggressiveness of the 
tumor and any treatment provided, including surgery, chemo-
therapy, and/or radiation.

Assess the following wound characteristics:

• Location. Depending on its location, the wound may impair 
the patient’s mobility and functional level. This fi nding may 
demonstrate the need for occupational therapy, which can 
help in facilitating activities of daily living and functional 
ability. Wound location will also infl uence the dressing selec-
tion and dressing fi xation because malignant cutaneous 
wounds may be located in wrinkled skin or highly uneven 
anatomic sites. The location of the wound also has signifi cant 
psychological impact. If the wound is located in an area where 
it is easily covered from public view, the patient will respond 
differently than if the wound is located such that hiding it is 
not possible.

• Wound appearance. Assessment of the appearance of a malig-
nant cutaneous wound is not very different from assessment 
of any other wound type. However, there are some special 
considerations.18 Wound appearance should be evaluated for 
size, specifi cally looking for undermining and deep struc-
ture exposure. The wound should be assessed as fungating 
or ulcerative, with objective assessment of the percentage of 
viable versus necrotic tissue. Tissue should be assessed for 
friability and bleeding. Odor and exudate amount should be 
monitored and the presence of a fi stula documented.

• Wound colonization versus infection. Identifi cation of heavy 
bacterial colonization provides information on the deteriora-
tion or response of the wound to palliative care and impacts 
decisions regarding topical therapy and dressing selection. 
Malignant wounds that are heavily colonized require special 
attention to cleansing, odor-reducing antibacterial agents 
and dressings, and exudate management. Clinically infected 
malignant wounds with increased erythema, induration, 
pain, and fever require systemic antibiotic therapy. It can be 
challenging, however, to differentiate between the signs of 
infection and the signs of tumor extension, which are similar. 
Rapid onset of cellulitis and fever can point toward infection.

• Surrounding skin. Evaluate the skin surrounding the wound 
for color, integrity, and the presence of nodules or other signs 
of malignant progression. Typically, the skin surrounding 
malignant cutaneous wounds is erythematous. The skin may 
be fragile, macerated, or denuded as a result of excess exudate. 
You will often be able to predict the extension of the wound by 
observing the presence of nodules or eruptions in the skin sur-
rounding the wound site. Surrounding skin may also exhibit 
signs of radiation damage, with erythema and other evidence 
of poor tissue perfusion. Tumor extension or metastasis will 
infl uence which dressing type and fi xation method you select. 
For instance, you may need to use nonadherent dressings or 
methods other than tape for affi xing the dressing. Signifi cant 
deterioration in the surrounding skin presents challenges in 
selecting the appropriate dressing because applying larger 
and larger dressings may become necessary, and successfully 
securing the dressing may become problematic.

• Symptom assessment. The degree of symptoms experienced by 
the patient will depend on wound location, depth of tissue 
invasion and damage, nerve involvement, and the patient’s 
previous experience with pain and use of analgesia.19,20 Pain 
assessment is critical, because these wounds are often very 
painful, and adequate analgesia can control the pain and 
improve quality of life. Pain may include deep pain that is 
characterized by continuous aching or stabbing and superfi -
cial pain such as burning and stinging that may be associated 
only with dressing changes. If pain symptoms are the result of 
dressing changes, use of a short-acting topical analgesic with 
a rapid onset will make dressing changes more bearable for 
the patient. Pruritis is also commonly associated with these 
wounds. If the pruritic symptoms are related to dressings, the 
remedy may be as simple as trying a different dressing. More 
typically, pruritus may be a side effect of systemic analgesia 
and, if signifi cant to the patient, may warrant change in pain 
medication or new systemic medications.

• Complications. It is essential to assess the potential for  serious 
complications.18 Evaluation should include potential for hem-
orrhage or vessel compression and obstruction, especially 
when the malignant wound is located close to major blood 
vessels. Wounds in the neck and chest area pose the threat of 
airway obstruction. Less serious complications include minor 
local bleeding, which is common secondary to capillary fra-
gility. If you observe local bleeding, consider the use of non-
adherent dressings, use extreme care in dressing removal, and 
be prepared to implement interventions to control it.

• Psychosocial adaptation. Assess how the patient and family are 
coping with the malignant wound and cancer diagnosis.21,22 
Question patients on how the wound affects their daily life, 

Figure 14.5 Same wound as shown in Figure 14-1, immediately fol-
lowing sharp debridement of eschar and thorough cleansing with skin 
cleanser. Note fungating area at superior edge of wound with friable 
tissue. Note slough and exposed rib in wound bed. Fragile surround-
ing skin secondary to radiation therapy. Surrounding redness from 
high vascularity of area. Reprinted with permission, © Susie Seaman.
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decrease of bacterial burden on the surface of the wound, with 
resultant decrease in odor. However, these chemicals can have 
their own odor that may be offensive to the patient. Signifi cant 
burning, wound desiccation resulting in dressing adherence, 
and skin irritation are also associated with these products. If they 
are utilized, limit the time of use to no more than 2 weeks. An 
alternative to these antimicrobials is a polyhexamethylene bigu-
anide (PHMB)-based solution. PHMB has been used as an anti-
microbial for many years in products like PHMB-impregnated 
dressings and contact lens solutions.27 A retrospective analysis 
comparing PHMB-soaked gauze to Ringer’s lactate–soaked 
gauze in the treatment of venous ulcers demonstrated faster heal-
ing and lower infection rates in patients treated with PHMB.28 
To use on malignant wounds, PHMB-soaked gauze should be 
applied to the wound for 15 minutes and then removed. An 
appropriate dressing should then be applied.

Wound cleansing is followed by necrotic tissue debridement, 
if necessary. Necrotic tissue in malignant cutaneous wounds is 
typically moist yellow slough. Black eschar may be present in 
the absence of exudate, but this is less common. Necrotic tissue 
in these wounds may be extremely malodorous. Conservative 
debridement strategies are the basis for odor control. Autolysis, 
enzymatic, gentle mechanical, and/or conservative sharp 
debridement are the preferred options. Autolytic debridement 
is best achieved by using dressings that maintain a moist wound 
bed29; however, this should be weighed against the potential 
for increased odor that may occur in that occlusive environ-
ment. Topical enzymatic debriding agents can be applied to the 
wound and have the advantage of keeping the wound moist. 
Using care to prevent pain, gentle scrubbing of the necrotic tis-
sue with saline-moistened gauze may facilitate removal of loose 
necrotic tissue. Cautious sharp debridement of necrotic tissue 
by clinicians trained in this procedure can be performed, taking 
special care to avoid bleeding, which may be diffi cult to control. 
If compatible with the palliative care goals of the patient, surgi-
cal debridement may be indicated in malignant wounds with 
a large amount of necrotic tissue. This procedure can signifi -
cantly decrease odor, exudate, and will assist in decreasing the 
risk of infection.

Clinical wound infection may be effectively treated with 
topical antibiotic preparations or topical antimicrobial dress-
ings (such as silver-impregnated products, PHMB-based dress-
ings or gels), in conjunction with systemic antibiotics. A topical 
preparation may be necessary in infected malignant wounds 
treated with systemic antibiotics. The decreased perfusion and 
vasculature throughout the tumor may impede systemic anti-
biotic dissemination, making the combination approach more 
successful.

Management of Exudate
There tends to be signifi cant exudate in malignant wounds due 
to local infl ammation and edema that are commonly present. 
The goal in the management of exudate is to provide a moist 
wound environment to prevent trauma from dressing adher-
ence that can occur if the wound dries out.29 Keep the wound 
moist, but not wet. Choose dressings that will both conceal 
and collect exudate and odor. It is crucial to use dressings that 
absorb and contain exudate because a patient who experiences 
unexpected drainage on clothing or bedding may experience 
signifi cant feelings of distress and loss of control. Specialty 

activities, and relationships. Assess the availability of social 
support networks in the community and question patients 
regarding their use.

• Treatment effectiveness. Assess treatment effectiveness at each 
dressing change. If the wound appears to be degenerating, 
you may need to change the treatment. These wounds may 
require more frequent treatment adjustments than other 
wound types.

Management of Malignant Cutaneous Wounds
Control of bacterial colonization, exudate, odor, bleeding, and 
pain are the cornerstones of management for malignant cutane-
ous wounds.17–20,23–25 In determining the appropriate treatment 
regimen, the abilities of the caregiver must also be considered. 
The limited information on treatment effectiveness refl ects the 
absence of evidence-based care in this area and the extreme 
need for further research and dissemination of fi ndings.26

Infection Control: Wound Cleansing and Debridement
Infection control is facilitated by wound cleansing and debride-
ment to remove necrotic debris, decrease bacterial counts, and 
thereby reduce odor. Judicious use of appropriate topical anti-
microbials may also help control bacterial counts in the wound.18

If there is friable tissue or the patient is not able to shower, 
irrigate the wound gently with normal saline or a wound 
cleanser. For wounds without tissue friability that have increased 
necrosis and/or odor requiring more aggressive cleansing, low-
pressure irrigation with normal saline can be performed using 
a 35-mL syringe and a 19-gauge needle or angiocatheter held a 
few inches away from the wound. Saline has the advantage of 
not disturbing any tissue that might be healthy, but a disadvan-
tage is the lack of odor-reducing ingredients.

Skin cleansers, used to give patients bedbaths or to cleanse 
the perineal area with diaper changes, are highly effi cacious at 
controlling odor in cutaneous tumors that have signifi cant tis-
sue necrosis and a high bacterial burden. Because they  contain 
antiseptics, the use of skin cleansers alone will frequently be 
suffi cient to control odor without the need for further prod-
ucts. They are also useful to gently cleanse the surrounding 
skin. However, the patient may experience burning from skin 
cleansers, especially if the wound has a large amount of viable 
tissue, and in that case, they should be avoided in favor of saline 
or wound cleansers.

Short-term use of antimicrobial solutions, such as povidone-
iodine, sodium hypochlorite solution, or hydrogen peroxide are 
recommended by some authors in the palliative care of wounds, 
especially wounds that have dry gangrene or offensive odor.20 
The rationale for choosing an antimicrobial solution is the 

CLINICAL WISDOM

If the lesion is not very friable, the patient may be able to 
get in the shower. This not only provides for local cleans-
ing but also gives the added psychological benefi t of helping 
the patient to feel clean. The patient should be instructed to 
allow the shower water to hit the skin above the wound and 
then allow it to gently run over the wound.
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of protecting surrounding skin from both excess drainage and 
tape, and the resultant skin stripping with dressing changes. 
Another method of protecting the surrounding skin is use of a 
barrier ointment to the skin surrounding the ulcer. The barrier 
protects fragile tissue from maceration and the caustic effects 
of the drainage on the skin. Do not use barrier ointments if the 
skin is already macerated; the ointment will make this worse. 
Consider use of a liquid skin sealant instead. Dressings can be 
held in place with Montgomery straps or tape affi xed to a skin 
barrier placed on healthy skin, fl exible netting, tube dressings, 
sports bras, panties, and the like.18

Odor Control
Odor control is by far the most challenging management aspect 
of malignant cutaneous wounds and one of the most distressing 
to cancer patients.22,31 Approaches to odor control include use 
of topical medications, dressings, systemic medications, and 
environmental manipulation.

One treatment available for topical use in several formula-
tions and well supported in the literature for odor control is 
the antibiotic metronidazole (Flagyl, Helidac, MetroCream, 
MetroGel, Noritate Cream).17,18,20,30,32–38 Application of MetroGel 
(Galderma Laboratories), 0.75% metronidazole in a hydrogel 
carrier, to wounds results in a decrease in wound odor in 2 to 3 
days, even in the presence of resistant odor.34–37 Typically, met-
ronidazole gel is applied to the wound in a thin layer, then cov-
ered with nonadherent contact layer and absorbent bandage, 
and dressings are changed once to twice daily, depending on the 
amount of exudate. An irrigant solution can be made by either 
crushing metronidazole tablets or using  metronidazole powder 
in sterile water and creating either a 0.5% solution (5 mg/mL) 
or a 1% solution (10 mg/mL).39,40 This solution may be used 
to moisten gauze for packing into a wound and may be very 
effective for fi lling malodorous undermined or tunneled areas. 
Care must be used with this method to prevent adherence of the 
gauze to the wound and subsequent bleeding and pain. Topical 
treatment may be suffi cient for controlling odor. If odor per-
sists, odor is severe, or clinical infection is suspected, systemic 
metronidazole 500 mg taken orally three to four times a day 
may also be administered, but caution should be used because 
of the adverse gastrointestinal (GI) effects that may occur.17,20

Another topical treatment is the antimicrobial agent 
Iodosorb gel, an iodine complex in a starch copolymer 

dressings, such as foams, alginates, or starch copolymers, are 
notably more expensive than gauze pads or cotton-based absor-
bent pads. However, if the use of these dressings reduces cost 
by reducing the need for frequent dressing changes (improving 
quality of life for the patient), they are cost-effective, both in 
terms of dollars spent and quality of care.

In wounds with low exudate, the goal is to maintain a 
moist environment and to prevent dressing adherence and 
bleeding. Dressing choices for wounds in this category include 
nonadherent contact layers, such as Adaptic (Systagenix), 
Dermanet (DeRoyal), Mepitel (Mölnlycke), petrolatum gauze 
(numerous manufacturers), and Tegapore (3M Health Care). 
Amorphous hydrogels, sheet hydrogels, and hydrocolloids 
may also be helpful for low exudate wounds. Hydrocolloids 
are contraindicated with fragile surrounding skin and may 
increase odor. Semipermeable fi lm dressings are also con-
traindicated with fragile surrounding skin. Nonadherent 
dressings are best for the primary contact layer because they 
minimize the trauma to the wound associated with dressing 
changes.

Wounds with high exudate require attention to absorbing 
and containing exudate. Dressings such as alginates, foams, 
starch copolymers, gauze, and soft cotton pads are all possible 
selections. Seaman30 suggests nonadherent contact layers (such 
as petrolatum gauze) for the primary dressing on the wound 
bed, covered with soft, absorbent dressings (such as gauze 
and abdominal binder dressings) for secondary dressings 
to contain drainage. The dressing should be changed one to 
two times daily, depending on the amount of exudate. When 
drainage increases, the use of calcium alginate dressings to 
decrease the frequency of dressing changes may be considered.

Protection of the surrounding skin is an important aspect of 
exudate management. Using ostomy skin barriers on the skin 
surrounding the wound and then taping dressings to the skin 
barriers (changing the barriers every 5–7 days) are one method 

CLINICAL WISDOM

When using ostomy barriers on the surrounding skin, deter-
mine the correct location by applying the absorbent cover 
dressing fi rst. Once that is on, then apply the ostomy barrier 
along the edge of the cover dressing; this will ensure that the 
barrier is in the correct spot when tape is applied. Another 
trick to avoid pulling the barrier off prematurely when 
removing the dressing is to cover the barrier with a layer of 
adhesive tape fi rst. Then when taping the dressing in place, 
the tape used to secure the bandage contacts the tape on 
the barrier (tape-to-tape contact instead of tape-to-barrier 
contact), and pulls off easier upon removal.

CLINICAL WISDOM

Debridement of malignant cutaneous wounds is best done 
by enzymatic, autolytic, or conservative sharp methods and 
gentle mechanical methods (such as low-pressure irriga-
tion), as opposed to wet-to-dry dressings, which are trau-
matic and painful and can cause signifi cant bleeding upon 
removal.

CLINICAL WISDOM

Use of menstrual pads as secondary dressings may be helpful 
for wounds with heavy exudate. These pads have the added 
benefi t of clothing protection because of the outer plastic 
lining. Instruct patients to leave the paper backing over the 
adhesive so the pad will not adhere to clothing. Also, recom-
mend unscented pads, as the scented pads can have a very 
strong smell, especially if the wound is close to the nose.
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hydrogels under a nonadherent contact layer, may keep the 
wound moist and prevent dressing adherence. Even highly exu-
dating wounds may require a nonadherent contact layer to allow 
for nontraumatic dressing removal. When dressings do adhere 
to the wound during removal, they should be soaked off with 
normal saline or water to lessen trauma to the wound bed.23

If bleeding does occur, the fi rst intervention should be the 
application of direct pressure over the wound for 10 to 15 min-
utes.18,23 Hold saline-moistened gauze against the wound; this 
will help prevent the gauze from adhering and causing a new 
episode of bleeding upon removal. Adding an ice pack may 
help control bleeding and also contribute to local comfort. If 
pressure and/or ice are ineffective, several other options exist.

The local application of hemostatic dressings such as purifi ed 
gelatin (Gelfoam), oxidized regenerated cellulose (Surgicel), 
collagen (available as sheets, powders, or sponges), combina-
tion collagen/oxidized regenerated cellulose (Promogran), 
fi brin sealants, or calcium alginates may be of use to control 
mild bleeding.44 Gauze soaked in 1:1,000 epinephrine or topi-
cal cocaine can be applied to the wound to control bleeding 
but also may result in systemic side effects.44 Topical formalin, 
applied to the wound by soaking gauze, is an effective chemical 
hemostat.43,44 Sucralfate paste, made by crushing a 1-g sucral-
fate tablet in 5 mL of water-soluble hydrogel, can be applied 
directly to bleeding areas and left in place.23,43 Two fi brinolytic 
inhibitors, tranexamic acid and aminocaproic acid, have been 
used either orally or topically (crushed tablets in solution) to 
control bleeding in cancer patients.45,46 These drugs prevent the 
breakdown of fi brin clots and have also been used topically to 
control wound bleeding in patients with hemophilia.47 You can 
also treat small bleeding points with silver nitrate sticks.

If bleeding continues or is severe, more aggressive palliation 
may be necessary. Radiation therapy may be useful in achieving 
hemostasis.44,48 Additionally, super-selective angiography with 
transcatheter embolization of the arteries supplying the tumor 
can be very effective in controlling bleeding and may lead to 
shrinkage of the lesion.49–51

For patients receiving palliative or hospice care, caregivers 
should be educated on measures to take for catastrophic hemor-
rhage.18 This includes notifying hospice staff (do not call 911), 
having dark towels ready to cover the bleeding area, and elevat-
ing the area of bleeding if comfortable for the patient. A rapid 
acting sedative, such as midazolam 2.5 to 5.0 mg IV or SQ, can 
be administered to calm the patient. The caregiver should be 
encouraged to sit with the patient and speak in a comforting tone.

(cadexomer iodine). This product contains slow-release iodine 
and has been shown to decrease bacterial counts in wounds 
without cytotoxicity.41,42 Seaman has had clinical experience 
with this product in reducing odor associated with venous 
ulcers. Cadexomer iodine is available in a 40-g tube and is 
applied to the wound in a 1/8-inch layer. An advantage of this 
product is exudate absorption, in that each gram absorbs 6 mL 
of fl uid. Disadvantages include cost (comparable with metroni-
dazole 0.75% gel) and possible burning on application.

A PHMB-based gel is now available for odor control. 
Prontosan gel contains PHMB, which decreases bacterial 
counts, and Betaine, which is a surfactant that softens and loos-
ens necrotic debris. It should be applied to wounds in a 3- to 
5-mm layer, covered with a nonadherent contact layer and 
absorbent pad. The gel can also be applied to gauze packing for 
deeper wounds.

An additional topical treatment for managing odor is the use 
of charcoal-based dressings. Charcoal will absorb and decrease 
odor. There are many different versions of these dressings; 
some can be placed directly next to the wound, while others 
are secondary dressings. Many charcoal dressings are inacti-
vated if they become moist. Their use can be costly, so the ben-
efi t of using charcoal dressings should be weighed against less 
expensive and possibly more effective options.

Controlling Bleeding
Bleeding, which can vary from capillary oozing to frank hemor-
rhage, is common in malignant wounds due to the friability of 
the tissue. These patients may also have coagulation defects that 
increase their risk of bleeding.43,44 It must be controlled since 
bleeding is not only distressing to the patient and caregiver, 
but it also prolongs the dressing change procedure, causes the 
bandages to adhere to the wound, and can worsen the chronic 
anemia that many of these patients experience.

Prevention is the best strategy and involves the use of a gentle 
hand in dressing removal and thoughtful attention to the use of 
nonadherent dressings or moist wound dressings. On wounds 
with low exudate, the use of hydrogel sheets, or amorphous 

CLINICAL WISDOM

Use of peppermint oil or other aromatherapy products in 
the environment around the patient may help in masking 
wound odor. A container of charcoal or kitty litter under 
the bed may also absorb and decrease odor in the patient’s 
room. If room sprays are used, educate patients to use odor 
eliminator sprays, not deodorant sprays. Deodorant sprays 
add a sweet smell to the room that may be disturbing to the 
patient. Caregivers may apply mentholatum under their nos-
trils when changing wound dressings if the odor is troubling 
to them.

RESEARCH WISDOM

A disadvantage of metronidazole gel is that both brand 
names and generic equivalents are expensive. Kalinski et al.33 
studied the use of a compounded topical formulation of met-
ronidazole in the odor control of 16 patients with malignant 
wounds. Metronidazole gel 0.75% was formulated by blend-
ing 3.6 g of metronidazole powder with 10 mL of propylene 
glycol to make a gelatinous base. Once this was well mixed, 
480 mL of hydroxypropyl methylcellulose was added and 
blended until the metronidazole was completely dissolved. 
This was made by a compounding pharmacist and pack-
aged in 2- or 4-oz jars. The metronidazole formulation was 
applied to malignant wounds once a day in a 1- to 1.5-mm-
thick layer and covered with a nonadherent contact layer and 
gauze. Odor was completely eliminated in 10 patients within 
24 hours, and signifi cantly reduced in the other 6 patients. 
The formulation was safe without adverse side effects. The 
per gram cost was 3% of that of commercial metronidazole.
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analogue scale (VAS) to 1 within 2 hours of gel application. 
Pain increased back to 6 on the VAS at 25.5 hours postappli-
cation. Therefore, the gel was reapplied daily and maintained 
pain control with no side effects. Zeppetella et al.60 demon-
strated the effi cacy of topically applied morphine sulfate 10 mg/
mL in 8 g Intrasite gel in the treatment of fi ve hospice patients 
with painful pressure ulcers. The results of this pilot study were 
later validated in a larger randomized controlled study by the 
same authors.61 Sixteen hospice inpatients with painful pressure 
or malignant wounds were randomized to receive topical mor-
phine as described above or placebo (water for injection 1 mL 
in 8 g Intrasite gel) to their wounds. After 2 days of treatment, 
patients entered a 2-day washout period and then were crossed 
over to the opposite group for 2 more days. Patients assigned 
a numerical rating score to the analgesia that they obtained in 
each 2-day period, the lower score indicating better pain relief. 
Topically applied morphine provided signifi cantly lower scores 
compared to pretreatment and placebo (p < 0.001). The treat-
ment was well tolerated. Wound care clinicians should consider 
this option for topical pain relief in the care of patients with 
localized pain from a cutaneous tumor. Because wound care 
is performed frequently in these patients, the addition of topi-
cal opioids, applied with dressing changes, may be an excellent 
adjunct to the pain management plan.

Other Management Options
Many patients in the early stages of cutaneous metastasis or 
local invasion may be candidates for more aggressive care aimed 
at tumor shrinkage and the resulting decrease in pain, exu-
date, bleeding, and odor. These treatments may include surgi-
cal removal of problematic nodules or debulking of fungating 
masses,18 transcatheter embolization,44,48–50,62 local radiation 
therapy,63,64 topical or intra-arterial chemotherapy,65,66 and/
or radiofrequency ablation.67 Bufi ll et al. reported the case of a 
59-year-old woman with an extensive fungating chest wall tumor 
secondary to breast cancer whose tumor completely resolved fol-
lowing local intra-arterial chemotherapy.68 She died 10 months 
later with only a palpable breast mass but no open wound.

Despite the fact that patients may eventually succumb to 
the underlying cancer and that there may no longer be a cura-
tive treatment available, individual patients may  benefi t from 
 temporary improvement in the lesion through more aggressive 
palliative treatments. Consult with the patient’s primary provider 
about the feasibility of these treatments for  individual patients.

Outcome Measures for Malignant Cutaneous Wounds
The expected outcome for most malignant cutaneous wounds 
is that the wound will deteriorate and increase in size. Outcome 
measures are, therefore, related to palliation of symptoms, 
not wound healing. The major goals of therapy are to control 
infection, manage exudate, reduce odor, control bleeding, and 
minimize pain. Outcomes of therapy relate to the success of the 
treatment in meeting these goals.

Outcomes related to infection control include the lack of 
signs/symptoms of infection, including increased erythema, 
exudate, odor, and pain. There may be no reports of the need 
for prescribed systemic antibiotics, indicating prevention of 
infection.

Outcomes related to effective management of exudate 
include the amount and type of exudate and possibly the num-
ber of dressing changes per day to manage exudate. Other 

Minimizing Pain
Several types of pain are associated with malignant cutaneous 
wounds: deep aching, sharp pain, burning or stinging sensa-
tions, and superfi cial pain related to procedures. Deep pain 
should be managed by regularly scheduled oral, subcutane-
ous, or parenteral analgesics, with extra premedication prior to 
dressing changes. Opioids may be needed preprocedurally, and 
rapid-onset, short-acting formulations may be especially useful 
for those already receiving other opioid medication. Use of non-
steroidal anti-infl ammatory drugs may be benefi cial for mild 
pain.20 Ice packs may also provide local control of mild pain.

For management of superfi cial pain related to procedures, 
topical lidocaine, lidocaine-prilocaine, tetracaine, or benzo-
caine may be useful.20,30 Different formulations are available in 
sprays, gels, creams, and ointments. Although eutectic mixture 
of local anesthetics (EMLA) cream, a combination of lidocaine 
and prilocaine, is FDA-approved in the United States for use 
only on intact skin, it is approved and used in many countries 
on leg ulcers prior to sharp debridement. EMLA has demon-
strated adequate local anesthesia in leg ulcer debridement.52,53 
Its use on malignant wounds has not been studied and would 
be considered off-label but would be an acceptable practice if in 
the best interest of the patient. Dosage is 1 to 2 g/10 cm2, up to a 
maximum of 10 g. It should be applied to wounds under occlu-
sion for 45 to 60 minutes prior to procedures such as wound 
cleansing or debridement. Excessive dosing of EMLA can lead to 
methemoglobinemia and should be avoided.54 Liposomal lido-
caine (LMX-4%, LMX-5%) is formulated for rapid penetration 
into the skin. It is FDA-approved for pain relief of minor cuts, 
abrasions, burns, and skin irritations. Use in malignant wounds 
would be considered off-label. Liposomal lidocaine absorbs 
rapidly, requires only a 30-minute application time without 
occlusion, and has been found be as effi cacious as EMLA prior 
to dermal procedures.55 The maximum recommended dose is a 
thick layer applied to an area no greater than 100 cm2.

Another option for topical analgesia is the use of topical 
opioids, which bind to peripheral opioid receptors.56,57 Back 
and Finlay58 reported the use of diamorphine 10 mg added to 
an amorphous hydrogel and applied to the wounds of three 
patients on a daily basis. Two of the patients had painful pres-
sure ulcers, and the third had a painful malignant wound. All 
three patients were on systemic opioids. The patients noted 
improved pain control on the fi rst day of treatment. Krajnik 
and Zbigniew59 reported the case of a 76-year-old woman 
with metastatic lesions on her scalp that caused severe tension 
pain. Ibuprofen 400 mg three times a day was ineffective, and 
because the pain was in a limited area, the authors applied mor-
phine 0.08% gel (3.2 mg morphine in 4 g of amorphous hydro-
gel). The patient’s pain decreased from 7 on a 10-point visual 

CLINICAL WISDOM

Alvarez et al.20 describe the use of a mixture of lidocaine oint-
ment and zinc oxide cream (Balmex) compounded at their 
hospital pharmacy to render a 2.75% lidocaine topical for-
mulation for use on painful wounds. They suggest applica-
tion twice a day, covered by a nonadherent primary dressing 
with or without a secondary absorbent dressing.
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• Inability of the caregiver to manage wound care
• Inability to obtain needed wound care supplies

Dealing with a cancer diagnosis is traumatic enough without 
the added physical and psychological burden of a malignant 
wound.69 Lo et al.70 interviewed 10 patients with malignant fun-
gating wounds to examine how this condition affected their lives. 
Central issues that negatively affected quality of life were pain, 
social isolation secondary to exudate and odor, and ignorance 
of both patients and health care providers regarding appropri-
ate wound care. It was concluded that the key to improving 
quality of life for these patients was access to a wound care team 
or specialist who educated them on how to care for the wound 
with appropriate dressings, and how to control exudate and 
odor. Education must also focus on the psychosocial aspects 
of having a malignant wound. Patients may report feelings of 
fear, grief, disgust, loss of control and self-esteem, and anxi-
ety.71,72 They may feel embarrassed and stigmatized, and may 
withdraw from loved ones. Caregivers may experience feelings 
of helplessness and fear about caring for the patient and wound. 
Both patients and caregivers may feel repulsed by the malig-
nant wound. The clinician can facilitate a trusting relationship 
with the patient and caregivers by reviewing the goals of care 
and by openly discussing issues that the patient may not have 
talked about with other providers. For example, it is helpful to 
acknowledge odor openly and then discuss how the odor will be 
managed. Attention to the cosmetic appearance of the wound 
with the dressing in place can assist the patient in dealing with 
body image disturbances. Use of soft fl exible dressings that can 
fi ll a defect and protect clothing may help to restore symme-
try and provide security for the patient. Lastly, the clinician can 
model calm and competent care of the wound to the patient 
and caregiver and give them the sense that they can handle this 
diffi cult situation.

Assisting the patient and the caregiver to cope with the dis-
tressing symptoms of the malignant wound such that odor and 
bleeding are managed, exudate is contained, and pain is alle-
viated, will improve the quality of life for these patients and 
contribute to the goal of satisfactory psychological well-being. 
Education must include realistic goals for the wound. In these 
patients, the goal of complete wound healing is seldom achiev-
able; however, quality of life and satisfying relationships can 
be maintained and nurtured, even as the wound degenerates. 
Continual education and reevaluation of the effectiveness of 
the treatment plan are essential to maintaining quality of life 
for those suffering from a malignant wound.

The following case illustrates the positive effect that the 
wound care clinician can have on patients with malignant 
cutaneous wounds.

options for outcome measures related to exudate are the num-
ber of accidental leaks of exudate through to clothing or mac-
eration of surrounding skin because of excessive moisture.

Patient or caregiver reports of wound odor or even of the 
amount of time family members spend with the patient on a 
daily basis are good measures of outcomes related to achieving 
effective odor control. Reports regarding increased or decreased 
use of topical antimicrobials will indicate whether or not odor 
is controlled.

Outcome measures for controlling bleeding may include 
monitoring of hemoglobin and hematocrit status and preven-
tion of excessive trauma to the wound by the wound dressing, 
as well as frequency of bleeding events.

Pain outcome measures must include patient self-report 
with an evidence-based tool for assessment of pain. Additional 
outcomes related to pain and discomfort may be related to 
the patient’s perception of the wound dressing itself. The 
dressing should be perceived as comfortable, accessible, user-
friendly, and as staying in place for the desired time period. 
The amount of analgesia required by the patient is not a good 
outcome measure for pain because the implication is that as 
the analgesia amount decreases the outcome improves, and 
this is generally not the case with palliative care. In fact, in 
many instances, the amount of analgesia will increase over the 
course of therapy.

In general, with malignant cutaneous wounds, outcomes 
are focused on alleviation of suffering related to the wound. 
Achievement of comfort, general psychological well-being, and 
a satisfactory level of physical functioning can all be measures 
of patient outcomes.

Patient and Caregiver Education Related to Malignant 
Cutaneous Wounds
Your patients with malignant cutaneous wounds, and their 
caregivers, require the same education you would provide to 
patients and caregivers about basic wound care. Discuss the fre-
quency of and procedures for dressing changes, including when 
to premedicate to manage pain. Identify and reinforce the vari-
ety of alternatives for odor control. Also make sure to educate 
patients and caregivers about reportable conditions. Teach them 
to report the following conditions to their health-care provider:

• Excessive or malodorous exudates
• Pruritus or cellulites
• Severe emotional distress
• Increased or change in pain
• Bleeding
• Fever
• Unusual or major change in the wound appearance

An anxious 82-year-old woman with breast cancer with cuta-
neous metastasis to the left chest wall was referred to the 
Wound Healing Center. She was accompanied by her daugh-
ter, who was also very anxious and worried. The patient had 
undergone a mastectomy and radiation therapy 4 years prior 
and had developed chest wall metastasis 8 months before 
referral. Current wound care included no cleansing, and she 

kept the wound covered with dry gauze, which would adhere 
to the wound. Her main complaint was of severe pain, which 
she rated an “8” on a scale of 0 to 10 and described as a con-
stant ache with intermittent sharp pains in the area of the 
tumor metastasis. Current pain management consisted of oral 
hydrocodone with acetaminophen, one tablet four times a day. 
She felt that pain was something that could not be controlled 

CASE STUDY  
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FISTULAS

A fi stula is an abnormal passage or opening between two or 
more body organs or spaces. Fistulas with openings from one 
internal body organ to another (such as from small bowel to 
bladder or from bladder to vagina) are internal fi stulas, whereas 
those with cutaneous involvement (such as small bowel to skin) 
are termed external fi stulas. Exhibit 14.1 presents common fi s-
tula terminology related to internal and external fi stula types.

The most commonly seen fi stulas involve the skin and GI 
tract, and are called enterocutaneous fi stulas. However, fi stulas 
can occur between many other body organs and spaces. The 
organs involved and the precise location of the fi stula can sig-
nifi cantly complicate care; for example, fi stulas between the 

small bowel and the vaginal vault, as well as those involving the 
esophagus and skin, present extreme challenges in wound care. 
Fistulas involving the pancreas are also typically problematic, 
as are enterocutaneous fi stulas. This chapter predominantly 
addresses enterocutaneous fi stulas although we briefl y discuss 
vaginal fi stula management techniques later in the chapter.

Signifi cance of Fistulas
In most cases, the goal of care is fi stula closure (spontaneous or 
surgical). Interventions to promote spontaneous closure include 
attention to fl uid and electrolyte balance, prevention of sepsis 
and infection control, maintenance of adequate nutrition, and 
protection of surrounding tissues.73 Spontaneous closure of 
enterocutaneous fi stulas with adequate medical management 

and that she would have to live with it. Her second complaint 
was of severe malodor associated with the wound, and she 
stated that her main goal in coming to the Wound Healing 
Center was to learn how to care for the wound and decrease 
the odor.

Assessment revealed a 5 × 5 cm moderately dry necrotic 
wound on the left chest wall (see Fig. 14.1) with severe mal-
odor, scant tan exudate from the lower edge, and very thin, 
fragile surrounding skin.

The necrotic tissue was sharp debrided without damaging 
viable tissue or causing pain or bleeding. The wound was then 
thoroughly cleaned and rinsed with a skin cleanser, resulting in 
almost total elimination of odor. It was noted that the superior 
edge of the wound was fungating and mildly friable and there 
was rib exposure at the base of the wound (see Fig. 14.2). The 
daughter was instructed on the following daily wound care:

1. Cleanse the wound and skin with skin cleanser and pat dry.
2. Apply a thin coat of metronidazole gel 0.75% across the 

wound.
3. Cover with one to three layers of petrolatum gauze (one 

layer to start and add more layers if the wound dries out 
and the dressing adheres to the tissue).

4. Cover the wound and surrounding skin with an absorbent 
ABD pad and secure with chest stockinette.

A long discussion was undertaken with the patient and 
daughter regarding pain management. The oncologist was 
contacted, and started the patient on Duragesic patch 25 mg to 
be changed every 72 hours. The patient was continued on the 
hydrocodone for breakthrough pain.

The patient returned to the clinic 2 weeks later. She was 
in much better spirits and reported complete control of the 
odor. She was now on Duragesic patch 50 mg, with use of two 
to four hydrocodone per day and reported pain at a 2 to 3 on a 
numerical rating scale of 0 to 10, which was acceptable to her. 
She felt very encouraged by her progress, and her daughter 
reported that she was much more interactive with the family. 
The patient and her daughter were extremely appreciative of 
the simple interventions that had been undertaken to improve 
the patient’s quality of life.

The patient continued with monthly reassessments in the 
Wound Healing Center and, 3 months later, reported prob-
lems with bleeding from the tumor. She had been hospitalized 
for one signifi cant episode of bleeding and had undergone 
angiography and catheter embolization of the artery feed-
ing the tumor. This had stopped any major bleeding but 
she reported continued seepage from the friable areas of the 
tumor and was quite scared by this. Assessment revealed an 
area of friable tissue with no large vessels visible. Bleeding was 
easily controlled in the clinic with pressure and silver nitrate 
application. She was reassured that bleeding was normal and 
that she and her daughter could handle all but the most severe 
of bleeding episodes with the following steps, advancing to 
each subsequent step if bleeding was not controlled:

1. Rest in reclined position with chest and head elevated.
2. Apply local pressure with water-moistened gauze for 

15 minutes.
3. Apply oxidized regenerated cellulose and collagen 

(Promogran) to any bleeding areas and continue pressure 
for 15 minutes.

4. Apply ice packs to the area for 15 to 20 minutes.
5. Gently apply silver nitrate with the use of silver nitrate 

sticks (the daughter was instructed in this and the patient 
was given a prescription for same).

6. Contact physician or Wound Healing Center if bleeding 
continues. As the patient was not on hospice care, she was 
instructed to go to the emergency room for any signifi cant, 
high-volume bleeding.

When the patient was assessed the next month, she 
reported mild episodes of bleeding that were controlled with 
pressure alone. She stated that once she had been taught that 
bleeding was normal from these types of wounds, she had not 
worried about it and it had not been a problem. Pain and odor 
remained under good control, despite the fact that the wound 
was obviously larger, with increased rib exposure.

This patient lived 11 months with quality of life, free of 
odor and signifi cant pain, and died peacefully at home. With 
support and education, she and her family learned to live 
quite comfortably, despite the enlarging malignant wound.

CASE STUDY (continued)
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in the bowel anastomotic site, and inadequate blood supply.82 
Each of these can contribute to fi stula formation by promot-
ing an abnormal passage between two body organs. Typically, 
the contributing factor provides a path of least resistance for 
evacuation of stool or urine along the tract, rather than through 
the normal route. Such is the case with hematoma or abscess 
formation. In some cases, the normal passageway is blocked, as 
with tumor growth or obstructive processes.

Assessment of Fistulas
Assessment of the fi stula involves assessment of the source, out-
put, location, and fl uid and electrolyte status.

• Source. Evaluation of the fi stula source may involve use of diag-
nostic tests, such as radiographs, to determine exact structures 
involved in the fi stula tract. Computed tomography and mag-
netic resonance imaging may be required to rule out abscess or 
complicated fi stula tracts.73 Assessment of the fi stula source also 
involves evaluation of fi stula output for odor, color, consistency, 
pH, and amount.83 These all provide clues to the fi stula origin.

• Output. Fistulas with highly odorous output likely originate in 
the colon or may be related to cancerous lesions. Fistula out-
put with minimal odor may be from the small bowel. Color 
also provides clues to the source. Clear or white output is 
typical of esophageal fi stulas. Green output usually indicates 
a fi stula originating from the gastric area. Light brown or tan 
output may indicate a small bowel fi stula. The consistency of 
small bowel output varies from thin and watery to thick and 
pasty, whereas output from colonic fi stulas has a pasty to a 
soft consistency. The volume of output may suggest the source 
of the fi stula. For small bowel fi stulas, output volume may 
range from 500 to 3,000 mL over 24 hours. Esophageal fi stula 
output may be as high as 1,000 mL over 24 hours.

• Location. Assessment of the orifi ce location, the proximity 
of the orifi ce to bony prominences, the regularity and stabil-
ity of the surrounding skin, the number of fi stula openings, 
and the level the fi stula orifi ce exits onto the skin all infl u-
ence treatment options. Fluid and electrolyte balance. Fistulas 
of GI origins are more likely to prompt fl uid and electro-
lyte disruptions. Patients with ECFs are at high risk for fl uid 
 volume defi cit or dehydration, and assessment of hydration is 
essential. These patients are also at risk for metabolic acidosis, 
because of the loss of large volumes of alkaline small bowel 
contents. Signifi cant losses of sodium and potassium are also 
common with small bowel fi stulas. Monitor laboratory values 
frequently.

Exhibit 14.2 identifi es the typical composition of output from a 
variety of GI organs involved in fi stulas.

can occur in 60% to 85% of cases.74–77 Adequate medical man-
agement includes nutrition supplementation and support, for 
example, enteral or parenteral with or without somatostatin 
infusion. The time required to achieve closure ranges from 5 to 
26 days, thus requiring long-term treatment plans for all patients 
with fi stulas. Of the enterocutaneous fi stulas that will close spon-
taneously, 90% will do so within a 4- to 7-week time frame.73,76,78,79 
Therefore, if the fi stula has not spontaneously closed with ade-
quate medical treatment (e.g., management of sepsis and paren-
teral or enteral nutrition with or without somatostatin infusion) 
within 7 weeks, the goal of care may change from fi stula closure 
to management of the fi stula for quality of life.

Palliative care is particularly needed when the chances of fi s-
tula closure are limited by other nonmodifi able factors. Factors 
that inhibit fi stula closure include complete disruption of bowel 
continuity, distal obstruction, presence of a foreign body in the 
fi stula tract, an epithelium-lined tract contiguous with the skin, 
presence of cancer, previous radiation, and Crohn’s disease.73 
Goals of care for palliative fi stula management involve contain-
ment of effl uent, management of odor, increased comfort, and 
protection of the surrounding skin and tissues.

Pathophysiology of Fistula Development
Among all cancer patients, those with GI cancers and/or those 
who have received irradiation to pelvic organs are at highest 
risk of fi stula development. Fistula development occurs in 1% 
of patients with advanced malignancy, typically in relation to 
either obstruction from the malignancy or from irradiation side 
effects.80 Radiation therapy damages vasculature and underly-
ing structures. In cancer-related fi stula development, manage-
ment is almost always palliative.

Fistula development is not limited to patients with cancer. 
Postsurgical complications can also increase a patient’s risk for 
fi stula development. Many clinicians have reported the majority 
of fi stula cases as arising from anastomotic breakdown imme-
diately following surgical procedures.78,81 In addition, postsur-
gical adhesions (scar tissues) can promote fi stula development 
by obstructing the normal intestinal passageway. Moreover, by 
reducing tissue perfusion, an inadequate blood supply during 
surgery, tension on a suture line, improper suturing technique, 
and an aggressive surgical procedure can promote vulnerability 
to fi stula formation in surgical patients. Patients with infl amma-
tory bowel disease, Crohn’s disease in particular, are prone to 
fi stula development because of the effects of the disease process 
on the bowel itself. Because Crohn’s disease is a transmural dis-
ease, involving all layers of the bowel wall, patients with Crohn’s 
are prone to fi stula development. Crohn’s disease can occur 
anywhere along the entire GI tract; however, it often involves 
the perianal area, with fi ssures and fi stulas as common fi ndings. 
Initially, the disease is managed medically with steroids, immu-
notherapy, and metronidazole for perianal disease. There is no 
cure for Crohn’s disease; thus, if medical management fails, the 
patient may elect surgical removal of the area of bowel affected 
with the disease, and creation of an ostomy. In later stages of 
disease, if medical and surgical management has failed, multiple 
fi stulas may present clinically, and the goal for care becomes 
palliative, with symptom control as the primary objective.

Other factors contributing to fi stula development include the 
presence of a foreign body next to a suture line, distal obstruc-
tion, hematoma/abscess formation, tumor or additional disease 

CLINICAL WISDOM

The location of the fi stula often impedes containment of fi s-
tula output. Skin integrity should be assessed for erythema, 
ulceration, maceration, or denudement from fi stula out-
put. Typically, the more caustic the fi stula output, the more 
impaired the surrounding skin integrity. Multiple fi stula 
tracts may also hamper containment efforts.
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Pouching Procedure: General Instructions

The pouching procedure involves three basic steps: cleansing 
the surrounding skin with warm water, without soap or anti-
septics; applying a skin barrier paste to fi ll uneven skin sur-
faces and create a fl at surface on which to apply the pouch; and 
applying the pouch. Variations on this basic procedure are dis-
cussed shortly.

Choose the type of pouch according to the location and fi s-
tula output. Pediatric pouches are often smaller and may be use-
ful for hard-to-pouch areas where fl exibility is needed, such as 
the neck for esophageal fi stulas. If the fi stula output is watery and 
thin, choose a pouch with a narrow spigot or tube for closure. 
In contrast, a fi stula with a thick, pasty output would be better 
managed with a pouch with an open end and a clamp for closure.

Pouches must be emptied frequently, at least when one-
third to one-half full. There are several wound drainage pouch-
ing systems that will allow for visualization and direct access to 
the fi stula through a valve or door. This allows you to open the 
pouch for drainage and then reclose it. These wound manage-
ment pouches are available in large sizes and often work well 
for abdominal fi stulas.84–86 Colostomy caps (small, closed-end 
pouches) may be very useful for low-output fi stulas.

Specifi c pouching techniques that are useful in complex 
fi stula management include troughing, bridging, and saddle-
bagging.82 Alternatively, use of NPWT may be used. These tech-
niques are particularly helpful when dealing with fi stulas that 
occur in wounds, most commonly the small bowel fi stula that 
develops in the open abdominal wound.

Troughing

Troughing is useful for fi stulas that occur in the posterior aspect 
of large abdominal wounds (Fig. 14.6).87 Line the skin surround-
ing the wound and fi stula with a skin barrier wafer and seal the 
edge of the nearest wound with skin barrier paste. Then apply thin 
fi lm dressings over the top or anterior aspect of the wound, down 
to the fi stula orifi ce and the posterior aspect of the wound. Last, 
use a cut-to-fi t ostomy pouch to pouch the opening in the thin 
fi lm dressing at the fi stula orifi ce. Wound exudate drains from 
the anterior portion of the wound (under the thin fi lm dressing) 
to the posterior portion of the wound and out into the ostomy 
pouch, along with fi stula output. The trough technique does not 
prevent fi stula output from contaminating the wound site.

Bridging

The bridging technique prevents fi stula output from contami-
nating the wound site and allows for a unique wound dressing 
to be applied to the wound site (Fig. 14.7). Bridging is appro-
priate for fi stulas that occur in the posterior aspect of large 
abdominal wounds, where it is important to contain fi stula out-
put away from the wound site. Using small pieces of skin barrier 
wafers, build a bridge by consecutively layering the skin barriers 
together until the skin barrier has the appearance of a wedge 
or bridge and it is the same height as the depth of the wound.82 
Using skin barrier paste, adhere the skin barrier wedge to the 
wound bed (it will not harm the healthy tissues of the wound 
bed) next to the fi stula opening. Then cut an ostomy pouch to 
fi t the fi stula opening, using the wedge or bridge as a portion of 
intact surrounding skin to adhere the pouch.82 Finally, dress the 
anterior aspect of the wound with the dressing of choice.

Management of Fistulas
The mortality rate among patients with an enterocutaneous fi s-
tula is 5% to 21%, even with appropriate management. Thus, a 
variety of interventions are critical.

Nutrition Management
One of the cornerstones of fi stula management is attention to 
nutrition. Most fi stula patients with enterocutaneous fi stulas are 
malnourished and become more so as the duration of time with 
the fi stula increases. Fluid and nutritional requirements may be 
greatly increased, while simultaneously the functioning of the 
GI system may be greatly impaired. Lack of adequate intake of 
protein and calories, inadequate digestion and absorption of 
nutrients, extreme losses of nutrient-rich output, and increased 
metabolic demands from infection also contribute to nutritional 
defi cits. Consultation with a nutritionist or dietician is highly 
encouraged early in the management of the fi stula patient.

Protein and calorie needs vary, based on the type of fi stula, 
amount of output, status of the patient prior to fi stula devel-
opment, and infection status. The route for nutritional supple-
mentation depends on the anatomic location of the fi stula and 
on the patient’s ability to take in adequate nutrition orally. As 
a general guideline, the GI system should be used whenever 
possible for nutritional support. Using the GI tract allows the 
intestines to continue performing usual functions, thus main-
taining normal physiology of the tract. When the GI tract is not 
used, the villi can atrophy and lose their absorptive capabilities. 
If nutrition can bypass the fi stula site, absorption and tolerance 
are better with use of the intestinal tract. Enteral nutrition is 
preferred when the fi stula is located in the most proximal or 
distal portions of the GI tract.

For enterocutaneous fi stulas, bypassing the fi stula orifi ce is 
not always feasible. If the small bowel fi stula is located distally, 
there may be enough of the intestinal tract available to absorb 
nutrients adequately prior to the fi stula orifi ce. If the fi stula is 
located more proximally, there may not be enough intestinal 
tract available for adequate nutrient absorption. Specifi c solu-
tions or feeding regimens should be ordered in consultation 
with the dietician because he or she can recommend the most 
appropriate supplement. Many of these patients must be man-
aged with intravenous hyperalimentation (TPN) during the 
early stages of fi stula management.

Include the patient and family in discussions of nutrition 
management. Explain that patients with enterocutaneous fi stulas 
should see a reduction in fi stula output within 7 days of TPN ther-
apy. Encourage the patient and caregivers to inform the primary 
care provider if after 7 days there is no change in fi stula output. 
In such cases, adding somatostatin infusion has demonstrated 
improvements and spontaneous closure in some patients.73,75,76

Management of Output
Gauze dressings with or without charcoal fi lters may be used 
when the output from the fi stula is less than 250 mL over 
24 hours and is not severely offensive in odor. However, in the 
majority of cases, the fi stula should be managed with an ostomy 
pouching technique. Pouching the fi stula allows for odor con-
trol, containment of output, and protection of the surrounding 
skin from damage. When the enterocutaneous fi stula occurs in 
a wound, use of negative pressure wound therapy (NPWT) has 
demonstrated effectiveness.
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392 PART II ■ Management by Wound Etiology

FIGURE 14.6 Photo series depicting the trough procedure. A: Skin 
barrier wafers or hydrocolloid wound dressings are used to protect 
the skin surrounding the wound. B: Thin fi lm dressings or transparent 
dressings are applied to the anterior portion of the wound on top of 
the hydrocolloid dressing or skin barrier wafers. The thin fi lm dress-
ings can be overlapped to obtain continuity and provide adequate cov-
erage. The fi stula area is left open and not covered by the thin fi lm 
dressings. C: An ostomy pouch is sized for the fi stula opening and pre-
pared appropriately. D: The ostomy pouch is applied over the open 
fi stula site. E: The ostomy pouch is applied over and on top of the thin 
fi lm dressing covering the anterior portion of the wound. (Courtesy of 
Barbara Bates-Jensen.)
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FIGURE 14.7 Photo series depicting the bridging procedure. A: A skin barrier wafer is cut into strips. B: The strips of skin 
barrier wafer are applied on top of each other to create a “bridge.” C: The skin barrier “bridge” is applied to the wound. 
D: The skin barrier “bridge” is secured in the wound bed using skin barrier paste. The paste is also used around the 
fi stula site as necessary to create an even surface. E: The skin barrier “bridge” is in place and the anterior portion of the 
wound can be seen to be clear of the fi stula area. F: An ostomy pouch is sized and cut to fi t the fi stula area. The ostomy 
pouch is applied over the fi stula, using the skin barrier “bridge” as part of the adhesive surface area for pouch application. 
G: A wound dressing can be applied to the anterior portion of the wound that is now protected from fi stula output by 
the ostomy pouch. 
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FIGURE 14.7 (continued) H: The wound dressing can be changed 
more frequently than the fi stula pouch system if necessary. This sys-
tem allows the wound to be treated with a different approach than the 
fi stula area. (Courtesy of Barbara Bates-Jensen.)

FIGURE 14.8 Photo series depicting the saddlebagging procedure. A: Two ostomy pouches are used to pouch each of 
the fi stulas present separately. This will allow for unique containment of fi stula output for each site. Ostomy pouches 
are sized and cut to fi t the fi stula openings. The fi stula openings are cut off-center, as far to one edge of the pouch skin 
barrier backing as possible. B: Skin barrier paste is used around the fi stula openings to provide for a smooth adhesive 
area and fi ll in any dips or crevices around the fi stula openings. C: Each ostomy pouch is applied to the fi stula site. 
D: The adhesive area of the pouch closest to the second fi stula site is not fi rmly adhered to the skin; rather, it is left 
(or bent up) in a nonadhered manner. 

Saddlebagging

Saddlebagging is used for multiple fi stulas, where the fi stula 
orifi ces are close together and it is important to keep the output 
from each fi stula separated (Fig. 14.8). Using two (or more for 
multiple fi stulas) cut-to-fi t ostomy pouches, cut fi stula open-
ings on the back of the pouch, off-center or as far to the side 
as possible. Cut the second pouch to fi t the next fi stula and 
off-center as far to the other side as possible. Cleanse the skin 
with warm water, and apply skin barrier paste around the fi s-
tulas orifi ces. Apply the ostomy pouches. Where they contact 
each other (down the middle), they are affi xed/adhered to each 
other in a “saddlebag” fashion. Figure 14.9 shows the saddlebag 
procedure in use.

Multiple fi stulas can also be managed with one ostomy 
pouching system accommodating the multiple openings. This 
method is appropriate when fi stula openings are close together 
and there is no need to separate drainage.88 Figure 14.10 dem-
onstrates multiple fi stulas managed with one large pouching 
system.
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FIGURE 14.8 (continued) E: The nonadhered middle sections of the two 
pouches are adhered to each other to create the “saddle.” Both pouches 
will require simultaneous changing as it is nearly impossible to change 
one without changing the other because of the adherence of one pouch 
to the other in the middle section. (Courtesy of Barbara Bates-Jensen.)

FIGURE 14.9 Saddlebagging procedure in use. Photo demonstrates an 
abdomen with multiple fi stula sites and draining wound sites. Each 
site was pouched separately with the saddlebagging technique used for 
most because of the close proximity of many of the sites. The midline 
abdominal wound shows a posterior fi stula that was pouched using the 
bridging technique. (Courtesy of Copyright © Barbara Bates-Jensen.)

Closed suction drainage system and Negative Pressure 
Wound Therapy

A similar method of managing fi stulas is by a closed suction 
drainage system. Jeter et al.89 describe the use of a Jackson-Pratt 
drain and a continuous, low suction in fi stula management. 
After cleansing the wound with normal saline, the fenestrated 
drain of the Jackson-Pratt is placed in the wound on top of a 
moistened gauze opened up to line the wound bed (primary 
contact layer); a second fl uffed wet gauze is placed over the 
drain, and the surrounding skin is prepared with a skin sealant. 

Next, the entire site is covered with a thin fi lm dressing, crimp-
ing the dressing around the tube of the drain where it exits 
the wound. The tube exit site is fi lled with skin barrier paste, 
and the Jackson-Pratt is connected to the low, continuous wall 

FIGURE 14.10 Photo series depicting the use of one pouch for multiple fi stulas. A: Three major fi stula sites evident on 
abdomen (from long-standing Crohn’s disease). A two-piece pouch is used and the skin barrier wafer portion is cut to fi t 
the fi stula openings. Pouch with large opening has been cut to fi t the three fi stula sites. Caution must be used to cut the 
pouch barrier so that the fi stula openings are cut with attention to how the skin barrier will be applied on the skin (it is 
common to accidentally reverse the images if not aware). B: Skin barrier portion of two-piece pouch applied. Skin barrier 
paste has been used around the fi stula openings to help apply the pouch. 

Sussman_Chap14.indd   395Sussman_Chap14.indd   395 7/25/2011   9:10:21 PM7/25/2011   9:10:21 PM



396 PART II ■ Management by Wound Etiology

FIGURE 14.10 (continued) C: Pouch attached to skin barrier and 
closure clamp applied. (Courtesy of Barbara Bates-Jensen.)

suction. The connection site may have to be adjusted or may 
require the use of a small “Christmas tree” connector or device 
and secured with tape. Jeter et al. advise changing the system 
every 3 to 5 days.89

The suction catheter technique is most effective when fi s-
tula output is liquid and watery. Fistula output that is pasty, 
thick, or chunky will clog the suction catheter, making the sys-
tem ineffective. Insertion of the suction catheter into the fi stula 
opening will prevent fi stula closure because the body responds 
to the catheter as a foreign object. However, laying the catheter 
in the wound around the fi stula opening will not prevent fi s-
tula closure. A soft catheter should be used to prevent undue 
trauma to the wound bed.

Commercially available NPWT devices are also available 
from a variety of companies and provide similar therapy 
and may assist in promoting healing of enterocutaneous fi s-
tulas. NPWT is suggested for two goals: obtaining complete 
pressure-related closure of acute fi stulas as an aid to entero-
cutaneous fi stula closure and segregating the fi stula from the 
abdominal wound to obtain suffi cient healing and stabiliza-
tion of the patient to allow for surgical repair of a chronic 
fi stula (Figs 14.11 and 14.12). In both cases, the device is not 
intended as a method of containing or managing enterocuta-
neous fi stula output. Patients must be on TPN therapy with 
nothing by mouth and the fi stula must be assessed prior to 
initiation of therapy. Pressure is usually continuous at 150 
to 175 mm Hg for acute enterocutaneous fi stulas and may be 
lower for chronic enterocutaneous fi stulas.90

Vaginal Fistulas

Vaginal fi stulas present complex management problems. 
Whether the fi stula involves the bladder or intestine, mani-
festations are continual leakage of stool or urine (depending 
on fi stula origins) through the vaginal vault, with erosion and 
denudation of the sensitive vaginal epithelium, as well as the 
perineal skin. Containment of the fi stula output is extremely 

diffi cult because of the anatomic constraints of the perineal 
area. Female urinary containment pouches can be tried, as 
can soft, cuplike devices inserted into the vaginal vault to 
direct output fl ow into a tube and drainage bag system. Use 
of commercially available fecal incontinent systems in which 
the bowel catheter is inserted in the vaginal vault may also 
be useful. Use of skin protector ointments, attention to odor 
control, and some form of fi stula output containment are 
essential for these patients. Consultation with the enterosto-
mal therapy (ET) nurse or ostomy nurse is extremely advan-
tageous in any of these cases because clinical experience plays 
a major role in successful of the complex fi stula.

Management of Odor
Pouching to contain the fi stula output will usually contain 
odor as well. If odor continues to be problematic with an intact 
pouching system, oral medications that decrease stool odor 
may be helpful, such as bismuth subgallate and charcoal com-
positions.91 Taking care to change the pouch in a well-ventilated 
room will also help with odor. If odor is caused by anaerobic 
bacteria, some clinicians suggest the use of 400 mg metronida-
zole orally three times a day.80

Reduction of Output Volume
Management of high-output fi stulas may be improved with 
administration of octreotide acetate 300 mg subcutaneously 

Figure 14.11 Open abdominal wound with fi stula located at base of 
wound, lateral to umbilicus with erythema and ulceration surround-
ing fi stula opening. (Copyright © T.E. Serena.)
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• Surgical diversion involves creation of an ostomy located 
proximal to the fi stula site, thus diverting the fecal stream 
before it reaches the fi stula site.

• Endoscopic procedures using fi brin tissue glue have been 
reported to seal low-output fi stulas and anal fi stulas, with no 
adverse effects and early healing.94–96

Outcome Measures for Fistulas
Outcome measures for fi stula care relate to the potential for 
fi stula closure, maintenance of nutrition and fl uid and electro-
lyte balance, and management of the fi stula output. For a newly 
developed fi stula, the goals of care are fi stula closure, and the 
major outcome measure is slowing of fi stula output, with even-
tual closure of the fi stula site.

When fi stula closure is not likely to occur spontaneously 
and the patient is not a surgical candidate, focus the out-
comes of care on preserving the patient’s quality of life with 
the fi stula. These outcome measures may include decrease in 
fi stula output; management of fi stula odor, as measured by 
patient/caregiver self-report; and maintenance of nutrition 
and fl uid and electrolyte balance, as monitored by frequent 
laboratory values.

Patient and Caregiver Education for Fistulas
Prior to patient and caregiver teaching, you need to assess 
the patient’s self-care ability and the caregiver’s ability. 
Consider their level of education, manual dexterity, and 
willingness to learn. The patient and caregiver must be 
taught the management method for the fistula, including 
pouching techniques, how to empty the pouch, odor con-
trol methods, and strategies for increasing fluid and nutri-
tional intake. As you have learned, many of the pouching 
techniques used to manage fistulas are complicated; thus, 
continual surveillance by an expert, such as an ET nurse or 
ostomy nurse, may be wise.

CONCLUSION

Patients with malignant cutaneous wounds and fistulas 
require basic wound care, creativity in specific manage-
ment strategies, and thoughtful attention to the psychosocial 
implications of the wound’s cutaneous manifestations. Both 
conditions are common in palliative care, and cure is not a 
goal. Instead, the goals of palliative intervention are to con-
trol infection, manage drainage and odor, reduce discomfort, 
ensure nutrition and hydration, and provide for optimal 
functional capacity. At all times, direct your care toward alle-
viating the distressing symptoms and improving the patient’s 
quality of life.

Involvement of the caregiver and family in the plan of care is 
important. To meet the needs of the patient and family, access 
to the multidisciplinary care team is crucial, and consultation 
by an ET or certifi ed wound, ostomy, or continence nurse is 
highly desirable.97–99

over 24 hours.80,92 Octreotide is an analog of Somatostatin with 
fewer side effects and a longer half life. Somatostatin has a half 
life of <3 minutes and therefore must be administered as a con-
tinuous intravenous infusion for the duration of the therapy. 
Octreotide and lanreotide are two synthetic analogues of soma-
tostatin and may be administered subcutaneously over a period 
of hours or days. Octreotide may be given for the prevention of 
enterocutaneous fi stulas with pancreatic involvement following 
pancreatic surgery in high-risk patients.92 Typically, octreotide is 
given subcutaneously as 100 mg every 8 hours for a period of at 
least 7 days. Evidence supporting use of octreotide or somatosta-
tin for treatment of existing enterocutaneous fi stulas is mixed.73,92 
The current suggested approach is to treat the enterocutaneous 
fi stula initially with nutrition support (e.g., enteral or TPN) and, 
if no response in fi stula output within a week, to add therapy with 
somatostatin or octreotide to reduce volume of fi stula output.73

Surgical Management
Surgical management may be indicated for fi stula closure 
and for palliative care. However, fi stula recurrence has been 
reported in 20% of persons within 3 months following sur-
gery.93 Optimizing the patient with adequate nutrition and 
hydration prior to surgical procedures is desired, and the exact 
timing of the intervention is highly individualized.

Options for surgical management include surgical resection, 
bypass, diversion, or endoscopic use of fi brin tissue glue.

• Surgical resection involves removal of the diseased area of the 
intestine, including the fi stula site, with end-to-end anasto-
mosis and temporary diversion to protect the healing site.

• Surgical bypass involves using end-to-end anastomosis of the 
intestinal tract, bypassing or going around the fi stula site. The 
intestinal tract just before and just after the fi stula opening 
are anastomosed together, effectively isolating and separating 
the area of the intestine containing the fi stula opening.

FIGURE 14.12 Same patient as shown in Figure 14-11 with wound 
and fi stula ready for application of negative presssure wound therapy. 
(Copyright © T.E. Serena.)
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REVIEW QUESTIONS

 1.  Malignant cutaneous lesions may occur
 A.  in up to 5% of patients with cancer and 10% of patients 

with metastatic disease
 B.  in up to 25% of all cancer patients
 C.  very rarely, no studies have documented the 

 occurrence
 D.  in up to 10% of all cancer patients and 50% of patients 

with metastatic disease
 2.  Malignant cutaneous wounds occur secondary to

 A.  local invasion of a tumor
 B.  spread via lymphatics and blood vessels
 C.  surgical removal of primary tumor
 D. A. and b

 3.  Enterocutaneous fi stulas are usually managed initially by
 A.  surgically closing the fi stula opening
 B.  medical management consisting of bowel rest and nu-

tritional support

 C.  high-dose antibiotics and steroids to reduce infection 
and infl ammation

 D.  surgical resection and end-to-end anastomosis
 4.  Which of the following best exemplifi es conditions and 

treatments that predispose to fi stula development?
 A.  Intra-abdominal sepsis, surgery, chronic diverticulitis
 B.  Surgery, anal malformation, chronic diverticulitis
 C.  Chronic’s diverticulitis, intra-abdominal sepsis, sur-

gery, Crohn disease
 D.  Radiation therapy, intra-abdominal sepsis, surgery, 

Crohn’s disease
 5. If bleeding occurs from a malignant cutaneous wound the 

fi rst intervention should be:
 A. Application of a hemostatic dressing
 B. Direct pressure for 10–15 minutes
 C. An ice pack applied to the area
 D. Application of gauze soaked in 1:1,000 epinephrine
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CHAPTER OBJECTIVES

A burn injury is damage to the skin and sometimes underly-
ing tissues caused by heat, chemicals, radiation, friction, or 
electricity. The American Burn Association reports that, in the 
United States, about 500,000 patients per year seek some kind of 
medical care for burn injury.1 Although researchers had noted 
a general trend toward decreased emergency department visits 
for burn injures over many decades, the incidence of visits for 
burns has remained reasonably consistent since the year 2000.2 
In 2008, 79 US hospitals with primary burn centers reported 
over 127,000 admissions for burn injuries.1 Seventy-one percent 
of reported burn patients were males and seventeen percent 
of patients were children under 5 years of age. Scalding is the 
most common cause of burns in children younger than 5 years 
of age,1,3,4 whereas fi re and fl ame are the leading cause of burns 
in other age groups.5 In general, hospital stays for survivors of 
burn injury are about 1 day per percent of total body surface 
area (TBSA) burned, plus additional days of outpatient care and 
rehabilitation. Those patients who do not survive are hospital-
ized for an average of 3 weeks. As these data suggest, burn injury 
is costly in terms of human suffering and mortality and places a 
tremendous fi nancial burden on the health-care industry.

BURN CLASSIFICATION

Burn injury is generally described or classifi ed by the etiology 
(cause) of burn, the depth of the burn, and the size of the burn.

Etiology of the Burn
The damage sustained in a burn injury depends on the 
 properties of the injurious agent and the intensity and duration 

of the exposure. Causes of burn injury include heat, chemicals, 
 radiation, friction, and electricity.

Thermal Injury
Heat-related burn injury may also be referred to as thermal 
injury. Thermal injury can result from contact with fl ame, hot 
liquids, or a hot object.

Flame Burns

Direct contact with a fl ame can result in a fl ame burn. This can 
happen, for example, when clothing catches on fi re. A burn 
that results from a fl ash of intense heat caused by a sudden 
explosion or ignition of gases (sometimes referred to as a fl ash 
burn) is also considered a fl ame burn. Flame burns are the most 
 common cause of burn injury in adults1 (Fig. 15.1).

Scald Burns

Contact with hot liquid can result in a scald burn. Scald burns 
may occur with immersion in a liquid or when a liquid is 
poured, spilled, or splashed. Scald burns also include burns 
caused by steam. Patterns of the scald should match the par-
ent’s or caregiver’s description of the scalding incident. A lack 
of correspondence suggests the possibility of abuse. Adults can 
sustain a full-thickness burn if exposed to hot liquids at the 
 following temperatures and durations:

• 150°F for 2 seconds
• 140°F for 5 to 10 seconds
• 130°F for 30 seconds
• 120°F for 5 minutes

At the completion of this chapter, the reader will be able to:

1. Identify fi ve etiologies of burn injuries.
2. Compare and contrast four different burn depths.
3. Identify two tools for estimating the size of a burn.
4. Discuss a range of pathophysiologic effects of different burn injuries.
5. Describe three common surgical interventions for burn injury.
6. Discuss the nonsurgical management of burn wounds.
7. Educate patients and their caregivers about pain, self-care measures, and what to expect 

 during wound healing.

R. Scott Ward

Management of Burn Injuries15
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It takes even less time for an infant, toddler, or elder to 
 suffer a full-thickness scald burn at the same temperatures. 
Scald burns are the most common cause of burn in children 
younger than 5 years old1 (Fig. 15.2). Hot water heaters in 
homes and businesses should be set at 110°F since, at this 
temperature, several hours of immersion would be neces-
sary to produce a full-thickness burn. Nevertheless, children 
should be supervised when in contact with hot water at this 
“safe” temperature.

Contact Burns

These burns occur when a hot object comes in contact with the 
skin. Cigarette burns and stove and oven injuries are examples 
of contact burns. Other objects that commonly lead to contact 
burns include radiant heaters, hot dishes, clothing irons, hair 
curling irons, hot automobile parts such as radiators or exhaust 
pipes, hot industrial equipment such as soldering guns, and 
light bulbs. The marks left on the skin may resemble the pattern 
of the surface contacted.

FIGURE 15.1 Deep fl ame/grease burn to hand. A. Before graft. B. After sheet graft placed.
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Chemical Burns
Chemical burns can be caused by direct contact with the skin 
with either acidic or basic caustic agents.6

• Acids cause a precipitation or denaturing of proteins that 
produce a coagulative effect in tissue. The resultant burns are 
often dry and clearly demarcated, and the tissue is fi rm or 
hard. One known exception to the acid reaction is hydrofl u-
oric acid, which produces a liquefaction necrosis.

• Bases tend not only to denature proteins but also to cause 
saponifi cation of fats. Thus, alkali burns create a liquefactive 
necrosis that can lead to deep burns, with variable demarca-
tion and marked edema.

Chemicals such as elemental metals, phosphorus, and 
hydrocarbons can cause injury to the skin as well.7 Besides the 
duration of contact, the strength and concentration and nature 
of the agent affect the extent of the tissue damage.

Radiation Burns
Radiation burns occur when cells of the skin are damaged 
by exposure to ionizing radiation. Radiation can also con-
tribute to cellular changes that promote the initiation of 
various forms of cancer. For example, exposure to UV radia-
tion from the sun is the most common cause of both radia-
tion burn and skin cancer.8 Some radioactive isotopes, and 
some radiology tests and therapies, can also be a source of 
burn injury, but these are rare. The ionizing radiation dam-
ages tissue cells that are exposed to the radiation source and 
also have profound systemic effects as well as difficulty with 
healing.9

Friction Burns
Friction from skin rubbing against a surface creates both 
abrasion and heat that can damage tissue. A common exam-
ple of friction burns are “carpet burns.” Athletes such as bas-
ketball, soccer, or volleyball players commonly experience 
“court burns,” and rock climbers “rope burns” (Fig. 15.3). 
The  example of a rock climber who uses ropes to ascend and 
descend in the climbing can experience “rope burns” when 
the friction from the rope rubs skin off. This does not always 
happen but it often does. These were all simply provided to 

try to allow the reader to get an idea of the various types 
of potential causes of friction burns. Serious friction burn 
injuries also have been reported in association with tread-
mill use.9 In the literature, it is reported that this most com-
monly occurs when a child who is in the area reached for the 
moving treadmill track and the track creates a friction burn 
on the hand.

Electrical Burns
Electrical burns are complex injuries that occur when an 
electrical current passes through the body. They are created 
by tissue resistance to the passage of the current or by direct 
electrical current damage to tissue.10,11 Skin is resistant to 
electrical current, but when a strong enough current enters 
and eventually exits the body, wounds in the skin and asso-
ciated tissue are created. The wound created at the site of 
contact with the current is referred to as the entrance wound. 
Depending on the path the electrical current takes through 
the body, one or more wounds can be created at the exit 
sites. These wounds are referred to as exit wounds (Fig. 15.4). 
Flame burns may also occur as a result of the fl ash of heat or 
from sparks igniting clothing.12

An entrance wound (sometimes referred to as the contact 
site) is generally a focal injury that is dry, often has an appear-
ance similar to a full-thickness burn, is often depressed, and is 
commonly smaller in size than the exit wound. In contrast, an 

FIGURE 15.2 Partial-thickness scald burn. The buttocks of this infant 
show a second-degree burn as a result of being intentionally immersed 
in scalding water.

FIGURE 15.3 Friction burn. (Used with permission. Copyright © 
Teresa Conner Kerr.)
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As the electrical current passes through the body, it follows 
no predictable pathway, but its direction is likely infl uenced by 
the resistance of the tissues it encounters.10 The range of resis-
tance of internal tissues from low to high is nerve, blood vessels, 
muscle, skin, tendon, fat, and then bone. Obviously, if the cur-
rent affects the heart, it can cause arrhythmias. Patients should 
be monitored for other potential consequences of electrical 
current passage, such as neuropathy.

Depth of the Burn
Burns can range in depth from superfi cial injuries that only 
damage the epidermis to very deep burns that affect tissue 
below the subcutaneous fat. A burn injury becomes progres-
sively more severe the deeper the burn is and the larger the 
surface area of injury. Therapy and healing are also related to 
the depth of the injury: deeper burn injures commonly require 
surgical intervention to progress to healing.

Burn injuries have historically been classifi ed as fi rst-, sec-
ond-, third-, or fourth-degree burns. Today, they are more 
universally classifi ed as superfi cial-thickness (fi rst degree), par-
tial-thickness (second degree), full-thickness (third degree), or 
subdermal (fourth degree) (Fig. 15.5) More than one depth of 
burn often can be found on any individual patient.13

exit wound (also referred to as the ground site) may be very 
untidy. This is because energy builds up at the site of the cur-
rent ground and then “explodes” through the skin. These exit 
wounds are commonly dry. The dryness of the wounds is likely 
a result of heat-related cauterization of vascular tissue by the 
electrical current.

FIGURE 15.4 Electrical hand burn.

FIGURE 15.5 Depth of injury is commonly classi-
fi ed by depth of tissue injury (which corresponds 
to classic burn degree designations) as superfi cial-
thickness (fi rst degree), partial-thickness (second 
degree), full-thickness (third degree), or subder-
mal (fourth degree).
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As shown in Table 15.1, each type of burn has a distinct clini-
cal presentation, time to healing, potential for scarring, and other 
characteristics. Despite the availability of a variety of assessment 
technologies, for practical purposes, most health-care providers 
use the clinical presentation to assess burn depth.14

Superfi cial-Thickness Burns
Superfi cial-thickness burns affect only the epidermal layer 
of the skin. These wounds are dry, erythematous, and painful 
(Fig. 15.6A,B). They commonly heal within 2 to 5 days, with-
out scarring, and do not generally require medical interven-
tion. Dehydration and pain control may require some broader 
medical care in the case of a superfi cial burn over a large surface 
area. A sunburn without blistering is a very good example of a 
superfi cial burn.

Partial-Thickness Burns
Burn injuries that destroy the epidermis and some of the der-
mis are referred to as partial-thickness burns. The appearance, 
pain, healing time, and potential for scarring that is associated 
with a partial-thickness burn wound depends on the extent 
of damage the dermis incurs. The depths of partial-thickness 
burns are commonly divided into two categories: superfi cial 
partial-thickness and deep partial-thickness.

Superfi cial partial-thickness burns destroy the epidermis 
and involve damage to the papillary layer of the dermis (Fig. 
15.6B). A common indication of this depth of wound is the 
presence of blisters on the wound surface. Once blisters are 
denuded, the wound will appear moist, red, and very pain-
ful, with the potential for some edema. A burn wound of this 
depth will also blanch and refi ll with pressure. These wounds 

A B

FIGURE 15.6 A,B. Superfi cial burns.

Depth of Burn Appearance Pain Edema

Time to 

Healing Scarring

Superfi cial Pink, red, erythematous; 
dry surface; no blisters

Resting infl ammatory 
pain and tender to touch

Minimal 
tissue edema

2–5 d No scarring

Superfi cial 
partial-thickness

Blisters; moist, bright red 
surface; blanches with 
normal capillary refi ll

Very painful, sensitive 
to touch, pressure, 
temperature change

Minimal to 
moderate 
tissue edema

7–4 d Minimal or no 
scarring

Deep 
partial-thickness

May have broken blisters; 
red, pale or white; moist; 
blanching with delayed 
capillary refi ll

Painful; sensitive to 
touch and pressure

Moderate to 
marked tissue 
edema

21–35 d Scarring

Full-thickness Dry, fi rm, leathery eschar; 
white or pale yellow to 
a dark red or black; no 
blanch or refi ll

Insensate to touch; 
pain associated 
with infl ammation of 
associate viable tissue

Marked tissue 
edema

Weeks; requires 
skin grafting

Scarring

Subdermal Relevant tissue exposure Damaged tissue is 
generally insensate; 
infl ammatory pain of 
associated viable tissue

Moderate to 
marked tissue 
edema

Weeks; requires 
surgical 
intervention

Scarring; 
potential for 
tissue defects

Common Characteristics of Burn Wounds Related to Depth of Injury15.1TABLE
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partial-thickness burns, the length of time to healing provides 
an indicator of the depth of injury. With very deep burns, few 
basal cells remain to epithelialize the wound; therefore, the epi-
dermis is thin and susceptible to shear. There is also increased 
capillary damage and this leads to more swelling. Because of the 
depth of injury and delay in healing, there is an increased likeli-
hood of scarring with these wounds.

Full-Thickness Burns
Full-thickness burns obliterate the entirety of the epidermis and 
dermis (Figs. 15.8 and 15.9). These burns may damage the subcu-
taneous fat but do not damage the muscle fascia. These wounds 
are characterized by a dry, fi rm, leathery eschar that lacks pliabil-
ity. The color of the eschar may range from white or pale yellow 
to a dark red or black. Because of the damage to the vascular tis-
sue, the wounds do not blanch or refi ll, and because of the loss of 
normal skin-related nerve tissue, they are insensate to touch and 

may  take 7 to 14 days to heal. Some wounds that are classifi ed 
as partial-thickness may take up to 21 days to heal (Table 15.1). 
The longer time to healing is an indication that the injury was 
deeper in the dermis. A true superfi cial partial-thickness wound 
should heal well with appropriate wound management that 
encourages migration of epithelium from wound boundaries 
and from existing basal cells associated with skin appendages. 
These wounds should heal without scarring.

Deep partial-thickness burns destroy the epidermis and the 
papillary layer of the dermis, and damage the reticular layer of 
the dermis (Fig. 15.7). These wounds are typically moist, pain-
ful, edematous, and red; however, the deeper the wound is in 
the dermis, the more likely it is to take on a pale or white appear-
ance. These wounds generally take at least 21 to 35 days to heal, 
and often require more time (Table 15.1). As with superfi cial 

FIGURE 15.7 Example of a deep partial-thickness (second-degree) burn.

CLINICAL WISDOM

Patients may have wounds at depths that are hard to differ-
entiate. This occurs most often for wounds that are partial-
thickness and deep partial-thickness. It can be challenging 
at times, despite clinical indicators, to be sure of the actual 
depth of burns as they reach the deeper reaches of the der-
mis. It is often simply a matter of time and the best indicator 
of depth is the time it takes for a wound to heal or differ-
entiate. If you are unsure about the real depth of a partial-
thickness wound, it is common practice to allow the wound 
time to progress to healing. Two weeks is a good discrimi-
nating target. If the wound is healed or close to healing by 2 
weeks, it was likely a true partial-thickness wound. The lon-
ger it takes beyond 2 weeks indicates a deep partial-thickness 
wound or even a full-thickness wound.

FIGURE 15.8 Example of a full-thickness (third-degree) burn.

FIGURE 15.9 Example of a full-thickness (third-degree) burn.
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The appearance of the wound is generally related to the cause 
of the burn. For example, if the wound was caused by fl ame, the 
tissue might appear charred. If a chemical, there might be the 
presence of eschar secondary to the coagulation necrosis associ-
ated with the causative chemical. The denatured tissue caused 
by the chemical burn is often gray or brown. The damaged 
tissue is commonly anesthetic, while there is evident infl am-
matory pain in the adjacent viable tissue. There will be edema 
associated with these wounds. The healing times for subdermal 
burns can be several weeks, and these wounds typically require 
surgical intervention to achieve wound closure. These wounds 
will also exhibit associated scarring.

Size of the Burn
The size of a burn injury is reported as an estimated percent 
of the TBSA that is injured. Two methods are commonly used 
to determine this estimated percentage. In either method, the 
TBSA of the burn is diagrammed and the percentage of the 
burn is calculated based on the diagram of the area burned.

• The Lund and Browder chart, shown in Figure 15.11, pro-
vides a methodology of documenting percentages of TBSA 
area that allows for age and development.15

• The Rule of Nines, shown in Figure 15.12, was developed by 
Tennison and Pulaski. This method for estimating surface 
area divides the body into 11 different areas equal to 9% each 
with the fi nal 1% for the genitalia, allowing for a 100% sum.16

The Rule of Nines allows for a quick estimate of body surface 
area and is often used in triage situations, while the Lund and 
Browder chart allows a more accurate representation of the body 
surface estimate. Note that, in general, burns that involve the hands, 
feet, face, genitalia, perineum, or major joints are considered seri-
ous because of the potential effect of the injury on function.

temperature. Although the patient will not feel pain if the wound 
itself is touched, he or she will experience ongoing infl ammatory 
pain in viable tissue adjacent to the wound. There can also be 
signifi cant swelling associated with these wounds. These wounds 
can take several weeks to heal, and the preferred intervention to 
achieve wound closure is skin grafting (Table 15.1). Scarring is 
expected with the healing of these wounds.

Subdermal Burns
Subdermal burns are a result of tissue damage that penetrates 
through the fascial layer of muscle and destroys deep tissues 
(Fig. 15.10). These wounds may result in damage to muscle, 
nerve, bone, and related structures like capsules and bursae. 
Indeed, subdermal burns are characterized by exposure of 
related tissue.

FIGURE 15.10 Example of a subdermal (fourth-degree) burn.

Head
Neck
Anterior Trunk
Posterior Trunk
Right buttock
Left buttock
Genitalia
Right upper arm
Left upper arm
Right lower arm

Right hand
Left hand
Right thigh
Left thigh
Right lower leg
Left lower leg
Right foot
Left foot

Left lower arm

Area of Body Relative percentage of body surface
(varies by age)

Estimated
percentage of 
body area with:

3rd and 
4th
degree 
burns

2nd
degree
burns

Adult10-15
years

5-9
years

1-4
years

0-1
years

19 17 13 10 7
22222

13 13 13 13 13
1313131313

2 2 2 2 2
2222 2

1 1 1 1 1
4 4 4 4 4

44444

3
33

3
3
3

3 3
33

2 222 2
22222

5 6 8 8 9
5 6 8 8 9
5 5 5 6 7

3
3

3
33

3
3

33
3
5 5 5 6 7

+ =Totals:

A
A

BB

CC

BB

CC

1%

2%

13%
11⁄2%

11⁄2%
2%
1%

1%

FIGURE 15.11 Adaptation of the Lund and Browder chart to estimate TBSA of a burn injury.
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This fl uid shift is particularly remarkable within the fi rst 
24 hours post burn. During this time, patients are provided 
intravenous fl uid to counteract the hypovolemia.22,23 After about 
24 hours, capillary permeability begins to return to normal.

Fluid-replacement therapy is life-saving, but it does have the 
adverse effect of adding to the amount of tissue swelling. This 
can increase the risk of constriction in cases where circumferen-
tial burns are present. If a full-thickness burn is circumferential, 
the swelling associated with the trauma can lead to compression 
injury of deeper tissue such as blood vessels and nerves. If the 
circumferential injury is on a limb, a tourniquet effect might 
result that could lead to ischemia-related damage to structures 
distal to the site of the constriction.22,24 The extremities should 
be monitored for tightness, cyanosis, loss of pulses, and periph-
eral nerve complaints such as tingling or numbness. Surgical 
treatment to relieve the compression is discussed shortly.

One of the initial cardiac responses to loss of vascular fl uid 
volume is decreased cardiac output.25 This in turn leads to a 
hypermetabolic state that results in increased heart rate.26

Increased Metabolism
Burns lead to an increase in resting metabolic rate as the system 
responds to the injury and fi ghts bacterial load. Normal meta-
bolic rates can increase at least as much as 50% in a 25% burn, 
and that rate can double in a burn of larger than 40%.27–29 Even 
with increased nutritional supplements, this increase in metabo-
lism also can lead to a loss of lean body mass as skeletal muscle 
proteins are catabolized to provide energy. There are several for-
mulas for determining the caloric needs of patients with burns. 
The most commonly used formula is the Curreri formula, which 
allows for calculation requirements for adults and children.30,31 
The Galveston formula is used for children.32 The Harris-
Benedict equation is designed to calculate the calorie needs of 
adults.33 These formulas apply to the phase of recovery that 
includes wound healing. Most clinicians consider these formulas 
helpful but note that the formulas tend to overestimate the calo-
rie needs of patients.34,35 Protein requirements increase because of 
increased energy requirements leading to protein breakdown for 
an energy source, structural loss due to the wound, and protein 
requirements in wound healing. Muscle breakdown is the major 
source for use in energy production. Providing an increased load 
of protein will not stop the breakdown of muscle, but it will pro-
vide protein that will allow for replacement of the catabolized tis-
sue. Fat is required for energy and to provide essential fatty acids 
needs. It is often recommended that at least 30% of replacement 
calories consist of fat. Carbohydrates are necessary to provide an 
energy source and as a protein-sparing mechanism. Increased 
vitamin and mineral replacement is also a part of diets for 
patients. See Chapter 7 for comprehensive nutrition information.

Increased Risk for Infection
Burns break the skin barrier, and microbial colonization of 
burn wounds typically occurs rapidly. The surface of the burn 
wound is an avascular, warm, protein-laden environment that 
is ideal for microbial propagation. These factors, along with a 
decrease in immune responses, put patients with burns, espe-
cially large burns, at high risk for infectious complications.

Surface infections can delay wound healing and increase 
scarring.36 Microbial incursion beyond the skin can lead to 
 sepsis.37,38 The microorganisms that initially occupy burn 

BURN PATHOPHYSIOLOGY

A number of physiologic changes occur as a result of a burn 
injury and subsequent biological actions to fi ght infection and 
heal the wounds.17 Essentially all body systems are affected by 
a burn injury. Exhibit 15.1 shows a schematic overview of the 
physiologic changes associated with a severe burn. This section 
goes into details on specifi c changes for most burns includ-
ing pain, cardiovascular effects, increased metabolism, risk 
for infection, and pulmonary complications. For information 
about psychophysiologic stress see Chapter 2.

Pain
Local pain results from the tissue damage, damaged nerves, 
and stimulation of nociceptors by infl ammatory mediators. 
Adjacent and regional pain will occur as a result of swelling 
and locally released and circulating infl ammatory pain media-
tors. Heightened anxiety associated with a burn injury will also 
increase the perception of pain.18,19 Pain is treated using phar-
maceuticals and psychological interventions.20 See Chapter 22 
for more on pain and interventions.

Cardiovascular Effects
The major vascular response to a burn injury is a fl uid shift 
from the vascular system to the interstitium.21,22 The fl uid 
shift occurs when burn injury induces local, short-term 
systemic changes in capillary dynamics. These include an 
increase in capillary permeability with an associated increase 
in both capillary hydrostatic pressure and interstitial osmotic 
pressure. Together, these mechanisms prompt a movement of 
fl uid from the vascular system to the interstitium. Signifi cant 
edema can develop. Historically, this fl uid shift was a com-
mon cause of mortality in patients with deep burn injuries, 
because the resulting decreased perfusion of core organs led 
to organ failure.

41⁄2%

18% 18%

41⁄2%

1%

41⁄2% 1⁄2%

41⁄2% 41⁄2%

9% 9%

9% 9%

FIGURE 15.12 Adaptation of the Figure of Nines chart to estimate 
TBSA of a burn injury.
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EXHIBIT 15.1

Overview of Physiological Changes Associated with a Severe Burn
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Escharotomy
The combination of edema and a lack of pliability of the eschar 
associated with a circumferential full-thickness burn can com-
press structures such as blood vessels and nerves. Escharotomy 
is a medial and lateral surgical incision through the depth of the 
eschar with a scalpel (Fig. 15.13). The goal is to allow expansion 
of the subdermal space, decompress the subdermal tissue, and 
decrease constriction on vascular and nerve structures.24 The 
edges of the incision will immediately part because of the tissue 
pressure. Signs of success of this intervention include a decrease 
in tightness, return of normal pulses, vascular perfusion, and 
improvement of the tingling or numbness.

Excision of the Burn Wound
The surgical procedure of removing the burn eschar is called 
excision. Excision must be carefully completed to prepare a 
wound bed that will be amenable to subsequent skin graft-
ing. Excision typically consists of tangential removal of con-
secutive layers of burn eschar until viable tissue is exposed.45 
It is important that the tissue exposed at the end of the exci-
sion of the eschar be vascularized and capable of supporting 
a skin graft.

Skin Grafts
Harvesting and Placing Skin Grafts

A skin graft is a section of skin that is surgically removed from 
one area of the body (donor site) and transferred to another 
area to cover an area of damaged or missing skin such as a 
burn. One or more donor sites may be utilized for harvest-
ing the skin graft, depending on the size of the excised burn 
wound. Donor sites are ideally located in areas where skin is 
healthy and not associated with an existing burn wound. The 
donor skin is harvested using a surgical instrument known 
as a dermatome. The skin that is harvested is generally at a 
superfi cial partial-thickness depth, and a graft at that depth is 
referred to as a split-thickness graft.

After placing the skin graft on the excised burn wound, the 
surgeon secures the graft to the wound bed with sutures, surgi-
cal staples, synthetic adhesives, or fi brin glue. In patients with 
large TBSA wounds or limited donor site availability, the skin 
graft is expanded through meshing of the harvested skin; that is, 

wounds are fl ora from the patient’s skin (gram-positive). These 
bacteria migrate onto the wound surface within the fi rst few 
days after the burn.39 Within the next few days through the 
fi rst week, the wound will likely become colonized with addi-
tional microbes including additional gram-positive and gram-
negative bacteria, and yeasts from patient’s gastrointestinal 
and upper respiratory systems.39 Additional fl ora can be spread 
from health-care workers and the hospital environment.40

Environmental control measures include hand washing and 
the use of personal protective equipment, especially gloves, 
gowns, and masks.40 Excellent wound care, including the use of 
antimicrobial topical agents, sterile dressings, sterile debridement 
tools, and clean linens (towels, blankets, wash clothes, drapes, 
etc.) will also aid in fi ghting infection. Monitor both the wounds 
and the patient for signs of current or impending infection. 
Finally, the excision and closure of burn wounds as early as pos-
sible following the injury will decrease the likelihood of infectious 
complications. Chapter 18 discusses management of infection.

Pulmonary Complications
The pulmonary system may be affected in two ways following a 
burn injury. The fi rst problem is pulmonary edema, which can 
result from the fl uid shift previously discussed. Although this 
edema will affect lung function, if the fl uid shift is appropriately 
managed and oxygenation status is maintained (oxygen satura-
tion of >90%), then this is often an acute problem.

The second problem is inhalation injury. Inhalation injury 
may consist of a chemical injury to the airways caused by 
inhalation of toxic products of combustion that damage cells. 
Inhalation injury can include the compromise of gas trans-
port secondary to inhaling gases such as carbon monoxide or 
cyanide. Inhalation injury can also occur as a result of direct 
trauma to the upper airways from inhaling hot gases.41 An inha-
lation injury might be suspected if the patient has facial burns, 
singed nasal hair, a harsh cough, changes in breath sounds, car-
bonaceous sputum, and a history of a closed-space fi re or the 
presence of chemical irritants in the air.41

BURN WOUND TREATMENT

The seriousness of the condition of any patient with a burn 
increases if any of the following are also present: an inhala-
tion injury, a preexisting medical condition that may compli-
cate treatment, and concomitant trauma when the burn injury 
occurred.42 Electrical injury is one of the variables that increases 
the seriousness of a burn injury, along with the others listed. 
Age, both very young and very old, also can increase the com-
plexity of burn wound treatment.43,44

Treatment of burn wounds is directed at managing infection 
and directing the wounds toward closure. Surgical intervention, 
most commonly consisting of skin grafts, is common with deep 
partial-thickness and full-thickness burns. Nonsurgical wound 
care procedures are suffi cient to manage superfi cial and partial-
thickness wounds. They are also used to help control the micro-
bial load of burn wounds prior to skin-grafting procedures.

Surgical Intervention in Burn Care
Types of surgical interventions commonly used in burn treatment 
include escharotomy, excision, and skin grafting.

FIGURE 15.13 Bilateral escharotomies. There is a lateral escharotomy 
on the left leg and a medial escharotomy on the right leg.
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is 12/1,000 inch or less, allows the donor site to heal as a 
superfi cial partial-thickness wound does, and also will allow 
for reharvesting if necessary.

• A full-thickness skin graft includes all elements of the skin. 
When a full-thickness skin graft is taken, the defi cit left 
requires coverage with another graft. Because of this, full-
thickness skin grafts are generally only used to cover very 
small areas.46

Excision and grafting may be completed during the same 
operative time, or in two stages. Often, two-stage procedures 
involve excision of the burn wound on 1 day and harvesting and 
placement of the skin graft on the following day. Considerations 
regarding the decision for a single-stage or a two-stage proce-
dure include: the size of the area requiring excision, potential 
and intraoperative blood loss (can be related to area and depth 
of planned excision), patient tolerance of the procedure, patient 
age, and patient comorbidities. The success of two-stage proce-
dures is considered better than single-stage procedures.49

Nonsurgical Management of Burn Wounds
Management of Infection
Nonsurgical care of a burn wound varies according to the depth 
of the wound; however, most wound types require cleansing to 
decrease the bacterial load on the wound. The common practice 
in most burn care centers is to bathe or shower off the wounds 
using tap water.50 Some centers use a variety of antiseptic addi-
tives to bath water; although there are no data to suggest this is 
necessary, it may be a useful preventive measure against cross-
contamination (see Chapter 27).

Debridement of burn wounds is also common. Techniques 
include mechanical, sharp, or surgical debridement (see Chapter 
17). Enzymatic or biological debridement is rarely, if ever, used. 
Debridement of partial-thickness wounds can be particularly 
painful. Always provide analgesic medication 30 to 60 minutes 
prior to the procedure. In general, cleansing and debridement 
should be gentle but effi cient, minimizing the time required to 
complete the procedure. Chapter 22 describes methods to miti-
gate painful debridement and other burn/wound pain.

Management by Depth of Burn
Burn management varies by depth of burn severity. In this sec-
tion, goals as well as treatment options are provided to guide 
the plan of care.

Superfi cial-Thickness Burns

The care of a superfi cial-thickness burn is simple, often requir-
ing only the application of a moisturizer on the wound. The 
goal is to provide an environment that encourages reepithelial-
ization of the wound.

Partial-Thickness Burns

The goal of wound management of partial-thickness burns 
is to prepare them for primary healing. First, they should be 
cleansed. There is some controversy about whether it is most 
effective to debride blisters or to leave them intact, with no clear 
evidence supporting either technique conclusively.51 It is gener-
ally felt that small, sturdy blisters can be left intact, but large or 
fragile blisters should be debrided. If there is a concern about 
infection, then an antibacterial agent may also be applied to the 

the harvested skin has many small incisions made into it using a 
small machine (called a mesher). The graft is then referred to as a 
meshed graft (see Fig. 15.14). The cuts or incision in the harvested 
skin let the graft be expanded for coverage of a larger surface area. 
The meshed graft may also help with acceptance of the graft by 
preventing hematomas or seromas because fl uids can more read-
ily escape through the cuts in the meshed graft. If the graft is not 
meshed, it is referred to as a sheet graft. Dressings and splints are 
placed on the graft to protect it from shear. (Fig. 15.2A,B)

Types of Grafts

To minimize the risk of tissue rejection and promote perma-
nent acceptance of the graft, skin grafts should be harvested 
from the patient. These types of grafts are known as autografts 
or homografts. Skin harvested from another species such as a 
pig (heterografts or xenografts) or from cadavers (allografts) can 
provide a temporary biologic covering for an excised wound, 
but are not used for permanent coverage. Such temporary 
grafts might be used if the size of the excised wound is large and 
there is insuffi cient donor skin available.46

Other options for wound coverage include cultured epi-
dermal autografts and synthetic skin coverings.47 Cultured epi-
dermal autografts are grown from a patient’s own epidermis 
in culture, and eventually transferred to the patient. They can 
be helpful for patients with large wounds, although they often 
prove to be quite fragile at the graft site and can lead to scarring. 
Synthetic skin substitutes are collagen-based replacements for 
the dermis. Once accepted, they are often followed by an epi-
dermal skin graft.48

Skin grafts may differ in thickness.

• A split-thickness skin graft, the most common type, includes 
the entire epidermis and part of the dermis. The depth, which 

FIGURE 15.14 Mesh grafting is necessary to cover large areas of the 
body such as in this young child with third-degree burns. (Reprinted 
with permission from CC studio\photo Researchers, Inc.)
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They are most commonly used in association with an ointment 
or a cream base for ease of application.59 Antimicrobial agents 
can also be mixed in solution and are sometimes used as a part 
of a wet dressing.

Ointments are oleaginous-based topical agents with anti-
bacterial agents added. When used on wounds, ointments are 
typically applied one to three times daily. Toxicity of ointments 
is rare and is more likely when ointments are applied to large 
surface areas for an extended period of time. Ointments should 
not be used in the eyes. Some commonly used products include 
the following:

• Bacitracin is an ointment that is effective against gram-pos-
itive organisms through the inhibition of cell-wall synthesis. 
The development of bacitracin-resistant organisms appears 
to be rare, and there is also a low risk of hypersensitivity reac-
tions. It is safe for application on children and adults.

• Polymyxin B sulfate is useful against gram-positive organ-
isms, possibly because it causes alteration of the membrane 
permeability of bacteria.

• Neomycin is an ointment that is helpful against gram-pos-
itive organisms, likely because it inhibits protein synthesis. 
Cutaneous sensitivity reactions occur more frequently with 
neomycin, however, and there is a risk of ototoxicity with 
prolonged use of this ointment.

Antibacterial agents are also available in cream (water- 
soluble preparation) bases. Most creams are typically applied 
one to two times daily. Toxicity of creams varies with different 
products, but in general may be increased with extended use of 
the agent. Some commonly used products include the following:

• Silver sulfadiazine is effective against gram-negative bacteria, 
gram-positive bacteria, and Pseudomonas and is currently 
the most extensively used topical agent for burn wounds in 
the United States. The bactericidal mechanism of silver sul-
fadiazine is likely directed at the cell membrane or cell wall. 
There is no pain associated with application of the cream, 
and many patients report that it is comfortable and sooth-
ing upon application. The formation of resistant organisms 
is rare. Cutaneous sensitivity is rare. Although a transient leu-
kopenia has been reported after the fi rst few days of use, the 
leukopenia is typically not severe, remits even with continued 
use of the drug, and is not correlated with septic episodes. 
Because of the possibility of kernicterus (associated with sul-
fonamide therapy), sliver sulfadiazine should not be used at 
term pregnancy, on premature infants, or on infants younger 
than 2 months of age.

• Mafenide acetate 0.5% cream (Sulfamylon) is active against 
gram-negative and gram-positive pathogens, including 
Pseudomonas. Sulfamylon is readily absorbed into the eschar 
and therefore can be a powerful alternative to silver sulfa-
diazine. However, the chance of developing a sulfa allergy is 
higher with mafenide acetate than it is with silver sulfadia-
zine. Secondary hyperventilation may result as a consequence 
of a drug-induced metabolic acidosis secondary to inhibi-
tion of carbonic anhydrase. Therefore, a patient’s respiratory 
status and acid-base balance should be monitored while the 
drug is being used. The drug can also cause pain after applica-
tion. It is recommended that this topical agent be used pri-
marily on small wounds, or for as short a time as possible on 
large wounds.

wound surface.52 The most common antimicrobial agents used 
on partial-thickness wounds are ointments or creams.

Cover the wound with mesh gauze impregnated with petro-
leum gel, with a secondary dressing of plain gauze, held in place 
with elastic netting.53 Partial-thickness wounds are exudative, 
so choose a dressing unlikely to adhere to the wound surface. In 
general, any dressing that will encourage the maintenance of a 
moist wound surface, decrease trauma to the healing tissue, and 
thus encourage wound closure, is acceptable.54 Again, partial-
thickness wounds can be particularly painful, so keep cleans-
ing and debridement gentle and brief. Once partial-thickness 
wounds have healed, moisturizers should be used to help the 
new epithelium remain moist and pliable.

Full-Thickness Burns

Debridement of full-thickness burn wounds is accomplished in 
the operating room as part of surgical excision and skin grafting. 
The clinician’s goal is therefore to prepare the wound for surgi-
cal management by controlling infection, rather than to promote 
primary healing.52 First, the wounds are cleansed and treated with 
antimicrobial topical agents to help diminish the bacterial load on 
the wound surface. The most common topical agent used is a silver 
sulfadiazine cream. This cream is then covered with a gauze dress-
ing held in place with elastic netting. Dressings should be applied 
in a way that will allow movement. This is especially important for 
any dressing applied to the area of a joint; moreover, encourage 
patients who are medically stable to use the burned extremity.55

Subdermal Burns

Subdermal burns are treated with moist wound healing pro-
cedures as described until surgical coverage of the wound is 
completed.

Burn Dressings, Ointments, and Creams
Of the variety of dressings available for burns, many can be help-
ful in achieving the goals of wound management.56 For example, 
depending on the depth and size of the burn wounds, moisture-
retentive hydrogels can be used. Patients generally consider 
these comfortable. Silver-impregnated gauze dressings (see 
Chapter 20) have also become more common in burn care.57,58

As noted earlier, topical agents are commonly used in burn 
care to decrease the microbial load at the site of the burn wound. 

CLINICAL WISDOM

Maintaining Mobility and Functional Movement
It is critical that the patient maintain mobility and function. 
Therefore, pliable dressings must be chosen and applied in 
a manner that tolerates movement of burned extremities.
If a gauze wrap or elastic wrap is incorporated into the dress-
ing, a fi gure of eight wrap around joints is a good way of 
completing that wrap. It is recommended that the intersec-
tion of the fi gure of eight wraps occur on the fl exor surface 
of the joint. DO NOT restrict joints. It should also be noted 
that no matter how secure a dressing might seem, movement 
will loosen and possibly disrupt the dressing. Movement is a 
good thing. Be willing to encourage and allow for movement 
and replace dressings as necessary.
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is noted, it can be removed by needle aspiration or by care-
fully incising the graft to express the blood or fl uid. Elevation 
of grafted extremities is generally recommended to decrease 
the risk of hematoma or seroma formation due to increased 
vascular pressure at the graft site. This adherence is sometimes 
referred to as “graft take.”

These initial dressings are used until the graft has adhered. 
The initial adherence of the graft is through surface tension cre-
ated by the serum at the wound site. This is quickly followed 
by establishment of a fi brin matrix that allows a progressively 
fi rmer adherence. Within a few days, the graft should begin to 
vascularize. Anastomosis of the vascular structures between 
the wound bed and the skin graft not only nourish the trans-
planted skin, but also help secure the graft. This can be noted 
by the graft turning pink or red. Once the graft has adhered, or 
“taken,” a different type of dressing is often used. A common 
choice is an ointment-based dressing covered with petroleum 
gauze and covered in a light gauze wrap.

The destruction of sebaceous and sweat glands with a deep 
burn decrease the ability of the skin to self-moisturize. This 
can lead to dry and fl aking, or cracked skin. Thus, once the 
graft has fully healed, moisturizer should be applied to the 
skin frequently. Note that most sites of skin grafts can be 
expected to scar.

Management of the Donor Site
The surgical donor site is managed with interventions similar 
to those used for partial-thickness burn wounds.52 The goal is to 
maintain a moist tissue bed that will encourage primary heal-
ing, decrease pain, and control infection.

Donor-site wounds are painful and often have a serosan-
guineous or sanguineous exudate. The wounds need to be kept 
moist so that the dressing does not adhere to drying or coagu-
lating exudates and damage the healing tissue upon removal. 
Dressings that are commonly applied to donor sites include the 
following:

• Petroleum-impregnated gauze is generally placed over an 
ointment base and then covered with a light gauze wrap 

Management of the Skin-Grafted Burn Wound
The skin graft is dressed after placement on the excised burn 
wound. The goals of the dressings associated with a skin graft 
are to protect the graft from shearing or displacement, to mini-
mize the likelihood of hematoma or seroma formation under 
the graft, and to decrease the possibility of infection.

Skin grafts are commonly dressed with soaked gauze that 
is irrigated frequently to keep the wound bed moist. A splint 
is incorporated as a part of the dressing over the gauze for 
mechanical protection of the site; that is, it shields the site from 
disruption of the developing connections between the graft and 
the wound bed (Fig 15.15). Figure 15.16 shows a good func-
tional outcome of a hand that was properly splinted during the 
healing process.

The dressing is often fi nished off with some form of 
 compression wrap to prevent formation of a hematoma or 
seroma. These dressings are changed every 1 to 2 days, and the 
grafts are inspected to assess the adherence of the graft to the 
wound bed. If upon inspection a subgraft hematoma or seroma 

FIGURE 15.15 Splinted hand.

FIGURE 15.16 Functional outcome of a hand properly splinted during 
healing. (Reprinted with permission from Dr. P. Maraggi Images and 
Text Copyright © 2011 Photo Researchers, Inc. All Rights Reserved.)

CLINICAL WISDOM

Vascular Support for Extremity Grafts
It is necessary to provide some vascular support for an 
extremity graft if upper or lower extremities will be depend-
ently positioned or if a patient will be ambulating. A useful 
way of accomplishing this is to apply a double layer of elas-
tic wrap over a burn dressing prior to the dependency. This 
pressure to support the peripheral vascular tree is likely to 
be more effective if the elastic wraps are not placed over a 
bulky dressing. Once the patient has resumed a position of 
elevation of the limb, it is important to remove the dress-
ing to inspect the grafts for signs of hematoma formation. 
If hematomas are present, they should be evacuated. Some 
clinics have also applied dressings such as Unna boots to 
grafted sites to allow for early ambulation of patients post 
skin grafting.
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 b. Determine the patient’s and/or caregiver’s willingness and 
ability

 c. Determine the psychosocial implications of the burn and 
burn home care. Refer to social services or psychological 
practitioner.

• Determine how the learner’s abilities will be assessed.
 a. Determine if there are concomitant medical and social 

conditions that infl uence the learner’s ability to learn.
 b. Demonstrate and receive return demonstration of the 

patient’s and/or caregiver’s ability to use care products, 
perform procedures and explain the reasons for what they 
are doing correctly.

• Educate the patient on topics such as are listed in next section.
• See that the recommended supplies and appliances are avail-

able for home use.
• Provide the patient or caregiver a number to call with ques-

tions or concerns.
• Provide a directive to contact the health-care provider imme-

diately if the wound changes for the worse. This would be 
indicated by any one or combination of the following:

 ✓ Increase or change in pain
 ✓ Increase in swelling
 ✓  Increase in redness or a change in color in the unburned 
skin around the wound

 ✓ Previous red granulation tissue may become pale
 ✓ Malodor
 ✓ General sickness (nausea, fever, achiness, weakness, etc.)

• Date and time of scheduled follow-up appointment with the 
health-care provider.

• Remember that at each follow-up visit, it is vital to assess the 
way care is being provided and to add new material as readi-
ness to incorporate is demonstrated.

Education Topics
A checklist of appropriate teaching topics might include the 
following:

• Depth of burn(s) and what that means for care and prognosis
• Common characteristics of the depth of burn(s) that are 

present and what to expect over time as the wound heals (e.g., 
contractures, reduction in edema, improved range of motion, 
pain, purities, improved activities of daily living)

• Wound care including irrigation, bandaging, positioning, and 
skin care,

• Importance of good nutrition, including the need for plenty 
of fl uids, high-quality protein, etc. (see Chapter 7)

• Importance and methods for proper pain management at all 
times and especially before cleansing, dressing changes, or 
other treatments (see Chapter 22)

• Importance of proper washing and dressing of the burn 
wound(s), including the schedule of the care and methods for 
applying dressings

• The when, where, why, and how of appliance use (e.g., 
dynamic, static, or serial static splints)

• Skin check for pressure points, maceration, secondary trauma, 
sensory defi cits, hyperalgesia, dryness

• Importance of following all directions and risks of nonadher-
ence to the regimen of care

covered with elastic netting. These mesh gauze dressings 
often have to be changed twice daily.

• Polyurethane semipermeable transparent fi lms are generally 
self-adhesive and vapor-permeable. These dressings require 
less frequent dressing changes, every 3 to 5 days in the absence 
of infection, and therefore pose less potential trauma to the 
healing donor site. They are recommended for wounds with 
light to moderate exudates.

• Hydrocolloid dressings help maintain the moist wound 
surface and can provide a useful barrier to infection. These 
dressings require changing every 2 to 4 days in the absence of 
infection. They are recommended for wounds with moderate 
exudates and often are applied to small donor sites.

• Calcium alginate dressings are highly absorptive and eventu-
ally turn to a gel that can be washed off the healed wound sur-
face. They can be left in place for up to 7 days in the absence 
of infection. Alginate dressings are indicated for donor sites 
with a high amount of exudates.

Once the donor site is healed, apply moisturizers to main-
tain the moisture and pliability of the new epithelium. Detailed 
imformation about dressings is found in chapter 20.

CONCLUSION

The etiology, depth, location, and size of a burn injury are 
important in understanding the treatment plan for patients 
with burns. As with any wound, the seriousness of the injury is 
increased the deeper the injury is and the larger the surface area 
it covers. Superfi cial-thickness and many partial-thickness burns 
can be expected to heal spontaneously with proper care. Deep 
partial-thickness and full-thickness burns most commonly 
require escharotomy, excision, and skin grafting procedures to 
minimize the risk of major infection and to allow progression to 
healing. Subdermal burns are categorized by exposed deep tis-
sues and are typically caused by fl ame (charred appearance) or 
chemical (eschar necrosis) or electrical injury (entrance and exit 
wounds). Surgical management is usually a part of care for deep 
partial-thickness, full-thickness, and  subdermal burn wounds 
and includes surgical debridement, escharotomy, and skin graft-
ing of different types. Key  nonsurgical  management for burn 
wounds incorporates debridement, cleansing,  infection control, 
appropriate dressings and topical agents, therapeutic use of assis-
tive devices, exercise, and  activities of daily living rehabilitation.

SELF-CARE TEACHING GUIDELINES

Prior to discharge, the planned home care of the wounds must 
be determined. An essential next step in burn management is 
to teach the patient and/or caregivers how to manage the burn 
wounds at home. This chapter focuses on treating the burn 
wound as it heals. Chapter 16 has information about manage-
ment of the scar at home.

Goals of home care
• Perform a needs assessment of the patient for home care.
 a. Advise the patient and/or caregiver about the elements of 

care they are expected to provide
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C.K. is a 44-year-old male who was injured in a house fi re. The 
patient was napping, was awakened by the smell of smoke, and 
his shirt caught on fi re while he was escaping the house. He ran 
outside and dropped and rolled and put the fl ames on his shirt 
out. He sustained a TBSA burn of 35%. Partial-thickness burns 
(20.5%TBSA) were located on the upper anterior trunk, the 
posterior trunk, the anterior head and neck, the upper left arm, 
and part of the right arm and dorsal right hand. Full-thickness 
burns (14.5% TBSA) were located on the anterior trunk, the 
dorsal left arm, and the dorsum of the left hand. There were 
no associated injuries and no inhalation injury, and the patient 
was fully oriented and had no signifi cant past medical history.

For the fi rst 7 days of treatment of the wounds, the patient 
was cleansed using a gentle shower over a hydrotherapy tub. 
Initially, some blisters related to the partial-thickness wounds 
were debrided, and additional necrotic skin was removed. The 
full-thickness burns were cleansed. Following cleansing and 
gentle drying of the wounds, bacitracin ointment was applied 
to the partial-thickness wounds and they were covered with 
petroleum-impregnated gauze that was held in place with a 
gauze roll wrap and elastic netting. The full-thickness burns 
were cleansed, and silver sulfadiazine cream was applied to the 
eschar, which was then covered with a gauze wrap and elastic 
netting. These dressing changes were completed twice each day.

The partial-thickness wounds responded well to the 
wound care and healed spontaneously and completely 

by postburn day 15. On postburn day 7, the patient was 
 scheduled for excision of the full-thickness burns. The 
excision was completed on postburn day 7 and the excised 
wounds were grafted on postburn day 8. Skin graft donor 
sites for the skin grafts were harvested from both lower 
extremities. The graft sites were dressed with wet bulky 
dressings, splinted, and covered with a compressive wrap. 
Irrigation catheters were incorporated into the dressings 
to allow staff to add solution to the dressings to keep them 
moist. These initial surgical dressings were removed on post-
graft day 2, and the grafts were adherent and showed signs of 
vascularization, and no hematoma or seroma formation was 
noted. Wet bulky dressings were applied for 2 additional days 
at which time the grafts were well adhered and looked to be 
well vascularized because of their rich pink appearance. At 
this time, the grafts were dressed with bacitracin ointment 
and then covered in petroleum-impregnated gauze that was 
held in place with a gauze roll wrap and elastic netting.

On post graft day 6, the grafts had healed, and moistur-
izer was applied to the graft skin. Following harvesting of the 
skin, the donor sites were dressed with polyurethane semiper-
meable transparent fi lm dressings that were left in place for 
5 days. The majority of the donor site wounds were healed by 
day 5, and the few remaining open wounds were dressed with 
bacitracin and gauze as previously described. The donor sites 
were fully healed by day 8 postgraft.

CASE STUDY     

V. R. is a 26-year-old female who was cooking a pot of pasta in 
a restaurant kitchen when a coworker knocked the pot off the 
stove. The liquid splashed down her left side. She immediately 
began to run cool water over the burns, after which the res-
taurant manager transported her to a local emergency room. 
There were no associated injuries, the patient was fully ori-
ented, was not pregnant, reported smoking occasionally, and 
had no signifi cant past medical history. The scald burn was 
calculated to be a TBSA burn of 10%. Partial-thickness burns 
(4.0%TBSA) were located on the left lower lateral and ante-
rior thigh and the upper part of the anterior lower leg. Full-
thickness burns (6.0% TBSA) were located on the left lower 
leg and the dorsum of the left foot.

For the fi rst 5 days of treatment of the wounds, the patient 
was cleansed using a gentle shower over a hydrotherapy tub. 
Initially, necrotic skin related to the partial-thickness wounds 
was removed. Following cleansing and gentle drying of the 
wounds, bacitracin ointment was applied to the partial-thick-
ness wounds, and they were covered with petroleum-impreg-
nated gauze that was held in place with a gauze roll wrap 
and elastic netting. The full-thickness burns were cleansed 
and were clearly demarcated as deep burns within the 5 days 
post burn. The full-thickness burns were cleansed, and silver 
 sulfadiazine cream was applied to the eschar, which was then 

covered with a gauze wrap and elastic netting. These dressing 
changes for both wound depths were completed twice each 
day.

The partial-thickness wounds responded well to the 
wound care and healed spontaneously and completely by 
postburn day 9. On postburn day 5, the patient was scheduled 
for excision of the full-thickness burns. The excised wounds 
were grafted on postburn day 6. Skin graft donor sites for the 
skin grafts were harvested from the right thigh. The graft sites 
were dressed with wet bulky dressings, splinted, and covered 
with a compressive wrap. Irrigation catheters were incorpo-
rated into the dressings to allow staff to add solution to the 
dressings to keep them moist. These initial surgical dressings 
were removed on postgraft day 2, and the grafts were adher-
ent and showed signs of vascularization, and no hematoma 
or seroma formation was noted. Wet bulky dressings were 
applied for 2 additional days at which time the grafts were well 
adhered and looked to be well vascularized because of their 
rich pink appearance. At this time (postgraft day 4) the grafts 
were dressed with bacitracin ointment, covered in petroleum-
impregnated gauze and then wrapped in two layers of com-
pression wrap to provide pressure support for the vascular 
tissue in the leg. This additional compression was important 
to allow the leg to be placed in a dependent position to allow 

CASE STUDY     
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the patient to sit and begin supervised ambulation (ambu-
lation began post graft day 6). The dressings were removed 
from the leg to allow graft inspection. The grafts tolerated 
the dependent positioning and eventual ambulation, show-
ing continuing vascularization and no signs of blistering or 
seroma formation. The dressings, including the two layers of 
compression wrap, were continued until the grafts had fully 
healed on day 10 post graft.

On day 10 post graft, moisturizer was applied to the graft 
skin. The donor sites were dressed with polyurethane semiper-
meable transparent fi lm dressings that were left in place for 2 
days when they became dislodged. New polyurethane semiper-
meable transparent fi lm dressings were applied and remained 
in place through day 6 post graft when the donor site wounds 
were healed. The donor sites were fully healed by day 6 post 
graft, and then moisturizer was applied to these healed wounds.

CASE STUDY (continued) 

REVIEW QUESTIONS

 1. A full-thickness burn may be characterized by
 A.  broken blisters, moist wound surface, pain, and mini-

mal to moderate edema
 B.  dry and leathery wound surface, no pain to touch, 

marked tissue edema
 C.  moist wound surface, no blisters, pain, minimal tissue 

edema
 D.  pink and erythematous wound surface, no pain, 

marked edema
 2. Which of the following statements is true about the healing 

of burn wounds (without surgical intervention)?
 A.  Superfi cial-thickness burns will heal in 5 to 10 days 

with no scarring.
 B.  Superfi cial partial-thickness burns will heal in 3 to 

5 days with no scarring.
 C.  Deep partial-thickness burns will heal in 14 to 21 days 

and will predictably scar.
 D.  Full-thickness burns will take many weeks to heal and 

will predictably scar.
 3. How is the size of a burn injury described and what meth-

ods are available to describe the extent of the injury?
 A.  Percent total body surface area burned calculated with 

the Lund and Browder chart or using the Rule of 10s
 B.  Actual total body surface area burned calculated with 

the Lund and Browder chart or using the Rule of 10s

 C.  Percent total body surface area burned calculated with 
the Lund and Browder chart or using the Rule of 9s

 D.  Actual total body surface area burned calculated with 
the Lund and Browder chart or using the Rule of 9s

 4. The Lund and Browder chart helps with estimated of burn 
size by
 A.  allowing the burn to be estimated by % of body part, 

age, and development
 B.  dividing the body into 11 areas of 9% each with a fi nal 

1% for the genitalia
 C. dividing the body into 10 equal areas of 10% each
 D.  dividing the body into areas that are burned and areas 

that might be burned
 5. Some factors that affect the severity of burn injury include

 A.  depth of burn, size of burn, anatomical location of 
burn, preexisting medical conditions, and concomitant 
trauma

 B.  depth of burn, time of day the burn occurred, size of 
burn, concomitant trauma

 C.  depth of burn, anatomical location of burn, whether 
the burn occurred at home or at work

 D.  depth of burn, size of burn, preexisting medical condi-
tions, date of the burn
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CHAPTER OBJECTIVES

The formation of scar tissue during wound healing can lead to 
both cosmetic and functional complications. The hypertrophy 
associated with scar formation can be disfi guring and is partic-
ularly distressing when located at body sites commonly exposed 
to the public (i.e., face, hands, arms, etc.). Contraction of the 
forming scar often leads to further disfi gurement. Functional 
defi cits occur principally when the scar is situated over joint 
surfaces, particularly over joints of the extremities. Scarring 
of the face may also compromise functions such as feeding or 
speech. Moreover, pruritis, some pain, or other annoying pares-
thesias may accompany scar formation.

More than 2000 years ago, the ancient Greek physician 
Hippocrates acknowledged the problems of scar formation as 
a torsion resulting from healed burns.1 Early documentation of 
surgical correction of scar contractures is included in the writings 
of the 16th century surgeons Camillo Ferrara and Wilhelm Fabry 
of Hilden.1 Fabry of Hilden also described the use of splinting 
apparatuses to help correct joint deformities secondary to scar 
contraction. Modern versions of these devices are still used today 
to control the problems created by active scar formation.

In contemporary health-care settings, scar tissue is managed 
operatively, pharmaceutically, or with conservative measures, 
including pressure therapy, massage, silicone, exercise, splint-
ing, positioning, and warming. Each of these treatments cor-
rects some problem related to the progression of scarring and 
has demonstrated effectiveness in clinical studies, or has been 
accepted as effective because of anecdotal evidence of success. 
Further, the use of combinations of some of these treatments 
has resulted in increased improvement in function and appear-
ance. Nevertheless, it is essential to bear in mind that none of 
these interventions can cure or stop the process of scarring. 
Current scientifi c investigation is uncovering more information 

about the cause of scarring and may lead to new therapies, such 
as the use of growth factors that would be aimed more directly 
at the actual development of scars. Before we turn to contem-
porary therapies, we discuss the pathophysiology of scar tissue 
formation, and methods of testing and measurement.

SCAR TISSUE: FORMATION AND COMPLICATIONS

Scars are classifi ed as normotrophic, hypertrophic, or keloid. 
A normotrophic scar is a visible scar that is not raised above 
the height of the normal skin (Fig. 16.1). A hypertrophic scar is 
raised but does not grow beyond the original wound boundar-
ies (Fig. 16.2)2–5 A keloid scar is raised and does extend past the 
original boundaries of the wound (Figs. 16.2–16.4).2–5

Formation of any scar begins with the proliferation and 
stimulation of fi broblasts during the infl ammatory phase of 
wound healing. We discuss the process here, identify markers 
that allow for prediction of scar formation, and consider the 
most common complications.

Pathophysiology of Scar Tissue Formation
As you learned in Chapter 2, infl ammation follows any tissue 
trauma. Several cell lines are recruited during the infl ammatory 
response to control local infection, debride damaged tissue, 
nourish surviving and regenerating cells, and release factors 
that stimulate repair. One cell line that is stimulated to prolifer-
ate is fi broblasts. These are the cells of origin for scar tissue.

Fibroblasts produce elastin and collagen; however, the ratio 
of elastic fi bers to collagen is less in scar than in normal skin. 
The secreted elastin becomes elastic fi bers that provide normal 
dermis, or scar, with elasticity and fl exibility. The secreted col-
lagen develops into collagen fi bers that mainly provide tensile 

At the completion of this chapter, the reader will be able to:

1. Explain the process of scar formation.
2. Identify complications caused by scar formation.
3. Describe common examination techniques used to assess and document scar tissue.
4. Describe intervention strategies used to treat impairments related to scar formation.

R. Scott Ward

Management of Scar16
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FIGURE 16.2 Hypertrophic scar. (Copyright © 
2001, R. Scott Ward.)

3/31    AL

FIGURE 16.1 The wound is completely resurfaced and is in the remod-
eling phase. (Copyright © C. Sussman.)

strength but also afford some fl exibility within the normal der-
mis. The collagen secreted by fi broblasts in scar tissue is laid 
down in an unorganized, whorl-like pattern. Again, collagen in 
scars is produced at a much greater rate than in normal skin.

Like all connective tissue, normal dermis and scars contain 
ground substance, or extracellular matrix, which provides some 
cushion, and allows for the diffusion of oxygen and nutrients in 
the vicinity. Scar tissue is well vascularized and highly metabolic.

Although scar formation begins with the proliferation and 
stimulation of fi broblasts during infl ammation, the process of 
scarring continues for weeks, if not months, in most individuals. 
This is in part because the fi broblast-promoting growth factors 
continue to be released through the proliferative and remodel-
ing phases of wound healing. Examples of some of these growth 
factors include platelet-derived growth factor (PDGF), tumor 
necrosis growth factor-ß (TGF-ß), and insulinlike growth fac-
tor (IGF). The interaction of these growth factors with other 
substances in scar tissue formation is not well understood.

We do know, however, that in all healing wounds, collagen 
deposition strengthens the wound site, and collagen degradation 
remodels the wound. When wounds demonstrate an imbalance 
between the rate of collagen deposition and degradation such 

that the rate of collagen production exceeds the rate of degrada-
tion, a scar that is raised and thick—that is, either a hypertro-
phic or a keloid scar—forms.6,7 As a scar actively forms, it lacks 
suppleness and is red and raised. During this “phase” of scar-
ring, the scar is commonly referred to as immature scar. As the 
scar matures in due course, the redness fades, the scar levels out 
to some degree, and the scar tissue softens (Fig. 16.5). It com-
monly takes 6 to 18 months for a scar to mature.8

Predictors of Scar Formation
Several clinically observed and documented markers allow for 
some prediction of scar formation. These include wound depth, 
skin pigmentation, and other factors.

The deeper the wound, the more likely it is that the wound 
will scar. This increased risk of scarring is likely due to extended 
healing time and the associated formation of granulation tis-
sue.9–11 In this same light, the length of time it takes for a wound 
to heal, thereby also implicating the chronicity of infl amma-
tion, will also infl uence scar formation.

Highly pigmented skin has been described as being more 
susceptible to scarring.10,11 The reason for this increased risk is 
not entirely clear.

Skin tension appears to be a contributor to scarring.10,11 
Tension can lead to microdamage, which in turn may lead to 
infl ammation that stimulates fi broblasts to create collagen.

Young people tend to scar more than elderly people do.10,11 
This might be due to the “tighter” skin and generally more 
active lifestyle (causing frequent skin tension) of younger indi-
viduals, compared with the “loose” skin and decreased elasticity 
of the skin in elderly people.

Although scars can form on any part of the body, it is gener-
ally agreed that the location of a wound may contribute to the 
amount of eventual scarring.10,11 Hypertrophic scarring is more 
likely at the shoulder, upper arm, upper back, dorsal feet, and 
buttocks.11 Keloids most commonly appear somewhere between 
the ears and the waist or from the elbow to the shoulder.12

Finally, there is probably some genetic predisposition to scar 
formation.13
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FIGURE 16.3 Immature keloid scar. (Copy-
right © 2001, R. Scott Ward.)

FIGURE 16.4 Keloid scar. (Copyright © 2001, R. Scott Ward.)

Complications of Scar Formation
Cosmetic changes are a possible complication of scarring. The 
location of the scar might be thought to infl uence cosmesis ini-
tially. For example, a facial scar is likely to be more a consistent 
challenge than a scar that is commonly hidden on the body. 
However, this does not hold true if the person swims or lives in 
a warm climate that necessitates shorts or other light clothing. 
Generally, interactions with people beyond health-care provid-
ers, family, and friends may be diffi cult and, therefore, a person 
may confi ne himself or herself socially.

Social isolation reduces quality of life and can lead to low-
ered self-esteem. Particularly following a trauma such as a 
burn, patients may hesitate to participate in their normal rela-
tionships and activities, thereby losing some of their sense of 
worth or contribution. Disfi gurement can result in a deceased 
self-esteem for women and men,14 adolescents,15 and children.16 
Low self-esteem and quality of life can also be affected by other 
complications of scarring, such as contraction, changes in sen-
sation, itching, and color variability in the scar.

Hypertrophic scar contracts while it is maturing.17–22 
Contraction of scar may intensify a cosmetic deformity and can 
also restrict mobility. When a scar is forming over a joint or 
on a particular side of an extremity, the contraction will affect 
the related motion. For example, a scar located on the anterior 
surface of the elbow (the antecubital fossa) will be expected to 
contract the arm into fl exion and could lead to limits of exten-
sion of the elbow. Scars on the dorsal surface of the toes will 
“pull” the toes into extension and limit toe fl exion.

If intervention is not provided and the scar contraction is 
allowed to progress, it can become a fi xed scar contracture. 
Prevention of fi xed contracture is one of the primary reasons 
for long-term follow-up care of patients with scars.

The process of contracture formation can also result in the 
shortening of associated soft tissue, such as muscle, ligament, and 
joint capsule. The combination of all of these shortened struc-
tures makes it extremely challenging to recover any functional 
mobility without invasive surgical revision. The regrettable part 
of surgical revision is the possibility of the very same outcome 
because of the scarring that results from the surgical wound.

Scar is typically less densely innervated than is normal 
skin; thus, sensory loss is common. Patients may experience 
a “dulled” ability to recognize any of the protective sensations 
normally present in the skin, such as touch, pain, and tempera-
ture.23 Because of these elevated sensory thresholds, a patient 
may be at risk for trauma to the scar and should be taught to 
inspect the scar regularly for scrapes, cuts, small burns, or other 
damage. Interestingly, even though there is a loss of cutaneous 
temperature sensation, some patients complain of their scar 
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being very sensitive to cold. Patients may describe numbness, 
tingling, or shooting pain in the scar during cold weather.

Pruritis is also common, both in maturing scar tissue and 
as a chronic problem in some scars. The itching is probably a 
result of several contributing factors. A low level of infl amma-
tion may be present in forming scar, and substances released 
during infl ammation, such as histamine and substance P, can 
contribute to itch. The scar also lacks oil-producing glands. The 
defi ciency of skin oils results in a dry surface that may cause 
itching. It should also be noted that the dry scar is less supple 
and, therefore, more prone to cracking, which may lead to the 
development of sores. Patients should avoid scratching the scar 
because of the risk of blistering or skin breakdown. Instead, 
encourage the patient to apply lotion to the scar frequently. 
Lotion may help to decrease itchiness and prevent the scar from 
cracking. Advise patients to avoid perfumed lotions because 
they might cause a rash or skin irritation.

Additional ingredients, such as vitamin E or aloe, are often 
included in lotions because they are purported to decrease or 
cure scars. Although neither of these additives will aggravate or 
worsen a scar, there is also no current evidence that they will 
improve the appearance of a scar or cure the scar.24–26

Patients may also report that their scar changes color from 
time to time, between varying shades of red, purple, brown, and 
gray. Position often affects the color changes. Generally, the 
color intensifi es if a limb is in a dependent position. Elevation 
of the body part should help diminish the amount of color. 
Extreme ambient environmental temperatures, either hot or 
cold, might also increase the color of a scar. Color changes 
associated with position or temperatures are not permanent. 
However, if a maturing scar is exposed to sunlight, there is a 
risk that the scar will become permanently hyperpigmented. 
The mechanism for this hyperpigmentation in scar is not 
understood at this time, although it may be related to a poten-
tial increase in melanocytes and melanin in the scar tissue.27 
A maturing scar must be kept protected from sunlight.

ASSESSMENT OF SCARS

Assessment of a scar’s characteristics and sequelae is essential 
to determining appropriate intervention strategies. Begin by 
assessing the scar tissue itself to determine whether the scar is 
immature or mature. Then assess the patient for complications 
of scar formation.

CLINICAL WISDOM

If a patient is experiencing a rash or skin irritation, discon-
tinue the soap currently being used for hygiene and body 
washing and try a mild, nonperfumed lotion. If you are not 
sure whether it is the soap or lotion that is causing the irri-
tation, have the patient change the soap fi rst for a few days. 
If the rash has not gone away, try a nonperfumed lotion. 
If both the soap and lotion are changed to nonperfumed 
brands and the rash does not go away, consult a physician.

CLINICAL WISDOM

Sun Protection
The patient should apply a waterproof sun block or a sun-
screen that is at least a sun protection factor (SPF) 30 before 
engaging in any outdoor activity. It is also wise to wear light, 
sun-protective clothing and hats to guard against the rays of 
the sun. The extra clothing is recommended even when the 
patient is wearing compression garments. Remember, too, 
that ultraviolet rays are also present on cloudy days.

FIGURE 16.5 Maturing keloid scar. (Copyright 
© 2001, R. Scott Ward.)
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because of the stiffness of the tissue. Also, a scar that is not 
 pliable will typically move as a unit when manipulated.

Height
The height of a scar provides information about the level of 
hypertrophy of the scar. Height may be diffi cult to quantify; 
however, a scar that is raised above the plane of the normal 
adjacent skin demonstrates hypertrophy. The scar will not nec-
essarily fl atten as it matures, without some intervention.

Texture
The texture of the scar may also indicate hypertrophy. As scar 
tissue is being actively deposited, if it becomes hypertrophied 
to any degree, the texture of the scar will deviate from that of 
the normal surrounding skin. Describe a scar’s texture as objec-
tively as possible. Adjectives such as rough, uneven, or bumpy, 
although not necessarily scientifi c and certainly not quantita-
tive, communicate the presence of an atypical texture, com-
pared with normal smooth skin.

Scar Rating Scales
Scar measurement tools allow some objectifi cation of observed 
scar traits; however, each of these scales involves observation 
and some judgment regarding the scar. In 1990, Sullivan et al.28 
published the Vancouver Scar Scale as a method for assessing 
burn-related scars (Table 16.1). This scale uses the variables 
of pigmentation, vascularity, pliability, and height of the scar 
to describe the current status of the tissue. Scores are assigned 
based on variances of these variables from normal, with normal 
being zero. A higher score represents a worse scar.

Another scar rating scale uses photographs (Exhibit 16.1).
In this scale, qualities of the scar, including smoothness of 

scar surface, border height, scar thickness, and color differ-
ences, are rated by evaluating color photographs of the scar.29 
The quality of the photographs and the experience of the 
evaluator may affect the reliability of this tool; however, if it is 

Assessing Scar Maturity
A scar that is immature is more likely to respond to treatment. To 
determine maturity, assess color, pliability, height, and texture.

Color
The color of a scar refl ects both vascularity and pigmentation. 
Generally, immature scars appear hypervascular and, there-
fore, may be red or violescent. The same scar may turn a deep 
purple if it is on a body part that is held in a dependent posi-
tion or is exposed to cold for a period of time. This coloration 
begins to fade and should generally return to near-normal skin 
tone through the process of scar maturation. After the scar has 
matured, it may be either hypopigmented or hyperpigmented. 
Patients should understand that variations of the pigment of 
the scar are probably permanent if they are present following 
scar maturation.

Pliability
Mature scars are generally more pliable than immature scars. 
To assess the pliability of a scar, simply pinch it: a scar that is 
not pliable will be diffi cult to pinch up between your fi ngers 

CLINICAL WISDOM

Cosmetics
Patients with permanent discoloration of scars might benefi t 
from the use of cosmetics. Cosmetics are most useful over 
areas of visible scarring, such as the hands and face. There 
are hypoallergenic forms of makeup that can be used to 
provide a covering for discoloration and minor deformity. 
Cosmetics with a sunscreen should be selected to protect the 
scar tissue from the sun.

Pigmentation Vascularity Pliability Height Score

Normal—color that closely 
 resembles the color over the rest 
of the body

Normal—color that closely 
resembles the color over 
the rest of the body

Normal Normal—fl at 0

Hypopigmentation Pink Supple: fl exible with minimal 
resistance

Raised < 2 mm 1

Hyperpigmentation Red Yielding: giving way to pressure Raised < 5 mm 2

Purple Firm: infl exible, not easily moved, 
resistant to manual pressure

Raised > 5 mm 3

Banding: ropelike tissue that 
blanches with extension of the scar

4

Contracture: permanent shortening 
of scar, producing deformity or 
distortion

5

NOTE: The higher the score reported, the worse the scar.
Reprinted from Sullivan T, Kermode J, McIver E, et al. Rating the burn scar. J Burn Care Rehabil. 1990;11:256–260, with permission.

Ratings Used in the Vancouver Scar Scale to Measure Scar Formation16.1TABLE
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Ratings Used in a Photographic Scar Scale to Measure Scar Formation
1.  Scar Surface −1 Smooth 0 Normal 1 Rough 2 Rough 3 Rough 4 Rough

2.  Scar Border Height −1 Depressed 0 Normal 1 Raised 2 Raised 3 Raised 4 Raised

3. Scar Thickness −1 Thinner 0 Normal 1 Thicker 2 Thicker 3 Thicker 4 Thicker

4.  Color Differences 
(between scar and 
adjacent normal 
skin) 

−1 Hypopigment 0 Normal 1 Hyperpigment 2 Hyperpigment 3 Hyperpigment 4 Hyperpigment

NOTE: The scale ranges from −1 to 4 for each characteristic. Generally, the higher the score reported, the worse the scar.
Reprinted from Yeong EK, Engrav LH, et al. Improved burn scar assessment with use of new scar-rating scale. J Burn Care Rehabil. 
1997;18:353–355, with permission.

EXHIBIT 16.1

used within a particular setting, it may prove useful not only 
for measuring scar formation but for documenting the scar by 
photograph as well.

Assessing Complications of Scar Formation
A decrease in range of motion and associated joint mobility is 
a major impairment caused by scar contraction. Assessment 
procedures for examining range of motion include standard 
goniometry. Also assess functional limitation secondary to con-
traction, including activities of daily living and instrumental 
activities of daily living.

As already noted, disfi gurement is a common problem asso-
ciated with contraction. Two methods that can be used to por-
tray the disfi gurement are written description and photography. 
For example, describe scarring that occurs on the dorsum of the 
hand, involving the web spaces of the fi ngers, as “development 
of web space syndactyly.”

Sensation is another impairment that follows scarring.23 
Perform sensation testing to identify the degree of sensory abil-
ity over a scar. Document any decreased sensation. Make sure to 
include self-care for skin protection in your patient education.

INTERVENTIONS FOR THE TREATMENT OF SCAR

As noted earlier, a variety of interventions are available for the 
treatment of scar formation. These include surgery, medica-
tions, and conservative measures.

Surgical Interventions
Surgery is considered in cases where conservative measures of 
scar control have not completely corrected or controlled scar-
ring. It is indicated to improve specifi c cosmetic or functional 
deformities. A patient’s particular needs, goals, and medical his-
tory are important matters for deliberation when fi nalizing any 
judgment regarding surgery. The success of surgery in correcting 
or controlling a scar depends on the location of the scar, timing 
of the surgery, extent of the deformity, and surgical technique.

• Location. At most anatomic locations, scar tissue can be revised; 
however, areas such as the head and face, neck, and axillae respond 
more poorly to surgical modifi cation than do other areas.30

• Timing. Most scar revisions are performed after the scar  tissue 
has matured. However, individual considerations and the 
extent of any deformity must be considered when decisions 
about reconstructive surgery for correction of scar are made.

• Extent. The larger the deformity or scar, the more extensive 
the surgery will be.

• Technique. Surgical techniques vary, and the type used for any 
scar revision will be infl uenced by the factors previously dis-
cussed. Small scars can simply be excised and the excision site 
can then be primarily closed. Larger scars may be excised and 
a graft placed to cover the wound.

The selection of graft type is important, as grafting may lead to 
further scar formation. Generally, split-thickness meshed skin 
grafts will scar to some degree, whereas full-thickness skin grafts, 
skin fl aps, or split-thickness sheet grafts are less likely to scar. Of 
course, there is a risk that a donor site for a skin graft might 
scar. There is clearly a risk of scarring at the donor site of a full-
thickness skin graft or a skin fl ap. Such donor sites will require 
further skin coverage, either with another split-thickness skin 
graft or, if the donor site is small enough, primary closure.

Another technique used in revising larger scars is serial exci-
sion, or segmental scar reduction. This is achieved by excising 
a central portion of the scar and primarily closing the wound. 
This procedure is then replicated over a period of several 
months until the entire scar has been removed.

Surgical realignment of scar tissue may be considered when 
scar formation causes abnormally high skin tension lines. This 
contributes to contracture formation. Z-plasty, Y-V plasty, and 
local advancement or rotational fl aps are surgical techniques 
used to realign or replace scar and break up tension lines.31 
Tension lines are the direction of pull on the skin at any sur-
face region created by the natural elasticity of the skin and the 
underlying muscle.

Tissue expanders, which are silicone balloons surgically 
implanted in the subcutaneous fat or under the muscle, are 
injected with saline and are used to increase the surface area 
of normal skin adjacent to the scar. This expanded area of skin 
eventually can be transferred as a fl ap to cover an excised area of 
scar. Tissue expansion allows for better matches of skin color, 
thickness, and texture than do techniques such as grafting.
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Patients need complete instructions in putting on and  wearing 
pressure garments. After a bath or shower, the patient should 
apply some lotion to the scar and put on a clean pressure garment. 
Meanwhile, the garment previously worn should be washed and 
dried. The pressure garment can be washed either by hand or on 
a delicate cycle in a washing machine with mild detergent and 
warm (not hot) water. If the garment is washed by hand, it should 
be rinsed thoroughly after washing. The pressure garment should 
be dried in the air (do not dry in the dryer or by placing the gar-
ment on a heater). The garment will dry faster if it is fi rst rolled 
up in a towel and gently wrung to remove extra water. Pressure 
garments will not tolerate dry cleaning and should not be ironed. 
Recommend that the patient have at least two of each type of gar-
ment worn so that a clean one is always available.

Some patients fi nd the experience of wearing pressure gar-
ments challenging. Commonly expressed concerns about the 
garments include the appearance, the discomfort (tightness), 
getting the garment on and off, and how hot they make the 
patient. Compliance will increase if patients understand the 
consequences of scar formation, are given a color choice, and 
are educated about the benefi ts and care of the garments. As 
patients wear a pressure garment over time, they typically feel 
more accepting of the treatment.32,33

Patients commonly have diffi culty in donning a pressure 
garment on a limb where a dressing is in place. Attempting to 
pull the pressure garment over the dressing is diffi cult and com-
monly dislodges it. This problem generally can be overcome by 

Inform any patient considering scar revision that the scar 
may form again. This would then require continuing treatment 
to control the new scar.

Pharmaceutical Interventions
Some scar tissue responds to injection of cortisone-related 
medications. Such medications likely are effective because of 
their capability to increase activity of collagenase in breaking 
down the scar.

Conservative Measures
Conservative measures for scar formation include pressure 
therapy, massage, silicone, exercise, splinting, positioning, and 
warming.

Pressure Therapy
As noted earlier, the longer the healing time, the more likely 
it is that a wound will form scar tissue. Thus, pressure therapy 
is typically recommended when a wound takes longer than 
14 days to heal. Most clinicians advise that pressure garments 
or devices be worn for an average of 23 hours a day while the 
scar is maturing. Regularly check the fi t of the supports because 
pressure garments do stretch and wear out. Alter or replace 
existing garments as often as necessary to promote desired out-
comes. Figures 16.6 and 16.7 show pressure garments.

Companies manufacture pressure garments in a variety of 
colors to match a variety of skin tones. Manufacturers offer 
garments that fi t the face, neck, upper extremity, torso, hand, 
and lower extremity. They also are generally willing to fabri-
cate atypical garments for special circumstances, such as a 
hand with an amputated fi nger. Although the different manu-
facturers may have slightly different methods for measuring 
each body part for a pressure garment, generally, limb circum-
ferences every 1 inch to 1–1/2 inches are required. Assuring a 
proper fi t of the face, torso, and hands is a bit more complex, 
and manufacturers’ methods for taking measurements of these 
parts vary to some extent. Specifi c directions for measure-
ment techniques can be obtained by contacting the manufac-
turer directly. A list of custom pressure garment suppliers is 
 provided at the end of the chapter.

FIGURE 16.6 Patient wearing pressure garments that cover the trunk, 
full left arm, upper right arm, axillae, shoulders, neck and chin.

FIGURE 16.7 Examples of styles of pressure garments than can be used 
on different areas of the body. Styles available in adult and child sizes. 
They also may be custom made.
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has also been used successfully to control scarring of the face 
and could certainly be considered for other areas.34,35

Massage
Evidence for the effectiveness of massage in controlling scar 
formation is scarce. Massage should be useful in mobilizing 
superfi cial tissues by loosening the adhesions of scar to the tis-
sue; however, massage does not appear to decrease scarring or to 
improve variables of scar formation, such as vascularity, pliabil-
ity, and height.36 Although massage does not appear to improve 
the scar itself, supplementary benefi ts of massage may include 
lubrication of the scar to prevent drying and cracking of the 
skin, a decrease in reported pruritis, and the psychologic benefi ts 
of touch. Aggressive massage of early forming scar tissue should 
be avoided because it may cause blisters or skin breakdown.

Silicone
A silicone polymer gel (the viscosity of silicone used for scar 
treatment) is produced in sheets or pads that are applied 
directly over a maturing scar. These manufactured gel pads are 
commonly offered in several shapes and sizes for application to 
scars on different areas of the body. They are most commonly 
used over small areas and in areas where suffi cient pressure 
cannot be applied to a scar. Although silicone gel has been used 
in treating scar hypertrophy, the mechanism of action for its 
effect is not known.26,37,38

pulling on nylon hosiery over the dressed limb and then don-
ning the pressure garment over the nylon hosiery.

Pressure to a scar can also be applied through the use of 
elastic wraps, self-adherent stretch wraps, or elasticized cot-
ton tubular bandages as shown in Figure 16.8. Manufacturers 
of custom pressure garments also produce noncustom, gen-
eral fi t supports. These less expensive, noncustom options can 
also be advantageous in treating lymphedema or postwound 
edema. Early pressure can decrease edema formation and 
facilitate wound healing. This may also have some effect on 
eventual scarring because, as mentioned previously, delayed 
wound healing has been linked to increased scar formation.

It can be diffi cult to fi t certain areas of the body appropri-
ately with a fabric pressure garment, because the fabric will 
generally form a bridge between bony prominences or over 
anatomic arches. Diffi cult-to-fi t areas include the central por-
tion of the face, palm of the hand, interscapular region, and 
sternal region. Foam, thermoplastic splinting material, and 
rubberized compounds can be placed under a pressure garment 
to conform better to these areas (Fig. 16.9). These “inserts” can 
also be used to augment pressure provided by a well-fi tting 
pressure garment in areas such as the web spaces of the hand 
(Fig. 16.10). Custom-fi tted, rigid, transparent, plastic material 

FIGURE 16.8 Self-adherent wrap and cotton elasticized pressure 
supports may be used to control edema and scarring. Coban™ self- 
adherent wrap was applied to the fi ngers in this fi gure. Tubigrip™ was 
used to cover the arm and hand in this fi gure. (Copyright © 2001, 
R. Scott Ward, PT, PhD.)

FIGURE 16.9 Examples of how foam was cut for placement in the 
web spaces of the fi ngers under a pressure support glove. (Copyright 
© 2001, R. Scott Ward, PT, PhD.)

FIGURE 16.10 Application of the foam inserts placed in 
the web spaces of hands. A pressure support glove is then 
applied over these inserts. The foam inserts increase the 
pressure applied to web spaces of fi ngers and toes and can 
be used over other areas that may require additional pres-
sure. (Copyright © 2001, R. Scott Ward, PT, PhD.)
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patient might compromise healing. During passive exercise, 
avoid overstretching the scar or exceeding a patient’s pain tol-
erance. Be aware that overly aggressive stretching might lead to 
heterotopic ossifi cation.39 Passive exercise should progress to 
active-assisted or active exercise as soon as possible.

Strengthening Exercise

A decrease in normal use of a muscle (or muscle group) can 
lead to a decrease in strength of that muscle. Strength test-
ing should be a part of any physical examination associated 
with scarring. If strength defi cits are found, prescribe a series 
of resistance exercises to help the patient regain lost strength. 
Strengthening exercises will also assist with any decreases in 
endurance or conditioning.

Directed Functional Exercise

Scar contraction can also lead to an inability to strengthen a 
muscle through its normal range of motion. These scar con-
traction-related impairments of strength or range of motion 
can lead to functional limitations. Institute age-appropriate 
functional exercises to improve motor skills, enhance confi -
dence in daily activities, and allow the patient to resume his or 
her expected daily role in society.

Splinting
Splints are generally indicated for the positioning of a scar to 
avoid deformation or to maintain or increase the stretch on 
a scar.40 A variety of effective prefabricated splints are avail-
able, but you can also fabricate a conforming splint using 
thermoplastic material. A conforming splint is custom-fi t to 
a patient and matches the patient’s anatomic shape. Since a 
poorly fi tted prefabricated splint might apply some pressure 
to the scar, a conforming splint is preferred for controlling 
scar formation.

Clinicians also classify splints as static, dynamic, or serial 
splints. A static splint has a fi xed shape and maintains a posi-
tion through immobilization of the splinted part. Static splints 
are commonly used in the early phases of scar formation. They 
are generally molded and applied following an exercise treat-
ment to maintain the elongation of the scar achieved during the 
session. They may be left on for an extended period of time to 
preserve range of motion gains.

Dynamic splints apply a force, or a stretch, to a body part or 
allow resistance to movement for exercise. This type of splint 
can be used to continue a gentle force to scar, thus providing an 
extended period of stretching.

Serial splints are basically static splints that are remolded to a 
newly achieved position of a body part. Serial splints (or casts) 
might be used if a scar is particularly diffi cult to stretch. A max-
imal tissue stretch is completed, and then the splint is reformed 
to the new stretched position. This procedure is followed seri-
ally until full range of motion is realized.

Discontinue splinting if there is any associated pain, sensory 
disturbance (numbness, tingling, etc.), or skin breakdown.

Positioning
Positioning may be used to sustain tissue elongation to counter 
scar contraction.41 Preferred anticontracture positions are listed 
in Table 16.2. Custom-made or prefabricated splints may be 
used as “positioning” devices. However, positioning devices need 
not be sophisticated or expensive. For example, pillows may be 

Reported complications associated with silicone gel applica-
tion include local rash, skin breakdown, and a lack of durability 
of some brands of silicone. If a rash develops, the use of the gel 
product should be suspended temporarily. In general, the rash 
clears up readily, and, because the rash does not predictably 
reoccur at the same location, the gel may be reapplied, once the 
site is clear of the rash. Skin breakdown appears to occur almost 
exclusively in cases where a rash develops and the use of the gel 
sheet is not interrupted. No systemic complications related to 
the use of silicone have been reported.

Exercise
Exercise is vital in counteracting the contraction associated with 
active hypertrophic scar. Directed exercise to prevent decon-
ditioning, functional limitation, and disability is also extremely 
important. When determining an exercise prescription for a 
patient with a scar, consider the following factors: location, size 
(surface area of the scar), and status (phase of wound healing). 
For example, in some acute situations immediately following a 
grafting procedure or following tendon repair associated with 
a skin wound, any type of exercise may be delayed to allow for 
appropriate healing. Patient variables that also must be consid-
ered in the preparation of an exercise prescription include med-
ical history and current medical status, age, level of cognition, 
perceived or real level of cooperation, and goals for recovery.

Encourage the patient to put as much stretch on the scar 
as is safely indicated to prevent as much scar contraction as 
possible. Blanching of the scar is a reasonable clinical indica-
tion that the scar is being suffi ciently stretched, and the stretch 
should not exceed the patient’s pain tolerance. Stretching of a 
scar should be done with a slow, sustained elongation of the 
tissue. Stretching and exercise will also help to prevent other 
associated soft tissues from shortening. Any of several types of 
exercise may be appropriate for patients with scars.

Active Exercise

Active exercise is the preferred method of exercise in treating 
scar. This type of exercise allows a patient to control the extent 
and amount of stretch placed on a scar. Active exercise will also 
help to overcome any loss of strength or endurance associated 
with varying levels of muscle disuse sometimes associated with 
injuries that lead to scar formation. An active exercise program 
should be prescribed and monitored by a physical therapist.

Active-Assisted Exercise

Active-assisted exercise allows patients who cannot quite 
achieve full range of motion to be assisted by the therapist. 
Encourage patients to complete as much of the motion as they 
can by themselves; then apply additional stretch to maximize 
tissue elongation. Weights may be used to enhance a stretch. 
The patient may also provide the assistance to active motion by 
using equipment such as reciprocal pulleys.

Passive Exercise

Passive exercise is effective but does not encourage patient 
independence. This form of stretching may be necessary if a 
patient is otherwise unable to stretch a scar because of such 
problems as weakness or paralysis, or when the patient is oth-
erwise cognitively unable to participate in a prescribed active 
exercise program. Passive exercise may also be indicated when a 
wound is acute enough that a well-intentioned but overzealous 
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used to position the hips or shoulders, and high-top tennis shoes 
make a reasonable positioning device for the foot and ankle.

Warming
Thermal agents are commonly used to treat scar or the sequelae 
of scarring. Warming the scar, in particular, may have the most 
effect on the tissue because of the high concentration of col-
lagen in scar. Gersten and others demonstrated that collagen 
tissue is most effectively stretched when a blend of heat and 
gentle stretch are provided.42,43 Superfi cial forms of heat may 
also provide the most effective method of heating surface scar 
and allowing enhanced elongation of the tissue; however, very 
little research exists to support the effi cacy of superfi cial heat on 
integumentary scarring.

Because scars are also normally hypesthetic, use caution 
when applying thermal agents to the scar tissue. Complete a 
sensory examination fi rst, and inspect the tissue frequently to 
ensure that no tissue damage is occurring secondary to the heat 
or coupling media.

SELF-CARE TEACHING GUIDELINES

Patients and their caregivers should be trained to apply and 
assess scar control techniques. This includes care of the scar, 
pressure supports, silicon gel, exercise, splints, and position-
ing. Allow patients and caregivers suffi cient time to observe the 
proper techniques, and follow this with plenty of opportuni-
ties to practice the techniques while supervised. These steps 
will enhance the confi dence of the patients/caregivers in their 

abilities. Also provide written and illustrated supplemental 
materials. Having a patient/caregiver demonstrate the appro-
priate interventions is a logical discharge goal for patients with 
actively forming scars.

Educate patients and caregivers about the reasons for 
treatments being used and the goals of the interventions. An 
increased understanding will lead to greater acceptance of 
the treatment. Patients are more likely to take some personal 
responsibility regarding their care if they truly buy in to the 
plan.44,45 Reassurance that you will be willing to provide further 
assistance and advice, should it be needed, will also quell some 
concerns they might have about forgetting a component of the 
intervention or asking questions that arise concerning the pro-
gression of the scar. The supplemental material provided might 
be suffi cient for some, but a contact phone number with an 
invitation to call can also be reassuring.

CONCLUSION

When considering treatment for a scar, consider all aspects of 
the scarring process. This includes not only the location and 
appearance of the scar, but also the limitations that result from 
the contraction of the scar. It is important to remember that 
scarring is a process and that it commonly takes several months 
for a scar to mature. Therefore, much of what is done to treat 
scar cannot be employed on a short-term basis only. Scar man-
agement requires high-quality patient education and follow-up 
to monitor the progression of the scarring properly for the best 
possible clinical outcome.

B.G. is a 34-year-old Caucasian female with healed full-thick-
ness burns to the dorsum of her left hand and the dorsal surface 
of all left fi ngers. She is 3 weeks post–split-thickness autograft-
ing to the hand wound. Her burn injury included partial-
thickness burns to her left arm that have fully healed. She is 
otherwise healthy, with no signifi cant past medical history.

On examination, there is no evidence of scarring on the left 
arm over the site of the partial-thickness burns. The skin-
grafted areas of the left hand are showing signs of scarring. 
The tissue is red, has a mildly decreased pliability, and is 
slightly raised and uneven. Range of motion measurements 
demonstrated the following limitations: the left wrist is 

CASE STUDY     

Joint/Joint Complex Preferred Position

Neck Hyperextension, no rotation

Shoulder Abduction (90 degree), slight horizontal fl exion

Elbow Extension, supination

Wrist/hand Slight wrist extension, slight MCP fl exion, PIP/DIP extension, thumb abduction

Trunk Straight postural alignment

Hip Extension, abduction (20 degree), no rotation

Knee Full extension

Ankle/foot Neutral ankle (no plantar fl exion), neutral toes

Preferred Anticontracture Positions for Major Joints16.2TABLE
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428 PART II ■ Management by Wound Etiology

REVIEW QUESTIONS

 1. Predictors of scar formation can include:
 A. Depth and duration of healing.
 B. Skin pigmentation and tension
 C. Age and location.
 D. All of the above.

 2. To determine a scar’s maturity assess:
 A. Color, range of motion, disfi gurement, and pliability.
 B. Color, pliability, height, and texture.
 C. Pliability, mobility, contraction, and texture.
 D. Mobility, range of motion, contraction, and color.

 3.  The Vancouver Scar Scale measures the scar’s:
 A. Pigmentation, vascularity, pliability and height.
 B. Color differences, thickness, surface, and vascularity.

 C. Height, surface, pliability and pigmentation.
 D. Surface, height, thickness and color differences.

 4.  Which statement regarding grafting is incorrect?
 A. Grafting may lead to further scar formation.
 B. Split-thickness sheet grafts are less likely to scar.
 C. Full-thickness skin grafts are more likely to scar.
 D. Donor sites are at risk for scarring.

 5.  Methods to counter scar contraction include all of the 
following except:
 A. Massage and active exercise.
 B. Active-assistive exercise and splinting.
 C. Positioning and passive exercise
 D. Splinting and strengthening exercise

0- to 80-degree extension, 0- to 65-degree fl exion; an average 
loss of 20 degrees of motion in the left MCPs of the fi ngers; an 
average loss of 25 degrees in the motion. Tissue stretches will 
be taught to the patient and should be performed six or more 
times daily. Interventions will also include

•  Active range of motion exercises, including encouraging 
full use of the hand in normal daily functional activities. 
The active motion exercises should be performed following 
each session of passive stretches. The hand should be used 
actively for all normal activities.

•  Measurement and application of a custom-fi t, antiscar sup-
port glove. The patient will be educated on the application 
and care of the pressure garment. One to two additional 
gloves will be ordered.

•  Application of moisturizer to the scar, as needed, for itching 
and discomfort. The patient will be educated in the indica-
tion for application of moisturizer, including itching, dis-
comfort, and “scaliness.”

All of these interventions will continue through to matura-
tion of the scar, which may be 6 to 18 months. The frequency 
of the stretching and range of motion exercises may be 
decreased, depending on the level of ongoing limitation and 
impairment.

The discharge outcome for this patient would be a scar 
that closely matches normal skin pigment, is relatively pli-
able, is smooth, and does not limit mobility and function of 
the hand.

CASE STUDY (continued) 

RESOURCES

Custom Pressure Garment Manufacturers
Barton-Carey Medical Products
26963 Eckel Road, Suite 303
Perrysburg, OH 43551
(800) 421-0444

Bio-Concepts, Inc.
2424 East University Drive
Phoenix, AZ 85034-6911
(800) 421-5647
www.bio-con.com

Gottfried Medical, Inc
4105 West Alexis Road
Toledo, OH 43623
(800) 537-1968
www.gottfriedmedical.com

Juzo
P.O. Box 1088
Cuyahoga Falls, OH 44223
(216) 923-4999
www.juzousa.com

Torbot Group, Inc.
Jobskin Division
653 Miami Street
Toledo, OH 43605
(800) 207-1074
www.torbotgarments.com

Medical Z
6800 Alamo Downs Parkway
San Antonio, TX 78238
Phone: (800) 368-7478
www.gottfriedmedical.com
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P A R T  I I I

Management by Wound Characteristics

Barbara M. Bates-Jensen

Chapter 19 focuses on the management of edema. 
Procedures for managing edema and quantitative and quali-
tative parameters to measure to determine intervention out-
comes are presented. Elimination and control of edema may 
be accomplished through leg elevation, exercise, and the use 
of compression therapy. Included in the chapter are expected 
outcomes and helpful hints for using a variety of compression 
methods. The next two chapters in Part III examine wound 
management of the clean wound and use of advanced wound 
therapy. Chapter 20 provides discussion on wound manage-
ment of the clean wound with topical wound care products 
for moist wound healing. Discussion includes inert and passive 
products such as gauze, lint, and fi ber products and modern 
moist wound dressings. The features of an “ideal” wound dress-
ing are presented. Generic wound product categories of fi lm 
dressings, foams, hydrocolloids, hydrogels, alginates, hydroac-
tive dressings, and combination/miscellaneous dressings are 
presented. Chapter 21 follows with information on advanced 
wound therapies. Background, indications, and contraindica-
tions for use of growth factors and biological skin substitutes 
are presented. The section on growth factors is extensive and 
covers a wide variety of growth factors. This chapter provides 
the clinician with a quick reference for determining appropriate 
use of advanced therapy for wound care.

The fi nal chapter in this section, Chapter 22: Management 
of Wound Pain provides a comprehensive discussion of wound 
pain physiology, as well as practical tools for assessing and 
treating wound pain. Management of wound pain is covered 
for a variety of different wounds in conjunction with generic 
management principles. An extensive section on self-care 
teaching guidelines completes this chapter.

The chapters on wound management by wound characteris-
tics in Part III all include tools, such as procedures for specifi c 
interventions, self-care teaching guidelines, and guidelines for 
measuring outcomes. The procedures and guidelines included 
in these chapters provide the clinician with a “toolbox” for 
daily practice in wound management. Each chapter focuses 
on simplifying the often-complex task of determining which 
interventions are appropriate for patients with wounds. Each 
follows the simple rules for therapy stated at the beginning of 
Part III. If the wound is dirty or if necrotic debris and infection 
are present, clean the wound. Debride the devitalized tissue and 
identify and treat infection. If the wound is leaking excess exu-
date or if edema is present, manage the drainage. Control the 

The Bates-Jensen rules for wound therapy are based on wound 
characteristics:

• If the wound is dirty, clean it.
• If there is leakage, manage it.
• If there’s a hole, fi ll it.
• If it’s fl at, protect it.
• If it’s healed, prevent it from recurring.

While simplistic and only addressing wound  characteristics, 
these rules do provide general guidance for wound management.

Understanding the impact of wound characteristics on 
treatment options provides a template for intervention. Often, 
the physical appearance of the wound is the driving force 
behind treatment options. Part III presents management of 
wound healing by examination of physical characteristics 
commonly observed in wounds. Specifi c interventions by 
the clinician are required by the presence of necrotic tissue; 
exudate, infection, and biofi lms; and edema. Clean, prolifer-
ating wounds; use of advanced wound therapy; and scar tis-
sue present additional opportunities and obstacles for optimal 
therapy.

Part III begins with a chapter on management of necrotic 
tissue. A description of the signifi cance and pathophysiology 
of necrotic debris in the wound bed opens the discussion. Five 
methods of debridement are presented: mechanical, enzymatic, 
sharp, autolysis, and biosurgical. Chapter 17 presents each 
debridement method with indications for use, contraindica-
tions, advantages, disadvantages, and procedures for imple-
mentation. Importance of initial and serial or maintenance 
debridement is discussed. Outcome measures and self-care 
teaching guidelines for other health-care workers, family care-
givers, and patients conclude the chapter.

Chapter 18 reviews management of exudate, infection, and 
biofi lms. The signifi cance of infection and biofi lm development 
in inhibiting wound healing are presented. This chapter pro-
vides information on diagnosis of infection with attention to 
differentiation of infection versus infl ammation and coloniza-
tion, as well as information on biofi lm development. Wound 
culture is one of the primary methods of diagnosing infec-
tion, and this chapter includes procedures for tissue biopsy, 
needle aspiration, and quantitative swab techniques. Methods 
of wound cleansing and irrigation, proper use of antimicrobi-
als, and management of exudate with topical dressings are pre-
sented to fi nish out the chapter.
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edema and contain excess exudate. Provide for a moist wound 
environment, not a wet wound environment. If there is a hole 
or if signifi cant tissue has been lost at the wound site, provide 
for tissue replacement with a wound dressing, or fi ll the hole. If 

the wound is fl at, in the process of reepithelialization, or scar-
ring, protect it from external trauma and complications related 
to scarring. Finally, if the wound is healed, prevention of future 
wounds is critical.
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The word necrosis comes from the Greek word nekros meaning 
a corpse. It refers to the process by which living tissues die. The 
presence of necrotic tissue in the wound bed inhibits healing: 
necrotic tissue is a medium for bacterial growth and infection, 
and a physical barrier to epidermal resurfacing, wound con-
traction, and the formation of granulation tissue.1–4 Healing 
cannot proceed until the wound is free of necrotic and non-
viable tissue, tissue that is devitalized or burdened with dead 
and senescent cells. Debridement, the removal of nonviable 
or necrotic tissue, has become an essential principle in the 
treatment of acute and chronic wounds. In chronic wounds, 
debridement is key to wound bed preparation. Wound bed 
preparation, a concept based on a synthesis of research and 
clinical experience in the management of chronic wounds, is 
attention to total wound management aimed at accelerating 
endogenous healing and incorporates four factors that must 
be addressed by the clinician when developing a care plan for 
chronic wounds.5,6 The four components are referred to in total 
with the acronym TIME, where “T” refers to nonviable or defi -
cient tissue, “I” refers to infection or infl ammation, “M” indi-
cates moisture imbalance, and “E” refers to a nonadvancing or 
undermined wound edge.6 Debridement plays a role in three of 
these areas: removal of nonviable or defi cient tissue, removal 
of infection or contamination, and treatment of a nonadvanc-
ing or undermined edge. As such, debridement is an integral 
part of wound bed preparation. This chapter focuses on the 
importance of debridement in treating wounds: frequency of 
debridement, what tissue should be removed and how to iden-
tify it, methods for debridement, and debridement technique. 

It is important to properly identify necrotic tissue. The three 
distinct characteristics that permit identifi cation are presented. 
There are several methods for wound debridement. The indica-
tions, advantages, and disadvantages for each of the techniques 
are reviewed. Finally, clinicians must be able to evaluate the 
effectiveness of debridement.

SIGNIFICANCE OF DEBRIDEMENT

Debridement has become the cornerstone in the comprehensive 
management of patients with nonhealing wounds. Removal of 
necrotic tissue, foreign debris, and bacteria from the surface of 
the wound is necessary for healing. Debridement is thought to 
further support wound healing by

• Stimulating a response to prevent infection
• Reducing infl ammatory cytokines, fi bronectin, and metallo-

proteinases produced from chronic infl ammation due to the 
presence of necrotic tissue

• Promoting DNA synthesis and keratinocyte growth, both 
of which are inhibited by products of the infl ammatory 
response

• Converting the chronic nonhealing wound physiology to that 
of an acute wound7,8

The classic example of the importance of debridement was 
published by Steed and the Diabetic Ulcer Study Group in 
1996.8 The authors analyzed the data from a pivotal trial look-
ing at the safety and effi cacy of becaplermin (platelet-derived 
growth factor [PDGF]-BB) in the treatment of diabetic foot 

At the completion of this chapter, the reader will be able to:

1. Defi ne the terms eschar and slough.
2. Explain the importance of debridement in wound healing.
3. Differentiate between initial and maintenance debridement.
4. Identify indications for mechanical, enzymatic, sharp, autolytic, and biosurgical debridement.
5. Describe advantages and disadvantages for mechanical, enzymatic, sharp, autolytic, and bio-

surgical debridement.
6. Identify three characteristics for evaluating the effectiveness of debridement.

Barbara M. Bates-Jensen and Thomas E. Serena

Management of Necrotic and 
Nonviable Tissue17
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434 PART III ■ Management by Wound Characteristics

ulcerations. They established for the fi rst time that regular 
aggressive sharp wound debridement resulted in superior 
healing. Two studies provide additional support for initial 
sharp debridement as important in wound healing: one in 
diabetic foot ulcers and the second in venous leg ulcers. In a 
retrospective analysis of a study on the effect of bioengineered 
tissue for treating diabetic foot ulcers, Saap and Falanga found 
that ulcers that were debrided more aggressively (determined 
by comparison of wound images after debridement to those 
from initial study entry and summarized as a debridement 
performance index) were twice as likely to heal by study 
completion compared to those with less aggressive debride-
ment.11 In venous leg ulcers, Williams et al. also showed ini-
tial debridement to be essential. In a prospective controlled 
trial examining the effect of a single sharp debridement epi-
sode using a curette with nonhealing venous leg ulcers, those 
ulcers that were debrided averaged higher surface area reduc-
tions than those ulcers that were not debrided.10 Thus, the 
support for at least initial debridement of chronic wounds is 
strong. Debridement has become the standard of care and is 
recommended for all chronic wounds in national treatment 
guidelines, such as those published by the Wound Healing 
Society.11–13 Health-care providers can choose from multiple 
debridement methods: sharp, mechanical, enzymatic, auto-
lytic, and biosurgical. The type of debridement chosen will 
depend on the status and nature of the wound (e.g., type and 
volume of necrotic tissue, presence of underlying infection 
or bacterial bioburden, wound size, pain, vascularity of the 
wound and adjacent tissue), the condition of the patient (e.g., 
comorbid conditions such as sepsis), the skill and licensure of 
the practitioner, access to providers, patient preference, cost 
and reimbursement, and the care setting.

DEBRIDEMENT FREQUENCY

One of the current issues in debridement is when to debride 
and how often. Clinical practice guidelines recommend initial 
debridement to remove the obvious necrotic tissue and mainte-
nance debridement to maintain readiness of the chronic wound 
bed for healing.11–13 Maintenance debridement, also called serial 
debridement, is debridement that occurs multiple times during 
the course of managing the chronic wound. Although mainte-
nance debridement is recommended, as with initial debride-
ment, there are limited guidelines on what type of debridement 
should be used for maintenance debridement. The value of main-
tenance debridement has been questioned, and there is contro-
versy related to potential overuse of serial surgical debridement, 
which is complicated by reimbursement regulations.

There is growing opinion that an initial aggressive surgical 
debridement may obviate the need for future multiple debride-
ments. At present, most experts recommend an excisional 
debridement at the time of presentation. This entails removal 
of all nonviable tissue and a margin of normal skin. This may 
be critical as the edge (e.g., the 2–3-mm rim of the wound) of 
chronic wounds has been shown to exhibit distinct pathogenic 
changes (e.g., hyperproliferative/hyperkeratotic epidermis, der-
mal fi brosis, increased procollagen synthesis), and fi broblasts 
exhibit senescence and impaired migration.14,15 Thereafter, 
maintenance debridement involves removing unhealthy tissue, 
slough, and bacterial biofi lm that builds up on the wound. In 
the author’s clinic, the initial sharp debridement is performed 
with a scalpel (see Fig. 17.1). Subsequent debridement can 
be performed using a curette (see Fig. 17.2). This aggressive 
approach may not be appropriate for all practitioners or for all 
patient care settings. The effectiveness of this treatment plan is 

FIGURE 17.1 Sharp debridement using a 
scalpel. (Copyright T.E. Serena).
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currently under study. Others have also examined serial surgi-
cal debridement. Cardinal and colleagues evaluated serial sur-
gical debridement of diabetic foot ulcers and venous leg ulcers 
by retrospectively examining the results of two large controlled 
prospective randomized trials of topical wound treatments and 
found that for both diabetic foot ulcers and venous leg ulcers, 
centers where patients were debrided more frequently were asso-
ciated with higher rates of wound healing and wound closure.16

Continuous debridement is a form of maintenance debride-
ment that uses topical therapy to provide debridement on an 
ongoing basis. Continuous debridement may be the treatment 
of choice for patients with nonhealing chronic wounds who 
are not candidates for maintenance debridement using sharp 
debridement methods.17 Once continuous debridement (or 
even maintenance debridement) is initiated, it should not be 
discontinued just because the wound bed appears healthy on 
visual assessment. A wound that appears healthy may not be 
capable of adequate healing at a microbial, biochemical, or cellu-
lar level.17 Since only 25% to 50% of chronic wounds (especially 
diabetic foot ulcers and venous leg ulcers) have been shown to 
heal with up to 20 weeks of treatment, continuous debridement 
may provide an additional boost to the proportion of chronic 
wounds that achieve complete healing.18–20 Provision of contin-
uous debridement may be effected with use of polyacrylate or 
medical-grade honey dressings (both discussed below).20

RECOGNITION OF TISSUE FOR DEBRIDEMENT

Nonviable tissue includes necrotic tissue, cellular debris, 
senescent nonfunctional cells, and bacterial biofi lms, and 
all are tissues appropriate for debridement. Recognition of 
tissue appropriate for debridement requires knowledge of 

the appearance of normal healthy tissues and experience. 
Necrotic tissue and cellular debris are easiest to identify and 
are discussed next. Senescent nonfunctional cells and bacterial 
biofi lms are more diffi cult to identify and are discussed at the 
end of this section.

Characteristics of Necrotic Tissue
As tissue dies, it changes in color, consistency, and adherence 
to the wound bed. Understanding these characteristics permits 
the clinician to recognize and remove necrotic tissue from the 
wound (see Figs. 17.3 and 17.4).

Color and Consistency of Necrotic Tissue
Initially, necrotic tissue appears white or gray. Prolonged isch-
emia may lead to necrosis of underlying tissues producing areas 
of gray or blue skin, or white devitalized tissue.21,22 As necrosis 
increases in severity, the color progresses to tan or yellow, and 
fi nally, to brown or black.

Consistency refers to the cohesiveness of debris. It can be 
described as thin and stringy or thick with clumps of non-
viable material. Consistency of the necrotic tissue changes 
depending on the hydration of the tissue, which is typically 
related to the length of time the tissue has been ischemic. 
Initially, the consistency of ischemic tissue may be mucoid 
with a high water or moisture content. Later, the material 
becomes stringy in nature as the tissue desiccates. Eventually, 
as the wound is exposed to air, the necrotic debris dehydrates, 
becoming leathery, dry, and hard. The tissue type affected also 
infl uences the consistency of the necrotic tissue. For example, 
as subcutaneous fat dies, it takes on a stringy consistency. In 
contrast, degenerating muscle or tendon will tend to become 
thick and tenacious.

FIGURE 17.2 Sharp debridement using a 
curette. (Copyright T.E. Serena.)
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436 PART III ■ Management by Wound Characteristics

FIGURE 17.4 A sacral ulcer with necrotic tissue in the base of the 
wound. (Copyright T.E. Serena.)

The terms slough and eschar refer to different levels of necro-
sis and are described according to color and consistency.21–23

• Slough is yellow (or tan) fi brin debris and has a moderate to 
high water content. It frequently lies on top of the wound 
with minimal to moderate adherence to the wound bed.

• Eschar is brown or black necrotic tissue. It may be soft or hard 
and represents full-thickness tissue destruction.21–23

Necrosis of dermal and fat tissue may be compounded by infec-
tion following contamination by normal skin fl ora.21,23 The 
debris may appear as yellow fi brinous slough.

FIGURE 17.5 Loosely adherent slough frequently seen on venous leg 
ulcers. (Copyright T.E. Serena.)

Adherence of Necrotic Tissue
Adherence refers to the adhesiveness of the debris to the wound 
bed and the ease with which the two are separated. In general, 
the more the water content present in the necrotic debris, the 
less the debris adheres to the wound bed. Figure 17.5 depicts 
several large venous leg ulcers with loosely adherent slough. 
This loosely adherent material is seen frequently in this ulcer 
type. Necrotic tissue tends to become more adherent to the 
wound bed as the level of damage increases and as moisture in 
the wound decreases. Clinically, eschar is more fi rmly adherent 
than yellow slough. Figure 17.6 shows necrotic material tightly 
adhered to the margin of a heel ulcer in a diabetic patient.

FIGURE 17.6 Eschar fi rmly adherent to the margins of a complex dia-
betic heel ulcer. (Copyright T.E. Serena.)

FIGURE 17.3 Loosely adherent slough in a diabetic wound. (Copyright 
T.E. Serena.)
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Necrotic 

Tissue Type

Debridement 

Choice Expected Outcomes

Time Frame 

Guide Notes

Eschar Autolysis 1. Eschar nonadherent to wound edges 14 d Depending on type of dressing 
used for autolysis, may pro-
ceed at more rapid rate.

2.  Necrotic tissue lifting from wound edges

3.  Necrotic tissue soft and soggy

4.  Color change from black/brown to 
yellow/tan

Eschar Enzymatic 
preparations

1.  Eschar nonadherent to wound edges 14 d Requires compliance on dress-
ing changes in order to be 
effective.

2.  Necrotic tissue lifting from wound edges

3. Necrotic tissue soft and soggy

4.  Color change from black/brown to 
yellow/tan

5. Change from eschar to slough

Eschar Sharp 1.  Removal/elimination of eschar, if done 
one time or signifi cant change in amount 
and adherence, if sequential

Immediate if one 
time, 
7 d if sequential

If sequential sharp debride-
ment used in conjunction 
with enzymatic preparation or 
autolysis, may expect clean 
wound base in 7 d.

Slough or fi brin Autolysis or 
 enzymatic 
preparations

1.  Necrotic tissue lifting from wound base 14 d Will require moderate amount 
of exudate absorption and pro-
tection of surrounding tissues 
from maceration.

2. Necrotic tissue stringy or mucinous

3. Tissue color yellow or white

4.  Change in amount of wound covered—
gradual decrease to wound predomi-
nantly clean

Slough or fi brin Sharp 1.  Removal/elimination of necrotic slough 
if done one time or signifi cant change in 
amount and adherence, if sequential

Immediate if 
one time, 7 d if 
sequential

If sequential sharp debride-
ment used in conjunction 
with enzymatic preparation or 
autolysis, may expect clean 
wound base in 7 d.

Debridement Time Frames17.1TABLE

Table 17.1 classifi es necrotic tissue types according to 
the characteristics of color, consistency, and adherence. 
Exhibit 17.1 identifi es guidelines for assessing necrotic tissue.

Location of Necrotic Tissue
Necrotic tissue may be observed in chronic wounds with vari-
ous etiologic factors.

Arterial/Ischemic Wounds
Necrotic debris in the ischemic wound usually appears as dry 
gangrene. It may have a thick, dry, or desiccated black/gray 

appearance. It is usually fi rmly adherent to the wound bed. 
Dry gangrene is often surrounded by an erythematous halo 
(see Figs. 17.7 and 17.8). Arterial wounds as a rule should 
not be debrided until revascularization as the surrounding 
tissue does not have adequate perfusion to support the pro-
cedure, resulting in worsening of the wound. In the presence 
of active infection, the wound should be debrided immedi-
ately regardless of the need for revascularization. However, 
the standard of care for dry gangrene or an arterial wound 
without clinical signs of infection is revascularization to 
optimize blood supply to the wound before debridement to 
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438 PART III ■ Management by Wound Characteristics

ensure potentially viable tissue is not removed unnecessarily. 
Once blood fl ow has been reestablished, the wound may be 
debrided. This can be accomplished by waiting 4 to 8 days 
after an open bypass or 3 to 4 weeks following endovascular 
surgery before performing any defi nitive debridement on a 
noninfected wound.24

Diabetic Neuropathic Ulcers
Neuropathic or neurotrophic wounds usually present with 
hyperkeratosis surrounding the wound in addition to necrotic 
tissue. These wounds are most common on the plantar aspect 
of the foot. This hyperkeratosis appears as callus formation 
at the wound edge, which should be shaved down to normal-
appearing or bleeding skin (see Fig. 17.9). It is standard practice 
in debriding diabetic neuropathic wounds to excise the wound 
completely on initial presentation, removing a margin of 1 to 2 
mm of intact skin. The edges of the wound should be beveled at 
a 44-degree angle (see Fig. 17.10).

Venous Leg Ulcers
Venous leg ulcers can present with blisters, slough or, less com-
monly, eschar. The wound bed in a majority of chronic venous 
ulcers becomes covered with a yellow fi brinous material, 
slough. Eschar may be attributed to desiccation of the wound 
and necrotic debris. It is not typically seen when the patient is 
receiving compression therapy.

Pressure Ulcers
Necrotic debris that occurs in pressure ulcers is directly related 
to the degree of tissue destruction. In the early stage of pres-
sure sore formation, the tissue may appear fi rm and hard (indu-
rated), with a purple or black discoloration on intact skin. This 
is indicative of the death of tissues between the skin and an 
underlying bony prominence. The overlying skin appears purple 
in color, called deep tissue injury. In time, the skin may die and 
an eschar appears, a phenomenon referred to as demarcation. In 
most cases, it takes 3 to 7 days for the wound to fully demarcate. 

IDENTIFICATION OF NECROSIS

Is wound bed viable (pink or red)?

NO YES
Wound clean, no necrosis
Refer to Chapter 20

PREDOMINANT COLOR OF WOUND?

MOISTURE CONTENT?

ADHERENCE?

Firmly attached base and edges Attached base only Loosely attached Clumps

PERCENTAGE OF WOUND COVERED WITH NECROSIS?

100% covered 50%–100% covered 25%–50% covered < 25% covered

PREDOMINANT TYPE OF NECROSIS? (general characteristics of each type)

Eschar Slough Fibrin Hyperkeratosis Gangrene
Hard Soft, soggy Soft, soggy Hard Hard
Soft, soggy Soft, stringy Soft, stringy Soft, soggy

Mucinous Mucinous
Black/brown Yellow/tan Yellow/white White/gray Black/brown
Firmly attached Firmly attached Attached base Firmly attached Firmly attached
Attached base Attached base Loosely attached

Loosely attached clumps clumps
100% covered 100% covered 50%–100% covered Surrounds wound edges 100% covered

25%–50% covered

Necrotic Tissue Assessment Guideline

Black/brown eschar Tan/yellow slough Yellow fibrinous White/gray

MucinousHard Soft/soggy Soft/stringy

50%–100% covered50%–100%covered 50%–100%covered 25%–50%covered

EXHIBIT 17.1
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1

FIGURE 17.7 Severe arterial ischemic 
disease with multiple ulcers below 
the ankle bilaterally. There is an 
erythematous halo of infl ammation 
surrounding the dry, hard eschar. 
(Copyright E. Fowler.)

FIGURE 17.8 Classic ischemic ulcer with chronic infl ammation noted 
surrounding the ulcer, covered with dry black eschar. (Copyright 
C. Sussman.)

FIGURE 17.9 Diabetic neuropathic ulcer with callus around the mar-
gins of the wound. (Copyright T.E. Serena.)

This sequence of events has been confi rmed histologically.21–23 
The fi rm, black eschar represents full-thickness destruction 
of the skin and often the subcutaneous tissues. Figure 17.4 is 
a large sacral pressure ulcer prior to debridement. The central 
portion of the wound is covered with necrotic material.

Characteristics of Senescent Nonfunctional 
Cells and Bacterial Biofi lms
Senescent nonfunctional cells generally occur on the periphery 
of the wound, at the rim or wound edge. Typically they extend 

2 to 3 mm from the edge of the wound. In diabetic foot ulcers, 
the 1 to 2 mm at the edge of the wound contains senescent non-
functional cells and contributes to the hyperkeratotic tissue 
observed in these wounds.

Biofi lms develop on the base of chronic wounds. A bacte-
rial biofi lm is a polymicrobial sessile community of microor-
ganisms that develop on the surface of chronic wounds, not 
reaching critical colonization levels and thus, not causing 
classic wound infection.25 The biofi lm is an effective barrier to 
topical dressings and antimicrobial therapy and as such inhib-
its healing. Bacterial biofi lms have been shown to be present 
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FIGURE 17.10 Diabetic ulcer on the great toe (A) before and (B) after initial debridement. (Copyright T.E. Serena.)

in greater than 60% of chronic wounds26 and are an invisible 
layer that is formed by an extracellular matrix that binds to 
the wound base.24 Chronic wounds with biofi lms may pres-
ent with healthy-appearing wound tissue on visual inspection 
and signs of infl ammation surrounding the wound. The ery-
thematous halo surrounding the wound is not associated with 
other signs of local infection (e.g., swelling, induration, ten-
derness, or malodor). Remember that while all infections are 
associated with infl ammation, not all infl ammation is associ-
ated with infection. In the case of the nonhealing wound, the 
issue is chronic infl ammation due to arrested wound healing 
in the infl ammatory phase. Suggestions for biofi lm removal 
include wound base debridement using sharp debridement 
with blades, scalpel, curettes or hydrosurgical debridement.24

DEBRIDEMENT OF NECROTIC TISSUE

As previously noted, debridement is the therapeutic interven-
tion of choice for necrotic tissue.

A variety of debridement methods are available to the wound 
care practitioner: mechanical, enzymatic (or chemical), sharp, 
autolytic, and biosurgical. The methods are not mutually exclu-
sive: more than one type can be used on the same wound. The 
choice of method is largely based on preference of the health-
care professional. Health-care professionals make the decision 
on debridement type based on appearance of the wound bed, 
wound type, amount and type of necrotic tissue, practitioner 
skill and experience, access to the practitioner, patient condi-
tion, and care setting. See Appendix 17A for general guidelines 
in choosing the method of debridement for chronic wounds. 
Reimbursement for debridement is available under several CPT 
(current procedural technology) codes and ICD-10 diagnostic 
codes. Coding varies according to the health-care profession-
al’s status. The debridement codes are updated frequently by 
Centers for Medicare and Medicaid Services (CMS). Clinicians 
need to stay abreast of these changes. Practitioners should only 
use the debridement codes specifi c to their specialty. In addi-
tion, clinicians should check with their certifying boards to 
ensure that certain types of debridement, particularly sharp 

debridement, are within their scope of practice. This may vary 
by region.

Mechanical Debridement
Mechanical debridement is the application of a physical force to 
remove necrotic tissue. Historically, the most common form of 
mechanical debridement was the wet-to-dry gauze dressings. 
These dressings have fallen from favor because of the need for 
frequent dressing changes and pain associated with their use. 
Hydrodebridement consists of the application of water, saline, 
or similar solution to the wound bed. This may be as simple as 
irrigating the wound using a syringe and needle or angiocathe-
ter or more complex with commercially available products such 
as pulsed lavage or hydrosurgery devices, which use high-speed 
jets of fl uid. The commercially available hydrosurgery products 
are used almost exclusively in the operating room, and while 
discussed under mechanical debridement, they perform sharp 
debridement. Surgeons will often rely on these mechanical 
debridement techniques for patients requiring extensive intraop-
erative debridement. The Versajet® (Smith and Nephew) employs 
a high-speed water jet to remove nonviable tissue and is one exam-
ple of these devices. In these systems, a high-pressure jet stream 
of sterile normal saline is pumped to a disposable handheld cut-
ting/aspirating tool. The high-velocity saline jet crosses an open 
chamber and cuts the tissue, which is drawn up into the chamber 
due to the partial vacuum created by the saline jet (termed the 
Venturi effect). Caputo and colleagues compared hydrosurgical 
debridement with conventional surgical debridement in lower 
extremity ulcers on 41 patients in a prospective randomized con-
trolled clinical trial. Hydrosurgery use was associated with signifi -
cantly shorter average debridement time in the operating room 
(10.8 minutes) compared to standard surgical debridement time 
(17.7 minutes).27 Although this did not translate into shorter time 
to complete wound healing, the shorter operating room time rep-
resents cost savings. The quality of debridement using hydrosur-
gery systems allows for precise and controlled eschar removal.28,29 
Further, hydrosurgery also reduces bacterial burden in wounds.30

Another mechanical debridement technique involves the use 
of ultrasound (see Chapter 26 for more information on use of 
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Considerations for Use of Irrigation
Wound irrigation removes necrotic debris from the wound bed 
by using pressurized fl uids. The two most common techniques 
are pulsatile lavage and high-pressure irrigation. Pulsatile 
lavage is described in Chapter 28.

High-pressure irrigation involves the use of devices that deliver 
the irrigant solution to the wound at pressures between 8 and 
12 pounds per square inch (psi). Use of a 35-mL syringe with a 
19-gauge angiocatheter attached delivers fl uids to the wound with 
high-pressure irrigation. This provides enough force to separate 
and remove necrotic tissue from viable tissue, yet not so much as 
to drive bacteria deeper into the wound tissues. The clinician per-
forming high-pressure irrigation must use protective equipment 
against potential bacterial contamination. In addition, the use of 
this type of debridement may lead to the aerosolization of bacteria.

Procedure for Wound Irrigation
Equipment needed:

• Sterile normal saline
• Goggles
• Clean gloves (one pair)
• 35-mL syringe and 19-gauge needle or angiographic catheter
• Irrigation tray
• Trash bag
• Gauze sponges (4 × 4 inch2 or Kerlix super sponges) or cover/

topper sponges

Frequency: Apply with each dressing change.
Indications: All wounds.
Contraindications: Use “gentle” irrigation on clean wounds and 

more vigorous irrigation on necrotic wounds.

Procedure:

 1. Explain procedure to the patient and caregiver.
 2. Wash hands.
 3. Prepare supplies.
 a. Open gauze or cover sponges.
 b. Fill syringe with an irrigant.

ultrasound for debridement). There are several of these units 
available commercially (SonicOne®, Misonix, Farmingdale NY; 
Sonoca®, Soring, North Richland Hills, TX.; M.I.S.T® Celleration, 
Eden Prairie MN; and Qoustic® Arobella Medical, Minnetonka, 
MN). The ultrasound employed in these devices is low frequency 
(20–100 kHz) as opposed to diagnostic and therapeutic ultra-
sound which is high frequency in nature. Ultrasound works by 
streaming ultrasonic waves via saline through the tissue resulting 
in cellular stimulation, bacterial killing, and a process called cavi-
tation.28 Cavitation is debridement caused by microbubbles in the 
tissues. Cavitational effects from the ultrasonic energy form gas 
bubbles within the saline dripped from the probe; it is visible to 
the patient and the clinician as a fi ne mist. Depending on the fre-
quency and intensity of the sound waves, the gas bubbles may rap-
idly expand and implode (a cavitational effect), resulting in fi brin 
destruction and debridement.31,32 The process loosens nonviable 
tissue and kills bacteria, decreasing bioburden and resultant bio-
fi lm development, without damaging healthy tissue.34 Ultrasound 
debridement can be complementary to traditional antimicro-
bial agents and enables the destruction of antibiotic-resistant 
pathogens.34 This can be an excellent technique in wounds that 
are painful or in areas in which traditional debridement is not 
feasible. Noncontact, low-frequency ultrasound promotes wound 
healing when used in conjunction with standard wound care33,34 
and has demonstrated some debridement effects in a controlled, 
randomized clinical trial and clinical series.33–35 Case Study: pedi-
atric wound—Hemangioma in this chapter illustrates a case in 
which noncontact nonthermal ultrasound debridement was 
employed for a wound associated with a segmental hemangioma 
in an infant. Sharp or enzymatic debridement was not possible.

Advantages of Mechanical Debridement
The advantages of mechanical debridement include the following:

• Mechanical debridement methods can be used in a variety of 
health-care settings and for a variety of nonviable tissues.

• Hydrosurgical debridement is effective in operative surgical 
debridement at lower cost.

• Noncontact nonthermal ultrasound may decrease the bacte-
rial burden on the wound, when done correctly, and it can be 
used in conjunction with other treatment options. It may also 
offer an alternative to sharp debridement methods in patients 
who are not candidates for other sharp debridement methods.

CLINICAL WISDOM

Rationale for Avoiding Use of Wet-to-Dry Gauze 
Dressings
Wet-to-dry gauze dressings should be avoided for the 
 following reasons:

 ●  Wet-to-dry gauze dressings as a form of mechanical 
debridement are nonselective, removing healthy tissue in 
addition to dead tissue.

● Wet-to-dry gauze dressings are diffi cult to apply correctly.
● Wet-to-dry gauze dressings cause pain on removal.
● Wet-to-dry gauze dressings may be more costly in terms 

of labor and supplies.
● Wet-to-dry gauze dressings may cause maceration of the 

skin surrounding the wound.
● Wet-to-dry gauze dressings may release airborne organ-

isms and cause cross-contamination.36

CLINICAL WISDOM

Procedures and Contraindications 
for Use of Ultrasound
Noncontact nonthermal low-frequency ultrasound is typi-
cally delivered as a 4- to 5-minute treatment three times 
a week for 12 weeks. Contraindications to ultrasound 
debridement  therapy include malignant wounds, radiation 
wounds or tissue previously treated with radiation, throm-
bophlebitis, and bleeding disorders.34 The health-care pro-
fessional should wear protective gear such as fl uid proof 
gown, goggles and mask or face shield, and gloves.34 If the 
patient experiences discomfort or pain with the therapy, 
topical analgesics such as 4% lidocaine may be used.32
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when surgical debridement is contraindicated.38 Enzymatic 
 preparations are not active in dry environments, and most are 
not intended for use on a dry eschar without proper prepara-
tion. The eschar must be cross-hatched with a No. 10 scalpel 
blade to allow the enzyme to penetrate the necrotic debris and 
the wound surface kept moist for the preparations to be suc-
cessful. As an alternative, the enzyme may be applied at the 
edge of the eschar or at the periphery of the wound to encour-
age separation of the eschar from the healthy tissue. A common 
error with the use of enzymatic debriding agents is their use on 
thick necrotic tissue or eschar. These tissues are best removed 
surgically to expedite the healing process.

Enzymes also require a specifi c pH range for best results, and 
many are inactivated by heavy metals (such as those often found 
in wound cleansers, topical dressings, and antimicrobial solu-
tions). The wound should be cleansed with normal saline or a 
pH-neutral cleanser. Antimicrobial cleansers such as povidone-
iodine and those containing heavy metals should be avoided 
as they inactivate the enzymes. Additionally, topical dressings 
with antimicrobial agents such as silver dressings also inactivate 
enzymatic agents, causing up to a 50% loss in activity.39

Enzymatic agents are applied once or twice daily. The enzy-
matic agent is applied directly to the wound and may cause a 
brief, transient stinging or burning sensation. Different enzy-
matic agents should not be used in combination. Use of a sec-
ondary dressing is required, and most manufacturer guidelines 
recommend moist gauze dressings. Use of other moisture-
retentive dressings may facilitate enzymatic debridement, but 
the choice of the dressing should match the expected dressing 
change frequency for the enzyme preparation. The surround-
ing skin must be monitored for potential maceration and the 
wound observed for potential infection.

As stated previously, there is only one enzymatic debriding 
agent available in the United States: collagenase. Collagenase 
has been shown to be effective in animal models40 and in sev-
eral randomized controlled clinical trials on patients with 
pressure ulcers and venous leg ulcers.41–44 Boxer and col-
leagues compared collagenase to a placebo in 47 patients 
with pressure ulcers treated from one to 14 weeks and 
found signifi cantly more wounds treated with collagenase 
achieved complete debridement compared to those treated 
with placebo.41 Lee and Ambrus found similar results when 
they investigated collagenase versus a placebo in 11 patients 
with 28 pressure ulcers treated for 4 weeks. They reported 
more improvement (defi ned on a global scale that included 
amount of necrotic tissue, purulent drainage, and infl amma-
tion) in those treated with collagenase compared to the pla-
cebo.42 Palmieri and colleagues examined collagenase use in 
30 patients with leg ulcers treated for 14 days. They reported 
signifi cantly less necrotic tissue in those wounds treated with 
collagenase at day 6 and 14 compared to the placebo.43 Konig 
compared collagenase and autolytic debridement with a poly-
acrylate dressing in 42 patients with leg ulcers and did not 
fi nd a signifi cant difference between the two approaches to 
debridement over 21 days.44 The evidence shows collagenase 
is more effective than a placebo ointment at debridement of 
necrotic tissue from pressure ulcers and leg ulcers but there is 
insuffi cient data to determine whether collagenase is faster at 
debridement of necrotic tissue than autolytic dressings with a 
polyacrylate dressing.38

• Use normal saline or a nonionic surfactant wound 
cleanser.

• Antimicrobial solutions, such as povidone-iodine, 
may destroy healthy wound tissues and should be used 
cautiously—for short-term treatment on wounds with 
necrotic tissue present.

 4.  Apply goggles and clean gloves (to protect from splashing 
and cross-contamination).

 5. Remove dirty dressing and dispose in a trash bag.
 6.  Remove gloves, dispose in a trash bag, and apply clean 

gloves (to protect from cross-contamination).
 7. Evaluate the wound.
 8.  Flush the wound with an irrigant. Hold the needle/catheter 

1 to 2 inches from the wound bed.
 a.  Irrigate forcefully to debride loose, necrotic tissue 

mechanically.
 b.  May attach a 14-French straight catheter to irrigate tun-

nels and large undermined areas.
 c. Irrigate gently if wound is clean or free of necrotic debris.
 9. Dry surrounding skin with gauze or cover sponges.
10.  Apply prescribed dressing, according to procedure for dressing.
11.  Remove gloves and dispose in a trash bag, dispose of the 

trash bag, and wash hands.
12. Review procedure with patient and caregiver.

Enzymatic Debridement
Enzymatic (also called chemical) debridement involves apply-
ing a concentrated, commercially prepared chemical (enzyme) 
to the surface of the nonviable, necrotic tissue, in the expecta-
tion that it will digest the devitalized tissue or loosen the bonds 
between the nonviable tissue and healthy tissue. A physician’s 
order is required, and manufacturer’s guidelines should be fol-
lowed. At present in the United States there is only one com-
mercially available enzymatic agent, a collagenase marketed 
under the name Santyl® (Health Point, Dallas, TX). Collagenases 
selectively degrade nonviable collagen with minimal toxicity to 
normal tissue. Enzymatic debridement can be used alone or in 
combination with other modalities such as sharp debridement.36

Advantages and Disadvantages of Enzymatic Debridement
Enzymatic preparations have yielded consistently positive 
results in wound debridement.37 The advantages of enzymatic 
debridement include the following:

• It is selective, working only on necrotic tissue.
• It is effective in combination with other debridement tech-

niques, such as sequential sharp debridement and autolytic 
debridement.

The disadvantages include the following:

• Enzyme preparations can be more costly than sharp 
debridement.

• Often, enzymatic use is prolonged more than necessary, fur-
ther increasing costs.

• Enzymatic debridement can be slow to achieve a clean wound 
bed.

Considerations for Enzymatic Debridement
Enzymatic debridement can be used on patients with 
infected wounds and with patients on anticoagulant therapy 
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13.  Remove gloves and dispose in a trash bag, dispose of the 
trash bag, and wash hands.

14. Review the procedure with the patient and caregiver.

Sharp Debridement
Sharp debridement is also called instrumental debridement because 
it involves the use of a scalpel, forceps, curette, scissors, or other 
sharp instrument to remove nonviable tissue. Being the most rapid 
form of debridement, it can be highly effective and is the preferred 
method of debridement of necrotic tissue. As mentioned above, 
there is growing opinion that initial sharp debridement should 
remove all nonviable tissue as well as one to two millimeters of 
normal tissue surrounding the ulcer. Subsequent sharp debride-
ment can be more conservative, removing slough and any new 
areas of dead tissue. Subsequent debridement can also be achieved 
using enzymatic agents as mentioned in the previous section. In 
contrast, there may be situations in which sequential conservative 
instrumental debridement (SCID), a procedure in which sterile 
instruments are used to remove loose avascular tissue, may be 
appropriate. One such instance would be debridement performed 
in a skilled nursing facility. Sequential conservative instrumental 
debridement can speed the removal of necrotic debris when used 
in combination with other modalities, such as enzymatic agents.

Advantages and Disadvantages of Sharp and Sequential 
Conservative Instrumental Debridement
Of course, the main advantage of sharp and sequential conser-
vative instrumental debridement is the speed of converting a 
necrotic wound to a clean wound. Another advantage is that, 
in most states, SCID can be performed by registered nurses 
or physical therapists in any health-care setting and does not 
require transfer to an acute facility. Check individual state prac-
tice acts before proceeding.

The disadvantages of SCID and sharp debridement include 
the following:

• Debridement requires a level of experience or skill and spe-
cifi c education. Health-care professionals who use SCID 
and sharp debridement must demonstrate their compe-
tence in sharp wound debridement skills and meet licensing 
requirements.45

• Reimbursement may be denied if sharp debridement is per-
formed by a nonphysician (such as a nurse). Reimbursement 
depends on individual state practice acts for nurses.

• Sharp debridement may be painful for the patient, and there-
fore, analgesia (topical or systemic) may be needed.

• There is a potential for complications such as blood loss, 
infection, and injury to underlying structures.

Considerations for Sharp Debridement
Sharp debridement and SCID are indicated over other methods 
for removing thick, adherent, and/or large amounts of nonvi-
able tissue particularly when signs and symptoms of cellulitis and 
sepsis are present. As noted previously, one multicenter, random-
ized, controlled trial found that centers that used sharp debride-
ment frequently experienced better healing rates than did those 
that used sharp debridement less frequently.8 The highest degree 
of healing (83%) occurred in the center that used sharp debride-
ment most frequently. Subsequent studies have confi rmed higher 
levels of healing in diabetic foot ulcers and venous leg ulcers when 

Enzymatic debridement is effective as an alternative to sharp 
debridement and can be very effectively used in combination 
debridement approaches. Combined enzymatic debridement 
usually entails initial sharp debridement followed by debridement 
with enzyme preparations and subsequent maintenance of sharp 
debridement at dressing changes. Use of moisture-retentive dress-
ings with enzymatic preparations provides for autolytic debride-
ment in conjunction with the enzymatic debridement process.

Procedure for Enzymatic Debridement
Equipment needed:

• Sterile normal saline
• Enzymatic preparation
• Gauze (rolled or 4 × 4 inch2) or cover/topper sponges
• Cleansing solution
• Clean gloves (two pairs)
• Paper tape, trash bag

Frequency: Follow manufacturer’s guidelines.
Indications: All necrotic wounds; moist necrotic wounds are 

best. If the wound has dry eschar, remove or cross-hatch the 
eschar with a No. 10 scalpel blade to improve effectiveness.

Contraindications: Do not use on clean wounds, dry gangrene, 
or dry ischemic wounds, unless vascular consultation or 
ankle-brachial index has been obtained and circulatory sta-
tus determined.

Procedure:

 1.  Explain dressing and procedure to the patient and caregiver. 
Inform the patient that there may be a slight, transient 
burning or stinging sensation when the enzyme prepara-
tion is applied to the wound.

 2. Wash hands.
 3. Prepare dressing supplies.
 a.  Open gauze or cover/topper sponges and moisten with 

normal saline (most of the enzymatic ointments require 
a moist dressing for maximum effectiveness) or prepare 
topical cover dressing.

 b. Tear tape.
 4. Apply clean gloves (to protect from cross-contamination).
 5. Remove dirty dressing and dispose in a trash bag.
 6.  Remove gloves and dispose in a trash bag (gloves have been 

contaminated with the dirty dressing).
 7. Apply clean gloves (to protect from cross-contamination).
 8. Evaluate the wound.
 9.  Clean the wound: use normal saline or pH-neutral wound 

cleanser. Avoid antimicrobial solutions, such as povidone-
iodine, which destroy enzymatic activity in the enzyme 
preparations.

10.  Apply the enzymatic ointment with a tongue blade or 
cotton-tipped applicator to wound bed the thickness of a 
nickel. As an alternative, the enzymatic ointment may be 
applied directly to the gauze dressing to be applied to the 
wound surface.

11.  Cover the wound with the cover or topper sponges. A dress-
ing other than gauze or cover/topper sponges may be used 
for appropriate topical therapy as the secondary dressing 
for the wound.

12.  Secure the dressing with paper tape, if applicable. Write the 
date and time, and initial the tape.
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Serial debridement is typically less aggressive than the initial 
debridement procedure.

Procedure for SCID Debridement
Equipment needed:

• Silver nitrate sticks, Gelfoam, or hemostatic dressing 
(optional). If extensive debridement is anticipated, sutures 
should be available to control excessive bleeding.

• Sterile normal saline
• Gauze or cover/topper sponges
• Instrument set
• No. 10, No. 15, or No. 20 scalpel blades or curettes
• Wound dressing of choice
• Clamp (Kelly or mosquito)
• Suture removal set
• Sterile gloves (one pair)
• Clean gloves (one pair)
• Paper tape, trash bag
• Cotton-tipped applicators
• Scissors (small, fi ne, serrated; and large, with or without 

serrations)
• Forceps (Adson—with or without teeth—or Adson-Brown—

multiple teeth)

Frequency: Perform according to clinical judgment and physi-
cian’s orders.

Indications: All necrotic wounds. If the wound has dry eschar, 
autolytic or enzymatic debridement may be used fi rst to 
soften necrosis and facilitate sharp removal of debris.

Contraindications: Do not perform if you feel uncomfortable or 
cannot identify what you are removing. Do not perform on 
clean wounds, dry gangrene, or dry ischemic wounds unless 
vascular consultation has been obtained and circulatory 
status determined.

Procedure:

 1. Verify physician orders.
 2. Explain the procedure to the patient and caregiver.
 3. Premedicate the patient for pain and relaxation.
 a.  Topical: lidocaine (Xylocaine) spray or solution or benzo-

caine (Hurricaine) spray. Lidocaine spray can be used as a 
gauze compress directly to the wound site for 10 minutes 
for effective topical anesthesia or may be locally injected.

 b.  Systemic: oral, intramuscular, or intravenous as a preop-
erative/predebridement regimen. Administer approxi-
mately 30 minutes prior to therapy to increase patient 
tolerance and compliance with procedure.

debridement was used more frequently.12,13,16 There is a strong 
relationship between sharp debridement and wound healing, 
particularly in diabetic foot ulcers and venous leg ulcers.16

There are special indications for debridement in relationship 
to pressure ulcers. Sharp debridement should be performed 
when gross necrotic tissue, sepsis, or advancing cellulitis is 
present and should be done with physician collaboration and 
probable systemic antibiotic coverage. Pressure ulcers on heels 
that present with black, hard eschar may be left intact, provided 
that they are inspected daily and are stable, nonerythematous, 
and nontender; if signs and symptoms of pathology develop 
(redness, sogginess, or mushy feel to the area or frank purulent 
drainage), debridement should be considered.

Use of atraumatic surgical techniques should be used when 
performing debridement on chronic wounds to avoid damag-
ing healthy tissues. In general, sterile surgical instruments are rec-
ommended over the use of disposable suture removal kits. Tools 
included in disposable suture removal kits may be dull, causing 
damage to the skin edge and underlying tissue.24 Basic debridement 
tools include scalpel blades, forceps, scissors, and curettes. Grasp 
only the tissue that is to be excised (prevents damage to viable tis-
sue), and use No. 10 or No. 20 scalpel blades to sequentially slice 
off thin layers of tissue. The blades should be changed frequently as 
they can become dull quickly. Use of curettes is helpful in remov-
ing the gelatinous material that accumulates on the top of granula-
tion tissue in the wound base. The wound should be debrided until 
there is no visible grey or black tissue or substances present and only 
red (muscle), healthy yellow (subcutaneous fat), and white (fascia, 
tendon) tissues remain. One method for determining what tissue 
is nonviable and how much tissue to remove is to paint the entire 
wound surface with methylene blue prior to debridement. The blue 
staining binds irreversibly to nonviable tissue and can ensure that 
no contaminated tissue is inadvertently left in the wound.24

In wounds that appear healthy, it may be necessary to debride 
2 to 3 mm of the wound edge to adequately remove senescent 
nonfunctional cells. Debridement of the wound base with blades 
or curettes or hydrosurgical debridement can remove biofi lm.46

Sharp debridement should be repeated whenever necrotic 
tissue reappears. It is unlikely that one initial sharp debride-
ment episode will successfully remove the necrotic tissue that 
 continually accumulates in chronic wounds. As noted earlier, 
sharp debridement may be used as maintenance debridement 
to eliminate biofi lm and senescent cells to support healing. 

CLINICAL WISDOM

Licensing Issues
Registered nurses and physical therapists may perform SCID 
and sharp debridement. Nurses are required to (and PTs 
should) complete an educational course on wound debride-
ment with competence validation of wound debridement 
skills. A qualifi ed mentor validates the student’s skill per-
forming debridement on a wound model, such as a pig’s 
foot, and on patients. Not all states allow nurses or PTs to 
perform sharp debridement. Individuals should check with 
their state board of registered nursing, the state nursing 
practice act, and the PT licensing agency for validation of 
practice requirements for performing wound debridement. 

CLINICAL WISDOM

Safe Sharp Debridement
A key to successful, safe sharp debridement is knowledge of 
anatomy. Debridement training is available online and at 
wound care meetings and seminars. For example, most edu-
cational wound conferences offer preconference workshops 
in wound techniques. These conferences combine on-site 
didactic knowledge with expert instruction and skill attain-
ment using animal models.
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 b. Apply wound therapy of choice.
 c.  Document procedure with a complete procedure note. 

The following should be included:
• Preoperative and postoperative diagnosis (e.g. pres-

sure ulcer)
• Procedure performed including the level of debride-

ment (partial or full-thickness debridement, debride-
ment of subcutaneous tissue)

• Anesthesia used
• Indication for the debridement
• Document that the patient consented
• Document that a “time-out” was taken before begin-

ning the procedure
• A complete description of the procedure including 

the method of hemostasis (e.g. direct pressure, suture 
ligature)

• How the patient tolerated the procedure
• List any complications.

19.  Secure the wound therapy with paper tape if necessary, 
write the date and time, and initial the tape.

20.  Remove gloves and dispose in a trash bag, dispose of the 
trash bag, and wash hands.

21. Review the procedure with the patient and caregiver.

Autolytic Debridement
Autolytic debridement is the process of using the body’s intrin-
sic debriding mechanisms to remove nonviable tissue; it is a 
method that supports endogenous healing. It begins with 
adequate wound cleansing washing out the partially degraded 
nonviable tissue followed by the application of a moisture-
retentive dressing. Maintaining a moist wound environment 
allows collection of fl uid at the wound site; this in turn pro-
motes rehydration of the dead tissue and allows enzymes 
within the wound to digest necrotic tissue. Autolysis is facili-
tated by cross-hatching if the wound is covered with dry eschar. 
This method along with enzymatic debridement approaches 
may be appropriate for patients in long-term care or home 
care settings and for those who cannot tolerate other methods.

Two types of moisture-retentive dressings, medical-grade 
honey and polyacrylate moist dressings, have been suggested 
as methods to provide for continuous autolytic debridement.20 
Medical-grade honey dressings cause movement of fl uid from 
the wound bed into the open wound because of high osmotic 
pressure created by the concentrated honey and the wound 
fl uid. The osmotic pull of the honey draws lymph from the 
deeper tissues.47 Lymph fl uid contains proteases that could 
contribute to the debriding activity of honey. Another possible 
action is the ability of honey to convert inactive plasminogen 
to plasmin which breaks down fi brin and the resultant bond of 
slough and eschar to the wound bed.20 In the laboratory, honey 
has been shown to prevent biofi lm formation.20 Polyacrylate 
moist dressings use Ringer solution, which is physiologically 
complete, and provide continuous rinsing and cleansing of the 
wound. The dressing has a mean debridement rate of 38% and 
has been shown more effective than moist gauze dressings and 
equal to enzymatic preparations.44,47–49

Advantages and Disadvantages of Autolytic Debridement
The advantages of autolysis:

• Improvement can occur rapidly (there should be observed 
progress within 7 days).

 4. Assemble equipment.
 5. Arrange for an assistant if applicable.
 6. Provide adequate lighting.
 7. Position the patient.
 8. Wash hands.
 9. Prepare clean fi eld and equipment.
10. Apply clean gloves (to protect from cross-contamination).
11. Remove dirty dressing and dispose in a trash bag.
12.  Clean the wound (follow manufacturer’s guidelines on use 

of cleaning solutions). Warm the solution to 96°F to 100°F 
for patient comfort, if applicable. Use normal saline or a 
nonionic surfactant wound cleanser.

13. Evaluate the wound.
14.  Remove gloves and dispose in a trash bag (gloves have been 

contaminated with the dirty dressing). Open the suture 
removal kit and/or scalpel.

15.  Apply sterile gloves (to prevent introduction of new bacte-
ria into the wound). (When wound care is being carried out 
in the home or long-term care setting, the procedure may 
be performed using only clean gloves.)

16.  Removal of the eschar: Using forceps (e.g. from the suture 
removal kit), lift the dead tissue or eschar and cut it with scal-
pel or scissors. Grasp dead tissue and hold it taut so that the 
line of demarcation between viable and nonviable tissue can 
be clearly seen. Creating tension between the viable and nonvi-
able tissue assists in debridement. Cut the dead tissue with care, 
layer by layer if necessary, to prevent injuring large amounts 
of healthy tissue. The removal of a margin of healthy tissue is 
acceptable as long as the patient has received adequate anal-
gesia. If indicated, use clamp to fold over the necrotic debris 
allowing visualization of the line of demarcation between 
healthy and dead tissue. Bleeding is indicative of healthy tissue.

17.  Remove as much nonviable tissue as possible. Try to keep 
the procedure time down to 15 to 30 minutes. Longer pro-
cedures should be reserved for the operating theater.

 a.  Consider reevaluation or consultation when any of the 
following are present:
• Elevated temperature and/or signs and symptoms of 

systemic infection
• Failure of the wound to progress after 4 weeks. 

Consider biopsy of the wound edge to confi rm the 
clinical diagnosis.

• Cellulitis or gross purulence/infection
• Impending exposed bone or tendon
• Abscessed area
• Extensively undermined area

 b.  Aggressiveness of debridement should be guided by the 
following:
• The amount of necrotic tissue present
• Patient pain and discomfort
• The skill of the practitioner performing the procedure
• Time schedule and limits to avoid patient and provider 

fatigue (15–30 minute) Stop debriding when the fol-
lowing occurs:

 a.  There is bone or tendon exposed or exposure is 
imminent.

 b. You are close to a fascial plane.
 c.  You are close to a vessel or nerve that may be injured.
 d. You get nervous.
18. Provide postdebridement care:
 a. Cleanse the wound with normal saline.
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 5. Apply clean gloves (to protect from cross-contamination).
 6.  Remove dirty dressing and dispose in a trash bag. (There is 

likely to be an odor, and the wound drainage may appear 
disturbing.)

 7.  Remove gloves and dispose in a trash bag (gloves have been 
contaminated with the dirty dressing).

 8. Apply clean gloves (to protect from cross-contamination).
 9. Evaluate the wound.
10.  Clean the wound. Use normal saline or a nonionic surfac-

tant wound cleanser.
11. Apply the dressing according to manufacturer’s guidelines.
12.  Secure the dressing, write the date and time, and initial the 

dressing.
13.  Remove gloves and dispose in a trash bag, dispose of the 

trash bag, and wash hands.
14. Review the procedure with the patient and caregiver.

Biosurgical Debridement
Biosurgery, or maggot debridement therapy (MDT), is the appli-
cation of uninfected maggots to the wound to remove the nonvi-
able tissue. Fly larvae, either Lucilia sericata or Phaenicia sericata, 
are applied to the wound.57 Generally, they are left in the wound 
from 1 to 4 days.58–60 The maggots secrete proteolytic enzymes 
that break down necrotic tissue and then ingest the liquefi ed tis-
sue.57,58 The secretions also have antimicrobial properties that 
are helpful in preventing bacterial growth and proliferation, 
including methicillin-resistant Staphylococcus aureus. In vitro 
studies have shown that the secretions also promote the growth 
of human fi broblasts.58 This effect contributes to improved 
granulation in wounds debrided by maggots.59 In addition to 
the secretion of proteolytic digestive enzymes that dissolve the 
necrotic tissue, maggots secrete various cytokines and tissue 
growth factors that can increase local tissue oxygenation.60 MDT 
is also effective in the presence of resistant strains of bacteria.

Biosurgery has not been widely used in the past 50 years. In 
the past, it was used as a last resort for serious wounds that failed 
multiple alternative therapies.61 However, maggots are making 
a comeback particularly since several enzyme debriding agents 
have been removed from the market. MDT has been compared to 
other wound management treatments and compares favorably. It 
decreases time to debridement, performs a more precise debride-
ment as viable tissue is protected, and does so at a lower cost.62 
MDT has demonstrated superiority over other conventional meth-
ods of treatment and is appropriate for ulcers of various etiology.63

Advantages and Disadvantages of Biosurgery
Advantages of biosurgery include the following:

• Since only nonviable matter is liquefi ed and digested, biosur-
gery is considered a selective debridement method.

• Biosurgery reduces bacterial burden.
• The technique has possible growth-stimulating effects.

Some disadvantages of biosurgery are

• Availability
• Slower rate of debridement when compared to sharp 

debridement
• Removal and disposal of larvae
• Client and family preference and/or approval for larval 

treatment

• Autolysis is selective, working only on necrotic tissue and 
thereby preserving healthy tissues.

• It is effective in combination with other debridement techniques.
• Specifi c types have been suggested as possible methods for 

continuous debridement.

Disadvantages include the caregiver education required for 
treatment compliance. The patient and caregiver must be 
informed and aware of the wound appearance, odor, and 
exudate under the dressing during autolysis since this can 
be disturbing. Also, autolysis is typically slower than sharp 
debridement to achieve a clean wound bed. There may also be 
an increased incidence of infection.

Choice of Dressings for Autolytic Debridement
Autolysis is performed using one of the following dressing choices 
(but any moisture-retentive dressing can achieve autolysis):

• Transparent fi lm dressings. They function best over dry eschar. 
They are nonabsorptive, rapidly creating a fl uid environment.

• Hydrocolloids. These dressings work best over moist wounds 
with necrosis. They provide minimal absorptive capacity 
while maintaining a moist wound environment.

• Hydrogels promote autolysis by maintaining a moist wound envi-
ronment. In a randomized, controlled trial comparing a hyper-
tonic hydrogel versus wet-to-dry gauze, Mulder and colleagues50 
found that the hydrogel safely removed dry adherent eschar from 
wounds. Other investigators have also found hydrogels to be effec-
tive in digesting and removing necrotic debris from wounds.51–56

The choice of dressing depends on the appearance of the 
wound. For instance, a wound that is covered with a dry eschar 
might be autolytically debrided using a thin fi lm dressing, 
whereas a deep wound with moderate exudate would benefi t 
from an alginate dressing or one with more absorptive capacity.

Procedure for Autolytic Debridement: Application of a 
Moisture-Retentive Dressing
Equipment needed:

• Sterile normal saline
• Skin sealant
• Moisture-retentive dressing (e.g., transparent fi lm, hydrocol-

loid, hydrogel dressing)
• Clean gloves (two pairs)
• Paper tape, trash bag

Frequency: Apply every 3 to 5 days. Always change the dressing 
when fl uid leaks occur.

Indications: All necrotic wounds, for dry eschar, may cross-
hatch eschar to facilitate autolysis.

Contraindications: Do not use for dry gangrene or dry ischemic 
wounds unless vascular consultation has been obtained and 
adequate circulatory status determined.

Procedure:

 1. Explain dressing and procedure to the patient and caregiver.
 2. Wash hands.
 3. Prepare dressing supplies.
 a. Open dressing.
 b.  Be sure that dressing size is at least 2 inches larger than 

wound area to be covered.
 4. Position the patient.
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Planimetry involves tracing the wound necrotic tissue and then 
retracing on a digital tablet (computerized planimetry), trac-
ing the necrotic tissue from a photograph on a computer, or 
on graph paper. Using a digital tablet calculates the surface 
area automatically after the image is retraced using the digital 
pen attached to the digital tablet. Computerized planimetry 
involves capturing a photograph of the wound, uploading the 
image onto a compatible computer, and using the cursor of 
the mouse to manually delimit the necrotic tissue. The com-
puter software then calculates the surface area based on the 
manual outline from the photograph. Use of noncomputer-
ized planimetry involves retracing the outline of the necrotic 
tissue on graph paper and then counting the number of graph 
blocks contained in the tracing. Laplaud and colleagues exam-
ined reliability and reproducibility of three of these methods, 
visual assessment, use of a digital tablet for planimetry, and use 
of photographs and computerized planimetry for determining 
the amount of necrotic tissue in chronic wounds.64 Use of com-
puterized planimetry was better than the digital tablet method 
of determining percent of necrotic tissue with improved repro-
ducibility and reliability. Of interest, visual assessments were 
close to the computerized planimetry calculations.64 For clinical 
practice, visual assessment of percent of necrotic tissue present 
was reliable and reproducible, and thus it is recommended for 
daily clinical practice.

Type of Necrotic Tissue
When conservative methods of debridement are used, includ-
ing mechanical, autolytic, and enzymatic techniques, the type 
of necrotic tissue should change as the wound improves. As the 
necrotic tissue is rehydrated, the appearance will change from a 
dry, desiccated eschar to soft slough and, fi nally, to a loose tis-
sue that does not adhere to the wound bed. The color usually 
changes as well, the black/brown eschar giving way to yellow 
or tan slough. Rate the type of necrotic tissue by using a scale 
similar to the following:

1 = None visible
2 =  White/gray nonviable tissue and/or nonadherent yellow 

slough
3 = Loosely adherent yellow slough
4 = Adherent, soft black eschar
5 = Firmly adherent, hard black eschar

Adherence of Necrotic Tissue
Adherence of the necrotic tissue should decrease as debride-
ment progresses. Initially, the necrotic tissue may be fi rmly 
attached to the wound base as well as the wound edges. As con-
servative debridement methods proceed, the necrosis begins 
lifting, loosens from the edges of the wound, and eventually 
disengages from the base of the wound. Evaluate adherence 
using a rating scale similar to that for types of necrotic tissue. 
General guidelines for debridement times are presented in 
Table 17.1.

REFERRAL CRITERIA

Debridement in arterial/ischemic ulcers is contraindicated. 
Arterial testing (e.g. Ankle/Brachial Index, vascular studies) 
to evaluate circulatory status should be performed prior to 

Patients and caregivers may be uncomfortable with larval ther-
apy. Education is important when using this modality.

Considerations for Biosurgery
Several studies have examined the effect of MDT on healing 
rates in specifi c wound types. Sherman60 studied the effects 
of MDT on lower extremity ulcers in 18 diabetic patients 
that failed to respond to conventional wound therapy. After 
5 weeks, the conventionally treated wounds still had 33% 
of their surface covered with necrotic tissue, whereas the 
wounds treated with MDT were completely debrided in 4 
weeks. One randomized controlled trial of 12 subjects evalu-
ated the cost effectiveness of biosurgical debridement on 
venous ulcers, and concluded that this method of debride-
ment, when compared with hydrogel therapy, was cost-effec-
tive and effi cacious.62

Biosurgical debridement is not suitable for all wounds. 
Maggots are effective in environments where fl uid and oxygen 
are readily available and where wound pH is relatively stable. 
The ideal dressing for wounds treated with MDT allows oxy-
gen exchange for the maggots, prevents maggots from escaping, 
and is appropriate for wound characteristics.61

OUTCOME MEASURES

There are three characteristics for evaluating the effectiveness of 
debridement: the type of necrotic tissue, the amount of necrotic 
tissue, and the adherence of necrotic tissue to the wound bed. 
These outcome measures are specifi c to the type of debride-
ment used. For example, outcome measures for sharp debride-
ment are typically achieved faster than the same outcomes 
when other, less aggressive debridement techniques are used. 
Outcomes for debridement include the time to the develop-
ment of granulation tissue, the time to removal of all nonviable 
tissue, and time to complete healing.

Necrotic Tissue Levels
The quantity of necrotic tissue in the wound bed should dimin-
ish progressively with appropriate therapy. The amount of 
necrotic tissue can be measured in several ways: by linear mea-
surements (measuring the length and width of the necrotic 
debris), visual assessment of the percentage of the wound bed 
covered with nonviable tissue, digital planimetry (measur-
ing the area of the wound using photographic analysis), and 
photography.

A linear measurement entails measuring the length and 
width (in centimeters) of the visible necrotic debris; multiply-
ing length by width determines surface area of the necrosis. 
The percentage of the wound bed covered by necrotic tissue 
can be quantifi ed by viewing the wound bed in four quadrants, 
like a pie cut into four pieces, with each equal to 25% of the 
wound. Judge the percentage of the wound covered with non-
viable tissue. A rating scale similar to the following may be 
used:

1 = None visible
2 = <25% of wound bed covered
3 = 25%–50% of wound covered
4 = >50% and <75% of wound covered
5 = 75%–100% of wound covered
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SELF-CARE TEACHING GUIDELINES

Individualize patient and caregiver instruction in self-care 
to the topical therapy care routine, the patient’s wound, the 
patient’s learning style and coping mechanisms, and the abil-
ity of the patient/caregiver to perform procedures. Exhibit 17.2 
presents self-care teaching guidelines related to necrotic tissue 
management.

CASE STUDIES

Two case studies demonstrating the importance of debridement 
as the management technique for necrotic and nonviable tissue 
are presented.

CONCLUSION

Debridement is a critical component of good wound care. 
Prompt removal of nonviable tissue both eliminates a physi-
cal impediment to healing and reduces the bacterial burden 
within the wound bed. A variety of debridement methods 
exist: mechanical, enzymatic, sharp, autolytic, and biotherapy. 

debridement. If the patient has signifi cant arterial disease (ABI 
< 0.7), referral to a vascular specialist is indicated. In addition, 
if you do not feel comfortable or have limited or no experience 
in debridement, you may want to refer to a health-care pro-
vider with more experience.

Debridement of vasculitic wounds can lead to deterioration 
of the ulcer. If there is any question as to the etiology of the 
ulcer, a biopsy should be performed. The following patients may 
warrant a referral to a physician or an advanced practice nurse:

• Patients with dry gangrene or dry ischemic wounds (for vas-
cular consult)

• Patients with elevated temperature or those with signs and 
symptoms of systemic disease (e.g. sepsis)

• Consultation should be considered if the wound fails to 
progress over a period of time. Four weeks is the generally 
accepted time frame for the wound to improve (consider con-
sultation with other health-care practitioners: PTs, dietitians, 
wound care nurse, and physicians)

• Patients with evidence of cellulitis or gross purulence/infection
• Patients with bone, tendon, prosthetic devices or vital struc-

tures visible in the wound or impending exposure are a concern
• Patients showing evidence of an abscessed area or patients 

with extensively undermined areas present in the wound

Self-Care Teaching Guidelines
Self-Care Guidelines Specifi c to Necrotic Tissue Instructions 

Given (Date/Initials)
Demonstration or 
Review of Material 
(Date/Initials)

Return Demonstration 
or Verbalizes 
Understanding 
(Date/Initials)

1.  Type of wound and reason for necrotic tissue

2.  Signifi cance of necrosis

3.  Topical therapy care routine:

a.  Clean wound.

b.  Apply enzymatic preparation (if 
appropriate).

c.  Apply autolytic dressing—transparent fi lm, 
hydrocolloid, or hydrogel.

d.  Apply polyacrylate or medical-grade honey 
dressing.

4.  Frequency of dressing changes

5.  Expected change in wound appearance during 
debridement

 

6.  When to notify the health-care provider:

a.  Signs and symptoms of infection

b.  Failure to improve

c.  Evidence of undermining

d.  Impending bone or joint involvement

7.  Importance of follow-up with health-care 
provider

EXHIBIT 17.2
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Pediatric Wound—Hemangioma
A 5-month-old infant presented to the wound clinic with a 
segmental hemangioma. Although most of these lesions are 
benign and resolve spontaneously, this particular hemangioma 
was growing rapidly, endangering the vision in her left eye. The 
hemangioma had not responded to corticosteroids. Therefore, 
laser therapy was attempted. However, the laser therapy was 
complicated by the development of a complex wound over 
the hemangioma (see Fig. 17.11). The challenge faced by the 
wound care specialist at this point was how to debride the dead 
tissue from the surface of the ulcerated hemangioma. Sharp 
debridement was far too risky due to the vascular nature of 
the lesion. Similarly, enzymatic debridement, biosurgery, and 
occlusive debridement techniques were not practical given the 
location of the wound on the face and the proximity to the 
eye. The surgeon chose noncontact nonthermal ultrasound 
applied daily. More information on ultrasound use in debride-
ment specifi c to this case can be found in Chapter 26. Anterior 
and lateral views of the wound 1 week later reveal a healthy-
appearing granulating base (see Fig. 17.12A,B). After 6 weeks 
of therapy, the wound was closed and the hemangioma had 
begun to involute (see Fig. 17.13). The fi nal fi gure is 2 years 
after treatment and plastic surgery (see Fig. 17.14).

CASE STUDY     

FIGURE 17.11 Segmental hemangioma in a 5-month-old infant, 
 Presentation. (Copyright T.E. Serena.)

A

B

FIGURE 17.12 A,B: Anterior and lateral views after 1 week of ultra-
sound debridement. (Copyright T.E. Serena.)

Source: Serena TE. Wound closure and gradual involution of 
an infantile hemangioma using a noncontact, low-frequency 
ultrasound therapy. Ostomy and Wound Management 2008; 
54(2):68–71.
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CASE STUDY     

FIGURE 17.13 Healed ulceration and early involution of the hem-
angioma at 6 weeks. (Copyright T.E. Serena.)

FIGURE 17.14 Two years after treatment and plastic and reconstruc-
tive surgery. (Copyright T.E. Serena.)

Diabetic Foot Ulcer
A 72-year-old diabetic presents with a plantar neuropathic 
foot ulceration of 6 weeks duration (see Fig. 17.15). The 
wound is treated aggressively with excisional debridement 
(see Fig. 17.16). A topical antimicrobial ointment is applied 

CASE STUDY     

FIGURE 17.15 Diabetic neuropathic plantar ulcer in a 
72-year-old gentleman. (Copyright T.E. Serena.)

FIGURE 17.16 Aggressive initial debridement. (Copyright T.E. 
Serena.)

daily with a dry dressing. A fi xed ankle walker is used for off-
loading. On the subsequent visits, debridement consisted only 
of removal of callus surrounding the ulcer or any loose slough 
in the base of the wound. Figure 17.17A–E demonstrates the 
progression of healing over a 5-week time period.
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CASE STUDY     

A

C

B

D

E

FIGURE 17.17 A–E: Progression to healing. (Copyright T.E. Serena.)
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may be used in conjunction with SCID and sharp debridement, 
particularly if the debridement does not result in a completely 
clean granulated base. The more rapidly a clean wound bed is 
achieved, the faster wound closure can be expected.

Sharp debridement and SCID are the method of choice for the 
rapid removal of necrotic material. It is favored in wounds with 
extensive and adherent necrosis. It is also the method of choice 
if signs of cellulitis are present. Other debridement methods 

REVIEW QUESTIONS

 1.  Debridement is essential to achieving healing in acute 
and chronic wounds.
True
False

 2.  Which of the following wounds should not be de-
brided?

 A. Pressure and venous ulcers
 B. Vasculitic and arterial ulcers
 C. Diabetic and arterial ulcers
 D. Vasculitic and pressure ulcers
 3.  A patient presents with a sacral wound that is 100% 

covered with thick, adherent black eschar. Which of the 
following debridement techniques is the best choice at 
this time?

 A. Mechanical
 B. Enzymatic
 C. Autolytic
 D. Sharp

 4.  Which of the following techniques would be consid-
ered mechanical debridement?

 A. Maggot therapy
 B. An occlusive dressing
 C. Pulsatile lavage
 D. Scalpel debridement
 5.  Maintenance debridement is recommended because it 

assists with which of the following:
 A.  Removes buildup of additional necrotic tissue in the 

wound bed.
 B.  Removes bacterial biofi lm development on the base 

of the wound.
 C.  Removes initial load of necrotic tissue from base of 

wound.
 D.  Removes 1 to 2 mm of healthy granulation tissue 

throughout the wound bed.
 E. Both a and b are correct.
 F. Options a, b, and c are correct.

RESOURCES

Wound Healing Society Guidelines for the treatment of diabetic, venous, 
pressure and arterial. www.woundheal.org

Falanga V, Brem H, Ennis WJ, et al. Maintenance debridement in the treat-
ment of diffi cult-to-heal chronic wounds. Recommendations of an 
expert panel. Ostomy Wound Manage. 2008;(Suppl):2–13.
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In providing wound care, an ability to assess wound exudate is 
critical. You must be able to distinguish between normal exu-
date, which confi rms the body’s brief infl ammatory response 
to tissue injury, and exudate that signals wound infection, 
which retards wound healing and must be treated. An ability 
to interpret the characteristics of wound exudate (also known 
as wound fl uid and wound drainage) will also help you evaluate 
the effectiveness of topical therapy and monitor wound heal-
ing. This chapter explains how to assess wound exudate, how 
to identify and treat infection, how to manage wound biofi lms, 
as well as how to cleanse and dress wounds to promote healing.

SIGNIFICANCE OF EXUDATE

The healthy wound normally has some evidence of moisture 
on its surface. Healthy wound fl uid contains optimal ratios of 
endogenous chemicals, including enzymes such as proteases, 
and cytokines or growth factors, which play a role in promoting 
the effi cient deposition of granulation tissue, regrowth of blood 
vessels, and reepithelialization of the wound.1 The moist envi-
ronment produced by wound exudate allows effi cient migra-
tion of epidermal cells and prevents wound desiccation and 
further injury.2

In acute wounds that are healing by primary intention, 
exudate on the incision line is normal during the fi rst 48 to 
72 hours. After that time, the continued presence of exudate 
is a sign of impaired healing. Infection and seroma, a pocket of 

clear serous fl uid that sometimes develops in the body, often 
after surgery, are the two most likely causes. Both infection and 
seroma impair healing.

In chronic wounds, increased exudate is a response to the 
infl ammatory process or infection. As discussed in Chapter 2, 
increased capillary permeability causes leakage of fl uids and sub-
strates into the injured tissue. Wound exudate in chronic wounds 
has noticeable differences from exudate derived from acute 
wounds: higher levels of proteases, imbalance between tissue 
inhibitors of metalloproteinases and matrix metalloproteinases 
(MMPs), missing growth factors and cytokines, and a sustained 
presence of neutrophils and macrophages.3–7 Further, chronic 
wound fl uid contributes to the hostile environment in chronic 
wounds. The cellular environment in chronic wounds is one of 
prolonged infl ammation and cellular dysfunction, both main-
tained and initiated by components present in chronic wound 
exudate. For example, keratinocytes at wound edges are hyper-
proliferative but this is not functional proliferation.5 High levels 
of MMPs in chronic wound fl uid can potentially be inhibited by 
wound dressings that incorporate protease inhibitors or other 
substances targeted at specifi c MMPs.6,8 Research in this area is 
in its infancy but holds promise for more targeted management 
of chronic wound exudate that can directly affect wound healing.

General Assessment of Wound Exudate
Characteristics of exudate that can be evaluated in the clinical 
setting are color, consistency, adherence, distribution in the 
wound, presence of odor, and the amount present. Table 18.1 

At the end of this chapter, the reader will be able to:

1. Discuss the clinical signifi cance of wound exudate.
2. Describe wound exudate characteristics, including color, consistency, adherence, distribution, 

odor, and amount.
3. Compare and contrast wound contamination, colonization, and infection.
4. Identify the local and systemic signs of wound infection.
5. Describe the development and management of wound biofi lms.
6. Describe procedures for obtaining wound cultures.
7. Describe wound cleansing procedures.
8. Discuss the appropriate use of topical antimicrobials in treating wound infection.
9. Describe methods of managing exudate.

Barbara M. Bates-Jensen, Gregory Schultz, and Liza G. Ovington

Management of Exudate, Biofi lms, 
and Infection18
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458 PART III ■ Management by Wound Characteristics

Exudate Type Color Consistency Signifi cance

Sanguineous/bloody Red Thin, watery Indicates new blood vessel growth or disruption of blood ves-
sels, normal during proliferative phase of healing. If drainage is 
moderate in amount or occurs with minimal wound bed distur-
bance (friable granulation tissue), the wound should be evalu-
ated for other signs of chronic wound infection.

Serosanguineous Light red to pink Thin, watery Normal during infl ammatory and proliferative phases of healing

Serous Clear, light straw color Thin, watery Normal during infl ammatory and proliferative phases of healing

Seropurulent Cloudy, yellow to tan Thin, watery May be fi rst signal of impending wound infection

Purulent/pus Yellow, tan, or green Thick, opaque Signals wound infection; may be associated with odor

Wound Exudate Characteristics18.1TABLE

presents various types of wound exudate and associated char-
acteristics. Figures 18.1 through 18.4 provide some examples of 
wound exudate.

Amount of Exudate
Estimating the amount of exudate in a wound can be diffi cult 
because of wound size variability. What might be considered a 
signifi cant amount of drainage for a smaller wound may be con-
sidered a minor amount of drainage for a larger wound. This dif-
fi culty can be compounded by the type of topical dressing in use. 
Certain dressing types interact with or trap wound fl uid, which 
can then mimic certain characteristics of exudate. For example, 
dressing residue from both hydrocolloid and alginate dressings 
can mimic purulent drainage upon removal of the dressing.

To achieve an accurate assessment of exudate amount, pre-
pare the wound site by removing the wound dressing. Then 
cleanse the wound to remove dressing debris or residue from 
the wound bed. Then evaluate the wound for true exudate. 
When wound exudate character is more serous in nature, clini-
cal observation of the wound alone is insuffi cient to quantify 

the amount of drainage. For thinner wound exudate, estimate 
the amount of drainage by noting the number of dressings 
 saturated during a period of time. Clinical judgment of the 
amount of wound drainage requires some experience with 
expected wound exudate output in relation to the type of 
wound and current phase of wound healing, as well as knowl-
edge of the absorptive capacity and normal wear time of differ-
ent topical dressings.

When estimating the percentage of the dressing involved 
with the wound exudate, you are required to put a number to 
your visual assessment of the dressing. For example, you might 
determine that 50% of a hydrocolloid dressing was involved 
with wound drainage over a 4-day wearing period. Based on this 
information related to type of dressing, length of dressing wear 
time, and wound etiology, you might conclude that a “mini-
mal” amount of exudate was present. Some have attempted to 
quantify wound exudate more objectively. For example, weigh-
ing wound dressings before application to the wound bed and 
upon removal provides an objective measure of wound exudate. 
This approach is time-consuming and not always practical in 

FIGURE 18.1 Serous exudate.

FIGURE 18.2 Sanguineous exudate. Evidence of infection present: ery-
thema, edema, friable granulation tissue, nonviable tissue at base of 
the wound.

Sussman_Chap18.indd   458Sussman_Chap18.indd   458 7/25/2011   3:45:04 PM7/25/2011   3:45:04 PM
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the clinical setting.9 For wounds treated with negative pressure 
wound therapy, measuring the output in the negative pressure 
wound therapy device canister at regular intervals provides an 
objective measure of exudate amount.9

Type of Exudate
The color and consistency of wound exudate vary according to 
the type of wound, degree of moisture in the wound, wound 
healing phase, and presence of microorganisms in the wound. 
As indicated in Table 18.1, the color and consistency of exudate 
suggest the type, which in turn can indicate wound degenera-
tion and infection. If an infection such as cellulitis is present (see 
Figs. 18.2 and 18.3), the exudate may be seropurulent or puru-
lent in character. With further wound degeneration, the amount 
of exudate will remain high or increase, and its character may 
change to frank purulence. Always assume wound infection 
when the exudate is purulent. Infection may also be indicated by 
sanguineous exudate as occurs when granulation tissue is friable.

In an infected wound, microorganisms promote several 
characteristic changes: the exudate typically thickens, becomes 
purulent and malodorous, and remains moderate to copious. 
An example of these changes is seen with wound infection by 
Pseudomonas organisms, which produce a thick, malodorous, 
green drainage. Proteus infection, in contrast, may produce an 
ammonia odor. You can generally assume that wounds with 
foul-smelling drainage are either infected or fi lled with necrotic 
debris. True wound exudate can be differentiated from necrotic 
tissue with adequate debridement. Often, the removal of 

the necrotic tissue dramatically reduces the amount of exudate 
and changes its character.

New biomolecular and genetic diagnostic methods can help 
identify specifi c enzymes, cytokines, and bacteria present in 
chronic wound exudate, which can be used to better target wound 
therapy. For example, use of mass spectrometric (MS) meth-
ods such as multidimensional protein identifi cation technology 
(MudPIT) allows evaluation of the wound fl uid proteome (the 
highly complex collection of high-abundant and low-abundant 
proteins in wound fl uid). Use of MudPIT in conjunction with an 
immunodepletion approach that depletes high-abundant proteins 
has been shown to allow the identifi cation of the more diffi cult to 
analyze low-abundant proteins.10 This approach may allow fur-
ther analysis of the dynamic range of proteins present in chronic 
wound fl uid and provide more specifi c directions for advanced 
wound treatment that targets the low-abundant proteins, some of 
which have been identifi ed as proinfl ammatory proteins.10

SIGNIFICANCE OF INFECTION

Bacteria are present in all chronic wounds and do not in them-
selves constitute an infection. The presence of bacteria in 
wounds is often described as meeting one of four conditions: 
contamination, colonization, critical colonization, or infection 
(see Fig. 18.5). These four conditions vary with respect to the 
behavior and location of the bacteria in the wound, as well as 
the effect on and response from the host.

FIGURE 18.3 Same wound as in Figure 18.2. Purulent exudate scat-
tered throughout wound bed.

FIGURE 18.4 Serosanguineous exudate, see pink-tinged drainage on 
gauze dressing at base of the wound.

Contamination Colonization Critical colonization Infection

Monitoring Required Intervention Required

Increasing Clinical Problems
FIGURE 18.5 Relationship between wound 
contamination, colonization, and infection. 
As microorganisms increase in the wound 
and interact with the host, the need for clini-
cal intervention increases as clinical evidence 
of problems with healing increase. Biofi lms 
develop during critical colonization.
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Staphylococcus, Bacillus, or, occasionally, gram-negative 
 organisms.12 The  number of microorganisms related to chronic 
wound infections is expanding and includes aerobes:13

• Acinetobacter baumannii
•  Coliforms
• Enterococcus faecalis
•  MRSA
• Pseudomonas aeruginosa
• Staphylococcus aureus
• Staphylococcus epidermidis
• Streptococcus pyogenes

and anaerobes:13

• Bacteroides spp.
• Fusobacterium spp.
• Peptostreptococcus spp.
• Porphyromonas spp.
• Prevotella spp.
• Veillonella spp.

These bacteria (especially staphylococci) are most often found 
in synergistic relationships with other bacteria. It is not unusual 
to identify anywhere from 1 to 8 different aerobic bacteria 
(average 2.7 organisms) from chronic wound cultures.13 High 
levels of aerobic and anaerobic bacteria are commonly found 
in chronic wounds presenting with necrotic debris and in 
those with undermining. Deep chronic wounds and those with 
undermining have poor perfusion and support anaerobic bacte-
ria because of the hypoxic wound environment.13 The presence 
of a foul odor is usually associated with anaerobic organisms 
(such as Bacteroides, Streptococcus, Enterobacter, and Escherichia 
coli). Sharp debridement of necrotic tissue initially virtually 
eliminates these anaerobic organisms and decreases the num-
ber of aerobic organisms (such as Staphylococcus aureus) pres-
ent in the wound as well.

Bacterial Biofi lms in Chronic Wounds
Bacterial biofi lms are well known in other medical specialities 
to cause a variety of chronic pathologies including periodontal 
disease, cystic fi brosis, chronic otitis media, and osteomyeli-
tis.14 Biofi lms are characterized by an exopolymeric matrix of 
polysaccharides, proteins, and DNA synthesized by the mul-
tiple bacterial species (polymicrobial) comprising the biofi lm 
community. Bacteria (and fungi) contained within the biofi lm 
matrix are highly tolerant to killing phagocytic infl ammatory 
cells (neutrophils and macrophages), antibodies, and exog-
enous antibiotics, antiseptics, and disinfectants. Several factors 
contribute to the increased tolerance of bacteria in biofi lms to 
these agents, including reduced penetration of large proteins 
(antibodies) into the dense exopolymeric matrix, binding of 
oppositely charged molecules like antibiotics or cationic heavy 
metal ions (silver ion) by negatively charged components of the 
exopolymeric matrix, or neutralization of high reactive chemi-
cals like hypochlorous acid (bleach) by reaction with molecules 
comprising the exopolymeric matrix. Also, some bacteria in 
mature biofi lms become metabolically quiescent, and these 
“persister cells” are therefore highly resistant to antibiotics 
that disrupt bacterial metabolism. These factors contribute to 
make biofi lms extremely diffi cult to kill and clear from chronic 
wounds. Furthermore, components of the biofi lm matrix and 

Bacterial contamination refers to the presence of nonprolif-
erating bacteria on the wound surface with no injury to or vis-
ible signs of immune response from the host (e.g., erythema, 
edema, pain, heat, and purulent exudate). Bacterial colonization 
refers to the presence of proliferating bacteria on the surface of 
the wound, again with no injury to or immune response from 
the host. Critical colonization refers to the presence of bacteria in 
stalled wounds in the absence of classical signs and symptoms of 
infl ammation—pain, heat, swelling, redness, and loss of func-
tion. This condition is also sometimes referred to as localized 
infection or occult or covert infection. As described below, recent 
data suggest that many chronic wounds that are “critically colo-
nized” also have bacterial biofi lms that generate chronic infl am-
mation, which leads to elevated levels of proteases that degrade 
growth factors, receptors, and extracellular matrix proteins that 
are essential for healing. Bacterial infection refers specifi cally to 
the presence of proliferating bacteria within viable tissues—that 
is, they are no longer only on the superfi cial tissue but have 
invaded living tissues—to such an extent that injury to tissues 
occurs and a host immune response is evoked and visible. Most 
clinicians agree that greater than 105 organisms per gram of tis-
sue indicate wound infection, but laboratories use different ref-
erences, so what may be considered colonization in one facility 
might be considered true infection in another facility. Systemic 
signs of true infection include elevated temperature and white 
blood cell count, as well as confusion in the older adult.

Whenever host and wound conditions are favorable, infec-
tion can occur. Basically, infection represents an imbalance 
between bacterial numbers and/or virulence and the host’s abil-
ity to defend itself. Wound infection delays healing in several 
ways. It extends the infl ammatory response, delays collagen 
synthesis, slows epithelialization, and causes more injury to the 
tissues. Bacteria not only compete with fi broblasts and other 
cells for limited amounts of oxygen and other nutrients but also 
produce and release a variety of deleterious chemicals into the 
wound environment, such as toxins and proteases.11

Incidentally, if bacterial numbers are high, the combina-
tion of bacterial species is right, or the host immune response 
is depressed, then even in the absence of clinically observable 
signs of infection, wound healing can be delayed. Microbiologic 
research has shown that the presence of four or more bacterial 
groups in a wound is associated with delayed healing.11

Effects of Bacteria in Acute versus 
Chronic Wounds
Large, acute wounds generally react to bacterial burden differ-
ently than do small, chronic, ulcerative wounds. Acute wounds, 
in particular those with prolonged infl ammatory responses, are 
more susceptible to bacterial invasion by skin fl ora. Suffi cient 
numbers of skin fl ora organisms will cause acute wounds 
such as grafts and fl aps to fail and, if untreated, lead to sepsis. 
Wounds involving the loss of large amounts of body surface 
area (15% of surface area or greater) are also at a greater risk for 
bacterial invasion.

In contrast, a small, chronic leg ulcer may remain unchanged 
for months or years, showing no signs of infection or sepsis, 
with the same organisms and a larger number of organisms 
present.12 Indeed, the small chronic wound may go on to heal 
despite the presence of these organisms. Chronic wounds 
are often contaminated with skin fl ora, such as Enterococcus, 
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identifying bacterial and fungal species in wound samples based 
on their unique DNA sequences. The only reason this approach 
is feasible is because of the tremendous advances that have been 
made in rapid polymerase chain reaction (PCR) assays com-
bined with the genomic nucleotide sequencing of thousands of 
bacteria and fungi in the last decade. Using open-access DNA 
databases and advanced pyrosequencing techniques, a pivotal 
paper published by Dowd et al.16 reported that the bacterial and 
fungal complexity of chronic wound samples was much greater 
than previously thought. In fact, they found that, on average, 
approximately 60% of the bacterial species present in chronic 
pressure ulcers and approximately 30% present in diabetic 
ulcers were strict anaerobic bacteria, and many bacterial spe-
cies were present that had never been reported in cultures of 
chronic wounds. These data suggest that many of the bacteria 
present in biofi lms in a chronic wound may never be success-
fully cultured in the standard clinical microbiology laboratory 
due to obligate cooperation with other bacteria that create 
unique environmental conditions in a polymicrobial commu-
nity of bacteria in biofi lms. Most studies describing bacteri-
ology of chronic wounds have agreed on the nearly universal 
presence of Staphylococcus aureus as well as Pseudomonas aeru-
ginosa present in approximately half of chronic wounds along 
with a large population of anaerobic species.15–19

A second major concept recently reported by Wolcott et 
al. 20 showed that mature biofi lms are rapidly reestablished in 
chronic wounds following surgical debridement, on the time 
frame of 24 to 72 hours. This indicates that sharp debride-
ment opens a time-dependent therapeutic window to prevent 
the reestablishment of mature biofi lms that are highly tolerant 
to host infl ammatory response or to exogenous antimicrobial 
treatments.

Methicillin-Resistant Staphylococcus aureus
Methicillin-resistant Staphylococcus aureus (MRSA) is of special 
concern for patients with wounds. S. aureus, which is part of 
normal skin fl ora, is on the skin of approximately 20% to 50% 
of healthy adults and can persist in wounds.21 Patients at the 
highest risk for developing MRSA colonization and infection 
are those with a chronic disease or history of intravenous drug 
abuse, frequent antimicrobial therapy, previous hospitaliza-
tion, admission to an intensive care unit, or a prolonged stay 
in a health-care institution. All forms of S. aureus, including 
MRSA, can quickly invade and infect breaks in skin integrity, 
making wounds one of the most common sites of S. aureus and 
MRSA colonization and infection.

In the early 1940s, penicillin was found to be effective against 
S. aureus. Soon after its initial use, however, some strains of 
S. aureus began to produce the enzyme penicillinase, which 
inactivates antimicrobials, such as ampicillin, other  penicillins, 
and cephalosporins. Methicillin was the fi rst penicillinase- 
resistant semisynthetic penicillin; it continues to be used to treat 
S. aureus infections. The late 1960s and early 1970s saw the 
emergence of MRSA, with the fi rst reports of outbreaks in both 
acute and long-term care facilities.21

MRSA infections are of concern because resistance to methi-
cillin is associated with resistance to other antibiotics. A gene 
on the chromosome of resistant bacteria codes for abnormal 
penicillin-binding protein (PBP). The abnormal PBP confers 
resistance to methicillin by impairing methicillin binding.21 

products produced by bacteria in the biofi lm stimulate chronic 
infl ammation, which leads to persistently elevated levels of 
molecules like proteases and reactive oxygen species that kill 
wound cells and damage proteins that are essential for healing.

Assessment of the “bioburden” of wounds has traditionally 
relied upon relatively simple microbiology laboratory tech-
niques that typically provide information on major bacterial 
or fungal species in swabs or biopsies that can grow under the 
nutritional and environmental conditions provided in the lab. 
These assessments of bacteria and fungi in wound samples have 
unquestionably generated important data that have been used 
for decades to help select therapeutic regimens for patients and 
their wounds. However, multiple publications have pointed 
out that, in many patients, measurements of total bacterial bio-
burden (expressed as colony-forming units per gram of tissue 
biopsy or 0–4+ levels of bacterial growth) alone do not corre-
late well with the failure of wounds to heal. This led to the con-
cept of “critical colonization” or “occult infection” to explain 
the discrepancy, because there was an apparent link between 
microbial bioburden in these wounds and the impaired healing 
in the wounds. However, it was not clear what aspect of the rel-
atively low total bioburden was ‘critical’ to impairing healing. 
More thorough evaluation of these ‘standard’ clinical microbi-
ology assays led to the realization that these assays are inher-
ently limited by the rather poor ability to culture or identify 
all (or even a high percentage) of the bacterial and fungal spe-
cies that are actually present in an individual chronic wound. In 
other words, standard clinical microbiology assays only culture 
planktonic bacterial and fungal species that are able (capable) 
of growing on agar media plates supplemented with general 
nutrients in air at 37°C. Thus, it is reasonable to assume that 
a more complete picture of different bacterial species (aer-
obes, facultative anaerobes, and obligate anaerobes) and fun-
gal species in a particular wound should improve the ability to 
assess the microbial bioburden on individual wounds and to 
indicate what therapeutic strategies would be optimal for each 
wound. Fortunately, in the last few years, sophisticated labo-
ratory research techniques have been developed that allowed 
more complete assessment of bacterial bioburden. Advanced 
technology uses molecular methods that allow for identifi ca-
tion of viable but nonculturable (VBNC) bacteria that remain 
undetected by traditional culture methods.13 Specifi cally, these 
techniques demonstrated that a high percentage ( 60%) of 
chronic skin wounds have extensive bacterial biofi lms that are 
highly tolerant to killing by endogenous phagocytic infl amma-
tory cells and antibodies, as well as to exogenous antibiotics, 
antiseptics, and disinfectants.15 The fact that standard clinical 
microbiology assays only measure planktonic bacteria, and do 
not measure bacteria in biofi lms, suggested that the presence of 
“occult” bacteria protected in biofi lms may be a major factor 
contributing to the “critical colonization” of wounds. In other 
words, the “critically colonized” state of wounds may actually 
be a euphemism for the presence of polymicrobial biofi lms that 
are not detected by standard clinical microbiology assays, but 
stimulate chronic infl ammation that leads to elevated levels of 
proteases and reactive oxygen species that degrade proteins in 
the wound that are essential for healing.

To address the problem of incomplete identifi cation of 
bacterial and fungal species in wounds by traditional labora-
tory culturing techniques, researchers and clinicians turned to 
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use of universal standard precautions and good hand washing 
procedures. Care must be taken to prevent  contamination of 
not only multiple patients with the organisms but also multiple 
body systems within the same patient. An alternative method 
of preventing MRSA cross-contamination is by the use of 
 ultraviolet light (see Chapter 25).

Distinguishing between Wound Colonization 
 and Infection in Chronic Wounds
The classic local signs of infection—erythema, edema, pain, 
heat, and purulence—are usually reliable in acute wounds, 
but may be of less value in assessing chronic wounds such as 
pressure sores, diabetic foot ulcers, and venous ulcers. In these 
cases, the patient’s overall condition may include the presence 
of a disease or medication that impairs the immune response. 
These chronic wounds may, however, still exhibit more subtle 
indicators of an imbalance of bacteria relative to the host’s abil-
ity to defend against them. Gardner et al.23 validated signs and 
symptoms of infection in chronic wounds. Increasing pain, fri-
able granulation tissue, foul odor, and wound breakdown were 
found to be more valid indicators of local infection in chronic 
wounds than were the classic signs. Additionally, increasing 
pain and wound breakdown were found to be suffi cient indica-
tors, with a specifi city of 100%.

Always evaluate wounds with continuing moderate to large 
amounts of seropurulent or purulent exudate for signs and 
symptoms of infection. Local signs of wound infection include 
erythema or skin discoloration, edema, warmth, induration, 
increased pain, and purulent drainage, with or without a foul 
odor. Table 18.2 gives local and systemic characteristics of 
wound infection.

Assessment of Wound Infection
Assessment of wound infection involves the following three 
components:

• Assessment of the patient’s overall condition
• Observation of the wound and surrounding tissues to differ-

entiate wound infl ammation versus wound infection
• Wound cultures to determine colony count

Clinical signs of infl ammation are often mistaken for infec-
tion. Table 18.3 presents clinical manifestations of both infl am-
mation and infection. Advancing cellulitis indicates that the 
offending organism has invaded tissue surrounding the ulcer 
and is no longer localized. Advancing cellulitis begins as a small 
red or discolored area that is indurated, edematous, and warm 
to touch and progresses to involve other tissues. Left uncon-
trolled and untreated, cellulitis can result in sepsis.

Immunocompromised patients can fail to demonstrate any 
signs of infection, or the signs may be signifi cantly diminished or 
very different. For example, in older adults, confusion or agitation 
may be the fi rst indicator of infection, with elevated temperature 
occurring much later in the course of the illness. In some cases, 
a wound simply fails to progress, without obvious signs of infec-
tion. Immunocompromised patients may also exhibit signs of 
infection when the bacterial burden is less than that required for 
producing infection in immunocompetent patients. In immu-
nocompromised patients, identifi cation of the organism may be 
critical to effective treatment because the responsible organism 
may be opportunistic in nature and not the typical culprit.24

This abnormal PBP has a lower affi nity for all penicillins; 
 therefore, all penicillin-type antibiotics, which must bind to the 
PBP site in order to kill the bacteria, are ineffective in treating 
MRSA. Some strains of MRSA are also resistant to nonpenicil-
lin antibiotics as well.

A recent study examined the occurrence of Staphylococcus 
aureus isolates as well as the resistance rates of the isolates to 
methicillin and to non–b-lactam antimicrobials from 1996 
to 2008, using data from The Surveillance Network (TSN) 
Database-USA.22 The TSN is a repository of antibiotic resistance 
data taken from culture results from more than 300 hospitals 
laboratories in the United States. These laboratories are nation-
ally representative based on hospital bed size, patient population, 
and geographic region as determined by the U.S. Bureau of the 
Census. Several important trends emerged from analysis of the 
data. The total number of S. aureus isolates in the TSN database 
increased almost linearly from 1996 to 2005 (from 35,553 isolates 
to 236,849 isolates, a ∼6.7-fold increase) then decreased progres-
sively to approximately 80% of highest level in 2008 (190,654 
isolates). MRSA isolates (9,115) accounted for approximately 
26% of the total S. aureus isolates in 1996, and the percentage 
increased progressively to approximately 55% in 2005 (129,958) 
and then remained stable at approximately 53% of total isolates 
in years 2006 to 2008. The relative percentages of MRSA isolates 
were similar between general inpatients and inpatient-intensive 
care unit patients. Importantly, the largest increase of MRSA rate 
from 1996 to 2004 was for wound specimens (32%) compared 
to blood (24%) or respiratory specimens (22%) and in outpa-
tients and young individuals. Interestingly, the TSN database 
showed consistent decreasing rates of resistance of among all S. 
aureus isolates for the non–b-lactam antimicrobial agents genta-
micin, tetracycline, and trimethoprim-sulfamethoxazole (TMP-
SMX) from approximately 10% in 1996 to approximately 5% 
in 2008. In contrast, resistance rates among all S. aureus isolates 
progressively increased from 1996 to 2002 for the non–b-lactam 
antimicrobial agents clindamycin, ciprofl oxacin, erythromycin, 
and oxacillin, from approximately 20%–35% to 30%–50%; then 
resistance rates diverged for these four agents in 2005 to 2008, 
increasing for gentamicin and oxacillin to 55% to 65% while 
slightly decreasing for clindamycin and ciprofl oxacin to 25% to 
40%. More importantly, resistance of MRSA isolates to non–b-
lactam antibiotics decreased for all except erythromycin, with 
less than 5% of MRSA isolates having resistance to tetracycline, 
gentamicin, or TMP-SMX.

Of particular concern is the discovery of the potential for 
MRSA to become resistant to vancomycin hydrochloride 
(Vancocin HCl) by acquiring a gene from vancomycin-resistant 
enterococci (VRE), leading to vancomycin-resistant S. aureus.21 
Because vancomycin is the drug of choice for treating MRSA, 
resistance to vancomycin presents critical problems.

Treatment of an MRSA wound infection involves anti-
microbial therapy and prevention of cross-contamination, 
as discussed in detail shortly. Topical antimicrobial therapy 
specifi cally designed for MRSA-infected or MRSA-colonized 
wounds must be used cautiously for routine wound infections 
so that the antimicrobial will be available if the patient develops 
MRSA. Mupirocin (Bactroban) is specifi c for MRSA and can be 
used topically for wounds infected with the organism.

Prevention of cross-contamination between patients requires 
signifi cant patient and caregiver education at all levels in the 
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Local Signs of Infection (Acute and Chronic Wounds) Systemic Signs of Infection (Acute and Chronic Wounds)

Erythema or skin discoloration Elevated temperature

Edema Elevated white blood cell count

Warmth Confusion or agitation in older adults

Induration Red streaks from wound

Increased pain

Purulent wound exudate

Local signs specifi c to chronic wounds:

 Friable granulation tissue

 Wound breakdown

 Foul odor

Characteristics of Wound Infection18.2TABLE

Wound Characteristic Infl ammation Infection

Erythema Usually presents with well-defi ned borders. Not 
as intense in color. May be seen as skin discolor-
ation in dark-skinned persons, such as a purple 
or gray hue to the skin, or a deepening of normal 
ethnic skin color.

Edges of erythema or skin discoloration may be 
diffuse and indistinct. May present as very intense 
erythema or discoloration with well-demarcated 
and distinct borders. Red stripes or streaking up or 
down from the area indicates infection.

Elevated temperature Usually noted as palpable increase in tempera-
ture at wound site and surrounding tissues.

Systemic fever (may not be present in older adult 
populations). Look for acute confusion in older 
adults, as usually occurs prior to fever.

Exudate: odor Any odor present may be due to necrotic tissue 
in the wound, liquefaction of necrotic tissue, and 
the type of wound therapy in use, not necessarily 
infection.

Specifi c odors are related to some bacterial organ-
isms, such as the sweet smell of Pseudomonas or 
the ammonia odor associated with Proteus.

Exudate: amount Usually minimal; if injury is recent, should see 
gradual decrease in exudate amount over 3–5 d.

Usually moderate to large amounts; if injury is 
recent, will not see decrease in exudate amount—
amount remains high or increases.

Exudate: character Bleeding and serosanguineous to serous. Serous and seropurulent to purulent.

Pain Variable. In acute stages, may be very tender and 
painful.

Pain is persistent and continues for an unusual 
amount of time. Must take wound etiology and 
subjective nature of pain into account when 
assessment is performed.

Edema and induration May be slight swelling, fi rmness at wound edge. May indicate infection if edema and induration are 
localized and accompanied by warmth.

Comparison of Wound Characteristics in Infl amed and Infected Wounds18.3TABLE

Diagnosis of Wound Infection
For inpatients diagnosed with infection, antibiotic therapy 
is generally initiated immediately, and the culture reports are 
used to adjust or modify the antibiotic regimen.

The common method of confi rming clinical infection is 
by colony count. As noted earlier, colony counts higher than 
100,000 (105) organisms per gram of tissue or per mL of 
 tissue fl uid are considered confi rmation of clinical infection. 

A heavy bioburden (bacterial colonization in the wound) or 
 compromised host resistance (e.g., immunocompromised or 
diabetic patients) can both result in bacterial colony counts 
higher than 100,000 organisms. Chronic wounds do not have 
to be sterile in order to heal. Also, some wounds heal unevent-
fully in the presence of bacterial colony counts greater than 
100,000. However, when the bacterial burden in a wound is 
greater than this level, wound healing is typically impaired or 
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where it is performed. The procedure is conducted using a 
3-mm curette with a single brisk harvest from the edge or just 
under the undermined area of the wound. This collects approx-
imately 20 mg of tissue, which is suffi cient for testing.26 Further, 
the same organisms have been cultured with this technique 
from various locations in the wound.26,27 (This procedure has 
also been used for maintenance debridement as a method of 
managing wound biofi lm.)

Quantitative Swab Technique
As traditionally performed, swab cultures detect only surface 
contaminants and may not reveal the organism causing the 
tissue infection.25 One of the problems with the routine swab 
technique for culturing a wound is that it has been performed 
in a variety of ways and, therefore, cannot be relied on to 
address the issue of bioburden in the tissues. Some recommend 
culturing the exudate in the wound prior to wound cleans-
ing.31,32 Others recommend that, after cleansing of the wound is 
complete, the culture be obtained using a Z technique (side to 
side across the wound from one edge to the other).33,34 Others 
suggest irrigation of the wound with sterile water or saline and 
pressing of the swab against the wound margin or ulcer base to 
elicit fresh exudate.35

The recommended method of quantitative swab culture 
involves cleansing the wound with a solution that contains no 
antiseptic. The end of a sterile, cotton-tipped applicator stick 
is rotated in a 1-cm2 area of the open wound for 5  seconds.35 
Pressure is applied to the swab to cause tissue fl uid to be 
absorbed in its cotton tip. The swab tip is inserted into a sterile 
tube containing transport medium and sent to the laboratory. 
The end of the applicator that is not sterile is not inserted into 
the tube for culture.

At the lab, serial dilutions of the organisms are made on agar 
plates. A swab moistened with normal saline without preser-
vative provides more precise data than does the use of a dry 
swab.36 Results are expressed as organisms per swab, CFU per 
swab, or in a semiquantitative manner, such as scant, small, 
moderate, or large (1+ to 4+) bacterial growths.

Use of Quantitative Wound Culture for a Gram Stain
Tissue biopsy, needle aspiration, and the quantitative swab 
technique also can be used to obtain a specimen for Gram stain, 
a method recognized as a rapid diagnostic technique of infec-
tion.36,37 For a Gram stain, the tissue fl uid is placed on a slide, 
treated with various stains, and viewed under the microscope. 
In wounds in which swabs yielded less than 105 organisms, the 
Gram stain is considered to show no bacteria.

delayed.12 Moreover, wounds colonized with b-hemolytic strep-
tococcus can exhibit impaired healing with colony counts less 
than 100,000.12 In summary, diagnosis of infection requires 
critical evaluation of the wound, the patient, and the pathogen. 
Documentation of infection is based on the amount and type 
of the bacteria present in the wound tissue.

Methods of Quantitative Wound Culture
Quantitative wound culture is recommended to confi rm the 
presence of infection. The technique for obtaining the culture 
specimen must capture bacteria in the wound tissue, not simply 
bacteria on the wound surface. Tissue biopsy, needle aspiration, 
curettage, and the quantitative swab technique are the most fre-
quently used methods of quantitative wound culture. They are 
used to examine tissue for both aerobic and anaerobic organ-
isms. Data show that biopsy, aspiration, and swab techniques 
are comparable in terms of sensitivity, specifi city, and accu-
racy.25 Curettage is suggested as a method that has improved 
accuracy and potential ability to destroy biofi lm as well as iden-
tify microorganisms.26 Each method is used in clinical practice.

Tissue Biopsy
Tissue biopsy is the removal of a piece of tissue with a scalpel or 
by punch biopsy. Before performing a tissue biopsy for wound 
culture, cleanse the area with sterile solution that does not con-
tain antiseptic. To manage the patient’s pain, treat the area 
with topical anesthetic or inject a local anesthetic. The biopsy 
is performed and pressure applied to the area to control bleed-
ing. The biopsy tissue is promptly transported to the labora-
tory, where it is weighed, fl amed to kill surface contaminants, 
ground and homogenized, and plated in various media in vary-
ing dilutions. Findings are expressed in number of organisms 
per gram of tissue.27,28

Needle Aspiration
Needle aspiration involves insertion of a needle into the tissue 
to aspirate fl uid that contains microorganisms.29,30 Intact skin 
next to the wound is disinfected with a substance such as povi-
done-iodine and allowed to dry. A 10-mL disposable syringe 
with 0.5 mL of air in it and a 22-gauge needle are used. The 
needle is inserted through intact skin; suction is achieved by 
briskly withdrawing the plunger to the 10-mL mark. The needle 
is moved backward and forward at different angles for two to 
four explorations. The plunger is gently returned to the 0.5-mL 
mark, the needle is withdrawn and capped, and the specimen is 
transported to the laboratory. In the laboratory, the aspirated 
fl uid is diluted in broth and plated. Data are expressed in colony-
forming units (CFU) per volume of fl uid. If tissue is extracted 
by this technique, the weighing and grinding described for tis-
sue biopsy processing also need to be done and, in this case, the 
data generated are in number of organisms per gram of tissue.

Curettage
Curettage has a stronger relationship with deep tissue wound 
biopsy than swab or needle aspiration.26 Curettage is relatively 
noninvasive and is more sensitive and specifi c than swab cul-
ture. The technique has the advantage of reliably isolating 
anaerobic bacteria as well as disrupting biofi lm in the area 

CLINICAL WISDOM

Performing Tissue Biopsy and Needle Aspiration
By physical therapy practice acts, physical therapists are not 
allowed to perform tissue biopsy, needle aspiration, or curet-
tage procedures. Physical therapists must work collabora-
tively with nursing and medicine to obtain these samples as 
required.
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move the needle back and forth at different angles. (Prevents 
contamination at needle withdrawal site.)

3. Return the plunger gently to the 0.5-mL mark; do not insert 
drainage into the tissues. (This ensures a good specimen and 
prevents contamination from skin fl ora. Syringe method is 
used when large amounts of pus or drainage are present or 
for collecting tissue.)

4. Cork needle to send syringe/needle to laboratory as one 
unit. Do not recap or attempt to disconnect needle from 
syringe. (This maintains universal precautions and prevents 
injury from needle stick and spread of microorganisms.)

Procedure: tissue biopsy

1. Don sterile gloves. Obtain a biopsy specimen using a 3- to 
4-mm dermal punch or a scalpel. (This allows for determi-
nation of the tissue level of microorganism contamination. 
Biopsy is usually performed by a physician or advanced 
practitioner.)

2. Place specimen in sterile container. (Prevents spread of 
microorganisms.)

Procedure: curettage

1. Don sterile gloves. Obtain approximately 20 mg of tissue 
using a brisk sweeping motion with the curette (3 mm) 
just under the edge of the wound or from the undermined 
margin of the wound. (This allows for determination of the 
tissue level of microorganism contamination. Curettage is 
usually performed by a physician, advanced practice nurse, 
or wound nurse.)

2. Place specimen in sterile container. (Prevents spread of 
microorganisms.)

Procedure: fi nal steps—all methods

1. Remove and discard gloves in plastic bag. (Reduces trans-
mission of microorganisms.)

2. Wash hands.
3. Don sterile gloves and apply sterile dressing to the wound. 

(Dressing absorbs drainage and immobilizes and protects 
the wound.)

4. Label specimen container(s) with the patient name, room 
number, date, time, and exact source of specimen. (This 
ensures proper identifi cation of specimen. Proper source 
of specimen is important for laboratory to rule out normal 
fl ora from location.)

5. Place the container in a clean plastic bag, and have the 
specimen transported to the laboratory as soon as possible. 
(Plastic bag prevents spread of microorganisms. Immediate 
transport prevents overgrowth of microorganisms that can 
occur if the specimen is left at room temperature for an 
extended length of time.)

6. Dispose of soiled equipment into appropriate receptacle. 
(Maintains universal precautions.)

7. Wash hands. (Reduces transmission of microorganisms.)

MANAGEMENT OF EXUDATE AND INFECTION

Management of exudate and infection begins with wound 
cleansing. This is followed by the application of topical anti-
microbials and antiseptic-containing dressings. In some cases, 

Procedures for Quantitative Wound Culture
Equipment needed:

• Gloves (clean and sterile)
• Sterile saline (nonbacteriostatic)
• Container to transport specimen
• Lab requisition
• Appropriate dressing materials

Culture technique-specifi c equipment needed:

• Punch biopsy/scalpel/3-mm curette
• Wound culture swab
• Anaerobic medium
• 10-mL syringe with 22-gauge needle
• Cork

Procedure preparation—for all methods

1. Wash hands. (Reduces transmission of microorganisms.)
2. Don clean gloves (and gown, if necessary). (Maintains uni-

versal precautions.)
3. Remove soiled dressings and discard in a plastic bag. Then 

remove and discard gloves. (Prevents contamination and 
spread of microorganisms.)

4. Clean the wound and surrounding skin with normal saline. 
(Removes contaminated debris.)

Procedure: swab method

1. Don sterile gloves and remove swab from culturette tube, 
taking care not to touch the swab or inside of the tube. 
(Maintains universal precautions and aseptic technique.)

2. Swab the wound area 1 cm2 with suffi cient pressure to obtain 
wound fl uid. (Ensures collection of a good specimen.)

3. Use separate swabs if taking more than one specimen. Swab 
only a 1-cm2 area of wound with each swab. (This ensures good 
culture specimen and prevents cross-contamination. Make 
sure to swab the wound instead of the wound edges to prevent 
contamination by skin fl ora and contaminated debris.)

4. Carefully place the swab into culturette tube without touch-
ing the swab or the inside, outside, or top of the container. 
(Prevents contamination and keeps those areas free of 
pathogens that could be spread to others who handle the 
tube.)

5. Crush ampule of medium in culturette and close securely, 
making sure the swab is surrounded by medium. (Keeps 
specimen from drying out and provides supporting 
medium.)

Procedure: anaerobic swab culture method
If collecting a specimen for anaerobic culture, take care to keep 
the anaerobic transport culture tube in an upright position 
to prevent carbon monoxide from escaping. Close container 
securely after swab is placed in tube. (Maintains anaerobic 
environment.)
Procedure: syringe method

1. Disinfect intact skin with antiseptic and allow skin to dry 
for 1 minute. (Anaerobic specimens are obtained from deep 
inside wounds.)

2. Place 0.5 mL of air in 10-mL disposable syringe with 
22-gauge needle. Insert the needle into intact skin adjacent 
to the wound. Withdraw plunger to achieve suction and 
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break the chain of infection. It is generally divided into two types: 
 surgical asepsis and medical asepsis. Surgical asepsis, or ster-
ile technique, is the method used in surgery in which all instru-
ments and materials used are sterile, and all health-care providers 
involved wear sterile gloves, caps, masks, and gowns. In surgi-
cal asepsis, the nurse prepares a sterile fi eld, dons sterile gloves, 
and follows surgical aseptic techniques in caring for the wound. 
Medical asepsis, or clean technique, involves procedures to reduce 
the number of pathogens and decrease the transfer of pathogens.

There are various viewpoints on which approach is most 
suitable for wound care patients; however, some general guide-
lines may help. Sterile technique is most appropriate in acute-
care hospital settings, for patients at high risk for infection (e.g., 
advanced age, immunocompromised, diabetic) and for certain 
interventions, such as sharp wound debridement. Clean tech-
nique is most appropriate for patients in long-term care set-
tings, home care, and some clinic settings, and for patients 
who are not at high risk for infection and are receiving rou-
tine wound care, such as dressing changes. Further research is 
needed to determine outcomes with the use of clean technique. 
Table 18.4 compares general guidelines for clean versus sterile 
technique for wound care patients.

systemic antimicrobials may also be prescribed. Management 
of exudate is also achieved with topical dressings.

Note that the terms antimicrobial, antibiotic, antibacte-
rial, and antiseptic, although often used interchangeably, have 
slightly different defi nitions, according to the Food and Drug 
Administration (FDA). Exhibit 18.1 presents defi nitions of 
these terms for your reference.

Before we describe the various methods of wound cleansing, 
we explore some general methods of infection control.

General Measures for Infection Prevention 
and Management
In approaching the patient with a wound, one of your primary 
and ongoing concerns should be to prevent infection, or to 
control infection already present. General infection-control 
measures include the use of aseptic technique, hand washing, 
and adherence to universal precautions.

Aseptic Technique
One of the continuing debates in wound care is what type of asep-
tic technique is necessary in various health-care settings. Asepsis 
is a general term indicating activities that prevent infection or 

EXHIBIT 18.1

Defi nitions of Antimicrobial Terms
Term Defi nition

Antimicrobial An agent that inhibits or kills microorganisms

Antiseptic An agent that stops microorganism growth by either preventing microorganism multiplication— 
bacteriostatic, or by inhibiting microorganism action with resultant destruction—bactericidal. Agents 
are applied to living tissues.  

Antibiotic An organic chemical substance produced by a microorganism that when diluted in solution, has the 
ability to kill or prevent growth of other microorganisms. (e.g., penicillin)

Antibacterial An agent that destroys or stops bacterial growth (e.g., bacitracin)

Antifungal Agents that inhibit or kill fungi (e.g., nystatin)

Factor Sterile Technique Clean Technique

Settings Acute care hospitals Home care

Clinics in acute care facilities Long-term care facilities

Community clinics

Physicians’ offi ces

Procedures Invasive procedures Routine procedures

Sharp debridement Dressing changes

Patients Immunocompromised Patients NOT at high risk for infection

Advanced age or very young age

Diabetic

Clean versus Sterile Technique General Guidelines18.4TABLE
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Hand Washing and Universal Precautions
One thing about infection management that is not under debate 
is the importance of hand washing by all health-care profes-
sionals. Hand washing is the single most important means for 
preventing the spread of infection both in health-care facilities 
and in home settings.

Along with hand washing, make sure to follow universal 
precautions. In clinics, hospitals, and long-term care facilities, 
follow institutional procedures for disposal of contaminated 
materials in bags clearly identifi ed as infectious waste (e.g., 
 double-bagging out of isolation rooms, and use of red biohazard 
trash bags). In the home-care setting, disposal of contaminated 
waste is more problematic. Address disposal by identifying local 
waste collection procedures, and following agency protocols.

Appropriate hand washing and universal precautions 
together promote health maintenance for patients and care-
givers and, as such, are critically important to include when 
instructing others in wound care. For example, in the home-
care setting, instruct caregivers in hand washing technique as 
well as appropriate disposal of infectious waste products, such 
as used wound dressings, gauze used for wound cleansing, and 
other supplies used in wound care.

Wound Cleansing
Effective wound cleansing removes debris that supports bacte-
rial growth and delays wound healing. Wound cleansing deliv-
ers cleansing solution to the wound by mechanical force, aids 
with separation of necrotic tissue from healthy wound tissues, 
and removes bacteria and dressing residue from the wound 
surface. The process of wound cleansing involves selecting a 
cleansing solution and a method of delivering the solution to 
the wound.

Choose a cleansing solution according to its effi cacy and 
safety for use in the particular type of wound. Isotonic normal 
saline is generally preferred because it is physiologic, nontoxic, 
and inexpensive. Saline does not contain preservatives and must 
be discarded 24 to 48 hours after opening. Commercial solu-
tions are available for wounds requiring more cleansing capac-
ity to remove adherent debris from the wound surface. These 
wound cleansers contain surfactants that act to lower surface 
tension and to loosen matter from the wound surface. Nonionic 
surfactant wound cleansers are recommended as generally safe 
for use on healing wounds.

CLINICAL WISDOM

Normal Saline for Wound Cleansing
Two useful strategies for obtaining normal saline for wound 
care in the home setting:

1. Saline can be made at home by adding two teaspoons of 
table salt to 1 L of boiling water. Cool. Be sure to discard 
after 24 hours.

2. Pressurized saline sold for contact lens care may also 
be used. This preserved saline may be used for a longer 
duration, and the pressure from the canister is not suf-
fi cient to cause wound trauma.

For healthy, clean wounds, cleanse with normal saline, and do 
not use antimicrobial solutions or skin cleansers. Clean wounds 
do not need to be cleansed with antimicrobial solutions, because 
the goal of care is to clear low levels of contaminants from the 
wound. In fact, some studies suggest that antimicrobial solu-
tions such as povidone-iodine, acetic acid, hydrogen peroxide, 
and sodium hypochlorite (Dakin solution) are toxic to fi broblasts 
in vitro.38–41 On the other hand, in vivo studies have shown that 
these solutions can be used safely in wounds for short periods 
(4–7 days) to control bacterial levels, without compromising the 
healing process.42 These seemingly contradictory research fi ndings 
suggest that the effects of antimicrobial agents in vivo may differ 
from their effects in vitro, where cells are exposed to an environ-
ment vastly different from that of the wound tissue. Nevertheless, 
these solutions are cytotoxic to all types of cells (bacterial and 
host cells), and decisions regarding the duration of their use in 
open wounds should take into account the bacterial status of the 
wound (e.g., clean versus infected) and the desired outcome.

Most skin cleansers are not appropriate wound cleans-
ers because they have been developed for external rather than 
internal use. What is appropriate for cleansing the skin is not 
appropriate for open wounds, because an open wound lacks the 
protection of intact epidermis and provides direct access to inter-
nal body structures. For healthy, clean wounds, cleanse with nor-
mal saline and avoid antimicrobial solutions and skin cleansers.

For infected wounds or those with necrotic debris, cleanse 
with normal saline or use a 10- to 14-day cleansing regimen 
with an antimicrobial solution. Do not use skin cleansers. 
Antimicrobial agents may play a minor role in wound cleansing 
for infected wounds, wounds with large amounts of necrotic 
debris, or those with large amounts of exudate; however, they 
should be employed in a manner similar to antibiotics, for 
10 to 14 days only, and rinsed thoroughly from the wound with 
saline. Rinsing decreases the antimicrobial’s cytotoxic effects 
in the wound. Antimicrobial cleansers should be discontinued 
when the wound is clean and free of debris.

It is very important to realize that new data with labora-
tory models, animal models, and patients show that planktonic 
bacteria can rapidly reform biofi lm communities after wound 
cleansing and/or debridement, typically within 48 hours, and 
can reach the original resistance levels by 72 hours.20 The clini-
cal principle that should guide “biofi lm-based wound care” 
is to reduce planktonic and biofi lm bacterial burdens by any 
effective means (surgical debridement, curettage, irrigation, 
etc.) and then follow the debridement by covering the wound 
with an effective bacterial barrier dressing, of which there are 
many types including dressings with microbicidal metal ions 
(silver), quaternary amines, or occlusive fi lms.43

Cleansing Methods
Methods for cleansing a wound include soaking, whirlpool 
therapy, scrubbing, and irrigation. Soaking is a form of hydro-
therapy that includes a variety of methods, from the use of a 
bucket to a Hubbard tank, and may be useful for removing 
gross contaminants and loosening necrotic tissue. The soft-
ening that occurs with soaking helps to ease the separation of 
necrotic debris from healthy wound tissues. Wound soaking 
is appropriate only for wounds with large amounts of necrotic 
debris. Once a wound is clean and proliferating, wound soaking 
impedes healing and is therefore generally not appropriate.
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pressure to apply during irrigation by balancing the goal of pre-
serving healing wound tissues with the need to cleanse the wound 
effectively. Pressure force is described in pounds per square inch 
(psi). Pressure force under 4 psi is commonly referred to as low 
pressure, and can be obtained by use of bulb syringes or just by 
pouring solution over the wound bed. Pressure force between 
4 and 15 psi is considered high pressure, and can be achieved by 
using commercial devices, a 35-mL syringe attached to a 19-gauge 
needle or angiocatheter, pulsatile lavage, or hydrotherapy.

High-pressure irrigation using any of these forms is a 
method of debridement—loosening and softening necrotic 
tissue for easy separation from healthy tissue. Pressurized irri-
gation removes bacteria and debris more effectively than do 
gravity or bulb syringe irrigation. As such, high-pressure irriga-
tion is most effective for wounds with an infl ammatory process. 
Use of high-pressure irrigation is not the method of choice for 
the healthy, proliferating wound, because fragile blood vessels 
and new tissue growth can be damaged.

Some available irrigation devices deliver solutions with too 
much pressure, thus driving bacteria and irrigant solution 
deeper into wound tissues. Pressures higher than 15 psi can 
cause trauma to the wound bed, forcing bacteria deeper into 
wound tissues. For example, use of a Water Pik at the middle 
and high settings provides 42 psi and more than 50 psi, respec-
tively, both of which are too high and will drive bacteria far-
ther into the wound tissues. Irrigation pressures between 4 and 
15 psi are recommended.

Outcomes of Wound Cleansing
The clinical outcomes of wound cleansing are evaluated by 
taking account of the original intent of the cleansing and the 
wound assessment. For predominantly clean wounds with 
new tissue growth, cleansing is used only to remove dressing 
residue, prevent biofi lm development, and if any additional 
cleansing is needed, a low-pressure irrigation system should 
be used. The goals of therapy with low-pressure irrigation 
are to dislodge wound dressing residue, reduce wound sur-
face contaminants, and protect fragile new tissue growth. For 
wounds with necrotic tissue or debris, a high-pressure irriga-
tion system should be used. Hydrotherapy and pulsatile lavage 
are not always  available or appropriate for all patients, and 

Whirlpool therapy may be useful for more than simply 
soaking and cleansing, as is the case when using whirlpool 
therapy to increase perfusion to an area. (See Chapters 27 and 
28 for information on pulsatile lavage and hydrotherapy.) 
Antimicrobial agents should not be used in either a whirlpool 
or wound- soaking solution because of wound tissue toxicity. 
As with soaking, whirlpool therapy is not recommended for 
wounds that are clean and proliferating.

Scrubbing involves applying gauze or sponges with mechan-
ical force in direct contact with a wound in order to enhance 
removal of debris and the effi cacy of cleansing solutions. 
Scrubbing causes microabrasions in the wound, thus possibly 
delaying healing. Use of a nonionic surfactant cleansing solu-
tion limits the damage infl icted with scrubbing, and use of 
nonabrasive sponges also helps to decrease the damage to the 
healing wound tissues. The more porous the sponge, the less 
the damage infl icted on the wound surface. Nevertheless, even 
the use of nonionic surfactant cleansing solutions and nonabra-
sive porous sponges can injure the fragile wound tissue.

Wound irrigation can be performed using a variety of instru-
ments and equipment. Wound irrigation is particularly appro-
priate for cleansing deep wounds with undermining or tunneling. 
Use a catch basin and towels to absorb and accumulate waste 
materials and irrigant runoff. Repeat the irrigation procedure 
at each dressing change. Protect your eyes, face, and clothing 
by using universal precautions. Some newer irrigation devices 
include a protective splashguard. Determine the amount of 

RESEARCH WISDOM

Use of battery-powered, disposable pulsatile lavage irrigat-
ing devices—which irrigate with solutions and simultane-
ously use suction to remove the irrigation fl uid and loosened 
wound debris—is more effective than whirlpool therapy in 
increasing the rate of granulation tissue formation.44 Ulcers 
cleansed with pulsatile lavage had a rate of granulation tis-
sue formation of 12.2% per week, compared with 4.8% per 
week for the whirlpool-treated group. However, caution is 
required. Use of pulsed lavage has been associated with out-
breaks of multidrug-resistant (MDR) Acinetobacter bau-
mannii infection due to the aerosolization of the organism 
during pulsatile lavage debridement of infected wounds.45,46 
This points to the need for infection-control procedures 
when using pulsed lavage therapy.

CLINICAL WISDOM

Shallow Wound Cleansing Procedure
Cleanse from the center of the wound in a circular motion, 
working toward the edge of the wound and the surround-
ing tissues. Do not return to the center of the wound after 
cleansing at the edge of the wound or the surrounding tis-
sues, because this will recontaminate the clean wound center.

CLINICAL WISDOM

Deep Wound Cleansing Procedure
Use of a catheter or a syringe to irrigate wounds with under-
mining and tunneling will not injure the tissues, and can 
effectively cleanse involved tissues under the skin surface. 
Flush with copious amounts of irrigant solution, and then 
gently massage the tissues above the tunneling to express 
the exudate accumulated in the tunnel. Repeat two or three 
times until the solution and fl uids returned are clear. After 
the wound cleansing, the undermined spaces are usually 
packed loosely with packing materials, such as roller gauze 
or alginate rope products, to prevent infection from travel-
ing up the tunnel.
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systems, time-released delivery systems, application in conjunc-
tion with occlusion, polar compounds to increase absorption, 
and substances that damage the stratum corneum to improve 
penetration), and nature of the skin (integrity of the epidermis, 
variability in skin thickness, and age).

Problems associated with topical antimicrobial use in wound 
care are related to the absorption of chemicals into the body tis-
sues through the wound bed. There are cases in which absorp-
tion of certain chemicals contained in an antiseptic through the 
wound bed has caused systemic health problems. For example, 
iodine toxicity has occurred as a result of the use of povidone-
iodine in open wounds with a large surface area.

The three main classes of topical antimicrobials used for 
wounds are antibacterials, antiseptics, and antifungals. Each is 
discussed separately.

Antibacterials
Antibacterial agents are chemicals that eliminate living bacte-
ria that are pathogenic to the host or patient. Some examples 
of topical antibacterials are bacitracin (Betadine, Cortisporin, 
Neosporin, and Polysporin), gentamicin (Garamycin), met-
ronidazole gel and cream (MetroGel, MetroCream, Noritate), 
mupirocin, and silver sulfadiazine (Silvadene, SSD). Topical 
antibacterials are sometimes used alone, sometimes in com-
bination with systemic antibacterials, and sometimes in con-
junction with other topical antibacterials. Because of their 
direct contact with the affected area, topical antibacterials can 
be administered in smaller doses than systemic antibacterials. 
They can achieve the same or better results than systemic agents, 
without the risk of toxicity. Moreover, problems of absorption, 
distribution, and availability to the infected site are reduced. 
Frequently, topical agents are used in conjunction with one 
another to give broader coverage, thereby increasing the rate of 
bactericidal action against a large spectrum of bacteria.

In addition, topical antibacterials may be used prophylac-
tically. When used properly, they can be effective chemical 
barriers that impede the entrance of pathogenic organisms 
and diminish the local or systemic morbidity associated with 
infected wounds. When using topical antibacterials prophy-
lactically, there is a risk of overgrowth of resistant organisms; 
therefore, use good clinical judgment.

Topical antibacterials are indicated when the patient has a 
diagnosed or suspected signifi cant bacterial infection, as well as 
an indication for prophylactic use, such as underlying disease, 
increased risk of infection resulting from surgical procedures, viral 
or metabolic diseases, chemotherapy or radiation therapy, and/
or prolonged corticosteroid administration. Contraindications 

other devices, such as the 35-mL syringe and 19-gauge needle 
or angiocatheter, may be the best choice. The goals of therapy 
are to loosen and soften the necrotic debris for easier separa-
tion from healthy tissues, reduce the bacterial burden, remove 
dressing remnants, and prevent undue wound trauma.

Use of Topical Antimicrobials
The use of topical antimicrobials can be an area of confusion 
for clinicians. Systemic antimicrobial drugs are often superior 
to topical agents in treating invasive tissue infection because of 
the better penetration of systemic agents into the tissues via the 
blood supply. However, topical antimicrobials are often effec-
tive in limiting surface colonization, so that tissue defenses can 
clean up without continual reinfection from superfi cial bacte-
ria. Some superfi cial infections respond better to topical agents 
and, in some cases, it is wise to use topical agents to avoid sen-
sitizing the patient or creating resistant microorganisms. Some 
topical antimicrobials can damage healthy tissues, exacerbating 
tissue destruction or damaging tissue defenses.

Understanding how antimicrobials are prescribed is helpful 
for wound care clinicians. The proper selection requires deter-
mination of clinical infection in the wound, correct identifi ca-
tion of the invading organism by culture and Gram stain, and 
consideration of pharmacology and toxicology. If an agent must 
be chosen prior to receiving laboratory results, the decision 
should be based on Gram stain smears (either positive or nega-
tive), the most likely pathogens involved in the disease process 
(for example, E. coli for a fecally incontinent patient with a sacral 
pressure sore), and the effi cacy of the agent in similar situations.

Multiple factors infl uence the transcutaneous penetration 
of topical antimicrobial agents, including the physiochemical 
properties of the drug (polarity, stability, and solubility in base 
and lipids), nature of the pharmaceutical preparation (drug 
concentration, composition and properties of the base, and 
incompatible mixtures), method of application (inert delivery 

CLINICAL WISDOM

Wound Irrigation
Use of a 35-mL syringe with a 19-gauge angiocatheter or 
needle attached delivers saline at 8 psi and provides more 
effective removal of bacteria and debris than does use of a 
bulb syringe.

CLINICAL WISDOM

Bacterial Overburden
The clinician should suspect a high bioburden of bacteria 
or biofi lm development in the clean wound if healing or 
improvement does not occur within a 2-week time frame 
when the patient is receiving appropriate topical therapy. 
In these patients, treatment with topical antimicrobials and 
maintenance debridement strategies may be appropriate.

CLINICAL WISDOM

Factors Altering Response to Topical Antibacterials 
and Antiseptics
Patient response to antibacterial and antiseptic agents 
can be altered by age, disease processes (such as diabetes), 
malignancy, neurologic disorders, immune dysfunction, 
pregnancy, allergy, concomitant drug therapy, and biofi lm 
development in the wound.
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wound healing and diminish the local wound infection.7 They 
are also employed clinically to disinfect instruments and 
infected material.

Antiseptics are available as hand scrubs, cleansers, irrigants, 
and protective dressings. It is important to remember, however, 
that the skin cannot be sterilized (made entirely free of micro-
organisms). Approximately 20% of the skin’s normal resident 
fl ora is beyond the reach of antiseptics.48 Excessive antiseptic use 
places patients at risk of allergy, drug toxicity, superinfection, and 
unnecessary costs. Further, excess antiseptic use poses signifi cant 
public health concerns because this presents an environment 
that favors growth of bacteria that are resistance to antiseptics.

Use of topical antiseptics can interact with commonly used 
wound dressings and in doing so, lose their antimicrobial 
properties. In a study to examine the interaction, fi ve clinically 
used antiseptics (Prontosan, Lavasept, Braunol, Octenisept, 
and Betaisodona) were tested in the presence or absence of 
42 wound dressings against Staphylococcus aureus.49 Povidone-
iodine–based products showed suffi cient antimicrobial activity 
in 64% to 78% of the combinations assessed. The octenidine 
derivate Octenisept showed suffi cient antimicrobial activity in 
54% of combinations. Polyhexamethylene biguanide (PHMB) 
derivatives demonstrated suffi cient antimicrobial activity in 
32% of the combinations. Thus, commonly used wound dress-
ings dramatically reduce antibacterial activity of clinically used 
antiseptics and wound irrigating agents in vitro.49

Antiseptic-Containing Dressings
Some dressings contain and release antiseptic agents at the 
wound surface. The objective of these dressings is to provide 
long-lasting antimicrobial action in combination with the 
maintenance of a physiologically moist environment for heal-
ing. Iodine has been complexed with a polymeric cadexomer 
starch vehicle to form a topical gel or paste. The cadexomer 
moiety provides exudate absorption from the wound, which 
results in the concomitantly slow release of low concentrations 
of free iodine from the vehicle.47 Cadexomer iodine is effec-
tive at reducing bacterial counts in chronic wounds, and also 
positively affects the healing process when compared with stan-
dard treatments (usually gauze and saline) and the cadexomer 
starch vehicle alone.50–52 A 2010 Cochrane systematic review 
of antibiotics and antiseptics for venous leg ulcers concluded 
that some evidence supports use of cadexomer iodine. When 
cadexomer iodine was compared with standard care with all 
patients receiving compression, the pooled estimate from two 
trials for frequency of complete healing at 4 to 6 weeks indi-
cated signifi cantly higher healing rates for cadexomer iodine 
(RR 6.72, 95% CI 1.56 to 28.95). Surrogate healing endpoints 
such as change in ulcer surface area and daily or weekly healing 
rate also showed favorable results for cadexomer iodine.53

Silver (metallic, nanocrystalline, and ionic) has been incor-
porated into a wide variety of semiocclusive dressing formats, 
such as foams, hydrocolloids, alginates, and hydrofi bers. All 
of these products release silver cations into the wound as they 
absorb or come in contact with wound exudate. Silver ions kill 
bacteria by several mechanisms including damaging cell walls, 
membranes, respiratory enzymes, and ribonucleoproteins54,55. 
Silver has proven effi cacy against MRSA, vancomycin-resistant 
enterococci (VRE), and extended-spectrum b-lactamase pro-
ducers.54,55 Silver is also effective against biofi lm.54

include the excessive use of antibacterials for minor infections 
and nonbacterial pathogens. Inappropriate use of antibacterials 
subjects the patient to risk of drug toxicity, allergy, superinfection 
with resistant organisms, and unnecessary costs.47

The base, or vehicle, is the form in which the antibacterial 
agent is made available. In general, it is best to use a lotion or 
a paste for application to wet or weeping skin and wounds, as 
well as for areas that rub against each other, for example, groin 
areas and in between the toes. This is because lotions are usually 
less occlusive than ointments.

Reserve ointments for application to dry, cracked skin. 
Many ointments contain lanolin or wood alcohols, and patients 
can readily develop contact sensitivity to these substances.

Creams are convenient because, to some extent, they can be 
used for wet or dry surfaces and are easier than ointments to 
apply. Creams also do not typically contain lanolin, though they 
usually do contain a preservative or stabilizer, such as parabens 
or ethylenediamine dihydrochloride, both of which are known 
to occasionally cause sensitivity reactions. Some topical anti-
bacterials are prepared with a synthetic base that may give them 
the properties of both creams and ointments.

Antiseptics
Antiseptics are a group of widely differing chemical compounds 
able to destroy or inhibit the growth of microorganisms, yet 
whose strength has been diluted enough to render them safe to 
use on living tissues. They can be inorganic or organic chemicals. 
Some examples of antiseptics are povidone-iodine, acetic acid, 
hydrogen peroxide, and hypochlorite. Povidone-iodine is effec-
tive against a wide range of microbial pathogens, from  bacteria 
to viruses and fungi. Acetic acid is commonly used against infec-
tions caused by Pseudomonas aeruginosa. Hydrogen peroxide 
is an example of an oxidizing antiseptic: these liberate oxygen 
when in contact with pus, blood, or other organic substances.

Antiseptic agents are applied directly to tissue to destroy 
microorganisms or inhibit their reproduction or metabolic 
activity. By reducing organisms, antiseptics potentially hasten 

CLINICAL WISDOM

Routine Use of Topical Antibacterials
Routine use of topical antibacterials is strongly discouraged 
because it frequently leads to the development of resistant 
organisms. This is particularly true of mupirocin, which is 
effective against MRSA. If used inappropriately, it will not be 
effective when most needed.

CLINICAL WISDOM

Wound Healing and Antimicrobials
No antibacterial agent, whether bactericidal or bacterio-
static, is curative when used in isolation. Attention to nutri-
tional factors, management of underlying pathology, and 
relief of causative factors are also required.
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as well as an indication for prophylactic antifungal use, such 
as underlying disease or an increased risk of fungal infection 
resulting from invasive procedures or environmental exposure 
(e.g., diarrhea, diaphoresis, poor hygiene, diabetes). The major 
contraindication for antifungal use is a known allergy to its 
ingredients. Antifungals must be used for the entire time pre-
scribed to completely eliminate the infection.

Some areas are more diffi cult to treat, and some fungi are 
more diffi cult to eliminate because of a patient’s underly-
ing disease process. External factors that affect the antifungal 
agent’s ability to penetrate the skin include temperature, ambi-
ent water vapor pressure, and drying agents such as powders, 
which reduce the excess moisture in the skin folds and may aid 
in the effi cacy of antifungals.

Nonsporing anaerobes are a signifi cant pathogen in ulcers 
with a foul smell and exposure to fecal contamination.60 
Metronidazole topical gel (MetroGel) has been shown to be 
effective in eliminating or decreasing the odor associated with 
these wounds.60–62

Topical Dressings for Management of Exudate
Effective management of exudate requires knowledge of the 
absorptive capacity of dressing materials and attention to frag-
ile wound margins. Excess exudate on the wound edges can 
lead to maceration and destruction of the critical wound edge. 
Use of petrolatum products or other hydrophobic ointments 
around the wound can provide some protection for the wound 
edges. Use of a topical dressing that adequately absorbs the 
wound fl uid will also protect the wound edges.

The choice of a dressing for a wound is, in many cases, 
dependent on the amount of drainage present in the wound 
and the expected drainage from the wound. For example, a 
wound that has been recently debrided of yellow necrotic tissue 
may have a history of moderate to large amounts of drainage; 
however, the amount of drainage postdebridement is expected 
to decrease. The topical dressing may also become not only 

Honey works as an antimicrobial by the osmotic effect pro-
duced by the high sugar content and the presence of an enzyme 
that produces hydrogen peroxide.54 Honey has an inhibitory 
effect on more than 50 different species of bacteria (broad-
spectrum effectiveness) including MRSA and VRE.56 Honey 
does not have any reported microbial resistance and has dem-
onstrated effectiveness for a variety of wound infections as well 
as colonization and biofi lms.56 Clinicians should avoid using 
non–medical-grade honey as it can have viable spores and have 
unpredictable antibacterial activity.

Polyhexanide is an antimicrobial compound that is effective 
in infected or critically colonized acute and chronic wounds. It 
is also effective against biofi lms. Like iodine, silver, and honey, 
it has a broad spectrum of effectiveness, no resistance, and min-
imal contact sensitization.54 Polyhexanide is available as anti-
septic wound irrigation solution (Prontosan® Wound irrigation 
solution, Lavanid® solution), hydrogels (Prontosan® Wound 
gel, Lavanid® wound gel), and wound dressings (Telfa® A.M.D., 
Kerlix® A.M.D., Kendall® A.M.D., XCell).54 The duration of 
therapy is usually 2 to 5 days and generally should not exceed 
14 to 21 days.57 Polyhexanide is most effective when used at the 
critical colonization period to prevent wound infection.54

Superoxidized water (Microcyn) is a recently approved anti-
septic.54 It is pH-neutral with reactive species of chlorine and 
oxygen in a stable form. Superoxidized water is bactericidal with 
broad spectrum coverage. It is potentially active in the presence 
of biofi lm with no contact sensitivity.58 It can be applied directly 
to the wound or combined with other dressings or wound care 
products. Antimicrobial peptides are a new approach to topical 
therapy for wound infection. Antimicrobial peptides are small, 
cationic amphipathic compounds that are stored in granules 
of polymorphonuclear leukocytes and epithelial cells in most 
eukaryotes.54 They are bactericidal against a broad spectrum 
of microorganisms and synergistic with other antimicrobials. 
Pexiganan, a peptide awaiting U.S. FDA approval, is applied in 
a 1% cream and is effective against most aerobic and anaerobic, 
gram-positive and gram-negative organisms.59

Topical antimicrobial therapy using iodine, silver, honey, 
polyhexanide or superoxidized water plays a role in eradicating 
bacteria prior to skin grafting, or to reduce odor associated with 
nonhealing necrotic ulcers (in persons for whom debridement 
and/or revascularization procedures are not an option), for 
wounds that are failing to heal (possible critical colonization), 
and removal of biofi lm.54 Iodine, silver, and honey specifi cally 
show inhibition or disruption of biofi lm.54

Antifungals
About 50 species of fungi are pathogenic to humans. Antifungal 
agents include nystatin (Mycostatin), ketoconazole (Nizoral), 
and miconazole nitrate (Monistat-Derm). Not all antifungal 
agents are fungicidal; many are only fungistatic, and certain of 
them may owe their effi cacy to a keratolytic action.

Fungi are eukaryotes, like the cells of plants and animals, includ-
ing humans. Thus, designing drugs that can target fungi selectively 
is challenging. Broad-spectrum antifungal agents are in general 
nonselective and therefore, when taken systemically, are toxic. 
However, many antifungals have limited absorption through the 
epidermis, and therefore can be used in dermatologic preparations.

An antifungal agent is indicated when a patient has a 
 diagnosed or strongly suspected signifi cant fungal infection, 

RESEARCH WISDOM

Treatment of Malodorous Wounds
Topical metronidazole has been shown to be effective in 
resolving odor in foul-smelling wounds. Use of a 1% solu-
tion or 0.75% gel applied twice daily reduced or eliminated 
odor in 80% to 90% of wounds in 4 to 7 days. Odor was 
signifi cantly decreased in 2 days.60–62

CLINICAL WISDOM

Caution About Petrolatum Around Wound Edges
If petrolatum products are being used for wound care and 
the patient is receiving physical therapy, the physical thera-
pist must be notifi ed. Petrolatum products can interfere with 
physical therapy technologies and are diffi cult to remove from 
the patient’s skin prior to physical therapy interventions.
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Wound Dressings: Generic 

Categories Not Absorbent

Low to 

Minimal Absorption

Minimal to 

Moderate Absorption

Moderate to 

Large Absorption

Skin sealants X

Composite or combination dressings X X

Transparent fi lm dressings X

Gauze—woven X

Gauze—nonwoven X

Gauze—impregnated X

Calcium alginates X X

Collagen dressings X X

Exudate absorbers—beads, pastes, 
powders, fl akes

X X

Hydrocolloids—regular, thin, pastes, 
granules

X X

Hydrogels—sheets, wafers, 
amorphous

X X

Foams X X X

Hydrocolloid-hydrogel combinations X X

Topical Treatment—Wound Dressings18.5TABLE

the treatment but also the method of determining the effi cacy 
of treatment. For example, by evaluating the dressing upon 
removal from the wound, you can judge what percentage of 
the dressing material has interacted with wound drainage. This 
can help you determine whether to continue treatment with the 
same dressing or to apply a new dressing. Table 18.5 identifi es 
the generic product categories with notes about the absorptive 
capability of each dressing type. This information may be useful 
in choosing dressings for the exudative wound. Monitor closely 
any patient who has a wound with large amounts of exudate. 
The skin surrounding the wound can become macerated and, 
in some cases, a candidiasis or yeast infection can develop 
around the wound. The continual loss of proteins, fl uids, and 
electrolytes in wound exudate can cause fl uid and electrolyte 
disturbances in severe cases; at a minimum, the loss of proteins 
and wound healing substrates can slow or impede the wound 
healing progress. Finally, the presence of a wound with large 
amounts of draining exudate takes a toll on the patient’s daily 
quality of life, disrupting normal function.

OUTCOME MEASURES

Appropriate characteristics to assess in evaluating the results of 
exudate management are the amount of exudate in the wound, 
type of exudate in the wound, and involvement of the wound 
dressing with the exudate present in the wound. Measurement 
of exudate is an intermediate outcome measure, and healing is 
the fi nal outcome.

Amount of Exudate
The amount of exudate should diminish progressively in the 
wound if therapy is appropriate. The amount of exudate can be 

measured by using clinical judgment to evaluate the distribu-
tion of moisture in the wound and the interaction of exudate 
with the wound dressing. A rating scale similar to the following 
may be used to quantify the amount of exudate:

1 = None = wound tissues dry
2 = Scant = wound tissues moist, no measurable exudates
3 = Small = wound tissues wet, moisture evenly distributed in 

wound, drainage involved 25% of wound dressing
4 = Moderate = wound tissues saturated, drainage may or may 

not be evenly distributed in wound, drainage involved >25% 
to <75% of wound dressing

5 = Large = wound tissues bathed in fl uid, drainage freely 
expressed, may or may not be evenly distributed in wound, 
drainage involved >75% of wound dressing

Type of Exudate
The type of exudate should change as the wound improves and 
heals. As the wound passes through the infl ammatory phase 
of wound healing, serous drainage should become more sero-
sanguineous and then sanguineous in nature. As infection or 
necrosis is resolved, improvement should be refl ected in the 
exudate type. Foul, purulent drainage should become merely 
purulent, then seropurulent, and fi nally serous and serosan-
guineous in character. Measurement of the type of exudate is 
best accomplished by the use of a rating scale, such as:

1 = Bloody = thin, bright red
2 = Serosanguineous = thin, watery, pale red to pink
3 = Serous = thin, watery, clear
4 = Purulent = thin or thick, opaque tan to yellow
5 = Foul purulent = thick, opaque yellow to green with 

 offensive odor
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SELF-CARE TEACHING GUIDELINES

Patient and caregiver instruction in self-care must be individu-
alized to the topical therapy care routine, individual patient’s 
wound, individual patient’s and caregiver’s learning styles and 
coping mechanisms, and ability of the patient/caregiver to 
perform procedures. The general self-care teaching guidelines 
in Exhibit 18.2 provide a model of information to teach, and 
should be individualized for each patient and caregiver.

CONCLUSION

Management of exudate and infection is part of preparing the 
wound for healing. Differentiation of infection from coloni-
zation can be diffi cult, since clinical signs and symptoms of 
each are similar. Colonization does not usually impair wound 
healing or invade wound tissues. In contrast, infection 
invades wound tissues with resultant cellulitis, infl ammation, 
drainage and odor, and impaired wound healing. Knowledge 
of wound biofi lm and the complexity of bacteria present in 
chronic wounds have increased our understanding of failure 
to heal in chronic wounds and is improving our diagnostic 
abilities.

Correct antimicrobial therapy can assist in bacterial con-
tamination, prevention of biofi lm, and infection. Use of anti-
microbials should be undertaken with a thoughtful approach in 
wounds with signs of infection and cautiously used in wounds 
that are clean. Advancements in our understanding of wound 
cleansing, biofi lms, antimicrobial use, and dressings to absorb 
wound exudate have made obtaining an infection-free, moist 
but not wet, wound ready for healing more attainable.

REFERRAL CRITERIA

The determination of whether a patient is a candidate for wound 
management requires adequate assessment of the patient, with 
attention to evaluation for possible referral. For example, the 
following patients would warrant referral to a physician and/or 
an advanced practice nurse for medical evaluation, immediate 
intervention, or referral to another health-care professional for 
consultation:

1. Patients with wound exudate that is copious, malodorous, 
and prolonged should be evaluated further for infection, 
cellulitis, abscess, or progressive degeneration. In this case, 
the advanced practice nurse may choose to manage the 
patient initially. If the condition worsens or the patient fails 
to improve over a 2-week time frame, the physician should 
be consulted.

2. Patients with an elevated temperature or those on a down-
hill course should be evaluated further. Intervene as in No. 1.

3. Patients with no wound improvement over several weeks 
should be evaluated further. In this case, the advanced prac-
tice nurse may want to consult other health-care practitio-
ners (e.g., physical therapists, dietitians, wound care nurses, 
and physicians).

4. Patients with evidence of cellulitis or gross purulence/ infec-
tion should be evaluated further. Intervene as in No. 1.

5. Patients with impending exposed bone or tendon present in 
the wound should be evaluated further. Intervene as in No. 3.

6. Patients with evidence of an abscessed area should be evalu-
ated further. Intervene as in No. 3.

7. Patients with extensively undermined areas present in the 
wound should be evaluated further. Intervene as in No. 3.

EXHIBIT 18.2

Self-Care Teaching Guidelines
Self-Care Guidelines Specifi c to Exudate 
and Infection Management

Instructions 
Given 
(Date/Initials)

Demonstration or Review 
of Material (Date/Initials)

Return Demonstration 
or Verbalizes Understanding 
(Date/Initials)

1.  Type of wound and reasons for exudate

2.  Signifi cance of exudate and infection

3.  Topical therapy care routine
  a.  Clean wound.
  b.  Apply absorptive dressing (note 

appearance of dressing when it inter-
acts with wound drainage and on 
removal).

  c.  Manage wound edges to prevent 
maceration.

  d.  Apply secondary or topper dressing, 
as appropriate. 

4.  Frequency of dressing changes

5.  Expected change in wound drainage 
during healing

(continued)
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EXHIBIT 18.2 (continued )

Self-Care Teaching Guidelines
Self-Care Guidelines Specifi c to Exudate 
and Infection Management

Instructions 
Given 
(Date/Initials)

Demonstration or Review 
of Material (Date/Initials)

Return Demonstration 
or Verbalizes Understanding 
(Date/Initials)

6.  When to notify the health-care provider
  a.  Signs and symptoms of infection
  b.  Failure to improve
  c.  Presence of odor
  d.  Pus or purulent drainage
  e.  Copious amounts of drainage
  f.  Elevated temperature or signs of 

confusion in the older patient

7.  Universal precautions
  a.  Hand washing
  b.  Use of gloves during care procedures
  c.  Disposal of contaminated materials

8.  Antibiotic regimen
  a.  Oral medication use
  b.  Topical medication use
  c.  Antimicrobial cleanser use

9.  Importance of follow-up with health-care 
provider

 

REVIEW QUESTIONS

 1. Which of the following statements best describes wound 
colonization?
 A.  The presence of proliferating microorganisms in viable 

wound tissues without a host response
 B.  The presence of proliferating microorganisms in viable 

wound tissues with a host response
 C.  The presence of proliferating microorganisms on the 

wound surface without a host response
 D.  The presence of proliferating organisms on the wound 

surface with a host response
 2. A client presents with a clean full-thickness wound. Which 

of the following solutions would be the best for use in 
cleansing?
 A. Povidone-iodine
 B. Normal saline
 C. Sodium hypochlorite solution
 D. Hydrogen peroxide

 3. Cultures are indicated for which of the following pressure 
ulcers?
 A.  All pressure ulcers involving loss of epidermis and 

 dermis
 B. All full-thickness pressure ulcers

 C.  Pressure ulcers with signs and symptoms of localized/
systemic infection or bone involvement

 D.  Pressure ulcers with necrotic tissue present and sur-
rounding erythema

 4. Which of the following reports typically indicates wound 
infection?
 A. Colony count of more than 1,000 organisms/mL
 B. Colony count of more than 5,000 organisms/mL
 C. Colony count of more than 10,000 organisms/mL
 D. Colony count of more than 100,000 organisms/mL

 5. Which of the following agents can be used to prevent bio-
fi lm development after debridement?
 A. Hydrocolloid dressings
 B. Polyhexanide or medical grade honey dressings
 C. Saline moist gauze dressings
 D. Calcium alginate dressings
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CHAPTER OBJECTIVES

Edema is defi ned as “the presence of abnormally large amounts 
of fl uid in the intercellular tissue spaces of the body, usually 
applied to demonstrable accumulation of excessive fl uid in the 
subcutaneous tissues.”1 This abnormal collection of fl uid has 
been a problem for patients and health-care providers for cen-
turies. In early times, it was called “dropsy.” This accumulation 
of fl uid can be a recent occurrence (<72 hours), called acute 
edema, or it may have been present for a longer period of time, 
in that case called chronic edema. Peripheral edema involves the 
extremities, most commonly the lower legs, ankles, and feet. 
Without skillful assessment and timely intervention, peripheral 
edema can progress, leading to further tissue damage and func-
tional impairment. There are two types of leg edema: venous 
edema and lymphedema. Venous edema consists of excess pro-
tein-poor interstitial fl uid resulting from increased capillary 
permeability that cannot be accommodated by the normal lym-
phatic system.2 This edema is a high-output failure of the vas-
cular and lymph circulation, which occurs because the normal 
transport capacity of the intact lymphatics is overwhelmed by 
excessive fl ow of fi ltrate or fl uid.3 Common examples include 
heart failure, chronic venous insuffi ciency, hepatic cirrhosis, 
nephritic syndrome, and edema secondary to the infl amma-
tory wound healing response. Lymphedema is protein-rich fl uid 
within the skin and subcutaneous tissue that results from lym-
phatic system dysfunction.4 Lymphedema is the result of low-
output failure of the lymphatic system. The dysfunction of the 
lymphatic system can be due to a primary disorder (congenital 
dysplasia) or a secondary disorder (anatomical disruption such 
as seen with surgical dissection or recurrent infections).3 The 
edema associated with wounds is often mixed, with initial fea-
tures of venous edema (e.g., low-protein edema) as a result of 
the prolonged infl ammation phase of wound healing coupled 
with damage to the lymphatic system (from the open wound), 
which leads to true lymphedema.

Lipedema is often misdiagnosed as lymphedema. Lipedema 
is abnormal adipose tissue accumulation in the lower extremi-
ties. Usually the dorsum of the foot is spared from edema. 
Massage and compression techniques used to treat edema and 
lymphedema are not useful for the management of this condi-
tion (Fig. 19.1).

Given the importance of edema management in wound care, 
we provide in this chapter a thorough exploration of the sub-
ject. The chapter begins with a discussion of the etiology and 
pathophysiology of edema and then explores assessment and 
management, including compression therapy and skin care.

SIGNIFICANCE

Many health-care providers fail to realize that “edema” is not a 
diagnosis unto itself but is a symptom. A symptom is defi ned as 
“any functional evidence of disease.”5 Excess fl uid in the tissues 
is a symptom of an underlying condition and when detected by 
physical examination is called a “fi nding.” Something is causing 
an excess accumulation of fl uid in the tissues, and the disease 
causing the fl uid accumulation is the diagnosis.

Because edema is a symptom and can be associated with a 
variety of diseases and conditions, determining the signifi cance 
of the problem is diffi cult. Worldwide, the two most common 
causes of chronic and clinically signifi cant edema are venous 
insuffi ciency and lymphedema (lymphatic obstruction). These 
are followed by an arteriovenous (AV) fi stula and fl uid over-
load, which in turn may indicate underlying cardiac or renal 
disease or malnutrition. Table 19.1 identifi es the general char-
acteristics of lower extremity edema from a variety of causes. 
The most likely cause of lower extremity edema in persons over 
age 50 is venous insuffi ciency with estimates that up to 30% of 
the U.S. population is affected.6,7 Globally, secondary lymph-
edema caused by fi lariasis (infection with larvae transmitted 

At the completion of this chapter, the reader will be able to:

1. Explain the various causes of edema.
2. Discuss assessment of the patient with edema.
3. Describe the general guidelines for compression therapy.
4. Discuss effective management strategies for various types of edema.

Terry Treadwell, Evonne Fowler, and Barbara M. Bates-Jensen
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ETIOLOGY OF EDEMA

If you are to choose effective treatment of edema, you must fi rst 
understand the underlying etiology. A fi rst step is to classify 
peripheral edema as unilateral or bilateral (Fig. 19.2A,B).

• Unilateral lower extremity edema. Causes include venous and 
arterial abnormalities, lymphedema, infection, trauma, and 
neoplasms.

• Bilateral lower extremity edema. Causes include congestive heart 
failure, systemic and metabolic abnormalities, endocrine dys-
function, inferior vena cava obstruction by tumor or infl amma-
tory mass, lipedema (a condition involving excessive deposition 
and expansion of adipose cells), and pregnancy. In addition, 
malnutrition as a cause of edema is not widely appreciated in 
the United States, but when providing healthcare in under-
served countries around the world, it can be a major problem. 
Another underappreciated cause of bilateral edema is drug-
induced edema. Exhibit 19.1 shows a number of commonly 
used medications that can cause swelling of the extremities.

to humans from mosquitoes) is much more common, affect-
ing 90 to 125 million persons worldwide.3,8 Lymphedema, fol-
lowing axillary node dissection or radiation therapy for cancer, 
is most common in the United States,9 affecting up to 80% of 
patients after surgery.8 These fi gures do not include persons 
with chronic wounds and periwound edema.

Treatment of edema helps improve patient comfort and 
mobility, which in turn can lead to improved patient participa-
tion in the plan of care. Successful management of the edem-
atous limb is also closely associated with successful wound 
healing and a decreased frequency of focal infections.10–13 The 
importance of controlling edema in patients with wounds can-
not be overemphasized. Indeed, studies showing the effective-
ness of wound healing in venous ulcers without edema-control 
measures are almost nonexistent.14 Poor epithelialization, 
decreased oxygenation11 and nutrient diffusion, and decreased 
immune defense appear to be factors for problems in edema-
tous limbs.12,15,16 In many instances, treatment of edema itself 
may assist in wound healing and prevention.16–18

FIGURE 19.1 Lipedema. (Copyright © Evonne Fowler, RN, CNS, 
CWOCN.)

Bilateral Unilateral

1. Cardiac disease 1. Venous disease

2. Renal disease 2.  Arterial disease usually 
AV fi stulae

3. Hepatic disease 3. Lymphatic disease

4. GI disease 4. Operations

5. Immune disease and allergy 5. Trauma

6. Nutritional disease

7. Endocrine disease

8. Pregnancy

9.  Circulatory problems usually 
vena caval obstruction

10. Drugs and medications

19.1TABLE

FIGURE 19.2 A,B: Determine whether the edema is unilateral (A) 
or bilateral (B) as shown. (Copyright © Evonne Fowler, RN, CNS, 
CWOCN.)

Common Causes of Edema
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Role of the Vascular System
As you know, hydrostatic pressure in the arteries, arterioles, 
and the arterial side of the capillaries comes largely from car-
diac contraction. Hydrostatic pressure is exerted on blood in 
the veins, venules, and venous side of the capillaries by grav-
ity and tissue pressures on the venous side of the circulation. 
By far, the greatest volume of blood at all times is in the veins 
(about two-thirds) while about one-fi fth is in the arteries, arte-
rioles, and capillaries.21

In the lower leg, the venous system is composed of a superfi -
cial system, a connecting perforating system, and a deep system. 
Blood normally fl ows from the superfi cial to the deep system 
through perforating veins and, at certain areas, at the groin and 
knee; the superfi cial system connects directly to the deep sys-
tem. One-way valves in the veins prevent refl ux. During muscle 
contraction, the muscles exert high pressures on the deep veins 
and pump blood toward the heart.

The Venous Muscular Pump
Venous pressure at the ankle is about 90 mm Hg, which is 
higher than venous pressure taken in a recumbent person 
whose ankle veins are at about the same level as the right 
atrium. However, when the leg and abdominal muscles are 
active, they compress the adjacent veins, emptying the blood 
and reducing venous pressure (until they fi ll up again when 
the muscles are relaxed). This compression, in combination 
with the function of the one-way valves in allowing blood to 
fl ow only toward the heart, is known as the venous muscular 
pump. The most important pump is the calf pump, but the 
quadriceps in the thigh and the foot pump also play roles in 
moving venous blood. Clearly the pump does not work with-
out motion, an open unobstructed vein, and intact valves. 
When one, two, or all three of these fail, venous pressure 
can rise dramatically. When this happens in the superfi cial 
and deep systems or the deep system alone, edema, promi-
nent varicose veins, and (eventually) venous skin ulcers may 
occur.19–22

Role of the Microcirculation
The fl ow of fl uid to and from capillaries and lymphatics is gov-
erned by mechanisms defi ned by Dr. Starling over 100 years 
ago.23 The controlling factors have to do with pressures inside 
and outside the capillary. When blood enters the arterial end of 
the capillary, the blood pressure is 30 to 35 mm Hg. Because of 
resistance to blood fl ow in the small vessels, the blood pressure 
drops further and is only 10 to 15 mm Hg at the venous end of 
the capillary. This makes the average pressure forcing fl uid out 
of the vessels about 20 mm Hg.

Opposing this outward force of fl uid from the capillary 
would be the pressure the tissues make pressing on the capil-
lary wall to prevent fl uid from leaking out of the capillary. 
Interestingly this opposing tissue pressure is 0 mm Hg. Since 
there is no opposing force to fl uid leaking out of the vessels, 
the tendency is for fl uid to leave the vessels and go into the 
 interstitial space.

Unfortunately, it is not that simple. There are other forces 
involved called osmotic pressures which are generated by the 
proteins and other large molecules or solutes in the blood and 
interstitial space. When large molecules are concentrated in a 
fl uid and on the other side of a permeable membrane is a fl uid 

Although the majority of lower extremity problems are due to 
venous disease, either insuffi ciency or occlusion, the underlying 
cause of the edema must be accurately identifi ed if appropriate 
therapy is to be provided.

Unfortunately, edema may be the result of more than one 
etiology. For example, arterial ischemia may coexist with 
venous disease and the resultant edema and venous disease may 
also be associated with lymphedema. For this reason, all etiolo-
gies of edema must be considered and eliminated if the patient 
is to have successful therapy. Many times patients and provid-
ers are frustrated when therapeutic measures are less than suc-
cessful in the treatment of edema. Many times the failure of 
therapy is because the underlying cause of edema has not been 
identifi ed and appropriately treated.

PATHOPHYSIOLOGY OF EDEMA

As previously noted, edema occurs when excess fluid is 
present in the interstitial space, the area between cells and 
the capillaries. Exchange of nutrients, wastes, fluid, gases, 
electrolytes, and proteins from the vascular system, lym-
phatic system, and tissue cells occurs through this space. 
Fluid normally moves from the capillaries to the interstitial 
space and back again taking nutrients, oxygen, electrolytes, 
proteins, and other products to the cells and surrounding 
tissues and removing waste products. Pressure in this area 
may be low and attract fluid into the tissue or be high and 
force fluid into lymphatics and capillaries.19 Up to 30 L of 
fluid each day pass from the capillaries into the interstitial 
spaces, and normally, an equal amount of fluid is returned to 
the circulatory system through the capillaries and removed 
by the lymphatics.20 Edema occurs when this carefully regu-
lated balance of fluid movement into and out of the tissues 
is upset.

EXHIBIT 19.1

Drugs Causing Edema
•  Calcium channel 

blockers (for example: 
amlodipine, diltiazem, 
felodipine, isradipine, 
nifedipine, verapamil)

•  Antihypertensives
  •  Hydralazine
  •  Clonidine
  •  Reserpine
•  Minoxidil
•  Beta-blockers (e.g., 

acebutolol, atenolol, 
betaxolol, bisoprolol, 
metoprolol, nadolol, 
penbutolol, propranolol)

•  Cilostazol
•  Gabapentin

•  Hormones
  •  Corticosteriods
  •  Estrogen
  •  Progesterone
  •  Tamoxifen
  •  Testosterone
•  Monoamine oxidase 

inhibitors
•  Anti-infl ammatory 

drugs
  •  Nonsteroidal anti-

infl ammatory drugs
  •  Cox-2 inhibitors
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into circulation. For example, when lymph nodes are removed 
after breast  cancer,  collateral lymphatic circulation can take 
over lymph  transport.3 The ability of the lymphatic system to 
circumvent or  compensate for lost or damaged lymph nodes 
enables manual  lymphatic drainage techniques to be success-
ful in lymphedema management.3 This approach is not suc-
cessful with venous edema. Lymphedema may be primary or 
secondary. Primary  lymphedema is classifi ed according to age 
of onset:

• Congenital (onset before 1 year old)
• Praecox (onset at 1–35 years old)
• Tarda (onset after 35 years old)

Secondary lymphedema is caused by direct damage to the 
lymphatic system. As noted earlier, the most common cause 
of secondary lymphedema globally is fi lariasis, while the most 
common cause of secondary lymphedema in the United States 
is lymph node excision or damage from cancer therapy. Tumor 
invasion, infection, and direct trauma to lymph system can also 
cause secondary lymphedema.

As you can see, there are many potential causes for excess 
fl uid to accumulate in an extremity. If the pressure in the 
arterial end of the capillary is increased (as seen in patients 
with fl uid overload from congestive heart failure, renal fail-
ure, postoperative fl uid overload, drugs, and others), more 
fl uid will pass into the interstitial tissues. If the pressure at 
the venous end of the capillary is increased (as seen when one 
stands and in venous insuffi ciency and venous occlusion), 
less fl uid is going to be reabsorbed. If the oncotic pressure 
is changed by a reduced amount of protein in the blood (as 
seen in nutritional problems, renal disease, liver disease, and 
some gastrointestinal problems) or an increased amount of 
protein in the tissues (as seen in conditions with damaged 
lymphatics), the balance of fl uid into and out of the capillary 
will be altered. If the capillary is damaged and leaks more than 
it should (as seen in trauma, burns, infl ammatory processes 
including infection, edema-causing drugs, and others), more 
fl uid will pass into the interstitial space than can be handled. 
Damage to the lymphatics by either congenital problems 
or disease will result in more fl uid and damaging products 
remaining in the tissues. The control of fl uid in the tissues 
is a very precise process and is easily disrupted either tempo-
rarily or permanently by our actions or disease. Any disease 
or condition that could disrupt any portion of this carefully 
orchestrated physiologic process must be considered when 
evaluating the patient with edema.

Edema can be a problem in maintaining normal skin integ-
rity and in the healing of wounds. The fl uid impedes diffusion 
of oxygen and nutrients to the tissues, making maintaining 
healthy skin and healing wounds more diffi cult. Edema fl uid 
is a good culture medium and, more importantly, inactivates 
the normal antistreptococcal properties of skin predisposing 
the patient with the swollen limb to infection. Edema fl uid is 
known to delay wound healing by inhibiting mitogenic activ-
ity and DNA synthesis in cells, by having higher levels of pro-
infl ammatory cytokines which keep the microenvironment 
more infl ammatory, and by having higher levels of proteases 
that destroy newly forming tissue matrix and growth factors. 
Edema fl uid also induces a state of senescence in cells.24 This 
puts cells into a state where they do not respond to growth 

with fewer molecules, the fl uid tries to move from an area of 
low concentration to one of high concentration so that the con-
centrations will be equal. This motion of fl uid in relation to 
molecules results in pressure being generated, the oncotic pres-
sure. The oncotic pressure in the plasma, because of the large 
number of protein molecules, is about 28 mm Hg pressure. The 
oncotic pressure of the interstitial fl uid is approximately 8 mm 
Hg. This means that the net oncotic pressure (28–8 mm Hg) is 
20 mm Hg, forcing fl uid to stay in the capillary or fl ow into the 
capillary from the interstitial fl uid.

When this is all combined, we see some interesting concepts. 
When blood enters the arterial end of the capillary, the force 
encouraging fl uid to leave the capillary and go into the intersti-
tial space is arterial pressure (30 mm Hg) minus the net oncotic 
pressure (20 mm Hg) holding the fl uid in the capillary equals 
10 mm Hg pressure forcing fl uid into the interstitial space. 
About 30 L of fl uid per day goes into the interstitial space in 
this manner.3,10

The entire equation changes when the blood reaches the 
venous end of the capillary. The pressure of the blood is only 
about 10 mm Hg. Now we have 10 mm Hg blood pressure forc-
ing fl uid out of the capillary minus the net oncotic pressure 
(20 mm Hg) holding the fl uid in the capillary equals a negative 
10 mm Hg pressure or 10 mm Hg pressure pulling fl uid INTO 
the capillary from the interstitial space. This results in fl uid 
being transferred back into the vascular system to be carried 
back to the heart. Each day, approximately 27 L of fl uid from 
the interstitial space returns to the vascular system.

What happens to the other 3 L of fl uid per day? It is removed 
along with 80 to 200 g of protein molecules, bacteria, cell resi-
due, unwanted proteases, and cytokines by the lymphatics, the 
other circulatory system in the body.3,10 The lymphatic system 
picks up this extra fl uid (now called lymph) and returns it to 
the general circulation.

The lymphatic system consists of lymph vessels and lymph 
nodes. The lymphatics include valved capillaries and lymph 
collectors. The initial lymphatics reabsorb liquid and the 
lymph collectors act as transport vessels. Lymph collectors 
have  muscular walls and valves. The contraction of the vessel 
walls acts as a pump to move the lymph along to the lymphatic 
ducts and then to the thoracic duct.3 Lymphatic ducts do not 
have reabsorbing function. Extremities have both a superfi -
cial and deep lymphatic system. Lymph transport occurs from 
proximal to distal and from superfi cial to deep. Lymphatic 
drainage mostly follows the blood vessels and leads to regional 
lymph nodes. Nearly all of the lymph from the lower extremi-
ties and lower body fl ows to the thoracic duct. Lymph from 
the left side of the head, left arm, and some of the chest also 
drains into the thoracic duct and then rejoins the venous cir-
culation. Lymph from the right side of the head and neck, 
right arm, and the thorax empties into the right thoracic duct. 
The right thoracic duct empties into the right subclavian and 
internal jugular vein. Thus, the upper venous system receives 
the large volume of lymph.3 The body including the skin is 
divided into lymphatic drainage regions termed lympho-
tomes.3 These lymphotomes are generally found in the dermis, 
and fl ow from lymphatic  vessels varies around these lympho-
tomes (e.g.,drainage around the lymphotomes is in different, 
often opposite directions). Excess lymph can be directed along 
these drainage paths into functioning lymph vessels and back 
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arteriovenous fi stula between the femoral artery and femoral 
vein, causing her edema. After operative closure of the fi stula, 
the edema resolved. The patient did not connect the procedure 
with the onset of the swelling. Is there a history of systemic dis-
ease? Heart, liver, and kidney disease are associated with edema. 
A history of HIV is important in the evaluation of the patient 
with lower extremity swelling especially if it is associated with 
an ulceration or other signs of chronic venous disease.33 A his-
tory of pelvic or abdominal cancer or radiation therapy may 
also contribute to edema. Does the patient have a history of 
sleep apnea? Sleep apnea can cause pulmonary hypertension 
that can lead to leg edema.6

It is important to determine the occupation of the patient. 
Does the patient stand all day while working? Lower extrem-
ity edema may fail to respond to any therapy until the per-
son can retire or change positions such that he or she is off 
his or her feet most of the day. Does the edema only occur 
at certain times? In women, edema of the lower extremities 
may be associated with their hormonal cycle (premenstrual 
edema).

The duration of the edema is important. Is the swelling a 
recent occurrence or has it been present for a length of time, 
perhaps even since shortly after birth? If the onset is acute (i.e., 
less than 72 hours), deep vein thrombosis should be strongly 
considered. Is there pain with the swelling? Pain needs to 
be documented and is generally done with a pain scale. It is 
important to qualify the pain. Does the pain occur when walk-
ing or just when standing or sitting? There is a little-remem-
bered syndrome originally described by German physicians34 
of venous claudication which consists of tiredness, mild pain, 
and muscle weakness with activity of any extremity in which 
there is venous occlusion (upper or lower extremity). Since 
the patient may have associated arterial insuffi ciency, it is 
important to determine if the symptoms are due to arterial 
disease or venous disease. Similar to the intermittent clau-
dication of arterial disease, the symptoms resolve with rest 
and recur with exercise. Important differences are that arte-
rial pulses are present and evidence of venous obstruction is 
noted.35

Another important question relates to the response of the 
swelling to elevation. Asking if the swelling goes down over-
night usually obtains the needed information. If the edema 
improves overnight, it is more likely venous edema as lymph-
edema generally does not improve overnight. Determine if 
there is a history of thrombophlebitis or pulmonary embolus; 
be sure to use terms understood by the patient (e.g., blood clots 
in the legs or lungs).

Physical Examination
Some elements of the physical examination include body mass 
index, distribution of edema, evaluation of pain, and assess-
ment for pitting, varicosities, and skin changes and signs of 
systemic diseases.6 Examination for evidence of the previously 
mentioned medical problems is essential. Examination of the 
patient for evidence of previous operative procedures and 
trauma is benefi cial in case the patient’s memory is defi cient. 
Specifi c attention to the following areas is essential:

• Body mass index. Obesity is associated with sleep apnea and 
venous insuffi ciency.

factors and do not contribute to healing. Signifi cant swelling of 
tissues can compress smaller blood vessels in the tissues, result-
ing in ischemia. Edema can be a sign of serious disease and can 
 signifi cantly contribute to other problems.

ASSESSMENT

Evaluation of the patient with edema is important because 
edema is more than just a cosmetic issue. Chronically swollen 
legs can cause a feeling of heaviness in the legs, be painful, and 
reduce ambulation and quality of life. Edema can be the fi rst 
sign of a serious disease. For example, new onset of edema in a 
lower extremity may refl ect pelvic tumors.

The etiology of the edema can be accurately determined by 
knowledgeable health-care providers in about 90% of cases 
on the basis of a good history and physical examination.25 
Unfortunately, many health-care providers do not conduct 
a good history and physical examination, a malady known 
as “hyposkillia.”26 Only about 10% of patients with swollen 
extremities should need laboratory evaluation and radiographic 
studies to determine the cause of the edema.

Patient History
A good patient history is necessary in the evaluation of the 
patient with the swollen limb. As has previously been men-
tioned, there are numerous diseases that can cause and con-
tribute to edema. An adequate history entails pursuing 
information about these medical conditions that might cause 
edema. A family history is important when considering the 
patient with a swollen extremity. The incidence of varicose 
veins in someone with a family history can be up to three times 
higher than in someone who does not have a family history of 
the problem.27,28 Genetic factors have been noted to increase 
the susceptibility of some patients to develop thrombophle-
bitis and venous ulcers.29–31 A nutritional history should be 
included. Inadequate nutrition could be due to inadequate 
intake of food or many diseases. On the other hand, an excess 
of dietary intake could lead to increased intra-abdominal pres-
sure, pressure on the veins, and subsequent lower extremity 
swelling. Does the patient have a history of malignancy or gas-
trointestinal disease? Does the patient have abdominal com-
plaints of any kind? For example, swollen legs may be due to 
a previously undetermined pregnancy. There are other intra-
abdominal causes of edematous extremities which must not be 
overlooked.

The patient’s age and medication history are essential, 
because, as previously mentioned, a number of common medi-
cations can cause edema. Calcium channel blockers, pred-
nisone, and anti-infl ammatory drugs are common causes of 
edema.6 Does the patient have a history of injury or opera-
tive procedures? These procedures may be overlooked as not 
important to report by patients. Yet they are important since 
the association between total knee replacements and chronic 
venous disease has been noted.32 As an example, one of the 
authors saw a patient in their clinic with a massively swollen 
leg who, just in passing, mentioned that she had undergone 
a cardiac catheterization the week prior to the onset of the 
edema. Evaluation of the patient showed that the femoral vein 
had been damaged during the procedure resulting in an acute 
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vascular disease.37 Even though the examiner may not be famil-
iar with the techniques of the arterial examination, this is a skill 
that every person taking care of patients with lower extremity 
wounds must master. Inspection of all extremities for pulses 
should be done and signs of ischemia noted. If questions about 
the adequacy of the circulation arise, additional evaluation 
with Doppler studies and even invasive arterial imaging studies 
should be considered.

Palpation of the arterial system is important in the evalua-
tion of the patient with edema because arterial problems such 
as abdominal aortic aneurysms, femoral artery aneurysms, 
and popliteal artery aneurysms can be large enough to com-
press the adjacent vein, resulting in venous hypertension and 
lower extremity edema. Examination of the popliteal fossa 
may also reveal the presence of a Baker cyst, a cystic mass 
coming out of the knee joint into the tissues behind the knee. 
These cysts commonly compress the vascular structures in 
the popliteal fossa, causing swelling of the leg below the knee.

Evaluation of the appropriate areas for enlarged lymph nodes 
is important and part of the examination for an edematous 
extremity. Enlarged lymph nodes due to infectious, infl amma-
tory, or malignant diseases can obstruct veins and lymphatics, 
contributing to swollen extremities. This is especially true of 
the upper extremity where many diseases of the chest and lungs 
can result in edema.

Color, texture, and temperature of the skin should be evalu-
ated. It should be noted that all “red legs” are not infected. In 
patients with ischemia or peripheral neuropathy, loss of control 
of the microcirculation occurs. When the leg is in the dependent 
position for any length of time, it turns red (dependent rubor). 
This can be differentiated from cellulitis by elevating the limb. If 
the limb becomes pale on elevation, it is not infected (pallor on 
elevation). If the color remains red when elevated, cellulitis may 
be present. Hyperkeratosis, a warty-like texture to the skin, and 
brawny induration are characteristic of lymphedema. Some of 
these characteristics can be seen in Figures 19.3 and 19.4. Venous 
edema is often associated with brown hemosiderin (a by-product 
of red blood cell breakdown) skin deposits on the ankles and 
lower legs.6 When checking for the temperature of the skin, use 
the back side (dorsal surface) of your hand and fi ngers. The back 

• Abdominal exam. Numerous intra-abdominal problems can 
result in edema. Ascites from liver disease, metastatic cancer, 
prior radiation therapy, and tumors can all cause edema.

• Signs of systemic disease. Findings of heart failure, such as 
jugular vein distension and lung crackles, or liver disease 
such as spider hemangiomas and jaundice may be helpful in 
detecting a systemic cause of the edema.

• Distribution of edema. Unilateral edema is typically due to 
a local cause such as deep vein thrombosis, venous insuf-
fi ciency, or lymphedema. Bilateral edema may be due to a 
local or systemic cause such as heart failure or kidney disease. 
Generalized edema is due to systemic disease. Examination of 
the extremities, trunk, and neck provide information on the 
extent of lymphedematous changes.3

• Pain or tenderness. Pain is usually associated with deep vein 
thrombosis or lipedema. Lymphedema is usually nontender.

• Pitting. Deep vein thrombosis, venous insuffi ciency, and early 
lymphedema usually present with pitting. Chronic lymph-
edema generally does not pit.

• Varicosities. If present, they may indicate venous insuf-
fi ciency. Evaluation of the venous system entails direct and 
indirect venous evaluation. Looking at the extremity will 
reveal the presence or absence of varicose veins. Techniques 
for evaluation of the venous system for incompetent venous 
valves and venous insuffi ciency exist but are beyond the scope 
of this discussion (refer to Chapter 7).

• Kaposi-Stemmer sign. An inability to pinch a fold of skin on 
the dorsum of the foot at the base of the second toe is a sign 
of lymphedema.36 Palpation may reveal thickened skin and 
fi brous changes in the subcutaneous tissues.3

• Skin changes. Hyperkeratosis with brawny induration is a 
characteristic of chronic lymphedema. Hyperkeratosis is a 
warty-like texture to the skin. Hemosiderin or brown staining 
of the lower legs and ankles is associated with venous disease.

The vascular examination is essential because arterial insuf-
fi ciency is often mild and minimally symptomatic, yet signifi -
cant when considering patients with edema and venous disease. 
Numerous studies have shown that up to 40% of patients with 
venous disease and ulceration will have signifi cant peripheral 

1

2

3

4

FIGURE 19.3 Chronic bilateral edema with 
evidence of (1) Brawny edema, (2) Trophic 
skin changes, (3) Hemosiderin staining 
(Hyperpigmentation), (4) Multiple shallow 
ulcers (Copyright © B.M. Bates-Jensen.)
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Is the drainage minimal or massive? All are important ques-
tions that will aid in the diagnosis of the cause of the drainage 
and determine the subsequent treatment. Evaluation and docu-
mentation of an ulcer and the surrounding tissue are impor-
tant. The location of the ulcer or ulcers needs to be detailed. 
Ulcers need to be measured with a measuring, tracing, or laser 
device. If the ulcer is to be measured with a measuring tape, the 
measurement should be of the longest length, the perpendicular 
widest width, and the deepest depth. The condition of the peri-
wound skin is important. Is it red, irritated, indurated, moist, 
or macerated? The status of the wound bed should be recorded. 
Is granulation tissue present? If so, how much of the wound 
bed is covered with granulation tissue? Is the granulation tissue 
healthy or discolored? All of this information is important in 
the evaluation of the patient with an edematous limb.

For patients with lymphedema, the severity can be classifi ed 
according to clinical severity although there is not complete 
agreement among experts3,39.

• Stage I: spontaneous, reversible tissue swelling leaving inden-
tations, negative or borderline Stemmer sign, no palpable 
fi brous tissue.

• Stage II: spontaneous, irreversible tissue swelling with mod-
erate or pronounced fi brosis; indentations are diffi cult to 

of the hand is the most sensitive portion and can detect differ-
ence of temperature as small as one to two degrees.38

Extremities with long-standing venous disease will show 
evidence of chronic venous insuffi ciency and increased venous 
pressure. The skin may be thickened. Discoloration of the skin 
usually starting around the ankle and extending proximally is 
common. As the disease progresses, the chronic infl ammatory 
condition in the subcutaneous tissues continues to do damage 
resulting in the classic “upside-down champagne bottle” leg. 
This is due to fi brosis of the tissues in the lower half of the leg 
and clinically is known as lipodermatosclerosis (see Figs. 19.3 
and 19.4). The presence of this fi nding indicates chronic nature 
of the venous insuffi ciency. Interestingly, when this condition 
is severe, there may be little swelling of the lower portion of the 
leg. The subcutaneous tissues are so sclerotic and the skin so 
tight, swelling is not possible except in the upper portion of the 
leg where the tissues are less damaged.

Further visualization of the extremity will reveal the presence 
of swelling and the degree that is present. It is important to know 
how much of the extremity is involved by the swelling. Does the 
swelling just occur distally? Does it involve the entire extremity 
or just a portion of it? Are the toes or fi ngers involved? All of this 
information is important and will help in the determination of the 
diagnosis of the edema. How severe is the edema? The amount of 
pitting of the edema is the customary way to judge the severity of 
the edema with 1+ being the least amount to 4+ being the most 
severe. Table 19.2 shows the scale for evaluating the amount of 
edema. The diagnosis of the cause of the edema can be initiated 
once the extent and pattern of the edema are known. There are 
certain characteristics of the location and degree of edema that 
will point toward the correct diagnosis (see Table 19.3).

Evaluation of the swollen or edematous extremity would 
not be complete without the evaluation for the presence of 
an ulceration and drainage. If the leg is draining, the color, 
 consistency, volume, and odor of the drainage should be noted. 
Is the drainage thin like serous fl uid or thick like purulent fl uid? 

1

2

FIGURE 19.4 Close-up view of same leg 
as in Figure 19.3. Note evidence of (1) 
Edema leakage through wounds, (2) Scal-
ing and crusting due to lipodermatoscle-
rosis (Copyright © B.M. Bates-Jensen.)

Depth of Pitting Scale of Pitting Severity

0 to ¼ inch 1+ Mild

¼ to ½ inch 2+ Moderate

½ to 1 inch 3+ Severe

>1 inch 4+ Very severe

19.2TABLE Edema Severity Scale
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Lymphedema Venous Edema

Medical Conditions: 

Cardiac-Renal-Hepatic Insuffi ciency Medications

Symptoms and Pain Heaviness; aching Heaviness; aching Usually none Usually none

Bilateral Yes/No Yes/No Yes Yes

Pitting No Early: Yes Yes Yes

Late: +/−

Skin Changes Yes; Eventually thickening 
can be severe,
Ulceration rare

Yes; Atrophic,
Pigmentation,
Possible ulcers

Shiny, no trophic changes None

Location Diffuse, more distal than 
proximal (from lymph 
drainage areas)

Ankles and legs;
Occasionally foot

Bilateral, greatest distally
May appear over back (sacral) in 
recumbent patient

Leg; 
Occasionally 
foot

Benefi t with Elevation Minimal: over several 
days

Yes: Almost 
 complete in several 
hours up to one day

Yes: Almost complete in several 
hours up to 1 d

Yes

Examination of the Swollen Lower Extremity19.3TABLE

produce. Stemmer sign positive, lymphostatic dermatosis 
(fi rm, indurated tissues).

• Stage III: lymphatic elephantiasis (extreme swelling), usually 
with pronounced skin alterations and gross shape changes 
due to overgrowth of epidermal, dermal, and subcutaneous 
tissue. Severity based on differences in limb volume is assessed 
as minimal (<20% increase), moderate (20% increase), or 
severe (>40% increase).

Adjunctive Tests
It should be remembered that with an astute history and 
physical examination, only a small percent of patients will 
need adjunctive tests to make the diagnosis of the edematous 
extremity. Laboratory tests should include studies that would 
defi ne any medical condition that might be responsible for 
the edema, including liver function tests, renal function tests, 
nutritional evaluation, cardiac evaluation, and other indi-
cated tests. For example, if the cause of the edema is thought 
to be associated with nephrotic syndrome, serum lipids 
should be evaluated in addition to basic laboratory studies. 
Special coagulation studies may be indicated in the patient 
with recurrent or a strong family history of  thrombophlebitis. 
The use of Doppler fl ow studies, lower extremity pressure 
measurements and ankle-brachial index, and contrast stud-
ies to evaluate for arterial disease have already been discussed 
(refer to Chapter 7).

The test of choice for evaluation of the venous system is the 
duplex ultrasound scan.40 It provides a fast, cost-effective, reli-
able, noninvasive method of evaluating the venous system of 
any extremity. It can detect diseases of the venous system such 
as obstruction from clots or extrinsic masses and refl ux in the 
deep or superfi cial venous systems due to damaged or non-
functioning venous valves. Conditions with increased venous 
fl ow such as arteriovenous fi stula can be detected. It helps out-
line the anatomy of the venous system in the event operative 
 intervention is indicated.

Contrast venography is still an option for evaluation of the 
venous system. It outlines the venous anatomy and shows areas 
of venous obstruction and other abnormalities. It is indispens-
able in defi ning problems within the veins such as iliac vein 
web formation and certain venous compression syndromes. It 
is not to be done without signifi cant reason because  contrast 
phlebography has been associated with damage to venous 
valves.41

Other evaluations such as abdominal ultrasound may be 
indicated if intra-abdominal pathology is suspected. Special 
x-rays and scans may be indicated if malignancy is being consid-
ered as a cause of the edema. Rarely, plain fi lm x-rays, nuclear 
medicine scans, and magnetic resonance imaging can be done 
to evaluate the soft tissues and bones of the extremities if this is 
deemed necessary. If there is need to evaluate the lymphatic sys-
tem, lymphangiography and lymphatic scanning can be consid-
ered. These tests require signifi cant skill in accomplishing them 
to get dependable results. A new, simpler technique for imaging 
lymphatics using near-infrared fl uorescence is currently being 
evaluated.42 This noninvasive technique detects the presence of 
lymphatics and can determine the physiology of lymphatic fl ow 
in the vessels.

MANAGEMENT OF EDEMA

Treatment of the edematous extremity depends on the diagno-
sis of the problem. With treatment, one may be able to make 
the swollen extremity smaller, but without addressing the 
underlying cause, the edema will quickly return. Because many 
of the causes of edema are chronic medical conditions, there is 
rarely a “quick fi x” to the swollen extremity. Commitment and 
persistence on the part of the health-care provider, the patient, 
and the family are essential for good outcomes to be attained. 
Unfortunately, many get frustrated, give up, and just settle for 
the status quo with the swollen extremity. Interest in treating 
the swollen extremity often occurs only when acute problems 
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When a person is up and down most of the time, the benefi t of 
elevation is minimized. With that being said, it is always good 
to encourage the patient to elevate the swollen extremity as 
much as possible.

Another issue with extremity elevation has been the degree 
of the elevation. Many health-care practitioners encourage 
patients to elevate the legs “higher than the heart.” That may 
be physiologically sound advice, but the position is diffi cult for 
persons to maintain due to discomfort. Having one’s heart and 
head below the level of the feet is not a comfortable position 
in the fi rst place and, in the second place, can result in cardiac 
and respiratory problems for many patients. Elevating the feet 
above the level of the hip joint, adequate fl uid mobilization will 
occur. This is a position most people can manage, causes no 
physiologically untoward effects, and is easily accomplished by 
elevation of the foot of the bed.

Diffi culties arise for patients who are unable to elevate their 
extremities such as those in wheelchairs for prolonged periods 
and those with neurologic impairments. In these cases, special 
efforts must be made to elevate the limbs to any degree possible. 
Extending the foot and leg rests on the wheelchair to manage 
some elevation is better than prolonged periods of dependency. 
Even patients with desk jobs requiring prolonged periods of sit-
ting can be affected. We recommend that these patients put a 
small foot stool under the desk to get, at least, some elevation. 
An upside-down trash can placed under the desk can take the 
place of a foot stool if necessary.

Exercise is always recommended for the swollen extrem-
ity. The “calf muscle pump” is an important mechanism in 
managing fl uid accumulation in everyone’s lower extremities. 
This “pump” consists of fi ve basic components: the superfi -
cial veins, the perforating veins (the connecting veins between 
the superfi cial and deep veins), the deep veins, the one-way 
valves in the veins, and the calf muscles. The calf muscles are 
confi ned by the fascia of the leg. When the muscles contract 
and enlarge, every structure in the leg which is surrounded 
by the fascia is compressed. This includes the arteries, veins, 
lymphatics, and soft tissues. When the veins and lymphat-
ics are compressed, the fl uid is forced out of them much like 
squeezing a tube of toothpaste. Because there are valves in 
these structures that only allow fl uid to go in one direction, 
the pressure on these vessels forces blood and lymph toward 
the heart. This is an active process that helps overcome the 
pressures generated by sitting or standing. Unfortunately, this 
muscle pump does not function in patients who are unable to 
contract their muscles due to neurological disorders (stroke, 
spinal cord injury, spina bifi da, coma, multiple sclerosis). 
Calf muscle pump function is also impaired in patients with 
chronic venous disease.47–49 It, also, signifi cantly malfunctions 
in patients with venous valve insuffi ciency. Since the valves 
are no longer directing the blood only toward the heart, each 
contraction of the muscle pump can force blood toward the 
foot or into the superfi cial veins of the leg in addition to the 
direction of the heart. When considering the toothpaste tube 
analogy, it is much like squeezing a tube of toothpaste that has 
no cap and has multiple holes in the sides and bottom of the 
tube.

When the calf muscle pump is not functioning, exercise either 
actively through walking, running, dancing, riding a bicycle, or 
similar activity or passively by way of ankle range of motion 

arise.43 The commitment to the treatment must include the 
patient for without the patient’s involvement the chance of 
successful therapy is minimal. Compliance by the patient is the 
cornerstone of care for the swollen extremity, but many times, 
it is lacking.44 Successful management depends on the patient’s 
ability to cooperate; however, multiple pathologies—such as 
arthritis, obesity, limited mobility, or weakness—often compli-
cate management. Lack of caregiver support may also hamper 
management. For positive outcomes, control of edema requires 
a commitment of the patient and/or caregiver in time, energy, 
as well as fi nancial investment. Many times, a change in lifestyle 
is necessary.

The treatment of the swollen extremity involves removal 
of the edema fl uid. All therapies involve assisting the body 
in mobilizing the fl uid and removing it through the kidneys. 
From the very beginning, the task will be diffi cult if the patient 
has renal failure or renal insuffi ciency. In situations such as 
this, the nephrologist must be consulted to assist in the diure-
sis. In some cases, dialysis may be needed, at least on a tempo-
rary basis.

Treatment of extremity edema with diuretics is to be done 
judiciously. If the patient has symptoms of fl uid overload and 
bilateral lower extremity swelling, diuretics will be of benefi t. 
Unilateral extremity edema or edema without the presence of 
fl uid overload will rarely be improved by diuretic therapy, and 
in these cases, diuretic use is not recommended. In the patient 
with lymphedema, the edema fl uid has high protein levels, and 
diuretics will make the patient worse. Diuretics will mobilize 
the fl uid, leaving the protein molecules behind and even more 
concentrated. This results in more damage to the subcutaneous 
tissues and makes removal of the highly concentrated protein-
containing fl uid even more diffi cult. In these cases, compres-
sion therapy and other specialized maneuvers are indicated but 
not diuretics.

Leg Elevation and Exercise
Another way to attempt to mobilize fl uid out of an extrem-
ity is through elevation. There is no question that elevation 
of the swollen extremity will facilitate the mobilization of the 
fl uid.45,46 The theory of leg elevation is good, but the practice 
is more diffi cult. It is virtually impossible for a relatively active 
person to remain with an extremity elevated long enough to 
make a signifi cant contribution to reduction of the edema. 

CLINICAL WISDOM

Complete bed rest is discouraged. However, frequent 20- to 
30-minute episodes of elevation throughout the day are rec-
ommended. People with cardiovascular conditions may have 
diffi culty breathing when reclining with legs elevated. Those 
who are obese may have positioning problems with leg ele-
vation. People at risk or who have edematous legs should not 
sit with legs dependent for long periods of time nor sit with 
legs crossed at the knees. These positions can slow the cir-
culation and cause pooling of fl uids at the ankles and lower 
legs. For those who sit in wheelchairs for extended times, 
elevation of foot risers is helpful.
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characteristics. The patient considered for compression  therapy 
should have previously been evaluated for the presence of 
 arterial insuffi ciency, and lower extremity circulation should be 
assessed. The pulse exam includes locating and grading bilat-
eral femoral, popliteal, dorsalis pedis, and posterior tibial artery 
pulses. A diminished or absent pulse indicates partial or com-
plete arterial occlusion. If you are unable to palpate the dorsalis 
pedis or posterior tibial pulse, perform a Doppler assessment 
and ankle-brachial index (ABI). The results of the ABI allow 
determination of the amount of compression therapy that can 
be safely applied to reduce lower extremity edema. The ABI can 
be misleading in cases where the arteries are poorly compress-
ible, such as in some cases of diabetes and severe atheroscle-
rosis. In these situations, the ABI may be higher than would 
otherwise be expected.

Despite what is commonly thought, almost every patient 
with edema is a candidate for some type of compression ther-
apy. Table 19.4 provides a basic guide to compression therapy 
for patients with peripheral arterial disease based on the ABI 
(measuring the systolic blood pressure at the ankle and the arm 
with a Doppler fl ow meter then dividing the ankle pressure by 
the arm pressure). If the patient has an ABI of 0.8 or higher, 
any compression system will be reasonable to use. If the ABI is 
between 0.5 and 0.8, the compression should be limited to no 
more than a three-layer bandage. If the ABI is below 0.5, many 
will say compression therapy should be used cautiously and 
under direction of an expert in edema management. Patients 
with edema must have a “reasonable” amount of circulation 
in order to develop edema. Patients with profoundly ischemic 
extremities rarely have edema. For this reason, essentially every 
patient with edema should have the benefi t of carefully chosen 
compression therapy. If there is great concern about the cir-
culation, the health-care practitioner should start with a mild, 
single-layer compression device such as an ace wrap or tube 
grip. The patient should be instructed to remove the bandage if 
the toes should turn blue or the leg becomes extremely painful. 
Surprisingly to many, this rarely occurs. The patient should be 
seen in two to three days to check the leg. The provider will be 
surprised that the swelling is better, and the patient’s extremity 
has suffered no untoward effects. The patient will tell you how 
much better the extremity feels since the swelling is improved. 
This approach is supported by two clinical studies.53,54

In the fi rst study, 24 patients from 63 to 92 years of age with 
lower extremity ulcers were evaluated. The mean ABI was 0.62 
with a range from 0.3 to 0.78. All were treated with short-stretch 
compression bandages (bandages that have minimal stretch 
when the muscle contracts [see below]) with a mean treatment 
duration of 1.8 years. In these patients, digital blood pressure 
measurements were done before and after applying the short 
stretch compression. The mean toe pressure without compres-
sion was 47.6, and the mean toe pressure with compression 
was 47.9.53 Using short-stretch compression did not affect the 
patient’s already tenuous circulation.

The second study of short-stretch bandages in patients with 
arterial insuffi ciency (ABI between 0.5 and 0.8) showed similar 
results. Five patients had an ABI of 0.5 to 0.6, 4 patients had an 
ABI or 0.6 to 0.7, and 6 patients had an ABI of 0.7 to 0.8. All 
received a short-stretch compression bandage (Coban 2 Lite®, 
3M) for up to 14 days with the bandages being changed every 
4 days. The average pressure at the ankle under the bandage 

movements is recommended to increase the blood return to 
the heart.50 The calf muscle pump can be activated by simply 
going from standing fl at-footed to standing on one’s toes and 
then returning to the fl at-footed position. It has been recom-
mended that this exercise should be repeated thirty times each 
hour to maximize calf muscle pump function.51 Passive move-
ments of the ankle in those unable to do it for themselves will 
also improve blood fl ow to the heart. Although increasing the 
calf muscle function and blood return to the heart will improve 
the swollen extremity, it has not been effi cacious in improving 
healing of venous ulcers. The effi ciency of the calf muscle pump 
with exercise can be greatly improved with the addition of com-
pression bandages, especially in patients with venous valve fail-
ure and ambulatory venous hypertension (increased pressure in 
the lower extremity veins with standing or walking).

Compression Therapy
Compression therapy involves applying external pressure to a 
swollen extremity. It is designed to help mobilize the fl uid in the 
tissues and overcome the ambulatory venous hypertension due 
to the damage to the venous system. Without any compression 
device, the skin is the only resistance to muscle contraction, and 
being elastic to some degree, it provides no signifi cant compres-
sion to the extremity. Numerous techniques and bandages can be 
used, but they all have one thing in common—providing exter-
nal compression to the swollen extremity. Compression ther-
apy will improve swelling from both edema and lymphedema 
(high-protein fl uid accumulation). Unfortunately, compression 
therapy alone is not a “magic bullet” for the swollen limb. When 
combined with treatment for the underlying condition, it can 
be effective. Because signifi cant cooperation from the patient is 
required, successful treatment will involve persistence and under-
standing from both the patient and health-care provider.43,44

Preliminary Steps
There are several assessments that should occur prior to using 
compression therapy, including evaluation of the arterial cir-
culation, underlying systemic conditions, and baseline leg 

CLINICAL WISDOM

Preliminary Steps
One is always concerned about whether or not the patient 
can tolerate and be helped by compression therapy. Prior to 
instituting compression therapy, the health-care provider 
should be sure the patient is agreeable to its being used. 
Patients must be willing to tolerate the slight discomfort 
and inconvenience of wearing a compression garment or 
bandage for prolonged periods of time. Patients who insist 
that they must be able to take a shower and wash their legs 
each day will require a different approach than ones who can 
tolerate having a bandage on an extremity for as long as a 
week at a time. If the health-care provider tries to force the 
patient into a therapy he or she is not willing to do, both will 
be unhappy, and the patient will quickly become labeled as 
being noncompliant and diffi cult.52
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Ankle-brachial Index Bandage

Subbandage 

Pressure (mm Hg)

Classifi cation 

of Compression

Recommendations 

for Use

≥0.8 •  Custom stocking (Jobst™, 
Sigvaris™, or equivalent)

•  Four-layer bandage

40–50 High compression Lymphedema

•  Custom stocking (Jobst™, 
Sigvaris™, or equivalent)

•  Four-layer bandage

30–40 Moderate 
compression

Edema with/without ulceration
Edema that persists in spite of 
lower level compression options
Ulcer failing to heal (may be 
venous or other)

•  Jobst™, Sigvaris™, or 
equivalent

•  Custom Fit
•  Double reverse elastic wrap
•  Four-layer bandage
•  Some three-layer bandages

25–35 Low to moderate 
compression

Edema secondary to venous 
insuffi ciency
Edema in patient able to participate 
in exercise rehabilitation

0.7—0.5 •  Jobst™, Sigvaris™, or 
equivalent

•  Two- or three-layer 
bandages

•  Elastic wraps
•  Paste bandage

17–25 Low compression Nonambulatory with edema failing 
16–19 mm Hg stockings
Dependent edema
Arterial disease with edema

Jobst™, Sigvaris™, or equivalent
TED stockings, prophylaxis 
only

16–18 Antiembolism 
stockings

Nonambulatory with edema
Deep vein thrombosis prophylaxis

<0.5 Only with medical supervision -

Compression Therapy, Circulation and Recommendations for Use19.4TABLE

was 28 mm Hg. At the end of the 14-day study, no patient had 
any pressure related skin damage, and no patient reported pain 
related to tissue hypoxia. Laser Doppler examination of the 
extremities showed that there was an increase in arterial perfu-
sion of the tissues and a reduction of the edema.54 This study 
confi rms the utility of using selected compression therapy with 
patients with arterial insuffi ciency and edema of the extremity.

Another issue that comes up is whether or not to compress 
patients with systemic conditions causing edema, specifi cally 
heart failure, cellulitis, and deep vein thrombosis. In times 
past, patients with acute pulmonary edema from heart failure 
were treated with “rotating tourniquets” to impede venous 
return to the heart and prevent mobilization of the edema fl uid. 
A tourniquet was placed on any two extremities tight enough 
to impede venous return. These were rotated to the other two 
extremities every 10 to 15 minutes in the hope that the digi-
talis (the only cardiac stimulatory agent available at the time) 
would take effect, making the heart pump strong enough to 
manage the fl uid load. This obviously occurred before the 
time of diuretics. Today, most patients with heart failure are 
quickly placed on a number of medications to allow the heart 
to pump better and diuretics to eliminate the excess fl uid from 
the body. If a patient is in heart failure, is fl uid overloaded, and 
has pulmonary edema, compression therapy is not indicated. If 
the patient is being treated for heart failure and does not have 
pulmonary edema, compression therapy for lower extremity 

RESEARCH WISDOM

Improving Arterial Flow with Compression
When the limb is swollen and the interstitial tissues are fi lled 
with fl uid, the pressure compresses all the vessels in the tis-
sues. This compression restricts blood fl ow in the vessels. 
With compression therapy and removal of the fl uid, the pres-
sure on the vessels decreases, allowing more fl ow through 
them. No matter how much fl ow is going into and out of the 
tissues before compression, the fl ow will be increased when 
the edema is reduced. One study has shown a 60% increase 
in arterial blood fl ow as measured by nuclear magnetic reso-
nance fl ow studies following compression therapy.55 Use of 
intermittent compression therapy in patients with critical 
limb ischemia and nonhealing wounds can produce com-
plete wound healing and limb preservation; use of compres-
sion therapy can make even an ischemic extremity better.56

edema may be effective without untoward systemic circulatory 
effects. Many times, it is the only therapy that helps remove 
the excess fl uid from the extremities and is essential if there is 
drainage from the legs.
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Patient self-report of edema presence, frequency, and sever-
ity over the previous week should be obtained at baseline as 
well as each follow-up visit. Patient self-report of edema char-
acteristics is correlated with health-care provider assessments.59 
Questions to ask patients for self-report include but are not 
limited to the following59:

• Over the past week, how often did you have swelling of your 
ankles (from not at all to every day)?

• What level of swelling did you experience (from extreme to 
very little)?

• How much were you bothered by swelling in your ankles 
(from not all to extremely)?

• During what times of day did you have swelling in your ankles 
(from morning only to morning, afternoon, and evening)?

• Did swelling in your ankles limit your normal activity?

Volumetry involves use of commercially available equip-
ment to determine the leg volume by capturing water displace-
ment as a method of calculating the leg volume. A volumeter is 

Controversy exists as to the role of compression therapy in 
the treatment of cellulitis. The swollen limb is more prone to 
develop streptococcal infection, the edema fl uid in the limb is a 
good culture media for bacteria, and edema in the tissue slows 
diffusion of antibiotics from the vascular system to the tissues 
where the bacteria reside. The concern in compressing a leg 
with cellulitis is that bacteria-containing fl uid will be pushed 
out of the leg into the circulation, making the patient septic. 
Fortunately, this is a very rare occurrence if at all. Compression 
therapy in conjunction with antibiotic therapy will speed the 
patient’s recovery.

Another controversial issue is compressing the limb of a 
patient with thrombophlebitis. No one wants to “squeeze” 
a blood clot out of a leg resulting in a pulmonary embolus. 
However, health-care practitioners would have no hesitation 
about recommending leg elevation in a patient with thrombo-
phlebitis. By facilitating blood fl ow out of the leg, would this 
make a pulmonary embolus more likely? Should a patient with 
thrombophlebitis be encouraged to ambulate? Would that activ-
ity predispose to more pulmonary emboli? The answer to all 
above questions is “no.” Leg elevation does not predispose to pul-
monary emboli nor does patient ambulation. After anticoagula-
tion is begun, the incidence of pulmonary embolism is the same 
in patients who ambulate as in those who do not and is the same 
in patients who elevate their legs as in those who do not.57 This is 
also true for compression therapy. Compression of the limb with 
thrombophlebitis results in increased venous fl ow preventing 
further clotting, occludes superfi cial veins that could clot, and 
does not cause an increase in pulmonary embolism.58 For the 
treatment of the swollen extremity in the patient with thrombo-
phlebitis, begin the patient’s anticoagulation and compress the 
extremity. The only contraindication to compression therapy is 
pain in the leg so severe that compression cannot be tolerated. In 
that case, compression is begun as soon as symptoms will allow.

It is also essential to gather baseline data on lower extremity 
edema and any existing ulcers as this data will allow for evalu-
ation of meaningful outcomes. There are a variety of methods 
to measure lower extremity edema including leg circumference 
measurements, subjective clinical assessment of pitting edema, 
patient self-report, volumetry, and high-frequency ultrasound 
measurement.

Lower leg circumference measurements can be obtained for 
multiple sites on the extremity or just for the ankle. Obtain a 
baseline measurement of the circumference in centimeters of 
both lower legs during the initial assessment prior to compression 
therapy, and at regular intervals throughout therapy. Comparing 
baseline measurements to follow-along measurements allows 
determination of the success of therapy to reduce edema. Use a 
measuring tape on the leg circumference at the largest portion 
of the calf (10 cm below the inferior rim of the patella) and the 
smallest portion of the ankle (5 cm above the superior rim of the 
lateral malleolus) as demonstrated in Figure 19.5. Use of a ten-
sion-controlled measuring tape can help minimize measurement 
error.59 For consistent measurements, the ankle and leg sites can 
be marked with a semipermanent marker. Ankle measurements 
are associated with subjective clinical ratings of pitting edema, 
reliable, practical, and feasible in the clinical setting.59

Also assess for pitting edema using subjective clinical rat-
ings. If the edema is pitting, grade the severity on a four-point 
scale from mild to very severe using the guide presented in 
Table 19.2. Figure 19.6 shows 4+ very severe pitting edema.

FIGURE 19.5 Correct measurement of an edematous leg. (Copyright 
© Evonne Fowler, RN, CNS, CWOCN.)

FIGURE 19.6 Severe 4+ pitting edema. (Copyright © Evonne Fowler, 
RN, CNS, CWOCN.)

Sussman_Chap19.indd   488Sussman_Chap19.indd   488 7/25/2011   7:47:05 PM7/25/2011   7:47:05 PM



 CHAPTER 19 ■ Management of Edema 489

stretch. They are applied loosely with a pressure at the ankle 
when the patient is sitting of around 28 mm Hg pressure,54 but 
when the patient is walking and the muscle is contracting and 
relaxing, there is no stretch. This allows high pressure to be 
generated on the leg. The pressure on the leg is directly related 
to the bandage materials—the more elastic, the less pressure 
generated on walking; the less elastic, the more pressure gen-
erated on walking as seen in Figure 19.7.57 The short-stretch 
bandages generate signifi cantly more pressure on the extrem-
ity when the patient is walking, yet when at rest, they provide 
minimal pressure. This implies that short-stretch bandages are 
ideal for patients who are mobile because of the high pressures 
generated on ambulation. It, also, implies that this type of ban-
dage is best for the patient with arterial insuffi ciency (see above 
discussion) because the pressure when the patient is at rest is 
minimal. On the other hand, when patients are not very active 
and walk little, the long-stretch, more elastic bandage system 
may be the ideal choice since it provides signifi cant pressure 
at rest even though it supplies less pressure when the patient is 
walking (see Fig. 19.8).

In today’s environment, there is a great push to have patients 
take care of themselves, i.e. self-care. While self-care is the ideal, 

a clear rectangular box or another container with a spout at the 
top of one side. The volumeter is fi lled with water until water 
rushes out the spout. The water is allowed to stabilize, and then 
the patient’s foot and ankle are placed in the volumeter and the 
displaced water collected and measured. The amount of water 
displaced in milliliters equals the volume of the foot and ankle.59 
The diffi culty with volumetry lies in the time required to set up 
equipment and conduct the measurements and problems with 
reproducibility of measures.60

Use of high-frequency ultrasound (HFU) measurement of 
dermal thickness has also been used to quantify edema.61 Edema 
produces an increase in dermal thickness and HFU produces 
high-resolution images of the dermis that allows accurate mea-
surements.62 This process has been used to quantify edema in 
venous leg ulceration.61,63 As with circumference measurements, 
a standard location is chosen for obtaining an ultrasound image. 
The patient is placed in a side-lying position, and images are 
obtained at 7.5 cm above the medial malleolus. The dermis is 
measured on the image from the epidermis to the interface of the 
dermis with the subcutaneous fat layer. HFU dermal measure-
ments of edema are responsive to change and can be useful in 
monitoring edema reduction with compression therapy.63

The next item to be considered before compression therapy 
is instituted is which of the multiple compression systems will be 
best for the patient. One must be aware that there are different 
indications for each of the systems although many may be used 
for any cause of edema. All compression devices should provide 
a graded compression with the highest compression at the ankle 
gradually decreasing to the knee. Compression bandages that pro-
vide 35 to 45 mm Hg pressure at the ankle are considered “ideal” 
for treatment of edema and venous ulcers.58 There are other 
classes of compression bandages that can be used successfully for 
the appropriate patient. Bandages providing <20 mm Hg pres-
sure are considered to provide mild compression, 20 < 40 mm Hg 
medium compression, 40 < 60 mm Hg strong compression, and 
>60 mm Hg very strong compression.64 Multilayer compression 
bandages have been considered the standard, but recent studies 
have shown that short-stretch bandages are at least as effective.65,66

Another approach to extremity compression involves the use 
of bandage systems that neither apply compression nor expand 
when the muscles of the leg contract. These bandage systems 
are called inelastic or short-stretch. In elastic compression ban-
dage systems, a certain amount of pressure is applied to the leg, 
ideally 35 to 45 mm Hg,64 to provide pressure to the extremity 
when the patient is sitting or walking. These systems are gen-
erally considered to be “long-stretch” bandages. Inelastic or 
short-stretch bandages conform to the leg and have minimal 

CLINICAL WISDOM

What is the Best Compression Pressure for the 
Individual Patient?
The answer is that the best compression pressure for each 
patient is the one the patient will tolerate. It may not be what 
is best for the problem, but if the patient refuses to wear the 
compression device or takes it off as soon as he or she leaves 
the offi ce, it is worthless. Remember, some compression is 
better than none.
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FIGURE 19.7 Dynamic pressure depends on bandage material. As 
shown in the graph, as the bandage material increases in inelasticity, 
the pressures on the leg muscles increase with walking activity. (From 
Mayrovitz HN, Larsen PB. Effects of compression bandaging on leg 
pulsatile blood fl ow. Clin Physiol. 1997;17(1):105–117.)
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FIGURE 19.8 Working versus resting pressures—the role of compres-
sion material. As shown, the pressures achieved with short stretch 
bandages are higher during activity. (From Mayrovitz HN, Larsen PB. 
Effects of compression bandaging on leg pulsatile blood fl ow. Clin 
Physiol. 1997;17(1):105–117.)
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in the treatment of venous ulcer over 50% of patients are unable 
to bandage their own legs, resulting in a decreased quality of life 
and a decreased healing rate.67 As a result, before you choose 
the type of compression therapy for your patient with edema or 
an ulcer, fi nd out about the patient’s support system at home 
and their ability to return for follow-up. If a patient is unable 
to return to the wound center on a regular basis, arrangements 
must be made for the compression bandages to be changed by 
home health nurses. If this is not possible, types of compression 
that can be managed by the patient must be selected even if it is 
not the fi rst choice of therapy.68

Frequency of bandage change should be considered before 
choosing the compression bandage system for the patient. As 
noted above, the majority of the compression devices are not 
“user friendly” and require a trained health-care provider to 
apply them. Most of the compression bandages can be worn 
for about seven days. The time for bandage change is mainly 
dependent on the amount of drainage from the leg. If there is 
no drainage and the compression is for edema or lymphedema 
only, once per week is adequate. Patients with draining wounds 
will need bandage changes when the bandage gets wet. This 
may be only one or two days initially, but as the drainage and 
edema resolve, bandage changes may be spaced further apart. 
Many patients with open wounds with or without drainage may 
begin to complain of a bad odor from the bandage. This is also 
an indication to change the bandage.

Compression Stockings
Compression stockings or compression hose provide a graded 
compression from the ankle to below the knee to assist with 
mobilizing the edema fl uid. There are four classes of compres-
sion stockings based on the amount of compression they pro-
vide, ranging from 14 to 18 mm Hg compression to 40 to 50 
mm Hg compression. (Exhibit 19.2). There is debate about 
which is the most effective compression stocking, but, with-
out any doubt, the most effective stockings are the ones that 
are worn. The literature supports the use of the 30 to 40 mm 
Hg compression because this is a good compromise between 
compression, comfort, and ease of use. The majority of com-
pression stockings are ready-made and are reasonably priced. 
Many patients with large or unusually shaped legs may require 
custom-made compression stockings. These are more effective 
than the ones that do not fi t the patient. Unfortunately, they are 
signifi cantly more expensive. Compression stockings come in 
a variety of colors and styles to accommodate as many patient 
preferences as possible.

The compression stockings can cover the leg to the knee, to 
the middle of the thigh, or to the groin and lower abdomen in 

EXHIBIT 19.2

Classes of Compression Stockings
Class 1 14–19 mm Hg

Class 2 19–24 mm Hg

Class 3 25–35 mm Hg

Class 4 40–50 mm Hg

the form of panty hose. Compression stockings to the knee are 
adequate for most swollen extremities. Compression stockings 
that are the “thigh-high” variety tend to make too much pres-
sure around the knee and compress the midthigh too much if 
they are to stay in place. If upper leg compression is needed 
from stockings, we recommend the panty hose variety.

The diffi culty of getting the support stockings on the foot 
and leg is the main problem with their use. Because they fi t 
snugly, they are diffi cult to stretch and to slide over the foot 
and heel. Many patients are unable to reach their feet, many do 
not have the arm and hand strength to apply the stockings, and 
many feel it is just too uncomfortable and too much trouble to 
wear them. There are devices such as the stocking butler shown 
in Figures 19.9A,B to assist in getting the stockings on the leg, 
but these have their own diffi culties in terms of setup and ease 
of use. Another method is to have patients fi rst place a thin sock 
or lady’s knee-high stocking on the leg and pull the compres-
sion stocking over that. This allows the compression stocking to 
slide over the foot and ankle easier as shown in Fig. 19.10A–D. 
There is a company (Carolon®) who makes a two-layer support 
stocking. The thin inner layer provides 16 to 18 mm Hg com-
pression. The outer layer easily slides over the inner layer with 
the combination of layers providing 30 to 40 mm Hg compres-
sion. This product has been much easier for the patient to get 
on than a snug, single-layer product of the same compression.

When compression stockings are used to treat edema asso-
ciated with a venous ulcer or other open wound, additional 
problems are noted. When an open wound or ulcer is present, 
a dressing must be used to cover, treat, and protect it. It is very 
diffi cult to get compression stockings over a wound dressing 
without displacing it. If the wound is draining, the drainage 
may soil the stocking. The stockings then have to be washed 
more frequently, thus shortening their life span. The purchase 
of additional pairs of stockings is not cheap. For this reason, 
patients with open wounds and edema may be treated with the 
appropriate dressing followed by compression bandages until 
the wounds are healed. At that point in the patient’s treatment, 
compression stockings can be recommended.

Elastic Compression Bandages
Compression bandages come in various types and degrees of 
compression. The variety allows the health-care provider to 
choose the compression bandage system most appropriate for 
the patient.

Single-Layer Elastic Compression Bandages

Single-layer compression bandages include the familiar ace wrap. 
Prior to the invention of rubber and elastic, compression could 
only be applied by tight wraps or garments that laced up around 
the leg. The use of rubberized compression devices are reported 
as early as 1877. In a report in 1878, rubber compression ban-
dages promised to “effect a revolution in the treatment of eczema 
and ulceration of the leg.”69 The author reported 27 cases of vari-
ous types of wounds and edema, all of whom did so well that the 
“claims are so extraordinary as to possibly give rise to a doubt as 
to their truth in the minds of those who were not assured of the 
writer’s veracity.” (p. 14)69 Thus began the treatment of edema 
and venous ulcers with compression bandages that could stretch.

Currently, the most frequently used single-layer compres-
sion bandage is the ace wrap. It is readily available, inexpen-
sive, and easy to use. It is useful when only mild compression 
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of the extremity is needed. It can be removed by the patient and 
reapplied as desired. That is also one of the disadvantages of 
the dressing. Since it is easily applied, many untrained people 
feel they can adequately apply it. This leads to inappropriate 
application and inadequate pressure gradients from distal to 
proximal. The ace wrap is prone to slip, which requires fre-
quent reapplication at best and can cause signifi cant limb con-
striction at worst. Attempts to help these problems led to the 
development of the Coban® elastic wrap, which is similar to an 
ace wrap but adheres to itself minimizing slippage. Because the 
bandage sticks to itself, removal and reapplication is essentially 
impossible.

In an effort to combine convenience with single-layer com-
pression, several elastic tubular bandages have been developed. 
These generally provide mild, consistent compression and are 
easy to slide on and keep on the extremity. When they no longer 
maintain their compression, they are discarded and replaced 
since the cost is very reasonable.

Multilayer Elastic (Long-stretch) Compression Bandages

Multilayer compression is just what the name implies—exter-
nal compression of the extremity supplied by multiple layers 
of bandage. Multilayer compression can be supplied by two-
layer, three-layer, and/or four-layer bandages systems—each 
layer adding additional compression. Because of this, mul-
tilayer bandages are considered to provide moderate to high 
compression. Obviously, this depends on the person applying 
the bandages. A recent study of skilled, experienced wound care 
nurses showed that 34.9% of the compression bandages they 
applied had insuffi cient pressure to be effective (<20 mm Hg 

pressure). None were applied too tightly (>60 mm Hg pres-
sure). Interestingly, 56.7% of the bandages with <20 mm Hg 
pressure were applied by wound care nurses with more than 
10 years’ experience. After institution of a training program 
that allowed the nurses to wrap extremities and have immedi-
ate feedback as to the subbandage pressure, only 4.8% of the 
bandages had insuffi cient pressure (<20 mm Hg pressure), but 
now 12.7% of bandages had >60 mm Hg pressure.58 It appears 
that application of compression bandages is a skill that must 
be learned and practiced with accurate feedback to ensure that 
the bandage is being applied properly. Since multilayer com-
pression systems provide signifi cant pressure at rest, the patient 
must be educated as to potential problems. If the patient feels 
the bandage is too tight, we recommend sitting or lying with the 
feet elevated to see if the symptom will abate. Many times the 
patient is on his/her feet too much, the leg swells, and the ban-
dage is perceived as too tight. If the tightness does not resolve 
after about two hours of elevation of the extremity or the leg 
is frankly painful, the patient is instructed to remove the ban-
dage and call the health-care provider. The patient should be 
instructed about the possibility of the toes becoming numb or 
blue (cyanotic). These are indications for the patient to remove 
the bandage and call the health-care provider.

As health-care providers, we must ensure that everyone 
applying compression bandages is adequately trained. The 
inadvertent application of a multilayer compression bandage 
that is too tight is not all that uncommon. Keep track of how 
many complaints are forthcoming about tight bandages to see 
if more staff training may be needed. Fortunately or unfortu-
nately, as the study above showed, the majority of bandages are 

FIGURE 19.9 A,B: Using a stocking butler to apply compression stockings. (Copyright © Evonne Fowler, RN, CNS, CWOCN.)
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FIGURE 19.10 Applying compression stocking. A. Turn stocking inside out. A liner makes pulling on stocking easier. 
(Note dressing under the lining. The liner keeps the dressing positioned correctly.) B. Work stocking gradually up leg, 
smoothing out all wrinkles. (Stockings are available with or without toes.) C. Knee-high stockings halfway up showing 
zipper rear closure. D. Stocking extended to below the bend on the knee. Patient is positioning stocking. (Copyright © 
Evonne Fowler, RN, CNS, CWOCN.)
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applied too loosely as providers try not to make the compres-
sion bandages too tight.

Many patients seem to be very “sensitive” to compression 
bandages and will tolerate minimal pressure on the extremity. 
This can be a source of frustration for the health-care provider, 
but remember the adage “some compression is better than no 
compression.” Explain to the patient that less compression may 
not be as effective, but it is important to have some compres-
sion to help with the edema in the extremity. It is interesting 
that many times, over time, compression can be gradually 
increased until the original compression level is attained.

Inelastic (Short-stretch) Compression Bandages

Inelastic or short-stretch compression bandages do not stretch, 
but generate compression when the muscle of the extremity 
contracts. Since they do not stretch, they are applied loosely 
with minimal subbandage pressure. The classical short-stretch 
bandage is the Unna Boot developed in 1887 by Dr. Paul Gerson 
Unna, a young 37-year-old German physician. The original 
Unna boot was a gauze roll impregnated with zinc oxide. The 
bandage was applied directly over the skin and ulcer, if present. 
The bandage was covered with another gauze wrap to minimize 
getting the paste everywhere until it solidifi ed. Since this ban-
dage provided no compression unless the patient was walking, 
Dr. Duke at Duke University added a single-layer elastic bandage 
(ace wrap or Coban® wrap) over the paste bandage. This is the 
“Unna boot” bandage as used today, technically a “Duke boot.” 
The bandage functions as described previously to decrease the 
edema in an extremity and is typically worn for about seven days 
before being changed. The paste bandages of today do contain 
zinc oxide, but may also contain calamine lotion, glycerin, aloe 
vera, and other moisturizing agents. One little-considered fact 
about the paste bandage is that it is well tolerated by patients 
with upper extremity edema and lymphedema.

Many patients who have chronic swelling of an extrem-
ity especially if it is due to lymphedema or chronic venous 
disease may develop dry, scaly skin. This can result in itching 
and cracking of the skin (see Fig. 19.11). The moisture in the 
paste bandage of the Unna (Duke) boot helps treat the dry-
ness and relieves symptoms while providing compression. 
Figure 19.12A,B show an example of the Unna boot’s effect on 
dry, scaly skin. Moisturizers with layer wraps can also improve 
skin irritation, dryness, and cracking (see Fig. 19.13A,B).

FIGURE 19.11 Bilateral edematous legs with dry cracks and fi ssures 
present. (Copyright © Evonne Fowler, RN, CNS, CWOCN.)

FIGURE 19.12 A,B. Effect of Unna boot on venous dermatitis and skin 
irritation. A. Edematous leg due to venous insuffi ciency with derma-
titis. (Copyright © Terry A. Treadwell, MD.) B. The same leg as in 
Figure 19.12A after 5½ months of therapy with compression therapy 
using Unna Boot. (Copyright © Terry A. Treadwell, MD.)

FIGURE 19.13 Effect of moisturizers on dry cracks and fi ssures. A. 
Edematous legs with dry skin and wounds present. B. Same legs as in 
Figure 19.13A, 1 week after using a moisturizing cream and multilayer 
wraps. (Copyright © Evonne Fowler, RN, CNS, CWOCN.)
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on the upper extremity when upper extremity compression 
bandaging is needed.

Other inelastic systems that provide short-stretch compres-
sion are removable for the patient to wash the leg and care for 
any wound or ulcer that might be present. These are benefi -
cial for patients who may have diffi culty returning for routine 
bandage changes. The CircAid Compression Bandage System® 
(Coloplast, Marietta, GA) is a nonelastic, adjustable system 
consisting of a legging with interlocking, nonelastic bands fas-
tened with Velcro (Fig. 19.16). The garment can be removed for 
wound care and cleaning of the leg. It adjusts to the size of the 
leg as the edema resolves.

A second, similar device is the ReidSleeve® that is a custom-
made device for the extremity, which can also be taken on and 
off and adjusted as needed.

The convenience of these devices should be apparent, but 
they do require training to apply them correctly. The cost of the 
devices also limits their use.

Compression Pump Therapy
The use of compression pumps for the treatment of edema, 
lymphedema, and venous ulcers is an additional therapeutic 
device for use in these patients but is generally considered 
an adjunctive therapy used with other compression systems. 
This device includes a sleeve with multiple air chambers (from 
three to ten) which fi ts over the entire leg from the foot to 
the groin. Once in place on the patient’s extremity, the air 
pump is activated, and the chambers are infl ated in sequence 
from the foot to the groin. After the sequence is completed, 
the chambers defl ate only to reinfl ate and repeat the sequence. 
The pressure generated by the device is about 45 to 60 mm 
Hg at the ankle and progressively decreases in each chamber 
to the groin. The treatment may last one to two hours several 
times per day.

The therapy is effective in reducing edema but is inconvenient 
to use since the patient is confi ned to the bed or chair during the 
treatment periods. Following the treatment session, compres-
sion bandaging or compression stockings are needed to prevent 
a rapid recurrence of the edema. Unfortunately, this therapy is 
not covered by most insurance plans, making it diffi cult for the 
individual patient to obtain this expensive equipment.

A new type of short-stretch compression bandage has 
recently been introduced, the Coban 2® and Coban 2 Lite® 
compression bandages (3M, Minneapolis, MN). The inner layer 
is foam fused to a layer of nonstretching Coban®. After this 
layer is wrapped over the extremity, it is covered with a special 
short-stretch Coban®. The Coban® layers stick together, pro-
viding stability for the bandage. The foam against the skin pro-
vides comfort and minimizes slippage of the bandage. With this 
short-stretch compression system, a primary dressing on the 
wound is needed if one is present. In evaluations of both short-
stretch compression bandages and long-stretch elastic compres-
sion bandages, the Coban 2® and Coban 2 Lite® bandages were 
deemed more comfortable and had less slippage than other 
bandages tested.66 (Figs. 19.14 and 19.15).

Since Coban 2® and Coban 2 Lite® are short-stretch ban-
dages, they are useful for patients who are ambulatory and 
patients who have arterial insuffi ciency.54 It is comfortably worn 

FIGURE 19.14 Example of compression bandage slippage from inap-
propriate application. (Copyright © Terry A Treadwell, MD.)
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FIGURE 19.15 This graph presents data from a 48-hour wear test of 
10 different compression bandage systems. All bandages were applied 
by experts for each system on one leg of 5 to 6 healthy volunteer par-
ticipants (n = 72 participants). Participants wore the compression 
bandages for 48 hours with no restrictions on activities. Slippage was 
measured in centimetres at 24 and 48 hours. Photographs were taken at 
the same times to document slippage. The graph shows slippage in cen-
timeters after 24 (fi rst bar) and 48 (second bar) hours for each of the 10 
compression bandage systems. (Copyright © Terry A Treadwell, MD.)

FIGURE 19.16 CircAid™ in place.
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allergy is treated, and a different compression system is used to 
treat the edema or lymphedema.

Lower leg edema can cause skin problems such as pruritus, 
dryness, scaling, cracks, fi ssures, oozing of fl uid from under the 
skin, and open wounds as shown in Figures 19.3, 19.4, and 19.19. 
Healthy skin is clean, dry, and supple. To keep the skin on the 
legs and feet soft, wash daily with a mild soap and water, dry, 
and apply a moisturizing cream. After washing the feet, while 
the skin is still damp and soft, use a coarse emery board to 
reduce callus formation on the feet. A foot fi le or emery board 
can also be used to smooth the nail edges and reduce the nail 
thickness. Keeping the legs and feet warm can improve circula-
tion. Appropriate shoes or supportive slippers should be worn 
to avoid injury to the feet.

Encourage patients to treat dry, itching, and scaly skin by 
applying a warm oil treatment to the feet and legs daily for 1 
week. Before reclining for the night, bath or shower. After dry-
ing off, rub warm mineral oil thoroughly into the feet and legs. 
Cover the feet and legs with a plastic wrap (i. e., Saran Wrap) to 
seal in the oil. Put on a pair of cotton socks. Remove the plastic 
wrap in the morning, wash and dry the feet well, and apply a 

Skin Care
Compression bandages and the diseases that result in their 
use can be very hard on the skin. Rashes, dryness, cracking, 
and other skin problems are not uncommon. Even healthy 
skin develops a dry, scaly appearance after many weeks under 
a compression bandage changed only once a week. Chronic 
venous disease can provide its own special problems with the 
skin of the lower extremities. Dryness and cracking of the skin 
is a frequently seen in patients with autonomic peripheral neu-
ropathy with or without diabetes. Many times medications put 
on ulcers or wounds will result in skin problems, especially 
Neosporin® ointment. Wounds with signifi cant drainage can 
cause skin breakdown from the retention of the protease- 
containing fl uid on the skin (maceration). All of these issues 
need to be addressed when the patient has a bandage changed. 
Wash the extremity with soap and water followed by applying 
a moisturizing cream to the skin of the entire leg before reap-
plying the bandage. If the skin is too moist from wound fl uid 
drainage, skin protection is also applied.

Consideration must be given to the development of an 
allergy to some portion of the compression bandage system. 
Patients may develop an allergy to Unna paste boots, cotton-
containing bandages, ace wraps, and Coban® wraps as seen 
in Figures 19.17 and 19.18. Allergic reactions can occur with 
almost any product put on the skin. When this occurs, the 

FIGURE 19.17 Allergy to cotton wrap from compression bandage sys-
tem. Reprinted from Braden, B. (1987), a conceptual schema for the 
study of the etiology of pressure sores. Rehabilitation Nursing, 12(1), 
9, with permission of the Association of Rehabilitation Nurses. Copy-
right © 1987 by the Association of Rehabilitation Nurses.

FIGURE 19.18 Allergy to ace wraps. (Copyright © Terry A Treadwell, 
MD.)

FIGURE 19.19 Venous dermatitis with weeping and oozing. (Copy-
right © Evonne Fowler, RN, CNS, CWOCN.)
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apply a compression wrap. In the evening, repeat the same pro-
cedure but use a corticosteroid ointment (fl uocinonide, triam-
cinolone, or over-the-counter 0.1% hydrocortisone) in place 
of the antibiotic ointment. Do not apply the corticosteroid to 
open wounds. A course of oral antibiotics and/or prednisone 
may also be necessary.70

Special Concerns in Lymphedema
The swollen leg due to lymphedema needs special con-
siderations. Lymphedema fluid is edema fluid containing 
high levels of protein. Lymphedema can be due to the lack 
or deficiency of normal lymphatic channels in the extrem-
ity from birth. Secondary causes of lymphedema result 
from damage to normal lymphatic channels. The causes 
of lymphedema are listed in Table 19.5. The treatment 
for lymphedema involves removal of the fluid and pro-
tein from the tissues. Lymphedema cannot be cured, and 
requires lifelong treatment to control symptoms that, if 
left untreated, will progress. One of the main problems is 
that, by the time patients with lymphedema are seen, their 
condition is usually pronounced. The aim of treatment is 
to stabilize the edema and empower the patient with the 
necessary skills to undertake self-care. Four components 
of treatment are used to achieve this goal: care of the skin, 
compression and support, exercise and elevation, and lym-
phatic massage.

Good skin care is essential for lymphedema patients, whose 
skin shows several characteristic qualities.

• The skin becomes brown in color.
• The texture of the skin has a woody hardness, with superfi cial 

hyperkeratosis, as shown in Figures 19.20 and 19.21. It may 
be fi ssured or folded. Mushroom-like papules of tissue can 
be present.

• Edema is usually nonpitting and involves the feet as well as 
the legs. The diameter from the ankle to the knee is almost 
uniform rather the inverted champagne bottle–like fi brosis 
seen in long-standing venous disease.

thick moisturizing cream on the skin. Figure 19.13A,B shows 
the same legs after this treatment. If skin maceration occurs, 
discontinue the plastic wrap.

If a fungal infection is present, an antifungal cream may be 
necessary. In severe cases of fungal infection and infection of 
the nails, an oral antifungal agent may also be employed.

Figures 19.3 and 19.4 show severe cases of venous der-
matitis, a condition that occurs due to the infl ammation of 
the skin of the lower legs caused by chronic venous insuffi -
ciency and edema. Symptoms include itching, scaling, hyper-
pigmentation, and sometimes ulceration. Symptoms can be 
exacerbated when skin in the edematous extremity is subject 
to soaps, chemicals, or adhesives. Venous dermatitis may be 
extremely painful, with blistering and weeping skin. Using 
compression to control swelling can promote healing: either 
a paste bandage or multilayer wrap may be applied. The paste 
bandage has a calamine or zinc oxide base that aids in the 
healing of the irritated skin by its soothing and drying effect. 
It can also decrease the itching of the skin. Place a compres-
sion wrap (Coban) or a short-stretch bandage over the paste 
wrap to provide sustained compression. The multilayer wrap 
absorbs more fl uid and provides sustained compression over 
a longer period of time. Apply a cream or advanced wound 
care product to the irritated skin prior to applying the multi-
layer wrap.

Venous dermatitis can also be treated with a 1-week course 
of Domeboro Soaks. Domeboro is an astringent agent made 
of aluminum acetate and used as a drying agent to decrease 
weeping, irritated, and itchy skin. Encourage patients to soak 
the legs and feet for 15 minutes twice a day (i.e., morning and 
evening). A soft foam, cloth, or brush can be used to cleanse 
the irritated skin. Dry the skin and apply an ointment to the 
irritated skin and cover with a petroleum-type dressing and 
a compression wrap. Apply a topical antibiotic ointment 
(Bactroban™) in the morning. Bactroban™ has documented 
effectiveness against resistant staph and strep and other com-
mon organisms found on the skin. Avoid Neosporin and baci-
tracin ointment, as they are known skin sensitizers. After the 
ointment, apply a petroleum-based dressing to keep the oint-
ment in contact with the skin. Cover with a roller gauze and 

FIGURE 19.20 Lymphedema with woody hardness and superfi -
cial hyperkeratosis present. (Copyright © Evonne Fowler, RN, CNS, 
CWOCN.)

Primary Lymphedema Secondary Lymphedema

Congenital (onset before 
1 year old)
 Nonfamilial
 Familial (Milroy Disease)

Filariasis

Praecox (onset 1–35 years old)
 Nonfamilial
 Familial

Lymph node excision 
+/− irradiation

Tarda (onset after 35 years old) Tumor invasion

Infection

Trauma

Classifi cation of Lymphedema Based 
on Causes19.5TABLE
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• Infections may be present: Swelling of the feet with close 
apposition of the toes provides an ideal environment for fun-
gal growth. Fissures can act as portals of entry for bacterial 
infection that can progress to cellulitis.71

Use of some or all of the skin care techniques just described 
has not been shown to provide signifi cant benefi ts for patients 
with lymphedema unless other interventions are also imple-
mented. These other measures include compression and sup-
port, as discussed earlier, exercise and elevation, also discussed 
earlier, and lymphatic massage.

Lymphatic massage, also referred to as complex decongestive 
physiotherapy, is a particular type of therapeutic massage and 
requires a skilled and certifi ed therapist to instruct and admin-
ister.3 It is now the standard of care for lymphedema in this 
country and has been the standard in other countries for some 
time.3,72 Usually, a patient with lymphedema will be started on a 
course of complex decongestive physiotherapy along with tem-
porary short-stretch compression bandages. This is combined 
with exercise and meticulous skin care to prevent infection that 
will further compromise the lymphatics. After the course is fi n-
ished, the patient will be graduated to a compression garment, 
exercise, and elevation. Impressive results can be obtained by a 
dedicated, meticulous lymphedema therapist and a dedicated 
patient. Massage may be reinstituted for an acute exacerbation.

Although generally not appreciated, lymphedema is a prob-
lem with each wound we treat. When the tissues are damaged 
in any way by trauma, operation, or ulceration, the surround-
ing lymphatics are damaged. Thus, the periwound edema that 
is seen is mostly lymphedema and if optimum wound healing 

FIGURE 19.21 Lymphedema, notice the mushroom-like papules on 
the lower leg. (Copyright © Evonne Fowler, RN, CNS, CWOCN.)

is to be realized, then compression therapy may be indicated 
(see Fig. 19.22).

OUTCOME MEASURES

Determining the effectiveness of therapy for edema involves 
comparison of baseline edema measurements with follow-
along measurements and evaluation of patient self-report data. 
It is recommended to use more than one measure of edema and 
to include a process measure to evaluate outcomes of edema 
care. Outcome measures may include the following:

• Decrease in leg or ankle circumference
• Percent decrease in leg volume
• Decrease in subjective clinical pitting edema assessment 

rating
• Improvement in patient self-report edema measures
• Improvement in venous skin dermatitis

Process measures may also be helpful, especially for patients 
and caregivers for whom the treatment is challenging. For 
example, appropriate process measures might include

• Increased leg elevation time duration
• Increased frequency of leg elevation periods
• Increase in compression pressure tolerance
• Increase in length of time compression used/worn

Because edema management is often a lifelong process, set-
ting realistic mutual goals for treatment with the patient and 
caregiver is prudent and may result in more positive outcomes.

SELF-CARE TEACHING GUIDELINES

Individualize patient and caregiver instructions in self-care 
to the cause of edema, exercise, elevation, compression, and 
skin care routine, signs and symptoms requiring health-care 

FIGURE 19.22 Acute postoperative wound following open reduction 
internal fi xation of a leg fracture. Characteristics of edema and lymph-
edema can be seen. (Copyright © Terry A Treadwell, MD.)

Sussman_Chap19.indd   497Sussman_Chap19.indd   497 7/25/2011   7:47:19 PM7/25/2011   7:47:19 PM



498 PART III ■ Management by Wound Characteristics

Case Study #1:
A 47-year-old lady was seen with progressively increasing 
swelling of the left leg for 6 months. The patient denies any 
pain in the leg but does have a feeling of “heaviness” in the 
leg. She has noted an 11-pound weight gain in the past 6 
months. She denied swelling of either lower extremity prior to 
the onset of the current symptoms. Her only abdominal com-
plaint was that of mild constipation that had been a problem 
since the birth of her two children. The patient does work but 
has a desk job with minimal standing or walking. She has no 
history of recent operation or injury. She has no history of 
thrombophlebitis or “blood clots.” There is no family history 
of clotting disorders. She has no history of cardiac, renal, or 
liver disease. She takes no medication except for birth control 
pills. She has no known allergies.

Examination:
The patient appears to be her stated age and shows no visible 
sign of chronic disease. Examination of the heart and lungs 
reveals no signifi cant problems. Abdominal examination 

detected some mild lower abdominal tenderness, but no masses 
were felt. Examination of the extremities detected a normal 
right leg with no swelling. The left leg was swollen from the 
groin to the ankle with 3+ pitting edema. There was neither 
discoloration nor ulceration of the extremity. There was mild 
tenderness over the femoral triangle in the groin and the entire 
lower extremity. The patient had no detectable varicose veins. 
All arterial pulses in both legs were normal. Semmes-Weinstein 
exam of both lower extremities showed normal sensation.

The patient admitted that her family physician had ordered 
a venous ultrasound examination of the left leg, which had 
been reported as “normal.” She had been treated with diuretics 
and thigh-length support stockings with no improvement in 
the edema.

In view of the negative ultrasound and swelling of the entire 
leg, a pelvic ultrasound was ordered. A 7-cm, solid left ovarian 
mass overlying and compressing the left iliac artery and vein 
was detected. The patient underwent operative removal of the 
mass that proved to be a benign ovarian teratoma on patho-
logical exam. Postoperatively the edema of the left leg resolved 
and has not returned in the 8-month follow-up period.

CASE STUDY     

Case Study #2:
A 68-year-old lady was referred to the wound center for treat-
ment of what was called “bilateral venous ulcers.” The patient 
had massively swollen legs with splitting of the skin and large 
volumes of drainage from each leg. She was wearing towels 
around the legs in an attempt to keep the fl uid from drain-
ing on her fl oor. This condition developed over a one-month 
period of time and had been ongoing for 4 months. Despite 
all attempts, her physician and cardiologist had been unable 
to control the problem. The patient walked with diffi culty 
because of the size and heaviness of the legs and the drain-
age. The patient had a history of congestive heart failure but 
was controlled with diuretics and cardiac medications. She 
had no recent episodes of pulmonary edema, shortness of 
breath, or other symptoms of cardiac decompensation. The 
patient had no history of renal disease, diabetes mellitus, or 
operative procedures. The patient is retired from a job with 
the state government. She has no history of thrombophlebitis, 
“blood clots,” or pulmonary embolus. She is taking multiple 
medications including a calcium channel blocking agent and 
diuretics.

Examination:
The patient appears not to be feeling well and has a puddle of 
wound fl uid on the fl oor around each leg. She has no neck vein 

distention. Examination of the lungs reveals decreased breath 
sounds but no rales or rhonchi. Cardiac exam does not reveal 
any arrhythmias or gallops. Examination of the abdomen is 
negative. Both lower extremities are swollen from the toes to 
the knees with 4+ pitting edema. There are multiple areas of 
drainage on each leg from sites of skin disruption. The patient 
has normal arterial pulses in each lower extremity. Both legs 
are tender from the swelling, but no redness is noted.

Despite the previous physician’s suggestion, it was felt the 
patient was in mild, decompensated congestive heart failure. 
Electrocardiogram was negative, but her chest x-ray showed 
signs of early congestive heart failure.

The patient was treated with additional diuretics and car-
diostimulatory agents to help remove the additional fl uid from 
the body. The legs were treated with a dressing that absorbs 
large amounts of fl uid (Sorbion®) and four-layer compres-
sion bandages changed every three days for the fi rst week and 
then weekly thereafter. With this regimen, the excess drain-
age was controlled and the edema improved. After 4 weeks of 
this therapy, the legs stopped draining and mild edema (2+ 
bilaterally) was present. Continued compression bandaging 
for an additional 2 weeks reduced the edema even further. 
The patient was then changed to compression stockings (to-
the-knee) without recurrence of the edema. The new cardiac 
medications were continued.

CASE STUDY     
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Self-Care Guidelines Specifi c to Edema Management

Instructions 

Given 

(Date/Initials)

Demonstration 

or Review of Material 

(Date/Initials)

Return Demonstration or 

Verbalizes Understanding 

(Date/Initials)

1. Cause and Type of edema

2. Signifi cance of edema

3. Exercise plan—graduated walking program

4. Lower extremity elevation procedures

5. Compression

 a. Type of compression—stockings, wraps, Unna boots

 b. Application of compression

 c. Frequency of compression dressing changes

6.  When to remove compression and notify the health-care 
provider:

 a.  Signs and symptoms of poor circulation in toes 
 (purple/black toes, loss of sensation in toes)

 b. Pain not relieved by leg elevation

 c.  Compression dressing odor, evidence of wound drain-
age on dressing, dressing slippage to ankle

7. Importance of follow-up with health-care provider

8. Compression therapy-ongoing

 a. Pumps

 b. Stockings

 c. Other devices

9. Skin care regimen

 a.  avoidance of chemicals and harsh soaps/detergents 
and solutions on edematous extremity

 b.  Use of mineral oil and moisturizers or Domoboro 
soaks or other recommended strategies for skin 
breakdown.

19.6TABLE

provider attention, the patient’s wound if appropriate, the 
patient’s learning style and coping mechanisms, and the abil-
ity of the patient/caregiver to perform procedures. Table 19.6 
presents self-care teaching guidelines related to edema 
management.

CONCLUSION

Edema is not a disease but a symptom of an underlying con-
dition. Before appropriate therapy can be instituted, the cor-
rect cause of the edema must be identifi ed. Most diagnoses of 
edema can be made by a careful, thorough history and physi-
cal examination. Adjunctive tests are available to aid in the 
diagnosis when uncertainty exists. If the appropriate diagno-
sis is not identifi ed, therapy is unlikely to result in a lasting 
improvement and will cause frustration on the part of the 
patient and the health-care provider. The mainstay of therapy 

for the swollen extremity is compression therapy in addition 
to treatment of the underlying cause. Multiple types of com-
pression therapy are available today, each with its own good 
points and bad points. The health-care provider must deter-
mine which is the one most suited for the patient and will give 
the best result. Without patient compliance, no therapy will 
be successful. Experience, patience, and fl exibility are most 
important for the health-care provider attempting to treat the 
patient with edema.

ADDITIONAL RESOURCES

• Moffatt C. World Wide Wounds [serial online]. http://www.
worldwidewounds.com/2006/june/Moffatt/Four-Layer-
Bandage-System-Part3.html

• Macdonald, JM & Geyer, MJ (Eds.) Wound and Lymphoedema 
Management, 2010 World Health Organization.

Self-Care Teaching Guidelines for Edema Management
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CHAPTER OBJECTIVES

The aim of wound care is to provide the appropriate environ-
ment for healing by both direct and indirect methods, together 
with the prevention of skin breakdown. Dressings and topi-
cal agents are important aspects of the healing environment. 
They play a role in providing a moist environment absorbing 
excess exudates, lowering or removing wound bacteria, assist-
ing in the removal of slough, and protecting the wound from 
contamination.

INTRODUCTION TO MOIST WOUND HEALING

Until about 50 years ago, traditional wound care theory indi-
cated that

• Wounds should be kept clean and dry so that a scab can form 
over the wound.

• Wounds should be exposed to the air and sunlight as much 
as possible.

• When tissue loss is present, the wound should be packed to 
prevent surface closure before the cavity is fi lled.

• Wounds should be covered with dry dressings.

The problem with the fi rst of these principles is that the scab, 
which is made up of the dehydrated exudate and dead tissue, 
is a barrier to healing. Scabs delay healing by hindering the 
movement of epidermal cells; this can lead to poor cosmetic 
results and scarring. The second principle recommends expo-
sure to air; however, this reduces the surface temperature of 
the wound, further delaying healing. Reduced surface tempera-
ture can also result in peripheral vasoconstriction, affecting 
the fl ow of blood, oxygen, nutrients, and other factors to the 
wound. Exposure to air will also increase fl uid loss and dry the 

wound surface. When a wound with tissue loss is packed with 
dry gauze, as recommended in the third principle, the qual-
ity of healing is impaired by the adhesion of the gauze to the 
surface of the wound. This causes the wound to dry out and 
increases the risk of trauma on removal of the packing (the 
limitations and appropriate use of gauze and other inert dress-
ings are discussed shortly). Finally, in opposition to traditional 
beliefs, wounds should not be covered with dry dressings: doing 
so does not provide a moist environment essential for wound 
healing; this is explained in the following section.

Benefi ts of Moist Dressings
Wounds managed in a moist environment covered by an occlu-
sive dressing do not form a scab, so epidermal cells are able to 
move rapidly over the surface of the dermis through the exu-
date that collects at the wound-dressing interface. Figure 20.1 
diagrams moist wound healing. The application of a totally 
occlusive or semipermeable dressing to the wound can also pre-
vent secondary damage as a result of dehydration. Moist wound 
healing also promotes autolytic debridement, the natural 
removal of slough and nonviable tissue by enhancing the action 
of enzymes released by the neutrophils of wound. It facilitates 
wound cleaning, since wound exudate is part of the healing cas-
cade and has been shown to carry a number of growth factors 
essential to the healing of wounds. It also protects granulat-
ing tissue and encourages epithelialization. Dressings are used 
directly on the wound as the primary dressing or over the pri-
mary dressing to hold it in place or to help absorb exudate as a 
secondary dressing. Early research into the functions of occlu-
sive dressings began in 1948 with the publication by J.P. Bull 
of a paper in the Lancet entitled “Experiments with occlusive 
dressings of a new plastic.”1 Bull’s work examined the physical 

At the completion of this chapter, the reader will be able to:

1. Describe the properties of ideal dressings.
2. Identify the limitations and appropriate use of inert dressings and interactive dressings.
3. List the classifi cations and uses of the six modern interactive dressing product groups.
4. Describe miscellaneous dressings that do not fi t into any of the standard six groups, including 

new products on the market.
5. Explain the role of topical antimicrobials in wound management.

Geoffrey Sussman

Management of the Wound Environment 
with Dressings and Topical Agents20
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FIGURE 20.1 A–D: Moist wound healing.

properties of a fi lm derived from nylon. He concluded that the 
fi lm was an effective barrier against microorganisms and that 
its physical properties, in particular the water vapor perme-
ability of the fi lm, was important as this was the fi rst time this 
property was demonstrated as a suitable material for wound 
dressings. He tested it on human skin to fi nd out whether the 
fi lm’s permeability to water vapor would be suffi cient to pre-
vent the skin from becoming soaked and found that the bacte-
rial fl ora of healthy skin under the dressing became modifi ed, 
Staphylococcus aureus disappeared, and the presence of a variety 
of organisms was reduced.

Schilling published a study of the use of the nylon-deriva-
tive fi lm in a specifi cally industrial setting, conducting a com-
parative trial with a waterproof dressing in common use at the 
time.2 The study concluded that the healing times of wounds 
treated with the nylon-derivative fi lm were signifi cantly 
shorter. Twelve years later, George D. Winter was able to pin-
point specifi c differences between the healing of wounds left 
open to the air and those kept under an occlusive dressing in 
his study “Formation of the scab and the rate of epithelializa-
tion of superfi cial wounds in the skin of young domestic pigs.”3 
His experiment showed that wounds healing under moist con-
ditions healed 50% faster than wounds open to the air and heal-
ing under dry conditions. Winter’s work has since formed the 
basis of the principles of modern moist wound management.

This work was extended in 1963 by Cameron D. Hinman 
and others from the Division of Dermatology at the University 
of California, who published a study on the “Effects of air expo-
sure and occlusion of experimental human skin wounds.”4 
In effect, Hinman repeated Winter’s work, but this time with 
healthy adult male volunteers. He again used a sterile polyeth-
ylene fi lm in artifi cially made wounds that were then either 
occluded or allowed to heal open to the air. Occluded wounds 

in Hinman’s study showed the same rate of healing as those in 
Winter’s work, confi rming the earlier results.

Limitations and Appropriate Use of Inert Wound 
Dressings
Examining their continued use as described by Turner,5,6 it is 
clear that they are still important as they set the standard for 
future product development and use. Inert wound dressings 
are simple absorbent or nonabsorbing dressings that play no 
part in the wound environment other than exudate absorption 
and wound coverage. There are a number of drawbacks to the 
use of passive products, particularly gauze. First, because it’s a 
fi brous material, gauze tends to shed very readily and, as such, 
will contaminate the wound. Second, gauze is highly absor-
bent and, as a primary dressing, will tend to dry the surface of 
a wound rapidly. Third, gauze is permeable to bacteria, and 
moist gauze tends to be an environment that promotes bacte-
rial growth. These bacteria can subsequently penetrate and ulti-
mately contaminate the wound. Fourth, gauze is adherent and 
will traumatize the wound further on removal, risking pain and 
damage to granulating tissue. New alternatives to gauze, such as 
nonwoven swabs that do not shed fi bers, are now available both 
for cleaning wounds and for primary dressings.

In recent years, other simple, modifi ed absorbent pads have 
been developed. These are typically covered with a perforated 
plastic fi lm to prevent adherence to a wound. These products 
include Melolin™ and Telfa™, which are used as both primary 
and secondary dressings and in minor wounds and wounds 
with low exudate.

Paraffi n (petrolatum) gauze dressings, developed by 
Lumiere in World War I, were among the earliest modern 
dressings. Many variations have been developed over the years 
by changing the loading of paraffi n in the base. In general, these 

Sussman_Chap20.indd   503Sussman_Chap20.indd   503 7/25/2011   7:55:15 PM7/25/2011   7:55:15 PM



504 PART III ■ Management by Wound Characteristics

dressings produce a waterproof paraffi n cover over the wound, 
which can lead to maceration because paraffi n may not allow 
water vapor and exudate to pass through. These products are 
permeable to bacteria and are known to adhere to the wound, 
causing trauma on removal. Their use is limited to simple, 
clean, superfi cial wounds and minor burns. They are also used 
over skin grafts. They need to be changed frequently to avoid 
drying out and always require a secondary dressing.7

One alternative to paraffi n dressings is products made from 
synthetic fi bers tightly meshed and impregnated with an emul-
sifi ed base, lipid-colloid, or silicone. Examples are Adaptic™, 
Cuticerin™, Mepitel™, and Urgotul™.8–10

Properties of an Ideal Dressing
The properties of an ideal dressing have been described as 
follows5:

• Will remove excessive exudates from the wound but will not 
allow the wound to dry out, maintaining a moist environment

• Will allow gaseous exchange so that oxygen, water vapor, and 
carbon dioxide can pass into and out of the dressing

• Will be thermally insulating, maintaining the wound core 
temperature at approximately 37°C

• Will be impermeable to microorganisms, minimizing con-
tamination from outside the wound

• Will be free from either particulate or toxic contamination
• Will be nontraumatic and will not adhere to the wound, so 

that no damage is done to granulating tissue on removal

In addition, the following properties should be considered 
when selecting the appropriate dressing:

• Will provide the proper environment for healing
• Will be user-friendly (to ensure compliance)
• Will have ease of application and removal
• Will simplify treatment (minimal changes of dressing)
• Will be cost-effective (i.e., total management cost)
• Will be compatible with the wound
• Will have minimal need for secondary dressings
• May be suitable for combined use with compression therapy
• May be used in infected wounds
• Will remain in place

INTERACTIVE WOUND DRESSINGS

Interactive wound dressings provide the wound environment 
for healing to take place. The term interactive is used because 
they are not passive but feature the ability to work actively with 
wound properties like wound fl uid, tissue, cells, and growth 
factors within the wound to enhance healing. Thus, they pro-
vide an ideal wound environment for healing. Different dress-
ing characteristics are exploited by choosing dressings based on 
the wound properties to be addressed. The various interactive 
dressings do have different properties and are classifi ed into 
six specifi c groups accordingly. For example, these dressings 
vary in their ability to absorb exudates: some have no ability to 
absorb, some will cope with low levels of exudates, and some 
are able to absorb large volumes of exudate.

The six types of interactive dressings are

• Film dressings
• Foam dressings

• Hydrogel dressings
• Hydrocolloid dressings
• Alginate dressings
• Hydroactive dressings

Film Dressings
Film dressings are thin membranes coated with a layer of acrylic 
adhesive. They are moisture vapor-permeable and oxygen-permeable. 
These properties vary in only minor ways from brand to brand. 
One important difference in selecting a dressing is moisture vapor 
permeability. The moisture vapor permeability is measured with 
the moisture vapor permeability test.11 This test is performed 
under the conditions specifi ed in the British Pharmacopoeia 
1980. In this test, the cup is either placed upright, so that any 
loss of fl uid occurs by evaporation, or inverted, so that the liquid 
comes in contact with the membrane. It should be noted that the 
loss of water vapor from intact skin is 240 to 1920 g/m2/24 hours, 
and the water vapor loss from an open wound is about 4800 g/
m2/24 hours. Table 20.1 identifi es several fi lm dressing products 
and their vapor permeability.

Although fi lms are permeable to both oxygen and moisture 
vapor, they are impermeable to microorganisms and moisture. 
Thus, fi lm dressings are fl exible, elastic, extensible, and allow 
easy assessment of the wound because they are transparent. 
They are also impermeable to microorganisms. They do not 
have the ability to absorb any exudate. There are fi lms avail-
able with very high moisture vapor permeability; as such, they 
can be used on more highly exuding wounds. Film dressings are 
elastic and extensible.11,12

Effects
The effects of fi lm dressings include the following:

• Provide a moist environment
• Assist with autolytic debridement
• Provide protection from chemicals, friction, shear, and 

microbes
• Transmit oxygen into and carbon dioxide and water vapor 

out of the dressing
• Function as a secondary dressing

Indications for Use
Film dressings are indicated in the management of minor burns 
and simple injuries (e.g., scalds, abrasions, and lacerations), 

Dressing Brand

Cup Upright 

g/m2/24 h

Cup Inverted 

g/m2/24 h

OpSite 839 862

Bioclusive 547 605

Ensure 436 436

Oprafl ex 456 477

DermaFilm 422 472

Tegaderm 794 846

Comparison of Moisture Vapor 
Permeability of Different Wound 
Dressings

20.1TABLE
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Precautions and Contraindications
Film dressings may remain in place for up to 1 week or even 
longer. Changing of the dressing will depend on the position, 
type, and size of the wound. It is important to remove fi lm 
dressings with care. Do not pull the dressing back across itself. 
Care should be exercised in applying fi lm dressings to damaged 
or frail skin and in those with fi ne and dry skin. Because of the 
risks of further damage on removal, the fi lm should be carefully 
pulled away from itself while applying light pressure to the cen-
ter of the fi lm dressing until it has been entirely removed.

Film dressings are not recommended for use over  deep-cavity 
wounds, full-thickness burns, and wounds showing signs of 
clinical infection. They should be used only with caution in 
patients with damaged or frail skin and in those with fi ne and 
dry skin, because of the risks of skin damage on removal.

Expected Outcomes
Film dressings provide a transparent, fl exible, waterproof, and 
 gas-permeable dressing that can protect simple wounds and 
 encourage healing. They can be left in place for 1 week or longer 
and are cost-effective; only one application of the dressing may be 
needed to manage the wound. When they are used postsurgically 
over sutures, they can remain in place until the sutures are removed.

Foam Dressings
Foam dressings are produced from polyurethane as soft, open 
cell sheets, and can be composed of one layer or multiple layers. 
They are also available impregnated with charcoal and with a 
waterproof backing.12 Foam dressings meet many of the stan-
dard requirements of the ideal dressing. They absorb exudate, 
thereby protecting the surrounding skin from maceration; raise 
the core temperature of the wound; and maintain a moist envi-
ronment. Many polymer products are similar in appearance 
to foam dressings; however, these are hydroactive dressings or 
foam-like dressings that adsorb moisture into their structure 
and swell up. They are absorbent dressings, but they are not 
interchangeable with foam dressings in every situation. Foams 
are useful as both primary and secondary dressings.

Effects
The effects of foam dressings include the following:

• Provide a moist environment
• Provide high absorbency
• Conform to body shape
• Provide protection and cushioning
• Produce no residue
• Do not adhere to the wound
• Provide thermal insulation
• Transmit moisture vapor out of the dressing
• Require no secondary dressings

Indications for Use
Foams are indicated for a wide range of minor and major 
wounds, including exuding wounds (both superfi cial and cavity 
types), leg ulcers, decubitus ulcers, and sutured wounds. They 
can be used over skin grafts, donor sites, and minor burns. They 
also may be used as secondary dressings over amorphous hydro-
gels. Foams improve the functioning of amorphous hydrogels 
by removing excess exudate from the wound and raising its core 
temperature. This assists with autolytic  debridement. Foams 

and as a postoperative dressing over suture lines. They are also 
used as a protective layer over intravenous catheters, and for 
the prevention and treatment of superfi cial pressure areas.13,14 
A fi lm dressing enables autolytic debridement and provides a 
moist wound healing environment.

Indications for Discontinuation
An increased level of exudation that causes pooling under the 
dressing can lead to maceration of both the wound and the sur-
rounding skin. The dressing should be discontinued in such 
cases. Use of the dressing should also be discontinued if the 
wound becomes clinically infected.

Method of Application
An appropriately sized piece of fi lm should be chosen to cover 
the wound and provide an overlap of at least 4 to 5 cm from 
the edge of the wound. It is important to ensure that the skin 
around the wound is dry and free from oils or cream, because 
these may reduce adherence to the skin. Remove the bottom 
backing paper, and carefully apply the fi lm dressing over the 
wound, while maintaining light but fi rm stretching of the edges 
of the fi lm to prevent it from sticking to itself. Once the dress-
ing is in place, remove the upper cover.

Film dressings are also used as a secondary dressing over 
hydrogels and alginates, as an alternative to tape for hold-
ing a dressing in place, and to provide a waterproof cover-
ing. In addition to standard fi lm dressings, island versions are 
now available, comprising a simple absorbent pad covered by 
the fi lm. These products are able to absorb small amounts of 
wound exudate and can be used in wounds with low exudates. 
Simple, small versions of these dressings can also replace plastic 
fi rst aid strips, with the advantage of not causing the macera-
tion common with plastic strips.15–21

New Absorbent Film Dressings
Tegaderm™ Absorbent Dressing has an acrylic polymer absor-
bent pad differing from other island fi lm dressings in that the 
pad for absorption is not cotton wool–based. Wound exudate 
moves through perforations in the bottom layer of Tegaderm™ 
Transparent Film, which is coated with a moist-skin adhesive. 
Through the process of diffusion, wound exudate is absorbed 
into the patented, clear, acrylic polymer pad. Moisture vapor 
is released through the top, breathable, waterproof layer 
of Tegaderm™ Film, which also provides a barrier to outside 
contaminants.

OpSite Post-Op Visible™ is a transparent fi lm with a lat-
tice foam structure allowing monitoring of the progress of the 
wound without unnecessary dressing changes. This reduces dis-
turbance to the wound bed. The fi lm has a high MVTR con-
trolling moisture, absorbing wound discharge, and preventing 
buildup of fl uid underneath the dressing.22

Antibacterial Film Dressings
Tegaderm Plus™ consists of a thin polyurethane membrane 
coated with a layer of an acrylic adhesive that contains 2% avail-
able iodine in the form of an iodophor. In contact with skin, the 
iodophor slowly releases iodine, which has bactericidal activity 
and provides protection against infection.22

Tegaderm™ chlorhexidine gluconate (CHG) IV Securement 
Dressing™ is a transparent, antimicrobial dressing used to cover 
and protect catheter sites and to secure devices to skin.15–21
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can be used over a healing wound, cut a square piece of foam 
diagonally to the center and fold the cut edges inward so they 
overlap to form a cup that can be used over a healing wound.26–28

Precautions
Foam dressings are of little value on dry wounds with a scab or 
eschar. They also should not be used alone in a dry cavity, but 
they may be used with an amorphous hydrogel. There are no spe-
cifi c contraindications for the use of foam dressings. The author 
has clinical experience with a local reaction causing erythema, but 
this may have been due to an allergic reaction or to the increased 
blood fl ow caused by the thermal effect of the dressing.

Expected Outcomes
Foam dressings provide a satisfactory primary and secondary 
dressing for a wide range of wounds. They aid in the removal of 
exudate, raise the core temperature of the wound, and protect 
the wound from external irritation. They will also protect the 
healthy skin around the wound from becoming macerated by 
the wound exudate.

Hydrogels
Hydrogels are a group of complex organic polymers with high 
water content, from 30% to 90%. These broad classes of poly-
mers are swollen extensively in water, but they do not  dissolve. 
They are three-dimensional, water-swollen, cross-linked 
 structures formed from hydrophilic homopolymers or copoly-
mers. There are two types of hydrogels: amorphous and sheet.

Amorphous hydrogels are nonfi xed macrostructures that 
absorb water, progressively decreasing viscosity. They are free-
fl owing and will easily fi ll a cavity space. Table 20.3 shows a 
comparison of the water content of some amorphous hydrogel 
products.

can also be used around tracheostomy tubes and other drainage 
tubes and catheters.23–25 Table 20.2 compares the forms of foam 
dressings used by different manufacturers.

Indications for Discontinuation
Foam dressings should be discontinued when the level of 
exudation cannot be absorbed into the dressing in less than a 
24-hour period.

Method of Application
Place the foam dressing over the wound, allowing for a margin 
at least 3 to 4 cm greater than the size of the wound. Secure the 
dressing in place with one of the following:

• In patients with fi ne or easily damaged skin:
1. Lightweight cohesive bandage
2. Tubular bandage

• In other patients:
1. Adhesive tape (hypoallergenic)
2. Tubular or lightweight cohesive bandage

Foam dressings can be used under compression bandaging and 
as a secondary dressing for amorphous hydrogels and alginates. 
For a wound with a cavity, select the appropriately sized device 
to fi t comfortably into the cavity and insert it into the wound. It 
may remain in place for 1 to 4 days or until saturated with exu-
date. A sheet foam dressing can remain in place for up to 7 days 
or until the exudate has saturated to the edge of the dressing.

You can cut foam dressings in shapes to allow better applica-
tion to specifi c parts of the body. For instance, foams can be cut 
in an “L” shape for application to fi ngers or toes. The method 
is to wind the shaft of the L shape around the fi nger or toe and 
secure with tape. Then fold over the foot of the L to complete 
the dressing and secure it in place with tape. To form a cup that 

Dressing Brand Main Constituent Forms

Allevyn Polyurethane Three layers fi lm/hydrophilic foam/plastic net

Curafoam Polyurethane Single uniform structure

Hydrasorb Polyurethane Single uniform structure

Lyofoam Polyurethane Two layers hydrophobic foam/hydrophilic contact layer

Lyofoam Extra Polyurethane Three layers fi lm/hydrophobic foam/hydrophilic contact layer

Foam Dressings20.2TABLE

Dressing Brand Chemical Type Water Content (%)

Carrasyn Gel Triethanolamine, Carbomer 940, Acemannan 95

DuoDERM Gel Sodium carboxy-methylcellulose, Pectin, Propylene glycol 81.5

IntraSite Gel Modifi ed carboxymethyl-cellulose, Propylene glycol 78

Purilon Gel Carboxymethyl-cellulose, Calcium Alginate 90

Solugel Propylene Glycol Saline 75

Saf-Gel Carbomer Propylene Glycol Sodium/ Calcium Alginate 86

Water Content of Amorphous Hydrogel Products20.3TABLE
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secondary dressings, by virtue of their properties of exudate 
absorption, thus maintaining the integrity of the gel for a lon-
ger time, protecting the surrounding skin from maceration, 
and raising the core temperature to aid in autolysis. Other 
products, such as fi lm dressings, hydrocolloids, and simple 
nonadherent dressings, may be used. Gauze is also a suitable 
secondary dressing.

Hydrogels can remain in place for a clean wound for up to 
3 days; they should then be removed by irrigation with water or 
saline. When used for the lesions of chickenpox, they should be 
applied four or fi ve times a day.

Place sheet hydrogels over the wound with at least 3 to 4 cm 
coverage greater than the wound. Hold the sheet in place with 
tape or a light cohesive bandage, depending on the skin of the 
patient. In diffi cult areas, hold them in place with a retention 
sheet, such as Hypafi x™, Fixomull™, or Medipore™ Sheet hydro-
gels do not cause maceration of the surrounding tissue. They 
can therefore be left in place, depending on the wound type and 
on the amount of exudation, for up to 3 to 4 days. For some 
superfi cial burns, they may remain in place for up to 7 days. 
When removed, they cause no discomfort and leave no residue 
on the skin.

Precautions and Contraindications
Because of their occlusive nature, sheet hydrogels should not be 
applied to clinically infected wounds unless the patient is taking 
systemic antibiotics. Amorphous hydrogels containing propyl-
ene glycol should not be used in patients known to be sensi-
tive to propylene glycol. Sheet hydrogels should not be applied 
over small deep-cavity wounds. They should also not be used in 
heavily exuding wounds.

Expected Outcomes
Hydrogels aid in the rapid removal of necrotic tissue and rehy-
drate dry wounds, thereby assisting in granulation and reepi-
thelialization. In burns, they reduce heat and pain. The thicker 
sheet hydrogels, when used in the management of superfi cial 
pressure wounds, also reduce pressure by reducing friction and 
shear forces.

Hydrocolloids
Hydrocolloid dressings are a combination of gel-forming 
polymers with adhesives held in a fi ne suspension on a backing 
of polyurethane fi lm or foam. The dressing mass contains, in 
most cases, sodium carboxymethyl cellulose (CMC) and other 
gel-forming agents, such as pectin, gelatin, and elastomers.12 
These products are also available as granules, powder, and 
paste. When applied to an exuding wound, exudate combines 
with the polymers to form a soft gel mass in the wound. This gel 
will vary in viscosity, depending on the brand of dressing. The 
dressing does not adhere to the wound itself, only to the intact 
skin around the wound.

Hydrocolloids were originally introduced as Stomahesive™ 
to protect good skin around ileostomies and colostomies. They 
vary from being occlusive to being semipermeable.

Hydrocolloids come in a wide range of shapes, sizes, and 
types. These include regular thickness, thin, bordered, padded, 
and in combination with alginates, as well as for cavity use as 
pastes, granules, and powder. When removed, the gel remain-
ing is yellow and malodorous, but not infected. The presence of 
bacteria under hydrocolloid dressings does not retard healing.

 Sheet hydrogels are usually manufactured in the form of a 
thin, fl exible sheet. These gels swell, increasing in size until the 
gel is saturated; they do not change their physical form as they 
absorb fl uid.

Effects
Hydrogels provide moisture to dry wounds, but they are also 
able to absorb fl uid. They have the following useful effects:

• Provide a moist environment
• Aid in autolytic debridement
• Conform to body shape
• Do not adhere to the wound
• Provide moisture and absorb moisture
• Relieve pain

Indications for Use
Amorphous hydrogels are generally indicated for dry and 
sloughy wounds to rehydrate the eschar and enhance autolytic 
debridement. They are used on leg ulcers, pressure wounds, 
extravasation injuries, simple-thickness and partial-thickness 
burns, and infected wounds and necrotic wounds. They facili-
tate granulation and epithelialization by preventing the wound 
from drying out. Hydrogels are used to prevent the drying out 
of such tissue as tendon. Hydrogels are also a useful carrier of 
topical drugs to be applied to wounds, such as metronidazole 
and proteolytic enzymes. Amorphous hydrogels are also used 
for management of the lesions of chickenpox and shingles.13,29–32

New Antibacterial Hydrogels
Flaminal® hydrogels are based upon gelled alginate and not on 
other polymers. Flaminal® hydrogels use the enzymes glucose 
oxidase and lactoperoxidase to control the bioburden in a simi-
lar way to honey. Flaminal® contains lactoperoxidase, which is 
an enzyme extracted from milk and acts as an important natu-
ral antimicrobial. It has been shown to be bacteriostatic against 
gram-positive organisms and exhibits pH-dependent bacteri-
cidal action against gram-negative organisms in the presence of 
hydrogen peroxide and thiocyanate. Peroxidases are enzymes 
that belong to the natural nonimmune defense systems found 
in milk and in the secretions of exocrine glands such as saliva, 
tears, intestinal secretions, cervical mucus, and the thyroid. 
From the available laboratory and clinical evidence, it is clear 
that the Flaminal® products are safe and effective both clinically 
and microbiologically though some studies have shown MRSA 
is not always cleared.

The major diffi culty is that there is little published evidence 
other than case studies and very little in the way of studies in 
the major wound or medical literature.33,34

Indications for Discontinuation
Use of amorphous hydrogels should be discontinued if exudate 
from a wound is excessive. It is generally advised that the use 
of sheet hydrogels should be stopped if a wound is clinically 
infected.

Method of Application
Amorphous hydrogel should be applied to a wound to a mini-
mum thickness of 5 mm and covered with a secondary dress-
ing. The choice of secondary material depends on the type 
and position of the wound, as well as availability and cost. 
The author has found that foams are the most satisfactory 
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Precautions and Contraindications
When using these dressings on patients with thin and fragile 
skin, take care that the dressings do not cause further skin dam-
age on removal. There are no absolute contraindications for use 
of hydrocolloids, but they are not indicated for use in heavily 
exuding wounds or in clinically infected wounds. They also are 
not considered suitable for deep-cavity wounds.

Expected Outcomes
Hydrocolloids help to remove necrotic tissue and slough from 
a wound and encourage angiogenesis and granulation of the 
wound. The presence of colonized bacteria in a wound does not 
contraindicate the use of these dressings.

Alginates
Alginates are the calcium or calcium/sodium salts of alginic acid 
and are composed of mannuronic and guluronic acids obtained 
from seaweed, primarily the genus Laminaria. They are avail-
able as a mixture of sodium alginate and calcium alginate in 
textile fi ber sheets or as a loose packing ribbon. When applied 
to a wound, sodium ions present in the wound exchange for 
the calcium ions in the dressing, producing a hydrophilic gel 
and providing calcium ions to the wound. Since calcium acts 
as a clotting factor (factor IV), this mechanism enables some 
alginates to act as a hemostat.

Sodium alginate has a complex structure consisting essen-
tially of two uronic acids, D-mannuronic acid and L-guluronic 
acid. The ratio of these isomers varies, depending on the species 
of seaweed from which the alginate is extracted and the method 
of production. Gels that are rich in mannuronic acid form soft 
amorphous gels that partially dissolve or disperse in solutions 
containing sodium ions. Alginates that are rich in guluronic 
acid tend to swell in the presence of sodium ions, while retain-
ing their basic structure.12,40

Effects
Alginates have the following useful effects:

• Provide a moist environment
• Provide a high absorptive capacity
• Conform to body shape
• Protect from microbial contamination
• Provide hemostasis
• Do not adhere to the wound

Table 20.5 compares the chemical composition of different 
alginate products.

Indications for Use
Alginates are used in exuding wounds, such as leg ulcers, cav-
ity wounds, and pressure wounds, and at donor sites (as a 

Effects
Hydrocolloids have the following effects35,36:

• Provide a moist environment
• Aid in autolytic debridement of wounds
• Conform to body shape
• Protect from microbial contamination
• Provide a waterproof surface
• Require no secondary dressing

Table 20.4 compares hydrocolloid dressing products.

Indications for Use
Hydrocolloids are indicated in the management of superfi -
cial leg ulcers, burns, donor sites (when hemostasis has been 
obtained), and pressure wounds. They may be used in small-
cavity wounds, in combination with hydrocolloid paste, pow-
der, or granules. Thin versions can be used as dressings over 
sutures after minor and major surgeries.13,24,37–39

Indications for Discontinuation
Hydrocolloids should be discontinued on surface granulation 
of the wound or if hypergranulation occurs.

Method of Application
Hydrocolloids on a superfi cial wound should be applied to 
the wound with a margin of at least 3 to 4 cm greater than the 
wound size. The skin should be dry to ensure good adhesion, 
and it is preferable to place one-third of the dressing above the 
wound and two-thirds below the wound; this will prolong the 
wear time of the dressing. The dressing may remain in place for 
5 to 7 days or until strikethrough has occurred (i.e., exudate has 
migrated to the outside edge of the dressing). Then, carefully 
remove the dressing and irrigate the wound with warm saline 
before applying a new dressing.

In the case of small-cavity, relatively moist wounds, fi ll the 
cavity with hydrocolloid paste, powder, or granules and cover 
it with a sheet of hydrocolloid dressing. With a minimally to 
moderately exuding cavity, insert hydrocolloid paste carefully 
and then cover the wound with a sheet of hydrocolloid dress-
ing. Change the dressing after 3 to 4 days. Irrigate the cavity 
with warm saline and gently remove any remaining product 
before applying the new dressing.

Apply thin hydrocolloid dressings after surgical wound 
suturing. In most cases, these dressings can remain in place 
until removal of the sutures, clips, or Steri-Strip. For surgi-
cal wounds, these dressings have the advantage of being both 
fl exible and waterproof. They require no secondary dressing, 
and help to appose wound edges by distributing tension at the 
suture line across the surface area of the dressing.

Dressing Brand Main Component Backing Forms

Comfeel Sodium carboxymethyl-cellulose Polyurethane fi lm Standard, thin

DuoDERM Carboxymethyl-cellulose Polyurethane foam/fi lm Standard, thin

Tegasorb Polyisobutylene Polyurethane fi lm Standard, thin

Restore Polyurethane fi lm Standard, thin

Comparison of Hydrocolloid Dressing Products20.4TABLE
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hemostat postsurgically) and other bleeding sites. They may be 
used in infected wounds.13,25,41–44

Indications for Discontinuation
Alginates should be discontinued if the amount of exudate is 
insuffi cient to cause the fi ber to gel. They should not be pre-
moistened with saline to promote gelling.

Method of Application
Sheet alginates should be placed in and conformed to the 
shape of the wound, and covered with a secondary dressing, 
such as a foam, or a nonadherent dressing. Depending on the 
 condition of the patient’s skin, the sheets can be held in place 
with tape or a light cohesive bandage. If the wound is extremely 
 exudative, add an extra covering with a simple absorbent pad. 
In the case of a cavity wound, gently place rope or packing 
 alginate material in the cavity, taking care not to pack the 
material tightly into the space. When used on a donor site, 
apply the sheet alginate to the donor area after skin harvesting 
and cover it with a fi lm dressing or foam. This aids in rapid 
hemostasis and provides an environment conducive to reepi-
thelialization of the skin.

In general, the dressing should remain in place in clean 
wounds for no longer than 7 days or until the gel loses its vis-
cosity (this will vary, depending on the level of exudation from 
the wound). Change dressings on clinically infected wounds 
daily. Remove the alginate by simple irrigation of the wound or 
cavity with warm saline. Freeze-dried alginates may be applied 
not only to the wound but also to cover the periwound skin 
because they gel only over the wound, thus protecting the peri-
wound skin from maceration.

Precautions and Contraindications
For clinically infected wounds, the dressing should be changed 
daily and the concurrent use of systemic antibiotics is typically 
necessary. There are no known contraindications for the use of 
alginates; however, they are not suitable for use in dry wounds 
or in wounds with thick, black eschar.

Expected Outcomes
Alginates absorb exudate and provide a moist environment for 
granulation. They are suitable for use in infected wounds and 

are very effective in the management of bleeding, particularly in 
postnasal surgery, post biopsy, and when applied to donor sites. 
They provide a comfortable dressing, and rapid healing of the 
skin is expected.

Alginate dressings have known hemostatic properties: fac-
tors such as wound type, position, and depth will determine the 
best dressing to apply over a bleeding wound. One study exam-
ined the absorption of blood by moist wound healing dressings 
and confi rmed the action of some alginate dressings.45

Combination Alginates
Manufacturers have combined alginates with other products to 
enhance the effects of each.

Alginate and Charcoal Combination

CarboFlex is a combination of calcium and sodium alginate and 
Aquacel in a fi ber sheet, bonded to a layer of activated charcoal 
and an outer layer of viscose. This product is a highly absor-
bent dressing with the ability to absorb odor. It is indicated in 
infected, malodorous wounds, fungating neoplasms and ulcers, 
and superfi cial pressure wounds.

The sheet should be applied to the surface of the wound, 
ensuring that the white alginate layer is in contact with the 
wound, and that the dark charcoal layer is on the outside. 
Cover the product with a secondary dressing and hold it 
in place with tape or a light cohesive bandage. Change the 
dressing every few days, depending on the level of exudate 
and extent of infection. The dressing is easily removed, and 
removal may be assisted by irrigation with warm saline. This 
dressing, as with other alginates, is of no value in a dry wound 
with thick, dark eschar.

Alginate/Hydrocolloid Combination

The combining of hydrocolloids and alginates in one dress-
ing, such as in the Curaderm™ and Comfeel Plus™ products, 
enhances the dressings’ properties and allows them to be used 
in more excessively exudative wounds. They are similar in 
appearance to standard hydrocolloid sheets, and are used in 
a manner similar to that of hydrocolloids. The combination 
dressings, however, can remain in place for a longer period of 
time because of their superior absorptive properties.

Name Guluronic Acid (%) Mannuronic Acid (%) Calcium Alginate (%) Sodium Alginate (%)

Algoderm 58 42 100

Curosorb 68 32 100

Kaltostat 66 34 80 20

CarboFlex 66 34 80 20

Sorbsan 34 63 100

TegagenHG (discontinued) 100

Tegagen HI 100

Cutinova Alginate 70 30 90 10

Calgicare 65 35 80 20

Comparison of Alginate Chemical Composition20.5TABLE
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• Biatain™ and PolyMem™ are hydroactive dressings available as 
both a standard and an adhesive sheet. Apply them in a man-
ner similar to the other hydroactive dressings.

These dressings may remain in place for up to 7 days, depend-
ing on the amount of exudation. Use great care when remov-
ing them in patients with thin or easily damaged skin. When 
removed, they will leave no residue; however, you may still 
need to irrigate the wound with warm saline before redressing if 
there is exudate present on the surface.

Precautions and Contraindications
Hydroactive dressings are not considered suitable for use on 
clinically infected wounds or nonexuding wounds. There are 
no known contraindications to their use; however, it’s essential 
to work slowly and gently when using these products on fi ne 
and easily damaged skin.

Expected Outcomes
Hydroactive dressings absorb exudate and provide a moist 
environment for granulation and epithelialization. They pro-
vide a comfortable dressing that will remain in place and have 
a good wear time.

MISCELLANEOUS DRESSINGS

With ongoing research and development, new products regu-
larly enter the market that do not fi t into any of the standard 
groups mentioned. These products may have properties resem-
bling those of existing groups but are composed of different 
materials. We can discuss here only a few of these many inno-
vative products.

Matrix Dressings
Matrix products include Promogran™ and Oasis™. Promogran is 
a freeze-dried matrix composed of collagen and oxidized regen-
erated cellulose (ORC) formed into a sheet. When applied to a 
moist wound, it forms a soft biodegradable gel. It binds growth 
factors and inactivates matrix metalloproteinases (MMPs). 
Promogran is used in partial-thickness and full- thickness 
wounds and is applied every 2 to 3 days.

Oasis™ is derived from porcine small intestinal submucosa. 
It acts as an extracellular matrix and can be used in a range of 
wound types including ulcers, pressure wounds, and minor 
burns. It is reapplied at each dressing change on areas no longer 
covered by the previous application.

Nonadherent Pads
Exu-dry™ is a nonadherent absorbent pad composed of an outer 
layer of perforated polyethylene-laminated rayon and an inner 
layer of absorbent rayon/polypropylene blend. The pad has a 
cellulose backing that wicks wound exudate and holds large 
quantities of fl uid. It is indicated in highly exudative wounds, 
particularly burns.49

Mepore™ is a similar nonadherent pad with greater absor-
bency than simple nonadherent dressings due to their thickness 
and greater surface area for absorption.

CombiDERM™ is a multilayer absorbent pad combining a 
semipermeable hydrocolloid border with absorbent padding 
of hydrocolloid particles and a nonadherent cover against the 

Hydroactive Dressings
Hydroactive dressings have some similarities to hydrocolloids; 
however, they are not gel-forming products. Instead, they act 
by absorbing exudate into the structure of the dressing, swelling 
as the liquid is absorbed. They thereby maintain a moist envi-
ronment at the interface of the wound.

Hydroactive dressings consist of multiple layers of highly 
absorbent polymer gel with an adhesive backing. These dress-
ings are composed of an outer polyurethane fi lm membrane, 
combined with a polyurethane gel and other absorbents 
(e.g., sodium polyacrylate). They are semipermeable and adhere 
to the skin. They are available in a number of forms, including 
cavity fi llers, foam-like, and thin types.12

Effects
Hydroactive dressings have the following useful effects:

• Provide a moist environment
• Provide high absorbency
• Provide a waterproof surface
• Regain their shape when stretched
• Aid in autolysis
• Leave no residue
• Are semipermeable to moisture vapor

Indications for Use
Hydroactive dressings are indicated for use on exuding wounds, 
including leg ulcers, pressure wounds, minor burns, and exud-
ing cavity wounds. They are of particular use over joints, such 
as the elbows, knees, fi ngers, toes, and ankles, because of their 
ability to expand and contract without causing constriction.46–48

There are foam-like forms of hydroactive dressings. These 
should not be confused with typical foam dressings, because 
they react to exudate in a different manner, by absorbing (this 
type of dressing attracts the liquid into its surface and absorbs 
the fl uid into the spaces in the sponge-like structure) the exu-
date into their structure. This can be observed by their change 
of shape. Hydroactive dressings absorb exudates rapidly, 
regardless of the amount of exudation.

Indications for Discontinuation
Use of hydroactive dressings should be discontinued for 
wounds with little or no exudation, or if the dressing is unable 
to absorb the amount of exudate being produced by the wound.

Method of Application
The method application of hydroactive dressings varies, 
depending on the brand of dressing used.

• Place Tielle over the wound so that the central island of dress-
ing completely covers the wound. Allow for a margin 2 to 
3 cm greater than the wound size, and then adhere it to the 
surrounding skin.

• Apply Cutinova Hydro™ directly to the wound, allowing for 
a margin of 3 to 4 cm of dressing around the wound. It’s a 
good idea to warm the edges of the dressing slightly with your 
hands to aid adhesion.

• Allevyn plus Cavity™, because of its ability to absorb exu-
date and expand, should be placed carefully into the cavity, 
not occupying more than 33% of the space. Cover the outer 
wound with a suitable dressing, such as Allevyn Thin™ or 
Cutinova Hydro™.
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Charcoal
Charcoal is used in combination with a number of dressings, 
including foam and alginates. It is also available in specifi c 
dressings (e.g., Actisorb Plus). The main function of charcoal 
dressings is to absorb odor.

Collagen
Collagen is a vital structure in wound healing; when cross-
linked, it is essential to the tensile strength in a wound. 
Dressings composed of a collagen matrix, either bovine colla-
gen or avian collagen, stimulate fi broblast activity and improve 
the healing cascade. Although many other collagen products 
are on the market, their clinical role has yet to be clarifi ed.

Hyaluronic Acid Derivatives
Hyaluronic acid is a carbohydrate component of the extracel-
lular matrix that plays an important role in the healing cascade. 
Derivatives of hyaluronic acid are in use clinically, but their role 
in wound healing is not yet clear. For example, Hyalofi ll™ is a 
hyaluronic acid derivative being used in the management of 
nonhealing neuropathic ulcers and other chronic wounds. It is 
available in the form of a sheet or ribbon. Hyalofi ll™ should be 
applied to the entire surface of the wound, where it will absorb 
wound exudate and form a hyaluronic acid gel. The dressing is 
left in place for 3 days.52

Proteolytic Enzymes
Proteases are proteolytic (protein-splitting) enzymes that have 
both positive and negative actions on wounds. Proteolytic 
enzymes are applied topically to wounds to aid in the removal 
of slough and breakdown of nonviable tissue. This method 
of debridement has been used clinically for many years. The 
enzymes used in commercial products include papain in 
Accuzyme™ and Panafi l™, and collagenase in Santyl™.

Hypertonic Saline
Hypergranulation develops when epithelium fails to cover the 
granulating tissue and continues to grow beyond the surface of 
the wound. Traditionally this tissue has been reduced by the 

wound. This product is highly absorbent and is able to hold the 
exudate within the dressing, preventing maceration to the sur-
rounding skin. It maintains a moist environment. It is indicated 
on highly exuding wounds, pressure wounds, leg ulcers, and 
surgical wounds. It can be used as a secondary dressing over 
cavity wounds.

Hydrofi bers
Hydrofi bers are similar to alginates in appearance; however, 
though fi brous, they are composed of the polymer CMC. 
Hydrofi ber dressings are activated by moisture in the wound 
and they are able, as polymers, to absorb and trap within their 
structure the moisture from the wound. While they have a sim-
ilar ability to absorb exudates as do alginates, they do not have 
the hemostatic property of alginates.

Presently only one type of hydrofi ber is available. Aquacel 
is composed of nonwoven, 100% sodium CMC spun into 
fi bers and manufactured into sheets and ribbon dressings. 
This product mirrors the properties and actions of alginate 
dressings, but it rapidly absorbs exudate vertically and does 
not absorb laterally. It thereby retains fl uid within the struc-
ture of the fi bers, which convert into a gel sheet as they swell. 
Aquacel™ is indicated in heavily exuding wounds, such as leg 
ulcers, pressure wounds, cavity wounds, minor burns, and 
donor sites.

When applying the dressing to the wound, allow a dressing 
margin 2 to 3 cm greater than the wound size or wound cavity. 
The dressing can remain in place for 1 to 3 days, depending on 
the exudate amount and when the product is saturated. Like 
freeze-dried alginates, Aquacel can be applied to the periwound 
skin and the wound without the risk of maceration.

Products containing a hydrofi ber component include 
Versiva Dressing™ and Alione™. Versiva Dressing™ is a sterile 
wound dressing consisting of a thin, perforated adhesive layer, 
a nonwoven layer with a hydrofi ber blend, and a top polyure-
thane foam-fi lm layer. The dressing absorbs wound fl uid, cre-
ates a moist environment, and aids in autolytic debridement. 
Alione™ is a hydrocapillary dressing consisting of a number of 
fi bers combined in the capillaries of the dressing. The capillaries 
transport the exudate away from the wound, keeping it moist 
but not wet. The top surface is fi lm, and the core is a hydro-
capillary pad; a wound contact layer and either an adhesive 
hydrocolloid or a microporous skin protection layer complete 
the dressing.

Silicone
Silicone is a manufactured polymer that includes the element 
silicon. Dressings containing silicone are used to reduce hyper-
trophic and some keloid scars. These dressings (Table 20.6) 
should be applied as soon as possible after sutures or clips are 
removed from the incision site. They are changed every 1 to 3 
days, after which the area is washed and the dressing is reap-
plied. The same piece of dressing may be used for about 7 days, 
and then a fresh piece is applied.

Silicone is also used as the surface layer on a number of other 
types of dressings including tulles and foam dressings. The sil-
icone helps maintain adhesion of the dressing onto the skin; 
however, silicone does not stick and thus allows nontraumatic 
removal. The dressing also reduces pain at the wound interface 
and on removal of the dressing.9,10,50,51

Brand Manufacturer Type

Mepetil Molnlycke Tulle

Mepilex ″ Foam

Mepilex border ″ Combination

Mepilex Transfer ″ Foam

Mepilex Thin ″ Foam

Cica Care Smith & Nephew Scar reduction 
dressing

Mepiform Molnlycke ″
Allevyn Gentle Smith & Nephew Foam

Allevyn Gentle 
Border

″ Foam

Silicone Dressings20.6TABLE
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Superoxide Solutions
A new development is the production of a superoxide solution 
by the electrolysis of water and sodium chloride; the resultant 
solution is a pH-neutral superoxide solution.

This solution has been used in the management of infected 
diabetic wounds and leg ulcers and burns. The solution has 
shown antibacterial activity in vitro including being bacteri-
cidal, fungicidal, virucidal, and sporicidal. There are limited 
published studies on the use of this product. The registered 
name of this product is Microcyn.60,61

Chlorhexidine
Chlorhexidine is commonly used as a hand or skin disinfec-
tant. It is bactericidal, with activity against both gram-positive 
and gram-negative organisms. It is ineffective against acid-fast 
bacteria, bacterial spores, fungi, and viruses. Antimicrobial 
activity is best at neutral or slightly alkaline pH. Chlorhexidine 
is incompatible with soap; the presence of blood and organic 
material also will decrease its activity. Skin sensitivity is 
reported.

Polyhexamethylene biguanide (PHMB) is a polymeric cat-
ionic antimicrobial agent that has been deployed in consumer 
applications for over 40 years. While it shares many attri-
butes with the simpler cationic agents, it has additional action 
mechanisms that render it unique among this generic class of 
antimicrobials. PHMB was recognized as possessing superior 
antimicrobial effect to other cationic biocides, but it could only 
be poorly defi ned chemically. Early attempts to rationalize the 
PHMB mixtures were unsuccessful and precluded their use in 
pharmaceutical products. Nevertheless, PHMB was marketed 
as a broad-spectrum antimicrobial agent in a number of diverse 
applications. As with the bisbiguanides, PHMB was shown to 
bind rapidly to the envelope of both gram-positive and gram-
negative bacteria and in doing so displaces the otherwise sta-
bilising presence of Ca2+. This binding is to the cytoplasmic 
membrane itself, and also to lipopolysaccharide and peptido-
glycan components of the cells wall.

The toxicity profi le of both the biguanides and the polymeric 
biguanides is excellent. Neither molecule is a primary skin irri-
tant or a hypersensitizing agent. With respect to the deploy-
ment of PHMB as part of a wound care system, there is little or 
no evidence to suggest that this would lead to the emergence of 
PHMB resistant.

Use of the agent within a barrier wound dressing such as 
Kerlix AMD would impair both the growth and the penetration 
through the dressing of adventitious pathogens from the envi-
ronment to the dressed wound.

Prontosan is a solution containing polyhexanide, a bigu-
anid antiseptic related to chlorhexidine, and undecylenamido-
propyl betaine. Betaine is a very mild, active surfactant with a 
dual water and oil solubility. A highly pure betaine based on 
undecylenic acid was developed for the special demands of the 
personal care industry. This betaine is exceptionally mild and 
its action is to reduce surface tension and allow wound con-
taminants to lift. Surfactants are wetting agents that lower the 
surface tension of a liquid, allowing easier spreading, and lower 
the interfacial tension between two liquids. The action of a sur-
factant on a wound is to assist in the separation of loose nonvi-
able material on the surface of a wound. The product is also 
available as a hydrogel.62,63

application of silver nitrate or copper sulfate solutions; how-
ever, these solutions are toxic. Thus, hypertonic saline dressings 
are now used to stop the exuberant tissue growth and encour-
age new epithelium. They are composed of an inert fabric 
impregnated with sodium chloride.

The action of hypertonic saline is to draw fl uid from sur-
face cells by setting up an osmotic gradient between the highly 
concentrated solution in the dressing and the lower concentra-
tion of the cells. Examples of hypertonic saline are Mesalt™ and 
Curasalt™.

Hypertonic saline is used on hypergranulating and necrotic 
wounds. The dressing should be applied only to the wound 
area, and changed every 24 hours until the tissue returns to nor-
mal surface depth. Discontinue the dressing if the patient expe-
riences pain on application or if the wound is dry.

TOPICAL ANTIMICROBIALS

Excessive bioburden on the surface of a wound can retard 
healing, but diffi culties also arise when topical antimicrobials 
(antiseptics and antibiotics) are applied that can have a nega-
tive effect on wound healing. Although there is little research 
on the effects of antiseptics on open wounds, one of the most 
prolifi c researchers in this area has claimed that antiseptics for 
wound healing may be harmful, in that they damage healing 
tissue, thus allowing infection to gain a foothold.53–57 As early 
as 1919, Alexander Fleming cautioned that it is essential when 
estimating the value of an antiseptic to study its effects on 
the tissues, rather than its effect on bacteria. Unfortunately, 
Fleming’s wise counsel has tended to be ignored in modern 
practice.

It is known that the surface of open wounds does not need 
to be sterile for healing to take place. There is also no evi-
dence to support the notion that dressing changes performed 
once or twice a day with antiseptics guarantee protection from 
invasive infection. There is, however, suffi cient in vitro evi-
dence indicating tissue injury with the prolonged use of anti-
septics in chronic wounds.58 The exceptions are patients with 
major arterial circulation defi ciencies, such as diabetic patients 
and immunocompromised, neutropenic patients. A decision 
should be made for the individual patient, taking into account 
all of the positive benefi ts and risks.

In this section, we discuss a variety of topical antimicrobials 
currently in use.

Hypochlorites
In general, the concern with antiseptics is their toxicity. This is 
especially true for hypochlorite antiseptics (recall that sodium 
hypochlorite is a bleach). A number of studies with hypo-
chlorites have shown major problems, including cell toxicity, 
depression of collagen synthesis, localized edema, hypernatre-
mia, hyperthermia, and burns. There have also been reported 
cases of renal failure associated with topical application of chlo-
rinated solutions to pressure sores. This has been attributed to 
the release of a toxic lipid from bacteria, causing the bacteremia 
or endotoxic shock known as Schwartzman reaction.59

Hypochlorites are chemically unstable, have a short shelf 
life, and are rapidly deactivated by organic material. They also 
are not cost-effective, requiring frequent changes of dressing.
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Indications for Use
Silver dressings are indicated for the reduction of bioburden 
in surface or cavity wounds in colonized and infected wounds. 
They may also be used to reduce the risk of infection over skin 
grafts, burns, and injection sites. The choice of silver dressing 
will depend on the wound type, level of exudate, and depth.

Indications for Discontinuation
In general, silver dressings are for short-term use to reduce the 
bioburden. They are then discontinued to allow other products, 
depending on the wound, to assist in the healing of the wound.

Method of Application, Precautions, and Contraindications
Table 20.7 identifi es the use, precautions, and contraindications 
for a wide variety of silver dressings. Bear in mind that the deci-
sion about whether or not to use a silver dressing depends on the 
wound itself, the clear presence of high levels of colonization, 
and if the wound is clinically infected. Silver should not be the 
automatic choice in all wounds. Once the decision to use a silver 
dressing has been made, the product type must refl ect the wound 
environment itself, the tissue, depth, and level of exudate.

Iodine
Iodine in its various forms has been used as a topical antisep-
tic since 1840. The newer forms of iodophors have been used 
since the 1950s. Most of these new forms combine iodine in 
a complex with a polymer (e.g., povidone, cadexomer), which 
slowly releases the iodine (Table 20.8). There is no evidence of 
resistance to iodine.

Povidone-iodine comes in many forms, including skin paints, 
throat gargle, scrub wash, and ointments. It is a combination 
of povidone (PVP) and elemental iodine. It is effective against 
bacteria, mycobacteria, fungi, protozoa, and viruses.

Cadexomer iodine is the combination of the polysaccha-
ride polymer cadexomer and iodine at low strength. When this 
product is applied to a wound, the exudate is absorbed into the 
polymer structure, forming a gel and slowly releasing the iodine 
at about 0.1% continuously over 72 hours. The product will 
reduce the level of slough in the wound and absorb exudate. 
It is antibacterial and stimulates infl ammatory growth factors. 
Iodosorb and Iodofl ex are two forms of this product.

Indications for Use
Povidone-iodine is typically used in a 10% solution as a skin prep 
before a procedure. It can also be applied to a wound. Cadexomer 
iodine is used on sloughy leg ulcers, pressure wounds, and other 
nonhealing wounds.

Indications for Discontinuation
Some patients experience pain on initial application of the 
product. In most cases, this subsides after 1 to 2 hours. Some 
patients with a low pain threshold may fi nd it necessary to dis-
continue use of the product.

Method of Application
Povidone-iodine should be diluted to 1% or, if used in full 
strength, leave it in place for only 3 to 4 minutes and then wash 
it off. It can also be applied as a cream at 5%, or diluted to 0.5% 
to use as a gargle. Cadexomer iodine is applied directly to the 

Quaternary Ammonium Compounds
Quaternary ammonium compounds can be used alone (an 
example is Cetrimide) or in combination with the chlorhexi-
dine preparations (an example is Savlon). These preparations 
are bactericidal against gram-positive and gram-negative 
 organisms. They are relatively ineffective against bacterial spores, 
viruses, or fungi, and some strains of Pseudomonas aeruginosa 
and Mycobacterium tuberculosis are resistant. They can also 
cause hypersensitivity reactions.

Silver
Silver is one of the oldest elements known. It is found inde-
pendently in nature and also associated with copper and gold, 
or as the ore argentite. Metallic silver exists as two isotopes 
and is inert in this form. In the presence of fl uid, silver ions 
are present as charged ions Ag+, Ag++, and Ag+++ and can form 
some soluble and mostly insoluble compounds. Silver is used 
in an elemental form, such as nanocrystalline or foil, in inor-
ganic compounds, such as silver oxide and silver nitrate, and as 
organic complexes. A number of these forms are used in silver 
dressings and contrast with silver sulfadiazine, delivered as a 
cream or tulle. The decreased size of silver particles leads to an 
increased proportion of surface atoms compared with inter-
nal atoms. It is believed that the nanocrystalline structure is 
responsible for the rapid and long-lasting action. The signifi -
cance of the forms of silver used in dressing products is dis-
cussed below.

Silver has been used clinically for many years, and it has proven 
antimicrobial activity. It is broad spectrum and inactivates 
almost all known bacteria, including methicillin-resistant 
Staphylococcus aureus (MRSA) and vancomycin-resistant 
enterococci (VRE). No cases of bacterial resistance have been 
documented.

Silver sulfadiazine cream is used in the treatment of burns. 
Although this cream has also been applied to some wounds, it 
can lead to the development of mucilaginous slough. A range 
of new combination silver dressings overcomes this diffi culty 
by delivering varying levels of silver directly from the dressing. 
The base dressings include hydrocolloids, alginates, and tulles. 
Tulles are used in many parts of the world and were fi rst intro-
duced as paraffi n tulles, a gauze piece saturated with yellow soft 
paraffi n. There are many tulles in use e.g. Jelonet™, Bactigras™, 
hydroactives, foams, gels, and other polyethylene mats (this is 
the base of the product Acticoat). Contemporary silver dress-
ings allow for continued release for up to 7 days.

Several factors infl uence the ability of a dressing to kill 
microorganisms.64 These include
• Silver content and distribution in the dressing
• Chemical and physical form (metallic, bound or ionic)
• Dressing’s affi nity to moisture
The level of silver content contained in dressings varies 
greatly. The mode of action also varies; that is, some release 
silver into the wound, others partly release the silver and hold 
some in the dressing, and others keep the silver within the 
dressing. Dressings with the silver content concentrated on 
the surface or those with the silver in ionic form have per-
formed well in tests due to the level of ionic silver released 
from the dressing.
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518 PART III ■ Management by Wound Characteristics

the level of bacteria in the wound and allow the body’s own 
mechanisms to destroy the rest. The use of povidone-iodine, 
chlorhexidine, and chlorhexidine/cetrimide products is appro-
priate in the early management of acute traumatic wounds. The 
use of products such as silver sulfadiazine cream (Silvadene, 
SSD) in burns is part of the early management of this type of 
wound.

DRESSING CHOICE

Wounds are dynamic and, as such, the choice of dressing will 
vary and change as the wound changes. That choice should be 
based on the three major aspects of any wound: color, depth, 
and exudate (Table 20.9). Color will vary from pink (epithe-
lializing), to red (granulating), to yellow (sloughy), to black 
(necrotic). Depth will include superfi cial, shallow, and deep 
cavity. Exudation will be none, minimal, moderate, or high. 
Other aspects to consider are the presence of infection, the tis-
sue surrounding the wound, the need to add graduated com-
pression, the fragility of the skin, and any medical condition 
that may have an impact on the dressing choice. For example, 
a patient who has serosanguineous exudate may benefi t from 
use of an alginate dressing that has hemostatic properties, or 
a patient with an infected wound may benefi t from a silver or 
cadexomer iodine dressing.

Secondary Dressings
The choice of secondary dressing depends on the nature, posi-
tion, and level of exudate. In general terms, fi lm dressings and 
nonadherent dressings are suitable for lightly exuding wounds, 
but not for high levels of exudation. Foam dressings are useful 
over amorphous hydrogels and alginates (this does not apply 
to the foam-like hydroactive dressings). The use of gauze as a 
secondary dressing is limited, especially over hydrogels or algi-
nates, because it reduces the ability of the dressing to function 
at its optimum level.

Another important consideration is the method of dressing 
retention. If the surrounding skin is healthy, the dressing can 
be held in place with high-quality tape. If the skin is dry, thin, 
fragile, or otherwise poor, a tubular bandage or a lightweight 
cohesive bandage is suitable.

Wound Cleansing
The approach to cleansing a wound at the time of dressing 
changes depends on the nature of the wound. In general, if 
the wound is clean with little or no residue from the dressing, 
simple irrigation with water or saline is the most appropriate. If 
there is dressing residue, slough, or dry or scaly tissue, the use 
of a skin wash with surfactant properties in addition to water 
or saline will aid in the removal of the debris. It is critical to 
minimize direct contact with the granulating wound. It is con-
sidered best to use the cleansing materials at body temperature, 
because the application of a cold solution reduces the tempera-
ture of the wound and can affect blood fl ow. The use of antisep-
tic cleansers is of little value in chronic wounds; however, they 
are of benefi t in the initial cleaning of an acute wound.69

Another issue in relation to the use of any skin cleanser is 
the pH of the product. It is important to maintain an acid pH 
level of 5 to 6 in the wound and the periwound skin. It should 

Brand Manufacturer Type

Betadine MudiPharma Povidone-iodine

Povidone-iodine Various Solution, cream, 
paint, gargle

Iodosorb Smith & Nephew Cadexomer iodine 
paste/powder

Inadine Johnson & Johnson Iodine gauge (tulle)

wound as powder, paste, or dressing. Cover it with a simple 
nonadherent dressing and leave it in place for up to 3 days. 
At dressing changes, you will notice that the product, initially 
brown in color, has become a white, paste-like gel. Wash this 
gel away, and apply fresh product to the wound.

Precautions and Contraindications
Povidone-iodine may cause local irritation and sensitivity, and 
if applied to denuded areas, it may cause burns. It should not 
be used on patients with goiter. Its absorption may also inter-
fere with thyroid function tests. It is incompatible with alka-
lis. Cadexomer iodine should not be used on children younger 
than 12 years of age, or on patients with a known allergy to 
iodine. No more than 50 g as a single dose or 150 g in a week 
should be used.

Expected Outcomes
The dressing should reduce bioburden, odor, level of slough, 
and pain. The wound should show increased granulation and a 
decrease in size.65

Indications for Use of Antibiotics in Chronic 
Wounds
If a wound is clinically infected, the use of systemic antibiot-
ics should be considered as the most appropriate action. The 
decision to use topical antibiotics in chronic wounds should be 
based on an understanding of certain general principles. First, 
topical use of antibiotics is not recommended generally because 
of the development of resistance and sensitization. However, in 
surface anaerobic contamination of some wounds, especially 
fungating wounds, the use of metronidazole gel (MetroGel) is 
appropriate, and there have been cases of methicillin-resistant 
Staphylococcus aureus in which topical mupirocin (Bactroban) 
has been used with success. Another topical antibiotic used in 
clinical practice is silver sulfadiazine cream (see Table 20.7). It 
is indicated in some infected ulcers in which Pseudomonas has 
been found to be present.66–68

Use of Topical Antimicrobials for Acute Wounds
The use of topical antimicrobials for acute wounds is entirely 
different from their use in chronic wounds. In a traumatic 
wound, the risk of infection from contamination at the time 
of wounding is very high. Also, in the case of major burns, the 
presence of necrotic tissue is a focus for infection, and topical 
management is mandatory. In both cases, the goal is to reduce 

Iodine Dressings20.8TABLE
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520 PART III ■ Management by Wound Characteristics

be noted that most soaps are signifi cantly alkaline and will have 
a negative effect on the wound and the periwound skin.

Wounds should be cleansed with care; health profession-
als must consider the temperature of the cleansing product (it 
should be at body temperature) and the pH of the products to 
avoid any unnecessary damage to the wound and the periskin 
and avoid vigorous cleaning of the wound.

CONCLUSION

The products applied to a wound at each stage of wound heal-
ing play a vital role in controlling the wound environment. The 
choice will depend on the many factors that relate to the wound 
itself, such as wound type, level of exudates, and presence of 
bacteria and/or infection.

REVIEW QUESTIONS

 1. A problem associated with traditional wound care theory 
is:
 A.  A scab increases the risk of scarring and poor cosmetic 

results.
 B.  Exposure to air increases the surface temperature of the 

wound.
 C. Exposure to air decreases fl uid loss.
 D. A scab assists with the movement of epidermal cells.

 2. Moist wound healing:
 A. While promoting granulation, slows epithelialization.
 B.  Hinders growth factors reaching the wound bed due to 

exudate.
 C.  Enhances the action of enzymes released by neutro-

phils.
 D.  Complicates wound cleansing due to exudate on the 

surface.

 3. Cadexomer iodine:
 A. Has no effect on the level of slough.
 B. Inhibits infl ammatory growth factors.
 C. Is antibacterial.
 D. Is nonabsorbent.

 4. A factor that can infl uence silver dressings ability to kill 
micro-organisms is:
 A. The distribution of silver in the dressing.
 B. The dressing’s resistance to moisture in the wound.
 C. Whether the wound is colonized or infected.
 D. The bacterial resistance of the micro-organisms.

 5. Alginate dressings:
 A. Adhere to the wound
 B. Do not conform to the body hape.
 C. Are not used in infected wounds.
 D. Provide hemostasis.
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CHAPTER OBJECTIVES

Advanced wound therapy includes topical wound products and 
devices. Therapy in this category does not fall into other wound 
treatment categories and typically costs more than other wound 
therapies. Examples of advanced wound therapy include liv-
ing skin equivalents (LSEs); topical growth factors; devices that 
directly change the local wound environment, such as negative 
pressure wound therapy (see Chapter 28 on “Negative Pressure 
Wound Therapy”) and temperature therapy; and synthetic skin 
dressings. This chapter focuses on topical growth factors, LSEs, 
and synthetic skin dressings.

The debate about when the use of advanced wound thera-
pies is appropriate centers around the ability of the clinician to 
defi ne the appropriate wound candidate. One suggestion is to 
use advanced therapies only on wounds that fail to heal with 
standard approaches. Another suggestion is to use them imme-
diately on wounds identifi ed as being potentially harder to heal. 
Some wound therapies provide specifi c guidelines for appro-
priate use, and others provide more general indications. It is 
accepted that advanced wound therapies are particularly useful 
for refractory wounds.

Merriam-Webster’s Collegiate Dictionary defi nes refractory as 
“(1) Resisting control or authority, stubborn or unmanageable, 
(2) resistant to treatment or cure, (3) unresponsive to stimulus, 
immune, insusceptible, (4) diffi cult to fuse, corrode, or draw 
out.”1 The term refractory is typically used to defi ne wounds 
that have not healed, despite appropriate treatment. It has come 
to be used to defi ne diffi cult-to-heal wounds and wounds that 
do not progress toward healing. Wounds may be considered 
refractory when they present with certain characteristics such 
as extensive necrosis, undermining, or tunneling. Some studies 
have found that undermining present on initial wound assess-
ment was associated with poor wound healing outcomes.2,3 
Others did not fi nd undermining at baseline assessment to be 
a signifi cant predictor of healing.4 The presence of necrotic 

tissue in wounds provides a physical impediment to healing, 
and, not surprisingly, several have found that healing outcomes 
in necrotic wounds are fewer than those without necrotic tis-
sue.5,6 These studies suggest that the presence of necrotic tissue 
is associated with slower healing times6 and a decreased propor-
tion of improving ulcers.5

Specifi c comorbidities that are known to compromise 
wound healing, such as immunosuppression,7,8 diabetes mel-
litus,9,10 vascular disease,11 or hypovolemia,12 may determine 
whether the wound is diagnosed as refractory. There may be 
an additional signifi cant host burden that impairs healing, such 
as infection,13,14 wounds of prolonged duration, or extensive 
wounds.5,15–18 Finally, a wound may be diagnosed as refractory 
when it fails to meet research-based temporal healing expec-
tations. For example, in pressure ulcers, clean full-thickness 
pressure ulcers should show signs of improvement within 2 
to 4 weeks,5,18 partial-thickness ulcers should improve in 1 to 
2 weeks,19 and those that do not decrease in size with improve-
ment at 1 week may not progress to healing.4 Time frames and 
surface area changes have also been identifi ed for diabetic foot 
ulcers and venous ulcers. Exhibit 21.1 presents a proposal for 
diagnostic criteria for the “refractory” wound to assist clini-
cians in determining those wounds that may benefi t from early 
use of advanced wound therapy.

GROWTH FACTORS

Several growth factors have been identifi ed as regulatory poly-
peptides that coordinate the complex interaction of cellular and 
biochemical events that control wound healing. Growth factors 
participate in the regulation of cell proliferation, differentiation, 
and organ growth. Several growth factors, including recombi-
nant human (rh) platelet-derived growth factor (PDGF), epi-
dermal growth factor (EGF), and basic fi broblast growth factor 

At the completion of this chapter, the reader will be able to:

1. Describe criteria for defi ning a refractory wound.
2. Identify three advanced wound therapies.
3. Compare and contrast advanced wound therapies.
4. Describe and explain indications for each advanced wound therapy.

Craig J. Pastor, Matthew J. Trovato, Mark S. Granick, Nancy L. Tomaselli, and Barbara M. Bates-Jensen

Management of the Wound Environment 
with Advanced Therapies21
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(bFGF), have been produced and are available for use. Only rh-
PDGF has been approved by the United States Food and Drug 
Administration (FDA) for use in wound therapy.20

Platelet-Derived Growth Factor
PDGF and its relative proteins were the fi rst approved 
proteins for promoting diabetic foot healing and other 
refractory ulcers. In 1986, Knighton et al. reported their suc-
cessful treatment of chronic ulcers with autologous platelet-
derived wound healing factor (PDWHF).21 In their study, 
49 patients with 95 chronic wounds were treated with 
PDWHF, resulting in a mean time to 100% healing of 
10.6 weeks. Patients received 198 weeks of conventional wound 
care without healing before PDWHF application. Recombinant 
PDGF was fi rst reported in the treatment of pressure ulcers 
in a 1992 phase I/II prospective, controlled clinical trial of 
20 patients in which 100 μg/dL of topical rh-PDGF increased 
the rate of wound closure compared with other groups.22 In 
the phase II follow-up multicenter trial of 45 patients with 
pressure ulcers, the Mustoe group again reported that topical 
application of rh-PDGF accelerated the rate of wound clo-
sure. Ulcers receiving 100 μg/dL of rh-PDGF showed a 71% 
decrease in area over 28 days, and those treated with 300 μg/dL 
showed a 60% decrease. The report concluded that only a cer-
tain dose of growth factors is necessary to facilitate wound 
healing. Rees et al. completed a phase II, multicenter, dou-
ble-blind, parallel group, placebo-controlled trial using 
rh-PDGF-BB (becaplermin) 300 μg/g daily, 100 μg/g twice 
daily, and placebo resulting in complete healing in 19%, 
23%, and 0%, respectively.23 Approved by the FDA in 1997, 
 becaplermin is used for pressure, lower extremity diabetic, 
and neuropathic ulcers.

Description and Effects
Regranex Gel is a topical gel that contains the active ingredi-
ent becaplermin formulated in an aqueous sodium carboxy-
methyl cellulose–based (NaCMC) gel. Each gram of Regranex 
Gel contains 100 mg of becaplermin. The biologic activity of 
becaplermin includes promoting recruiting (chemotaxis) and 
proliferation (mitosis) of cells involved in wound repair, and 
enhancing granulation production (synthesis), which is similar 
to that of endogenous PDGF.

Indications for Use
Regranex Gel 0.01% is indicated for use in the treatment of dia-
betic neuropathic ulcers that extend into the subcutaneous tis-
sue or beyond and have adequate blood supply.24 When used in 
conjunction with good wound care, it increases the incidence 
of complete wound healing. The cornerstones of good wound 
care include

• Sharp debridement at all offi ce encounters
• Control of infection
• Off-loading of pressure from the affected area
• Maintenance of a moist, clean wound environment

Recently, Calhoun described the use of Regranex Gel™ 
0.01% for the treatment of mucosal wounds in two patients 
who had corticocancellous bone grafts following mandibular 
bone loss. Both patients’ wounds showed increasing granula-
tion tissue, with one patient proceeding to a fully healed wound 
with minimal bone loss. The second patient was lost to follow-
up before full healing had occurred.25 The effi cacy of becapl-
ermin for the treatment of other types of wounds is currently 
being evaluated.23

Indications for Discontinuation
Regranex should be discontinued if the patient has extensive 
necrosis, untreated active infection, or ischemia. Once the ulcer 
is debrided, infection is treated, or the area is revascularized, 
the gel may be used. Continued treatment with becaplermin gel 
should be reassessed if the ulcer does not decrease in size by 
approximately 30% after 10 weeks of treatment or if complete 
healing has not occurred in 20 weeks.24

Method of Application
Regranex Gel is available in a 15 g multidose tube as a clear, col-
orless to straw-color, topical gel. The dosage of gel to be applied 
will vary, depending on the size of the ulcer area. The formula 
to calculate the length of gel to be applied daily is length × 
width divided by 4.24

CLINICAL WISDOM

Becaplermin Gel Application
To apply the becaplermin gel, squeeze the calculated length 
of gel onto a clean surface, such as wax paper. Then transfer 
the gel from the clean surface with an applicator, such as a 
cotton swab or tongue blade, and spread over the entire ulcer 
area at approximately 1/16 of an inch in thickness. Cover 
the gel with a saline-moistened gauze dressing and leave in 
place for approximately 12 hours. Remove the dressing and 
rinse the ulcer with saline or water to remove the gel and 
then cover the ulcer again with a second saline-moistened 
dressing without the gel for the next 12 hours. Apply the gel 
to the ulcer once daily until complete healing occurs. If the 
ulcer does not decrease in size by approximately 30% after 10 
weeks of treatment or if complete healing has not occurred 
in 20 weeks, reassess continued treatment with the gel. Store 
Regranex in the refrigerator.

EXHIBIT 21.1

Refractory Wound Criteria
Wound characteristics present: undermining, tunneling, 
extensive necrotic tissue

Host burden present: extensive wounding, multiple 
wounds, prolonged wound duration, infection

Healing risk factors present: diabetes, vascular disease, 
immunocompromise, hypovolemia

Inadequate movement toward healing present: full-
thickness wounds fail to improve with appropriate treat-
ment in 2 to 4 weeks; partial-thickness wounds failure to 
improve in 1 to 2 weeks
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Precautions and Contraindications
Becaplermin gel is contraindicated in patients with known 
hypersensitivity to any component of the product or known 
neoplasms at the application site. Erythematous rashes 
occurred in 2% of patients treated with Regranex Gel. Wounds 
that close by primary intention should not be treated with 
Regranex because it is a nonsterile, low-bioburden, preserved 
product. The effects of becaplermin on exposed joints, tendons, 
ligaments, and bone have not been established in humans. 
Carcinogenesis and reproductive toxicity studies have not 
been conducted. It is not known whether Regranex can cause 
fetal harm when administered to a pregnant woman, can affect 
reproductive capacity, or is excreted in human milk. The safety 
and effectiveness in patients younger than 16 years has not been 
established. It is also not known whether Regranex Gel interacts 
with other topical medications applied to the ulcer site.24

Expected Outcomes
When becaplermin gel is used in conjunction with good ulcer 
care, including regular sharp debridement, pressure relief, and 
infection control, the gel increases the incidence of complete 
healing of diabetic ulcers.26

Alternative Growth Factor Options
Basic Fibroblast Growth Factor
bFGF has also been used in clinical trials to treat chronic ulcers. 
Robson et al.27 completed randomized, blinded, placebo-con-
trolled human trials of bFGF for pressure sores. Three concen-
trations of bFGF in fi ve dosing schedules were tested for safety. 
No toxicity, signifi cant serum absorption, or antibody forma-
tion was detected. The slopes of the regression curves of volume 
decrease with initial pressure sore volume showed a greater 
healing effect in the bFGF-treated patients. Histologically, 
bFGF-treated wounds showed an increase in fi broblasts and 
capillaries. Treatment with bFGF achieved more than 70% 
wound closure.24 Fu et al.28 evaluated the safety and effi cacy 
of topical application of recombinant bFGF on the healing of 
chronic cutaneous wounds resulting from trauma, diabetes 
mellitus, pressure, and radiation in a prospective, open-label 
crossover trial. Thirty-three wounds that failed to heal within 
4 weeks with conventional therapies were locally treated once 
daily with 150 AU/cm2 rbFGF and showed improved healing. 
Eighteen wounds were completely healed within 2 weeks, four 
healed within 3 weeks, and another eight completely healed 
within 4 weeks. The remaining three wounds healed on days 
30, 40, and 42 with continued treatment of rbFGF, yielding a 
90.9% 4-week effi cacy. Histologically, capillary sprouts were 
more abundant and fi broblasts were more differentiated in 
wounds treated with rbFGF. No adverse effects were observed. 
An optimal formulation has not yet been established.

Keratinocyte Growth Factor-2
Robson et al.29 conducted a phase II A multicenter, random-
ized, double-blind, placebo-controlled trial that investigated 
the effect of keratinocyte growth factor-2 (KGF-2) on chronic 
venous stasis ulcers of 3 to 36 months duration. The 94 study 
subjects were otherwise treated with standard compression 
therapy. Compression dressings were changed twice a week, 
with placebo or 20 or 60 μg/cm2 of KGF-2 (repifermin) applied 
topically during dressing changes. When both active dose 

groups were pooled, there was a signifi cant  improvement in 
the proportion of wounds that were 75% and 90% healed at 
12 weeks. Based on these results, a phase II B trial was under-
taken. However, the percentage of patients treated with repi-
fermin who achieved complete wound closure within 20 weeks 
of treatment was not statistically signifi cantly different from 
the placebo groups, nor were there any favorable trends in 
the treatment group. As a result, manufacturers have ceased 
development of repifermin for chronic wound therapy, though 
Kepivance, palifermin, was approved in December 2004 for 
the prevention of chemotherapy-induced mucositis in patients 
with hematologic malignancies.

Macrophage-Colony Stimulating Factor
Colony-stimulating factors (CSF) enhance a general wound 
healing response, working directly on macrophages and mono-
cytes, as opposed to fi broblasts, keratinocytes, or endothelial 
cells. This is the basis for the rabbit ear chronic wound model 
study by Wu et al.,30 which hypothesizes that macrophage-CSF 
(M-CSF) accelerates healing as a result of generalized macro-
phage activation, thereby increasing TGF-b transcription and 
granulation volume.

Marques da Costa et al.31 used compression dressings for a 
randomized, double-blind, placebo-controlled trial of human 
granulocyte/ M-CSF for treatment of venous stasis ulcers. The 
selected ulcers were less than 30 cm2 and well-perfused. The 
ulcers were treated with rhGM-CSF using four equidistant 
injections near the poles of the target wound. The treatment 
was placebo or 200 or 400 μg of rhGM-CSF, administered once 
a week for 4 weeks or until wound healing occurred. Using 
standard wound care, the percentage of ulcers with complete 
closure at 13 weeks was 61%, 57%, and 19% for 400, 200 μg, 
and placebo, respectively. Further clinical investigations are 
necessary for FDA approval.

AutoloGel
Lastly, an autologous, patient-specifi c topical preparation, 
AutoloGel, is available. PDWHF tries to seal the wound with 
the patient’s own blood products, initiates coagulation, and 
provides growth factors that accelerate the patient’s own wound 
repair cascade. The infl ammatory, proliferative, and matura-
tion phases of wound repair are mediated by the autologous 
tissue coagulum that is applied topically by a physician and 
redressed after 5 days with an alternative wound dressing for 
the next 7 days. This is repeated until the wound heals. A large 
retrospective study of PDWHF revealed signifi cantly increased 
effectiveness for healing diabetic neuropathic ulcers over stan-
dard treatment particularly in larger wounds involving deeper 
structures (e.g., tendon and fascia).32 A recent broad literature 
search revealed clear evidence supporting palifermin use in the 
treatment of hematopoietic stem cell transplant recipients with 
hematologic malignancies. Data supporting its use in other 
oncologic conditions are less clear.33 Since AutoloGel is derived 
from the patient’s own blood, its application does not require 
FDA approval.

Combined Growth Factors
The use of topical cytokines/growth factors in wound heal-
ing does not always lead to positive results. Reasons for fail-
ure include the use of a single growth factor, the application 
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always take and heal the wound. In very large wounds or burns, 
the need for grafts can necessitate the use of reharvested donor 
sites, unusual donor sites, wide meshing of the grafts, and other 
creative strategies for obtaining wound coverage. The need for 
an off-the-shelf skin substitute that can promote healing, elimi-
nate the donor site, be quickly and easily accessible, minimize 
contracture and scarring, and be immunologically compatible 
has resulted in the evolution of tissue-engineered skin equiv-
alents and skin substitutes. Currently approved tissue-engi-
neered skin equivalents include Biobrane, AWBAT, Apligraf, 
and Integra (see Table 21.1).36

Biobrane/AW BAT
Biobrane, a bilaminate membrane comprising a thin semiperme-
able silicone membrane bonded to a thicker nylon fabric mesh, 
was developed in 1979 by Dr. Aubrey Woodroof. A coating of 
type I porcine collagen to the nylon mesh encourages wound 
adherence by allowing for fi brin ingrowth.37 Biobrane has been 
shown to possess good wound adhesion, vapor transmission, 
fl exibility, elasticity, and transparency for wound observation.38

AWBAT, Advanced Wound Bioengineered Alternative 
Tissue, was cleared by the FDA in 2009 as the latest tempo-
rary skin substitute. As an extension of the design of Biobrane, 
AWBAT has signifi cant design changes including increased 
porosity of the silicone layer and continuity of the 3D nylon 
structure. In addition, the type I collagen peptide is not cross-
linked to the silicone-nylon membrane. These changes are 
proposed to improve acute wound adherence, reduce fl uid 
accumulation, increase permeability to topical antimicrobials, 
and reduce the potential for punctate scarring. AWBAT can 
remain sterile and stable at room temperature for 3 years.39

in nonpharmacologic doses, peptide degradation, and poor 
wound bed conditions. Recent multicenter studies have looked 
at the role of amnion-derived cellular cytokine solution (ACCS) 
in wound healing. This solution, made up of PDGF, vascular 
endothelial growth factor, angiogenin, transforming growth 
factor b2, tissue inhibitor of metalloproteinase-1, and tissue 
inhibitor of metalloproteinase-2, is obtained by collecting the 
proteins produced by amnion-derived multipotent progenitor 
cells. Since this solution contains multiple cytokines at physio-
logic levels34 it improves upon some of the shortcomings of pre-
vious products. Xing looked at the effects of amnion-derived 
multipotent cells (AMPs) on wound-breaking strength in the 
acute wound. In an animal model, he found that injecting AMP 
cells into the load-bearing layer of rat abdominal walls prior 
to laparotomy reduced the incidence of wound failure.35 Franz 
similarly found ACCS to improve healing in acute and chronic 
wounds in an animal model. His group found that prim-
ing laparotomy incisions with ACCS led to increased break-
ing strength, fewer acute wound failures, and fewer incisional 
hernias when compared with phosphate-buffered saline and 
unconditioned media. Likewise, the ACCS led to an accelerated 
rate of wound closure in chronic wounds when compared with 
unconditioned media.35

BIOLOGICAL SKIN SUBSTITUTES

For more than a century, there has been a need for alternatives 
in the treatment of full-thickness or deep partial-thickness life-
threatening burn injuries. Though an invaluable reconstruc-
tive tool, there are problems and limitations with skin grafting. 
The donor site can be painful or unsightly. The graft does not 

Growth Factor
The patient is a 55-year-old Hispanic female with a 12-year 
history of type 2 diabetes; a 2-year history of Charcot defor-
mity of the right foot; hypertension; peripheral neuropa-
thy; nonhealing diabetic, neuropathic ulcer on the plantar 
surface of the right foot for 8 months; and tinea pedis of 
the toe webs. Figure 21.1 shows the ulcer predebridement, 
and Figure 21.2 shows the ulcer after debridement and ini-
tial application of becaplermin gel. The patient was using 
a walker and crutches to off-load pressure from the ulcer. 
Figure 21.3 shows improvement in the ulcer, with a decrease 
in size from 2.8 × 2.2 × 1.8 cm to 1.8 × 1.1 × 0.7 cm. Figure 
21.4 shows further decrease in the ulcer size at 1.1 × 0.6 × 
0.4 cm. Figure 21.5 shows complete wound closure, which 
took 14 weeks after the ulcer was treated with becaplermin 
gel after weekly debridement. The patient is now in custom-
molded shoes with no recurrence of the ulcer. (For basic 
information on growth factors and physiology of wound 
healing, see Chapter 2.)

CASE STUDY     

FIGURE 21.1 Ulcer predebridement. (Copyright © Nancy Tomaselli.)
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CASE STUDY     

FIGURE 21.2 Ulcer postdebridement, Regranex growth factor 
 treatment started. (Copyright © Nancy Tomaselli.)

FIGURE 21.4 Ulcer 10 weeks after Regranex growth factor treatment 
started. (Copyright © Nancy Tomaselli.)

FIGURE 21.5 Complete wound closure. (Copyright © Nancy 
Tomaselli.)

Indications for Use
Biobrane and AWBAT are indicated for the treatment of 
superfi cial and moderate-depth partial-thickness burns. 
Barrett performed a prospective randomized control study 
comparing Biobrane to 1% silver sulfadiazine in 20 pediat-
ric patients with partial-thickness burns. Biobrane was found 
to signifi cantly reduce pain, pain medication requirements, 
healing time, and length of hospital stay.40 Biobrane has also 
been shown to be effective in the treatment of skin-graft 

donor sites, providing superior pain control, reduced exudate 
accumulation, and faster healing compared to Scarlet Red,41 
though in one study there was some increase in the rate of 
infection.42 Similarly, when compared with Xeroform and 
Duoderm, Biobrane provided superior pain control at the 
cost of increased infection risk.43 There is additional litera-
ture on the use of Biobrane in axillary reconstruction, CO

2
 

laser resurfacing of the face, mechanical dermabrasion, and 
toxic epidermal necrolysis.37

FIGURE 21.3 Ulcer after 6 weeks on Regranex growth factor 
 treatment. (Copyright © Nancy Tomaselli.)
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Indications for Discontinuation
Nonadherence and infection are indications to discontinue 
Biobrane. If the Biobrane is loose and there is purulent dis-
charge beneath it, remove that portion of the dressing and 
begin local wound care. Biobrane should also be discontinued 
in instances of allergic reaction.

Method of Application
Biobrane should be applied wrinkle-free with the fabric or dull 
side down on a freshly debrided or excised, or meshed autograft 
wound containing less than 106 bacteria per gram of tissue. It 
should be secured under slight tension with sutures, skin staples, 
tape, or skin closure strips and then wrapped with dry gauze. 
Twenty-four to thirty-six hours postapplication, the outer dress-
ing should be removed. Nonpurulent drainage should be rolled 
out or aspirated and a new gauze dressing should be placed. 
At 48 to 72 hours post application, the outer dressing can be dis-
continued if the Biobrane is adherent to the underlying tissue. The 
Biobrane should be removed when the underlying tissue is healed.

Precautions and Contraindications
Biobrane should only be applied to clean or thoroughly debrided 
wounds. It will not adhere to dead tissue. Rare complications 

associated with Biobrane include contact dermatitis, punctate 
scarring, and toxic shock syndrome.37

Expected Outcomes
The use of Biobrane in the treatment of burns is strongly sup-
ported in the literature.40,44 Further research is necessary to 
support its use in other conditions. More research is needed to 
explore clinical applications and results of AWBAT.

Apligraf
Invented in 1981 at MIT by Eugene Bell as the fi rst medical 
device containing living cells to receive FDA approval, Apligraf 
(formerly known as Graftskin) is a bilaminar construct con-
sisting of a simulated dermal phase and a simulated epider-
mal layer.45 The dermal component is a bovine collagen mesh, 
seeded with living neonatal fi broblasts. The fi broblasts are a 
pure cell culture, derived from neonatal foreskin. The epider-
mal layer is a pure keratinocyte culture, similarly derived from 
neonatal foreskin. Histologically, it closely resembles normal 
skin without the rete ridges. The technical diffi culties in cre-
ating pure cell cultures free of contamination and being able 
to deliver them to remote sites on demand for clinical use are 
incredible.

Trade Name Schematic Representation Layers FDA Approval Cost

AW BAT 1. Silicone (altered porosity)
2. Nylon mesh
3. Collagen (modifi ed from Biobrane)

Yes $$

Biobrane 4. Silicone
5. Nylon mesh
6. Collagen

Yes $

TransCyte 1. Silicone
2. Nylon mesh
3. Collagen seeded with neonatal fi broblasts

Yes $$$

AlloDerm 1. Acellular deepithelialized cadaver dermis n/a $$

Integra 1. Silicone
2. Collagen and glycosaminoglycan

Yes $$

Dermagraft 1.  Dexon or Vicryl seeded with neonatal 
fi broblasts

Yes $$$

Apligraf 1. Neonatal keratinocytes
2. Collagen seeded with neonatal fi broblasts

Yes $$$$$

CEA (Epicel) 1. Cultured autologous keratinocytes n/a $$$$$$

CAK (Laserskin) 1. Cultured autologous keratinocytes
2. Hyaluronic acid with laser perforations

n/a $$$$$$

21.1TABLE A Guide to Biological Skin Substitutes
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TransCyte
TransCyte uses human neonatal fi broblasts cultured for 17 days 
onto the nylon mesh component of Biobrane to secrete extra-
cellular matrix (ECM; fi bronectin, type I collagen, proteogly-
can, and matrix-bound growth factors) into the mesh. The cells 
are no longer viable in the fi nal product.

Indications for Use
TransCyte was FDA approved in March 1997 as a temporary 
wound covering for surgically excised full-thickness and partial-
thickness thermal burns in patients requiring coverage prior to 
autografting. This was based on a 66-patient trial in which com-
parable full or deep partial-thickness burn sites on each patient 
were randomized to TransCyte or cadaver allograft.47 The label 
expanded in October 1997 to include partial-thickness burns 
mid-dermal to indeterminate depth that may be expected to 
heal without autografting.

Indications for Discontinuation
The product is applied to a freshly debrided wound. It adheres 
to the wound and lasts for up to 100 days. If infection or fl uid 
accumulation occurs under the TransCyte, it must be removed.

Method of Application
The product is stored at −70°C. A specifi c thawing protocol must 
be followed for TransCyte to work. The product is applied to the 
wound and placed under a pressure dressing or negative pressure.

Expected Outcomes
Kumar et al. showed that, when used in partial-thickness burns 
in children, TransCyte promotes faster reepithelialization and 
requires fewer overall dressings than Biobrane or Silvazine. 
Patients who received Silvazine or Biobrane required more 
autografting than those treated with TransCyte in the study.48 
Currently off the market, TransCyte is licensed to Advanced 
Biohealing where production and marketing are ongoing.

Integra
Originally dubbed “Artifi cial Skin,” Integra is a membrane 
bilayer. The silicone outer layer temporarily provides the 
sealant properties of the epidermis, and the collagen and 

Indications for Use
Apligraf was FDA approved in 1998 for venous leg ulcers of 
greater than 1 month duration that are refractory to conven-
tional therapy, and in 2000 for treating diabetic foot ulcers of 
greater than 2 weeks duration, without tendon, muscle, cap-
sule, or bone exposure.

Indications for Discontinuation
There are few indications for discontinuation of the product. 
The presence of infection or allergic reaction would be strong 
indicators for discontinuing treatment with Apligraf. Failure 
of the wound to improve signifi cantly after two applications 
would be another reason to cease further treatment with the 
product.

Method of Application
The product arrives in a thermally controlled box. It must be 
incubated until it is used, which needs to be soon after it is 
received. The graft is 7.5 cm in diameter. It is packaged on aga-
rose media that is colored with a pH indicator in a Petri dish. 
The graft is gently lifted and placed on the wound with over-
lapping edges. A compression wrap is used to fi x it in place.46 
Apligraf is indicated only for use on wounds that are free of 
infection and necrotic debris, so it may be necessary to pretreat 
the wound with mechanical debridement or topical antibiotics.

Precautions and Contraindications
Apligraf is contraindicated in infected wounds or in people who 
are allergic to bovine collagen or the agarose shipping media.

Expected Outcomes
Initially, the Apligraf sticks to a clean wound and looks like a 
skin graft. After about a week, the material loses its appearance 
as a graft and takes on a gelatinous look. It is important not 
to disrupt the “living skin equivalent” during the initial 2 to 3 
weeks. Because of these changes, it can be easily washed away. 
The healing process for the LSE differs signifi cantly from that 
of a skin graft, despite its initial appearance. The LSE cells are 
rapidly replaced by the patient’s own cells. The wound, typi-
cally bearing a chronically indolent, inactive surface, becomes 
biologically more active as the wound healing cascade is stimu-
lated. The LSE acts as a biologic growth factor factory, as well as 
a biologic occlusive at the surface. This increased activity con-
tinues for 6 to 8 weeks. With full healing there is minimal con-
tracture, and it achieves a remarkably normal appearance. In 
fact, the patient’s own melanocytes repopulate the healing area 
to obtain a confl uent color. If additional treatment is required, 
a new LSE may be applied.

CLINICAL WISDOM

Wound Cleansing with Apligraf
During Apligraf use, avoid all cytotoxic substances, such as 
Dakin’s solution, chlorhexidine, or povidone-iodine.

CLINICAL WISDOM

TransCyte Storage
TransCyte is 3 to 13 times more expensive than allograft. It 
is 16 times more expensive than Biobrane and 2 to 3 times 
more expensive than Integra. It is also more diffi cult to store 
and handle than Biobrane or Integra. It must be stored 
between −70°C and −20°C. When stored correctly, it has a 
shelf life of 18 months. It is, however, an extremely effective 
method for treating partial-thickness burns or large surface 
area wounds.
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Apligraf
The patient illustrated in Figures 21.6 to 21.8 has chronic 
venous disease in her leg. She has been treated with chronic 
compression, with which she has been poorly compliant. 
Several years ago, she underwent a skin graft that healed an 
ulcer. She reappeared with a recurrence in the middle of her 
old skin graft. She was treated with Apligraf. Initially, it had 
the appearance of a healed skin graft. A gelatinous phase fol-
lowed. Within 8 weeks, the wound healed and has remained 
so for more than 1 year.

CASE STUDY     

FIGURE 21.6 Recurrent venous ulcer. (Copyright © Mark S. 
Granick, MD, FACS.)

FIGURE 21.7 Apligraf living skin equivalent in place. (Copyright © 
Mark S. Granick, MD, FACS.)

FIGURE 21.8 Complete wound closure within 8 weeks of therapy. 
The wound has remained healed for over 1 year. (Copyright © 
Mark S. Granick, MD, FACS.)
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pure yellow fat, or glistening fascia. Meticulous  hemostasis 
must be achieved to prevent hematoma or seroma forma-
tion, and the graft bed should be smooth and fl at to ensure 
good contact with the Integra. The product should be 
meshed or fenestrated to minimize fl uid collection under the 
graft. If complete excision is not possible, a barrier must be 
in place to separate Integra from unexcised skin and place an 
allograft.

The FDA requires physicians to be trained prior to using 
Integra. In the operating room, Integra may be applied as 
a sheet or meshed at a 1:1 ratio and fi xated with staples or 
sutures. The meshed product should not be expanded. The 
advantages of meshing are that it decreases the risk of fl uid 
accumulation and hematoma formation, allows antimicrobi-
als to penetrate the wound bed, and improves conformabil-
ity. The disadvantages of the meshed Integra are that it does 
not allow for physiologic closure, is a pathway for bacteria to 
enter the wound, and may guide granulation tissue to form a 
mesh pattern.

Postoperatively, compressive elastic net dressing, or 
 negative pressure wound therapy (which promotes good con-
tact of the product with the wound bed, prevents shearing 
forces, and provides visibility) should be used. An antimicro-
bial layer that may include moistened Acticoat or burn roll 
is necessary over the seams if nonmeshed and over the entire 
wound surface if meshed. Xeroform or petrolatum products 
are to be avoided. Compressive Kerlix and Ace wrap are then 
added for compression. Occupational and physical therapy 
may begin after 3 to 5 days.

Precautions and Contraindications
Integra is contraindicated in patients with a known hypersen-
sitivity to bovine collagen or chondroitin materials (the com-
ponents of the dermal replacement layer). The product is also 
contraindicated in the presence of wound infection because it is 
more vulnerable than a standard skin graft and will partially or 
completely fail.

Expected Outcomes
The silicone layer is removed 14 to 21 days after application 
when the deposition of new dermal tissue and resorption of 
the collagen-glycosaminoglycan matrix has occurred. The neo-
dermis has formed when it blanches under compression, there 
is separation/wrinkling of the silicone layer, and the color is 
peachy/pink or yellow. Do not remove the silicone layer until 

chondroitin-6-sulfate layer, after being placed on a wound, 
is infi ltrated by fi broblasts that lay down their own ECM 
and subsequently remodel the collagen and glycosaminogly-
can. Over 3 to 6 weeks, the inner layer takes on the proper-
ties of dermis, and the synthetic outer layer is then removed 
and replaced with ultrathin split-thickness skin grafts (STSG). 
A postapproval study involving 216 burn injury patients who 
were treated at 13 burn care facilities in the United States 
showed that the incidence of invasive infection at Integra-
treated sites was 3.1% and that of superfi cial infection 13.2%. 
The mean take rate of Integra was 76.2%. The mean take rate 
of  epidermal autograft was 87.7%.49

Indications for Use
Integra was FDA approved in 1996 for the postexcisional treat-
ment of life-threatening full-thickness or deep partial-thickness 
thermal injury where suffi cient autograft is not available at the 
time of excision or not desirable due to the physiologic condi-
tion of the patient. The label was subsequently expanded based 
on retrospective uncontrolled studies to include “the manage-
ment of wounds including: partial and full-thickness wounds, 
pressure ulcers, venous ulcers, diabetic ulcers, chronic vascular 
ulcers, surgical wounds (donor sites and grafts, post-Mohs sur-
gery, postlaser surgery, podiatric, wound dehiscence), trauma 
wounds (abrasions, lacerations, second-degree burns, and skin 
tears), and draining wounds.”

Integra has also been successfully employed for scar recon-
struction, including scar resurfacing and keloids. Evaluation of 
Integra in 89 patients for contracture release (127 procedures) 
indicated that at 76% of the release sites, range of motion or 
function was rated as good (signifi cant improvement in range 
of motion or function) or excellent (maximal range of motion 
or function possible) by physicians. Responding patients 
expressed satisfaction with the overall results of treatment at 
82% of sites. No recurrence of contracture at 75% of the sites 
was observed during follow-up monitoring.50

Integra benefi ts the treatment of necrotizing fasciitis by 
allowing for a height build-up via layering.51 Several studies 
have now focused attention on the use of cultured epidermal 
autografts (instead of STSG) combined with Integra. This use 
allows for the early physiologic closure of large wounds with 
decreased donor site morbidity and deals with the challenge 
of little to no donor site availability.52,53 A head and neck full-
thickness burn injury was reconstructed with Integra and early 
implantation of microdissected hair follicles through the sili-
cone epidermis 12 days after the injury resulted in complete 
reepithelialization and a hair-bearing scalp without the need 
for STSG.54

Indications for Discontinuation
Infection or lack of adherence to the wound bed is indication 
for removal.

Method of Application
Standard burn center protocol for topical agents and anti-
biotics should be employed. Early and complete excision of 
burn eschar and necrotic and contaminated tissue should be 
performed, ensuring a viable graft bed, such as white dermis, 

CLINICAL WISDOM

Integra
Integra should be monitored daily for infection, seromas, 
and hematomas. These areas should be aspirated or removed 
immediately. Otherwise, the elastic net that allows for obser-
vation of the operative site should be left intact. Outer 
dressings may be changed every 4 to 5 days. Do not allow 
immersion in water.
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FIGURE 21.9 Full-thickness wound on dorsum of foot. (Courtesy of 
Mark S. Granick, MD, FACS.)

FIGURE 21.10 Sharp debridement. (Courtesy of Mark S. Granick, 
MD, FACS.)

FIGURE 21.11 Debridement with Versajet. (Courtesy of Mark S. 
Granick, MD, FACS.)

FIGURE 21.12 Integra™ Bilayer Wound Matrix Dressing placed on 
clean wound bed. (Courtesy of Mark S. Granick, MD, FACS.)

FIGURE 21.13 Healing partial-thickness skin graft following removal 
of silicone layer. (Courtesy of Mark S. Granick, MD, FACS.)

neodermis has formed completely. It should be easy to remove 
at this point. A thin epidermal graft of 0.003 to 0.007 inch is 
harvested. The grafts may be placed as a sheet or a mesh and 
should be attached per standard protocol.

Integra has increasingly shown promising uses in off-label 
applications because it is well tolerated, does not elicit a rejec-
tion reaction,55 is thought to result in superior cosmesis with 
reduced donor site morbidity, and is readily available with a 
shelf life of 2 years at room temperature (see Figs. 21.9–21.13).

Dermagraft
Dermagraft is a composite of neonatal foreskin fi broblasts cul-
tured onto bioresorbable glycolic acid mesh (polyglactin 910, 
i.e., Vicryl). The cells deposit ECM (collagens, vitronectin, 
GAG, and growth factors) prior to cryopreservation at −70°C. 
In contrast to TransCyte, the cells initially remain metabolically 
active in Dermagraft, though they are eventually lost. In this 
respect, Dermagraft is biologically active, stimulating healing 
through ingrowth of fi brovascular tissue.
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Method of Application
The product is thawed according to protocol and placed directly 
onto the freshly debrided wound. The overlying dressings keep 
the Dermagraft in place. The dressings should be changed in 5 
to 7 days postapplication.

Precautions and Contraindications
The wounds must be properly debrided prior to each 
application.

Expected Outcomes
Healing usually takes place within 1 month.

SUMMARY

Impaired wound healing can be a burden to the patient, practitio-
ner, and society in general. Advanced therapies, including topical 
products and devices, are now available to assist with the healing 
of wounds refractory to traditional means of treatment. These 
therapies range from growth factors that stimulate wound heal-
ing to biologic skin substitutes. As more becomes known about 
the pathophysiology of these refractory wounds, new products 
will be developed. Currently, products that are individualized to 
patients’ specifi c wound type and characteristics are emerging.

Indications for Use
Dermagraft was FDA approved in September 2001 for use in the 
treatment of full-thickness diabetic foot ulcers of greater than 6 
weeks duration that extend through dermis but without exposed 
tendon, muscle, joint capsule, or bone. The pivotal study was 
a 314-patient controlled, randomized clinical trial including 
Dermagraft plus conventional therapy versus conventional ther-
apy alone (sharp debridement, saline-moistened gauze, pressure-
reducing footwear) in plantar diabetic foot ulcers. Complete 
wound closure by week 12 revealed that 30% of Dermagraft 
patients healed compared with 18% of control patients.56 Prior 
clinical trials had failed to support an FDA approval.57

Indications for Discontinuation
If infection occurs or the wound regresses, additional applica-
tions should not be placed.

CLINICAL WISDOM

Dermagraft
A second application at 1 to 2 weeks is usually required.

REVIEW QUESTIONS

 1. Which growth factor has been approved by the Unites 
States Food and Drug Administration for the use in wound 
therapy?
 A. Basic fi broblast growth factor
 B. Epidermal growth factor
 C. Recombinant human platelet-derived growth factor
 D. Keratinocyte growth factor

 2. Regranex Gel is approved for use in the treatment of which 
type of wound?
 A. Diabetic neuropathic ulcers
 B. Vascular insuffi ciency ulcers
 C. Ischemic ulcers
 D. Sacral pressure ulcers

 3. AWBAT, Advanced Wound Bioengineered Alternative Tis-
sue, is an updated and modifi ed version of which material?
 A. Integra
 B. Apligraf

 C. TransCyte
 D. Biobrane

 4. Integra is composed of
 A. human acellular dermis
 B. a silicone membrane bonded to a nylon mesh
 C.  a bovine collagen mesh seeded with living neonatal 

 fi broblasts and a pure keratinocyte culture
 D.  a silicone layer attached to collagen and chondroitin-

6-sulfate matrix
 5. Amnion-derived cellular cytokine solution consists of all of 

the following except
 A. platelet-derived growth factor
 B. transforming growth factor b2
 C. basic fi broblast growth factor
 D. tissue inhibitor of metalloproteinase-1
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CHAPTER OBJECTIVES

The International Association for the Study of Pain has defi ned 
pain as “An unpleasant sensory and emotional experience associ-
ated with actual or potential tissue damage or described in terms of 
such damage.”1 This defi nition emphasizes that pain involves two 
components: physical and emotional. The World Union of Wound 
Healing Societies defi nes wound-related pain as “a noxious symp-
tom or experience directly related to an open skin ulcer.”2

These components are present in patients with different 
wound pain etiologies, whether operative pain associated with 
surgery or pain from debridement and dressing changes associ-
ated with chronic wounds, burns, or cancer. For example, cancer 
patients who reported high-intensity pain levels also reported 
correspondingly high levels of frustration and exhaustion.3

Pain is typically assessed using pain scales, which are one-
dimensional and measure only the physical component, inten-
sity of pain.4 Multidimensional scales, such as the McGill pain 
questionnaire, that measure both physical and emotional 
components are used less often. Thus, frequently the clinician 
or caregiver interprets the patient’s pain experience in accor-
dance with his or her own personal perspectives and biases.5 As 
a result, the patient’s pain experience, especially in the case of 
chronic wound pain, may be marginalized, and the pain may be 
poorly controlled.6,7 Pain is not inconsequential. Recent research 
shows that patients can develop chronic/persistent pain prob-
lems as a result of improper and ineffective wound care. This 
fi nding increases our responsibility as clinicians to understand 
pain and its management in the context of wound care.6 Current 
understanding of wound pain is largely drawn from studies 
related to the pain associated with other painful conditions like 

cancer and burns. The burn literature has historically addressed 
 procedural pain at dressing changes and debridement, and what 
has been learned there is relevant to treatment of other wounds 
as well.8 That is changing with the publication of observational 
and descriptive studies looking at the patient’s quality of life 
and the wound pain problem.9–11 In acute care settings, the Joint 
Commission for Accreditation of Health Care Organizations 
(www.JCAHO.org) considers pain management a quality 
indicator. The JCAHO pain standards for acute care include 
appropriate assessment of pain, aggressive and effective pain 
management, and regular reassessment of pain.12 Most health-
care institutions comply with these JCAHO standards.

In long-term care facilities, the Medicare minimum data 
set (MDS) assessment includes items about pain. As one of the 
MDS quality measures, pain prevalence is reported for all US 
nursing homes that participate in the Medicare program, and 
that information is listed on a Web site available to consumers 
(http://www.hhs.gov).

Pain management requires highly individualized, skilled med-
ical care, as well as patience, compassion, and commitment. Pain 
management experts are not available in most settings, and many 
clinicians are inadequately prepared to develop pain manage-
ment plans of care.6 Clinicians need guidelines on management 
of acute and chronic wound pain. The purpose of this chap-
ter is to provide these guidelines. We begin by reviewing pain 
physiology and pathophysiology, and the relationship of pain to 
acute and chronic wounds and wound healing. This is followed 
by information on assessment and interventions to manage or 
 prevent pain and guidelines for referrals and patient self-care.

At the completion of this chapter, the reader will be able to:

1. Explain the relationship between neuroanatomy, mechanisms of pain physiology and chronic 
wound pain.

2. Discuss the consequences of wound pain on wound healing.
3. Characterize wound pain in relation to vascular (venous and arterial), diabetic (neuropathic), 

and pressure ulcers and burn etiologies.
4. Use validated tools/methods for assessing wound pain.
5. Choose appropriate wound pain management, including pharmaceutical and nonpharmaceuti-

cal strategies.
6. Educate patients and caregivers about pain and wound healing.

Carrie Sussman and Barbara Bates-Jensen

Management of Wound Pain22
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system and becomes chronic or persistent pain that can even be 
prompted by the patient’s expectation of pain; this illustrates 
the complex and dynamic interactions that make up the pain 
experience.4,13 The term chronic pain has a negative connota-
tion associated with futility of treatment; it has recently been 
suggested to change the term to persistent pain to foster a more 
positive attitude by patients and health-care professionals.6 This 
will be the terminology used here. Although many research-
ers believe that persistent pain offers no biologic advantage, 
another point of view is that persistent pain can be the biologic 
way of protecting tissues at risk of injury, such as painful joints 
associated with rheumatoid arthritis and osteoarthritis (OA). 
In these cases, the pain is protective of further injury.20

Neurophysiology, Anatomy, and Mechanisms 
of Pain
This section biologizes the pain experience by considering 
the structures and physiology involved in the experience of 
pain. This presentation does not account for the multidimen-
sional aspects of pain; instead, our goal is to demonstrate the 
involvement and interaction of the components, and, where 
appropriate, how pain mechanisms are affected by wound 
care interventions and how that may affect healing. The neu-
roanatomic structures involved are the peripheral nervous sys-
tem (PNS) including the sympathetic nervous system (SNS) 
and components of the central nervous system (CNS) includ-
ing spinal cord, medulla, thalamus, and cerebral cortex.23 The 
body’s other protective systems triggered by pain include the 
motor, endocrine, and immune systems.

Peripheral Nervous System Involvement
We begin with discussion of the PNS’s) nociceptive system. 
Nociceptive pain physiology is the easiest to explain and under-
stand. It is a stimulus/response relationship and essential sur-
vival mechanism that dominates an individual’s attention and 
drives action.

Nociceptive pain

Nociceptive pain is when there is excitation of the nociceptor 
terminals in the skin. Nociceptors are triggered by different 
stimuli producing three overlapping nociceptive pain patterns: 
mechanical, ischemic, and infl ammatory (Fig. 22.1).
These patterns are usually time limited.

PHYSIOLOGY AND PATHOPHYSIOLOGY 
OF WOUND PAIN

The pain experience depends on the interaction and modu-
lation of the biologic and psychosocial characteristics of the 
individual.4,13 Biologic considerations include genetics, sex, 
and endogenous pain control (e.g., cortisol and endorphins). 
Psychological characteristics include anxiety, depression, 
 coping skills, behavior, and cognitive status. Pain is also a 
consequence of the individual’s history of disease and present 
disease status. Environmental factors also are part of the indi-
vidual’s pain responses. Examples of environmental factors 
are socialization, lifestyle, traumas, and cultural background 
(expectations, upbringing, and roles).

Understanding and recognizing the nervous system response 
and adaptation to pain are critical to understanding a patient’s 
pain experiences and selecting appropriate treatment inter-
ventions that will address these mechanisms.14 Clinically, pain 
management is moving from empiric therapies toward a mech-
anisms-based approach.4 The following section examines the 
function of pain, neurophysiology and anatomy, and emerging 
information about the mechanisms of pain. Table 22.1 is a glos-
sary of pain-related terms.

Positive and Negative Aspects of Pain
As defi ned earlier, pain is an unpleasant experience that occurs 
in response to actual or potential tissue injury. Pain has many 
benefi cial functions, but it can also have negative consequences.

On the positive side, pain is protective and serves as a warning 
sign of imminent or actual danger and triggers an appropriate 
response within the body to avoid or minimize injury. Although 
most of us fear pain and would prefer avoiding the sensation, 
the inability to feel pain and respond to danger or injury—such 
as occurs in neuropathy resulting from diabetes, alcoholism, or 
chemotherapy, or with spinal cord injury or multiple sclerosis—
puts the individual at risk for serious bodily harm.

Following injury, the pain signal also initiates the release 
of chemical mediators, as described in Chapter 2, necessary 
to start the healing cascade. Another benefi t of acute pain in 
infl amed tissues is that pain provokes hypersensitivity of the 
injured tissues, causing the individual to guard the damaged 
tissue while healing occurs.15 Typically, as healing occurs, pain 
intensity subsides, as does guarding. Pain can also be a signal of 
the presence of infection.16,17

On the negative side, pain can interfere with the immune 
response, infl uence the healing process, and delay wound clo-
sure.6 Pain is not benefi cial when it is “out of control” and trig-
gers an emotional response that includes excessive release of 
hormones, such as cortisol and epinephrine, which interfere 
with healing processes.18 The effects of cortisol and epinephrine 
on healing are explained in Chapter 2. Infl ammatory mediators 
and cytokines are helpful following initial injury, but if they 
are released frequently following repetitive procedures such as 
sharp or mechanical debridement, or dressing changes, they 
lower the fi ring thresholds and decrease the baseline sensitivity 
of nociceptors (pain receptors) in such a way that they begin 
to respond to normally innocuous thermal and mechanical 
stimuli, resulting in hyperalgesia (exaggerated pain response).19 
The pain experience begins as acute pain and over time—3 to 
6 months depending on the source—is learned by the nervous 

RESEARCH WISDOM

Epidural Anesthesia and Heel Pressure Ulcers
Anesthesia during surgery has both benefi cial and detrimen-
tal effects. Trauma unrelated to the surgery can occur when 
pain is absent. For example, case reports and communica-
tions in several medical journals discuss the complication 
of heel pressure ulcers in healthy, young adults after epi-
dural analgesia.21 Epidural blocks can reduce blood pres-
sure, produce immobility of the lower limbs, and block the 
nociceptive sensory inputs from the periphery that warn of 
impending tissue damage.22
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Pain Terminology Characteristics

Allodynia Increased sensitivity such that stimulation, which would normally not be perceived as 
painful, becomes painful

Acute pain Pain present for 4 wk or less21

A “beta” (Aβ) Nerve fi bers that sense touch and pressure

A “delta” (Aδ) Large nerve fi bers that rapidly transmit sharp acute pain

Afferent A nerve that conducts a signal from the periphery toward the CNS

Background pain Persistent pain at rest

Breakthrough pain Transient exacerbations of pain occurring in the background or continuous pain that is 
otherwise satisfactorily controlled63

C fi ber Small, slow-acting nerve fi bers that transmit dull aching pain; unmyelinated

C-nociceptors Respond to stimuli that are potentially noxious Release a complex mix of pain and 
infl ammatory mediators

Central sensitization (wind-up) Central mechanisms involved in maintaining and generating pain27

Chronic wound pain Pain present for 6 mo; usually persistent and occurs without manipulation of tissues such 
as the throbbing of an abdominal wound when a patient is just lying in bed68

Cyclic or episodic acute pain Is periodic acute wound pain that recurs due to repeated treatments or interventions such 
as daily dressing changes or turning and repositioning68

Disinhibition Injury to peripheral nerves may reduce the amount of inhibitory control (also called 
disinhibition) over dorsal horn neurons through various mechanisms

Efferent A nerve that conducts a signal from the CNS back to the periphery

Hyperalgesia Exaggerated pain response produced by noxious stimuli59

Incident pain Frequent, predictable pain episodes brought on by certain activities (e.g., wound care 
procedure); may occur on a background of continuous pain or the patient may otherwise 
be pain free63

Myelin sheath A fatty sheath that covers the axon nerve fi ber, acts like insulation, and assists in rapid 
transmission of the signal

Neuropathic pain Damaged nerves cause signals to travel in abnormal pain pathways

Nociceptive pain Noxious stimuli (chemical, mechanical, and thermal) detected by free nerve endings 
(nociceptors) perceived as pain

Noncyclic or incident acute pain A single episode of acute wound pain, for example the pain of surgical debridement or of 
drain removal68

Opioids Drugs that exert analgesic activity by binding to endogenous (opioid) receptors and that 
elicit the characteristic stereospecifi c actions of natural morphine-like ligands63

Pain mediators Activated at time of cell damage. Include: arachidonic acid (Aa), potassium (K+), 
bradykinin (BK), prostaglandin (PG), histamine (HS)

Peptides (substance P) Activates the immune system with further release of histamine

Peripheral sensitization Nociceptors become sensitized and have a lowered fi ring threshold

Persistent pain Pain that has been present for more than three months; the pain may be continuous or 
intermittent63

Primary hyperalgesia (wind-up) Increased sensitivity of neurons to repeated stimulus, especially small stimuli that are 
perceived as painful

Secondary hyperalgesia May be accompanied by secondary increase in sensitivity in nearby uninjured tissues 
perceived as painful

Unmyelinated nerve fi ber Nerve fi bers that are unsheathed with myelin Slower conductors of neuronal signals

22.1TABLE Glossary of Pain-Related Terminology and Characteristics
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the response to any further stimulus. This is referred to as 
peripheral nerve sensitization.24

Acute nociceptive pain following perturbation of nocicep-
tors is easy to localize and only lasts a limited amount of time 
because the A-delta nerve fi bers have quick onset and recovery. 
The large, thinly myelinated A-delta and small unmyelinated C 
nerve fi bers transmit pain and other sensations over pathways, 
chemically and electrically, from the peripheral tissues along the 
axons to the neurons in the dorsal horn of the spinal cord. This 
is afferent stimulation. The efferent response could be a local 
withdrawal refl ex mediated at the spinal cord level. However, 
the afferent information continues traveling to higher centers in 
the brain via neuronal pathways where additional actions occur.

The endogenous infl ammatory mediators usually remain 
for a period of time following the initial tissue trauma and are 
responsible for perpetuating pain through repetitive signaling 
of the abundant C fi bers transmitting afferent pain sensations 
reported as dull, throbbing, aching, or burning or tingling or 
tapping to the CNS. Intensity depends on the type of tissue and 
area involved.

Two types of sodium channels are found in sensory nerves. The 
fi rst type is sensitive to tetrodotoxin, a potent puffer fi sh toxin, 
and the second type is insensitive to the same toxin. Whereas the 
channels that are sensitive to the tetrodotoxin are responsible for 
the initiation of the action potential and exist in all sensory neu-
rons, those that are insensitive are found only on nociceptor sen-
sory neurons and are implicated in pathologic pain states.19 New 
analgesic medications are being developed that target this type of 
sodium channel. If this sodium channel can be blocked peripher-
ally, pain impulses will be blocked from reaching the spinal cord 
and brain. One pharmaceutical product that has shown effi cacy 
in blocking this sodium channel peripherally without adverse 
effects is lidocaine patch 5%.25,26 The use of lidocaine patch 5% 
for wound pain will be discussed later. This is an example of how 
the concept of targeting a specifi c pain mechanism for treatment 
instead of using empirical therapies is applied. This is one of the 
major changes occurring in pain management.4,27

Sympathetic Nervous System

SNS is a component of the autonomic nervous system (ANS) 
that is concerned with glandular secretions, smooth muscle 
action, and cardiac muscle. SNS responds to all injuries and 
pain by releasing catecholamines, epinephrine, and norepi-
nephrine from SNS receptors causing increased heart rate, 
vasoconstriction, increased blood pressure, enhanced pain 
perception, sweating, and slower wound healing. During a 
painful experience, heart rate increases in response to the inten-
sity of the pain even if there is no apparent change in affect.15 
Monitoring heart rate during treatment would be useful clini-
cally for monitoring pain but should not be used in lieu of the 
patient’s self-report of pain.28 Catecholamines increase with 
fear, anxiety, anger, and frustration and are suppressed and 
their action ameliorated with relaxation techniques and visual 
imagery. The catecholamines from SNS nerves affect the same 
cluster of neurons in the CNS as do inputs from nociceptors 
associated with damaged tissue and thus create a like perceptual 
pain experience.20 Thus, cognitive factors like family fi nancial 
issues or illness, not injured tissue, may be the cause of the pain 
experience or intensifying it and quarrying of patient or fam-
ily about psychosocial issues is warranted (see Chapter 3 about 
psychophysiologic stress).

Mechanical nociception is triggered by mechanical distortion 
of the tissues such as during repositioning, pressure, or scar 
 tissue manipulation.

• Ischemic nociception occurs when there is interruption of 
blood fl ow and resulting alteration of the chemical environ-
ment of the tissues. Ischemic tissues become more acidic, are 
hypoxic, and are rich in nociceptor-sensitizing chemicals: 
bradykinin, potassium ions, and prostaglandins. An example 
of ischemic pain is intermittent claudication that occurs dur-
ing walking and then subsides when the activity ceases.

• Infl ammatory nociception is related to the infl ammatory 
processes following tissue injury and the chemical mediators 
involved and will reduce as the tissues heal20 (see Chapter 2). 
Infl ammatory pain is also the pain called neuritis due to irri-
tation of nociceptive nerve endings, axons, or nerve process-
ing circuits.

When peripheral nociceptors are in a continuous infl amma-
tory state, such as occurs with repeated procedural traumas like 
dressing changes, they become sensitized and release a mixture 
of endogenous pain and infl ammatory mediators whose pres-
ence lowers the threshold for nociceptor fi ring and enhances 
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FIGURE 22.1 Nociception.
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as well as up to the brain unless there is a “gate” used to block 
the transmission. Use of transcutaneous electrical nerve stimu-
lation (TENS) to block pain activates segmental inhibitory path-
ways.19 The expected result of the TENS is to prevent or manage 
sensitization and spread of the pain pattern.

Brain Involvement
Neuroimaging techniques, such as positron emission tomog-
raphy and functional magnetic resonance imaging (fMRI), are 
noninvasive or minimally invasive indirect measurement tech-
niques used to observe and track regional blood fl ow and meta-
bolic activity sweeping through specifi c regions linked with 
function-related changes in neuronal fi ring levels.30 Using this 
information, brain pain regions have been mapped (Fig. 22.3). 
Brain maps show how electrical storms are activated by stimu-
lation of receptive fi elds of neuronal populations in the skin 
and then encoded and translated into thoughts, emotions, sen-
sations, and memories and stored in the cortex.13,30–32 Based on 
brain mapping research, pain perception appears to involve 
several brain regions collectively called the “pain matrix.”

Pain Matrix

The term “pain matrix” is used to describe a set of brain regions 
involved in processing pain. Major structures of the “pain 
matrix” are the thalamus, hypothalamus, anterior conjugate 
cortex, insular cortex, somatosensory cortex, somatomotor 
cortex, and prefrontal cortex (Fig. 22.4).13,30,33 The thalamus is 

The immune system is provoked by pain impulses and initi-
ates vigorous and highly organized neuroimmune interactions 
that are implicated in initiating persistent neuropathic pain. 
Therefore, a cycle of pain is initiated and has the unintended 
consequence of promoting widespread nervous system sensi-
tization. The following case study is an example of cognitive 
inhibition of infl ammation, pain and the immune system.

Spinal Cord Involvement
Neurons in the spinal cord act as relay stations receiving and 
delivering signals to and from the PNS and to and from the 
brain. The gray matter of the spinal cord is shaped like a butter-
fl y. The shoulders of the wings are called horns. One horn faces 
forward and that is the anterior or ventral horn, and the other 
horn faces backward and is the dorsal or posterior horn (Fig. 
22.1). Each half of the butterfl y represents the same side of the 
body. Each has neurons with specifi c functions. The dorsal horn 
neurons of the spinal cord receive inputs from neurons that 
process and transfer information about peripheral stimuli and 
transfer the information to the ventral horn via interneurons 
that synapse with neurons of the spinothalamic, spinoreticu-
lothalamic, and spinohypothalamic tracts. The name indicates 
the end points of the spinal cord, thalamus or hypothalamus, 
or reticular system. Of these three pathways, the spinothalamic 
system is the major ascending pain pathway with two divisions: 
(1) ipsilateral, which carries mechanosensory inputs to the brain 
on the side of the stimulus and (2) contralateral, which carries 
both fast and slow pain signals and temperature sensations to 
the opposite cerebral hemisphere.29 The end points are relay 
stations that dispatch the signals to appropriate brain areas or 
receptor organs for perception, localization, and action. Figure 
22.1 shows the directions of fl ow of stimulation. The spinal cord 
is divided into segments that correspond to the vertebral col-
umn segment; however, the nerve has branches that transmit 
signals, (Fig. 22.2) via interneurons between segments as well 
as via cerebrospinal tracks up to the brain or up or down to 
another segment. The fi ring of these neurons can be either excit-
atory or inhibitory. Inputs from injury to peripheral nerves may 
reduce the amount of inhibitory control (also called disinhibi-
tion) over dorsal horn neurons through various mechanisms. 
Descending nerve input can modulate the  incoming pain signals 
to the spinal cord, but anxiety and depression can inhibit this 
action. Conversely, increased inhibition will reduce the activity 
in dorsal horn neurons and act as a spinal “gate.” One important 
concept to learn here is that pain can spread between segments 

Cognitive Pain Suppression
Ann was preparing for a much anticipated 7-day cruise with 
friends from Florida to the Bahamas when the hurricane lamp 
she was holding broke in her hand, and a shard of glass fell 
and pierced the tendon of her left great toe on the dorsum 
of her foot. She carefully removed the glass and cleaned her 
wound. She says that she did not experience pain. Not want-
ing to disrupt her plans, she proceeded to enjoy her trip. She 
cared for the wound by cleansing with water and bandaging. 
Pain was not an issue, although she used ice, took some pain 

medication, and enjoyed alcoholic drinks in case the pain 
should increase. During her cruise, she danced in high heels, 
walked in the sand, and bathed in the ocean. The foot did not 
show any signifi cant signs of infl ammation; however, the toe 
was beginning to show signs of toe drop. When she returned to 
the mainland, she visited an urgent care clinic podiatrist who 
was amazed that the foot was not infl amed, pain was minimal, 
and the wound was uninfected since the tendon of the great 
toe had been severed. Immediate surgery was performed, and 
after this, she experienced pain and required pain medication.

CASE STUDY   

FIGURE 22.2 Anterior sectional view of the spine showing the spinal 
cord, spinal nerves and arterial blood supply. Notice that the fi bers of 
the spinal nerve extends to the next spinal segments above and below.
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FIGURE 22.3 Pain Related Brain Activity. Top line: the cutaway fi gure of the brain shows a whole brain imaged to show 
how the pain matrix is activated in one hemisphere during severe burn related pain next is a brain where a technique 
called virtual reality is used to alter brain input through distraction. Middle Line shows heightened brain activity shown 
on a fMRI scan without intervention during burn debridement. The bright yellow and red distributions indicate severe 
pain. Bottom line: virtural reality distraction is employed and these are fMRI scans from the pain matrix during sharp 
debridement. The brain activity has greatly reduced. (Copyright Hunter Hoffman used with permission.) 

the critical relay site where nociceptive afferent input is received 
and then transmitted to cortical and subcortical structures.13,33 
Precisely how the thalamus relays nociceptive impulses is still 
poorly understood. Activation of areas within this set of “pain 
matrix” components, by a nociceptive signal, is believed to be 
suffi cient to generate a perception of pain.13

Primary Somatosensory and Somatomotor Cortex

The brain region responsible for receiving the pain input from 
the thalamus and interpreting the signal source is the primary 

somatosensory cortex. Anatomically, it is located at the precen-
tral gyrus (Fig. 22.4) alongside of the somatomotor cortex with 
which it directly communicates and which closely corresponds 
in representation.

Wilder Penfi eld mapped the somatomotor cortex and cre-
ated an image of the body known as cortical homunculus.34 The 
cortical homunculus shows a pictorial representation of how 
much of each cortical area innervates what proportion of the 
body. There are homunculi in several areas of the brain, but 
the two types of homunculi of interest to our discussion of 
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pain are sensory representing the primary somatosensory cortex 
and motor representing the primary somatomotor cortex. The 
homunculus image is a grotesquely disfi gured human with 
huge hands, lips, and face and disproportionately small body 
and extremities (Fig. 22.5). The homunculus has been called 
the “brain’s map of the body.”35 These are the portions of 
the human brain directly responsible for exchange of sensory 
(namely touch: sensitivity, cold, heat, pain, etc.) and motor 
information. The exaggerated representation of these body 
parts occurs because the size of the represented area is propor-
tional to how richly innervated and sensitive are receptors or 
the number of muscle and motor units within that region, not 
the size of the body area. Since the face and hands are richly 
innervated with sensory and motor units needed for fi ne motor 
skills, they have largest representation. It is important to rec-
ognize that the homunculus representation is an oversimpli-
fi cation of what is going on in the body. Instead, you should 
think of the represented areas as a “library” of sensations and 
movements.35

The representation is unique to each person and develops 
over the life span. For example, the hand of an infant is differ-
ent from that of professional pianist. A pianist will have larger 
representation of the hand than a football player who may have 
a proportionately larger representation of the leg. Thus we can 
see that the functional organization of the somatosensory and 
somatomotor cortex is plastic, that it can learn and change in 
response to external stimuli, experience, or damage.36 This phe-
nomenon is called neuroplasticity. Neuroplasticity is a concept 
that provides an understanding about how neural circuitry can 
change in both function and number as a result of inputs from 
the environment and deliver multiple different outputs to the 
whole body. Repetitive stimulation of one area of the body can 
change, distort, and alter the representation of that portion of 
the homunculus and create a body integrity disorder like phan-
tom limb pain or neglect of a body area after a stroke.

Cerebrospinal Tracts

As you will recall, pain information is transmitted multidirec-
tionally between the periphery and the brain along spinal nerve 
tracts. Nociceptive pain impulses reach the brain through spi-
nal nerve tracts ascending through the brainstem, the medulla, 
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and the thalamus. The thalamus appears to be the critical relay 
site for nociceptive input before impulses are transmitted to 
cortical and subcortical structures.13,33 How thalamus pro-
cessing of nociceptive impulses occurs is still relatively poorly 
understood.

Following perception, the pain impulse is modulated by 
input from the higher centers of the brain pain matrix and 
then transmitted via descending inhibitory and facilitatory 
cerebrospinal tracts to the ventral horn of the spinal cord. 
Dysfunction in the descending pain modulation network 
of the CNS has been implicated in central sensitization and 
associated with chronic pain. Central sensitization refers to 
increased responsiveness of nociceptive neurons in the CNS 
to normal or subthreshold afferent input.24 Central sensitiza-
tion amplifi es transmission of input from peripheral tissues 
and produces secondary hyperalgesia.37 This is an increased 
pain response evoked by stimuli applied to tissue outside the 
area of injury. The dysfunction may be either an impaired 
descending inhibitory system or an enhanced descending 
facilitatory system.13

Pain Threshold

The least amount of pain that can be recognized is called the 
“pain threshold.”13,24 Pain threshold can be modulated, raised 
or lowered, in different ways. Lowering the response threshold 
preprograms the nervous system to respond more quickly and 
effi ciently to danger. Repetitive injury to the peripheral tissue 
lowers the threshold of peripheral nociceptors that results in 
abnormal processing of nociceptor input, changes the patterns 
of pain and the pain threshold, causing peripheral and central 
sensitization of nociceptors in the CNS at the spinal cord level, 
and affects the brain circuitry.13,15,38

Pain Perception

Perception of pain occurs when the pain signal is received by 
the amygdala in the brain; the signal then is relayed to the inter-
pretive brain center and response(s) initiated. How this pain 
signal is interpreted depends on many factors. In a normally 
functioning nervous system, the arrival of an unpleasant stimu-
lus is recognized as pain, and the response, usually withdrawal 
from the activity, follows. If that signal is interrupted, such as 
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occurs in patients with peripheral neuropathy, no protective 
action follows. In addition, the higher brain centers may block 
or enhance the message completely or partially through behav-
ioral, cognitive, psychological (e.g., anxiety, memory), biologic 
(e.g., sex hormones), or pharmacologic activities.4 The result 
is that individual differences account for different perceptions 
and interpretations and responses to the same painful stimulus 
delivered to the peripheral tissue.

Pain is a conscious event and nociception is not necessary 
nor suffi cient for the perception or expectation of pain to occur. 
In a qualitative study, 41 healthy adults used mental concentra-
tion and visualization of pain as a cognitive stimulus, and 66% 
reported pain symptoms, including numbness, pins and nee-
dles, and moderate aching or defi nite pain, thus demonstrating 

that prolonged mental stimulation may have induced the learn-
ing of pain symptoms.39 Cognitive changes come into play in 
many ways. For example, Moseley et al. reported that viewing 
the magnifi cation of a painful extremity enhances the pain 
experience and increases local edema while minifying the same 
minifi es the pain experience and reduces edema. The distorted 
visual input results show a cortical effect of body image on body 
tissues, thus demonstrating that the link between body image 
and the tissues is bidirectional.40

Degradation

Repeated stimulation either closely (e.g., dressing changes) or 
intermittently delivered (e.g., maintenance debridement) also 
causes cortical changes in the somatosensory and somatomotor 
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stimulation such as a gentle breeze is perceived as excruciating 
pain. Hyperalgesia is not confi ned to nociceptors. Neuromas 
such as occur at the end of an injured nerve (e.g., amputated 
limb or chronic wound edges) resprout new axons, and these 
may exhibit exquisite sensitivity to mechanical perturbation 
because of altered membrane properties of both C and A 
fi ber axons.

• Chemical hyperalgesia refers to exposure to endogenous 
chemical mediators such as cytokines, chemokines, and other 
infl ammatory mediators. The nociceptors may become fur-
ther sensitized to heat and mechanical stimuli after chemi-
cal stimulation.14 For example, after a sunburn, infl ammatory 
mediators are released in the skin, and when the skin is 
exposed to hot water in the shower, the nociceptors which are 
already sensitized respond excessively to the heat.

Secondary Hyperalgesia—Wind-up and Central 
Sensitization

A further complication following peripheral injury is increased 
pain response both of intensity and duration and the involve-
ment of the surrounding uninjured tissues. Reaction in the 
surrounding skin depends on CNS recruitment and is termed 
secondary hyperalgesia.14 Earlier central sensitization was men-
tioned as a consequence of repetitive injury (noxious stimuli) 
to the peripheral tissue lowering the threshold of peripheral 
nociceptors. Even repetitive application of identical nonnoxious 
stimuli to the tissues at a certain rate can induce a progressive 
buildup in the response at the level of the spinal cord dorsal horn 
interneurons and is a normal response of the undamaged ner-
vous system to repetitive or sustained application of nonnoxious 
stimuli without any tissue damage.14 Thus, secondary hyperalge-
sia is initiated by a stimulus peripherally, and then the sensation 
is transmitted along the sensory axons of the C fi bers centrally to 
the dorsal horn of the spinal cord. There complex plastic changes 
or “Wind-up” occurs in spinal cord dorsal horn cells. The C 
fi bers release glutamate that acts on three receptor types, one of 
which is the N-methyl-d-aspartate (NMDA) receptor. NMDA 
receptor activation, through a complex cascade of intercellular 
events, results in dorsal horn neuron hyperexcitability or central 
sensitization.19,48 NMDA antagonist drugs such as ketamine are 
now available to block the pain pathway at this point.21 However, 
ketamine should be used only by a pain specialist.

Over time, the plastic changes increase, the size of the recep-
tive fi eld within the dorsal horn grows, and the interneurons 
transform by adding fast pain receptors that amplify the pain 
signals that are then sent via the spinothalamic tract up to the 
thalamus and somatosensory cortex. Modifi er pathways in 
the brain attempt to modulate the signals through the release 
of endogenous opioid peptides (e.g., enkephalins, and Beta 
(b)-endorphins) and other neurotransmitters (norepinephrine, 
serotonin) but are defeated when the modulating descending 
signal is received by the hypersensitive neurons in the ventral 
horn and is blocked. A feedback loop occurs and sends pain 
signals continuously to the brain where it is perceived as severe 
unrelenting pain. Theoretically, repeated handling of a wound 
even gently over a prolonged period of time would have the 
potential to create such a wind-up effect.

As wound care clinicians, we will see patients with patterns 
such as those described by Gifford and Butler that are suggestive 

areas by increasing the cortical area representing the skin sur-
face area engaged. The skin area experiencing pain enlarges, 
and the ability to localize the pain is diminished or lost. Over 
time, there is a cortical reorganization and the representation 
on the homunculus is changed, and this is called representation 
degradation. Phantom limb pain is an example of representa-
tional degradation. Almost all patients with amputations expe-
rience phantom limb pain.41,42 After amputation, altered inputs 
and synaptic changes occur that are associated with resprouting 
of nerve endings in the stump and loss of connections in cor-
tical areas. In complete or partial amputation, the loss of tis-
sue integrity results in severed nerves trying to reconnect with 
their counterparts in adjacent tissue but, when unable to do 
so, forming neuronal end buds or neuromas that send abnor-
mal, ectopic nerve signals into the CNS and up to the primary 
somatosensory cortex.32,43 Altered inputs and synaptic changes 
probably began long before the amputation since patients who 
require amputation as a result of chronic vascular disease are 
often elderly and have extended periods of preamputation pain 
due to ulceration, often requiring extensive wound care includ-
ing debridement. During wounding and subsequent debride-
ment, nerve endings are severed and repeatedly resprout. 
These patients complain of persistent rest pain and pain at 
dressing changes probably related to the ectopic fi ring of these 
resprouted nerve endings. More about vascular ulcer pain will 
be presented shortly.

After amputation, there is nociceptive pain associated with 
the surgery, and this further alters pain signals to the somato-
sensory cortex, and for some individuals, this establishes the 
conditions for development of phantom limb pain.43

Unintended Consequences of Pain
Neuroscience research has documented unintended conse-
quences of chronic pain for different persistent pain condi-
tions such as chronic back pain, fi bromyalgia, peripheral nerve 
injury, and phantom limb pain.42,44–47

There is no reason to suppose that the consequences of 
chronic wound pain are different. In this section, we discuss six 
unintended consequences of persistent pain:

1. Hyperalgesia
2. Allodynia
3. Wind-up
4. Cerebral atrophy
5. Pain memories
6. Delayed wound healing

Hyperalgesia
Primary Hyperalgesia

Three types of hyperalgesia are recognized according to the type 
of stimulus that provokes the response: thermal, mechanical, 
chemical, and cognitive. They can occur singularly or in combi-
nations, depending on the nociceptor that has been sensitized14:

• Thermal hyperalgesia is provoked by a slight change in tem-
perature, such as being touched with a cool hand or cool 
fl uid, which is perceived as severe pain.

• Mechanical hyperalgesias are subdivided into brush evoked 
(dynamic) and pressure evoked (static) and punctate (pin 
prick).19 As with thermal stimuli, very mild mechanical 
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the cerebral cortex such as the somatosensory cortex and the 
insula. The consequence of this imprinting is the formation of 
a “pain memory;” that is, movements or sensations that elicit 
pain eventually elicit anticipation of pain. There is evidence that 
these pain expectations become a patient’s reality; that is, the 
stored information preprograms the CNS pain expectation.15,53 
Thus, anticipation of pain remembered from a previous proce-
dure determines the individual’s future pain experience for that 
same procedure (e.g., sharp debridement or dressing change) 
and is called nocebo hyperalgesia,54 which is the opposite of 
placebo analgesia. The expectation or anxiety about impending 
pain triggers activation of cholecystokinin that facilitates pain 
transmission.55 The perceived intensity of a painful stimulus 
then becomes amplifi ed by the anxiety so that perceived pain 
is greater than in the absence of negative expectations—an 
effect associated with activation of specifi c brain regions such as 
amygdala. Conversely, when there is a low expectation of pain, 
there is a reduction in perceived pain that rivals the effects of an 
analgesic dose of morphine.15

Patients report that cleansing and dressing removal are the 
most painful procedures, and the higher the anticipatory level 
of pain, the greater the pain reported during treatment. Anxiety 
was a signifi cant predictor of mean pain scores.56,57

The patient is usually unaware of these pain memories; 
moreover, patient responses to pain medications and other 
interventions differ when pain memories are present. These 
factors make extinguishing pain memories very diffi cult.23 
However, some success has been reported using patient educa-
tion to teach about the anatomy and pathophysiology associ-
ated with the inappropriate action of the nervous system and its 
relationship with the pain problem. This increases the aware-
ness of the patient of the mechanism causing the problem, and 
those individuals show increased pain thresholds.23

Imprinting (learning) of the CNS for pain expectation is 
demonstrated by an experience common to many people: hav-
ing a childhood injury that was treated with an adhesive ban-
dage and later having the bandage removed, with the pulling of 
the hair and skin causing noxious pain. Following this experi-
ence, whenever an adhesive bandage has to be removed from 
hairy skin, the person immediately recalls that pain and antici-
pates another experience of intense pain. A common response 
is both withdrawal and grimacing even before the adhesive ban-
dage is removed. However, if a new adhesive bandage is used 
that doesn’t cause pain when removed, the person’s expectation 
of pain is changed centrally, and anticipation is reduced at the 
next bandage removal.

Delayed Wound Healing
Another example of perceived expectations effecting outcomes 
is the measurement of stress levels in presurgical patients. 
Patients who worried most about the effects of the surgery 
before the event had the lowest levels of proinfl ammatory cyto-
kines and metalloproteinase concentrations in wound fl uid 
after surgery, demonstrating that the expectation of diffi culties 
(e.g., pain) associated with the surgery (stress) produced the 
reality of an impaired infl ammatory stage of wound repair.18 
Pain is psychophysiological stress, and as we learned in Chapter 
2, stress negatively affects wound healing. For more discussion, 
refer to Chapter 2.

of central sensitization.20 These patterns include ongoing pain 
after expected tissue healing time; unfamiliar anatomic pain 
patterns; secondary allodynia and hyperalgesia; latency (delayed 
response) to sensory input; atypical pain behaviors; pain that 
has “a mind of its own;” pain exacerbated by  emotional and 
physical stress, often signifi cant affective (emotional) and cog-
nitive components; variable responses to passive treatment; and 
poor response to medication, even opioids.20 Over time these 
physiologic conditions will reverse unless there has been signifi -
cant tissue injury or nerve damage.14

Although central sensitization was fi rst described in the 
dorsal horn, as discussed, similar synaptic changes occur in 
structures involved in the emotional aspects of pain such as the 
amygdala, anterior cingulate gyrus, and prefrontal cortex.49

Allodynia
Allodynia is a subclassifi cation of hyperalgesia. Allodynia refers 
to the production of pain (including refl ex withdrawal) by 
a stimulus that does not normally provoke pain, such as the 
breeze described above1 and is a common type of pain associ-
ated with chronic wounds. It can last as long as 12 months after 
the wound is healed.50 Allodynia can occur in two ways:

1. When the large-diameter, low-threshold mechanoreceptors, 
A-delta fi bers, are activated following central sensitization 
produced by C fi ber activity. Then the Aß fi bers become 
capable of responding to noxious stimuli and activating 
CNS pain-signaling neurons, resulting in increased percep-
tion of pain from benign stimuli that would not normally be 
perceived as painful.

2. By a reduction in the threshold of nociceptor terminals in 
the periphery.14

Cerebral Atrophy
In a studies of patients with chronic low back pain and fi bro-
myalgia, it was found that there is atrophy of neocortical grey 
matter (massive loss of brain cells) related to pain.47,49 Cerebral 
atrophy occurs due to altered brain neurochemistry, changes in 
dopamine and opioid availability, and a reduction of receptors 
in the forebrain. Patients also report change in mental func-
tions like forgetfulness.46,47,49,51,52 Even after nociceptive input 
ceases, such brain changes may be irreversible and this perhaps 
explains why the persistent pain condition exists.13

Pain Memories
There is evidence that pain can become “imprinted” in unique 
CNS pathways similar to those of memories.23 The CNS learns 
to recognize a sensory experience from the repetitive pair-
ing of environmental cues with sensory stimuli. Pain-related 
information is “learned” and stored in pain matrix areas of 

RESEARCH WISDOM

Increased sensitivity of nociceptors to repetitive stimuli can 
cause benign sensations to become painful.14 Patients with 
chronic wounds experience repetitive stimulation to the 
wound and the surrounding tissues and are often hypersen-
sitive to handling.
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pain signals. Central sensitization of the spinal neurons occurs 
when actual tissue damage has ceased and the pain persists 
after healing, as it does in many patients who have experienced 
chronic wounds. Pruritus, while not exactly pain, is a common 
occurrence in patients with a history of chronic wounds such as 
venous ulcers or burns. It can be categorized with and is treated 
similarly to pain.

PERSISTENT (NEUROPATHIC) PAIN

Persistent pain is clinically referred to as neuropathic pain. 
Rather than arising from stimulation of nociceptors, it refl ects 
an abnormal functioning of the peripheral or central nerves 
themselves. In short, it is a disease of the nervous system, not a 
symptom.38 Neuropathic pain is clinically defi ned as pain being 
present for more than 3 months, whether continuous or inter-
mittent.63 An example is background pain, which is pain at rest, 
and is often associated with venous ulcers and burns.64,65

Classifi cation of Neuropathic Pain
Clinicians classify neuropathic pain into two categories: in cen-
tral neuropathic pain, the lesion or dysfunction affects the CNS; 
in peripheral neuropathic pain, the lesion or dysfunction affects 
the PNS.1,66 Peripheral neuropathic pain is sometimes further 
subdivided into stimulus-evoked pain or stimulus-independent 
pain (spontaneous pain)19:

• Stimulus-evoked pain is a heightened reaction to a painful stim-
ulus, as described previously for hyperalgesia and allodynia, 
that occurs when the peripheral nerve is damaged or altered.4,19

• Stimulus-independent pain arises from spontaneous activity 
in the spinal cord, brainstem, or thalamic/cortical areas. It is 
less common and may have many mechanisms.19

With an initial injury, these conditions tend to be acute 
and reversible, and the symptoms usually resolve in about 12 
months.50 With persistent injury, the peripheral nerves can be 
permanently damaged, and the pain can become constant.

Clinicians also distinguish between acute and chronic neuro-
pathic pain. Sensations associated with acute neuropathy char-
acteristically occur independent of a stimulus. The pain can be 
shooting, lancinating, or burning. Other terms describing acute 
neuropathic sensations are electric shock, squeezing, throbbing, 
knife-like, and allodynia. As noted, acute cases resolve.

Sensations associated with chronic neuropathy include 
numbness, tingling, and prickling. These symptoms may be 
present continuously or intermittently, but they do not resolve. 
Rather, they remain after the period of tissue healing, dis-
rupting sleep and normal living, and no longer providing any 
 protective function.66

Etiology of Neuropathic Pain
Neuropathic pain may be related to a primary lesion, an unre-
solved injury, or other neurological disease. It may be infl am-
matory (e.g., postherpetic neuralgia), metabolic (e.g., diabetes), 
or ischemic (e.g., arterial insuffi ciency), and often refl ects mul-
tiple pathophysiologies.4,19

In 99% of persons with chronic neuropathic pain, there 
is some underlying derangement or abnormal function of 
the nervous system that resulted from an acute incident.38 

Wound care requires many procedures that can cause pain. 
By preventing or decreasing the pain experience—for exam-
ple, by using less aggressive bandage adhesives or other means 
of dressing placement—you will simultaneously reduce the 
patient’s pain expectations and anxiety about procedures.

Pruritus (Itch)
Closely related to pain is the sensation of itch, or pruritus. The 
sensation can be as severe as or exceed pain in intensity. It is 
discussed along with pain because both phenomena are often 
experienced at the same time.

Research into the pathophysiology of pruritus is very dif-
fi cult because the nature of the condition is capricious.58 
What is known is that diffuse itch sensation is induced and 
transmitted by a specifi c set of nonmyelinated C fi bers that 
originate in the skin. Nonmyelinated “itch receptors” are 
presumed to be located in the lower epidermis and possibly 
at the dermal-epidermal junction. This group of receptors is 
polymodal, responding to mechanical, thermal, and chemical 
stimuli. Like pain, they can be stimulated by proinfl amma-
tory (pruritogenic) mediators. The resulting signals, also like 
pain, are transmitted via nonmyelinated C fi bers to the dor-
sal root ganglia, to the dorsal roots, and into the spinal cord, 
from which the impulses are sent via spinothalamic tracts 
through the brainstem to higher centers in the thalamus and 
hypothalamus.

Peripheral and central mechanisms of pruritus are not fully 
understood but are believed to be related to altered periph-
eral excitation and central disinhibition. The act of scratching 
is thought to partially restore central inhibition. Endogenous 
agents are thought to be involved in a causal role, but only his-
tamine has been directly linked as a causative agent. Perhaps 
it is the repeated release of histamine from trauma during 
wound care procedures that predisposes these individual to 
pruritus.

Pruritus is reported by patients with underlying medical 
conditions including chronic renal disease, primary biliary 
cirrhosis, endocrine disorders (e.g., diabetes), and malignant 
disease (e.g., lymphoma).59 Patients with a history of thermal 
injury often experience severe itching during healing; this 
may continue after the wound is completely closed. In elderly 
patients, dry skin is associated with pruritus. Scratching to 
relieve the itching contributes to excoriation of the skin.

Itch is included in the list of pain quality items evaluated 
with pain scales.60 Topical agents like 5% doxepin cream applied 
after wound closure have been shown to reduce itching,61and 
recently gabapentin has been shown to reduce itching in chil-
dren recovering from burn wounds.62 Colloid and oatmeal 
baths are effective in treating dry skin to relieve itch.

Summary
Multiple components of the nervous system are involved with 
pain. The action and response are associative and interactive. 
The nociceptors receive a pain signal, which is the provoca-
tion to transmit the signal to other parts of the nervous sys-
tem, and the reaction is withdrawal from the activity, or the 
brain may perceive a painful experience before it occurs and 
warn the individual to react. Tissue damage and infl ammation 
increases the sensitivity of the nociceptors that transmit the 
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timing rather than to physiologic aspects. The model does not 
address psychosocial and behavioral aspects of the pain experi-
ence. From her personal and clinical experience, Krasner pointed 
out that at different times, patients with chronic wounds will 
experience all three types of pain: noncyclic, cyclic, and chronic. 
She suggested using the CWPE model to guide wound assessment 
to plan strategies related to the prevention and relief of wound 
pain and evaluate the outcomes.7 The three types of pain are 
described below.

1. Noncyclic acute wound pain occurs intermittently, for 
instance with sharp debridement or drain removal, and is 
nociceptive. The plan of care suggested for pain management 
includes both pharmacologic and nonpharmacologic inter-
ventions such as topical anesthetics, local anesthetics, or anti-
anxiety medication prior to debridement. Nonpharmacologic 
interventions are not indicated for this pain type.

2. Cyclic acute wound pain, which occurs in a regular time 
cycle like daily dressing changes or turning or repositioning, 
is also nociceptive. The plan of care in addition to the previ-
ously listed interventions could include use of nontraumatic 
dressings, soaking dressings before removal, or time-outs 
and use of appropriate repositioning devices.

3. Chronic wound pain, which is persistent neuropathic pain, 
is felt by the patient all the time (e.g., background pain), 
even without manipulation. The plan of care is as previously 
suggested for the other pain situations with the addition of 
nonpharmaceuticals like transcutaneous nerve stimulation 
or warmth and pharmaceuticals like tricyclic antidepres-
sants (TCAs).6,68

Additional information about use of the mentioned inter-
ventions is presented later in this chapter.

Woo and Sibbald Chronic Wound Pain Model
Woo and Sibbald developed an evidence base scheme for 
addressing chronic wound pain. The purpose of this scheme 
was to raise awareness and promote a systemic approach to 
managing pain.57 This scheme has evolved over a number of 
years and has been published in multiple iterations.6,17,69,70 The 
iteration from 2007 is called the Chronic Wound-Associated 
pain (WAP) model: the wound, the cause, the patient. As in 
earlier models, three key components are included.69,70 The 
three factors are in the current scheme are

1. Pain-causing factors by wound etiology (venous, arterial, 
pressure, diabetic foot, other)

2. Local wound care factors (débridement, bacterial balance, 
infection and infl ammation, and moisture balance)

3. Patient factors (anxiety, depression, anticipation of pain)

Key elements of this model are: identifi cation and addressing 
the three factors in a systematic manner. All wound etiologies 
share common elements associated with wound pain includ-
ing procedural trauma, infection/infl ammation, and moisture 
balance, too little or too much. However, the structure of the 
scheme focuses around the most signifi cant common element: 
patient-centered concerns. Wound pain is often described as 
unrelenting, disabling, and devastating and the patient’s num-
ber one concern.70 In the following section, we examine varia-
tions in the experience of pain according to wound etiology.

For example, a patient may experience a wide area of 
 discomfort surrounding a wound or a stump that healed long 
ago. Although unpleasant, this pain reflects natural changes 
in the nervous system’s response to the signals it receives.14 
As mentioned earlier, patients with chronic wounds experi-
ence significant amounts of repetitive handling and trauma, 
resulting in sensory stimulation that can be sustained within 
the CNS.

Chronic neuropathic pain can also arise from other  etiologies, 
such as spinal compression, spinal stenosis, cerebral vascular 
accident, complex regional pain syndrome (formerly called 
refl ex sympathetic dystrophy), distal polyneuropathy (human 
immunodefi ciency virus [HIV] and diabetes), phantom limb, 
postherpetic neuralgia, fi bromyalgia, and multiple sclerosis. 
Similarly, certain pharmaceuticals, such as those used to treat 
cancer or HIV, insult the nervous system and can permanently 
damage nerves.38 Chemotherapy and radiation- associated neu-
ropathies are becoming more common as people are living 
longer following a cancer diagnosis and many undergo several 
courses of chemotherapy or radiation with drugs that are toxic 
to the nervous system.38

Mixed Pain
Many patients with wounds experience nociceptive pain mixed 
with neuropathic pain. The mixed pain may be caused by both 
acute injury and secondary effects or chronic comorbidities. 
Examples of painful conditions found in populations that also 
experience chronic wound pain include

• Degenerative joint disease
• Spinal stenosis pain syndromes
• Musculoskeletal problems
• Fracture
• Surgical wounding
• Lower extremity arterial insuffi ciency
• Infection

In some cases, complaints of diffuse pain can mask signifi -
cant problems. For example, a blocked artery developed in a 
resident of a long-term care facility who had multiple regions of 
musculoskeletal pain and intermittent claudication with walk-
ing.67 When the other pain complaints were addressed and pain 
was cleared in those areas, it became apparent that the cause 
was visceral and warranted further investigation. Thus, it is 
essential to distinguish which condition is causing which pain 
picture, and whether the pain is nociceptive or neuropathic or 
both, so that the pain can be treated effectively.

RESEARCH ON CHRONIC WOUND PAIN

This section discusses two models of chronic wound pain, an 
international survey of wound care clinicians, and behavioral 
studies on the effect of pain on wound healing.

The Experience of Chronic Wound Pain
Krasner called attention to the chronic wound pain experience 
(CWPE) in 1995 when she presented an empirically and induc-
tively derived visual schematic model she called the CWPE 
(Fig. 22.6).68 Krasner’s model relates the occurrence of pain to 
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Biopsychosocial, including:

Noncyclic acute
wound pain

e.g., sharp debride-
ment or drain removal

Pharmacologic/non-
pharmacologic, e.g.,
topical or local
anesthetics prior to
bedside debridement

Pharmacologic/non-
pharmacologic, e.g.,
pain-reducing dress-
ings, time-outs
during dressing
changes or pressure
relieving devices

Pharmacologic/non-
pharmacologic, e.g.,
regularly scheduled
analgesia, relaxation
strategies, or transcu-
taneous electrical
nerve stimulation

e.g., daily dressing
changes or turning
and repositioning

e.g., persistent pain
when nothing is being
manipulated

PlanPlanPlan

Evaluation Evaluation Evaluation

Cyclic acute
wound pain

Chronic
wound pain

• Pain duration
• Pain intensity
• Specific pain characteristics

Assessment

CHRONIC WOUND
PAIN EXPERIENCE

(CWPE)

Targeted
interventions:

Targeted
interventions:

Targeted
interventions:

FIGURE 22.6 Krasner chronic wound experience. (Copyright Diane L. Krasner.)

Clinical Survey of Wound Pain
An international two-part survey of health-care practitioners 
from 11 countries explored the understanding of pain and trauma 
at wound dressing.71 Part one of the survey looked at causes of 
wound pain related to dressings, and part two was a question-
naire that asked clinicians to rate the patient’s pain experience at 
dressing changes based on their perceptions and experience.

The key fi ndings of the survey related to wound dressings 
were as follows:

1. Dressing removal is the time of the most pain.

2. Dried-out products and adherent products are most likely 
to cause pain and trauma at dressing changes.

3. A main consideration at dressing changes is prevention of 
wound trauma and prevention of pain, infection, and skin 
damage, in that order.

4. Gauze is most likely to cause pain; new products such as 
hydrogels, hydrofi bers, alginates, and soft silicone dressing 
are least likely to cause pain (see Chapter 20).

5. Awareness of the products available and the range of 
and ability to select dressings is highly variable between 
countries.
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assessments for indicators of limb ischemia are recommended 
(see Chapter 6 for instructions and test signifi cance).72

1. Palpation of pulses. If not palpable, proceed to Doppler 
examination.

2. Doppler examination for ankle-brachial index of ankle pres-
sure and/or toe pressure if there are calcifi ed vessels. Finding 
of ankle pressure less than 40 mm Hg or fi nding of toe pres-
sure less than 30 mm Hg are signs of critical limb ischemia 
and ischemic pain used to determine if there is adequate 
blood supply for healing.

3. Signs/symptoms
a. Rest pain that requires analgesics

i. Less than 2 weeks’ duration is defi ned as subcritical 
limb ischemia

ii. Greater than 2 weeks’ duration is defi ned as critical 
limb ischemia72

After the assessment is complete, if there is critical limb isch-
emia and ischemic pain, the following interventions should be 
considered.

Exercise
Based on considerable research that exercise is benefi cial in 
reducing claudication pain, exercise is recommended as an 
intervention for lower extremity arterial disease.72

Pharmacologic Therapy
Pharmacologic agents should be included in the treatment 
regime. See Chapter 11 for management of vascular ulcers.

Diabetic Foot Ulcers
Painful diabetic neuropathy is quite common and is a harbin-
ger of loss of sensation. These following symptoms are reported 
by individuals with diabetic and other peripheral neuropathy 
etiologies. A minority of persons with chronic diabetic foot 
ulcers may experience tingling, burning, stabbing, or shooting 
sensations related to peripheral neuropathy.73 Subcritical and 
critical peripheral ischemia is a complication of diabetes, and 
ischemic pain is frequently encountered during physical activi-
ties such as walking.74

Deep compartment infection can cause pain even in per-
sons with severe neuropathy.73 The typical signs of infection will 
most likely be blunted or absent in this population, but even 
mild edema or erythema are signals to pay attention and act. If a 
patient with a previously painless foot reports pain, urgent referral 
is required because it may signal limb-threatening complications 
of infection.73 Refer to Table 22.2 for management strategies.

6. Use of valid pain assessment tools is considered a low prior-
ity in assessment with greater reliance on body language and 
nonverbal cues.71

Clinicians’ perceptions of pain as determined by this sur-
vey were as follows: The most often listed wound pain experi-
ence was reported to be for patients with leg ulcers, followed by 
superfi cial burns, infected wounds, and pressure ulcers. Other 
wounds were ranked as less painful. However, the authors cau-
tion that this may refl ect the practitioner’s lack of assessment 
and experience rather than a true estimate of pain perceived by 
patients.

Behavioral Studies of Wound-Related Pain
Franks and Moffatt9 did a qualitative study of the effects of pain 
on leg ulcer healing and patients’ quality of life. They found 
that the risk of poor healing for venous ulcers can be predicted 
based on the pain intensity level at baseline. Overall healing 
rates declined with increasing levels of pain and with daily use 
of analgesics. Quality of life in the area of wound pain and heal-
ing has shown that with effective treatment interventions, levels 
of pain decrease signifi cantly.9

Reddy et al.6 recommend a patient-centered approach to 
wound pain management. They recognize that pain is related 
to a multitude of factors that affect an individual’s psychologi-
cal state, which include the attitude, beliefs, and knowledge of 
the caregiver, the patient, and family. The wound needs to be 
treated holistically. Dressing changes, for example, need to be 
viewed not just as a task but also in terms of their impact on 
the patient. To ensure that care is patient-centered, they recom-
mend the following:

1. Consider all aspects of the patient: physical, psychological, 
social, familial, and spiritual.

2. Enlist the patient in treatment decisions and the process.
3. Take time to assess the patient’s pain and determine quality-

of-life issues.
4. Provide pain relief.
5. Ensure that the patient’s right to pain relief and treatment 

that minimizes trauma and pain is provided.

VARIATIONS IN THE EXPERIENCE OF PAIN 
ACCORDING TO WOUND ETIOLOGY

Different wound etiologies are associated with specifi c pain 
syndromes. It is helpful if you identify these syndromes as 
part of your initial and subsequent clinical assessments. In the 
next section, wound pain syndromes that commonly present 
for arterial, diabetic foot, venous, and pressure ulcers will be 
described.

Arterial Ulcers
Peripheral ischemia is responsible for wound pain in patients 
with arterial insuffi ciency. The pain of arterial insuffi ciency is 
nociceptive and changes with position (increased with eleva-
tion and decreased with dependency or incurred with walking). 
The latter is intermittent claudication, relieved with 10 minutes 
of rest. It may also be neuropathic; that is, nocturnal, or occur-
ring at rest even without elevated positioning. The following 

CLINICAL WISDOM

Temporary resolution of ischemic pain of a leg or foot may 
be achieved when the activity is stopped or the legs are 
placed in a dependent position (e.g., dangling legs down at 
the edge of the bed). If the cause of the pain has not been 
evaluated, this would be an indication for referral to a 
 vascular specialist.
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Venous Leg Ulcers
Studies of leg ulcer pain reported in the literature point to a 
signifi cant prevalence of ulcer pain ranging from 50% to 87%, 
which until recently has been ignored.65,75 Pain relief for venous 
ulcer pain is of concern for most patients but is of greatest 
concern for those between the ages of 60 and 70 years.65 It is 
widely recognized and reported that patients with venous leg 
ulcers have both nociceptive and neuropathic pain, the latter 
expressed as constant background pain.76,77

Pruritus was reported in 50% of leg ulcer patients.78 
Dermatitis, another complication associated with venous dis-
ease, often affects the skin surrounding the ulcer and is a reac-
tion to the use of products that contain allergens and irritants 
such as topical lubricants, emollients, topical antibiotics, and 
other wound care products. The complaint is usually in the 
area of distribution of product use and is usually associated 
with pruritus and burning sensations.65 Pain may be constant 
or intermittent and vary in intensity from severe to mild, with 
many patients suffering from night pain. Many patients are 

using analgesics with reported effi cacy in most cases.67,75 The 
most frequently used medication for management of leg ulcer 
pain in one study was nonsteroidal anti-infl ammatory drugs 
(NSAIDs) (70%).10 The profi le of the patient with pain is likely 
to include the presence of other comorbid painful conditions, 
including OA, a foot ulcer,75 or a combination of venous and 
arterial insuffi ciency. Characteristics that are associated with 
venous pain include pitting edema, superfi cial phlebitis, deep 
vein thrombosis, acute lipodermatosclerosis, chronic lipoder-
matosclerosis, and wound infection. Figure 22.7 shows a patient 
with edema and trophic changes associated with lipodermato-
sclerosis. Cellulitis, scarring (atrophy blanche), and acute con-
tact dermatitis are also useful in development of differential 
diagnosis of venous pain.65 Table 22.3 lists clinical presentation, 
treatment choices, and comments about the differential diag-
nosis of venous pain.

Many patients with venous leg ulcers have lived with the 
condition for more than 10 years.75,76 In these patients, central 
and peripheral sensitization are highly probable. Persistent 

Diagnosis Clinical/Investigation Comments

Ischemia Pain with walking (claudication) or positional 
(elevated position relieved with dependency)

Not a candidate for compression

TcPO2 ankle pressure < 40 mm Hg Risk for nonhealing

Toe pressure

<30 mm Hg

Neuropathic pain Sensations Persistent or intermittent

Numbness Allodynia

Tingling Hyperalgesia 

Burning = nerve irritation

Shooting or stabbing = nerve damage

Throbbing

Paresthesia

Electric shock

Deep compartment infection Sudden onset Needs systemic treatment

Mild dermal erythema > 2 cm Refer for medical treatment

Mild swelling > 2 cm diameter

New wound or increased wound size

Temperature increase of 4°F

Probes to bone

Charcot arthropathy Hot temperature increase of 4°F Offl oad (total contact cast or other)

Swollen Monitor change in temperature; offl oad 
until temperature normalizes

Very painful foot

Biochemical markers of bone formation

Adapted from Sibbald GR, Armstrong DG, Orsted HI. Pain in diabetic foot ulcers. Ostomy Wound Manage. 2003;49(suppl 4A):24–29.

22.2TABLE Differential Diagnosis for Diabetic Foot Pain
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pain in the leg should be evaluated thoroughly. Pain charac-
teristics most frequently reported by patients with leg ulcers 
are divided into three categories that correspond to the McGill 
pain  questionnaire—sensory, affective, and evaluative. Surveys 
reveal that the most frequently reported pain is in the sensory 
category and includes throbbing, drilling, burning, stabbing, 
sharp, pressure, aching, sharp, tender, and stinging. These 
reported sensations are consistent with abnormal nervous 
system function associated with persistent neuropathic pain. 
Affective pain descriptors commonly used include nagging, tir-
ing, sickening, troublesome, and unbearable.10,76,79 Aggravating 
factors for pain that patients and clinicians listed most fre-
quently include dressing changes, both during and between 
changes, followed by movement.71,79 Suggestions for the relief 
of pain at dressing changes is offered in the section on non-
pharmacologic methods of pain relief. The current standard 
of care for treatment of venous leg ulcers is compression, but 
the relationship of compression to venous leg ulcer pain has 
been minimally evaluated. Nemeth et al.76 reported on the 
effect of compression on leg ulcer pain and found that, among 
patients using compression over a 5-week period, there was a 
trend toward decreased pain scores but pain persisted through-
out the study. See Chapter11 for more information about 
venous disease and Chapter 19 for management of edema and 
compression.

Pressure Ulcer Pain
Pressure ulcer pain has been attributed to ischemia, friction/
shear, moisture related to incontinence (feces and urine), deep 
tissue injury, deep infection, periulcer irritation, poor nutri-
tional status, neuropathy, muscle spasm, and immobility. All 
should investigated for wounds with this etiology.70,76,80

Pressure ulcer pain is related to tissue ischemia caused 
by pressure and the response by infl ammatory mediators. 
Descriptions of pressure ulcer pain include burning, stabbing, 

1

2

FIGURE 22.7 Lipodermatosclerosis. (1) 
Edema leakage through wounds (2) Scaling 
and crusting (tropic changes). (Copyright 
B.M. Bates-Jensen.)

stinging, tugging, throbbing, and sharp, suggesting mixed noci-
ceptive and neuropathic pain.70

Over a period of more than 10 years, several studies have 
shown that patients with pressure ulcers experience excruci-
ating pain. Szor and Bourguignon evaluated pain at rest and 
during dressing changes in patients with stage II, III, or IV pres-
sure ulcers and found that 18% reported pain at the highest 
level (e.g., “excruciating”), 84% reported pain at rest, and 42% 
reported pain both at rest and during dressing changes. Yet, 
only 6% of those persons reporting pressure ulcer pain received 
any medication for their pain.81 Eriksson et al reported that 
in 186 persons identifi ed with pressure ulcers, 12% reported 
continuous pain and 54% reported occasional pain or dress-
ing change pain.82 Roth et al.83 examined persistent pain in 
patients who received a tissue fl ap procedure for stage III or IV 
pressure ulcers or diabetic ulcers and found that 35% of those 
with stage III or IV pressure ulcers reported pain as compared 
with 17% of those with stage II pressure ulcers. Manz and col-
leagues examined pressure ulcer pain in cognitively impaired 
and unimpaired nursing home residents with mild to moderate 
pain. Stage II pressure ulcers were the most painful. Manz also 
was able to show that both cognitively intact and cognitively 

CLINICAL WISDOM

Not everyone can tolerate elastic compression because of 
pain related to the high levels of compression at rest. An 
alternative treatment plan that may relieve pain is an inelas-
tic compression system that does not have high pressure at 
rest like that shown in Figure 22.8. It is also easier to apply 
than elastic compression products, which facilitates patient 
acceptance.65
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Diagnosis Clinical/Investigation Treatment Comments

Pitting edema Dull ache at end of day Compression bandaging Nonelastic stockings or 
compression bandaging may 
initially be preferred as they are 
less likely to cause pain at rest

Press thumb into skin and not 
degree of depression

Support stockings

Grade 1+ to 4+ Ambulation, exercise

Improve calf muscle pump

Superfi cial phlebitis Pain and tenderness along 
affected vein—usually 
saphenous

Compression Risk of associated underlying 
DVT is low, especially if 
affected area is below the knee

Ambulation

NSAID therapy

Deep phlebitis (DVT) Acute, red, tender, swollen 
calf—almost too painful to 
touch

ASA, unfractionated heparin Suspect a DVT in patients 
with a sudden increase in calf 
pain, with risk factors such as 
immobilization, recent surgery, 
oral contraceptives, etc.

Doppler necessary to confi rm 
diagnosis

Warfarin

Low-molecular weight heparin

Bed rest

Acute 
lipodermatosclerosis

Diffuse, purple-red, swollen leg 
resembling cellulitis, aching and 
tenderness is common

Compression bandaging Usually bilateral, though may 
be more prominent in one leg

Support stockings Compression therapy essential

NSAIDs

Chronic 
lipodermatosclerosis

Diffuse brown sclerotic 
pigmentation with widespread 
chronic pain

Same as with acute 
lipodermatosclerosis but with 
topical steroids and lubricants

Support stockings may 
have to be custom made to 
accommodate for leg shape

Pentoxifylline

Wound infection Change in pain character 
associated with other clinical 
signs of infection

Topical antimicrobial agents and 
oral antibiotics, if indicated

Maintain bacterial balance, and 
watch for increase in pain, size, 
exudates, odor, or granulation 
tissue as signs of infection

Cellulitis Diffuse bright red, hot leg, 
usually unilateral associated 
with tenderness and often fever

Oral antibiotics, with IV antibiotics 
needed for severe episodes or with 
low host resistance

Venous ulcers make 
individuals more prone to 
cellulitis

Atrophie blanche Pain, stellate, white, scar-like 
areas associated with pain at 
rest and standing

NSAID therapy May be seen in association with 
scars of healed ulcers, or may be 
an independent clinical feature

Other analgesics

Acute contact dermatitis Itching, burning red areas on leg 
corresponding to area of use of 
topical product

Remove the allergen Lanolin, colophony, latex, and 
neomycin are some of the 
more likely agents involved

Apply topical steroids

Ryan S, Eager C, Sibbald RG. Venous leg ulcer pain. Ostomy/Wound Manage. 2003;49(4A suppl):18.

22.3TABLE Differential Diagnosis of Venous Pain
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FIGURE 22.8 CircAid™ compression system. The Circaid (tm), non-
elastic compression system is adjustable, easy to don and more com-
fortable for patients with painful, or restricted joints. (Photo used with 
permission of E. Fowler.) 

impaired persons could differentiate pressure ulcer pain from 
other pain.84

In addition to studies specifi cally examining pressure ulcer 
pain, treatment studies often report on pressure ulcer pain. 
For example, Van Rijswijk in a study of hydrocolloid dressings 
reported that 21 (37%) ulcers were not at all painful and 14 
(25%) were very painful during dressing changes.85 Positioning 
and transfers often stimulate tissue pain receptors. Table 22.4 
presents strategies for managing pressure ulcer pain. Chapters 9 
and 10 have additional strategies for pressure ulcer prevention 
and management.

Burn Pain
Unfortunately, the amount of pain and suffering experienced 
by patients during wound care remains a worldwide problem 
for burn victims as well as a number of other patient popula-
tions. During wound care such as daily bandage changes, wound 
cleaning, staple removals etc., opioids are not enough, not even 
close, to managing procedural pain. Over 86% of the burn 
patients report having severe to excruciating pain during wound 
care even when standard levels of opioids were used. The pain 
management techniques in use are not goodenough. Patients 
are suffering.86 

ASSESSMENT OF WOUND PAIN

Wound pain assessment is not really different from other types 
of pain assessment, but there are factors related to wounds 
that are unique and should be considered during the assess-
ment. For example, wound pain may be caused by an as yet 
undetected infection, or it may be related to specifi c wound 
care procedures. In all cases, focus your assessment on the 
cause of the pain, and develop your pain management plan 
accordingly.

Focus subsequent assessments on the effi cacy of the 
pain management plan. If the patient’s pain is not relieved, 

determine the cause of the plan failure and develop a new plan. 
Plan failure may be related to a new treatment intervention or 
to a change in the wound or the host status, or to a combina-
tion of factors, including psychosocial factors.

Elements to include in the initial pain assessment are divided 
in to the following four categories28:

1. Detailed patient history, including pain intensity and 
character

2. Physical examination, including neurologic component
3. Psychosocial assessment
4. Appropriate diagnostic workup to determine the cause and 

type of pain

Patient History
The screening for wound pain begins with a review of the 
patient’s medical history and an interview. Use a pain ques-
tionnaire with a body diagram to speed the interview process 
and the pain diagnosis (Fig. 22.9). The answers to the question-
naire will help you determine quickly if there is a pain pattern 
and develop a diagnosis about the type of pain.38 Pain scales, 
described shortly, should be part of the assessment process.

Include the following items in your pain assessment 
interview:
Onset and temporal pattern: Determine the onset of the wound 
and the pain problem to focus attention on whether the pain 
is related to an acute event like a dressing change or is there 
constantly. For example, patients with wounds of long duration 
such as venous ulcers are likely to have developed hyperalgesia, 
and the pain is persistent background pain that is aggravated at 
dressing changes.
Other comorbidities and wound procedures: Consider the rela-
tionship of wound pain to other comorbidities (e.g., peripheral 
vascular disease, venous insuffi ciency or diabetic neuropathy, 
musculoskeletal disease or cancer) and procedures (e.g., sur-
gery, debridement, negative pressure therapy, pulsed lavage) to 
narrow the index of suspicion as to the etiology of the pain and 
to differentiate wound pain from other pain sources.
Location and distribution: Critical information needed to make 
a differential diagnosis of the type of wound pain includes the 
location and distribution of the pain.
Description of the type of pain: Reported sensations like sharp, 
deep, burning, tingling, and light touch help differentiate the 
type of pain (e.g., local nociceptive, acute hyperalgesia, or cen-
tral sensitization, persistent).
Quality and intensity: Measure the quality and intensity of 
the pain with validated pain scales (discussed shortly). There 
is agreement that the best assessment of pain is the patient’s 
self-report.28 The self-reporting pain scales presented below are 
designed to be used with patients with all types of pain etiolo-
gies. While subjective, they are validated. Not all patients do 
well with the same scale, so there are different ones available to 
meet different needs.
Aggravating and relieving actions: Part of the patient’s self-report 
should include aggravating and relieving pain actions. For exam-
ple, intermittent wound debridement, regular dressing changes, 
and infection have been identifi ed as aggravating factors, whereas 
use of topical analgesics, protective dressings, and systemic and 
local treatment of infection are identifi ed as relieving factors.69
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Cause of Pain Defi nition Treatment Comments

Pressure A force applied to the skin and 
underlying tissues that inhibits 
blood fl ow when it ↓ pressures 
within the capillary: capillary 
closing pressure (CCP) = 32 mm Hg 
(average value)

Special surface: Consider:

Pressure reduction ↓ pressure, but not 
necessarily below CCP, e.g., high density 
foam, standard hospital mattresses

Pressure mapping

Synthetic (not sheepskin) heel booties Wheelchair assessment

Pressure Relief ↓ pressure below CCP, 
e.g., dynamic fl ow beds

Turning schedules crucial

Friction Created by movement of the patient 
over a surface

Heel booties, e.g., sheepskin booties (do 
not reduce pressure but may decrease 
friction)

On its own, friction doesn’t 
usually cause ulcers. However, 
friction in addition to pressure 
greatly ↑ risk of ulcer 
development.

Careful with patient transfers (use turning 
sheet)

Hydrocolloid over bony prominences

Shear Adjacent body surfaces slide across 
each other (as happens when a 
patient slides down in bed)

Keep head of bed ≤30 degrees tilt seating, 
rather than recline (may need some 
recline if slumping is a problem)

Again, more dangerous when 
combined with pressure

Moisture Imitation and maceration from 
sweating, stool, urine, wound 
drainage

Prevention Can also use fi lm-forming topical 
acrylate liquids

If urine incontinence, bladder training, 
urinary catheter (in and out rather than 
permanent, if possible)

Watch for secondary yeast, 
especially in folds

Change undergarment pads frequently

Local wound care to keep surrounding 
skin from maceration

Absorbent surface next to skin

Treatment

Barriers to wound edges (e.g., zinc oxide, 
petrolatum, occlusive dressing)

May need antidiarrhea medications

If surrounding dermatitis, may need 
steroid cream/ointment

Periulcer 
irritation

Can be due to dermatitis, 
maceration, and/or infection (e.g., 
candida)

To reduce periulcer irritation can apply 
either Vaseline, zinc oxide; fi lm-forming 
liquid (e.g., acrylate); occlusive dressings 
(picture frame technique) and if candida 
suspected, hydro-cortisone in Canesten 
cream BID

If hydrocortisone in Canesten 
is being easily wiped off with 
body positioning and move-
movement, then can cover with 
zinc oxide

22.4TABLE Pressure Ulcer Pain Management Strategies
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Do you have pain? _____ Yes _____ No
Location of the pain _____________________________________________
Intensity of the pain
Pain scale: Visual Analog (1-10), Numeric Pain Scale, or Faces Pain Scale
Pain distress scale: ___________________

Describe the pain
_____ Sharp _____ Stabbing _____ Burning
_____ Shooting _____ Cramping _____ Dull
_____ Heavy _____ Aching _____ Tender
_____ Splitting _____ Tiring _____ Exhausting
_____ Throbbing _____ Difficult to localize _____ Easily localized

Pain in the legs after walking a short time (claudication)? _____ Yes _____ No
Pain when legs are hanging down (dependent pain)? _____ Yes _____ No

oN _____seY _____?detavele era sgel nehw niaP
Pain during the night when you are in bed sleeping? _____ Yes _____ No
Does the pain wake you up during the night? _____ Yes _____ No

Duration of the pain
Is the pain constant (continuous)? _____ Yes _____ No
Is pain intermittent (come and go)? _____ Yes _____ No
How long does it last? _____ Minutes _____ Hours _____Constant
Is the current pain management: _____ Adequate _____ Inadequate

Current Pain Medications: What Kind How Much How Often Result
_____ Acetaminophen _____ _____ _____ _____

____________________niripsA _____
_____ NSAIDS/Cox 2 _____ _____ _____ _____
_____ Steroids _____ _____ _____ _____
_____ Narcotic (codeine, morphine) _____ _____ _____ _____

____________________ hctaP_____
____________________?rehtO_____

Functional Capacity (as affected by pain)
sseltseR _____etauqedanI _____luftseR _____etauqedA_____:peelS

Appetite _____ Adequate ________ Poor 
Bladder continence: _____ Yes _____ No
Bowel continence: _____ Yes _____ No
Toileting _____ Independent _____ Assistance _____ Dependent
Dressing: _____ Independent _____ Assistance _____ Dependent
Bathing: _____ Independent _____ Assistance _____ Dependent
Relationship with others: _____ Okay _____ Irritable _____ Other
Emotions: _____ Okay _____ Irritable _____ Other

elba toN _____elbA _____:kroW
elba toN _____elbA _____:evirD

Hobbies: _____ Able ______Not able

Adapted from Fowler E. Plain talk about wound management. Ostomy Wound ManagementNovember 2005, Volume 51, Issue 11A (Suppl).

FIGURE 22.9 Pain experience assessment form. (Adapted from Fowler E. Plain talk about wound management. Ostomy 
Wound Manage. 2005;51:11A (suppl):292.)

Associated features or secondary signs and symptoms: Evaluate 
change in the character of the wound pain associated with signs 
and symptoms such as increased size of the wound, odor, and 
cellulitis, which can indicate clinical infection.
Associated factors: Factors like sleep patterns, mood, depression, 
and anxiety can be related to pain. Pain often varies with stress 
and activities during the day and from day to day. A pain diary 
can pinpoint the time of day and the activity associated with 
pain relief and aggravation. Then the timing for pain relief can 
be chosen. An example of a pain diary is shown in Exhibit 22.1.
Treatment response: Evaluate medication or nonpharmaceutical 
treatment for its effect on the pain. Is it effective? For how long? 
How does it affect activities of daily living? Again, a pain diary is 
a useful tool to monitor and assess treatment responses.

Neuropathic Wound Pain Assessment
A simple neurologic physical examination is used to confi rm diag-
nosis and distribution of neuropathic pain.27,38 The diagnosis of 

neuropathic pain is made clinically by interpreting the results of 
negative (e.g., absences of tactile, protective sensation, or dimin-
ished refl exes) as well as positive (e.g., report of burning or shock-
ing) fi ndings during the exam along with review of a validated 
pain questionnaire such as the neuropathic pain scale (NPS). 
Sophisticated technology tests do not add information needed 
to diagnose neuropathic pain.38 Simple clinical tests like testing 
for protective sensation, vibration testing, and thermal testing as 
described in Chapters 3 and 12 are appropriate and valid.

CLINICAL WISDOM

Invite the patient’s signifi cant other to be present during the 
pain assessment to help identify how and what contributes 
to the patient’s pain, treatment response, and how the pain 
interferes with daily activities.
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EXHIBIT

Wound Pain Diary

Date Time Location Sensation Activity
Pain Intensity 
Rating (0-10)

Medication, 
Treatment Results

10/20 1 pm Lower leg Burning Dressing change 
by nurse

4 None None

10/20 9 pm Lower leg Throbbing Resting 2 NSAID Reduced pain 
to 0

Able to sleep 
through the 
night

22.1

Directions for using the toolkit, items tested and the associ-
ated pain mechanisms and guidelines for conducting a neuro-
logic physical examination and interpreting results are found in 
Table 22.5.

Pain Scales
It is best to use brief, easy-to-use assessment tools that reli-
ably document pain intensity and pain relief.33 Pain scales 
meet these criteria. A variety of pain scales are described below. 
These are of two types. Unidimensional pain scales assess only 
the intensity of the patient’s pain. Multidimensional scales like 
the PAINAD scale rate multiple behaviors such as breathing, 
independent vocalizations, negative vocalization, facial expres-
sion, body language, and consolability.

Unidimensional Pain Scales
Although intensity is only one aspect of a patient’s pain, unidi-
mensional pain scales are useful for evaluating pain relief inter-
ventions. Pain intensity is commonly measured quantitatively 
using a visual analog scale (VAS), FACES scale, numerical rat-
ing scale (NRS), or verbal descriptor scale (VDS). All are useful 
for evaluating the intensity of wound pain. In general, as pain 
reaches the higher levels on pain intensity scales (such as 7 or 8 
out of 10 on an NRS), it interferes with mood, sleep, work, and 
enjoyment of life and motivates the person to seek help. In con-
trast, pain felt at lower levels on pain intensity scales (such as 2 or 
3 on an NRS) might not be reported by patients as pain at all.38

Visual Analogue Scale

The VAS is a 0 to 100 mm number line with ratio scale proper-
ties (Fig. 22.10A). It has demonstrated high validity and reliability 
when used with hospitalized patients.87,88 Following the instruc-
tions for use of the VAS may be diffi cult for children and frail 
elders with or without cognitive impairment. A VAS using a color 
scale has been found to be valid and reliable when tested with cog-
nitively impaired elders.89 The colored VAS has a visual depiction 
of pain intensity on one side, which is shown to the patient, and 
the 0 to 100 mm NRS on the other side for the clinician.

FACES Scale

The FACES scale consists of six cartoon faces ordered from 
smiling to crying (Fig. 22.10B).90 The FACES scale has been 

used extensively with pediatric populations. A version for use 
with adults and cognitively impaired elders uses oval-shaped 
faces, without tears, that are more adult-like in appearance. 
Advantages of FACES scales are the ease and quickness of 
administration, simplicity, the correlation with VAS, and little 
mental energy required by the patient.91

Numerical Rating Scale

The NRS uses two number anchors, most typically 0 and 10, 
in which 0 represents no pain and 10 represents the worst pain 
imaginable.92 The NRS is administered verbally, allowing for 
use over the phone and with those who have visual or physical 
impairments such that use of other tools is diffi cult or not pos-
sible. The NRS has demonstrated sensitivity to treatments that 
infl uence pain intensity and is easy to score and use.

Verbal Descriptor Scale

The VDS uses adjectives that refl ect extremes of pain and are 
ranked in order of severity.83 Each adjective is given a number that 
constitutes the patient’s pain intensity. In general, a VDS is easy 
to administer and understand. However, the patient must pick 
one word to describe his or her pain even if no word choice accu-
rately describes it. Furthermore, individuals with limited English 
and those who are illiterate may have diffi culty with this tool.93

Pain Distress Scales

If patients express or exhibit signs of anxiety or other emotional 
distress during the screening interview, they should be asked to 
separately rate their emotional distress. A variety of pain dis-
tress scales are available that are similar to the pain intensity 
scales.28 Three pain distress scales are shown in Figure 22.11.

Use of Unidimensional Pain Scales with 
Special Populations
Assessing pain intensity in patients who cannot communicate 
verbally, are cognitively impaired, or have a form of demen-
tia, can be challenging. Mild to moderately impaired patients 
can respond to simple direct yes/no questions.87 For those who 
cannot communicate verbally but who can understand and 
respond, cue with direct yes/no questions such as: Does it hurt 
more than 5? Or with words that correspond to the items on the 
pain distress scale. Is the pain annoying? Is it dreadful? You can 
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0 1 2 3 4 5

Distressing
Pain

Choose a number from 0 to 10 that best describes your pain

Visual AAA Log (VAS) Pain Assessment Scale

Unbearable
Pain

No
Pain

6 7 8 9 10

Faces Pain Scale

A

B

FIGURE 22.10 Pain intensity scales. A. Reprinted from Jacox A, et al. Agency for Health Care Policy and Research 
(AHCPR). Publication No. 94-0592, 1994, U.S. Department of Health and Human Services, Rockville, Maryland. p. 295. 
B. From Wong DL, Hockenberry-Eaton M, Wilson D, et al. Wong’s Essentials of Pediatric Nursing. 6th ed. St. Louis, MO: 
2001:1301. Copyrighted by Mosby, Inc. Reprinted by permission. p. 295.

Tool Kit for a Neurologic Exam

A simple tool kit is recommended for performing a quick neurologic exam to confi rm diagnosis of neuropathic pain and its 
 distribution.23,28 Items in the kit include: a piece of dry gauze, a refl ex hammer, a 5.7 g monofi lament (some come attached to a refl ex 
hammer), and a tuning fork.

Sensory Symptoms and Signs Clinical Exam Mechanism

Negative signs are diminished responses:

A. Touch Brush skin with gauze Aβ fi bers

B. Pin Poke area of pain with monofi lament point Aδ fi bers

C. Cold Place cold tuning fork on painful area Aδ and C fi bers

D. Vibration Strike tuning fork and place on lateral malleolus Aβ fi bers

Positive Signs:

Spontaneous activity

a. Paresthesia These are present and graded (from 0 to 10) Aβ afferents

b. Dysesthesia C/A δ afferents

c. Superfi cial burning pain C nociceptors

d. Deep pain Joint/muscle nociceptors

Evoked

Touch: dynamic hyperalgesia Brush skin with gauze Central sensitization

Pressure: static hyperalgesia Gentle mechanical pressure Central sensitization

Punctate hyperalgesia Pricking skin with monofi lament Aδ fi ber input

Punctate repetitive hyperalgesia 
(wind-up like pain)

Pricking the skin with monofi lament 2×/s for 30 s Central sensitization

Central sensitization

After sensation Time pain duration after stimulation Aδ fi ber input

Cold hyperalgesia Place cold tuning fork on skin Central sensitization

Adapted from Jensen TS, Baron R: Translation of symptoms and signs into mechanisms in neuropathic pain. Pain 2003;102:1–8.

22.5TABLE Assessment of Sensory Symptoms or Signs in Neuropathic Pain27
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Annoying Uncomfortable Dreadful Horrible

Simple Descriptive Pain Distress Scale1

AgonizingNone

6 8 10

Visual Analog Scale (VAS)2

Unbearable
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No
distress

FIGURE 22.11 Three Pain distress scales. (Reprinted from Acute pain management Guideline Panel. Acute pain man-
agement: operative or medical procedures and trauma. Clinical Practice Guidelines Agency for Health Care Policy and 
Research (AHCPR), Publication Pub. 92-0032 1992, U.S. Department of Health and Human Services, Rockville, Mary-
land. p. 296.)

then record the corresponding number on an intensity scale. 
Additionally, several studies have demonstrated the ability of 
elders with mild to moderate levels of cognitive impairment to 
respond to the FACES scale and VAS.94,95 You should also look 
for behaviors indicating pain intensity such as suggested in the 
PAINAD scale described below.

Multidimensional Pain Scales
As noted earlier, multidimensional pain scales assess not only 
the intensity of the patient’s pain but also a variety of other 
qualities. One of the most commonly used is the multidimen-
sional long-form McGill pain questionnaire. It provides infor-
mation about pain quality based on 20 descriptor scales.96 Each 
scale contains a variable number of words as a list ranked in 
intensity. The scales are divided into four main dimensions: 
sensory, affective, evaluative, and miscellaneous. The patient is 
asked to choose one word from any relevant list. A short-form 
McGill pain questionnaire is also in use.

A nonverbal multidimensional pain assessment instru-
ments is the PAINAD scale. The PAINAD has been tested in 
people with advanced Alzheimer disease and other progressive 
dementias. It requires minimal training and may be useful for 
detecting wound pain in persons with cognitive impairment. 
PAINAD rates fi ve behaviors on a 0 to 2 scale, in which 0 indi-
cates normal or none present and 2 indicates the most severe 
behaviors observed.97,98 These fi ve behaviors are

• Breathing independent of vocalizations
• Negative vocalization
• Facial expression
• Body language
• Consolability

The American Geriatrics Society (AGS) Panel on Persistent 
Pain in Older Persons recommends looking for the following 

behaviors.93 Notice that many of these correspond with the 
items on the PAINAD.

• Facial expressions: frowns, sad frightened face, grimacing, 
wrinkled forehead, closed or tightened eyes, any distorted 
expression, rapid blinking

• Verbalizations or vocalizations: sighing, moaning, groaning, 
calling out, grunting, chanting, noisy breathing, asking for 
help, verbally abusive

• Body movements: rigid, tense body posture, guarding, fi dget-
ing, increased pacing, rocking, restricted movement, gait or 
mobility changes

• Changes in interpersonal interactions: aggressive, combative, 
resisting care, decreased social interactions, socially inappro-
priate, disruptive, withdrawn

• Changes in activity patterns or routines: refusing food, appe-
tite change, increase in rest periods, sleep, rest pattern changes, 
sudden cessation of common routines, increased wandering

• Mental status changes: crying or tears, increased confusion, 
irritability, distress

The AGS Persistent Pain Panel cautions that some patients 
exhibit little or no specifi c behaviors with pain. The hetero-
geneity of pain symptoms in the cognitively impaired is what 
makes pain detection in this population so diffi cult.

DIAGNOSIS OF WOUND PAIN

After the history review, determine if there is a specifi c pain 
pattern that can suggest a probable source of the wound pain. 
Goodman and Snyder suggest that four pain patterns should 
be considered.101 The following have been adapted to illustrate 
relationships to wound-specifi c pain.

1. Cutaneous (related to the skin). The pain may be superfi cial 
or related to subcutaneous tissue. This type of pain pattern 
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Lower extremity ischemic pain, for example, is characterized 
by burning and boring, and is usually worse at night and 
relieved in the dependent position. The patient with an arte-
rial ulcer often will report disturbed sleep.

4. Referred (related to irritation or deep somatic or visceral 
structures). Referred pain typically occurs in tissues sup-
plied by the same or adjacent nerves as an area of injured tis-
sue. The patient can usually point to the area that hurts. Pain 
can be present in adjacent tissue after a wound has healed. 
This type of pain could indicate secondary hyperalgesia.

MANAGEMENT OF WOUND PAIN

After the wound pain assessment and the pain diagnosis are 
made clinically, the next step is to develop a treatment plan to 
reduce acute pain by treating any underlying conditions such 
as infection, using wound care procedures that are less painful, 
and addressing the emotional consequences of having a wound 
and adequately treating any persistent pain problems the patient 
may have. The fi rst part of this section focuses primarily on 
nonpharmaceutical treatment to mitigate pain from wound care 
procedures and the emotional consequences of having a wound. 
The second part focuses on pharmaceutical options. Either 
option may be used separately, or they can be used together.

As a guideline, severe to moderate pain should be managed 
primarily with medication (e.g., opioid oral medication for severe 
pain) and nonpharmacologically as the secondary treatment 
(e.g., pain-reducing dressings). Low levels of pain may be man-
ageable with nonpharmaceutical methods such as pain-reducing 
wound dressings, relaxation techniques, and topical analgesia for 
procedural pain. Figure 22.12 shows a clinical wound pain deci-
sion tree to guide selection of treatment intervention based on 
the type of wound pain, the pain characteristics, and its causes.

Nonpharmaceutical Options
We chose to discuss nonpharmaceutical options fi rst because they 
have great potential to mitigate pain and are minimally invasive 
and thus have minimal systemic effects and adverse responses.

Positioning
Positioning is a readily available means to help reduce wound 
pain. Chapters 10 and 12 provide specifi c suggestions about 
positioning. The positioning intervention is mentioned here 
briefl y to call attention to the potential for pain relief. For 
example, offl oading of bony prominences will reduce ischemic 
pain from pressure and traumatic pain from friction and shear. 
Elevation of the legs will reduce edema-related pain in the lower 
extremities associated with venous insuffi ciency. With surgical 
wounds, offl oading will reduce tissue tension and contact with 
surgical wounds and reduce pain.

Specifi c examples of positioning interventions for pain man-
agement include the following: Use a bed cradle to lift the weight 
of bedcovers off hypersensitive tissues. Provide immobilization 
via splinting so that painful tissues are not manipulated. Use 
transfer-assist devices to minimize pain when moving a patient 
in and out of bed or on and off a stretcher. Reposition a patient 
in bed with lift sheets, not draw sheets, to avoid friction and 
shear that can lead to painful ulceration.

Wound Dressings
Appropriate dressing choice is one of the best nonpharmaco-
logic wound pain treatments. Use dressings less likely to cause 

RESEARCH WISDOM

Use the Patient’s Facial Expression to Monitor Pain
The Facial Action Coding System is used in the psychological 
fi eld to analyze emotional states.99 As we have discussed, the 
ANS is effected by emotions with release of hormonal secre-
tions like cortisol. The same changes occur in the ANS activ-
ity with changes in facial expressions.100 When healthy adults 
were asked to remember, to relive, or to make a facial expres-
sion that represents a stressful experience, all showed the same 
ANS physiological responses. The explanation is that associa-
tive learning had occurred at an earlier time. Associative learn-
ing is the pairing of experiences like Pavlov ringing the bell 
for the dog when presenting food. Remember the anticipation 
of pain with bandage removal that we experienced earlier? 
Associative learning can help explain why the faces pain scales 
are valid and reliable for measuring pain. The patient pairs the 
look on the face with prior emotional experience. With the 
faces scale the patient reads and interprets the “facial expres-
sion.” You can become familiar with common facial expres-
sions that evoke emotions for sadness, anger, pain, and fear. 
You can then read the patient’s facial expression to see if you 
can interpret the patient’s emotions. For instance, if you are 
about to do a dressing change, what is the look on the patient’s 
face? However, always confi rm the emotions with the patient.32

Finally, the NPS is a multidimensional scale using a 0 to 10 
NRS to rate ten domains of pain. Two global measures (inten-
sity and unpleasantness) and eight specifi c ratings that assess 
both pain location (deep and surface) and pain quality (sharp, 
hot, dull, cold, sensitive, and itchy) are scored. Individual item 
scores and composite scores (determined by summing all items) 
can be used to determine the overall effects of pain treatments. 
A subscale (e.g., the NPS-6) specifi c to the quality of pain sen-
sation is also useful in evaluating pain relief. The NPS has been 
shown to be sensitive to changes in pain condition associated 
with pain treatment, is easy to administer, and refl ects both 
neuropathic and nonneuropathic pain symptoms.60

often is localized, although skin tenderness may occur in 
both referred and somatic pain. Infection is an example. If 
the pain is acute, the intensity should be consistent with the 
problem, and patients may describe the pain as sharp, sud-
den, or intense. With neuropathic pain, the pain pattern may 
be inappropriate and different in character than would be 
expected, and descriptors may include burning, throbbing, 
or shocking. Cutaneous pain perception is individual prob-
ably due to different pain mechanisms, gender, or ethnicity.

2. Somatic (emotional). Emotional distress produces physi-
cal symptoms that are apparent briefl y or that recur or have 
multiple manifestations. Some manifestations of distress 
include anxiety about wound treatment and not keeping 
clinic appointments. Depression about a wound can mani-
fest as poor acceptance of treatment or interpersonal confl ict.

3. Visceral (related to internal organs). Visceral disease may 
be accompanied by hypersensitivity to touch, pressure, 
and temperature. The pain is usually poorly localized and 
diffuse because the innervation of the viscera is multiseg-
mental and both visceral and somatic afferents converge. 
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Acute
Nociceptive Pain Types

Persistent
Neuropathic

Mixed
Nociceptive
and
Neuropathic

Features
Duration: Time limited,
reversible
Sensation: sharp,
Tender, aching, hot,
Signs/ Symptoms
Erythema
Tenderness
Heat
Edema
Loss of function
Common Causes:
Neural activity
stimulated by:
Trauma
Infection
Inflammation
Manipulation
Procedures
Pressure

Features
Duration: Constant or intermittent,
irreversible
Sensation:
Burning, stinging ,
Shooting, stabbing
Shocking, deep,dull,.ache
Signs /Symptoms:
Hyperalgesia
Allodynia
Central Sensitization
Common Causes:
Nervous system lesion or
dysfunction producing:
Nerve Irritation
Nerve damage

Treatment
Non-Pharmaceutical Pharmaceutical
Positioning WHO Ladder
Dressings Step 1 Mild VAS 0-3
Cleansers Step 2 Moderate VAS 4-6
Relaxation Step 3 Severe VAS 7-10
Visual imagry Systemic analgesics
And Biofeedback Topical analgesics
Distraction Lidocaine
Biophysical agents EMLA

Warmth
Cold

Electrical Stimulation
Pulsed Radio Frequency
Laser
Whirlpool

Treatment
Non-pharmaceutical Pharmaceutical
Same as nocieptive Antidepressants:
Pain Amitriptyline

Nortryptline
Buproprian
Venlafaxine
Duloxetine
Anticonvulsants :
Gabapentin
Topical analgesics
Lidocaine 5%
patch

Combination
treatment

Source: multiple: Decision tree
copyrighted Sussman Physical
Therapy Inc, Torrance, CA.

Sussman Wound Pain
Decision Tree

FIGURE 22.12 Wound pain decision tree. (Source: Multiple: decision tree copyrighted Sussman Physical Therapy, Inc., 
p. 297.)

pain and/or those that require less frequent dressing changes.102 
Gauze dressings are more likely to cause pain. Of  5,850 patients, 
approximately half with acute and half with chronic wounds, 
nearly 80% reported moderate to severe pain at dressing 
changes. When the usual dressing was changed to a nonadher-
ent dressing, pain was reduced during dressing changes in 88% 
of patients with chronic wounds and 95% of patients with acute 
wounds.103 The clinician must be aware of the absorptive capac-
ity, adhesiveness, pain reduction properties, and appropriate 
use of dressings for specifi c wound healing goals. Chapter 19 
provides detailed information about wound dressings. Here 
the focus is on selecting the proper dressing to reduce pain. For 
example, dressings useful for autolytic and enzymatic debride-
ment also retain moisture that bathes exposed nerve endings 
in moist warm wound fl uid, soothing them and reducing pain.

Choose dressings with an adhesive that is aggressive enough 
to keep the dressing in position but not so aggressive that the 

surrounding skin or wound bed is traumatized. Self-adhesive 
dressings have been implicated in aggravating leg ulcers.104 Use 
of other methods for dressing placement such as Montgomery 
straps or nonadhesive netting can help decrease pain related 
to dressing adhesives. In general, thin fi lm dressings have no 
absorptive capacity or aggressive adhesive, and they minimize 
pain by covering exposed nerve endings. Thin fi lm dressings are 
adherent to the skin surrounding the wound and sometimes the 
wound itself, making dressing removal more likely to be pain-
ful. Thin fi lm dressings have been shown to decrease wound 
pain when used to dress surgical incisional wounds.105

Hydrocolloids, hydrogels, and foam dressings typically have 
a minimal to moderate absorptive capacity. Hydrocolloid dress-
ings are occlusive and reduce pain by preventing exposure of 
the wound to air; however, they have aggressive adhesive prop-
erties and can cause pain if removed improperly. Foam dress-
ings are moderately absorptive, warmth retentive, which is 
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soothing, and nonadherent, resulting in reduced pain during 
dressing changes. But they can dry out if the wound is mini-
mally exudative. Hydrogel dressings are cool and soothing and 
particularly effective in wounds that have a burning sensation. 
Hydrogel dressings are nonadherent, thus reducing wound pain 
during dressing changes. Soft silicone dressings absorb minimal 
amounts of drainage but also are nonadherent and reduce pain 
associated with dressing changes.

Calcium alginates, alginate collagen dressings, and exudate-
absorbing beads, fl akes, pastes, or powders absorb large amounts 
of drainage. Dressings with a large absorptive capacity reduce 
pain related to maceration of surrounding tissues and to pressure 
caused by excess exudate. Calcium alginates and exudate-absorb-
ing products are generally nonadherent and easily removed from 
the wound during dressing changes. However, like gauze and foam 
dressings, they can dry out if left in the wound for a prolonged 
period. Thoroughly soak dried dressings, especially the edges, to 
avoid trauma and pain when they are removed. (For information 
and instructions about using dressings, see Chapter 20).

Avoid packing wounds too tightly, as this can traumatize 
tissues and stimulate pain receptors. Granulation tissue can 
grow into wound-packing materials, and there is minimal ben-
efi t reported from soaking to ease removal.92 For wound pain 
related to use of negative pressure wound therapy, line the 
wound with a low-adherent liner to avoid trauma when remov-
ing the packing or the sponge used in the therapy. Decrease the 
pressure incrementally until pain diminishes, and switch foam 
types or sponges used in the therapy. (See Chapter 29 for more 
information on negative pressure wound therapy).

In general, perform dressing changes as infrequently as 
required depending on the wound characteristics, as this reduces 
risk of infection by environmental contaminants and stunning 

of the cells of repair on dressing removal. Also, be aware that 
just the provision of a dressing or wrapping may be enough to 
reduce wound pain without the use of medication.65 A dress-
ing removes the visible reminder of the wound and thereby the 
psychological pain, while it simultaneously reduces the risk of 
external stimulation such as pressure, friction, and shear.106 
Exhibit 22.2 lists ways to alleviate pain at dressing changes.

Wound Cleansing
Wound cleansing should be gentle. To limit the patient’s pain 
during this procedure, limit the pressure you apply. Use just 
enough fl uid and pressure to fl ush out debris and necrotic tissue 
from the wound to reduce the risk of infection. Pressure irriga-
tion such as pulsed lavage with suction (see Chapter 28) can be 
painful, and premedication and time limits are  recommended. 
If the wound is irrigated, select low pressures (e.g., 4–15 psi).

Your choice of irrigant solution or cleansing agent can affect 
wound pain. Choose topical agents and wound cleansers that are 
nontoxic and nonirritating (e.g., hypoallergenic) to wound tissues 

EXHIBIT 22.2

Ways to Alleviate Pain at Dressing Changes
• Maintain moisture balance so nerve endings are bathed in moist wound fl uid, which is soothing.

•  Thoroughly soak dried dressings, especially the edges, to avoid trauma and pain when they are removed. Alginates as well as 
gauze and foam products can dry out.

•  Protect surrounding skin from wound exudate irritation and maceration with skin sealants, ointment, or barriers to prevent 
or minimize skin damage and pain.

• Avoid packing wounds too tightly and using dressing products that can traumatize tissues and stimulate pain receptors.

•  Line the wound with a low-adherent liner such as safe silicone to avoid trauma when removing the packing or the sponge that 
accompanies negative pressure therapy.

•  Select wound adhesives that are aggressive enough for positioning the dressing but not so aggressive that tissue is damaged 
when removed.

• Perform dressing changes as infrequently as required depending on the wound characteristics.

•  Avoid any unnecessary stimulation to the wound during dressing changes such as a draft from open windows or air condition-
ing, prodding and poking of the wound or surrounding tissues.

•  “Time-outs” and self-dressing changes are recommended to reduce patient anxiety and improve tolerance for the dressing 
change procedure.

•  Position the patient and the wound site so the dressing change can be performed in the most comfortable position for both 
patient and clinician.

• Premedicate 30 to 90 minutes before dressing changes to reduce anxiety and pain.

CLINICAL WISDOM

Patient-Centered Concerns
Patients have good reasons to express fear of dressing 
changes and debridement procedures. Use gentle hands and 
acknowledge the patient’s pain and fear.7 Use of the pain-
reducing wound care strategies identifi ed in Exhibit 22.2, 
along with reassurance, will reduce anxiety and fear and 
improve trust and outcomes.
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focused on the pain and wound care procedure. VR is luring 
that spotlight into the virtual world. Rather than having pain as 
the focus of their attention, for many patients in VR, the wound 
care becomes more of an annoyance, distracting them from 
their primary goal of exploring the virtual world. This works 
especially well for children.110

Relaxation
Relaxation is used to achieve physical and mental relaxation. 
Relaxation reduces muscle tension that puts stress on the painful 
tissues around the wound. For some people, relaxing may make 
them more aware of their wound problems. If this happens, sug-
gest that the patient talk to someone about those feelings. An 
individual’s ability to relax can change over time, and it may take 
up to 2 weeks of practice to feel the fi rst results of relaxation.

Relaxation can be practiced throughout the day by taking a 
couple of deep breaths, holding your breath, and then blowing 
out the air. If the patient has lung problems, check with the doc-
tor before advising deep breathing relaxation. Deep  breathing 
may at fi rst make the patient feel light-headed. If this is a prob-
lem, ask the patient to take shallow breaths and/or breathe 
more slowly. Breathing in deeply and slowly will also help bring 
more oxygen to the lungs and to the tissues that need to heal. 
Relaxation can be done anyplace, anytime. However, for it to be 
most successful, it should to be done for 5 for 10 minutes twice a 
day on a regular schedule in a quiet place in a comfortable posi-
tion. In the relaxed state, the patient should be asked to visualize 
something pleasant that will help distract him or her from pain.

Visual Imagery
Like relaxation, visual imagery is used to achieve physical and 
mental relaxation. Visual imagery is a powerful method to plant 
helpful messages deep within the mind and body. During visual 
imagery the patient is asked to consider directing messages to the 
body to relax, ease pain, and direct blood fl ow and healing cells to 
the tissues for healing. Relaxation with guided imagery has been 
shown to help postsurgical patients to relax, reduce anxiety levels, 
and lower cortisol levels and erythema following surgery.111 In a 
randomized controlled trial of patients with chronic nonhealing 
diabetic foot ulcers, biofeedback with muscular relaxation was 

and surrounding skin. As examples, hydrogen peroxide is caus-
tic to viable tissue cells and surrounding skin, causing a burning 
sensation; acetic acid, often used to treat Pseudomonas aeruginosa 
wound infection, can cause severe stinging; and silver nitrate sticks 
used to remove hypergranulation tissue can cause pain.65,107,108

Use fl uids warmed to at least room temperature when cleans-
ing wound tissues to prevent shocking the cells of repair, startling 
the patient, and initiating pain. Wound cells interpret the shock 
as trauma, and cell mitosis is halted for up to 3 hours after dress-
ing change.109 Further, for patients with hyperalgesia the shock of 
a cold fl uid can set off a pain cycle. To avoid shocking the patient, 
always alert the patient before applying the cleansing solution. 
Even room temperature fl uid can startle the patient and set off 
a destructive SNS response with release of catecholamines, epi-
nephrine, and norepinephrine, all of which interfere with wound 
healing. Warm cleansing fl uids by placing the solution container 
in a warm water bath while preparing other wound dressing sup-
plies. Always test the temperature of the wound cleansing solu-
tion prior to administering to a patient’s wound.

Reframing
Reframing teaches the patient to evaluate negative thoughts and 
images and replace them with positive or neutral self-talk that 
facilitates coping.28 Like the nocebo effect we discussed, negative 
self-talk such as “This pain is driving me crazy!” or “I don’t know 
if I can stand this pain much longer!” will intensify the output of 
pain impulses from the brain. Whereas a positive statement like 
“I have taken my pain medication and that will help me cope 
with the dressing change today” will have a positive effect by low-
ering the anxiety and anticipation of pain. Another suggestion 
for coping with wound procedures is for the patient to control 
the situation with time-outs or helping with dressing removal.

Distraction and Virtual Reality 
Distraction means turning attention to something other than 
“the pain.” Examples include watching TV or listening to music 
or the radio. Distraction is useful to temporarily relieve pain such 
as when it is not yet time for another pain pill or during the time 
it takes for the medicine to take effect. It is a myth that if the per-
son can be distracted, the pain is not severe. Distraction is just one 
method to temporarily relieve even intense pain. There are situa-
tions where very focused distraction is required such as with burn 
patients. Such focused distraction is provided by a  technological 
advance called Virtual Reality (VR) Procedural pain and other 
acute traumatic pain can be signifi cantly relieved by dis-
traction as shown in in fMRI studies shown in Figure 22.3

SnowWorld, developed at the University of Washington 
HITLab in collaboration with Harborview Burn Center, was 
the fi rst immersive virtual world designed for reducing pain. 
(Figure 22.13) SnowWorld was specifi cally designed to help 
burn patients. Patients often report re-living their original burn 
experience during wound care, SnowWorld was designed to 
help put out the fi re. The logic for why VR will reduce pain 
is as follows. Pain perception has a strong psychological com-
ponent. The same incoming pain signal can be interpreted as 
painful or not, depending on what the patient is thinking. Pain 
requires conscious attention. The essence of VR is the illusion 
users have of going inside the computer-generated environ-
ment. Being drawn into another world drains a lot of atten-
tional resources, leaving less attention available to process pain 
signals. Conscious attention is like a spotlight. Usually it is 

FIGURE 22.13 Patient in tub receiving procedure wearing virtual real-
ity goggles B the virtual reality image being viewed. Cold scene was 
chosen because it promotes thoughts of cool. Hoffman, H Virtual 
Reality Pain Reduction University of Washington Seattle and U.W. 
Harborview Burn Center, website vrpain.com used with permission.
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cold pack can control pain for 1 or more hours.113 If there is tis-
sue ischemia, cold would be contraindicated because it would 
further restrict blood fl ow to the ischemic tissues. As with heat, 
patients with allodynia probably will fi nd cold intolerable.

Pharmaceutical Interventions
Accurate diagnosis of the pain type is critically important 
before selecting a pharmaceutical intervention. Recommended 
treatment for nociceptive pain is usually antiinfl ammatory or 
analgesic medications; neuropathic pain is treated with medica-
tions that infl uence neurotransmitters, such as antidepressants 
and antiepileptic drugs.114 Recommendations for pharmaceu-
ticals for management of chronic wound pain are not wound 
pain–specifi c but are based on evidence about treatment of 
pain associated with etiologies like cancer, burns, low back 
pain, fi bromyalgia, OA, postherpetic neuralgia, and diabetic 
neuropathy. One such example is the guidelines of the World 
Health Organization (WHO) analgesic ladder115 described in 
this section, which is well validated as an effective method for 
pain relief in 90% of cancer patients.34 (Table 22.6).

Guidelines for Analgesic Use
Guidelines for the use of analgesics are provided by the WHO 
analgesic ladder and presented in Table 22.6.115 The WHO 
approach is to measure the pain on a pain intensity scale and 
then match the patient’s pain intensity with the potency of 
analgesic to be prescribed, beginning with nonopioids and pro-
gressing to stronger medications if pain is not relieved, adding 
adjuvants as the ladder is climbed.116 Mild pain would be indi-
cated by a pain score of 1 to 3 and be treated with nonopioids 
such as aspirin, other NSAIDS, or acetaminophen. If pain per-
sists or worsens, move to the next level. Moderate pain would 
be indicated by a pain score of 4 to 6 and be treated with a mild 
opioid such as codeine. In general, it is always better to combine 
opioids with other analgesic agents such as NSAIDS or acet-
aminophen. This produces an additive analgesic effect while 
minimizing the dose of opioids required and thus minimizes 
undesirable side effects. This “opioid sparing” strategy is the 
backbone of the WHO ladder. Severe pain would be indicated 
by a pain score of 7 to 10 and be treated with strong opioids 
such as morphine hydromorphone and transdermal fentanyl.

NSAIDS
NSAIDS such as aspirin or ibuprofen are used routinely for 
common pain complaints like headache, sore muscles, or men-
strual cramps, and are more effective than acetaminophen for 
treatment of infl ammatory conditions such as arthritis. They 
are also benefi cial following extensive procedures; however, 
they are not useful during debridement, and there are differing 
opinions about whether or not they are useful as premedication 
for debridement.117 Some clinicians follow the WHO recom-
mendations, which do include NSAIDS 30 to 90 minutes before 
sharp or mechanical debridement.80

NSAIDS should not be used for extensive periods because of 
adverse reactions; they are also contraindicated in patients with 
gastric ulceration.118 Caution is needed for NSAID use in the 
elderly because of the risk of complications such as gastrointestinal 
bleeding. These drugs are best avoided in this patient population.

The effect of NSAIDs on wound healing is controversial. 
NSAIDS inhibit cyclooxygenase, thus decreasing the synthesis 
of prostaglandins. NSAIDS also blunt the infl ammatory process 

attributed to promoting signifi cantly increased blood fl ow and 
healing in the treatment group as compared with placebo.112 In 
an fMRI study of patients who experience phantom limb pain, 
imagination of moving a phantom hand by upper extremity 
amputees showed activation in the contralateral primary motor 
and somatosensory areas of the brain and tracked their ability to 
reorganize the brain and reduce phantom limb pain.42

Psychological Interventions
Psychological interventions are another way to address the 
emotional component of the pain and the wound. They are 
used in conjunction with other methods, both nonpharmaceu-
tical and pharmaceutical. As has already been explained, evi-
dence shows that how people think about pain can change their 
sensitivity to it as well as their feelings and reactions.

One effective psychological intervention is cognitive/behav-
ioral therapy (CBT). Classic CBT techniques have been asso-
ciated with restoring a sense of self-control in cancer patients, 
which is often lost.28 They can also help the patient coping with 
a chronic wound and all the associated pain.

Other psychological interventions can be as simple as hold-
ing a patient’s hand, offering reassurance, and acknowledging 
the pain and suffering associated with the wound pain. Referral 
to a clinical psychologist may be useful.

Biophysical Agent
Part IV of this book, Chapters 23 to 30, presents biophysical agents 
that are used for wound healing and also have indications for anal-
gesia. These nonpharmaceutical interventions include electrical 
stimulation, pulsed radio frequency (induced electrical stimula-
tion), laser, and hydrotherapy. Transcutaneous nerve stimulation 
(TENS), for example, is recommended to treat wound pain and 
has the additional benefi t of reducing the need for pain-relieving 
medications (though it cannot replace them).28,68,102 The evidence 
to support the effi cacy and utility for pain management of these 
agents is presented in those chapters. No adverse reactions are 
reported using these agents in conjunction with pharmaceutical 
or other nonpharmaceutical interventions.

Biophysical agent interventions are usually provided by physi-
cal therapists who have the knowledge and skills needed for suc-
cessful application and outcomes. Occupational therapists also use 
biophysical agents and strategies for pain relief and prevention.

Two biophysical agents not discussed in Section IV are the 
use of topical warmth and cold. These interventions can be 
used by patients or caregivers at home. Both distract from pain 
but have many other pain-mitigating properties.

Heat is soothing, induces relaxation, and causes vasodilation 
and increased blood fl ow that can help with healing. However, 
prolonged heating brings more blood to the area, along with 
the chemical mediators associated with pain, histamine, brady-
kinins, and prostaglandins. Thus, heat should be limited to no 
more than 10 minutes. Patients with allodynia may be unable 
to tolerate even shorter sessions of mild heat.

Cold, or cryotherapy, may directly or indirectly reduce 
pain sensations and produce an immediate reduction in pain. 
Cold applied immediately following a trauma has the abil-
ity to reduce capillary permeability and thus block release of 
 substances like histamine and other chemical mediators associ-
ated with pain. An example would be to use a cold pack applied 
to adjacent tissues after a dressing change. Do not apply directly 
so as not to cool the wound. A 10- to15-minute application of a 
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by deactivation of platelet aggregation, which can impair the 
wound healing process, depending on how early in the infl am-
matory phase it is administered.119,120 In contrast to NSAIDs, 
acetaminophen does not interfere with platelet function. An 
explanation of the effects of NSAIDS on wound healing bioac-
tivity is found in Chapter 2.

Opioids
Opioids such as codeine or tramadol are added to the pain 
management regimen when pain persists or increases. Whereas 
nonopioids work on the peripheral nerves to block painful 
impulses, opioids work on the CNS to alter the patient’s per-
ception of pain.116 Because these drugs work synergistically, 
combining drugs such as a nonopioid (e.g., gabapentin) and 
an opioid (codeine), pain relief can be enhanced and decrease 
the need to progress to higher doses of opioids.28 Examples of 
combination products are acetaminophen with codeine, acet-
aminophen with oxycodone, and acetaminophen with dihy-
drocodeine. The combination of acetaminophen and codeine 
is recommended for relief of pain associated with procedures 
such as débridement. Acetaminophen with oxycodone is not 
recommended for individuals with gastrointestinal disease and 
heart disease because of serious side effects.

In some cases, generalized puritis has been attributed to use 
of opiates. In these cases there is no visible dermatosis. The 

cause is attributed to nonimmunological mast cell degranula-
tion, releasing histamine and other infl ammatory mediators. 
Itch may last for some days afterwards, and is frequently incor-
rectly diagnosed.121

Use of combination drugs is not recommended by all clini-
cians.6 Of concern is the fact that combination drugs are often 
administered in fi xed-dose combinations that may be deter-
mined by the content of acetaminophen or NSAID. This may 
produce dose-related opioid toxicity. The guideline for use of 
combination analgesics is “start low and go slow.”6 Moreover, 
the dosage of these combination drugs needs to be tapered off 
gradually so that the patient does not experience withdrawal 
symptoms.

If pain is not managed at this level, the third step on the 
WHO ladder is used. At this step, separate dosages of the opioid 
and nonopioid drugs should be used.28

WHO Step Treatment Pain Mechanism Advantages Disadvantages

1. Mild pain 1–3 Nonopioid Target: the peripheral 
nerves to block painful 
impulses

–Useful for mild to 
moderate pain

–Ceiling effect to analgesia

–Widely available – Side effects (GI, Renal or 
Liver)

–Low cost –Caution in elderly

–Additive when used with opioids

–Patient or caregiver administration

2.  Mild to 
moderate 
pain 4–6

Opioid for 
pain ± 
nonopioid or 
adjuvant

Target: CNS to alter the 
perception of pain and 
peripheral nerves to 
block painful impulses

– Effective for local and 
general pain

–Prescription is regulated

– Ceiling to analgesic effectiveness 
limited by only by side effects

– Side effects limit analgesic 
effectiveness

–Patient or caregiver administration –Fear of dependency

–Long acting controlled release forms

–Some are low cost

3.  Moderate to 
severe pain 
7–10

Opioid for 
pain ± 
adjuvant

Target: CNS to alter the 
perception of pain

Same as above – Side effects limit analgesic 
effectiveness

–Withdrawal symptoms likely

– Need to taper off dosage 
gradually

–Subject to substance abuse

–Psychologic dependence

22.6TABLE WHO Ladder

RESEARCH WISDOM

The maximum dose of acetaminophen for patients with 
normal renal and hepatic function and no history of alco-
holism is 4,000 mg/d.6
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has been approved for postherpetic neuralgia. The lidocaine 5% 
patch is also used generally for neuropathic pain. It has shown 
effectiveness in reducing neuropathic pain in both randomized 
and open label clinical trials.26,127 It was also used in an open 
label study for nociceptive as well as neuropathic pain with good 
results.60 In this study, the lidocaine 5% patches were applied 
by the patient once daily to cover the area of maximal pain and 
showed no adverse effects. It is suggested that the patches be 
applied at the same time each day and be used in conjunction 
with other analgesic medications.26 A benefi t of using the lido-
caine 5% patch is that it delivers the medication directly to the 
site of the pain and thereby reduces the risk of systemic adverse 
events and drug interactions.26,60 Clinical application of the lido-
caine 5% patch could be useful for control of persistent back-
ground pain, promoting function and improving quality of life.

Principles for Using Pain Control Medications
To maintain freedom from pain, administer drugs “by the 
clock”; that is, every 3 to 6 hours rather than “on demand.” Use 
the least invasive route for administration fi rst. By starting with 
low doses, monitoring frequently, and titrating as needed, you 
will determine the safe and effective dose. Be patient, as this 
process may take 1 to 2 days for short-acting drugs and up to a 
week for longer-acting drugs.6 Reassess and adjust the dosage as 
frequently as needed to achieve optimal pain relief, and moni-
tor and manage side effects.128

Adjuvants
Additional drugs, or adjuvants, should be used if the pain can-
not be controlled with the primary drugs.115 Adjuvants are 
drugs that are not primarily analgesic but that research has 
shown to have independent or additive analgesic properties.28 
Examples are TCAs. TCAs are tertiary amines that can provide 
pain relief within 24 hours.118 Neuropathic pain can be treated 
with antidepressants and the effect is independent of any effect 
on depression.122 The most well studied (10 RCT) is amitrip-
tyline. At least one or more out of three patients has moderate 
pain relief or better with global improvement for conditions 
like diabetic peripheral neuropathy. A newer TCA, venlafax-
ine, is showing similar effectiveness. These drugs modulate 
pain transmission by interacting with specifi c neurotransmit-
ters and ion channels.114 A systematic review found level A 
evidence in support of TCAs usefulness for treatment of both 
chronic neuropathic and nonneuropathic pain syndromes; 
this is independent of antidepressant effects.123 Compared with 
anticonvulsants, TCAs are more cost-effective and have fewer 
safety concerns for elderly patients.114 TCA drugs are classifi ed 
into fi rst and second generation. The  second-generation group 
of TCAs has fewer adverse reactions. Adverse effects com-
monly related to use of these adjuvants include sedation and 
weight gain; elderly patients should not be treated with tertiary 
amines because of anticholinergic effects.114 TCAs in combina-
tion with electrical stimulation (TENS) have shown enhanced 
effi cacy in treatment of neuropathic pain.111 In addition to effi -
cacy in treatment of persistent neuropathic pain, TCAs have 
documented effi cacy in treatment of nociceptive pain. TCAs 
should be considered as a pain adjuvant to promote sleep and 
alleviate muscle spasm. Successful outcome for pain relief is 
considered to be a 30% to 50% reduction in pain.114

Antiepileptic drugs are also classifi ed into fi rst and second 
generation. According to one systematic review by European 
Federation of Neurological Societies Task Force, the second-
generation antiepileptic drug gabapentin (Neurontin) also has 
level A patient-related evidence of effi cacy in treatment of dia-
betic neuropathy and when combined with TCAS and opioids 
(also level A) it enhances the effects.123 However, another sys-
tematic review by Wiffen et al. found that although anticon-
vulsants are used widely in chronic pain, surprisingly few trials 
show analgesic effectiveness. There is no evidence that anticon-
vulsants are effective for acute pain. In chronic pain syndromes 
other than trigeminal neuralgia, anticonvulsants should be 
withheld until other interventions have been tried.”124

Patients are also making decisions about using both TCA 
and anticonvulsants because of adverse effects. One patient in 
fi ve discontinues use of antidepressants (amitriptyline) due to 
adverse effects122 such as dizziness, drowsy, dysgeusia (taste dis-
order), headache disorder, increased appetite, weight gain, and 
xerostomia (dry mouth).125 Adverse effects frequently reported 
by users of gabapentin include ataxia, blurred vision, diplopia, 
dizziness, drowsiness, impaired cognition, nausea, nystagmus, 
myalgia, peripheral edema and/visual changes.126 This contro-
versy is likely to continue until more studies confi rm or refute 
effi cacy. In the meantime, individual practitioners will be chal-
lenged to make decisions that will be best for patients.

Another adjuvant treatment, also with level A evidence, is the 
lidocaine dermal delivery patch 5% (Lidoderm), mentioned pre-
viously.123 The release of lidocaine blocks sodium channels and 

CLINICAL WISDOM

Timing Application of Topical Analgesics
Apply topical analgesics according to manufacturer’s direc-
tions (usually 20 to 30 minutes and up to 60 minutes prior to 
procedures) to allow adequate time for action. Topical anal-
gesic peak time for action to relieve pain is 30 to 60 minutes 
post administration.102

Use of a lidocaine soak has been recommended as a 
quick and effi cient way to reduce local wound pain during 
debridement procedures.129 The procedure for a lidocaine 
soak is presented in Exhibit 22.3. Another option is EMLA 
cream (eutectic mixture of lidocaine 2.5%, prilocaine 2.5%), 
which reduces debridement pain scores and might have a 
vasoactive effect cutaneously.130,131 It should be used only 
on intact adjacent skin. Apply before sharp or mechanical 
debridement. Low-dose topical morphine has been used in 
two small pilot studies to successfully control pressure ulcer–
related pain.132,133

CLINICAL WISDOM

A common problem with opioid analgesia is loss of anal-
gesic effectiveness over time. Use of adjuvants not only can 
improve analgesia but may make it possible to lower the 
dosage of opioids and reduce adverse opioid reactions such 
as nausea, vomiting, constipation, pruritus, sedation, and 
respiratory depression.118
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Procedural Medications
Sequential debridement procedures, such as involved in acute 
burn care or treatment of chronic wounds, release infl amma-
tory mediators that sensitize the peripheral nociceptors and 
produce peripheral sensitization and set the stage for central 
sensitization. Mitigation of sensitization at both levels should 
be given high priority. The following suggestions have demon-
strated effi cacy for local anesthesia but have not been studied 
for preemptive effects for sensitization.

Specifi c medication regimes that are useful for noncyclic 
and cyclic nociceptive wound pain associated with procedures 
include providing opioids or benzodiazepines 30 minutes prior 
to the procedure and less than 30 minutes or immediately 
afterwards, and administering topical anesthetics, including 
topical opioids using hydrogels as a transport media. Topical 
opioid gels (diamorphine or benzydamine 3%) provide a sig-
nifi cant degree of analgesia for patients with a variety of painful 
skin ulcers. They provide relief by acting on opioid receptors in 
peripheral nerves that are activated during infl ammation.102

Procedural sedation and analgesia (PSAA) is used to pro-
duce a suppressed level of consciousness adequate for painful or 
unpleasant procedures such as extensive sharp debridement.134 
Medications currently used as fi rst-line agents for PSAA are 
ketamine for children and etomidate for adults. Alternatives 
are fentanyl and midazolam.131 Benzodiazepines are commonly 
used for PSAA in US burn centers, where it is recognized that 
the patient’s pain is exacerbated by anxiety. Benzodiazepines 
reduce anxiety while helping to wean patients from opioids 
or combination products being used for pain control. Because 

PSAA suppresses consciousness, the physician must be aware of 
the potential complications, including the potential for respira-
tory failure from airway obstruction or hypoventilation. Careful 
monitoring for respiratory complications is critical because the 
risk of respiratory problems is higher when using PSAA than 
when using either a sedative or analgesic separately.117,134

REASONS FOR REFERRAL

If the patient’s wound pain is not remitting and is unrelieved, 
consider referral for a more complete pain evaluation. The pres-
ence of wound pain that is suggestive of serious complications 
such as infection, ischemia, or severe tissue tension warrants 
an urgent referral to a physician for further evaluation. If the 
patient is demonstrating weight loss and decreased or absent 
appetite due to pain, early referral to a dietitian or nutritionist 
in addition to the physician would be indicated.

SELF-CARE TEACHING GUIDELINES

Wound pain management is a collaborative effort between the 
patient and his or her caregiver/family member and the health-
care provider. Patients and caregivers must be active health-
care consumers and active participants in their own care. To 
foster collaboration, bring the patient into the process from the 
beginning by determining the patient’s pain problem and the 
patient’s goal for management. Determine the patient’s motiva-
tion and ability to be part of the process. Empower the patient 
by letting him/her know that adequate pain relief is a right and 
that the pain management plan can change if the pain is not 
under control. Your goals should be to provide the patient with 
a feeling of personal control over the pain situation, to dispel 
myths about pain management, and to demonstrate willingness 
to be equal partners in the process. You also need to show real 
concern about what the patients say and empathize and sym-
pathize with their feelings. Patients need to be empowered to 
express their pain, anxiety, and fears. Some patients will cata-
strophize their pain and show signs of anxiety and fear. Explain 
how this will be addressed.

Many patients have been socialized to believe that “no 
pain equals no gain,” “no pain, no change,” or “no pain, no 

EXHIBIT

Lidocaine Soak Procedure137

1. Ask about allergies

2. Lidociane 2%: insert needle and withdraw 5–10 cc of the medication

3. Cleanse the wound after removing the dressing with water, saline, or wound cleanser

4. Place clean dry gauze over the wound

5. Saturate the wound and the periwound skin edges with lidocaine

6. Allow the soaked cause to sit on the wound for 3 to 5 minutes

7. Check if pain sensation and if anesthetized; begin débridement procedure

Adapted from Fowler E. Plain talk about wound pain. Ostomy. 2005;51(11A suppl):6.

22.3

CLINICAL WISDOM

Clinicians often believe that dead tissue cannot hurt during 
debridement. Sibbald rates debridement pain severity as fol-
lows: surgical and mechanical, moderate to severe and auto-
lytic and enzymatic, mild to moderate.6 However, wound 
margins and underlying tissues contain functioning pain 
receptors that are easily stimulated by a sharp instrument or 
chemicals used for the debridement procedure.
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 6. Use a number to indicate the intensity (how much it hurts). 
The usual number system rates no pain as 0 and the worst 
pain as 10. It may not be possible to reach a zero pain level, 
but it should certainly be possible to get down to a number 
that is tolerable.

 7. If a number doesn’t tell your pain story, make a face about 
how much it hurts or point to a picture of faces in pain.

 8. Use words like sharp, hot, stinging, throbbing, aching, and 
dull to describe your pain.

 9. How does the pain affect your mood? Prickly as a por-
cupine? Mad as a bear with a thorn in his paw? Helpless? 
Crabby? Crawling into a shell? Sad?

 10. Keep track of what you have done to ease the pain and 
whether it is effective. A pain diary can help.

 11. Share with your health-care provider your beliefs about 
showing or talking about pain: Is it a sign of weakness? Or 
a taboo?

 12. Sudden or increasing pain is often a signal that the wound 
needs help. Contact your health-care provider right away.

 13. Tell your health-care provider about ANY pain that won’t 
go away or gets worse.

 14. Medical language is a lot like a foreign language to most 
people. Ask your health-care provider to defi ne any words 
you don’t know in terms that you can understand.

 15. Explaining pain management choices to the patient and 
caregiver is another way to collaborate.

Here are some suggestions to use when explaining drug and 
nondrug treatment of pain.

DRUG TREATMENT

• Drug treatment and nondrug treatment can be successful to 
control and prevent pain. Don’t worry about getting “hooked” 
on pain medicines; this is a rare event unless you already have 
a problem with drug abuse.

• Pain medicine may be given as a pill or liquid, as a shot, or as 
a topical application such as a patch. Do NOT be reluctant to 
take the pain medicine. Take it to PREVENT the pain, not to 
chase the pain.

problem.” All are myths or misconceptions about pain because 
(1) pain may not be a sign of gain but (a) a sign that something 
is terribly wrong like an infection and (b) it impairs wound 
healing; (2) pain is not a sign of active healing; (3) no pain can 
be a problem when the patient has peripheral neuropathy, can-
not recognize pain, and will not seek help at the early signs of 
a problem. Patients may also value stoicism and prefer not to 
talk about their pain, don’t want to bother others or sound like 
a complainer, and believe that the health-care provider should 
know when they are in pain.

Moreover, misconceptions exist about pain medicine always 
causing addiction, confusion, or sleepiness. The lessons to be 
taught here is that all pain medication may have adverse effects 
and may require adjustment. Appropriate use should not be 
harmful. Less than 1% of patients develop addiction taking 
pain medications. The risk of having debilitating pain is more 
signifi cant.70 Fear of overmedication may take precedence over 
the fear of pain, and rather than taking pain medication “by the 
clock” to prevent pain, patients may reach for pain medication 
only when they are in agony. Patients need to understand that 
preventing pain “round the clock” requires less medication and 
is more effi cient and effective than chasing it when it is agoniz-
ing. Also, multiple regimens are available to ease pain including 
topical treatments.

Here are some tips to share with patients about communi-
cating wound pain.135

 1. Remember that you have the RIGHT to adequate pain 
relief.

 2. The relationship between patient and health-care provider 
is an equal partnership.

 3. A pain management plan is a collaborative effort between 
the health-care provider, the patient, and the caregiver. If 
the plan isn’t working, tell your health-care provider.

 4. Get “more mileage” out of a pain pill by taking it on a regu-
lar schedule, setting an alarm as a reminder if necessary.

 5. Provide details about your pain when you communicate 
with your health-care provider. Be specifi c about where it 
hurts and when. Draw a picture of a fi gure and mark the 
spot(s) where it hurts if that is easier than using words.

Protecting Neuropathic Feet

History
BF was a 69-year-old woman who had a reoccurrence of breast 
cancer and was treated with several courses of chemotherapy. 
She was ambulatory and well nourished.

Reason for Referral
BF developed a pressure ulcer over the fi fth metatarsal head 
that she found when she was putting on her stockings. Skin 
was black but unpainful. She sought medical care.

Tests
Tactile sensation was negative and monofi lament for protec-
tive sensation; fi ndings were negative for 5.7 mg.

Diagnosis and Treatment Interventions
Black skin was diagnosed as eschar necrosis and peripheral 
neuropathy related to her chemotherapy. She was treated with 
debridement and wound care measures and patient education.

The cause of the ulcer problem: Shoes that were too narrow 
had applied pressure to the soft tissue over the fi fth metatarsal 
head. The condition was not detected because of the patient’s 
neuropathy and loss of protective sensation.

Outcome of Care
Once the diagnosis of pressure ulcer secondary to 
 chemotherapy-related neuropathy was explained to her, the 
patient replaced her narrow shoes with wider shoes, and began 
to examine her feet regularly. The wound healed uneventfully 
in 2 weeks. There were no further foot ulcers.

CASE STUDY   
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Medical History
Mrs. F, a 65-year-old woman with a history of 3 months of 
right lower leg edema, with weeping skin, lipodermatosclero-
sis along the calf and an open ulcer above the medial malleolus 
was referred to physical therapy for wound pain management 
because she was experiencing persistent pain in her leg and 
wound that increases when she moves and at wound dressing 
changes. She had a medical history of chronic obstructive pul-
monary disease, hypertension, and OA of her knees. She had 
been limiting her mobility (walking) and activities outside the 
home because of the pain and the weeping skin problems. She 
was taking NSAIDS for her OA knee pain and wound pain 
with some effi cacy. She was wearing a foam wound dressing 
with a secondary dressing and netting to hold it in place and 
then compression bandage wraps over the dressings.

Pain Assessment
Patient Screening
Can you point to where your pain is located?
Can you rate your pain on a scale of 0 = no pain and 

10 = maximal pain?
What is your pain level at the low and high times of the day and 

when is that?

Responses
Pain Location: Pain is from the knee down on the right lower 

leg and at the knee on the left.

Duration: Persistent but fl uctuates in intensity during the 
day. Pain is worst in the knees in the morning when I 
get up or after I have been sitting for a while.

Intensity: Patient’s VAS rating related to above questions: 
3/10 at the low pain time of day, which is in the after-
noon and 7/10 at the high period in the morning. Pain 
increases to 10/10 during dressing changes. She has 
persistent background pain of 3/10.

Description of Sensation: Can you describe how the pain 
feels in words?

Response: Pain is throbbing and aching pain, and at times 
it is burning.

Emotional status: Evaluated with the simple descriptive 
pain distress scale: What word on the line best describes 
how distressed you feel about your wound or wound 
care?

Response: Dreadful. She explained that she dreaded com-
ing to her wound care appointments because of her 
expectation of intense pain during the wound care 
procedures.

Prior treatment results: What have you done to relieve 
you pain and what was the result?

Response: Taking NSAID three times a day.
Result: Reduced pain level for several hours.
Functional activities: What effect has the wound and pain 

had on your activities?

CASE STUDY   

• Take action to relieve pain as soon as it starts. It is harder to 
ease the pain once it starts.

• Pain medicine will take 30 to 60 minutes to take effect. It will 
not stop pain immediately.

• A medication schedule can prevent breakthrough pain. 
Taking pain medication 30 to 60 minutes before a wound care 
procedure (dressing change or debridement) is a good plan.

NONDRUG TREATMENT

• Nondrug treatment options include use of warmth, relax-
ation, music, pastimes that distract you from thinking about 
the pain, positive thinking, and electrical nerve stimulation. 
These techniques can be used alone or in conjunction with 
pain medication.

• Pain at dressing changes is NOT inevitable. Manufacturers 
have designed dressings and tapes that do not hurt the wound 
or skin when they are removed.

• Participate in your dressing changes so you can help control 
the procedure.

• There are lots of pain relief choices; if one isn’t working, tell 
your health-care provider that you would like to try some-
thing else.

The term noncompliant has been overused to describe such 
patients. Such labeling is unfortunate, because lack of adher-
ence to a pain management plan may be due to any of the 
above-mentioned misperceptions, as well as several other valid 
reasons. These include

• Complexity—that is, the plan is too diffi cult to follow or too 
complicated to understand, or the patient is confused by the 
medical terminology

• Financial limitations—the patient has diffi culty getting the 
medicine because of cost

• Side effects—the medication may have unpleasant side effects 
such as drowsiness or confusion which the patient fi nds less 
tolerable than the pain of treatment, and confusion over 
medical terminology

In addition, patients with peripheral neuropathy experience 
painless wound trauma. They need to be taught to fear the pain 
that they DO NOT feel and how to care for and protect their 
feet from trauma (see Chapter 12.)

CONCLUSION

The mnemonic ABCDE summarizes a routine clinical approach 
to pain assessment and management28.
Ask the patient about pain regularly. Assess pain systematically.
Believe the patient and family in their reports of pain and what 

relieves it.
Choose pain control options appropriate for the patient, family, 

and setting.
Deliver interventions in a timely, logical, and coordinated 

fashion.
Empower patients and their families. Enable them to control 

their course to the greatest extent possible.
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REVIEW QUESTIONS

 1.  Past experience of pain effects pain expectations by
 A.  decreasing actual pain
 B.  forming a pain memory
 C.  causing a placebo analgesia
 D.  inhibiting the activation of cholecystokinin

 2.  Two probable causes of persistent neuropathic wound 
pain are
 A.  abnormal function of the nervous system from an 

acute incident and sympathetic dystrophy
 B.  phantom limb and fi bromyalgia

 C.  cerebral vascular accident and multiple sclerosis
 D.  all of the above

 3.  Sensations associated with chronic neuropathic wound 
pain include
 A.  burning, tingling, electric shock
 B.  numbness, squeezing, throbbing
 C.  prickling, numbness, tingling
 D.  knife-like, electric shock, throbbing

Response: I don’t walk very much. My knees are very stiff and 
painful in the morning when I get up and the pain goes all 
the way to my toes.

Findings and Clinical Decision Making
1. Pain diagnosis: Based on the reported type of pain sensa-

tions: throbbing and aching pain and at times, which are 
signs of acute pain and it is burning, signs of nerve irrita-
tion, with periods of heightened leg pain in the morning 
and at dressing changes, there appears to be a mixed pain 
pattern:
a. Acute wound pain around the venous ulcer. The wound 

and surrounding tissues have become hyperalgesic.
b. Cyclic nociceptive pain related to wound care proce-

dures and OA. Patients with OA typically have stiffness 
and pain in the morning or after a period of inactivity 
lasting usually less than 30 minutes. Pain and stiffness 
typically follow periods of inactivity and decreases dur-
ing the day with activity.136

c. Tissue tension from edema causing pressure on the 
nociceptors is adding to hyperalgesia.

d. Psychosomatic pain based on her experience and 
learned expectation of severe pain with wound proce-
dures causing dread, and so severity of pain (10/10) is 
probably related to this as well as the nociceptive cyclic 
pain from the procedure.

2. Evaluation of current plan of care:
a. Current regime of wound care has probably contributed 

to her hyperalgesia.
b. Compression is not effective in controlling tissue con-

gestion, allowing weeping of nonulcerated adjacent skin 
and stimulation of the nociceptors of the leg, adding to 
the pain problem.

c. Foam dressings, a nonpharmacological strategy, have 
not been effective for reducing local wound pain and 
may be drying out.

d. Her NSAID pain medication is not controlling the 
background pain.

Prognosis and Revised Interventions
1. Reduce her anxiety and expectation of pain during dress-

ing changes by using a gentle wound dressing.
a. Selected Intervention: A soft silicone-type dressing 

Mepilex™ border would meet these criteria (Mölnlycke 
Health Care Ltd. Norcross, GA).

2. Prevent development of central sensitization of her wound 
pain.
a. Intervention: Ask her physician about use of a lidocaine 

5% patch to control her hyperalgesia and early symp-
toms of persistent pain along with continued use of 
NSAIDS for her OA pain.

3. Improve effi cacy of compression to control edema, stop 
weeping, and reduce tissue tension.
a. Intervention: Evaluate an inelastic compression device 

instead of the compression wraps since they do not 
seem adequate to control edema and weeping (see 
Chapter 19).

4. Improve her mobility, which will help with her edema 
management and knee stiffness.
a. Intervention: Instruction in appropriate exercises by a 

physical therapist. Exercise has been shown to improve 
OA pain.

Outcome of Care
After a 7-day trial with the new plan of care, Mrs. F returned 
to the clinic and was delighted to report that she could now 
rate her pain as 0 at rest and her pain was 3/10 at that dress-
ing change. Edema was reduced and weeping stopped. She 
asked to continue treatment with the soft silicone product 
and inelastic compression. The wound went on to heal in 
2 weeks. She continued with her compression regime due to 
the recurrent nature of her pathology and started a program 
of physical therapy to improve her mobility. Early interven-
tion with a pain management program probably prevented 
her pain from progressing to central sensitization and persis-
tent neuropathic pain that is commonly reported in patients 
with venous ulcers.

CASE STUDY (continued) 
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Management of wound healing with biophysical agent 
 technologies is presented in Part IV, Chapters 23 to 30. 
Biophysical agents included are electrical stimulation, radio 
frequency/electromagnetic fi elds (a variant of electrical stimu-
lation), phototherapy (ultraviolet and laser light), ultrasound 
(high and low frequency, therapeutic and diagnostic), hydro-
therapy (including whirlpool and soaking), pulsed lavage with 
suction, negative pressure therapy, and hyperbaric oxygen. 
Biophysical agents use physical energies to change cellular and 
tissue responses to affect healing. Chapters 23 to 30 describe the 
physical science associated with each technology, what is cur-
rently known about the science and clinical effi cacy, the safety 
and rationale for its use, devices, procedures for application, 
and case studies. Each device mentioned in Part IV has the abil-
ity to affect one or more of the barriers (e.g., ischemia, infec-
tion or moisture balance) to healing. How to choose between 
them remains a key question. This introduction provides some 
guidelines about why, when, for whom, and how to choose a 
biophysical agent. The individual chapters discuss the same 
questions specifi c to each device and how to use them.

BIOPHYSICAL AGENTS AND THE 
ELECTROMAGNETIC SPECTRUM

One purpose of this introduction is to look at the physical 
relationship between the different biophysical agents and the 
electromagnetic spectrum (EMS) and to shed some insight into 
why there is so much interest in them, why they are useful for 
wound healing, and why many of the effects appear to be so 
similar (see Fig. IV.1). Chapters 23 to 25 deal with technologies 
that exploit the properties of the EMS frequency or wavelength 
signal. However, no optimal wavelength signal has as yet been 
identifi ed. Patient characteristics, clinician intervention exper-
tise, and device availability in addition to evidence are often the 
deciding points.

Why Exploit the EMS?
Exposure to electromagnetic radiation is ongoing for all living 
systems. Sources of exposure are both natural (e.g., sunlight 

and earth’s electromagnetic fi eld) and man-made (e.g., cell 
phones, power lines, computers, and sunlamps). Man rec-
ognized long ago that the sun had healing properties and has 
tried to take advantage of those properties by harnessing the 
energy of the sun in different way to exploit those properties. 
As science has progressed, scientists have been able to analyze 
the components of the electromagnetic radiation and develop 
a scale to describe the relationship between them. EMS is the 
whole range of wavelengths or frequencies of electromagnetic 
radiation, extending from very short gamma rays to visible light 
and the longest radio waves (see Fig. IV.1). Further scientifi c 
advances have led to the development of technologies that use 
segments of the EMS for biologic purposes. The EMS is catego-
rized according to frequency and wavelength. As the frequency 
increases, the wavelength decreases. All EMS wavelengths share 
the property of passing through space (e.g., body tissue or 
wound dressings) without requiring a medium for transmis-
sion. The different wavelengths are like family members that 
differ from each other only in their wavelength or frequency, 
and there is often overlap between the neighbors. At low fre-
quencies, 30 to 300 kHz, there are the long radio waves that 
are used in the radiofrequency stimulators and electric stimula-
tors. In the middle are the midfrequency wavelengths, shorter 
than radio or microwaves but longer than visibile light, infra-
red radiation (IR) (75-10-6 cm). These wavelengths overlap the 
radio waves of the long end and have the same properties as 
visible light on the short end. Laser and monochromatic light 
are components of this segment of the EMS.

One of the properties of IR is thermal radiation. This feature 
is used in thermography and also to heat superfi cial tissues such 
as with hydrotherapy. The rainbow is the visible light part of the 
EMS, and this part of the spectrum stimulates many body cellular 
systems including the system that produces vitamin D. Beyond 
the visible light segment is the still shorter wavelengths of ultra-
violet (UV) light (UV A, B, C), which is a component of sunlight 
and has the ability to heal as well as burn the skin. The frequency 
of UV is 1013 to 1017 Hz or wavelengths of 400 to 4 nm. Low 
frequencies through UV range are considered to be nonionizing 
radiation and cannot break molecular bonds or produce ions, 
which makes them safe for therapeutic applications.

P A R T  I V
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Shortest wavelength relatives of the EMS family are the 
x-rays and gamma rays, which are ionizing and have the poten-
tial to inhibit cell growth or have the ability to damage cells. 
They are used therapeutically to exploit those properties in 
treatment of cancer, for example, but are avoided for purposes 
of wound healing.

It has been fi rmly established that each of these EMS mem-
bers presented here have abilities to affect complex cellular pro-
cess and infl uence tissue growth. This should not be a surprise 
since the body is continuously bombarded with wavelengths 
from the EMS in the environment. Cells over time have learned 
to respond to signals from the environmental bombardment. 
Now as a result of extensive research efforts, the effects of the 
EMS component on cellular systems are being applied clini-
cally through the use of complex delivery systems to trigger 
responses needed for wound healing. Details about the physi-
cal properties of each segment of the EMS used in the different 
technologies are described in the individual chapters in Part IV, 
along with the results of research efforts.

BIOPHYSICAL AGENTS UNRELATED TO EMS

Chapters 25 to 30 discuss other biophysical agents, unrelated to 
EMS, including ultrasound, hydrotherapy, pulsatile lavage with 
suction (negative pressure), negative pressure wound therapy, 
and hyperbaric oxygen therapy. Ultrasound (US) is also non-
ionizing but it is not a part of the EMS; it is high-frequency 
sound waves that, unlike EMS waves, require a medium for 
transmission of the energy into tissues (see Chapter 26). Each 
chapter describes the physical properties of each therapy inter-
vention, the different technologies, and physiological effects of 
the energy.

Regulatory Approval
The devices described in Part IV are all FDA approved for medi-
cal application but most are not specifi cally approved for wound 
healing applications. Individual chapters have information about 
FDA premarket approval for specifi c application of that tech-
nology. All have best-practice methods that will provide effec-
tive outcomes, and some do have signifi cant health risks if used 
improperly. Any adverse medical events that result from using 
any of these products should be reported to the FDA. Prior reports 
can be viewed at the FDA Web site; this is the link to MAUDE, the 

database on devices and adverse events: http://www.access-data.
fda.gov/scripts/cdrh/cfdocs/ cfMAUDE/search.CFM

CANDIDACY FOR INTERVENTION

The interventions discussed in Part IV chapters are often 
classifi ed as adjunctive or advanced therapies. There is a new 
paradigm called “multimodal therapy” where more than one 
biophysical agent are used together or in sequence for specifi c 
reasons.1 Eaglstein suggested adding new, alternative, or adjunc-
tive therapies at four “points” in the course of care2:

1. Initially when predictors such as ulcer size and duration 
indicate a likely failure of standard care

2. When the rate of healing with standard care predicts failure
3. After failure to heal in the “magic” time (2–4 weeks)
4. Under special circumstances such as unusual diagnosis or 

patient demand

The mode of intervention best suited to the patient, the treat-
ment setting, and the wound will be determined by the clinical 
wound manager (e.g., MD, PT, or WOCN) and recommended 
to the wound management team.

As a guide, patients should be referred for intervention with 
a biophysical agent when the additional following candidacy 
criteria are met:

• Medical comorbidities exist that predict that a wound needs 
extra help to heal (e.g., arterial occlusive disease, spinal cord 
injury, diabetes, venous insuffi ciency, hematoma, or deep tis-
sue injury).

• Healing will be speeded by the therapy.
• The wound has a large size or is of long duration.
• The wound has been recalcitrant to other methods of 

healing.
• There is an acute wound in a patient with a comorbidity such 

as chronic obstructive pulmonary disease or atherosclero-
sis, or diabetic neuropathy, indicating a high probability of 
delayed healing.

• The acute traumatic wound(s) is associated with neuro-
muscular or musculoskeletal problems that may require 
immobilization.

• The wounds extend into subcutaneous tissue and deeper 
underlying structures and interfere with functional activities 
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(e.g., the patient is unable to sit up in a wheelchair because of 
the wounds over the ischial tuberosities or coccyx).

• The patient’s functional status is impaired by slow wound 
healing (e.g., gait will be helped if the wound is healed more 
rapidly, or the patient may be able to return to work).

• Patient or family preference.

Each chapter has a section about candidacy for that specifi c 
biophysical intervention. Based on research presented in the 
individual chapters, optimal time for intervening with biophys-
ical agents is during the fi rst 72 hours immediately after injury, 
when cellular events are most likely to be positively infl uenced 
to produce a successful healing cascade (see Chapter 23, 24, 
and 26). However, in reality, more chronic wounds than acute 
wounds are referred for these advanced therapies, in spite of 
evidence from several studies, reported in the following chap-
ters, showing that early intervention soon after onset of the 
problem reduces cost and the consequences of costly health 
problems. As a refl ection of clinical reality, most of the clini-
cal research, except for healing of acute surgical wounds, has 
focused on healing chronic wounds. Research results provide 
evidence of healing of chronic wounds or favorable alteration 
of factors related to chronic wound healing such as circula-
tion, tissue oxygenation, cellular processes, pain, and edema. 
Expected outcomes would be based on identifi ed and targeted 
problems.

Although biophysical agents are effi cacious for healing, the 
dosing regimens remain largely empirical because the science 
of the interactions at the cellular level is only just being dis-
covered. Innovative scientists, engineers, designers, and manu-
facturers are working continuously to discover the underlying 
science and clinical effects and to develop products that will 
deliver these biophysical signals to target tissues and exploit 
them for therapeutic benefi t. Biophysical treatments are alter-
natives to pharmacologic interventions with benefi ts theoreti-
cally of sustained increases in cellular processes at the local and, 
in some cases, systemic levels, without risk of local or systemic 
toxicity.

PRIMARY OR ADJUNCTIVE THERAPY

Are all the treatment interventions in this section consid-
ered adjunctive rather than primary treatment modalities? 
Negative pressure wound therapy and pulsed lavage with 
suction usually are used as primary treatment interventions. 
Photo stimulation and ultrasound are used on a case-by-case 
basis determined by the health-care professionals treating 
the patient. Electrical stimulation is now considered a pri-
mary advanced treatment modality rather than adjunctive 
therapy by some experts. However, Medicare still considers 
it adjunctive for purposes of reimbursement. The Center for 
Medicare and Medicaid Services (CMS) coverage policy, for 
example, does not reimburse for ES or PRF for wound heal-
ing until the wound shows chronicity of at least 30 days and 
is a full-thickness or deeper ulcer (stage III or IV). Patients 
need to be informed that they have this treatment option 
early but that reimbursement by the Medicare program 
will probably not be paid. See the CMS Web site for details, 
www.hhs.cms, and search for electrical stimulation coverage 
policy.

Choosing Between Interventions
A frequently asked question is, “How do I know which biophys-
ical agent to choose?” The purpose of presenting information 
about many different biophysical interventions in this section 
is to provide the clinician with choices and enough information 
about each intervention to determine if the presenting patient 
is a candidate for one or more of them.

The rules for selection of treatment interventions include 
consideration of the patient’s medical status, the status of the 
wound healing phase, and all treatments used to achieve the 
expected outcome. Wounds receive multimodal treatments, 
(e.g., topical agents, dressings, and a biophysical agent) requir-
ing that all treatment interventions be compatible with the 
patient, one another, and the wound. This will require collabo-
ration of the team members—nurse, physician, pharmacist, 
and PT. Exhibit IV.1 lists three rules of treatment selection, 
an example of how each is used, and a formula for selection of 
treatments to achieve a desire outcome in a prescribed period. 
The letters “A,” “B,” and “C” in the formula represent three 
treatment interventions. The number of treatments usually 
given is often three but is not limited to three. The chapters in 
Part IV address the issue of treatment interactions and compat-
ibility with other interventions.

If more than one of the technologies affects the same aspect 
of the healing phase, other criteria would be used to choose the 
modality. For instance, most devices described have the ability to 
increase tissue perfusion. What differs is the mechanism by which 
it acts, but the expected treatment outcomes of progression 
through the phases of healing are similar for each of the therapies.

Reimbursement Issues
The payer often must be agreeable to paying for the biophysi-
cal intervention selected. For example, Medicare has an exclu-
sion policy for payment of UV light to treat wounds. However, 
there is now evidence that UV light is a useful treatment to 
control infection and reinitiate an infl ammatory response. At 
this time, the cost of the UV treatment cannot be billed sepa-
rately. However, other rationale need to be considered besides 
reimbursement to justify its selection such as the very short 
treatment time (e.g., <30 seconds) and rapid wound disin-
fection that could speed healing and reduce long-term costs. 
Electrical stimulation and pulsed radiofrequency as described 
in Chapters 23 and 24 are other examples of Medicare cover-
age policy restrictions. However, reimbursement restrictions 
should not preclude advising patients of their availability as a 
choice if the patient would benefi t from their use.

Treatment Availability
Treatment availability is a practical reality. If the preferred 
intervention is not available and cannot be obtained, another 
choice must be made. Medical contraindications exist for all 
of the different biophysical technologies, but the medical con-
traindication that rules out the use of one will not necessarily 
rule out the use of others. For example, a semicomatose patient 
should not be referred for whirlpool, but wound cleansing with 
pulsatile lavage with suction at bedside would be an appropriate 
alternative. Sometimes treatment availability leads to overuse 
of a particular intervention and restricts choice of other pos-
sibilities. Such practice needs to be rethought for better, more 
effective outcomes.
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The following case study illustrates how thoughtful evalu-
ation of the history and systems review narrowed down the 
choice of treatment intervention to one appropriate technology 
after considering all the factors.

FUNCTIONAL WOUND COST OUTCOMES 
MANAGEMENT

How do costs for treatment with biophysical agents for wound 
healing compare? Does this group of interventions provide 
good value for the money spent?3

Health-care professionals including the entire team and pro-
gram directors need to understand the information required to 
predict and manage cost for proper utilization of services. The 
necessary information to predict cost and outcome are avail-
able from several sources: clinical trials, program evaluation 
reports, the facility’s clinical database, evidence-based clinical 
practice guidelines, and payer data–based reports.

Does your clinic know your cost outcomes? Cost outcomes 
are differentiated from the technical outcome for the wound 
(e.g., closure). Cost outcomes are what it costs to provide a 
course of care compared with the billed charges. This determines 
the cost to the provider as differentiated from the charges to the 
payer. The cost outcome is based on all the related costs for pro-
viding the service: labor cost, supply cost, and equipment cost. 
To determine the cost of treating a wound, the clinical manager 
needs to predict the number of expected visits to achieve a spe-
cifi c outcome. For example, if an outcome of closure is expected 
in 49 visits, a cost analysis can be done as follows:

Labor cost at $30/visit × 49 = $1,470
Supply cost at $6.25/visit × 49 = $306.25

Equipment cost at $0.50 × 49 = $24.50
Total cost = $1,800.75
Billed charges at $60/visit × 49 = $2,940
Net profi t = $1,139.25

The cost for a different outcome to convert the wound to 
clean and stable may take half the time to closure. Cost to the 
payer would be reduced by half, to $1,470. The case manager 
for the payer may be more willing to authorize an interim step 
for a known cost than an unknown outcome at unmanaged 
cost.

UTILIZATION REVIEW AND COST OUTCOMES 
MANAGEMENT

Utilization review and cost outcomes management mean that 
continued ongoing evaluation of patient candidacy for the 
advanced therapy intervention be reviewed. Candidacy deter-
mined at the initial evaluation may change as the patient expe-
riences a course of care.

References 

1. Frykberg RG, Martin E, et al. A case history of multimodal therapy in 
healing a complicated diabetic foot wound: negative pressure dermal 
replacement and pulsed radio frequency energy therapies. Int Wound J. 
2011;8(2):132–139.

2. Eaglstein W. What is standard care and where should we leave it? 
In: Evidence Based Outcomes in Wound Management. Dallas, TX: 
ConvaTec; 2000.

3. Swanson G. Use of cost data, provider experience, and clinical guide-
lines in the transition to managed care. J Ins Med. 1991;23(1):70–74.

Choosing the Appropriate Treatment Intervention
Multiple factors had to be considered when making a choice 
of intervention for E.F. E.F., an elderly lady, lived in a nurs-
ing home because of Alzheimer disease. She had venous dis-
ease and a history of recurrent venous ulcers of the lower leg. 
A new episode of venous insuffi ciency with subcutaneous 
hemorrhaging occurred and the patient was referred imme-
diately to physical therapy. The physical therapist performed 
a history and systems review and learned that the patient 
had a pacemaker, would not stay in bed or in a wheelchair 
for 5 minutes, and would not tolerate dressings or compres-
sion devices. The venous insuffi ciency diagnosis ruled out 
whirlpool, which probably would not have been tolerated 

either. The pacemaker ruled out any form of electrotherapy. 
The low tolerance for compression ruled out compression 
devices. Pulsatile lavage with suction was not available and 
would not have been tolerated by the patient. The only 
choice remaining was ultrasound because she could be 
kept still and amused for the 5 minutes required for a peri-
wound direct contact high-frequency ultrasound treatment. 
This was also an appropriate choice because ultrasound is 
particularly effective during the acute infl ammatory phase 
and promotes thrombolysis and absorption of hemorrhagic 
materials (see Chapter 26). This patient is included as one of 
the case histories in Chapter 26 along with photographs of 
her condition and progress.

CASE STUDY     
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CHAPTER

CHAPTER OBJECTIVES

Electrical stimulation (ES) for wound healing, as used here, 
is defi ned as the use of direct contact (capacitive) electrodes 
applied to the skin or wound surface. Use of ES to promote 
healing of chronic recalcitrant ulcers of many etiologies has 
been reported in the literature for almost 50 years. Although 
initially there was skepticism about the use of this interven-
tion, it is now recognized as an evidence-based tool for tissue 
healing. That recognition is demonstrated by recommendation 
of ES as a treatment choice in clinical practice guidelines,1–5 
reimbursement of ES by the Center for Medicare and Medicaid 
Services,6 and its frequent mention in the wound healing litera-
ture. However, not all reviewers are in agreement with this rec-
ommendation for pressure ulcers, and many believe that larger 
and higher quality studies are needed.7

In 2009, the National Pressure Ulcer Advisor Panel and the 
European Pressure Ulcer Advisor Panels reviewed the evidence 
about the use of ES and other adjunctive therapies for treatment 
of pressure ulcers. Therapies considered by the panel were ES; 
induced ES; infrared, ultraviolet, and low-energy laser irradia-
tion; ultrasound; negative pressure; and hyperbaric oxygen (see 
Chapters 23–25, 28, and 29). Of these therapies, ES received the 
highest rating. The recommendation reads: “Consider the use 
of direct contact (capacitative) ES in the management of recal-
citrant Category/Stage II pressure ulcers as well as category/

Stage III and IV pressure ulcers to facilitate wound healing. 
Strength of evidence = Level A.”5 Findings about the other ther-
apies are considered in following chapters.

Pressure ulcers are not the only wound etiology that has 
been investigated for wound healing with ES. Additional stud-
ies also support a positive effect of ES treatment for wounds of 
different etiologies.8–11 Taken together, there is an accumulated 
body of research data about ES effi cacy. This research data will 
be presented in this chapter for your better understanding.

For over 50 years, researchers have explored many aspects of 
ES effects. Thus the amount of information available is propor-
tionally larger than provided in other chapters. It is important 
to have this background information to skillfully use the tech-
nology to achieve the desired outcomes.

ES has its own terminology and principles that effect tis-
sue physiology and healing. Since they are used throughout this 
chapter, Chapter 23 begins by introducing them. The author then 
examines applied physiology of ES for explanation of the thera-
peutic effects of ES on body and wound. Next the author defi nes 
and describes the extensive research evaluating the therapeutic 
effects of ES for wound healing. This is followed by a discussion of 
the use of ES in clinical practice. Before closing, the chapter pro-
vides self-care teaching guidelines for ES application as a treat-
ment intervention that can be taught to patients and caregivers.

At the completion of this chapter, the reader will be able to:

1. Explain the physical properties of electrical stimulation used for wound healing treatment, 
including their signifi cance.

2. Describe the applied physiologic effects of electrical stimulation on body systems: cellular, 
circulatory, and neuronal.

3. Discuss the current research into the effectiveness of electrical stimulation in promoting 
wound healing.

4. Describe the results of animal and clinical studies using different types of electrical stimula-
tion waveforms.

5. Select the appropriate candidates for wound healing with electrical stimulation.
6. List the contraindications and precautions of electrical stimulation for wound healing.
7. Apply electrical stimulation for different wound healing situations, including home self-care, 

and evaluate outcomes of care.

Carrie Sussman
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578 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

THERAPEUTIC ELECTRICAL CURRENTS: 
CHARACTERISTICS AND TERMINOLOGY

Familiarity with the characteristics and terminology of electrical cur-
rents (ECs) will help you understand the interrelationships between 
the various stimulation characteristics and the clinical effects dem-
onstrated. The terminology used in this section follows the recom-
mendations adapted by the Section on Clinical Electrophysiology 
and Wound Management of the American Physical Therapy 
Association. The purpose of the recommendations is to “facilitate 

communication in electrotherapy.”12 Unfortunately, the literature 
on this subject is inconsistent in its use of EC characteristics and 
terminology. The following is not meant to be a comprehensive 
description of all EC characteristics but instead emphasizes those 
that have a demonstrated role in wound healing. After studying 
this chapter, you will be able to apply what you learn here to com-
prehend the information you encounter in the rest of this chapter 
and in the literature you read about EC. Table 23.1 is a list of EC 
terms and defi nitions. Most of the parameters listed on the panel 
are described in the following sections.

Electrical Stimulation Terminology23.1TABLE

Name Alternate Name(s) Defi nition

Amperage, milliamperage, 
microamperage 

A, mA, μA A unit of current that represents the rate at which charge fl ows past a fi xed 
point.

Amplitude Intensity Measure of the magnitude of the voltage.

Anode Positive pole Positive pole of an electric circuit.12

Biological current The fl ow of charge in biological tissues.

Biphasic current Alternating, 
Bidirectional, or 
Bipolar. Figure 23.3 
lines 2 and 3.

The waveform shape may be square, sinusoidal, or triangular and has two 
phases. The biphasic waves are constantly changing.

Capacitively coupling Involves the transfer of electric current through an applied surface electrode 
pad that is in wet (electrolytic) contact (capacitively) coupled with the external 
skin surface and/or wound bed.

Cathode Negative pole Negative pole of an electric circuit.12

Charge Q Quantity of electricity that fl ows in electric currents.

Charge density The amount of electric charge in a line, surface, or volume.

Conductance, conductor The inverse of resistance and represents the ease with which current can fl ow. 
Conductor allows passage of current.

Coulomb, microcoulomb C, μC It is the quantity of electricity transferred by a current of one ampere in 1 s. 
Quantity of electricity transfer by a μA current in a millionth of a second.

Current The fl ow of charge from one place to another.

Current density The electrical charge per cross-sectional area of the electrodes.

Current of injury Current fl ow through the ionic fl uids of the tissues between the outer and inner 
layers of the skin

Direct current DC, Galvanic Current Always continuous, unidirectional, and is a fl ow of charged particles from one 
pole to the other lasting 1 s or longer.

Duty cycle The ratio of on time to the total cycle time, including both the on and off time.

Electrical circuit Is a path that transmits electric current. Electrons fl ow from the negative pole to 
the positive pole.

Electrical potential A surplus of electrons in one lead or electrode of a stimulator (negative 
potential) and a defi ciency in electrons (positive potential) in a second.

Electrical stimulation ES The conductance of electricity through a conductive medium for the purpose 
of inducing direct infl uence on both excitatory and nonexcitatory systems and 
indirect effects associated with circulatory response.13

Electrodes The means by which the electric current is conducted from the stimulator device 
to the tissues.

Galvanotaxis Unidirectional electrical current fl owing in the tissues attracts the cells of repair 
by a signaling mechanism.
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Name Alternate Name(s) Defi nition

High-voltage monophasic 
pulsed current

See Figure 23.5 Monophasic electrical stimulators that deliver pulsed DC current via short 
monophasic pulses at amplitude from 100 to 500 V.

Impedance I Frequency dependent opposition to EC fl ow and is expressed in ohms.

Interpulse interval See Figure 23.4 The time between pulses.

Ion (negative) An atom that has lost electrons and it has a net negative charge (−).

Ion (positive) An atom that has gained electrons and it has a net positive charge (+).

Low voltage pulsed 
current

LVPC, Low Intensity 
Direct Current (LIDC)

It is a proprietary waveform that is monophasic and has a square wave shape.

Microampere μA Is a millionth of an ampere.

Microelectronic nerve 
stimulation

MENS A pulsed monophasic low-voltage form of electrical stimulation.

Milliamp Ma One thousandth of an ampere.

Microamp μA One millionth of an ampere

Monophasic pulsed 
current

See Figure 23.3 line 
one and Figure 23.5

Unidirectional, pulsed current that deviates from baseline and returns to 
baseline after a designated period. This current does not oscillate between poles 
and its shape may be square, triangular or twin peaked. All phases will be either 
positive or negative.

Negative direct current Current fl ows from the negative to the positive pole.

Ohm’s law Voltage equals resistance times current (V = RI).

Oscillation The periodic change from one direction to another.

Phase Point in the wave cycle where the oscillation begins.

Phase charge Q Is represented by the area under the curve and is expressed as the product of 
the phase duration (t) and the peak current amplitude (I).

Phase duration T The length of time that the pulse is on.

Polarity Property of having two oppositely charged poles.12 It refers to the direction of 
electron fl ow toward a magnetic pole.

Positive direct current DC(+) Current fl ows from the positive to the negative pole.

Pulsatile currents PC or PES DC that is pulsed so current amplitude increases for a period of time and then 
returns to baseline.

Pulse See Figure 23.4 Is a single electrical event separated by a fi nite time from the next event.

Pulse duration or width See Figure 23.4 Is the time elapsed between the beginning and end of all phases including the 
interpulse interval.

Pulse rate Frequency (pps) Is the number of pulses delivered per unit of time. It is measured in pulses per 
second (pps).

Pulsed current PC or PES Is the emission of a train of pulses that are repeated at regular intervals.

Resistance R Is the property of a conductor that limits the movement of current through it (e.g., 
electrodes and body tissues).

Sine/sinusoidal/
alternating waveform

Alternating or biphasic. 
See Figure 23.2

A mathematical function that describes a smooth repetitive oscillation of current. 
Usually oscillation between positive and negative.

Transcutaneous electrical 
nerve stimulation

TENS Stimulators usually using biphasic or modifi ed AC currents.

Voltage V An electromotive force capable of moving ions through a conductor, i.e., 
electrodes, skin or wound tissue.

Waveforms See Figure 23.2 The graphic representations of current fl ow on an amplitude/time or voltage/time 
plot.

Window of charge Represents a range of charge intensity, between 200 and 600 μC that has been 
determined to be effective for wound healing.

Electrical Stimulation Terminology (continued )23.1TABLE
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Instrumentation
Electrical stimulators have three basic components: a source of 
power, an oscillator circuit, and an output amplifi er. There are 
two size ranges: clinical models and portable models. The latter 
can be as small as a mobile phone. Two basic power sources are 
used: batteries and house line current. Batteries are used in por-
table stimulators; house line current is usually used in the clinic 
setting. Batteries need to be fully charged to deliver the output 
expected. A spare battery should be kept on hand. Rechargeable 
batteries may be more cost-effective than single-use types. 
However, over time they will need to be replaced.

Charge Density
The size of the electrode will determine the amount of charge 
density or concentration of charge delivered per unit area of the 
electrode. The purpose of the treatment is to deliver adequate 
charge density to a specifi c tissue. There is an inverse relation-
ship between charge density and electrode surface area.12 Two 
electrodes are used to conduct a current. They may be of equal 
or unequal size depending on how much and where the charge 
density should be delivered to the tissues for specifi c objectives. 
A large electrode will disperse the charge across a greater sur-
face area and thus have less charge density per unit area. This 
is usually called the dispersive or indifferent electrode. The 
patient will experience less sensation under the larger electrode. 
This will be explained in the treatment section.

Electrodes
Electrodes are the means by which the electric current is con-
ducted from the stimulator device to the tissues. The path taken 
by the current is dependent on a number of factors including 
the type and size of the electrode and the method of coupling 
the electrode to the skin. Electrodes must be good electrical 
conductors. Pre-gelled self-adhesive electrodes, carbon rubber 
electrodes, and aluminum foil meet this criterion. Capacitively 
coupled ES involves the transfer of electric current through an 
applied surface electrode pad that is in wet (electrolytic) con-
tact (capacitively) coupled with the external skin surface and/or 
wound bed as shown in Figure 23.1. The rubber and foil elec-
trodes need a conductive medium (i.e., hydrogel-impregnated 
gauze) added to enhance the uniform conductivity at the elec-
trode skin interface. When capacitively coupled ES is used, at 
least two electrodes, one representing the negative pole and one 

FIGURE 23.1 A pair of direct-contact electrodes used for HVPC and 
placed over the skin, showing the resultant current fl ow through the 
skin. (Nelson RM, Currie DP. Clinical Electrotherapy, 2nd Edition, 
© 1991, 390, 391. Reprinted by permission of Pearson Education, Inc., 
Upper Saddle River, NJ.)

the positive pole, are required to complete the electric circuit. 
Surface transmission of EC is called transcutaneous electrical 
nerve stimulation (TENS).

Current
The fl ow of charge from one place to another is called current. 
The fl ow of charge in biological tissues is called a “biologi-
cal current.” Current can only fl ow from one place to another 
when there is difference in electrical potential. Electrical 
potential refers to a surplus of electrons in one lead or elec-
trode of a stimulator (negative potential) and a defi ciency 
in electrons (positive potential) in a second. This difference 
must be present for the current to fl ow. When the electrical 
difference is transferred to the tissues, the electrons begin to 
move. The force that moves the current is the voltage, which 
is described soon.

Current Density
Current density is the second measurement of dosage that indi-
cates the electrochemical effects of stimulation.14,15 The current 
density is defi ned as the electrical charge per cross-sectional 
area of the electrodes. As with charge density, the larger the size 
of the electrode, the less the current density, and conversely, the 
smaller the electrode, the greater the current density.

RESEARCH WISDOM

Measuring ES Dosage Delivered
Reich et al. reviewed 17 studies of pulsed stimulation and 
computed the absolute spatial (precise area) current density 
for each of them.16 The fi ndings indicated the parameters 
obtained by multiplying the average spatial current density 
by the effective duty cycle (duty cycle = 1 for DC) (duty 
cycle is explained nearby) by the total duration of treatment 
is essential in measuring dosage delivered to the tissues. To 
perform this calculation, it is essential to know the size of 
the electrode or to have a report of current density (A/cm2) 
as part of the study methods. A follow-up calculation of 
importance is to multiply the absolute current density by the 
time of the treatment. This gives the total amount of charge 
delivered per unit area (coulombs/centimeter squared).15 
Unfortunately, most researchers fail to provide all of the 
data needed for these calculations. Most notably, the elec-
trode size is omitted.15,17 These authors went the extra mile 
and contacted some of the researchers or manufacturers to 
obtain the information needed to perform the calculations.16 
Why would the clinician want to know this information? 
A question that comes up when preparing for treatment is 
what size electrodes and parameters should I use? For those 
who want to ensure that the value of the current density is an 
adequate dose for wound healing and not excessive, a calcu-
lation would be useful. Too much current or charge density 
can damage tissue.18 Too little will not have the desired treat-
ment effect. Many manufacturers are presetting wound heal-
ing protocols and presumably make these calculations, but 
the size of the electrodes would be unknown.
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Polarity
Electrical polarity (positive and negative) is present in every 
electrical circuit. An electrical circuit is a path that transmits 
electric current. Electrons fl ow from the negative pole to the 
positive pole.

Electrical stimulators are usually designed so that polar-
ity can be selected. Polarity appears to effect healing directly. 
For example, research16 has concluded that alternating polarity 
(negative initially) for a specifi c period of days followed by a 
period with positive was more effective in promoting wound 
healing than maintaining either positive or negative polarity 
throughout the course of treatment. Examples of how polarity 
is used in research and for clinical applications are discussed 
throughout this chapter.

Waveforms and Phase
Waveforms are the graphic representations of current fl ow on 
an amplitude/time or voltage/time plot.12 Direct current (DC) 
has no waveform and only one phase because once the current 
is initiated from the zero line, it fl ows in one direction for at 
least one second. Pulsed currents (PCs) and alternating cur-
rents (ACs) use descriptors of the shape of the wave including 
the terms sinusoidal, rectangular, and twin spiked to defi ne and 
describe the period of on and off time for the current. The sine 
wave or sinusoidal waveform is a mathematical function that 
describes a smooth repetitive oscillation of an AC and a biphasic 
current (Figure 23.2). Oscillation refers to the periodic change 
from one polar direction to another or the phase. Zero cur-
rent line is the baseline or starting point for each oscillation. 

Amperage
Ampere (A) is a unit of current defi ned as the rate at which 
charge fl ows past a fi xed point. One A is a large unit of current. 
In the context of therapeutic applications, devices that gener-
ate smaller units of current are usually used. A milliampere 
(mA) is one thousandth of an ampere. A microampere (mA) 
is a millionth of an ampere. Therefore, if an electrical stimula-
tor is rated as mA stimulator or if that is what is reported in 
the literature, the amount of charge delivered to the tissues will 
be a million times greater than a mA stimulator. More current 
and/or charge are not necessarily better for desired physiologi-
cal effects. More will soon be learned about physiological effects 
of ES at different amperes.

Impedance
Impedance is the frequency-dependent opposition to EC 
fl ow within the circuit and is expressed in ohms. Skin imped-
ance can limit current penetration. A change in skin imped-
ance occurs when the skin is broken. This is explained when 
we discuss physiological responses to ES in the next sec-
tion. Impedance decreases as the pulse rate or cycle duration 
decreases. Conversely, increasing the frequency (pps) increases 
current penetration. Resistance (R) is the property of a conduc-
tor that limits the movement of current through it (e.g., elec-
trodes). Conductance is the inverse of resistance and represents 
the ease with which current can fl ow. Current amplitude can 
also be used to alter tissue resistance.

Voltage
Voltage is an electromotive force capable of moving ions 
through a conductor, that is, electrodes, skin, or wound tissue. 
You will remember that electrical potential difference between 
two points in an electrical fi eld is the force that causes charged 
particles to move. Thus, the electrode with a positive charge 
donates electrons to the negatively charged electrode and the 
current fl ows through the skin or wound tissue to the opposite 
electrode. This potential difference is measured in volts (V). The 
relationship between voltage and current is expressed as Ohm 
law. The formula is voltage equals resistance times current (V = 
RI, where V is voltage, I is current, and R is resistance).

Amplitude
Amplitude refers to the measure of the magnitude of the volt-
age (V), which is a measure of the force of the fl ow of elec-
trons and is a more accurate term than intensity.19 The higher 
the amplitude, the higher the voltage. Similarly, when voltage 
is turned up, the current (amperage) will also go up, and vice 
versa. Some stimulators provide a readout of voltage and some 
a readout of amperage. In order for current to fl ow, there must 
be a pathway that will conduct and support the passage of the 
charged electrons. An electrode and leads along with biological 
fl uids or other liquids fi ll this requirement. However, when the 
current reaches the conductor skin interface, the resistance can 
be considerable. The current amplitude along with other fac-
tors including frequency, phase and pulse duration will affect 
tissue resistance.20 In order to keep the stimulation tolerable, 
the amplitude must be kept as low as possible, forcing the dura-
tion of the stimulus to be longer. The benefi t of high-voltage 
pulsed current (HVPC) is that the short pulse duration allows 
use of higher amplitude (V) that is tolerable.
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FIGURE 23.2 Waveform characteristics.
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582 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

zero line) or negative (below the zero line). A choice can be 
made by the clinician. Monophasic PC fl ow is always unidi-
rectional, meaning that it will have a single phase that will be 
either positive or negative. The shape of the waveform may be 
designed so that the phases occur at different frequencies or 
may be equal as in twin-peaked pulses or a square single wave 
as shown in Figure 23.3. (Figure 23.3 illustrates the concept of 
phase for monophasic and biphasic waveforms.)

Biphasic
Biphasic current waveforms are also referred to as alternating, 
bidirectional, or bipolar. The waveform shape may be square, 
sinusoidal, or triangular. All biphasic current has two phases. 
Biphasic waves are such that the polarity is constantly changing. 
They are opposite at any moment in time. When using bipha-
sic current, polarity considerations can generally be ignored. 
However, the waveform can be biased so that one polarity is 
emphasized. Biphasic waveforms may be symmetric, in which 
the shape and size of the waveform are always balanced, or 
asymmetric, in which the shape and size of the waveform can 
be either balanced or unbalanced (Figure 23.3). One of the 
most common outputs from an electrical stimulator is balanced 
asymmetric current. A balanced asymmetric waveform is typi-
cal of TENS used for pain modulation.
Several studies of biphasic current for wound healing have been 
conducted. The best wound healing effects seem to be achieved 
when a biphasic waveform is asymmetric and biased, so that the 
polarity at one pole predominates, which is usually the nega-
tive pole (cathode). Pain modulation and edema reduction in 
patients with diabetic neuropathy have been reported with 
a biphasic waveform.22,23 Biologic effects like pain and edema 
modulation and effect on wound healing of biphasic stimula-
tion are discussed further in following sections.

Pulse Characteristics
Pulse characteristics to know include:

 1. The pulse is a single electrical event separated by a fi nite time 
from the next event.

 2. PC or pulsed electrical stimulation (PES) emits a train of 
pulses that are repeated at regular intervals.

 3. The pulse rate, or frequency, is the number of pulses delivered 
per unit of time. It is measured in pulses per second (pps).24 
The unit of measurement for pulse rate is Hertz (Hz).

 4. The pulse duration also called the pulse width is the time 
elapsing between the beginning and end of all phases includ-
ing the interpulse interval. It is usually measured in ms. The 
greater the pulse duration, the more current will be deliv-
ered to the tissues. Short duration is more comfortable than 
long duration. Short-duration pulses also have less chemi-
cal change under the electrodes, which is why the very short 
HVPC pulse duration is very comfortable.

 5. The time between pulses is the interpulse (interphase) inter-
val (Figure 23.4). The longer the interpulse interval, the 
lower the average current delivered to the tissues.

 6. The phase duration is the length of time that the pulse is on. 
(Figure 23.4)

 7. The more pps, the shorter the pulse duration.

For monophasic waveforms, the phase duration and pulse 
duration are synonymous. For biphasic waveforms, since there 

The current line above the baseline always represents positively 
charged fl ow, and the current line under the baseline is nega-
tively charged. The phase specifi es where in its cycle the oscil-
lation begins. Figure 23.2 shows representation of a sine wave. 
Waveforms used in therapeutic stimulators can be classifi ed 
by one of two waveform groups: monophasic and biphasic13 
(Figure 23.3).

Types of Electric Currents used in Rehabilitation
There are two types of therapeutic currents used in rehabili-
tation. They are DC and PC.20 DC (historically called galvanic 
current) is always continuous, is unidirectional, and is a fl ow 
of charged particles from one pole to the other lasting one sec-
ond or longer. DC polarity is classifi ed by the direction of cur-
rent fl ow. If the current fl ows from the positive to the negative 
pole, it is a positive current. If reversed, it is negative current. 
The positive pole is called the anode and the negative pole the 
cathode. Pulsed or pulsatile currents may be unidirectional or 
bidirectional. In PC, there is a periodic interruption in the cur-
rent during which no ions fl ow. Bidirectional current refers 
to the periodic reversal of the ion fl ow as in biphasic current 
(Figure 23.3).

Monophasic
Monophasic current does not oscillate between poles. The 
shape of the monophasic wave may be square, triangular, or 
twin peaked, but all phases will be either positive (above the 
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FIGURE 23.3 Representation of typical monophasic and biphasic 
waveforms. (Reprinted from Alon G, De Dominico G. High Voltage 
Stimulation: An Integrated Approach to Clinical Electrotherapy. 1st ed. 
Hixson, TN: The Chattanooga Group; 1987:62, with permission.)

CLINICAL WISDOM

Pulse Shape
Pulse shape is the least important aspect of the pulse 
physiologically.21
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Pulsatile Currents
PC or PES is defi ned as an EC that has a very short pulse 
 duration (millisecond or ms). If the current fl ows for less than 
1 second, for example, a few milliseconds (ms) or less, it is no 
longer DC but is a PC or PES.13 PC is an interrupted current 
that fl ows in phases as opposed to continuously. It may be 
unidirectional or bidirectional. The waveforms that are clas-
sifi ed as pulsatile currents include monophasic, biphasic, and 
polyphasic (alternating). This type of current has many names, 
which leads to much confusion when trying to review and 
understand reports in the literature.

PC devices can be identifi ed based on voltage levels and 
pulse durations. Such devices are divided into two voltage 
ranges: LVPC devices that are capable of delivering either a 
monophasic or biphasic waveform with pulse duration up to 
1.0 second and require lower voltages between 0 and 150 V and 
HVPC devices that are capable of delivering monophasic twin 
triangular pulses with durations of typically 10 to 60 ms. Due to 
the short pulse duration, it is necessary to use higher voltages in 
the range of 150 to 500 V to drive the currant.29 If authors, ven-
dors, and clinicians identifi ed the waveform or shape used in 
their documentation, the confusion would be greatly reduced.13 
All of these confi gurations of PC are used to achieve therapeu-
tic effects.

Monophasic Pulsed Current

Monophasic pulsed current is defi ned as a unidirectional, PC 
that deviates from baseline and returns to baseline after a desig-
nated time period. Monophasic pulses and phases are identical 
(Figure 23.5). Monophasic waves are such that one electrode, 
or pole, is positive, and the other pole is negative. This polarity 
stays constant throughout the treatment unless changed by the 
clinician. The monophasic pulse rate most frequently used for 
wound healing is 50 to 120 pps (0.83–1.25 milliseconds). Each 

are two phases, the pulse duration may be the same for both 
phases or can be confi gured, by device manipulation, to favor 
one phase or the other by changing the phase duration.20

Phase and Pulse Charge
Phase Charge
In symmetric waveforms, the phase charges for each phase are 
equal (Figure 23.3 line one and two). An asymmetric waveform’s 
phase characteristics are unequal with respect to the baseline 
(Figure 23.3 line 3). These waveforms may be either phase charge 
balanced or unbalanced.19 The phase charge (Q) is represented 
by the area under the curve and is expressed as the product of 
the phase duration (t) and the peak current amplitude (I).13 It 
makes no difference what type of current shape is used (high or 
low voltage, monophasic, or AC time, or amplitude modulated); 
biphasic, or as long as there is suffi cient phase charge for a given 
phase duration, excitation of the nerve and physiologic cellular 
effects will occur13 and are the reasons for administering ES.
Kloth presented evidence to the Center for Medicare and 
Medicaid Services Medical and Surgical Procedures Panel 
that the phase charge quantity (dosage) needed to enhance 
soft tissue healing can be computed for monophasic (triangu-
lar) HVPC and square wave (PES or low-voltage PC [LVPC]) 
pulses using the formula described here to quantify the dose 
(phase charge) delivered to the tissues across a number of stud-
ies, regardless of device used.25

Pulse Charge
The pulse charge of a sine wave can be compared with the pulse 
charge of a square wave by doubling the charge delivered by one 
phase. The result is that the charge delivered by the square wave is 
signifi cantly greater than that of the sine wave. Thus, more pulse 
amplitude is required to provide the same charge with a sine 
wave than a square wave, making it less effi cient for excitation.13

In his review of the literature, Kloth found that four stud-
ies18,26–28 reported the pulse charge information. Two of the 
studies used HVPC26,27 and two18,28 used PES or LVPC. He then 
went on to calculate the charge quantity per unit for other 
studies using the data in those reports. Based on the calcula-
tions derived from his review of these studies, Kloth found that 
the charge quantity varied somewhat, but that the effective 
 “window of charge” dosage is between 200 and 600 mC.25

Interpulse
Interval

Pulse Pulse

Interpulse
Interval

Duration (mSec)

In
te

ns
it

y

FIGURE 23.4 Pulse characteristics. (Reprinted from Alon G, De Domi-
nico G. High Voltage Stimulation: An Integrated Approach to Clinical 
Electrotherapy. 1st ed. Hixson, TN: The Chattanooga Group; 1987:35, 
with permission.)

FIGURE 23.5 The effect of waveform on charge accumulation (dark-
ened area). (Adapted from Alon G, De Dominico G. High Voltage 
Simulation: An Integrated Approach to Clinical Electrotherapy. 1st ed. 
Hixson, TN: The Chattanooga Group; 1987:41, with permission.)
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stimulus at 0.1 Hz is on for 10 seconds, whereas the high-volt-
age monophasic simulators are used at 80 to 120 pps and are 
on for only 0.83 to 1.25 milliseconds. Thus, pulsed low-voltage 
current of at least 1 pps can maintain the polarity effect deliv-
ered to the tissues under the electrode. The peak amplitude is 
usually 600 mA/60 V. The average amplitude commonly used 
is 200 to 300 mA for soft tissue.32 MENS has been used in bone 
healing; however, in this clinical application, the amplitude 
recommended is 20 to 50 mA33–40

When pulsed slowly, MENS produces cellular and tissue 
polarity effects under the electrodes.41 There is some concern 
that the voltage may be too low to push the current through 
the resistance of the skin and the subcutaneous tissues, but no 
specifi c studies confi rm this.

Device Parameters
Manufacturers of electrotherapeutic devices in general, low-volt-
age devices produce peak voltages ranging from 60 to 100 V. At 
an amplitude above 100 V, the devices are categorized as high-
voltage, not to be confused with high-voltage power lines. These 
devices can generate a voltage in the range from 100 to 500 V at 
peak amplitude. The term peak amplitude refers to the highest 
amplitude of the current or voltage; for example, a low-voltage 
device might have a peak amplitude of 100 V. This is important in 
wound care because voltage is used to deliver a dose of charge to 
the tissues; it must be suffi cient to overcome resistance but not too 
high. Amplitude is chosen depending on the status of the wound 
healing phase and the physiologic rationale for the treatment.

Duty Cycle
The on/off ratio is the ratio of the time the current is on to the 
time the current is off. A duty cycle is the ratio of on time to the 
total cycle time, including both the on and off time. A ratio is 
used to express the relative proportion of the on and off time 
and can be expressed as a percentage. For instance, if the total 
cycle is 60 ms, then on time is 20 ms, and the off time is 40 ms, 
there is a 1:2 on/off ratio, and the duty cycle is a 1:3 ratio, or a 
33% duty cycle. The calculation for duty cycle is pulse duration 
in seconds frequency (Hz) = fraction of time during which cur-
rent is actually applied.

Transcutaneous Electrical Nerve Stimulation
Except for true DC, most clinical stimulators are TENS devices. 
In TENS, the electrodes are applied transcutaneously, with the 
physiologic objective of exciting peripheral nerves. As long as 
surface electrodes are used and peripheral nerves are excited, 
the stimulator is a TENS unit, regardless of the names used by 
commercial companies or the waveforms.24 However, for clar-
ifi cation, the studies that report use of TENS stimulators are 
usually using biphasic or modifi ed AC currents.

Neuromuscular Electrical Stimulation
Neuromuscular electrical stimulation (NMES) is used to 
stimulate intact peripheral motor nerves and induces isomet-
ric and isotonic muscle contraction. However, factors that can 
compromise its effect include peripheral neuropathies, partial 
innervation from peripheral nerve injuries or entrapment, and 
muscle pathology (myopathy and dystrophy). Why include this 
form of ES application in a chapter on wound healing? First, 
prevention/risk reduction for integumentary disorders is one 

peak or spike has an effective 5- to 20-ms phase duration. There 
is a long interpulse interval between pulses that makes an over-
all low average current.

High-Voltage Monophasic Pulsed Current

HVPC devices are defi ned as those that deliver from 100 to 
500 V. The amplitude selected for wound healing is usually 
between 80 and 200 V. It has a high peak current of very 
short duration (5–20 ms) which overcomes skin resistance. 
Thus the twin-peaked (triangular-shaped) pulses are able 
to penetrate deep into tissue.20 (Figure 23.5). A typical high-
voltage stimulator has a maximum pulse charge of only 10 to 
15 mC, which is very low and within safety limits.23 The high-
voltage stimulator can cause threshold excitation of sensory, 
motor, and pain- conducting fi bers because at very short 
phase duration, thus less charge is needed to cause threshold 
excitation.13

Low-voltage Pulsed Current

LVPC is a proprietary waveform that is monophasic and has 
a square wave shape. It is also called low-intensity direct cur-
rent (LIDC).30 Two devices, the Varipulse and its successor 
Dermapulse, were formerly manufactured between 1989 and 
1997 by Stayodyne, Inc. (Longmont, CO, USA). An ES stimu-
lator identical to the Stayodyne Dermapulse is now manufac-
tured by a company called woundEL (Hamburg, Germany).29 
The waveform for this current has the following properties: 
140 ms pulse duration, peak pulse amplitude of 30 to 35 mA, 
and a fi xed frequency of either 64 or 128 pps.29

Phase Modulation
Phase modulations are possible and useful for rehabilita-
tion purposes including wound healing. Modulation pos-
sibilities include change of phase duration, change of phase, 
change of pulse amplitude, and change in pulse frequency or 
rate. Monophasic waveforms may be modulated into pulsatile 
currents with specifi c phases. Pulse duration affects biologic 
responses. For example, DC has a continuous pulse duration 
that can raise tissue temperature and change the pH under 
the electrode, which can produce blisters under the electrode. 
However, a short pulse duration (5–100 ms), typical of mono-
phasic-type ES shown in Figure 23.5, produces insignifi cant 
changes in both tissue pH and tissue temperature.14,20,31 Such 
a current is therefore very safe but raises questions about the 
effect of polarity when the pulse duration is so short.

Microcurrent Electrical Nerve Stimulation

A pulsed monophasic low-voltage form of ES is microcurrent 
electrical nerve stimulation (MENS). With MENS, the ampli-
tudes of the PC are less than 1 mA (1–999 mA), and the voltage 
is less than 100 V. These amplitudes have minimal detectable 
sensation and are incapable of motor nerve stimulation.

MENS typically has a single modifi ed monophasic square 
waveform. The pulse duration of these devices ranges from 
0.1 to 999 Hz, equivalent to an on time of 1 ms to 10 sec-
onds. The pulse duration is inversely related to the frequency. 
Microcurrent stimulation has a prolonged pulse duration at 
lower frequencies, which will have a different tissue polarity 
effect than a shorter-duration pulse, most typically used in 
high-voltage stimulation. For example, a low-voltage pulsed 
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PHYSIOLOGIC EFFECTS OF ELECTRICAL 
STIMULATION

The body has its own bioelectrical system. This system infl uences 
wound healing by attracting the cells of repair, changing cell 
membrane permeability, enhancing cellular secretion through 
cell membranes, and orienting cell structures. The concept of 
adding exogenous EC to the body is to support and augment the 
body’s own bioelectric system. Evidence about the effects of ES 
on physiologic components of wound healing will be presented 
in this section including the following topics (Table 23.2):

• Impedance
• Current of injury
• Galvanotaxis

aspect of patient management provided by physical thera-
pists.42 Next, there is a body of evidence (reported soon in this 
chapter) where use of NMES reduces risk of pressure ulcers for 
patients with permanent loss of voluntary motor control (e.g., 
SCI patients, stroke patients).43,44 For long-term management, 
surface stimulation may not be functional due to variability of 
electrode placement and skin irritation from prolonged use. A 
better permanent option is the implantation of a stimulator that 
functions similar to a pacemaker. However, this is not always 
possible due to medical factors and patient preference. What 
is required is a current waveform with a high peak current to 
achieve greater depth of stimulation and a high frequency rate 
to maximize the fi ring rate of recruited motor units. The physi-
cal therapist should be familiar with these requirements, which 
are beyond the scope of this discussion.

Effects Attraction Pole Cells and Charge Type of Current Researcher

Infl ammatory phase: autoly-
sis and phagocytosis

Cathode Macrophages (+) DC Orida and Feldman53

Cathode Macrophages (+) Sinusoidal, 1 Hz, 2 V/cm Cho et al.54

Anode/cathode Neutrophils (±)

Cathode Lymphocytes, 
platelets (+)

Bassett and Becker34

Anode Mast cells 
(decreased) (−)

DC Fukushima et al.55

PES, 35 mA, 128 pps Kloth,56 Weiss et al.,57 Gentzkow 
and Miller49

Proliferative phase: fi bro-
plasia (collagen formation)

Cathode Fibroblasts (+) HVPC, 50 V,100 pps Bourguignon and Bourguignon58

Cathode Fibroblasts (+) Bassett and Becker34

Cathode Fibroblasts (+) DC, 10–100 mV/cm Erickson and Nuccitelli59

Cathode Fibroblasts (+) DC,1,500 mV/cm Yang et al.60

Wound contraction Alternating (±) every 3 d Myofi broblasts (+) HVPC Stromberg61

Epithelialization phase Cathode Epidermal cells (+) DC 50 mV/mm Cooper and Schliwa62

Cathode Keratinocytes (+) Nishimura et al.63

↓ Edema ( animal studies) Negative HVPC Mendel and Fish107

Negative HVPC Reed106

Negative HVPC Ross and Segal112

Thrombolysis Negative DC Sawyer and Deutch116–118

Thrombosis Positive DC Williams and Carey182

Oxygen (tcPO2) Anode MENS, 100 μA low volt Byl et al.143

Oxygen (tcPO2) Negative Bias Asymmetric biphasic Baker et al.183

Tendon repair Positive HVPC Owoeye et al.184

Bacteriostatic effects Anode/Cathode DC Barranco et al.120

DC Rowley et al.121

HVPC Kincaid and Lavoie.122

HVPC Szuminsky et al.123

Applied Physiologic Effects of Electrical Stimulation23.2TABLE
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electrical current in the skin that short-circuits the epidermal 
battery, allowing the current fl ow out of the wound.50 This dis-
tinct pattern of unidirectional current fl ow in broken skin is 
referred to as the current of injury. If the wound is allowed to dry, 
wound impedance increases and blocks the fl ow of current.50

The surface of intact skin maintains an average constant 
electronegative charge of approximately −23 mV with respect to 
the deeper epidermal layers. The negative charge on the surface 
is created by negatively charged chloride ions (Cl−), which stay 
on the surface after positively charged sodium ions (Na+) are 
pumped into the inner layers of the epidermis by the sodium 
ion pump. Thus, the skin has electrical potentials across it; in a 
sense, it acts as a battery. This is an endogenous current.

Regenerating tissues show a distinct pattern of unidirectional 
current fl ow and polarity switching (e.g., positive to negative 
and reverse). Indeed, as healing is either completed or arrested, 
the current of injury disappears. For example, when ulcers 
become dry, the voltage gradient is eliminated, and the current 
disappears,41 suggesting an explanation of why moist wounds 
heal better than dry wounds. One rationale for applying exog-
enous ES is that it mimics the natural current of injury and will 
jump-start or accelerate the wound healing process.28 A signifi -
cant body of research demonstrates that polarity—the condi-
tion in which a given region of tissue has an overall positive or 
negative charge relative to that of another region— infl uences 
healing in different ways at different phases. Table 23.2 lists the 
Applied Physiologic Effects of ES on several aspects of biologic 
systems related to wound healing.

Electrical Potentials as Healing Marker
Can electrical potentials be used as an indirect marker for wound 
healing? The electrical fi eld in the epidermis close to the wound 
edge exceeds 100 mV/mm, which is a large electric fi eld. Under 
such conditions, galvanotaxis (cellular attraction) appears be 
enhanced. To test the hypothesis that ulcers kept moist main-
tain a higher electrical potential than do dry wounds, Cheng51 
measured the electrical potentials of partial-thickness wounds 
treated with occlusive dressings. During the 4 days that it took 
for the wound to epithelialize, he measured the electrical poten-
tial with a voltmeter. The device was placed with one electrode 
in the center of the wound and a second electrode placed on the 
adjacent normal skin surface. He compared the changes in elec-
trical potential between wounds that were occluded to retain 

• Wound healing phases
• Circulation (blood fl ow [BF] and oxygenation)
• Edema
• Thrombosis, thrombolysis, and débridement
• Bacteriostasis
• Electroanalgesia
• Neuropathic pain
• Burns and grafts

Impedance
When there is a break in the skin, there is a signifi cant lower-
ing of the skin impedance to current. As you will recall, imped-
ance is the opposition to current fl ow. Different body tissues 
have different impedances to current fl ow. Skin, bone, and 
subcutaneous adipose tissue as well as necrotic tissue have high 
impedance and are poor electrical conductors. Since subcuta-
neous adipose tissue has a high level of impedance, this affects 
density of current penetration into deeper tissues of patients 
with a thick subcutaneous adipose layer. A sine wave has better 
penetration than a square wave. To overcome the impedance, a 
higher amplitude, to patient tolerance, or a different waveform 
is needed to overcome the resistance.45 When necrotic tissue 
resists current fl ow, the current then shifts to an area of low 
resistance.46 BF will follow the current path as well. Therefore, 
there will be little increase in BF in the area of necrotic tissue.

Changes in BF around a wound such as with local heating of 
a segment of the skin reduces electrical impedance and permits 
increased current fl ow to the area.47 This treatment method is 
described in the treatment section. Other techniques to reduce 
skin impedance include abrasion of the skin surface to remove 
the hard layers of keratin on the surface, tissue warming, and 
hydration. High-voltage currents of approximately 100 V have 
the demonstrated ability to cause sudden, spontaneous break-
down in skin impedance.48 Because of the fl uid in muscles and 
blood vessels, these tissues are good electrical conductors, and 
it can be expected that current will fl ow directly through them, 
with little impedance.

Current of Injury
When there is a break in the skin surface, current can fl ow 
through the ionic fl uids of the tissues between the outer and 
inner layers of the skin (Figure 23.6).49 The break causes an 

FIGURE 23.6 Current of injury. Disruption in the epidermis has pro-
vided a return path for current driven by transepithelial potential. 
(Reprinted from Jaffe LF, Vanable JW. Clinics in Dermatology, Vol. 2, 
Electric Fields and Wound Healing. 1984, with permission from 
 Elsevier Science.)

CLINICAL WISDOM

Moist Wounds Promote the “Current of Injury”
Keeping a wound moist with normal (0.9%) saline (sodium 
chloride) maintains the optimal bioelectric charge because 
it simulates the electrolytic concentration of wound fl uid. 
Dressings such as amorphous hydrogels and occlusive 
dressings help to promote the body’s “current of injury” 
by keeping the wound environment moist. One rationale 
for applying ES is that it mimics the natural current of 
injury and will jump-start or accelerate the wound healing 
process.28
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be directionally controlled by an electric fi eld and the rate of 
migration increased.67

As we reviewed in Chapter 2, macrophages are a key cell 
during the infl ammatory phase. Studies have found that, in the 
presence of an electric fi eld, the organization of macrophages 
is improved and random movement is suppressed. Orida and 
Feldman found that macrophage migration is enhanced by ES, 
as macrophages are attracted to the positive pole.53 Cho et al. 
have now shown that macrophage motility occurs in a 1-Hz 
low-amplitude (2 V/cm) sinusoidal electric fi eld.54 Laminin- or 
fi bronectin-coated substrates need to be present for the macro-
phage migration to proceed. Ferrier recognized that different 
cell types, when subjected to the same electrical signal, can react 
differently,68 and that has implications for concepts of galvano-
taxis that remains to be developed.

Proliferative Phase
Fibroblasts are the key cells during the proliferative phase. They 
are attracted by the negative pole to proliferate and synthesize 
collagen and to contract the wound.59,65 Protein and DNA syn-
thesis, building blocks of tissue regeneration, are also enhanced 
by negative stimulation. When an EC pulsates, a force is cre-
ated on the cell, in this case the fi broblast, that causes the cell 
to expand and contract. It has been suggested that this effect 
accounts for increased collagen deposition.69,70

Negative polarity also effects calcium ion function. Calcium 
ion (Ca2+) uptake by fi broblast cells is increased. This effect in 
turn produces an increased exposure of insulin receptors on the 
fi broblast cell surface. If insulin is available to bind, the addi-
tional receptors on the fi broblasts will signifi cantly increase 
protein and DNA synthesis. Thus if insulin is administered after 
exposure to negative pole stimulation, further increase in Ca2+ 
uptake and a twofold increase in protein and DNA synthesis 
will occur. Therefore, timing of insulin  delivery and ES treat-
ment to diabetic patients with wounds should be coordinated. 
Conversely, the same receptors are inhibited by Ca2+ channel 
blocker medications; thus, expect slower  healing in patients 
taking these medications. Studies with guinea pigs showed 
that pulsed low-voltage microamperage direct current (LIDC) 
causes a rapid calcium fl ux in the epidermis. The researchers 
concluded that the growth of fi broblasts and keratinocytes 
may be enhanced by pulsed LIDC, due to changes in calcium 
homeostasis.30 LIDC clinical study results are presented in 
Table 23.3.

Fibroblasts morph into myofi broblasts as part of the pro-
cess of wound contraction at the end of the proliferative phase. 
Stromberg61 found that alternating polarity using monophasic 
current, every 3 days, at 128 pps and amplitude at 35 mA accel-
erated wound contraction during the fi rst 4 weeks after start of 
treatment. Conversely, he found that constant polarity, either 
negative or positive, was less effective. Thoughtful application 
should be considered in areas where rapid wound contraction 
would not be desirable, such as in the hand or neck.

Epithelialization Phase
The generation of an electric fi eld has also been associated with 
the upregulation of epidermal growth factor receptors, which is 
signifi cant for early response to injured tissue. However, for this 
to occur, there needs to be an aqueous serum available for the 
cellular migration and the presence of substrates, fi bronectin, 

moisture and those that were air exposed and allowed to dry 
out. On day 0, day of wounding, both groups had the identical 
electrical potential (35–38 mV). The occluded wounds main-
tained a high electrical potential (current of injury) of 29.6 mV 
for the 4-day period. The air-exposed wounds electrical poten-
tial dropped to 5.2 mV. After epithelialization was completed 
in the occlusion group, the electrical potential returned to a 
similar potential to that of the air-exposed group. This work 
supports the hypothesis that occlusive dressings can help to 
promote the current of injury and that the electrical potential 
disappears with epithelialization.

In recalcitrant wounds, the current of injury appears to dis-
appear. Sumano and Mateos52 applied a protocol of modifi ed 
biphasic stimulation ES that was delivered for 20 minutes on a 
daily or every-other-day to recalcitrant wounds and burns. Part 
of the protocol called for the wounds and burn injuries never 
to be closely covered with heavy dressings or gauzes, and the 
patients were instructed to allow air contact to the wounds in 
the home and minimal coverage outdoors. Of the 44 wounds 
treated, 41 (93%) had greater than 90% healing, and 3 (7%) had 
greater than 60% to 90% healing. None of the wounds healed 
less than 60%. Perhaps the ES treatment imitated the current of 
injury suffi ciently that, even with the dry wound environment, 
the wounds progressed toward healing. These studies suggest 
the possibilities of using the electrical potential as a marker for 
nonhealing.50 Further investigation is needed to test the mea-
surement of electrical potential as a marker for stunned wound 
healing (see Chapter 3 regarding stunned wound healing).

Galvanotaxis
Unidirectional EC fl owing in the tissues attracts the cells of 
repair by a signaling mechanism called galvanotaxis. The effects 
of galvanotaxis are distributed across all phases of wound heal-
ing. Polarity is a key factor in what cells are attracted to the 
wound site and when. As we just learned, the current of injury 
changes polarity during the healing process. Therefore, it is not 
unexpected that a signifi cant number of studies fi nd that polar-
ity infl uences specifi c cells in an organized and predictable way 
at different phases of healing.49,53–63

Role of Polarity in Three Wound Healing Phases
Table 23.2 summarizes the galvanotactic cellular effects by 
phases of wound healing. Here we will review how polarity 
plays a role in all wound healing phases. Chapter 2 reviews in 
detail the roles of cell types in the wound repair and regenera-
tion process.

Infl ammatory Phase
As you have learned in several chapters, neutrophils, lympho-
cytes, platelets, epidermal cells, keratinocytes, and macrophages 
are early responders following injury and play signifi cant roles 
in development of the infl ammatory response. An applied 
electrical fi eld in the physiologic range can induce directional 
cell migration. Neutrophils are attracted to the negative pole if 
the wound is infected and to the positive pole if not infected.55 
Lymphocytes and platelets are attracted to the negative pole65 
as are epidermal cells63 and keratinocytes.66 These cells fi ght 
infection and produce chemotactic and growth-stimulating 
cytokines needed to repair or regenerate the tissue. One class 
of lymphocyte is the T cell, and movements of the T cell can 

Sussman_Chap23.indd   587Sussman_Chap23.indd   587 8/6/2011   4:10:52 PM8/6/2011   4:10:52 PM



588 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

Collagenase is linked to wound epithelialization. Hydrogel dress-
ings enhance collagenase levels in burn wounds, but the addition 
of PC increases collagenase level twofold (p = .001) above hydro-
gel alone in pigs during the initiation of epithelialization.73

Remodeling Phase
Wolff law74,75 states that, under conditions of repetitive stress, 
collagen is remodeled. One type of stress on a tissue is a 
mechanical force, which can be created when electricity is deliv-
ered to the tissue. A pulsatile current creates a mechanical force 
that perturbates cells, causing them to contract and expand, 
creating a piezoelectric effect that is thought to increase colla-
gen deposition independent of polarity effects.

The fi nal step in remodeling is a scar whose characteristics 
are most like the original skin. Mast cells regulate this process 
throughout the healing cycle. An excessive number of mast cells 
in the healing wound, however, is associated with diseases of 
abnormal fi brotic healing, such as keloid and hypertrophic scar 
formation (see Chapter 16). In one study, following exposure to 

and laminin.66 Animal studies demonstrate that, in the early 
acute infl ammatory phase of healing, the rate of epidermal cell 
migration in dermal wounds is enhanced by 3 days of ES with a 
negative pole, followed by stimulation with the positive pole for 
4 days. Epithelialization was achieved in 100% of the treatment 
group and in only 87% of the control group. Comparison of ten-
sile strength and mitotic activity between the treated and con-
trol groups was comparable. This corresponds to a 0- to 3-day 
infl ammatory phase and a 4- to 7-day repair phase of healing.71,72 

Investigator Type of Study Polarity

Amplitude/

Rate

Frequency and 

Duration Disease State Mean Healing Times

Wolcott et al.96 Uncontrolled 
clinical trial

3 d cathode  followed 
by anode; reversed 
daily or every 3 d if 
wound plateaus

200–800 μA 2 h twice or 
three times 
daily

Ischemic 
 dermal ulcers

9.6 wk

10.4%/wk

Gault and 
Gatens127

Uncontrolled 
clinical trial

3 d cathode followed 
by anode; reversed 
daily or every 3 d if 
wound plateaus

200–800 μA 2 h twice or 
three times 
daily

Ischemic skin 
ulcers

5.0 wk

20%/wk

Carley and 
Wainapel138

Randomized 
 controlled 
 clinical trial

3 d cathode followed 
by anode; reversed 
daily or every 3 d if 
wound plateaus

200–800 μA 
pulsed

2 h twice daily Pressure 
ulcers

8 wk for 58% of group 
treatment

12.5%/wk

Katelaris et al.152 Comparative 
 clinical study

Negative throughout 20 μA Not stated Venous leg 
ulcers

8.2% /wk. No signifi cant 
difference between 
groups.

ES povidone-iodine 
group took longer to heal 
12.2 wk

Wood et al.30 Randomized 
clinical trial

Starting negative 300–600 μA; 
.8 Hz

3 times/wk, 
duration not 
stated

Pressure 
ulcers

6.5–7 wk

14.3%/wk

Note: Calculations of mean healing times based on study data.
Source: Data from references listed in the table

LIDC Clinical Study Protocols and Results23.3TABLE

CLINICAL WISDOM

During your review of the patient’s medical history, evaluate 
data from the pharmaceutical history with these factors in 
mind. Drug effects could change the prognosis for healing 
with ES.28
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with a decline in wound repair effi cacy. They used low-fre-
quency TENS (20 V, 5 Hz for 1 minute) and compared the 
effect on BF, using laser Doppler fl owmetry (LDF), with high 
frequency (20 V, 15 Hz for 1 minute). At the high frequency, 
the vascular response in old rats was signifi cantly reduced 
(46%) compared with young controls. At low frequency, 
however, older rats produced similar vascular responses to 
the young. Results suggest that sensory nerves respond pref-
erentially to low-frequency ES, and this may be useful in 
selecting treatment parameters for older adults.

3. Skin Flap Survival in Pigs
 Necrosis of skin fl aps and free full-thickness skin grafts are 
a major problem following plastic surgery. Two skin fl ap 
studies in rats and pigs showed greater BF increases and 
improved survival of anode-treated fl aps than did controls 
or those treated with the cathode.77–79 Another study with 
pigs used PES (128 pps, 35 mA, 30 minutes twice daily) and a 
protocol of alternating polarity every 3 days.80 Treated fl aps 
that were given PES twice on the fi rst day postoperatively 
had a 92% survival rate, compared with those treated only 
once on that day (19% survival). None of the control fl aps 
survived.

Human Studies

LDI, intravital video microscopy, and computerized image 
analysis technologies have made it possible to evaluate and 
quantify circulatory changes induced by ES at the microcircula-
tory levels. Researchers have used a variety of methods to report 
results of BF studies as a consequence of ES application includ-
ing photoplethysmography (PPG), cutaneous thermistors, 
transcutaneous oxygen partial pressure (tcPO

2
) measurement, 

and laboratory tests for vasodilator substances.

Peripheral Blood Flow in Healthy Adults

1. It is useful to know about responses in a healthy population 
so as to make comparison with sick individuals. Hecker et al.81 
chose to look at the effects of 1 hour at each of fi ve frequen-
cies—2, 8, 32, 64, and 128 Hz— of pulsed ES on peripheral 
BF in 10 healthy adult volunteers. They systematically varied 
both current polarity and frequency to maximize the likeli-
hood of observing BF and/or temperature effects. The elec-
trodes were placed over the left brachial artery in the axilla, 
negative polarity, and over the left radial artery at the wrist, 
positive polarity. Stimulation was given for 1 hour and a 
30-minute period between changes in frequency was allowed 
to return to baseline. Current amplitude was adjusted to the 
highest level attainable, not exceeding the subjects’ perceived 
discomfort. Testing was repeated on two separate occasions. 
On the second test, polarity was reversed. Measurements 
were made with thermistors attached to fi ngers and PPG, a 
noninvasive measurement of the effi ciency of the musculo-
venous pump of the lower leg. Results showed that current 
frequency, polarity, and varying combinations of the two had 
no signifi cant effect on BF. A trend toward greater BF cor-
responded to the highest frequencies (32, 64, 128 Hz) with 
negative polarity. No signifi cant temperature variations, 
compared with baseline, were found. The authors postulated 
that healthy individuals may have transient BF increases but 
that they rapidly return to baseline.

positive polarity ES (PES 150 ms, 128 pps, peak current 35 mA), 
a decrease in mast cells, decreased scar thickness, softer scar, 
and better cosmetic results were observed in donor sites used 
for partial-thickness skin grafts. By contrast, the control scars 
on the same patient showed evidence of hypertrophy. A side 
benefi t of the ES treatment was the reduction in pruritus in the 
treated wounds, compared with intense pruritus in the control 
scar on the same patient.57

Effect of Electrical Stimulation on Circulation
We have discussed throughout this text the importance of 
maintaining perfusion of healing tissues. BF study results using 
ES are reported in two ways in the literature: kinetic measure-
ment of BF using devices like laser Doppler imaging (LDI) and 
the measurement of the partial pressure of oxygen (tcPO

2
) 

measured in millimeters of mercury (mm Hg). We will begin 
with a discussion of BF and follow with tcPO

2.
 Numerous stud-

ies in the literature have looked at the effects of ES on BF in ani-
mals and humans, both healthy and with disease. When reading 
studies evaluating changes in BF using ES, the results reported 
may appear inconsistent. Reasons for the inconsistencies are 
related to the dissimilarity of study populations, EC character-
istics (polarity, frequency, waveform), and methods of record-
ing measurements. Standardization from one study to another 
is lacking. While this is a problem, the studies do give us the 
opportunity to see what is being done in the research world in 
this area. For details about treatment parameters for BF and 
oxygen studies, see cited cases (Table 23.4).

You will recall from Chapter 2 that endothelial cells line the 
walls of the arteries and when BF increases, they are repeatedly 
exposed to shear stress. Reaction to the stress includes release 
of nitric oxide. Nitric oxide (NO) as discussed in Chapter 2 has 
bactericidal effects and is an essential ingredient in wound heal-
ing. Chapter 27 also has a discussion of the effects of increased 
BF on endothelial cells and NO.

BF (Perfusion)
Animal Studies

We begin this portion of the section by looking at animal stud-
ies about effects of exogenous EC on BF. Animal studies pre-
cede human testing or allow testing of different protocols and 
theories that would not be acceptable to explore in people. The 
fi ndings often lead to develop of treatment for us.

Polarity and Pulse Rate Findings

 1. Testing of rat BF when exposed to HVPC.64

• Negative polarity induced greater BF volume than did 
positive polarity.

• BF volume was increased nearly instantaneously at the 
pulse rates tested: 2, 20, 80, and 120 pps.

• BF volume was enhanced by increasing the amplitude of 
the current (up to stimulating muscle contraction).

• In a small number of cases, BF volume increased without 
visible muscle contraction.

• BF velocity remained elevated from 4 to 20 minutes after 
treatment.

 2. Skin Vascular Reactivity in Old Rats
 Mehri et al.76 showed that there is an age-related decline in 
skin vascular reactivity by the sensory nerves that correlates 
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Oxygen Delivery
Transcutaneous partial pressure of oxygen (tcPO

2
) measure-

ments taken at the skin level are a refl ection of the oxygen avail-
able to the tissues. In wounds, constant delivery of oxygen is 
required to meet high metabolic demands of the tissues, oxida-
tive killing of infectious organisms, protein and collagen syn-
thesis, and hydroxylation of proline to make useful collagen 
(see Chapter 2). Thus, it is obvious that there is a direct correla-
tion between increasing BF and enhancing oxygen delivery to 
the tissues. This section relates to measurement of oxygen as a 
consequence of ES application in three special populations: spi-
nal cord–injured (SCI), diabetics (DM), and ischemic. Chapter 
6 has more information about tcPO

2
 measurements.

Spinal Cord Injury

SCI problems, including decreased muscle bulk and reduced 
capillary network associated with the bulk loss over the sitting 
surfaces reducing blood volume that could be supplied to the 
tissues, as well as loss of blood pumping function, decreased 
sympathetic nervous system activity resulting in decreased 
blood pressure, and vascular patency that makes the blood 
vessels in the area less capable of withstanding normal tissue 
load and maintaining BF.43 The result is decreased tissue health 
below the level of the injury, resulting in increased risk for 
pressure ulcer development. In paralysis where disuse atrophy 
has occurred, stimulation “exercises” can be used to enhance 
muscular force, build muscle bulk, and improve vascular per-
formance. The muscular force changes occur due to changes 
in muscular fi ber diameter and improved cardiovascular fi t-
ness.44 This application is termed functional ES due to the fact 
that it improves function of critical systems to support health. 
This author has observed clinically that muscle hypertrophy 
can be achieved with SCI patients but the stimulation must 
be done on a regular basis or there is a reversal of the effects. 
The required stimulation parameters are those needed to pro-
vide motor excitation leading to evoked intermittent tetanic 
muscle contraction. The following studies report on the out-
comes of research about use of ES for functional circulatory 
improvement.

1. Mawson et al. did several studies on the SCI population.87,88 
Individuals with SCI are at risk for pressure ulcers espe-
cially in the area of the sacrum, so they focused on study-
ing the tcPO

2
 levels. The following is a summary list of their 

fi ndings.
 a. SCI subjects whose tcPO

2
 values were above and below the 

median supine levels were compared in terms of presence 
or absence of pressure ulcers.

 b. Five of the 10 (50%) of SCI subjects with tcPO
2
 levels 

below the median supine tcPO
2
 level had a pressure ulcer, 

compared with one among the 11 (9%) SCI subjects with 
tcPO

2
 levels above the median (p = .055). These fi ndings 

suggest the need for further studies on the role of reduced 
oxygen in the etiology of pressure ulcers.87

 c. Another study looked at the possibility of developing a 
new way of preventing pressure ulcers in SCI individuals. 
They chose to study whether HVPC could increase sacral 
tcPO

2
 levels in SCI persons lying prone and supine. They 

conducted four experiments, with the following results:

2. Cramp et al.82 compared the sensitivity to change in blood 
perfusion during treatment with TENS, using LDF and 
a skin thermistor. Double-blind conditions were imple-
mented. Low- and high-frequency (4 and 110 Hz) TENS 
was applied to the forearm skin of 30 healthy human vol-
unteers. BF and skin temperature readings were recorded 
before, during, and for 15 minutes after TENS application. 
Analysis of the results showed signifi cant increases in blood 
perfusion during the treatment period in the low-frequency 
group, when compared with the other two groups, and no 
signifi cant changes in skin temperature.

3. The blister wound is a new standard wound used for clini-
cal studies. Wikstrom et al.83 quantifi ed BF changes at two 
different frequencies (2, 100 Hz, and sham) when TENS was 
applied to nine healthy adults. Changes in BF were mea-
sured, using LDI every 5 minutes. Results showed mean 
BF increases of 40% during low-frequency TENS, com-
pared with a 12% increase at high frequency and no change 
during sham stimulation. In the second part of this study, 
Wikstrom and associates looked at circulatory changes in 
blister wounds of the leg induced in the same nine healthy 
adults before and during a 45-minute application of TENS 
(2 and 100 Hz). Microcirculatory BF was measured, using 
intravital video microscopy and computerized image analy-
sis, as red blood cell velocity (RBC-V) in 5 to 14 individual 
capillaries in each wound. Mean RBC-V increased by 23% 
during low-frequency TENS (N = 6) and by 17% during 
high-frequency TENS (N = 8). More investigation about 
frequency is warranted to develop protocols for best treat-
ment results.

Peripheral Blood Flow in Adults with Ulcers

Kaada84,85 reported a causal relationship between TENS and 
mechanisms involved in widespread microvascular cutaneous 
vasodilatation. Results showed that a 15- to 30-minute period 
of TENS-induced vasodilatation produced a prolonged vascu-
lar response with a duration of several hours or longer, poten-
tially indicating the release of a long-lasting neurohumoral 
substance or metabolite. Kaada attributed the effects to three 
possible modes of action: inhibition of the sympathetic fi bers 
supplied to skin vessels; release of an active vasodilator sub-
stance, vasoactive intestinal polypeptide; or a segmental axon 
refl ex responsible for affecting local circulation. The Kaada 
studies included reports of clinical results, wherein patients 
served as their own controls of stimulation-promoted healing 
in cases of chronic ulceration of various etiologies.84

Chronic Lower Leg Ulcers

LDF was used to study the effects of TENS in and around 
chronic lower leg ulcers. Cosmo et al.86 enrolled 15 older adult 
patients with chronic leg ulcers of various causes in the study. 
Duration of the ulcers ranged from 3 months to 16 years. Low-
frequency TENS (2 Hz, 10–45 mA) was applied for a 60-min-
ute period. The changes in BF were measured every 5 minutes 
by LDF. After the treatment period, mean BF had increased in 
the ulcer by 35% and in the intact skin surrounding the ulcer 
by 15%. Mean BF increases of 29% in the ulcer and 9% in the 
skin were measured 15 minutes after the cessation of TENS 
treatment.

Sussman_Chap23.indd   591Sussman_Chap23.indd   591 8/6/2011   4:10:53 PM8/6/2011   4:10:53 PM
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of 30 minutes of stimulation than the diabetics, regardless of 
waveform used. However, there were differences in response 
time for the diabetics. The normal adults showed increased 
oxygen levels earlier in the treatment period than did the 
diabetics. Diabetic subjects showed measurable but not sig-
nifi cant increases in tcPO

2
 at the end of the 30 minutes of 

stimulation but did show signifi cant increases 30 minutes 
after cessation of the stimulation with the monophasic 
and submotor-compensated monophasic waveforms. The 
authors’ analysis of the study was that diabetic subjects dem-
onstrate a compromised ability to increase transcutaneous 
oxygen during submotor stimulation, regardless of the wave-
form used. When trace level muscle contraction was elicited 
with the compensated monophasic waveform, there was no 
change in the tcPO

2
 levels in the diabetics. For some reason, 

the trace muscle contraction blunted the tcPO
2
 response in 

the diabetics. The same effects were found for both wave-
forms and with stimulation by either the positive or the 
negative pole

2. Comparison of the microvascular response to TENS and 
postocclusive ischemia in the diabetic foot was reported by 
Forst et al.100 LDF was used to measure the “fl are” response 
(hyperemia) following TENS and to compare this axon refl ex 
vasodilatation with postischemic hyperemia in the skin of 
the foot of diabetic and nondiabetic subjects. Twenty-one 
control subjects and 57 diabetic subjects were enrolled. The 
diabetics were stratifi ed into four groups:

 1. 24 without complications
 2. 14 with neuropathy and without retinopathy
 3. 8 with retinopathy and without neuropathy
 4. 21 with both neuropathy and retinopathy

3. Following TENS, there was increased skin BF across all 
groups. However, compared with the control group, axon 
refl ex vasodilatation was signifi cantly reduced in groups 
2 and 4. All groups had equivalent increased BF after arte-
rial occlusion. There was a good association observed 
between postocclusive and TENS-induced hyperemia at 
the dorsum of the foot, but poor association at the base of 
the big toe. An observation reported was that the TENS-
induced hyperemia was associated with a diminished sweat 
response but not with pathologic cardiovascular function 
tests. The conclusion reached was that electrical axon refl ex 
vasodilatation is diminished in diabetic patients suffering 
from peripheral autonomic C-fi ber injury, especially in skin 
rich in thermoregulatory BF. The diminished neurovascu-
lar response is independent of vascular alteration due to 
 diabetes mellitus.

4. Peters et al.101 evaluated the effects of galvanic ES on vascular 
perfusion in 19 diabetic subjects. Eleven of these were diag-
nosed with impaired peripheral perfusion, based on their 
initial tcPO

2
 values (<40 mm Hg). Stimulation was given at 

the lateral side of one leg, and measurements were taken 
at the dorsum of the foot and at the base of the great toe 
of both feet. On the fi rst day, one foot was treated with ES 
for four 60-minute periods and vascular perfusion assessed 
before and after the stimulation session. Measurements were 
taken for 1 hour on day 1 of the experiment. Methods of 
measurement were transcutaneous oximetry (tcPO

2)
 and 

LDF. Findings were that, during the fi rst 5 minutes of stimu-
lation, there was a signifi cant rise in tissue oxygenation as 

 d. When HVPC was applied to the back at the spinal level 
T6, dose-related increases in sacral tcPO

2
 were measured 

in three subjects lying prone.
 e. In the second experiment, carried out on 29 subjects lying 

supine on egg-crate mattresses, HVPC (75 V, 10 Hz) pro-
duced a 35% increase in sacral tcPO

2
 from baseline level 

(mean ± SD) or 49 ± 21 to 66 ± 18 mm Hg after 30 min-
utes of stimulation (p = .0001).

 f. Simulated HVPC was found to have no effect on sacral 
tcPO2 in fi ve subjects lying supine.

 g. HVPC applied as in (a) was repeated on 10 subjects, and 
its effects were found to be highly reproducible. The mode 
of action attributed by the researchers to these effects is 
that the HVPC restores the sympathetic tone and vascular 
resistance below the level of the spinal cord lesion, thereby 
increasing the perfusion pressure gradient in the capillary 
beds.

 2. Bogie et al. employed a NEMS system of implants to provide 
muscular stimulation to the gluteal muscles. Results were 
50% increased gluteal muscle bulk and change in ischial 
pressure distribution plus a secondary benefi ts of increased 
tcPO

2
 levels in the ischial region, in the unloaded state, after 

8 weeks.43

 3. Kim et al tested sensory (submotor threshold) ES as a pre-
emptive pressure ulcer measure for six SCI patients in a con-
trolled clinical trial in the manner described by Mawson.87,88 
Findings were that there was transitory increase in tcPO2 
levels, but there did not appear to be any sustained effects 
on tissue health status indicative of reduced pressure ulcer 
risk for individuals with SCI.89 This research group was also 
involved in the prior study by Bogie et al., and their opinion 
is that a contractile muscle response is critically important 
to achieving sustainable increase in tcPO

2
 and that sen-

sory stimulation is not appropriate prevention strategy for 
patients with SCI.

Conclusions

Use of NEMS as a preventive treatment has been investigated, 
and results indicate that it may be useful for initiating muscle 
pump function in situations in which the motor pump func-
tion is lost, due to paralysis or other lifestyle situations.43,44,89–95

Diabetes

Lack of adequate tissue oxygenation is a partial explanation why 
diabetics have diffi culty healing neuropathic ulcers.96 Another 
explanation is constriction of vascular smooth muscle that is 
regulated by vascular endothelial cells. Diabetics have vascular 
endothelial system damage that interferes with vasodilation and 
thus BF.97 Numerous researchers have investigated use of ES in 
this population with mixed results. The following is a review of 
some of their reports:

1. Monophasic-paired spikes with negative polarity and a 
compensated monophasic waveform were used in this 
study. Stimulation was introduced with the cathode over 
the wound. Age-matched older normal adults and diabet-
ics were the subjects. Baker et al.98,99 took oximetry readings 
of tcPO

2
 30 minutes prior to stimulation, during 30 min-

utes of stimulation, and 30 minutes after stimulation. The 
older normal adults showed higher tcPO

2
 levels at the end 
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5. Small RCT. The nature of the case studies and retrospec-
tive analysis have potential for bias. Goldman et al realized 
this and based on the preliminary trends observed, under-
took a pilot investigation of this special population, a small 
prospective RCT (N = 8) lasting 14 weeks. In this study, by 
week 14, the HVPC-treated wounds averaged 30 mm Hg 
in the periwound tissues, well above the ischemic range, 
and the control group had an increase in tcPO

2
 averaging 

15 mm Hg. Laser Doppler evaluation of these two groups 
showed a threefold signifi cant increase in dermal peri-
wound perfusion in the HVPC group by week 8, compared 
with controls.

6. Long-Term Effects on Ischemia. Although a number of the 
studies reviewed here looked at changes in tcPO

2
 levels 

before and up to 15 to 30 minutes after treatment, they did 
not look at the long-term effects of regular ES over a period 
of weeks. The increased tcPO

2
 levels in ischemic tissues over 

time (8–14 weeks), as reported by Goldman et al.102 and 
Bogie and Reger43 in these small studies using HVPC, sug-
gests that it takes more than a few minutes of ES treatment 
time to have a carryover effect on oxygen transport in isch-
emic tissues. So far, this application has had limited prospec-
tive study with small sample size. Further study with larger 
sample sizes could be useful in determining if this approach 
would be benefi cial as primary care for prevention as well as 
healing.

Venous System

As yet, ES is not used extensively for management of venous 
circulation problems but merits inclusion in this section 
for thoughtful application. There is no support for inter-
vention in the acute phase of varicose hemorrhage or deep 
vein thrombosis, but ES can effectively treat chronic condi-
tions, including deep vein thrombosis and venous stasis that 
often precede ulceration. The required stimulation param-
eters are those needed to provide motor excitation leading 
to evoked intermittent tetanic muscle contraction. When 
muscle groups in the calf and posterior thigh are stimulated 
to produce intermittent tetanic muscle contraction, there 
is very effective enhancement of venous return in cases of 
venous insuffi ciency or deep vein thrombosis contraction. 
Augmentation of the venous return initiates a response of 
vasodilatation of the arterioles to bring BF to the muscles. 
Motor stimulation of an SCI patient with acrocyanosis 
(cyanosis of the extremity) also reversed some circulatory 
problems of the lower extremity.90 Rationale for this appli-
cation is that ES restores the sympathetic tone and vascu-
lar resistance below the level of SCI (refer to Case Study). 
Vasodilator polypeptides have also been identifi ed in the 
blood following ES.84,85 Gastrocnemius muscle stimulation 
produces muscle pump activation and ankle joint mobiliza-
tion of patients with venous insuffi ciency, especially those 
with limited mobility. Best results are realized when NMES 
is used in conjunction with compression (see Chapter 19). 
Outcomes reported include improved cardiovascular perfor-
mance, range of motion, and pain relief.95 In SCI individuals, 
there is a loss of normal vasomotor tone in the abdomen and 
lower extremities. Peripheral edema and a high incidence of 
deep vein thrombosis have been associated with the circula-
tory stasis that occurs.

compared with the control measurements in the group of 
diabetics with impaired vascular perfusion. However, for 
those without vascular disease (tcPO

2
 levels > 40 mm Hg), 

there was no signifi cant increase, compared with baseline. 
Also, after the stimulation periods, the stimulated feet did 
not show any signifi cant increase in BF over the control feet. 
The data suggest to the researchers that external subsensory 
ES induces a transient rise in skin perfusion in persons with 
diabetes and impaired peripheral perfusion.

5. Gilcreast et al.188 tested the effect of HVPC (100 pps, 100 V, 
negative polarity) on foot skin perfusion in diabetics at risk 
for foot ulceration. A sample of 132 subjects was tested. 
Baseline tcPO

2
 levels were obtained, stimulation applied, and 

repeat tcPO
2
 measurements recorded at 30- and 60-minute 

intervals. Initial tcPO
2
 levels were signifi cantly higher than 

subsequent readings. However, the oxygen response was 
distributed bimodally: 35 (27%) subjects showed increased 
tcPO

2
, and 97 (73%) experienced a decreased tcPO

2
 read-

ing. This treatment appears to increase BF in a subset of 
diabetics.

Ischemia

1. Ischemia. Byl et al.102 found that, when supplemental oxy-
gen was given by mask prior to and during microamperage 
stimulation (100 mA for 45 minutes), there were signifi cant 
increases in subcutaneous oxygen measured. Maximal oxy-
gen saturation may be necessary prior to and during ES to 
facilitate the dissociation of oxygen from the hemoglobin.102

2. Ischemic Leg Ulcers. Ischemic wounds not only do not heal 
but also often increase in size unless reperfused with bypass 
surgery. However, many patients do not meet the criteria for 
reperfusion surgery, including patients with diabetes and 
end-stage renal disease. For these individuals, amputation 
may be required. tcPO

2
 levels below 20 mm Hg, is a predictor 

of poor healing outcomes of lower extremity wounds.
3. Ischemia and Diabetic Ulcers: Goldman et al. reported a 

six-subject case series that showed that HVPC induced a 
slow persistent increase in tcPO

2
, levels in the periwound 

skin of patients with diabetes. After tcPO
2
 levels exceeded 

20 mm Hg, four of the six wounds eventually healed.103

 Junger found that after 4 months of treatment with pulsed 
LIDC patients with severe ischemia (20 mm Hg) and venous 
leg ulcers had a signifi cant increase in tcPO

2
 levels in the 

forefoot (p-.0006).104 However, there was not signifi cant 
healing reduction in wound size compared to controls.

4. Critical Ischemia: This case series prompted them to do a 
chart review of retrospective data to determine patients 
with critical ischemia (tcPO

2
 < 10 mm Hg) with arterioscle-

rosis and who were high-risk nonsurgical candidates with 
ischemic wounds.105 They located 22 patients (the six cases 
mentioned were among this group) that met the inclu-
sion criteria of critical ischemia. Half had only standard 
wound care, and the others had taken a course of HVPC. 
Those in the HVPC group tended to rise out of the critical 
ischemic range (5 ± 8 mm Hg initial values elevated to 26 
± 20 mm Hg). The control group also had increased tcPO

2
, 

but not as great. The wounds in the HVPC group closed by 
32 weeks after the start of treatment. By contrast, the control 
group wound area increased more than three times the ini-
tial area by 16 weeks.
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RR, a 50-year-old male, 15 years post-SCI quadriplegic, has 
had two fl ap procedures for ischial tuberosity pressure–related 
ulcers. Wounds healed slowly. Acrocyanosis over the ischial 
tuberosity occurred when sitting on his pressure relief cush-
ion in his wheelchair for 1 hour and took about 2 hours to 
resolve. He had been confi ned to very short trips out of the 
house to see the doctor. Now he has an ulcer in the area (see 
Figure 23.16A,B).

Reason for the referral: (1) concern that he would have a 
reoccurrence of skin breakdown, and (2) bed-bound status 

was interfering with his social interaction with family and 
friends and ability to go out into the community.

A program of ES was initiated to resolve the cyanosis, heal 
the ulcer, and increase tissue perfusion and oxygen. After 5 days 
of 60-min/d ES with HVPC using the procedure described 
here, up time in his wheelchair increased to 3 hours, and cya-
nosis was 50% to 75% less intense and resolved in about 30 
minutes. By day 10, he was able to be up in the wheelchair for 
6 hours with pressure relief of 5 min/h, and resolution of the 
cyanosis occurred consistently within 30 minutes.

CASE STUDY     

FIGURE 23.16 A. Acrocyanosis at the gluteal fold of a patient with SCI. B. After treatment with biphasic stimulation. 
Same wound and tissues as (A).

One case study of a patient with edema, cyanosis of the feet, 
and toe ulcers demonstrated the benefi ts of using computer-
controlled NEMS to stimulate numerous muscle groups, result-
ing in reduced edema, improved skin color, and healed ulcers 
by the fi fth week of the treatment regimen.90 The use of the 
ES-induced leg muscle contractions in individuals with para-
plegia to augment cardiovascular responses, probably via reac-
tivation of the skeletal muscle pump and resulting increased 
venous return, has been reported in several studies.91–93 Benefi ts 
include ameliorating blood pooling in the lower extremi-
ties and prevention of edema in the extremities by promoting 
lymph fl ow (see Chapter 19).

If the arterioles are severely occluded, the vasodilatation 
response may not occur, and electrically evoked muscle con-
traction may not be desired. In fact, the muscle contraction 
may cause severe pain by curtailing limited BF to the area, lead-
ing to ischemia. There are very limited clinical data to support 
specifi c protocols for this effect. Therefore, it is up to the PT 
to evaluate the vascular impairments, based on the diagnostic 
process, and to select a protocol to support the desired effect. 
The section on protocols and procedures provides an example 
for guidance.

Edema
Edema is a consequence of disruption in circulation and BF to 
the tissues. Following traumatic injury, initially there is hemo-
stasis, clotting, and margination to halt bleeding followed by 
edema (see Chapter 2). Others are systemic breakdown, such as 
loss of valvular competency in venous disease or loss of auto-
nomic nervous system function in SCI.

ES is believed to relieve edema via a process called catapho-
resis, the movement of positively charged particles under the 
infl uence of an electrical fi eld towards the negative pole (cath-
ode). In a healing wound, cataphoresis causes the movement of 
nondissociated colloid molecules, such as droplets of fat, albu-
min, particles of starch, blood cells, bacteria, and other single 
cells, all of which have an electrical charge. For example, albu-
min, a colloidal protein found in blood, is negatively charged, 
and is repelled by negative polarity, causing a fl uid shift and, 
thereby, a reduction of edema. In animal studies, ES has been 
shown to reduce edema by reducing blood vessel permeabil-
ity.64,106 While there are many anecdotal reports, evidence of the 
effi cacy of ES to reduce or prevent edema is limited to a few 
animal studies, some human studies, and limited clinical trials. 
What is known is presented here for your guidance.
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Vascular Ulcer Treated with ES
Patient: C.Z. Age: 80 Figure 23.17A,B

CASE STUDY     

1 2

3

B

FIGURE 23.17 A. Note beefy, red granulation tissue and island of epidermal tissue in full-thickness wound. The wound 
was in the acute proliferative phase on 12/28. B. Same wound as in (A). Note: (1) Epidermal migration from wound 
edges, island, and wound shape changes. (2) Progression to the acute epithelialization phase by 2/17. (3) Hyperkeratotic 
skin changes due to old burn wounds and poor circulation. (Copyright © C. Sussman.)

Initial Assessment

Reason for Referral
The patient came to the PT because a vascular ulcer on the 
posterior right calf would not heal. The patient and his wife 
reported that they had been caring for the ulcer for more than 

6 months, and they wanted it to heal so they could resume 
their usual activities in the community.

Medical History
The patient has a history of severe arterial vascular occlu-
sive disease of the lower extremities. Old World War II burn 

(continued)
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scarring covered the surrounding area of the calf, with hyper-
keratotic scarring that kept breaking down. The recurrent 
skin breakdown on his leg resulted in protracted periods 
of healing (e.g., more than 1 year). One ulcer had healed in 
6 months after a course of care using ES (HVPC). The pre-
vious ulcer took more than a year and did not heal. The 
patient was ambulatory and alert, with mild confusion. His 
wife reported that any moisture left on the surrounding skin 
caused maceration and skin breakdown. A femoral angio-
plasty had been done the week before the patient was seen in 
the outpatient clinic.

Functional Diagnosis and Targeted Outcomes

Integumentary Examination
Adjacent Skin
Hyperkeratosis; scar tissue; fl aky, friable, dry skin; and pallor 
are present.

Functional Diagnosis
The patient has loss of functional mobility due to integumen-
tary impairment.

Targeted Outcome
The patient will have improved skin texture and integrity; due 
date: 6 weeks.

Wound Tissue Examination
The wound edges are poorly defi ned. There is necrotic tissue 
along the margins. There is a small island of skin in the middle 
of the wound bed. The wound has partial-thickness skin loss 
with moderate exudate. The wound is about 200 cm2.

Functional Diagnosis
There is absence of an infl ammatory phase.

Targeted Outcome
Acute infl ammation will be achieved; due date: 2 weeks.

Associated Impairment
Necrotic tissue is present.

Targeted Outcome
A clean wound bed will be achieved; due date: 4 weeks.

Functional Diagnosis
There is absence of a proliferative phase.

Targeted Outcome
The wound will exhibit granulation tissue and be ready for 
grafting; due date: 6 weeks.

Vascular Examination
Medical Diagnosis
The patient has severe arterial vascular occlusive disease, sta-
tus postangioplasty.

Functional Diagnosis
The patient has vascular impairment contributing to impaired 
healing.

Targeted Outcome
Perfusion will be enhanced; due date: 2 weeks.
The patient’s loss of function in these systems is responsible 
for the undue susceptibility to skin breakdown on the legs 
and inability to heal without integumentary intervention. The 
patient has improvement potential. The wound will heal par-
tially, and the wound bed will be prepared for grafting follow-
ing intervention.

Need for Skilled Services
The patient has failed to respond to treatment with wound 
dressings and conservative management of the leg ulcer. 
It requires débridement of necrotic tissue to initiate the 
 healing process and HVPC to initiate the healing phases and 
to enhance perfusion so that the wound bed is prepared for 
grafting.

Treatment Plan
•  The patient and wife instructed to perform HVPC as a daily 

home treatment program with a portable HVPC rental unit.
•  Wound débridement performed by PT to remove necrotic 

tissues; methods will include autolysis, sharp débridement, 
and enhanced perfusion with the use of HVPC.

•  The wife instructed in wound dressing changes with alginate 
to absorb moderate exudate, including how to cut the dress-
ing to fi t the wound to avoid maceration.

Discharge Outcomes
•  Start of care mid-December.
•  The wound was necrosis-free.
•  The wound phase changed to both proliferative and epithe-

lialization. The wound size was reduced to less than half the 
original area.

•  The wound was grafted at the end of February.
•  The wound graft was successful. A smaller graft was needed 

than originally expected because of the epithelialization. 
Surrounding integumentary integrity was improved: the 
skin was softer and smoother, and no new hyperkeratosis 
developed in the scar tissue area.

General Comments
The patient and his wife complied with the home treat-
ment regimen. The femoral angioplasty apparently opened 
the vessels enough to permit the enhanced perfusion from 
the HVPC to reach the tissues or possibly the 2 months of 
regular HVPC treatment effected the microcirculation as 
described in the clinical studies by Goldman et al.11,103,105 
Grafting was the best option for this couple because it pro-
vided faster  closure and allowed them to live more functional 
lives without having wound care duties. It also provided a 
better covering with healthier skin from the opposite thigh 
to cover the open area. New scar tissue was better-quality 
tissue than that surrounding older scars, possibly because 
of the improved collagen organization and vascularization 
associated with the HVPC.

CASE STUDY (continued) 
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should be administered in either four 30-minute treat-
ment sessions (30-minute treatment, 30-minute rest cycle 
for 4 hours) or a single, continuous180-minute session to 
achieve the edema-suppressing effects. These fi ndings sug-
gest that the basic science literature provides a general list of 
treatment parameters that have been shown to successfully 
manage the formation of edema after acute injury in animal 
subjects.

Human Studies

There are few studies showing positive effects of the use of ES 
for edema in humans. Those reporting effi cacy are described. 
Investigation on a larger scale on the effi cacy of ES in reducing 
edema in humans is needed to verify this phenomenon and to 
determine the effective treatment parameters.

Postoperative Edema

Ross and Segal112 claimed benefi t in treating postoperative 
edema, healing, and pain with HVPC in 25 postoperative 
patients. Believing that the effects of DC on edema were attrib-
uted to cataphoresis, a protocol based on the use of the cath-
ode to reduce edema was chosen. The treatment parameters 
were negative polarity, four paired pps for 15 minutes. After 
15 minutes, the polarity was switched to positive and pulse rate 
increased to 80 paired pps for another 15 minutes. Treatment 
was over the surgical site.

Burn Wound Edema

1. Fakhri and Amin113 reported that, if edema was present 
around a burn wound, there was an immediate discharge of 
pus and tissue fl uids during application of the low-voltage 
DC (LVDC) that ceased when the current was terminated.

2. Sumano and Mateos52 included a case study as part of their 
clinical trial report. Using modifi ed biphasic stimulation on 
a patient with a second-degree burn wound, there was sig-
nifi cant reduction of the signs of infl ammation, including 
edema and pain, after three treatments.

3. Edgar et al. found that local acute hand burn edema is reduced 
(p = .02), and active hand motion increased (p = .0003), 
using ES along with other usual physical therapy.114

Posttraumatic Edema

Griffi n et al.115 compared the effi cacy of intermittent pneumatic 
compression (IPC) and HVPC in reducing chronic posttrau-
matic hand edema in an RCT. Thirty patients were assigned to 
one of three groups (10 to each) to receive a single treatment 
for 30 minutes of IPC, HVPC, or sham HVPC. Chronic edema 
was defi ned as edema following traumatic injury persisting for 
14 to 21 days. The HVPC stimulator was set at 8 pps, with a 
reciprocal mode of stimulation alternating between the ulnar 
and median nerves at the elbow. Intensity was adjusted to pro-
duce minimal muscle contraction of thumb fl exion and fi nger 
abduction, and polarity was set at negative for the active sites. 
The results reported were that there was no signifi cant differ-
ence between HVPC and IPC (p = .446), and the difference 
between the HVPC and placebo HVPC groups did not quite 
reach statistical signifi cance. The single 30-minute IPC session 
produced signifi cant reductions in edema. There was also wide 
variability reported between the HVPC and IPC groups.115

Animal Studies

Several attempts have been made to learn how edema reduction 
occurs with application of HVPC.106

1. Vascular permeability
 a. Reed106 reported reduction of posttraumatic edema in 

hamsters following HVPC and attributed the effect to re-
duced microvessel leakage

 b. Posttraumatic edema was curbed in frogs treated with 
HVPC when the cathode was used. There was no effect 
if the anode was applied. Treatment effect was signifi cant 
from the end of the fi rst treatment session until the end 
of data recording 17 hours later.107

 c. A similar study using HVPC on rat hind paws found 
signifi cant treatment effects after the second 20-minute 
treatment with the cathode.64

 d. Thornton and colleagues108 found that edema forma-
tion was curbed in Zucker-Lean and Brown Norway rats 
but not in Sprague-Dawley rats when cathodal HVPC 
(120 pps) at 10% less than needed to induce visible muscle 
contraction was applied. The fact that not all species of rat 
react the same way suggests a caveat in extrapolating data 
to human subjects.

 e. Matylevich et al.109 observed the effect of 40 mA DC on 
plasma albumin extravasation after partial-thickness burn 
injury in Sprague-Dawley rats. Silver nylon wound dress-
ings were used as the anodes. Burn rats with no treatment 
or treated with silver-nylon dressing without current were 
used as controls. Quantitative analysis of fl uorescein iso-
thiocyanate (FITC) albumin leakage and accumulation 
in the wound tissue was performed using confocal fl uo-
rescence microscopy. When DC was applied, leakage was 
reduced by 30% to 45% and approached normal rates by 
8 hours post burn. FITC-albumin concentration peaked 
at 4 hours post burn, was 18% to 48% less than in burned 
control, and approached the level observed in unburned 
control by 18 hours postburn. The conclusion of the study 
was that DC has a benefi cial effect in reducing plasma 
protein extravasation after burn injury.

 f. Chu et al.,110 who worked with the Matylevich group on 
the study reported above, then considered the effect of 
DC on wound edema after full-thickness burn injury 
in the same rat species. Using the same study design as 
described, the main results were that continuous DC 
reduced burn edema by 17% to 48% at different times up 
to 48 hours postburn. Neither reversal of electrode polar-
ity nor change in current density had any signifi cant effect 
on the results of treatment. Starting treatment during the 
fi rst 8 hours post burn produced the least edema accumu-
lation, but the reduction was signifi cant even when DC 
was applied 36 hours after burn. If started immediately 
after injury, treatment had to be continued for a mini-
mum of 8 hours to be most effective.

2. Effectiveness on animals: A systematic review of the litera-
ture from 1966 to 2010 produced 11 studies that met the 
inclusion criteria for the review.111 The available evidence 
indicates that HVPC administered using negative polar-
ity, pulse frequency of 120 pps, and intensity of 90% visual 
motor contraction may be effective at curbing edema for-
mation. In addition, the evidence suggests that treatment 
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such as increased subcutaneous oxygen from enhanced perfu-
sion, which has bactericidal effects.125 After review of the cases 
reported, further investigation of the use of ES for bactericidal 
effects in human subjects is warranted. Here we review some 
case studies and basic science reports.

1. Case Study Reports. The following published case stud-
ies reported that patients with infected wounds had posi-
tive outcomes following treatment with ES: Thurman and 
Christian,126 Gault and Gatens,127 Webster et al.,128 Fitzgerald 
and Newsome,129 and Sumano and Mateos.52 Organisms 
mentioned in these studies included S. aureus and P. aerugi-
nosa. Infectious conditions reported included septic abscess, 
chronic osteomyelitis, infected burn, and thoracic spinal 
infection. Stimulation types used were low-intensity pulsed 
direct current, constant current, HVPC, and modifi ed 
biphasic. Wound asepsis was normally accomplished within 
3 to 7 days, using negative polarity.127 Concurrent use of 
antibiotics and alternating the polarity during the treatment 
session with HVPC (negative 20 minutes, followed by 40 
minutes of positive polarity) was mentioned by Fitzgerald 
and Newsome.129

 Under laboratory conditions, all biofi lm bacteria within the 
electric fi elds are readily killed by an antibiotic on all areas 
of the active electrodes. The benefi t of the bioelectric effect 
is the reduction in the concentration of antibacterial agents 
needed to kill biofi lm bacteria to levels very close to those 
needed to kill planktonic, fl oating bacteria of the same spe-
cies. However, this killing effect has not been seen in the 
electric fi eld alone but during dual treatment.130 Polak9 
reported cleansing ulcers of “pus” and necrotic tissues dur-
ing the fi rst 2 weeks of care using HVPC at the negative pole. 
No organisms were mentioned.9

2. Sumano and Mateos52 reported that use of antiseptics and 
antibiotics was precluded in all cases enrolled in their study 
and attributed the reduction in observable signs of infection 
to the ES treatment. One case included was a patient who 
had recurrent osteomyelitis. The patient response to the ES 
protocol was fair (>60%–90% healing), but complete recov-
ery was not achieved. These authors suggest that, under 
these circumstances, ES may be regarded as benefi cial and 
harmless, and may even have a preparatory role for further 
medical care. Presence of osteomyelitis has long been con-
sidered a contraindication for ES therapy.

ES with Silver Nylon Dressing

1. Chu et al.131 used microamperage current (0.4–40 mA) con-
ducted through a silver nylon dressing placed in the burn 
wound of male Sprague-Dawley rats. Chu induced burn 
wounds in rats and then inoculated them with a lethal dose 

There appears to be a trend suggesting that cathodal ES has 
a potential benefi t for treatment of burn and wound edema. 
No harm has been reported using this intervention. However, 
based on the limited amount of human reports of edema pre-
vention or reduction, it is not possible to make a recommenda-
tion. More and larger human studies are needed.

Thrombosis, Thrombolysis, and Débridement
Wounding, as we have discussed throughout this text, is fol-
lowed by clot formation or thrombosis in the wound space, and 
that is often surrounded by ecchymosis due to associated sub-
cutaneous bleeding in the adjacent tissues. You will remember 
that necrotic tissues are made up of coalesced blood elements. 
ES using negative current can produce thrombolysis (solubiliza-
tion of clotted blood).116–118

The benefi cial effects of ES on profusion have just been 
documented. Reperfusion is known to be rapidly followed by 
autolytic débridement. For example, two studies reported that 
on average there was nearly complete débridement of pus and 
necrotic tissue with cathode stimulation during the fi rst 2 weeks 
of treatment.9,119

Another example of thrombolysis with the negative elec-
trode is reversal of clumping and thrombotic effects.28 This 
may explain an clinical observation by this author, in which 
 hematoma and hemorrhaging at the wound margin or on 
granulation tissue are lysed and reabsorbed following applica-
tion of HVPC with the negative pole. This is of clinical impor-
tance because hemorrhagic material goes on to necrosis if not 
lysed and reabsorbed quickly. Figure 23.7 is an example of such 
trauma. Studies to support these initial fi ndings are needed.

Bactericidal Effects of ES
Bactericidal effects have been attributed to ES, and research 
suggests that there is evidence to support this contention. In 
vitro and in vivo studies applying DC have both been shown to 
inhibit bacterial growth rates at the cathode for organisms com-
monly found in chronic wounds.120–124 It is not clear whether 
these results are due to polarity or to another mechanism 

1

2

FIGURE 23.7 Wound is in chronic proliferative phase. Note: (1) 
Trauma to granulation tissue caused hemorrhagic spot that may go on 
to necrose; (2) Hemosiderin staining from prior bleeding surrounds 
ulcer. (Copyright © C. Sussman).

RESEARCH WISDOM

Deep tissue injury involves hemorrhage of capillaries and 
initiation of the clotting cascade. If tissues are not reperfused 
early, ischemia reperfusion injury may occur, along with cell 
death. More on deep tissue injury and ischemia reperfusion 
injury is presented in Chapter 3.
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density 15 mA/cm2) have been shown to completely override the 
inherent resistance of biofi lm bacteria to biocides and antibi-
otics.130 ES enhances the effi cacy of the antibiotics against the 
biofi lm bacteria within the electric fi eld (Figure 23.8).

Costerton called this the “bioelectric” effect.130 However, 
very low-current density ES along with antibiotics is unable 
to effectively destroy bacteria in biofi lm communities except 
when administered at intolerably high doses. As was mentioned 
earlier in this chapter, current density and charge dosage must 
be adequate for biological responses to occur. The potential 
for clinical application of this dual approach to treat chronic 
wounds that are colonized with bacteria biofi lms needs to be 
researched clinically. Chapter 17 describes biofi lms and their 
signifi cance for chronic wounds.

Table 23.5 summarizes the benefi cial results of ES on 
infected wounds.

Electroanalgesia
A large body of literature supports the use of TENS to provide 
electroanalgesia, for both acute and chronic wound pain man-
agement. Treatment with PES, also, effectively reduces pruritus 
associated with healing of donor sites.57

Neuropathic Pain
Chapter 22 was totally devoted to the discussion of pain but 
you were referred to this chapter as a source for evidence about 
use of ES for electroanalgesia. The following studies were cho-
sen because they are related to the types of etiologies seen in 
patients who need wound management.

1. Kumar et al.,22 in a randomized controlled, single-blinded 
trial with biphasic TENS and amitriptyline (Elavil, Etrafon, 
Limbitrol) (N = 23), found that there was a benefi cial effect 
from TENS for relief of painful diabetic neuropathic pain 
beyond the effect of the amitriptyline. The treatment unit 
used was a proprietary device called H-wave (Electronic 
Waveform Laboratory, Huntington Beach, CA), with char-
acteristics of biphasic exponentially decaying waveform 
with pulse widths of 4 milliseconds, <35 mA, <35 V, and 

of P. aeruginosa bacteria followed by treatment with the sil-
ver nylon dressing as the anode and learned that it was effec-
tive as a barrier to infection. Even the silver nylon dressing 
alone, without the current applied, had a signifi cant protec-
tive barrier effect. However, when the silver nylon dressing 
was used with the cathode or just the nylon cloth without a 
metal coating, an effective protective barrier did not occur.

2. Webster used electrically activated silver dressings with the 
dressing as the anode to treat chronic osteomyelitis wounds. 
Sixteen (64%) of the cases resulted in closed, stable, pain-
free wounds, and nine of twelve cases, complicated by non-
union, achieved union. The authors suggest that the silver 
anode dressing is an effective treatment for chronic bone 
infection, when combined with surgical débridement, and 
reduces the need for prolonged systemic antibiotics.
 Current thinking is that treatment of wounds with a his-
tory of osteomyelitis can be treated with ES if the osteomy-
elitis is being or has been treated with antibiotics.

3. Huckfeldt et al used silver nylon dressings moistened with 
sterile water as conductive medium for an RCT (N = 31) 
to treated burn patients who received skin grafts postop-
eratively with anodal microcurrent ES. Controls were just 
treated with the silver dressing protocol. The treatment 
group showed signifi cantly faster healing (p ≤ 001) than 
controls.132

4. In another RCT (N = 16) of patients with pressure ulcers, 
silver nylon dressings moistened with either tap water or 
hydrogel were used as a contact medium in the wound while 
HVPC was applied, and the results showed 69% healed in 
4.5 months and remained healed at follow-up.133

Biofi lms
Biofi lms are colonies of microorganims, usually bacteria, that 
adhere to surfaces such as wound beds, and produce a slimy 
matrix of proteins and polysaccharides that gives them height-
ened resistance to conventional antibiotics. For obvious rea-
sons, wound bed biofi lm colonization is a signifi cant healing 
problem (see Chapter 17).

Although biofi lms are not readily affected by biocides and 
antibiotics or ES individually, when these therapies are com-
bined, low-intensity DC electric fi elds (1.5–20 V/cm and current 

Anti-
biotic

Anti-
biotic

The Bioelectric Effect

FIGURE 23.8 The bioelectric effect of combining ES and an antibiotic 
to kill biofi lms. (Photo used with permission by the Center for Biofi lm 
Engineering. MSU. Bozeman, MT.)

Source Infection Type

Stimulation 

Type Used Results

Thurman and 
Christian126

Abscess in diabetic HVPC Healed

Fitzgerald and 
Newsome129

Spinal wound with 
Staphylococcus 
aureus

HVPC Healed

Webster et al.128 Chronic osteomyelitis DC Healed

Sumano and 
Mateos52

Osteomyelitis Modifi ed 
biphasic

Improved

Infected burn Healed

Data from references listed in the table.

Case Study Reports of Benefi cial 
Results of ES on Infected Wounds23.5TABLE

Sussman_Chap23.indd   599Sussman_Chap23.indd   599 8/6/2011   4:11:01 PM8/6/2011   4:11:01 PM



600 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

Burns and Grafts
In animal and human studies, fl aps and grafts treated with mono-
phasic PC ES heal without ischemia and result in fl atter, thinner, 
and more resilient scars than in controls.61,71,138 Pulsed ES was 
used to stimulate healing of burned rat skin.139 The repaired skin 
of the electrostimulated group had an appearance similar to that 
of the control skin, and the overall appearance of the repaired 
skin was compatible with a well-organized healing process.

Adamian et al.140 reported that 12 patients with slow heal-
ing postburn wounds received local ES treatment. Morphologic 
and biochemical studies confi rmed marked stimulating effects 
of local ES-associated acceptance of dermal autografts and heal-
ing. Fakhri and Amin113 reported a descriptive study in which 
they treated 20 indolent burn wounds with DC stimulation 
twice a week for 10 minutes per session until healed or ready for 
regrafting. All patients had failed one or two surgical skin grafts 
and served as their own controls. The wounds were deep der-
mal wounds or full-thickness or mixed. Epithelialization began 
by day 3 after start of the ES treatment. The largest wounds 
took the longest to heal (up to 3 months). Autologous skin 
grafts were successful after 2 to 4 weeks of ES treatment. The 
paper particularly cites the appearance of islands of epithelial 
cells in full-thickness skin burns that would have been expected 
to be destroyed. Benefi ts to scar formation from the treatment 
were better elasticity, more durability to stress, better cosmesis, 
and better regeneration of the skin pigments.

From case studies and clinical trials, evidence is being com-
piled to look at the outcomes of the treatments with ES on all 
phases of wound healing. Currently, there is a positive trend to 
treatment with ES, with an expected outcome of a functional, 
improved quality scar. More studies with human subjects are 
needed to compare different current waveforms and treatment 
parameters and their effects on collagen formation and scar.

Monophasic, Biphasic, and Microcurrent 
Stimulation Effects
Few comparative studies have been published about different 
effects based on the type of waveform used for treatment.

Animal Studies
A comparison of biphasic with monophasic stimulation of 
acute incisional wounds in rats by Bach et al.141 showed that 
both types of current caused a signifi cant increase of collagen 
content around the incision line, compared with controls, but 
did not affect the tensile strength or the energy absorption of 
the collagen formation in the early postoperative period. Reger 
et al.142 also compared biphasic and monophasic stimulation 
of wounds induced in new monoplegic pigs with wounds in 
normal pigs and denervated controls. When compared with 
controls, both biphasic- and monophasic-stimulated wounds 
showed reduced healing time and increased perfusion in the 
early phases of healing. Monophasic stimulation reduced 
the wound area more rapidly than did biphasic, but biphasic 
stimulation reduced the wound volume more rapidly than did 
monophasic. Their impression was that the applied current 
appears to orient new collagen formation, even in the absence 
of neural infl uences. Collagen organization is considered an 
important factor in improved tensile strength of the scar. This 
study found that the ES did not reduce the strength of the heal-
ing wounds below those of the nonstimulated controls.

2 to 70 Hz. Treatment was applied at the knee region, and 
treatment effect occurred in the foot. Results of the study 
showed that 41 patients (44%/ ± 4%) using H-Wave TENS 
reported subjective reduction in pain; 13 patients had 
no improvement.23 Those who had no improvement also 
reported a signifi cantly higher incidence of foot ulcers than 
did the responder group. Nineteen patients reported swell-
ing over the ankles. Twelve reported some decrease in the 
swelling with the TENS treatment, six claimed no change, 
and one had an increase. Only one of the 12 responders was 
using compression stockings. However, four of six of those 
who reported no change were wearing compression stock-
ings. Data from this RCT suggest that the benefi cial effects 
of electrotherapy for neuropathic pain continue with pro-
longed usage. Why the nonresponders had more foot ulcers 
than the responders deserves further investigation.

2. A recent meta-analysis located 3 RCTs involving 78 patients 
comparing the effectiveness of TENS on diabetic peripheral 
neuropathy that met the study inclusion criteria. The reduc-
tion in pain scores was signifi cantly greater for the TENS group 
at 4 and 6 weeks’ follow-up. At 12 weeks follow-up, there was 
signifi cant subject improvement in overall neuropathic symp-
toms. No adverse effects were found. Thus, TENS was deemed 
a safe and effective treatment for relief of diabetic peripheral 
neuropathic pain. However, this is a very small sample, and 
larger studies are necessary to further evaluate effectiveness.134

3. Surface electrode PC nerve stimulation has not been well 
received by patients, clinicians, or manufacturers. Many have 
switched to electrical implants. Recently, there is a renewed 
interest in using the surface electrode methodology for neu-
ropathic pain. Some people are well served by this treatment 
methodology as is apparent in the look-back study by Kupers 
et al. of fi ve patients who have used PC for a 20-year period 
of home treatment for neuropathic pain following peripheral 
nerve injury.135 Of 11 patients in the original study (1988), 
six were still using PC for pain management at home (2009). 
One did not participate in the review due to travel distance. 
Patients reported using the PC stimulator as needed, weekly 
or daily. Evaluations showed subjectively reduced pain ratings 
and improved quality of life on days stimulation was used. 
Objectively, positron emission tomography showed decreased 
activation in the pain matrix at rest, and during thermal stim-
ulation, PC use led to increased BF not only in the primary 
somatosensory cortex but also in the other structures of the 
pain matrix (anterior cingulate and insular cortices, caudate 
nucleus, thalamus, and prefrontal cortex), see Chapter 22. 
Based on these fi ndings, we learn that PC can provide long-
term pain relief in a select group of patients. Patients must 
have a strong belief in the value of the treatment to adhere 
to it for so long. This may be a placebo effect, but as we dis-
cussed in Chapter 22, a placebo effect can be as powerful as a 
dose of morphine.136 An unanswered question is whether the 
increased BF to the cortex prevented loss of grey matter, which 
we learned is a common fi nding in chronic pain patients.

4. Persistant Venous Leg Ulcer Pain. In a DBRCT study of pain-
ful venous leg ulcers (N = 39), pulsed LIDC, provided sig-
nifi cant (p = .049) rapid, lasting pain relief.104 In another 
open RCT of venous leg ulcers, pain (N = 35 with 43 painful 
ulcers), as measured by VAS scores, decreased signifi cantly 
(p = .0001) after 2 months of irregularly pulsed LIDC.137
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Franek et al.,119 Goldman et al.,11 Griffi n et al.,26 Gogia et al.,147 
Houghton et al.,10,133 Kloth and Feedar,27 Peters et al.,148 and 
Polak et al.9 A brief summary of each study follows.

Table 23.7 summarizes the data for all of them.
The above study populations were heterogeneous, but sub-

sequent studies have been homogenous or stratifi ed by etiology 
of the population and separate results reported.

Pressure Ulcers
• Kloth and Feedar27 studied pressure ulcer healing and found 

a mean healing time of 7.3 weeks, and 100% of the treatment 
group healed. Positive polarity was used initially and then 
switched to negative if the wound plateaued.

• Gogia et al.147 treated for 20 minutes following a 20-minute 
whirlpool session fi ve times a week, beginning with 4 days of 
negative polarity, then switched to positive polarity. The rate 
of healing in the experimental group was particularly high 
during the fi rst 2 weeks of treatment (31.45%), then slowed 
considerably, and was not statistically different from the con-
trol group after 5 weeks. The above study populations were 
heterogeneous, but are stratifi ed by etiology of the population 
and separate results reported.

• Gentzkow et al.28 reported a study of 40 ulcers in 37 patients. 
Nineteen pressure ulcers were stimulated, and 21 were sham 
stimulated. The trial lasted for 4 weeks. The treated ulcers 
healed more than twice as much as the sham-stimulated 
ulcers (49.8% versus 23.4%), healing at a rate of 12.5% per 
week, compared with 5.8% for the sham-stimulated group. 
Crossover results for 15 of the 19 sham-treated ulcers showed 
a fourfold greater healing during the 4 weeks of stimulation, 
compared with 4 weeks of sham treatment. This difference 
was statistically signifi cant.27

• Feedar et al.18 published a study on pressure ulcers. The 61 
patients served as their own controls. The treatment phase of 
the study was preceded by a 4-week control phase of optimal 
nonelectrically stimulated wound care. Only the Stage III or 
IV ulcers with need of surgical débridement, necrotic/puru-
lent drainage, or exudate seropurulent drainage that did not 
improve during the control phase went on to the treatment 
phase. After 4 weeks of treatment, 58.8% of the wounds had 
improved. After a mean of 8.4 weeks, 23% completely healed 
and 82% improved signifi cantly.

Microcurrent stimulation has been studied in animal models 
in which current was applied only one or two times per day for 
30 minutes for 1 to 2 weeks; no signifi cant clinical effects were 
demonstrated on wound healing.143,144 In another study, there 
were signifi cant increases in subcutaneous oxygen measure-
ments when supplemental oxygen was given by mask during 
the MENS stimulation.102 There was no acceleration in healing.

Human Studies
Pressure Ulcers

Stefanovska et al.145 compared the effi ciency of monopha-
sic (600 mA, 2 hours daily) and biphasic (40 Hz, 15–25 mA to 
produce minimal muscle contraction, 2 hours daily) in heal-
ing pressure ulcers in 150 patients with SCIs. Treatment was 
applied across the wounds using a bipolar technique. As in the 
Reger study,142 monophasic was less effective for reducing the 
depth of deep wounds than was biphasic, and biphasic was less 
effective for reducing the wound area of large wounds. Frantz146 
reported that full-thickness pressure ulcers had a statistically 
signifi cant reduction in depth but not in surface area when 
treated with biphasic.49

Huckfelt et al.132 used continuous anodal microcurrent 
(50–100 mA dependent on wound resistance) for a monopolar 
technique with a silver nylon contact dressing as an electrode 
to speed time to stable wound closure of burn wounds postop-
eratively after graft placement. Findings of this RCT (N = 31) 
showed a 36% decreased time to closure in treatment group 
compared to controls. Table 23.6 summarizes the treatment 
effects attributed to biphasic and monophasic.

CLINICAL TRIALS

Since the 1960s, a series of clinical trials have been undertaken 
to evaluate the effect of ES on wound healing. In this section we 
review clinical trials by current waveform categories. The early 
studies are classics in this fi eld.

Monophasic Pulsed Current Clinical Trials
Nine randomized controlled clinical (RCT) prospective stud-
ies were found in a literature review reporting the use of 
HVPC for wound healing. Reporting investigators included 

Investigator

Subjects and Disease 

States Direct Current

Alternating Current 

(Biphasic)

Stromberg61 Healthy pigs Faster wound contraction if 
polarity alternated

Reger et al.142 Spinal cord injury, pigs Faster wound contraction Faster volume reduction

Stefanovska et al.145 Spinal cord injury, humans Less effective for deep wounds Less effective for large wounds

Frantz146 Pressure ulcers, humans Fast volume reduction; slow 
wound contraction

Huckfeldt132 Skin grafts humnas Faster closure

Data from references listed in the table.

Treatment Effects of Monophasic and Biphasic Electrical Stimulation23.6TABLE
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• A second RCT from Poland by Franek, Polak, and Kucharzewski 
also investigated the effect of HVPC on venous ulcers.  Three 
groups were used:  group A (N = 33) received HVPC treat-
ment and compression bandaging., group B (N = 32) received 
topically applied medicine and compression therapy, and 
group C (N =14) received Unna boot compression. Outcome 
measures analyzed were rate of healing, rate of “pus” débride-
ment/cleansing, and degree of granulation formation after 2 
weeks. Findings were that the rates of wound healing and pus 
cleansing were highest in group A. An inclusion criterion was 
ankle-brachial index ABI greater than 0.8. Negative polarity 
was used until wound was clean of pus, typically 1 to 3 weeks, 
and then changed to anode for the rest of the study.

Diabetic
• Alon et al.150 used positive polarity and stimulated diabetic 

wounds three times a week for 1 hour; 12 of the 15 (80%) 
of the ulcers treated healed. One patient died, one did not 
respond, and the ulcer in one decreased signifi cantly in size 
but did not heal in 21.6 weeks.

• Peters et al. reported a 12-week RCT study of ES effi cacy on 
healing of diabetic foot ulcers (N = 40) using an unusual 
protocol.148 All patients received off-loading, débridement as 
needed, and moist wound healing dressings that were changed 
twice daily. Treatments and dressing changes were performed 
by the patient or a family member. The object was to test 
outcome as related to compliance using a unique treatment 
schedule. The treatment took place in the patient’s home dur-
ing night sleep, the purpose being to improve compliance 
because the patient’s regular schedule of activities would be 
minimally impacted. The device used was a small microcom-
puter strapped to the leg and the electric current was deliv-
ered through a Dacron mesh silver nylon stocking. The device 
used compliance metering. Current was delivered as twin 
peak pulses at 50 V amplitude in three phases: high pulse rate 
(80 pps) for 10 minutes followed by low pulse rate (10 pps) 
for 10 minutes, then a 400-minute rest period. Polarity was 
not reported. Programming of the computer allowed for this 
sequence to be repeated throughout the night, presumably for 
seven to eight cycles per night. Conductivity was assured with 
a slowly evaporating electrolyte fl uid applied to the skin.

Compliance was evaluated and the fi ndings were that (1) 
compliance from both groups was essentially the same; (2) 
compliant patients only used the device correctly 50% of the 
time; and (3) compliant patients in both groups had bet-
ter outcomes than both noncompliant groups. Two dropouts 
occurred in each group. Healing outcomes were as follows: 75% 
of treatment group healed and 35% in placebo group healed. 
Among the healers in both groups, the average healing times 
were essentially the same: 6.8 ± 3.4 weeks and 6.9 ± 2.8 weeks. 
Conclusion: Patients who used the ES protocol for 20 hours or 
more per week were more likely to heal than those who used 
placebo or less than 20 hours of stimulation per week.

Ischemic Ulcers

Goldman reported a small RCT pilot study (N = 8; four in each 
group) of patients with ischemic ulcers. Ischemic ulcers have 
a predisposition to be unstable and rapidly expand into gan-
grenous eschar.11 Patient inclusion criteria for this study was 

• Griffi n et al.26 demonstrated an 80% reduction in size of pres-
sure ulcers in SCI-injured patients in 4 weeks, when treated 
with negative polarity, but ulcers were not treated until healed.

• Franek et al reported in a prospective RCT (N = 58) of Stage 
I, II, III pressure ulcers using HVPC treatment that after a 
6-week treatment period of stimulation fi ve times weekly 
for 50 minutes per session, the treatment group healed twice 
as fast as the controls.149 During the treatment period, 8/29 
ulcers healed versus 4/29 controls. Results were not stratifi ed 
by pressure ulcer stage making it diffi cult to determine effects 
on different stages. Volume reduction occurred simultane-
ously with area reduction. There was more effi cient reduction 
in necrotic tissue and enhanced growth of granulation tissue 
in treatment group but not of statistical signifi cance.

• Adegoke and Badmos used monophasic PC in an RCT to 
study effects on an SCI pressure ulcer population. This very 
small study, originally seven and then six subjects, found that 
in 4 weeks, the treatment group healed 22% compared to 
2.6% for the control group.

Venous Leg Ulcers
• Houghton et al.’s10 RCT focused on treatment of vascular leg 

ulcers (N = 27 subjects, 42 ulcers). The study time was not 
intended to take the wounds to closure but to evaluate the 
effect of HVPC on size and tissue appearance over a 4-week 
period. The vascular leg ulcers were stratifi ed into three 
groups: diabetic, arterial, or venous. Then the ulcers were ran-
domly assigned to one of two treatment groups. One group 
received HVPC treatment and the other placebo treatment. 
All HVPC treatment was given at negative polarity, three 
times weekly treatment of 45 minutes per session. Outcome 
measures reported included percentage reduction in sur-
face area and wound tissue appearance as evaluated with the 
photographic wound assessment tool (PWAT). (Chapter 
5 describes this assessment tool.) Surface area for the total 
experimental group decreased 44.3% ± 8.8%, or 11% per 
week during the 4 weeks of the study, and the ulcers in the 
control group did not decrease. Seven patients had bilateral 
venous ulcers and they were used as their own controls. Data 
were stated in two ways: combined healing for the combined 
group of vascular ulcers (above) and separately for the seven. 
In patients who were their own controls, the treated ulcer had 
a surface area reduction that was signifi cantly greater (57% ± 
15) than the control ulcer (20% ± 18.l6%) and PWAT scores 
reduction over the time of the study.

• Polak et al.9 also reported an RCT using HVPC for venous 
leg ulcers. English translation of the Polish published study 
was provided by the fi rst author as a personal communica-
tion. In this study, 22 patients were enrolled for treatment 
and 20 as controls. The study lasted 7 weeks. Treatment was 
six times weekly for 50 minutes per session. Outcomes were 
reported two ways: percentage of healing and weekly healing 
rate of both volume and surface area. Findings were that the 
treated ulcer had a 73.4% reduction of area compared with 
47% reduction for control. Volume reduction for the experi-
mental group was 91.3% versus 68%. Weekly healing rate was 
a volume reduction of 1 cm3 for treated ulcers and 0.6 cm3 for 
controls. The number of healed or percentage of healed ulcers 
was not reported.9 Likewise, the rate of area reduction was 
faster for the experimental group (1.4 versus 1.0 cm2/wk).
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Low-Voltage Microamperage Direct Current (LVDC) 
Clinical Trials
LVDC was used in six clinical studies. Wolcott et al.,96 Gault and 
Gatens,127 Carley and Wainapel,138 Katelaris et al.,152 and Wood 
et al.30 studied treatment of ischemic and indolent ulcers. In 
the fi rst three studies, a positive (anode) polarity was used after 
a period of 3 or more days at the cathode. The polarity was 
reversed every day or every 3 days if wound healing did not prog-
ress. Rationale for initial cathode application was the solubiliza-
tion of necrotic tissue56 and bactericidal effects.120,121 All studies 
except the Katelaris study used an amplitude of 200 to 800 mA. 
Duration of treatment was very long: 2 hours, two or three times 
per day, or 42 h/wk for the fi rst two studies, and 20 h/wk for the 
third study. Treatment in the Wood study was administered three 
times per week, but length of treatment was not stated. Katelaris 
et al. incorporated ES treatment with dressings, did not state how 
long current was applied, and used negative polarity throughout. 
A combined total of 225 patients were treated, and 75 served as 
controls. In most cases, the patient served as his or her own con-
trol. Mean healing times reported were 9.6, 4.7, 5.0, 8, and 6.5 to 
7 weeks, respectively, for the fi ve studies (see Table 23.3).

The difference in healing time between these studies is not 
clear. Perhaps in the Wolcott et al study, the wounds were more 
extensive. Carley and Wainapel138 noted that the pulsed LIDC 
treatment group healed 1.5 to 2.0 times faster than did the con-
trol subjects, who were treated with wet to dry dressings and 
whirlpool. Katelaris et al.152 found no statistical difference in 
healing times between normal saline, normal saline with elec-
trode, and povidone-iodine–treated wounds. However, results 
when povidone-iodine was used with the negative electrode 
showed that the mean healing rate was statistically longer, 85.3 
days (12.2 weeks). The researcher theorized that the retardation 
effect may be due to the negative pole ionization of the iodine 
and forcing iodine ions down an electrochemical gradient into 
the cell, where they act as intracellular toxins.

Biphasic Stimulation Studies
Controlled Animal Study
Khalil and Merhi153 decided to test the effect of frequency on 
wound healing in aged rats. Aged rats were wounded and then 
divided into an active treatment group and a sham treatment 
group. Low-frequency TENS (20 V, 5 Hz for 1 minute) was 
applied twice daily to the treatment group, and sham treat-
ment was applied to the controls. The active group required 
14.7 ± 0.2 days for complete healing, which was a signifi cant 
improvement over the sham group (21.8 ± 0.3 days). The con-
clusion reached was that wound healing in aged rats can be 
accelerated by peripheral activation of sensory nerves, using 
low-frequency parameters. Most patients sent for ES interven-
tion are elderly so perhaps similar mechanisms control wound 
healing in human elders and that is why we see so many reports 
of good results for this population.

Human Studies
There are reports in the literature by Kaada,84 Lundeberg 
et al.,8 Stefanovska et al.,145 Baker et al.,154,155 Barron et al.,156 
Petrofsky46,47,157,158 of clinical trials of wound healing with bipha-
sic waveforms. Benefi ts were found in patients with SCI who 
had pressure ulcers145,154 and in patients with diabetic ulcers, 
including those with peripheral neuropathy155 and venous 

critically ischemic wounds occurring below the knee diagnosed 
by vascular study that had not healed in at least 4 weeks. The 
groups were appropriately matched. Risk was evaluated by the 
clinical team; expectation that the wound would not increase 
in size over the 14-week study period was another inclusion 
criterion. A signifi cant fi nding from this small study was that 
both tcPO

2
 levels and laser Doppler fl ow measurements were 

increased out of the ischemic range in the treatment group and 
not in the controls.
At the 1-year follow-up, there were was one unrelated death but 
no amputations in the HVPC group. There was one amputa-
tion in the control group even though the controls elected to 
transfer to HVPC after the 14-week trial period. Motivation 
for conducting this RCT prospective pilot study was a 5-year 
retrospective RCT observational study previously reported by 
the same principal author. In that study, they identifi ed criteria 
met by 22 patients with ischemic wounds below the ankle who 
were poor candidates for revascularization. Eleven subjects had 
received HVPC plus standard care and the other eleven sub-
jects received only standard care. At the end of 1 year from start 
of treatment, 90% of wounds (9/10) were healed in the HVPC 
group, compared with 29% (2/7) who only received standard 
care. In addition, there were observations of a marked increase 
in tcPO

2
 levels in the HVPC-treated group of patients over the 

study period and that ulcer healing tended to improve after 
the start of ES (see the section on ES and oxygen earlier in this 
chapter). The study authors recognized correctly that a small 
number of subjects have the ability to skew the results and cal-
culated an N of 24, 12 each group, to test their hypothesis about 
increasing microcirculation with an ES phase 2 study.105

Unknown Etiologies

Akers and Gabrielson151 published a study that compared (1) 
HVPC direct application to the wound; (2) application of 
HVPC using the whirlpool as a large electrode; and (3) whirl-
pool alone. The direct application of the active electrode to the 
wound site had the best outcome, followed by HVPC using 
the whirlpool as an electrode. Whirlpool alone was the least 
effective.

In all the studies except the Gogia, Houghton, and Peters 
studies, the treatment frequency was fi ve to seven times per 
week for 45 to 60 minutes. At this time, it is hard to state what 
is the optimal amount of stimulation needed to effect heal-
ing. However, it does seem apparent that HVPC is an effective 
adjunct to standard wound care for the populations studied.

Low-Voltage Pulsed Electrical Current (LIDC) 
Studies
Two RCTs of treating pressure ulcers with LVPC, labeled PES, 
were located in the literature.

CLINICAL WISDOM

Best Method for Effective HVPC Treatment
Apply HVPC directly to the wound for best expected 
outcome.
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a week for 3 weeks, for a total of nine treatments with micro-
current stimulation. The waveform was a modifi ed biphasic 
square wave. The treatment characteristics were 600 mA, 50 V, 
and 0.5 Hz. The electrode probes were placed 2 cm away from 
the edge of the ulcer and then moved circumferentially around 
the ulcer. Each successive placement of the probes was 2 cm 
from the prior placement. In this small study, two ulcers healed 
100%, three healed 99%, and one decreased in size 55%.

Mixed Etiologies

Kaada84 reported results of TENS on 10 subjects, who served as 
their own controls, with recalcitrant ulcers of different etiolo-
gies. Stimulation was provided indirectly over the web of the 
thumb daily (HoKu point) during three 30-minute sessions 
with rests of 45 minutes between, for a total of 1½ hours of 
stimulation. Stimulation was below visible muscle contraction.

Sumano and Mateos52 reported the use of acupuncture-like 
ES for the treatment of unresponsive wounds of mixed etiolo-
gies and burns. In this clinical trial, in which patients served 
as their own controls, the device used had the parameters of 
300 mV, 67 Hz, 0.04 mA, and a calculated absolute charge 
density of 0.4 to 0.8 C/cm2. The method of delivery for most 
wounds was via electrodes clipped to stainless steel acupunc-
ture fi liform needles that were inserted subcutaneously along 
the edges of the lesion and placed to form an almost complete, 
closed peripheral circuit. In very large burn wounds, the cur-
rent was applied by means of covering the wound with saline-
soaked gauze, and then randomly attaching alligator clips from 
the stimulator to the gauze, maximally separating the positive 
and negative electrodes. Delivery of current through the gauze 
in this manner without a conductor is problematic. Treatments 
were administered either daily or every other day, based on the 
severity of the lesion and compliance of the patient.

Throughout the course of the treatment protocol, no local 
antiseptics or antibacterials (either systemic or local) were 
administered. Dry wound healing methods, as described in 
an earlier section, were used. Only normal saline was used to 
cleanse wounds. Forty-four wounds (34 wounds/10 burns) were 
treated. Patients and wounds were assessed using a stratifi ed 
classifi cation method of lesion and medical condition severity. 
When wounds were classifi ed according to their severity, as well 
as the overall condition of the patient, a closer statistical cor-
relation between the lesion grade and number of treatments to 
total cure was observed (r = 0.98). Number of treatments were 
less (8.4 ± 2.3) for grade I severity lesions (N = 10) than for 
those of grade III severity (N = 17)(41.38 ± 6.58). The authors 
reported a positive correlation between the severity grade and 
the time of the fi rst visit for alternative treatment. Mean time 
from lesion identifi cation to fi rst presentation was 11.8 ± 4.49 
days for grade I, 15.44 ± 8.58 for grade II, and 24.5 ± 5.21 days 
for grade III.

All patients in the study requested this alternative type of 
medical treatment when their wounds/burns did not heal 
quickly (2–4 weeks) with conventional wound healing proce-
dures and drugs. Although this procedure uses acupuncture 
needles, it is not an orthodox acupuncture procedure. Authors 
reported that the patients were compliant with the treatment 
and attributed the compliance to high patient satisfaction, 
with the evident improvement seen from the fi rst treatment 
session. Early intervention with the ES procedures seems to 

stasis.8 Another research fi nding is that more rapid reduction 
in wound depth occurs when biphasic is used.146 One animal 
RCT142 and two human RCTs145,146 have noted this observation. 
In all of the studies except Kaada, stimulation was delivered to 
the skin at the wound perimeter, rather than into the wound 
bed. An advantage of the perimeter stimulation was less disrup-
tion of the wound bed, less cross-contamination of the wound, 
and less interference with the dressing. Table 23.8 summarizes 
the protocols used and results for all of the biphasic studies.

Diabetic/Venous Ulcers

• Lundeberg et al.8 conducted an RCT on 64 patients with 
chronic diabetic ulcers due to venous stasis. All patients 
received standard treatment with paste bandage, in addition 
to the sham or TENS treatment. Asymmetric biphasic stim-
ulation was determined to produce signifi cant wound heal-
ing effects, whereas the other waveforms did not increase the 
healing rate.

• In two RCTs, Baker et al.154,155 compared asymmetric bipha-
sic, symmetric biphasic, and microcurrent (DC) in two sets 
of patients, one with diabetic ulcers and the second with pres-
sure ulcers. The asymmetric biphasic waveform has a poten-
tial for some polar effect that should not be discounted. The 
polar effect may explain why it was more effective than the 
symmetric biphasic waveform. However, another likely expla-
nation of the effects just mentioned is stimulation of neural 
mechanisms that effect healing.154

• Petrofsky and his work group reported several different 
aspects of biphasic treatment for diabetic wounds.46,97,159 
Global and local heating of the skin to 35°C releases vascu-
lar skin vasoconstriction and increases skin BF. When ES fol-
lows skin heating, there is a further large BF increase (35%) 
at the wound margins in the diabetic population compared 
to nondiabetics (18%). However, heating in a 32°C (90°F) 
room presents some practical diffi culties. Thus, an alternate 
method was tested by Petrofsky et al. using a combination of 
local dry heat (infrared heat lamp) and ES (biphasic, 30 Hz, 
PW 250 milliseconds, about 20 mA). The results measured 
with LDF images showed that BF increased from rest of 102.3 
± 25.3 to 152.3 ± 23.4, and there was signifi cantly decreased 
wound area and wound volume (p < .05) in a 1-month period 
in a group of 20 diabetic subjects. Preheating was done locally 
to the periwound and wound area after removing the dress-
ing and cleansing the wound with an infrared heat lamp 
placed 35 cm above the tissues to raise tissue temperatures 
37°C. Preheating was found to reduce skin resistance so that 
when ES was added there was a synergistic effect on BF that 
increased the release of vasodilator NO. They found that area 
and volume of combination-treated ulcers reduced signifi -
cantly in area and volume (68.4 ± 28, 63% versus) in a 4-week 
period. Treatment given three times per week.158

Their conclusion was that the addition of local heating, rais-
ing tissue temperature to 37°C, appeared to be a relevant part of 
the healing equation.

Pressure Ulcers

The RCT study by Stefanovska et al.145 compared DC and asym-
metric biphasic current. Barron et al.156 reported a study of 
six patients with pressure ulcers who were treated three times 
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610 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

received a variety of treatments, including moist dressings 
(13), antiseptics (4), and whirlpool (4). However, the evidence 
of effectiveness of this adjunctive therapy compares favor-
ably or surpasses treatment with other interventions used for 
wound healing.

Summary
The previous section evaluated the effi cacy of ES on many 
aspects and components of wound prevention, including 
clinical trials of wound healing. Electrical stimulation studies 
reviewed in this section vary from continuous waveform appli-
cation with DC to pulsed short-duration monophasic pulses 
to biphasic pulses. What is known and acknowledged is that 
ES seems to have positive effects on wound healing or on the 
aspects and components necessary for wound healing (e.g., 
BF and oxygen uptake, DNA, and protein synthesis), but there 
is still ambiguity about the type of ES characteristics that are 
most important or critical. For instance, polarity has played an 
important role in protocols used, even though the likelihood 
of polarity effects of currents with pulses of very short dura-
tion is questionable. Now we are learning that prewarming and 
concurrent warming substantially decrease vasoconstriction 
and appear to have a synergistic effect that enhances BF and 
thus ES treatment effi cacy. One possible reason for the wound 
healing effects of ES with any type of current may result from 
the effect of low-level sensory stimulation on the peripheral 
nerves, which is not wholly dependent on the polar nature of 
EC. Kaada85 describes effects that include inhibition of sympa-
thetic input to superfi cial vessels, release of an active vasodi-
lator, and axon-refl ex stimulation. Study results are beginning 
to show evidence that stimulation with DC, AC, and PC have 
somewhat different physiologic effects. As identifi cation of the 
specifi c effects of different currents’ aspects is more thoroughly 
tested, the clinician will be able to choose the type of stimula-
tion and a protocol to derive a specifi c outcome for prevention 
or healing.

CHOOSING ES AS AN INTERVENTION: 
CLINICAL REASONING

Selection of ES for wound healing is not dependent on the 
wound etiology or the patient’s medical diagnosis. ES is appro-
priate when there are impairments to the systems that interfere 
with healing at one or more levels: cellular, tissue, or organ. 
Functional loss at any of these levels suggests that the wound 
will not or has not healed with the current level of intervention. 
In such cases, refer the patient to PT for the consideration of 
additional strategies to facilitate healing. The use of externally 
applied currents is one such strategy. Physical therapists have 
unique education and skill set that makes them the most skilled 
providers of electrotherapeutic interventions and the most 
likely to have predictable results.

Wound attributes that respond positively to ES include 
necrotic tissue and pus, infl ammation, wound contraction, 
infection, and wound resurfacing. Wounds of all depths, from 
partial-thickness to full-thickness and deeper (e.g., Stage II 
to IV pressure ulcers) have been treated successfully with ES. 
Table 23.9 identifi es wounds appropriate for treatment with ES.

have accelerated the healing process, reduced risk for increased 
wound severity, and required fewer treatment interventions to 
achieve an excellent outcome. In all patients, healing proceeded 
in a thoroughly organized manner, almost regardless of the 
severity of the type of wound or burn treated.52

Meta-Analysis of Effect of ES on Chronic 
Wound Healing
Gardner and Frantz160 used meta-analysis to average quantita-
tively the fi ndings across multiple ES studies. The meta-analysis 
for ES for wound healing was undertaken by the authors for 
three purposes:

1. To quantify the effect of ES as an adjunctive therapy for 
chronic wound healing

2. To explore the infl uence that the type of ES may have on 
effi cacy of the ES treatment

3. To explore the infl uence that the wound etiology may have 
on ES effectiveness for healing

To achieve these goals, the meta-analysis estimated the rate of 
healing of chronic wounds treated with ES. To be included in 
the meta-analysis, the following criteria had to be met:

1. The study was on the use of ES for ulcer or periulcer 
stimulation

2. The subjects were humans
3. Reports would include all types of chronic wounds (arterial, 

diabetic, pressure, and venous)

The outcome measure chosen for evaluation was the per-
centage of healing per week because it was the most com-
mon measurement either reported or that could be calculated 
from study data. Fifteen studies, which included 24 ES and 
15 samples, were analyzed and the average rate of healing per 
week calculated for each sample. The 15 studies included have 
been described in the preceding text. Ninety-fi ve percent con-
fi dence intervals were also calculated. The 95% confi dence 
intervals of the ES (18%–26%) and control samples (3.8%–
14%) did not overlap. Then the samples were grouped by type 
of ES device and chronic wound, and reanalyzed. The rate of 
healing per week was 22% for ES samples and 9% for control 
samples. The net effect of ES was 13% per week. Net increase 
in rate of healing was 10.9%. DC healing rate was 12.6% per 
week versus PC healing rate net increase of 15.5%. ES treat-
ment was most effective for treatment of pressure ulcers (net 
effect = 13% per week). Findings regarding the relative effec-
tiveness of different ES devices were inconclusive. The authors 
felt that the problem was extensive overlap in the confi dence 
intervals.

The conclusion reached by these authors was that ES pro-
duces a substantial improvement in the healing of chronic 
wounds, and further research is needed to identify which ES 
devices are most effective and which wound types respond 
best to this treatment. Evaluation of the meta-analysis showed 
that the studies chosen for the meta-analysis were both pub-
lished and unpublished, randomized and nonrandomized 
clinical trials, and descriptive studies. Only three were reports 
of TENS, alternating was classifi ed separately, and the rest 
were either DC or pulsed DC. Many of the studies chosen for 
this analysis had very small subject samples (3–7). Controls 
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Contraindications
Contraindications for the use of ES fall into the following 
categories56,162:

• When stimulation of cell proliferation is contraindicated 
(e.g., malignancy)

• Where there is evidence of osteomyelitis
• Where there are metal ions
• Where EC could affect the function of an electronic implant
• Where the placement of electrodes for treatment with ES 

could adversely affect a refl ex center
• When severe cardiac arrhythmia is present
• During pregnancy unless used during labor for pain 

management

Carefully evaluate the medical history and review body sys-
tems when considering candidates for use of this intervention 
(see Chapter 2).

Presence of Malignancy
ES should not be used when there is presence of a malignancy 
(e.g., malignant melanoma, basal cell carcinoma) in the area 
to be treated. This is because ES stimulates cell proliferation 
and could lead to uncontrolled cell growth. If the malignancy 
is distant from the wound (e.g., breast cancer in a patient with 
a pressure ulcer on an ankle), local use of ES should be consid-
ered, weighing the risks and the perceived benefi t of the treat-
ment, mindful that ES has demonstrated systemic effects.85,163 
In such a case, it would be a precaution but not a contraindica-
tion. (Note, however, that this is not consistent with required 
manufacturer labeling.)

Active Osteomyelitis
There has been concern that stimulation of tissue growth 
with ES may cause superficial covering of an area of osteo-
myelitis. This could blind the site from observation. Thus, 
a history of a bone infection should prompt you to conduct 
an investigation of the current status of the infection. The 
osteomyelitis may be resolved but not noted as such in the 
medical record. If the osteomyelitis is being treated actively 
with antibiotic therapy, some clinicians are recommend-
ing that treatment with ES be started. In many published 
case studies, patients with active osteomyelitis were treated 
successfully with ES (see section above about bactericidal 
effects); thus, in such cases, consult with the patient’s physi-
cian. Controlled clinical trials are indicated to evaluate the 
benefits of ES for treating wounds in which there is evidence 
of osteomyelitis.

Subjects selected for clinical trials with ES typically had non-
conforming wound healing with long chronicity. The chronic 
wounds were the reason for referral for ES. Still, there is signifi -
cant scientifi c evidence that early intervention with externally 
applied ECs will also accelerate healing for the acute healthy 
wound. Early intervention with ES could be a useful method 
to prevent chronicity and return the individual to a functional 
status earlier.

Precautions
Signs of adverse effects using ES for wound healing were evalu-
ated in the various clinical trials. The only two adverse signs 
were some skin irritation or tingling under the electrodes in 
a few cases and pain in some other cases. Patients with severe 
peripheral vascular occlusive disease, particularly in the lower 
extremity, may experience some increased pain with ES, usually 
described as throbbing. An alternative acupuncture protocol 
has been suggested in these cases—placing the active electrode 
on the web space of the hand between the thumb and fi rst fi n-
ger instead of over the ulcer located on the leg.84,85

Children less than 3 years of age should not be considered 
candidates for intervention with ES. Healing mechanisms for 
this group are not well understood and, although there are no 
known adverse effects, the benefi ts are not defi ned. However, 
older children may benefi t from use of an ES intervention to 
stimulate sensory nerves and accelerate the rate of healing.161

Level of tissue  disruption 
(wound severity)

Superfi cial, partial thickness, full 
thickness, subcutaneous, and deep 
tissues

Etiologies/diagnostic 
groups

Burns, neuropathic ulcers, pressure 
ulcers, surgical wounds, vascular 
ulcers (venous and arterial)

Wound healing phase Infl ammatory phase: acute, 
chronic, absent

Proliferative phase: acute, chronic, 
absent

Epithelialization phase: acute, 
chronic, absent

Remodeling phase: acute, chronic, 
absent

Age Older than 3 y

Apropriate Wound Types for 
Electrical Stimulation23.9TABLE

RESEARCH WISDOM

Remove Iodine Products before ES
Make certain that any form of iodine, if used to treat 
a wound, is thoroughly removed before application of 
electrotherapy.152

CLINICAL WISDOM

Identifi cation of Osteomyelitis
If a wound penetrates to the bone, as determined by 
inserting a probe, it must be assumed that osteomyelitis 
is present and the patient should not be treated with ES. 
An immediate referral to a surgeon for evaluation must be 
initiated.164
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612 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

“off-label” use at this time; that is, not FDA approved. Off-label 
use for medical devices is an accepted and common practice in 
medicine as innovative therapy, as long as the clinicians are not 
closely associated with the manufacturer.167

Testing Equipment
It is important to test for current fl ow between two electrodes. 
Use the meter that comes with the device if available; if no meter 
is available on the stimulator, pursue other options. You can 
also check the electrode pads by placing a wet contact on both 
positive and negative electrodes, and then resting your fore-
arms on each pad. Ask a colleague to turn up the device until 
you feel a sensation of prickling. Patient sensation is always a 
good indicator, if the patient can give a report. Patients who are 
insensate or unable to communicate, or who have deep wounds 
below the level of sensation, will not be able to indicate whether 
or not the current is fl owing. Another test method is to posi-
tion the large electrode over a muscle motor point to determine 
whether there is a muscle twitch or tingling under the electrode.

Electrical stimulation equipment should also have regular 
calibration checks by a trained service technician. In between 
checks, use a multimeter for spot checking to see that the 
equipment is functioning properly. Multimeters, which are a 
combination of volt-ohm-milliammeter, have the ability to 
determine current fl ow. They are inexpensive, easy to use, and 
readily available. A broken lead wire, weak battery, or resis-
tant electrode may not be apparent because the stimulation in 
the wound bed is below the level of sensation or the patient is 

Topical Substances Containing Metal Ions
Topical substances containing metal ions (e.g., povidone-
iodine, zinc, Mercurochrome, and silver sulfadiazine 
[Silvadene, SSD] that might be used as part of the wound treat-
ment regimen) should be removed before the application of ES. 
Direct-current ES has the ability to transfer ions into the tissues 
by iontophoresis. Heavy metal ions may have toxic properties 
when introduced into the body. If removal of the topical sub-
stance is not appropriate, you could still use ES on other areas 
of the skin where the topical agent has not been applied.

Electronic Implants
Demand-type cardiac pacemakers and other electrical implants 
raise concerns regarding the use of EC. ES is contraindicated 
over electrical implants because the current and electromagnetic 
fi elds could disrupt function of the implant. Use of ES with a 
demand-type cardiac pacemaker is one of its contraindications. 
Studies to evaluate safe utilization of TENS in the presence of 
a cardiac pacemaker report mixed results.165,166 Thus, although 
patients with cardiac pacemakers should not be excluded from 
the use of TENS, these patients do require careful evaluation 
and extended cardiac monitoring. The risks and benefi ts of 
using ES for wound healing need to be carefully weighed.

Natural Refl ex Centers
The natural refl ex centers of the body are particularly sensitive 
to any stimulation. These include the carotid sinus, the heart, 
the parasympathetic nerve ganglia, the laryngeal muscles, and 
the phrenic nerve. ES can interfere with the function of these 
vital centers and be harmful to the patient, for example by cre-
ating a vasospasm, some type of vasoconstriction that could 
lead to a vasovagal response, or some other type of adverse neu-
ral response. Thus, ES is contraindicated in situations when the 
current would need to run through the upper chest and ante-
rior neck.

Choosing and Testing the Equipment
Select a stimulator based on the available waveforms, pulse 
characteristics, and ability to adjust amplitude and polarity and 
to manually control the settings. A desirable stimulator should 
allow for fl exibility to set up and deliver a variety of protocols, 
based on changes dictated by clinical trials and current con-
cepts of physiologic rationale. Manufacturers are an important 
source of helpful information about the characteristics of their 
devices.

Expect to fi nd an FDA-mandated instruction manual 
accompanying each electrical stimulator. Listed in the manual 
are labeled indications, contraindications, warnings, and pre-
cautions (Exhibit 23.1). When selecting a protocol with ES (dis-
cussed in the next section), consider all such restrictions, and 
use thoughtful clinical judgment. Here, we discuss regulatory 
approval of ES, devices available, and equipment testing.

Regulatory Approval
Under what is called premarket approval (PMA), manufactur-
ing companies are allowed to make claims of effectiveness and 
safety about medical devices. PMA requires extensive clinical 
trials, typically 2,000 to 3,000 cases for approval. No electrical 
stimulators have received PMA by the FDA for wound healing. 
Externally applied currents for wound healing are considered as 

EXHIBIT 23.1

FDA Indications and Contraindications for Electrical 
Stimulation
FDA indications
• Relaxation of muscle spasms
• Prevention or retardation of disuse atrophy
• Increasing local blood circulation
• Muscle re-education
•  Immediate postsurgical stimulation of calf muscles to pre-

vent venous thrombosis
• Maintaining or increasing range of motion
• Pain
• Edema

FDA contraindications
• Should not be used on patients with demand-type cardiac 

pacemakers
•  Should not be used on persons known to have cancerous 

lesions
• Should not be used for symptomatic pain relief unless 

 etiology is established or unless a pain syndrome has been 
diagnosed

• Should not be used over pregnant uterus
• Electrode placements must be avoided that apply current 

to the carotid sinus region (anterior neck) or transcere-
brally (through the head) 
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A novel approach to electrodes is an electro-mesh conduc-
tive silver nylon garment (stocking and glove, etc.) (Prizm 
Medical, Inc.; Oakwood, GA www.prizm-medical.com) A 
slowly evaporating electrolyte fl uid is applied to the skin 
under the garment to reduce skin resistance and allow con-
duction of the current to the tissues.148 This application allows 
delivery of the stimulation over a large surface area without 
concern about size, shape, or electrode placement around the 
wound. It is particularly useful in treating ulcers on toes and 
other boney prominences of the feet.133 The company makes 
an HVPC and TENS stimulator that interfaces with the gar-
ment electrodes (Figure 23.10). Recommendation is that 
the sock be worn at night since the stimulator has a specifi c 
cycling on and off pattern that works best during that type of 
regimen.

insensate or cognitively impaired and cannot report changes 
in sensation. Checking for good electrical conduction is the 
responsibility of the clinician.

Electrodes
As noted earlier, the electrode is the contact point between the 
electrical circuit and the body. The electrode must be a good 
conductor, provide very little resistance to the current, and 
conform well to the surface. Carbon/rubber electrodes over 
time become resistant to current fl ow and need to be replaced 
when this occurs.

Active/Treatment versus Inactive/Dispersive Electrodes
For monophasic stimulation, the small electrode is commonly 
referred to as the active or treatment electrode, and the large 
electrode is called the inactive or dispersive electrode. If the two 
are of nearly equal size or have equal current, the current will 
be divided between the two, with the current density at the two 
sites the same. If the two are not of equal size, the larger elec-
trode will disperse the current over the surface of the electrode, 
and then it will have less current density and charge per unit 
area than the smaller electrode and not enough to do active 
treatment. Thus, the other term inactive electrode is used. As 
a rule, the combined area of the active electrodes should not 
exceed the overall area of the dispersive/inactive electrode. 
Another benefi t of using a larger size dispersive/inactive elec-
trode is more comfort for the patient, since the charge density 
and perception are lower underneath it.

Electrode Materials
All metals are good conductors of electricity. Aluminum foil 
is an excellent conductor to use for electrodes (Figure 23.9). 
It is nontoxic, inexpensive, disposable, conformable, and can 
be sized as needed. Carbon-impregnated electrodes are sold 
to go with most electrotherapeutic devices. They are designed 
for multiple uses and are relatively inexpensive, but they need 
to be disinfected between uses, even if restricted to a single 
patient. They are less conformable than aluminum foil and will 
become resistive over time as they lose carbon and accumu-
late body oils and cleaning products. Self-adhesive electrodes 
can be used for bipolar techniques but not for direct wound 
applications.

FIGURE 23.9 Aluminum foil electrodes with alligator clips.

CLINICAL WISDOM

Benefi ts of Aluminum Foil Electrodes
Aluminum foil electrodes are very cost-effective and time 
effi cient for treatment of open wounds. They are easily made 
from household aluminum foil, are good conductors, can be 
molded to fi t the body part, can be sized for maximum cur-
rent density to the wound, and are disposable. Saline-soaked 
gauze packed in the wound and covered with an aluminum 
foil electrode is also cost-effi cient and is particularly good on 
deep lesions.

FIGURE 23.10 Silver Nylon Stocking Garment. (Courtesy Prizm 
 Medical, Inc., Oakwood, GA. www.prizm-medical.com).
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Because of the fl uid in muscles and blood vessels, these tis-
sues are good electrical conductors, and it can be expected that 
current will fl ow directly through them, with little impedance. 
It is important to understand these principles of tissue imped-
ance and current fl ow and then to apply them correctly to 
derive the optimal benefi ts from treatment with ES. For exam-
ple, if the dispersive electrode is to be placed on the back, place 
it below the scapula to avoid impedance by the bone to current 
fl ow. Patients with thick layers of callus on the feet will have 
high impedance to current. Paring the callus should precede 
ES treatment, or another placement must be found where the 
electrode does not lie on callus. The muscular tissue of the thigh 
is a good placement for the dispersive electrode when treating 
wounds of the lower leg or foot. One suggestion is to switch the 
dispersive electrode for each treatment so that the current fl ows 
into the wound from each side of the wound through different 
surrounding tissues and through a different wound edge.168,187 
It is not only the active electrodes that can be bifurcated; the 
dispersive electrode can also be bifurcated. This allows use of a 
pair of smaller electrode pads that can be made to conform to 
smaller body parts, such as an arm or a lower leg

Monopolar Technique: Exploiting Polarity

Use monopolar technique with monophasic continuous or 
pulsed waveforms to exploit the polarity at the wound site. 
Usually, one active electrode is placed on a wet, conductive 
medium in the wound bed, and the inactive electrode, in a wet 
conductive medium at a distance from the wound site, is placed 
on the intact skin (Figure 23.11). Polarity for the two electrodes 
will be opposite. The poles are usually set up in parallel fash-
ion, enabling current to fl ow between the positive and negative 
electrodes, no matter how many electrodes are used at either 
pole. Current will fl ow through the intervening tissues between 
the two electrode poles. The current under the active electrode 
will refl ect the polarity selected on the stimulator, provided that 
there is adequate separation of the poles. There is a uniform 
electrical potential with a strong electrical fi eld at the edges of 
the electrodes and perpendicular to them. However, the ampli-
tude of the electrical fi eld has been found to decrease as the dis-
tance between the electrodes increases. The electrical fi eld has 
maximum value at the edges of the electrodes where the posi-
tive and negative stimulating electrodes face each other.168

Electrode Size, Shape, and Arrangements
Size, shape, and arrangement of electrodes affect the current 
density and depth. As you will recall from the beginning of this 
chapter, current density is the amount of current fl ow per unit 
area. It is a measure of the quantity of charged ions moving 
through a specifi c cross-sectional area of body tissue. The unit 
of measurement is mA or mA/cm2. This measure will affect the 
reaction of the tissues being stimulated. Two determinants of 
current density are size of the electrode and the amplitude of the 
current applied,48 and for PCs, it is also important to know the 
duty cycle. Small electrodes concentrate the current for local 
effects more than do larger electrodes, which tend to disperse 
the charge. Also, the farther apart the electrodes, the deeper the 
current penetrates but the current density is reduced the greater 
the distance.

Tangential Electric Fields
The effects of the tangential electric fi eld, the electrical fi eld act-
ing along or in the direction of a tangent away from the elec-
trode, extends and affects events from 2 to 3 cm up to 11+ cm 
beyond the edge of the stimulating electrodes.168 Maximum 
tangential electric fi elds occur on the body surface in the edge 
regions where the two electrodes of opposite polarity faced each 
other, and maximum tangential fi elds are stronger than the 
perpendicular fi elds directly under the stimulating electrodes.168 
Therefore, to achieve polarity effects, avoid placement of the 
active and inactive electrodes so that they touch each other or 
are too close so as to avoid the possibility that the wound is 
receiving stimulation from both poles. Current amplitude in 
the center of the electrodes and the tangential fi elds at differ-
ent depths is dependent on several variables including the size 
of the electrode and the distance of separation between the 
electrodes.169 Wounds treated with tangential fi elds and those 
treated with perpendicular fi elds have nearly the same rate of 
healing.51 Studies that report patients having two wounds, one 
of which is used as the control and the second treated with ES, 
may report results that are better than studies when external 
controls are used because of infl uence of the tangential electri-
cal fi eld.127

Electrode Placement
Attempts have been made to apply scientifi c fi ndings to elec-
trode placement. Most studies use monopolar technique 
with the active electrode directly applied to the site,10,27,170,171 
(Figure 23.11) but some use the bipolar technique at the wound 
edges.8,145,154,155 The inactive/dispersive electrode placement 
has more variation. For example, in two similar studies, the 
dispersive electrode was placed differently. In one study,27 it 
was placed cephalad on the neural axis, whereas in the second 
study it was placed 30.5 cm from the wound.2 One study on SCI 
patients with pressure ulcers in the pelvic region used a protocol 
in which the dispersive was always placed on the thigh. Another 
method is to place the dispersive proximal to the wound.170,171 
Current thinking suggests that the dispersive should be moved 
around the wound to induce the current to enter the wound 
from different sides. At this time, there is not an established, 
proven method that has been shown to change the effect of the 
treatment. All reported treatment methods had statistically sig-
nifi cant treatment results. The signifi cant amount of separation 
of the poles may have been contributory to these effects.

FIGURE 23.11 Monopolar technique. (Copyright © C. Sussman).
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of charge” represents a range of charge intensity, between 200 
and 600 mC, that has been determined to be effective for wound 
healing.25 It may be advantageous to increase the inactive/dis-
persive electrode area size so that this electrode is larger than 
the combined area of the active electrodes. Another strategy is 
to bifurcate the inactive electrode and use 2. Otherwise, it may 
be prudent to use a stimulator with two channels or two stim-
ulators to have two concurrent treatment sessions if there are 
multiple wounds with a large discrepancy in wound sizes or if 
the wounds are in different phases of healing.

Monopolar use of Multiple Electrodes with Bifurcated 
Leads
At times in clinical practice, it is necessary to treat multiple 
wound sites with a single electrical circuit, using one or two 
bifurcated lead wires (Figure 23.12). The advantage of bifur-
cation is that more sites can be treated simultaneously. A dis-
advantage is that, although the same amount of current and 
charge per phase passes through all the bifurcated leads, the 
physiologic responses can vary signifi cantly because of the 
different tissue impedances. Physiologic reactions can be dif-
ferent when subliminal stimulation is perceived under one 
electrode and the sensory stimulation under the other. Also, 
signifi cant levels of stimulation may affect the healing results 
of wounds that are distant from each other but on the same 
body.16 Given these caveats, an important consideration is 
patient and clinician convenience and adherence since, as 
you will learn soon, each treatment session needs to be 45 to 
60 minutes daily.

Bipolar Technique
The bipolar technique is the placement of two oppositely 
charged electrodes (cathode and anode) on either side of 
the wound near the wound edge. The bipolar technique is 
used with either monophasic or biphasic waveforms. In this 

Current and Charge Density

Two points to weigh in your decision about electrode sizes are 
having adequate current and charge density under active elec-
trodes (1) when treating multiple wounds and (2) when treat-
ing deep and undermined wounds.

1. Some patients have multiple wounds that you will want to 
treat during the same treatment session. When the surface 
area of all the electrodes is unequal, the current density will 
not be the same under each site. The problem with this is 
that, if there is a difference in the total surface area of the 
electrode(s) connected to one lead compared with the other, 
the stimulation will be stronger under the electrode with the 
smaller total surface area because there will be greater cur-
rent density under that electrode. So as to ensure an ade-
quate but not excessive charge, you can do this by adjusting 
the electrode sizes to correspond with the wound size.

2. Depth and undermining can make the effective electrode 
size of a small wound signifi cantly larger than the surface 
area appears (see Chapter 3).

3. Petrofsky et al showed that the majority of the current on 
the skin fl ows in the midline between two electrodes with a 
10-cm separation distance; the current density in the cen-
ter of the electrodes is signifi cantly greater (p 0.01) in com-
parison to the locations further apart and tangential to the 
center. As the electrodes were moved further apart (15 and 
20 cm), the curves fl attened and there was more even distri-
bution of the current density across the electrode indepen-
dent of the size of the electrodes.169

The PT must do some calculations to ensure that the charge 
and current densities are within the parameters of the “window 
of charge” for the number and size of wounds being treated.12,16,25 
Earlier we discussed this concept and learned that the “window 

RESEARCH WISDOM

For polar effects, separate the active and dispersive electrode 
poles by at least 10 to 30 cm.169

The electrodes can be arranged to target the stimulation to 
specifi c tissue sites. Remember to visualize the path of the current 
fl ow when placing the inactive electrode.

Multichannel Electrode System
Research is currently being undertaken and reported about 
use of a three- or four-electrode system to overcome an 
inherent problem of the common two-electrode system of 
uneven current fl ow and distribution.47,191 Three or four elec-
trodes are placed around the wound similar to the bipolar 
setup, and the active electrode is rotated every few seconds 
between the three. The result of using a three-channel deliv-
ery system, with the same current between the electrodes, 
the BF was signifi cantly higher than a two-channel system. 
With a four-channel system, the BF in the wounds was even 
higher. Thus, it would appear that current delivery was bet-
ter in the four-channel system. Presumably, this would be an 
aid to wound healing.157

FIGURE 23.12 Bifurcated leads.
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application, both electrodes are active treatment electrodes 
and should be placed over the target areas to be affected by 
stimulation. This technique has the advantage that it can be 
used without disrupting the wound dressing. It brackets the 
wound as shown in Figure 23.14 so the current charge fl ows 
across the wound area.24 The two poles should not be too close 
together so that the polarity effects of the two electrical fi elds 
will not overlap. This is a reasonable choice for superfi cial or 
partial-thickness wound disruptions but may not be as effec-
tive for deep ulcers.

An application of the bipolar technique is to place the elec-
trodes on either side of the wound (bracket the wound) or to 
place the active electrode in the wound and use four bifurcated 
dispersive electrodes placed around the wound so that current 
will fl ow through the wound from all sides at once. Finally, one 
active electrode could be placed in the middle of the wound and 
a dispersive electrode fashioned like a donut, made from alu-
minum foil, slipped over the treatment electrode with an inter-
vening space between so that stimulation would fl ow into the 
wound bed from all sides of the wound edges simultaneously. 
The foil electrode would connect to the dispersive lead with an 
alligator clip, just like the active leads (Figure 23.9).

CLINICAL WISDOM

Managing Multiple Wounds on One Patient
 1. Enlarging the Inactive/Dispersive Electrode

 If the wound area size is nearly as large as or larger than the 
skin area under the dispersive electrode, it will be more com-
fortable for the patient to enlarge the inactive electrode surface 
area.

 2. Applying Bifurcated Leads Using One or Two Stimulators
 The author has treated multiple wound sites on one patient 
using the bifurcated lead method with good results in all 
lesions (See Figure 23.13A–C). A bifurcated lead wire is a single 
lead connected to the stimulator that bifurcates at a point along 
the wire into two divisions. That allows each division to be 
connected to an electrode, and two wounds can be treated at 
the same time. Another approach the author has employed is 
two simulators each with bifurcated leads, for the same patient. 
This allows different protocols to be selected for each set of 
electrodes.

FIGURE 23.13A–C. A patient with multiple pressure ulcers treated 
with ES. (Copyright © C. Sussman).
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ELECTRICAL STIMULATION TREATMENT METHODS 
FOR WOUND HEALING

Selecting the Device and Treatment Protocol
With today’s use of interdisciplinary wound teams, different 
clinicians from different disciplines are using ES for wound 
treatment. Yet, as previously mentioned, it is the physical ther-
apist who is the best-educated and trained practitioner in the 
physical properties of different ES devices, and the bioelectric 
and physiologic effects of each. As such, the PT has the unique 
qualifi cations to select equipment and protocols, to be respon-
sible for accurately predicting outcomes, and to instruct others 
in the proper use of the ES equipment. Table 23.10 provides 
a listing of devices and waveforms and their evidence-based 
treatment utility as discussed in this chapter.

New ES devices are coming to market and are being evaluated 
by clinical studies. Each device has its own proprietary waveform 
and/or delivery system. For example, there is a device with 2, 3, or 
4 electrode channels that sequentially changes the active electrode 
during the treatment so that the active polarity is delivered around 
the wound perimeter.157 Another device changes the treatment 
parameters every 20 minutes.133 A third device uses sequences 
of modulated electrical stimuli that vary automatically in terms 
of pulse frequency and duration.104 Therefore, these devices do 
not fi t conveniently into the categories of devices and the studies 
described earlier. The PT needs to be aware of the changing mar-
ketplace and investigate the claims of manufacturers about a new 

proprietary device, to read carefully the specifi cation sheets that 
come with the device, and to read studies about ES therapy with 
this in mind. There are many different ES protocols for wound 
healing. This section fi rst describes some of the aspects of the 
protocols as described in clinical research. It then discusses selec-
tion of the device and protocol.

Aspects of ES Protocols
Tables 23.3, 23.7, and 23.8 present protocols used in research 
studies with three different types of ES, LIDC, HVPC, and 
biphasic. This section discusses aspects of ES protocols includ-
ing polarity switching, pulse frequency (pps), and amplitude 
for monophasic current followed by aspects of biphasic current.

FIGURE 23.14 Bipolar technique. (Copyright © C. Sussman.)

CLINICAL WISDOM

Aluminum foil may be used as the dispersive as well as active 
electrode material. It can be cut to size and conforms easily 
to all body contours.

Waveform Evidence Based Treatment Utility

Biphasic (TENS) Impaired skin vascularity

Impaired blood fl ow

LE chronic ulcers

Diabetic ulcers

Pressure ulcers

Venous ulcers

Diabetic neuropathic pain

HVPC Pressure ulcers

Diabetic ulcers

Venous ulcers (with compression)

Burns

Grafts

Pressure ulcers prevention

Impaired BF and tcPO2

Impaired sympathetic tone and increased 
vascular resistance

Ischemia and atherosclerosis

Edema

Infection

NEMS Pressure ulcers

Impaired BF and tcPO2

Venous (with compression)

Edema

LIDC Diabetic ulcers

Pressure ulcers

Burns

Grafts

Biofi lms and infection

Enhance effi cacy of antibiotics

Selecting an Evidence Based 
Waveform for Treatment23.10TABLE
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618 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

higher mean BF velocity than did higher pulse rates and had 
a longer mean recovery time following cessation of ES, com-
pared with control levels.64 Frequency rate switching during the 
healing process is also not well understood but becomes more 
relevant as more information about pulse charge is discovered. 
For example, in one study, the rationale given for reducing 
the pulse rate for the fi nal phase of healing from 128 to 64 pps 
was “because we believed the higher pulse frequency might be 
harmful to the newly healed tissue.”18 This concern is proba-
bly due to the higher pulse charge delivered to the tissue at the 
higher pulse rate.

Device Selection
Depending on the stimulator selected, the protocol for treat-
ment will vary. In some cases, the characteristics of ES for dif-
ferent current type may not always be based on the wound 
healing phases. For example, asymmetric biphasic stimulation 
parameters are not varied during the progression through the 
phases of healing.154,155 The protocols are based initially on the 
wound healing phase diagnosis (Chapter 3). There are changes 
in polarity and pulse rate as the wounds progress through 
the phases of healing. The most common stimulator used for 
wound healing today is probably the HVPC neuromuscular 
stimulator. The protocols presented below are based on use of 
the HVPC stimulator.

However, now there are more RCTs and CCTs showing effi -
cacy using biphasic and LIDC (TENS) than using HVPC. See 
Table 23.8. Depending on the wound status (full versus par-
tial thickness), different stimulator current effects should be 
considered. The protocol parameters and dosage are similar to 
those reported in the studies with low-voltage pulsed EC.18,28 
Thus, this protocol would also be appropriate to use with those 
stimulators.

Selection of Amplitude
Earlier we learned that amplitude is measured in volts (V), mil-
liamperes (mA) or microamperes (mA). High-voltage protocols 
report amplitudes as V. Typically, the range of treatment ampli-
tude is 100 to 200 V. This is what the readout on the stimulator 
will show. LVDC (LIDC) or pulsed EC (PES) report amplitude 
as mA. Typical LIDC amplitude is 35 mA, and mA devices use 
less than 1 mA. These devices usually do not have a readout.

In wound care, the amplitude of an ES device is adjusted 
until the patient with sensation can feel a tingling sensation 
(paresthesia) at the edge of the wound. Insensate individuals, 
of course, cannot respond to this sensation. In that instance, 
the voltage is usually turned up until there is a mild muscle 
contraction or fasciculation, and then backed down until that 
muscle contraction is no longer visible.

Adjust the amplitude to patient comfort. The ability of the 
patient to tolerate high-intensity current will depend on the 
sensory perception of the individual. For example, in superfi -
cial or partial-thickness wounds, if there is intact sensation, an 
amplitude above 100 V may be very uncomfortable. In deeper 
wounds or in cases of impaired sensation, these higher ampli-
tudes are well tolerated. It has been suggested to test the ampli-
tude by stimulating until there is a visible muscle contraction 
under the electrode. This is not a practical test if the active elec-
trode is located in a wound within a muscle because the sensory 
nerves will not be stimulated

Polarity Switching
Monophasic

Polarity must be considered when using galvanic and mono-
phasic PC. Electrode polarity varies, depending on the protocol 
selected. Most researchers studying ES for wound healing start 
their protocols with the negative pole as the active electrode and 
then change the polarity after a period of treatment.61,71,112,138 
Some advocate maintaining negative polarity to the wound site 
throughout the assessment period of 4 weeks or longer.10,11,26 
Other researchers recommend using negative polarity for 3 to 
7 days, then changing polarity. Another recommendation is to 
use negative polarity until the wound is cleansed of necrotic 
tissue and drainage is serosanguineous, and then to continue 
with the negative polarity for three additional days or change to 
the positive pole.9,119,170,171 If the wound is not infected, positive 
polarity can be used to start the treatment.27 Some researchers 
suggest that the polarity should be changed back to negative for 
3 days when the wound plateaus.

Another method is to change the polarity every 3 days until 
the wound is healed to a partial-thickness depth. Once that out-
come is achieved, change the polarity by alternating daily until 
the wound is closed. Several animal studies demonstrate better 
healing when polarity is initiated at the negative pole and then 
switched to positive.71,72,172

Usually, the negative electrode is used as the active electrode 
when infection is suspected. The polarity is often switched 
back and forth during the course of healing. Electrode polar-
ity switching accommodates the variability in the skin bat-
tery potentials that occurs during the course of healing. Thus, 
electrode polarity may need to be alternated during treatment 
to achieve an optimal rate of healing. Additional research is 
needed to ascertain whether wound healing with ES is depen-
dent on matching treatment electrode polarity with fl uctua-
tions in wound injury potential polarity.27 So far, studies have 
not reported on this important issue. Still, the idea of polarity 
switching has some demonstrated merit.

Biphasic Current

When a symmetric biphasic waveform is used, the polarity 
switches constantly so no polar effect is registered. However 
this waveform can be made asymmetric so that one phase can 
be biased towards one specifi c pole. Protocols demonstrating 
signifi cant benefi t for wound healing with biphasic current are 
now appearing regularly in the literature. 8,51,127,145,154–156 The eight 
studies reported in this chapter have similar protocols, except 
that the two studies by the Baker et al.154,155 research group 
found that the best outcome was achieved when the biphasic 
waveform was asymmetric and biased toward the negative pole. 
Sumano and Mateos52 used fi liform needles to conduct the cur-
rent and not carbon electrodes. Biphasic treatment protocols 
and the results are shown in Table 23.8.

Pulse Frequency
Pulse frequency, or pulse rate, is another variable that varies 
from study to study without much explanation. Several studies 
used a pulse rate of 100 to 128 pps for treatment with HVPC.26,27 
Another investigator started treatment at 50 pps.170,171 The 
author uses 30 pps based on the effect of lower frequency on 
BF. In several studies, lower-frequency pulse rates produced 
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as wound healing progresses. In the protocol given below, the 
stimulation selected for treatment is a monophasic current and 
monopolar technique used with HVPC.

For wounds in the acute infl ammatory phase, with an 
absence of the aspects of the infl ammation phase, or in a 
chronic infl ammatory phase, start treatment with parameters 
to stimulate circulation and cellular responses for healing that 
induce aspects of an infl ammatory phase. The protocol calls for 
a change of parameters as the wound healing phases progress. 
Likewise, for a wound healing phase, diagnosis of the repair 
(proliferative) phase, and a wound in the remodeling phase, the 
PT would start treatment using a different set of parameters, as 
outlined.

Predictable Outcomes with Sussman 
Wound Healing Protocol
Predictable outcomes are expected for each protocol, and are 
equivalent to a change in the aspects of the wound phase char-
acteristics. For example, if the aspects of the wound healing 
phase diagnosis is acute infl ammatory phase, the expected out-
comes are hemorrhage free, necrosis free, erythema free, edema 
free, exudate free, red granulation, and progression to the next 
phase—the proliferative phase. These aspects of the wound 
correspond to the items on the Sussman Wound Healing 
Tool shown in Chapter 5. If there is absence of infl ammation 
or chronic infl ammation, an acute infl ammatory phase needs 
to be initiated, to restart the healing process. Expected out-
comes would indicate change to an acute infl ammatory phase, 
described as increased erythema (change in skin color), edema, 
and warmth. The phase change outcome predicted is initiation 
of acute infl ammatory phase. Each wound healing phase has its 
own diagnosis and expected outcomes that are independent of 
wound etiology.

Figure 23.15A–D illustrates a pressure ulcer that progressed 
through the three phases of healing under treatment with 
HVPC.

Conclusion
Clearly, more investigation is needed to achieve an opti-
mal treatment protocol with ES. In the meantime, the pro-
tocols and dosage presented in this chapter are for use with 
low- and high-voltage monophasic and biphasic waveforms, 
which represent this author’s interpretation of the literature 
and the application to clinical treatment. The author has used 
these protocols for several years, with good clinical results. 
Protocols are listed for wound healing for the three phases of 
repair and for the treatment of an edematous limb in which 
the edema extends beyond the wound area. Protocols change 
for each phase of repair and have expected outcomes for each. 
Expected outcomes are based on the literature and clinical 
experience.

Sussman Wound Healing Protocol
Table 23.11 identifi es the Sussman Wound Healing Protocols 
for HVPC for all four phases of wound healing and edema 
control. Using this method, you would initiate an HVPC treat-
ment protocol based on the assessed aspect of the wound heal-
ing phase diagnosis and predict an expected outcome for that 
protocol. Because the polarity of the healing wound changes 
during the phases of healing, treatment characteristics differ 

CLINICAL WISDOM

Perform Sharp Débridement before HVPC Treatment
Complete sharp débridement of necrotic tissue before set-
ting up the patient for HVPC treatment so that the wound 
packing will act as a pressure dressing to control any bleed-
ing and so that the wound environment will not have to be 
disturbed again after HVPC treatment.

Parameters Edema Infl ammation Proliferation Epithelialization Remodeling Venous Return2

Polarity Negative Negative Alternate negative/
positive every 3 d

Alternate daily Alternate 
daily

Not critical; adjust 
for patient comfort

Pulse rate 
(frequency)

30–50 pps 30 pps 100–128 pps 60–64 pps 60–64 pps 40–60 pps

Intensity 150 V or less 
depending on 
patient tolerance

100–150 V 100–150 V 100–150 V 100–150 V Surge mode on time, 
3–15 s; off time, 9–40 s 
(1:3 on/off ratio) to 
motor excitation

Duration 60 min 60 min 60 min 60 min 60 min 5–10 min, progress to 
20–30 min

Treatment 
frequency

5–7 times/wk 
for fi rst week, 
then 3 times/wk 
for 1 wk

5–7 times/wk, 
once daily

5–7 times/wk, once 
daily

3–5 times/wk, 
once daily

3 times/wk, 
once daily

Daily; modify to 
biweekly

Protocols for HVPC Treatment23.11TABLE
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620 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

Protocol for Use of HVPC for Wound Healing
Equipment Needed
• Normal saline (0.9%)
• Clean gloves
• Irrigation syringe, 35 mL with 19-gauge needle or angiocatheter
• Clean gauze pads
• Aluminum foil electrode or carbon electrode
• Alligator clips if using foil
• Electrode leads
• Bandage tape
• Nylon stretch strap
• Wet washcloth
• Dispersive pad (carbon or gel)
• HVPC machine leads
• Infectious waste bag

PREPARING AND ADMINISTERING ES 
PROCEDURES

The procedure section of this chapter is outlined in a step-
wise fashion to help you deliver ES in a systematic and 
time-efficient way. Treatment with ES requires a number of 
supply items and steps. Consider having an assistant set up 
the treatment station where the equipment and supplies are 
available (see list of equipment and supplies needed). The 
same set of instructions would be useful to give to a patient 
or caregiver for home treatment. Make sure that all supplies 
are ordered and available in the department. Always have 
enough supplies on hand so that treatment is not delayed 
while someone is running around chasing down the needed 
equipment.

A

10/2 – AL
11/20 – AL

B

1/16    AL

C

3/31    AL

D

FIGURE 23.15A–D. A pressure ulcer that progressed through the three phases of healing under treatment with HVPC. A. 
Chronic wound: converted to acute proliferative phase. This is a sacral wound with stringy, yellow slough evident. Note 
example of epidermal ridge formation. Predominant wound healing phase diagnosis: proliferative phase. Wound sever-
ity diagnosis: Impaired integumentary integrity secondary to skin involvement extending into fascia, muscle, and bone. 
(Stage IV pressure ulcer). Same wound as in (A), progressing through the proliferative phase. The wound is contracting 
and proliferating. Note changes in size, shape, and depth, as well as new healthy granulation tissue compared with (A). 
B. Note sustained wound contraction evident here and in (B). Note epithelialization and proliferative phases. The wound 
is completely resurfaced and is in the remodeling phase. (Copyright © Sussman.)
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 5. Sharply debride necrotic tissue, if required, before HVPC 
treatment.

 6. Open gauze pads and fl uff, then soak to moisten in normal 
saline solution; squeeze out excess liquid before applying.

 7. Fill the wound cavity with gauze, including any under-
mined/tunneled spaces. Gauze pad can be opened to full 
size and then pulled diagonally to form a thin “spaghetti” 
strip. Insert into undermined/tunneled spaces like roller 
gauze. Pack gently.

 8. Place electrode over the gauze packing; cover with a dry 
gauze pad and hold in place with bandage tape.

 9. Connect an alligator clip to the foil.
 10. Connect the stimulator lead to the electrical stimulator.
 11. Place the dispersive electrode.

a. The dispersive electrode is usually placed proximal to 
the wound (see section on electrode placement for al-
ternative locations).

b. Place over soft tissues; avoid bony prominences.
c. Place a moist washcloth under the dispersive electrode 

against the skin and hold it in good contact at all edges 
with a nylon elasticized strap. If placed on the back, the 
weight of the body plus the strap can be used to achieve 
good contact at the edges.

 Covering the wet dispersive setup with a plastic sheet 
to separate it from the bed and the patient’s clothing to 
keep them dry will be appreciated by the patient and the 
nursing staff.

d. The dispersive pad should be larger than the sum of 
the areas of the active electrodes and wound packing. 
If the size of a self-adhesive electrode is large enough to 
disperse the current, it can be used instead of a carbon 
dispersive pad.

e. Dispersive and active electrodes should be at least 10 cm 
apart but no more than 15 to 20 cm apart for monopo-
lar effects as shown in Figure 23.11.

Additional Treatment Methods
Two wounds can be set up with a single-channel stimulator, 
using bifurcated leads from the stimulator to the electrodes. 
For a patient with multiple wounds, it is not practical to run 
several series of treatments. An alternative is to use two HVPC 
stimulators, if available. Electrode placement will require care-
ful planning so that the current fl ows through target tissues. For 
example, if there is a wound on the right hip, coccyx, left foot, 
and right heel, the dispersive electrode should be placed on 
either the right or left thigh. The thigh has a good blood supply 
and good conductivity. This setup will send the current fl owing 
through the deep tissues to the feet, the hip, and the coccyx.

• Alternate placement of the inactive/dispersive electrode for 
each treatment, if possible, to DC fl ow to opposite sides of 
the wound.152 This will be more diffi cult when wounds are 
located in the feet. This would be a situation where the elec-
trical nylon stocking shown in Figure 23.10 could be con-
sidered as the current would fl ow around the entire wound 
perimeter and adjacent tissues. If a limb is involved, the cir-
cumference may be too small to wrap with the large dispersive 
electrode and maintain good contact. An alternative is to use 
bifurcated leads and two dispersives. When using this setup, 

Instructions for Patient and Caregiver
 1. Explain the procedure, the reason for treatment, and how 

long it will last. Explain that a mild tingling will be felt and 
where it will be felt.

 2. Advise the patient not to handle, replace, or remove elec-
trodes during the treatment. Patients who cannot under-
stand these directions or will not cooperate need to be 
monitored closely.

 3. Give patient a call light to use.
 4. Cover patient with a blanket to maintain warmth.

Procedure for Setting Up the Patient for HVPC 
Wound Treatment
1. Have supplies ready before undressing the wound.
2. Position the patient for ease of access by staff and for the 

comfort of both.
3. Remove the dressing and place in infectious waste bag (usu-

ally a red bag).
4. Cleanse wound thoroughly to remove slough, exudate, and 

any petrolatum products.

CLINICAL WISDOM

Suggestions for Setup to Maximize Treatment 
Effectiveness and Effi ciency
● Assemble the setup supplies into kits before the start of the 

treatment day to make the delivery of service more time 
effi cient.

● Precut and shape the aluminum foil electrodes. Size and 
shape should be close to the size of the wounds. Precut foil 
electrodes are available from various vendors.

● To make an electrode, cut a strip of household aluminum 
foil the width of the electrode. Fold the strip in half and 
turn in the edges to make a smooth pad.

● To make a packing strip from gauze, open a gauze pad, 
pull on the bias or diagonal, and twist to make a spaghetti 
strip or use stretch gauze strips.

● Warm saline or a package of amorphous hydrogel by plac-
ing bottle between a folded hot pack before use to avoid 
chilling the wound tissue and slowing mitotic activity. 
Check the temperature with a digital thermometer. The 
temperature should not be greater than 98°F to avoid 
burns.

● Myer175 reported keeping a 16-oz bottle of saline warm 
for 3 to 4 hours by placing it in a hydroculator tank. She 
observed that warming of the saline before ES treatment 
resulted in brighter redness of granulation tissue and con-
tributed to reduction of pain. The increased redness was 
probably due to vasodilation and enhanced BF associated 
with the warmth.

● Room temperature where treatment is to be given should 
be very warm, and the patient should be warmed for 
10 to 15 minutes if possible before, during, and 15  minutes 
after the ES treatment to improve circulatory results. In 
cold climates, warming may take longer.
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622 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

wounds. Hydrogels can be left in the wound for up to 3 days. 
This product class can benefi t the wound management by:

• Conducting EC when covered with an electrode
• Promoting the “current of injury”
• Absorbing light to moderate wound exudate
• Maintaining a moist wound environment
• Gradually absorbing wound moisture (is also a moisture 

donor to the wound)
• Retaining the cell growth factors in the wound bed
• Reducing trauma and cooling of the wound, through less 

handling
• Reducing product and labor costs by serving a dual purpose

It is also possible that hydrogels promote collagen synthesis. 
An animal study demonstrated that PES delivered through a 
hydrogel dressing increased the levels of collagenase during the 
critical period of epithelialization initiation.

Hydrogel sheets also have high water content and can also 
be used to conduct current when placed under the electrode.180 
They have benefi ts similar to the amorphous hydrogels, except 
that they should not be left on an infected wound. They are 
used for lightly exudating wounds and are best used for super-
fi cial partial-thickness wounds, such as donor sites after skin 
grafting.

Amorphous hydrogel-impregnated gauze or a hydrogel 
sheet can be used as the wet contact coupler under an electrode. 
Although manufacturers say that all that is required is to clip 
the alligator clips to the dressing to conduct current, Alon181 
explained that this will focus the current at one small area of the 
dressing and not disperse it throughout the wound area unless 
the entire dressing surface is covered with a conductive elec-
trode. Follow the setup steps described above, but substitute 
the saline-soaked gauze with the amorphous hydrogel-impreg-
nated gauze or hydrogel sheet. Dressings may be left in place 
for up to 3 days. The amorphous hydrogel should be warmed 
before application, but be careful not to overheat the product 
and cause burns. Check temperature with a digital thermom-
eter. Temperature should not be greater than 97°F. If wound 
conditions permit, cover with a moisture/vapor-permeable 
transparent fi lm or another dressing to retain moisture with-
out maceration and to maintain body warmth. For amorphous 
hydrogel-impregnated gauze, on the second day, lift the second-
ary dressing and slip an aluminum foil electrode underneath; 
connect an alligator clip lead to the dressing and the stimulator. 
Replace secondary dressing. Repeat on the third day. The same 
approach would apply to the hydrogel sheet.

attach two round, carbon-impregnated electrodes or make a 
foil electrode that increases the surface area of the dispersive 
electrode, making it larger than the active electrode. If using 
the bifurcated leads, place the electrodes on either side of the 
limb. It is easier to conform two pads or a foil electrode to a 
small limb segment than the large rectangular dispersive elec-
trode, standard with most stimulators. Use wet gauze under 
the electrodes; if a greater conductive surface is required, use 
a larger piece of foil. Hold the dispersive electrode in place 
with nylon elasticized straps or tape with weak adhesive. If the 
patient complains of excessive tingling under the dispersive 
setup, check for good contact.

Aftercare
After the ES treatment is complete, slip the active electrode out 
from between the wet and dry gauze. The wound can be left 
undisturbed. If saline-soaked gauze is the conductive medium, 
it should be changed before it dries or be covered with an occlu-
sive dressing. If additional topical treatments are required, such 
as enzymatic debriding agents or antibiotics, the packing will 
need to be removed. Frequent dressing change is discouraged 
because it disturbs the wound healing environment by remov-
ing important substances in wound exudate and cooling the 
wound. It takes 3 hours for a chilled wound to rewarm. Cooling 
slows leukocytic and mitotic activity.176–178 If dressing is to be 
changed, redress the wound in the warm room environment 
immediately following ES treatment.

Alternative Methods of Conducting Current Using 
Wound Dressings
Alternative methods of conducting current to the wound 
using dressing products have been of interest for many years. 
Studies of conductivity of different wound dressings report 
that, although transparent fi lms are poor conductors, silver 
dressings have benefi ts, and fully hydrated hydrocolloids, alig-
nates, and hydrogel amorphous gels and sheet forms are good 
conductors.179,180

Silver Dressings

As reported earlier, silver dressings have demonstrated ben-
efi ts when used in animal and human studies for bactericidal 
effects, reduction of edema that has been enhanced with the 
addition of anodal DC EC and also, in a RCT, as the active 
electrode for treatment of pressure ulcers.109,110,133 Some cli-
nicians believe that silver dressings should be discontinued 
when infection is controlled; and they are not an appropriate 
dressing choice for wounds with eschar. The eschar must be 
débrided fi rst (see Chapter 20 for indications and contraindi-
cations and evidence about the application of silver dressings). 
Actions that speeds the healing of burn wound grafts have the 
potential for decreasing length of hospital stay and reducing 
health-care costs. Perhaps now that clinical trials are demon-
strating utility of silver nylon dressings as conductors and their 
safety and effi cacy when used with ES more applications will 
adopted.

Hydrogels

Use an amorphous hydrogel-impregnated gauze to conduct 
current. This type of dressing is used for partial-thickness, full-
thickness, and subcutaneous lesions extending into deep tissue 

CLINICAL WISDOM

Remove Petrolatum Before Stimulation
All petrolatum products, including enzymatic débrid-
ing agents such as collagenase (Santyl) and Papain urea 
(Accuzyme), which are petrolatum-based products 
(Healthpoint Biotherapeutics, Ft. Worth, TX, www.health-
pointbio.com), must be removed before treatment or cur-
rent will not be conducted into the wound tissues.
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measurements and photographs can be used as motivation to 
encourage continued participation. “Before and after” photo-
graphs of other clients treated in this way are particularly effec-
tive ways of showing the patient/caregiver how other wounds 
improved. Move the patient or caregiver increasingly into 
the role of treatment provider as soon as possible. Observe, 
instruct, and offer words of support and praise.

Instructions
Independence in the treatment routine must be established 
before dispensing electrical stimulator for self-care at home. 
Although it may seem overwhelming to give fi ve steps of 
instructions for a single treatment protocol, understand-
ing the fi ve steps of instructions listed here will ensure that 
the patient or caregiver is able to achieve the goal of inde-
pendence in the treatment routine. Keep instructions as 
simple as possible so that the responsible party will not be 
overwhelmed. Because of the number of steps required, pre-
pared instruction sheets listing the fi ve steps would be help-
ful. Simple drawings can be helpful in teaching the proper 
placement of the electrodes. Don’t assume that the patient 
will know where to place the electrodes or how to put on 
the dressing when he or she arrives home. Two or three vis-
its may be necessary to complete the instruction. Schedule 
regular follow-up assessments, usually weekly, to evaluate 
outcomes and change protocols.

The fi ve steps of instruction are as follows:

1. The list of needed supplies: Make sure that the patient can 
acquire all the necessary items or help make arrangements 
to acquire those that are needed (e.g., a portable HVPC 
stimulator and electrodes).

2. Setup of the patient and the wound for treatment, includ-
ing all the steps listed: Review what is on paper, then do 
a demonstration and return demonstration to confi rm 
understanding.

3. The treatment protocol: Review the treatment protocol by 
dialing in the characteristics for the selected protocols on 
the stimulator to be used. The dials can be left at the cor-
rect setting to help the patient, but they may be moved and 
should be rechecked at each treatment session. Give only the 
treatment protocol for the current wound healing phase. Tell 
the patient or caregiver what outcomes to expect and what 
fi ndings should be reported promptly. Change instructions 
as the wound heals.

4. The aftercare procedures: Aftercare procedure instructions 
should include how to apply the prescribed dressing prod-
uct and disposal of the disposable waste products from the 
treatment in the home setting (see Chapter 20). Make sure 
that the patient or caregiver understands the proper use of 
the prescribed aftercare dressing products. Damage to the 
wound and failure to achieve predicted outcomes can be 
avoided by instruction in use of products. Again, practice 
and a return demonstration are proven methods of teaching 
new techniques.

5. A list of expected signs and symptoms: The patient and 
the caregiver need to be aware of the importance of any 
expected changes in signs and symptoms related to the 
treatment and must know when to report any undesirable 
results.

Infection Control and Disinfection of ES Equipment
The use of aluminum foil electrodes is a good method of con-
trolling infection and eliminates the need for disinfection. If 
carbon electrodes or electrodes with sponges are used over the 
wound, they need to be disinfected between each use, even 
if used for a single patient. Check with the infection control 
agent for your facility to select a cold disinfection solution 
that will disinfect for all organisms in a short time period 
(e.g., 10 minutes).
Disinfection of other items:

• The dispersive pad, which is placed on intact skin, should 
be cleaned between uses with soap and water followed by an 
alcohol wipe.

• Alligator clips that come in contact with wound contaminants 
should be disinfected between uses. One company furnishes 
alligator clips with packs of hydrogel-impregnated gauze that 
can be kept for single patient use.

• Over time, the carbon electrodes will absorb oil and 
detergent products used for disinfection and will become 
resistant to current flow. A periodic check (e.g., every 
30 days) of the conductivity of the electrodes is highly 
recommended.

SELF-CARE TEACHING GUIDELINES

HVPC stimulation and biphasic TENS type units are very safe 
and easy-to-apply treatments that a patient or caregiver can be 
taught for self-treatment at home. HVPC and biphasic stimula-
tors, as described in this chapter, are available as portable, bat-
tery pack units. Some units come with compliance meters and 
would be recommended for home patient use.

Selecting the Candidate for Self-Care
Although ES is a simple treatment, it requires the capacity to 
follow instructions over several sequential steps. Review the 
procedures with the person who will deliver the care to ensure 
that adequate instruction will be given to achieve the pre-
dicted outcomes. Select the patient or caregiver who is alert, 
motivated, and able to learn the directions for application. If 
you do not believe that the patient or caregiver is capable of 
performing the procedure properly and safely, document this 
fi nding, and consider a referral for skilled services or another 
intervention.

To achieve success in self-care, psychosocial concerns need 
to be addressed as well. Your support and encouragement can 
help convince the patient/caregiver to accept the responsibil-
ity for self-care. Patients and caregivers are accustomed to 
receiving medical care at the clinic or by a home care practi-
tioner, rather than doing self-care. The concept of sharing the 
problem between patient and clinician is new to many people. 
It takes a step-by-step process to gain patient acceptance and 
cooperation.

Whether in the clinic or at the home visit, begin by encour-
aging and teaching the patient and/or the caregiver to partici-
pate in the setup process. Many people are repulsed by the sight 
of a dirty, smelly, ugly wound. That is often the fi rst hurdle. 
Take it slowly, with patience and acceptance of these feelings. 
Explain in simple language why the wound is dirty, smelly, and 
ugly, and how the treatment will improve the problem. Wound 
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CHAPTER OBJECTIVES

Electromagnetic energy in medicine has a greater than 
100-year history. At the turn of the 20th century, an electro-
magnetic device using electromagnetic energy from the short 
radio wave segment of the EMS was developed and was called 
diathermy. Diathermy was a fi rst-generation continuous elec-
tromagnetic wave device that used an induced electrical fi eld 
to generate heat in tissues. The term diathermy, introduced by 
Nagelschmidt, was meant to describe the relatively uniform 
deep heating (heating through) produced in tissue by the con-
version of high-frequency electromagnetic currents into heat.1 
In the following decades, diathermy was the common name and 
it was used to treat all types of illnesses and injuries including 
wounds. However, the heating properties were not always ben-
efi cial or the only useful aspects. Therefore, engineers in the late 
1950s and 1960s designed the second generation of devices so 
as to virtually eliminate the heating aspect and deliver primarily 
nonthermal electromagnetic energy. In early studies, this was 
labeled as diathermy athermal, but this is incorrect based on the 
law of physics that says when you convert one form of energy 
to another some heat is produced. Thus we have another term, 
diathermy nonthermal, to indicate that heating of the tissues is 
not measurable. This technology has even more names, which 
will be sorted out in the fi rst chapter section.

One extremely important fi nding, reported by Erdman in 
1960, showed that the application of pulsed electromagnetic fi eld 
(PEMF) induced electrical current in the body could increase 
blood fl ow to the tissues without the necessity of heating the 

tissues.2 Pulsed diathermy (electromagnetic fi eld [EMF]) devices, 
also electrotherapy devices, were an improvement over devices 
based on continuous waves. These devices used less power, had a 
limited radiofrequency (RF) radiation pattern due to improved 
antenna and circuit design, and did not interfere with other elec-
trical devices such as those used in hospitals. Electromagnetic 
therapy must not be confused with the static magnets, or bar 
magnets, that have recently become so popular for pain treat-
ment and which lack evidence for the purposes of wound care.3

During the 1960s and 1970s, many clinical studies used ani-
mals and biologic systems to determine the possible biologic 
mechanisms of the action of electromagnetism on tissue. Most 
were labeled athermal diathermy or by manufacturer name 
(e.g., Diapulse Therapy, Diapulse Corporation of America, 
Great Neck, NY). Unfortunately, many of these studies were not 
blinded, controlled, or randomized. In the past 30 years, there 
have been case studies, clinical trials, and some randomized 
clinical trials with both animal and human subjects designed 
to determine the effects of electromagnetic stimulation on the 
biologic aspects of wound healing and wound closure.

As a result of this work, a series of third-, and now fourth-
generation nonthermic RF devices have been developed that 
use microelectronics that allow the generators to be miniatur-
ized, programed, battery operated, single patient use and dis-
posable, that are inexpensive while at the same time delivering 
directed, concentrated energy to the tissues based on research 
fi ndings.

At the completion of this chapter, the reader will be able to:

1. Describe the physical properties of electromagnetic energy that render an electromagnetic 
fi eld signal bioeffective.

2. Identify and differentiate between the physiologic effects of thermal and nonthermal use of 
electromagnetic energy for wound healing.

3. Evaluate electromagnetic energy device potential effi cacy based on their potential benefi ts for 
wound healing based on the evidence gathered and analyzed from animal and human studies.

4. Evaluate a patient’s candidacy for application of electromagnetic energy based on medical 
history, wound indications, precautions, and contraindications.

5. Prepare a patient for treatment with thermal and nonthermal electromagnetic devices and 
evaluate outcomes of care.

Carrie Sussman

Radio Frequency 
and Electromagnetic Energy24
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In this chapter, we are going to examine the use of this 
 biophysical technology as a clinical tool for wound healing. We 
begin the fi rst chapter section with the biophysical properties 
and terminology of EMF to facilitate your searching and read-
ing of the chapter and the literature. Next step is to explain the 
interrelationships between the various stimulation properties 
and research questions and results, followed by clinical decision 
making and treatment.

BIOPHYSICAL PROPERTIES OF 
ELECTROMAGNETIC FIELDS

It is the goal in this section to make the terminology compre-
hensible, and to connect it with demonstrated effects in wound 
healing, we begin by defi ning the biophysical properties of 
EMFs: carrier frequency and waveforms, pulse rates and dura-
tion, duty cycle, and amplitude/intensity (see Table 24.1).

Electromagnetic Fields
The energy we are studying in this chapter comes from one 
small portion of the electromagnetic spectrum (EMS) (some-
times referred to as the radio, radiation, or radio frequency 
spectrum) (see Fig. 24.1). In its entirety, the spectrum ranges 
in energy from below power transmission waves (very low 
frequency) to above cosmic rays (very high frequency), and 
includes radio waves, microwaves, visible light, infrared, ultra-
violet light, and x-rays. All frequencies within the spectrum 
have certain characteristics in common. For example, they all 
travel at the speed of light, which is 300,000 km (186,000 mi) 
per second. They all travel unimpeded through a vacuum. They 

are “pure energy” and do not have any mass. They all consist 
of two parts, a  magnetic fi eld and an electrostatic fi eld, travel-
ing at right angles to each other. A radio wave is induced when 
an alternating current (AC) fl ows through a coil or antennae 
and generates an EMF suitable for wireless broadcasting and/or 
communications or medical applications.4

One of many important differences between waves from 
different portions of the spectrum is what happens when they 
encounter an object. Are they absorbed (like infrared heat 
waves)? Are they refl ected (like light waves striking a mirror)? 
Do they have some other effect on the object (like tissues or 
cells)? Or do they fail to affect the object at all (like cosmic rays 
passing through Earth)?

Carrier and Waveform Frequencies
In this chapter, the focus is on RF portion of the EMF. When study-
ing RF energy, used by diathermy equipment thermal and non-
thermal, the two frequencies to be aware of are the carrier (radio 
band) frequency and the waveform (or modulation) frequency.

Carrier Frequency
The carrier frequency is the transmitted RF (like the frequency 
transmitted by your local FM radio station) and similarly autho-
rized by the Federal Communications Commission. The autho-
rized RF, used by RF medical equipment, typically operates at 
a carrier frequency of 27.12 MHz and was chosen in order not 
to interfere with radio communication. The term short wave is 
applied to this frequency because of its short wave length (30 m) 
compared to radio waves of greater length (3 km for long radio 
waves) that are also part of the EMF.5 (See Fig. 24.1 Graphic of 
RF portion of the EMF.)

EMF Terminology and Defi nitions24.1TABLE

Term Defi nition

Athermal Old incorrect term for not heating

Bioeffective Effecting biologic actions or processes

Bioelectric current A self-propagating endogenous bioeffective current made up of ions rather than electrons 
that fl ow in the body effecting and signaling cells

Carrier frequency Transmitted radio frequency (27.12 Hz)

Diathermy Heating through, deep heating

Electromagnetic Field (EMF) Simultaneous periodic variations of electric and magnetic fi eld intensity

Nonthermal Refers to insignifi cant tissue heating of <1°C

Pulsed electromagnetic fi eld (PEMF) Pulse modulated RF waveforms

Pulsing A time varying, interrupted or modulated signal consisting of either rectangular or arbitrary 
and low frequency sinusoidal waveforms

Radio frequency One small portion of the EMS (sometimes referred to as the radio, radiation, or frequency 
spectrum)

Short radio wave 10–100 MHz frequency and 3–30 m wavelength

Transmission Signal transmission is not impeded by nonmetallic structures (i.e., can travel through the 
body relatively unhindered)

Waveform (or modulation) frequency The frequency at which the carrier frequency is modulated (i.e., the music from the radio 
station)
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FIGURE 24.1 Electromagnetic spectrum. 

Waveform (Modulation) Frequency
The RF signal is broadcast either (1) as a continuous signal (e.g., 
continuous short wave or RF) or (2) as a time varying, inter-
rupted, or modulated signal consisting of either rectangular or 
arbitrary and low-frequency sinusoidal waveforms (<100 Hz 
also called pulsing [e.g., pulsed short wave or pulsed radio fre-
quency (PRF)]). Another term for the pulsed signal is PEMFs 
and is applied to pulse modulated RF waveforms, particularly 
in the 15 to 40 MHz range.6 However, you can see from the 
diagrams of the bursts of pulses, shown in Figure 24.2, two 
distinct examples showing modulation of EM wave frequency. 
Both modulate the 27.12-MHz carrier frequency with square 
or pulsed bidirectional (sinusoidal) waveforms. PRF was intro-
duced in the late 1950s.

EMF Frequency Transmission
Like all radio wave signals, the 27.12-MHz signal travels through 
air and is not impeded by nonmetallic structures (otherwise, 
your radio would not play indoors). The same radio waves can 
travel through the body relatively unhindered, without requir-
ing contact between the applicator and the body.

FIGURE 24.2 PEMF signal was designed for bone growth stimulation, 
whereas PRF waveform is mainly used in treatment of soft tissues. 
Note: PEMF signal is asymmetric, whereas PRF represents rectangular 
envelope of pulse burst of 65 ms. (Reprinted from Wounds: A Com-
pendium of Clinical Research and Practice, Vol. 7, No. 4, 1995, Health 
Management Publications, with permission.)

Tissue Penetration
The depth of penetration by the EMF is not impeded by skin, 
bone, wound dressings, or cast materials. Since the EMF 
bypasses the sensory pain receptors, application is painless. At 
27.12 MHz, the EMF is unable to depolarize motor nerves or 
produce muscle contraction because the signal is only 36 ns 
in duration, which is not long enough for migration of ions 
through cellular membranes of nerve or muscle.5

Biophysics of Thermal and Nonthermal Effects
When RF energy is transmitted as a continuous wave or signal, 
enough energy can be absorbed by an object to cause noticeable 
heating. In the body, RF induces bioelectric currents in deep 
body tissues where the absorbed energy is converted to heat. 
Thus, we have the derivation of the term “diathermy,” heating 
through the tissues. When we put this term together with the 
frequency of the radio wave, we have “short-wave diathermy” 
(SWD), a common term used for medical devices of this class. 
We see this heating effect, for example, in a microwave oven. 
Like microwaves, the radio waves go rapidly to the inside of 
the material, which is heated fi rst and then is refl ected back to 
the surface. Absorption and refl ection depend on the nature 
of the material (e.g., muscle or bone) being radiated. To control 
heating effects with the microwave, we adjust the power output, 
so that at full power heating occurs quickly or we adjust the 
power to a lower lever to slow or reduce the amount of heat-
ing. To control heating effects of the EMF stimulation, manu-
facturers developed generators that deliver bursts or trains of 
short-wave RF pulses such as that you see in Figure 24.2 that 
modulate the duration of the signal applied to the tissues. Both 
the geometry of the coil through which the current is passed 
and the nature of the tissue also effect the distribution of the 
current fl ow and therefore the heating effects.7

CLINICAL WISDOM

Clarifying use of the term Radio Frequency Ablation
RF as discussed in this chapter is the same type of energy used 
for RF ablation, which is a treatment where high-amplitude 
radio waves are used to create suffi cient heat to destroy a 
part of a nerve to relieve joint pain or to treat cancer tumors. 
However, for wound healing and associated biologic effects of 
heating to destroy tissue is not part of the therapy.
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fi xed at the factory. Treatment effects will differ, depending on 
the parameters selected. Read and understand the instruction 
manual that comes with the device and choose parameters that 
provide the physiologic response required.

Duty Cycle
The duty cycle is the ratio of on time to total cycle time, which 
includes both the on and off times. As an example, at a pulse 
duration having an on time of 65 ms and a pulse rate of 600 pps, 
each complete period lasts 1/600 s or 1,667 ms. The interpulse 
interval, or off time, is then 1.667 to 65 = 1,602 ms. At 600 pps, 
the duty cycle is 65 ms/1,667 ms = 3.9%.8 This means that, in a 
30-minute treatment (30 × 60 seconds × 3.9%), a total of only 
70 seconds of energy is delivered.8 This information is impor-
tant because most clinical studies use a 30-minute treatment 
time period. Therefore, adjustment of treatment time would 
need to be carefully considered in order to make sure that there 
was an adequate but not excessive amount of energy delivered 
to the tissue.

Amplitude
Looking at the power output of the device generator does not 
show the actual power delivered to the tissues because of the 
way the instruments are engineered. For example, 1,000 watts 
(W) of generated power is transferred to the drum applica-
tor, where it undergoes signifi cant transformation into the 
EMF that is then delivered to the patient. Until the transfor-
mation into an EMF, it is appropriate to speak of power, but 
at the last step, it is more correct to speak of the amplitude of 
the EMF delivered to the tissues. The power driving the appli-
cator coil can be measured either as peak pulse power (which 
for the Diapulse® [Diapulse Corp of America, Great Neck, NY) 
ranges from 185 to 275 W] or as mean power, which [for both 
Diapulse and Provant (Regenesis Biomedical, Scottsdale, AZ) 
devices] ranges from 7.5 to 38 W. These values are determined 
by settings of peak power and pulse frequency. The benchmark 
for measurement of heating effects is 38 W or more. Less than 
38 W mean power is, therefore, used as an indicator of minimal 
heating or nonthermal therapy.5 The heating effect of a PSWD 
device is related to the magnitude of the mean power output 
and can be adjusted to achieve appropriate treatment effects by 
either direct or indirect application. Treatment outcome can 
be gauged by measuring the skin temperature where heating is 
desired or by measuring skin blood fl ow with a laser Doppler.

The amplitude of the EMF is described in terms of fl ux 
density with the units in gauss (G) or tesla (T), where 10,000 
Gauss (G) = 1 T. Flux density is a measure of the strength of a 
magnetic fi eld at a given point. Also called magnetic induction.9 
For example, the magnetic resonance imaging (MRI) devices 
achieve desired depth of tissue penetration when it operates on 
the order of 1 to 5 T or 10,000 to 50,000 G.4,10

For wound healing medical applications, Gordon has learned 
from studying the phenomena and a review of the  literature 
that a magnetic fi eld strength less than 30 G and  frequency of 
greater than 100 Hz, called extremely low frequency, are most 
effective in modulating cellular responses.10

Manufacturers include tables in their instruction manuals, 
listing the approximate values of average output power in watts 
at different pulse rates and widths and fi eld strengths. This 
information should be used only as a guide, not as a defi nite 

Depth of EMF Penetration
The depth of penetration of the magnetic fi eld decreases by 
approximately the square of the distance as it moves away from 
the surface of the applicator. Markov and Pilla8 found that the 
magnetic fi eld of 27.12 MHz radio waves is 30% of the initial 
value at 5 cm distance from the applicator, 10% at 10 cm, and 
3% to 5% at 15 cm. Treatment effects would be expected to be 
altered by the distance of the applicator from the target tis-
sues. Therefore, another method of controlling the amount of 
RF energy delivered to the tissues and thus reduce heating is 
to change the proximity of the magnetic fi eld source and the 
target tissue. For example, as the gap between the tissues and 
the applicator head increases, a portion of the magnetic fi eld 
is dispersed away from the target. One clinical application to 
reduce the heating created by a RF device is by increasing the 
gap between the applicator head and the tissue for patients with 
heat sensitivity, or when only mild heating is required. On the 
other hand, when using PRF equipment that has been modu-
lated to reduce heating, any gap should be very small, 0.5 cm, in 
order to avoid reducing the energy too much.

Pulse Rate and Pulse Duration Effect Heating
Pulsing the radio waves did not solve all the problems of cre-
ating a truly nonthermal device. The next modifi cation was to 
change the signal so that the signal was pulsed at lower rates 
and longer intervals. While the pulse is on, the signal is deliv-
ered during the interval it is not. The pulse rates for PRF vary 
from 1 to 7,000 pps. The pulse duration (or width) varies from 
65 to 400 microseconds (ms) (1 ms = 10−6 s). This is a signifi cant 
difference between PEMF (upper scan) and PRF (lower scan) 
shown in Figure 24.2. Long pulse duration, coupled with high-
frequency pulse rate, results in short interpulse intervals, and 
heat builds up in the tissues because the short interpulse inter-
val does not allow heat to dissipate giving the diathermy effect. 
For example, pulsed short-wave diathermy (PSWD) has a typi-
cal pulse duration of 95 ms.

Nonthermal PRF medical devices generally have a short 
fi xed pulse duration of 65 ms (of the basic 27.12-MHz wave), 
with pulse rates that can vary from 80 to 600 pps are classifi ed 
as low frequency. A short pulse duration (which means a long 
interpulse interval), coupled with a low-frequency pulse rate, 
produces insignifi cant or nonthermal tissue effects.

It is important to become familiar with the device you 
intend to use. Some devices offer a large range of variability of 
pulse rates and pulse durations from which to choose others are 

CLINICAL WISDOM

Testing Thermal and Nonthermal Effects 
at Different Settings
Try combinations of different on/off times and pulse rates 
on normal subjects over superfi cial tissues. Evaluate their 
effects before and after treatment and over various time 
intervals by measuring changes to the surface temperature of 
the skin with a liquid crystal skin thermometer, or to deeper 
tissue with an infrared scanner.
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for all EMF devices, and that there are important  differences 
between the therapeutic modalities. For example, signal charac-
teristics differ in several ways. The main differences are the sig-
nal shape, pulse rate, duration and depth of penetration. Keep 
these distinctions in mind when reviewing studies reporting on 
the use of the different EMFs and when selecting therapeutic 
devices. If you are considering acquiring such a device, the ven-
dor should be able to provide this information. In this chapter, 
terms used will be continuous short-wave diathermy (CSWD), 
PSWD, PRF, and PEMF as previously defi ned.

Electromagnetic Field Devices used 
for Wound Healing
All of the terms for EMF devices are very confusing. Adding to 
the confusion is that studies and manufacturers use the terms 
PEMF and PFR as if they are identical. In this section, we will 
examine some of the differences. EMF devices used for wound 
healing purposes can be categorized into two groups: (1) PEMF 
and (2) PRF. They differ in the following ways:

1. The PEMF waveform typically has a relatively low frequency, 
pulse duration 1 to 100 ms, and a repetition rate of 1 to 100 
pps, as shown in Figure 24.2. The PEMF signal duration may 
be longer than that of PRF.8 The signal amplitude of the 
PEMF is in the mV/cm range.8 A PEMF waveform is typi-
cally an asymmetric train of pulses (Fig. 24.2). Asymmetry of 
the stimulus pulse was at one point thought to be necessary 
to achieve a therapeutic effect. Asymmetric pulses require 
signifi cant electrical energy, however, constraining clinical 
delivery systems to suboptimal designs. The results of a study 
on rabbit fi bula osteotomy suggest that asymmetry is not in 
fact necessary for clinical therapeutic effect.11 PEMF studies 
have primarily been conducted or reported in the literature 
outside of the United States, and only since communication 
has improved across borders, as a result of the Internet and 
clinical databases, has this information become available to 
other clinicians. PEMF devices have been used in the United 
States primarily for osteogenesis, but several studies on soft 
tissue repair for venous ulcers have been reported (these 
are reviewed in the clinical section).12–17 Magnatherm elec-
tromagnetic (PEMF) unit (Meditea Electromedica, Buenos 
Aires), operating at 3 to 50 Hz and an amplitude of up to 
200 G, was the type of equipment used by researchers in some 
of the animal studies discussed in this chapter.

2. The PRF signal represents a burst of pulses within a rectan-
gular envelope of sinusoidal waves with a duration of 65 ms 
(Fig. 24.2). The PRF repetition rate varies between 80 and 
600 pps, and are classifi ed as high frequency. The duty cycle 
is less than 4%.8 The signal amplitude of the PRF is in the 
V/cm range.8 PRF is used mainly for the treatment of pain, 
edema, and soft tissue injuries as well as cellular stimulation.

Although PSWD and PRF are alike in most ways, their effects 
are based on two different physiologic phenomena. PSWD has 
the ability to heat the tissues, whereas PRF is nonthermal and 
mostly affects the tissues at the cellular level. Both PSWD and 
PRF penetrate deeply into the tissues and most affect those tis-
sues with good conductivity. Because PSWD energy penetrates 
deeply, it heats from the inside out, just as, when cooking food 
in the microwave the center is heated fi rst. Heating effects 
may continue even after the stimulation is removed. Delayed 

amount of power delivered to the tissues because while the 
 electric or magnetic fi eld itself can be measured, it is not yet 
possible to measure the intensity received by the tissues.

Nonionizing Radiation
Another property of RF is nonionizing radiation, meaning that 
there is insuffi cient energy concentration to dislodge orbiting 
electrons from atoms.5 Therefore, EMF do not exhibit polar 
properties as occurs when using direct contact electrical stim-
ulation. You can think of RF as noncontact induced electrical 
stimulation as opposed to direct contact electrical stimulation 
discussed in Chapter 23. Since RF induces a bioelectric current, 
it appears to have similar effects as other currents on the cells of 
wound healing that are similar to those of direct contact electri-
cal stimulation (see Chapters 2 and 23).

COMPARISON OF ELECTROMAGNETIC 
FIELD DEVICES

We have discussed the physical properties of some EMF devices 
and explained how they got their names. However, more names 
and acronyms of EMF are found in the literature besides PEMF, 
PRF, and PSWD including pulsed electromagnetic induction, 
pulsed electromagnetic energy including time varying electro-
magnetic fi eld, and designed electromagnetic pulsed therapy. 
The last term was chosen to refl ect the penetration we see 
clinically, the need to specifi cally design the pulse for maximal 
bioeffi cacy, and the general understanding that pulsed fi elds 
demonstrate increased effi cacy over static designs.10 Therefore, it 
is important to recognize that the acronym PEMF is not generic 

RESEARCH WISDOM

Electropollutant and Medical PEMF
EMFs are studied extensively as electropollutants, for exam-
ple, cell phones, as well as a therapy, under the general head-
ing of PEMF technology. Electropollutants are manifestly 
different in fi eld strength and frequency in comparison to 
therapeutic applications, yet the USFDA (2002) considers 
them the same and lists therapeutic devices as “potentially 
dangerous” by association. World Health Organization con-
vened scientists from around the world that found fi eld 
strengths less than 20,000 G, that is low fi eld MRI, free of 
adverse side effects10

CLINICAL WISDOM

Electromagnetic waves and Ultrasonic waves
It should also be noted that the electromagnetic waves dis-
cussed here do not include sound or ultrasonic waves that 
require a physical medium through which to travel and are 
discussed in Chapter 26.
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PRF and HVPC. PSWD/PRF is delivered without skin contact, 
and the signal is “broadcast” through the air. HVPC by contrast 
is delivered by capacitative coupling from an electrode, through 
a wet contact medium applied to the skin. HVPC has a negligible 
magnetic fi eld (Fig. 24.4), and its stimulation is mainly by elec-
tric current. PRF delivers a more uniform and predictable signal 
to the tissues than do capacitative coupled electrodes.8

Summary of Properties and Effects of EMF Devices
The effects of both PSWD and PRF stimulation are detailed in 
Exhibit 24.2, and the attributes that make them useful for the 
treatment of wounds are as follows:

1. The penetration of the magnetic fi eld into the tissues is not 
restricted by impedance from intervening structures, such as 
skin, bone, or plaster. However, metal (e.g., rings) will alter 
penetration and/or localized heating (see Safety Issues below).

2. Stimulation at the skin level is not suffi cient to depolarize 
the pain nerve endings in the skin and is therefore painless.

3. Treatment is nondisruptive and compatible with other 
interventions. For instance, treatment may be delivered over 
a bandaged wound or over a splint or cast.

4. There is relative uniformity of the induced magnetic fi eld in 
the entire volume of the wound.8

5. Relatively good dosimetry can be achieved because the mag-
netic fi eld lines are essentially parallel and remain in this 
alignment throughout the healing process.8

The cellular effects of PSWD have not been reported in the 
literature, but ongoing research is being conducted using radio 
frequency in the thermal range for treatment of tumors; there 
are, however, numerous reports concerning the cellular effects 
of PRF and PEMF. This is not to say that PSWD does not have 
similar effects on cells that are as yet unknown. CSWD and 
PSWD are considered thermotherapy, but PRF and PEMF are 
classifi ed as nonthermal induced electrotherapy.

response to stimulation is an important concept to remem-
ber; the patient may not report heating right away because 
the skin is not heated fi rst, such as when a hot pack is applied 
(see Exhibit 24.1). Follow the guidelines listed in the proto-
cols for treatment parameters. Heating effects are adjusted by 
changing the pulse rate and intensity. Higher pulse rates have 
greater thermal impact. Low pulse rates, in the 90- to 200-pps 
range, produce mild heating and are nonthermal at lower rates. 
Both transmit radiation from a coil contained in the drum head 
to the target tissues. This method of energy transfer to the tis-
sues is called induction. An electrical current is induced in the 
tissues, as described above.

Pulsing the radio waves did not solve all the problems of cre-
ating a truly nonthermal device. The next modifi cation was to 
change the signal so that the signal was pulsed at lower rates 
and longer intervals. PRF was introduced in the late 1950s.

PRF and High-Voltage Pulsed Current Fields
As we have just learned, PRF induces electrical currents in the 
body through the action of an EMF. As such, it has no positive 
or negative poles, and the current goes in concentric circles (see 
Fig. 24.3).4 This induced AC is not related to intervening tis-
sue, but is related to the distance from the coil, with the current 
intensity being greatest just beneath the coil edges.

For treatment purposes, high-voltage pulsed current (HVPC) 
has, in general, the same amplitude as do PSWD/PRF (see 
Chapter 23). HVPC, however, has a unidirectional fl ow, with 
a specifi c polarity,18 whereas the electromagnetically generated 
current is a circular fl ow of current without polarity, as shown in 
Figure 24.4. The mechanism of action for PSWD/PRF is a direct 
effect of the magnetic fi eld and induced electric current in the 
cells. HVPC, on the other hand, has a negligible magnetic fi eld, 
and the method of cellular stimulation is by electric current. The 
direct effect of magnetic and electrical fi elds in the tissues can-
not be distinguished because they come together with high-fre-
quency fi elds. The methods of delivery are different for PSWD/

FIGURE 24.3 A PSWD or PRF coil placed over the anterior thigh, show-
ing the exciting current (solid line) and the resultant induced current 
(broken line). (Nelson RM, Currie DP. Clinical Electrotherapy, 2nd Edi-
tion, © 1991, 390, 391. Reprinted by permission of Pearson Education, 
Inc., Upper Saddle River, NJ.)

EXHIBIT 24.1

PSWD/PRF Characteristics
• 27.12-MHz radio waves.
• Modulation waveform square or pulse bidirectional.
• Signal travels through air.
• Not impeded by nonmetallic structures.
• Pulse rates: 1 to 7,000 pps maximum; PR = maximum 

average intensity.
• 200 pps ®moderate to vigorous heating.
• 90 to 200 pps ®mild heat.
• <90 pps ®nonthermal.
• Applicator: wire coil covered by housing.
• Uniform magnetic fi eld.
• Induce electric current in tissues.
• Deep penetration 5 to 6 cm up to 15 cm (MF value 

decreased by approximately the square of the distance)
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EMG signal and modulate biologic phenomena.6,8 EMF signal 
transmission, transduction, and modulation occur by means 
of intercellular junctions where the activities of the individual 
cells that make up tissue are coordinated, enabling each tissue 
system to function as a whole. There are gaps between junc-
tions, and the gap junction forms pathways for direct intercel-
lular communication and electrical coupling. Cellular activity 
can be modifi ed by induced changes in the electrical status of 
the cell, the cell membrane, and the cell-to-cell communica-
tions via electrically conducting gap junctions. Gap junctions, 
present in all tissues, provide pathways for ionic and molecu-
lar intercellular communication without which disorders in 
growth control and tissue repair including neoplastic transfor-
mation could occur.7 Thus, this pathway is a key to changing 
cell dynamics and it is through this mechanism that the EMF 
signal sensitivity is increased by several orders of magnitude 
versus a single cell exposed to the same EMF source.6,8 EMF 
modulation of biologic processes depends fi rst on the physi-
ologic state of the injured tissues and whether or not a physi-
ologically relevant response can be achieved and, second, on 
the use of an effective dose of EMF to the injury (target) site.6,8 
Effective dosimetry is achieved by confi guring the frequency 
waveform to satisfy the target response time and minimum 
amplitude required for.6,8

Signal Transduction
The processes involved in cellular membrane signal transduc-
tion affected by an applied electric fi eld of specifi c strength and 
form are receiving considerable research attention. Normally, 
cell membranes are impermeable to all ions carrying a charge. 
However, ions can move through specifi c protein membrane 
channels, when exposed to relatively small strength ([103–
104 Vm−1 range] at frequency below 150 Hz) EMF. For exam-
ple, there is supporting research that applied EMF opens Na+ 
and Na+/K+ channels. Enhanced Na+ infl ow causes an action 
potential resulting in the depolarization of the cell.19 The open-
ing of the calcium ion (Ca2+) channels also occurs with EMF, 
which causes an increase of Ca2+ infl ux that is released from 
intracellular stores.19,20 Infl ow of Ca2+ into the cells will activate 
numerous cellular processes through the binding to calmod-
ulin, which will then activate calmodulin-dependent kinases 
whose function is to phosphorylate proteins using ATP. 
What ensues is a biochemical cascade that has the potential 
to have far-reaching effects on cells, including cell orientation 
and migration, immune-cell functions, cell proliferation, cell 
shape changes, and ultimately on the optimal function of the 
body. The PEMF signal also modulates Ca2+ binding kinetics, 
stimulates all types of cell proliferation, affects the cell mem-
brane diffusion and/or permeability, and moves negatively 
charged plasma proteins toward lymph capillaries, which may 
explain edema reduction as described in section of infl amma-
tory phase effects.19,21

PEMF exposure stimulates mRNA expression of sev-
eral bone morphogenic proteins and upregulates TGF beta 
mRNA. It has been suggested that the increase in TGF Beta-1 
mRNA protein synthesis in osteoblast cultures is a direct 
result of the effect of the EMF on calcium/calmodulin-depen-
dent pathways.22 TGF Beta-1 is instrumental in the cascade of 

FIGURE 24.4 A pair of direct-contact electrodes used for HVPC and 
placed over the skin, showing the resultant current fl ow through the 
skin. (Nelson RM, Currie DP. Clinical Electrotherapy, 2nd Edition, 
© 1991, 390, 391. Reprinted by permission of Pearson Education, Inc., 
Upper Saddle River, NJ.)

EXHIBIT 24.2

Wound Healing-Related Effects with PSWD/PRF
• Perfusion of tissues is increased, either directly or indirectly.
• Deep tissue heating with PSWD allows heating within 

deep wounds and tunnels, including areas with abscess or 
infection.

• PSWD raises tissue temperatures.
• Painful wounds and associated soft tissue can be treated 

without direct contact.
• PSWD and PRF provide analgesia of pain endings.
• PSWD and PRF produce edema reduction.
• PRF stimulates cellular activity and cell membrane signal 

transduction mechanisms.
• PRF stimulation can take place over clothing, wound dress-

ings, elastic wraps, splints and casting materials.
• No disruption of the wound healing environment is needed 

with PRF.
• Stimulation of deep structures with PSWD, including 

nerves and blood vessels, can effect physiologic changes.
• PSWD and PRF provide relative uniformity of the induced 

magnetic fi eld in the entire volume of the wound.
• PSWD and PRF provide relatively good dosimetry.

PHYSIOLOGICAL EFFECTS OF EMF

This section presents a synopsis of the physiologic effect of 
PRF and PEMF on some cellular systems. Care must be taken 
when attempting to extrapolate fi ndings in the laboratory to the 
human body.

Electromagnetic fi eld Modulation 
of Biologic Phenomena
In order for an EMF signal to be effective, it must be detected 
by the cells or tissues that have the ability to respond to the 
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activities at the cellular and chemical levels followed by reviews 
of the effi cacy on pain and edema. Two studies are double blind 
RCT (DBRCT) and controlled fi ve clinical studies that used 
nonthermal PRF as the treatment intervention are considered 
next. The fi nal study in this section used mildly thermal PSWD. 
Each study asked questions and reports results about the ability 
of PRF and PSWD to infl uence the infl ammatory phase for dif-
ferent pathologies.

Anti-Infl ammatory Modulation
We will review cellular responses to EMF in the infl ammatory 
phase; here we are looking at new fi elds of interest, electro-
chemistry, and electrogenomics that regulate the infl ammatory 
phase. Infl ammatory cytokines are considered as causative fac-
tors in pain. Therefore, measuring levels of cytokines in acute 
wound fl uid along with pain scores provides quantitative mea-
surements of the mechanisms attributed to PEMF effi cancy 
for pain reduction. Rohde et al measured levels of interleu-
kin (IL)-1b from acute wound fl uid in postoperative patients, 
described in a study below, and found that levels were approxi-
mately 27% ± 36% lower in those treated with PEMF compared 
to sham group. There was also a direct correlation between the 
reduction in cytokines and pain levels in this group.27

Ionescu et al.28 observed that, when burn wounds were 
treated with PRF, there was prevention of edema formation, 
pain, and reduction in local symptoms. These observations 
led to further investigation to understand the mechanisms 
involved and to demonstrate objective proof. Local skin enzy-
matic activity was chosen as an indicator of the viability of 
the tissue. Samples of proteins and some principal enzymes 
in normal and burned tissue were compared before and after 
PRF therapy. Enzymatic activities of the skin usually decrease 
when traumatized or burned. The study data showed that, 
compared with normal skin, the enzymatic activity was signif-
icantly modifi ed after the treatment. The earlier the applica-
tion of treatment, the sooner the normal enzymatic activities 
were restored.

The reports indicate that there is upregulation of growth and 
restoration genes that can accelerate the healing cascade up to 
four times more effi ciently than in untreated cases by quench-
ing the escalation of free radical that degrade organs and tissues 
to levels of stunning and death.10,26 Free radical and ischemia 
reperfusion injury are explained in Chapter 2.

Edema and Pain
Edema and pain restrict function and slow healing responses 
so therapy that can mitigate these physiological phenomena 
are welcome parts of the wound healing armamentarium. Here 
we will look at several studies where PEMF/PRF were used and 
evaluated for effi cacy against both.

Traumatic Injury

Results: PRF treatment for 20 to 30 minutes reduced soft  tissue 
edema following trauma that has persisted for several hours 
after treatment. The mechanism by which this occurs is pos-
tulated to be the effect of PRF on sympathetic nervous system 
outfl ows, inducing vasoconstriction and restriction of blood 
fl ow from blood vessels to the interstitial areas around the 
wound site.8

regulatory events involved in extracellular matrix formation, 
cell growth, and accelerated chondrogenesis. This process has 
been identifi ed as one mechanism involved in the stimulation 
of osteogenesis.

Another cellular study looked at the effect of EMFs on 
transduction pathways that regulate lymphocyte prolif-
eration, and found that 0.1 mT, 60 Hz EMFs can induce a 
20% mean increase in the anti-CD3 binding to T-cell receptors 
of Jurkat cells. There was a relationship between cell prolifera-
tion and the amount of energy given. T cells are key modulators 
of infl ammation, and potentially EMF technology can be used 
to treat infl ammatory diseases.23

To test these effects of low-frequency (60 Hz) EMF on 
patients, a before-after design study of recalcitrant leg ulcers 
(N = 26 patients; 18 patients with 25 chronic venous and 
8 patients with 17 chronic arterial ulcers) was performed. EMF 
was applied to the arm placed inside a EMF chamber to pro-
mote healing based on the concept that the EMF will interact 
with peripheral blood mononuclear cells (PBMC) via Ca2+ 
channels activating signal transduction cascades, promoting 
cytokine synthesis, and changing cell proliferation patterns.24 
More details of this study are found in the section on Wound 
Healing Clinical Studies and Table 24.5.

Signal Dosimetry
Originally, the exogenous application of PEMF was designed 
to mimic the asymmetric waveform that is detected when 
bone is dynamically deformed.25 Now that the mechanism of 
PEMF effects is better understood, it is clear that waveform 
confi guration plays an important role in dosimetry.20 PEMF 
thresholds appear to encompass more factors than dose 
response alone. Frequency, amplitude, and timing, singly or in 
combination, appear to be involved in the results of many of 
the experimental studies.20,21,25 At this time, we do not know 
optimal or best parameters to make a recommendation based 
on such a level of evidence. That being said there is informa-
tion from studies about protocols and the results to provide 
guidance for current practice.

Growth Factor Regulation
Both electric and EMFs have demonstrated ability to pro-
duce a sustained upregulation of growth factors. A mecha-
nism ascribed to stimulating cells with EMF is the induction 
of growth factors that in turn stimulate cell replication 
through a Ca2+ pathway.21 EMF stimulate and regulate the 
expression of genes and the synthesis of growth factors 
in connective tissues for structural extracellular matrix 
(ECM) constituents, and dosimetric relationships have been 
described.26

Effects on Attributes of the Infl ammatory Phase
Infl ammation is the most painful stage of wound healing and 
can have profound effects including delaying repair and repair 
complications such as fi brosis, scaring, keloid formation.27 In 
this chapter section, we will look at the evidence for effects of 
PRF and PSWD cytokine production, growth factor produc-
tion, and antioxidant effi cacy to control-free radical activity and 
on two of the attributes of the infl ammatory phase, pain and/
or edema. First, we will get an overview of anti-infl ammatory 
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Postsurgical Wound Pain

Two DBRCTs looked at postoperative pain of breast surgical 
patients who received PEMF immediately after surgery.

1. Heden and Pilla32 used DBRCT to examine the effi cacy of a 
PEMF device (SofPulse®, Ivivi Health Sciences San Francisco, 
CA) with an induced EMF parameters of 2 milliseconds burst, 
magnetic fi eld 0.05 G, electrical fi eld 32 ± 6 mV/cm to effect 
pain patients in patients who had breast augmentation sur-
gery. The device is a battery powered, single subject use, light 
weight device. For bilateral breast augmentation surgery, two 
coils attached to a single generator were used one placed over 
each breast. The device was left in place 24 hours per day and 
used twice daily for 30 to 60 minutes starting 3 to 5 hours post 
surgery. Outcome measure for pain was the 100 mm Visual 
Analog Scale (VAS) and postoperative medication pill count.

Results: VAS. Postoperative day 1 VAS (0–100 mm) score 
was 53 ± 3 mm for both groups. Active Treatment group: 
Postoperative day 3 score was 28.5 ± 4 mm; decrease 87% (p < 
.001) versus sham group 40.2 ± 3.5; 2.7 times greater pain reduc-
tion for treatment group. Narcotic medication: Postoperative 
day 1: 6.2 ± 0.4 pills; Treatment group postoperative day 3: 
3.1 ± 0.3 (p < .001); Sham group day 3: 4.9 ± 0.5. Pain decreased 
signifi cantly in PEMF group.

2. Rohde et al.27 used the same Ivivi device as in the Heden 
study for a DBRCT to measure postoperative pain plus IL 
1B levels in 24 patients who had breast reduction surgery. 
Again the VAS was used to measure pain. The treatment 
was provided automatically, 20 minutes every 4 hours for 
the fi rst 3 days, then once every 8 hours for next 3 days and 
then twice daily.

Results: Active treatment group: 1 hour postoperatively 
mean pain scores were 57% less than controls (p < .01), 5 hours 
postoperatively 300% less (p < .001) and pain levels remained 
low for the next 48 hours. There was a 2.2-fold lower use 
of narcotics in the active group compared to the sham group 
(p = .002). Measurement of the IL-1B concentrations in exu-
date was 275% higher in wound fl uid from the active versus the 
control group. Conclusion was that EMF was effective in more 
effective than the use pain pumps for reducing pain and con-
tributed to hastening infl ammation.

Podiatric Surgery

A controlled study of 25 podiatric surgical patients was con-
ducted by Santiesteban and Grant33 using PSWD at a dosage 
of 700 pps and a power setting of 12, or approximately 120 W. 

Hand Injuries

Early intervention with PRF (Diapulse) in the treatment of 
hand injuries was studied by Barclay et al.29 to compare the 
effects on edema, pain, and improvement of function with 
untreated pairs. Sixty matched pairs of patients who had hand 
injuries were evaluated within 36 hours of admission.

Results: In the treated group, with the exception of two 
cases, there was a complete resolution of edema by the third 
day, compared with the control subjects, whose swelling greatly 
increased. The 17 patients in the treated group were symptom 
free by the third day, and by day 7, only one in the treated group 
had slight loss of function; the 29 other patients had been dis-
charged. By contrast, in the control group of 30 patients, 3 had 
been discharged and the remaining 27 were still symptomatic 
with edema, pain, and loss of function.29

Acute Ankle Sprains

Acute ankle sprains have a rapid onset of edema and pain 
and are common injuries in athletes and in the military. 
Pennington et al.30 studied the effect of PRF (Diapulse) on 50 
patients with grade I and II ankle sprains of military person-
nel at 1 to 24 hours, 25 to 48 hours, and 49 to 72 hours after 
injury.

Results: A statistically signifi cant decrease in the edema 
(0.95% versus 4.7%) was observed. Reduced pain was reported 
for 64% of the treated patients, compared with 33% for the 
control group. Because of the small sample size in the three dif-
ferent time-elapsed groups, no analysis was performed on this 
component but, overall, those patients who were treated within 
the 72-hour time frame had a statistically signifi cant effect, 
including a signifi cant decrease in the time lost from military 
training.30

Acute Head Trauma

In another study, 200 acute head trauma patients with a 
Glasgow Coma Scale of 8 or less were alternately assigned to 
treatment with PRFS or to serve as controls.31 The patients in 
this category had diffuse brain damage, multiple contusions, 
and brain edema, and were in poor states of consciousness. 
Except for the addition of the PRF stimulation, the same 
management protocol was followed in the intensive care 
unit (ICU). PRF stimulation at 600 pps for 30 minutes was 
given every 12 hours, with the drum alternating on the right 
and left sides of the head. Treatment began at the time of 
admission into the ICU. Serial computed tomography scans 
were done to evaluate the outcomes and for comparison 
with controls. In all cases, on the first day of admission to 
ICU, there was clear evidence of edema, and the ventricles 
appeared slit like.

Results: By the 10th day, for those in the PRF treatment 
group, the edema had disappeared, and the ventricles were 
seen well. However, in the control cases, it took 12 to 15 days 
to see the ventricles. Another measure reported for 20 cases 
was  intracranial pressure (ICP). In the 10 cases receiving PRF, 
the ICP diminished by the fi fth day after injury and by day 7 
came to near normal levels. Controls’ ICP began to diminish by 
day 7. Mortality at the end of 1 month for the PRF group was 
24% in the PRF group and 29% among controls.31

CLINICAL WISDOM

Some PSWD devices can be set at a protocol that is 
mildly thermal. The Magnatherm (International Medical 
Electronics, Kansas City, MO) and the Curapulse (Enraf 
Nonius, Delft, The Netherlands and Henley International, 
Sugarland, TX) are such devices and there may be others on 
the market.
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than 10 W for the Ivivi SofPulse®. However, since this change there 
is only one published case study.35 This is not much on which to 
base new treatment protocols. More evidence is needed.

THERMOTHERAPY WITH SHORT-WAVE DIATHERMY

The practice of warming wounds to promote healing has been 
performed since ancient times, and warm soaks and warm 
compresses are still used for healing. From the time of its intro-
duction, diathermy has been used to heat tissue and infl u-
ence circulation. In the interim time, parameters for heating 
have been revised along with delivery systems. Only recently 
have scientists begun to understand and explain why wounds 
respond to warmth. Warmth changes hemodynamics through 
suppression of vasoconstriction, enhancement of vasodilation, 
and increasing blood fl ow along with vascular endothelial stress 
that triggers the nitric oxide production system all of which 
are needed for successful wound healing. Hemodynamics is 
explained more fully in Chapters 23 and 27, so please refer to 
those chapters for details.

Another discovery is that heat can counter the inhibitory 
effects of chronic wound fl uid on fi broblasts (see Chapter 2). 
Thus, raising the temperature of the wound by a degree or more 
could reduce the wound fl uid inhibitory activity and assist in 
the healing of chronic wounds.36

Clinically, CSWD and PSWD are widely available but not 
widely used for wound healing in the United States. Diathermy 
units, which as we know are part of the EMF group of inter-
ventions, are available and used for treatment in many places 
outside the USA. For example, a survey of 41 hospital-based 
physical therapy departments in Ireland found that PSWD was 
the preferred mode of treatment, often used more than once 
daily. Treatment effi cacy was reported anecdotally for soft tis-
sue injury and hematomas as well as other infl ammatory con-
ditions.37 This book is intended to guide international wound 
practice. Thus, we want to provide guidance in this section 
about the use of SWD thermotherapy and nonthermal thera-
pies to aid in wound healing.

Circulatory Effects of Diathermy
Increased blood fl ow benefi ts wound healing by autolytic 
debridement of necrotic tissue, delivering critically needed oxy-
gen and nutrients and removing metabolites. Local application 
of heat causes vasodilation of the vasculature and allows for 
increased blood fl ow. Infection rates are inversely proportional 
to blood fl ow and oxygen levels because, in this situation, oxy-
gen functions equivalent to an antibiotic by oxygenation of the 
leukocytes, which are critical to fi ghting infection.38 All of the 
processes of wound healing are oxygen dependent, including 
collagen deposition. Heat is a simple and effective method to 
enhance blood fl ow.18,39 For example, if blood fl ow can increase 
to the lower extremities without elevating body heat and if it can 
be maintained, it can then be applied as a helpful treatment of 
vasospastic PVD and could be benefi cial in controlling infection. 
Treatment interventions that can increase perfusion to the tis-
sues are important tools. The following studies report the effects 
of CSWD, PSWD, and nonthermal PRF on blood fl ow to the 
extremities. Table 24.2 summarizes studies on circulatory effects.

This intensity is now called mildly thermal, but was reported in 
the study as athermal. A control group of 25 did not receive this 
treatment. Two electrodes were used: one over the plantar aspect 
of the postoperative foot and the other on the inguinal region. If 
both feet were operated on, the electrodes were placed over the 
plantar aspects of both feet. Two treatment sessions were given. 
One was given as soon after surgery as possible and the other 4 
hours later.

Results: Nurses noted the number and types of pain medica-
tions used and the length of the hospital stay, measured in hours. 
There were signifi cant differences between the treatment group 
and the control group. The former had a length of stay that was on 
average 8 hours shorter, and used weaker analgesic medication.33

Conclusion from Studies
Intervention during the acute infl ammatory phase—the fi rst 
72 hours after injury (e.g., trauma including burns, pressure, 
contusion)—with PRF has demonstrated reductions of edema, 
pain, and enhanced perfusion of the tissues, with resulting 
acceleration through the phases of repair, and consequent early 
return to work.27–30,32

Effects on Cellular Systems during 
the Proliferative Phase
Researchers have been focusing on its effects on different cel-
lular systems that are involved in the biological cascade of heal-
ing. In this subsection, we will examine the effects of PRF and 
PEMF on the cells primarily associated with the proliferative 
phase of wound healing.

Cellular Changes
Cellular changes following treatment with PRF have been 
observed to alter processes that are essential to tissue repair, 
including proliferation of parenchymal and connective tissue 
cells, synthesis of ECM proteins, collagenization, and acquisi-
tion of wound strength.6,8

Dosimetry
The purpose of this study was to determine the infl uences of 
different PRF dosages applied to human fi broblasts and chon-
drocyte cells in vitro. Different parameters were used for each 
experiment. One experiment used a mean input power to the 
applicator of 13.8 W (<1 W in situ) and exposure for 10 minutes 
with the result of signifi cantly increased fi broblast proliferation 
compared with control groups. In another experiment, lower 
power to the applicator (6 W) for 10 minutes increased prolif-
eration of chondrocyte cells. From the results of these experi-
ments, it was learned that response is dose and, most important, 
time dependent.34 In a different experiment, 24 hours after PRF 
treatment, fi broblasts that were exposed to 10 minutes of radia-
tion at a dose of 32 mW/cm2 showed half-maximally enhanced 
proliferation, but those subjected to longer durations of 15 to 
60 minutes showed maximal cell proliferation.21 Under the 
same treatment dose parameters, epithelial cells also showed 
maximal mitogenesis with treatment durations of 30 minutes.

Manufacturers also read the literature and then can be moti-
vated to change their device parameters based on new informa-
tion. For example, one company, Ivivi Health Sciences (CA), has 
reduced the peak input power to the applicator from 300 W to less 
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Researcher

Silverman and 

Pendleton43 Santoro et al.45 Erdman2

Mayrovitz and 

Larsen46

Mayrovitz and 

Larsen47

Type of study Case series Uncontrolled Case series Controlled Controlled

Type of 
stimulator

PSWD PSWD PRFS (Diapulse) PRFS (MRT 
sofpulse)

PRFS (MRT sofpulse)

Frequency 80–2,600 pps 7.000 pps 90 ms 400 pps; 500 pps; 
600 pps 65 ms

600 pps 65 ms 600 pps, 65 ms

700 pps 95 ms

Amplitude Average high 
power 65 W

Maximum power Moderate power level 
(4) to peak (6)

Peak power 35 W 1 G at skin surface

Average low power 
15 W

Av power 16 W at (4) Peak power

Max of 40 W at (6)

Duration of 
stimulation

20 min indirect 
heating at 
abdomen

20 min max amp 
indirect heating

Indirect stimulation at 
epigastrum

45 min 1 × direct 
stimulation at the 
arm

45 min 1 × direct stimu-
lation of lower limb

10 min mod amp 
direct heating

Effect of Rx Average increases 
tissue temp with 
pulsed high power 
at abdomen 5.8°C

Insignifi cant temp 
increase in tx limb; 
signifi cant temp 
increase contralat-
eral limb

� Av temp at foot 
2.0°C

Blood fl ow: Mean 
group increase: 
29% in treated limb

� Blood fl ow volume at 
tx site; No increase at 
contralateral control 
site (Note: at baseline 
the ulcerated limb 
had higher BFV than 
contralateral)

At foot 2.2°C Increased tcPO2 both 
limbs (Note: Temp 
peaked at 20 min)

� Volume increase of 
1.75 at max power

Untreated: no 
change

No increase in skin 
temp

Increase of 165% 
at foot

Skin Temp: Mean 
Group 1.8°C � skin 
temp treated limb

Average increases 
tissue temp at low 
power at abdomen

Untreated limb: 
0.5°C � skin temp

3.1°C–3.4°C at 
foot no signifi cant 
change

Effect post Rx 
(15–30 min)

Not reported Not reported � Volumetric change Not reported Not reported

Returned to baseline 
within 30 min post

Method of 
Measurement

Temperature Temperature tcPO2 Volumetric plethys-
mography Skin 
temperature readings

Skin tempera-
ture (thermistor) 
Laser Doppler 
Flowmetery

Skin temperature 
(thermistor)

Laser Doppler 
Flowmetry

Health Status 
Tested and N

Healthy adults N 
not stated

Arterial PVD N = 10 Healthy young adults 
N = 20

Healthy adults 
N = 9

Diabetics N = 15 with foot 
ulceration, 9 with PVD

Data from references listed in the table.

Clinical Studies of the Effects of PSWD and PRFS on Circulation24.2TABLE
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640 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

Tissue Heating
Early experimental and clinical research of CSWD was focused 
on the effects associated with tissue heating that can occur 
when tissue temperatures are raised, 5°C, from 41°C–45°C in 
the deep tissue structures.40,41 More recent experimental testing 
confi rmed that PSWD can also raise tissue temperature, 3 cm 
below the surface over a large surface area, with a treatment of 
15 to 20 minutes duration by 4°C. Raise and decay were both 
linear.41 It is the only way to heat tissue greater than 2 cm below 
the surface and effect a large area. A temperature rise of 1°C can 
reduce mild infl ammation and increase tissue metabolism, 2°C 
to 3°C raise can decrease pain and muscle spasm. This is clini-
cally meaningful.41 This is a safe tissue temperature range when 
the patient could respond to pain stimuli (e.g., overheating), 
and when there is a suffi cient reservoir of blood with adequate 
cooling capacity to dissipate the heating through blood fl ow. 
Where circulatory occlusion is present heating may be contra-
indicated because, in limited circulatory systems, there is poor 
heat dissipation and consequently a higher risk for burns.42 
Alternative methods then need to be considered. Alternative 
heating methods have been studied and are reviewed here.

Continuous Short-Wave Diathermy and Circulation
Because of concerns about overheating of ischemic tissues, 
researchers from the 1930s to 1960s tested indirect diathermy 
applications (to the abdomen epigastric and sacrum) to evaluate 
tissue heating and the effect on peripheral blood fl ow dynam-
ics in the feet and hands, resulting in several published stud-
ies. For instance, irradiated tissues treated with low frequency 
(8 MHz) high intensity (1.5 kW) CSWD for 30 to 60 minutes 

show an increase in blood fl ow and cell membrane  permeability, 
 resulting in increased ability to revascularize, repair, and pre-
vent ischemia and fi brosis.43 One study of blood fl ow changes in 
normal adult women was published by Wessman and Kottke.44 
The parameters of the treatment were not stipulated, unfor-
tunately. They did fi nd statistically signifi cant heating at the 
hands and toes, but less marked effects in the calf, from 13 to 37 
minutes after CSWD, with effects lasting up to approximately 
80 minutes after application of the diathermy. Heating was 
noted in the calf later than in the foot and in a two-step pattern. 
Researchers attributed the results to the ways that circulatory 
control of the two areas functions. In the foot, there are many 
arterioanastomoses, allowing greatly increased blood fl ow to 
occur in the foot. This shunting with indirect heating occurs to 
a lesser extent in the calf. It was apparent that changes of blood 
fl ow in the hand and foot do not represent changes of cutane-
ous fl ow throughout the body, nor do changes of blood fl ow 
to the calf or forearm indicate changes of muscular fl ow only.44 
Perhaps the explanation is that warmed blood initiated vasodila-
tion of the peripheral vascular system and improved blood fl ow. 
Just like there is continued heating and cooking of microwaved 
food after the power is turned off, indirect heating effects with 
CSWD last an average of 80 minutes after application, which 
demonstrates that there is a long-lasting effect on the periph-
eral blood fl ow and metabolism of the limbs.44 Clinical applica-
tion of these fi ndings suggests that the use of indirect heating to 
increase peripheral blood fl ow in patients with peripheral arte-
rial insuffi ciency may be useful to improve healing of foot and 
leg ulcers as shown in the Case Study of a patient with pressure 
ulcers (see Fig. 24.10A–C).

Pressure Ulcer Treated with Pulsed 
Short-wave Diathermy
Patient ID: S.D. Age: 86 years.

Functional Outcome Report: Initial Assessment

Reason for Referral
The patient is minimally mobile and has developed a pres-
sure ulcer on the left heel and fi fth metatarsal head. She is alert 
but lacks the ability to reposition. Autolytic debridement with 
occlusive dressing has not been successful (see Fig. 24.10A).

Medical History and Systems Review
The patient experienced a left fractured hip with open reduc-
tion and internal fi xation 3 years ago. She never regained the 
ability to ambulate after the hip fracture. She also has a history 
of multiple cerebrovascular accidents that suggests that her cir-
culatory system is impaired. She is placed in a wheelchair for a 
few hours a day. She takes food orally and eats most of the diet 
offered. There has been no recent loss of weight. She is incon-
tinent of bowel and bladder and has a Foley catheter in place.

Evaluation
The patient has an impaired healing response that is due to 
impairment of the circulation and loss of the muscle pump 

CASE STUDY     

function due to immobility of the lower extremities. These 
functional losses contribute to the inability of the wounded 
tissue to progress through the phases of repair without inter-
vention. The patient has improvement potential for the 
wounds, but will remain at risk for future pressure ulceration. 
The following examinations are indicated:

• Mobility: muscle function and joint integrity
• Circulatory status function
• Integumentary system: surrounding skin and wound

Examination Data Muscle Function and Joint Integrity
The patient has a fi xed varus deformity of the leg, and no 
active mobility of the left hip joint exists. There is minimal 
mobility of the left knee, and a knee fl exion contracture at 
75 degrees limits function of the left leg. The hip and knee 
deformities have created a positioning problem, with the 
left ankle crossing over the right leg and the lateral aspect 
of the foot, from toes to heel, in a position that is subject 
to pressure. Ankle joint range and mobility is also severely 
impaired.

Mobility
The patient is immobile. She does not attempt to self- 
reposition in either bed or wheelchair.
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CASE STUDY (continued)   

1

2

A

8-12

Circulation
There is edema of the left foot, extending to the ankle. The 
foot is warm (98.6°F), with 1+ palpable pulses. No dependent 
rubor is noted when the patient is seated in a wheelchair.

Integumentary System
There is an ulcer on the left lateral heel; it has eschar necro-
sis, infl ammatory signs of changes in skin color (red), warmth 
(98.6°F), and local edema. The whole foot to the ankle is 
edematous. There is an ulcer on the left fi fth metatarsal head 
with eschar necrosis, signs of mild infl ammation, no pain, 
changes in skin color (red), and warmth (98.6°F) and edema. 

1

2

3

8-26

B

10/7

C

FIGURE 24.5 Case study wound healing with pulsed 
short-wave diathermy. A: Patient with pressure ulcers. 
PSWD was begun on 8/16. Note: (1) Black eschar 
on heel wound surrounded by partial-thickness skin 
loss; there is an absence of infl ammatory phase (2) 
Black eschar over the fi fth metatarsal head; there is an 
absence of infl ammatory phase. B: Same ulcer as seen 
on heel in Figure 24.5A, 10 days after start of PSWD. 
Note: (1) Eschar removed to soft necrosis (2) Reepi-
thelialization of partial-thickness skin loss (3) Eschar 
removed fi fth metatarsal, and wound healed. C: Same 
heel ulcer as in Figure 24.5A and B, on 10/7. The ulcer 
healed and is shown in the remodeling phase. (Copy-
right © C. Sussman.)

It is 6.9 cm2. (See Fig. 24.5A,B of the wounds at evaluation and 
during treatment.)

Functional Diagnosis
• Undue susceptibility to pressure ulceration on the feet
• Both wounds chronic infl ammatory phase
• Tissue impairment due to presence of eschar

Need for Skilled Services: The Therapy Problem
The patient has failed to respond to interventions with dress-
ing changes for the last 2 weeks. She now requires debride-
ment of the eschar from both wounds to determine the extent 
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642 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

CASE STUDY (continued)    

of tissue involvement and to initiate the healing process; 
PSWD would be of benefi t to enhance circulation to the foot, 
facilitate debridement, and restart the process of repair; and 
she requires therapeutic positioning to avoid trauma from 
pressure to the foot.

Targeted Outcomes

• The wound bed will be clean.
• There will be an enhanced infl ammatory response: 

 erythema, edema, and warmth.
• The patient will progress through the phases of healing 

from infl ammation to epithelialization.
• The patient will be properly positioned to remove pressure 

from the left foot.

Treatment Plan

Debridement Strategy
Score eschar and use an enzymatic debriding agent and occlu-
sion for autolysis. Sharply debride when eschar is softened. 
Apply PSWD for perfusion and cellular stimulation

Prognosis
Clean wound bed; due date: 21 days

PSWD Protocol
Apply PSWD for increased circulation to the foot, using the 
protocol of one applicator over the abdomen and the second 
applicator over the plantar surface of the foot. Sussman in this 
case study followed the parameters proposed by the manufac-
turer (International Medical Electronics) of the Magnatherm:

1. a short initial phase (5 minutes) of heating at a high 
pulse rate (5,000 pps) and peak power output, for vigor-
ous heating to warm the blood

2. followed by a reduction in the pulse rate to the lowest level 
(700 pps), at peak power output for mild heating effect. 
The lower pulse rate was maintained for 25 minutes. The 
total treatment time was 30 minutes.

The rationale was that the effects of the high-dose heating 
treatment would rapidly raise the tissue temperature and cause 
vasodilation. The lower pulse rate produced mild heating, and 
the longer interpulse interval would allow for heat dissipation. 
Additional rationale for this setting was that this would sustain 
the vasodilation effects of the high heating phase throughout 
the duration of the treatment (see Table 24.9).

Prognosis
• Acute infl ammation; due date: 14 days
• Progression through phases to closure; due date: 8 weeks

Frequency
Apply PSWD daily seven times per week, twice daily for 
30 minutes.

Therapeutic Positioning
Use therapeutic positioning with pillows to eliminate pressure 
on the left foot; instruct nurses’ aides in proper positioning.

Discharge Outcome
The wound on the fi fth metatarsal head was healed by day 
15. The wound on left heel had full-thickness skin loss after 
removal of eschar and necrotic tissue. The wound had a clean 
wound bed by week 4. Closure was achieved by week 7 (see 
Fig. 24.10C).

Magnatherm Settings Duration Effect

PR 5,000 pps power 
level 12 (thermal)

5 min Vigorous heating—
warm up

PR 700 pps power level 
12 (nonthermal)

25 min No perceived sensation 
of heat

Magnatherm Protocol Used by 
Sussman for Case Study24.9TABLE

Pulsed Short-Wave Diathermy and Circulation
The idea of indirect tissue heating was also tested using PSWD. 
As we have learned, PSWD can heat both deep and superfi -
cial tissues. Silverman and Pendleton43 and Santoro et al.45 
wanted to know whether indirect tissue heating in the abdo-
men and lumbosacral areas would increase peripheral blood 
fl ow and raise the distal tissue temperature in the foot and the 
calf. In both studies, PSWD, CSWD, and a placebo were used 
to treat young adults by placing the treatment head over the 
lower abdomen. Silverman and Pendleton’s treatment pro-
tocol used two treatment machines: one set at a high average 
power setting of 65 W and one at low average power of 15 W 
for 20 minutes. To achieve the high power, the pulse rate was 
set at 2,400 pps, and the low power pulse rate was 600 pps. 
Peripheral circulation was then measured in the calf and in the 
foot. The result was that the change in circulation was most 

prominent in the foot, and the mean increase was 165% with 
pulsed high power and 195% with continuous high power. No 
circulatory effects were found in the foot with low power using 
either PSWD or CSWD. Temperatures were recorded under 
the treatment head. The mean increase in local skin temper-
ature was 5.3°C with continuous treatment and 5.8°C with 
pulsed treatment. The foot temperature increased to 1.9°C and 
2.2°C, respectively. Local heating occurred on the abdomen of 
the subjects who received low power, with mean changes of 
3.1°C and 3.4°C, respectively, for PSWD and CSWD. Subjects 
reported a comfortable sensation under the treatment heads. 
These are statistically signifi cant changes in temperature and 
blood fl ow overall, but not signifi cantly different between the 
pulsed and continuous generators, confi rming the ability of a 
PSWD generator to increase blood fl ow with less heating of 
tissues.
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In Santoro’s study,45 10 patients with moderate to severe 
arterial peripheral vascular disease were treated with PSWD 
5 days a week for 20 days, spread over a period of 1 month. The 
treatment consisted of a 30-minute, two-part protocol. During 
the fi rst 20 minutes, the treatment was at maximum ampli-
tude for the unit, which was a high-dose heating level, 95 ms 
at a rate of 7,000 pps. During the last 10 minutes, the intensity 
was reduced to a low heating level, 95 ms at a rate of 700 pps, 
in what was called a cooling phase. Two applicator heads were 
used, with one placed over the plantar surface of the foot and 
the second over the area of the anterior thigh. In cases in which 
both limbs were affected, both applicators were placed over the 
plantar surfaces of the feet. Variables measured included sur-
face temperature, transcutaneous partial pressure of oxygen 
(tcPO

2
), segmental Doppler blood pressure, superfi cial blood 

fl ow (measured with a laser Doppler fl owmeter), and patient 
perceptions. Findings were that temperature peaked at the end 
of the 20 minutes of high heat, and then gradually reduced. The 
tcPO

2
 readings increased in the treated and the untreated limbs. 

They were insignifi cant in the treated limbs but signifi cant in 
the untreated limbs, possibly because of refl ex vasodilation 
from the warm circulating blood and sympathetic nervous sys-
tem activity. Sixty percent of the patients reported subjectively 
that they felt that the treatment had improved their quality of 
life. No adverse effects were reported.36

Exhibit 24.3 lists the effects of PSWD, and Table 24.2 sum-
marizes clinical study reports on the effects of PSWD and PRF 

EXHIBIT 24.3

Summary of Effects of PSWD
�Perfusion
�Local tissue tcPO

2

�Tissue metabolism
�Antibiotic delivery to tissue
�O

2
 antimicrobial effect

�Cellular processes

CASE STUDY     

Postsurgical Use of PRF
R.J., a 74-year-old male, had hand surgery to remove a synovial 
mass located between the fi rst and second metacarpal bones 
of his left (dominant) hand. There were incisions on both the 
dorsum of the hand and the palm because of the extent of 
the mass. Surgery was carried out with a regional anesthetic 
block. Numbness prevailed for several hours after the surgery. 
Approximately 3 hours after surgery, a battery-operated PRF 
coil (SofPulse®) was used over the wound pressure dressing 
for a 30-minute treatment. The treatment was repeated about 
4 hours later. At bedtime, R.J. reported that the anesthetic had 
worn off, he took two plain acetaminophen 500 mg tablets as 

a prophylactic for possible pain during the night and went to 
bed. Those were the only pain medications that he took. He 
continued to use the PRF device several times daily for 30- to 
60-minute sessions. When the pressure dressing was removed 
5 days later, the incision was tender to pressure but otherwise 
the hand was free from pain. Edema was present in all the fi n-
gers and did not seem to be affected by the PRF. He was able to 
use the hand functionally for self-care (dental hygiene, eating, 
dressing) from the fi rst postoperative day. He continued to 
use the PRF device for 3 weeks to facilitate the healing process 
and potentially improve the quality of the scar. There were no 
complications.

on circulation. Further study is needed to determine the  effi cacy 
of thermotherapy (CSWD and/or PSWD) in prevention of tis-
sue fi brosis and enhancement of healing of irradiated tissues.

Good quality controlled studies of PSWD meeting current 
standards are needed to test its effects on chronic wound heal-
ing. At this time, the reports of successful outcomes for wound 
healing remain anecdotal such as the Case Study at the end of 
this chapter.

Nonthermal PRF Effect on Circulation
Erdman2 studied the effect of PRF with the inductive head 
placed over the epigastrium, in a study measuring changes in 
blood fl ow to the feet of 20 normal young adults. The fi ndings 
included a mean increase in foot temperature of 2.0°C and an 
average volume increase of 1.75-fold at the maximum gener-
ated power. Rectal temperatures did not change, nor did pulse 
rates. Furthermore, in all 20 cases, increased blood fl ow was 
directly proportional to the energy applied at the three highest 
settings. A short period of effect followed cessation of the treat-
ment. Mayrovitz and Larsen46 reported that treatment with PRF 
increased skin blood perfusion in the treated region. PRF stim-
ulation with the MRT SofPulse® (Electropharamacology now 
disbanded) at 65 ms at a pulse rate of 600 pps and peak power, 
applied for 40 minutes on the forearm skin of nine healthy men 
and women, produced enhanced microvascular perfusion, aver-
aging 30% compared with pretest levels. Skin temperature was 
increased by an average of 1.8°C, but the rise occurred ahead of 

CLINICAL WISDOM

Radio Frequency Interference
One problem with RF signal is that it is not confi ned to the 
treatment target tissue and radiation is dispersed into the 
environment and may effect signals from other electronic 
equipment such as electronic implants. However, with 
reduced power output, there is negligible radio frequency 
interference on monitoring and life-sustaining electronic 
equipment that might otherwise be effected.
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He took specimens from 24 hours to 10 days after wounding 
and studied the tissues under the microscope. At 48 hours, 
the hematoma had been absorbed and replaced by fat that was 
arranged in strands migrating toward the ends of the wounds. 
By comparison, the control animals had minimal fat activity by 
the fourth day after wounding.

Human Clinical Trials
Sambasivan31 treated four cases of extradural hematomas with 
PRF. Treatment was applied twice daily for 10 days at a maxi-
mum pulse rate of 600 pps and a 65-ms duration for 30 min-
utes per session, alternating right and left sides of the head. 
The treated cases showed clearance of their hematoma. If the 
results are reproducible, this could have tremendous potential 
for shortening healing times.

Neuropathic Pain
Neuropathic pain (NP) often accompanies neuropathic wounds. 
Chapters 12 and 22 discuss NP more fully. Here we are look-
ing at some attempts to determine if EMF therapy (PEMF/PRF) 
can be used to improve nerve conduction velocities (NCVs) 
and reduce NP in patients with diabetic peripheral neuropathy 
(DPN). Results from the following clinical trials are mixed.

Graak et al. reported that in a DBRCT of 30 patients with 
early stages of DPN, they looked at two different outcome mea-
sures at two different frequencies using a PRF 600 and 800 Hz 
compared to controls who received standard wound care. PRF 
treatments were provided for 30 minutes daily for 12 days. 
Outcome measures were pre- and post-NCVs including latency 
of the peroneal nerve and VAS scores.

Results: Group 1 treated at 600 Hz NCV scores: before 36.23 ± 
2.09 seconds and after 39.44 ± 2.83 seconds, which was faster 
than Group 2 treated at 800 Hz. Latency also improved more 
for Group 1, which was signifi cant (p < .05). There were sig-
nifi cant differences in decreases in VAS scores: Group 1 66.6%, 
Group 2 63.25%, and Control Group 22.5%.

Musaev et al.54 chose PEMF to see if it had the ability to 
modulate nerves pain and degeneration in 121 patients with 
DPN. The PEMF device used a complex time-varying pulse reg-
imen modulating both the frequency and the sequencing of the 
pulses. Two sets of treatment parameters were tested: Group 1 
(N = 62) device had a PEMF carrier frequency of 100 Hz and 
a modulation frequency of 1 Hz. Group 2 had a PEMF car-
rier frequency of 10 Hz and a modulation frequency of 0.5 Hz. 
Intensity for both groups was 8 mT. Both groups received 10 
daily sessions.

Pretrial testing included a battery of quantitative tests to 
determine the grade of neuropathy of the lower extremities, 
NCV, VAS scores, clinical signs of sensory and autonomic ner-
vous system (ANS) involvement. Testing showed that 19% of 
the patients had early clinical signs, 63% showed moder-
ate DPN, 13% DPN with paresis of the dorsal toe extensors, 
5% had disabling DPN. Treatment was applied to multiple 
areas: the spinal segmental nerves for the region of neuropathy 
and both the upper and lower extremities that corresponded 
to the same spinal segmental zones of innervation. Each area 
received 10 to 15 minutes of stimulation.

Results: Group 1: 54.8% has signifi cant analgesia and 37.1% 
insignifi cant. The most improved subgroup were those with 
moderate PN and sensory and ANS involvement.

the measured increased perfusion. This is similar to the Erdman 
study. Mayrovitz and Larsen47 conducted another study using 
the MRT SofPulse®, also to study effects on perfusion. Laser 
Doppler red blood cell perfusion, volume, velocity, and skin 
temperatures were evaluated for 15 subjects, each of whom had 
had diabetes for at least 5 years and each of whom had an ulcer 
on the foot or toe of one limb. Ulcer duration was a minimum 
of 8 weeks. The contralateral limb was intact and served as the 
control. Nine subjects had PVD, as confi rmed by noninvasive 
vascular testing. Baseline data were collected for the multiple 
variables. The ulcerated limb had pretreatment perfusion and 
volume much greater than the control limb. A single treatment 
was administered at the periulcer site. The result was an increase 
in perfusion, measured by a laser Doppler, and increased skin 
temperature related to PRFS treatment. These preliminary fi nd-
ings suggest that, if the resting perfusion is marginally inade-
quate for healing, giving this small boost in perfusion may be 
suffi cient to aid the healing of the ulcer. The parameters of the 
stimulation were 65 ms, 600 pps, at peak power, with the head 
1.5 cm above the surface of the ulcer.47

Pulsed Radio Frequency Effect on Hematoma 
and Thrombolysis
A high level of concern about the issue of deep-tissue injury 
and hematoma exists, but there is limited information about 
tested methods for thrombolysis of clotted blood associated 
with hematoma. Information presented here is a starting place 
for more study, both to validate the current fi ndings and to 
develop clinical procedures. Clinicians can begin gathering data 
about wounds or soft tissue areas that are treated in the clinic 
that have hemorrhagic areas and report results.

“Deep tissue injury,” viewed symptomatically as a hem-
orrhagic area beneath the skin that later manifest as an open 
ulcer, has been recognized as frequent sequelae of pressure that 
are referred to as “purple ulcers.”48–50 More information about 
hematoma and deep tissue injury is found in Chapter 3 and 4 
In the usual healing process, thrombolysis occurs automati-
cally. However, when there is a lot of blood or when the host 
is unable to adequately lyse the clotted blood, necrosis of the 
tissues often follows. Therefore, the ability to promote throm-
bolysis and absorption of the clotted blood products is a desir-
able attribute of therapy. The following studies show the effects 
of PRF on thrombolysis.

Basic Science and Animal Studies
Fenn51 found that hematoma absorption in rabbit ears was 
accelerated compared with the control group, and that the 
acceleration became statistically signifi cant on the sixth day 
after initiation of treatment with PRF. In an attempt to explain 
what happened, researchers looked at a nonthermal phenom-
enon observed after application of PRF that they called a pearl 
chain phenomenon. When fat globules in milk were exposed to 
nonthermal PRF, the fat globules aligned into an order array of 
pearl chains and remained in that formation until the energy 
was removed. A second test using thermal energy caused 
agglomeration of the fat particles that was irreversible. This 
pearl chain phenomenon was also reproducible with blood and 
lymph cells.52

Cameron53 looked at wound healing in 20 dogs, comparing 
a control group of untreated animals with a PRF-treated group. 
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Cutaneous Surgical Wounds: Animal Studies
a. Randomized controlled studies of the effects of PEMF on 

healing of cutaneous surgical wounds in animals (rats,56,57 
dogs,58 rabbits59) demonstrate that PEMF signifi cantly 
enhances wound epithelialization and provides signifi cant 
short-term changes in other variables indicative of healing.

b. PEMF was able to signifi cantly reverse the impaired healing 
effect of corticosteroids.56

c. In a study comparing PEMF and pulsed magnetic fi eld 
(PMF) therapy (17 Hz), there was better collagen alignment 
in repaired tendons and better suppression of extravascular 
edema during early infl ammation in the PMF (17 Hz) group 
than in a group treated with PEMF.60

d. Ligament tissue stimulated by PEMF showed earlier 
increases in capillaries and fi broblasts, with better organi-
zation of collagen than controls. Amongst three intensities 
tested, the group treated with 50 G consistently had the best 
results during the study period.60

Human Clinical Studies of Soft Tissue Healing
Human clinical studies reported in this section have been sorted by 
etiology of the wounding and include pressure ulcers, postsurgi-
cal wounds, venous ulcers, and diabetic foot ulcers. Studies within 
each subsection are described in chronologic order, from oldest to 
most recent. Venous leg ulcer studies all have the use of PEMF in 
common. However, the parameters for treatment vary. Table 24.3 
(Pressure Ulcer Clinical Studies), Table 24.4 (Postsurgical Clinical 
Studies), and Table 24.5 (Venous Ulcer Clinical Studies with 
PEMF) summarize the studies for each section.

Pressure Ulcers

Wound etiology of pressure was the criterion for participation 
in the following clinical studies.

a. Itoh et al.61 studied the effect of PRF on stage II partial-
thickness and stage III full-thickness pressure ulcers. 
Comorbidities included cerebrovascular accidents, multiple 
sclerosis, organic brain syndrome, spinal cord tumor, dia-
betes, spinal cord injury, and spinal stenosis. Conventional 
treatments, dressings and topical agents, were continued. 
In all, 22 patients were included during the 9-month study. 
Treatment was provided using the Diapulse PRF device at a 
setting of 600-pps pulse frequency and a setting of 6 (peak 
power) for 30 minutes twice daily. Treatment sessions were 
scheduled at approximately 8-hour intervals.61

Results: All ulcers healed. Stage II ulcers healed in 1 to 6 weeks 
(mean 2.33 weeks), and all stage III ulcers healed in 1 to 
22 weeks (mean 8.85 weeks).

b. Wilson62 reported on results of recalcitrant pressure ulcers 
treated with PRF (Diapulse). Twenty-fi ve stage II, eleven 
stage III, and fourteen stage IV pressure ulcers affect-
ing 32 patients were enrolled in the uncontrolled study. 
Duration of ulcers was reported to be up to 2 years. Ages 
ranged from 77 to 88 years. All received conventional treat-
ment for several weeks up to 2 years prior to inclusion in the 
PRF study.

Results: Signifi cant wound healing was observed in the most 
diffi cult ulcers in 3 to 7 days. Initially, wound exudate increased 
for 1 to 2 days, then ceased by the third day. All but one patient 

Group 2: 67.8% had signifi cant improvement, 23% insig-
nifi cant, 8% no change and again those with moderate involve-
ment were most improved. Those in initial disease state showed 
marked changes in NCV of the large motor nerve fi bers of 
the lower leg muscles, they had improved amplitude of the H 
neurologic refl ex and there was evidence of greater spinal cord 
motor neuron excitability. The conclusions from this study 
were that 10 Hz is the closest to the rhythm of major physi-
ological process in tissues. The conclusions from this study 
were that 10 Hz is the closest to the rhythm of major physi-
ological process in tissues. Recommendation was to start PEMF 
therapy at the earliest stages of disease before irreversible struc-
tural changes occur in peripheral nerves and spinal cord motor 
neurons.

WOUND HEALING CLINICAL STUDIES

Several double-blind, and/or randomized, or nonrandomized 
controlled, and case study reports on PRF effi cacy for wound 
healing in animals and humans are reviewed. A signifi cant 
problem with the studies that was identifi ed while reviewing the 
literature on electromagnetic radiation therapy for wound heal-
ing and related systemic factors was the inability to compare 
or combine the results of these studies because, in most cases, 
the study results reported are subjective, observational, qualita-
tive data, rather than quantitative, and not statistically analyzed 
data. For example, most of the studies reviewed did not have 
data about the percentage of change in wound size per unit 
of time reported or data from which that information can be 
calculated. Systematic reviews of the literature are often quan-
titative. In 2009, the National Pressure Ulcer Advisory Panel 
(NPUAP) and the European Pressure Ulcer Advisor Panel 
(EPUAP) published evidence-based clinical practice guidelines 
for the Prevention and Treatment of Pressure Ulcers. Using 
criteria for evaluation of levels evidence, which for PRF were 
found to be II, III, IV, and V evidence and a recommended 
grade of “B” was chosen.55 This was based on two small RCT 
using PRF for pressure ulcers both of which are included in the 
NPUAP/EPUAP evidence tables and reported here. Another 
small DBRCT is reported here. Likewise, there are small RCT 
for treatment of leg ulcers, mostly venous using PEMF.

Pulsed Electromagnetic Field Studies
Researchers have branched out from investigating the effect of 
PEMF on osteogenesis to also look at its effects on soft tissue 
healing in animals and human subjects. However, stimulation 
periods using very low-frequency devices that demonstrate effi -
cacy have been much longer than other treatments, up to 3 or 4 
hours per day. Treatment at higher frequency and shorter dura-
tion had similar effects. The need for longer treatment periods 
or higher frequency and shorter duration is probably due to the 
need to accumulate suffi cient pulse charge in the tissues to have 
a biologic effect on the target tissues (see Chapter 23).

Several studies located were performed in countries outside 
of the United States, some were reported in peer-reviewed US 
journals, and others were published in the journals of other 
countries. There is a positive trend to the results for heal-
ing of venous ulcers. They are presented here for thoughtful 
consideration.
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Researcher Itoh et al.61 Wilson62 Salzberg et al.64 Seaborne et al.65 Gupta et al.66

Type of 
study and N

Uncontrolled 
(N = 22)

Uncontrolled (N = 25; 
11 stage II; 14 stage IV)

DB-RCT (N = 20 (SCI) 
10 stage II; 10 stage III)

B-RCT DB-RCT (N = 12)

Unblinded Observational

Observational

Type of 
stimulator

PRFS (Diapulse) PRFS (Diapulse) PRFS (Diapulse) ES versus PEMF PEMF

Frequency 600 pps Not stated 600 pps 20 pps ES 1 Hz

65 ms 65 ms 110 pps ES

20 pps PEMF

110 pps PEMF

Amplitude/
Intensity

Peak power Not stated Peak power 30 mA

Duration of 
stimulation

30 min BID Not stated 30 min BID × 12 wk 45 min 5×/wk × 30 
sessions with standard 
wound care Sham 
group same protocol 
but PEMF not turned on

Effect of Rx All patients healed Signifi cant healing in 
3–7 d

Stage II mean healing 
time of 13 d versus 
sham group 31.5 d; 
stage III also healed

All groups showed 
highly signifi cant 
reduction in surface 
area size. No sta-
tistical difference 
between groups

Signifi cant healing in 
both groups

Stage II in 1–6 
wk mean 2.33 wk; 
stage III in 1–22 
wk mean 8.85 wk

Initial increase in 
wound exudate (1–2 d) 
ceased by day 3

TG: p = .008 and sham 
p = .014

Not signifi cant 
difference

Data from references listed in the table.

Pressure Ulcer Clinical Studies24.3TABLE

completely healed, and that individual’s wound showed marked 
improvement before the patient died from other causes.63

c. Salzberg et al.64 used a RCT with an N = 20 of patients with 
spinal cord injuries, 10 of whom had stage II pressure ulcers 
and 10 who had stage III pressure ulcers. The group was 
randomized to 10 treated and 10 sham-treated groups. The 
device tested was the PRF (Diapulse). Although the study did 
not list the treatment parameters, an inquiry to the principal 
author and the Diapulse Corporation provided the informa-
tion that the settings were 600-pps pulse frequency and 6, 
peak power. The treatment lasted for 30 minutes twice daily 
for 12 weeks or until the ulcers healed.

Results: Active treatment group with stage II ulcers had a 
shorter mean time to complete healing than did the control 
group (13 versus 31.5 days). The stage III ulcers also healed 
faster than the controls, but the size of the group was very lim-
ited. The study authors’ conclusion was that the treatment sig-
nifi cantly improved healing.64

d. Seaborne et al.65 randomized 20 nonambulatory  individuals 
with pressure ulcers of the trochanter and sacrum into 
four groups of fi ve subjects each for a study with PSWD. 
Allocations were concealed and assessors blinded. Each 
group was treated with one of four different protocols. 
Protocols were electrostatic fi eld (electrical stimulation) at 
20 and 110 pps, and PEMF nonthermal at 20 and 110 pps. 
An ABAB repeated measures experimental design was used, 
with each treatment regimen lasting one calendar week.

Results: Multifactorial analysis showed highly signifi cant 
reduction in the pressure ulcer surface area in all treatment 
groups, without signifi cant difference between the groups.65

e. Gupta et al.66 studied PEMF effi cacy on NPUAP stage III 
and IV pressure ulcers using a DBRCT with an N = 12. 
Admission criteria specifi ed only clean uninfected, debrided 
pressure ulcers of these stages. Patients were all spinal cord 
injured persons aged 12 to 50 years. Outcome measures were 
change in the Bates Jensen Wound Assessment Tool (BWAT) 
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Venous Ulcer Clinical Studies with PEMF24.5TABLE

Researcher

Ieran and 

Zaffuto73 Todd et al.75 Duran et al.74 Stiller et al.76 Kenkre et al.77

Type of study DB CT DB-RCT Observational DB-RCT DB-RCT

Type of 
stimulator

PEMF PEMF PEMF PEMF PEMF

Frequency 75 Hz 5 Hz Not available 25% duty cycle 600 Hz 800 Hz

Amplitude 28 mT Field strength 60 Not available 0.06 m V/cm 22 G 25 mT

Duration of 
stimulation

4 h daily × 90 
consecutive d

15 min twice weekly 15 min × 10 
treatments

3 h daily × 8 wk 30 min 5×/wk × 30 d

Effect during 
Rx

Healing of exp 
group Av 71 d 
30% decrease 
in size of ulcers 
in controls

•  Mean reduction of 
ulcer size:

33% reduction in 
mean surface area

• Wound surface area: Wound surface area:

7% was the same for 
treatment and control 
groups

47.1% decrease for active Gr A Placebo

• Girth of affected leg: 48.7% increase for placebo ¯ 14.2% (20 d)

Active: decrease 2.77% •  Wound depth decrease: 46% 
for active; 3.8% for placebo

¯ 21.8% (30 d)

Control: increase 1.16% •  Granulation tissue: 
quantity and quality

Gr B1 600 Hz

14.1% decrease in unhealthy 
granulation in active

� 28.15% (20 d)

0% decrease for placebo � 76% (30 d)

•  Clinical Assessment based 
on 8-pt scale:

Gr B2 800 Hz

50% of active group healed 
or markedly improved

¯ 24.7% (20 d)

54% of placebo group rated 
worse

¯ 38% (30 d)

0% of active group rated 
worse

Effect post Rx Healing con-
tinued post-tx 
period for the 
tx group versus 
50% in controls

4 wk observation 
period.

D 50 B2 800 Hz group 
had signifi cantly 
greater healing (63% 
versus 34% Gr A) + 
improved mobility

Method of 
Measurement

Healing Reduction in surface 
area size

Reduction in sur-
face area of ulcer

Wound characteristics Reduction in surface 
area size

Pain reduction; QOL

Etiology 
tested and N

Venous ulcers 
N = 44

Venous leg ulcers 
N = 19

Venous ulcers 
N = 18

Venous ulcers N = 31 Venous leg ulcers 
N = 19

Data from references listed in the table.
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650 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

Results: Healing rates on day 7 were 90% or greater healing 
for 59% of the treatment group and 29% of the sham-treated 
group. Mechanisms of healing are not clear. Theories to explain 
the results include increased blood fl ow and reduced incidence 
of edema. The stimulation of the cells of repair and repolariza-
tion of the depolarized cell membranes of damaged cells that 
reversed the “injury potential” and the electrical fi eld were 
thought to be the mechanisms of action.68

c. A double-blind randomized clinical evaluation of PRF 
(Diapulse) following foot surgery in 100 patients was 
reported by Kaplan and Weinstock.69 The average number 
of surgical procedures performed was slightly less than fi ve. 
As in other studies with Diapulse, the protocol called for 
400 pps over the epigastrium and 600 pps over the surgical 
site. Power level was at 4 for 15 minutes and 6 for 15 minutes 
to the respective areas. Treatment began before surgery with 
a 10-minute treatment. A Likert-type scale was used to grade 
the tissue for symptoms of edema, erythema, and pain.

Results: Statistically signifi cant reduction in severe to moderate 
edema in the treatment group at the third postoperative day (80%) 
versus controls (58%); however, the data were reported descriptively.

d. Dental surgery procedures are often the cause of pain, edema, 
ecchymosis pressure, and disfi gurement. In a nonrandom-
ized controlled clinical trial, 90 dental surgery patients were 
divided into three groups of 30 each.70 They were treated 
with PRF (Diapulse) at 600 pps peak power 72 hours preop-
eratively and postoperatively, only postoperatively 72 hours, 
or with placebo.

Results: Statistically signifi cant absence of infl ammation and 
pain at 72 hours postoperatively for the pre/postoperative treat-
ment group.

e. Children undergoing orchidoplexy were treated in a double-
blind clinical trial. A total of 50 paired boys were involved in 
the trial. Circumferential measurements of the scrotum were 
made before and after surgery and treatment of the scrotum, 
and photographs were taken to measure edema and bruising. 
Repeat measurements and photographs were taken, with the 
objective of reducing subjective observation reports of edema 
and bruising. Treatment was with PRF (Diapulse) at 500 pps 
and level 5 intensity for 20 minutes over the scrotum and at 
500 pps level 4 intensity over the epigastrium for 10 minutes. 
The treatment regimen was repeated three times daily for the 
fi rst 4 postoperative days. Matched pairs of boys were used, 
with one as the control. Investigators chose this operation as 
a model because of its classic edema and bruise formation.

Results: Suggestive of a trend toward less edema formation, 
and signifi cantly accelerated resolution of posttraumatic bruis-
ing was found.71

f. Comorosan et al.72 treated postsurgical wounds with PRF 
(Diapulse) over the wound site and over the hepatic area. 
For the controlled clinical trial, fi fteen patients were selected 
for treatment and 10 served as the control group. The local 
application was at 600 pps at maximum power output for 
20 minutes and the hepatic application at 400 pps at a power 
setting of 4 for 10 minutes. Treatment started on the second 
postoperative day and continued for 5 days.

score and reduction in the “stage” (using “reverse staging 
methodology”) (see Chapter 5). The device used was a body 
size set of coils that surrounded the entire body. Parameters 
were 1 Hz and 30 mA current for 45 minutes fi ve times per 
week for 30 sessions or until healed.

Results: BWAT scores showed no signifi cant differences but 
there was a trend to signifi cant healing (p = .008). This was a very 
small sample of patients and so results cannot be generalized.

Postsurgical Wounds

Postsurgical wounding was the pathogenesis of wounds treated 
in the following studies. Two additional studies of postsurgical 
wounding are found in an earlier section pain.

a. Cameron67 undertook three studies on the effect of PRF 
(Diapulse) on postsurgical wound healing. Study 1 was a 
100-patient, double-blind study of postsurgical patients, 
study 2 was an observational uncontrolled study of 
81 postsurgical and orthopedic patients, and study 3 was a 
465-patient observational uncontrolled study of nonsurgi-
cal orthopedic patients. In studies 1 and 2, each patient was 
treated twice daily for 20 minutes over the liver and 20 min-
utes over the wound (400 pps, 4-inch penetration) for 4 days 
after their operation. Patients in the third study were outpa-
tients and were given the regimen twice daily 3 days a week 
for 2 weeks, then twice a day on Monday and Friday, then 
once weekly (twice a day). The PRF was used as an adjunc-
tive treatment to other standard methods of care.

Results: Outcomes were evaluated by the surgeon, who was 
asked to complete a questionnaire rating whether the patient’s 
condition was the same, better, or worse, as compared with other 
patients in their experience. The groups analyzed by same, bet-
ter, or worse showed no statistically signifi cant difference in the 
treatment and control groups. There was a moderate reduc-
tion in length of hospital stay in the treatment group except 
in those with back surgery. The 81-patient study results dem-
onstrated short hospital stays, despite the fact that some of the 
patients had osteomyelitis. The outpatient study of 465-patient 
results showed that acute trauma and infl ammatory processes 
responded the best, but less than 20% recovered within 3 to 
4 weeks, which is what would have been expected normally. 
There also appeared to be no signifi cant benefi t from the PRF 
treatment of chronic cases. There were some methodologic prob-
lems with the Cameron studies. Too much emphasis was placed 
on subjective clinical fi ndings. Use of other treatment modalities 
along with the PRF did not allow for an accurate evaluation of 
the PRF effi cacy, and absence of inferential statistics further com-
pounds the methodologic problems associated with this study.

b. A double-blind, controlled clinical trial by Goldin et al.68 
used PRF (Diapulse) to study the effects on healing a pain in 
medium-thickness split-skin grafts. The patients were ran-
domized into two groups, 29 in the active treatment group 
and 38 in the sham treatment group. The parameter for the 
treatment group was peak output frequency, 400 pps. The 
average pulse was fi xed at 65 seconds. Mean energy output 
was nonthermal, 25.3 W. Treatment was given preoperatively 
and postoperatively every 6 hours for 7 days. Two variables 
were evaluated: the stage of healing and the degree of pain 
during the healing phase.
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multicenter study of venous ulcer healing to determine the 
effi cacy of PEMF treatment. Treatment was provided using 
a portable home device that the patient or caregiver applied 
for 3 hours daily for 8 weeks or until the ulcer healed, if 
prior to 8 weeks. Treatment parameters were 3.5-millisec-
onds pulse width, bidirectional delta B of approximately 
22 G. The protocol was derived from the study of PEMF 
used effectively to treat nonunion fractures.

Results: Recalcitrant venous ulcers showed after 8 weeks 
that the active treatment group of 18 had a 47.7% decrease 
in wound surface area versus 42.3% for the placebo group of 
13 (p<.0002). A global evaluation of the wounds indicated 
that 50% of the ulcers in the active group healed or markedly 
improved versus 0% in the placebo group. None of the active 
group of ulcers worsened versus worsening in 54% of the pla-
cebo group (p<.001). Likewise, there were statistically signifi -
cant decreases in wound depth and pain intensity in the active 
group. Researchers concluded that PEMF is a safe and effective 
nonsurgical therapy for recalcitrant venous leg ulcers. The sub-
jects in this trial may have done better than the earlier group 
they tested because the duration of the stimulation, given on 
a daily basis, allowed for enough pulse charge accumulation 
to reach the target tissues and produce a biologic effect. (See 
Chapter 23 for information about pulse charge accumulation.)

e. Kenkre77 reported the results of a study with 19 patients 
with venous leg ulcers enrolled in a prospective, random-
ized, double-blind controlled clinical trial. Outcome mea-
sures were rate and scale of ulcer healing, changes in pain 
levels, quality of life, degree of mobility, side effect profi le, 
and acceptability to patients and staff. The device used was 
the Elmedistraal electromagnetic device (available in the 
United Kingdom) that delivered perpendicular electric and 
magnetic fi elds through a pulse generator, creating frequen-
cies of 100, 600, and 800 Hz. The magnetic fi eld produced 
was 25 mT. These parameters appear to be similar to PRF, 
although the study is called “electromagnetic therapy.”

Results: Sixty-eight percent of the active treatment group 
achieved improvement in ulcer size, and twenty-one percent of 
those experienced complete healing. Reduction of pain levels 
was also statistically signifi cant, despite the chronicity of the 
ulcers. Those treated at 800 Hz were found to have statistically 
greater healing and pain relief than either those in the 600-Hz 
group or the control group at day 50. However, when the treat-
ment phase ended at day 30, the trend for healing was better in 
the control group and the 800-Hz group, compared with the 
600-Hz group but reduction of pain scores was greatest in the 
600-Hz group. In all three groups, some ulcers with a long his-
tory of chronicity healed. It appears that, as in the Ieran study,73 
the effects of the treatment continued after cessation of the 
treatment. Adverse effects reported were sensations of heat, tin-
gling, pins and needles in the lower half of the limb, and head-
aches (unusual for two patients), but patients who experienced 
these sensations continued with the study. Psychosocial benefi ts 
of improved mobility and community activity were reported.

f. Canedo-Dorantes et al.24 evaluated healing of patients with 
chronic arterial and venous leg ulcers that were resistant to 
medical and surgical treatment. The subjects were grouped as 
follows: group 1, 8 patients with 17 ulcers of predominantly 

Results: Comorosan et al. reported that the results of this 
 protocol were evaluated by looking at the clinical criteria for 
wound healing, including the resolution of edema, hematoma, 
and parietal seroma; lack of infl ammatory and infectious pro-
cesses; suppleness and presence or absence of keloids in the scar; 
and the degree of postoperative sensitivity. All clinical wound 
attributes evaluated showed clear-cut improvement. An addi-
tional analysis of the effects of the hepatic stimulation showed 
another measure of healing, increased fi bronectin levels, in the 
treated patients and lower fi bronectin levels in the controls.72

Leg Ulcers
Presence of venous or other chronic leg ulcers were the criteria 
for admittance to the following studies. All but one used PEMF. 
The last and most recent study was a retrospective review of PRF.

a. Ieran and Zaffuto73 carried out a double-blind study of 44 
patients with skin ulcers of venous origin using a coil elec-
trode to generate a PEMF with 75 Hz and 2.8 mT intensity 
for 4 hours daily for 90 consecutive days.

Results: Healing was within 71 days, on average. Success was 
signifi cantly higher in the experimental group, both on day 90 
and in the follow-up period. Twenty-fi ve percent of the patients 
in the experimental group and 50% in the control group expe-
rienced recurrence of the ulcer.73

b. Duran et al.74 reviewed 18 cases with venous ulcers who were 
treated 10 times with PEMF, each session lasting 15 minutes.

Results: A signifi cant reduction in the mean surface area of 
33% by reepithelialization following treatment with PEMF.

c. Todd et al.75 reported that the results of double-blind ran-
domized controlled clinical trial of 19 patients with venous 
ulcers used a protocol applying PEMF two times weekly over 
a 5-week period. Treatment parameters were fi eld strength 
of 60, 5-Hz intensity, and duration of 15 minutes. Treatment 
was carried out by placing coils on either side of the ulcer over 
the wound dressings. Parameters measured were ulcer size, 
lower leg girth, degree of pain, and presence of infections.

Results: The fi ndings were that there was no statistically rel-
evant difference noted between the active and inactive treatment 
groups. However, there was a trend in favor of a decrease in 
ulcer size and lower leg girth in the active treatment group and 
no proliferation of bacterial populations. No effect was noted on 
report of pain. One patient in the study in the active treatment 
group had an initial ulcer size that was so large that it skewed 
the mean ulcer pre- and posttreatment areas. Removing this 
patient’s ulcer from the study group refl ected truer results that 
showed a trend toward improved healing but was not statistically 
signifi cant (17.5% in active treatment versus 7.1% in sham treat-
ment). Another study defect was the mean initial duration of the 
venous ulcer, which ranged from a mean 3.5 years for the active 
treatment group to a mean of 18.3 years for the sham group.75 
The results of this pilot study are inconclusive, due to the small 
sample size and lack of rigor in selecting the patients. Also, the 
duration and frequency of the treatment were perhaps too mini-
mal to have a more statistically signifi cant treatment effect.

d. Stiller et al.76 reported that 31 patients were enrolled in a 
prospective, randomized, double-blind, placebo-controlled 
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arterial origin, and group 2, 18 patients with 25 chronic leg 
ulcers of predominantly venous origin. Systemic treatments 
for pain, rheumatoid arthritis, arterial hypertension, and 
diabetes were continued but other systemic medications and 
preventive treatments were discontinued. Local wound care 
was limited to wound cleansing with soap and water and 
covering with an unspecifi ed dressing. The team of research-
ers used a novel approach, applying the EMF to either arm 
not the ulcer directly. The purpose of this alternative appli-
cation was to determine whether the EMF could alter sys-
temic effects by interaction with EMF action potentials at a 
peripheral location. The hypothesis was that PBMCs could 
be induced in the body of the patients with chronic leg 
ulcers by using EMF frequencies that were previously tested 
on normal human blood samples. The treatment method 
described was to place an arm into an exposure chamber so 
as to achieve a homogeneous magnetic fi eld. Average expo-
sure time was 2 to 3 hours per day three times a week for 
a 4-month period. EMF strength of 36.36 G was generated 
inside the chamber. Wound surface area size and appearance 
were documented at baseline and during follow-ups pho-
tographically and the information digitized and processed 
electronically.

Results: reported by groups:

  Group 1 “responders” fully healed or experiencing a greater 
than 50% reduction. Responders, with 29 previously unre-
sponsive ulcers, began to heal by week 2 and by the end of 
the study period 15 arterial and 14 venous ulcers were in the 
responder group. Responders healed at the same rates, the 
arterial ulcer group showed the development of visible vas-
cular networks and increased periwound temperatures after 
4 to 8 weeks of treatment. In the responders with venous 
ulcers, pain, edema, and weeping reduced signifi cantly or 
were eliminated 3 to 6 weeks after start of care.

  Group 2 “nonresponders” had at least one ulcer that experi-
enced a less than 50% reduction or increase in size. Two arte-
rial and 11 venous ulcers were in the nonresponder groups. 
Nonresponders in the venous group had higher body mass 
index, nonpitting edema, and severe lipodermatosclero-
sis. The arterial group had severe arterial occlusion and/
or uncontrolled arterial hypertension. Pain among nonre-
sponders only partially reduced in 4 to 6 weeks of treatment.

Healing or deleterious effects were observed in all patients 
within the fi rst 2 weeks after initiation of the treatment. No 
negative secondary effects were reported either during treat-
ment or the follow-up period.

g. Frykberg et al.78 did a retrospective descriptive study of cases 
in a wound registry established and maintained by Regenesis 
Biomedical, Inc. (Scottsdale, AZ) to determine outcomes of 
lower extremity ulcer cases from 100 geographically diverse 
US medical facilities. Criterion for evaluation was record 
of outcome of care after 4 weeks treatment. There were 
no exclusions based on comorbidity, wound type, wound, 
or prior medical history. Analysis of 113 patient records 
of 128 chronic wounds was performed. The wound etiolo-
gies in the distribution were 25% diabetic foot ulcers, 30% 
venous ulcers, 25% pressure ulcers stages II to IV, and 20% 
other wound types.

Treatment parameters were the RF signal, 27.12 MHz, 42 ms 
pulse width at 1,000 pps. Regenesis sells the Provant Therapy 
System, which is the PRF device used for treatment.

Results: Mean percent reduction in wound area after 
4 weeks was pressure ulcers 49% ± 6%  (p < .0001); diabetic 
foot ulcers 38% ± 6% (p < .0001); venous ulcers 44% ± 5% 
(p < .0001); other wound types 39% ± 9% (p = .0001). The 
healing trend suggested that treated wounds would have healed 
with ongoing therapy.

Diabetic Foot ulcers
No large RCT or controlled trials for this patient population 
were identifi ed. Some of the patients in the retrospective study 
above had diabetic ulcers. These case studies show a positive 
trend continuing.

Larsen and Overstreet79 used PRF for treatment of two 
patients with diabetes.

a. Case Study:1. Patient with uncontrolled diabetes and a foot 
ulcer was at high risk for amputation. Other treatment inter-
ventions including growth factors and other advanced ther-
apies had failed to heal. He received good standard wound 
care plus PRF.

Results: wound closure in 16 weeks and remained closed at 
9-month follow-up. The healing rate was 1.56 mm2 per day.

b. Case Study:2. Patient had prior transmetatarsal ampula-
tion, besides diabetes there were multiple comorbidities. 
The wound had a toe infected with osteomyelitis. Besides 
standard wound care, the foot was offl oaded, debrided, and 
silver dressings were used.

Results: closure in 16.7 weeks, healing rate 6.0 mm2 per day.

Conclusions from Leg Ulcer Studies
All of these studies represent a small sample of patients with leg 
ulcers, but there seems to be a trend that shows wound healing 
effi cacy with PEMF and PRF. The preliminary work presented 
shows that there is potentially signifi cant benefi t from use of 
EMF for leg ulcer healing but additional high-quality studies are 
warranted to evaluate effi cacy and best treatment parameters.

CLINICAL DECISION MAKING

Several patient intrinsic and extrinsic factors must be taken into 
consideration when considering a treatment with thermal PSWD, 
nonthermal PRF, or PEMF. Therefore, begin your decision mak-
ing as you would care any planning with a comprehensive patient 
history, systems review, and examination and wound examina-
tion. Review the history and systems for information about sen-
sation, circulation, edema, metal and electronic implants, acute 
osteomyelitis, cancer, mental status, and pregnancy, all of which 
will be used to guide proper choice of this therapy.

Selection of Candidates
Age should be considered when selecting candidates for PRF 
or PSWD. Application of PRFS or PSWD over growth plates 
is probably not harmful because of the short duration of the 
wound healing treatment application, compared with the 
lengthy period of stimulation required to alter bone formation 
in bone healing studies using PEMFs.
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in the tissues over the implant than usual, disregulation of 
electronic circuit function or the energy may be blocked from 
reaching the target tissues. Location of the metal should guide 
you to consider an alternative method of application, such as 
moving the applicator head above or below the area of metal 
(whichever is closest to the wound) to treat the surrounding 
wound tissues.

Exhibit 24.4 shows a list of contraindications, warnings, and 
cautions to be taken when using PSWD and PRF equipment. 
PRF has fewer precautions and contraindications because it does 
not heat tissues, osteomyelitis, cancer, or pregnancy. Avoid using 
this intervention in the presence of any of these conditions.8,80

Precautions and contraindications for the two classes of 
EMF equipment, thermal and nonthermal, are listed separately 
in each category.

Pulsed Short-Wave Diathermy Precautions and 
Contraindications
• Review the patient’s vital signs. Patients who are febrile should 

not be treated with additional heat.
• Check the pharmacy history for blood-thinning medications 

and tendency for hemorrhage.
• Do not treat patients in the fi rst 24 to 48 hours after traumatic 

injury because the treatment can increase bleeding and edema, 
hemorrhaging tendency, including heavy menstruation.

• Change the parameters of the treatment to modify the 
amount of heating. If wound examination fi ndings are acute 

Special Populations
Special populations are discussed next because each group 
requires special consideration depending on unique factors. 
Special needs populations include children, the elderly, and  
patients with implants.

Children and Elderly

Children have growth plates until about 16 years of age, 
depending on race, sex, and the bone involved (use over imma-
ture bone is a listed contraindication). Children usually do not 
have the underlying comorbidities that lead to chronic wound-
ing, but forced immobility due to pain would be detrimental 
to a child. Some of the most common wounds in children are 
burns. A child with burn wounds would benefi t from PRFS 
early intervention to normalize skin enzymes and to eliminate 
edema and reduce pain, resulting in less scarring and quicker 
return to play and school activities. If the benefi t of accelerated 
wound healing outweighs the small risk of interference with 
a bone plate, prudent judgment should be used. Elderly must 
always be evaluated for circulatory impairments and changes in 
sensory perceptions and mentation.

Patients with implants, electronic, or metal 
(including intrauterine devices)

Metals refl ect radio frequency energy common to all EMF 
devices, so application over metal implants will refl ect the 
energy back into the tissues, creating more intense energy levels 

EXHIBIT 24.4

FDA Contraindications, Warnings, and Cautions for PSWD and PRF
PSWD PRF

• Do not treat over ischemic tissue with inadequate blood fl ow • Do not use as a substitute for treatment of internal 
organs

• Do not treat over or near metallic implants • Do not use over metal implants

• Do not use with patients with cardiac pacemakers • Do not use with patients with cardiac pacemakers

• Do not treat in any region where presence of primary or met-
astatic malignant growth is known or suspected

• Do not use with patients who are pregnant

• Do not treat over immature bone • Do not treat over immature bone

• Do not treat over acute osteomyelitis without adequate 
drainage or before adequate drainage has been established

• Do not treat patients who have a tendency to hemorrhage 
(including menses)

• Do not treat over pelvic or abdominal region or lower 
back during pregnancy

• Do not treat transcerebrally

• Do not use over anesthetized areas

• Avoid situations that could concentrate the fi eld, including 
moist dressings, perspiration, adhesives

• Use caution when treating patients with heat sensitivity

• Use caution when treating patients with infl ammatory processes

Data from International Medical Electronics, Magnatherm® Model 1000 Instruction Manual and Electropharmacology (company disbanded), MRT® sofPulse™ 
User’s Manual.
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infl ammation, direct heating should be avoided, but indirect 
heating could be useful (e.g., infl ammation in the foot can 
be treated with PSWD or PRF applied over the abdomen or 
sacrum).

According to required manufacturer’s labeling requirements, 
PSWD is contraindicated for all conditions for which heat is 
contraindicated.

• Do not use areas of insensitivity that prevent the patient from 
reporting a sensation of heating.

• Do not use over ischemic tissue (e.g., an ankle-brachial index 
of <0.8) because the body requires adequate perfusion to reg-
ulate tissue temperature. If circulatory perfusion is obstructed, 
it may not allow for the heat to dissipate and result in burning.

• Do not use PSWD over metal, including surgical metal hard-
ware; foreign bodies, such as shrapnel, bullets, or metal-
lic sutures; or intrauterine devices. The metal may become 
heated and refl ect high levels of energy that will cause burns.

• Do not use PSWD if the patient has electronic implants or is 
connected to electrical or electronic equipment because the 
EMF of the PSWD may cause interference with these elec-
tronic devices.

• Do not use over any area where there is primary or metastatic 
malignant tissue growth or over organs or tissues containing 
high fl uid volumes (e.g., the heart, edematous extremity, and 
over the abdomen and lumbar areas during pregnancy). Even 
though pulsed radio frequency is used for cancer treatment, 
as mentioned earlier, this is a specialized heating procedure 
used under radiographic guidance by a skilled practitioner.

• Do not treat over areas with acute osteomyelitis without ade-
quate drainage or before drainage has been established.

• Do not use if there is diagnosis of active tuberculosis.
• Do not use if there is acute hemorrhaging or acute 

infl ammation.

Safety Issues
• PSWD. One way to mitigate the heating effect of PSWD is to 

leave a greater air gap or more toweling between the appli-
cator and the tissues. Check pulses and perform other visual 
examinations to detect circulatory defi cits. If fi ndings show 
diminished circulation, noninvasive vascular testing may be 
required.

• Examination for wound drainage is important. If PSWD is 
used, wounds that have a heavy amount of wound exudate 
would require special handling to absorb all of the moisture 
before treatment, to avoid burns.8,81 Consider indirect heat-
ing with PSWD or nonthermal PRF over the lumbar area or 
the abdomen that will produce refl ex vasodilation in areas 
remote from the site of heating, for example, the foot.2,47 This 
is also suggested for patients with vasospasm.

• Contact with any metal (e.g., jewelry, zippers, brassiere fasten-
ers, and brassiere underwires) should be avoided when using 
PSWD because of the risk of burns and distortion of the EMF 
is possible from metal objects placed near the cables. Also 
avoid contact with metal furniture or parts (e.g., mattress 
springs). PSWD should not be used over synthetic materials 
that may melt and cause burns.1 Electronic devices (e.g., hear-
ing aids, watches) should not be worn during treatment with 
these devices because the EMF may cause disruption of the 
device. Hearing aids may produce annoying noise feedback.

• PRF. Electronic devices (e.g., hearing aids, watches) should 
not be worn during treatment with PRF devices for the 
same reasons cited above. Do not administer PRF directly 
over metal (e.g., jewelry, zippers) because the energy will be 
refl ected and not reach the target tissues.

• PEMF. PEMF safety appears to be well established. No toxico-
logic or teratologic effects have been demonstrated by in vitro 
or in vivo safety testing.25,26

• Therapist Safety. Many sources of EMFs are present in the 
environment, and most do not affect the human body. By the 
nature of the PSWD and PRF devices described in this chap-
ter, although shielded from EMF radiation, the EMFs do not 
pass 100% of the energy into the tissues being treated. Some 
energy is dissipated into the area close to the equipment. 
Operators and persons close to the equipment will absorb a 
small amount of an EMF. EMFs from PSWD at distances of 
0.5 m from the cables and 0.2 m from inductive applicators 
are low at low and medium pulse settings. A study of physical 
therapist work habits found that most remain at least 1 m from 
the applicator and 0.5 m from the cables during the operation 
of PSWD equipment. At those distances, there is little danger 
of excess absorption.82 However, some older model PSWDs 
may not have shielded cables. The device should be checked 
for leakage of EMF energy. For personnel working with this 
equipment who have electronic implants, however, it would 
be prudent not to be exposed to the EMF because the stray 
radiation may affect the operation of those devices. The same 
holds true for other patients or family members occupying 
the same treatment areas. A timer is usually part of the equip-
ment, and it will turn the equipment off automatically, but if 
the patient needs to be assisted during the treatment, the staff 
member can approach the console without standing close 
to the cables. Several studies have attempted to measure the 
effects of EMFs on personnel working in areas where frequent 
exposure to SWD occurs. An epidemiologic study looked at 
the risk of birth defects, perinatal deaths, and late spontane-
ous abortions affecting fetuses of female therapists working 
with SWD. The result of this retrospective study showed that 
the risk of a miscarriage was not associated with reported use 
of SWD.83 Patients, except as mentioned, have no measurable 
risk from the EMF associated with this equipment, and the 
benefi ts probably outweigh any negative effects. Of current 
concern are PEMF such as radiate from cell phones or the 
small printed circuit devices used for medicine, but at this 
time there are no proven negative effects.

EQUIPMENT

In the introduction of this chapter, you were told that EMF 
equipment has undergone 4 iterations. SWD equipment manu-
factured and many devices like the Curapulse (Enraf Nonius, 
Delft, The Netherlands and Henley International, Sugarland, 
TX), the Megapuplse (Electromedical Supplies, Ltd., UK, and 
PTI Corporatio, Topeka, KS), and Magnatherm™ (International 
Medical Electronics Ltd., Kansas City, MO) shown in Figure 24.7 
are on the market. These are best suited for use in the clinic 
setting. Some lighter portable models are also manufactured. 
When PRF was fi rst introduced as a separate piece of equipment 
by the Diapulse Corporation of America (Great Neck, NY), it 
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took on and has retained the same confi guration of electronics 
and physical dimensions. Later devices, using the same energy 
parameters, applied solid-state electronics to the engineering of 
their PEMF and PRF equipment that reduced the weight and 
bulk of their equipment. Currently, miniaturized equipment is 
used for wound healing for patient populations including plas-
tic surgery.3 (See Figs. 24.7 and 24.8 for examples.)

FIGURE 24.8 Ivivi SofPulse® device. (Courtesy of Dr. B. Strauch, Ivivi 
Health  Sciences, San Francisco, CA.)

FIGURE 24.6 Shortwave diathermy unit (Magnatherm SSP). (Cour-
tesy of International Medical electronics. Ltd., Kansas City, MO.)

FIGURE 24.7 RecoveryRx™ (Courtesy of Dr. B. Strauch, Ivivi Health Sciences, San Francisco, CA.)

Nonthermal PRF and PEMF
Equipment classifi ed as nonthermal diathermy (PRF) was 
designed to allow for dissipation of heat, and to reduce its 
accumulation by lowering the power settings and by means 
of pulsing the current wave. Several studies report the effects 
of nonthermal PRF using commercially available PRF devices. 
The way in which manufacturers handle the technical speci-
fi cations for their devices is the way in which the outputs are 
reported. Diapulse is constructed with vacuum tubes. Provant 
and MRT SofPulse® (Electropharmacology company dis-
banded) were both solid-state analogues of Diapulse. Diapulse, 
Provant devices use fi xed pulse duration, 65 ms for the former 
and 42 ms for the latter. The FDA has designated these devices 
as equivalent. Based on recent research and a change in product 
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Exhibit 24.4 lists FDA contraindications, and Exhibit 24.5 lists 
FDA indications.

Devices
In this subsection, you will learn about the specifi c technology 
of different devices on the market at this time including PSWD, 
Diapulse.

Pulsed Short-Wave Diathermy
A PSWD generator uses a coil mounted within a case (called a 
head) as the radiating element. This coil is driven by a crystal-
controlled amplifi er contained within the main chassis of the 
unit. The output of this head is an EMF with a radio frequency 
of 27.12 MHz. The head is mounted on a movable, adjustable 
arm. Depending on the unit design, the head may be rectangu-
lar or round. Some devices allow the frequency to be delivered 
continuously or pulsed. The range of heating and nonthermal 
effects will depend on the pulse rate and duration. A PSWD 
device that can be operated at a broad range of pulse rates and 
pulse durations will have the most potential clinical applica-
tions. Heating effects are the principal action of the device at 
high pulse rates of long duration, and nonthermal effects are 
achieved at low pulse rates and over short durations. At the 
nonthermal settings, the PSWD may have effects equivalent 
to those of the PRFS devices, which are limited to this range. 
PSWD devices are on the market, including the Magnatherm 
(International Medical Electronics, Kansas City, MO), the 
Curapulse (Enraf Nonius, Delft, The Netherlands, and Henley 
International, Sugarland, TX), and Megapulse (Electro-Medical 
Supplies, Ltd, UK, and PTI Corporation, Topeka, KS). They are 
considered equivalent; however, there are differences in avail-
able pulse rates, pulse duration, and average outputs.

The Curapulse method of creating the electric and magnetic 
fi elds uses a different technology than do the other devices 
described. Each fi eld is delivered in isolation by means of the 
condenser electrodes and a monode head, and transformation 
to an EMF occurs within the body tissue. Curapulse is avail-
able with either one or two electrodes that can be operated with 
different protocols (see Fig. 24.9). For example, the pulse rate 
and the duration of treatment must remain constant for both 
heads, but the other parameters can be set separately for each. 
Two models are available: (1) Model 670 allows for variation 
of pulse duration from 65 to 400 ms, adjustable in seven steps, 
and an adjustment of frequency from 26 to 400 Hz, adjustable 
in 10 steps, that can be used for both thermal and nonthermal 
effects; (2) Model 970 has a fi xed pulse duration of 400 ms and a 

ownership, the MRT SofPulse® (Electropharmacology now 
 disbanded) is no longer on the market, having been replaced by 
a new SofPulse®, sold by Ivivi Health Sciences (San Francisco, 
CA) with pulse durations from 2 to 5 ms and repetition rates 
from 1 to 5 pps. This new device requires less than 20 W input 
power and induces a magnetic fi eld one-tenth the strength of 
the other two PRFS units.

Regulatory Approval
Regulatory approval in the United States falls into two cat-
egories. The Food and Drug Administration (FDA) regulates 
safe and effective marketing of medical devices. The Center for 
Medicare and Medicaid Services (CMS) regulates reimburse-
ment for medical interventions including wound healing. Both 
categories regulate use of EMF devices.

Food and Drug Administration
Both PSWD and PRF are classifi ed as diathermy by the FDA 
but in two separate classes: thermal and nonthermal. The fi rst 
PRF device that was approved by the FDA for medical use and 
appeared on the market was the Diapulse. The FDA allowed the 
Diapulse Corporation to market the device as a short-wave dia-
thermy class III device meaning it was nonthermal. Diathermy 
class III devices that are currently being marketed are described 
in the equipment section later PSWD and PRF send EMF signals 
to the tissues, but they are not considered synonymous therapies.

The CSWD and PSWD generators are classifi ed as Class II 
shortwave diathermy devices, used for therapeutic deep heat-
ing for purposes of treatment of pain, muscle spasms, and joint 
contractures. PRF generators are classifi ed as Class III short-
wave diathermy for all other uses (except treatment of malig-
nancy), intended to treat medical conditions by means other 
than deep heating as nonthermal units, and are sold to control 
pain and edema.84

Center for Medicare and Medicaid Services
The CMS now considers PEMF and PRF as reimbursable cov-
ered service for wound healing of Medicare benefi ciaries when 
the patient meets specifi c criteria.85 In the materials we have 
just reviewed, you learned that PEMF and PRF induce electrical 
current in the body; therefore, the coverage policy explanation, 
since 2004, states that PEMF and PRF are essentially equivalent 
therapy to electrical stimulation, but by a different application 
method.86 The coverage policy can be accessed at www.hhs.cms.
gov by searching for electrical stimulation coverage policy.

State licensing agencies regulate what is physical therapy. 
PSWD is considered a separate treatment and, thus, Medicare 
guidelines state that the use of diathermy should always be by 
or under the supervision of a licensed physical therapist or 
physician.

Clinical Practice Treatment Guidelines
Early published treatment guidelines for pressure ulcers did 
not distinguish PRFS-induced current from capacitative elec-
trotherapy as an adjunctive treatment.87–89 However, in 2009, 
the NPUAP and EPUAP Prevention and Treatment Guidelines 
for Pressure Ulcers made a distinction. Direct contact electrical 
stimulation is included as an A level recommended modality; 
however, due to the limited evidence, level 1 evidence, PRF, and 
PEMF are only designated as having a level B recommendation.55 

EXHIBIT 24.5

FDA Indications
PSWD PRF

Improved blood fl ow Relief of pain and edema

Improved oxygenation Increased blood fl ow

Increased metabolic rate

Infl ammatory conditions 
Relief of pain and edema
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packed in its own carrying case for portability. However, the 
25-pound weight would be a real workout for a therapist carry-
ing it from car to house several times a day. A wheeled attach-
ment would facilitate this application.

Pulsed Radio Frequency Stimulators
PRF generators, like PSWD generators, consist of a radiating 
treatment head or applicator coil and an electronic console 
with the power generator. The output of this head is an EMF 
with a radio frequency of 27.12 MHz that is the same for all 
three devices described here. Other parameters vary.

PRF
Diapulse

The Diapulse has a pulse length of 65 ms and an interpulse inter-
val that can be varied from 12.4 to 1.6 milliseconds by alter-
ing the pulse frequency. This allows ample time for heat to 
be.90 Electromagnetic effects at the cellular level are the actions 
to expect from these devices, not heating.8 The Diapulse has a 
stronger magnetic fi eld and a weaker electrical fi eld, and both are 
emitted simultaneously.91 The frequency can be set in six steps 
(80, 120, 200, 300, 400, 500 pps) in conjunction with six inten-
sity settings. Peak power output is 38 W delivered to the tissues.

Provant Wound Closure System

The Provant Wound Closure System product is designed with 
a treatment coil enclosed in a pad and a lead attaching it to the 
power generator. The signal is a pulsed square wave with a pulse 

frequency of 15 to 200 pps, and is considered a thermal device. 
Maximum outputs are also different. Table 24.6 shows the 
available parameters for these different models.

The Megapulse pulse-width settings range from 25 to 
400 ms. Three pulse modes are offered with the device on/off 
cycles consisting of one-third on time and two-thirds off time; 
two-thirds on time and one-third off time; and continuous. 
The pulse duration and frequency can be changed during those 
three modes. When longer on time and shorter off time are 
selected, there will be more thermal effects. Shorter on and lon-
ger off time will be less thermal, and the effects will be stimula-
tion of the cells, rather than heating. It can be used like a PSWD 
or PRF device. The wide range of settings may be confusing to 
new users, but they enhance the choice and variety of applica-
tions and conditions that can be treated. The Magnatherm SSP 
unit is designed so that each of the two round inductive treat-
ment heads can be set at the same or different settings to deliver 
controlled dosages for individualized treatment effects. Each is 
controlled and monitored from its own panel. There is a full 
range of pulse rates from which to choose. The unit is designed 
to be used on a cart for mobility, or to be lifted off the cart and 

FIGURE 24.9 Autotherm 390 pulsed and continuous shortwave 
 diathermy. (Courtesy of Mettler Electronics, Anaheim CA The Nether-
lands and Sugarland, TX.)

RESEARCH WISDOM

Pattern of Treatment Effect
The pattern of treatment effect for PSWD and PRF stimula-
tors is in the form of the shape and size of the applicator head.

Typical Equipment Parameters24.6TABLE

Device

Operating 

Frequency (MHz)

Pulse Pulse Generated 

Rates (pps) Widths (ms) Power (W)

Magnatherm 27.12 700–7,000 95 Fixed 0.2%–100% (1,000 peak)

Megapulse 27.12 50–800 20–400 150 Peak, 5–40 average

 Nonthermal mode < 200 <200

 Thermal mode > 200 >100

Curapulse

 Model 970 27.12 15–200 400 Fixed 1,000 Peak, 80 average

 Model 670 27.12 26–400 65–400 200 Peak, 32 average

Diapulse 27.12 80–600 65 Fixed 293–975 Peak, 1.5–38 average

SofPulse® 27.12

Model Roma 1–5 2–5 ms 1–10 W

Model Torino 2 3 ms 2 W
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radiating coil loop instead of a drum housing the radiating coil. 
Loops come in varying sizes to assure adequate dosimetry for 
wounds of different sizes.

RecoveryRx™ (Bioelectronics Corp, Frederick, MD) came on 
the market after FDA approval in March 2004 and is a fourth-
generation product. It weighs only a few ounces and radiates 
less total power but over a 24-hour period yet delivers 2.5 to 
3 times the energy of the large second-generation devices 
described earlier. It is housed in a fl exible plastic that contours 
to the body and comes in different sizes. The design of the 
antenna/coil is effi cient and was designed to create an envel-
oping radiation fi eld with potential for better penetration. The 
lifespan of this device is approximately 30 days and has an on/
off switch to conserve the power source.3 It was designed for the 
plastic surgery market but has potential for the larger wound 
market but needs testing in that population.

Manufacturers are marketing these devices for home use by 
patients and caregivers under a medical prescription and the 
supervision of a licensed healthcare practitioner. All are FDA-
approved devices for pain, edema, and circulation but NOT for 
wound healing.

PATIENT TREATMENT

Next you will learn about procedures of patient treatment used 
for circulatory benefi ts and for wound healing with PSWD and 
PRF. The literature interchanges the terms PRF and PEMF even 
though we know that they may not be equivalent. Therefore, 
the information presented will be those used in the studies as 
presented. As research continues about use of EMF for wound 
healing, both new devices and protocols should be expected. 
Here we are giving guidance based on current practice.

Protocols
Protocols are established to achieve a predictable outcome. 
Consider using along with your clinical judgment.

PSWD
PSWD is a thermal agent that has predictable effects on tissue 
temperature and blood fl ow.40,41 Normal resting body tempera-
ture is between 36.3°C and 37.5°C. PSWD at thermal levels has 
the ability to raise deep tissue temperature to 45°C. Vigorous 
heating is defi ned as raising tissue temperature to between 40°C 
and 45°C.40 This is estimated to be the maximum safe upper 
limit to raise tissue temperature and corresponds to the pain 
threshold of the skin. Maintaining a tissue temperature of 45°C 
for a suffi ciently long period will result in irreversible tissue 
damage. Three factors infl uence the maximum tissue tempera-
ture reached: the square of the intensity, the tissue impedance, 
and the length of time the tissue is heated. Also, tissue perfu-
sion determines how quickly the blood fl ow will dissipate the 
heat.8 The observable effect of heating is hyperemia due to 
increased blood fl ow. This is a mild infl ammatory response, 
initiating the biologic cascade associated with the process of 
infl ammation (see Chapter 2). Vasodilation occurs along with 
increased capillary hydrostatic pressure and vessel permeabil-
ity. This promotes movement of fl uid from the vessels into the 
interstitial spaces. Symptoms associated with this process are 
edema, pain, and warmth. Raising the tissue temperature within 
a 5- to 15-minute period will raise the tissue temperature to the 

duration of 42 ms and frequency of 1 KHz. Output strength 
delivered to the tissues is 187 V/m at 5 cm (Fig. 24.10).

Ivivi Health Sciences’ Roma and Torino Models

The Ivivi Health Sciences’ Roma model is a clinical model with 
three outputs for application to three wound areas. The treat-
ment coil comes in different size diameters for treatment of dif-
ferent size wound or multiple wounds in a given area. The EMF 
fi eld is projected equally in all directions around the coil and 
has the ability to reach and treat a large volume of tissue. For 
example, an 8-inch coil loop will treat the whole head. Since 
there is no sensation when using PRF, it is diffi cult to know that 
the active coil is transmitting the energy. To compensate for 
this the manufacturer has designed two failsafe alarm systems 
that are built into the unit. One alarm sends a fl ashing light 
error message letting the operator know that the output is not 
intact. The second alarm is a beeping sound to call attention to 
a problem. Based on the basic science research reported else-
where in this chapter, the manufacturer has adjusted the energy 
delivery to provide longer duration signal (1 milliseconds) and 
reduced output from 300 to 10 W. The Torino model is a dis-
posable single patient design that consists of a coil loop and a 
small generator (see Fig. 24.8).

The current state of knowledge of the mechanism of PRF’s 
bioeffects has recently allowed the peak input power to the 
applicator to be reduced from 300 to less than 10 W. This leads 
to more effi cacious and speedier therapeutic outcomes.35 Like 
all PRF units in this class, the radio frequency used remains at 
27.12 Hz, but with this low power output there is negligible 
radio frequency interference on monitoring and life-sustaining 
electronic equipment. The low power requirement of modern 
PRF devices has allowed the development of portable, battery-
operated units which can be sent home with the patient. To 
achieve all of this, the PRF signal now typically has a burst dura-
tion of 3 milliseconds, versus 65 ms, which repeats at 5 bursts 
per second, as opposed to 600 per second, and a peak amplitude 
of 0.05 G, versus 2 G. So far, the only company to use this new 
technology is Ivivi, in their two SofPulse® models: the Roma 
clinical model and Torino portable and single-subject use 
model. Another innovation of this product line is the use of a 

FIGURE 24.10 Provant device. (Regenesis Biomedical Scottsdale, AZ.)
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• Temperature: increased tissue temperature, due to increased 
tissue perfusion

• Edema: resolution or prevention and restoration of tissue 
turgor

• Wound progression to the proliferative phase

Wound Healing Phase Diagnosis: 
Subacute Infl ammation
Expected Outcome Protocol
• Skin color: change to that of surrounding skin
• Temperature: change to that of adjacent tissues or same area 

on corresponding opposite side of the body
• Edema free
• Necrosis free
• Wound progression to the proliferative phase

Protocols for PSWD
Kloth and Ziskin5 devised a protocol for using PSWD, based on 
the defi nitions of Lehman and deLateur40 of vigorous and mild 
heating, to write a protocol for the acute, subacute, and chronic 
infl ammatory phases of healing. The power level of the PSWD 
unit is divided into four levels. The four levels range from quar-
ter power, which has a sensory effect below sensation of heat, 
to full power, which is vigorous heating. Table 24.7 shows the 
PSWD dosages and effects, and the aspect of the infl ammation 
phase of healing to be treated at that level. Table 24.8 shows the 
dosage, level, duration, frequency, and expected temperature 
changes in the tissues.

Change Moist Dressing during PSWD Treatment
According to the PSWD instruction manual, it is necessary to 
remove wound dressings before PSWD.81 To avoid burns of 
wound tissue during treatment with PSWD, replace any moist 
wound dressing with a dry sterile gauze pad. Check the gauze 
pad during the treatment when there is much wound exudate 
observed during the setup. If the dressing is moist, remove and 
replace it with another dry gauze dressing.

There are anecdotal clinical reports that the use of PSWD 
over wound dressings does not have harmful effects. Also, 
clinical practice for wound management has changed since the 
PSWD instruction cautions were fi rst issued in 1981. Further 
evaluation of the effects of PSWD on wound fl uids and dressing 
adhesives is needed to update this position.

Setup for Treatment with Pulsed Short-Wave 
Diathermy
1. Explain the procedure to the patient and caregiver.
2. Inspect and remove all metal items, including jewelry, wrist-

watches, brassieres with metal fasteners, and clothing with 
zippers.

3. Remove hearing aids and external electronic devices.
4. Place the patient on a nonmetal surface.
5. Avoid contact with synthetic materials, including pillows.
6. Remove clothing from body area.
7. Position the patient for comfort in a position that can be 

maintained for 30 minutes.
8. Remove the wound dressing and absorb excess exudate; 

cover with dry gauze.

maximum range.40,41 The resulting vasodilation will produce a 
marked increase in blood fl ow that will then dissipate the heat 
and decrease the temperature by several degrees. A total expo-
sure period of 20 to 30 minutes is described in the literature as 
the required time for the optimal therapeutic benefi ts of heat-
ing to occur. Studies show that this can be achieved with induc-
tive coupling using PSWD or PRF over the area of the inguinal 
ligament and lower abdomen while avoiding excessive heating 
of the superfi cial tissues and subcutaneous fat.1 Tissue heating 
below 40°C temperature is considered mild.18

PRF
PRF protocols used in the reported studies have a single set 
of parameters, regardless of whether perfusion, reduction of 
edema or pain, or tissue healing was the outcome. It is not cur-
rently known, however, what may be the optimal parameters 
of dosage that affect different levels of tissues at different stages 
of repair. This determination requires further research. In the 
current situation, the experimental protocols have validity and 
reliability, and can be used safely. At this time, it is recom-
mended that you consult with the manufacturer for informa-
tion about protocols.

Expected Outcomes
Change in temperature measures the change in tissue perfu-
sion after the treatment. How the tissue responds function-
ally to the enhanced perfusion is the functional outcome (e.g., 
progression to the proliferative phase—red, neovascularized 
granulation tissue). The sequence of predictable biologic events 
occurs during the process of healing as the wound progresses 
from an initial phase of healing (infl ammatory) to a later phase 
of healing (epithelialization or contraction). The steps of the 
progression are outcome measures for measuring and predict-
ing wound healing. See Chapter 3 for possible wound outcomes 
and prognoses. The expected outcome for a chronic wound 
treated with a physical agent such as PSWD or PRF should 
progress from one phase to the next phase in a 2- to 4-week 
period. Research evidence can be used as a guide for the mean 
time for healing. For example, in two pressure ulcer studies 
using PRF (Diapulse),61,64 closure was reported at a rate of 8.7% 
and 5.9% per week for stage III pressure ulcers. The healing 
time will be at the end of the range for patients with the factors 
that affect healing, such as older age, immobility, comorbidi-
ties, long duration of wound, large wound size, and the depth 
of tissue involvement. If reassessment does not confi rm the 
expected outcomes, treatment must change. Change here can 
mean a change in protocol (e.g., mild heating changed to vig-
orous heating), an increase in the length of treatment time, a 
change in frequency from three times per week to daily, or a 
change in dressing or topical agent. Any or all of the above are 
ways to consider changing the treatment to affect the wound 
status and reach a predictable outcome. Below are expected 
outcomes for the protocols for both PSWD and PRF.

Wound Healing Phase Diagnosis: Acute 
or Chronic Infl ammation
Expected Outcome Protocol
• Hyperemia: change in skin color to red, blue, or purplish, 

depending on color of surrounding skin
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Dose Level Effect Phase of Healing

I (1/4 power) Lowest Below sensation of heat Acute infl ammation

II (1/2 power) Low Mild heat sensation Subacute, resolving infl ammation

III (3/4 power) Medium Moderate, comfortable heat 
sensation

Subacute, resolving infl ammation

IV (full power) Heavy Vigorous heating, well tolerated; 
reduce to just below maximum 
tolerance

Chronic conditions

Reprinted from Kloth L, Ziskin M. Diathermy and pulsed radio frequency radiation. In: Michlovitz S, ed. Thermal Agents 
in Rehabilitation. 3rd ed. Philadelphia, PA: F.A. Davis Company Publishers©; 1996, with permission.

PSWD Power, Effects, and Application24.7TABLE

Dose Duration Outcomea

I 15 min one or two times daily for 1–2 wk Temperature � 37.5°C–38.5°C

II 15 min daily for 1–2 wk Temperature � 38.5°C–40.0°C

III 15–30 min daily for 1–2 wk Temperature � 40.0°C–42.0°C

IV 15–30 min daily or two times per week for 1 week to 1 mo Temperature � 42.0°C–44.0°C

aContinue for 2 wk. If outcomes are achieved through the phases of healing, continue.
Reprinted from Kloth L, Ziskin M. Diathermy and pulsed radio frequency radiation. In: Michlovitz S, ed. Thermal Agents 
in Rehabilitation. 3rd ed. Philadelphia, PA: F.A. Davis© Company Publishers; 1996, with permission.

PSWD Dosage, Duration, and Outcomes24.8TABLE

 9. Cleanse the wound of debris and metallic and petrolatum-
based products; blot dry.

 10. Cover the wound and surrounding skin with a 1/2-inch 
thickness of toweling.

 11. Cover the drum with a disposable surgical head cap or 
terry cloth towel for hygiene.

 12. Place the drum 0.5 to 1 cm above the terry cloth.
 13. Set the protocol and treatment duration. Start.

Patient Monitoring
• Never leave a patient who is confused or disoriented alone 

and unsupervised while receiving treatment.
• When using PSWD, remember that pain is a warning that 

excessive heating is occurring. Give the patient a call light 
and pay immediate attention to a call. Reduce power level. 
Increase air space, either by positioning the drum farther 
from the target tissue or by layering towels between the drum 
and the body area.

• Check skin before application for unguents that may have 
been applied (e.g., oil of wintergreen, Ben-Gay); clean thor-
oughly and dry.

Aftercare for Pulsed Short-Wave Diathermy
Because the dressing is always removed before this treatment, 
it is important that the wound be dressed with the appropriate 
dressing as soon as possible after conclusion of the treatment. 

A dressing should be selected that will match the frequency of 
the PSWD treatment and other components of the wound heal-
ing. Rapid redressing of the wound safeguards against wound 
contamination and desiccation of the wound tissues sustains 
the warmth of the wound that has occurred from the increased 
profusion and promotes optimal cell mitosis.

Setup Treatment with Pulsed Radio Frequency
Diapulse
1. Explain the procedure to the patient and caregiver.
2. Position the patient for comfort, with the treatment site 

accessible, so that it can be maintained for 30 minutes.
3. Cover the drum with a disposable surgical head cap or terry 

cloth towel for hygiene.
4. Place the drum 0.5 to 1 cm above the terry cloth over the 

wound site.
5. Leave clothes, dressings, casts, bandages, splints in place 

unless there is strikethrough or it is time to change dressing.
6. Drum can lie on top of bandages, casts, splints, Unna boot.
7. Set the protocol and treatment duration. Start.

SofPulse® and RecoveryRx™

Treatment is delivered automatically for 30-minute treatments. 
Dose of treatment will be equal to all areas regardless of coil 
loop size. Coil loops of different diameters are available to best 
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meet the wound size. Large coils could be laid over near wounds 
for example, hip and coccyx for more effi cient treatment.

Precautions
1. Do not bend the loop into a different shape. If it is confi gured 

into a “U,” the signal polarity will cancel itself out. If twisted 
into a pretzel or squeezed like a sausage, the area of treatment 
will be restricted and the depth of penetration reduced.

2. The coil loop is designed for single patient use and can be 
cleaned and disinfected between uses and discarded at end 
of care.

Setup
 1. Explain the procedure to the patient and caregiver.
 2. Position the patient for comfort, with the treatment site 

accessible, so that it can be maintained for 30 minutes.
 3. Leave clothes, dressings, casts, bandages, splints in place 

unless there is strikethrough or it is time to change dressing.
 4. Match loop coil size to the wound area to be treated.
 5. Position the loop, so it stays in the position and is not likely 

to be dislodged by gravity or patient movement.
 6. Lay the loop coil fl at over the wound area and tape in place 

as shown in Figure 24.8.
 7. Coil loop can lie on top of clothing, bandages, casts, splints.
 8. DO NOT bend or twist the loop as this will interfere with 

delivery of the signal from the coil (see precaution 1 above).
 9. Error alarm messages are built into this unit and include a 

fl ashing light that will indicate the output is not intact and 
also there is a beeping signal to alert patient and caregiver 
of operational problems.

 10. A home care model (Torino) is also available that is totally 
disposable after use.

 11. Preset protocols and 30-minute timer, 1 to 10 W; Torino 
2 pps, 3 milliseconds, 2 W; Torino is designed for clinical 

or unattended home use. In either case, patient education 
should be provided.

Frequency for all the PRF devices described is once or twice 
daily or every 4 hours for pain management, 30 minutes per 
session.

Adjunctive or Multimodal Treatments
It has already been mentioned that PSWD and PRF can be used 
in conjunction with adjunctive treatments, such as compression 
bandages, casts, splints. It can also be used following whirlpool 
or pulsatile lavage with suction for cleansing or debridement. If 
dressings are to be removed, it may be preferable to treat with 
PSWD or PRF immediately after the other interventions to 
keep the wound temperature from declining. Another choice 
could be to treat the wound with ultraviolet light for bacteri-
cidal effects or to initiate a mild infl ammatory process, then fol-
low with either PSWD or PRF to enhance the circulation and 
cellular activation.

“Multimodal therapies” is a new term adopted to refl ect the 
common practice of using such modalities either sequentially 
or concurrently to bring diffi cult wounds to closure.92 In a case 
of a complex diabetic ulcer that was infected with necrotizing 
fasciitis, they chose to used advanced multimodal therapies of 
negative pressure therapy (see Chapter 29) and PRF to salvage 
the lower limb. Surgery was required to remove the necrotic tis-
sue and this left a large draining open trans-metatarsal amputa-
tion and anterior compartment incision. Initially, the wound 
was treated with NPWT for 8 weeks, then a dermal graft was 
placed along with addition of PRF therapy (Provant) twice 
daily. After 24 weeks, the wound was ready for closure with a 
split-thickness skin graft.92

As reported in this case study by Frykberg et al., the com-
bination of therapies could enhance results, since the mecha-
nisms of action are different. Benefi ts of multiple treatments 
with different or multiple biophysical agents are reported in the 
literature and examples are noted in Chapters 23 and 26. This is 
an area that merits further research for best utilization manage-
ment of services and best effi cacy for the patient.

Another adjunctive treatment with well-established effects 
on circulation is exercise. Exercise following PSWD or PRF 
would use the muscle pump for exchange of nutrients and oxy-
gen brought to the tissue by the PSWD or PRF treatment and 
removal of waste products, as well as to help dissipate the effects 
of heating and avoid burning. Exercise encourages movement 
of fl uids from the venous system into the lymphatics and is a 
way to avoid stasis in the area of heating. For those patients 
who are unable to exercise actively, assisted or passive range 
of motion would encourage change in fl uid dynamics in the 
affected area. Therapeutic positioning should also be consid-
ered as an adjunctive treatment because improper positioning 
may have blood fl owing away from the target tissues or apply-
ing pressure to the area that is to be perfused (see Chapter 10).

Conclusions
In this chapter, the biophysical properties of EMF have been 
explained, preclinical biologic and animal studies and clini-
cal cases and trials have been used to help you and understand 
and evaluate the scientifi c studies. Three EMF-related catego-
ries of devices—PSWD, PRF, and PEMF—were described and 

CLINICAL WISDOM

PSWD (Magnatherm) for Venous Disease
Patients with venous disease do not tolerate high heating 
and subsequent effects of vasodilation. Two phases are used. 
For the fi rst phase of treatment, energy is adjusted to deliver 
a pulse rate of 1,600 pps for 15 minutes. This is followed by a 
second phase at 700 pps for a 15-minute period. Power levels 
are kept at power level 12 (Frankenberger L, personal com-
munication, 1997).

CLINICAL WISDOM

Tissue Perfusion
When tissue perfusion is the treatment effect, the wound 
will be warmed, and the cells will divide and proliferate 
faster in the warm environment. Therefore, dress the wound 
immediately after PSWD and before PRF.

Sussman_Chap24.indd   661Sussman_Chap24.indd   661 8/6/2011   1:36:25 PM8/6/2011   1:36:25 PM



662 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

compared for their physical properties and for their therapeutic 
effects related to tissue repair and wound healing. PSWD and 
PRF are similar but not identical. They both are radio wave sig-
nals from the short-wave spectrum. PSWD has the ability to 
heat tissue; PRF does not. Both are able to increase perfusion 
and blood fl ow in normal adults. Only two studies by Santoro 
et al.45 and Mayrovitz and Larsen46 looked at the effect of PSWD 
and PRFS on blood fl ow changes in individuals with PVD. 
Cellular changes are reported for stimulation with PRFS but 
no studies were found that looked at such effects for PSWD, 
although that does not rule them out, and they should be inves-
tigated. Exhibits 24.1 and 24.6 list the characteristics and ratio-
nale for selecting PSWD and PRFS.

PSWD studies focus on thermotherapy changes to the circu-
latory system and the ANS, whereas the effects of PRF and PEMF 
are attributed to changes in the cellular activity of the tissues and 
mechanisms that control blood fl ow and edema that are not heat 
related. Both PSWD and PRF devices can increase blood fl ow, 
which increases oxygen transport essential to support the meta-
bolic demands of the tissues and to control infection. All three 
modes of electromagnetic stimulation affect pain and edema 
during the infl ammatory phase and PRF is considered to be anti-
infl ammatory. If the circulatory effects desired require deep heat-
ing such as to raise core body temperature, then PSWD would be 
a good choice. A protocol for PSWD that is based on the circula-
tory effect on acute, subacute, and chronic infl ammation is pro-
vided. PRF has the ability to quench the escalation of free radicals 
and prevent ischemia reperfusion injury10 (see Chapter 2). Best 
privative effi cacy is reported when treatment begins soon after 
injury. The effects on the infl ammatory and proliferative phases 
of healing are described. Enhanced circulation and oxygen are 
requirements of all the phases of healing, so continuation during 
all phases is appropriate. PRF is the preferred choice if the objec-
tive is to stimulate the body’s bioelectric system at the cellular 
level, over a dressing, cast, or bandage; to increase peripheral 
microcirculation; to prevent or minimize edema; and to avoid 
and relieve pain. Treatment effects should be seen within hours 
for acute wounds in 3 to 7 days from the start of the protocol for 
chronic wounds.62,64,65 Reported effects include increased wound 
exudate for the fi rst 1 to 3 days. Progress through the phases of 
healing should continue throughout the episode of care.

PEMF stimulators have distinctly different parameters than 
the radio frequency stimulators. However, some are called 
PEMF when they have the characteristics of PRF and vise versa. 
Initially used for osteogenesis of nonunion fractures, PEMF 
has now been tested for soft tissue wound healing in venous 
ulcers with good outcomes in pilot studies. Although the results 
presented look promising, more new studies are needed. There 
remain many unknowns about mechanisms of action, and 
there is a need for improved study designs and reporting of the 
data with objective quantitative results. For example, the rate 
of healing has been identifi ed as a predictor of healing outcome 
and the trigger for referral for adjunctive therapy.93–97 The study 
data for many of the research projects testing these interven-
tions did not provide quantitative information about the rate 
of healing of the control or the treatment groups, making it 
impossible to compare rate of healing between study inter-
vention and controls and between other adjunctive therapy 
interventions. Except for two studies where the percentage of 
change could be derived from the data reported, the best avail-
able data are the percentage of patients that healed in a study 
and those that did not. One factor is evident from compiling 
the matrices of studies for different applications of PRF, namely 
that the Diapulse protocol, 400 pps, power level 4 over the epi-
gastrium, and 600 pps peak power over the target tissue, has 
been followed consistently, with treatment effi cacy reported for 
each application. Although many of the studies are reported as 
DBRCTs, it is also evident that the data reported are observa-
tional descriptive data, rather than quantitative. To review, the 
studies looked at seven components that you should consider 
when selecting this intervention.

1. PRF and PEMF stimulate cellular activity and cell 
permeability.

2. PRF and PEMF affect the body’s bioelectric system.
3. PSWD and PRF affect edema formation but possibly 

through different processes.
4. PSWD, PRF, and PEMF prevent or modulate pain.
5. PSWD and PRF affect circulation, as measured by increased 

blood fl ow and tcPO2, but through different processes.
6. PRF promotes absorption of hematoma.
7. PSWD heats tissue; PRF does not.

EXHIBIT 24.6

Wound Classifi cation and Characteristics
Wound Classifi cation PSWD/PRF

Level of tissue disruption Superfi cial, partial thickness, full thickness, subcutaneous 
and deep tissues

Etiologies/diagnostic groups Burns, neuropathic ulcers, pressure ulcers, surgical 
wounds, vascular ulcers

Wound phases Infl ammatory phase: necrosis, exudate, edema, pain
Proliferative phase: Granulation, contraction, collagen 
synthesis, angiogenesis
Epithelialization phase: epidermal migration
Remodeling: collagen organization
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 2. If tape is used, apply a skin prep to the surrounding skin 
before attaching the tape for skin sparing. Depending on 
location of the wound, a gauze, not an elastic, wrap could 
be used for placement to hold the device in place, but take 
care NOT to bend the wire coil.

 3. Place the coil or pack over the wound area that is inside of a 
cast or compression wrap and held in place with a wrap.

 4. Inform the patient that the energy is primarily located 
inside of the circle of the coil and to NEVER bend or twist 
the coil as it will affect the energy delivery.

 5. Tell the patient that they will not feel the energy just as they 
do not feel the energy from a radio but like a radio sound 
that passes through a wall the energy will pass into the body.

 6. Instruct the patient/caregiver to turn the device ON twice 
daily at least 4 hours apart. It will automatically turn off 
after the 30-minute treatment session is completed.

 7. If the coil or pack is not left in place as shown in Figure 
24.8, then it should be wiped clean, laid fl at, perhaps inside 
of a plastic-zippered storage bag, and stored in a safe place.

 8. When the wound dressing is changed, the wound should be 
cleaned and examined and wound status documented.

 9. Give a written list of expected signs and symptoms related 
to the treatment to the patient and the caregiver.

 10. Provide written instruction about when and how to report 
any undesirable results and contact information about who 
to contact.

DOCUMENTATION

The functional outcome report (FOR) described in Chapter 1 
is an accepted method to meet Medicare and third-party payer 
guidelines for documentation of the need for physical therapy 
intervention for wound healing. The two cases presented as 
examples of the use of PSWD and PRFS are documented by 
using the FOR method. A sample form and case are found in 
Chapter 1. Also, try to apply the method to wound cases in the 
clinic.98 Data collected about treatment outcomes in a system-
atic manner can be of great value to report the success of the 
therapy and to predict outcomes.

Patients who were treated in the clinical studies had acute 
postsurgical wounds, including split-thickness skin grafts, or 
posttrauma, and chronic pressure ulcers, venous or arterial leg 
ulcers. The wounds were either partial- or full-thickness tissue 
disruption, extending into deeper tissues (e.g., stages II through 
IV pressure ulcers). None of the effects of treatment described 
are dependent on the medical diagnosis, the wound etiology, or 
the depth of the wound. However, wounds that are deep, large, 
or of long duration have been identifi ed as slower to heal. Those 
wounds will probably heal faster with one of these adjunctive 
therapy interventions.

SELF-CARE TEACHING GUIDELINES

Both PSWD and PRF labels state that “federal law restricts the 
sale and use of this equipment to a licensed health practitio-
ner.”53,80 However, the manufacturers and distributors of the 
PRF nonthermal devices report that patients are using them as 
home therapy units under physician prescription, after instruc-
tion by an appropriate provider, a caregiver, or patient. As 
explained, reduced power PRF devices like the Ivivi Torino™ 
and Recovery RX™ are safe, portable, battery operated, prepro-
gramed, single patient specifi c, disposable, and have simple care 
requirements so they can be sent home with the patient. The 
Provant™ device is not battery operated but uses standard elec-
trical current and can be used for self-administered home care 
with proper placement instruction. PSWD should not be used 
unsupervised and unattended in the home.

Chapter 23 outlines the requirements for selecting and 
teaching a candidate or caregiver biophysical agent home care. 
Instructions differ for PRF treatment that is administered over 
an in place dressing, leg wrap, or cast. Setup of the patient and 
the wound for treatment, write down all steps including those 
listed here. Review what is on paper, then do a demonstration 
and return demonstration to confi rm understanding.

The ten steps of PRF instructions are as follows:

1. Place the coil or packet fl at over the wound over the wound 
dressing and hold in place with dressing tape as shown in 
Figure 24.7.
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CASE STUDY     

Pictorial case study of a woman with surgical excision of 
breast tissue (see Fig. 24.11A–D)

FIGURE 24.11 Case study Pictorial case study of a woman with surgical excision of breast tissue. Case study provided cour-
tesy of Berish Strauch, MD, Department of Plastic and Reconstructive Surgery, Montefi ore Medical Center, Albert Einstein 
college of Medicine of Yeshiva University. Bronx, NY). A: Postsurgical case of woman with surgical excision of breast 
tissue following radiation skin necrosis. Two prior fl aps had been lost trying to close the defect. B: PRF with Ivivi Roma® 
(Courtesy of Dr. B. Strauch, Ivivi Health Sciences, San Francisco, CA) negative pressure devices in place. This combined 
treatment was provided for 1 week post-op, and then the negative pressure was discontinued. C: View of tissue 11 days 
post-op. Treatment now only PRF and dressings. D: View of epithelializing and contracting wound at 2 months post-op.
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CASE STUDY     

Pictorial case study of a patient with an incisional wound 
treated with pulsed radio frequency stimulation (PRFS) (see 
Fig. 24.12A,B).

FIGURE 24.12 Case study of wound healing with PRFS. A: Patient with the incision from an above-the-knee amputation 
left open for delayed primary intention healing. Wound is in acute infl ammatory phase. Start of treatment with PRFS 
began 8/3. Note: (1) Sutures placed (2) Edema (3) Erythema and tissue tension (4) Yellow, mucinous slough in incision   
line. B: Same incision wound as in Figure 24.12A, on 8/17 (14 days later). Note good outcomes: edema-free, necrosis-
free, wound contraction, and granulation. The wound is in acute proliferative and epithelialization phases. (Copyright 
© C. Sussman.)
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REVIEW QUESTIONS

 1. Signal characteristics can differ in which way:
 A. Signal shape
 B. Pulse rate
 C. Depth and duration
 D. All of the above

 2. Which statement regarding PSWD and PRF is true?
 A. Both PSWD and PRF are nonthermal
 B. PSWD heats the tissues and PRF is nonthermal
 C. PRF penetrates deeply while PSWD does not
 D. Both PSWD and PRF heat from the inside out

 3. All the following are contraindications for PSWD and PRF, 
except
 A. Do not use over metal implants
 B. Do not treat over immature bone
 C. Do not use with patients with cardiac pacemakers
 D. Do not use over anesthetized areas

 4. Expected treatment outcomes of PRF include all of the 
 following, except
 A.  Progression from one phase to the next in 2 to 4 weeks
 B.  Healing times will be at the end range for patients who 

are older and immobile
 C.  Comorbidities and wound duration will not affect 

healing times
 D. All are correct

 5. Multimodal therapies is a new term refl ecting the practice of
 A. Using at least three modalities to improve healing
 B. Treating a wound while the dressing is in place
 C.  Using modalities sequentially or concurrently to 

 improve healing
 D. Using a treatment modality with debridement
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CHAPTER OBJECTIVES

Phototherapy, also known as light therapy, is a form of 
 radiant energy that has been used to promote healing for 
thousands of years.1,2 Sunlight was recognized as having 
potential healing properties by many early cultures, among 
them the Egyptians, Romans, Greeks, Sumerians, Chinese, 
Indians, and Japanese.3 While sunlight was used by many of 
these cultures, writings on its use all but disappeared with 
the advent of Christianity. It was not until the 18th century 
that an interest in sunlight as a possible medicinal therapy 
reemerged. In 1796, the German scientist Ebernaier proposed 
a relationship between the lack of sun exposure and the devel-
opment of rickets.

Nearly a century later, Danish scientist Niels Finsen pre-
pared a paper on the infl uence of light on skin.1,2 Using his 
own forearm, he demonstrated the ability of sunlight to induce 
a delayed erythema on unprotected skin exposed to sunlight. 
During this same time, the bactericidal properties of light were 
fi rst demonstrated. Between 1890 and 1909, ultraviolet (UV) 
light in particular was shown to kill many bacteria, includ-
ing Mycobacterium tuberculosis, Staphylococcus, Streptococcus, 
Bacillus, and Shigella dysenteriae. As a result, UV radiation 
became a common treatment for tuberculosis of the skin. In 
fact, the Nobel Prize for Medicine and Science was awarded to 
Finsen in 1903 for his work on the treatment of tuberculosis-
induced skin lesions with UV light.

Because of Finsen’s early work, research began to focus 
on the use of UV light to control or prevent surgical wound 
infection.1–3 This interest continues today with several groups 
investigating the utility of using UV light to prevent or control 
infection of orthopedic surgical wounds, acute wounds, and 
chronic wounds.4–11 Similarly, interest in the potential health 

benefi ts of other wavelengths of light, as well as novel delivery 
systems such as lasers, has also evolved over the past 50 years.12

This chapter describes the science behind the various forms 
of phototherapy and its application in wound care. The fi rst 
part of this chapter focuses on UV radiation and the latter half 
on lasers and diodes.

THE SCIENCE OF RADIANT ENERGY

Radiant energy is defi ned as energy in the form of electromag-
netic waves.13 Different forms of radiant energy are arranged 
into a spectrum—a distribution—called the electromagnetic 
spectrum (EMS) in order of their wavelength, frequency, or 
both. Wavelengths represent the distance between two adja-
cent peaks or troughs in an energy wave. Wavelengths of radi-
ant energy extend from millions of meters (electrical power) to 
as short as a million-millionth (10−12) of a meter (gamma and 
cosmic rays). Frequency refers to the number of times a wave 
travels past a specifi c point per second.

Penetration of light into skin is known to increase linearly as 
the wavelength of light increases. This fact is important clini-
cally because longer wavelengths penetrate deeper into tissue 
than do their shorter counterparts. Light energy from the UV 
light and blue light portions of the visible light spectrum are 
absorbed mostly in the epidermis, while longer wavelengths of 
visible and infrared (IR) light penetrate into the dermis.15 It is 
also important to distinguish between depth of penetration and 
depth of effect, as the biologic cascade of events set in motion 
by radiant energy treatment can extend beyond the treatment 
depth. The wavelength of radiant energy infl uences its depth of 
penetration.14

At the completion of this chapter, the reader will be able to:

1. Defi ne phototherapy and list the portions of the electromagnetic spectrum commonly used in 
the application of this therapeutic modality.

2. List the biologic effects of ultraviolet, visible, and infrared radiation.
3. Summarize the clinical evidence supporting the use of phototherapy in wound management.
4. List indications and contraindications to treatment of open wounds with phototherapy.
5. Describe the procedures for applying phototherapy to open wounds.

Teresa Conner-Kerr, Karen W. Albaugh, and Autumn Bell

Phototherapeutic Applications for 
Wound Management25
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In addition to wavelength, several other factors affect 
 transmission of radiant energy.14,15 These include

• Optical properties of tissues
• Angle of application of the light or radiant energy
• Intensity of the energy delivered

Optical properties of tissue are related to tissue pigmentation, 
composition (high levels of protein increase absorption), den-
sity, and architecture.15 Less heavily pigmented skin or white 
skin is more sensitive to the effects of radiant energy because it 
has less melanin, which protects the nucleus of keratinocytes. 
Skin with greater melanin content, as well as dense tissues, may 
decrease light transmission, thereby preventing or limiting 
radiant energy from reaching deeper tissues. For example, UV 
light transmission is signifi cantly lower for black versus white 
individuals. The effect of the angle of application and the inten-
sity of power will be considered shortly.

Other terms used in phototherapy include power, power 
density, energy, and energy density (Fig. 25.1).16 Power is the 
rate at which work is performed and is measured in watts. 
Power infl uences the duration of treatment, in an inverse rela-
tionship; that is, when power increases, treatment times gener-
ally decrease.

Power density describes the relationship of the power of the 
light source to the area irradiated or treated.16 Thus, power den-
sity equals the average power divided by the area (in cm2) irra-
diated. At a given power, if the area irradiated increases, then 
the power density decreases.

In phototherapy, energy is defi ned as power (in watts) mul-
tiplied by time (in seconds). Energy density, which is referred 
to as the dose, is the amount of energy per unit area and can be 
calculated by multiplying power density by time.16

Forms of Radiant Energy Used in Wound Care
Radiant energy is used by a number of health-care profession-
als for a variety of purposes. For example, therapeutic radiation 
involves the use of very short wavelength, high-energy radiant 
energy (x-rays and gamma rays) by medical physicists, oncolo-
gists, and surgeons in the management of tumors. We are not 
addressing these forms of radiant energy in this chapter, as our 
focus is on the radiant energy used in the management of open 
wounds.

The three forms of radiant energy used in the care of open 
wounds that are addressed in this chapter are all emitted from 
the central portion of the EMS. They are UV, visible, and IR 
energy.

Ultraviolet Energy
UV energy is a form of radiation that falls between x-rays and 
visible light on the EMS (Fig. 25.2). Although some people 
refer to it as UV light, this is a misnomer, as this portion of 
the EMS is largely invisible to the human eye. UV energy 
encompasses the wavelengths between 180 and 400 nm and 
has been separated into three distinct bands, UVA, UVB, and 
UVC,17–19 based on their wavelength and associated biologic 
activities.

According to the International Commission on Illumination 
(CIE), UV wavelengths can be subdivided as follows: 400 to 
315 nm (UVA), 315 to 280 nm (UVB), and 280 to 100 nm 
(UVC).18 The World Health Organization (WHO) defi nition 
of the three UV bands differs somewhat as compared with the 
CIE. The WHO defi nes UVA as wavelengths 400 to 320 nm, 
UVB as wavelengths 320 to 280 nm, and UVC as wavelengths 
280 to 200 nm. Recently, UVA has been subdivided into UVA1 
and UVA2, since UVA2 rays are thought to have actions more 

)tinu IS( lanoitanretnI emètsySnoitinifeDmreT
sttaWdemrofrep si krow hcihw ta etaRrewoP
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 )sttaw( rewoP)krow( ygrenE time (seconds) Joules
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FIGURE 25.1 Defi nition of radiant energy terms. (From Barham CD, Bounkeo JM, Brannon WM, et al. The effi cacy of 
laser therapy in the treatment of wounds: a meta-analysis of the literature. Master’s Thesis Graduate Program of Physical 
Therapy, North Georgia College and State University, Dahloneg, GA, 2003.)

FIGURE 25.2 UV spectrum. (Courtesy of 
Teresa Conner-Kerr and John Kerr.)
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similar to those of UVB. UVA1 encompasses wavelengths from 
340 to 400 nm while UVA2 encompasses wavelengths from 
320 to 340 nm.17

• UVA. Long-wave UV radiation, or UVA, is referred to as black 
light or near UV radiation. It is closest to the visible light por-
tion of the EMS. Just over 6% of summer sunlight is UVA.

• UVB. The middle band of UV radiation, or UVB, makes up 
only about 0.5% of summer sunlight. However, it’s known 
as sunburn radiation because it is thought to mediate most 
of the harmful effects of sunlight on human skin, including 
photoaging and carcinogenesis.20–24

• UVC. Also called shortwave UV, UVC radiation is known for 
its germicidal effects. Almost all of these rays are prevented 
from reaching the earth by the ozone layer.

The wavelengths of visible light fall between 400 and 800 nm 
in length. When viewed together, we see the spectrum of vis-
ible light as white light. But we can separate white light into its 
different wavelengths, or colors, by refl ecting it off a prism. 
A rainbow occurs when visible light is refl ected off of raindrops, 
which act as a prism.

Infrared Energy
Whereas the wavelengths of UV energy are shorter than those 
of visible light, the wavelengths of IR energy are longer. They 
can be divided into two separate bands. Short (or near) IR 
wavelengths of light fall between 800 and 1,500 nm. Long (or 
far) IR wavelengths fall between 1,500 and 15,000 nm.

Physical Science of Phototherapy Radiant Energy 
Forms
A basic principle of radiant energy is that, as wavelength 
increases across the EMS, frequency decreases.17 For example, 
gamma rays, which are produced by subatomic nuclear reac-
tions, have wavelengths that can be smaller than an atom but 
are extremely high frequency. In contrast, the wavelengths 
used in wound care (UV through IR) are longer and have 
lower frequencies. As we noted earlier, in biologic tissues, lon-
ger wavelengths typically penetrate more deeply than do short 
ones. Therefore, longer wavelengths allow treatment of deeper 
structures.

Time to delivery of radiant energy is affected by the density 
of the tissue in which it travels.14,15,17 Radiant energy travels in a 
straight line at high speed while in a vacuum. However, as the 
density of tissue increases (skin, muscle, bone), the speed of the 
radiant energy wave decreases. Delivery of radiant energy to a 
tissue is also reduced by the following mechanisms:

1. Refl ection (decrease in energy to the medium as some waves 
are refl ected away from the medium)

2. Absorption (energy captured by the medium with a decrease 
in waves traveling completely through the medium)

3. Refraction (bending and dividing wavelengths into compo-
nent parts)

4. Penetration or transmission through the medium (decreased 
absorption by the medium with loss of energy from the 
medium)

Three physical laws govern the use of radiant energy in the treat-
ment of biologic tissues.17 The fi rst, Grotthus-Draper law, states 
that the effect of a wavelength on a tissue is determined by the 

amount of energy that the tissue absorbs. Different  wavelengths 
are known to produce different effects. The second law, the 
inverse square law, states that the intensity of the energy wave is 
inversely related to the square of the distance from the radiant 
source. The third law, the cosine law, states that energy absorp-
tion is at its greatest when energy waves strike a medium at 
right angles. All of these laws must be taken into consideration 
for the proper and optimal application of radiant energy.

PHOTOTHERAPY DELIVERY SYSTEMS

Modern approaches to phototherapy began with the use of UV 
light boxes and IR lamps in the early part of the 20th century.1 
By the late 1950s, new technologies had emerged that produced 
a uniform and coherent, monochromatic beam of light, the 
laser.25–27 Early use of the laser focused on high-power units that 
operated at an intensity high enough to produce coagulation of 
body proteins due to thermal effects; hence, the term hot laser. 
In comparison, low-level or cold lasers, which do not produce 
signifi cant elevation of tissue temperatures, were later adopted 
for applications in wound/tissue healing and pain control due 
to their photobiomodulation effects. Low-level lasers were fi rst 
used in Europe, China, and Canada and have only recently 
gained acceptance in the United States for use in wound healing.

Recent developments in phototherapy involve the use of 
clusters of light-emitting diodes (LEDs), laser diodes (LDs), 
superluminescent (luminous) diodes (SLDs), or a mixture of 
these light sources (cluster probes).26,27 Energy emitted from a 
laser differs from that emitted by an LED or SLD because it is 
a stimulated emission and not a spontaneous one. LDs, on the 
other hand, are true lasers.

Laser and Diodes
A laser is a device that emits a uniform and coherent beam of 
light.26,27 Because the light that is produced is a single wave-
length, it is monochromatic in nature. These single wavelengths 
of monochromatic light travel in parallel in a tightly focused 
beam. As a result, a pinpoint of light can be produced. Lasers 
are created by stimulating the release of photons from an atom 
in a high-energy state. These released photons produce the sin-
gle wavelength of light described above. Hence, laser is an acro-
nym for light amplifi cation by stimulated emission of radiation.

A diode is an electronic device that has two points for receiv-
ing electric current, and then transmits the current in one 
direction. Light-emitting diodes (LEDs) transmit a form of 
energy in the visible or invisible range of the EMS. They are 
made from semiconductors and when a charge is applied to the 
material, electrons move from a conduction band to a lower 
energy orbital releasing photons of light. LEDs spontaneously 
release a narrow range of wavelengths with similar colors that 
are minimally divergent. Although the light produced by LEDs 
is polychromatic (multicolored), it is not directional or coher-
ent.21,28 Thus, it produces a wider beam of energy. The clini-
cal importance of this is unknown, since beams from lasers are 
widened in tissues by refraction.

Two other diode devices are used therapeutically. Laser 
diodes (LDs) are true lasers that produce a directed and mono-
chromatic beam of light. Superluminescent diodes (SLDs) are 
not lasers but LEDs. They produce a beam that is wider than 
that of an LD, but narrower than that of a conventional LED.
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to increased vascularity of the dermis.18,22,33 Erythema is most 
effectively produced by the 297 and 254 nm UV wavelengths.13,17 
These wavelengths encompass both the B and C bands of UV. 
Erythema that results from the longer wavelengths has a greater 
latency and lasts for a longer period of time than that produced 
by shorter wavelengths. However, the shorter wavelengths have 
a greater potency.

UV-induced erythema is associated with a latent period of 
2 to 3 hours.18 The exact mechanism that underlies this latent 
appearance of erythema is unknown, but several theories have 
been offered. The latent development of the erythemal response 
has been ascribed to the production of some diffusible biologic 
mediator from damaged epidermal cells.18,33 It is thought that 
this mediator then diffuses to the dermis, where it enhances 
blood vessel permeability. The identity of this diffusible media-
tor is unknown. Several substances including histamine, bra-
dykinin, and prostaglandins have been implicated in this role. 
In the past, prostaglandins were thought to be the most likely 
candidate for this role as a diffusible mediator. However, work 
by Hensby et al.34 utilizing prostaglandin antagonists has been 
inconclusive, and the role that prostaglandins play in mediating 
erythema is unclear.

Studies by Brauchle et al.35 have demonstrated a signifi cant 
increase in vascular endothelial growth factor (VEGF) expres-
sion in cultured keratinocytes after irradiation with both sub-
lethal and physiologic levels of UVB. Irradiation of quiescent 
keratinocytes leads to both an increase in mRNA levels as well as 
increased levels of VEGF. Since VEGF is known to enhance vas-
cular permeability, it is thought that VEGF may be a potential 
target for the above-described diffusible mediator. However, 
the identity of this diffusible mediator(s) remains unknown. 
Congruent with the fi ndings of Brauchle,35 Holtz36 has shown 
that UV-induced erythema is accompanied by an intercellular 
edema in the stratum spinosum of the epidermis and an accu-
mulation of white cells in local blood vessels. The development 
of intercellular edema is also consistent with the separation of 
the upper and lower epidermal layers that occurs upon expo-
sure to high-intensity UV radiation. These effects on the skin 

The above technologies may also be combined to produce 
cluster probes that take advantage of the unique properties of 
the different components. The advantage of combining these 
 different technologies is that treatment times are reduced, 
larger tissue areas can be treated, and the biologic effects of 
 different wavelengths may be accessed.

THERAPEUTIC EFFECTS OF ULTRAVIOLET ENERGY

UV energy has been used to treat a variety of skin conditions, 
including open wounds.5,6,7,10,28–32 UV radiation is known to 
promote exfoliation of the outer skin layers, enhance healing 
through the induction of an erythematous response in the skin, 
and kill a variety of microorganisms.

The three bands of UV radiation differ in their ability to 
penetrate human skin (Fig. 25.2) and to produce certain bio-
logic effects.13,17,19 The UVA band constitutes the longest wave-
lengths of the UV energy spectrum, and these rays are known to 
penetrate human skin to the level of the upper dermis. In con-
trast, UVB rays penetrate only to the stratum basale, the lower-
most level of the epidermis. The effects of high-level exposure 
to UVB radiation are listed in Exhibit 25.1. UVC rays (which 
have the least ability to penetrate human skin) reach only the 
upper layers of the epidermis. These rays are associated with 
germicidal properties (Figure 25.3).

Specifi c UV wavelengths have been associated with particu-
lar biologic responses (see Fig. 25.2). For example, the germi-
cidal effects of UV radiation are associated with UV wavelengths 
from 250 to 270 nm,13,17,19 while UV wavelengths of 254 and 
297 nm have the greatest ability to induce an erythematous or 
 reddening reaction in the skin. The tanning response, on the 
other hand, is predominantly associated with wavelengths of 
254 and 299 nm.

UV-induced Skin Erythema
Skin reddening or erythema is a well-known effect of UV at cer-
tain exposure levels. UV radiation produces this reddening of 
the skin via stimulation of an infl ammatory response that leads 

Immediate and Long-Term Effects of High-Level 
Exposure to UVB Radiation
Immediate
 Early (0–60 hours)
  Immediate hyperpigmentation
  Epidermal hyperplasia
  Infl ammatory reactions
 Late (60–336 hours)
  Secondary hyperpigmentation
  Hyperplasia
  Fibrosis
 Long-standing (Chronic exposure)
  Elastosis
  Carcinoma

EXHIBIT 25.1

UVC Treatment
Times (seconds)

in vitro in vivo
3 5 15 30 30

Procaryotes (bacteria)
**ASRM

*ERV
Group A streptococcus *
Pseudomonas aeruginosa *
Mycobacterium abscesses *

Unicellular eucaryote (yeast)
Candida albicans *

Multicellular procaryote (fungi)
Aspergillus fumigatus *

Mixed cultures *
Pseudomonas aeruginosa
Candida albicans
Aspergillus fumigatus

FIGURE 25.3 UV exposure times for 99.99% kill rate.
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overhead in a conventional plenum-ventilated surgical theatre. 
The UVC tubes were activated 10 minutes after the surgical 
procedure was initiated. Results of the study showed that UVC 
application was effective in signifi cantly reducing bacterial levels 
in both the theatre air and surgical wounds. Bacterial levels in 
the surgical wounds fell 87% with UVC delivered at 100 mW/cm2 
(N = 18) and 92% with UVC delivered at 300 mW/cm2 (N = 13).

In a similar study, Moggio et al.6 also found that UV irra-
diation signifi cantly lowered the average number of airborne 
bacteria detected over the surgical site. The rate of infection for 
1,322 individuals who underwent hip arthroplasties was found 
to be only 0.15% with application of UVC. Similar fi ndings 
were obtained by Berg et al.7 when UVC application in operat-
ing rooms was compared with a sham blue light application. 
These authors concluded that the air quality was similar to that 
produced by ultraclean air ventilation systems. It is also interest-
ing to note that both Berg et al.7 and Taylor et al.41 recorded no 
adverse effects of UVC exposure on operating room personnel.

A growing interest in the use of UV energy for treatment of 
established wound infections has also been seen in the past two 
decades. This renewed interest in UV light comes at a time when 
antimicrobial resistance is rampant among common wound 
pathogens and when the health-care community is increasingly 
under pressure to fi nd the most cost-effective and time-effi cient 
method of treatment for various health-care problems.

The effectiveness of UV radiation in killing microbes has been 
demonstrated by many researchers using in vitro testing. High 
and High42 demonstrated that broad-spectrum UV radiation 
delivered by the Kromayer lamp (model 10), which produces 
wavelengths from all three UV bands, was effective in eliminating 
a wide range of wound pathogens in vitro. In contrast, Norback 
et al.43 did not fi nd a difference in colonization levels in rats with 
acute surgical wounds that were exposed to broad-spectrum UV 
radiation. Since the UV radiation source emitted a broad spec-
trum of UV A, B, and C wavelengths and the proportion of each 
type of wavelength is not described, it is diffi cult to determine if 
the wavelengths that are known to have the greatest germicidal 
activity (UVC at 250–270 nm) were present at adequate doses.

Using a halogen lamp that emits predominantly UVC, the 
authors have shown that a broad range of wound pathogens 
including those expressing antibiotic resistance can be effec-
tively eliminated with short treatment times (Fig. 25.3).44,45

Using the V-254 lamp, which selectively emits UVC energy, 
we have been able to obtain a 99.99% kill rate for all tested 
common wound pathogens. Using an in vitro model with 
optimal growth characteristics for the microorganisms tested, 
we have shown that UVC irradiation is effective in eradicat-
ing both procaryotic organisms such as bacteria and eucary-
otic organisms such as yeast or multicellular fungi at short 
exposure times. In fact, we have found that UVC is effective in 
killing multicellular eucaryotic wound pathogens at treatment 
times shorter than those currently advocated for procaryotic 
(bacterial) organisms. However, our data do indicate that mul-
ticellular eucaryotic organisms require 10 times the exposure 
time (30 seconds) for a 99.9% kill rate as compared with the 
most susceptible eucaryotic organism (3 seconds). Work con-
ducted in our laboratory has also demonstrated that short UVC 
exposure times can produce a 99.99% kill rate for methicillin- 
resistant Staphylococcus aureus, both in vitro and in vivo.8,9

most likely underlie the ability of UV radiation to stimulate 
debridement. Debridement would result from this sloughing 
of the upper layers of the epidermis as well as recruitment of 
phagocytic white blood cells. Increased lysosomal activity and 
leakage of lysosomal enzymes that has been detected with UV 
exposure may also contribute to this debridement effect.

UV-induced Epidermal Hyperplasia
Work by Kaiser et al.37 demonstrated that UVB stimulated 
epithelialization by enhancing IL-1 production. This work 
supports the current treatment approach of utilizing UV to 
enhance epithelialization, especially with indolent wounds that 
exhibit fi brotic edges. In these wounds, UV may stimulate or 
restart the epithelialization process.

When low-level UV radiation exposure occurs, it is thought 
that the above-described effect is confi ned to the upper third or 
one-half of the epidermis.23 As a result, no long-lasting effects 
are thought to occur as the cells in these layers are differentiat-
ing in transit to becoming part of the outer dead layer of the 
skin. Therefore, this study supports the supposition that UV 
radiation stimulates repair processes and that these effects may 
be harnessed at a low enough level to prevent long-term dam-
age. The wound clinician may fi nd the induction of epidermal 
hyperplasia by UV radiation to be benefi cial in promoting rapid 
epithelialization in acute and chronic wounds.

UV-induced Immunosuppression
High levels of UVB exposure have also been shown to affect 
Langerhans cells.18,38,39 These cells inhabit the middle region of 
the epidermis and appear to have an immune function. They 
are part of the macrophage lineage and are derived from the 
bone marrow. High-level UVB exposure is known to produce 
Langerhans cell necrosis within 24 hours. This pattern of cel-
lular necrosis is seen in both experimental rodent models and 
humans. The destruction of these cells is thought to account 
for the immunosuppressive ability of high levels of UVB. 
Interestingly, this immunosuppressive effect of high-level 
UVB exposure has been harnessed by researchers to enhance 
graft take in individuals with burn wounds.40 However, since 
the Langerhans cells are derived from the bone marrow, no 
long-term effects are expected as a result of this local immu-
nosuppression of the treated skin. Furthermore, the effects of 
short treatment times at low intensities with UVB or UVC are 
unknown. It is possible that the effects may be different from 
those seen with high-level UV radiation.

UV-mediated Bactericidal Effects
Research has shown that UV radiation from all three bands, 
A, B, and C, has the ability to kill numerous microorganisms. 
However, the effects of UVC are much greater than those asso-
ciated with UVA or B. UVA and B when used for infection 
require much longer exposure times and often induce burning 
of the skin layers.

Because of continuing issues with surgical infections, there 
has been renewed interest in the potential role of UV light in 
preventing surgical wound infections. Taylor et al.5,41 in the 
United Kingdom examined the effectiveness of UVC radiation 
on reducing bacterial numbers in individuals undergoing total 
joint arthroplasty. UVC energy was delivered by tubing placed 
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relatively few clinical studies have been conducted. However, 
the majority of studies that have been conducted have found 
positive effects. Documented positive effects of UVA and UVB 
on wound healing can be found in the literature as far back as 
1945.29 Stein and Shorey29 published an article detailing the 
increased rate of wound healing and reduction of wound infec-
tion in two soldiers, one with a traumatic wound and the other 
with a pressure wound. Both wounds had been resistant to 
healing prior to the institution of UV radiation. The traumatic 
wound healed within 10 days of the initiation of UV therapy, 
and the pressure wound healed in less than 2 months.

A randomized controlled trial examining the effects of 
both UVA and UVB energy on superfi cial pressure sores in 
the elderly has also demonstrated enhanced healing rates.30 
In this study, UV-treated ulcers closed in an average time of 
6.25 weeks compared with an average of 10 weeks for control 
wounds. Additionally, a clinical study by Crous and Malherbe28 
also examined the effects of UVA and UVB on wound heal-
ing in individuals with venous insuffi ciency. UV radiation 
appeared to facilitate wound healing, but wound closure was 
not achieved with any of the wounds.

The effects of UVC on chronic wound healing have also been 
examined. A study by Nussbaum et al.31 examined the effects 
of UVC combined with ultrasound on pressure ulcer healing. 
Their treatment parameters were similar to those used with 
the Crous and Malherbe28 study. Combination of the UVC and 
ultrasound treatment was found to enhance healing over that 
of cold laser or moist wound healing. However, it is diffi cult to 
ascribe the enhanced healing effects observed in this study to 
a UVC-mediated effect, as the UVC treatment employed was 
delivered in combination with ultrasound. Therefore, it is not 
clear as to what effect either of the modalities had separately.

Taylor32 also examined the effectiveness of UVC in treating 
56 individuals with infections of the skin including the following 
lesions: tinea pedis, tinea capitis, sporotrichosis, and tinea cor-
poris. The treatment times were between 2 and 5 minutes, with 
individuals receiving an average of 3.2 treatments over a period of 
5 to 7 days. Fifty patients showed a good response to therapy, with 
most showing signifi cant clearing of the infection within 1 week.

Recently, Thai et al.10 found that UVC was effective in decreas-
ing bacterial numbers in chronic wounds. Pseudomonas aerugi-
nosa, S. aureus, and methicillin-resistant S. aureus numbers among 
other bacterial species were reduced with a single application of 
UVC for 180 seconds. Consistent with in vitro testing, UVC was 
shown to be most effective in reducing the level of P. aeruginosa 
in chronic wounds. However, the effects of UVC on MRSA were 
not as robust as the effects on other bacteria in the wounds with 
only a one-level reduction in numbers after the standard 180-sec-
ond treatment time. The present data indicate that multiple treat-
ments of 180 seconds may be required to completely eradicate 
common bacterial pathogens from chronic wounds.

UVC: Current Recommended Treatment Approaches
UVC Treatment
Based on work8–10,44,45 by Conner-Kerr and Sullivan along with 
studies by Thai and Houghton, we propose the use of the 
algorithm found in Figure 25.4 to determine treatment times 
for infected wounds when using UVC radiation. This time-
dose dependent approach is in place of the older system that 
utilized the production of varying degrees of skin erythema 

UV Preclinical Studies
The effects of UVA and UVB radiation on wound healing 
has been examined using a number of different animal mod-
els, including the rat, hairless guinea pig, rabbit, and pig.46–50 
Positive effects of UVB on wound healing were observed in 
both the rat43 and rabbit46 animal models but not in the hairless 
guinea pig47–49 model. Irradiation of the acute surgical wound 
bed of rats with a UVA and UVB energy source resulted in a sig-
nifi cantly increased rate of wound closure between the fourth 
and fi fteenth days of treatment compared with untreated con-
trols on the contralateral side of the animal.43 Additionally, no 
decrement in wound tensile strength was found at either day 
7 or 15 compared with the untreated controls. The results 
from this study also suggest that the effects of UVA and UVB 
are localized and not systemic, as healing of the contralateral 
wounds was not enhanced.

Similarly, El-Batouty et al.46 found a modestly higher rate 
of tissue regeneration in acute full-thickness wounds to the 
pinna of rabbit ears using a hot quartz lamp (UVA and UVB). 
UV-treated wounds healed more rapidly than their untreated 
controls. Histopathologic analysis demonstrated signifi cant 
increases in epithelialization rates and collagen deposition as 
compared with untreated controls.

In contrast, acute surgical wounds induced in hairless guinea 
pigs that had been pretreated with UVA or UVB radiation every 
other day for 16 weeks did not exhibit enhanced wound closure 
rates.48,49 Additionally, wound tensile strength was found to be 
signifi cantly less in both the UVA- and UVB-treated animals. 
Histopathologic analysis also demonstrated marked endothelial 
swelling and eosinophilic infi ltration in the irradiated group. 
Similar fi ndings for decreased wound tensile strength were 
found using hairless guinea pigs pretreated with pure UVA 
radiation prior to wounding. Due to the extraordinarily long 
duration of treatment (16 weeks in the fi rst study and 21 weeks 
in the second study) and the use of a pretreatment UV para-
digm rather than UV treatment postwounding, the relevance of 
these fi ndings is not clear. Furthermore, additional work by the 
same investigators found that there were no signifi cant differ-
ences in tensile strength of wounds made to UV-treated versus 
untreated skin by recovery day 90.50

At this point in time, examination of the effects of UVC on 
wound healing rates in both the pig and rodent model have 
shown no grossly detectable facilitation of wound closure. In the 
porcine model, no signifi cant effect of UVC radiation on wound 
tensile strength was detected.50 However, recent studies in our 
laboratory demonstrated that a 30-second UVC treatment 
once daily for 5 days in a rodent model resulted in a cleaner 
and smoother transition area between the periwound and the 
wound bed with no tissue curling.11 This treatment paradigm 
also produced a change in wound morphology due to altered 
wound contraction. The induction of a change in wound con-
traction by UVC is consistent with the fi ndings of Morykwas 
and Mark.51 Using cultured fi broblasts, Morykwas and Mark51 
demonstrated increased secretion of fi bronectin into the culture 
medium after UVC irradiation. Fibronectin is an extracellular 
matrix protein that appears to play a role in wound contraction.

UV Clinical Studies
Although there are signifi cant experimental data to suggest a 
positive role for UV radiation in enhancing wound healing, 
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either source is germicidal; however, the peak germicidal 
 wavelengths are in the UVC band from 250 to 270 nm. Thus, if 
infection control is the primary therapeutic goal, a UVC device 
should be used. Several different lamp types are available that 
selectively emit UVC radiation. These include the Birtcher cold 
quartz lamp and the “V-254” halogen lamp (Fig. 25.5). Cold 
quartz lamps emit better than 90% UVC at approximately 
254 nm. This emission falls within the peak germicidal range for 
UV radiation. The V-254 halogen lamp has a similar emission 

to determine treatment times. Our algorithm is based on 
the  theoretical principle of choosing UVC treatment times 
 according to minimal lethal dose for the infecting organism. 
The author advocates this approach as it specifi cally addresses 
the susceptibility pattern of the infecting organism to UVC and 
not the response of the host to UVC. As a result, an adequate 
dose for killing or inactivation of a particular pathogen can be 
selected while preventing or minimizing any damage to host 
cells. Longer treatment times, especially those used with UVB, 
are known to produce deleterious effects.

PROCEDURE FOR ADMINISTERING UV THERAPY

Only clinicians trained in the application of physical agent 
modalities are authorized to administer UV therapy. To prevent 
overexposure to the wound bed and inappropriate exposure to 
other skin areas, UV treatment should not be administered by 
the individual receiving treatment, a family member, or other 
caregiver. Additionally, as with all physical agent modalities or 
procedures, it’s important to reevaluate the necessity of using this 
modality frequently to ensure optimum treatment outcomes.

Equipment Selection
The primary decision when selecting a UV generator is whether 
a UVA/UVB or UVC energy source should be used for treat-
ments. As discussed earlier, research appears to indicate that 

FIGURE 25.4 UVC treatment algorithm. (Courtesy 
of Teresa Conner-Kerr.)

FIGURE 25.5 Laser types. (Courtesy Dr. Teresa Conner-Kerr.)
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decreasing microorganism numbers when coadministering jet 
lavage and UV radiation.52 Cleansing of the wound bed is also 
important, as the depth of penetration for all UV wavelengths 
is only at best less than 100 to 200 mm.18 Therefore, cleansing of 
particulate increases wound bed exposure.

Treatment Times
The authors recommend UVC treatment primarily for wounds 
with high levels of bioburden, particularly antibiotic-resistant 
bacteria. In the past, UV dose has been calculated according 
to a response called the MED response of each individual cli-
ent.17 However, the authors question the appropriateness of 
this system for determining UVC treatment times, especially 
for infection control. Findings in Conner-Kerr and Sullivan’s 
laboratory8,9 using both in vitro and in vivo testing along with 
those of Thai et al.10 indicate that many wound pathogens, 
especially MRSA, can be eradicated with short treatment times. 
Therefore, the authors advocate the use of short exposure times 

range. Either will provide a good germicidal effect; however, the 
halogen lamp is lighter and has a larger face plate that allows for 
more rapid treatment of larger wounds.

For wound healing, the decision as to which particular UV 
energy source to use is less clear. However, since the literature 
has linked chronic or prolonged exposure to high-dose UVB 
to carcinoma formation,23,33 the author recommends the use of 
UVC or very low exposure to a UVA or B light source with the 
induction of a very minimal skin erythema (minimal erythemal 
dose [MED]) that appears in 4 to 6 hours but resolves within 
24 hours (Fig. 25.6 for UVA-B dosing). A cost-effective 
approach would include the use of the UVC generator for both 
bioburden control and stimulating wound healing.

Preparation of Wound and Periwound Area
Protection is a primary consideration in preparing the wound 
bed for treatment with UV radiation. Most authorities recom-
mend protecting the periwound and any nontreatment area 
with draping materials (Fig. 25.7). UV-resistant ointments 
such as petrolatum jelly may also be used to protect the peri-
wound area that is immediately adjacent to the wound bed. On 
the other hand, it has been argued that protecting the adjacent 
periwound eliminates a potential source of epithelial cells and 
wound healing factors that would also be stimulated with the 
treatment.

Other considerations for preparation of the wound bed are 
removal of all dressing materials and cleansing of particulate 
matter in the wound bed. This can be accomplished by a variety 
of mechanisms, including pulsatile lavage with suction, low-
frequency ultrasound sprays, or normal saline fl ush. At this 
point in time, there is one study that found added benefi t to 

RESEARCH WISDOM

Select a UVC Lamp for Clinical Infections
The peak germicidal effects of UV radiation are seen with 
wavelengths of 250 to 270 nm. These wavelengths are found 
in the UVC band. Therefore, when treating fungal or bacte-
rial skin or wound infections, use low-dose UVC radiation.

noituloseR ot emiTpoleveD ot emiTnoitcaeR nikSesoD
SED None noted

E1 srh 42srh 6–4gninedder eltbuS)DEM(

E2 syad 4–3srh 6–4nrubnus dlim ot ralimiS
Skin exfoliation and pigmentation

E3 syad lareveSsrh 2nrubnus ereves ot ralimiS
Intense erythema 
Marked increase in exfoliation and pigmentation

E4 Same as E3 with significant tissue swelling and exudate 2 hrs Several days

SED = suberythemal dose
E1 (MED) = minimal erythemal dose
E2 = second-degree erythemal dose
E3 = third-degree erythemal dose
E4 = fourth-degree erythemal dose

FIGURE 25.6 Erythemal dosages used in UVA-B treatments.

CLINICAL WISDOM

Cleanse Wound and Remove Necrotic Tissue Prior to 
UV Treatment
To maximize exposure of the wound bed to the UV rays, 
the wound should be cleansed with a gentle cleanser such 
as normal saline, and then debrided to remove as much 
necrotic tissue as possible.

Remove all dressings prior to treatment. Mackinnon and 
Cleek53 had previously suggested that UV radiation could be 
used with transparent dressings. However, we were unable 
to detect any bacterial inactivation or killing when bacte-
rial cultures covered with either Tegaderm™ or Bioclusive™ 
were irradiated with UVC for treatment times as long as 
120 seconds.45

Remove Wound Dressings Prior to Treatment
All moist wound dressings should be removed prior to treat-
ment of the wound bed with UV radiation so that the UV 
rays reach the wound tissue.

Sussman_Chap25.indd   676Sussman_Chap25.indd   676 7/25/2011   8:51:32 PM7/25/2011   8:51:32 PM



 CHAPTER 25 ■ Phototherapeutic Applications for Wound Management 677

(30–60 seconds but no more than 180 seconds) administered 
once daily for 1 week. Prior to the initiation or reinitiation 
of UVC treatment, the individual should be assessed for any 
clinical signs of infection, and the wound should be cultured to 
determine the level of bioburden present.

Treatment Distance
Place a UVC lamp so that there is a distance of 1 inch (or 2.54 
cm) between the UVC energy source and the wound bed.17,19 
UVC lamps are available with built-in spacers. Alternatively, 
you can simply attach a spacer made of a 1-inch portion of a 
sterile swab or tongue depressor. Deliver the UVC energy per-
pendicular to the wound bed to maximize delivery according to 
the cosine law.

Step-by-Step Guide to UVC Application
 1. Cleanse the face plate of the UVC lamp with an antimicro-

bial agent per manufacturer’s guidelines.
 2. As patient comfort permits, position for maximal exposure 

of the wound.
 3. Remove all dressings.
 4. Cleanse wound with normal saline.
 5. Remove excess wound fl uid and loose particulate matter.
 6. Drape periwound area or coat with nontoxic UV-blocking 

ointment (avoid getting it in the wound bed).
 7. Protect your own and the patient’s eyes from UV radiation 

with UV-protective goggles or draping for the patient.
 8. Place UVC lamp source 1 inch (or 2.5 cm) from wound.
 9. Irradiate wound according to degree of bioburden pres-

ent (30–180 seconds/day for 5 days; repeat if bioburden 
has not decreased as measured on culture and with clinical 
assessment for signs of wound infection).

 10. Remove UV-blocking ointment and redress wound.

Step-by-Step Guide to UVA/UVB Application
1. Allow the UVA/UVB lamp adequate time to warm up 

according to manufacturer’s guidelines.

2. Determine MED dose with erythrometer over a nonpig-
mented area such as the inner arm, starting with 30 seconds 
of exposure (Fig. 25.6).

3. An MED dose is the exposure time that produces a subtle 
reddening or erythema that develops in 4 to 6 hours but 
resolves in 24 hours.

4. Follow steps 2 to 7 above for UVC application.
5. Place UVA/UVB source 30 inch from wound bed.
6. Irradiate wound according to individual skin response for 

an MED dose initially to stimulate epithelialization and 
increase vascularity.

7. Remove UV-blocking ointment and redress wound.

Indications and Contraindications
UV radiation appears to be indicated for the following:

1. Slow or nonhealing wounds
2. Necrotic wounds
3. Purulent or infected acute or chronic wounds

Commonly sited contraindications17,19 to treatment include the 
following:

1. Diabetes
2. Pulmonary tuberculosis
3. Hyperthyroidism
4. Systemic lupus erythematosus
5. Cardiac, renal, and hepatic disease
6. Acute eczema or psoriasis
7. Herpes simplex
8. Cancerous growths

Also, do not apply UV over the eyes.
The following precautions should also be noted:

1. Generalized fever
2. Photosensitizing medications
3. Photosensitivity
4. Recent x-ray
5. Malignant wounds for palliative care

With any adverse reaction, such as severe pain, intense  itching, 
or burning, UV therapy should be discontinued. Hydrogel 
moist wound dressings or other products that have been shown 
to decrease the pain associated with radiation or burn wounds 
may increase client comfort and speed healing.

Documentation
Document treatment times, duration, and angle of incidence 
along with the distance at which the UV energy source is placed 
from the wound bed. Client position during treatment and 
specifi c lamp model and serial number should also be docu-
mented, as should treatment outcomes.

CLINICAL WISDOM

Orient UV Lamp Parallel to Wound Bed
Observing the cosine law, orient the UV lamp parallel to 
the wound bed with UV rays delivered perpendicular to the 
wound to maximize energy delivery.

FIGURE 25.7 A Winston-Salem State University physical therapy 
graduate student has prepared a simulated wound on a human patient 
simulator for treatment with a UVC light. The wound is draped on all 
sides to protect periwound tissue. (Courtesy Dr. Teresa Conner-Kerr.)
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Decontamination of a Wound Infected with MRSA 
Using UVC Radiation
Individual: M.G. Age: 79. Start of Care Date: 4/98

Medical History
M.G. was a 79-year-old nonambulatory female resident of a 
long-term care facility with a sacral wound. Her medical diag-
noses included CHF with end-stage renal disease. She required 
mod-max assist of two therapists for all bed mobility. She had 
no prior history of pressure ulceration.

Reason for Referral
Client was referred to physical therapy due to impaired bed 
mobility and the presence of a nonhealing stage 3 sacral pres-
sure ulcer.

Functional Diagnosis and Targeted Outcomes
Wound Examination
The wound was a stage 3 pressure ulcer located over the 
sacrum. Wound margins were indurated, and the periwound 
expressed moderate erythema. The periwound was also noted 
to be warmer than adjacent tissues. The wound bed was fully 
granulated and friable upon manual examination, and a dis-
tinctive odor of ammonia was detected upon initial examina-
tion. Semiquantitative swab cultures of this wound indicated 
that it contained high numbers of methicillin-resistant 
S. aureus (MRSA).

Functional Diagnosis
Impaired integumentary integrity secondary to full-thick-
ness skin involvement and scar formation (from Guide 
to PT Practice, pattern 7D), chronic infl ammation phase. 

Targeted outcome: Wound decontamination for progression 
through stages of wound healing and resolution of chronic 
infl ammation.

Need for Skilled Services: The Therapy Problem
The client had a nonhealing stage 3 pressure ulcer and exhib-
ited clinical signs of wound infection. The wound required 
decontamination and appropriate moist wound therapy to 
stimulate the healing process.

Treatment Plan and Outcome
A single application of UVC was applied to the wound bed to 
determine if one application of UVC for 30 seconds was effec-
tive in immediately reducing the bacterial load (Fig. 25.3). The 
wound was initially cleansed with normal saline and then a 
semiquantitative swab culture was obtained using the 10-point 
culturing method. UVC was then applied to the wound bed 
with a V-254 halogen lamp with a calibrated output of 15 mW 
for 30 seconds. The periwound was completely covered with 
draping materials, and the UVC lamp was placed parallel to 
the wound bed at a distance of 2.5 cm. Immediately after the 
UVC treatment, a second semiquantitative swab culture was 
performed. Both cultures were immediately sent for process-
ing in the clinical laboratory. The laboratory report derived 
from the swab culture taken immediately prior to the UVC 
treatment showed high numbers of MRSA present. Results 
from the swab culture taken immediately posttreatment of the 
wound bed for 30 seconds with UVC demonstrated very low 
growth. This case study demonstrates the utility and immedi-
acy of UVC in decontaminating the surface of the wound bed.
(Case study courtesy of Rhonda M. Jones, PT.)

CASE STUDY     

LASERS AND LIGHT-EMITTING DIODES

Both low-level lasers and LEDs are capable of producing changes 
in cellular function. This effect is known as photobiomodulation.

Biologic and Therapeutic Effects of Lasers
Andre Mester was the fi rst to demonstrate the effectiveness of 
low-power lasers (also called cold or low-level lasers) in facili-
tating healing of chronic wounds.25,54 He purported to have 
achieved a 90% rate of healing in more than 1,000 patients. 
Low-level laser therapy has also increased rates of healing in sur-
gical wounds, cutaneous fi ssures, and venous ulcerations.12,25,55 
Interestingly, studies of laser’s effect on time to healing suggest 
that treatment of wounds around day 3 results in the great-
est acceleration of wound healing. This fi nding is congruent 
with those from other studies that have demonstrated a cold-
laser–induced acceleration in the infl ammatory and prolifera-
tive phases of wound healing.

But how do these healing effects occur? It seems that cold 
or low-level lasers may modulate biologic processes in either 
a stimulatory or inhibitory manner. The changes appear to 
be prompted by interaction of low-level laser light with natu-
rally occurring chromophores (light-absorbing pigments such 

as melanin, hemoglobin, and others) located in cells’ mito-
chondria.16,55 Specifi cally, absorption by the chromophores of 
low-level laser light from the visible and IR region of the EMS 
results in heightened cellular metabolism.56

Wavelengths of radiant energy between 600 and 1,200 nm 
are capable of penetrating the dermis and interacting with chro-
mophores in human tissues.16,55 Chromophores in cells that 
can absorb this low-level laser light include respiratory chain 
enzymes, melanin, hemoglobin, and myoglobin.56 Longer wave-
lengths of light, which are produced by the gallium-arsenide 
laser (long IR waves), can interact with a wide variety of cellular 
chromophores. Visible and short IR waves, which are generated 
by the helium-neon laser, interact with a limited number of 
chromophores (melanin, hemoglobin, and myoglobin).

Biological effects of low-level laser that result from modula-
tion of endogenous chromophores include

• Increased cellular proliferation and differentiation (muscle 
and fi broblast)57–59

• Increased mitochondrial production of ATP59

• Increased collagen synthesis60,61

• Increased activity of T and B lymphocytes including binding 
of pathogens59,62,63

• Increased macrophage activity60,64

Sussman_Chap25.indd   678Sussman_Chap25.indd   678 7/25/2011   8:51:33 PM7/25/2011   8:51:33 PM



 CHAPTER 25 ■ Phototherapeutic Applications for Wound Management 679

The above biological phenomena are thought to partially explain 
the positive effect of low-level laser on wound healing.12,25,55,65

Biologic and Therapeutic Effects of LEDs
As noted earlier, photobiomodulation also occurs with LED 
therapy. For instance, cells exposed to IR LED lights have 
also been shown to grow 150% to 200% faster than untreated 
cells.66 IR light produced by LEDs penetrates up to 5 cm and 
has been shown to stimulate a variety of cell types. Human 
muscle cells treated with an IR LED grew seven times faster 
than their untreated counterparts, and skin cells grew fi ve 
times faster.

Procedure for Administering Laser Therapy
As with UV therapy, administration of low-level laser therapy 
should be performed only by a clinician skilled in the applica-
tion of physical agent modalities. One of the greatest limita-
tions in integrating laser therapy into clinical practice is the 
failure of many research studies to report parameters such as 
wavelength, delivery mode (pulsed vs. continuous), power 
density, exposure time, frequency, and total duration of the 
treatment.67,68 Adding to the confusion is the scarcity of pub-
lished studies comparing the effects of lasers and LEDs. They 
both appear to promote soft tissue healing; however, the 
therapeutic devices and research parameters should be clearly 
understood by the clinician using them and documented 
accordingly.

Equipment Selection
The primary characteristics that distinguish laser devices 
include a power range of 10−3 to 10−1 W and a wavelength 
between 300 and 10,600 nm.69 A variety of media have been 
used to create lasers. These include gases such as helium and 
neon (632.8 nm), ruby (694 nm), and argon (488 nm). Newer 
laser technology employs semiconductor LDs, such as gallium 
arsenide (904 nm) and gallium aluminum arsenide (830 nm). 
We stated earlier that wavelength is the primary determinant of 
depth of penetration.14,15 Helium-neon lasers have been shown 
to affect more superfi cial tissues, while gallium arsenide, which 
is longer in wavelength, appears to have an effect up to 5 cm of 

depth (Exhibit 25.2). Whether a device is using continuous or 
pulsed mode also affects the average power output.69

Every device should have a description of the types of light 
sources incorporated in the unit, wavelength, power output, 
pulse rate, intensity, and total irradiation time. Energy density 
is reported in joules per square centimeter.25 Note that all laser 
devices should bear an FDA warning label for class II or III 
devices. If the device is truly a laser in its construction, it will 
carry a warning label.

Any claim that a device produces temperature increases 
indicate that the device is not a low-power laser of the type that 
is currently approved for use by physical therapists in the reha-
bilitation setting. Low-power lasers do not produce a notice-
able temperature increase in tissues.

Laser devices are classifi ed according to their power and their 
biologic effects (Fig. 25.8). Physical therapists and other wound 
care clinicians trained in physical agent theory and practice use 
class 3B lasers.25

Preparation of Wound and Periwound
Prior to application of the laser, the wound and surrounding 
tissue should be cleansed thoroughly to remove loose slough 
and excess drainage. Presence of exudates diminishes laser 
penetration.

Treatment Times
The more powerful the laser (intensity), the less time is needed 
to treat the area. For example, a 1-mW laser would take 1,000 
seconds to deliver 1 J of energy. A 10-mW laser would take 100 
seconds to deliver the same energy. A 50-mW laser would take 

CLINICAL WISDOM

A clear, transparent fi lm should be placed over the wound to 
avoid contamination of the laser device.

Class I              < 0.5 mW         
Class 2             < 1 mW            
Class 3A           < 5 mW
Class 3B           < 5 00 mW Photobiomodulation

No photothermal effect
No harm to skin or clothing
Potential damage to the eyes
Used by wound care
   clinicians/rehab

Class 4              > 500 mW Photothermal effects
Harmful to skin, eyes, and
   clothing
Use with extreme caution
   (medical use)

No hazards
Safe for momentary viewing

FIGURE 25.8 Power and biologic Effect of Laser Devices.

EXHIBIT 25.2 Characteristics of Common Low-Level Lasers.

Laser Type Helium Neon Gallium Arsenide Gallium Aluminum Arsenide

Lasing medium Gas Semiconductor Semiconductor

Wavelength 632.8 nm 904 nm 830 nm

Electromagnetic spectrum Red portion of visible light Infrared Infrared

Depth of absorption 2–5 mm 1–2 cm 3–5 cm
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CLINICAL WISDOM

Studies have shown that larger doses or extended treatment 
times can be detrimental to healing.71 Therefore, more is not 
necessarily better. Laser should be administered to the treat-
ment area no more than once per day.

20 seconds.70 Most devices offer a preset time of exposure in 
seconds to create a programmed activation cycle. Overall dos-
age is based on the output of the laser in mW, the time of expo-
sure in seconds, and the beam surface area of the laser in square 
centimeters. Depending on the device, some manufacturers 
recommend a rotation of the laser at several intervals to ensure 
thorough treatment of the target area.

Treatment Distance
A common technique involves placing the head of the laser in 
direct contact with the transparent fi lm covering the wound 
surface. The device is kept stationary for the prescribed treat-
ment time. Sweeping motions are avoided to allow for maximal 
absorption of photons of light energy. Additionally, some clini-
cians advocate treatment with laser to the wound periphery.

Step-by-Step Guide to Laser Application
 1. Cleanse the laser probe with 70% rubbing alcohol and a 

damp cloth or per manufacturer guidelines.
 2. Position the patient comfortably, while permitting ade-

quate exposure of the wound.
 3. Remove all dressings.
 4. Cleanse the wound with normal saline.
 5. Remove excess wound fl uid and loose debris.
 6. Cover the wound with a clear semipermeable fi lm that 

extends at least 1/2 inch beyond the wound margins. If the 
wound has signifi cant depth, press plastic wrap into the 
cavity to cover all open areas.

 7. Protect the clinician’s and patient’s eyes from laser radia-
tion using laser protection goggles (Fig. 25.9).

FIGURE 25.9 Protective eyewear.

FIGURE 25.10 Low-level laser treatment of wound in medial malleolar 
region.

 8. Place laser device in direct contact with the thin fi lm 
 dressing applied over the wound bed. Maintain direct 
 contact throughout the treatment (Fig. 25.10).

 9. Irradiate the area beneath the probe per manufacturer 
guidelines. If the wound is larger than the head of the 
device, move to the next untreated area and repeat the 
treatment until the entire wound surface is treated.

 10. Remove the transparent fi lm. Cleanse the wound with 
saline.

 11. Redress with an appropriate wound dressing.
 12. Cleanse the head of the laser with 70% rubbing alcohol and 

a damp cloth or per manufacturer guidelines.

Indications and Contraindications
Laser has not yet been approved by the FDA for use with 
wounds. Based on the available research related to wound heal-
ing, however, laser may be indicated for the following types of 
wounds69,70,72:

 1. Acute or chronic wounds
 2. Slow or nonhealing wounds
 3. Infected or colonized wounds

CLINICAL WISDOM

Avoid direct exposure to the eyes due to possible retinal 
burns.

Self Care
Administration of low-level laser therapy should be per-
formed by a skilled individual licensed in the application 
of physical agent modalities. To prevent overexposure or 
inappropriate exposure to other areas, laser should not be 
administered by the individual receiving treatment or by 
the caregiver. The clinician should monitor the necessity 
of this intervention on a regular basis to ensure optimal 
outcomes.
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Wavelength, mode of treatment (pulsed vs. continuous), and 
energy density (dose) should also be documented, as well as 
frequency of application and total treatment sessions. Patient 
position during treatment and wound preparation will be help-
ful for subsequent treating clinicians. Documentation of treat-
ment outcomes may include but is not limited to changes in 
wound size, pain, and bioburden.

CONCLUSION

Research evidence supports the use of UVC in managing wound 
bioburden. UVC provides an effective alternative to standard 
antibiotic therapies especially in the case of antibiotic-resistant 
wound pathogens. Evolving evidence also supports a role for UV 
energy, laser, and LED therapies in facilitating wound healing.

No adverse reactions have been reported in the literature. 
Contraindications and precautions for laser therapy include the 
following:

 1. Do not use over cancerous growths.
 2. Avoid direct exposure to the eyes, which could result in 

burn injury to the retina. Private treatment areas are rec-
ommended to avoid accidental eye exposure from refl ected 
laser light.

 3. As a general precaution, do not use during the fi rst 
 trimester of pregnancy.

 4. Do not treat over the thyroid gland.

Documentation
Document location of the treatment, treatment  parameters 
 utilized, and response of the patient to the treatment. 

Promotion of Wound Closure with Helium-Neon Laser 
Treatment
Individual: S.P. Age: 67 Start of Care Date: 12/05

Medical History
S.P. was a 67-year-old ambulatory male who lives with his wife 
on a small family farm. He has a diabetic, neuropathic wound 
(Wagner Grade 2) on the distal plantar surface of his left great 
toe. His medical diagnoses included diabetes, HTN, and mild 
CHF. He has a past history of diabetic neuropathic ulcers over 
the left fi rst metatarsal head.

Reason for Referral
The patient was referred to physical therapy because of 
impaired gait and balance with the presence of a nonhealing 
diabetic neuropathic ulcer.

Functional Diagnosis and Targeted Outcomes
Wound Examination
The wound was covered with a thick callus except for a 1.0-cm 
opening that revealed a dry, pink granulation bed. No exposed 
bone or signifi cant odor was detected. Upon saucerization of 
the callus, a dry pink granulation bed with minimal necrosis 
and exudate was revealed.

Functional Diagnosis
Impaired integumentary integrity secondary to full-thick-
ness skin involvement and scar formation (from Guide to PT 
Practice, pattern 7D), chronic infl ammation phase; Targeted 
outcome: Wound stimulation for progression through stages 
of wound healing and resolution of chronic infl ammation.

Need for Skilled Services: The Therapy Problem
The client had a Wagner stage 2 diabetic neuropathic ulcer 
that had failed to heal with traditional moist wound therapy 
and off-loading. The wound required debridement, cleans-
ing, appropriate moist wound therapy, and laser treatment to 
stimulate the healing process. Off-loading continued with a 
diabetic walking boot.

Treatment Plan and Outcome
Helium-neon laser therapy was applied three times/week for 
3 weeks until wound closure. Wound debridement was per-
formed as needed along with wound cleansing prior to laser 
treatment. A transparent fi lm dressing was placed over the 
wound and the wound was treated with the laser using a strok-
ing method to produce a cross-hatch effect. A total treatment 
dose of 30 J/cm2 was used at each treatment session. The wound 
closed with minimal scarring at the end of the third week.

CASE STUDY     

REVIEW QUESTIONS

 1.  Which band of UV is used primarily to control wound 
 bioburden?
 A.  UVA
 B.  UVB
 C.  UVC
 D.  UVD

 2.  Which of the following is an indication for UVC  treatment?
 A.  Slow-healing wounds
 B.  Necrotic wounds
 C.  Infected chronic wounds
 D.  All
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REVIEW QUESTIONS (continued)

 3.  Which of the following factors affect transmission of radi-
ant energy?
 A.  Optical properties of tissues
 B.  Angle of light application
 C.  Wavelength of light energy
 D.  All

 4. Which statement is correct?
 A.  The effect of a wavelength on a tissue is determined by 

the amount of energy the tissue absorbs.
 B.  Different wavelengths produce the same effects on tissue.

 C.  The intensity of the energy wave is directly related to 
the distance from the radiant source.

 D.  Energy absorption is least when energy waves strike at 
right angles.

 5. Which is a precaution and not a contraindication to UV 
radiation?
 A. Diabetes
 B. Generalized fever
 C. Acute eczema
 D. Herpes simplex
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CHAPTER OBJECTIVES

CHAPTER

This chapter provides an introduction to the therapeutic and 
diagnostic use of ultrasound (US) in wound care. It provides 
you with the information you need about the physical prop-
erties and physiologic effects of ultrasound (US) that apply to 
wound healing. High-frequency and low-frequency applications 
are presented. In wound care, US can be used therapeutically 
to accelerate wound healing, debride tissue and diagnostically 
to assess the extent of soft tissue injuries and to monitor their 
repair in a quantitative manner. Each of these aspects will be 
presented and discussed.

Clinical studies in which US had been used for the healing 
of animals and humans are included. For therapeutic US, the 
therapist is provided with suffi cient information to select the 
most appropriate method of US treatment for tissue repair in 
injuries of different etiologies and in different locations, as well 
as to clean and debride wounds. This chapter also describes 
recent advances in the use of high-resolution diagnostic US, 
which can be used to monitor the extent of soft tissue injury 
and its repair in a quantitative, objective manner.

As with other wound care intervention evidence of effi cacy, 
there are no well-designed controlled clinical trials that have 
been conducted on the use of US in wound care. Thus, it is dif-
fi cult to make defi nitive judgments about effi cacy. However, 

several small, randomized trials have demonstrated the effec-
tiveness of therapeutic US in the treatment of chronic leg ulcers, 
and the 2009 National Pressure Ulcer and European Pressure 
Ulcer Prevention and Treatment Guidelines said “consider 
low-frequency US (LFUS) as an adjunctive for debridement of 
necrotic soft tissue (not eschar) therapy (level of evidence C). 
Consider use of high-frequency US (HFUS) as an adjunct for 
the treatment of infected pressure ulcers (level of evidence C).”1 
A Cochrane Review reported in 2010 found that there is some 
weak evidence from what they called “poor-quality research” 
that ultrasound may increase the healing of venous leg ulcers.2 
However, the literature supporting US therapeutic effi cacy 
for the treatment of pressure ulcers and human tissue repair 
in general is insuffi cient and inconclusive enough to not make 
a recommendation.3 Further investigation with well-designed 
clinical trials is needed.

For now, the attention of the research community has 
shifted to the use of LFUS for wound debridement and bac-
teriacidal effects. HFUS for diagnostic purposes, specifi cally to 
determine the effi cacy of wound-healing interventions and to 
diagnose the depth of tissue impairment, is another US applica-
tion. These new applications of US show great promise, as we 
discuss later in this chapter.

At the completion of this chapter, the reader will be able to:

1. Discuss the terminology and properties of therapeutic and diagnostic ultrasound (US), explain-
ing the signifi cance of each.

2. Describe the equipment used to generate US, comparing and contrasting the essential fea-
tures of the three classes of devices available.

3. Analyze the current evidence of the physical and physiologic effects of therapeutic US as they 
relate to wound healing.

4. Identify the therapeutic benefi ts of US in wound care.
5. Evaluate whether US treatment is appropriate based on the patient, the wound, and the evi-

dence.
6. Explain recent advances in the use of high-resolution ultrasound (HRUS) to monitor the extent 

of soft tissue injury and repair.
7. Select the most appropriate therapeutic US device for the intended intervention and the most 

appropriate transmission medium to achieve the desired outcome.
8. Apply US treatment interventions, if appropriately trained to do so.

Carrie Sussman and Mary Dyson

Therapeutic and Diagnostic Ultrasound26
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US Terminology26.1TABLE

Term Defi nition

Acoustic impedance The acoustic impedance of a medium is the product of its density (p) and the velocity of US 
through it (c). The greater the difference in acoustic impedance (z) between the two materials 
forming the interface, the greater the amount of energy is refl ected

AM AM is defi ned as the movement of fl uids along the acoustic boundaries (e.g., cell membranes) as 
a result of the mechanical pressure wave associated with the US beam.

Acoustic pressure Beam of energy that advances as a pressure (acoustic) wave of energy.

Absorption US beam is absorbed by tissues of different density depending on the frequency of the acoustic 
pressure wave

Attenuation Loss of intensity and force of the acoustic pressure wave due to absorption

Beam A stream of sound waves

Cavitation Acoustic Cavitation involves the production and vibration of micron-sized gaseous bubbles within 
the coupling medium and fl uids within the tissues by an US beam

Compression wave The sound wave progression consists of compression and rarefaction of molecules of air

Continuous US Continuous stream of sound energy, thermal and nonthermal effects; 100% duty cycle

Cycle One cycle consists of one compression and one rarefaction

Duty cycle Period sound beam is on and off per unit of time

Echogenic Refl ection of a sound wave. For example microbubbles have a high degree of echogenicity. When 
gas bubbles are caught in an ultrasonic frequency fi eld, they compress, oscillate, and refl ect a 
characteristic echo- this generates the strong and unique sonogram in contrast-enhanced US.

ERA The area of transducer from which the radiating sound wave emanate. Always smaller than the 
size of the sound head

Far fi eld (Fraunhofer zone) The area at a given distance from the transducer head the sound wave diverges and where there 
is the most uniform distribution of the sound wave

Frequency The number of compressions and rarefactions (or cycles) that occur per second (Hertz, Hz) based 
on the setting for the piezoelectric crystal to vibrate.

Half Value thickness Depth of tissue at which the intensity of the US wave is ½ its initial intensity

High Frequency A million or more cycles per second

Hyperechogenic Higly refl ective like refl ection from the keratin layer of the epidermis or the interface between the 
epidermis and dermis are

Hypoechogenic Fluid-containing spaces within the dermis and subcutaneous fat are hypoechogenic meaning that 
these spaces are hyporefl ective and show up as black holes on the scans

Intensity Power per unit area of the sound head expressed in Watts/centimeter squared (W/cm2) 

Intensity (Low) The range is < 0.3 W/cm2

Intensity (Medium) The range is 0.3–1.2 W/cm2

Intensity (High) The range is >1.2–3.0 W/cm2

Near Field (Fresnel zone) Field generally within 10–30 cm of the sound head surface)

Period The time it takes for one cycle to occur.

Piezoelectric crystal Conversion of electrical energy into sound energy by use of a transducer, and visa versa

Phonophoresis/Sonophoresis Transdermal drug delivery by driving the medication into the tissues with the US wave.

Pulsed US The beam of US energy can be delivered in an interrupted stream by an on and off method called pulsing

Rarefaction To make rare or thin as decreasing the density of air in a sound wave

Refl ection Refl ection occurs at the interface between materials that differ in their acoustic properties, spe-
cifi cally in their acoustic impedance. Each refl ection is termed an echo.

Stable Cavitation Stable cavitation occurs when the bubbles in the fi eld do not change much in size. The effect of 
stable cavitation can result in changes in diffusion of substances along across cell membranes

(continued)
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PROPERTIES AND TERMINOLOGY OF ULTRASOUND

Ultrasound is a type of sound generated when a mechani-
cal vibration is transmitted at a frequency beyond the upper 
limit of human hearing.4 Human hearing is from 16 to 
20,000 cycles per second. Thus, US is sound that has a fre-
quency greater than 20,000 cycles per second.5 It causes the 
molecules of the media that can transmit it (e.g., biologic 
tissues) to oscillate or vibrate. Unlike electromagnetic waves 
of the electromagnetic spectrum (see Introduction to Part 
IV), such as visible light or electrical current, sound waves 
cannot travel through a vacuum. Sound requires a conduc-
tive medium to propagate the wave. Conductive media are 
discussed in the chapter’s treatment section. When US is 
applied to the tissues, it is called sonication. The act is called 
sonation.

Like electrical stimulation (ES) and other biophysical agents, 
US has its own terminology and principles. Since they are 
important for the understanding of this technology, this chap-
ter begins by introducing them. Table 26.1 provides a list of 
terms and defi nitions.

Instrumentation
Ultrasonic energy is produced when an electronic generator 
transforms AC line power to the US signal. The equipment 
used to produce therapeutic levels of US typically consists of 
a microcomputer-controlled high-frequency generator linked 
by a coaxial cable to an applicator (probe) or treatment head 
as shown in Figure 26.1. The treatment head contains a disc of 
a piezoelectric material, such as lead zirconate titanate, which 
acts as a transducer to change one form of energy into another. 
When an alternating voltage is applied across such a disc, the 
crystal expands and contracts at the same frequency as the 
oscillation, transducing and amplifying the electrical energy 
into a mechanical vibration/oscillation delivered through 
the applicator/handpiece, which is also called the transducer. 
The mechanical vibration frequency that causes the crystal to 
expand and contract is chosen either by the operator or by the 
manufacturer, creating a sound wave or beam of energy that 
advances as a pressure (acoustic) wave of energy. Transducers 
for kilohertz (kHz) devices are very narrow but transducers 
used with megahertz (MHz) are of varying widths, and the 
following information needs to be interpreted with those dif-
ferences in mind. The terms kHz and MHz and acoustic pres-
sure will be explained soon.

The region next to the applicator is termed the near 
field, or Fresnel zone (generally within 10 to 30 cm of the 

sound head surface), and the energy distribution within it is 
extremely variable, meaning that the energy may vary from 
little or no intensity to very high peak intensities. Beyond 
this, the beam starts to diverge and the energy distribu-
tion within it becomes more regular. This region is termed 
the far field, or Fraunhofer zone (Fig. 26.2). The distance 
(d) from the transducer to the beginning of the far field is 
related to the radius (a) of the transducer and the wave-
length (D) of the US: d = a2/D. Unless the body part to be 
treated is immersed in a water bath in which the transducer 
and target tissue can be separated by a distance sufficient for 
the target tissues to be in the far field, US therapy usually 
involves treatment of tissue in the nonuniform near field. 
The beam nonuniformity ratio (BNR) is a measure of this 
nonuniformity and is the ratio of the spatial peak intensity 
(I[SP]) to the spatial average intensity (I[SA]). These terms 
are defined in Table 26.1. For MHz transducers, BNR is 
listed on the equipment or in the equipment manual. Low 
BNRs have a more homogeneous beam pattern that give 
more predictable results and are safer than those with higher 
BNRs6 (Fig. 26.2). Since the pressure wave intensity varies, 
across the surface of the applicator, as well as with the dis-
tance from it, the pressure changes experienced by the tis-
sues being treated depend in part on their position relative 
to the size and shape of the transducer, on how it is mounted 
in the applicator, and on how it is delivered.

Term Defi nition

Transducer A device that converts one form of energy to another. Also a term for the sound head or 
applicator head.

US Inaudible sound in the frequency above human hearing >20,000 cycles/s

Wavelength The distance between beginning and end of a wave cycle

Mitragotri S, Kost J. Low-frequency sonophoresis: a review. Adv Drug Deliv Rev. 2004;56(5):589–601.

FIGURE 26.1 Therasound shows a typical US instrument panel. Note 
all the parameters which are described in this chapter section. (Used 
with permission from Richmar.)

US Terminology (continued )26.1TABLE
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be produced as a byproduct. Frequencies are expressed in Hz, 
where 1 Hz = one cycle per second. The time taken to complete 
a cycle is termed a period (T). Devices with higher and lower 
frequencies are not inferior or superior in any general sense, 
but are simply appropriate for different treatment purposes. 
Many of the clinically relevant bioacoustic properties of US are 
related to its frequency (f) (Fig. 26.5). In the next section, we 
will consider high frequency (HFUS), MHz, followed by dis-
cussion of low frequency (LFUS), kHz.

High Frequency
HFUS is measured in Megahertz, or MHz, where 1 MHz = 
1,000,000 cycles per second. It is also known as short-wave 
US. HFUS, typically between 0.5 and 3 MHz (i.e., between 
0.5 and 3 million cycles per second), has been used for more 
than 40 years to stimulate healing, and for transdermal drug 
delivery. The higher the frequency, the shorter the wavelength 
and the shorter the wavelength, the greater the absorption. As 
mentioned, absorption, which is a major cause of attenuation 
(loss of intensity), is frequency dependent as are depth of pen-
etration and quantity of energy delivered to a target tissue. At 
higher frequencies, more of the energy is absorbed by superfi -
cial structures than can penetrate into deeper structures. For 
example, the wavelength of a US beam at 3 MHz is shorter than 
at 1 MHz, and therefore absorption occurs more readily at the 
skin, reducing the half-value thickness by 3. In this example, 
the half-value thickness that the beam will penetrate would be 
5/3 = 1.7 cm. Thus, US devices offering 3 MHz are widely used 
for wound healing when superfi cial. The higher the frequency, 
the more attenuation as the sound wave beam travels through 
tissue. For example, if 1 W per cm2 of 1 MHz US (watt [W] 

We list the properties to consider when selecting MHz US 
equipment in more detail later in this chapter. Similar sound 
systems are used for MHz and kilohertz (kHz) US, but the fre-
quency of kHz vibration is much lower and the wavelength 
therefore longer.

Wavelength
The transducer produces a sound wave of specifi c wavelength. 
The wavelength is the shortest distance, measured parallel to the 
direction of wave propagation, between molecules that are at 
equivalent points of vibration in the repeated cycle of move-
ment, which constitutes a wave (Fig. 26.3). The wavelength 
is related to the frequency (f) and velocity (c) of the wave by 
the equation: (= c/f). For example, the velocity of US in water, 
blood, interstitial fl uid, and soft tissues is approximately 
1,500 m/s.

An important principle in diagnostic US is that the shorter 
the wavelength, the greater the degree of resolution. Short 
wavelengths allow collagen fi ber bundles and other compo-
nents of intact and damaged soft connective tissues to be distin-
guished acoustically. Figure 26.4A,B shows use of diagnostic US 
to examine a wound as it is healing.

Frequency
The number of expansion and contraction cycles of the crystal 
per unit of time is usually expressed in terms of cycles per sec-
ond or the frequency. This is the number of times per second 
that a molecule displaced by the US wave completes a cycle of 
movement (oscillation or vibration) and returns to its origi-
nal position. The greater the number of oscillations or vibra-
tions per unit of time, the more likely heating of tissues will 

FIGURE 26.2 Hour glass shaped US beam. Near fi eld 
(zone) and far fi eld (zone). The diameter of the beam 
is determined by both the frequency and the diameter 
of the element itself, also referred to as the aperture. 
The beam takes on a shape in the appearance of an 
hourglass. (Reprinted from Bushberg J. The  Essential 
Physics of Medical Imaging. 2nd ed. Philadelphia, 
PA: Lippincott Williams & Wilkins; 2002:231, with 
 permission.)

Period

Compression

Rarefaction

Time

FIGURE 26.3 Diagram of Period. Period is defi ned as 
the time it takes for one cycle to occur. One cycle con-
sists of one compression and one rarefaction.
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a unit of energy) is applied to the skin, at a depth of 5 cm, only 
0.25 W per cm2 of energy would be available. At lower frequen-
cies, superfi cial tissue absorption is reduced and US energy 
penetrates more deeply. Thus, for decades, 1 MHz US was used 
for deep penetration into tissues such as injured muscle or bone 
or for treatment of deep wounds like stage IV pressure ulcers. 
Megahertz US is often used as direct contact application but 
may be noncontact when applied through water.

Diagnostic US uses the range of 20 to 50 MHz to image tis-
sue. Current applications to wound healing include imaging 
tissue to identify its structures, and locating, diagnosing, and 
monitoring areas of tissue congestion and healing.

Low Frequency
LFUS is measured in kilohertz, typically between 20 and 
50 kHz, and is also known as long-wave US. Kilohertz US, 
which has a long wave length, has less attenuation and absorp-
tion, and greater penetration of tissue. Attenuation and absorp-
tion are important elements that will be discussed in detail 
soon. Long-wave US, also called kHz, can penetrate skin, fat, 
and edematous tissues to reach a deeply located injury in, for 
example, a stage IV pressure ulcer that penetrates into muscle. 
Serena et al conducted experiments to assess noncontact 40 
kHz LFUS penetration with the transducer head 0.5 to 1.5 cm 
from the wound bed. Experiments were conducted on full-
thickness skin samples of Yorkshire pigs that were “wounded” 
by removal of superfi cial skin. The dye material used for this 
experiment, mixed with the saline solution in the canister used 
by the noncontact device, penetrated into the intact porcine 
skin 2.0 to 2.5 mm. In “wounded” samples, penetration was 
3 to 3.5 mm. The penetration extended into the reticular der-
mis but not the underlying subcutaneous fat.7 With kHz US, 
even bone and metal can be penetrated, with suffi cient energy 
remaining to have an effect on deeper injured tissues. Devices 
exploiting kHz US are now used for wound care for bacteriac-
idal effects, debridement, and transdermal drug delivery. More 
about kHz US and applications will be presented in following 
chapter sections.

LFUS is used for both contact and noncontact delivery 
methods, which produce different outcomes.8 Contact at low 
frequency appears to enhance fi brinolysis without visible 
destruction of adjacent granulation tissue and is transmitted at 
lower intensity. For example, LFUS at 25 kHz delivered at 0.25 
to 0.75 W per cm2 tends to produce stable bubbles associated 

FIGURE 26.4 A. HRUS Scan of Punch Biopsy Wound day 3. (Copy-
right© P. Wilson, Longport, Inc.). B. HFUS Scan of Punch Biopsy 
Wound, day 14. (Copyright© P. Wilson, Longport, Inc.)

Frequency is the number of cycles per second

Compression

Rarefaction

Time

FIGURE 26.5 Diagram of Frequency. Frequency is 
defi ned as the number of cycles per second. (Used 
from Feigenbaum H. Feigenbaum’s  Echocardiography. 
6th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2004, with permission.)
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circumstances, therapeutic effects are due primarily to non-
thermal (not athermal) mechanisms. No addition of energy 
can be athermal.

• Because many wounds occur in ischemic tissues, care must 
be used when applying thermal US in the presence of arterial 
occlusive disease. In these areas, there is reduced ability to dis-
sipate heat, and burns can result. US is contraindicated in the 
presence of arterial occlusion. However, nonthermal, pulsed 
US at low-intensity application has no reported adverse 
effects over areas of impaired circulation.

Continuous and Pulsed US Waves
The beam of US energy can be delivered in a continuous 
stream or it can be interrupted and delivered by an on and 
off method called pulsing. Continuous US is used where 
thermal effects are indicated. Pulsing the US wave changes 
the average intensity and reduces the thermal effects because 
the acoustic energy is only applied for a portion of the treat-
ment time. A benefit of pulsing the beam during delivery is 
that it allows for heat dissipation to occur and thus thermal 
effects are minimized. If there is ischemia or occlusion, heat 
dissipation is reduced and this is a precaution when using 
US. For wound healing, the pulsed mode is employed for 
HFUS.

The period that the sound beam is on is called the duty cycle. 
For continuous US, the duty cycle is 100%. Pulsed beam duty 
cycle can be on for a percentage of time and off for the rest of 
the time (Fig. 26.6). A typical duty cycle is 20%. This signifi es 
that the beam is streaming for 20% of the treatment time and 
off for 80% of the treatment time. Pulsing the US wave changes 
the average intensity and reduces the thermal effects because 
the acoustic energy is only applied for a portion of the treat-
ment time.

Intensity
Intensity (I) is the amount of energy (in W) per unit area per 
unit time (W/cm2/× minutes) delivered by the transducer 
to the target. Treatment application parameters are based on 
intensity reported in W per cm2. Therapeutic applications gen-
erally operate in an intensity range from 0.1 to 2.0 W per cm2, 
with the safe upper limit having been established by the World 
Health Organization at 3.0 W per cm2. Intensities over 3.0 W 
per cm2 are used in surgical applications as ultrasonic scalpels 
and in tissue emulsifi cation applications.

with stable cavitation. Therefore, these devices are designed to 
be used for debridement of necrotic tissue and slough.8

When a noncontact application method is used and the 
transmission medium is a mist, the particles of the fl uid are 
atomized or nebulized. The particles are projected with a high 
pressure wave that propels them through the air. When the 
pressure wave impacts tissue, cells there receive vibration that 
perturbates cell membranes and provides the mechanical stim-
ulation that initiates intracellular signaling networks to pro-
duce chemical mediators as just discussed.9 However, no clear 
evidence was located on a systematic review of the literature 
that the noncontact mist delivery method removes necrotic 
debris or necrotic tissue.8 However, a retrospective review of 
48 patients with 50 ulcers reported that the amount of healthy 
tissue in wound beds was 31% to 75% before noncontact LFUS 
mist delivered therapy and was 72% to 94% (p = .02) follow-
ing.10 A comparative randomized controlled trial would help to 
clarify this matter.

Frequency and Heat
Whenever US is absorbed, heat is produced. Kilohertz as well as 
MHz devices produce heat when used in the continuous mode. 
A medium intensity range of 1.0 to 2.0 W per cm2 applied con-
tinuously for 5 to 10 minutes will elevate tissue temperatures to 
between 40°C and 45°C.6 This is acceptable only in adequately 
vascularized tissues. Temperatures above this cause thermal 
necrosis and must be avoided. Thermal effects occur with both 1 
and 3 MHz US when continuous wave US is applied, but at dif-
ferent tissue depths. As just discussed, at a frequency of 3 MHz, 
energy absorption occurs mainly in superfi cial tissues (1–2 cm 
beneath the surface). At a frequency of 1 MHz, less energy is 
absorbed by the superfi cial tissues, provided that there is ade-
quate power output from the transducer. This frequency also 
penetrates into deeper tissues, with effective energy levels being 
available up to 5 cm below the surface. In contrast, therapeutic 
kHz US can be used in continuous mode without signifi cant 
tissue heating and penetrates all the way through the body. 
Thermal effects are reduced by pulsing the wave, because this 
reduces the average intensity. Also, fl uid is used in conjunction 
with the kHz US delivery not only for conduction but also to 
dissipate the heat produced during the application. For exam-
ple, penetration of the acoustic wave was at least 1 mm below 
the surface on agar plate and the surface temperature of agar-
plated sample decreased by 1.9°C with 60 mL solution applica-
tion of MIST™.11 While heating of tissue is mitigated, the tip of 
the applicator can become hot and should not directly touch 
the wound or be touched by the provider.

• If US increases the tissue temperature less than 1°C, this 
is not considered to be physiologically relevant; in such 

RESEARCH WISDOM

Analysis of an air sample following use of the noncontact 
US MIST Therapy System ™ (Celleration Corp, Eden Prairie, 
MN) showed no detectable production of aerosolized 
Pseudomonas aeruginosa. Protective clothing is therefore not 
required during treatment application.

pulse duration + dead time + interval pulse

FIGURE 26.6 Duty Cycle. Comparison between pulse duration, duty 
cycle, and pulse repetition period. US energy is usually emitted from 
the transducer in a series of pulses, each one representing a collection 
of cycles. Each pulse has a duration and is separated from the next 
pulse by the interpulse interval (dead time).
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690 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

The movement of a device’s piezoelectric crystal up and 
down is called its amplitude or intensity12 (Fig. 26.7). Intensity 
is altered in different ways for different purposes including 
by choice of applicator, amplitude, power, treatment applica-
tion methods, and intended use. The amplitude is adjusted 
by choosing the amount of power per unit area on the device 
instrument panel. By choosing a device with a low BNR, the 
amplitude will be more evenly delivered.5

The intensity can be averaged in space over the face of the 
applicator (termed spatial average [SA]) or in time (termed 
temporal average [TA]). Spatial average temporal peak (SATP) 
intensity is the SA peak intensity of the US during the time 
that the pulse is on. The type of intensity should be specifi ed as 
either I(SATA), if continuous, or both I(SATA) and I(SAPA), if 
pulsed. This parameter is displayed on the instrument panel of 
US units. The SATP is often reported in research papers as is the 
spatial average, temporal average (SATA) intensity. Information 
provided about the SATA is useful in comparing US dosages 
reported in studies (Fig. 26.8).

Table 26.1 summarizes MHz US intensity terminology and 
gives examples.5

The following list is presented for additional guidance.

• Applicators used for MHz transmission typically have an 
effective radiating area (ERA) of a few square centimeters. 
Kilohertz devices have a much smaller ERA. The ERA is 
always less than the size of the transducer surface, so the size 
of the transducer is not a true indicator of the actual radiating 
surface. Recognizing the limitations of the ERA is signifi cant 
because time and application must be adjusted to allow for 
this. For instance, one reason for moving the US transducer 
head in overlapping circles or bands is to make sure that the 
entire area of treatment receives adequate dosage of energy 
(see Fig. 26.9A,B).

• There is a direct relationship between amplitude and inten-
sity, so that at low control settings there will be low amplitudes 

A

B

FIGURE 26.7 Diagram indicating that 
amplitude and frequency are independent 
of each other. A. Two waves of identical 
frequency and different amplitudes.

FIGURE 26.8 Intensities (Temporal and Spatial). A. Pressure ampli-
tude variations are measured with a hydrophone and include peak 
compression and rarefaction variations with time. B. Temporal 
intensity variations of pulsed US vary widely, from temporal peak 
and TA values; pulse average intensity represents the average inten-
sity measured over the pulse duration. C. Spatial intensity varia-
tions of pulsed US are described by the spatial peak value and the 
SA value, measured over the US. (Reprinted from Feigenbaum H. 
Feigenbaum’s Echocardiography. 6th ed. Philadelphia, PA: Lippin-
cott Williams & Wilkins; 2004, with permission.)
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Acoustic Cavitation
Acoustic cavitation involves the production and vibration of 
micron-sized gaseous bubbles within the coupling medium and 
fl uids within the tissues. Sound travels in waves that transmit 
energy by alternate compression and rarefaction of the trans-
mission material, in this case gaseous bubbles. Thus, the US 
beam affects small gaseous bubbles that move within the tissue 
fl uids. As the bubbles collect and condense, they are compressed 
before moving on to the next area. The action of compression 
in one area causes a reduction of bubbles in the adjacent areas 
behind and in front of the wave. These are called the areas of 
rarefaction. This sequential movement of the bubbles along a 
path is the acoustic pressure wave. It is the movement and com-
pression of the bubbles that can cause changes in the cellular 
activities of the tissues subjected to US. In cells treated in sus-
pension, the suppression of cavitation also suppresses the stim-
ulation of cellular activity. Stable cavitation occurs when the 
bubbles in the fi eld do not change much in size. The effect of 
stable cavitation can result in changes in diffusion of substances 
along across cell membranes, thereby altering cell function and, 
therefore, this property is benefi cial because of its ability to ini-
tiate cellular changes within the tissues. Unstable or transient 
cavitation refers to the collapse of these bubbles. Transient bub-
bles implode, causing local mechanical damage and free radi-
cal formation. This is potentially very hazardous. It occurs at 
high intensities, particularly when the sound head is not moved 
during treatment and standing waves, waves that do not move, 
develop. Unstable cavitation and standing wave formation are 
potentially damaging, but are easily avoided by using low inten-
sities and keeping the applicator moving during treatment.

Acoustic Microstreaming
AM is defi ned as the movement of fl uids along the acoustic 
boundaries (e.g., bubbles or cell membranes) as a result of 
the mechanical pressure wave associated with the US beam.6 
The ultrasonic stimulus is perceived by the cells and trans-
duced by them; an amplifi ed response then occurs of a type 
that varies according to the cell type involved. Cells close to 

FIGURE 26.9 A,B. Application of MHz US through a hydroscan.

and low-intensity sonication. To achieve the desired intensity 
for a particular therapeutic application, the output control 
setting is critical.

• Variable power, the amount of energy per unit of time 
expressed in Watts (W) has a variable relationship with 
amplitude and intensity. At a low control setting, the device 
will have a low wattage reading if it is sonicating water, but 
if it is sonicating viscose tissue then at the same setting there 
will be a higher wattage reading because of the resistance of 
the tissues to the fl ow of the sound beam. The amplitude 
and intensity will be the same, but the power needed to drive 
the crystal to produce the same intensity and amplitude is 
greater.

Acoustic Pressure: Cavitation and Microstreaming
Acoustic cavitation is also known as the acoustic pressure wave. 
It has been suggested that stable acoustic cavitation and acoustic 
microstreaming (AM) are responsible for the cellular stimula-
tory effects of low-intensity US. These two physical properties 
of US, acoustic cavitation and AM, occur at a low SA intensity. 
These mechanisms act as a stimulus that reversibly modifi es 
plasma membrane permeability and modulates cellular activity. 
In this section, you will learn about how they are achieved and 
their functions (Fig. 26.10).

CLINICAL WISDOM

Clarifi cation about Use of the Term Acoustic Pressure
Because the process of acoustic streaming creates a pres-
sure wave, some studies in the literature refer to LFUS as 
“Acoustic Pressure Therapy.” This came about when, for a 
period of time, “Acoustic Pressure” was a company attempt 
to use this as the generic term for noncontact LFUS MIST 
Therapy System™, (Celleration, Inc. Eden Prairie, MN). 
Studies reported under that title were supported by edu-
cational grants from this company that undeniably suggest 
a potential for bias when a manufacturer of a technology 
funds studies of that technology.10,13–18 In another attempt at 
a generic term, the company has decided to change the term 
for the therapy to noncontact low-frequency ultrasound. 
Therefore, be aware of these caveats when you search for evi-
dence about LFUS therapy for wounds and burns.
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less than that of muscle, which is less than that of fat, which is 
less than that of edematous soft connective tissue.5 The intensity 
available at any depth within the tissue is inversely proportional 
to the depth of penetration (i.e., the greater the depth, the less 
will be the remaining available intensity).

The acoustic impedance of a medium is the product of its 
density (p) and the velocity of US through it (c). The greater 
the difference in acoustic impedance (z) between the two mate-
rials forming the interface, the greater the amount of energy 
refl ected. Refl ection occurs at the interface between tissues. 
With MHz US, only a 0.2% refl ection occurs at the interface 
between soft tissue and water, more than 50% between soft 
tissue and bone, and virtually complete refl ection (99.9%) 
between soft tissue and air. Therefore, a transmission medium 
such as a gel or water is needed to conduct the sound energy 
into the body. Refl ection reduces the amount of energy 
reaching the target tissues; if this falls below the stimulatory 
threshold (∼0.1 W per cm2 I [SATA]), US will be ineffective. 
Refl ection concepts are discussed further under the section on 
high- resolution diagnostic US.

stable bubbles are subject to bubble-associated microstream-
ing, which increases their plasma membrane permeability to 
calcium ions, temporarily acting as a stimulus to cell activity 
(e.g., cell migration, proliferation, synthesis of intracellular and 
extracellular materials) and the synthesis and release of growth 
factors by macrophages.8,9 There is also increased endothelial 
nitric oxide (NO) synthesis and production of NO synthase, an 
enzymatic precursor of NO.8 NO reduces vasoconstriction and 
allows increased blood fl ow to the tissues. More on blood fl ow 
effects is coming soon. More information about NO is found 
in Chapter 2.

Absorption and Attenuation
When US is transmitted through tissue, its intensity gradually 
decreases the deeper it travels as a result of absorption, scat-
tering, and refl ection. Absorption is a major cause of attenua-
tion (loss of intensity). The amount of absorption varies with 
the composition of the tissues, as well as with the wavelength. 
During absorption, the mechanical energy of US is converted 
into heat. Tissues with the highest collagen content have high-
est absorption and are most likely to be heated.5 Bone is more 
absorptive than highly proteinaceous tissues (e.g., dermis and 
muscle), protein is more absorptive than fat (e.g., adipose tis-
sue), and fat is more absorptive than water-rich materials (e.g., 
plasma, edematous tissues). Attenuation refers to a reduction 
in the force of an US wave as the energy is absorbed into, scat-
tered, or refl ected by the tissues. Absorption, a primary cause 
of attenuation, is frequency dependent. Frequency discussion 
follows soon.

The thickness of tissue necessary for the intensity to be 
reduced by one half is termed the half-value thickness. The half-
value thickness is the depth of tissue at which the intensity of the 
US is half its initial intensity. For instance, half-value of bone is 

FIGURE 26.10 US Compression, Rarefaction, and Cavitation diagram. Like any sound wave US is transmitted via waves 
which alternately compress and stretch the molecular structure of the medium through which they pass. During each 
“stretching” phase (rarefaction), provided that the negative pressure is strong enough to overcome intermolecular bind-
ing forces, a fl uid medium can be torn apart producing tiny cavities (microbubbles). (T.J. Mason, Educ. Chem., 2009, 
46(5). Reproduced by permission of The Royal Society of Chemistry.)

CLINICAL WISDOM

Move the Transducer Head
When there is refl ection back into the soft tissues from bone, 
there is concentration of thermal energy at that interface. 
Thus, refl ection at the interface between soft tissue and bone 
is a hazard that must be avoided by moving the transducer 
head continuously so as not to overheat one specifi c area.
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strength. Endothelial cells, responsible for vascularization of 
the granulation tissue, are also affected by US at this stage to 
produce vascular endothelial growth factor and  angiogenesis.24 
Under histologic examination, more angiogenesis is seen 
in granulation tissue that has been sonated at 0.75 MHz and 
0.1 W per cm2 than in untreated tissue.19–21 There is a dose 
response outcome of treating human fi broblasts with 2:8 duty 
cycle of 1 MHz US at more than 1 W per cm2. With the dose 
and intensities held constant, cells were treated for 30, 60, or 90 
seconds. There was a control group (CG) of cells that received 
no sonation. Results showed that live cell counts diminished 
after a 30-second treatment and longer treatments of 60 and 90 
seconds killed most of the fi broblasts after sonication.25 Perhaps 
this report of fi broblast killing accounts for the insignifi cant 
effects on healing that are reported in clinical trials, reviewed 
here in a later section, where MHz US is used. In contrast, 
Emsen found that there was enhanced collagen formation and 
angiogenesis, functions of fi broblasts, after 5 minutes per day of 
LFUS at 0.1 W per cm2 SATA.26

During the late phase of proliferation, the wound contracts. 
During this process, the wound is pulled together by the cen-
tripetal movement of the surrounding tissue. This results in 
less scar tissue formation. Fibroblasts transform into special-
ized contractile cells called myofi broblasts, which at this phase 
resemble smooth muscle cells. In some experiments, smooth 
muscle cells are reported to contract when treated with thera-
peutic levels of US. It has been postulated that myofi broblasts 
may be similarly affected. US, applied during the infl amma-
tory and early proliferative phases, may accelerate wound con-
traction both by causing those cells to develop earlier and by 
increasing their effi ciency. At this time, however, the mecha-
nisms by which this occurs are not fully understood. Dyson 
states that no reports have been found of excessive pathologic 
contraction (contracture) following treatment with therapeutic 
US.19,21 Intervention with low-intensity, nonthermal US within 
72 hours following injury can therefore be used to promote 
wound contraction, which results in a reduction in size of the 
resulting scar.22

PHYSIOLOGIC EFFECTS OF ULTRASOUND

Throughout this text, we have discussed the biological cascade 
of healing and how it is infl uenced by different endogenous 
and exogenous factors. This section begins by examining the 
effects of exogenously applied US on the four phases of wound 
healing. From the basic science research we learn that all phases 
of healing—infl ammatory, proliferative, epithelialization, and 
remodeling—are impacted by this energy. Each phase is now 
examined for effects.

Infl ammatory Phase
As you will recall, in normal wounding, the acute infl amma-
tory state occurs following an initial clotting response that initi-
ates a vascular response involving vasodilatation and invasion 
of the area by a large number of white blood cells that release 
the growth factors necessary to initiate repair. (See Chapter 2 
regarding the physiology of wound healing.) These white blood 
cells include macrophages, polymorphonuclear leukocytes, and 
mast cells. The mast cells degranulate, releasing histamine hyal-
uronic acid and other proteoglycans that bind with the watery 
wound fl uid to create a gel. Coagulated wound gel will later be 
replaced by a dense, binding scar. The infl ammatory phase is a 
critical period of repair. US delivered during this time stimu-
lates the release of growth factors from platelets, macrophages, 
and enhances degranulation of mast cells which, in turn, are 
chemotactic to the fi broblasts and endothelial cells that later 
form collagen-containing vascular granulation tissue. Early 
intervention with US accelerates the infl ammatory phase, lead-
ing to more rapid entry into the proliferative phase of repair. It 
is not antiinfl ammatory and therefore should begin as soon as 
possible, during the acute infl ammatory phase.19–21 The infl u-
ence of US on endothelial cells will be discussed soon under 
effects on circulation. Hart demonstrated that treatment with 
low-intensity nonthermal US in the early infl ammatory phase 
infl uenced a positive outcome of scar collagen density and 
organization.22 Later treatment is less effective.

Sussman_CSussman_C
Proliferative Phase

Epithelialization Phase
In the early hours after injury, epithelial cells begin migration 
and reproduction to restore the skin integrity and to protect 
the body from infection or admission of foreign substances. US 
stimulates the release of growth factors necessary for the regen-
eration of epithelial cells. US, therefore, appears to stimulate 
epithelialization and hasten it, by application to the periwound 
areas

Remodeling/Maturation Phase
Remodeling/maturation phase is affected by low-intensity US 
only if treatment is commenced in the infl ammatory phase. If 
so, the effects are more rapid entry into the remodeling phase, 
increased wound tensile strength, increased capacity to absorb 
energy without mechanical damage, increased elasticity, and 
deposition of collagen fi bers in a pattern closer to that of intact 
tissue. Several researchers have reported that application of 
thermal US during the remodeling phase mechanically affects 
collagen extensibility and organization as well as enzyme activ-
ity. Frieder et al.27 reported improved collagen organization and 
Jackson et al.28 reported improved tensile strength in the tendon 

In the proliferative phase, US stimulates fi broblast migration 
and proliferation19 reports that fi broblasts exposed to therapeu-
tic levels of US in vivo were stimulated to synthesize more of 
the type of collagen that gives soft connective tissue its tensile 

CLINICAL WISDOM

Use US to Restart the Infl ammatory Phase
● Use US as soon as possible after injury to accelerate the 

infl ammatory phase, leading to more rapid entry into the 
proliferative phase of repair.

● Use US to restart the infl ammatory phase in chronic 
wounds. A single thermal treatment with US has been 
shown to induce the infl ammatory phase in chronic dia-
betic foot ulcer and pressure wounds within 2 to 3 days. 
The protocol used involved 1 MHz, 0.5 W per cm2 (SATP), 
20% duty cycle, applied daily for 5 minutes to periwound area.23
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694 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

common adverse event following fl ap surgery that results in 
poor survival rate of acute skin fl aps. Ischemia may be caused 
by vasospasm or I/R. In an animal study, there were three 
groups of rats where26 Group I received pulsed US at.75 to 
3.0 MHz at intensity 0.1 W per cm2 SATA, 20% duty cycle; 
Group II received the same parameters except increased inten-
sity of 0.18 W per cm2; and Group III controls did not receive 
US. At the end of the study, there was statistically signifi cant 
improved fl ap survival for the US-treated groups (p groups 
II and III = .001). Recommendation was to treat the fl aps 
5 minutes per day for 15 postoperative days to prevent ischemic 
changes in fl aps. No adverse effects were reported. Clinical tri-
als of patients are needed to confi rm these results.

Thrombolysis (Fibrinolysis) and Deep 
Tissue Injury
Thrombosis, fi brin-rich clot, affects different aspects of the cir-
culatory system including vessels of the brain (ischemic stroke) 
and veins (deep vein thrombosis [CVT]). Research has been 
concentrated on using low- and high-frequency US for throm-
bolysis of ischemic stroke alone and in conjunction with clot 
busting drugs and on treatment of DVT.32–34 One mechanism of 
action is the mechanical forces resulting from collapsing micro-
bubbles associated with stable cavitation which appear to be 
suffi cient to break the fi brin bonds in thrombi, inducing frag-
mentation—hence the use of the term fi brinolysis. At higher 
frequencies, more power is needed to produce cavitation and 
more power can damage tissue. The intensity of the collapsing 
force is diminished at greater than 1 MHz, and not produced 
at greater than 2.5 MHz.34,35 Pulsed mid-kHz exposure is more 
effective for thrombolysis than continuous exposure. It mini-
mizes the probability of heating and improves absorption and 
the penetration of the sound wave into the tissues.36,37

There is a correlation of thrombus ablation with US and 
the elasticity of the arterial wall. A clot’s low level of elastic-
ity contributes to the fragmentation effect of the US, but the 
high elasticity of arterial walls resists damaging effects if HFUS 

repairs of US-treated animals. Emsen26 reported that skin fl aps 
treated with LFUS 5 to 10 minutes per day at 0.05 W per cm2 
SATA for 14 days had improved tensile strength compared to 
controls who were not sonicated.

Effects on Circulation
In this section, we will consider the effects of US on circulation 
from several aspects including

• Blood fl ow
• Shear stress
• Endothelial cell dysfunction
• Ischemic reperfusion damage (I/R)
• Thrombolysis/fi brinolysis

Blood Flow
Transcutaneous partial pressure of oxygen (tcPO

2
) can be 

measured before and after treatment as a method of moni-
toring changes in blood fl ow (see Chapter 6). Byl and Hopf29 
found that, following pulsed low-intensity (0.5 W/cm2) 1 MHz 
US, little increase in tissue temperature or oxygen transport 
occurred unless the individual was both well hydrated (three 
to four glasses of water), and receiving supplemental oxygen 
by nasal cannula. Well-hydrated subjects receiving supplemen-
tal oxygen had an increase in subcutaneous oxygen four times 
greater than that measured when breathing room air. Thermal 
application with HFUS, [(1.0 W/cm2)(1 MHz)], produced 
vasodilatation and raised tissue oxygen levels and temperature 
signifi cantly. Care must be taken to avoid excessive thermal 
effects whereby circulation is diminished and heat cannot be 
dissipated rapidly.29

In the body, blood fl ow provides constant vascular shear 
stress to vascular endothelial cells as it moves through the ves-
sels. Shear stress depends on blood fl ow and also on blood and 
plasma viscosity, and membrane fl uidity.30 Vascular shear stress 
controls vascular tone, vessel wall remodeling, binding of cir-
culating blood cells due to enhanced endothelial cell activation, 
production of NO and of autocrine, and paracrine vasoactive 
factors.30 In some individuals, like diabetics, there are dysfunc-
tional endothelial cell and US appears to have signifi cant treat-
ment potential for regulating this function that would benefi t 
patients.

Ischemia reperfusion
(I/R) damage is characterized by low shear stress due to vaso-
constriction of the microcirculatory vessels and excessive for-
mation of reactive oxygen species (ROS). Reperfusion after 
ischemia in effect damages the endothelial cells by exposing 
them to abnormal shear stress and excessive formation of ROS 
biochemical events occurs in vascular endothelial cells30 (see 
Chapter 2 for information about I/R).

Following low-intensity pulsed US (LIPUS), there is 
increased diameter of arterioles and terminal arterioles and 
increased capillary perfusion during post ischemic reperfusion. 
The LIPUS enhances the tolerance to post ischemic reperfusion 
including enhanced thrombolysis of clots due to the microbub-
bles of cavitation generated in the pressure wave that normalize 
the vascular shear stress.30 Thrombolysis and US discussion is 
forthcoming.

Full-thickness skin fl ap survival is also dependent on ade-
quate vasodilation and blood fl ow. Ischemic necrosis is a 

CLINICAL WISDOM

Increasing Circulation with HFUS
Ischemic tissues surrounding a chronic wound that have not 
responded to other types of wound treatments may benefi t 
from periwound HFUS. If the wound bed is clean, expect 
increased serosanguineous exudate from the wound base to 
appear in 3 to 5 days. If the wound has necrotic tissue, expect 
to see lysis of the necrotic tissue, increased periwound ery-
thema, and raised temperature due to the increased circu-
lation associated with a change to the acute infl ammatory 
phase. If this does not occur, repeat the single higher inten-
sity treatment and follow with lower intensity treatments. 
Parameters of treatment are 1.0 to 1.4 W per cm2 (SATP), 
1 or 3 MHz, and continuous 5- to 10-minute duration, 
depending on the size of the area. Reduce intensity to 0.5 W 
per cm2 (SATP), pulsed 20%, applied three to fi ve times per 
week after one treatment.31
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CASE STUDY     

Venous Ulcer Treated with US

Patient: E.F. Age: 82 years

Functional Outcome Report: Initial Assessment

Reason for Referral
The patient was referred to physical therapy for evaluation 
of ulceration of her left leg. The patient had a long history of 
Alzheimer disease and was noncompliant with all attempts 
to keep the wound dressed. Nurses in the nursing home 

A

8/22 – EF

B

9/16 – EF

C

FIGURE 26.11 A. Wound is in acute infl ammatory phase and shows subcutaneous hemorrhage (ecchymosis) associated 
with venous disease. (Copyright © C. Sussman.) B. Same wound as in (A), 4 days after two treatments with 1 MHz US. 
No other treatment provided including dressings and compression. Note absorption of the ecchymosis seen in earlier 
photo. There is partial-thickness skin loss. The wound is in acute infl ammatory phase. (Copyright © C. Sussman.) C. 
Same wound as in (A) and (B), 4 weeks after start of US. Note wound contraction compared with that in (B). There are 
soft, irregular wound edges and new epitheliazation. The wound is in epithelialization phase. (Copyright © C. Sussman.)

where she lived were concerned about infection and heal-
ing of the ulcer and wanted a physical therapist’s opinion.

Medical History
The patient had a cardiac pacemaker and venous insuffi -
ciency. As a consequence of neurologic system changes as-
sociated with Alzheimer disease, she was hyperactive and 
would not stay still for more than a couple of minutes at a 
time. Wound onset was 24 hours prior to referral.
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CASE STUDY (continued)    

Need for Skilled Services: The Therapy Problem
The patient has a history of recurrent ulceration above the 
left medial malleolus and impaired healing due to impair-
ment of the venous system and impaired mental status. 
US is indicated during the fi rst 72 hours after injury dur-
ing acute infl ammation. US would promote absorption of 
the hemorrhagic material and stimulate acceleration of the 
infl ammatory phase, leading to rapid wound contraction.

Treatment Plan

Periwound US will be applied at 1 MHz, at 0.5 W per cm2 
(SATP), 20% pulsed for 5 minutes fi ve times per week for 4 
weeks. The nurses will attempt to do a wound dressing with 
a transparent fi lm as tolerated.

Discharge Outcomes

Thrombolyis, absorption of hemorrhagic material within 3 
days. Thrombolysis continued until all blood was absorbed. 
There was a change in wound shape and a reduction in size 
after 2 weeks. There was an 85% reduction in wound size at 
4 weeks (see Fig. 26.11A–C for a pictorial review of the case).

Discussion

Behavioral information as well as medical history were 
important considerations in choosing the intervention. 
From all perspectives, US was the most practical choice 
for this patient because of the short duration of the non-
painful treatment (5 minutes), her short attention span, 
and intolerance of being handled. Electrotherapies were 
contraindicated due to her cardiac pacemaker. Because of 
her nonacceptance of any other treatment, it was also an 
opportunity to evaluate the effects of the HFUS. The ab-
sorption of the hemorrhagic material was unquestionable. 
The patient required constant engagement and diversion-
ary activities by a physical therapy aide to tolerate the US 
by the physical therapist for even 5 minutes. By the end of 
4 weeks, she refused to accept further treatment. Since the 
wound was closing, physical therapy was discontinued. On 
follow-up, it healed completely.

Functional Diagnosis and Targeted Outcomes
Wound Examination
The wound is located above the left medial malleus. The 
surrounding skin is very friable, with extensive subcutane-
ous extravasation of blood (hemorrhaging) and epidermal 
necrosis; petechiae surround the open area. There is mild 
edema, which is reactive to touching. The wound tissue is 
pink, with partial-thickness loss of the skin surface area 
(Fig. 26.11A).

Functional Diagnosis
Impairment of the integumentary system; targeted out-
come: wound closure; due date: 4 weeks.

Functional Diagnosis
Impairment of the venous system (venous insuffi ciency); 
targeted outcome: absorption of hematoma; due date: 2 
weeks.

Functional Diagnosis
Acute infl ammatory phase; suspected deep tissue injury, 
targeted outcome: thrombolysis of extravasated blood, tis-
sue salvage, rapid wound contraction; due date: 4 weeks.

Psychosocial Examination
The patient had advanced Alzheimer dementia, thus she 
removed dressings and would not tolerate any topical 
medications, compression stockings, or staying off her 
feet. She walked all day long and was very accomplished 
at removing passive restraints in a fl ash. This was her sec-
ond wound on her legs and nursing reported total non-
compliance during the last episode of wounding due to 
mental status.

Functional Diagnosis
Impairment of mental functions. The functional loss causes 
her to be unaccepting of treatment interventions and yet 
she has undue susceptibility to venous ulceration of the legs 
and inability to heal without integumentary intervention. 
The patient has improvement potential and will heal after 
intervention, but she will continue to be at risk for venous 
ulceration.

is used. This is a key factor in the safety of US thrombolysis.35 
Investigations of the effect of combining US with pharmaco-
logic thrombolytic agents (e.g., tissue plasminogen activator 
or streptokinase) for enhanced thrombolysis report that there 
appears to be a synergistic effect on thrombus disruption that is 
not seen when US is used alone.32–34,37,38 US has been described 
as increasing dispersal of the hemorrhagic material associated 
with bruising.39 In patients with wounds like pressure ulcers, 
often the initial insult is a deep tissue injury with extraversion of 
blood, followed by coagulation, hematoma, and later by necro-
sis.40 Initially, this looks like a hematoma or bruise or purple 
pressure ulcer (see Chapters 3 and 9). With the extensive use 
of anticoagulation and antiplatelet therapies, incidence rates of 

suspected deep tissue injury due to hematoma and thrombosis 
are likely to rise.

The onset of venous ulceration is often preceded by subcu-
taneous bleeding. Figure 26.11A–C shows a case example, at 
baseline 24 hours after onset of subcutaneous hemorrhage and 
the results of pulsed US, 1 MHz, at low-intensity treatment fi rst 
4 days post start of treatment and outcome over a 4-week course 
of care. Note the pronounced evidence of fi brinolysis follow-
ing US treatment of the hemorrhagic area. These were closed 
wounds, initially. By the time the skin sloughed off, the area 
of involvement was signifi cantly reduced, and the open ulcers 
went on to heal in a timely sequence, which is not common 
(see Case Study at end of chapter).
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INFECTION AND BACTERICIDAL EFFECTS

Bacterial infection is a common barrier to wound healing. 
Biophysical methods of bacterial reduction with interven-
tions like US appear to be useful in the treatment of resistant 
organisms and biofi lms. The bactericidal effects of US appear 
to occur on several levels: tissue level, cellular level, bacterial 
cell level, and chemical level. Effects at each of these levels are 
discussed in this section.

Tissue Level
On the tissue level, ultrasonic debridement has been shown to 
remove bacterial contamination.7,43–45 In a retrospective study 
of heterogeneous patients with clinical signs of infected wounds 
there was signifi cant improvement with treatment with LFUS 
(p = .01)13. In another retrospective study of a heterogeneous 
group of patients, fi ve infected wounds, 3/5 with methicillin-
resistant Staphylococcus aureus (MRSA), were treated with 
systemic antibiotics and LFUS and all were infection free by 
the end of the course of care.10 Healing is speeded by debrid-
ing the bioburden of necrotic tissue in leg ulcers with 25 kHz 
US.46 Perhaps the effects were due to the reduction of biobur-
den through destruction of the bacteria and debridement of 
necrotic tissue by the LFUS treatment that turned these non-
healing wounds into healers.

Another retrospective study looked at using a combina-
tion regimen of LFUS and high voltage pulsed current (see 
Chapter 23) that reported faster closure of chronic leg ulcers 
than either alone. In two other studies, patients with postsurgi-
cal infected wounds including MRSA went on to heal or have 
signifi cant reduction in wound volume after treatment with 
LFUS and negative pressure wound therapy.14,15

When two treatments are combined, teasing out the results 
of each is problematic. By looking at several studies here, there 
appears to be a trend developing that LFUS has a role in con-
trolling bioburden and bacterial infection at the tissue level. 
These studies are small and of poor quality. Randomized con-
trolled studies for single treatment interventions with LFUS as 
well as combining multiple interventions are needed.

Cellular Level
At the cellular level, US has been shown to modify plasma 
membrane permeability and transport properties.7,47 For exam-
ple, US enhances transport of systemic antibiotics like gentami-
cin through cell membranes.48

We have already discussed how US stimulates NO produc-
tion and increases endothelial cell NO synthase activity.49,50 NO 
kills pathogens when it reacts with peroxide oxygen ions, pre-
vents replication of DNA viruses within cells, and serves as an 
immune regulator.51

Bacterial Cell Membranes and Biofi lms
Killing effect is best when the frequency of the sound wave 
decreases and is reduced as the frequency increases.48 Serena 
et al. conducted experiments to assess bacterial reduc-
tion in vitro and in vivo in an animal model after treatment 
with LFUS (40 kHz) mist. Bacteria quantifi ed in the in vitro 
experiment were P. aeruginosa, S. aureus, MRSA, Escherichia 
coli, and Enterococcus faecalis, respectively.7 They were then 

Intervention with US appears to have been effi cacious in 
resolution of a rectus sheath hematoma.41 A patient receiv-
ing oral anticoagulant therapy developed a large hematoma 
of the rectus sheath, confi rmed with sonography and CT scan. 
The hematoma was stabilized with pharmacological treat-
ment. Since MHz US has the ability to increase blood fl ow (as 
described above), the physical therapy team believed that early 
intervention with US would pose a risk of new bleeding dur-
ing the acute phase of the hematoma. Therefore, US applica-
tion was delayed until the hematoma showed a predominantly 
hypoechoic image (see Table 26.1) on sonogram due to patho-
logic change in tissue density, and coagulation parameters were 
within the correct range. This status was achieved 9 days after 
onset. Pulsed 1 MHz US at 1.5 to 2 W per cm2 was subsequently 
applied around the hematoma 5 days a week for 4 weeks (20 
sessions). By the end of one week pain was negligible, and by 
the end of 2 weeks the hematoma was reduced 50% in size. 
By the end of 4 weeks it was barely palpable, and a follow-up 
sonogram 2 weeks later showed that the hematoma had been 
resolved.

In all of these examples, the physical therapists used clinical 
reasoning based on their unique training and knowledge about 
the effect of US to safely and effectively treat the hematoma 
problems presented. The hypothesis that exogenous applica-
tion of US to the adjacent skin can promote absorption and 
resolution of hematoma (deep tissue injury) or venous leakage 
needs further validation.

Figure 26.11A shows subcutaneous extravasation of blood 
secondary to venous insuffi ciency in the lower leg. Figure 
26.11B shows the same area of the leg after 4 days and two treat-
ments with MHz US.

Edema
Enhanced blood fl ow creates greater capillary pressure and 
fl uid shift into the interstitial tissues, and the result is edema. 
Acoustic streaming may affect vascular permeability and help 
to control periwound edema. Edema-free outcomes are highly 
desirable because they accelerate and decrease the duration of 
the infl ammatory process.4,6,12,36,42

CLINICAL WISDOM

HFUS for Skin Tears
Skin tears are a common problem for the elderly. They are 
often painful and surrounded with edema and ecchymo-
sis. Application of nonthermal US with a conductive gel or 
lotion over a hydrogel transmission sheet or a transparent 
fi lm dressing produces a reduction in pain and edema after 
one or two treatments, and dispersal and absorption of the 
ecchymosis within 6 to 10 sessions, depending on the size 
of the area involved. This method allows the dressing to 
remain in place between treatments, and will not disrupt the 
wound or cause skin damage. As healing progresses, expect 
the patient’s mobility to increase. The protocol used involves 
1 MHz, 0.5 W per cm2 (SATP), 20% duty cycle, applied daily 
for 5 minutes to the periwound area.
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with the US beam, and, at that time, the wounds were 
entering the proliferative phase of healing. Expectation 
was that this was the optimal time to stimulate the fi bro-
blasts to augment healing and improve the breaking 
strength of scars.

Results:
• The breaking strength of the sonicated wounds was  equivalent 

but not greater than that of those treated by direct heating of 
the tissues.

• At the higher intensities (0.1 and 0.15 W/cm2), healing was 
impaired, and dermal burns occurred.52

In other studies, described below, treatment began within 
24 hours of surgery; signs of healing were reported by the fourth 
postoperative day.

c. Histologic changes: In another study of burn-induced 
wounds in rats, there was a CG and two groups of ani-
mals who were treated with pulsed (SATP 0.25 W/cm2) 
and continuous (0.3 W/cm2) US.53

Results: no stimulating effects were demonstrated in either US 
TG or against controls when evaluated by change in wound 
size and histologic examination. The investigators questioned 
the clinical benefi t of treating burn wounds with US. There is 
no indication in the study report how soon after burn-induced 
wounding the US treatment commenced.

d. High frequency—High- and low-dose intensity: There 
is a lack of consensus on the dosimetry for treatment 
with US. The purpose of this study was to learn more 
about dosage and wound healing. One property of heal-
ing is tensile or breaking strength of the healed wound. 
Thus, the tensile strength of wounds treated with differ-
ent intensities, called high- and low-dose US, was tested 
by Byl et al.54

Method: Incisional wounds were made in the backs of min-
iature Yucatan pigs, and treatment was applied at different 
doses for different lengths of time. Forty-eight wounds were 
made, and the wounds were divided into three groups: 12 for 
control and 18 each for high-dose US and low-dose US. The 
groups were subdivided into two groups of 12 that received 
low dose or high dose for 5 days and two groups of six that 
received high dose or low dose for 10 days. All TGs received 
a frequency of 1 MHz for 5 minutes. The wounds were soni-
cated for approximately 1.25 minutes per cm of incisional 
length, beginning 24 hours after surgery. High-dose US was 
classifi ed as 1.5 W per cm2, continuous mode. Low-dose US 
was 0.5 W per cm2, pulsed mode, 20% duty cycle. The wounds 
were covered with a moisture- and vapor-permeable adhesive 
dressing (Tegaderm, 3M Medical-Surgical Division, St. Paul, 
MN) that was left in place for up to 1 week. The dressing was 
found to permit transmission of US energy and could be left 
in place, avoiding disruption of the wound between treatment 
sessions.
Results:
1. Two variables were evaluated, the breaking strength of the 

incision, and the deposition of hydroxyproline, which is a 
measure of collagen deposition. The study found that the 
tensile strength for all TGs was signifi cantly higher than that 

compared to sham treated samples. Treatment samples of 
dead  bacteria were 33%, 40%, and 27% for P. aeruginosa, E. 
Coli, and E. faecalis, respectively. Using this treatment proto-
col, noncontact US at 40 kHz using mist delivery for 5 minutes 
had little or no effect on MRSA (1% increase live bacteria) 
and S. aureus (0% change). There were structural changes in 
E. faecalis indicating cell wall punctures or destruction. In 
a second experiment, this group examined effects of LFUS 
40 kHz in pigs inoculated with P. aeruginosa, Fusobacterium, 
and Staphlococci into acute wounds. There was a comparison 
made with silver antimicrobial dressing and sham treatment. 
Each experimental wound was treated for 4 minutes per ses-
sion with the applicator tip held 1 cm above the wound base 
every other day for 7 days. Between treatments wounds were 
treated with moistened Telfa gauze. Evaluation was made with 
punch biopsies. Histologically, there was no difference noted 
between the noncontact LFUS and sham treatment groups 
(TGs). Differences in overall bacteria counts in silver dressing 
group and LFUS group were minimal and due to small sample 
size not statistically analysed.7

Animal Clinical Studies
Animal studies allow investigation of different aspects of treat-
ment effects. In this section, you will learn about some animal 
studies using US at different parameters exploiting its different 
properties to determine potential treatment benefi ts or adverse 
effects for patients with wounds. Properties that are discussed 
include the following.

Frequency
High Frequency—Low Intensity

a. Heating: High-frequency 5 MHz US was selected to 
determine whether there was a benefi cial effects from 
US when applied daily for short periods to postsurgical 
incisional wounds.52 Subjects were Fischer F344 male 
rats. The US frequency was chosen because less than 
20% of the power would penetrate deeper than 1 cm 
below the surface of the skin, so that most of the US 
energy would be absorbed in the vicinity of the wound. 
The chosen intensity for a 5-minute exposure was 0.05 
or 0.075 W per cm2. Several experiments were per-
formed at different thermal intensities (ranging from 
0.05 to 0.15 W/cm2). Sonication was continuous. The 
extent of heat production by sonication and the effect 
on healing were the study variables.

Results:
1. Measurements at all intensities following 5 minutes of con-

tinuous sonication showed an increase in subcutaneous tis-
sue temperatures that were progressively larger with higher 
intensities of sonication.52

2. At lower intensities (0.025 and 0.05 W/cm2), 10 minutes of 
sonication produced only a small additional elevation in 
subcutaneous tissue temperature, indicating that a plateau 
in temperature had been approached by 5 minutes.52

b. Effect on Proliferative Phase: In the same study as 
above, treatment of the surgically induced incisional 
wounds began on the fourth postoperative day, when 
clips could be removed. The clips would have interfered 
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study all patients reported no pain.13 Haan and Lucich also did 
a retrospective chart review and found that the signifi cance of 
the reduced pain levels was at p < .0001.10 The delivery of LFUS 
mist method is also reported as not painful and therefore is well 
tolerated.57

Infection is often a contributing cause of pain. In a retro-
spective chart review, Gehling and Samies inclusion criteria 
excluded infection-related pain from their study.58 Therefore, 
the 15 cases of nonhealing painful wounds examined had pain 
related to other causes (e.g., 10/15 were diabetics, 3/15 sickle 
cell). After 2 to 4 weeks of treatment with LFUS MIST, the 
mean pain scores decreased from 8.07 ± 1.91 to 1.67 ± 1.76 
(p < .0003). All reported decreased pain from start of care and 
all reported using less narcotics for pain.

Transdermal Drug Delivery
High- and low-frequency US have been used successfully for 
many decades for enhanced transdermal drug delivery.59 The 
current term used for this application of US is sonophoresis. 
The mechanism of action is enhanced diffusion through the 
structural layers of the stratum corneum. Pretreatment or 
co-treatment of skin with US of various frequencies almost 
completely eliminates the lag time typically associated with 
transdermal drug delivery, and is sustained after the US is 
turned off. Pretreatment of a short application of US enables 
permeation of the skin prior to the drug delivery, and the skin 
remains in this state of high permeability for several hours, 
so that drugs delivered by this method have sustained release. 
Current applications include sonophoresis of lidocaine, insulin, 
and macromolecular drugs.59

Wound Debridement
Surgeons have used ultrasonic dissection to surgically debride 
tissue for many years. Ultrasonic tools are now available for 
bedside and clinical debridement of contaminated soft tissue 
that may be used by nonphysicians. US is reported to be less 
traumatic to tissue than abrasive scrubbing, high-pressure jet 
irrigation, or sharp/surgical debridement.36,43,44,60 US improves 
the outcome of bone debridement by maintaining the integrity 
of the directly involved bone trabecula, reducing contamina-
tion, preventing bacterial colonization, and decreasing possible 
infection.43

Technological advances have led to the development of sev-
eral devices approved for wound debridement and cleansing by 
the Food and Drug Administration (FDA). These are the MIST 
Therapy System™ (Celleration, Eden Prairie, MN), Sonoca 
18™ (Soring Inc. North Richland Hills, TX), and Sonic One™ 
(Misonix Inc. Farmingdale, NY) Qoustic Wound Therapy 
System™ (Arobella, Minnetonka, MN). See Table 26.2 for fea-
tures of these different systems. These devices are pictured in 
Figures 26.12 to 26.15. All are LFUS, but the frequencies vary 
as do their delivery systems and their effects are not identi-
cal. MIST™ only functions as a noncontact system mist device 
and has been approved by the FDA for wound cleansing and 
debridement, and has an expanded indication for “promoting 
wound healing” since 2005.4 Like other US devices, electrical 
energy in the MIST system is transmitted to a piezoelectric 
transducer where it is changed into mechanical energy. The 
transducer operates at 40 kHz. The transducer horn vibrates 

of the controls, but there was no difference in  hydroxyproline 
deposition.

2. A signifi cant interaction was found between the number of 
days of treatment and the US dose. Hydroxyproline deposi-
tion was signifi cantly higher and the breaking strength was 
higher for the low-dose group, compared with the high-dose 
group, after 10 days of treatment.

3. The study fi ndings suggest that during the fi rst week, either 
low- or high-dose US will enhance wound breaking strength 
but, to facilitate collagen deposition and wound strength, 
low-dose US should be used if treatment has to continue for 
2 weeks or more.

4. A comparative study of the effect of US (0.1 W/cm2 pulsed) 
MHz and ES (300 mA direct current, 30 min/d) on inci-
sional wound healing in rats began within 2 hours of the 
surgical procedure.55

Results:

1. ES treatment allowed wounds to move to the proliferative 
phase earlier than in the US group, as indicated by the pres-
ence of more fi broblasts on the fourth day.

2. Although the density and arrangement of collagen was 
greater in the US group on the seventh day, the collagen was 
more regular in the ES group on the same day.

3. Breaking strength was higher in the US group than in the 
sham US group, but not as great as the ES group.

4. US affects the early phases of wound healing, but ES causes a 
benefi cial effect on all phases.

5. US is more useful for the acute, uninfected, well-perfused 
wound, but ES is more useful for treatment of chronic or 
infected wounds, or wounds likely to be infected.55 See 
Chapter 23 for more information about ES and wound 
healing.

REPORTED CLINICAL EFFECTS OF US

Reports in the literature attribute several clinical effects of US 
that pertain to the wound healing. In this section, we will review 
three of them including

1. Pain relief
2. Transdermal drug delivery
3. Wound debridement
4. Scar revision

Pain Relief
We know that pain prevention and/or relief is an essential part 
of wound healing. It has been theorized that the pain threshold 
can be raised with thermal application of therapeutic HFUS.22 
However, after careful systematic examination of the published 
reports, there is no conclusive evidence that pain is relieved by 
HFUS.56

There are reports in the literature that burns and wounds 
treated with LFUS have lower pain scores on visual analog scale 
(VAS). A retrospective chart review study of 14 burn patients 
found that pain resolved within 2 to 10 treatments of LFUS 40 
kHz.16 Another concurrent clinical study of six burn patients 
used the VAS to measure pain results. Patients reported no pain 
during the removal of fi brin, slough, and eschar and at end of 
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Kilohertz Ultrasound Device Comparison 26.2TABLE

Feature

Celleration MIST™ 

Therapy System 5.0 Arobella™ SÖRING/Sonoca™ 180 Misonix

Frequency 40 kHz 35 kHz 25 kHz 22.5 kHz

FDA 510k Clearance 
Indications

K032378/K050129
Indications for use: the 
MIST Therapy System 
produces a low energy 
US-generated mist 
used to promote wound 
healing through wound 
cleansing and mainte-
nance debridement by 
the removal of yellow 
slough, fi brin, tissue exu-
dates and bacteria.

Indications for use: 
uses ultrasonic energy 
combined with a 10 
mm surgical curette 
for selective dissection 
and fragmentation of 
tissue, wound debride-
ment with selective and 
excisional for acute and 
chronic wounds, burns, 
diseased and necrotic 
tissue using focused 
ultra sonic energy, and 
saline irrigation of the 
site for removal of debris, 
exudates, fragments, and 
other matter.

K012753
Indications for use: 
selective ultrasonic 
dissection and fragmen-
tation of tissue at the 
operation site during 
multi medical discipline 
surgery including: gen-
eral surgery, neuro, 
thoracic, urology, and 
gastrointestinal modali-
ties http://www.fda.gov/
cdrh/pdf/k012753.pdf

K050776
Indications for use: 
Fragmentation and aspi-
ration of both soft and 
hard tissue in the follow-
ing surgical specialties: 
neurosurgery, thoracic 
surgery, wound care, 
gastrointestinal surgery, 
urological surgery, gen-
eral surgery, orthopedic 
surgery, plastic and 
reconstructive surgery, 
gynecology http://www.
fda.gov/cdrh/pdf5/
k050776.pdf

Surgical Procedure No. Equivalent to 
stimulated autolytic 
debridement

NO. Equivalent to 
advanced sharp 
debridement

NO. Equivalent to 
advanced sharp 
debridement

NO. Equivalent to 
advanced sharp 
debridement

Selective Tissue emulsifi cation Tissue emulsifi cation Tissue emulsifi cation

Soft tissue sparing selec-
tively removes non via-
ble/necrotic tissue types 
with minimal damage to 
or removal of healthy/via-
ble tissue types. May be 
more effective and accu-
rate than sharp debride-
ment. Can be used in an 
excisional manner.

Soft tissue sparing selec-
tively removes non via-
ble/necrotic tissue types 
with minimal damage to 
or removal of healthy/
viable tissue types. May 
be more effective and 
accurate than sharp 
debridement.

Soft tissue sparing: selec-
tively removes non viable/
necrotic tissue types with 
minimal damage to or 
removal of healthy/viable 
tissue types. May be more 
effective and accurate 
than sharp debridement.

Clinician qualifi cation Physician, podiatrist, 
physical therapist, 
advanced practice nurse

Physician, podiatrist, 
physical therapist, 
advanced practice nurse, 
WOCN, WCC, CWS, PA, 
NP

Physician, podiatrist, 
physical therapist, 
advanced practice nurse

Physician, podiatrist, 
physical therapist, 
advanced practice nurse

Licensing requirements 
for sharp debridement 
equivalency

Licensing requirements 
for sharp debridement 
equivalency

Licensing requirements 
for sharp debridement 
equivalency

Licensing requirements 
for sharp debridement 
equivalency

Knowledge to appropri-
ately use US

Training beyond needed 
for sharp debridement 
recommended

Training beyond needed 
for sharp debridement 
recommended

Training beyond needed 
for sharp debridement 
recommended

Knowledge to appropri-
ately use US

Knowledge to appropri-
ately use US

Knowledge to appropri-
ately use US

Intensity Intensity (Therapeutic 
range) 0.1–0.5 W/cm2

Adjustable treatment 
range: from 0.1 to 
2.0 W/cm2

Adjustable treatment 
range: from 0.1 to 
2.0 W/cm2

Adjustable Treatment 
range: from 0.1 to 2.0 W/
cm2

(continued)
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Feature

Celleration MIST™ 

Therapy System 5.0 Arobella™ SÖRING/Sonoca™ 180 Misonix

Intensity(Maximum) 1.25 
W/cm2

Less than 3 W/cm2 
Amplitude adjustment 
from 5–100. Can be com-
bined with sharp skills.

Less than 3 W/cm2 Less than 3 W/cm2.

The intensity is preset not 
variable. The dose is cal-
culated by size of wound 
and the device selects 
the treatment time based 
on wound size.

Amplitude adjustment 
from 20% to 100%.

Amplitude adjustment 
provided

Intensities over 3.0 W/
cm2 are used in surgi-
cal applications as 
ultrasonic scalpels and 
in tissue emulsifi cation 
applications

Higher intensity may 
be needed for thicker 
tissues e.g., necrotic 
tissues.

Higher intensity may be 
needed for thicker tissues 
e.g., necrotic tissues.

Intensities over 3.0 W/
cm2 are used in surgi-
cal applications as 
ultrasonic scalpels and 
in tissue emulsifi cation 
applications

Intensities over 3 W/cm2 
are used in  surgical 
applications as 
 ultrasonic scalpels and 
in tissue emulsifi cation 
applications

Mode Continuous Continuous and pulsed Continuous Continuous and pulsed 
(50%–90% duty cycle 
choices)

Fluid dispensing Disposable single use 
product specifi c sterile 
saline bottle.

No required dispos-
able. Normal Saline and 
primary IV tubing set 
required.

Fluid dispensing Fluid dispensing: Single 
use disposable required

Preset and variable by 
practitioner

Increased amplitude 
allows the clinician to 
increase fl uid output

Suction equipment can 
be attached to control 
fl uid

Suction equipment can be 
attached to control fl uid

Fluid selection by physi-
cian order

Fluid selection by physi-
cian order

Fluide delivery mode Mist 1–3 drops of NSS per 
second. Decreased 
aroesolization.

Stream and mist Clinician can use exact 
amount of fl uid from a fi ne 
spray to a steady stream

Control mechanisms Control button on hand 
held applicator

Foot panel or front panel 
control fl exibility

Foot control pedal Foot control pedal

Duration of treatment 3–5 min; wound size 
dependent.

Varies. Small wounds 
usually 3–5 min. Larger 
wounds 5–7 min.

Varies, usually 2–5 min 
patient tolerance, tis-
sue quality, operator 
evaluation

Varies, patient tolerance, 
tissue quality, operator 
evaluation

Kilohertz Ultrasound Device Comparison (continued)26.2TABLE

(continued)
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Feature

Celleration MIST™ 

Therapy System 5.0 Arobella™ SÖRING/Sonoca™ 180 Misonix

Wound bed contact No. Treatment distance 
0.5–1.5 cm. Note: at 
greater distance more 
US energy will be 
attenuated.

NO Yes Yes

Noncontact single Use 
Applicator

Yes Yes No No

Selective Debridement Yes, better for slough, 
softened necrotic tissue

Yes, effi cient Yes, effi cient Yes, effi cient

Use also for maintenance 
debridement

Pain with treatment No Occasionally a topical 
lidocaine.

Sometimes. Recommend 
use of lidocaine if needed

Sometimes. Sensitivity 
can be modulated with 
pulsed mode,  
recommend use of 
lidocaine if needed

Observation of Results 2–3 treatments slow 
effect

Immediate Immediate Immediate

Potential for thermal 
tissue destruction with 
misuse

No thermal effects Yes, through frictional 
heat. Heat is dissipated in 
two ways: Use of a fl uid 
and pulsed mode

Yes, through frictional 
heat. Heat dissipation 
with fl uid

Yes, through frictional 
heat. Heat is dissipated in 
two ways: Use of a fl uid 
and pulsed mode

Need to autoclave probe 
between patients

No, single use disposable 
applicator non contact

Yes Yes Yes, Probe life:∼300–400 
uses

Aerosolization Potential No No if operate correctly. Yes Yes

Infection control 
Requirements

No Aerosolization Personal protection 
equipment recom-
mended: masks, gloves, 
and gown being used. No 
need to have a separate 
room or drape the room.

Personal protection 
equipment recom-
mended: masks, gloves, 
and gown being used

Personal protection 
equipment required: 
masks, gloves, and gown 
being used

Disposable single use 
applicator

Private Room, drapes, 
Wipe down of surfaces 
pre and post procedure 
of unit

Private Room, drapes, 
PPE, Wipe down horizon-
tal surfaces

Germicidal wipes pro-
vided for disinfecting the 
transducer handle, cable, 
generator, and cradle

Figure 26.12 Figure 26.15 Figure 26.13 Fig. 26.14

Source: C Sussman, Sussman Physical Therapy, Inc.© Prepared from materials provided and evaluated by the companies listed.

Kilohertz Ultrasound Device Comparison (continued)26.2TABLE
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FIGURE 26.12 Celleration MIST therapy system 5.0. (Celleration, 
Eden Prairie, MN.)

FIGURE 26.13 SÖRING/Sonoca 180 (Courtesy of Ferdinand Toro, 
National Sales Manager/Surgical Specialist, Soring Medical 
 Technology. Doral, FL)

FIGURE 26.14 Misonix (Misonix Inc., Farmingdale, NY).

longitudinally. The maximum transducer intensity delivered to 
the tissues through the applicator tip is 1.25 W per cm2. The 
therapeutic intensity range is 0.1 to 0.5 W per cm2. The sound 
waves are transferred to the tissue in a mist.

The other devices offer a choice of fl uid stream or mist appli-
cations (see Table 26.2). When in the contact mode, the instru-
ments are coupled with the wound fl uid if it is adequate, or 
with the addition of saline, and have tips that push the fl uid for-
ward. The various tips provided offer a distinct advantage when 
necrotic tissue is located in hard-to-reach places, such as tunnels 
and undermined areas. Clinically, the LFUS debriders have been 

used and tested in tertiary wound care centers for several years. 
Clinical studies and reviews are being presented and published 
that indicate favorable results of the treatment.8,10.13,36,44,46,61–63

Benefi ts reported include

1. Selective removal of necrotic debris along with preservation 
of granulation tissue

2. Bactericidal effects—reduced infection
3. Cleansing of deep tunneling and undermining is facilitated
4. Deep tissue penetration of ultrasonic vibration and energy
5. Excellent wound bed preparation for grafting or fl ap closure
6. Improved fl ap survival rate
7. Reduced use of narcotics to control pain
8. Minimal blood loss despite anticoagulation therapy
9. Rapid removal of fi brin

This advanced technology is not likely to become part of the 
wound care toolbox overnight, as it is very costly and requires 
high level of knowledge and skill to use correctly. Clinical 
research is needed to determine the best treatment intervals, 
which wounds are candidates for treatment, and which will be 
most responsive to this treatment, and then compare the results 
with other debridement methods.8,36,44

It is not a benign intervention, even though negative effects 
are not well documented. In their multicenter study, Ennis et 
al.4 reported on 12 adverse events that were possibly, probably, 
or defi nitely related to the use of the MIST Therapy System® 
device. These events included pain, erythema, blister, edema, 
ulcer enlargement, infection, additional ulcer development, 
and other unspecifi ed. See the Case Study at end of this  chapter 
about using LFUS for debridement of a leg ulcer.
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704 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

FIGURE 26.15 Arobella Qoustic Q Wound Therapy System (Aro-
bella, Minnetonka, MN).

Scar Revision
Ward et al.64 evaluated the therapeutic effects of US on the 
revision of scar contracture after burn injury, as well as the 
effect of standard burn physical therapy consisting of stretch-
ing. Elongation of collagen tissue following a combination 
of stretching and heat has been reported to be greater than 
stretching alone. Therefore, the study investigators wanted to 

determine whether topical US would help patients with burns 
to progress to healed scar tissue. Joint range of motion and 
pain were the study variables chosen. The joints to be treated 
were randomized, and the patients and therapists were blinded 
to the TG. All treatments were performed every other day over 
a 2-week period with continuous US, 1 MHz, at 1 W per cm2. 
Analysis of the data revealed no statistically signifi cant dif-
ferences in the two groups in either pain perception or joint 
range of motion. The lack of signifi cance may be due to the 
fact that US has been demonstrated to be most effective during 
the infl ammatory phase of healing, before scar formation is 
established, and to affect scar formation at that time by accel-
erating the healing response and the deposition and organiza-
tion of the collagen. It is unlikely that US will be useful for 
healed scars.

CLINICAL EFFECTS SECTION SUMMARY
Studies on the effi cacy of US suggest that it has the following 
important physiologic effects:

1. It affects all phases of wound recovery at the cellular level 
if applied during the infl ammatory phase and speeds 
infl ammation.

2. It accelerates the rate of progression through the phases of 
repair.

3. It affects different tissue types differently, according to the 
tissues’ ability to absorb energy.

4. It appears that lower energy and lower frequency is more 
effective than HFUS and high energy for tissue, cellular, and 
bacteriacidal effects

5. It promotes thrombolysis/fibrinolysis of hemorrhagic 
material such as found in extravasation of blood into 
subcutaneous tissue. It increases circulation and tcPO

2
 

and is most effective if the patient is well hydrated and 
oxygenated.

6. It is useful for the debridement of necrotic tissue and reduc-
tion of biofi lms.

7. It enables noninvasive, nontraumatic treatment of either 
deep or superfi cial tissue, depending on frequency.

Following is a summary of three mechanisms of action by 
which US interacts with biologic tissue.64

a. Acoustic or microstreaming provides mechanical vibra-
tion that alters the tissue at the cellular or tissue levels.

b. Acoustic cavitation is another property that has the abil-
ity to alter the cell membrane and noncellular structures. 
Cavitation occurs most easily and safely at lower fre-
quencies. Cavitation appears to be responsible for bacte-
riacidal effects.

c. Absorption of sonic energy produces increased tissue 
temperature, followed by increased blood fl ow with 
HFUS. Low frequency is nonthermal but increases blood 
fl ow by altering the microcirculation.

CLINICAL STUDIES OF WOUND HEALING

Clinical studies using US are reviewed next and are grouped 
as much as possible by wound etiology. Subsections include 
Pressure Ulcers, Venous Leg Ulcers, Diabetic Foot Ulcers, and 
Burns.
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Debridement of Chronic Venous Ulcer

Venous Ulcer History
A 45-year-old female patient with a chronic venous 
 insuffi ciency ulcer of the left lower leg of approximately 
6 months duration was treated for approximately 4 months 
with compression therapy, Unna Boots, and various other 
dressings as guided by the University of Virginia Chronic 
Wound Clinic, with little success. (See Fig. 26.16A,B for be-
fore and after treatment photos.)

Baseline Wound Assessment
Prior to LF ultrasonic therapy, there was a large wound (7.8 cm × 
6.6 cm = 51.48 cm2) containing 80% well-adhered yellow slough, 
15% pink moist tissue, and 5% dry black eschar in the center of 
the wound. The periwound skin was intact but was macerated at 
different points during therapy due to large amounts of exudate.

Plan of Wound Care

Skin Care
When her skin appeared macerated, skin protectant was 
used. This was effective for maintaining periwound skin 
throughout therapy.

Standard Wound Care
Unna Boot used for compression, and foam dressing over 
the wound to manage wound exudate between US sessions.

Biophysical Agent Care
A LFUS device (Sonoca 180) used once weekly for debridement.

Treatment Goals
Treatment goals were removal of necrotic debris and pro-
gression toward wound healing.

Outcomes

•  After two US treatments, the wound bed had improved, 
as indicated by reduction in yellow slough from 80% to 
about 20% without eschar, and was starting to granulate 
and contract.

•  After seven treatments, the wound showed 90% 
granulation tissue, and wound contraction without 
slough or eschar.

•  After 7 treatments, the wound size had decreased to 4.8 
cm × 3 5 cm = 16.8 cm2. This was a 53% reduction in size 
in 8 weeks, demonstrating a positive healing trajectory.

This patient required local application of lidocaine jelly for pain 
management during the fi rst three or four treatments. By the 
end of the treatments, she no longer required pain medication.

Results
The impression is that US debridement decreased the biobur-
den and restarted the healing process. Other patients treated 
at our clinic with the ultrasonic wound debridement therapy 
have not required any pain medications. The procedure used 
for this case study was supplied by Söring, Inc.

Acknowledgement
Thank you to Christine Newcomer, MSN, RN, WOCN, PhD 
candidate, University of Virginia, who supplied supporting 
information that is used in this section and kindly prepared 
the case study of her patient, who was treated with Sonoca 
180. Wound debridement technology at University of Virginia. 
Thanks also to Catherine Ratliff, PhD, APRM-BC, CWOCN, 
for arranging and mentoring this collaboration.

CASE STUDY     

A

B

FIGURE 26.16 A. Venous Ulcer before debridement with Söring 
 Sonoca 180. (Courtesy of Christine Newcomer, MSN, RN, 
WOCN, PhD Student University of Virginia, with permission.) 
B. Venous Ulcer after debridement with Söring Sonoca 180 (Courtesy 
of Christine Newcomer, MSN, RN, WOCN, PhD Student University 
of Virginia, with permission.)
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Pressure Ulcers
1. A classic study was published in 1960, Paul et al.65, report-

ing clinical observations of 23 patients with pressure ulcers, 
which suggested that ultrasonic therapy is effective in reduc-
ing tissue congestion, cleansing necrotic tissue, and promot-
ing healing and the return of skin function to a near normal 
state, and that a “scientifi cally controlled study would be 
richly rewarding.”65

2. In 1985, McDiarmid et al.66 25 years after the Paul study, 
undertook a double-blind randomized study to determine 
whether these nonthermal therapeutic effects could be used 
to treat/heal pressure ulcers.

Study groups: Patients with partial-thickness skin loss caused 
by pressure ulcers (stage II), but not extending beyond the der-
mis, were selected. Forty patients were entered into the study 
and randomized into a US treatment and a sham US TG.
Parameters of treatment: Parameters for the US treatment 
were 3 MHz, 0.8 W per cm2 (SATP), pulse duration 2 millisec-
onds, duty cycle 20%, SATA intensity, 0.16 W per cm2, effective 
radiating surface area 5.2 cm2. Treatment duration was a mini-
mum of 5 minutes for all pressure ulcers up to 3 cm2. One addi-
tional minute was added for each 0.5 cm2 area, for a maximum 
of 10 minutes. Frequency was three times per week.
Results: The sonated ulcers tended to heal more quickly, but 
the difference was not statistically signifi cant.

1. When comparing clean ulcers with infected ulcers, the mean 
healing time for the clean ulcers was 30 versus 40 days for 
the infected ulcers.

2. Although US had little effect on the healing of clean pressure 
ulcers, there appeared to be a statistically signifi cant effect of 
US on the healing of infected pressure ulcers, implying that 
the major factor infl uencing healing is whether the ulcer is 
clean or infected.

Discussion: McDiarmid et al.66 speculated that, if the clean 
wound was already healing at an optimal biologic rate, the 
addition of a therapy such as US would not make a signifi -
cant difference. On the other hand, slower healing infected 
ulcers may benefi t from the effect of US stimulation of the 
large number of macrophages—the pivotal cell of the infl am-
matory phase and repair—present in infected wounds, with 
a resulting release of “wound factors” from those cells and 
other repair cells.66 Based on recent information that is pre-
sented in the section about bacteriacidal effects of US, perhaps 
these wounds healed better because of the killing of bacteria 
by the perturbation and breakage of their cell walls from the 
US sonation.

3. Nussbaum et al.67 conducted a comparison study of nursing 
care alone, nursing care with laser, and nursing care with an 
alternating protocol of US and ultraviolet C (UVC) on 20 
spinal cord-injured patients with 22 pressure ulcers. Four of 
the initial subjects dropped out, leaving 16 subjects with 18 
wounds to be considered for the analysis.

Plan of care:
1. Nursing care consisted of moist dressings and continuous 

pressure relief.
2. The laser regimen was provided three times per week.

3. The US/UVC regimen consisted of US treatment fi ve times 
weekly, alternating the US and UVC daily, 5 days per week. 
If the ulcer had purulent drainage, the UVC was used three 
times per week; if not, US was used three times per week.

Methods: US protocol was frequency 3 MHz and intensity 
(SATA) of 0.2 W per cm2 (1:4 pulse ratio) for 5 minutes per 5 
cm2 of wound area delivered to the periwound area.

Results:
• US/UVC treatment had a greater effect on wound healing 

than did the other treatment regimens.
• The mean treatment time to wound closure was 4.1 weeks.
• The trend was for ulcers to heal faster in sites where wound 

contraction was the primary mode of closure (e.g., over the 
coccyx).

Discussion: The conclusion was that this regimen of US/UVC 
may decrease the healing time for spinal cord-injured patients 
with pressure ulcers.67 This was a small multimodal study that 
combined included several interventions, making it impossible 
to demonstrate the effi cacy of each individually. Questions 
remain concerning whether the combination was essential, and 
what the effects of each treatment were.

4. Ter Riet et al.68 studied pressure ulcer’s response to HFUS 
treatment. Eighty-eight subjects were randomized into two 
groups: 45 for the TG and 43 for the CG. The trials lasted 12 
weeks. Sixteen ulcers were stage IV, extending into muscle 
tissue, and 72 had less depth of tissue involvement.

Methods:
• Treatment was given directly to the wound surface (although 

how this was accomplished for the stage IV ulcers is not 
described) and to an extended radius 0.75 cm beyond the 
wound edge.

• The treatment parameters for US were frequency of 3.28 
MHz, pulse duration of 2 milliseconds, SATA 0.1 W per cm2, 
and BNR less than 4. The minimum treatment duration was 
3 minutes, 45 seconds. Wounds with treatment areas larger 
than 5 cm2 were treated longer. A wound with an area of 
10 cm2 was treated for 71/2 minutes.

• Local wound care included once or occasionally twice-daily 
cleansing or rinsing with sterile saline or chlorhexidine 
(0.1%) on gauze or in a syringe.

• Four wound characteristics (color of surrounding skin, 
necrotic tissue, granulation tissue, and deepest tissue involved) 
were each marked on a scale, with grading from 1 = bad to 10 
= excellent. Two outcome variables were end points: surface 
area reduction (in cm2) and wound closure (yes or no).

Results: After 12 weeks, 40% of the ulcers (18/45) in the US 
group and 44% of the ulcers (19/43) in the sham US group were 
closed. The results showed a tendency for the US to be more 
effective in small wounds than in larger wounds, which could 
not be explained.68

Discussion: This multicenter clinical trial, published in 1996, 
did not support the hypothesis that US speeded up heal-
ing. However, examination of the methodology reveals that, 
although the US parameters were suitably controlled and 
described, there was a large variation in ulcer size and depth, 
patient health, and wound cleansing methods. The surface area 
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produced 30 kHz US at intensity of 100 mW per cm2 was used 
for treatment given for 10 minutes to the area of the ulcer 
immersed in the water bath.
Results:
1. After 8 weeks of active and sham treatment, there was a sta-

tistically signifi cant decrease in ulcer area of 41% for the US 
group compared to that of 11% for the controls.

2. Adverse effects included minor transient pain during the 
treatment, mild to moderate but not pain-related erythema 
after treatment persisting from 10 minutes to 2 hours.

3. Wound debridement effects were not observed.

C. Peschen et al.71 treated 24 patients with chronic venous 
ulceration. All study and control patients were randomized 
and received either a conventional therapy of hydrocolloid 
dressings and compression or the conventional therapy plus 
US treatment.

Method: Application of 30 kHz US at an intensity (SATA) 
of 0.1 W per cm2 via a water bath for 10 minutes three times 
weekly for 12 weeks.
Results: 1. At the end of a 12-week period, the experimen-
tal group showed an average decrease in ulcer area of 55.4%, 
compared with only 16.5% in the CG—a highly signifi cant 
decrease (p =.007). The water bath method of delivering ther-
apeutic US has found acceptance in Europe, but not in the 
United States.71

D. Meta-analysis of studies on the use of US therapy in the 
treatment of chronic leg ulcers was published in 1998.72 
While this meta-analysis is now dated and fails to include 
newer research, it is presented to illustrate what was known 
up to this point. Of the 14 studies found during a litera-
ture review, 6 were selected for inclusion. Of the six stud-
ies selected for inclusion, fi ve used MHz US,69,73–75 whereas 
the sixth used kHz US.71 The frequency of US used was not 
evaluated as a treatment variable in the meta-analysis. The 
six studies are summarized in Table 26.3

Results:
1. The meta-analysis demonstrated that US therapy had a sig-

nifi cant effect in decreasing ulcer surface area when com-
pared with sham-irradiated controls.

2. It was suggested, on the basis of the meta-analysis, that US 
had its best effect when delivered in “low doses” around the 
edge of the ulcer, but it was noted that further studies would 
be required to confi rm this possible effect and to evaluate 
a possible dose–response relationship. The authors did not 
specify what they meant by a low dose.

3. A statistically signifi cant increase in the healing response, 
as demonstrated by a reduction in the surface area of the 
ulcers, was reported in four of the six studies.

4. The authors of this chapter reviewed the two studies used in 
the Johanson meta-anlysis that found no signifi cant effect 
with the following fi ndings.
a. The study of Lundeberg et al.,74 who used an unusual 

pulsing regimen (1:9), found no signifi cant difference. 
The use of longer gaps between the pulses than were 
used in the other studies would reduce the TA intensity 
to 0.05 W per cm2; it is possible that such a low temporal 
intensity is below the level required to stimulate wound 
healing in chronic venous ulcers.

of the pressure ulcers varied at the outset from less than 1 to 
more than 10 cm2. Ulcer severity ranged from grade II to IV. 
The study sample had 16 patients with grade IV ulcers. Partial-
thickness grade II ulcers heal faster than do full-thickness ulcers. 
To combine the two would bias the results. Furthermore, the 
patients were elderly (75–87 years); some were terminally ill 
and many incapacitated, those in the US-treated group being 
confi ned to bed from 14.4 to 24 hours per day, and those 
in the sham-irradiated CG from 14 to 20.5 hours per day. 
Chlorhexidine is a cytoxic agent to cells of repair, and using 
it for wound cleansing may have affected treatment results. 
Therefore, it is perhaps unreasonable to expect a signifi cant 
improvement in healing to occur following US therapy (or 
possibly any other type of biophysical therapy). Ideally, the 
variability of both treatment parameters and patient charac-
teristics in such studies should be minimized, and the physical 
condition of the patients should be such that healing is likely 
to occur. Only then can the effi cacy of procedures designed to 
speed up healing rather than initiate it be adequately assessed.

5. Ennis reported on a study of fi ve subjects with six pressure 
ulcers that was designed as a preliminary examination of the 
effects of LFUS (MIST®) 40 kHZ US on the size and appear-
ance of pressure ulcers.

Plan of care: ulcers received a 5- to 10-minute treatment fi ve to 
seven times weekly along with standard good wound care.
Results: The investigators found that after 4 weeks, ulcers receiv-
ing a 5- to 10-minute treatment fi ve to seven times weekly along 
with standard good wound care were 73% of their original size.
Discussion: This is an interesting pilot study using LFUS 
for pressure ulcers. Now a large RCT is needed to support a 
recommendation.

Chronic Leg Ulcers
A. Dyson et al.69 used MHz periwound US as a periwound 

treatment for a controlled trial among patients with chronic 
varicose ulcers.

Method: Two groups received either sonication or sham soni-
cation three times per week for 4 weeks. Treatment parame-
ters for the US treatment were 3 MHz, 1 W per cm2 (SA, TP), 
pulse duration 2 milliseconds, delivered to the tissues every 10 
milliseconds for up to 10 minutes. The treatment technique 
involved moving the head of the device over the skin immedi-
ately adjacent to the ulcer.
Results:

a. At the end of 4 weeks, the experimental, sonicated group 
had statistically signifi cant reduction in wound size com-
pared with the CG (experimental group 66.4% ± 8.8%; 
CG 91.6% ± 8.9%).

b. No adverse effects of treatment were found.
B. Weichenthal et al.70 randomized into two groups of thirty-

eight patients with chronic venous insuffi ciency who had leg 
ulcers.

Methods:
Standard Wound care: Both groups received standard wound 
care including compression bandaging, debridement, and anti-
septics as needed.
Ultrasound Treatment: An experimental device that consisted 
of a water bath heated to 32°C to 34°C and a transducer that 
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Study Variable Treatment

Roche and 

West73

Lundeberg 

et al.74 Callam et al.75 Dyson et al.69

Ericksson 

et al.77

Peschen 

et al.71

Ulcer etiology Venous Venous Venous pre-
dominately 
(94/108)

Venous Venous Venous

Method of 
randomization

Random 
allocate

Permuted 
blocks

Permuted 
blocks

Alternately Alternately Alternately

Number of 
subjects

Control 13 15 41(15 dropouts) 12 13 12

US 13 17 41(11 dropouts) 13 12 12

Area treated Periwound Wound surface Periwound Periwound Wound surface Wound 
surface and 
periwound

Frequency of 
treatment

3×/wk 3×/wk 1×/wk 3×/wk 2×/wk 3×/wk

Frequency of 
device

3 MHz 1 MHz 1 MHz 3 MHz 1 MHz 30 kHz

Intensity 1.0 W/cm2 0.5 W/cm2 0.5 W/cm2 1.0 W/cm2 1.0 W/cm2 100 mW/cm2

Pulsed or con-
tinuous/ duty 
cycle

1:4 1:9 Pulsed 1:5 Not stated Continuous

Time 5–10 min 10 min 1 min/probe 
head area

5-10 min Max 10 min 10 min

% Healing

Results

 4 weeks Control ↓ 28% ↓ 19 ↓ 30% ↓ 7.4% ↓ 27 ↓ 8

SD 27.3 SD 9 SD 61.6 SD 8.9 SD 12 SD 20

1 healed 5 healed 1 healed

US ↓ 35% ↓24 ↓ 48 ↓ 34% ↓ 35 ↓ 27

SD 21.9 SD 12 SD 49.8 SD 8.8 SD 14 SD 24

2 healed 6 healed 2 healed

 8 weeks Control ↓ 7% ↓ 47 ↓ 60 Not reported 
after 4 wk

↓ 52 ↓ 20

SD 36.7 SD 10 SD 41.9 SD 13 SD 24

3 healed 6 healed 4 healed

US ↓ 35.3 ↓ 53 ↓ 80 No. healed 
ulcers bit 
reported

↓ 68 ↓ 40

SD 30.1 SD 8 SD 24.6 SD 9 SD 23

No. healed 
ulcers not 
reported

5 healed 14 healed 5 healed No. healed 
ulcers not 
reported

Data from references listed in table.

Protocols and Results of Studies Used in Meta-analysis76 of US Effects on chronic Leg Ulcers7626.3TABLE
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than 20 cm2, the wound was divided into two parts and each 
exposed for corresponding time. Frequency: once daily for 
7 weeks.

Results: No statistically signifi cant acceleration of healing 
(epithelialization) between groups. Progression of the treat-
ment and CGs were parallel. Pus decreased statistically more in 
the US than other groups.
H. Watson used high frequency, 1 MHz, low dose US in a RCT 

(N = 337) for treatment of venous leg ulcers.
Methods
1. Standard wound care including compression.
2. 1.0 Hz pulsed US at 1:4 duty cycle and 0.5 W per cm2 inten-

sity was used for a range of 1 to 15 sessions. Average 11.

Results: No signifi cant difference in time to heal between two 
groups.

Diabetic Foot Ulcers
A. In a multicenter trial, Ennis et al used the LFUS (MIST 

therapy system® 40 kHz) to study the effects of US on dia-
betic ulcer healing4. Patients in the study all had diabetic foot 
ulcers. Patients who met the study’s inclusion criteria were 
randomized into two matched groups: 27 in the TG, 28 in 
the CG.

Methods:
1. Standard care was the same for both groups.
2. The duration of individual treatments was 4 minutes, deliv-

ered three times per week with LFUS (MIST® 40 kHz) ther-
apy system.

3. The total treatment period was up to 12 weeks or closure.

Results:
1. Findings were that the LFUS group had a 40.7% closure 

(epithelialization) rate compared to a 14.3% rate for the 
controls.

2. Exudate diminished over time in the LFUS group, but not 
among the controls.

3. The use of LFUS did not signifi cantly decrease the number 
of sharp/surgical debridement events in the TG.

Discussion:
B. Kavros et al.63 used LFUS (MIST® therapy system 40 kHz) to 

conduct a RCT on patients with leg and foot ulcers who had 
critical ischemia (tcPO

2
 levels between 20 and 40 mm Hg). A 

majority of subjects were diabetic.

Methods: Two groups were randomly selected for 12 weeks or 
until healed study period. TG received good standard wound 
care plus three times weekly treatment with LFUS MIST for 
5 minutes regardless of wound size. The CG received only stan-
dard wound care of daily dressing changes and weekly debride-
ment plus offl oading and low stretch bandage compression as 
needed.

Results:
1. Target outcomes were to determine the percentage of 

patients whose wounds decreased greater than 50% in size 
from baseline: TG: 63% greater than 50%; CG 29% greater 
than 50% (p < .001). Failure to reach greater than 50% size 
decrease: TG 37%; CG 71%.

b. The study of Eriksson et al.77,78 failed to show statisti-
cally signifi cant healing between controls and the US TG. 
Pulsed US was used, but pulsing ratio was not stated.

c. The sixth study reported by Peschen71 was the only study 
where kHz US was used and can be considered as a 
pilot study to the studies that have followed using this 
frequency.

E. Johnson, in an attempt to reproduce the results of the 
Peschen and Weichenthal studies, performed a program 
evaluation of 15 chronic venous ulcers.79

Methods: Biophysical agent: LFUS, 30 kHz US, 100 mW per 
cm2 in a water bath heated to 32°C to 34°C was used as the 
sound-conduction medium. Treatment was for 10 minutes, 
three times weekly over a 24-week period.
Results: All treated patients had reduction of wound size, 
exudate amount, and noticeable reduction in pain, with 50% 
achieving total healing. Clinical evaluation is an ideal way to 
test and evaluate research results.

F. Tan et al. sought to learn if Sonica 180™ was painless debride-
ment. They studied 19 leg ulcers, 13 of which were venous 
ulcers and were included in this study. Patients served as 
their own controls.

Methods:
1. Standard wound care and compression.
2. Sonica 180, 25 kHz coupled with normal saline for 10 to 20 

seconds per probe head area onto the ulcer surface repeated 
at 2- to 3-week intervals. Intensity not stated.

3. Total of fi ve to seven treatments per patient, 5 to 20 minutes 
each.

Results:
1. Relief of pain and odor: eight patients no response; six 

patients greater than 50% (39%); seven patients healed 
100% no pain.

2. Treatment is relatively painless.

G. Dolibog et al. evaluated the effi ciency of using 1 MHz US 
for healing of venous leg ulcers in surgically treated patients 
(N = 70).

Method:
1. Standard wound care: elastic compression stockings, 

between 30 and 40 mm Hg at the ankle. Saline-soaked gauze 
dressings, oral medications micronized fl avonoid fraction. 
Dressings changed daily.***

2. Biophysical agent: HFUS pulsed 1 MHz, 0.5 W per cm2, 
duty cycle 1/5. In a water bath at 34°C. Transducer 10 cm2; 
duration size dependent less than 5 cm2 5 minutes plus one 
minute increase for each 1 cm2 larger. For ulcers greater 

RESEARCH WISDOM

Knowing when to stop Treatment
If no improvement in wound healing was observed by fi ve 
treatments with Sonica 180, no benefi t can be expected with 
more treatment.46
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7. Dosimetry: More evaluation of the dosimetry parameters of 
US is still required. Nevertheless, after review of the studies 
presented, LFUS appears to have the edge over HFUS effi -
cacy on all aspects of healing and infection. However, cases 
such as the examples described in the case studies at the end 
of this chapter where thrombolysis was the desired objective, 
the higher frequency may have greater impact.

HIGH-RESOLUTION DIAGNOSTIC ULTRASOUND

US is widely used as both a diagnostic and a therapeutic modal-
ity. It has an excellent safety record and can be used with confi -
dence to image-sensitive structures such as a fetus, tumors, and 
granulation tissue. Originally developed to image macroscopic 
structures, high-resolution equipment that allows tissues to be 
viewed at the microscopic level is now available. This equip-
ment uses higher frequencies of US than are available in lower 
resolution devices. High-frequency diagnostic US has utility in 
wound care to help clinicians better understand the pathogen-
esis of pressure ulcers and to detect soft tissue destruction and 
edema before visible clinical signs appear and plan appropriate 
care. It is a method to visually document the status of patients 
who test high risk for pressure ulcers (e.g., Braden score < 18 at 
the time of admission). In addition to better clinical manage-
ment of patients, pressure ulcers that occur during a hospital 
or nursing home stay are considered to be avoidable and care is 
not compensated by government insurance plans (see Chapter 
9). Therefore, for legal and regulatory reasons, such a piece of 
equipment should be considered as part of wound care clinic 
equipment.

Imaging
US imaging depends on the principle that different tissue com-
ponents refl ect and absorb US to varying degrees, depending 
on their acoustic properties, which, in turn, depend on their 
structure. For example, tissues rich in fat absorb less US than 
do tissues rich in protein. Refl ection occurs at the interface 
between materials that differ in their acoustic properties, spe-
cifi cally in their acoustic impedance. Each refl ection is termed 
an echo.

Piezoelectric materials not only transduce electrical signals 
into mechanical vibrations but also transduce mechanical vibra-
tions into electrical signals. In US imaging, the refl ected US, that 
is, each echo, is detected by the same transducer that produced 
it. The transducer listens for the echoes in the short intervals 
between the pulses of US emitted by the transducer. When a 
pulse of US travels through the tissues of the body, it meets many 
targets (interfaces and scatters) that generate echoes. The echoes 
return fi rst from targets closest to the transducer, followed by 
echoes from targets further and further away from the trans-
ducer. The diagnostic US equipment determines the distance d 
of each target from the transducer by measuring the time t taken 
for the echo to return following the emission of the pulse (the go 
and return time), assuming a fi xed value for the speed of sound 
c in human tissues (1,540 milliseconds). The echo returns to the 
transducer after a total go and return time of 2 d/c. The distance 
or depth of each target is calculated as d = ct/2.

A two-dimensional B-mode image, B-scan or brightness scan, 
typically consists of at least 100 adjacent pulse echo sequences 
(each termed a B-mode line) captured sequentially as the beam 

2. TG had improvement in the dependent position measure-
ment of tcPO

2
.

Discussion: Using noncontact LFUS improved the rate of heal-
ing and closure in recalcitrant lower extremity ulcerations.

Clinical Studies Section Conclusions
Information about the effects of US on wound healing remains 
uncertain because of the limited number of clinical trials, the 
different parameters used for each study, the small sample sizes, 
and perhaps because the intervention was not appropriately 
applied. Neverthless, fi ndings are available to guide treatment 
decisions as listed here.

1. Multiple interventions: One study compared two inter-
ventions, US and UVC, with laser and there were good out-
comes, but we cannot distinguish the effects of the US from 
the UVC.67

2. No signifi cant benefi ts for Pressure ulcers with HFUS: 
Three RCT studies included subjects who had pressure 
ulcers treated with HFUS and none showed signifi cant ben-
efi ts.66–68 LFUS appears to have promise in treatment of pres-
sure ulcers but further evidence is needed to support.

3. No signifi cant benefi ts for chronic leg ulcers with HFUS. 
Several studies included patients with chronic leg ulcers that 
suggest that HFUS is not the best choice for treatment of 
venous leg ulcers.66–68,80,81 Yet, what appears evident is that 
LFUS is a fresh approach with the potential to accelerate the 
healing process possibly due to its effects on circulation and 
bacteriacidal effects and reduction of bioburden giving the 
host a chance to heal. RCT are needed to quantify results 
with LFUS.

4. Diabetic patients with foot ulcers appear to have potential 
benefi t from treatment with LFUS, but the test group in the 
relevant study was so small that it is hard to generalize the 
results.

5. Wound severity: Pressure ulcer studies reported wound 
severity that ranged from partial thickness to full thickness, 
extending to tissue involvement at the level of muscle. The 
partial-thickness ulcers heal by re-epithelialization, deep 
ulcers by regeneration and contraction. Therefore, mixing 
results of these two groups cannot give a clear picture of the 
results of treatment.

6. Bacteriacidal effects: Bacteriacidal effects including 
increased microvascular enhancement are associated with 
both HFUS and LFUS. The results for infected pressure 
ulcers treated with HFUS were better than those for clean 
ulcers. However, the trend favors LFUS.

CLINICAL WISDOM

MIST® Therapy System and Pulsed Lavage with 
Suction
If a wound is grossly infected and the tissue is sloughy or 
if the granulation tissue is poorly perfused, choose MIST® 
because, although there appears to be an angiogenic effect 
with both, the MIST® far exceeds the effect of the PLWS.82
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higher frequencies being less penetrative than lower frequencies 
(Teresa Conner-Kerr, personal communication, 2006). In one 
1991 study, US at a frequency of 5 MHz (i.e., 5 million cycles of 
vibration per second) was described as providing “high resolu-
tion”82 and was considered to be adequate to view, for example, 
the plantaris tendon, provided that this was at least 2 mm thick, 
when the aim was merely to demonstrate whether it was pres-
ent and whether it was thick enough to be used as a graft.

More recently, improved instrumentation coupled with the 
use of higher frequencies and image analysis has resulted in the 
effective use of US to noninvasively visualize changes in tissue 
associated with the presence or development of injury and its 
repair. In 1993, O’Reilly and Massouh83 published a pictorial 
essay in which they compared the ultrasonic appearance of nor-
mal and damaged Achilles tendons, using a real-time scanner 
equipped with a 7.5-MHz linear transducer and a 5-MHz sector 
transducer. They were able to detect and distinguish between 
tenosynovitis, acute and chronic tendinitis, peritendinitis, nod-
ular tendinitis, and partial or complete tendon rupture on the 
basis of differences in echogenicity and measurements of ten-
don thickness, the changes detected ultrasonographically being 
confi rmed invasively by fi ne-needle aspiration and histologic 
examination.

Higher frequencies, permitting greater resolution, can be 
used for more superfi cial structures, such as the components 
of skin, where less depth of penetration is required. In 1994, 20 
MHz US was used by Karim et al.84 to image skin from various 
parts of the body, and it was demonstrated that mathematical 
algorithms could be used to characterize and classify the dermal 

or pulse of US is moved across the tissues being scanned. A dis-
play spot on the viewing screen of the monitor moves from a 
point corresponding to the position of the transducer in a direc-
tion representing the path of the beam. Refl ections, or echoes, 
increase the brightness of the spot. The stronger the refl ection, 
the greater its amplitude, and the brighter the spot.

The refl ections or echoes received at each beam position 
are displayed as spots on the display screen of the scanner, the 
brightness of each spot being related to the echo amplitude as 
a grayscale display. The grayscale can be replaced by different 
colors to assist in visual interpretation of the image, the colors 
representing differing levels of echogenicity from different tissue 
components. The distance down the screen at which each echo is 
displayed indicates d, the depth of the target producing the echo.

The tissue components, and hence the pattern and brightness 
of the refl ections from them, vary with tissue type and are modi-
fi ed by injury and during repair. When high-resolution diagnostic 
US is used, the resultant image, which superfi cially resembles a 
histologic section, can be thought of as a noninvasive biopsy pro-
duced in a nontraumatic, painless manner, with no damage to the 
tissues that interact with the high-frequency/low-intensity US.

Visual Details
The detail that can be visualized ultrasonically is dependent on 
the resolution of the imaging equipment used, and this depends 
mainly on the wavelength of the US, which is determined by the 
frequency; the higher the frequency, the shorter the wavelength 
and, therefore, the greater the resolution. There is an inverse 
relationship between frequency and depth of penetration, 

FIGURE 26.17 Photo of Longport Episcanner (Used with permission 
of Paul Wilson, Longport, Inc.)

FIGURE 26.18 Taking a scan of heel with Episcan transducer/applica-
tor. (Used with permission of Paul Wilson, Longport, Inc.)
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FIGURE 26.19 HRUS image of dermal structure captured at 50 MHz (Courtesy of Paul Wilson, Longport, Inc.)

frequencies, time-gain compensation is used to control for the 
attenuation that occurs as the US is refl ected back to the trans-
ducer. Digitization of the refl ected signals produces data that 
can be stored and used for statistical analysis.85,86 A digital scan 
converter stores information in the US scan format and dis-
plays it in the video format (see Fig. 26.19).

Practical Implications
High-resolution B-mode displays show the components of a 
slice of soft tissue, akin to a histological section, but without 
removal of these tissues for examination (Figs. 26.4A,B and 
26.19). The same region of the body can be scanned repeatedly, 
showing, for example, the speed of tissue healing or the pro-
gression of the tissue damage.78,87,88 Cross-sectional images of 
the skin produced by Longport’s Episcanner have a very char-
acteristic appearance. The hyperechogenic (highly refl ective) 
keratinized layer of the epidermis can be distinguished from 
the less echogenic layers of living cells that collectively form the 
stratum malpighii. As shown with other high-resolution equip-
ment, the interface between the epidermis and dermis can be 
identifi ed as a hyperechogenic layer under the less echogenic 
layer.31 The dermis shows variations in echogenicity; the pat-
tern of echoes varying from a speckled appearance in the papil-
lary zone of the dermis to a more linear appearance in its deeper 
reticular zone, where the collagen fi ber bundles are thicker and 
more aligned. Hair follicles, blood vessels, tendon sheaths, ten-
dons, ligaments, and adipose tissue can be identifi ed, as can the 
interfaces between soft tissue and calcifi ed tissue. Figure 26.19 
shows images of dermal structures captured at 50 MHz. Fluid-
containing spaces within the dermis are hypoechogenic, 
meaning that these spaces are hyporefl ective and show up as 
black holes on the scan, as is subcutaneous fat, although this 

monograms as to their site of origin. Two analytic techniques 
were investigated, fractal analysis and fast Fourier transform, 
the aim being to develop image analysis techniques sensitive 
enough to detect minute changes in the pattern of the ultrason-
ically produced images, and to avoid inter-observer differences 
in interpretation of these images (see Figure 26.17).

New High-Resolution Diagnostic Scanner
HRUS equipment with increased sensitivity is now available 
commercially. This equipment has evolved from prototypes 
developed at the United Medical and Dental Schools of Guy’s 
and St. Thomas’s Hospitals in London. Marketed by Longport 
Inc. (Silchester, UK) as the Episcanner, it is currently in use in 
the United States, Europe, and Australia to monitor changes 
in soft connective tissues associated with damage and repair. 
The equipment is portable and is fi tted with a polyvinylidene 
difl uoride piezoelectric polymer transducer incorporated into 
a handset fi lled with distilled water (Fig. 26.18). It emits a 
chain of single-cycle pulses at a frequency of between 10 and 
50 MHz, although it is generally used at a center frequency of 
20 MHz. This allows the production of images of the interfaces 
between acoustically different materials, with a resolution such 
that structures separated by approximately 65 micrometers 
(mm) in the direction of the US transmission can be distin-
guished. The transducer is moved within the probe by a stepper 
motor, producing pulses of US with a repetition frequency of 
1 millisecond. The system has been designed to emit an ultra-
fast rise and fall time pulse of duration of less than 50 ns. 
These sharp pulses allow excellent detection of refl ected  signals 
(echoes), which, after transduction, pass through a preamp 
unit in the probe before passing to the main unit. As with 
other US imaging devices, including those operating at lower 
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quantify muscle infl ammation remains to be investigated. In 
1990, Van Holsbeek and Introcaso94 demonstrated echogenic 
differences between normal and infl amed muscle with less sensi-
tive instrumentation.

Other uses of HRUS include monitoring changes in the 
thickness of the epidermis and underlying soft connective tis-
sues, and in detecting lesions such as melanomas, potentially 
even those as small as 70 mm in thickness. As long ago as 1984, 
Shafi r et al.95 indicated that what were then considered to be 
high-resolution US scanners could measure the thickness of 
melanomas. Accurate measurement of a melanoma’s thick-
ness can provide useful prognostic information, because this 
dimension is directly related to metastatic potential.96 Also of 

produces some thin linear echoes that may represent strands 
of collagenous fi brous connective tissue that support the fat. 
The scanner allows changes in soft tissue associated with the 
repair of injuries to be monitored (Fig. 26.4A,B) and subjected 
to fractal analysis, as did earlier, less informative and versatile 
instrumentation.72,88,89

More recently, high-resolution B-mode US has been used 
to detect the dermal changes associated with exposure to pres-
sure90,91 and as a means of quantifying the irritant response.88,92 
Deeper soft tissue injuries, such as developing pressure ulcers, can 
also be detected at pressure points close to the bone before they 
become visible at the surface of the skin. HRUS is very sensitive 
in detecting fl uid changes within tissues. It has been reported that 
HRUS can detect the edema associated with developing pressure 
ulcers 48 to 72 hours before there are clinical signs.91 This edema 
is fi rst recognizable in the subcutaneous tissue near the bone 
(Fig. 26.20 Phase 1). It then extends superfi cially, fi rst into the 
reticular layer of the  dermis (Fig. 26.20 Phase 2), and then into 
the papillary layer of the  dermis (Fig. 26.20 Phase 3). Early detec-
tion of deep tissue injury allows pressure relief measures to be 
implemented before the ulcer breaks through the skin, with con-
siderable reduction of suffering. A 3-year cost analysis of the use 
of high-frequency  (high-resolution) diagnostic US technology’s 
use in managing soft tissue injuries in a nursing home showed 
costs were reduced when HRUS was used as an addition to the 
current pressure ulcer risk assessment and management tool.93 
The ability of the highly sensitive Episcanner to detect and 

FIGURE 26.20 Phases 1 to 3 Using the EPISCAN, pressure ulcers have been found to develop in the subcuta-
neous tissue over a hard prominence, typically a bone, and then spread out through the dermis to the epider-
mis, where at some point, an open wound often develops. Studies have shown that the early phases of pressure 
ulcer development shown below can be used to initiate earlier and mare targeted intervention, and that this 
can signifi cantly and cost-effectively reduce the occurrence of open pressure ulcers. (Copyright P. Wilson.)

CLINICAL WISDOM

Visualizing undermined and tunneled regions
Extent of undermined and tunneled areas are diffi cult to 
determine. Probing with an instrument like a cotton-tipped 
applicator shears the fragile interstitial fascia and has poten-
tial to increase the tunneled length and risk of infectious 
invasion. However, undermined/tunneled regions can be 
visualized in HRUS B-scans without tissue damage. This can 
be used to aide clinical decision making about plan of care.
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in skin and soft tissues consistent with developing pressure 
ulcers, so that the clinician can see evidence of damage before 
it is visible on the surface. This can lead to earlier and more 
focused pressure ulcer prevention and treatment.88 Adoption 
of this technology is progressing while more research of a high 
quality is currently being organized internationally.

EVALUATING CANDIDACY FOR THE 
INTERVENTION

With any interactive treatment, the benefi t to the patient must 
outweigh any possible risk. Therefore, you must be able to 
assess both benefi t and risk. The potential benefi ts of US in 
wound care have been described above. Now let us turn to risks.

There is a long list of contraindications in the literature, and 
the excellent safety record of US owes much to the constraints on 
treatment that these have engendered (Exhibit 26.1). However, 
not all of the contraindications listed here have been verifi ed 
experimentally,21 and it is possible that some patients who could 
have benefi ted from US treatment have been denied it.

To ensure safe use, you must also consider the basic pre-
cautions listed in Exhibit 26.2. The most fundamental precau-
tion, of course, is to select the right candidate for treatment. 
A patient’s medical history, the onset date, an injury’s loca-
tion and depth, and the size of the area to be treated should all 
guide you in deciding whether to use US. For example, review 
the medical history for information about the circulatory sys-
tem. Look for information concerning arteriosclerotic vessels, 
ischemia, and occlusion from reports of vascular studies, or a 
noninvasive vascular examination (see Chapter 6). US is not 
recommended over deep vein thrombosis or thrombophlebi-
tis because of the risk of dislodging thrombi. Likewise, hemo-
philiacs should not be treated with US because of the risk of 
disturbing clot formation (thrombolysis). This should also be 
considered a precaution at the least, if not a contraindication, 
for patients on anticoagulant medications. Also look for infor-
mation about diabetes mellitus, as diabetic patients are likely to 

importance is the potential of fractal analysis of these high-
quality images to provide quantitative data for comparison and 
assessment of the effectiveness of various therapies in the treat-
ment of injured tissues. Fractal analysis may also be an aid to 
the diagnosis of a variety of skin pathologies, but this possibility 
remains to be examined critically.

One area of concern is the inability of clinicians to detect 
stage I pressure ulcers accurately in people with darkly pig-
mented skin.56,97–100 This is due to the reliance for assessment on 
the parameter of color change, specifi cally redness (unblanch-
able erythema), for all patients, rather than considering the 
hues of blue–purple that may appear in people with darkly 
pigmented skin. Because the assessment of color is affected by 
the quantity and quality of the light source used, its value as 
the only indicator of stage I pressure ulcers in persons of color 
is questionable. Therefore, inclusion of other characteristics, 
such as skin temperature, stiffness, and sensation has been pro-
posed,99 together with the use of HRUS B-scans.98,100

Although the specifi c characteristics of early pressure-related 
injury are yet to be defi ned, awareness of the need to educate 
clinicians in culturally sensitive assessment techniques is grow-
ing.86 Use of the HRUS as described above greatly increases 
both the sensitivity and specifi city of correctly identifying 
stage I pressure ulcers, particularly in darkly pigmented skin. 
Furthermore, dependence on less accurate measures to identify 
stage I pressure ulcers, regardless of the skin’s pigmentation, 
could be eradicated by the use of this equipment. The imple-
mentation of appropriate preventative measures and treat-
ment, such as the use of the physical modalities described in 
this section, could signifi cantly decrease the incidence of pres-
sure ulcers in those at risk, leading to improvement in the qual-
ity of life and savings in the cost of health care. The effectiveness 
of these measures can now be assessed easily, objectively, and 
without damage or discomfort to the patient.88,91,93,100

High-resolution diagnostic US or US biomicroscopy is of 
considerable clinical importance that will grow as more uses are 
demonstrated for it. Visual detection of clinical signs of dermal 
and subdermal edema and soft tissue damage can only infer 
that there is a problem.

Quintavalle et al. learned from studying 1,139 readable 
images of bony prominence from 119 long-term residents that 
are common sites of pressure ulcers (heels, sacrum, and ischial 
tuberosity), that 630 (55.3%) had HRUS patterns consistent 
with abnormal skin and soft tissue; 509 (44.7%) of the images 
were consistent with normal skin and soft tissue.88 The high-
resolution scanner can thus detect and document the changes 

CLINICAL WISDOM

HRUS for Use in Telemedicine
The Longport Scanner is a portable device that can be used 
in many settings. The application of this technology and the 
resulting B scans, as seen in the color plates, take only a few 
seconds to produce, can be read immediately by a skilled 
clinician, transmitted for interpretation, or stored electroni-
cally, making them ideal for telemedicine applications.

EXHIBIT 26.1

Contraindications for US21,101

Do Not Use Us
Over the uterus during pregnancy
Over the gonads
Over malignancies and precancerous lesions
Over tissues previously treated with deep x-ray of
 irradiation
On patients with vascular abnormalities

Deep vein thrombosis
Emboli
Severe atherosclerosis

Over the cardiac area in advanced heart disease
Over the stellate ganglion
For hemophiliacs not covered by factor replacement
Over the spinal cord after laminectomy
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5. Select a unit with multiple frequencies for optimal treat-
ment options, depending on desired depth of penetration.

6. Select a unit with a built-in feature that tests output perfor-
mance every time the unit is powered up.

Maintenance Requirements for HFUS Equipment
The American Institute of Ultrasound in Medicine suggests 
that all US equipment should be kept in good working order 
and be evaluated and calibrated annually. Individual trans-
ducers should be scanned two or three times a year depending 
on the amount or use, by a skilled US technician to ensure 
proper calibration of intensity. Intensity can be averaged in 
space over the face of the applicator (termed SA) or in time 
(termed TA). When pulsed US is used, pulse average (PA) 
intensity (this is the TA, average amount of time that the 
energy is delivered), during the period of the pulse should be 
noted, as should the TA during the full pulse repetition cycle. 
The type of intensity should be specifi ed as either I (SATA), 
if continuous, or both I (SATA) and I (SAPA), if pulsed. This 
will facilitate follow-up treatments by another clinician and 
allow identifi cation of best treatment intensity to be used.

Selection of LFUS Devices
Choice of kHz equipment is much more limited than MHz 
because it is new technology and as of this writing, there are 
only a few products on the market that are approved by the 
FDA for medical use to treat wounds. Table 26.2 shows a com-
parison of four kHz products. These products are shown in 
Figures 26.12 to 26.15. Information about their parameters and 
utility is presented throughout this chapter. The main differ-
ence between devices is the frequency 25 to 40 kHz and whether 
they can be used for both mist and continuous stream or only 
mist delivery systems and are contact or noncontact. Frequency 
is not adjustable but intensity in W per cm2 is.

PROCEDURES

Procedures for HFUS and LFUS are very different. Each type of 
application will be described separately in this section. The sec-
tion begins with protocol considerations.

Protocol Considerations
After determining the patient’s candidacy for US, you must 
then determine the appropriate treatment parameters. The fol-
lowing are considerations.

HFUS Considerations
A. The anatomic location of the wound is a very important 

consideration when using HFUS. For example, be aware of 
the location of major subcutaneous nerves, which absorb 
US energy very well and can become overheated.

B. When treating young people, take into account epiphyseal 
plates, the growth of which may not be complete. This var-
ies with the bone and sex, and there are racial differences as 
well.

C. If the wound is located over a bony prominence, consider 
a method of sonication that will avoid increasing perios-
teal temperature. Choose one of the following: (1) select 
a high frequency (3 MHz), which is absorbed primarily in 
the more superfi cial tissues; (2) move the treatment head 

have vascular impairments. Over areas of poor use circulation 
ultrasound LFUS should be used.

A patient with loss of sensation—whether due to diabetes 
or any other cause—is not a candidate for HFUS but could be 
considered for LFUS.
In a patient with a history of spinal laminectomy, do not use 
US over the affected area, because of the as-yet undetermined 
but potentially harmful effects on the spinal cord. A history 
of malignant or precancerous lesions or tumors in the area to 
be treated would also be a contraindication, because US could 
stimulate cellular proliferation.102 Injuries around the eye also 
should not be treated with US because the sensitive retina may 
be affected.

Refrain from treating over the uterus during pregnancy to 
ensure that an embryo or fetus is not exposed to the intensi-
ties used in therapeutic US, which are higher than those used 
diagnostically. Do not treat over the gonads. Metal implants, 
including foreign objects, which are often described in a medi-
cal history or directly by the patient, are another contraindica-
tion for HFUS but acceptable for LFUS.

Clearly, more investigation is warranted, so that the 
proper caveats can be used when determining patient can-
didacy. In all cases, conduct a thorough review before deter-
mining whether or not US therapy is indicated. If in doubt, 
do not sonate.

SELECTING EQUIPMENT FOR ULTRASOUND 
APPLICATIONS

Choice of devices for generation of therapeutic levels of US is 
based on the frequency and methods of delivery. Therefore, the 
criteria for section of the two classes of devices are separated 
into two subsections.

Selection of HFUS
The selection of therapeutic HFUS (MHz) equipment should 
be based on the following considerations:

1. Select a transducer with low BNR.
2. Select a transducer that is water immersible.
3. Select one transducer that is less than 2 cm2 and another 5 

cm2. Avoid large transducers with small ERA.
4. Choose an ergonomically designed transducer that is com-

fortable to hold.

EXHIBIT 26.2

Precautions for Use of US21

Exercise Caution in Use of Us
In acute infections
Over subcutaneous bony prominences
Over epiphyseal plates
Over subcutaneous major nerves
Over the cranium
Over anesthetic areas

Sussman_Chap26.indd   715Sussman_Chap26.indd   715 8/6/2011   1:13:52 PM8/6/2011   1:13:52 PM



716 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

4. Move the applicator constantly throughout treatment to 
avoid the damaging effects of standing waves and, when 
treating in the nonuniform near fi eld, of high intensity 
regions.

5. Make sure that there is adequate coupling media and that it 
is free of air bubbles.

6. Make sure that the equipment is calibrated regularly. A 
crystal may be broken, for instance, if the applicator head is 
dropped. Staff must report such incidents, so that the appli-
cator head can be tested before reuse. A faulty piece of equip-
ment can result in inadequate treatment for the patient, or 
can produce shear waves and standing waves that can cause 
burns or other harmful effects.21

Expected Outcomes
In acute wounds, US is most effective when treating in the acute 
infl ammatory phase of healing. During this phase, expect an 
acceleration of the infl ammatory phase and early progression to 
the proliferative and epithelialization phases of healing.

In chronic wounds, the fi rst treatment outcome with MHz 
will be increased perfusion, observed as warmth, edema, and 
darkening of tissue color compared with adjacent skin color 
tones. In necrotic wounds, expect to see autolysis of the necrotic 
tissue; the outcome will be a clean wound bed. In two clinical 
trials, chronic wounds progressed to closure in a mean time of 
4 to 6 weeks.66,67 Closure times could be longer for patients with 
intrinsic and extrinsic factors that limit healing.

Predict the expected outcome at start of care, then reassess-
ment should confi rm the predicted outcomes. For more infor-
mation on predicting outcomes see Chapter 4. If the wound 
does not change tissue characteristics, wound phase and/or 
reduce the size of surface area or overall size estimate within 
2 to 4 weeks, the treatment regimen must change. There are 
several changes to US treatment to consider: enhance the 
infl ammatory phase or restart it with the protocol for chronic 
wounds; change the frequency of the transducer; use a differ-
ent size transducer for better ERA, or increase/decrease the 
treatment time; or recalculate the area if the wound has been 
debrided and become larger as a result. If using HVUS change 
to LFUS. With direct contact LFUS, debridement should be 
observable during the treatment sessions and with noncontact 
wound bed cleansing should be observable in one to two ses-
sions. Pain should reduce within 2 to 10 treatments.

Wound Treatment Protocols
In this section, we are discussing some typical protocols for 
using the different US devices. It is not meant to propose that 
these are the only useful or tested protocols. As evidence accu-
mulates, we can expect new protocols to be proposed and old 
protocols dropped or revised. Therefore, it is important to read 
journal articles, attend conference presentations, and keep 
abreast of changes. For example, the newest evidence regard-
ing use of HFUS for leg ulcers says it is ineffective. Older evi-
dence suggests the same for pressure ulcers. Why then are there 
protocols in this section applying HFUS? They are included 
because evidence exists that suggests they have utility for cer-
tain situations. Also, clinicians who use this text may not have 
access to LFUS devices but have a HFUS device available and 
need guidance for safe and best uses. On the other hand, recent 
evidence, as we have reviewed, is demonstrating that LFUS 

continuously to avoid standing waves; (3) treat through 
water for a more uniform far fi eld; (4) for deeper wounds, 
select a lower frequency (1 MHz); (5) use pulsed mode.

D. Consider the local circulation. If it is poor, always use pulsed 
US to avoid excessive heating, because it will take longer for 
heat to be dissipated from the area.

E. Assess the size of the area to be treated. Use this assess-
ment to determine the duration of the treatment and the 
size of the applicator to select. Note that an applicator 
with a larger ERA will allow treatment of a large wound 
more rapidly than if an applicator with a smaller ERA is 
used. Small applicators, however, are very useful for being 
more selective in treating specific tissues. Select an appro-
priate intensity. If the wound is acute, make use of the 
nonthermal effects of US. The beam’s intensity should 
be at the upper end of the low range (see Table 26.1). 
For chronic wounds, consider a single upper medium-
intensity treatment and subsequent treatment at lower 
intensity.

F. Select the coupling medium based on whether the skin is 
intact or broken. Coupling media are described soon.

LFUS Considerations
 1. Determine the nature of tissue to be debrided.
 2. Noncontact LFUS is useful for autolytic and maintenance-

type debridement (e.g., slough and fi brin).
 3. Select direct contact LFUS, equivalent for advanced sharp 

debridement, it is not surgical debridement, for speedy 
selective removal of nonviable necrotic tissue.

 4. High intensity may be needed to debride thick necrotic tis-
sue (e.g., eschar).

 5. Consider LFUS for treatment of infected wounds including 
biofi lms.

 6. Assess the size of the area to be treated. Use this assessment 
to determine the duration of the treatment. Time varies, 
usually 2 to 5 minutes.

 7. Consider patient tolerance as well as size in determining the 
length of treatment time.

 8. Premedicate with analgesic such as lidocaine before direct 
contact LFUS debridement.

 9. Always use LFUS with a transmission fl uid such as normal 
saline.

10. NEVER touch the tip of the transducer directly to tissue, 
because it will be hot and can cause burns.

Safety Precautions
To ensure the safe use of all frequencies of therapeutic US, the 
following basic precautions are recommended:

1. Use US only if adequately trained to do so.
2. Use US only to treat patients with conditions known to 

respond favorably to US therapy, unless it is being used 
experimentally with the understanding and approval of the 
patient, his or her medical advisors, and the local medical 
ethics committee or internal review board.

3. Use the lowest intensity that produces the required effect, 
because higher intensities may be damaging. Burns, for 
example, occur when the intensity is too high or the fre-
quency is low, and when the treatment head is not moved 
continuously or is moved too slowly.
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wound care products identifi ed four sheet hydrogels and four 
transparent fi lm dressings with different transmission rates.103 
(see Exhibit 26.3). Intensities from 0.2 to 2.0 W per cm2 were 
tested at a frequency of 3.3 MHz. US transmission gel was used 
on the skin and on top of the dressing to remove air. Plastic 
sheets that could have interfered with the sound energy trans-
mission were removed from the tops and bottoms of the hydro-
gel sheets. Findings are listed in Exhibit 26.3 and should help 
guide the clinician in selecting the dressing that will optimize 
treatment effects with MHz US.

Suitable coupling media that displace air and that can 
be used along the wound perimeter include commercially 
available US-transmitting gel, and over-the-wound, sterile, 
transparent, US-transmitting wound dressings. Tegaderm 
was tested for transmission of US energy and found to 
transmit 40% of the acoustic energy.54 Tests of the results 
of US stimulation on tcPO

2
 measurements when energy was 

transmitted through Tegaderm showed no significant differ-
ences in the measurements, with or without the Tegaderm.29 
Tegaderm and similar transparent film dressings are use-
ful for treating full-thickness wounds because the film will 
stretch down into the wound bed under the pressure of the 
transducer head. Make sure that the size of the film dressing 
is larger than the wound, so that the stress of the stretch-
ing does not pull the adhesive away from the skin. Using US 
transmission gel on the surface of the film makes gliding of 
the head easier.

Another method of coupling is use of underwater applica-
tion. This method is useful for transmission of US, especially 
if the region to be treated is irregular and can be conveniently 
placed in the container. This includes the foot, ankle, hand, and 
elbow. In Europe, US at the kHz frequency is often delivered via 
a water bath, so that the wound can be cleaned and debrided 
by it. Kilohertz US applied in a water bath is reported to stim-
ulate the healing of chronic venous ulcers71 and facilitates 
the debridement of bacteria- and particulate-contaminated 
wounds.64,104

A metal whirlpool tank or basin should not be used to hold 
the water because the metal refl ects sound energy and increases 
the intensity in the body area near the metal. A plastic or rub-
ber basin or tub would be acceptable. Eliminate air bubbles by 
running the water and letting it stand for a few minutes before 
using it for US transmission. The applicator head and the body 
part must be submerged throughout the treatment, and the 
applicator should not touch the skin. Avoiding contact would 
be advantageous if the treatment area is painful. If possible, 
select a large container, such as a baby’s plastic bathtub, where 
the target tissues can be placed at a signifi cant distance from the 
applicator. At that distance, the target tissues will be in the far 
fi eld, where the spatial intensity is more uniform. While there 
is no evidence of harm, it is suggested that you wear waterproof 
gloves that trap US refl ecting air, so as to minimize your expo-
sure to the US energy.

Manipulation of the Applicator
To avoid exposing tissue to regions of high intensity, move 
the MHz applicator throughout treatment. In the near fi eld, 
where most treatments occur, the spatial peak intensity can 
be more than three times the SA. It is also essential to avoid 
excessive exposure to the peaks of pressure variation that 

is a useful biophysical agent for wound debridement, wound 
healing, and the physiological processes involved. We begin by 
considering use of HFUS for acute wounds, then for chronic 
wounds of mixed etiologies. Later, protocols for LFUS will be 
presented.

Coupling Media
US requires a coupling medium that displaces air. All bubbles 
need to be smoothed out between the transducer head and the 
coupling interface. This is essential because as mentioned US is 
refl ected from air/water or air/tissue interfaces. The ideal cou-
pling medium would:

• have the same acoustic impedance as skin
• also act as a wound dressing (if using HFUS)
• be sterile, thixotropic, nonstaining, nonirritant, and chemi-

cally inert
• have slow absorption and evaporation rates
• be free from gas bubbles and other inclusions
• not break down when the US energy is transmitted through it
• be inexpensive and easily acquired

Wound care products are part of the treatment regimen 
also, and should be considered in the treatment planning. Will 
the dressing be part of the US treatment, as described above, 
or will the dressing be removed and replaced when the US 
treatment is given? Will the dressing be changed every other 
day? Can it be changed in conjunction with the US treatment 
to minimize disruption of the wound-healing environment? 
MDs, PTs, and RNS should collaborate about the application 
of topical agents, such as petrolatum or petrolatum-based 
products, which will interfere with US transmission. This will 
avoid confl icting treatment approaches and improve utiliza-
tion management.

The ability of wound care dressings to transmit US affects 
the effi cacy, effi ciency, and cost of US treatment. A study of 

EXHIBIT

Wound Dressing MHz US Transmission Rates
Dressing Product US Transmission Rate

Hydrogels

Nu-Gel 77.2% (±4.6%)

ClearSite 72% (±2.2%)

Aquasorb Border 45.3% (±2.1%)

CarraDress 42.8% (±5.9%)

Film Dressings

CarraSmart Film 60.5% (±4.4%)

J & J Bioclusive 53.2% (±2.4%)

Tegaderm 47.1% (±2.3%)

Opsite Flexigrid 31.5% (±4%)
Reprinted from Klucinec, B., et al. Effectiveness of wound care products in 
the transmission of acoustic energy. Physical Therapy. 2000;80(5):469–476, 
© with permission of the American Physical Therapy Association.

26.3
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bleed them from the edges, if present by lifting the edge and 
squeezing out the air.

• Use either as a periwound treatment or direct application 
over a fi lm, as described above.

• Treat deep wounds by a periwound application around the 
margins of the wound.

• Keep the sound head perpendicular to the surface in com-
plete contact with the surface area throughout the treatment 
(Fig. 26.21).

Special Applications of HFUS
• Use US for Blisters

Treating blisters with US promotes absorption of the hemor-
rhagic material beneath the blister and healing of superfi cial 
and partial-thickness wounds. Absorption of hemorrhagic 
material may be due to enhanced macrophage activity via 
acoustic streaming and/or stable cavitation effecting throm-
bolysis. Use the protocol for acute infl ammation and apply as 
a periwound application or in a water bath. Continue after the 
blister roof is removed as long as hemorrhagic material contin-
ues to be absorbed. Hemorrhagic material should shrink in size 
daily; when it is no longer shrinking, it has probably necrosed 
and will need to be debrided. Figure 26.22A–C illustrate a case 
in which US was the only treatment intervention, aside from a 
transparent fi lm dressing, until it was determined that the focal 
area of necrosis needed debridement

• Sonication of Undermined/Tunneled Areas

One-MHz US is a very useful means to treat undermined/
tunneled areas surrounding wounds. These areas can be 
“mapped” on the skin surface with a marker pen (see Chapter 
4 for more information about measuring undermining and 
tunneled areas) to guide the treatment. Imagine the wound 
with a grid over the area, or use a plastic screen with cm mark-
ings and divide the wound into quarters at the 12:00, 3:00, 
6:00, and 9:00 positions. Depending on the size of the applica-
tor, sonicate at the rate of 1 minute per cm2. For example, a 
5 cm2 applicator would be used to stimulate a 25 cm2 wound 
area for 5 minutes.

Aftercare
If HFUS is used and the dressing is left intact, all that is required 
is to clean off excess US transmission gel/lotion. If a new dress-
ing is to be applied, do so as soon as possible to avoid chilling 
of the wound tissues and slowing of epithelial migration and 
mitotic cell activity.

After use, handle the US applicator of both HFUS and 
LFUS devices carefully to avoid environmental contamina-
tion. Place the applicator in a rubber glove and transport 
it to a dirty sink area for cleansing with cold tap water and 
soap. Then disinfect per facility and manufacturer policies 
and procedures. It is useful to have two applicators, so that 
one can be used while the other is being disinfected, thus 
reducing down time.

HFUS and Acute Wounds
The onset, duration, and intensity of treatment vary for acute 
and chronic wounds.

occur in standing wave fi elds produced by the interaction of 
incident and refl ected waves of US. Standing waves can dam-
age tissue components, endothelial cells in particular, and 
exposure to them must, therefore, be avoided. Move the appli-
cator in short linear strokes a few centimeters long (3–4 cm/s) 
ensuring that they overlap, so that the entire region is treated. 
Alternatively, use small circular movements, also overlap-
ping, so that the movement is essentially spiral. Treatment 
area should be two to three times the ERA of the transducer 
to produce therapeutic results with MHz US. Time needs to 
be selected that will apply a therapeutic dose of the energy to 
each area appropriately.

Setup for Treatment
• Explain the procedure to the patient and the caregiver.
• Place the patient in a comfortable position that can be main-

tained for up to 15 minutes
• Remove clothing from the area to be treated.
• Warm US gel by placing it in a warmer or between folds of a 

hot pack—always test a drop for temperature before applying 
to the patient.

• Remove the wound dressing, unless it is a dressing that is to 
be left in place. Check for bubbles under the dressing and 

CLINICAL WISDOM

Application of the Transducer can Alter Results
Treat an area that is appropriate for the size of the transducer 
head. Traverse each area slowly with the face of the trans-
ducer interfacing with the tissue.

FIGURE 26.21 Periblister application of US gel.
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Blood Blister on the Heel Treated with US
Patient: M.M. Age: 83 years

Functional Outcome Report: Initial Assessment

Reason for Referral
The patient was referred to the physical therapist because the 
nursing staff had identifi ed a blood blister on a heel.

Medical History
The patient had a below-the-knee amputation on the other 
leg due to peripheral vascular disease. The limb with the blis-
ter was thus at risk for amputation, and early intervention was 

requested for limb salvage. Patient was alert/confused and 
nonambulatory. She could reposition but not consistently. 
She had a history of a cerebrovascular accident. The following 
medical problems are associated with this request for service.

Functional Diagnosis and Targeted Outcomes
Integumentary Examination
The surrounding skin on the heel was erythematous, edema-
tous, and tender. There was a large blood-fi lled blister on the 
heel of the intact limb.

Wound Tissue Examination
The wound was covered with a bloody, fl uid-fi lled blister. 
Bloody fl uid suggests rupture of vessels beneath the blister. 

1

8/31 – MM

B

8/26 – MM

A

9/2 – MM

C

FIGURE 26.22 A. Wound Healing with US. Acute infl ammatory 
phase. Blister with bloody fl uid at day of identifi cation. (Copyright © 
C. Sussman.) B. Same wound as in (A) without blister roof. The peri-
wound skin was treated with daily US for 4 days prior. Note area of 
apparent necrosis and hematoma. There is an absence of infl amma-
tory phase. (Copyright © C. Sussman.) C. Same wound as in (A) and 
(B) after two additional periwound US treatments. Note absorption 
of hematoma by reduced size of necrotic area and mild erythema 
surrounding the area of necrosis. The wound is acute infl ammatory 
phase. (Copyright © C. Sussman.)

CASE STUDY    
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CASE STUDY (continued)   

It was an unstageable pressure ulcer with a suspicion of deep 
tissue injury.

Functional Diagnosis
Wound in acute infl ammatory phase; targeted outcome: 
debridement of blister, conservation of healthy tissue under 
the blister; determine level and extent of tissue damage, due 
date: 2 weeks.
Associated Impairment
Suspicion of necrotic tissue beneath blister; targeted outcome: 
clean wound bed; due date: 4 weeks.
Functional Diagnosis
Impairment of integument, depth to be determined; targeted 
outcome: exhibits granulation tissue; due date: 6 weeks.
Vascular Examination
Visual examination showed an infl ammatory response to 
wounding. Palpation indicated weak but palpable pulses. 
Because of the prior vascular history, the presence of periph-
eral vascular disease was assumed.
Functional Diagnosis
Vascular impairment; targeted outcome: enhanced perfusion; 
due date: 2 weeks.
Musculoskeletal Examination
The patient is nonambulatory, has limited mobility in bed, 
and needs verbal cues to reposition. Motor impairment from 
the stroke limits her mobility. Her Braden Risk Score is 15, 
indicating risk for pressure ulcers.
Functional Diagnosis
Undue susceptibility to pressure ulceration; targeted outcome: 
pressure elimination; due date: immediately.

Evaluation
The patient’s loss of function in these systems is responsible 
for the undue susceptibility to skin breakdown on the legs 
and inability to heal without integumentary intervention. 
The patient has improvement potential, and the wound will 
heal with intervention to bring perfusion to tissues and relieve 
pressure.

Need for Skilled Services
The patient has a prior history of failed wound healing leading 
to amputation. Intervention that will enhance wound tissue 
perfusion to conserve tissues underneath the blister and stimu-
late healing will be required. Wound dressings will not address 
these issues. The blister needs to be debrided to assess tissue 
damage. Thrombolysis and absorption of hemorrhagic materi-
als will conserve healthy tissues and result in a healed wound.

Treatment Plan

•  Apply periwound nonthermal US to accelerate the infl am-
matory phase and promote absorption of hemorrhagic mate-
rial (0.5 W/cm2 [SATP] 1 MHz, 20% duty cycle pulsed for 5 
minutes).

•  Sharply debride the blister roof.
•  Continue US until the extent of the wound depth is 

determined.

Outcomes
Periwound US and debridement were begun on August 26. On 
August 31, the blister was debrided, and a large hemorrhagic/
necrotic area was seen under the tissues; infl ammation in the 
surrounding tissues was subsiding. On September 2, there was 
a 50% reduction in the size of the hemorrhagic area and resolu-
tion of the infl ammation in the surrounding tissues. Minimal 
reduction in the area of the hematoma in next 2 weeks indi-
cated that the tissues had necrosed and debridement began. 
On October 8, the wound was progressing to the proliferative 
phase; there was a small area of necrosis. The US seemed to have 
had maximum benefi t and treatment was changed to HVPC.

Discussion
Removal of the blister roof identifi ed an area of focal necrosis or 
hematoma. The only other treatment intervention was transpar-
ent fi lm dressing. The size of the hematoma was reduced 50% 
with seven US treatments. Infl ammation was accelerated, and the 
wound progressed to the proliferative phase. At this point, treat-
ment was changed to HVPC. Closure was achieved on November 2.

Onset

Begin as soon as possible, ideally within a few hours of injury, 
but always during the infl ammatory phase of healing. As men-
tioned previously, treatment with MHz US during this phase 
has been shown to result in the liberation of stimulatory growth 
factors from platelets, mast cells, and macrophages, with the 
result that the infl ammatory phase is accelerated, the prolif-
erative and remodeling phases occur earlier, and the scar tissue 
becomes stronger. If treatment is delayed beyond the infl am-
matory phase, the strength of the scar tissue is not affected.22

Duration
Determine the duration of treatment on the surface area to be 
treated. The area is divided into zones, each 1.5 times the area 
of the ERA of the applicator, with 1 to 2 minutes being allowed 

for treating each zone. Some clinicians recommend 1 minute 
per cm2. The maximum treatment time should be no longer 
than 15 minutes. If the wound is large, two sessions per day, 
one for each section of the wound, would be preferable. Three 
treatments per week have been found to be effective.

Intensity

In the interest of safety, the lowest possible intensity should 
be used. This is usually near the upper end of the low range 
(0.01–0.05). Note that, to obtain a signifi cant increase in tem-
perature, an I(SATA) of at least 0.5 W per cm2 is required, but 
that primarily nonthermal effects can be achieved with lower 
SATA intensities, obtained by pulsing I(SATP) 0.5 W per cm2 at, 
for example, 2 milliseconds on, 8 milliseconds off. Treatments 
should be pulsed if the local circulation is compromised and 
might be unable to dissipate heat effi ciently.
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Chronic Wounds
• Onset. Begin as soon as possible.
• Duration. Duration is the same as that for acute wounds.
• Intensity. Generally an I(SATA) at approximately the 

middle of the medium range is recommended (e.g., 0.5–
1.0 W/cm2 SA, TP). Pulsing should be used. Repair can be 
initiated by using one treatment at the upper end of the 
medium range (e.g., 1.2 W/cm2), after which lower inten-
sities in the medium range are used, as described above. 
It has been suggested that the higher intensity may pro-
duce local trauma, followed by acute infl ammation, which 
is necessary to initiate healing. Note that this hypothesis 
requires testing.

Frequency Selection
Equipment now on the market allows more fl exibility in choos-
ing US frequencies.

Consider the following when selecting a frequency for 
treatment:

• If the lesion is superfi cial, a higher frequency is appropriate 
because high-frequency US is absorbed superfi cially.

• Although it is not readily available in many clinics, kHz US 
is another frequency in use in select wound care centers. We 
examined the primary differences between kHz and MHz 
US earlier in this chapter. Points to remember are that kHz 
US is less attenuated, being less readily absorbed than MHz, 
and is readily transmitted through metal implants and bone; 
Nevertheless, suffi cient absorption occurs to produce a stim-
ulatory effect at the cellular and tissue levels.

• High frequencies (1 MHz or greater) are used if thermal 
changes are required in the tissues to increase blood fl ow, 
but evidence shows that LFUS changes the microcirculation 
mechanisms signifi cantly.

• Lower frequencies (<1 MHz or kHz) are more appropriate if 
primarily nonthermal effects, such as stable cavitation and/or 
acoustic streaming, are required.

Low-Frequency Noncontact Ultrasound 
and Chronic Wounds
There is limited testing of protocols used with low-frequency 
noncontact US (LFNCUS) devices. Based on a review of case 
and retrospective studies reporting use of the Mist® Therapy 
System (Celleration, Eden Prairie, MN), protocols were listed 
as follows:10,15,18

Device: 40 kHz MIST
Time: wound size (10–180 cm2) dependent 3 to 20 minutes 
per session
Intensity: 0.1 to 0.8 W per cm2.63

Frequency: two to three times per week

LFUS (25 kHz) Sonica 180 Policy and Procedure 
for Wound Debridement
The following clinical policy and application procedure for use 
of the Sonica 180 ultrasonic wound debridement system was 
developed by Mary M. Verhage, RN, BSN, CWOCN (Verhage, 
MM, personal communication, 2006.).

It has been used successfully in the wound clinic where 
she works and is provided here with the author’s permission. 
However, the author notes that the use of this modality for 

wound treatment is in its infancy and the insights gained with 
repeated use are yet to be discovered.

Purpose
To provide a method of wound debridement that produces 
optimal removal of nonviable tissue and enhances wound heal-
ing by stimulating the viable cell through the use of guided US.

Policy
This policy provides guidelines for ultrasonic assisted wound 
therapy and debridement with the Söring Sonoca 180™ 
(Fig. 26.13).

1. LFUS assisted wound therapy (LFUSAW) is initiated by 
physician order and includes location to be treated and fre-
quency of treatments (e.g., treatment of ulcer on right leg, 
PRN until necrotic tissue is removed).

2. Ultrasonic assisted wound therapy Söring Sonoca 180™ 
treatment is only to be administered by trained, licensed 
providers; MD, PA, APNP, PT, and trained RN.

3. Wounds are considered contaminated; therefore, LFUSAW 
treatments are considered clean, not sterile. The only time 
LFUSAW should be done using sterile technique is in the 
operating room when utilized prior to wound closure.

4. The Söring Sonoca 180™ user’s manual is to be available for 
reference by the practitioner when the Sonoca is in use.

Equipment
1. Söring Sonoca 180 and probe attachment
2. Irrigation solution; 1,000 cc IV infusion bag of 0.9% NaCl, 

Ringer lactate, or other premixed solution as ordered. 
Primary and secondary IV tubing with drip chamber.

3. Personal protective equipment (PPE): gloves, fl uid-resistant 
gown, face mask, eye protection, and shoe covers.

4. Equipment protection: disposable plastic covers
5. Disposable absorbent pads with impermeable layer
6. Suction equipment
7. Dressing change materials

Indications
• Locally infected wounds
• Wounds with impaired circulation
• Wounds with the need for debridement, irrigation, and topi-

cal treatment
• Pressure ulcers, diabetic foot ulcers, lower extremity diabetic 

ulcers, venous ulcers

Contraindications
• Untreated advancing cellulitis with signs of systemic 

response
• Wounds with metal components such as joint replacements, 

plates and screws, or implanted electronic devices within the 
treatment fi eld

• Uncontrolled pain

Precautions
1. The thermal effects of US are multiplied if the sound waves 

are allowed to refl ect back up to the probe tip, creating a 
standing wave.

2. Avoid putting the probe tip on intact skin without the fl uid 
medium or it may create a burn.
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bed, pass the probe tip with a slow continuous motion 
across the entire wound surface. DO NOT STOP IN 
ONE SPOT. Instead, sweep over and return for repeated 
treatment.

12.  Continue the sweeping motion until treatment goals for 
the session are reached.

13.  Treatment time: 20 seconds per cm2 wound area
14.  Limit the time of procedure to patient and clinician toler-

ance; discontinue if not tolerated because of pain, or when 
goals of treatment are achieved.

15.  Turn off machine.
16.  Gently wipe dry periwound tissue.
17.  Assess patient condition and wound, measure and photo-

graph as indicated.
18.  Apply dressing or advanced therapy to wound as ordered.
19.  Document procedure: location, treatment, dressing applied, 

intensity, duration, irrigation solution, patient tolerance, 
wound status after treatment.

Post Procedure
1. Remove equipment protection covering prior to moving it 

from area of use.
2. Wipe connector lines with facility-approved disinfectant.
3. Remove PPE and dispose of properly.
4. Have treatment room cleaned prior to next client use.
5. Remove Sonoca wand and probe tip.
6. Prepare for sterile processing of the tips used per user’s 

 manual/facility recommendations.

Figure 26.23A–C show a venous ulcer before, during, and after 
5 minutes of debridement with Söring Sonoca 180.62

Adjunctive Treatments
Several attempts at using US with adjunctive treatments were 
discussed under the clinical studies section. However, we do 
not know enough about combining treatments to make a rec-
ommendation to do this or to offer protocols to follow.

SELF-CARE TEACHING GUIDELINES

US should not be taught to a patient or a caregiver as a home 
treatment. Although it appears very innocuous, US can result 
in tissue damage if performed by improperly trained and unsu-
pervised individuals.

DOCUMENTATION

Documentation of US treatment outcomes is extremely 
valuable. The cases documented below are examples of the 

3. The only irrigant that has been tested and approved for use 
with this device is 0.9% NaCl IV solution. Other potential 
choices, such as antibiotics, have not been tested and could 
potentially induce harm.

Key Points/Information
• Physician or other appropriately licenses health practitioner 

to assess patient and wound status to determine wound treat-
ment and write or obtain orders.

• Establish expected outcome of treatment: for example, wound 
will be relieved of bioburden in X amount of time.

• Follow standard precautions for use of PPE for protection 
from dripping, splashing, and aerosolization of fl uids.

• If patient is in contact isolation for a resistant organism, follow 
precautions infection control procedures per facility policy.

• Document predebridement wound condition; measure 
length, width, and depth; photograph.

• Premedicate with systemic analgesic or local anesthetic for 
example, lidocaine; use as directed prior to procedure, reas-
sess pain frequently.

• Use one standard irrigant, sterile 0.9% NaCl IV solution.
• Use the angled horseshoe-shaped probe with a large fl at sur-

face for to lift or wedge under thick necrotic tissue or eschar 
to separate it from viable tissue.

• Use double ball tip probe to treat tunnels, cavities, and 
undermining.

Procedure
1. Obtain physician order as noted above.
2. Explain procedure to the patient.
3. Assess patient’s comfort, current pain level, history of pain 

with debridement, and current analgesic regimen. Provide 
premedication for pain.

4. Obtain appropriate Sonoca Sonotrode attachment from 
sterile processing.

5. Set up the Sonoca machine as illustrated in user’s manual, 
hang irrigation solution, and prime IV tubing. Attach probe 
to US cable and tubing to probe.

6. Position patient, the wound, and the operator for comfort 
and accessibility.

7. Protect patient and clothing with absorbent pads (chux).
8. Provide adequate lighting.
 9.  Wash hands and apply PPE gloves, mask, fl uid-resistant 

gown, eye protection, and shoe covers. Apply equipment-
protective covering.

10.  Prime US wand with irrigant, set drip rate and use to wet 
surface of the wound before the start of treatment. DO 
NOT OPERATE SONOCA WITHOUT IRRIGATION 
FLUID. In order for US waves to be transmitted, the probe 
tip must be in contact with fl uid or moist wound. Fluid is 
also needed to dissipate heat.

11.  Turn unit on and set intensity to begin treatment. Activate 
US by depressing foot pedal.
a.  Start at low intensity and increase as patient tolerates. 

Power may be decreased to 20% or increased to 80% or 
100% according to patient tolerance and tissue needs.

b.  Place probe in contact with wound bed/irrigant. Fluid 
placed on the wound bed will “bubble,” but although 
heat is produced, do not confuse this bubbling with 
boiling. With probe in contact with fl uid or wound 

CLINICAL WISDOM

WARNING! To avoid burns, do not touch the metal tip 
of any of the low-frequency US debridement devices 
 mentioned here.
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FIGURE 26.23 A. Venous Ulcer before treatment with Söring Sonoca 
180. (Courtesy of Mary Verhage RN, BSN, CWOCN, with permis-
sion.) B. Venous Ulcer during treatment with Söring Sonoca 180 
(Courtesy of Mary Verhage RN, BSN, CWOCN, with permission.) 
C. Venous Ulcer after treatment with Söring Sonoca 180 (Courtesy of 
Mary Verhage RN, BSN, CWOCN, with permission.)

value of recording on fi lm those changes in wound healing 
that are produced by selected interventions. In both cases, 
US was the only intervention given. For example, it would 
be diffi cult to do a controlled, double-blind study of patients 
with new hematoma formation, as in the Case Study 26.1 
(Figure 26.11). A single- subject design study would be one 
method of developing a body of knowledge about clinical 

outcomes. Another Case Study (Figure 26.22) was done to 
determine how US affects hematoma formation under a 
 blister. Photography was done every 2 days to track the 
change in the hematoma. These are just two examples of 
many ways that you can present information about treatment 
interventions and advance clinical practice as part of the doc-
umentation process.

Sussman_Chap26.indd   723Sussman_Chap26.indd   723 8/6/2011   1:14:03 PM8/6/2011   1:14:03 PM



724 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

 14. Howell-Taylor M, Hall MG, et al. Negative pressure wopund 
therapy combined with acoustic pressure wouynd therapy for 
infected post surgery wounds: a case series. Ostom Wound Manage. 
2008;54(9):49–52.

 15. Liguori PA, Peters KL, et al. Combination of negative pressure 
wound therapy and acoustic pressure wound therapy for treatment 
of infected surgical wounds: a case series. Ostom Wound Manage. 
2008;54(5):50–53.

 16. Samies J, Gehling M. Acoustic pressure wound therapy for man-
agemet of mixed partial and full-thickness burns in a rural wound 
center. Ostom Wound Manage. 2008;54(3):56–59.

 17. Fleming, CP. Acoutsitc pressure wound therapy in the treatment of 
vasculopathy-associated digital ulcer: a case study. Ostom Wound 
Manage. 2008;54(4):62–65.

 18. Lasko, J, Kochiik J, Serena T. Combining acoustic pressure wound 
therapy with electrical stimulation for treatment of chronic 
lower extremity ulcers: a case series. Adv Skin Wound Care. 
2010;23(10):446–449.

 19. Dyson M. Mechanisms involved in therapeutic ultrasound. Physiother 
J Chartered Soc Physiother. 1987;73(3):8.

 20. Dyson M, Young SR. Acceleration of tissue repair by low intensity 
ultrasound applied during the infl ammatory phase. Presented at the 
meeting of American Physical Therapy Association and Canadian 
Physical Therapy Association; Toronto; 1988.

 21. Dyson M. Role of ultrasound in wound healing. In: McCulloch JM, 
Kloth LC, Feedar JA, eds. Wound Healing: Alternatives in Management. 
2nd ed. Philadelphia, PA: FA Davis; 1995.

 22. Hart J. The Effect of Therapeutic Ultrasound on Dermal Repair with 
Emphasis on Fibroblasts Activity. London: University of London; 
1993.

 23. Sussman C. Ultrasound for Wound Healing. In: Monograph. Houston, 
TX: The Chattanooga Group; 1993.

 24. Young SR, L D, Dyson M, et al. The effects of therapeutic ultrasound 
on angiogenesis. Ultrasound Med Biol. 1990;16:261–269.

 25. De Deyne PG, Kirsch-Volders. M. In vitro effects of therapeu-
tic ultrasound on the nucleus of human fi broblasts. Phys Ther. 
1995;75(7):629–634.

 26. Emsen IM. The effect of ultrasound on fl ap survival: an experimental 
study in rats. Burns. 2007;33:369–371.

REFERENCES

 1. National Pressure Ulcer Advisory Panel and European Pressure Ulcer 
Advisory Panel (EPUAP). Pressure Ulcers Prevention and Treatment: 
Clinical Practice Guideline, Washington, DC: National Pressure Ulcer 
Advisory Panel; 2009.

 2. Cullum NA, Al-Kurdi D, et al. Therapeutic ultrasound for venous leg 
ulcers. Cochrane Database Syst Rev. 2010 Issue 6. Art. No.: CD001180. 
DOI: 10.1002/14651858.CD001180.pub3.

 3. Reddy M, Gill SS, et al. Treatment of pressure ulcers a systematic 
review JAMA. 2008;300(22):2647–2662.

 4. Ennis WJ, Formann P, Mozen N, et al. Ultrasound therapy for recalci-
trant diabetic foot ulcers: results of a randomized, double-blind, con-
trolled, multicenter study. Ostomy Wound Manage. 2005;51(8):24–39.

 5. Cameron MH. Ultrasound. In: Physical Agents in Rehabilitation. 
Cameron MH, eds. Philadelphia, PA: WB Saunders; 1999:275–276.

 6. Ziskin MC, Michlovitz SL. Therapeutic ultrasound. In: Michlovitz 
SL, ed. Thermal Agents in Rehabilitation. Philadelphia, PA: F.A. Davis; 
1990.

 7. Serena T, Lee SK, et al. The impact of noncontact, nonthermal, low-
frequency ultrasound on bacterial counts in experimental and chronic 
wounds. Ostom Wound Manage. 2009;55(1):22–30.

 8. Ramundo J, Gray M. Is ultrasonic mist therapy effective for 
debriding chronic wounds? Wound Ostomy Continence Nurs. 
2008;35(6):579–583.

 9. Lai J, Pittelkow MR. Physiological effects of ultrasound mist on fi bro-
blasts. Int J Dermatol. 2007;46:587–593.

 10. Haan J, Lucich S. A retrospective analysis of acoustic pressurewound 
therapy: effects on the healing progression of chronic wounds. J Am 
Coll Certif Wound Spec. 2009;1:28–34.

 11. Sullivan PK, Conner-Kerr T. Effectiveness of non-contact mist ultra-
sound therapy (MUST). In: Removal of Pseudomonas aeruginosa in 
vitro. Presented at the Symposium for Advanced Wound Care and 
Medical Research Forum on Wound Repair, Las Vegas; 2001.

 12. Misonex Inc. How Sonicators Work. Available at: www.misonix.com. 
Last accessed January 6, 2006.

 13. Cole PS, Quisberg J, Melin MM. Adjuvant use of acoustic pressure 
wound therapy for treatmentof chronic wounds a retrospective analy-
sis. J Wound Ostomy Continence Nurs. 2009;36(2):171–177.

REVIEW QUESTIONS

1.  Which statement is correct regarding low-frequency US?
 A. The wavelengths are shorter than high-frequency US.
 B. Depth of penetration is equal to low-frequency US.
 C. It can penetrate deeper than HFUS.
 D. It is only used for contact delivery methods.

2.  Which frequency allows the penetration of energy into 
deeper tissues (up to 5 cm)?
 A. 1 MHz
 B. 3 MHz
 C. Therapeutic KHz
 D. All of the above

3. Early intervention with US:
 A.  Reduces the infl ammatory phase by being an antiin-

fl ammatory agent
 B.  Stimulates the release of growth factors from platelets 

and macrophages

 C.  Accelerates the infl ammatory and postpones the prolif-
erative phase

 D.  Impairs degranulation of mast cells while infl uencing 
scar density

4.  US can be useful for
 A. Thrombolysis and pain reduction in skin tears
 B.  Controlling periwound edema and absorption of 

 hematoma
 C.  Removal of bacterial contamination and debridement 

of bioburden
 D. All of the above

5.  Which is a precaution and not a contraindication to US?
 A. Over malignancies and precancerous lesions
 B. On patients with vascular abnormalities
 C. In acute infections
 D. Deep vein thrombosis
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CHAPTER OBJECTIVES

Hydrotherapy is the immersion of the body in a water source 
for therapeutic effect.

Thermotherapy is an integral component of hydrotherapy 
and the safe and effective use of hydrotherapy depends on 
proper use of the thermal effects. The mechanisms of heat 
transfer and regulation, the physiologic responses of the body 
to hydrotherapy, the effi cacy of hydrotherapy for wound man-
agement, and the safe and effective methods of application of 
hydrotherapy are discussed in detail in this chapter. The term 
hydrotherapy is used here rather than whirlpool because the 
effects described apply to water immersion in a tank or tub that 
is used everywhere. Whirlpool is primarily a mode of hydro-
therapy used in the United States. Agitation, an important 
component of whirlpool, adds hydrodynamic features to the 
hydrotherapy system and will be discussed separately.

HISTORIC USE OF HYDROTHERAPY 
AND THERMOTHERAPY

The use of water and warmth—hydrotherapy and thermotherapy—
for wound healing has been reported in the literature back in 
ancient times and is still used widely as a traditional therapy 
in many cultures. Therefore, it is essential to provide current 
information that aids clinicians everywhere. In current physical 
medicine wound care practice in the United States, whirlpool 
is often the hydrotherapy method selected for treating wounds.

Whirlpool hydrotherapy is a form of hydrotherapy in which 
the patient’s body or body part is submerged in water in a tub 
or tank with underwater jets that keep the water in constant 
motion. It has been a standard treatment for chronic wounds 

and burns for many years. Most of what we know about 
 hydrotherapy is about the physiological effects of hydrotherapy 
on the circulatory, nervous, and neuroendocrine systems and 
the cells of repair.

Since circulation and tissue perfusion are key requirements 
for healing, how they are affected by hydrotherapy is the main 
focus of this chapter while the other physiological effects are 
included briefl y. Little information is available about effi cacy 
for wound healing because studies are small, have not been per-
formed with current standards of rigor, and are older. However, 
that information is included because it provides some much 
needed evidence about the purported effi cacy of hydrotherapy 
for wound healing. As we present in detail in this chapter, clini-
cians may select hydrotherapy to treat wounds because research 
suggests it has the following effects:

1. Thermal
• To increase skin blood fl ow to transport oxygen and 

 nutrients to the tissues and remove waste products
• To improve vascular endothelial function
• To improve vascular systemic hemodynamics

2. Neuronal
• To facilitate neuronal mechanisms of analgesia for pain 

relief and increased mobility
• To facilitate skin blood fl ow by changes in the neuroendo-

crine function of the renin-angiotensin system
3. Cellular

• To stimulate cellular activities for regeneration
4. Mechanical débridement

• To reduce wound contamination, bioburden, and  infection 
by softening and removing debris and exudate

At the completion of this chapter, the reader will be able to:

1. Discuss the mechanisms of heat transfer and the regulation of body temperature.
2. Delineate the physiologic responses of the body to hydrotherapy.
3. Present evidence of the physiological effects of hydrotherapy for wound management.
4. Identify special patient populations and their candidacy for hydrotherapy.
5. Provide guidelines about the risks, benefi ts, and disadvantages of hydrotherapy.
6. Describe the methods of using hydrotherapy that provides the safest and most effective wound 

treatment.

Carrie Sussman

Hydrotherapy27
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So far the discussion has centered on direct contact heat 
transfer. Indirect heating refers to heating of an area away 
from the target area such as upper extremity immersion when 
the wound is located on the leg. It has been shown that indi-
rect application of heat to a distant area also has the ability to 
increase blood fl ow and pulse rate systemically.4

PHYSIOLOGIC RESPONSES TO HYDROTHERAPY

Hydrotherapy can cause the following physiological responses 
in the body: changes in skin blood fl ow, alteration of systemic 
hemodynamics, and suppression of endocrine stimulation. 
Each response is described in this section.

Skin Blood Flow
Contact with local heat such as warm water induces vasodilation 
and increases local blood fl ow to the skin.3–6 Physiologically, 
the local heating stimulates the skin thermo receptors that are 
involved in the continuous release of vasodilator nitric oxide 
(NO), which reduces impedance to blood fl ow.3,7 It is known 
that infection rates of tissues are inversely proportional to 
blood fl ow, and oxygenation of tissues is totally dependent on 
perfusion2,8,9 NO is an agent for killing of pathogens and could 
be a contributing factor to this reduction in infection rates. NO 
is discussed in Chapter 2.

Local heating can increase peripheral perfusion an aver-
age of threefold and is the simplest and most effective way of 
enhancing blood fl ow and achieving an increased subcutaneous 
oxygen tension that is sustained even after the heat source is 
removed.8,10 Tissues are totally dependent on blood fl ow to meet 
the metabolic demands of infl ammation. Increased oxygen ten-
sion makes tissue more resistant to infection and supports the 
use of intermittent heating at normothermia.10 Decreased tissue 
oxygen tension impairs the deposition of collagen and oxidative 
killing by the neutrophils.11 Support for intermittent heating at 
normothermia has been demonstrated to increase subcutane-
ous oxygen tension and presumably reduce infection.10 Three 
different temperatures (38°C, 42°C, and 46°C) were tested in 
healthy adults to determine effects of heating on local subcu-
taneous oxygen. Results of 100% increase in blood fl ow and 
50% increase in subcutaneous oxygen were comparable for all 
three temperatures.12

Vascular Endothelial Function
In the vascular endothelium, which is the lining of the blood 
vessels, by a conversion process involving NO synthase, NO is 
formed. NO as we learned recently is an important vasodila-
tor. It also is known to prevent atherosclerosis by maintain-
ing vasodilation and inhibiting platelet aggregation, leukocyte 
adhesion, and proliferation of smooth muscle cells in the arte-
rial wall. In addition to the benefi ts of increased blood fl ow 
already mentioned, repeated heat treatment induced vasodila-
tion and increased blood fl ow provides shear stress to the vas-
cular endothelium, which improves endothelial function by 
increasing NO synthase activity and reduces blood pressure. 
It has been suggested that there is a therapeutic role for ther-
motherapy such as hydrotherapy for patients with risk factors 
for atherosclerosis.7 By extension, this should be benefi cial for 
patients with low blood fl ow states who are at risk for or who 
have arterial ulcers.

MECHANISMS OF HEAT TRANSFER AND THERMAL 
REGULATION

This section explores the physiology of heat transfer, which is 
the underlying mechanism for many of the therapeutic effects 
of hydrotherapy including hemodynamics and hypothalamic 
regulation of body temperature. Hemodynamics is the study 
of the physical aspects of blood circulation, including cardiac 
function and peripheral vascular physiology. The hypothalamus 
is a brain relay center with many regulatory functions including 
temperature.

Thermal Effects
Thermal effects of hydrotherapy that are involved in the safe 
and appropriate application of hydrotherapy are heat transfer, 
thermal regulation, hemodynamic effects, cellular effects, neu-
ronal effects, and the temperature effects. Each of these topics 
is discussed here.

Moist Heat versus Dry
Another factor in increased cutaneous blood fl ow is skin mois-
ture demonstrated by the evidence that during water immer-
sion where skin moisture is increased there is greater increase in 
skin blood fl ow than with local dry heating.1

Heat Transfer
Heat is transferred from the water to the body by conduc-
tion and convection. Conduction is the exchange of thermal 
energy between two surfaces. According to the Second Law 
of Thermodynamics, heat can only fl ow down a temperature 
gradient. Heat will be transferred from the warmer to the 
cooler surface, for example, from warm water to the body.1 
Conduction also occurs between the ambient room air and the 
body so that the thermal energy (warm and cool) of the room 
is transferred to the skin and affects cutaneous blood fl ow.2,3 
In the cold ambient temperature of 16°C, blood fl ow is less 
for all age groups. At cooler room temperature (16°C) and 
thermally neutral ambient temperature (24°C), the response 
to the addition of local heat (30°C, 33°C, and 37°C), such as 
from water immersion, causes a signifi cant increase of between 
80% and 90% in skin blood fl ow and an increase in skin tem-
perature as the heat is transferred to the venous blood. The 
blood fl ow, incurred by the addition of 37°C local heating at 
ambient air of 32°C, plateaus in older adults, with or without 
diabetes, raising skin temperature because the heat transfer is 
limited by an impaired vascular response increasing the risk of 
thermal burns.3 More information about these special popula-
tion responses to hydrotherapy is coming up shortly.

Convection is a transfer of heat that occurs when there is cir-
culation of a current of air or fl uid, such as when a fan blows 
cool air over the body surface, or when warm water fl ows over 
the skin.1 Agitation increases the movement of the water over 
the body surface and promotes convection. Since heating 
occurs more rapidly by convection than by conduction when 
using the whirlpool, it is important to keep in mind that the 
moving water will speed heating. Together, conduction and 
convection bring heat from the warm water to the body core. 
Core heating is a consequence that has physiological benefi ts 
as well as risks. One risk is that heating may occur more rapidly 
than some patients can dissipate the heat.
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Subcutaneous Body Fat

Thick subcutaneous fat layers lessen and slow the transfer and 
conduction of heat to the body core, reduces the body’s abil-
ity to dissipate heat and can cause skin temperature to rise to 
a dangerously high level. The thicker the fat layer the greater 
the impairment in heat transfer and the greater the skin tem-
perature increase during the treatment.19 This effect is most 
noticeable where treatment with rapid heating modalities such 
as hydrotherapy are used. Therefore, since obese persons are 
unable to dissipate heat well, the water temperature needs to 
be adjusted downward accordingly. It has been suggested that 
thermoneutral water temperature (35°C) would meet this 
criterion.3

Body Surface Area

Radiation transfers heat from the body surface to the atmo-
sphere, but cannot take place from immersed body areas; 
therefore, heat dissipation is shifted to the exposed body areas 
that can sweat, and to the lungs. The greater the body sur-
face area immersed, the less transpiration can take place on 
the skin surface, and the greater the risk of cutaneous hyper-
thermia and burns. Again water temperature is an important 
 mitigating factor.

Thermal Regulation by Hypothalamus
The body’s thermoregulatory system is centrally controlled 
by the hypothalamus to maintain a core temperature of 
about 37°C (98.6°F). Information from the skin surface, deep 
abdominals, thoracic tissue, spinal cord, and nonhypothalamic 
portions of the brain, as well as the temperature of the hypo-
thalamus itself, each contribute roughly 20% of the informa-
tion used by the hypothalamus for thermoregulatory control. 
Because of the effectiveness of the thermoregulatory defenses, 
body temperature rarely deviates more than a few tenths of a 
degree. The range of core temperature that does not trigger 
thermoregulatory responses is only 0.2°C and is called the inter-
threshold range.20 Autonomic thermoregulatory defenses are 
not triggered unless the body temperature moves out of this 
interthreshold range.

Under normal conditions, the body maintains a tempera-
ture gradient between the core and periphery of 2°C to 4°C.21 
Because of the Second Law of Thermodynamics, heat can 
only fl ow down a temperature gradient, for example, from the 
peripheral compartment to the core. The gradient thus func-
tions as a safety feature to maintain the normal temperature 
gradient between core and periphery, the purpose of which is 
to allow the dissipation of metabolic heat from the core to the 
periphery and subsequently to the environment. Core heat-
ing is achieved in two ways: by constraint of metabolic heat by 
greater body surface area immersion and by rapid heating that 
causes the reversal of the normal core to periphery temperature 
gradient.22 Whirlpool hydrotherapy because of the conduction 
and convection effects of the moving water has the ability to 
make this reversal happen more quickly than conduction alone.

Both systemic and local tissue temperatures are of consid-
erable importance in the control of body temperature. If the 
hypothalamus receives a signal from the skin that there is a rise 
in temperature, the response is sweating, which redistributes 
body heat from the core to the periphery and cooling results. 

Hemodynamics
Vasodilation
Hemodynamic changes begin when surface heating causes 
vasodilation of the peripheral compartment (extremities). 
Core body warming is accomplished by the shunting of blood 
from the arterioles to the venules and venous plexuses located 
in the hands, feet, and face. Then conduction and convection 
of warm moving water on the body warms venous blood and 
venous return towards the core. Hemodynamic changes that 
follow include (1) Initiation of the barorefl ex regulation of vas-
cular resistance and sympathetic nervous activity. As central 
blood volume increases, there is stimulation of the barorecep-
tors, which are stretch receptors located in the blood vessels 
and in the cardiopulmonary system, that respond by increas-
ing the diameter and capacity of the major vessels and heart 
by vasodilation. (2) Systemic results from increased venous 
return include initial increase in systolic arterial blood pres-
sure, followed by decrease as peripheral vasodilation occurs, 
increased cardiac fi lling and output, decreased heart rate and 
decreased systemic vascular resistance (p < 0.05).13,14 (3) Both 
systemic and vascular resistance decreased signifi cantly during 
immersion and signifi cant change persists for 30 minutes after-
ward.15 Respiration rate also decreases during immersion due 
to reduced peripheral vascular resistance.15,16

Neuroendocrine Effects

Another hemodynamic effect is neuroendocrine suppression of 
the renin-angiotensin system. The renin-angiotensin system has 
two key functions: (1) increase systemic vascular resistance by 
vasoconstriction and (2) increase in extracellular volume that 
contributes to water retention.17 When central blood volume 
increases it is accompanied by suppression of the renin-angio-
tensin system and overall sympathetic nervous system which fur-
ther contributes to the hemodynamic response by inhibition of 
vasoconstriction thus allowing vasodilation and systemic vascular 
resistance to decrease and blood fl ow to increase. These combined 
effects occur during 30 minutes of water immersion. After cessa-
tion of the treatment increased blood fl ow is quickly reversed.13,18

Hyperthermia
During hydrotherapy, the body’s ability to transfer heat back to 
the environment, and therefore avoid hyperthermia, depends 
on the following factors:

1. The ability of the peripheral compartment vasculature to 
dilate

2. The function of the autonomic nervous system
3. Subcutaneous body fat
4. The area of body surface immersed
5. The temperature of the water and duration of application

Peripheral Compartment Vasculature

As just detailed, hydrotherapy adds heat to the body and the 
body must be able to distribute and disperse the heat quickly 
and effi ciently to avoid hyperthermia. Vasodilation may be 
compromised due to age, artheriosclerosis, calcifi cation of the 
vessels, or peripheral neuropathy so this becomes a risk that 
needs to be addressed when selecting this intervention. Very 
soon we will learn about specifi c issues pertaining to these spe-
cial situations and how to manage treatment.
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All of these populations are likely to be treated for wounds 
as a secondary consequence of their primary disease. Therefore, 
it is necessary for you to be aware of potential issues when pro-
viding hydrotherapy treatment in order to deliver appropriate 
patient centered care.

Elderly

Elderly here is defi ned, based on the research evidence reviewed 
for this discussion, as greater than age 60. It is important to be 
aware of age-related changes in the cardiovascular system that 
affect cardiac and vascular performance before selecting hydro-
therapy treatment. Aging slows and reduces blood fl ow to the 
skin for a number of reasons:

• Altered ability of vascular system to respond to thermal 
stimuli. Maximum blood fl ow increases seem to be capped 
in the elderly at higher room temperatures (32°C) related to 
impaired vascular responses.3

• Plateau of vasodilation with the addition of heat. The blood 
fl ow increase with addition of 37°C local heating to the skin 
at an ambient air of 32°C plateaus in older adults with or 
without diabetes raising skin temperature.3

• Reduction in red cell concentration and red cell velocity.26

• Impaired skin circulation due to damage of vascular endothe-
lial cells with decreased production of NO and other vasodi-
lators resulting in decreased ability to vasodilate and increase 
microcirculation of the skin adequately to dissipate heat.3,27

• Signifi cantly reduced skin thickness and subcutaneous fat lay-
ers. Even if the body mass index is the same or greater than in 
younger people there is less subcutaneous fat.26

• Over age 80 there is very little effect of local heating on skin 
blood fl ow.26

• Impairment of the sympathetic nervous system causes 
decreased skin moisture (sweat) so that evaporative cooling 
of the skin is decreased and skin temperature rises.3

• Limited heat transfer from the surface to the deeper tissues 
due to reduced dermal epidermal adhesion (see Chapter 2).27

Therefore, room and water temperature need to be care-
fully selected so as to reduce heat stress to the skin and pre-
vent thermal burns. Normothermal temperature of the air and 
water, soon to be discussed, would be one way of reducing 
heat stress.

Diabetics

What has just been presented about the responses of the elderly 
to hydrotherapy can also be applied to the diabetic population. 
Except that the diabetics may be younger in chronological age. 
Vasodilation is limited in this patient population who have 
calcifi ed vessels as a secondary complication of the disease 
and an ankle-brachial index of greater than 1.0 (see Chapter 6 
for vascular assessment). Both groups also experience a pla-
teau in the skin blood fl ow response.3 Therefore, in this group, 
the application of heat will at best have a muted response. By 
prewarming the body and treating in a warm environment, 
addition of more local heat may slightly increase vasodila-
tion. More about environmental temperatures effects will be 
discussed on page 6. The condition of decreased blood fl ow 
response to local and global heating in both diabetics and the 
elderly is progressive.

If the signal from the skin is cold, the response would be 
 vasoconstriction, which conserves heat, and generates shivering. 
There is a linear relation near 20% between mean skin tempera-
ture and core temperatures at the vasoconstriction and shivering 
thresholds; however, there is individual variability.23 The object 
is a redistribution of body heat from the core to the periphery.

All thermoregulatory responses are neuronally mediated. Thus, 
the administration of nerve blocks prevents the normal activation 
of thermoregulatory defenses, such as sweating, vasoconstriction, 
and shivering. Peripheral inhibition of thermoregulatory defenses 
is a major cause of hypothermia during regional anesthesia.21

Mild hypothermia impairs the oxidative killing by neutro-
phils and decreases cutaneous blood fl ow, which reduces tissue 
oxygen and contributes to decreased wound strength by reduc-
ing the deposition of collagen. Under the right thermal condi-
tions, hydrotherapy can be used to treat mild core hypothermia 
and prevent impaired immune functions by vasoconstriction-
induced hypoxia. Vasoconstriction-induced tissue hypoxia can 
decrease the strength of the healing wound because the process 
of collagen deposition and cross-linkages between strands of col-
lagen is dependent on oxygen tension.24 Nineteen percent of 104 
control group postsurgical patients who experienced mild hypo-
thermia during surgery developed postsurgical wound infection. 
Heating core body temperature to 37°C, normothermia, during 
surgery in an experimental study group of 96 patients was found 
to reduce signifi cantly the incidence of postsurgical wound infec-
tion and to increase signifi cantly collagen deposition near the 
wound.24 Mild hypothermia also reduces platelet function and 
increases coagulation time.25 These inhibitory effects were found 
to be completely reversible by rewarming the blood to 37°C.4,8

Circulatory Effects on Special Populations
After our discussions of hemodynamic changes during hydro-
therapy in this chapter, it should now be apparent that “one 
size” hydrotherapy treatment should not be given to everyone. 
Special populations require mitigating measures to prevent 
unintended and undesirable consequences from occurring as 
well as to achieve maximum benefi t from the therapy.

Six special populations whose responses to hydrotherapy 
differ from those of normal adults and require special consider-
ation when planning a course of hydrotherapy intervention are 
discussed in this section. They include patients who are

• Elderly
• Diabetics
• Spinal cord injured
• Obese
• Patients with compensated heart failure
• Patients with venous insuffi ciency
• Patients with burns

CLINICAL WISDOM

Monitor Temperature
Use a thermometer to record tympanic membrane tempera-
ture during hydrotherapy treatment to monitor for changes 
in core body temperature.
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at a normothermic temperature to raise body core temperature 
without causing overheating of the skin.18 Normothermic tem-
perature discussion follows on page 7.

Chronic Heart Failure

Warm water bathing has been generally considered inappropri-
ate for patients with stable chronic heart failure (CHF). In CHF 
patients, peripheral vascular resistance is increased by sympa-
thetic hypertonia to compensate for reduced cardiac output.15 
Since peripheral vasodilation occurs with addition of warmth, 
investigation of the comprehensive hemodynamic effects on 
this population has been undertaken in several studies and the 
fi ndings suggest that this belief is wrong and that it is time to 
make this treatment option available to this population.7,13,15,16 
Hemodynamic responses, just described, including increased 
cardiac and stroke volume, decreased systemic vascular resis-
tance and increased blood fl ow occur in this population but 
more slowly than in the normal population. The neuroendocrine 
system is also affected similarly.13 This information is useful for 
two reasons: (1) in this patient population, vascular resistance is 
chronically high and cardiac output reduced and (2) hydrother-
apy provides a nonpharmaceutical treatment option to reduce 
vascular resistance and to improve hemodynamics and blood 
fl ow to the tissues.31 If the patient also has a wound, increased 
blood fl ow would have wound healing benefi ts as well.

Venous Insuffi ciency

Vasodilatation is a benefi t for a patient with reduced perfusion, 
but it can be disastrous for a patient with venous insuffi ciency 
whose venous system has diffi culty managing tissue fl uids.32 As 
learned throughout this text, vasodilation with increased blood 
fl ow is essential for wound healing. In earlier chapters on vascu-
lar and edema management it was explained that as the blood 
volume in the veins increases the fl uid shifts from the vessels 
into the interstitial spaces and becomes edematous. If placed in 
a dependent position such as in the whirlpool tank the effect 
of the hydrostatic pressure of the blood exerted on the veins 
increases the pressure further and edema will increase. The fl uid 
shift also occurs within a wound, which is usually in the gaiter 
area of the leg, with a loss of proteins, electrolytes, other nutri-
ents, and growth factors found in wound fl uid. If immersed in 
water, those fl uids will pass out into the water. Fluid shifts can 
lead to dehydration and depletion of nutrients needed for heal-
ing.33 Use of saline instead of tap water will prevent loss of fl uids. 
Saline hydrotherapy solution can be made by adding salt to the 
water. But the amount of salt needed and the corrosive effects 
if the tank or turbine is metal may be barriers to this option. If 
fl uid shift is of concern, another intervention for this patient 
population could better meet the goals of treatment.

Burns

Hydrotherapy is used to facilitate burn débridement. From the 
1950s to mid 1980s, immersion hydrotherapy was a standard of 
care for burn débridement and then practice began to change 
from immersion to showering due to infection rates attributable 
to hydrotherapy services.34 Still by the early 1990s over 80% of 
patients with burns received immersion hydrotherapy.35 The chief 
concern is the transference of nosocomial infections between 
patients that have been traced to the hydrotherapy intervention 

Peripheral neuropathy is usually identifi ed in the lower 
extremities fi rst and then progresses to the upper extremities. 
Application of heat to an extremity with impaired sensation 
likewise presents risk of burns because of lack of sympathetic 
nervous system input to mediate vasodilation required to dis-
sipate and remove the heat and/or lack of sensory input to warn 
of overheating28 Figure 27.1 shows the foot of a patient with 
diabetic neuropathy who suffered a burn when immersed in 
hot water. Diabetics and others with peripheral neuropathy 
also have peripheral inhibition of thermoregulatory defenses 
and are at risk for both mild core hypothermia and thermal 
injury from immersion.

Diabetics who often develop callus formation on the plan-
tar surfaces of the feet should not be treated in hydrotherapy 
because calluses will be softened, and subsequent exposure to 
pressure from standing on the foot will result in skin break-
down. The break in the skin will become a portal for infection.

Spinal Cord Injured

Spinal cord–injured individuals just like diabetics also have 
peripheral inhibition of thermoregulatory defenses and are 
at risk for thermal injury and fl uid shift similar to those with 
venous insuffi ciency. Therefore, attention should be paid to 
heat gain and changes in plasma volume.28,29

Obese

When using a rapid heating modality like whirlpool, heat trans-
fer from the skin to the deeper tissues is signifi cantly impaired 
by thicker subcutaneous fat layers because the subcutaneous 
fat acts as an insulator. Individuals with high body fat increase 
their deep tissue temperatures nearly twice as slowly as thin 
individuals. The greater the impairment the warmer the skin 
temperature increase during the treatment.19 If the body fat 
exceeds 25% of the subjects weight 20 minutes of immer-
sion is not long enough to change deep muscle temperature.30 
Depending on the water temperature and body fat, the length 
of immersion may need to be longer than 15 to 20 minutes and 

FIGURE 27.1 Burn resulting from putting neuropathic foot in hot 
water. (Copyright © Nancy Elftman.)
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Frequent changes in wound temperature may delay phago-
cytosis and wound healing. Therefore, the effect of temperature 
on cellular activity is an important consideration when choos-
ing a treatment temperature for the whirlpool.

Neuronal Effects
Neural receptors for heat and cold are distributed all over the 
body. Signals from cold receptors travel along A-delta fi bers 
and from warm receptors along C fi bers. Neuronal mediation 
of thermoregulatory responses is the primary means of activa-
tion. Warm water has mild analgesic effects, reduces infl am-
mation, is soothing, and relaxes muscle tension.43–45 Patients 
experiencing severe pain or anxiety may fi nd these effects 
soothing and analgesic. However, patients who are lethargic 
or semicomatose with already suppressed central nervous sys-
tem function would be neurosuppressed to a point where they 
could become totally unresponsive. These patients should not 
be immersed in warm water. Analgesia from the warm water is 
often reported, but some wound patients, especially those with 
ischemic limbs or burns, fi nd that the agitation stimulates pain 
receptors. Treatment at a very gentle agitation level directed 
away from the wound tissue can be used to soothe, rather than 
stimulate, the nerves. Patient tolerance should be evaluated and 
treatment modifi ed as required.

Combining Hydrotherapy with Exercise
During hydrotherapy treatment, the patient should be encour-
aged to perform gentle exercise for muscle pump functions and 
strengthening. Both skin blood fl ow and sweating during exer-
cise increase with a rise in water temperature and are notable at 
35°C.46 If exercise is to be performed during the wound treat-
ment, consider the physiologic effects when choosing the water 
temperature and the extent of body area to be immersed. Heart 
rate and blood pressure can be expected to increase signifi cantly 
during exercise in the water. CHF patients also have signifi cant 
increase in cardiac output.16 Joint range-of-motion extensibility 
is usually performed more easily and less painfully in warm water. 
The gentle stretching forces around the wound may stimulate tis-
sue regeneration. Of course, stretching and exercise of a newly 
sutured wound should be avoided until the sutures are removed.

Physiologic Effects at Different Temperatures 
and Duration
In this section, we will discuss how different room, body and 
water temperatures and the duration of immersion effect physi-
ology and how to use them to for the best clinical results.

Room temperature
If the patient is allowed to sit in a warm room (24°C–32°C) for 
15 minutes before adding local heat (water immersion), the heat 

and the diffi culty in decontaminating the agitators and  aerators. 
Also iatrogenic care by caregivers who use inadequate hand 
washing and barriers is also implicated. Attempts to use disinfec-
tants in the water is also unacceptable due to patient discomfort.34 
Change in burn management at a regional burn center occurred 
in 1999 and included no hydrotherapy. Evaluation of the results 
of change in care there over a 10-year period found that there 
was reduced mortality not all of which was attributable to the 
discontinuance of hydrotherapy.36 Primary rationale for using 
hydrotherapy was wound débridement. Burn patients report 
severe pain with immersion hydrotherapy. Showering has been 
substituted because it is less painful and takes less time.37 Also 
surgical excision which is faster and can be done under anesthesia 
has become a better débridement choice. For the burn popula-
tion the goal of care is not enhanced circulatory effects. Further 
information about burn care is provided in Chapter 15.

Cellular Effects
Heat is infrared energy. Use of heat adds energy to the cells as 
well other body systems already described. Warmth stimulates 
cell mitosis and enhances leukocytic activity. Research on pigs 
has shown experimentally that the speed of production of new 
epidermal cells is enhanced if the temperature is maintained 
at 37°C. Similar results have been reported following in vitro 
testing of human skin cultures. Leukocyte activity may fall 
to zero when wound temperature is cooled, such as during a 
dressing change. This will impair the phagocytic activity of the 
leukocytes.38 It has been observed that it takes 40 minutes for 
a freshly cleaned wound to return to normal temperature and 
3 hours for mitotic cell division to resume.39,40 However, at 33°C, 
the proliferative capacity of endothelial cells was potentiated.41 
Fibroblasts treated with heat at 38°C have increased cell divi-
sion and metabolic activity20 and this along with the mechani-
cal stimulation of the fi broblasts during whirlpool stimulates 
granulation tissue formation.

Clotting factor activity is prolonged at temperatures below 
35°C, resulting in decreased activation of the coagulation cascade 
(Chapter 2). More bleeding could be expected during débride-
ment if a tepid hydrotherapy is used. Clotting function is restored 
with warming.25 Chronic wound fl uid is known to inhibit fi bro-
blast activity. Heating of chronic wound fl uid in a water bath 
showed that there was a temperature-dependent reduction in the 
inhibitory effect on fi broblasts. When the heated chronic wound 
fl uid was added to fetal and adult fi broblasts, the fl uid assisted in 
the growth of both fetal and adult fi broblasts.42 Heating of wound 
fl uid during hydrotherapy treatment may have a signifi cant effect 
on restarting the growth of fi broblasts in chronic wounds.

RESEARCH WISDOM

Hydrotherapy Implications for Venous Congestion
McCulloch and Boyd32 reported that hydrotherapy treat-
ment of a dependent leg resulted in increased hypotension 
and lower extremity vascular congestion, even in healthy 
individuals. The implications for the patient with a compro-
mised venous system are very serious.

CLINICAL WISDOM

Fluids
Provide patients with fl uids during hydrotherapy to com-
pensate for loss of fl uids
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disease and in the presence of cardiovascular and pulmonary 
disease.

• Water temperature of 32°C increases blood fl ow of 2.3 mL/dL 
of limb volume but will chill the wound and slow clotting and 
healing.47,49

Immersion Duration

Application of heat with hydrotherapy for 20 minutes at a hot 
temperature of 40°C produces an immediate increase in local 
blood fl ow3 Also at this temperature and duration, mean car-
diac output and oxygen consumption increase, but not sig-
nifi cantly. Heart rate increases 1.3 to 1.5 times over the sitting 
or supine resting level, and mean blood pressure increases 
1.1 times over the supine resting values. Core body temperature 
is increased when exposure to warm water ceases to increase 
local blood fl ow and the warm venous blood is carried to the 
core vessels.15,50 In conjunction with the rise in core tempera-
ture, there is a rise in local skin temperature. As we learned if 
there is limited skin blood fl ow to dissipate the heat, burns may 
result. At this temperature, that can occur quickly before the 
rise in core temperature. Therefore the temperature and dura-
tion of the treatment needs to be adjusted to avoid this hazard 
and achieve desired outcomes. Normothermic temperature for 
longer duration can be better tolerated by the skin and still have 
desired physiological benefi ts.

The necessary duration of immersion for increased blood 
fl ow at 35°C, normothermia, is 30 minutes. In the elderly and 
those with diabetes, changes in blood fl ow are not noted until 
15 minutes of immersion at normothermic temperature. So the 
customary 20-minute hydrotherapy immersion session is prob-
ably not long enough to promote the hemodynamic changes 
outlined in this chapter in these populations.

EVIDENCE OF THE EFFECT OF HYDROTHERAPY 
ON WOUND HEALING

Little direct evidence exists about the benefi ts of hydrotherapy 
on wound healing. What we have learned so far is evidence 
about the physiological effects of heat and water immersion on 
hemodynamics, neuronal activities, and cellular effects. In this 
section, evidence is presented from clinical studies reporting on 
the effi cacy of whirlpool hydrotherapy for wound healing.

Clinical Practice Guidelines
Whirlpool, a form of hydrotherapy, has been a standard treat-
ment for chronic wounds and burns for many years. In 1994, 
the Agency for Health Care Policy and Research, now known 
as the Agency for Health Care Research and Quality, panel 

of the room is transferred to the skin that is warmed,  arterial 
dilation is initiated, blood fl ow increases, and heat is trans-
ferred across the skin layers and stored in the tissues below. It 
also appears that prewarming offers some protection from local 
heat damage to the skin. However, this benefi t is blunted in the 
elderly whose skin is more sensitive to heating and burns.27

Water Temperature, Duration, Precautions
Water Temperature

Use the water temperature closest to the optimal that is con-
sistent with the patient’s medical status. We begin this section 
with defi nitions of water temperature ranges summarized as 
follows47:

• Nonthermal/tepid: 27°C to 33.5°C or 80°F to 92°F
• Neutral: 33.5°C to 35.5°C or 92°F to 96°F
• Normothermal: 37°C or 98.6°F
• Hot: 36.7°C to 40°C or 98°F to 104°F

Each temperature range exerts different degree of physiological 
effects on the body. To begin let us consider that the average skin 
temperature of the body is 34°C (93°F). The range of body indif-
ference to temperature is 34°C to 38°C (93°F–100.4°F). At 27°C 
to 33.5°C (80°F–92°F), the temperature is tepid or nonthermal. 
At this temperature range, chilling with local vasoconstriction, 
decreased oxygen uptake, and tissue cooling that affects the cells 
of repair occurs.5 Avoid mild core hypothermia at this thermal 
range by treating only a limited body area for a very short dura-
tion (e.g., 5 minutes) for cleansing or to soften dry tissue; keep 
the rest of the body and surrounding air temperature warm and 
slightly humid. Use a normothermic tap water rinse (35°C–37°C) 
immediately following the hydrotherapy to raise local wound 
temperatures. Temperatures of 36.5°C to 40°C (98°F–104°F) are 
typically used for therapeutic heating.47 Above 37°C or 98°F is 
classifi ed as hot. Higher temperature levels are not recommended 
because of physiologic stress. A tissue temperature rise of as much 
as 4°C at temperatures ranging from 37°C to 42°C has been mea-
sured after immersion for 20 minutes in a whirlpool.

If hydrotherapy is to be used, consider the neutral tempera-
ture choice for patients with venous insuffi ciency in whom 
wound débridement and cleansing is the objective and where 
vasodilation should be avoided since the added blood volume 
could overload incompetent veins. The warm rinse as described 
would reduce shock to local cells of repair.

Neutral warmth is 33.5°C to 35.5°C (92°F–96°F). The nor-
mothermic temperature range of 35.5°C to 37°C is best when 
treating the patient with peripheral vascular disease, sensory 
impairment, CHF, the elderly, diabetic, or obese.13 At neutral 
warmth tissues will still be soaked, softened, and cleansed, and 
hemodynamics will be positively effected. The temperature 
range shown to optimize cellular functions and enzymatic and 
biochemical reactions is at normal body temperature, or nor-
mothermia, defi ned as 98.6°F or 37°C ± 1°C.48

Temperature Precautions

As reviewed, water temperature modifi es circulatory responses. 
Use the following treatment modifi cations to modify the heat-
ing effects of hydrotherapy:

• Water temperature should not exceed local skin temperature 
(usually 34°C–35°C) in the presence of peripheral vascular 

CLINICAL WISDOM

Avoid Chilling
When using lower temperatures, avoid chilling by maintain-
ing warm room temperature and use only for single limbs, 
not the whole body. Reduce treatment duration from 20 to 
5 or 10 minutes.
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The hydrotherapy and dressing group had 3% healing or had 
increased wound size while the low-voltage microamper-
age direct current group had 58% healing. Perhaps some of 
the poor results in the whirlpool/saline wet-to-moist dress-
ing group were due to the dressings drying out, resulting in 
repeated trauma during dressing changes or other factors not 
described or considered.

Comparative Case Studies and Other Trials
Whirlpool hydrotherapy with povidone-iodine and low-
energy infrared cold laser were combined treatments used for 
two patients in two case studies.55 The patient in case study 1 
had a 1.42 cm/wk or 7.12% per week (99.7% healing) reduc-
tion in size after 14 weeks of therapy. The patient in case study 
2 had weekly reduction in size of 1.5 cm/wk or 5% per week 
(90% healing) in 18 weeks. A woman with septic autoampu-
tation of a breast secondary to cancer was treated daily for 
30 minutes with antimicrobial additives in the whirlpool for 
wound cleansing, nonselective débridement and the fi ndings 
were that that tissue improvement took place within 2 weeks, 
that drainage ceased after 2 months, and that at 11 months the 
wound was closed and there was no evidence of the cancer. At 
a 2-year follow-up the wound remained closed.56 Broad conclu-
sions cannot be reached about use of these combined interven-
tions. No negative effects were reported.

Another study is a small controlled comparative clinical 
trial (N = 12) of patients with pressure ulcers. The investiga-
tors followed daily 20-minute hydrotherapy with povidone-
iodine intervention with 20-minute electrical stimulation (ES) 
in half the patients, and the control half of the study received 
only the 20-minute treatment of hydrotherapy with povidone-
iodine.57 Both groups received aftercare with saline wet-to-dry 
dressings. The hydrotherapy control group in this study had a 
5.23% per week reduction in wound area and 28.37% per week 
reduction in depth.

Gault and Gatens58 found that a hydrotherapy control group 
had a 14.7% per week rate of healing. They designated one ulcer 
on each of six patients as a control and assigned that ulcer to 
a hydrotherapy control group. Results for those ulcers were a 
14.7% per week healing rate.58 However, the electrotherapy that 
was administered to the other ulcer may have had some systemic 
effect that infl uenced the rate of healing in the control ulcer.

Akers and Gabrielson59 compared three treatment regimens: 
(1) whirlpool, (2) whirlpool with electrical high-voltage pulsed 
current (HVPC) stimulation, and (3) HVPC alone in the healing 
of pressure ulcers of 14 spinal cord injured individuals. This con-
trolled clinical trial reported that the hydrotherapy treatment was 
given once daily (QD), the HVPC was given twice daily (BID), 
and the hydrotherapy given QD plus HVPC BID. The treat-
ment parameters and the rate or percentage of healing were not 
reported. Results reported that there was no statistical signifi cance 
between the three groups. The best outcomes were achieved by 
the HVPC BID group, followed by the hydrotherapy QD group 
and the HVPC BID, and last, the hydrotherapy QD group. The 
study reported that numerous interval variations existed.

Thurman and Christian60 reported a case study of a patient 
with diabetes who was scheduled for surgical amputation of a 
foot with an infected abscess. The ulcerated foot was treated 
with a mixture of interventions including hydrotherapy with 
hexachlorophene for 10 minutes daily, followed by treatment 

considered the evidence and, based on an absence of clinical 
 trials,  recommended a level “C” grade for this therapy based on 
expert opinion (refer to the book Introduction for the AHCPR 
Evidence Grading System51). The AHCPR recommendation was 
“to consider whirlpool hydrotherapy treatment for pressure 
ulcers that contain thick exudate, slough, or necrotic tissue and 
to discontinue hydrotherapy when the ulcer is clean.”51 Thus, 
many clinicians have moved away from use of the hydrotherapy 
because of a lack of evidence and cautions received from experts.

In 2009, the National Pressure Ulcer and European Pressure 
Ulcer Advisory Panels released new guidelines for treatment of 
pressure ulcers.52 After an updated review of the evidence for 
these guidelines, whirlpool hydrotherapy was again found to 
have a level C strength of evidence for pressure ulcers but rec-
ommendations changed as follows: “consider a course of whirl-
pool as an adjunct for wound cleansing and facilitating healing 
and to reduce wound bioburden and infection”52 According 
to the same source, no other method of débridement receives 
an evidence level greater than C. The guidelines go on to say 
that the débridement method selected should be the one most 
appropriate to the individual’s “condition, the goals of care, 
ulcer status, type, quantity and location of necrotic tissue, the 
care setting and professional accessibility/capability.”52

Published Clinical Studies
Review of the literature for other wound treatment interventions 
brought to light a number of studies in which hydrotherapy was 
used as either a cotreatment modality or the comparative stan-
dard wound care treatment. Since the AHCPR guidelines were 
published in 1994, one small randomized controlled clinical 
trial of clean, surgically débrided pressure ulcers treated with 
hydrotherapy has been published and with no negative fi ndings 
reported and wounds healing.53 Like most treatment interven-
tion studies, the data from these studies often have gaps, such 
as treatment parameters used or the percentage of healing. 
The purpose of this review of the hydrotherapy clinical studies 
is to look at the reported data and the evidence that provides 
for choosing an intervention with whirlpool hydrotherapy. 
Table 27.1 summarizes the data derived from this literature 
review. The following text outlines the studies more extensively.

Randomized Clinical Trials
A randomized clinical trial was designed to test the effect of 
whirlpool hydrotherapy on surgically débrided, clean granu-
lating, Stage III and IV pressure ulcers.53 Group A was treated 
with moist wound dressings hydrotherapy (N = 24) at 96 to 
97°F and the control group B with moist wound dressings 
(N = 18). One 20-minute session was given daily. The hydro-
therapy group showed a signifi cantly faster rate of wound heal-
ing, mean rate 0.39 cm/wk, in 58.33% of the whirlpool-treated 
ulcers, compared with a mean healing rate of 0.169 cm/wk for 
27.78% of the nonhydrotherapy controls. Fewer wounds in the 
whirlpool hydrotherapy group (9 versus 11) deteriorated dur-
ing the course of treatment. However, the investigators were 
concerned that there were so many deteriorating wounds in 
both groups that could not be explained.

Wood et al.54 reported on results of a randomized con-
trolled trial of 31 patients treated with whirlpool, saline wet-
to-moist dressings, and compared the results with those of a 
group of 43 patients treated with low-intensity direct current. 
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738 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

may damage healthy tissues. Trauma to granulation tissue and 
 epithelial cells may occur if the wound is positioned too close 
to the high-pressure jets of the whirlpool.64 Avoid trauma from 
shearing forces and turbulence by adjusting the level of aeration 
from the jet to minimal or by turning off the aerator if tissues are 
very fragile, such as new skin grafts.47 Trauma from mechanical 
force prolongs infl ammation and delays healing. Therefore, you 
must exercise care during delivery of the whirlpool treatment to 
minimize trauma to healthy granulation tissue as well as to sur-
rounding soft tissues. Even trauma distant from the wound site 
can infl uence the occurrence of local wound infection.65

By performing a débridement procedure, the clinician mini-
mizes the body’s infl ammatory response and removes a staging 
place for bacteria and fungi. Débridement methods, other than 
biophysical agents, are explored fully in Chapter 17.

Besides the physiological effects described in detail at the 
start of this chapter, physical effects of immersion in water are 
soaking, saturating, loosening, and softening of loosely adher-
ent necrotic tissue, which aids phagocytosis and deodorization. 
Hydrotherapy has little or no effect on densely adherent fi brous 
tissue, and other methods of débridement should be consid-
ered. Hydrotherapy as a débridement intervention is often 
followed by other débridement methods; for example, sharp, 
enzymatic, biologic, autolytic, or surgical.

RISKS AND CANDIDACY FOR HYDROTHERAPY

Patients treated with hydrotherapy are at risk for a variety of 
associated risks, including exacerbation of systemic symptoms, 
tissue damage, and infection. Each of these risk factors should 
be considered when making the clinical decision about candi-
dacy for hydrotherapy.

Cardiac, Vascular, and Pulmonary Systems
Until recently it has been considered a contraindication to 
immerse cardiopulmonary and peripheral vascular patients in 
warm water. As described under special populations, patients 
with cardiovascular problems including compensated conges-
tive heart failure have improved hemodynamics and reduced 
vascular resistance when treated with warm water immersion. 
Therefore, it is now considered safe and good medical man-
agement to use warm water as a means of increasing blood 
fl ow for this population. Contraindication recommendation 
for patients with venous insuffi ciency remains unchanged for 
reasons just described. Medications that alter cardiac function 
such as beta blockers that reduce blood pressure and heart rate 
should be considered before selecting hydrotherapy because 
they will effect reaction to treatment.

Age related changes to the pulmonary system include dimin-
ished ventilation and gas exchange and this has been another 
factor for limiting use of hydrotherapy for this patient popula-
tion. However, this is not supported by recent evidence. Patients 
with CHF have increased respiratory rates and improved pul-
monary gas exchange because of decreased pulmonary arterial 
resistance.15,16 Pulmonary risks, especially for the elderly and 
health-care providers that exist include inspiration of airborne 
respirable water vapor droplets resulting from the agitation of 
the water in the whirlpool which could result in a pneumonitis.66 
Thus, personal protective masks should be provided for patients 
during the agitation.

with HVPC and other disinfecting agents and antimicrobials. 
Results were limb salvage, decreased infection, and exudate 
leading to wound closure in 4 months.

Carley and Wainapel’s control group had a multitude of 
conventional dressing treatments, including mainly wet-to-dry 
dressings, gauze with Dakin’s solution, or povidone-iodine.61 
Four were treated in the whirlpool. Results were not separated 
from the rest of the controls.

In another study, hydrotherapy effi cacy was compared with 
pulsed lavage by measuring the rate of formation of granulation 
tissue in a variety of chronic wounds.62 Although the rate of 
granulation tissue formation was greater at 12.2% per week, for 
the pulsed lavage group, the hydrotherapy group had a gran-
ulation rate of 4.8% per week. Hydrotherapy and collagenase 
were both used throughout the course of treatment for ulcers of 
mixed etiologies, and 80% reached closure in a median time of 
37 days (SD 27.5 days).63

Major abdominal surgery is often followed by pain because 
of increased tension on muscles and tissues. Results of these 
events have been attributed to causing anxiety, stress, and 
altered tissue regeneration. Findings of a controlled clinical trial 
of postoperative patients (N = 63) who had major abdominal 
surgery and who received an intervention with hydrotherapy 
after surgery showed reduced pain behavior, fewer signs of 
wound infl ammation, and positive signs of healing over a 3-day 
period following surgery.43

Vetra and Whittaker63 found that patients with limited cir-
culation and extensive necrotic tissue who most likely would 
have had to have limb amputation received benefi t from the 
enhanced perfusion associated with heating in the whirlpool, 
combined with enzymatic débridement using collagenase.

Discussion about Clinical Studies
Review of the results of clinical studies suggest that there were 
extrinsic factors that may have infl uenced the results of the 
treatment interventions, such as use of cytotoxic agents like 
povidone iodine,55,57,61 and hexachlorophene and hydrogen 
peroxide.60 Two studies53,54 reported conscientiously avoiding 
chemical and mechanical trauma to the wounds treated with 
whirlpool, yet both reported signifi cant deterioration of the 
hydrotherapy groups that was not explained. Reports of heal-
ing at slower rates than comparative treatment are listed in 
Table 27.1. More studies need to be undertaken with good con-
trol standards in place. In the meantime, with all their fl aws, 
what seems apparent from this review is that whirlpool hydro-
therapy on a daily basis may be benefi cial for wound cleansing, 
nonspecifi c débridement and healing for acute surgical as well 
as chronic wounds.

USE OF HYDROTHERAPY FOR WOUND 
CLEANSING AND DÉBRIDEMENT

Hydrotherapy is a method of both mechanical débridement and 
wound cleansing but should not be used or considered as bath-
ing. It differs from other methods of wound cleansing, which 
uses a cleansing solution and a method of delivery that cleanses 
the wound. Use of mechanical and shearing force, such as tur-
bulent water (agitation) that is a component of whirlpool, is an 
invasive procedure that scours and scrubs the necrotic tissue 
to loosen it from the healthy tissue but it is nonselective and 
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Wound decontamination and infection control are cited as 
reasons to use hydrotherapy, but evidence of their effi cacy is 
mixed. Two studies compared the effects of hydrotherapy treat-
ment and hydrotherapy treatment followed by vigorous rins-
ing. Neiderhuber et al.70 studied removal of bacterial load from 
the soles of the feet of 76 normal adults with intact skin. Factors 
considered in their investigation included water temperature, 
immersion time, agitation of the water versus soaking, spray-
ing the part with clean water for 30 seconds, and agitation of 
the water during immersion, followed by spraying of the part 
with clean water for 30 seconds.70 Findings showed that water 
temperature was not a signifi cant factor in bacterial decontami-
nation whereas duration of immersion was signifi cant. There 
was a steady removal of bacterial load with longer duration 
treatment, 10 to 20 minutes being optimal. Agitation was best, 
compared with either soaking or spraying, in removal of skin 
surface bacteria, but the combination of immersion with agita-
tion and spraying rinsed away 70% of the remaining contami-
nants, providing the best outcome.

Bohannon71 studied a single subject with a venous ulcer and 
compared bacterial load following hydrotherapy with a low 
concentration of povidone iodine without and with rinsing 
for 30 to 90 seconds at the maximum pressure tolerated by the 
subject. More than four times as many bacteria were removed 
with rinsing added than without. Both studies support the use 
of hydrotherapy with rinse to reduce bacterial colonies present 
on skin and wound surface. Considerable documentation in 
the literature shows that when the bacterial content of an ulcer 
exceeds 105 organisms per gram of tissue, healing is impaired.51 
However, neither the Neiderhuber nor the Bohannon study 
identifi es the organisms isolated, nor do they use the thresh-
old standard of an infected wound as 105 organisms per gram 
of tissue measured by wound biopsy or culture.72 Only one 
patient with a wound was evaluated. Another case mentioned 
above found relief of sepsis using antimicrobial agents in the 
whirlpool used to treat a breast cancer patient with a fumigat-
ing chest wound.56

Risk of infection for the patient with a burn or wound has 
been documented. Shankowsky et al.35 surveyed 202 burn units 
in the United States and Canada, with 158 (75.7%) respond-
ing, and found that these facilities regularly use hydrotherapy 
as part of burn care. Hydrotherapy was implicated as a cause 
of nosocomial infection leading to sepsis with P. aeruginosa 
(52.9%), Staphylococcus aureus (25.5%), and Candida albi-
cans (5.2%).35 Cardany et al.73 found that hydrotherapy did 
not reduce bacterial load on burned or normal skin, but the 
water contained heavy contamination with viable organisms 
that have the potential for contaminating clean wounds and for 
patient cross-contamination. A further documented compli-
cation is superhydration of the skin, which allows penetration 
of bacteria.68,35 Water content of the skin may increase to 55% 
to 70% following a 20-minute immersion.68 Intrinsic factors, 
such as immunosuppression, and diseases such as diabetes are 
known to increase susceptibility to infection. Hospitalized indi-
viduals, compared with healthy individuals, have a decreased 
resistance to infection and have the highest risk of secondary 
health effects.

Exposure to pathogens has been associated with many 
sources, including hydrotherapy tanks and associated equip-
ment. Infectious organisms, particularly P. aeruginosa, have 

In all patients, vital signs including blood pressure, heart 
rate, and respiration rates should be taken before, during, and 
after treatment. In addition, all patients should be monitored 
closely during the treatment for: dizziness, feeling faint, or 
changes in mental status.

Tissue Damage
Normally, the surface environment of the skin is unfavorable to 
most microfl ora because its pH is between 5 and 6.67 Prolonged 
soaking supersaturates the wound tissue and surrounding skin, 
which may result in maceration, or the breaking down of the 
fi bers of the skin, and a change in the pH that makes the skin 
more favorable to microbes.

Concern exists about tissue damage from the agitation force 
of the whirlpool jet on healthy tissue when it is used to provide 
nonselective mechanical wound débridement in a wound with 
granulation tissue.

Wound Infection
There is evidence that wounds treated with hydrotherapy are 
at risk for waterborne contamination and other complications. 
Reports in the literature demonstrate Pseudomonas  aeruginosa–
associated skin disease after immersion in public whirl-
pools.35,68,69 Factors that infl uence host susceptibility include the 
anatomic and physiologic defenses of the skin, the skin surface 
microecology wherein the skin humidity is altered, and intrin-
sic factors such as disease and age. The skin’s relative dryness 
may be a defense mechanism to resist infection which immer-
sion in the hydrotherapy may negate. Increased skin tissue 
temperature has been associated with P. aeruginosa infections 
as well. Chronic antibiotic therapy changes the normal fl ora of 
the skin and can lead to colonization and superinfection with 
organisms such as P. aeruginosa.68

A variety of intrinsic factors, such as age and diabetes, also 
appear to increase this susceptibility to infection through the 
skin. Traumatic injuries such as burns, and immunosuppres-
sive therapies also increase host susceptibility to skin infection 
with P. aeruginosa.68 Hydration of the skin and increased skin 
tissue temperature have been associated with P. aeruginosa 
infections as well, and most likely negates many of the skin’s 
normal defenses.

In experimental models, superhydration of the skin must be 
continuous for long periods of time before symptoms occur, 
and hydrotherapy usually offers considerably shorter exposure 
periods. However, repeated immersion and exposure to the 
hydrotherapy water may lead to colonization of P. aeruginosa 
despite drying of the skin surface between sessions. There is 
potential for the bacteria to be harbored in the invaginations 
of the skin appendages, where they release proteolytic enzymes 
and exotoxins that result in an infl ammatory reaction of the 
surrounding tissues.20

CLINICAL WISDOM

Use of a face mask by the patient as well as personnel would 
reduce risk of inhalation of respirable droplets during the 
hydrotherapy treatment.
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740 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

modifi ed to avoid any problems. The same is true for patients 
on  anticoagulant therapy who are at risk for deep tissue injury 
and hematoma.76

Hydrotherapy will increase local blood fl ow for a sustained 
period of time after cessation of the treatment, increase subcu-
taneous oxygen, and stimulate the cells needed for healing. It is 
safe and effective to use, even after the wound is clean and free 
of exudate and necrotic debris.

Evidence of wound healing effi cacy in treatment of patients 
with hydrotherapy is reported in two controlled clinical trials 
on pressure ulcers and surgical wounds,43,53 as is evidence 
from studies in which it was the control treatment. Whirlpool 
hydrotherapy may be the most effi cient way to treat multiple or 
extensive wounds. It can be used to heat a large body area or a 
limited body area and raise core body temperature; it is useful 
to relax tissue tension and provide relief for painful wounds. 
Although the evidence is still limited, additional study would 
be helpful to identify the best frequency of treatment and tem-
perature that best speed healing.

CHOOSING AN INTERVENTION: CLINICAL 
REASONING

Historically, wounds of nearly every type had been treated 
with hydrotherapy. In recent time, the pendulum has swung 
away from using this intervention for the wound population. 
However, given the many evidence based benefi ts of hydrother-
apy we have identifi ed and examined here (e.g., circulation, cel-
lular effects etc.), the use of hydrotherapy needs to be considered 
during the clinical reasoning process. Burns require special con-
sideration and that is fully covered in Chapter 15. Appropriate 
patient centered use of hydrotherapy requires careful consider-
ation of the potential benefi ts, disadvantages, precautions and 
contraindications for each patient. This section summarizes 
four ways for evaluating the choice of hydrotherapy.

• Benefi ts
• Disadvantages
• Precautions
• Contraindications

Benefi ts
• Mechanical débridement:
• Soaking and softening of eschar and other necrotic tissue
• Scrubbing and loosening of necrotic tissue
• Debriding by mechanical action of turbulence
• Deodorizing the wound through cleansing
• Soaking to remove dried dressings
• Removal of gelatinous exudate, debris and old topical agents
• Increased blood fl ow and tissue oxygen through enhance-

ment of hemodynamics
• Enhanced immune system functions through NO produc-

tion, increased oxygenation of tissue and removal of bacteria
• Ability to increase core body temperature
• Cellular effects:
• Stimulating cell mitosis
• Enhancing leukocytic activity
• Speeding epidermal cell production
• Bringing antibodies to wound area
• Neuronal effects of mild analgesia, comfort and pleasure

been identifi ed in hydrotherapy equipment, despite rigorous 
efforts to disinfect properly and to monitor for cultures. For 
instance, Shankowsky et al.35 reported a lethal outbreak of ami-
noglycoside-resistant P. aeruginosa in a newly constructed burn 
center in which stringent methods of disinfection were used 
and despite routine bacterial surveillance. Control of the out-
break was achieved when the hydrotherapy tanks were used for 
closed wounds during rehabilitation.35 The following reports 
show how different clinical settings interpreted and responded 
to data collected from studies of infectious organisms in hydro-
therapy tanks.

Over a 4-week period, cultures were taken in the morning 
before treatment and at the end of the day from whirlpools in 
two institutions in a university medical center commonly used 
by diabetic dysvascular patients. Special attention was directed 
toward recovery of S. aureus, P. aeruginosa, and Escherichia coli 
organisms. Results of the testing were that only 11 of 96 cul-
tures (11.5%) were positive for these prospective pathogens. 
The opinion of the study authors was that immersion in these 
hydrotherapy tanks was not likely to expose patients with open 
wounds to potential iatrogenic contamination.74

Seventeen hydrotherapy baths in sixteen nursing homes 
were examined for presence of P. aeruginosa. Large numbers 
of these organisms were found in water samples taken from 
hydrotherapy baths after agitation, but only 1 patient out of 
253 residents was known to have a P. aeruginosa wound infec-
tion. Results of these fi ndings led the Health Commission to 
advise the local survey team that, although the prevalence of 
known P. aeruginosa infection was low, the hydrotherapy baths 
should continue to be used only by continent residents with 
intact skin to avoid an infection hazard to the residents.75

Although the reports in the literature provide considerable 
evidence of risk of wound contamination, hydrotherapy is used 
in 94.8% of the surveyed institutions. Despite the reported high 
incidence of infection, hydrotherapy immersion continues to be 
used in 118 burn units. Only 27 respondents to the survey have 
discontinued immersion in favor of showers. Patients who are 
mechanically ventilated and/or invasively monitored are regu-
larly immersed at 47.6% of the responding burn units.35 Local 
treatment appears to reduce risk of lethal sepsis. Alternative 
measures of controlling wound infection with hydrotherapy 
using irrigation with sterile solution applied by a syringe or pul-
satile lavage with suction are described in Chapters 18 and 28. 
Risk of infection due to immersion in hydrotherapy is becom-
ing more widely recognized, but has not yet signifi cantly 
changed clinical practice.

SUMMARY

In the previous sections the physical principles and physiologi-
cal effects and research evidence as well as risks of hydrotherapy 
intervention were reviewed. It was pointed out that it is critical 
for the PT to review the patient’s medical history and do a sys-
tems review as guidelines for selection of an intervention with 
whirlpool.

Evaluation of study reports reviewed produced no evidence 
that hydrotherapy is harmful to granulation tissue. Good 
practice would be to take care that fragile granulation tissue 
or a new skin graft is protected from direct force of the whirl-
pool hydrotherapy jet and that the force of the aeration is 
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Contraindications
Contraindications to use of hydrotherapy include the presence 
of any of the following:

• Moderate to severe extremity edema
• Lethargy
• Unresponsiveness
• Maceration
• Febrile conditions
• Compromised cardiovascular or pulmonary function
• Acute phlebitis
• Renal failure
• Dry gangrene (evaluate for ischemia) like those in Figure 27.2
• Incontinence of urine or feces (if tank and aerator will be 

contaminated)
• Limb contractures that prevent comfortable and safe posi-

tioning in the tank (e.g., fetal contracted posture)

Patients with dry gangrene should not have the tissues soft-
ened because the dry gangrene is nature’s method of walling off 
the tissues and encapsulating the area. Softening of the tissue 
will reduce the barrier and allow infectious organisms to enter 
the body. Autoamputation of necrotic digits usually occurs 
anyway (see Chapter 12).

DELIVERY OF CARE

Delivery of care includes consideration of several factors that 
are discussed now including clinical skills required, equipment, 
and personal safety.

Clinical Skills Required
Hydrotherapy is not a benign procedure and, therefore, clini-
cians need to be adequately trained in the multifactorial nature 
of this clinical intervention. In some institutions, nurses are 
trained to provide hydrotherapy, in others it is the responsibil-
ity of physical medicine and delivered under the supervision of 
a physical therapist.

The survey of Thomson et al.78 found that in most burn units 
(100 units polled), nurses perform hydrotherapy procedures, 
although there is no consensus on who does it. Shankowsky 
et al.35 found that in most of the responding 118 burn units using 
immersion hydrotherapy, both débridement and rehabilitation/
physical therapy treatments were included in a single hydrother-
apy session (71.7%) and that hydrotherapy continued through-
out the patient’s length of stay. According to Medicare guidelines, 
hydrotherapy is considered a skilled physical therapy procedure 
when the patient’s condition is complicated by disease processes, 
such as impaired circulation, areas of desensitization, open 
wounds (e.g., Stage III and IV pressure ulcers), or other compli-
cations that require the skills, knowledge, and judgment of a PT 
who is trained in hydrotherapy. Diagnosis or prognosis is not the 
sole factor in deciding whether the service is skilled or not.79

Recently, some Medicare contractors have issued specifi c 
guidelines for physical therapy skilled services for wound care. 
The guidelines state that interventions that will increase func-
tion using treatment modalities specifi c to physical therapy 
require the skills of a PT (e.g., treatment of an open wound or 
burn over a joint while undergoing functional mobility training 
in the whirlpool). Wound care alone does not require the skills 

Disadvantages
• Superhydrating and macerating skin
• Changing of skin pH changes skin surface environment
• Potential risk of skin infection and wound infection
• Changing of mental status and possible dizziness
• Increasing edema with extremity in the dependent position
• Shifting fl uids away from the body may lead to dehydration 

and nutrient depletion
• Potential traumatizing of the wound or surrounding tissues 

by mechanical forces
• Overheating (burns) of the tissues of insensate skin or isch-

emic tissue

Precautions
Whenever hydrotherapy is used, a variety of precautions are 
essential.

• For patients with venous disease, if cleansing is the intention, 
keep the water temperature tepid or neutral (33.5°C–35.5°C 
or 92°F–96°F). Minimize the time in the dependent posi-
tion (e.g., treat for 5 minutes, not 20 minutes). Follow with a 
warm water rinse, then apply compression therapy.77

• If the wounded limb is edematous or has friable skin around 
the wound and should not be immersed, perfusion can be 
enhanced by refl exive vasodilatation through immersion of 
the opposite lower extremity or an upper extremity.

• Patients on anticoagulation therapy should use hydrotherapy 
with caution. A suggestion is to reduce the force jet or turn it 
off because the force of the jet has the potential to traumatize 
the tissue and cause internal bleeding.76

• Expect increasing heart and respiratory rates during the treat-
ment and monitor for undesirable signs.

• Due to expected increased cardiac output, in patients with 
CHF, make sure that they are compensated and that tempera-
ture of water is in the normothermal range.

• Clean, granulating wounds are easily traumatized by the force 
of mild agitation. Direct the turbulence of the agitation away 
from the granulation tissue.

• Epithelializing wounds: Migrating epidermal cells may be 
damaged by even the least force. Do not use agitator jet.

• New skin grafts: Skin grafts will not tolerate high shearing 
forces and turbulence. Do not use agitator jet.

• New tissue fl aps: New tissue fl aps are very sensitive to shear-
ing forces and vasoconstriction that can occur if the water or 
air temperature causes chilling. Shut off agitator jet, use nor-
mothermal temperature.

• Nonnecrotic diabetic ulcers: Callus often surrounds diabetic 
ulcers and will be softened and macerated. Macerated tissue 
will not tolerate pressure, and the wound will be enlarged. 
Moisture retention under the callus may become a source of 
infection. Therefore, do not immerse diabetic feet with callus.

• Impaired sensation. If the patient tests positive for impaired 
thermal.

• Sensation, lower water temperatures should be used as 
described.

• Patients with seizures or epilepsy patients should be treated at 
normothermic or nonthermal temperatures.

• Patients with multiple sclerosis should not be treated at tem-
peratures about 31°C or 88°F due to potential increase in 
fatigue and weakness.37
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1

FIGURE 27.2 Dry gangrene.

of a PT.80 Hydrotherapy has long been considered a physical 
therapy procedure for patients with burns and wounds because 
physical therapists receive education in the multifactorial nature 
of thermal agents for rehabilitation and are licensed in their use.

Equipment
Hydrotherapy tanks may be made of stainless steel, Plexiglas™, 
or tile (Fig. 27.3). They are used for immersion of either the 
full body or an extremity and are sized accordingly. Large 
hydrotherapy tanks are called Hubbard tanks and may be used 
for aquatic exercise as well as for wound healing. Select a tank 
sized for the wound or body area to be treated. If a patient has 
multiple wounds, the water should cover those areas that need 
soaking, cleansing, or debriding. The full-body tank or tub will 
allow the patient to extend the legs fully and may be more com-
fortable. If the patient is contracted, select a tank in which the 
patient can be comfortably positioned.

Hydrotherapy tanks have either an attached turbine or a 
built-in turbine, or the turbine might be suspended from the 
side of a bathtub. The whirlpool is created by a mixture of water 
and air to create controlled turbulence. The more the aeration, 
the greater will be the turbulence and pressure at the surface of 
the water.47 The water-air mixture is adjustable, but the available 

range varies from one piece of equipment to another. Force and 
direction of the agitation are also usually adjustable.

Hydraulic lift chairs and chaises or Hoyer lifts can be used to 
transfer a patient into the tank if the tank is too high or if the 
patient is nonambulatory. If the patient is seated on a chair for 

CLINICAL WISDOM

The physical therapist, nurse, and physician must collabo-
rate on making a dressing selection that will provide the best 
wound environment and that is appropriate for frequency 
of whirlpool FIGURE 27.3 Whirlpool tank. (Courtesy of Whitehall Manufacturing/

Acorn Engineering, City of Industry, California.)
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goal of treatment is improved hemodynamics, the duration 
of the treatment, as we have learned needs to be long enough 
to achieve those effects. In the case of elderly and diabet-
ics that would most likely be 30 minutes at normothermia. 
(35°C–37°C). Higher temperature of 40°C produced hemody-
namic changes in a 20 minutes session.

Once-daily or three-times-weekly hydrotherapy treatments 
minimize the frequency of dressing changes and exposure to 
infection, and maintain the wound temperature and the  healing 
environment.

Monitoring Vital Signs
Monitor all patients’ vital signs before, during, and after the 
hydrotherapy treatment. Record the patient’s respiration and 
heart rate, and take blood pressure. Observe for change in 
mental status and any reports of lightheadedness. The latter is 
common with immersion of large body areas. The feeling of 
lightheadedness should go away after the patient sits for 5 to 
10 minutes outside the hydrotherapy area. Also query the 
patient about the fi fth vital sign, pain, both before and after 
treatment, and document the patient’s report. Many individu-
als fi nd warm water soothing.

Infection Control
Major controversies exist about the use of hydrotherapy and 
infection that are discussed in the following section. These 
included the pros and cons of using antiseptics in the hydro-
therapy for treatment of infected wounds, comparison of clean 
tap water and saline on infection, the value of vigorous rinsing 
after hydrotherapy treatment to control infection, and treat-
ment conferred transmission/cross-contamination from use of 
hydrotherapy equipment and associated care.

Use of Antiseptics
There is controversy about the use of antiseptic agents in hydro-
therapy. Although using an antiseptic in the hydrotherapy tank 
is not generally encouraged, it is appropriate for certain wounds. 
These include necrotic, heavily exudating wounds, and wounds 
with antibiotic-resistant organisms such as P. aeruginosa. In 
these cases, wound decontamination is required. The ratio-
nale for using sodium hypochlorite solutions in hydrotherapy 
is to dissolve blood clots and that may be useful in solubiliz-
ing the clotted material that constitutes a considerable portion 
of necrotic tissue, but, as a consequence, delayed clotting may 
occur, and the wound exudate will become sanguineous.

When to use Antiseptics

Be sure that the intention for using the antiseptic is clear, moni-
tor carefully, and stop when the desired outcome is met (e.g., 
the wound is exudate free or necrosis free). Use at low concen-
trations. Some commonly used antiseptics in the hydrotherapy 
are as follows:

• Povidone-iodine
• Sodium hypochlorite
• Chlorhexidine gluconate (Hibiclens)
• Chloramine-T (Chlorazene)

Cloramine-T

A hydrotherapy burn unit tested different concentrations 
of chloramine-T (Chlorazene) to determine its effect on 

a leg hydrotherapy treatment be sure there is no pressure under 
the thigh.

Personnel Safety
Standard precautions should always be followed by hydro-
therapy personnel. The hydrotherapy personnel are exposed 
to airborne water vapor. Inhalation or contact dermatitis of 
water droplets containing bacteria and antiseptic or disinfec-
tion products presents health risks. Isolation of the patient with 
an open wound during treatment in the hydrotherapy may be 
benefi cial because of aerosolization of infectious organisms 
and production of respirable droplets from the agitation of the 
water.66,81 Staff should use protective gear as barriers to infection 
including masks, gowns, caps, and goggles such as pictured in 
Chapter 28 (Fig. 28.5), Pulsed Lavage with Suction. Policies and 
procedures should be developed for each health-care facility 
to minimize staff exposure.66

PROCEDURES

Several procedural factors to be considered when providing 
hydrotherapy are now discussed including positioning, frequency 
and duration, monitoring of vital signs, and infection controls.

Positioning
Position in and the depth of water immersion infl uence the 
amount of hydrostatic pressure on the thorax. According to 
the studies of normal population and patients with CHF sitting 
in water up to the xyphoid process, nipple line or level of the 
depth of the right atrium is acceptable for a 30 minute session 
of immersion at water temperatures ranging from 33°C to 35°C 
but only for 10 minutes at 41°C.13,15,16 Greater depth of immer-
sion reduces the exposed skin and decreased ability for skin 
evaporation. Patient’s exposed upper body should be covered 
with a blanket to prevent chilling.

Frequency and Duration
The care plan for the frequency and duration of hydrotherapy 
treatment should correspond to the goals of care and varies 
according to the patient’s unique needs.

In the studies reviewed in Table 27.1, all whirlpool treat-
ments were administered daily. Hemodynamic benefi ts are 
reported to occur when daily thermotherapy is provided.7 In 
populations that we have discussed in this chapter where the 

CLINICAL WISDOM

Hydrotherapy Bathing
One situation that needs clarifi cation is the common refer-
ral of patients with wounds for hydrotherapy treatment and 
the expectation that this will serve as the patient’s bath. The 
hydrotherapy is not a bathing pool or shampoo basin. The 
water in the tank is dirty with wound exudate and debris. 
Soap, shampoo, and disinfectants have ingredients that are 
harmful to wounds and may irritate delicate skin during 
soaking. For personal hygiene, a shower is preferable because 
all substances are fl ushed away from the wound and the skin.
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with saline, and no bacteria were transferred to the wounds.40 
A comparison of normal saline and clean tap water wound 
irrigation used to remove bacteria from simple skin lacera-
tions showed that both substances were comparable in reduc-
tion of bacterial counts.85 Monitoring of local water supply 
for organisms has been useful in controlling nosocomial 
infection.35

Vigorous Rinsing
When a body or extremity is removed from the whirlpool, a 
layer of residue remains on the surfaces exposed to the water, 
just like the bathtub ring residue after a tub bath. This resi-
due has many contaminants associated with it. A proven, 
safe method to reduce bacterial count is to follow hydrother-
apy treatment with vigorous rinsing of the patient’s skin and 
wound tissue with clean, warm water to remove the residue.70,71 
A shower may be the best method to cleanse a large body sur-
face and is commonly used in burn centers

Transmission of Infection and Hydrotherapy 
Equipment
The Centers for Disease Control and Prevention and the 
American Physical Therapy Association (APTA) reviewed pro-
cedures for infection control in hydrotherapy and prepared 
a guide that is available through the APTA.86 The procedures 
described here are adapted from the APTA guide. A copy of the 
guide would be valuable to all hydrotherapy departments.

Patients using whirlpools and other hydrotherapy tanks 
are often referred because of active infections. The infectious 
organisms and the organic debris are then deposited into 
the water. In warm water, steady temperature and agitation 
make it easy for bacterial pathogens to become harbored in 
the hydrotherapy equipment water pipes, drains, and other 
steel components associated with the device. These regions 
are difficult to clean and to disinfect or sterilize. In addition, 
the Pseudomonas bacteria has the ability to assume a sessile 
form, secreting a thick protective glycocalyx that colonizes 
the components described.35 This increases the likelihood 
that highly contaminated water will contact the sites of open 
wounds, Foley catheters, and other percutaneous devices.

Besides the hydrotherapy tank and attached equipment, 
other equipment commonly used in the hydrotherapy depart-
ment, such as Hoyer lifts, wheelchairs, and other transfer 
equipment, should be considered to be potential sources for 
colonization and transfer of infectious organisms.86

Culturing the Hydrotherapy and Related Equipment
Culturing of the hydrotherapy tank and associated equipment is 
a controversial topic in hydrotherapy. One rationale for cultur-
ing is to prevent infection. To contribute to the prevention of 
infection, the results must lead to specifi c actions.85 One school 
of thought is that if the best methods of disinfection are already 
accepted procedures, routine culturing of hydrotherapy and 
associated equipment is not going to cause a change in procedure 
and, therefore, is superfl uous. Conversely, there are reports that 
careful monitoring of equipment and the water supply to identify 
potential sources of bacteria is useful in preventing outbreaks.35

Aftercare
Immediately after termination of the treatment, it is ideal 
to wrap the patient in warm blankets for at least 30 minutes 

gram-negative organisms.82 Chloramine-T is an aqueous hypo-
chlorite with a molecular structure that allows for slower release 
of free chlorine into the water, and this increases the bacteri-
cidal effects for a longer time.83 Findings included negative 
cultures from patients and from the equipment after a 5-day 
treatment regimen using chloramine-T at a concentration of 
200 parts per million (ppm). Patients’ wounds, surrounding tis-
sues, and staff reactions to the chloramine-T additive were care-
fully monitored, but no adverse side effects were found. Tank 
decontamination was achieved by running the turbine in the 
tank with the same solution after treatments. This reduced staff 
cleaning and disinfection time.

There has been heightened awareness of cytotoxicity to the 
cells of wound repair from antiseptics. Guinea pigs with an 
induced full-thickness wound were inoculated with P. aerugi-
nosa to study the effects of chloramine-T on wound healing and 
wound decontamination.84 One group of animals was immersed 
in tap water and the other set in water containing 300 ppm of 
chloramine-T solution at 36°C for 20 minutes. Results showed 
that, within 8 to 10 minutes of exposure to the chloramine-T 
solution, all microorganisms were killed. After immersion of 
the infected wounds in tap water on days 6 and 7 after wound-
ing, there were a number of colony-forming units cultured from 
the water. There was no evidence of skin irritation in the chlo-
ramine-T group. Rates of wound healing of the full-thickness 
inoculated skin wounds were comparable in both the tap water 
and chloramine-T groups. After the 5 days, a wound culture, or 
clinical signs that show signifi cant wound decontamination, the 
treatment should be changed to clear water, followed by vigor-
ous rinse to rid the tissues of deposits of debris and bacteria. 
Longer use of the antiseptic agent may retard the healing pro-
cess, due to the cytotoxic effects on the cells of repair.

In addition, antiseptics have limited effectiveness in reduc-
ing bacteria when high bacterial counts are measured, and 
they are inactivated by organic matter, such as pus and wound 
exudate.35,40

Also consider other methods of wound decontamination, 
such as photostimulation with ultraviolet light (described 
in Chapter 24) or ES (described in Chapter 23). Chapters 20 
includes additional information on the use of antiseptics, their 
actions, indications, precautions, directions for use, packag-
ing, and effects on wound healing. Chapter 18, Management of 
Infection also has useful strategies.

Use of Tap Water
Questions arise about the safety and effi cacy of using plain 
tap water for wound cleansing and decontamination. A com-
parison study of 705 wounds looked at infection rates follow-
ing wound cleansing with tap water and saline. It found that 
less infection occurred in wounds cleaned with tap water than 

CLINICAL WISDOM

Chloramine-T could be put into the water at the manufac-
turer-recommended dilutions and agitated for 10 minutes 
following removal of the wound to disinfect the tank. Then 
the tank can be emptied, scrubbed with a disinfectant, and 
refi lled with fresh water for the next treatment.47
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cases, once-daily treatment followed by application of mois-
ture-retentive wound dressings or enzymes would be a good 
treatment protocol. Prompt wound dressing following the 
whirlpool/rinse treatment is needed so as not to cool the wound 
and stop cell mitosis.

SELF-CARE TEACHING GUIDELINES

After completing the diagnostic process, the PT may determine 
that hydrotherapy can be performed at home with a portable 
hydrotherapy unit attached to a bathtub. However, careful 
screening of the patient and caregiver must be made to have 
safe and effective treatment results.

Patients with grossly necrotic or purulent wounds are not 
candidates for home care until the necrosis and purulence are 
reduced to a level at which the patient and/or caregiver can 
manage them comfortably. Immunocompromised patients—
including those who are diabetic, HIV-positive, or on che-
motherapy or immune suppression drugs—should not use 
hydrotherapy at home. Patient’s whose wound should not be 
placed into a tub can received benefi ts from indirect stimula-
tion of systemic hemodynamic responses learned earlier. Best 
hemodynamic results can be expected if there is long-term 
adherence to the plan of care.31

Bathtub cleansing and disinfection of the portable hydro-
therapy is extremely important to avoid infection and sepsis. 
If in doubt about the patient’s or caregiver’s ability to follow 
excellent disinfection procedures, do not recommend use of a 
portable whirlpool.

• Instruct the patient and/or caregiver in the correct water tem-
perature, the duration of the immersion, how to rinse the 
wound after immersion, and the proper aftercare. Explain 
that it is critical to take the water temperature with a ther-
mometer to prevent burns. Some people believe that the 
water must be as hot as tolerable to be benefi cial. Emphasize 
to patients that this is not the case. Also cover proper clean-
ing and disinfection procedures for the tub and the portable 
agitator and thermometer.

to sustain the benefi ts of hemodynamic changes of the warm 
water.4 It is also important to rinse the wound(s) with warm 
water,71 manually debride the wound of any softened and loos-
ened necrotic tissue, and then rinse again with warm tap water. 
After the fi nal warm water rinse, protect the wound from cool-
ing, contaminants, and desiccation. The best approach would 
be for the wound to be dressed immediately in the hydrother-
apy area. If the setting does not allow for a complete dressing 
application while the patient is in hydrotherapy, place a protec-
tive moist dressing, such as warm, saline-soaked gauze in the 
wound and cover it with a secondary dry dressing. To maximize 
the circulatory benefi ts, keep the patient in a pre-warmed area 
(25°C–27°C) during a 30-minute post warming session.4,13,15

EXPECTED OUTCOMES

Hyperemia, the increased blood fl ow to the skin giving it a local 
bright red color in lightly pigmented skin and a reddish glow 
in dark skin accompanied by the increased warmth, is a desir-
able reaction to the application of heat and is called reactive 
hyperemia.

Prognosis for wounds treated by hydrotherapy is a change 
in tissue function in 2 to 4 weeks. Expect a wound treated for 
exudate and odor to be exudate and odor-free in 2 weeks. 
Wounds that are treated for débridement should be free of 
necrosis in 2 to 4 weeks, depending on volume of necrotic 
 tissue present.

Wounds that have a wound-healing-phase diagnosis of 
chronic infl ammatory phase or absence of infl ammatory phase 
should progress toward a wound healing phase of acute infl am-
matory phase in 2 weeks and to a wound acute proliferative 
healing phase in 4 to 5 weeks. The signs and symptoms of acute 
infl ammation would include hyperemia, increased skin tem-
perature, and mild edema, followed by a decrease in tempera-
ture by the end of the infl ammatory phase and a return of skin 
color to that of adjacent skin or comparable area on the oppo-
site side of the body, progressing to a granulating, contracting 
wound in the proliferative phase, as seen in Figure 27.4.

The reported mean weekly healing rate from four stud-
ies in which hydrotherapy was used is 9.5% per week.57,58,61,62, 
Burke et al.53 reported a 0.39 cm/wk reduction in size but 
did not state the size of wounds; they also reported a 37.5% 
wound deterioration in the hydrotherapy group, with an 
overall outcome of healing for the treatment group and a 
28% improvement and 61% deterioration in the non hydro-
therapy group.53 Payer’s data from 1989 showed that wounds 
treated with hydrotherapy were usually treated for 3 months, 
with the presumed outcome a clean wound.87 Wounds treated 
with other physical agents and advanced therapies have aver-
age lengths of treatment that range from 7.5 to 10.5 weeks, 
with closure as the reported outcome (see Chapter 22). To be 
competitive, treatment with hydrotherapy must have compa-
rable outcomes. If the wound is not progressing on the trajec-
tory of healing, another intervention should be considered 
(Table 27.1)

Discontinue Treatment
Discontinue treatment when target outcomes are met, if the 
wound is not responding, or if other treatment options would 
better meet the needs of the wound and the patient. In most 

1

2

FIGURE 27.4 Wound healing phase: proliferative phase. Note: (1) 
Rolled epidermal ridge around granulation base (2) Brown hemosid-
erin staining (hemosiderosis). (Copyright © C. Sussman.)
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• Instruct all patients and caregivers to monitor vital signs dur-
ing the hydrotherapy treatment.

• Teach the side effects of the treatment and how to respond 
to symptoms such as lightheadedness, dizziness, or lethargy.

• Explain the desired effects of the treatment and any symptoms 
that are undesirable. If the patient is being seen through a 
home care agency, a demonstration and return demonstration 
in the home, including repetition of instructions, is essential 
to ensure the correct care delivery. If this is not possible, per-
haps a mock setup can be simulated in the hospital or clinic.

• Accountability is essential and encourages compliance. Set 
up a regular reporting schedule. Give the patient a tracing of 
the wound, which the patient or caregiver can use to com-
pare changes in size and shape. This will also help to reinforce 
compliance with the treatment regimen. Follow up by phone 
to assess changes in wound size or shape, and include peri-
odic visits to monitor outcomes.

• Instruct patients with neuropathy that they should never do 
home foot soaks or hydrotherapy because of the high risk of 
self-infl icted injury.

• Lethargic patients should be limited to minimal soaking of 
a single limb in tepid water, primarily for the cleansing and 
softening of tissue.

Patient with Eschar on Both Heels
Functional Outcome Report
Patient Name: G.W. Start of Care Date: 9/27

Medical History
An 84-year-old, alert, confused black female. Nonambulatory 
resident of long-term care facility. Sits up in wheelchair and 
attends activity program. Medical diagnosis of Alzheimer dis-
ease, and a prior history of cerebrovascular accident (CVA). 
No prior history of pressure ulceration.

Reason for Referral
1. Dry, leathery eschar on both heels not responding to treat-

ment with occlusive dressings. Indicates loss of healing 
capacity.

2. Need to determine severity of pressure ulcers on the heels.
3. Severely limited mobility and activity levels.

Systems Review and Exam
Circulatory System
Circulatory perfusion adequate for healing indicated by pal-
pable pulses, warm feet, no signifi cant leg edema, and ankle/
brachial index (ABI) of 0.8, but produces inadequate response 
to wounding due to motor and joint impairment of lower 
extremities (loss of muscle pump function for circulation).

Musculoskeletal System
Musculoskeletal impairments of the lower extremities due to 
weakness, joint pain, and stiffness with contractures (10 degrees) 
at the knees. Patient being positioned upright in wheelchair. 
Requires minimum assist to perform pivot transfer from bed 
to wheelchair. Weight bearing during transfer places stress on 
eschars. Unable to retain upright posture to ambulate and unable 
to reposition in wheelchair or bed for pressure relief. Braden risk 
assessment scores each for activity and for mobility 2/4.

Neuromuscular System
Loss of volitional movements due to impaired neuromotor 
system. Loss of cognitive awareness of position. Loss of pro-
tective sensation to reposition (sensory impairment).

Cardiopulmonary System
No clinical signs of cardiopulmonary impairment. Probable 
diminished ventilation due to inactive mobility status and age.

Integumentary System
Adjacent and surrounding skin has normal skin color tones 
and turgor, compared with adjacent areas. No pain responses 
in wounded tissues.

Wound Healing Tissue Assessment
Bilateral heels crusted with hard dry eschar; impairment of 
integumentary integrity. No thermal changes at the margins 
of the eschars compared with adjacent tissues. No edema or 
erythema (color changes) signifi es impairment of infl amma-
tion response. Unable to see the tissue status under the eschar; 
unable to determine extent/severity of tissue loss. Size: 25 cm2 
area of eschar on each heel.

Psychosocial
Patient unable to understand directions to reposition or 
exercise independently. Will follow guided movements. 
Needs caregiver intervention for repositioning, exercise, and 
transfers.

Functional Impairments and Functional Diagnosis
Loss of function in above systems causes the following:

1. Wound severity diagnosis: unable to stage impaired integu-
mentary integrity associated with eschar on both heels. 
Removal of eschar needed to determine extent of wound 
depth.

2. Wound healing phase diagnosis: absence of infl ammatory 
phase and absence of proliferative phase. Needs restart of 
the infl ammatory phase of healing after conversion to a 
clean wound that will progress through phases of healing.

3. Associated impairment of mobility and activity secondary 
to neuromuscular disability (Alzheimer disease and CVA).

4. Undue susceptibility to pressure ulceration on the feet due 
to motor and sensory impairment.

5. Low blood fl ow state but has adequate circulation to 
 predict healing.

CASE STUDY     

CLINICAL WISDOM

Instruct patients and caregivers to turn the home hot water 
heater down to 120°F and to always use a thermometer to 
test the water temperature before immersion to avoid burn 
injury.
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Short-Term Target Outcomes Due Date

Wounds: Softening of eschar 3 days

Débridement of eschar 7 days

Shows evidence of infl ammatory phase 14 days

Shows evidence of proliferative phase 28 days

Mobility: Nursing assistant will perform 
range-of-motion and guided exercise

 3 days

Therapeutic positioning in bed and wheelchair 
willbe performed by nursing assistants all shifts

7 days

Transfers with Multi-Podus-type splint 5 days

Prognosis: A clean stable wound with potential for closure 
in 28 days. Undue susceptibility to pressure ulcers on the feet 
due to impaired mobility and cognition will continue after 
wounds are healed. Wound closure in 90 days both heels.
Plan of care with rationale for skilled services
1. Multiple débridement methods required to hasten progres-

sion to clean wound bed
Procedures:
• Score eschar—to allow penetration of moisture
• Hydrotherapy to soak and soften tissue, enhance circulation 

daily
• Sharp débridement—incremental as tissue softens and loos-

ens PRN
• ES—enhance microcirculation and stimulate cells leading 

to progression through phases of healing daily
• Enzymatic débridement daily—to hasten solubilization of 

necrotic tissues
• Autolysis with transparent fi lm—to maintain moist wound 

environment to soften eschar
2. Therapeutic positioning to reduce risk of pressure and 

shearing to feet during transfers, in wheelchair, and in bed
3. Instruction of nurses’ aides in range-of-motion and guided 

exercises to stimulate delivery of circulation to the tissues
4. Therapeutic exercise performed while in the whirlpool
5. Fitting of Multi-Podus-type splint

Target Outcomes Achieved at First Reassessment 10/1
Wound status:
1. Eschar softened, partially debrided by day 4
2. Removal of outer eschar revealed two focal areas of necro-

sis covered by eschar
3. Wound has evidence of infl ammatory phase: edema, 

increased warmth in surrounding tissues
Mobility:
1. Patient lying on pressure-relief support surface with pil-

lows and pressure relief splint to relieve pressure
2. Patient sitting up in wheelchair with feet supported with 

pressure relief splint to relieve pressure during transfers
3. Range-of-motion and guided exercises by nurses’ aide per-

formed daily
4. Guided lower extremity exercise performed in the 

whirlpool

Reassessment 11/9
Wound status:
1. Eschar free, yellow slough
2. Wound depth greater than 0.2 cm
3. Two interconnecting wounds (medial and lateral sides of 

heel with viable tissue connecting)
4. Wound healing phase progressed to proliferation phase—

presence of contraction and granulation tissue
Mobility:
1. Patient is participating in daily exercise and range-of-motion 

regimen
2. Therapeutic positioning is in place for all shifts
Functional impairments:
1. Integumentary impairment secondary to full-thickness 

pressure ulcer on the heels
Target outcome:
1. Clean proliferating and contracting wound—due date 

21 days
2. Absence of epithelialization phase and sustained 

contraction
Target outcome:
Progress to epithelialization phase and sustained contraction—
due date 21 days
Revised prognosis:
Wound will heal to closure in 60 days.

Revised Treatment Plan and Target Outcomes
Need for Continuation of Skilled Services
Patient failed to respond to routine dressing and conservative 
management, is now responding to the treatment program. 
Treatment is done as a collaborative effort between the PT 
and nurse. Change in treatment interventions required due to 
change in wound status. Patient has demonstrated potential 
for healing following interventions but will continue to be at 
risk for pressure ulceration.

Plan of Care (Intervention) with Rationale
• Discontinue hydrotherapy and sharp débridement tissue—

neither needed to debride slough
• Continue ES for microcirculation and stimulation of healing
• Discontinue enzymatic débridement—not needed to 

debride slough
• Change dressing to hydrogel and secondary dressing—to 

débride slough, for moist wound healing environment com-
patible with ES treatment regimen

Target outcomes:
Clean wound bed 7 days
Proliferative phase:
Sustained contraction 14 days
Progress to epithelialization phase 21 days
Discharge outcome
Wounds on both heels healed in 90 days from start of care.
Functional Outcome Reporting System methodology used 
with permission of Swanson and Co., Long Beach, CA.

CASE STUDY (continued) 
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 5.  Which statement is most true regarding convection?
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 D.  Heating will not occur faster than the patient can dis-
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CHAPTER OBJECTIVES

Pulsatile lavage with suction (PLWS) is a method of 
wound care that provides cleansing and debridement with 
pulsed irrigation combined with suction. Battery-powered 
units are available, along with a selection of tips for cleans-
ing and debridement of different wound configurations. 
The pulsed irrigant provides positive pressure, while suc-
tion provides negative pressure to remove the irrigant and 
debris to help reduce infection and to enhance granulation. 
This ultimately provides an improved foundation for wound 
healing.

Powered irrigation via the Water Pik™, a dental water jet, 
was fi rst used by oral surgeons for soft tissue injuries in the 
Vietnam War.1 Noting its effi cacy, development of pulsed 
lavage with suction became a reality. Physicians have used 
these systems in the operating room since the early 1980s 
for irrigation in surgical procedures and to clean wounds of 
debris. Physical therapists (PT) have used the systems since 
the late 1980s for irrigation and debridement to enhance heal-
ing of soft tissue wounds, and subsequently nurses also are 
using PLWS.

In 1994, a study done by Haynes et al.2 reported that the rate 
of granulation tissue formation was 12.2% per week for wounds 
treated with PLWS and 4.8% per week for those treated with 
WP. More physical therapists began to try and choose PLWS 
as an intervention for wound management.3 Just as with whirl-
pool, there is limited research to support the use of PLWS for 
wound healing. A recent reference guide by the European and 
National Pressure Ulcer Advisory Panels gave PLWS and WP 
evidence ratings of “C.”4 There are numerous anecdotal reports 

and case studies that provide evidence of the following four 
therapeutic benefi ts of PLWS.5–7

BENEFITS OF PULSATILE LAVAGE WITH SUCTION

• It can be used at a gentle setting for wound cleansing.
• At a stronger setting, it provides irrigation and debridement.
• It reduces bacterial counts and infection.
• It promotes production of granulation tissue and reepitheli-

alization. The negative pressure of the suction is thought to 
stimulate granulation of clean wounds.

In addition, patients themselves derive many benefi ts from 
PLWS therapy, as do clinicians and facilities. These benefi ts are 
discussed shortly.

Battery-powered, disposable PLWS devices modeled after 
operating and emergency room equipment are used for wound 
cleansing. These devices have been recommended to decrease 
treatment time, minimize cross-contamination, speed healing, 
and shorten length of hospital stays and for their versatility in 
enabling clinicians to personalize treatment to provide a best 
 outcome for the patient and the wound.8 Although research on the 
effects of PLWS on wound cleansing is scant, some  studies have 
concluded that PLWS is a safe method of  cleansing.9,10 Research 
showed no evidence of bacteremia after lavage  applications, 
regardless of pressure; however, until more research is done, low 
pressures should be used (between 4 and 15 pounds per square 
inch (psi), as discussed shortly).11 However, if the impact pressure 
is too low, below 4 psi, the lavage will not cleanse effectively.

At the completion of this chapter, the reader will be able to:

1. Identify four benefi ts of pulsatile lavage with suction for wound care.
2. Identify benefi ts for clinicians and facilities using pulsatile lavage with suction.
3. Discuss indications for treatment with pulsatile lavage with suction.
4. Discuss precautions for use of pulsatile lavage with suction.
5. Delineate outcome measures for pulsatile lavage with suction.
6. Follow national guidelines for infection control while providing pulsatile lavage with suction.
7. Explain the procedure for treatment with pulsatile lavage with suction.
8. Describe a device that provides jet lavage with and without suction.

Harriett Baugh Loehne

Pulsatile Lavage with Suction28
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Irrigation pressures vary with the use of different devices. The 
incidence of wound infection is decreased as the amount of irri-
gation fl uid increases.15 Irrigation pressure of a bulb syringe is 
2 psi, which is not adequate to reduce bacteria.12 Stevenson et 
al.6 reportedly calculated and tested combinations of syringe 
and needle sizes to determine wound irrigating pressure. The 
pressure produced by a 35-mL syringe and a 19-gauge needle 
was 8 psi, a pressure that has been found effective in removing 
bacteria and infection.16 Irrigation at 13 psi has been attributed 
to reduction of infl ammation in traumatic wounds. Irrigation 
pressures exceeding 15 psi may traumatize tissue and drive bac-
teria into the wound tissues.17,18 The Water Pik™ ranges from 
6 to more than 50 psi, which may cause trauma to a wound and 
drive bacteria into it.17 Fortunately, the pulsatile lavage systems 
described later in this chapter allow the psi to be adjusted, but 
cannot be higher than 15 psi. The psi treatment setting chosen 
will depend on the amount of necrotic tissue/exudate, the loca-
tion of the wound, and the patient’s comfort. Pulse rate, as well 
as psi, has been demonstrated clinically to effect granulation 
formation and epithelialization of clean wounds.5 From clini-
cal experience, this author has learned that the higher the pulse 
rate, the more rapid the rate of granulation and epithelializa-
tion (as psi remains the same), though no clinical studies have 
been done. The pulse rate varies by brand of device.

Part of clinical decision making involves weighing the risk/ 
benefi t ratio. Sometimes multiple risks have to be considered when 
selecting a treatment intervention. For example, will the benefi t of 
high-pressure cleansing of a highly contaminated wound  outweigh 
the known risk of tissue trauma and have a better outcome than an 
inadequate response? PTs would not use high-pressure  irrigation 
unless under the direct supervision of a physician. If patient 
 assessment indicates that you should consider high-pressure irri-
gation, consultation with the physician is needed.

The author’s clinical experience includes use of PLWS for 
both clean and infected wounds of many etiologies. Wounds 
that have benefi ted from this therapy are included in the list 
shown in Exhibit 28.2.

Pulsed jet lavage has been used for treatment of traumatic 
wounds in operating rooms and in the military for decades.19 
Delivery of vancomycin-, streptomycin-, and tetracycline-
water solutions with pulsating jet lavage eliminated or reduced 
bacteria as early as the 2nd day, with earlier healing, less tissue 
loss, and reduced scarring. Infected diabetic foot lesions treated 
with pulsatile lavage and topical antibiotics had infection con-
trolled, and the wounds were able to be closed surgically with 
grafts or fl aps. Reduced infl ammation has been reported fol-
lowing pulsed lavage treatment and was correlated to the extent 
of foreign material remaining in the tissues. Early cleansing 
with this therapy accelerated wound healing.15

Production of Granulation Tissue
Concurrent suction with pulsatile lavage appears to stimulate 
production of granulation tissue in “clean” wounds as a result 
of the negative pressure.20 Negative pressure applies noncom-
pressive mechanical forces to the tissues and dilates arterioles. 
Dilatation allows increased blood fl ow and transcutaneous 
oxygen delivery to the tissues.21 Suction also removes debris, 
bacteria, and irrigant. In addition, the levels of pulsation and 
pressure have been demonstrated clinically to effect granula-
tion formation and epithelialization of clean wounds.5

Mechanical Debridement
Irrigation is an effective mechanical debridement method to 
loosen and fl ush out debris from contaminated wounds. Fluid 
dynamics play an important role in expelling the loosened 
debris with a high-fl owing irrigation stream. Different meth-
ods for irrigation of wounds include bulb syringe, Water Pik, 
shower spray, spray bottles, and pulsatile irrigation/lavage. 
Irrigation pressures vary with use of these different devices. 
Exhibit 28.1 includes the irrigation pressures obtained with 
these commonly used clinical devices.12 Notice that the irriga-
tion pressure of a spray bottle is 1.2 psi and of a bulb syringe is 2 
psi. These pressures are not adequate to cleanse a wound.12 Safe, 
effective irrigation pressures range from 4 to 15 psi.

Pulsed stimulation of the tissue also is thought to affect 
wound debridement.13 The pulse phase rapidly compresses 
the tissue; then, during the interpulse phase, the tissue decom-
presses. This may be a mechanism for mechanically loosening 
debris. Because of the loosened and hydrated necrotic tissue, 
sharp debridement is easier following PLWS.

Management of Infection
Since we have learned that wound infection is a major concern 
in management of wounds and dead and dying tissue, debris, 
clotted blood, and foreign bodies are predisposing conditions 
to wound infection, rapid removal of these contaminants has 
been demonstrated to speed healing. A study in the literature 
reports that high-pressure pulsating irrigation in acute con-
taminated wounds decreases the presence of these contami-
nants and results in a lower incidence of wound infection.14 

EXHIBIT 28.1

Irrigation Pressures Delivered by Various Devices

Device
Irrigation Impact 
Pressure (psi)

Spray bottle—Ultra Klenz 1.2

Bulb syringe 2.0

Piston irrigation syringe (60 mL) 
with catheter tip

4.2

Saline squeeze bottle (250 mL) with 
irrigation cap

4.5

Water Pik at lowest setting (1) 6.0

Irrijet DS syringe with tip 7.6

35-mL syringe with 19-gauge 
needle or angiocatheter

8.0

Water Pik at middle setting (3) 42

Water Pik at highest setting (5) >50

Pressurized Cannister-Dey-Wash >50

Reprinted from Bergstrom N, Bennett MA, Carlson CE, et al. 
Treatment of Pressure Ulcers, Clinical Practice Guideline No. 
15, December, 1994; U.S. Department of Health and Human 
Services, Public Health Service, Agency for Health Care Policy 
and Research, AHCPR Publication No. 95–0652.
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EXHIBIT 28.2

Examples of Indications for Pulsed Lavage
Type or Wound/Patient History Rationale

Venous insuffi ciency ulcer

A patient with a history of chronic leg wounds hit the 
pretibial area of his right lower extremity on a table leg 
6 months ago. He has had open wounds on the lower 
extremity since then. The lower extremity is also edematous 
and there is periwound maceration. The patient is using a 
compression stocking.

If pulsed lavage with suction is used, the wounds can be 
treated with the lower extremity elevated to avoid increased 
edema. Treatment is site specifi c, so periwound maceration 
is not increased. Granulation and epithelialization can be 
stimulated, possibly by negative pressure of the suction.

Neuropathic ulcer

A patient with diabetes and loss of protective sensation in 
both feet has an ulcer on the plantar surface of his left heel. 
He has a callus with a fragile area in the center at the head 
of the fi fth metatarsal.

Instead of soaking the foot in a whirlpool, pulsed lavage 
with suction will offer site-specifi c treatment that will not 
compromise the callus and fragile area. In addition, the 
patient’s lower extremity will not be in a dependent position, 
thereby avoiding edema, and the patient’s skin will not be 
burned due to loss of sensation (a risk with whirlpool).

Pressure ulcer

A paraplegic patient with bowel and bladder incontinence 
has a large sacral pressure ulcer.

An incontinent patient cannot be immersed in a whirlpool, 
but incontinence is not a contraindication to pulsed lavage 
with suction. Even if the patient were not incontinent, his 
wound would be diffi cult to treat in a whirlpool because 
he would have to lie on his sacrum, putting pressure on the 
wound site. In addition, he would have to be transported to 
physical therapy on a hard stretcher. This is not necessary 
with pulsed lavage because it is a bedside procedure.

Sternal wound

Following coronary artery bypass graft surgery, a patient 
develops a wound infection and dehiscence. She is on a 
cardiac monitor and ventilator in the intensive care unit.

This patient’s wound can be irrigated and debrided at 
the bedside using pulsed lavage with suction. Whirlpool 
immersion is not an option because of her medical 
equipment—cardiac electrodes cannot be placed in water.

Perineal wound

A patient has Fournier gangrene with multiple deep, narrow 
tunnels; there is purulent drainage with a foul odor. The 
patient is septic with a temperature of 105°F.

Whirlpool is contraindicated for a febrile patient. Pulsed 
lavage with suction is the alternative, using a product with a 
fl exible tip to allow irrigation and debridement of the tunnels 
and to decrease the bacterial count.

Partial-take split-thickness skin graft

A patient with pyoderma gangrenosum has had a split-
thickness skin graft on the right lower extremity. There has 
been only partial take, with eschar and necrotic slough at 
the failed site.

Because pulsed lavage with suction is site specifi c, it can be 
used to treat only the failed portion of the graft without 
compromising the remainder of the graft. Eschar will be 
hydrated enough to allow sharp debridement (escharotomy) 
following pulsed lavage.

Fasciotomies

A patient with multiple fractures to his left lower extremity 
secondary to a motor vehicle accident is in skeletal traction. 
Medial and lateral fasciotomies have been performed, due to 
edema, and now there is periwound erythema and purulent 
drainage from tunnels and undermining.

Traction can be maintained and the wounds can be treated 
without disturbing the hardware if pulsed lavage with suction 
is used. The tracts can be irrigated using a device with a long, 
fl exible tip.

Used with permission from Adv Skin Wound Care 2000;13(3):133–134, © Springhouse Corporation/ www.springnet.com.
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Treatment is possible in the following circumstances:

• Contractures—diffi cult body placement
• Ostomies
• Closed incisions with sutures intact
• IV placement
• Skeletal traction
• Casted extremities
• Obesity exceeding weight limit for stretcher/whirlpool
• Patient combative/restrained
• Patient in ICU, IMCU, burn unit, or isolation (negative pres-

sure room)

Clinician Benefi ts
Clinicians are able to use time effi ciently and effectively when 
performing PLWS. Because all supplies are disposable, a pulsa-
tile lavage treatment can take only 15 to 30 minutes. This makes 
it possible to provide treatment to a greater number of patients.

The design of PLWS devices allows the user to control the 
intensity of the treatment, in psi, and to select the appropriate 
tip for specifi c effects. These features promote optimal results 
while safeguarding tissue. Some units allow greater control than 
others. Therefore, it is important to be aware of the features and 
the limitations of the available equipment.

Sharp debridement is signifi cantly easier after PLWS treat-
ment because it loosens and softens debris and hydrates 
necrotic tissue. Clinician benefi ts are summarized as follows:

• PLWS is time effi cient.
• The clinician has the ability to control psi.
• There is no destruction of granulation tissue if 4 to 15 psi 

impact pressure is used.
• There is increased productivity.
• Ease of sharp debridement is increased after treatment.
• Treatment is convenient and cleanup is minimal.

Facility Benefi ts
In an acute care facility, PLWS contributes to a decreased length 
of stay because of the rapid rate of granulation and epitheli-
alization. Thus, patients treated with PLWS can be discharged 
home with dressing changes sooner. Wounds treated with PLWS 
are ready for grafting/fl ap surgery more quickly. Physician and 
staff time is saved if the patient is treated with PLWS, either at 
the bedside or in the PT department, and does not have to be 
taken to the whirlpool tank or to the operating room for irri-
gation and debridement by the surgeon. Cross-contamination 
is virtually eliminated because all supplies are disposable. This 
is especially important with infection control issues for blood-
borne pathogens (BBP) and the spread of methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin-resistant entero-
cocci (VRE) and other multidrug-resistant organisms.

OUTCOME MEASURES

Clinical decision making involves evaluation of intervention 
choices to achieve a desired outcome. PLWS is a versatile treatment 
choice. As discussed earlier, it can be used for all wounds in which 
the expected functional outcome is a wound base free of infection, 
necrosis, infl ammation, and exudate, and fi lled with good granula-
tion, in preparation for closure by secondary intention or surgery.

Because there are no controlled clinical trials of this therapy, aver-
age length of time to achieve an expected outcome is undetermined. 
Clinical judgment of the author suggests that the clinician should 

Patient Benefi ts
Patients derive many benefi ts from treatment by PLWS. 
Frequently, the patient can be treated by a nurse or PT at the 
bedside or by the PT in the PT department instead of by a 
physician in the operating room, with signifi cant cost savings. 
Patient safety is improved, because PLWS requires no transfers 
such as would be needed getting into/out of the whirlpool, and 
comfort is increased because the therapy produces no changes 
in body temperature and the clinician has direct control over 
the pressure of the fl uid on the wound.

A retrospective study by Ho et al.22 in 2004 examined charts 
of 27 patients with pressure ulcers treated with PLWS over a 
2-year period. The results indicated a favorable safety profi le, 
with no moderate or severe bleeding, signifi cant wound infec-
tion, or autonomic dysrefl exia due to treatment. There was also 
no documented complaint of pain.

Patient benefi ts are summarized as follows:

• PLWS offers cost savings if operating room is not needed.
• It offers improved safety and comfort.
• Periwound maceration is avoided.
• It can be used for treatment of tracts, tunnels, and undermin-

ing (Fig. 28.1).
• It has contributed to the salvage of limbs.5

• Treatment is possible if whirlpool treatment is contraindicated.

Patients who would benefi t from hydrotherapy but are contra-
indicated for whirlpool should be considered candidates for pul-
satile lavage. This includes patients with the following conditions:

• Unresponsiveness
• Cardiopulmonary compromise
• Venous insuffi ciency
• Neuropathy/diabetes
• Fever
• Incontinence if body whirlpool is required

FIGURE 28.1 PLWS in a treatment room.

CLINICAL WISDOM

Irrigation and Debridement of Tracts and Tunnels
Pulsatile irrigation is an excellent choice for irrigation and 
debridement of tracts, tunnels, and/or undermining.
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received and how it has affected function. Patients want 
to feel safe, secure, and comfortable during the treatment 
 procedure, and confident that the therapy will help their 
wound to heal.

Treatment with pulsatile lavage can be given at the bedside, 
eliminating uncomfortable transfers and travel. Because of its 
portability and disposable components, it is an ideal modal-
ity for home treatment, often allowing for early discharge with 
Home Health providing continued treatment.

PRECAUTIONS AND CAUTIONS

The most important three words to remember when treat-
ing a patient with PLWS are know your anatomy! As with any 
method of debridement, it is imperative to have a strong ana-
tomical background, enhanced by cadaver dissection, and to 
have an illustrated textbook in close proximity. Just as impor-
tant is awareness of the possibility of anomalies. If you are 
unsure of the specifi c anatomy of exposed and nearby struc-
tures, consult the patient’s surgeon. This is especially true when 
irrigating tracts and undermining.

There are no known absolute contraindications to treat-
ment with PLWS. As with any wound care treatment, however, 

expect a decrease in necrotic tissue in 1 week and an increase in 
granulation/epithelialization in 1 week (see Figs. 28.3A  and 28.3B). 
Following are some additional expected clinical outcomes:

• Odor and exudate free: 3 to 7 days
• Necrosis free: 2 weeks
• Progression from chronic infl ammatory phase to acute 

infl ammatory phase: 1 week
• Progression from acute infl ammatory phase to proliferation 

phase: 2 weeks

A clinical outcome is one type of expected outcome. Another 
type of outcome to be considered is cost. The cost of an out-
come includes many factors, such as labor, supplies, and length 
of stay. Since the average treatment time with pulsatile irriga-
tion is 15 to 30 minutes, labor costs are reduced. Debridement 
with PLWS can be performed by a trained RN or PT at the bed-
side or in the PT department, so that surgeon and operating-
room costs are avoided. Infection control costs are minimized 
because single-use, disposable components mean that cross-
contamination is virtually eliminated. These are very important 
cost-management factors in facilities that must work continu-
ously to control contamination with BBP, MRSA, and VRE.

Patient and caregiver satisfaction surveys monitor per-
ceptions of how patients feel about the treatment they 

1

FIGURE 28.2 Exposed artery in infected bypass graft donor 
site in lower leg. (Copyright © H. Loehne.)

FIGURE 28.3 A. Pyoderma gangrenosum uylcer on medial lower leg of 8 year duration same ulcer shown. 
B. After treatment with pulsatile lavage with suction. Note new epitheliaization and granulation tissue after 
one week of treatment. (Copyright © H. Loehne.)
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increase blood supply, and decrease bacterial colonization. 
The procedure increases tension among the surrounding cells, 
which encourages cell growth and division, drawing the edges 
of the wound to the center and assisting wound closure. The 
technique also provides a moist wound environment to pro-
mote more effective cellular activity, and helps to prevent con-
tamination of the wound site from outside bacteria.

There frequently is confusion among patients and clini-
cal personnel due to the similarity in the names VAC, origi-
nally called Decubivac and Dvac (an NPWT product discussed 
in Chapter 29) and Pulsavac (a PLWS product). These are 
two entirely different interventions for wound management, 
though, indeed, they complement each other. The combination 
of NPWT and pulsed lavage has healed wounds four times faster 
than nontreated wounds, producing extraordinary cost savings.

Frequency and Duration
Patients are usually treated once a day. If the wound has more 
than 50% necrotic/nonviable tissue with purulent drainage/foul 
odor, and especially if sepsis is present, treatment twice a day 
is reasonable. Treatment two or three times a week is recom-
mended if there is a full granulation base, no odor, and no puru-
lent drainage. If the wound is being treated with NPWT, then 
use PLWS with each NPWT change, usually two or three times 
a week. Discontinue PLWS when the wound is closed, there is 
no increase in granulation/epithelialization in 1 week, or there 
is no decrease in necrotic tissue in 1 week (Exhibit 28.3).

Procedure Setup
Most patients ideally are treated on a high-low stretcher, bed, or 
treatment table adjusted to a height that facilitates the therapist’s 
proper body mechanics. Treatment may be delivered in a private 
treatment room in the physical therapy department or elsewhere 
or at the bedside in the patient’s private room. Place a fl uid-
proof or fl uid-resistant pad under the body part with the wound, 
and clean towels around the wound and covering adjacent body 
parts, IV sites, and other portals of entry. Set up an aseptic fi eld, 
with treatment and dressing supplies in easy reach. A strong light 
source is important during pulsatile lavage and debridement.

Outpatients with lower extremity wounds can be treated 
while seated in a wheelchair with an elevating footrest, with 
towels padding the footrest. The therapist sits on a low foot-
stool in front of the patient and in easy reach of the aseptic fi eld 
setup of treatment and dressing supplies. Place a basin under 
the foot to catch any overfl ow of irrigant.

Recruit the assistance of an aide. Although an aide’s duties 
will vary according to the patient needs and the system used, 
help with the following tasks can save you time and spare you 
from having to change gloves during treatment: connecting the 
tubing to the suction source, warming and spiking the bags of 
fl uid, emptying and replacing the fi lled suction canisters and 
new fl uid bags, and assisting with patient positioning. After the 

certain precautions should be observed. These precautions 
apply to treatment of the following:

• Insensate patients
• Those taking anticoagulant medication
• Those with wounds with tracts, tunnels, and/or undermining

Only experienced therapists should treat wounds that require 
extra attention to the entire procedure (Fig. 28.2). These include 
the following:

• Wounds near major vessels (e.g., in the groin or axilla)
• Wounds near a cavity lining (e.g., pericardium or peritoneum)
• Bypass graft sites, anastomoses
• Exposed vessel, nerve, tendon, bone
• Grafts, fl aps
• Facial wounds

Certain wounds should be assessed carefully before being 
treated in a facility or home where a physician and emergency 
medical aid are not immediately available. Careful decision 
making is needed before treating wounds near major vessels, 
cavity linings, and bypass graft sites outside of an acute care 
hospital or hospital outpatient setting.

Stop treatment immediately if the patient complains of 
increased pain or is unable to tolerate treatment because of pain. 
A premedication order may be needed from the patient’s physi-
cian. With an arterial bleeder, treatment must be stopped imme-
diately and the physician called immediately. Hold fi rm pressure 
with gauze over bleeding. Use a hemostatic agent if available. 
Any bleeding not stopped with pressure held without pause for 
10 minutes requires a physician consultation and/or an order to 
use silver nitrate to stop the bleeding. Also notify the physician if 
an abscess other than the one being treated is opened or a bone/
joint disarticulation occurs. Cautions are summarized as follows:

• Stop treatment when the following occurs:
1. Patient complains of increased pain.
2. Patient is unable to tolerate treatment because of pain.

• Stop and call physician in any of the following circumstances:
1. Patient has an arterial bleeder; notify physician immediately.
2. Bleeding has not stopped after 10 minutes of pressure.
3. Abscess is opened.
4. Joint is disarticulated.

PROCEDURE FOR PLWS

PLWS can be performed along with negative pressure wound 
therapy (NPWT), the topic of the next chapter. Typically, 
NPWT uses a pump, attached by tubing to a foam dress-
ing placed in the wound, to create a vacuum to remove fl uid. 
The negative pressure on the wound helps to reduce edema, 

CLINICAL WISDOM

Prevent Disruption of Clot Following Pressure to Stop 
Bleeding
After applying pressure over gauze packing until bleeding 
has stopped, leave the bottom layer of gauze in place to avoid 
disruption of the clot and restarting of the bleeding. Cover 
with the prescribed dressing.

CLINICAL WISDOM

NPWT and PLWS
NPWT and PLWS used in conjunction with each other pro-
vide an optimal intervention for management.
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laundry. Disinfect the stretcher/wheelchair after each treatment if 
it is used to transport and treat the patient. Do not use a mattress 
or cushion with tears in the protective covering. With treatment 
of extremity wounds, use basins to contain the irrigant overfl ow. 
Disinfect the basin after each use. Clean the dressing cart with an 
approved disinfectant solution after each use. Reusable face shields 
should be cleaned with a disinfectant that has been approved as 
effective against HIV, hepatitis B, and tuberculosis. Dispose of all 
disposables in the appropriate waste stream per OSHA guidelines.

treatment is completed, the aide also can dispose of the per-
sonal protective equipment (PPE), old dressings, and dispos-
ables while you complete the documentation.

Infection Control
Infection control procedures include standard precautions, use 
of PPE, and use of disposables.23

Standard Precautions
Protocols should adhere to each facility’s policy, which can 
be more, but not less, stringent than Occupational Safety and 
Health Administration (OSHA) guidelines.24 The importance 
of hand hygiene, including hand washing at the sink or use 
of an alcohol-based hand sanitizer, before and after the use of 
gloves, cannot be overemphasized.25

In 2003, there was an outbreak of multidrug-resistant bacteria 
in a hospital in the United States that was traced to patients being 
treated with PLWS. Some of the patients died.26 The spread of 
the bacteria was apparently due to environmental contamination 
attributed to PLWS being utilized without proper PPE and other 
infection control techniques. As a result of their investigations, the 
CDC and FDA made the following recommendations for infec-
tion control guidelines for treatment with PLWS (Exhibit 28.4):27,28

Aerosolization of microorganisms occurs during treatment, 
as evidenced in a study by Loehne et al.29 Therefore, the patient 
should be treated in a private room with walls and doors that 
shut, not privacy curtains or open areas. On admission to 
the facility, if wound management with PLWS at bedside is 
 anticipated, the patient should be assigned a private room as a 
medical necessity. This should be included in the facility’s poli-
cies and procedures.

When the patient is treated at the bedside, all visitors should 
leave the room during treatment. If treated at home, fam-
ily members/visitors should leave the room during treatment. 
All IV sites and other portals of entry on the patient, as well as 
wounds not being treated, should be covered with a clean towel. 
Consider using a surgical mask for the patient during treatment.

All exposed linen used to control splash should be placed in 
a clear plastic biohazard bag after treatment for transport to the 

EXHIBIT 28.3

Frequency and Duration of Treatment

Frequency Daily
Twice 
Daily Three Times/Week Discontinue

Most wounds X

>50% necrotic X

Purulent drainage X

Sepsis X

Full granulation base X

VAC being used X

Duration

No increased granulation for 1 week X

No decreased necrotic tissue for 1 week X

Wound closed X

EXHIBIT 28.4

Summary of Infection Control Guidelines for 
Treatment with PLWS

1.  Treat patient in private room, appropriately venti-
lated, with walls and doors that close

2.  Cover any exposed supplies or patient’s personal 
items

3.  Cover any exposed tubes, ports, etc., and any 
wounds not being treated

4.  Consider masking the patient

5. No family or visitors in room during treatment

6.  Observe standard precautions, including hand 
hygiene

7.  Staff must wear appropriate PPE

8.  Dispose of disposables in appropriate waste stream

9.  Discard suction canister or liner as appropriate, after 
each treatment

 10.  Do not reuse single-use-only items

 11.  After treatment, thoroughly disinfect all environ-
mental surfaces touched
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EXHIBIT 28.5

Products Available and Power Source
Power Source Davol Stryker Zimmer

Batteries—unit 
disposable

VariCare SurgiLav Plus Pulsavac Plus 
LP

InterPulse

is removed. Store the handpieces used with suction diverter 
tips properly between treatments on the same patient. Plug 
the irrigation port, cap the IV tubing spike, and place every-
thing in a storage bag labeled with the patient’s name, medical 
record number, and date. The facility sets the maximum time 
to be used before disposal of the handpiece, usually 1 week or 
fi ve treatments. Remember that with continued usage, the bat-
tery strength will be diminished and, therefore, so will the psi.

Although the Davol and Stryker products have FDA 
approval, this author has reservations about the ability to disin-
fect their external components, such that they can be stored and 
reused without concern for contamination. Disinfection and 
storage also require time, products, and space; more impor-
tantly, sterile procedure is precluded except for the fi rst usage. 
The Davol VariCare now has a protective sleeve to cover the 
handpiece during treatment, which increases protection from 
contamination. The sleeve and a storage bag are provided with 
each tip package.

Latex Content
All battery products used are latex free. Therefore, latex- 
sensitive and latex-allergic patients may be treated with PLWS.31

Equipment Needed
Power Unit
All PLWS products are powered by batteries, and the prod-
ucts are completely disposable. See Exhibit 28.5 which lists 

Thoroughly clean and disinfect all horizontal surfaces that can 
be touched by hand (e.g., bed rails, pumps) after treatment. There 
should be no supplies in open shelves or cabinets; do not open 
drawers during treatment. Cover any exposed supplies or personal 
articles with a clean towel. Do not reuse single-use-only items.

Personal Protective Equipment
Secondary to aerosolization and splashing, all staff present dur-
ing treatment must wear PPE (Fig. 28.5). This includes the fol-
lowing items:30

• Surgical masks
• Hair covers (with ears covered)
• Face shields
• Fluid-proof (not fl uid-resistant) gowns
• Fluid-resistant shoe covers (at the therapist’s discretion for 

the aide)
• Nonsterile/sterile gloves with extra long cuffs to cover cuffs 

of gown

Disposables and Other Supplies
All disposables except two discussed below are marked for 
single use only. The FDA and OSHA mandate compliance. In 
fact, if used more than one time, Medicare and other payers 
consider the occurrence investigational and not reimbursable. 
Legal liability is possible.

Equipment manufacturers Davol and Stryker each offer 
suction diverter tips that allow the same handpiece to be used 
multiple times with the same patient, with a new tip at different 
treatment sessions (Fig. 28.5). This design diverts the suction 
mechanism from the interior of the product. Otherwise, units 
cannot be cleaned without damaging the product or being 
assured that all contaminants and/or disinfection material 

FIGURE 28.4 Personal protective equipment for hydrotherapy treatment.

FIGURE 28.5 Simpulse VariCare System. (Courtesy of Davol, Inc, 
Cranston, Rhode Island.) 
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treatment session, if the least necrotic wounds are treated fi rst. 
Figure 28.7 shows a handpiece with optional irrigation tips. All 
products have hand controls and tubing for spiking the saline 
bag Figure 28.8.

Irrigation Fluid
Normal saline (0.9% sodium chloride) is the preferred irriga-
tion fl uid. Water is not recommended because it is not physi-
ologic. Antibiotics can be added with a physician’s order. Do 
not use antiseptic agents or skin cleansers (povidone-iodine, 
 iodophor, sodium hypochlorite, hydrogen peroxide, and 
acetic acid) because they can be cytotoxic to normal and/or 
wound tissue.17

Warm saline bags to 39°C to 41°C with a fl uid warmer or in 
hot tap water. The number of bags used depends on the num-
ber and size of the wounds, the amount of necrotic tissue and 
exudate, and the patient’s tolerance of the procedure.

current products. The batteries in the Davol product can be 
removed easily without contamination and can be recycled. 
The batteries in the Stryker and Zimmer products cannot be 
easily removed from the battery case and should be discarded. 
Stryker offers also a rechargeable battery option. A recharge-
able power pack, charger station, and rechargeable handpieces 
are available.

Tips
Sterile debridement tips include a small splash shield for soft 
tissue debridement and general irrigation, and long, fl exible tips 
for undermining, tracts, and tunnels (Exhibit 28.6). Multiple 
other tips are available, depending on the manufacturer; how-
ever, most of these are utilized by physicians in the operating 
room. PLWS requires only the small splash shield and the long, 
narrow, fl exible tips, although new tips are in product develop-
ment (Figure 28.6).

If using the Zimmer Pulsavac Plus LP small splash shield, 
retract the hard shield covering the soft shield as it is not used 
during treatment. The small, pliable splash shield on all prod-
ucts placed in total contact with the tissue is recommended to 
obtain adequate suction for negative pressure, unless in under-
mining or tunnels. The fl exible tips have measurement mark-
ings in centimeters to allow for safe and accurate measurement 
of extensive undermining, tracts, and tunnels. Insert and retract 
the fl exible tips continuously during treatment to irrigate and 
débride the entire area of the wound. The same tip can be used 
for treating multiple wounds on the same patient in the same 

CLINICAL WISDOM

Single Use Only
Use of PLWS products only one time with disposal after use 
ensures no cross-contamination between patient treatments.

FIGURE 28.6 Simpulse being used with the long tunnel tip.

EXHIBIT 28.6

Most Often Used Tips for Soft Tissue Wound Care
Tip Davol Stryker SurgiLav Stryker InterPulse Zimmer

Fan spray with splash shield Yes Yes Yes Yes

Retractable splash shield Yes No No No

Fan spray without splash shield No No No Yes

Shower with splash shield No Yes No Yes

Shower without splash shield No No No Yes

Open tract Yes No No No

Narrow open tract Yes No No No

Flexible, narrow open tract with suction Yes No Yes Yes

Flexible, narrow open tract without suction No No Yes No

Suction diverter tips Yes Yes No
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EXHIBIT 28.7

Pressure Used
Pulsatile Lavage with Suction 

psi 4–6 psi 4 psi 8–12 psi 15 psi 16+ psi

Initiation X

Tracts/undermining X

Minimum effective X

Typical range X

Maximum—PT X

With physician present X

FIGURE 28.7 SurgiLav with a tip. (Courtesy of Stryker Instruments.  
Kalamazoo, MI.) 

FIGURE 28.8 Pulsavac Plus LP, hand controls, and tubing pack.  
(Courtesy of Zimmer, Inc.)

Suction
Either a wall suction or portable pump is necessary for this 
modality. Equipment includes canisters, a regulator, and con-
necting tubing, which is required if the suction source is too far 
away from the wound with the tubing provided.

The suction removes debris, bacteria, and the irrigant and 
provides negative pressure to increase the rate of granula-
tion tissue.12 Parameters are usually 60 to 100 mm Hg of 
continuous suction. Decrease the pressure if there is bleed-
ing, if the wound is near a vessel or cavity, or if the patient 
complains of pain.

Pressure
As noted earlier, pressure is measured in psi. If the pressure is 
too high, bacteria and foreign matter can be forced into viable 
tissue, and granulation and epithelial tissues can be damaged. 
The Agency for Health Care Research and Quality recommends 
a treatment range of 4 to 15 psi.12

Initiation of treatment is usually 4 to 6 psi, with a typi-
cal range of 8 to 12 psi. A setting of 4 to 6 psi is advised for 
tracts, tunnels, and undermining, where you would be unable 
to visualize the wound base and nearby structures. Avoid pres-
sures greater than 15 psi unless the physician is present and has 
issued a specifi c written order (Exhibit 28.7).

During treatment, increase psi in the presence of tough 
eschar and excessive necrotic tissue. Decrease if the patient 
complains of pain, if bleeding occurs, or if the tip is near a major 
or exposed vessel, nerve, tendon, or cavity lining. Exhibit 28.8 
provides the pressure range and control available on various 
pressure products.

CLINICAL WISDOM

Importance of Impact Pressure
It is very important to control and to know the impact pres-
sure at all times during the treatment.
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EXHIBIT 28.8

Pressure Range and Control Available (On/Off Control on All Handpieces)
Product psi Range Adjust at Source Vary at Hand Control

Davol Small splash shield: No Dial controls—variable and three settings: low, 
medium, high settings: low, medium, high

VariCare • Low: 3.8

• Medium: 9.6

• High: 11.2

• Variable: 0–11.3

Flexible: 2–6

Stryker Shower: 8–14 No Switch with two settings

SurgiLav Plus Fan: 2–4

Concentrated spray: 4–6

Interpulse Fan: 4–6 No Trigger with variable control

Coaxial fan: 4–8

Soft tissue: 10–12

Flexible with suction: 6–9

Flexible no suction: 12–14

Zimmer Fan: 6.3–12.6 No Trigger control

Pulsavac Plus LP Shower: 3.2–5.8

Flexible: 8.6–12.2

EXHIBIT 28.9

psi with Jetox-ND, Determined by Oxygen Setting
L/min psi

9 4

11 6

13 9

15 12

JET LAVAGE

Jet lavage is a relatively painless wound cleansing and 
debridement system that does not provide pulsed lavage and 
is without a power source. Instead, it uses compressed oxy-
gen with a small amount of saline (1.5 mL/min) solution to 
administer a gentle jet stream. The products currently on the 
market, which were developed in Israel in the 1990s and pat-
ented in the United States in 2001, include Jetox™-ND with-
out suction and Jetox™-HDC with suction (manufactured by 
DeRoyal).

The recommended saline solution is 0.9% sodium chloride. 
The microdrops are between 5 and 100 mm and are accelerated 
up to 200 m/s. The air generated through the oxygen source 
has a desensitizing effect, making jet lavage benefi cial for those 
patients whose wounds are hypersensitive.

Portable and disposable, this latex-free device can be used in 
the clinic, at the bedside, or in the home, requiring only an oxy-
gen source. Proper PPE is required for treatment with jet lavage, 
as with all lavage therapies. The shield should be placed against 
the treatment area to maintain optimum treatment distance. psi 
is listed in Exhibit 28.9. Continue treatment with Jetox-ND until 
loose debris and exudate are suffi ciently removed. There are at 
present no published studies addressing the effi cacy of Jetox-ND 
treatment.

CONCLUSION

PLWS is an optimal strategy for irrigation and debridement 
for all wounds. With control of impact psi; site-specifi c treat-
ment; the ability to treat tunnels, tracts, and undermining; 
enhancement of sharp debridement; avoidance of cross-con-
tamination; and an increased rate of granulation and epithe-
lialization, PLWS offers a valuable intervention for wound 
management. Treatment with PLWS, resulting in decreased 
length of stay and avoidance of facility-acquired infections 
with increased rate of wound closure, contributes to cost-
effective wound management.2
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This case study uses the clinical decision-making process 
described in Chapter 1 to document the need for skilled inter-
vention using PLWS. The methodology of the functional out-
come report is provided.

Gunshot Wound Treated with Pulsatile Lavage with 
Suction
Patient ID: W.S. Age: 29 Onset: January 2

INITIAL ASSESSMENT

Reason for Referral
The patient was referred for a blasted shoulder wound with 
buckshot, necrotic tissue, tunnels, and undermining in the 
wound.

Medical History and Systems Review
The patient, previously fully functionally independent with 
no prior medical history, suffered a self-infl icted gunshot 
wound to the left shoulder. On the day of the injury and 
admission to the hospital, January 2, he had surgical explora-
tion of the blasted shoulder wound. The humeral head was 
resected; fragments were resected from the laterally pulver-
ized clavicle. There was no injury to the brachial plexus or 
axillary vasculature. The left upper extremity was placed in 
traction with pins. He had subsequent surgical incisions and 
drainage of the wound in the operating room on January 3, 
4, 5, and 6, with closure of the shoulder capsule on January 6 
(see Fig. 28.1).

Evaluation
The patient was admitted to the burn unit after the initial 
surgery because of the severity of the wounds and the com-
plicated dressing changes required. The presence of necrotic 
tissue, purulent exudate, buckshot, and numerous tunnels and 
undermining were indications for treatment with pulsatile 
lavage with concurrent suction.

EXAMINATION—JANUARY13

Joint Integrity
The left humeral head has been resected. The left upper 
extremity is in skeletal traction with pins, with shoulder 
abducted to 90 degrees. The lateral clavicle is pulverized.

Circulation
There is no injury to the axillary vasculature; there is edema in 
the left upper extremity.

Sensation
There is no injury to the brachial plexus.

Mobility
The patient is restricted to the supine position.

Integumentary
The left shoulder has a through-and-through wound, with the 
shotgun entrance wound on the anterior and the exit wound 
on the posterior.

Size
• Anterior border—118.75-cm surface open area
• Posterior border—50.0-cm surface open area
• Medial depth—2.0 cm
• Lateral depth—1.75 cm
• Tunneling and undermining cannot be measured because of 

proximity of vessels

Tissue Assessment The wound has red granulation with 
scattered areas of yellow and brown necrotic tissue; there is 
buckshot present. The periwound tissue is erythematous and 
edematous.

Wound Healing Phase The wound is in acute infl amma-
tory phase.

FUNCTIONAL DIAGNOSIS
• Soft tissue injury

1. Absence of proliferative phase
2. Absence of epithelialization phase
3. Undue susceptibility to infection caused by debris in 

wound

• Functional loss of mobility associated with shoulder injury 
leading to inability to perform self-care and undue suscepti-
bility to pressure ulcers

Need for Skilled Services
PLWS by PT is indicated in an attempt to avoid another sur-
gical incision and drainage and to prepare the wound for a 
subsequent skin graft. Increased mobility will be allowed with 
an accelerated healing process. Therapeutic positioning is nec-
essary to avoid pressure ulcers.

Targeted Outcomes
• The wound bed will be clean, including tunnels and 

undermining.
• The wound will progress through the phases of healing from 

infl ammatory to epithelialization.
• The patient will be properly positioned to remove pressure.

Treatment Plan
• Irrigate and mechanically débride the wound with the 

Pulsavac System, including tunnels and undermining. 
Remove the buckshot. Treat with 1 L of normal saline, 
4 to 12 psi, 80 mm Hg suction.

• Perform sharp debridement of necrotic tissue with for-
ceps and scissors. On January 19, the pins are removed and 

CASE STUDY     
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traction is discontinued by the physician. The patient is 
transferred from the burn unit.

• Maintain moist wound bed and obliterate dead space with 
dressing changes of wet to damp Dakin solution–soaked gauze; 
cover with a fi ve 9-inch gauze pad and secure with dry gauze and 
paper tape. Tunnels and undermining will be loosely packed.

• Perform therapeutic positioning.

Prognosis
There will be no necrotic tissue and no debris. The wound will 
have a red granulation base and be ready for skin grafting by 
the physician.

Target Date 2 weeks.
Frequency Once a day, 6 days per week.

REEXAMINATION BY PHYSICAL THERAPY ON 
JANUARY 20

Size
• Anterior wound—68.25-cm surface open area
• Posterior wound—28.75-cm surface open area
• Medial depth—1.5 cm
• Lateral depth—1.0 cm

Tissue Assessment The wound has no necrotic tissue. 
There is a full red granulation base and increased epitheli-
alization. There is no periwound erythema. Tunneling and 
undermining are present only in the proximal portion of the 
anterior wound.

Wound Healing Phase Proliferative phase.

Intervention
Physical Therapy Six treatments of PLWS, followed by sharp 
debridement as needed.

Physical Therapy and Nursing Dressing changes.
Physicians On January 19, the pins are removed and trac-

tion is discontinued. The patient is transferred from the burn 
unit to a regular room.

Revised Prognosis
Closure of the wound by secondary intention.

DISCHARGE OUTCOME
The patient’s wounds not only required no further surgical 
incisions and drainage, but also had a signifi cant increase in 
granulation and epithelialization with no necrotic tissue pres-
ent. Anterior and posterior wounds had a decreased surface 
open area of 42%. Medial depth decreased 25% and lateral 
depth decreased 43% within 7 days. The physicians decided to 
allow the wound to close by secondary intention rather than a 
skin graft. The patient was discharged home on January 21, to 
continue dressing changes by his mother. Future surgical proce-
dures were anticipated to replace the shoulder joint. He was lost 
to follow-up.

CASE STUDY (continued)

V
REVIEW QUESTIONS

 1.  PLWS can be utilized to
 A.  irrigate and debride
 B.  reduce bacterial counts and infection
 C.  increase infl ammation with some damage to healthy 

tissues
 D.  produce granulation tissue but reduced reepithelializa-

tion
 E.  a and b
 F.  a and d

 2.  Irrigation pressures should be at least
 A.  1.2 psi
 B.  2 psi
 C.  3 psi
 D.  4 psi

 3.  All of the following are effective in removing bacteria from 
a wound except
 A.  19-gauge needle
 B.  bulb syringe

 C.  PLWS
 D.  35-mL syringe

 4.  Negative pressure and suction
 A.  applies noncompression mechanical forces to the 

 tissues
 B.  dilates arterioles
 C.  removes debris and bacteria
 D.  all of the above

 5.  Clinical outcomes could include all of the following except
 A.  decreased wound size
 B.  patient satisfaction
 C.  effi ciency of treatment
 D.  cost

 6.  Contraindications to PLWS include
 A.  insensate patients
 B.  wounds with tract, tunnels, and/or undermining
 C.  anticoagulant medication
 D.  none of the above
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CHAPTER OBJECTIVES

While advances in medical technology during the past 20 years 
have increased life expectancies, growth in the aging population 
has contributed to rising disease burdens within the health-care 
system. Management of acute and chronic wounds of diverse 
etiologies remains a major challenge to society because of its 
magnitude, complexity, and cost. Over 2.8 million patients 
with chronic wounds are treated at an annual cost of billions 
of dollars in the United States.1 Chronic, nonhealing wounds 
pose a continual challenge in medicine due to variable man-
agement strategies and inconsistent response to treatment.2 
Chronic wounds may be associated with pressure, trauma, 
venous insuffi ciency, diabetes, vascular disease, or prolonged 
immobilization. Treatment is variable and costly, demanding 
lengthy hospital stays or specialized home care requiring skilled 
nursing and costly supplies. Faster healing of chronic wounds 
typically results in decreased hospitalization and earlier return 
of function.

During the past decade, technological advances have 
resulted in an explosion of new products for managing acute 
and chronic wounds. Countless advanced wound treatments 
have been introduced to enhance wound healing, all supported 
by widely varying levels of scientifi c evidence. One adjunctive 
technology that has seen tremendous growth, both in usage 
and related publications, is negative pressure wound ther-
apy (NPWT). The fi rst commercialized NPWT device, called 
Vacuum-Assisted Closure (V.A.C.®, KCI Licensing Inc, San 
Antonio, TX), was cleared in 1995 by the U.S. Food and Drug 
Administration. Since then, NPWT has played an increasingly 
important role in wound management strategies within mul-
tiple surgical and nonsurgical specialties. In addition, over the 
last 5 years, we have seen an increase in the number of NPWT 
devices introduced to the market place (see Table 29.1).

Negative pressure wound therapy, also termed  vacuum-assisted 
closure, wound V.A.C., vacuum sealing, and topical negative 

pressure, is the process of applying negative pressure to the 
wound site via foam or gauze dressing, tubing, and vacuum 
device. A polyurethane reticulated open-cell foam (ROCF) as 
shown in Figure 29.1A or polyvinyl alcohol foam dressing as 
shown in Figure 29.1B or gauze is placed into the wound cavity. 
An airtight thin fi lm drape is sealed over the foam/gauze, and a 
tubing pad is applied over a hole cut into the drape. Controlled 
negative pressure, typically 125 mm Hg below ambient pres-
sure, is applied and distributed through the porous foam over 
the entire wound surface. Excessive fl uid and debris are drained 
into the canister. Removal of these infectious fl uids has been 
shown to decrease interstitial edema, increase capillary blood 
fl ow, and promote granulation tissue formation by facilitating 
cell migration and proliferation.3 The technique provides both 
adequate wound drainage and a moist environment necessary 
for wound healing, thus combining the benefi ts of open and 
closed wound healing systems.

HISTORY OF NPWT

Negative pressure has been employed for thousands of years 
in China as an adjunct to acupuncture techniques. A tech-
nique called cupping, whereby a heated glass sphere is applied 
to the skin, is a method of applying a pressure to a specifi c 
acupuncture site. It was not until the 17th century when the 
fi rst report of sustained vacuum was made by Galileo’s Italian 
assistant, Evangelista Torricelli.4 This was then followed 
by both the Frenchman, Blaise Pascal, and the Dutchman, 
Christian Huygens, who created the syringe and vacuum pump, 
respectively.4

The application of negative pressure to an open wound 
was fi rst described by several Russian authors in the 1970s5 
and 1980s;5–8 however, critical evaluation of these studies by 
English-speaking clinicians was limited due to the paucity of 

At the completion of this chapter, the reader will be able to:

1. Identify the science behind negative pressure wound therapy (NPWT).
2. Describe applications of NPWT based on the peer-reviewed literature.
3. Explain indications and contraindications for the use of NPWT therapy.

Allen Gabriel and Subhas Gupta

Management of the Wound Environment 
with Negative Pressure Wound Therapy29
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FIGURE 29.1 Types of foam for use with NPWT. A. Polyurethane ROCF. B. Polyvinyl alcohol foam.

English abstracts. In 1993, Fleishman et al.9 of Germany were 
the fi rst group to report on vacuum sealing, which is similar to 
what is now known as NPWT in the United States. Subsequent 
studies have described successful vacuum sealing outcomes in 
open wounds with up to 14 months of follow-up.10–12 All of the 
original Russian and German studies were performed using 
wall suction devices or surgical vacuum bottles. Downfalls of 
these systems included a lack of safety controls in fl uid manage-
ment and pressure delivery, as well as lack of portability.13

In 1997, Argenta and Morykwas14,15 described in two semi-
nal studies the effects of the fi rst controlled negative pressure 
device, the V.A.C.®, in combination with a polyurethane ROCF 

interface. The clinical study reported that 296 of 300 acute, 
subacute, and chronic wounds responded favorably to subat-
mospheric pressure, showing an increase in granulation tissue 
formation.14 The scientifi c study performed in porcine models 
documented signifi cantly increased blood fl ow, granulation 
tissue formation, bacterial clearance, and random-pattern fl ap 
survival rates in NPWT/ROCF-treated wounds, compared to 
controls.15 Fleishman et al described an advanced method of 
vacuum sealing in 1998, which included intermittent topical 
instillation of antiseptics and antibiotics to infected wounds.16 
This technology was introduced in the United States in 2003 
and is known as NPWT Instillation (e.g., V.A.C.® Instill™).17

Manufacturer Trade or Brand Names of Negative Pressure Wound Therapy Devices

Boehringer Wound Systems, LLC Engenex® Advanced NPWT System (Boehringer Laboratory Suction Pump 
System)
ConvaTec (Skillman, NJ) markets and distributes the Engenex®

Innovative Therapies Inc. SVEDMAN™ and SVED™ Wound Treatment Systems

KCI, USA Inc. (Kinetic Concepts, Inc.) InfoV.A.C.® Therapy Unit (stationary unit)
V.A.C.® ATS™ (stationary unit)
V.A.C.® Freedom™ (portable unit)
ActiV.A.C.® Therapy Unit (portable unit)
V.A.C.® Instill System (delivery of topical solutions)
ABThera™ Open Abdomen NPWT System
Prevena™ Incision Management System

Medela, Inc. Invia Liberty Wound Therapy (portable)
Invia Vario 18 c/i Wound Therapy (stationary, mobile with battery)

MediTop BV/The Medical & Woundcare Company Exsudex® wound drainage pump

Premco Medical Systems, Inc. Prodigy™ NPWT System (PMS-800 and PMS-800V)

Prospera Technologies LLC PRO-I™ (stationary and portable)
PRO-II™ (portable)
PRO-III™(stationary and portable)

Smith & Nephew, Inc. V1STA Negative Pressure Wound Therapy (portable unit)
EZCARE Negative Pressure Wound Therapy (stationary unit)
RENASYS™ EZ Negative Pressure Wound Therapy

Talley Group Ltd. Venturi™ Negative Pressure Wound Therapy (portable or stationary)

ECRI Institute, July 29, 2009 (https://www.ecri.org/Documents/Press%20Releases/Negative_Pressure_Wound_Therapy_Devices.pdf)

Negative Pressure Wound Therapy Devices Marketed in the United States29.1TABLE
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microcirculation. The thin-walled capillaries collapse, due to 
the increase in interstitial fl uid and pressure exerted on the ves-
sels. This causes the collapse and backup of the microcircula-
tion, leading to localized thrombosis and a poor wound healing 
environment.

With the advent of NPWT, improved healing has been 
shown in animal and clinical studies.14,15,28 The physiological 
and molecular biological mechanisms by which NPWT accel-
erates wound healing are still somewhat unknown; however, 
it is generally agreed that multiple mechanisms play a role.3,29 
Proposed mechanisms of action include reduction in localized 
edema, increased blood fl ow, removal of inhibitory agents, pro-
motion of granulation tissue formation, a moist wound healing 
environment, enhancement of epithelial migration, and wound 
contraction.30 For the purpose of this discussion, authors have 
divided scientifi c evidence into fi ve categories: (1) blood fl ow; 
(2) granulation tissue formation; (3) bacterial clearance; (4) 
fl ap survival; and (5) cytokine milieu.

Blood Flow
All tissues need oxygen and nutrients for metabolism and cell 
turnover. Any impediment to localized blood fl ow has del-
eterious effects to wound healing. In order to understand the 
mechanisms involved in improving blood fl ow, a brief review 
of physiology is needed.

The movement of fl uid and accompanying solutes between 
compartments (mostly water, electrolytes, and smaller molecu-
lar weight solutes) is governed by physical factors such as hydro-
static and oncotic forces. These forces are normally balanced in 
such a manner that the fl uid volume remains relatively constant 
between the compartments. When the fl uid volume within 
the interstitial compartment increases, this compartment will 
increase in size, leading to tissue swelling (i.e., edema). In most 
capillary systems of the body, there is a net fi ltration of fl uid 
from the intravascular to the extravascular compartment. In 
other words, capillary fl uid fi ltration exceeds reabsorption. 
This would cause fl uid to accumulate within the interstitium 
if it were not for the lymphatic system that removes excess 
fl uid from the interstitium and returns it to the intravascular 
compartment.

Circumstances, however, can arise where net capillary fi l-
tration exceeds the capacity of the lymphatics to remove the 
fl uid (i.e., net fi ltration > lymph fl ow). When this occurs, the 
interstitium will swell with fl uid, thereby become edematous. 
Some of the precipitating factors of edema that can be related 
to wound healing include (1) decreased plasma oncotic pres-
sure (as occurs with hypoproteinemia), (2) increased capillary 
permeability caused by proinfl ammatory mediators (e.g., his-
tamine, bradykinin) or by damage to the structural integrity of 
capillaries so that they become more “leaky” (as occurs in tissue 
trauma, burns, and severe infl ammation), and (3) lymphatic 
obstruction.

NPWT has been shown to alter wound edge microvascular 
blood fl ow in several controlled studies.15,31 In the fi rst series of 
experiments, the role of NPWT on blood fl ow was evaluated in 
the back wounds of anesthetized swine.15 Results indicated that 
fl ow increased with increasing levels of negative pressure, peak-
ing at 125 mm Hg. While an increase in blood fl ow equivalent 
to four times the baseline value occurred with negative pressure 
values of 125 mm Hg, blood fl ow was decreased with higher lev-
els and completely inhibited by negative pressures of 400 mm 

PATHOPHYSIOLOGY

Wound healing is a complex and dynamic process that includes 
an immediate sequence of cell migration leading to repair and 
closure. This begins with removal of debris, control of infection, 
clearance of infl ammation, angiogenesis, deposition of granu-
lation tissue, contraction, remodeling of the connective tissue 
matrix, and maturation.13,18 As growth factors, cytokines, prote-
ases, and cellular and extracellular elements all play important 
roles in different stages of the healing process, alterations in one 
or more of these components could account for the impaired 
healing observed in chronic or compromised wounds. Levels 
of various matrix metalloproteinase (MMPs-1 [collagenase], 
2 [gelatinase A], and 9 [gelatinase B]) and serine proteases are 
markedly increased in fl uids from chronic wounds,19 whereas 
they are decreased in wounds undergoing deposition of gran-
ulation tissue.20 Other proteases, such as neutrophil elastase, 
have also been observed to be signifi cantly higher in chronic 
wounds.21 Elevated levels of serine proteases degrade fi bronec-
tin, an essential protein involved in the remodeling of the extra-
cellular matrix (ECM).19,22

The main pathophysiology of necrotic tissue formation is 
the result of inadequate local blood supply. The necrotic tis-
sue contains dead cells and debris that are a consequence of the 
fragmentation of dying cells. On the other hand, some wounds 
contain a yellow fi brinous tissue that mostly consists of fi brin 
and pertinacious material. This is frequently referred to as 
‘slough’. In compromised wounds, due to underlying patho-
genic abnormalities and the altered biochemical and cellular 
environment, necrotic tissue and slough tend to continually 
accumulate.23 Accumulation of necrotic tissue or slough in a 
wound promotes bacterial colonization and prevents complete 
repair of the wound. This halts wound progress to the next 
stage, and the wound remains in the infl ammatory stage indefi -
nitely, since the continued presence of bacteria in a wound 
leads to production of proinfl ammatory mediators such as 
IL-1, TNF-a, prostaglandin E2, and thromboxane.24 Although 
infl ammation is part of normal wound healing, healing may be 
prolonged if infl ammation is excessive.25

Not all bacteria in a wound have deleterious effects, and 
therefore, they can be divided into three distinct categories; 
contamination, colonization, and infection. Both contamina-
tion (presence of nonreplicating organisms) and colonization 
(replicating organisms without tissue necrosis) do not produce 
a host response, whereas a severe infection produces a host 
response that has deleterious effects to wound healing. It is also 
important to be cognizant of age as a factor in wound healing 
since the biochemical and cytokine milieu that is present as 
age increases is similarly present in chronic wounds. In animal 
models, a delayed infl ammatory response has been observed 
after acute wounding in middle-aged and aged compared to 
young mice.26,27 Additionally, cellular and molecular charac-
teristics of aged skin can impede the healing process. There is 
an up-regulation of MMP-2 in normal aged skin, and MMP-2 
and MMP-9 in acute wounds in aged skin in comparison with 
young adults.26,27 These factors may combine to predispose the 
remodeled wound in aged populations to recurrent breakdown.

Wound healing involves a complex series of events that 
begins at the moment of injury and continues for months 
to years. After wounding, edema and interstitial fl uid  create 
an oxygen-poor environment due to the collapse of the 
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on and 2 minutes off) (mean 103%, SD 35.3%) application of 
negative pressure at 125 mm Hg.15

A more recent study demonstrated that NPWT’s microme-
chanical force at 125 mm Hg caused cell stretch at in vitro strain 
levels shown to promote cellular proliferation.34 It has been sug-
gested that cells, while undergoing an optimal degree of strain, 
can be induced to respond to growth factors and proliferate.35–38 
However, soluble growth factors and attachment to ECM pro-
teins, although essential, are not suffi cient to stimulate cell pro-
liferation.37 Cell cycle progression requires a suffi cient physical 
framework to respond to chemical stimuli. If the normal matrix 
is altered such that it cannot form the scaffold on which cells 
normally stretch and build up isometric tension, Saxena et 
al.34 suggested the mechanical strain generated by NPT/ROCF 
may overcome this loss of tissue integrity and substitute for the 
missing structural basis necessary for cell proliferation.

The effect of mechanical suction on wound healing is not 
surprising. In 1911, mechanical forces on wounds were thought 
to result in angiogenesis and tissue growth.39 The extensive 
use of tissue expanders and the Ilizarov bone distraction tech-
nique in the last 20 years demonstrates how tissue moves and 
grows in response to the application of mechanical force, with 
viscoelastic fl ow, increased mitotic rate, and angiogenesis.40,41 
Vacuum-assisted closure moves distensible soft tissue by an 
effect similar to tissue expansion. At the same time, it stimulates 
more rapid wound healing with increased rates of granulation 
tissue formation.

The observation that intermittent or cycled treatment 
appears more effective than continuous therapy is interesting 
although the reasons for this are not fully understood. Philbeck 
et al.42 suggested that intermittent cycling results in rhythmic 
perfusion of the tissue, which is maintained because the process 
of capillary autoregulation is not activated. They also suggested 
that as cells that are undergoing mitosis must go through a cycle 
of rest, cellular component production, and division, constant 
stimulation may cause the cells to “ignore” the stimulus and 
thus become ineffective. Intermittent stimulation allows the 
cells time to rest and prepare for the next cycle. For this reason, 
it is suggested that intermittent negative pressure should be 
used clinically, although some authors recommend a 48-hour 
period of continuous vacuum, which can be applied to exert a 
rapid initial cleansing effect, prior to initiating an intermittent 
cycle.43 Tables 29.2 and 29.3 display the types of wounds best 
suited for intermittent versus continuous negative pressure, 
and suggested pressure settings for each wound type.

Bacterial Clearance
The defi nition of clinical infection is equivalent to greater than 
105 organisms per gram of tissue. It has been postulated that the 
microorganisms consume the nutrients and oxygen that would 
otherwise be directed toward tissue repair. In addition, they 
release enzymes that break down protein, which is a crucial part 
of wound regeneration. Recently, Schmidtchen et al.44 showed 
that elastase-producing bacterial isolates signifi cantly degraded 
plasma proteins, extracellular products of human skin and 
fi broblasts, and inhibited fi broblast growth. These effects, in 
conjunction with the fi nding that proteinase production was 
detected in wound fl uid ex vivo, suggest that bacterial pro-
teinases play a pathogenic role in chronic wounds. Reducing 
the bacterial load of a wound improves its healing capacity 

Hg and above.15 A negative pressure value of 125 mm Hg was 
therefore selected for use in subsequent studies. In a more recent 
study, investigators determined that −80 mm Hg has similar 
blood fl ow effects as the clinical standard, −125 mm Hg, which 
suggests pressures may be lowered to accommodate wound type 
and tissue composition without compromise in blood fl ow.32

The same study also evaluated the effect of an intermittent 
negative pressure mode with 5 minutes on and 2 minutes off, 
on the local blood fl ow. Results showed this intermittent mode 
maintained local blood fl ow at four times the baseline blood 
fl ow after 2 minutes in the off mode. Thus, the intermittent 
mode is considered to be the optimal mode for certain wound 
characteristics (see Table 29.2).The proposed mechanism for 
improved blood fl ow involves removing the interstitial fl uid 
from the tissues immediately surrounding the wound, decom-
pressing the microcirculation, and restoring blood fl ow.

In a different study evaluating NPWT effects on blood fl ow 
in wounds of white rabbits, investigators found that NPWT 
promoted a signifi cant increase in capillary blood fl ow veloc-
ity and capillary blood volume.33 It was also shown that NPWT 
stimulated endothelial proliferation and angiogenesis, nar-
rowed endothelial spaces, and restored the integrity of the capil-
lary basement membrane.33 This study confi rms the hypothesis 
of edema reduction with use of NPWT, as seen with restoration 
of the basement membranes, leading to less leaky capillaries. 
This is also directly related to the change in the cytokine milieu 
that we see with use of NPWT, which will be discussed in detail 
later in this chapter.

Granulation Tissue Formation
Granulation tissue is a mix of small vessels and connective tis-
sue in the wound base. The base forms a nutrient-rich matrix 
that can support the migration of epidermal cells across the 
wound bed. A well-granulated wound provides an optimal 
bed for epidermal migration and for a skin graft as the newly 
formed capillaries support the inhibition or diffusion of exu-
dates through the host bed. The rate of granulation tissue pro-
duction with NPWT was originally determined using a swine 
model, and measured by the reduction in wound volume over 
time.15 Compared with control wounds dressed with saline-
soaked gauze, signifi cantly increased rates of granulation tis-
sue formation occurred with both continuous (mean 63.3%, 
± standard deviation [SD] 26.1%) and intermittent (5 minutes 

Continuous Mode Intermittent Mode

Flaps Minimally exudating

Diffi cult dressing application Stalled progress

Highly exudating

Meshed grafts

Painful wounds

Tunnels or undermining

Unstable structures

Guidelines for NPWT Intermittent 
Versus Continuous Mode29.2TABLE
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because the body can then concentrate on healing rather than 
on  fi ghting invasion of microorganisms.

In the original swine study, Morykwas et al.15 deliberately 
infected wounds (Staphylococcus aureus and Staphylococcus epi-
dermidis) and measured the number of colony-forming units 
per gram of tissue over time in wet-to-moist gauze-treated 
wounds versus NPWT-treated wounds. No antibiotics were 
used to treat the infection. NPWT-treated wounds showed a 
signifi cant decrease in the number of bacterial colony-forming 
units from 107 organisms per gram of tissue to 104 by the fi fth 
day of treatment.15

Since the original study, however, the effect of NPWT on 
bioburden has been debated in the literature. While various 
studies have reported decreased infection rates with NPWT,45–47 
other comparative studies have shown similar infection rates 
between NPWT- and moist wound care–treated wounds.48,49 
Mouës et al50 found that the total quantitative bacterial load 
remained stable during NPWT. While nonfermentative gram-
negative bacilli showed a signifi cant decrease during NPWT, 
S. aureus showed a signifi cant increase.50 In comparative stud-
ies with similarly sustained bioburden levels in NPWT versus 
moist wound care groups, however, wounds in the NPWT 
groups healed faster on average.48–50 This wound healing prog-
ress, despite quantitative bacterial load, may be due in part to 
negative pressure’s role in reducing dead space, removing infec-
tious byproducts known to contribute to wound breakdown, 
and improving local blood fl ow.

Flap Survival
In the seminal swine study, wounds pretreated and post-
treated with NPWT demonstrated a 72.2% fl ap survival rate, 
a signifi cant increase of 21% in random pattern fl ap survival 

rate, compared to controls.15 Other studies have reported suc-
cessful rescue of jeopardized fl aps (clinically observed venous 
congestion) with the use of NPWT as well.51 One small series 
reported good outcomes in 11 of 14 free vastus lateralis muscle 
fl aps with concurrent use of NPWT in lower extremity limb 
reconstruction.52

In a scientifi c study, the posterior compartment of rab-
bit hind limbs was crushed for 4 hours with 15-kg weights. 
Following removal, fasciotomies were made and NPWT was 
applied to the wounds of four rabbits. Serum samples for myo-
globin in control animals showed a rapidly rising level versus 
the NPWT-treated group, which remained at baseline.53 The 
proposed mechanism for these observed results is removal of 
excess interstitial fl uid and increased local blood fl ow.

Cytokine milieu
Acute wounds typically heal by a complex and interdependent 
sequence of events that are divided into the different wound 
healing phases. Within these phases, cytokines and chemokines 
guide the normal healing progression and are fundamental 
components of the cellular and biochemical events that occur 
during wound healing.54 Cytokines mediate cellular function by 
binding cell membrane receptors. They stimulate a variety of 
cellular activities via endocrine, paracrine, autocrine, or intra-
crine pathways.55 Cytokines peak at different time points, and 
critical factors and their change in concentration over time in 
the wound are yet to be reliably determined.55

Recent research has been focused on the biochemical com-
ponents of chronic wounds. There is growing support for 
the concept that a chronic wound is “stuck” in the infl am-
matory phase of healing.56 Evidence suggests that mitogenic 
 cellular activity decreases in chronic wound fl uid, whereas 

Wound Type Cycle Subsequent Cycle

Target 

Pressure 

(Black Foam)

Target Pressure 

(Versa Foam)

Dressing Change 

Interval

Acute - Traumatic Continuous 
fi rst 48 h

Intermittent (5 min. ON/2 
min OFF) for rest of therapy

125 mm Hg 125–175 mm Hg; Titrate 
up for more drainage

Every 48 h (every 12 h 
with infection)

Pressure Ulcers Continuous 
fi rst 48 h

Intermittent (5 min. ON/2 
min OFF) for rest of therapy

125 mm Hg 125–175 mm Hg; Titrate 
up for more drainage

Every 48 h (every 12 h 
with infection)

Surgical Wound 
Dehiscence

Continuous 
fi rst 48 h

Intermittent (5 min. ON/2 
min OFF) for rest of therapy

125 mm Hg 125–175 mm Hg; Titrate 
up for more drainage

Every 48 h (every 12 h 
with infection)

Meshed Grafts 
& Bioengineered 
Tissues

Continuous for 
duration of 
therapy

75–125 mm Hg 125 mm Hg; Titrate up 
for more drainage

Remove dressing after 
3–5 d (drainage should 
taper prior to removal)

Chronic Ulcers Continuous 
fi rst 48 h

Intermittent (5 min. ON/2 
min OFF) for rest of therapy

50–125 mm Hg 125- 175 mm Hg; 
Titrate up for more 
drainage

Every 48 h (every 12 h 
with infection)

Flaps Continuous for 
duration of 
therapy

125–150 mm Hg 125–175 mm Hg; Titrate 
up for more drainage

Fresh = every 72 h
Complicated = every 48 h 
(every 12 h with infection)

The V.A.C.®—V.A.C.® Therapy™ Clinical Guidelines, January 2003 KCI USA, Inc.

Recommended Guidelines for Treating Wound Types29.3TABLE
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a temporizing bridge between debridement and fi nal closure in 
complicated wounds. With adequate protection and precau-
tion, NPWT can be applied over any type of tissue or material, 
including dermis, fat, fascia, muscle, mucosa, tendon, blood 
vessel, bone, synthetic graft, synthetic mesh, hardware, and 
synthetic skin substitute.68 The authors have also successfully 
used NPWT conservatively on select wounds complicated by 
fi stulae, as an off-label application.

CONTRAINDICATIONS AND PRECAUTIONS

NPWT is contraindicated for patients with nondebrided 
necrotic tissue or eschar, untreated or nondebrided osteomyeli-
tis, unresected malignancy in the wound, and nonenteric and 
unexplored fi stulae. Adequate, localized blood supply to the 
wound bed is required. The NPWT dressing must not be placed 
directly in contact with exposed blood vessels, organs, or nerves. 
Therapy can be initiated over vessels, organs, and nerves if they 
are completely covered with natural tissues, a thick layer of com-
patible bioengineered tissue, or several layers of a fi ne-meshed, 
nonadherent synthetic material that form a complete barrier.

NPWT should not be used in the presence of uncontrolled 
hemorrhage, blood dyscrasia, or coagulopathy and should be 
used with extreme caution in the presence of dysrhythmias.68 
Extreme caution should be exercised in cases of vascular anas-
tomosis protected only by a nontissue barrier. Sharp edges or 
bone fragments must be eliminated from wound areas or cov-
ered to prevent them from puncturing blood vessels or organs 
before initiating NPWT. Patients at increased risk of potentially 
fatal bleeding must be closely monitored during NPWT.69

A published clinical review of infected wound treatment 
advises that NPWT should not be used in cases of gross infec-
tion, when the patient is persistently septic or the wound 
remains infected or becomes reinfected following a course of 
antibiotic therapy.70 Patients who cannot tolerate the therapy are 
contraindicated. In all cases, the treating physician/surgeon or 
wound care specialist must have adequate experience or knowl-
edge of the technique to safely apply and remove the dressing in 
association with the treatment course, irrigate and debride the 
wound, and ensure that there is no excessive or uncontrolled 
bleeding before NPWT is initiated. A multifactorial approach in 
 evaluating the candidacy of a patient must take place.

acute wound fl uid promotes DNA synthesis.57,58 Research also 
has been directed in evaluating the cytokines found in wound 
fl uid. Harris et al.57 showed that higher levels of cytokines were 
found in nonhealing ulcers, and, interestingly, cytokine levels 
decreased when a chronic wound began to heal. However, it 
is important to differentiate between cytokines in the different 
wound healing stages.

Stechmiller et al.59 showed a signifi cant and sustained 
decrease in TNF-a, a potent proinfl ammatory cytokine active 
in the early infl ammatory phase of wound healing, from day 
0 to day 1 in wound fl uid of NPWT-treated pressure ulcers. 
TNF-a has been shown to be in high concentrations in non-
healing wound fl uid.60,61 Studies have suggested that levels of 
TNF-a may be reduced with the application of negative pres-
sure,59,62 but larger, controlled studies are needed to substanti-
ate this claim.

Chronic wounds have also shown higher levels of MMP than 
acute wounds.21,63–65 This is supported by a study that shows higher 
levels of MMP degrade proteins and the exogenous growth fac-
tors needed for wound healing.63 Shi et al.66 evaluated the changes 
of MMP 1, 2, and 13 in granulating wounds after the treatment 
of NPWT in humans. Results demonstrated that NPWT may 
promote healing of chronic wounds by depressing the expres-
sions of MMP-1, 2, 13 mRNA and protein synthesis, resulting in a 
decrease of the degradation of collagen and gelatin.66 On the other 
hand, Tang et al.67 explored the infl uence of NPWT on expression 
of Bcl-2 and NGF during wound healing in Sprague-Dawley rats. 
They concluded that application of NPWT during wound heal-
ing increases the expression of the apoptotic modulation related 
protein Bcl-2 and affects the expression of NGF/NGFmRNA, 
which may promote the wound healing process.67 Basic science 
research continues to evolve regarding the mechanisms of action 
of NPWT in chronic and acute wound healing.

INDICATIONS FOR THERAPY

NPWT is intended to create an environment that promotes 
wound healing via secondary or tertiary intention by preparing 
the wound bed for closure, reducing edema, promoting granu-
lation tissue formation and perfusion, and removing exudate 
and infectious material. NPWT is indicated for patients with 
chronic, acute, traumatic, subacute, and dehisced wounds, par-
tial-thickness burns, ulcers (diabetic, pressure, or venous insuf-
fi ciency), muscle fl aps and split-thickness meshed skin grafts. 
FDA-cleared indications for NPWT are listed in Table 29.4.

Hundreds of publications have described effective use of 
NPWT in the treatment of a variety of wound etiologies includ-
ing extensive degloving injuries, infected sternotomy wounds, 
acute open abdomen, infected complex deep spinal wounds 
with exposed instrumentation, gastroschisis, giant omphalo-
cele, dehisced incisions, and various other soft tissue injuries 
or defects prior to surgical closure, grafting, or reconstructive 
surgery. Numerous controlled and uncontrolled studies have 
also been published, describing the use of NPWT in a variety 
of nonhealing chronic wounds, such as pressure, venous stasis, 
and diabetic ulcers.

In increasing numbers of geriatric and polymorbid patients, 
NPWT is used as an alternative treatment modality to more 
complex reconstructive operations. In patients who are not 
candidates to undergo prolonged anesthesia, NPWT is used as 

Pressure ulcers

Diabetic ulcers

Venous stasis ulcers

Dehisced surgical wounds

Chronic wounds

Acute wounds

Traumatic wounds

Partial-thickness burns

Grafts

Flaps

General Indication for NPWT29.4TABLE
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APPLICATION OF THERAPY

Several combinations of devices and dressings are available to 
deliver NPWT (Table 29.1). Wound type, amount of exudate, 
and level of patient mobility required are important consider-
ations when choosing an NPWT delivery system. Some systems 
are portable and some are stationary. Dressings are available in 
different sizes and materials (see Figs. 29.1A,B), with or with-
out a protective visceral layer. Foam use guidelines are listed 
in Table 29.5. Guidelines for application of NPWT are largely 
similar across all wound types, with some exceptions (see Table 
29.5). A foam or gauze dressing is placed into the wound cavity. 
An airtight thin fi lm drape is sealed over the foam/gauze and a 
3- to 5-cm border of intact periwound skin. Tubing is applied 
over a hole cut into the drape and connected to a canister 
within a vacuum device. Controlled negative pressure, typically 
125 mm Hg below ambient pressure, is applied and distributed 
over the entire wound surface. The digital readout on the pump 
guides the user through different options, such as pressure set-
tings and problem solving.

Obtaining a lasting seal can be particularly diffi cult near the 
anus or vagina or where the surrounding skin is moist. Leaks 
can sometimes be overcome by the use of a hydrocolloid dress-
ing, which is fi rst applied around the wound and used as a base 
for the adhesive membrane.14 Practical techniques for success-
ful dressing application on sacral pressure ulcers close to the 
anus and for multiple large ulcers on the lower extremities have 
been previously discussed.71

Despite the relatively simple concept of NPWT, unfamiliar 
equipment can be intimidating and confusing for health-care 
providers. Therefore, the authors recommend that institutions 
develop a technique for applying NPWT. Users should be edu-
cated on the equipment, application, removal, and monitoring 
of the therapy in order to achieve optimal outcomes.

WOUND-SPECIFIC APPLICATIONS OF NPWT

A number of NPWT systems have been developed for spe-
cifi c wound types, including the acute open abdomen; clean, 
closed incisions; and wounds requiring instillation of topical 
solutions. A brief discussion of these wound types and NPWT 
application is listed below.

Acute Open Abdomen
The open abdomen is an increasingly common strategy for the 
management of abdominal emergencies in trauma and gen-
eral surgery. The use of an abbreviated laparotomy can reduce 
mortality associated with conditions such as abdominal com-
partment syndrome; however, the resulting open abdomen 
is a complex clinical problem. NPWT is an increasingly used 
method of temporary abdominal closure in patients with acute 
open abdomen following severe trauma, secondary peritoni-
tis, necrotizing pancreatitis, acute postoperative intestinal fail-
ure, aortic surgery, abdominal compartment syndrome, and 
abdominal sepsis.

NPWT as a dynamic closure device allows access for mul-
tiple abdominal reexplorations, controls peritoneal fl uid and 
third space loss, minimizes increases in intra-abdominal pres-
sure, reduces dressing change frequency and wound exposure, 
and protects intra-abdominal contents.72 Authors have reported 
relevant advantages of this technique to include prevention 
of abdominal compartment syndrome, simplifi ed nursing of 
patients, and reduced time to abdominal closure.73 Three pro-
spective studies provide level III evidence that NPWT allows 
delayed primary fascial closure in the majority of laparotomy 
wounds up to 21 days after occurrence, but not where duration 
of NPWT was less than 9 days.74

Use of sequential fascial closure techniques, in tandem with 
NPWT dressings, to avoid fascial retraction, have also been 

Indications

Polyurethane 

(Black Foam)

Versa Foam 

(White Foam) Either

Deep, acute wounds with moderate granulation tissue present X

Deep pressure ulcers X

Flaps X

Exquisitely painful wounds X

Superfi cial wounds X

Tunneling/sinus tracks/undermining X

Deep trauma wounds

Wounds that require controlled growth of granulation tissue X

Diabetic ulcers X

Dry wounds X

Post graft placement (including Bioengineered tissues) X

Shallow chronic ulcers X

The V.A.C.®—V.A.C.® Therapy™ Clinical Guidelines, January 2003 KCI USA, Inc.

Recommended Guidelines for Foam Use29.5TABLE

Sussman_Chap29.indd   771Sussman_Chap29.indd   771 7/25/2011   10:02:23 PM7/25/2011   10:02:23 PM



772 PART IV ■ Management of Wound Healing with Biophysical Agent Technologies

the foam dressing. Appropriate solutions for instillation with 
NPWT include antimicrobial irrigation or analgesic solutions.

Fleischmann16 is generally credited for pioneering the 
NPWT-instillation technique in orthopedic medicine. He and 
his colleagues reported only one instance of recurrent infection 
(3 to 14 months of follow-up) out of a group of 27 patients 
with acute infections of bone and soft tissues, chronic osteo-
myelitis, or chronic wounds treated with vacuum sealing and 
instillation.16

NPWT-instillation setup differs from the standard NPWT 
devices in that it has an additional set of ingress tubing that 
allows gravity feed of solutions into the dressing. An intra-
venous pole that accommodates standard intravenous fl uid 
bags is attached to the device. A mechanical clamp opens and 
closes the intravenous tubing per set instillation and hold 
times. Negative pressure resumes at the end of the hold time 
to remove the remaining instilled topical solution and wound 
exudate, as well as collapse the foam.

In the fi rst published US case series exploring the use of 
NPWT-instillation, Wolvos17 concluded that culture-directed 
antibiotic wound irrigation appeared to effectively decrease the 
bacterial burden of infected wounds, changing the apearance of 
some wounds from infected to clean, and converting wound cul-
ture data from positive cultures to no growth or normal fl ora.17

In a subsequent series, NPWT-instillation demonstrated a 
signifi cant reduction in the mean time to infection clearance, 
wound closure, and hospital discharge compared to tradi-
tional advanced wound care methods.85 Patient tolerance and 
compliance with the therapy are enhanced with the decreased 
time to closure and quicker hospital discharge. The improved 
outcomes also affect indirect costs such as loss of work days, 
recovery time, and mortality. In a pilot study, Lehner and 
Bernd86 reported hip and knee prosthesis salvage in three 
patients with early periprosthetic infection treated with anti-
septic irrigation and NPWT. Guidelines for use as well as novel 
application techniques of NPWT-instillation have been pub-
lished.87 Additional studies with larger patient samples are 
needed to further substantiate the results of this novel wound 
treatment therapy.

NPWT AND SILVER

Ionic silver has long been recognized as an effective antimi-
crobial against a broad spectrum of pathogens and is con-
sidered to be biocompatible with mammalian tissue.88,89 The 
resurgence of interest in silver products for wound care stems 
from the increase in the level of bacterial resistance to tra-
ditional antibiotics. For example, rates of methicillin-resis-
tant S. aureus increased steadily from about 30% in 1989 to 
approximately 40% in 1997 among ICU patients.90 Unlike 
traditional antibiotics, ionic silver has multiple mechanisms 
of action, such as inhibiting cellular respiration, denaturing 
nucleic acids, and altering cellular membrane permeability.91,92 
Appropriately high concentrations of silver coupled with its 
various mechanisms of action make it diffi cult for microor-
ganisms to develop resistance to silver because they would 
have to undergo several mutations in order to develop defense 
mechanisms against silver’s multipronged attack. Silver also 
has low mammalian cell toxicity, and is now known to have 

described.75,76 The vast majority of case series report limited 
morbidity with this temporary closure technique in severely 
compromised patients. Prospective studies have reported 
occurrence of fi stulae in a minority of NPWT-treated laparos-
tomy wounds complicated by multiorgan failure or sepsis, but 
they could not be attributed to NPWT itself.

Clean, Closed Incisions
Disruption in optimal incision healing can lead to postopera-
tive wound infection, dehiscence, seromas, hematomas, and 
additional surgeries. These surgical procedure incision types 
include sternotomies, caesarean sections, open hysterectomies, 
hip and knee arthroplasties, traumatic wounds such as pilon 
and tibia fractures, and lower extremity bypasses. Traditionally, 
surgical incisions have been closed by primary intention using 
sutures, staples, tissue adhesives, paper tape, or a combination 
of these methods. These closure methods, however, are not suf-
fi cient for some incisions, which reopen as a result of excessive 
edema or other factors, including patient comorbidities and 
location of incision.

Closure technologies also have drawbacks. Sutures and 
staples are tensioning devices, which concentrate the spread-
ing force to small points along the incision and can result in 
tissue ischemia or necrosis at the tension points.77 A disad-
vantage of tissue adhesive over incisions is that the adhesive 
may interfere with healing since it can act as a barrier to epi-
thelialization.78 A disadvantage to the use of paper tape is that 
it is not effective in moist or bleeding wounds, as moisture 
may wash away the adhesive or compromise the integrity of 
the paper itself.79

Many adjunctive therapies have, therefore, been used to 
aid treatment of clean closed surgical incisions, including 
gauze dressings and advanced therapies such as hydrocol-
loids, growth factors, cultured skin, low-energy ultrasound, 
and NPWT. The NPWT system protects the incision from 
external contamination, helps hold the closed incision edges 
together, reduces edema, removes exudates, and may allow 
for improved fluid flow beneath the incision.80 Publications 
have documented successful outcomes with NPWT over 
clean closed incisions in high-risk patients with sternal 
wounds81 and orthopedic fractures,82,83 and in morbidly 
obese patients with acetabular fractures.84 Stannard and 
colleagues’83 data showed that postincision use of NPWT 
resulted in a 50.0% lower incidence of infection and 51.1% 
lower dehiscence rate, compared to traditional postoperative 
dressings.

Instillation of Antiseptics or Other Solutions with 
NPWT
NPWT-instillation was introduced to the US acute care mar-
ket in 2003 as an evolutionary addition to standard NPWT. It 
combines standard NPWT with timed, intermittent delivery 
of an instilled topical solution. This technology is indicated 
for patients who would benefi t from vacuum-assisted drain-
age and controlled delivery of topical wound treatment solu-
tions and suspensions over the wound bed. It is intended for 
use with aqueous solutions in a physiologic pH range defi ned 
as 6.0 to 7.4. Alcohol- or hydrogen peroxide–based solutions 
are  contraindicated because of their potential negative effect on 

Sussman_Chap29.indd   772Sussman_Chap29.indd   772 7/25/2011   10:02:23 PM7/25/2011   10:02:23 PM



 CHAPTER 29 ■ Management of the Wound Environment with Negative Pressure Wound Therapy 773

A growing number of larger series have been subsequently 
published regarding successful use of NPWT in children with 
abdominal compartment syndrome, enterocutaneous fi stulae, 
and a wide variety of tissue defects.111–113

COST-EFFECTIVENESS OF NPWT

Research and case studies have demonstrated that the use of 
NPWT may decrease hospital stays, nursing time, amputa-
tion rates, complex surgical closures, and offi ce or home vis-
its.48,114–116 However, budget constraints require that advantages 
of advanced wound care technologies be weighed with their 
comparatively higher daily cost. When developing a wound 
healing strategy that includes advanced technology as part of 
the overall treatment plan, cost decisions should be based on 
overall cost and not individual product cost. Cost studies have 
shown that NPWT has higher material costs than modern or 
saline gauze dressings, but costs appear to be compensated by a 
lower number of dressing changes and shorter duration in the 
hospital.117,118 Overall, costs were similar between NPWT and 
other modern wound care dressings and gauze dressings in two 
studies, the advantages of NPWT being patient comfort and a 
more satisfi ed nursing staff.117, 119

In a study that evaluated cost-effectiveness of NPWT ver-
sus advanced wound care in patients with complex wounds in 
a long-term acute care (LTAC) facility, the cost per cubic cen-
timeter wound reduction was $11.90/cm3 in the NPWT group 
versus $30.92/cm3 in the moist wound healing group, based on 
cost of procedures performed, wound care products and devices 
used, and costs associated with treatment.120 Postsurgical LTAC 
patients treated with NPWT had a more accelerated rate of 
wound closure, compared to the control.120 A Swedish study 
determined that for patients who underwent coronary artery 
bypass grafting surgery followed by deep sternal wound infec-
tion, NPWT treatment was cost-effective, compared to gauze 
dressings, and had a low mortality rate.121

A study examining resource utilization and costs of NPWT in 
treating diabetic patients with postamputation wounds showed 
no difference between NPWT and standard moist wound ther-
apy groups in hospital stay.122 However, fewer surgical proce-
dures and dressing changes were required in the NPWT group. 
The average direct cost per patient treated for 8 weeks or longer 
(independent of clinical outcome) was $27,270 and $36,096 
in the NPWT and moist wound care groups, respectively. The 
average total cost to achieve healing was $25,954 for patients 
treated with NPWT (N = 43) compared with $38,806 for the 
moist wound care group (N = 33).122

Evidence also suggests that earlier initiation of NPWT may 
help reduce overall costs, particularly with traumatic wounds. 
One study has shown that patients with complex trauma wounds 
who received NPWT within 2 days of their hospital admission, 
versus day 3 or later, demonstrated signifi cant reductions in 
length of stay, treatment days, and ICU stay, which resulted in 
signifi cantly reduced patient treatment costs.123

Costs for NPWT equipment rental and dressing supplies will 
vary among institutions and geographic locations. Caregivers 
are advised to stay abreast of federal, state, and managed care 
contracts regarding NPWT reimbursement regulations and 
revisions.

potent anti-infl ammatory properties when delivered at the 
appropriate concentrations.93

NPWT dressings are available with and without a micro-
bonded metallic silver interface layer. Silver-coated NPWT dress-
ings are recommended in cases of infected wounds or wounds 
at high risk for infection. One advantage of  silver-coated foam 
dressings in a negative pressure environment is its conformity 
to the contours of the wound, reducing the areas of noncontact 
where bacteria may proliferate.94 Although numerous stud-
ies have been published regarding the effectiveness of silver in 
wound care, publications specifi cally related to NPWT use with 
silver dressings are limited to a few case studies. One case study 
describes complete reepithelialization over a 40% failed graft of 
a third degree burn after 9 days with NPWT and silver foam.95 
In combination with antibiotics, the need for regrafting was pre-
vented. In another case, NPWT and the silver foam dressings 
were successfully used to achieve complete closure in a necrotiz-
ing fasciitis wound of a newborn with acute myeloid leukemia.96

NPWT AND SKIN GRAFTS

Contoured wounds requiring skin grafts are often located in 
complex anatomic regions or are in unusual positions, which 
make conventional skin graft stabilization techniques cumber-
some and ineffective. Use of NPWT in conjunction with split-
thickness skin grafts is well documented in the treatment of 
burns and degloving injuries, and particularly over body sites 
with irregular or deep contours.97–101

In 1998, Blackburn et al.102 fi rst described the use of NPWT 
as a bolster for split-thickness skin grafts. They concluded that 
its use was effi cacious, with increased graft take due to total 
immobilization of the graft, thereby limiting shear forces, 
eliminating fl uid collection underneath the graft, bridging of 
the graft, and decreasing bacterial contamination.102 NPWT has 
also been used successfully as a bolster in single-stage skin graft-
ing over full-thickness loss of the scalp following a burn injury 
or excision of an extensive carcinoma.103 Effective use of NPWT 
over split-thickness skin grafts has been reinforced in vulvo-
vaginal and lower extremity reconstruction studies as well.104,105

Molnar et al.106 showed that adjunctive NPWT improved the 
take rate and time to vascularization of Integra (Ethicon, Inc., 
Somerville, NJ), compared with previous published results, 
even in complicated wounds. In this series, bone was exposed 
in 62.5% of cases, joint in 50%, tendon in 37.5%, and bowel in 
25%. The estimated Integra take rate was 96%. Authors con-
cluded that this technique may be a practical alternative to fl ap 
closure.106 Similarly, successful use of NPWT to facilitate incor-
poration of small intestinal submucosa (SIS, Cook Surgical, 
Bloomington, Ind.) has also been documented in neonates.107

PEDIATRICS

NPWT has been used in patients of all ages.108 Mooney et 
al.109 (2000) concluded in the fi rst published pediatric series 
that adjunctive use of NPWT in pediatric patients with com-
plex soft tissue wounds led to a decrease in complex micro-
vascular surgeries. Later, Arca et al.110 showed that NPWT 
was safe in  premature neonates weighing less than 1,500 g. 
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Three photo case studies show how NPWT is used for differ-
ent wound etiologies and for different outcomes. Figure 29.2 
presents a photo case study of NPWT used on an ankle wound 
post debridement. In this case, NPWT was used until the 
wound fully healed. As can be seen in the photos, the wound 
was healed in a 15-day time period.

Figure 29.3 presents a series showing NPWT used on a 
patient with an infected right knee wound with hardware 
from prior knee replacement visible. In this case, the NPWT 
was used to help manage the infection and to prepare the 
wound for surgical closure. The fi nal case series presented in 
Figure 29.4 shows NPWT used for a brief time period to pre-
pare the wound for closure with a split-thickness skin graft.

CASE STUDY     

A B

C D

FIGURE 29.2 A. Wound at admission, postdebridement. B. Day 1 of V.A.C.® GranuFoam® Silver™ Dressing. C. Day 3 of V.A.C.® 
GranuFoam® Silver™ Dressing. D. Day 5 of V.A.C.® GranuFoam® Silver™ Dressing. 
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CASE STUDY (continued)

E F

FIGURE 29.2  (Continued) E. Day 9 of V.A.C.® GranuFoam® Silver™ Dressing. F. Day 15: The patient is 
 discharged with a closed wound.

A C

B D

FIGURE 29.3 A 65-year-old male with infected open right knee joint with exposed hardware A. Infection 
present for 3 months following an open reduction with internal fi xation procedure. NPWT instillation was 
initiated. B. With normal saline irrigation, and followed on day 3 with silver nitrate irrigation. By day 5, the 
wound culture returned negative, and the knee was closed via local fl ap on day 10. C. Illustrates the granulat-
ing knee the day it was closed, and D. shows the knee closed and viable at 6-month follow-up.
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(4) minimize donor defect, and (5) maximize function. 
Taking those factors into account, plastic surgeons use the 
reconstructive ladder to proceed through the various levels 
of intervention used to close wounds. The ladder consists of 
basic principles of wound closure along with more complex 
closures such as using local, distant, and free flaps. As such, 
the reconstructive ladder is similar to an elevator as presented 
in the literature.124 At some point along that elevator, clini-
cians must be able to make “stops” to  implement adjunctive 
high-tech tools, including NPWT, at any level of treatment 
or intervention on the reconstructive  elevator (see Fig. 29.5).

Deciding which tools to use and how to adapt the elevator to 
each patient is far more important to understand. The patient’s 
overall condition, in terms of critical care issues, nutrition, and 
immunosuppression is a key determining factor, as is the class 
and type of wound. The main goal in wound reconstruction is 
to replace like with like. In this way, NPWT has revolutionized 
wound care, serving both as a temporizing bridge to closure 
while other factors are maximized (i.e., nutrition) and as a fi nal 
therapeutic technology.

• Tissue engineering
• Tissue expansion
• HBO
• Cytokine Therapy
• Xeno/Allograft skin
• Negative Pressure

High tech healing
Healing by secondary intention

Direct tissue closure

     primary

     delayed

Local tissue transfers

Distant tissue transfers

Free tissue transfer

�

�

NN
PP
WW
TT

Reconstructive Ladder
Elevator

FIGURE 29.5 Revised reconstructive ladder.

FIGURE 29.4 A. A 14-year-old male with open 
tibial fracture and bone exposure. B. Managed 
with VAC therapy and GranuFoam silver foam. 
C. The wound progressed over a 5-day period 
and was successfully closed with adjacent tissue 
transfer and STSG.

SUMMARY

Closure of any wound is evaluated with a reconstructive 
mindset that includes the following goals: (1) close wound, 
(2) prevent infection, (3) provide stable and robust coverage, 
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REVIEW QUESTIONS

 1.  A 19-year-old female presents with a 5 × 4 cm forearm 
wound. The wound has a good base of granulation tissue 
and is progressing well. Granulation tissue mainly consists of
 A.  fi brinous tissue
 B.  mix of small vessels and connective tissue
 C.  MMPs
 D.  Collagenase

 2.  The original scientifi c studies involving negative pressure 
wound therapy were performed in
 A.  adult patient population
 B.  pediatric patient population
 C.  swine
 D.  rabbits

 3.  The effect of the mechanical suction force of the vacuum 
device on wound healing was fi rst noted in
 A.  1995
 B.  1911

 C.  1993
 D.  1984

 4.  Ilizarov bone distraction technique demonstrates
 A.  how tissue moves and grows in response to the applica-

tion of mechanical force
 B.  an increase in angiogenesis
 C.  an increase in mitotic fi gures
 D.  all of the above

 5. The proposed mechanism in negative pressure therapy for 
improved blood fl ow involves:
 A. Removal of interstitial fl uid around the wound
 B. Decompressing the microcirculation
 C. A and B
 D. None of the above
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CHAPTER

CHAPTER OBJECTIVES

This chapter provides the reader with an overview of hyperbaric 
oxygen therapy (HBOT). The basic mechanisms, physiology, 
chamber environment, and potential risks of hyperbaric oxygen 
will be discussed. The indications and approved uses of hyper-
baric oxygen will be presented accompanied by a brief review of 
the supporting literature. While many factors are cited as con-
tributing to wound chronicity, impaired tissue perfusion ulti-
mately resulting in poor tissue oxygenation and tissue hypoxia is 
often top on the list. Wound care providers must appreciate the 
importance of oxygen in wound healing and know when and 
how to use adjunctive technology to meet the oxygen demands 
of the hypoxic wound. Therefore, the synopsis of HBOT pro-
vided in this chapter will also include an introduction to the use 
of this technology in the management of the hypoxic wound.

HBOT is defi ned as treatment during which a patient inhales 
100% oxygen inside a pressure vessel capable of the deliv-
ery of pressures exceeding 1.4 atmospheres absolute (ATA). 
HBOT can be administered either in a multiplace chamber (see 
Fig. 30.1), capable of treating multiple patients, or in a smaller 
single-patient monoplace chamber (see Fig. 30.2). While multi-
place chambers traditionally tend to be quite large and expensive 
in design, construction, and operation, technological advances 
over the past 15 to 20 years have led to an increase in the number 
of monoplace chambers in use in the world today. Multiplace 
chambers are pressured with air, and oxygen is administered to 
the patients via mask or hood tent (see Fig. 30.3). Multiplace 
chambers allow for hands-on care of the patient during the 
hyperbaric treatment by a physician, nurse, or trained inside 
attendant. In a monoplace chamber, a single patient is placed 
in an environment of pure oxygen under the desired treatment 
pressure. Monoplace care is typically reserved for those patients 
with more minor conditions, while the multiplace setting best 

serves complex and critically ill patients in addition to the more 
common ambulatory patients and outpatients. For routine con-
ditions, HBOT is typically administered between 2.0 and 2.5 
ATA, with 90 minutes of oxygen breathing, interrupted briefl y 
by an “air break” (5–10 minutes of air breathing). Hyperbaric 
therapy has been used worldwide for more than 50 years in the 
treatment of many chronic nonhealing wounds and ulcers.1 The 
safety record of HBOT in this country is excellent, and the tech-
nology has become a vital part of the growth of comprehensive 
wound care programs across the nation.2,3

THE HISTORY OF HYPERBARIC OXYGEN

The fi rst nondiving use of HBO was for cardiac surgery by the 
Dutch surgeon Ite Boerema in 1956. Before the heart-lung 
machine was available, Boerema was able to extend circulatory 
arrest time for several minutes by compressing both the patient 
and the surgical team in the hyperbaric chamber. While under 
pressure, the patient breathed 100% O

2
 in order to “drench” the 

tissues with oxygen, as Boerema termed it. Soon the investigators 
in Amsterdam also discovered its dramatic effect in treating gas 
gangrene. Other surgeons began building chambers in England 
and the United States. Smith and Sharp in Glasgow were the fi rst 
to treat carbon monoxide poisoning in 1960.1 As the use of the 
heart-lung machine in the late 1960s became commonplace, the 
need for hyperbaric surgery became vanishingly small, and sur-
geons who had been the principle researchers began to leave the 
fi eld and many large and expensive surgical chambers closed.4

In 1976, there were less than 50 clinical chambers operating 
in the United States. To provide insurers with guidance regard-
ing appropriate clinical utilization of HBOT, the Undersea 
Medical Society (now known as the Undersea and Hyperbaric 

At the completion of this chapter, the reader will be able to:

1. State the defi nition of hyperbaric oxygen therapy (HBOT).
2. Describe the basic physiology and the potential side effects, risks, and contraindications of 

hyperbaric therapy.
3. Explain the mechanisms of action of HBOT in the management of hypoxic wounds.
4. List several of the approved indications for use of HBOT.
5. Identify the required criteria for utilization of HBOT in the patient with a diabetic foot ulcer.

Jeffrey A. Niezgoda
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Medical Society) established the Committee on Hyperbaric 
Oxygen. The committee surveyed the fi eld and published a 
short list of disorders treated with HBOT that had a scientifi c 
basis and had been clinically demonstrated to have merit. These 
were deemed reimbursable as Blue Cross/Blue Shield adopted it 
as their source document.5 With a scientifi c basis and payment 
for services established, the number of chamber facilities began 
to grow. In the early 1980s, there were approximately 100 cham-
bers in operation. Today, the number of clinical chambers is 
estimated to exceed 1,000. Typically, new hyperbaric facilities 
are established as an integral component of wound care clinics, 
and few are listed purely as hyperbaric facilities.

HYPERBARIC OXYGEN PHYSIOLOGY

Oxygen is the third most common element, and it comprises 
approximately 21% of the air we breathe. The majority of 
oxygen exists in a bi-atomic form as O

2
 molecules, which for-

tunately is the form that can be best utilized by living organ-
isms. The remaining composition of air consists of about 

79% nitrogen, and less than 1% inert gases such as argon, 
 carbon dioxide, neon, helium, and hydrogen. Air enters the 
alveoli, diffuses into the pneumonocytes and then into the 
blood stream. Given an atmospheric pressure of about 760 mm 
Hg at sea level, the partial pressure of oxygen (pO

2
) in the air is 

around 150 mm Hg, but losses due to vapor pressure and pul-
monary diffusion gradients further decrease the partial pressure 
of oxygen actually reaching the bloodstream.6

Once in the blood, oxygen is preferentially bound to the 
hemoglobin molecules on the red blood cells, and at sea level 
the average person has essentially 100% saturation of the 
hemoglobin molecules. However, the plasma can also carry dis-
solved oxygen, and in fact this system provides a great reserve 
in oxygen-carrying capacity. Under normal atmospheric pres-
sure, the average person has about 0.3 volume percent of dis-
solved oxygen in his or her plasma. Thus when breathing air at 
sea level, an uncompromised patient will have an arterial pO

2
 

of approximately 100 mm Hg with the majority of this oxygen 
carried bound to hemoglobin and only a small percent of oxy-
gen transported as dissolved in the plasma. In this setting, the 
normal diffusion radius for an oxygen molecule is 64 mm at the 
end arteriole and about 36 mm from the venous system where 
the pO

2
 might be as low as 34 mm Hg (see Fig. 30.4).

FIGURE 30.1 Multiplace hyperbaric chamber.

FIGURE 30.2 Monoplace hyperbaric chamber.

FIGURE 30.3 Patients breathing 100% oxygen via hood tent inside a 
multiplace hyperbaric chamber.

64u

64u

Normoxic zone

Ischemic
zone

Normobaric Conditions

FIGURE 30.4 Oxygen diffusion normobaric air. (Courtesy Bob Bartlett 
MD.)
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Oxygenated blood fl ows to distal tissues, and under normal 
physiologic conditions, the oxygen is offl oaded to provide the 
energy substrates to fuel tissue metabolism. Oxygen delivery 
can be negatively impacted by conditions that inhibit uncou-
pling of oxyhemoglobin (such as tissue acidosis) or in condi-
tions that prevent adequate tissue perfusion (i.e., peripheral 
arterial disease [PAD], edema, and conditions causing vessel 
sludging or trauma). In regard to wound healing, normal tissue 
oxygenation is critical to collagen synthesis, epithelialization, 
angiogenesis, and bacterial killing.7–10

The oxygen-carrying capacity of the plasma is immense, 
and this reserve capacity is exactly the target of the supraphysi-
ologic oxygen levels provided by HBOT.6,11 A patient breath-
ing 100% oxygen at 3 ATA will have an enormous increase 
in the amount of oxygen physically dissolved in the plasma 
(6.9  volume  percent) compared to the volume of oxygen dis-
solved at 1 ATA (0.3 volume percent). The brain only uses 
6.1 volumes percent per pass, so the brain is fully oxygenated 
from oxygen  dissolved in the plasma. In fact, plasma pO

2
 values 

well in excess of 1,500 to 1,800 mm Hg are routinely achieved 
in hyperbaric patients. In this setting the hemoglobin never 
desaturates, and thus hemoglobin plays a minimal role in the 
transport of oxygen. Tissue oxygen partial pressures can reach 
250 to 300 mm Hg, far above the normal 30 to 40 mm Hg when 
breathing air at one atmosphere. This 18- to 20-fold rise in dis-
solved oxygen establishes a tremendous gradient between the 
plasma and the peripheral tissues. It is this steep oxygen gradi-
ent that  stimulates and initiates neoangiogenesis.

In addition to the supraphysiologic oxygen gradient, there 
is a signifi cant increase in oxygen diffusion distance from the 
tissue capillary beds (247 mm) (see Fig. 30.5).12 Given that the 
intercapillary distance in living tissue is less than 247mm, it 
should be apparent that the fourfold increase in the oxygen dif-
fusion radius provided by HBOT is an effective countermeasure 
against any tissue hypoxia that may be present. In addition, the 
supraphysiologic oxygen levels seen in hyperbaric patients can 
also reduce tissue edema through a compensatory vasoconstric-
tion effect caused by an autoregulatory mechanism inherent to 
the vasculature. Thus, hyperbaric oxygen has a multifactorial 
mode of action: increased oxygen levels in the plasma available 
to diffuse farther into hypoxic tissues, while reducing tissue 
edema through compensatory vasoconstriction.1

Cellular Effects of HBOT
It is well documented that HBOT can induce angiogenesis 
and neovascularization in hypoxic tissues. Lee et al demon-
strated that hyperbaric oxygen induces expression of Vascular 
Endothelial Growth Factor (VEGF) in human umbilical vein 
endothelial cells, through both transcription and translation 
within the cells.13 They also showed that pure oxygen given at 
normobaric pressures (1 ATA) had no similar effect and there-
fore concluded that the benefi ts of pure oxygen seem to be 
unrealized unless the pressure at which it is given is signifi cantly 
increased. Sheikh et al. showed that VEGF levels in hypoxic 
wounds rose by approximately 40% within 5 days of starting 
HBOT, but then dropped to control levels within 3 days of 
stopping the treatment.14 They concluded that the angiogenic 
effect of HBOT was due to an increase in VEGF levels induced 
by hyperbaric oxygen, and that hypoxia was not necessarily 
the only requirement for wound VEGF production. Ahmad 
and Shiekh also demonstrated via laser Doppler imaging that 
in addition to an increase in angiogenesis, there was a 20% 
increase in wound bed perfusion following 10 days of HBOT.15 
Marx et al. showed that normobaric oxygen had no angiogenic 
properties above those associated with normal revascularization 
in rabbit mandibles irradiated with 60 Gy of gamma radiation.16 
They observed that hyperbaric oxygen demonstrated an eight- 
to ninefold increase in vascular density over both normobaric 
oxygen and air-breathing controls. Therefore the angiogenic 
benefi ts of HBOT in hypoxic, hypovascular tissue seem to be 
quite signifi cant. Interim analysis of the Radiation Research 
Registry conducted by The American College of Hyperbaric 
Medicine found that the collective clinical outcomes of over 
2,000 patients treated with HBOT due to the late effects of radi-
ation tissue damage support this observation.17

Molecular oxygen is universally considered to be simply a 
consumable substrate to support our metabolism. At the time 
Boerema conducted his initial surgical experiments, this was 
considered to be its only property or function. But as research 
has delved deeper into the mechanisms of why HBOT pro-
duces the results seen clinically, oxygen was found to have other 
properties. Under increased pressure, it becomes a pharmaco-
logic agent having the properties of a drug, but in excess can 
also be toxic to the body.

In only a limited number of circumstances is a great surfeit 
of oxygen necessary or even desirable. But in treating some dis-
orders, we make use of the drug-like attributes of HBO alluded 
to above. For example, HBO acts as a potent vasoconstric-
tive agent that can reduce intracranial pressure by one-half. 
However, it does not cause vasoconstriction in postischemic 
muscle, sustaining blood fl ow to damaged tissues. It preserves 
adenosine triphosphate in cell membranes and dramatically 
reduces edema, allowing cells to control their own osmolarity. 
It prevents reperfusion injury in posthypoxic tissue.18–20

HBOT has been demonstrated to have a positive impact on 
limiting the deleterious effects of reperfusion injury. It blocks 
guanylate cyclase, the trigger molecule for beta-2-integrin that 
forms the leukocyte adhesion molecule. Thus, following isch-
emia or sepsis, leukocytes do not stick to the capillary walls to 
block circulation when the patient is treated early with HBOT. 
Every leukocyte in the body is rendered “nonsticky” for about 
8 hours following a single HBO exposure. It also blocks the action 
of the intracellular adhesion molecule (the ICAM mechanism) 

O2 Diffusion Overlap

Normoxic zone

247u

247u

Hyperbaric Conditions

FIGURE 30.5 Oxygen diffusion hyperbaric oxygen. (Courtesy Bob 
Bartlett MD.)
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Of the diagnoses listed as covered by CMS, some of the more 
common conditions treated with HBOT include

• Diabetic foot ulcer (DFU)
• Chronic refractory osteomyelitis
• Failing surgical fl aps and grafts
• Osteoradionecrosis
• Soft tissue radionecrosis

Less common indications for HBOT include necrotizing soft tis-
sue infections, decompression sickness (DCS) and carbon mon-
oxide (CO) poisoning. HBOT is the treatment of choice for DCS 
and CO poisoning, and the timely treatment of both of these con-
ditions can prevent many of the long-term neurologic sequelae 
often seen in patients not receiving hyperbaric oxygen.2,24

Hyperbaric Oxygen Therapy Treatment Protocols
While it is beyond the scope of this chapter to discuss the nuances 
of the treatment plans for each of these conditions, some gen-
eralizations can be made. For most patients, HBOT is adminis-
tered on a daily basis. Although more serious conditions such as 
necrotizing soft tissue infections, DCS, and CO poisoning often 
require the use of HBOT on a more frequent basis, twice or three 
times daily (bid or tid), most chronic conditions can be treated 
using daily treatments. The patient is placed within the hyper-
baric chamber for 90 to 120 minutes for a total of 20 to 35 treat-
ments. Oftentimes, the use of HBOT is, in conjunction with both 
medical and surgical treatment modalities, aimed at correction of 
the underlying cause(s) of the nonhealing wound. As standard of 
care, HBOT should always be used as part of a multidisciplinary 
treatment plan with ongoing wound care on a regular basis and 
not simply as stand-alone therapy. While there certainly may be 
exceptions to this rule (DCS and CO poisoning), this important 
point should not be forgotten. Thus, if you are considering the 
use of HBOT for one of your patients, it would probably be best 
to also consider a general evaluation by a wound specialist who 
will look for other causes of the nonhealing wound.

HYPERBARIC OXYGEN THERAPY 
CONTRAINDICATIONS

As with any drug, there is a proper therapeutic range and overdoses 
are toxic. HBOT is never given at pressures greater than 3.0 ATA as 
higher pressures will evoke generalized seizures (Paul Bert effect). 
For this reason, clinical protocols limit the maximum exposure 
time at 3.0 ATA to 90 minutes. In the clinical practice of treating 
wounds, longest protocol typically used is 2 hours at 2.0 ATA.

Likewise, there may be signifi cant contraindications in some 
patients. An absolute contraindication to HBOT, particularly 
in the monoplace chamber, is untreated pneumothorax. The 
danger is that this could develop into an expanding tension 
pneumothorax during treatment. Signifi cant expansion of 
extrapleural air during decompression could severely compro-
mise the patient’s respirations and even block blood return to 
the heart. This problem can be circumvented in patients with 
a pneumothorax by inserting a chest tube on the affected side 
prior to treatment.

Other contraindications are the concomitant administra-
tion of doxorubicin (Adriamycin) and bleomycin with HBOT. 
Both are cancer chemotherapeutic drugs, and doxorubicin in 
animals has caused 70% mortality when combined with HBOT, 

that causes any leukocytes that become adherent to the capillary 
wall to bore through to the tissues surrounding the vessel, releas-
ing the superoxide anion, proteinases, and elastase that liquefy 
tissue following crush injury and other forms of ischemia.20,21

Many nonhealing wounds do not heal because they are 
chronically infected or hypoxic. Because oxygen levels below 
40 mm Hg do not allow leukocytes to kill bacteria, raising the 
tissue levels much higher than normal improves white cell bac-
tericidal function. At oxygen partial pressures of 150 mm Hg, 
white cell killing ability is doubled or tripled beyond that found 
in even normally oxygenated leukocytes.22

It is important to note that oxygen levels remain high for a 
prolonged period following HBOT. After a 90-minute treatment 
at 2.0 ATA, the arterial levels fall to normal within a couple of 
minutes of cessation of treatment, but oxygen levels in muscle 
tissue remain signifi cantly elevated for up to 3 hours and in sub-
cutaneous tissues for 4 hours from the start of treatment (see Fig. 
30.6). This phenomenon allows the use of bid or tid HBOT ses-
sions to enhance tissue oxygenation for extended periods of time, 
rather than only when the patient is actually in the chamber.

For all the above reasons, wound healing centers have eagerly 
adopted HBO as its mechanisms have been clarifi ed and clinical 
outcomes substantiated by research validation.

HYPERBARIC OXYGEN THERAPY INDICATIONS

The Centers for Medicare and Medicaid Services (CMS) has eval-
uated the use of HBOT in this country and has issued a National 
Coverage Determination (NCD) to defi ne its policy regarding 
the reimbursement for hyperbaric services. While they are not 
obligated to follow the CMS guidelines, most insurance provid-
ers in this country do indeed follow the NCD when considering 
reimbursement for these services. A list of both approved diag-
noses as well as other conditions (e.g., stroke, cerebral palsy) 
that are not considered to be reimbursable conditions can be 
found on the CMS website.23 There are free-standing hyperbaric 
centers that offer treatment to patients with a noncovered diag-
nosis, typically on a cash basis. Indeed, there have been both 
published and anecdotal reports that HBOT may be effi cacious 
in the treatment of certain conditions. Defi nitive randomized 
trials are clearly needed to investigate these claims.
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FIGURE 30.6 Hyperbaric oxygen response curves. (Courtesy Bob 
Bartlett, MD.)
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separated by a 5-minute air break. Every hyperbaric clinician 
will eventually encounter a patient who has a lower than nor-
mal seizure threshold and manifest CNS toxicity as a gener-
alized seizure. Febrile patients or those with a known seizure 
disorder may be at increased risk of CNS oxygen toxicity. This 
is probably mediated by an inhibition of the GABA pathways, 
with concomitant loss of GABA-mediated inhibitory neuro-
chemical activity. Oxygen seizures are benign and management 
simply consists of lowering the FiO

2
. This is done by removing 

the mask or hood in the multiplace chamber. In the monoplace 
chamber, the patient is decompressed after the tonic phase of 
the seizure is completed, usually in short bursts to avoid breath 
holding and air trapping that could cause a gas embolism.3,25

Pneumothorax occurring in the chamber is a potential 
risk, but fortunately, it is extremely rare. By defi nition, treat-
ment in a hyperbaric chamber occurs at pressures in excess of 
1.4 atmospheres; thus, the possibility exists that excess pressure 
can accumulate in inadequately ventilated portions of the lung, 
predisposing those areas to rupture under pressure. Therefore, 
any patients with a history of an air-trapping condition such as 
asthma, emphysema, or COPD must have a thorough evalua-
tion with low threshold for pulmonology medicine consulta-
tion. Pneumothorax occurring in the monoplace chamber poses 
a particular problem because there is no way to insert a chest 
tube prior to decompression. If it occurs, a thoracentesis tray is 
obtained and the patient is rapidly decompressed to the surface 
where the physician quickly inserts a chest tube to relieve the 
intrathoracic pressure. In the multiplace chamber, a chest tube is 
inserted prior to decompression and this obviates the problem.3,25

Visual changes in the form of lens refraction can be a side 
effect of HBOT. Distant vision or myopia worsens in many 
patients after 20 to 30 treatments, particularly if they are over the 
age of 40. On the other hand, presbyopia is improved, and some 
patients say they can read again without reading glasses. These 
changes are usually temporary and revert to the pretreatment 
state within 6 weeks of the cessation of HBOT. Patients with 
early cataracts may not completely regain their pretreatment 
status, however, and may require a new prescription for glasses.

In the past, there was concern that a history of optic neuri-
tis (with the possibility of HBOT causing blindness), a history of 
thoracic surgery (fear of air trapping), and pregnancy (retinitis of 
the newborn and premature closure of the patent ductus) were 
contraindications to HBOT. None of the above has been proven 
to be a serious threat in practice. Glaucoma is not a contrain-
dication to HBOT as the eye consists of solids, gels, and liquids 
that are incompressible and do not deform. Only gas-containing 
spaces in the body or in hardware accompanying the patient can 
cause problems secondary to pressure changes. Confi nement 
anxiety may occasionally occur. It is best managed by reassurance 
and sedatives.3,25 Finally, diabetic patients require close monitor-
ing of blood sugar levels especially prior to each hyperbaric treat-
ment as they are at increased risk for hypoglycemia while they are 
receiving HBOT. While the exact mechanism for hypoglycemia is 
unclear, it is postulated that causes may include increased endog-
enous insulin production by pancreatic beta cells or enhance-
ment of insulin receptors due to hyperbaric oxygen stimulation.

Safety Considerations
Considerable attention to safety is paramount for hyperbaric 
operations due to the risk of fi re. While pure oxygen is not 
fl ammable, it vigorously supports combustion, and therefore, 

presumably due to cardiac toxicity. Bleomycin is known to 
cause “bleomycin lung” and it is made fulminant by the addi-
tion of oxygen. It has been reported that therapeutic levels of 
one-atmosphere oxygen given years after bleomycin therapy 
was complete could re-evoke bleomycin lung. However, recent 
reports show that patients with a previous history of bleomycin 
therapy have been treated successfully with HBOT. It is prob-
ably safe to use HBOT if the bleomycin was discontinued more 
than 6 months previous to treatment. Nevertheless, pulmonary 
function should be closely monitored in these patients.3,25

HYPERBARIC OXYGEN THERAPY RISKS AND SIDE 
EFFECTS

While the use of HBOT is widely considered to be quite safe, 
there are certain conditions that might make a patient an 
unsuitable candidate for the hyperbaric chamber. Ear squeeze 
or failure to equalize the middle ear during compression is 
the most frequent side effect of HBO therapy. Equalizing the 
pressure in the middle ear during compression is a learned 
technique but may be made diffi cult by excess mucus from 
allergies or upper respiratory infections. Thus, a relative con-
traindication to HBOT includes an upper respiratory infection 
that could make ear equalization diffi cult or impossible. Oral 
decongestants and nasal sprays can be helpful to manage this 
condition. Serous otitis or fl uid retention in the ear secondary 
to oxygen breathing may rarely occur and can also be man-
aged with decongestants. The policy of utilizing gentle and slow 
compression and decompression rates will minimize the risks 
of barotrauma for both pulmonary and tympanic membrane 
injury. As patients are very carefully pressurized during their 
initial treatment, ruptured eardrums should not occur because 
pressurization is halted when the patient indicates distress.

Sinus squeeze is much less common, and the only remedy 
is to use decongestants. If the problem persists, the services of 
an ENT specialist should be enlisted. Frontal sinus squeeze is 
the most painful, and a patient who experiences it must not be 
forced to continue except in an absolute emergency as the pain 
can be unbearably severe.

Pulmonary oxygen toxicity does not occur with any of the 
treatment protocols in use clinically. Oxygen is toxic to the lung 
if administered for more that 6 continuous hours at 2.0 ATA. 
There is a drop in vital capacity as surfactant production ceases 
and patchy atelectasis becomes evident on x-ray. Repeated and 
prolonged exposure to pure oxygen at higher pressures is thought 
to cause an increased amount of oxygen free radical production, 
with subsequent tissue injury manifesting as a fi brotic response. 
Acutely, the appearance of pulmonary edema, increasing alveo-
lar oxygen gradients, and pulmonary hemorrhage eventually 
results in interstitial fi brosis and Type 2 pneumonocyte pro-
duction. If exposure continues, microhemorrhages appear, and 
eventually, the result is irreversible fi brosis. Needless to say, this 
is rarely seen clinically as the longest continuous exposure is 
only for 2 hours at 2.0 ATA. Even with repetitive exposures on 
the same day, the lung recovers well between treatments. Even 
5-minute “air breaks” or air breathing periods every 20 minutes 
will double the time required before toxicity appears.3,25

Cerebral or CNS oxygen toxicity can occur at pressures 
greater than 2.0 ATA. A common wound treatment protocol is 
2.4 ATA for 90 minutes, divided into three 30-minute  periods 
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collagen vascular disease, renal insuffi ciency, protein energy 
malnutrition) and can challenge the restoration of normal heal-
ing. Any or all of these conditions can arrest wound healing and 
in fact can occur simultaneously. Thus, recognition and correc-
tion of the underlying conditions responsible for the delay in 
wound healing are not always straightforward.

Generally speaking, living tissue needs oxygen and nutrients 
to thrive and in the case of wound healing, to regenerate. In 
normal wound healing, both hypoxia and normal amounts of 
oxygen are necessary for progression of the phases of the heal-
ing. Hypoxia stimulates macrophages to release mitogens, which 
in turn stimulate fi broblast replication and the release of angio-
genic factors.10 Oxygen is also essential for collagen synthesis by 
fi broblasts. Intermittent tissue hyperoxygenation allows for peri-
ods of hypoxia. During the hypoxic periods, angiogenic factors 
are released, initiating neoangiogenesis and propagation of the 
healing cascade. New capillaries, however, cannot advance unless 
they are surrounded by a supportive collagen matrix. The role of 
oxygen in wound healing has become increasingly more appar-
ent. The maturation of collagen, development of new endothe-
lium, and obliteration of dead space by healthy granulation tissue 
are all oxygen-dependent processes. With the development of a 
healthy collagen matrix, capillary buds invade rapidly and new 
capillary arcades are formed in the advancing vascular system. 
Referred to as granulation tissue formation, granulation obliter-
ates dead space, allowing wound healing to proceed.27–29

Although white cells can phagocytize bacteria at relatively 
low oxygen tensions, they are unable to kill bacteria via nor-
mal oxidative mechanisms unless they are in an environment of 
at least 30 mm Hg partial pressure of oxygen. In patients with 
ischemic wounds, such as DFUs, oxygen tensions in peripheral 
soft tissue and bone are often much lower than 30 mm Hg. 
Under these circumstances, infections quickly become fulmi-
nant. Edema, frequently associated with infection, potentiates 
the tissue ischemia and creates a vicious circle of ischemia, 
more edema, and increasing tissue injury.22

It is clear that in the setting of tissue hypoxia (<30 mm 
Hg), healing will be impaired. Likewise, correction of tis-
sue ischemia and improved oxygen delivery has been clearly 
shown to improve wound healing. In patients with large vessel 
stenosis, this is accomplished by vascular bypass or by endo-
vascular intervention. However, in those areas where smaller 
vessels are damaged such as in radiation injury or diabetes, 
improved oxygen carrying capacity, increased oxygen diffu-
sion, and correction of localized ischemia at a cellular level may 
allow neovascularization and healing to occur in tissues that 
were previously unresponsive. While the obvious solution to 
this problem seems to be the restoration of normal blood fl ow, 
in reality it is often much more complicated than this, as the 
patient’s underlying medical condition(s) often prevents the 
complete reversal of the hypoxic process. In these cases, it is 
often advantageous to consider the use of supplemental oxygen 
to augment the normal healing process. In fact, this is one of 
the main reasons to use hyperbaric oxygen in the treatment of 
such patients.

The Classic Hypoxic Wound: Diabetic Foot Ulcer
HBOT is appropriate and indicated for the management 
of several classifi cations of compromised wound types. 
The majority of these wounds have similar pathergy in 
that they all manifest wound healing compromise due to 

this concern is valid. However this risk can be managed very 
 effectively through the use of environmental controls. Strict 
contraband monitoring and precautions against poten-
tial sources of combustion are vigorously enforced. Patients 
should not wear lipstick or alcohol-based perfumes or hair-
spray. Volatile fl ammable liquids such as alcohol should not be 
allowed in the chamber as static electricity has ignited liquids in 
pure oxygen in laboratory tests. It is essential that patients never 
be treated in their street clothes as there have been serious, fatal 
chamber fi res where patients have brought ignition sources 
into the chamber in their pockets. Hospital cotton clothing is 
routinely worn to minimize this concern and decrease the risk 
of static discharge. In the monoplace chamber, as additional 
precaution, patients are also grounded via a wrist strap and 
grounding wire. The multiplace chamber patient is compressed 
in air (rather than 100% oxygen) and breathes 100% oxygen via 
a mask; thus, the issue of static discharge is not as pronounced 
as with the monoplace environment. Nonetheless, every effort 
is made to insure that all potential sources of combustion are 
eliminated from the hyperbaric chamber environment.

The many “foreign objects” or items of hardware that are 
attached to or accompany patients in the chamber have often 
caused worry. Internal cardiac pacemakers and internally 
implanted defi brillators are typically safe at therapeutic pressures. 
Most manufacturers will provide clearance guidelines for device 
usage with the hyperbaric environment. External metal fi xators 
for fractures as well as fi berglass casts are safe. The removal of 
electronic hearing aids and watches is advised. Petrolatum or 
Vaseline® gauze dressings have been safely used for over 40 years, 
even in the monoplace chamber, as there is no ignition source. 
They are simply covered with a cloth covering during treatment.

Given all of the aforementioned safety precautions, patients 
treated with HBOT in the United States routinely complete 
40 to 60 hyperbaric treatments without any untoward side 
effects during the course of their treatment.3,25

HYPERBARIC OXYGEN THERAPY FOR THE HYPOXIC 
WOUND

Wounds that have failed to progress through the normal stages 
of wound healing in an orderly fashion to produce anatomic 
tissue integrity and restored functional capability are consid-
ered to be chronic, nonhealing wounds, especially if they have 
persisted longer than 4 to 6 weeks.26 The four stages of normal 
wound healing and their durations include hemostasis (0–3 
hours), infl ammatory (0–3 days), proliferative (3–21 days), 
and maturation (21 days–1.5 years). Although the process 
may go awry anywhere along the pathway, chronic wounds are 
 generally considered to be stagnant within either the infl am-
matory or the proliferative stages of the normal healing cas-
cade. Therefore the treatment of these nonhealing wounds and 
ulcers generally involves exploration, discovery, and correc-
tion of the factors that prevent normal healing from proceed-
ing in an orderly fashion. Although poor tissue perfusion and 
resultant tissue hypoxia (tissue oxygen tensions <30 mmHg) 
is a common cause of wound healing compromise, other fac-
tors can also pose a signifi cant impediment to normal wound 
healing. These include infection, tissue edema, tissue trauma, 
unrelieved pressure, or underlying medical conditions which 
unfortunately too often remain undiagnosed (such as diabetes, 
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improvement despite the presence of ischemia, infection, or 
neuropathic changes.38

In a prospective controlled study, Baroni et al. studied 
the effect of HBOT on the management of grade III and 
IV diabetic foot lesions.39 The groups were matched for 
lesion size, subfascial involvement, and duration and severity 
of diabetes. All patients were hospitalized, underwent daily 
debridement, and were maintained under strict metabolic 
control. The study (HBO) group consisted of 18 patients, 
of whom 16 healed and two underwent amputation. In the 
control group (N = 10), 1 patient healed, five showed no 
change, and four underwent amputations (p =0.001). A ret-
rospective review in the same center revealed an amputation 
rate of 40%, between 1979 and 1981. Once HBO therapy 
became available, the amputation rate dropped dramatically 
to 11%. Baroni concluded that HBOT was effective in the 
treatment of grade III and IV diabetic foot lesions as evi-
denced by a higher healing rate and a dramatic decrease in 
amputation rate.

In a large clinical series of 168 patients with grade III and 
IV diabetic foot lesions, Davis reported a 70% success rate 
with a combined management protocol consisting of daily 
debridement, specifi c antibiotic therapy, aggressive wound 
care, metabolic control, and daily HBOT for 30 to 60 days.40 
Most treatment failures were seen in older patients with sig-
nifi cant occlusive vascular disease and absent pedal pulses. 
Oriani and colleagues reported on the effect of HBO for the 
treatment of grade IV diabetic foot lesions.41 In this series, 
the HBO group consisted of 62 patients while the matched 
control group had 18. There was no signifi cant difference in 
age, severity or duration of diabetes, or its complications. All 
patients were hospitalized, underwent daily debridement, 
maintained strict metabolic control and received specifi c 
antibiotic therapy. In the HBO group, 96% of the patients 
healed, while 4% underwent amputation. In the control 
group, 66% achieved primary healing, and 33% required 
amputation (p <0.001).

Wattel et al. evaluated the role of transcutaneous oxim-
etry in predicting outcome in a prospective series of 59 con-
secutive patients with diabetic foot lesions treated with HBO 
therapy.42 In this study, the patients received an average of 
29 ± 19 treatment sessions at 2.5 ATA, 100% O

2
 for 90 min-

utes, twice daily. The benefi t of HBO therapy was shown 
in this study with a healing rate of 87% and an amputation 
rate of 13%. More importantly, the outcome was predicted 
by TcPO

2
 measurements in the hyperbaric chamber. The 

healed group attained a chamber TcPO
2
 of 786 ± 258 mm Hg 

as compared to 323 ± 214 mm Hg for the amputation group 
(p < 0.005). In this study, a minimum value of 450 mm Hg 
was shown to correlate with a successful outcome. In another 
large retrospective series of patients with diabetic foot lesions, 
Stone et al. showed that the HBO-treated group (N = 87) had 
a higher limb salvage rate (73% versus 53%) than the non-
treated group (N = 382).43

In a prospective, randomized study, Faglia et al. evaluated 
the effectiveness of HBOT in decreasing major lower extrem-
ity amputations in diabetic patients with Wagner’s grade II, III, 
and IV lesions.37 All patients were evaluated and treated fol-
lowing a comprehensive protocol including aggressive surgical 
debridement, culture-specifi c antibiotics, appropriate revascu-
larization, strict diabetic metabolic control, daily wound care, 

varying degrees of tissue hypoxia. It is well established that 
 local-tissue hypoxia and infection are two of the primary 
defects underlying compromised healing in the DFU. HBOT 
specifi cally treats both of these underlying factors. Thus a 
short discussion of the utilization of hyperbaric oxygen as an 
adjunct in the management of the DFU will be presented as 
an example of the benefi t of HBOT in the generic “hypoxic 
wound.” The use of HBOT in the care of the patient with 
a DFU is based on a rational physiologic basis, favorable in 
vitro studies, and animal research that has elucidated mech-
anisms of action in aerobic and anaerobic infections and 
wound healing.30–33 These effects are corroborated by exten-
sive clinical experience.34–36

HBOT provides a signifi cant increase in tissue oxygen-
ation in the hypoperfused, infected wound. Elevation in 
oxygen tension in the hypoxic wound induces powerful posi-
tive changes in the wound repair process. HBOT promotes 
wound healing by directly enhancing fi broblast replication, 
collagen synthesis, and the process of neovascularization in 
ischemic tissue.27–29 By providing molecular oxygen at the 
cellular level, it also signifi cantly increases leukocyte bacteri-
cidal activity. The increase in tissue oxygenation, which leads 
to the increased formation of oxygen radicals within the leu-
kocyte, is bactericidal or bacteriostatic to anaerobic organ-
isms, and it may be as effective as specifi c antibiotic therapy, 
providing an added effect.

The Centers for Medicare & Medicaid Services (CMS) 
recently approved the use of HBOT for the management of 
the DFU.23 Strict criteria have been established. The patient 
must have diabetes (Type I or Type II) and a lower extremity 
wound (Wagner grade III or higher) due to diabetic disease. 
The wound must have failed standard wound care as demon-
strated by no measurable signs of healing for 30 days (decrease 
in volume or size, decrease in exudate, or decrease in necrotic 
tissue). Standard therapy must include assessment of vascu-
lar status, optimization of nutrition/glucose control, debride-
ment, moist dressings, off-loading, and treatment of infection. 
Once these criteria have been satisfi ed and HBOT initiated, 
the wound must be reevaluated every 30 days during HBOT 
course. Continued HBOT will not be covered if there are no 
measurable signs of healing during the 30-day period.

CLINICAL EVIDENCE SUPPORTING USE OF 
HYPERBARIC OXYGEN THERAPY

Although there is an extensive literature describing the surgi-
cal management of the diabetic foot, it is diffi cult to adequately 
compare different approaches to therapy. The principal obsta-
cles to interpretation of most studies are the infl uence of the 
bias introduced by “clinical judgment” and the lack of objec-
tive documentation of the severity of complicating local and 
systemic factors. Recently, a protocol for the management of 
diabetic foot wounds has been tested in a prospective, random-
ized fashion.37

Several decades ago, a retrospective report of 70 patients 
with nonhealing wounds treated with adjuvant HBOT sug-
gested benefi cial effects for this modality. This report included 
diabetic patients with soft tissue infection, underlying osteo-
myelitis, failed skin grafts, and nonhealing amputation sites. 
In this series, 60% of the patients healed or showed signifi cant 
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with hyperbaric air. In the intention-to-treat analysis, complete 
 healing of the index ulcer was achieved in 37 patients at 1 year of 
follow-up: 25/48 (52%) in the HBOT group and 12/42 (29%) in 
the placebo group (p = 0.03). In a subanalysis of those patients 
completing 35 HBOT sessions, healing of the index ulcer 
occurred in 23/38 (61%) in the HBOT group and 10/37 (27%) in 
the placebo group (p = 0.009). The frequency of adverse events 
was low. The results obtained in this landmark randomized, 
double-blinded, placebo-controlled trial clearly demonstrates 
the effectiveness of HBOT complementary to a comprehensive 
protocol in the management of the patient with a hypoxic DFU.

PATIENT SELECTION

As previously mentioned, not all patients are good candidates for 
HBOT. Besides the contraindications mentioned above, not all 
patients will respond to HBOT, for various reasons. Therefore, 
in order to predict whether or not a patient might receive bene-
fi t from this treatment modality, especially in the case of a non-
healing lower extremity wound or ulceration, transcutaneous 
oximetry is often a very useful tool. Transcutaneous Oxygen 
Mapping (TCOM) is the technique where a specialized instru-
ment is used to simultaneously measure transcutaneous oxygen 
pressures in several areas of the skin. It is painless, is inexpen-
sive, and can usually be performed quite easily at the bedside.

The concept of measuring the oxygen delivery to the cutane-
ous tissue is fairly straightforward. After a small area of the skin 
is thoroughly cleaned of any loose debris, a specialized elec-
trode is placed on the skin to warm it to a specifi ed tempera-
ture. This warming action induces vasodilation in small vessels 
within the skin, and the oxygen content is then measured by 
the same electrode. Tissue oxygen levels of 35 to 40 mm Hg 
and higher, obtained in room air at normobaric pressures are 
generally considered to be normal; and thus wound healing 
in these areas is not likely to be compromised due to hypoxia. 
However, values of 30 mm Hg or less indicate impaired wound 
healing, with impaired immune function and fi broblast prolif-
eration rates being the two most signifi cant impediments to the 
normal healing process in these patients. It is also important 
to note that abnormally low transcutaneous oxygen values can 

and prevention of mechanical stress. The HBO group consisted 
of 35 patients with the following Wagner’s classifi cation lesions: 
grade IV (N = 22), grade III (N = 9), and grade II (N = 4). The 
control group consisted of 33 patients with grade IV (N = 20), 
grade III (N = 8), and grade II (N = 5). The transcutaneous 
oxygen measurements on the dorsum of the foot for the HBO 
group were 23.25 ± 10.6 mm Hg, as compared to 21.29 ± 10.7 
mm Hg in the control group. There were no signifi cant dif-
ferences in the clinical characteristics of the groups, including 
presence of infection, sensory motor neuropathy, or severity of 
peripheral vascular disease. The treated group underwent an 
average of 38 ± 8 sessions at 2.5 ATA on 100% O

2
 for 90 min-

utes. The average chamber TcPO
2
 value was 493 ± 152 mm Hg.

In this trial, a signifi cant difference in major amputation rates 
was observed between the two groups. The HBO group under-
went 3 major amputations (8.6%, 1 AKA, 2 BKA) with 11(33.3%, 
4 AKA, 7BKA) major amputations in the control group 
(p =. 016). Furthermore, the foot TcPO

2
 values were signifi cantly 

higher in the HBO-treated group (37 ± 16.1 mm Hg) than in 
the control group (26 ± 13.5 mm Hg) at the time of discharge 
(p =. 0002). The results of this trial clearly document and defi ne 
the effectiveness of HBO therapy, in addition to a comprehen-
sive protocol, in decreasing major amputations in the diabetic 
with a compromised foot. Moreover, the transcutaneous oxim-
etry data provide objective documentation of improved tissue 
oxygenation post-HBO treatment (see Fig. 30.7).

More recently, a well-designed randomized, single-center, 
double-blinded, placebo-controlled clinical trial reported by 
Londahl et al. showed that adjunctive treatment with HBOT 
facilitates healing in patients with DFUs.44 Ninety-four patients 
with Wagner grade II, III, or IV ulcers, which had been pres-
ent for 3 months, were studied in an ambulatory setting. Study 
treatment was given as an adjunct to regular treatment at the 
multidisciplinary diabetes foot clinic, which included treatment 
of infection, revascularization, debridement, off-loading, and 
metabolic control according to high international standards. 
All patients were assessed by a vascular surgeon at the time of 
inclusion, and only patients with adequate distal perfusion or 
nonreconstructible peripheral vascular disease were included in 
the study. Patients having an acute foot infection were included 
when the acute phase was resolved. Oral or local antibiotic 
treatment did not exclude patients from study.

Treatments were given in a multiplace hyperbaric chamber 
(2.5 ATA) for 85 minutes daily (session duration 95 minutes), 
5 days a week for 8 weeks (40 treatment sessions). Both groups 
were treated in a pressurized chamber, with the study group 
breathing 100% oxygen while the control group received air in 
a blinded fashion. The outcomes for the group receiving HBOT 
were compared with those of the group receiving treatment 

RESEARCH WISDOM

HBOT and the Diabetic Foot
Multiple studies strongly suggest that HBO therapy should be 
an integral part of the treatment regimen of the diabetic foot to 
minimize lower extremity amputations and that TcPO

2
 mea-

surements may be of signifi cant value in predicting outcome.

FIGURE 30.7 Transcutaneous oximetry examination of a DFU.
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is generally accomplished by placing the affected limb in 
an enclosed acrylic or plastic box and filling it with oxygen 
(see Fig. 30.8). This should not be confused with systemic 
HBOT, in which the patients breathe 100% oxygen while 
they are inside of a monoplace or multiplace chamber under 
greater-than-normal atmospheric pressure. Topical oxygen 
is frequently (and inappropriately) called “topical hyper-
baric oxygen.” Use of this term simply adds confusion and is 
a misapplication of the word hyperbaric. Hyperbaric oxygen 
as defined by the American College of Hyperbaric Medicine 
is the inhalation of 100% oxygen while the entire patient is 
enclosed within a chamber at pressures of at least 1.4 ATA or 
greater. Advocates claim that topical oxygen dissolves in tis-
sue fluids, is bacteriostatic, and stimulates angiogenesis and 
wound healing.48 Clinical trials comparing topical oxygen 
and hyperbaric oxygen have been undertaken in centers in 
the United States. However, there are only two quantitative 
studies involving topical oxygen which have been reported 
in the literature, one controlled and the other using electron 
microscopy to assess results. Both show an impediment to 
healing.49,50

SUMMARY

HBOT is an advanced technology that can have a signifi cant 
positive and powerful effect in the management of patients with 
compromised wound healing, especially when the primary def-
icit is tissue hypoxia. When patients are carefully selected and 
appropriately managed with HBOT as part of a comprehensive 
wound care strategy, wound healing enhancement can be real-
ized and limb loss avoided.

be caused by several disease processes, and once an abnormal 
value has been documented, further diagnostic workup is indi-
cated to more fully defi ne the exact cause for the tissue hypoxia.

For example, while patients having either PAD or diabetes 
may have abnormally low transcutaneous oximetry values, the 
mechanism behind each is vastly different. In the case of the 
patient with PAD, it is often macrovascular disease that accounts 
for the diminished distal blood fl ow; thus, these patients will 
likely benefi t from a vascular workup with referral to the vascu-
lar specialist. In contrast is the patient with diabetes, which tends 
to more dramatically affect the microvasculature. However, as 
there could certainly be components of both microvascular and 
macrovascular disease in each of these patients, both deserve 
further evaluation prior to considering HBOT.

Besides indicating that a basic problem with tissue hypoxia 
exists, the TCOM study also helps to predict the potential suc-
cess of HBOT. When normobaric oximetry values are less than 
35 to 40 mm Hg, a 100% normobaric oxygen challenge is given 
via a nonrebreathing face mask. If the abnormally low TCOM 
values rise to 100 mm Hg or more, the patient will likely benefi t 
from HBOT. However, this fact does not excuse the patient from 
a vascular workup, as many patients have multifactorial com-
ponents to tissue hypoxia. Thus, the absence of reconstructible 
arterial disease is a CMS prerequisite for the use of HBOT.45–47

TOPICAL OXYGEN

A chapter devoted to HBOT would not be complete without 
a brief discussion of topical oxygen. Topical oxygen therapy 
is the application of oxygen to the surface of a wound. This 

CLINICAL WISDOM

Assessment of Tissue Hypoxia
Transcutaneous oximetry is a simple, reliable noninvasive 
diagnostic technique that provides an objective assessment 
of local tissue perfusion and oxygenation. It can be used 
for serial assessment of the soft tissue envelope surround-
ing the problem wound. Uses of transcutaneous oximetry in 
the evaluation of the diabetic ulcer include the assessment of 
healing potential, selection of amputation level, and patient 
selection for HBO therapy.

CLINICAL WISDOM

Vascular Evaluation and Intervention is Critical to 
Outcomes
Even before HBOT is considered, in the absence of infection, 
it is vital that the patient receive a complete vascular workup 
and that all possibilities for endovascular or surgical correc-
tion of the ischemia be exhausted. Patients with evidence of 
critical ischemia and DFUs should be aggressively revascu-
larized, unless a contraindication exists.

CLINICAL WISDOM

Tissue Criteria for HBOT
HBOT will not accelerate tissue repair in wounds with 
normal oxygen tensions and will only do so effectively in 
diabetic ulcers in which oxygen tension can be elevated to 
therapeutic levels. It is essential in clinical practice to dem-
onstrate and evaluate critical tissue ischemia before consid-
ering the use of HBOT.

FIGURE 30.8 Topical oxygen device does not provide HBOT.
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Case Study—Necrotizing Fasciitis
A 28-year-old female delivered a healthy infant via cesarean sec-
tion on June 15, 2007. Her postoperative course was compli-
cated by the onset of partial incisional dehiscence and drainage 
12 days post-op. Several days later, she presented to the hospital 
with severe abdominal pain, erythema and subcutaneous crepi-
tation in the periwound region, and fever. She was admitted and 
surgical evaluated. Necrotizing fasciitis was confi rmed intraop-
eratively. Hyperbaric consultation followed, and the patient was 
started on HBOT within 12 hours of admission (see Fig. 30.9A).

The patient received broad spectrum antibiotics and 
aggressive wound care efforts that included negative pres-
sure wound therapy. HBOT was continued at 2.4 ATA with 
bid sessions for the fi rst 72 hours followed by daily treat-
ments (see Fig. 30.9B).

The patient showed complete resolution of tissue isch-
emia, with no evidence of infection, and a well-granulated 

wound base. She underwent wound closure on  hospital 
day 16 and was discharged 4 days later without  recurrent 
 problems. She received a total of 22 HBOTx’s (see Fig. 30.9C).

Case Key Points
• HBOT is adjunctive therapy for the management of nec-

rotizing fasciitis and compliments an aggressive surgical 
approach.

• HBOT can augment the effectiveness of antibiotic therapy 
in patients with necrotizing soft tissue infections.

• Aggressive wound care efforts with negative pressure ther-
apy can be synergistically enhanced by HBOT.

• Early utilization of HBOT in patients with necrotizing fas-
ciitis can decrease the number of surgical debridements and 
shorted hospitalizations.

• HBOT positively affects angiogenesis, collagen synthesis, 
and leucocyte function in patients with hypoxic wounds.

CASE STUDY     

A B

C

FIGURE 30.9 A. Necrotizing fasciitis initial consult. B. Same patient 
as in (A) after treatment with antibiotics, NPWT and HBOT. 
C. Same patient as in (A) and (B) after successful surgery for 
wound closure.
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Case Study—Infected Diabetic Foot Ulcer
This 48-year-old male with a long history of insulin- 
dependent diabetes and plantar foot ulceration presented to 
the Emergency Department with fever, malaise, and septic 
left foot. The patient reported a rapid onset of foot swelling, 
erythema, and drainage over the prior 48 hours. The patient 
was admitted to the hospital with referral to the Center for 
Comprehensive Wound Care and Hyperbaric Oxygen Therapy. 
HBOT was initiated within 4 hours of admission (see Fig. 
30.10A).

The patient underwent surgical exploration and debride-
ment. A deep plantar abscess was found with necrotic muscle 
and fascia. The patient was managed with broad-spectrum 
antibiotics and negative pressure wound therapy in addition 
to continued HBOT. HBOT was administered at 2.4 ATA 
with twice daily sessions for the fi rst 3 days (see Fig. 30.10B).

After approximately 2 weeks of therapy, all evidence of 
infection and tissue ischemia had resolved and the wound 
showed robust granulation. The patient was taken back to 
the OR for his second surgical procedure, placement of an 

AlloDerm matrix to cover exposed tendons and bone and to 
decrease the tissue defi cit and (see Fig. 30.10C)

The patient was discharged after a total of 19 days’ hos-
pitalization for continued outpatient care. HBOT was con-
tinued as an outpatient, and the patient received a total of 
28 sessions. The patient was monitored closely and showed 
complete healing by secondary intent. Once healed, the 
patient was fi tted for custom diabetic shoes with orthotic 
inserts. He was advised to perform daily foot monitoring 
and moisturization and continue with routine podiatric foot 
care (see Fig. 30.10D).

Case Key Points
• Diabetic patients are at high risk for foot ulceration, which 

can lead to partial foot or more proximal amputation.
• The risk of developing complicated skin, soft tissue, or bone 

infection once a DFU is present is signifi cant.
• HBOT is appropriate as an adjunctive therapy in the 

 management of a patient with a DFU (wagner stage III-V).
• HBOT positively affects angiogenesis, collagen synthesis, 

and leukocyte function in patients with hypoxic wounds.

A B

C D

FIGURE 30.10 A. Patient with infected DFU on initial presentation. B. Same patient as in (A) during surgery with debride-
ment of deep plantar abscess. C. Same patient as in (A) and (B) following treatment with HBOT; patient status post applica-
tion of AlloDerm matrix to cover exposed tendon and bone. (D) Same patient as in (A–C) with complete wound closure.

CASE STUDY (continued)
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REVIEW QUESTIONS

 1.  Insulin dependent diabetic patients receiving HBOT re-
quire close monitoring as they are at increased risk for
 A.  hyperglycemia
 B.  hypoglycemia
 C.  oxygen toxicity
 D.  hypertensive Crisis

 2.  HBOT is indicated for patients with the following classifi -
cation of DFU.
 A.  Wagner III or greater
 B.  Strauss II-III
 C.  Castillo 3 or greater
 D.  Apache IV

 3.  Hyperbaric oxygen therapy is NOT an approved indication 
for HBOT by the American College of Hyperbaric Medi-
cine:
 A.  Wager III and IV Diabetic Foot Ulcers
 B.  Necrotizing Fasciitis

 C.  Learning Disorders
 D.  Failing Grafts and Flaps

 4.  The reasons for using HBO in treating gas gangrene 
include all of the following EXCEPT
 A.  inhibits production of alpha toxin
 B.  enhances the line of demarcation between healthy and 

dead tissue
 C.  eliminates the need for surgical debridement
 D.  improves tissue oxygenation

 5.  All of the following are relative contraindications to 
 hyperbaric oxygen treatments except
 A. Untreated pneumothorax.
 B.  Administration of doxorubicin with HBOT.
 C.  Osteoradionecrosis.
 D.  Administration of bleomycin with HBOT.
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I N D E X

A
Absence of infl ammation, 93
Acoustic cavitation, 691
Acoustic microstreaming, 691–692
Active exercise, scar management, 426
Activities of daily living (ADLs), 383
Acute surgical wounds. See Surgical wounds, acute
Adaptive equipment, orthotics, 342–347
Adjacent tissues, wound attributes. See also Periwound tissue assessment

blisters, 72–74, 73f
callus, 64–65, 65f
color, 68–70
deep tissue injury, 70–72, 71f, 72f
edema, 66–68, 66f, 67f
girth measurements, 67, 67t
hair distribution, 72
moisture balance, 65–66, 65f
scar tissue, 63–64, 64f, 65f
sensation, 74
skin maceration, 65–66, 65f
skin temperature, 74–76
skin texture, 63, 63f
toenails, 72

Adjunctive tests, edema, 484
Adjuvants, 564
ADLs. See Activities of Daily Living (ADLs)
Advanced wound therapy, 522–532
Adverse treatment effects, avoiding, 60
AFO. See Ankle-foot orthosis (AFO)
Air plethysmography (APG), 183
Alginates, 508–509, 509t
Allodynia, 544
Allografts, 411
Ambulatory venous pressure monitoring, 178–179
Amperage, 581
Amplitude, 581, 632–633
Angiogenesis, 25, 36, 37, 43
Anhidrosis, 376, 376f
Ankle Brachial Index, 176–177, 176f, 177f, 177t, 178t
Ankle-foot orthosis (AFO), 351
Anthropometry

body mass index (BMI), 190
height and weight, 190
medications, role of, 194
therapeutic diets, 194
unintentional weight loss, 190, 193, 193f

Antibacterial effects, 37–38, 466–467
Antifungals, 471
Anti-infl ammatory modulation, EMF, 636
Antimicrobial terms, 466, 466t
Antiseptics, 470–471
APG. See Air plethysmography (APG)
Apligraf, 527–528, 527t, 529f
APTA Guide to PT Practice, 12
Arterial duplex scanning, 180
Arterial macrovascular system, vascular ulcers

arterial anatomy, 310–311, 311f
clinical signs and symptoms, 312
diagnostic tests, 313
management, 312

Arterial microvascular system, vascular ulcers
clinical signs and symptoms, 314

diagnostic tests, 314–315
management, 315–316
pathophysiology, 314

Arterial ulcers, 310, 310f, 548
Arterial vs. venous disease, 174t
Arterial/ischemic wounds, necrotic tissue, 437–438, 439f
Asepsis, 466
Assessment, wound care process, 3–7
Asymmetric tonic neck refl ex (ATNR), 280
Atherosclerosis, 328
ATNR. See Asymmetric tonic neck refl ex (ATNR)
AutoloGel, 524
Autologous, 28
Autolytic debridement, 445

advantages and disadvantages, 445–446
dressings, choice of, 446
procedure, 446

Autonomic neuropathy, 326

B
Bacitracin, 412
Back staging, pressure ulcers, 82
Back wheels, sitting position, 299
Bacterial biofi lms, 439–440
Bacterial clearance, NPWT, 768–769
Bacterial contamination, 460
Basement membrane, 20, 22
Basic fi broblast growth factor (bFGF), 524
Bates-Jensen wound assessment tool (BWAT)

development of, 144–145
instructions for, 168–172
outcomes, standardized assessment, 154
PUSH score derivation from, 145–146, 146t
score treatment algorithm, 148f–153f
severity state and guide treatment, 147, 154, 148f–153f
use of, 145
utility of, 146–147
validity and reliability of, 145

Bed support surfaces, recommendations for, 256, 259
Behavioral outcomes, wound care process, 11
bFGF. See Basic fi broblast growth factor (bFGF)
Bilateral lower extremity edema, 478, 478f
Biobrane/AW BAT, 525–527, 527t
Biofi lms, 460–461
Biological skin substitutes, 525, 527t

Apligraf, 527–528
Biobrane/AW BAT, 525–527
case study, 529
Dermagraft, 531–532
TransCyte, 528

Biophysical agents, 562, 573–576
Biosurgical debridement, 446–447
Blanchable erythema, 68
Blisters, 72–74, 73f

ultrasound, 718
Blood fl ow, NPWT, 767–768
Blood volume, wound healing, 55
Braden Q Scale, 249
Braden Scale, for predicting pressure sore risk, 247, 248t, 249
Brain involvement, wound pain

cerebrospinal tracts, 541
degradation, 542–543

Note: Page numbers followed by “f” indicate fi gures; those followed by “t” indicate tables and exhibit.
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796 Index

Brain involvement, wound pain (Continued)
pain matrix, 539–540, 541f
pain perception, 541–542
pain threshold, 541
primary somatosensory and somatomotor cortex, 540–541, 541f, 542f

Bridging, fi stulas, 391, 393f, 395f
Burn injuries

case study, 415–416
characteristics, 405, 405t
chemical, 403
classifi cation, 401–408
contact, 402
depth of, 404–405, 404f, 405t
electrical, 403–404, 404f
fl ame, 401, 402f
friction, 403, 403f
full-thickness, 406–407, 406f
nonsurgical management

burn dressings, 412
creams, 412
depth of burn, 411–412
donor site, 413–414
infection, 411
ointments, 412
skin-grafted burn wound, 413, 413f

nutritional guidelines, wound etiology, 203, 204f
partial-thickness, 405–406, 406f
pathophysiology

cardiovascular effects, 408
increased metabolism, 408
pain, 408
physiological changes, 408, 409t
pulmonary complications, 410
risk factors, 408, 410

radiation, 403
scald, 401–402, 403f
self-care teaching guidelines, 414
size of, 407
subdermal, 407, 407f
superfi cial-thickness, 405, 405f
surgical intervention, 410–411
treatment, 410–414
vascular support, extremity grafts, 413

BWAT. See Bates-Jensen wound assessment tool (BWAT)

C
Cadexomer iodine, 386
Callus, 333, 334f

care, 361
formation, 377f
skin and wound attributes, 64–65, 65f

Capillary loops, 22
Cardiopulmonary morbidities, wound healing, 54
Carrier frequency, 623
Cavitation, 441. See also Acoustic cavitation
Cellular signaling, wound healing, 38
Cellulitis, 376
Cerebral atrophy, 544
Charcoal, 509
Charcot arthropathy, 348
Charcot joint, 341, 341f
Chemical burns, 403
Chemical debridement. See Enzymatic debridement
Chemokines, 36
Chlorhexidine, 512
Chronic bilateral edema, 482f
CircAid™, 494, 494f, 552f
Claudication, 173

Clean technique, infection, 466
vs. sterile technique, 466t

Clock method, 114, 115t, 122
vs. Greatest Length by Greatest width method, 114, 115t

Cloramine T, 743–744
Coagulation cascade, 34–38, 35f
Coban 2® and Coban 2 Lite®, 494
Colonization, infection, 460
Color assessment

for darkly pigmented skin, 68–70, 69f
for importance of lighting, 70

Complement system, vasodilation, 38
Complex decongestive physiotherapy. See Lymphatic massage
Compression stockings, edema, 490, 491f, 492f
Compression therapy, edema

ankle-brachial index (ABI), 486
arterial fl ow, 487
circulation and recommendations, 486, 487t
compression stockings, 487, 488f, 491f
dynamic pressure vs. bandage stretch, 486, 486f
elastic compression bandages, 490–494
pump therapy, 494
severe 4+ pitting edema, 488, 488f
working vs. resting pressures, 489, 489f

Computed tomography (CT) angiography, 182
Continuous short-wave diathermy (CSWD), 640
Continuous wave Doppler ultrasound, 176–177, 176f, 177f
Contraction, 25

proliferative phase, 44–45
scar, 418, 420, 423, 426

Contrast angiography, 178
Cosmetics, scar management, 422
Crepe sole shoes, 344
CSWD. See Continuous short-wave diathermy (CSWD)
Cultural history, wound care process, 6
Cultured epidermal autografts, 411
Curettage, 464
Cytokine milieu, 769–770
Cytokines, 36

D
Darkly pigmented skin

care of, 20
color assessment for, 68–70, 69f
erythema measurement, 123

Data collection, wound assessment process, 61
Debridement

autolytic, 445–446
bacterial biofi lms, 436–437
biosurgical, 439–440
case study, 449–451
chronic wounds, 454–456
continuous, 435
defi nition, 433
enzymatic, 442–443
frequency, 434–435, 434f, 435f
mechanical, 440–442
necrotic tissue. See Necrotic tissue
outcome measures, 447
referral criteria, 447–448
SCID, 443, 444
self-care teaching guidelines, 448, 448t
senescent nonfunctional cells, 439–440
signifi cance of, 433–434
time frames, 437, 437t
tissue, recognition of, 435–440
wound irrigation, 441–442

Deep (reticular) dermis, 21
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Deep fascia, 22–23
Deep tissue injury, 70–72, 71f, 72f
Dehydration, 56, 203
Delayed primary intention wound healing, 25
Delayed wound healing, 544–545
Demarcation, 438
Dementia, 56
Depth of tissue injury, wound classifi cation systems, 77–78, 77t
Dermagraft, 531–532
Dermal appendages, 20, 20f
Dermal-epidermal junction, 20, 22
Dermis

aged skin, 21
young skin, 17–20, 18f

Diabetes mellitus, wound healing, 54
Diabetic foot ulcers, 450–451, 450f, 451f, 548, 549t, 786–787
Diabetic neuropathic ulcers, 438, 439f, 440f
Diabetic neuropathy, 327
Diagnosis, wound care process, 7–8
Diathermy, 629
Disabilities, wound care process, 8
Distal subungual onychomycosis, 374
Documentation

electromagnetic fi eld (EMF), 663
lasers and light-emitting diodes, 681
ultrasound, 721–723
wound assessment process, 60–61

Dressing. See also Wound dressings, interactive
color, depth, and exudate, 518, 519t
secondary, 518
wound cleansing, 518, 520

Dropsy, 477
Dry gangrene, 334, 334f
Duke boot. See Unna boot
Duplex scanning, 180
Duty cycle

electrical stimulation, 584
electromagnetic fi eld (EMF), 632
ultrasound, 689f

Dynamic splint, 426

E
Ecchymosis, 70, 71f
Edema, 66–68, 66f, 67f, 85, 697

assessment
adjunctive tests, 484
hyposkillia, 481
patient history, 481
physical examination, 481–484

case study, 498
causes, 478, 478t
characteristics, 483, 484t
compression therapy. See Compression therapy, edema
defi nition, 477
etiology, 478–479
management, 484–497
outcome measures, 497
pathophysiology, 479–481
self-care teaching guidelines, 497, 499, 499t
severity scale, 483, 483t
signifi cance, 477–478
skin care, 495–496, 495f

EGF. See Epidermal growth factor (EGF)
Elastic compression bandages

inelastic, 493–494
multilayer, 491–493
single-layer, 490–491

Electrical burns, 403–404, 404f

Electrical stimulation (ES), wound healing
biphasic stimulation studies, 607t–608t

controlled animal study, 606
diabetic/venous ulcers, 609
human studies, 606, 609
mixed etiologies, 609–610
pressure ulcers, 609

characteristics and terminology, 578t–579t
amperage, 581
amplitude, 581
current, 580
duty cycle, 584
instrumentation, 580
neuromuscular electrical stimulation (NMES), 584–585
phase and pulse charge, 583–584
phase modulation, 584
polarity, 581
pulse characteristics, 582–583
transcutaneous electrical nerve stimulation (TENS), 584
types, rehabilitation, 582
waveforms and phase, 581–582

clinical reasoning, 610–611
contraindications

active osteomyelitis, 611
electronic implants, 612
malignancy presence, 611
natural refl ex centers, 612
topical substances containing metal 

ions, 612
current and charge density, 615
defi nition, 577
device selection and treatment protocol, 617
electrodes

active/treatment vs. inactive/dispersive, 613
bifurcated leads, 615
bipolar technique, 615–616
materials, 613
placement, 614
size, shape, and arrangements, 614
tangential electric fi elds, 614

HVPC protocol
additional treatment methods, 621–622
aftercare, 622
equipment needed, 620
hydrogels, 622
patient and caregiver instructions, 621
procedure, 621
silver dressings, 622

infection control and disinfection, 623
low-voltage pulsed electrical current (LIDC) studies, 606
meta-analysis, 610
monophasic pulsed current clinical trials, 602t–604t

diabetic, 605
ischemic ulcers, 605–606
pressure ulcers, 601, 605
unknown etiologies, 606
venous leg ulcers, 607

monopolar technique, 614–615
physiologic effects, 575t, 589, 598

bactericidal effects, 598–599
burns and grafts, 600
current of injury, 586–587
electroanalgesia, 599–600
galvanotaxis, 587–589
impedance, 586
monophasic, biphasic, and microcurrent stimulation effect, 600–601
thrombosis, thrombolysis, and débridement, 598

precautions, 611
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Electrical stimulation (ES), wound healing (Continued)
protocol aspects

amplitude selection, 618
device selection, 618
polarity switching, 618
pulse frequency, 618

regulatory approval, 612
self-care teaching guidelines

candidate selection, 623
instructions, 623

Sussman wound healing protocol, 619
terminology, 578t–579t
testing equipment, 612–613
wound types, 611t

Electromagnetic fi eld (EMF)
amplitude, 632–633
carrier frequency, 630
case study, 664–665
clinical decision making

precautions and contraindications, 653–654
safety issues, 654
special populations, 653

comparison
devices, wound healing, 633–634
PRF and high-voltage pulsed current fi elds, 634
properties and effects, 634–

diathermy, 629
documentation, 663
duty cycle, 632
electromagnetic spectrum (EMS), 573–574, 574f, 630
equipment

diapulse, 657
FDA indications, 656t
Ivivi Health Sciences’ Roma and Torino Models, 658
nonthermal PRF and PEMF, 655–656
provant wound closure system, 657–658
pulsed radio frequency stimulators, 657
pulsed short-wave diathermy, 656–657
regulatory approval, 656

frequency transmission
penetration depth, 632
thermal and nonthermal effects, 631
tissue penetration, 631

infl ammatory phase
anti-infl ammatory modulation, 636
edema and pain, 636–638

modulation
growth factor regulation, 636
signal dosimetry, 636
signal transduction, 635–636

neuropathic pain, 644–645
nonionizing radiation, 633
patient treatment

adjunctive/multimodal treatments, 661
aftercare, 660
diapulse, 660
expected outcomes, 659
moist dressing, 659
precautions, 661
PRF, 659
PSWD, 658–659
setup, 661
SofPulser and RecoveryRxT, 660–661
treatment setup, 659–660
wound healing phase diagnosis, 659

proliferative phase
cellular changes, 638
dosimetry, 638

PSWD/PRF
characteristics, 634t
wound healing-related effects, 635t

pulse rate and pulse duration, 632
pulsed electromagnetic fi eld studies

cutaneous surgical wounds, animal studies, 645
diabetic foot ulcers, 652
leg ulcers, 651–652
postsurgical wounds, 650–651
pressure ulcers, 645, 646, 650

pulsed radio frequency effect, hematoma and 
thrombolysis, 644

self-care teaching guidelines, 663
spectrum, 631f
terminology and defi nitions, 630t
thermotherapy with short-wave diathermy

case study, 640–642
circulatory effects, 638,
clinical studies, 639t
continuous short-wave diathermy and circulation, 640
nonthermal PRF effect, 643–644
pulsed short-wave diathermy and circulation, 

642–643
tissue heating, 640

waveform (modulation) frequency, 631
wound classifi cation and characteristics, 662t

Enterocutaneous fi stulas, 389
Entrance wound, 403–404
Enzymatic debridement, 442

advantages and disadvantages, 442
considerations for, 442–443
procedure, 443

Epidermal growth factor (EGF), 33
Epidermis, 18f

aged skin, 21–22
young skin, 17–20, 19f

Epithelialization phase, 25, 27f, 30f, 85, 86f
assessing wounds

absence of epithelialization phase, 102
acute epithelialization phase, 98, 100
aspects of epithelialization phase, 104t
chronic epithelialization phase, 100–102

wound healing measurement tools, 132
wound healing physiology

in chronic wounds, 42
keratinocytes, 41–42

Erupting volcano effect, 27
Erythema, 85

deterioration, monitoring for, 239
surrounding skin measurement, 123

Eschar, 436, 746–747
Escharotomy, 410, 410f
Etiology

of burn, 401–404
differential diagnosis, 76–77
locations of chronic wounds, 111, 111t
NPWT, 774–776

Excision, burn wound, 410
Exercise, scar management, 426
Exit wound, 403
Extensor synergy, 280
Extracellular matrix, 25
Exudate

amount of, 458–459
characteristics of, 457–458, 458t
outcome measures, 472
referral criteria, 473
self-care teaching guidelines, 473, 473t–474t
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signifi cance, 457–459
topical dressings, 471–472
type of, 459
wound colonization vs. infection, 383

F
FACES scale, 555
Facilitate oxygen delivery, 38
Fetal wound healing, 29
Fibrinolysis, 35
Fibroblasts, 587

proliferative phase, 42–43
vasodilation, 39–40

Fibronectin, 44
composition, 45
secretion, 36

Fibroplasia, 25
Film dressings, 504–505
Fissures, 377, 378f
Fistulas

abdominal wound with, 396f
assessment, 390
bridging, 391, 393f–394f
closed suction drainage system, 395–396
enterocutaneous, 389
nutrition management, 391
odor management, 396
outcome measures, 397
output volume, reduction of, 396–397
pathophysiology, 390
patient and caregiver education, 397
pouching procedure, 391
saddlebagging, 394, 394f–396f
signifi cance, 389–390
surgical management, 397
troughing, 391, 392f
vaginal, 396–397, 396f, 397f

Flap survival, 769
Floor reaction imprint, 354, 356f
Foam dressings, 505–506
Foam toe separator, 331, 333t
Focused assessment, wounds, 15
Foot inspection, 361
Foot problems

anhidrosis, 376, 376f
case study, 378
cellulitis, 376
fi ssures, 377, 378f
hyperhidrosis, 376
hyperkeratotic lesions, 377
maceration, 376–377
onychauxis, 377
onychomycosis, 374–376
plantar fasciitis, 371–374
self-care teaching guidelines, 378
tinea pedis, 368–371
xerosis, 376

Free radicals, infl ammatory phase, 41
Friction

burns, 403, 403f
mobility examination, 283

FTSGs. See Full-thickness skin grafts (FTSGs)
Full-thickness skin grafts (FTSGs), 28
Full-thickness wound, 22, 23f
Full-thickness/secondary intention healing, 27–28, 28f, 29f
Functional diagnosis, wound care process, 8
Functional outcomes, wound care process, 11–12, 

11t, 12t

G
Galvanotaxis

epithelialization phase, 587–588
infl ammatory phase, 587
polarity, 585t, 587
proliferative phase, 587
remodeling phase, 588–589

Gelatinous edema, 90f, 92–93
Generically contoured cushions, 295–296, 295f
Gilman method, 121, 121t
Goals, 8–9

nursing goals, 9
physical therapy goals, 9

Granulation tissue
complications, 28f, 44
formation, 768

Greatest length and greatest width method, 114, 115t
vs. Clock method, 115t

Growth factors, 33, 35f
autoloGel, 524
basic fi broblast growth factor, 524
case study, 525–526
combined, 524–525
keratinocyte growth factor-2, 524
macrophage-colony stimulating factor, 524
platelet-derived growth factor, 523–524
regulation, EMF, 636

Gunshot wound, PLWS, 754f
discharge outcome, 763
examination, 762
functional diagnosis, 762–763
initial assessment, 762
reexamination, physical therapy, 763

H
Hair distribution, 72
Hallux rigidus, 330–331
Hallux valgus, 331
Hand washing effect

skin health, 19
and universal precautions, 467

Harris mat pressure testing, 340, 340f
HB-EGF. See Heparin-binding epidermal growth factor (HB-EGF)
HBOT. See Hyperbaric oxygen therapy (HBOT)
HCFA. See Health Care Financing Administration (HCFA)
Healing cast shoe, 349
Healing rates, 121–122
Health Care Financing Administration (HCFA), 16
Health history, wound care process, 4–5
Heat, seat cushions, 294
Heel ulceration, 351, 352f
Hemangioma, pediatric wound, 449, 449f, 450f
Hemosiderin, 482
Hemostasis, 33, 34–35, 35f
Heparin-binding epidermal growth factor (HB-EGF), 36
Heterografts, 411
High-frequency ultrasound (HFUS), 715–716
Homografts, 411
Hyaluronic acid, 511
Hydroactive dressings, 510
Hydrocolloids, 507–508, 508t
Hydrofi bers, 511
Hydrogels, 506–507, 506t
Hydrotherapy

aftercare, 744–745
clinical practice guidelines, 733–734
clinical reasoning

benefi ts, 740
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Hydrotherapy (Continued)
contraindications, 741
disadvantages, 741
precautions, 741

clinical studies, Whirlpool, 735t–737t
delivery of care

clinical skills required, 741–742
personnel safety, 743

discontinue treatment, 745
eschar, both heels, 746–747
expected outcomes, 745
frequency and duration, 743
heat transfer and thermal regulation mechanisms, 728
historic use, 727
infection control

antiseptics, 743–744
tap water, 744
vigorous rinsing, 744

infection transmission, 744
monitoring vital signs, 743
physiologic responses

cellular effects, 732
different temperatures and duration, 732–733
exercise, 732
hemodynamics, 729
neuronal effects, 732
skin fl ow, 728
thermal regulation, 729–732
vascular endothelial function, 728

positioning, 743
published clinical studies, 734, 738
risks and candidacy

cardiac, vascular, and pulmonary systems, 738–739
tissue damage, 739
wound infection, 739–740

self-care teaching guidelines, 745–746
venous congestion, 732
wound cleansing and débridement, 738
wound healing phase, 745f

Hyperalgesia
primary, 543
secondary, 543–544

Hyperbaric oxygen therapy (HBOT)
case study, 790, 791
cellular effects, 783
clinical evidence, 787–788
contraindications, 784–785
defi nition, 781
diabetic foot ulcer, 786–787
history, 781–782
indications, 784
monoplace hyperbaric chamber, 782f
multiplace hyperbaric chamber, 782f
oxygen diffusion hyperbaric oxygen, 783f
oxygen diffusion normobaric air, 782f
patient selection, 788–789
response curves, 777f
risks and side effects, 785–786
tissue criteria, 789
tissue hypoxia assessment, 789
topical oxygen, 789
transcutaneous oximetry examination, 788f
treatment protocols, 784
vascular evaluation and intervention, 789

Hypergranulation, 48, 96f
Hyperhidrosis, 376
Hyperkeratosis, 361,
Hyperkeratotic lesions, 377
Hyperthermia, 729

Hypertonic saline, 511–512
Hypertrophic nails, 331, 331f
Hypertrophic scar, 47, 47f, 418, 419f
Hypochlorites, 512
Hypothermia, 36–38
Hypoxic wound management, 786–787. See also Hyperbaric oxygen therapy 

(HBOT)

I
IAD. See Incontinence associated dermatitis (IAD)
Ideal dressing, 504
Ideal sitting position, 279, 282f
IGF-1. See Insulinlike growth factor-1 

(IGF-1)
Immature keloid scar, 100f
Immature scar, 419, 421f
Immunosuppression, 54t, 55
Impairments, wound care process, 8
Incisional wound healing, 224t, 225t, 226–227
Incontinence associated dermatitis (IAD), 241–243, 243t
Induration, 85, 87
Inert wound dressings, 503–504
Infected diabetic foot ulcer, 791
Infection

assessment, 462
bacterial effects, acute vs. chronic wounds, 460–461
characteristics, 462, 463t
contamination and colonization, 459–460, 459f
curettage, 461
diagnosis, 460–461
MRSA, 461–462
needle aspiration, 464
prevention and management, 466–467
quantitative swab technique, 464
quantitative wound culture, gram stain, 464
referral criteria, 473
self-care teaching guidelines, 473, 473t–474t
tissue biopsy, 464
wound cleansing, 467–469
vs. wound colonization, 383, 462

Infl ammatory phase, 693
assessing wounds

absence of infl ammation, 93
acute infl ammation, 85–88
chronic infl ammation, 87f, 88, 92–94

surgical wounds, acute, 221
wound healing physiology

chronic wounds, 40–41
free radicals, 41
inadequate perfusion, 40–41
ischemia, 40–41
oxygen reperfusion injury, 41
signs and symptoms, 33–34
stimulus for repair, 40

Infrared thermometers, 75, 340, 340f
Instrumental debridement, 443
Insulin like growth factor-1 (IGF-1), 36
Integrins, proliferative phase, 43
Integumentary system, neuropathic foot, 331–335
Interactive wound dressings

alginates, 508–509
fi lm, 504–505
foam, 505–506
hydroactive, 510
hydrocolloids, 507–508
hydrogels, 506–507

Interdigital toe web infections, 369, 369f
Interface pressure examination, 284–285
Internal iliac artery, 310
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Intravascular ultrasound (IVUS), 184
Invasive arterial studies, vascular evaluation, 182
Iodine dressing, 513, 518, 518t
Ischemic ulcer, neuropathic foot, 328, 328f
Itraconazole, 371t
Ivivi Health Sciences’ Roma and Torino Models, 658

J
Jet lavage, 761

K
Kaposi-Stemmer sign, edema, 479
Keloids, 64

scar, 418, 420f
Keratinocyte growth factor-2, 524
Keratinocytes, 18, 22, 41–42
Keratoderma plantaris, 333, 334f

L
Langerhans cells, 21
Laser Doppler, 176–177, 176f–177f
Lasers and light-emitting diodes

application, 680
biologic and therapeutic effects, 678–679
devices classifi cation, 679f
documentation, 681
equipment selection, 679
indications and contraindications, 680–681
low-level laser treatment, 680f
protective eyewear, 680f
treatment distance, 680
treatment times, 679
wound and periwound preparation, 679

Lateral foot ulceration, 354, 356f
Leg elevation and exercise, edema, 482–483
Leg ulcers, 644–645

meta-analysis, 708t
nutritional guidelines, wound etiology, 205

LIDC. See Low-voltage pulsed electrical current (LIDC)
Lidocaine soak procedure, 565t
Ligaments, 23
Light refl ective rheography (LRR), 179
Light therapy. See Phototherapy
Linear methods, wound measurement

erythema, skin surrounding, 123
percentage of healing, 116t, 120–122
surface area, 114–116, 114f, 115f, 115t
trajectory, 120–122, 120f
undermining and tunneling, 116–120, 116f–119f
wound depth, 122
wound volume, 122–123

Lipedema, 474, 475f
Lipodermatosclerosis, 102, 480, 480f, 550f
Liquid crystal skin thermography, 75
Lower extremity girth measurement form, 67, 67t
Low-frequency noncontact US (LFNCUS), 721
Low-voltage pulsed electrical current (LIDC), 599
Lund and Browder chart, burn injury, 407, 407f
Lymphatic massage, 497
Lymphedema, 184, 474

causes, 496, 496t
lymphatic massage, 497
superfi cial hyperkeratosis, 496, 496f

Lymphoscintigraphy, 184

M
Maceration, 376–377
Maceration of skin, 65–66, 65f
Macrophage-colony stimulating factor, 524
Macrophages, vasodilation, 39

Maggot debridement therapy (MDT), 446–447
Magnetic resonance angiography (MRA), 177–178
Maintenance debridement, 434
Malignant cutaneous wounds

assessment, 383–384
case study, 388–389
management

bleeding control, 386
exudate, 384–385
infection control, 384
odor control, 385–386
outcome measures, 387–388
pain minimization, 387
patient and caregiver education, 388

pathophysiology, 381–383
signifi cance, 381

Malnutrition, 56, 188, 191t–193t
Marion laboratories red, yellow, black classifi cation system, 

83, 83t
Massage, scar management, 425
Mast cells, vasodilation, 39
Matrix dressings, 508
Matrix metalloproteinases (MMPs), 37
Mattress

replacements, 302
vs. seat cushions, 294t

MDT. See Maggot debridement therapy (MDT)
Mechanical debridement, 440–441

advantages, 441
Medical nutrition therapy (MNT), 187, 205

monthly/tube feeding progress note, 211
quarterly/MDS progress note, 210

Melanin, 19–20
Melanoma, ABCD rule, 63, 63f
Mesh graft, 411, 411f
Meta-analysis, 603
Methicillin-resistant Staphylococcus aureus (MRSA), 461–462
Metronidazole gel, 385–386
Microcirculation, role of

lymphedema, 477
oncotic pressure, 477
osmotic pressure, 476

Microstreaming. See Acoustic microstreaming
Mini nutritional assessment, 208, 209
MNT. See Medical nutrition therapy (MNT)
Moist wound healing

benefi ts, 500–501
limitations and appropriate use, 501–502
properties, 502

Moisture
balance, 65–66, 65f
seat cushions, 294

Moisture-retentive dressing, application of, 446
Monitor Alert Protect (MAP®) device, 258, 258f
Monophasic pulsed current, 595t–597t

diabetic, 598
ischemic ulcers, 598–599
pressure ulcers, 594, 598
treatment effect, 594t
unknown etiologies, 599
venous leg ulcers, 598

Motor neuropathy, 326, 326f
MRSA. See Methicillin-resistant Staphylococcus aureus 

(MRSA)
Multilayer elastic compression bandages, 491–493
Musculoskeletal system

neuropathic foot, 329–331
therapeutic positioning, 281–285

Myofi broblasts, proliferative phase, 44–45
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N
Nail

growth, 357
hypertrophic, care of, 360f, 361
neuropathic foot, 356–361
noninvasive care, 357–359

National Pressure Ulcer Advisory Panel (NPUAP), 235
nutrition guidelines

case study, 205–206
pressure ulcer staging system, 78, 80–82
PUSH, 139

pressure ulcer staging classifi cations, 236t
Natural refl ex centers, 605
Necrobiosis lipoidica diabeticorum, 333, 333f
Necrosis, wound healing, 131
Necrotic tissue

adherence, 433–434
assessment guideline, 437, 438t
color, 435
consistency, 435
eschar, 436
location of, 437–439
slough, 436
types, 437t

Necrotizing fasciitis, 790
Needle aspiration, 461
Negative pressure wound therapy (NPWT), 395–396

applications, 771
contraindications and precautions, 770
cost-effectiveness, 773
history, 765–766
indications, 770, 770f
intermittent vs. continuous mode, 768t
pathophysiology

bacterial clearance, 768–769
blood fl ow, 767–768
cytokine milieu, 769–770
fl ap survival, 769
granulation tissue formation, 768

pediatrics, 773
polyurethane reticulated open-cell foam (ROCF), 766f
polyvinyl alcohol foam, 766f
recommended guidelines, 769t, 771t
revised reconstructive ladder, 776f
silver, 772–773
skin grafts, 773
United States marketing, 766t
wound etiologies, 774–776
wound-specifi c applications

acute open abdomen, 771–772
antiseptics instillation, 772
clean, closed incisions, 772

Neomycin, 412
Neovascularization, 37
Neurologic system, therapeutic positioning, 280–281
Neurologically impaired skin, 55–56
Neuromuscular system

neuropathic foot, 326f, 327–328
therapeutic positioning, 280–281

Neuropathic foot, 566
basics paste, 360, 360t
bathroom surgery, 361
case study, 348, 362, 362f
charcot joint, 341, 341f
compliance/acceptance issues, 365
crepe sole shoes, 344
diabetes foot disease, 337, 338t
foam toe separator, 331, 333t
foot ulcerations, off-loading of, 351–354

footwear assessment, 335
healing cast shoe, 349
integumentary system, 331–335
musculoskeletal system, 329–331
nail care, 356–361
neuromuscular system, 326f, 327–328
neuropathic walker, 350–351, 350f
orthotic dynamic system (ODS) splint, 349–350, 349f
orthotics and adaptive equipment, 342–347
osteomyelitis, 341, 342f
pathogenesis and typical progression, 325–327
precautions, 363–365
pressure testing, 340
risk reduction methods, 363–365
self-care teaching guidelines, 361–365, 364t
sensation testing, 337, 339f
skin care, 356–361
standard-depth shoe, 331
surface temperature testing, 337–340
surgical management, 354–356
total-contact ankle-foot orthosis, 351
total-contact casting (TCC), 347–349
tube foam and lamb’s wool, 332f, 333
vascular system, 328–329
wound grading, 335–337

Neuropathic pain
classifi cation, 454
etiology, 545–546
mixed pain, 546
sensory symptoms/signs, 556t

Neuropathic walker, 350–351, 350f
Neutrophils, vasodilation, 38–39
Nitric oxide, wound healing, 38
Nitrogen balance, 204t
Nociceptive pain, 536, 538
Nonadherent pads, 508–509
Noninvasive arterial studies, vascular evaluation, 172–178
Nonpharmaceutical wound pain

biophysical agents, 562, 573–576
distraction and reframing, 561
positioning, 558
psychological interventions, 562
relaxation, 561
visual imagery, 561–562
wound cleansing, 560–561
wound dressings, 558–560

Nonpowered dynamic mattress replacement, 302
Nonsteroidal anti-infl ammatory drugs (NSAIDS), 562
Normotrophic scar, 418, 419f
Norton Scale, 247
NPUAP. See National Pressure Ulcer Advisory Panel (NPUAP)
NPWT. See Negative pressure wound therapy (NPWT)
NRS. See Numerical rating scale (NRS)
NSAIDS. See Nonsteroidal anti-infl ammatory drugs 

(NSAIDS)
Numeric score method, 122
Numerical rating scale (NRS), 555
Nursing goals, wound care process, 9
Nutrition, pressure ulcers, 264
Nutritional assessment

anthropometry, 190, 191, 193–194, 193f
laboratory values, 194, 195t–196t
nutrition decision tree, 188, 189f
physical conditions, 190, 191t–193t
poor nutritional status, 188, 190
pressure ulcers, prevention of, 188, 189f

Nutritional history, wound care process, 6
Nutritional needs and assessment, 200t–201t
Nutritional risk assessment, 208, 209
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Nutritional screening guidelines, 187–188
Nutritional support, 205

O
Observation techniques, 62–63
Onychauxis, 361, 377–378
Onychomycosis

diagnosis, 375
management, 375
prevention, 376
signs and symptoms, 374–375
systemic antifungal therapy, 375, 375t

Opioids, 565
Oral candidiasis, nutritional guidelines, 203, 205
Orthotic dynamic system (ODS) splint, 349–350, 349f
Orthotics, neuropathic foot

Aliplast/Plastazote™, 343
blocks, 347
metatarsal head (MTH) pads, 342, 343f
shoes, 344–347
socks, 347

Osteomyelitis, 341, 342f
Outcomes, wound care process, 9–11, 10t
Oxygen

diffusion normobaric air, 782f
reperfusion injury, 41
wound healing, 37

P
Pain

burn injuries, 408
distress scales, 555
malignant cutaneous wounds, 387
matrix, 539, 540, 541f
sensation, 74

Pain scales assessment
FACES scale, 555
multidimensional, 557
numerical rating scale (NRS), 555
pain distress scales, 555
unidimensional use, 555, 557
verbal descriptor scale (VDS), 555
visual analogue scale, 555

Pain-related terminology and characteristics, 537t
Palpation, 75, 171, 171f, 172f
Palpation techniques, 62–63
Paresthesia, neuropathic foot, 328
Partial-thickness wound healing, 27, 27f
Passive exercise, scar management, 426
Patient history form, 14
Patient history, wound care process, 4–6
PDGF. See Platelet-derived growth factor (PDGF)
Pelvic control, 290–291
Pelvic obliquity evaluation, 282, 282t
PEM. See Protein energy malnutrition (PEM)
Percentage of healing per unit of time (PHT), 116t, 120, 121
Performance indicators, wound care process, 9–10, 10t
Periosteum, 87
Peripheral edema, 474
Peripheral nervous system

nociceptive pain, 536, 538
sympathetic nervous system (SNS), 538–539

Peripheral neuropathy, 325
Peripheral vascular disease (PVD), 169, 170t
Peripheral vascular impairment, 54
Peritenon, 87
Periwound tissue assessment, 88, 93

absence of infl ammation, 93
epithelialization phase

absence of epithelialization phase, 102
acute epithelialization phase, 98
chronic epithelialization phase, 100, 102f

infl ammatory phase
absence of infl ammation, 93
acute infl ammation, 85
chronic infl ammation, 88, 92f

proliferative phase
absence of proliferative phase, 97
acute proliferative phase, 95
chronic proliferative phase, 89f, 96

Persistent (neuropathic) pain
classifi cation, 545
etiology, 545–546
mixed pain, 546

Pharmaceutical interventions, wound pain
adjuvants, 564
analgesic use guidelines, 562
NSAIDS, 562–563
opioids, 563
pain control medications, 564
procedural medications, 565

Phase diagnosis/prognosis, wound healing, 83, 84t
epithelialization phase, 104t
infl ammatory phase, 94t
proliferative phase, 99t

Photobiomodulation, 678
Photographic scar scale, 422, 423t
Photographic wound assessment tool (PWAT), 127, 123t, 150
Photoplethysmography (PPG), 179
Phototherapy

case study, 678, 681
defi nition, 669
delivery systems, 671–672
erythemal dosages, 676f
lasers and light-emitting diodes

application, 680
biologic and therapeutic effects, 678–679
devices classifi cation, 679f
documentation, 681
equipment selection, 679
indications and contraindications, 680–681
low-level laser treatment, 680f
protective eyewear, 680f
treatment distance, 680
treatment times, 679
wound and periwound preparation, 679

radiant energy
defi nition, 669
infrared energy, 671
optical properties, 670
physical science, 671
ultraviolet energy, 670–671
UV spectrum, 670f

therapeutic effects
clinical studies, 674
current recommended treatment approaches, 674–675
epidermal hyperplasia, UV-induced, 673
exposure times, 672f
immunosuppression, UV-induced, 673
preclinical studies, 674
skin erythema, UV-induced, 672–673
UV-mediated bactericidal effects, 673

UV therapy administeration
documentation, 677
equipment selection, 675–676
indications and contraindications, 677
treatment algorithm, 675f
treatment distance, 677
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Phototherapy (Continued)
treatment times, 676–677
UVA/UVB application, 677
UVC application, 677
wound and periwound area preparation, 676

PHT. See Percentage of healing per unit of time (PHT)
Physical assessment, wound care process, 6–7
Physical therapy goals, wound care process, 9
Plantar fasciitis

diagnosis, 372
management, 372–373
prevention, 373–374
risk factors, 371–372
signs and symptoms, 372
treatment, complications of, 373, 373t

Plantar moccasin-type infection, 369
Plastazote healing sandal, 351, 353f
Platelet activation, 36–38
Platelet-derived growth factor

application methods, 523
description and effects, 523
expected outcomes, 524
indications, 523
precautions and contraindications, 524

Platelet-derived growth factor (PDGF), 36
Platelets, 34–35, 35f
Pliability, scar assessment, 422
PLWS. See Pulsatile lavage with suction (PLWS)
Polymyxin B sulfate, 412
Polyurethane reticulated open-cell foam (ROCF), 766f
Polyvinyl alcohol foam, 766f
Popliteal entrapment syndrome, 320
Positioning, 558

hydrotherapy, 743
Post op/med surg/cast shoe, 351–353, 353f
Postural control and stability, 291
Pouching procedure, 391
Powered dynamic mattress replacement, 302
PPG. See Photoplethysmography (PPG)
Praline, hydroxylation of, 44
Pressure redistribution support surfaces

for beds, 255–259, 257t
for heels, 259–260
operating room, 260
seating support surfaces, 259
vs. skin, 260–261

Pressure testing, neuropathic foot, 340–341
Pressure therapy, scar, 424–425
Pressure ulcer, 438–439

clinical presentation, 236t
early pressure-induced tissue damage, 235
full-thickness ulceration, 235f
stage I pressure ulcers, 235, 237f
stage II pressure ulcers, 235, 237f
stage III and IV pressure ulcers, 235, 237f
suspected deep tissue injury, 236–238, 238f

vdetection, 238–241
development, 189f

vs. poor nutritional status, 188
differential diagnosis, 241–244
extrinsic risk factors, 245f

friction, 245–246, 246f
moisture, 246
shear, 245, 246f

healing, therapeutic positioning, 304–306
implementation, 264–266
intrinsic risk factors, 245f

age, 246
medical conditions, 246

nutrition, 246
perfusion, 246
psychological factors, 246
reduced oxygenation, 246

necrotic debris, 437–438
nutritional guidelines, wound etiology, 201, 202t, 203f
outcome measures, 266
pain, 550, 553t
pathophysiology

cellular level, 233
formation, 232–234
intensity and duration, 234
pressure gradient, 233f
tissue level, 232–233, 234f

pressure-induced skin and tissue damage
subepidermal moisture, 241
temperature, 239–240, 239f, 240f
tissue refl ectance spectroscopy (TRS), 240–241
ultrasound evaluation, 239

prevention strategies
bariatric patients, repositioning, 254
chairs, scheduled repositioning, 254–255
critical care patients, repositioning, 254
friction and shearing, 260–262
general skin care, 262–264, 263t
mobility and activity, 260
moisture, 261–262
nutrition, 264
palliative care patients, repositioning, 254
pediatric patients, repositioning, 253–254
pillow bridging, repositioning, 255
pressure redistribution support surfaces, 255–260
scheduled repositioning, 252–253, 253f, 254f

referrals, 266–267
risk screening

Braden and Bergstrom’s conceptual framework, 244, 245f
immobility, 244
inactivity, 244
risk assessment frequency, 251
risk assessment tools, 247–250
risk factors, 244–247
risk stratifi cation, 251–252
sensory loss, 244
skin assessment, 250–251

self-care teaching guidelines, 267, 267t–270t
signifi cance, 230–232
and telehealth, 266

Pressure ulcer scale for healing (PUSH)
development of, 139
and instructions, 160–161
pompeo form, 163
use of, 139
utility of, 139–140

Primary intention, surgical wounds, 215, 216f
Primary/fi rst intention wound healing, 25
Prognosis, wound care process, 8–12
Proliferative phase, 43f, 693

assessing wounds
absence of proliferative phase, 97–98
acute proliferative phase, 95
aspects of proliferative phase, 99t
chronic proliferative phase, 96–97, 99t

surgical wounds, acute, 220
wound healing physiology

angiogenesis, 43
chronic wound fl uid, 45–46, 47f
collagen, cross-linking of, 44
collagen types, 44
dead space/large tissue gap, 46
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fi broblast senescence, 45
fi broblasts, 43–44
fi bronectin composition, 45
ground substance, 44
growth factors—proliferative phase, 43
integrins, 43
matrix formation, 44
myofi broblasts and contraction, 44–45
protracted infl ammatory, 46

Prosthetic shrinker sock, 329, 330f
Proteases, 511
Protective sensation, 74
Protein energy malnutrition (PEM), 57
Proteoglycans, 44
Proximal subungual onychomycosis, 374
Pruritus (itch), 545
Pseudoclaudication, 312
Psychological history, wound care process, 6
Pulsatile lavage with suction (PLWS)

benefi ts
clinician, 760
granulation tissue production, 760
infection management, 757
mechanical debridement, 759
patients, 761

gunshot wound, 760t
discharge outcome, 763
examination, 762
functional diagnosis, 762–763
initial assessment, 762
reexamination, physical therapy, 763

indications, 753t
irrigation pressures, 752t
jet lavage, 761
NPWT, 763
outcome measures, 754–755
oxygen setting, 761t
precautions and cautions, 755–756
procedure

equipment needed, 759–760
frequency and duration, 756, 757t
infection control, 757–758, 757t
latex content, 758
pressure, 760, 761t
procedure setup, 756–757

pyoderma gangrenosum ulcer, 755f
Simpulse VariCare System, 759f
soft tissue wound care, 759t
SurgiLav with a tip, 760f

Pulse volume recordings (PVRs), 179
Pulsed short-wave diathermy (PSWD), 639t, 656–657
Purple ulcers, 25f, 27
Purulent exudate, 459f
PUSH. See Pressure ulcer scale for healing (PUSH)
PVD. See Peripheral vascular disease (PVD)
PWAT. See Photographic wound assessment tool (PWAT)
Pyoderma gangrenosum ulcer, 755f

Q
Quantitative swab technique, 464
Quantitative wound culture

methods, 464
procedures, 465

Quaternary ammonium compounds, 513

R
Radiant energy

defi nition, 669
infrared energy, 671

optical properties, 670
physical science, 671
ultraviolet energy, 670–671
UV spectrum, 670f

Radiation burns, 403
Range of motion (ROM), 281–282
Reactive oxygen species (ROS), 41
Recumbent position, therapeutic positioning

ADLs, 283–284
air-fl uidized surfaces, 302
equipment, 301–302
functional diagnosis, 288t–289t
interventions, 300–303
mattress and cushion replacements, 302
mobility examination, 282–283
nonpowered dynamic mattress replacements, 302
overlays, 301–302
positioning supplies, 302–303, 303t
powered dynamic mattress replacements, 302
pressure ulcer formation, 300
prone position, 301
range of motion (ROM), 281–282
side-lying position, 301
static mattress replacements, 302
supine positioning, 300–301

Remodeling phase
surgical wounds, acute, 221–222
wound healing physiology

chronic wounds, 47–48
collagen lysis/degradation, 46–47
matrix metalloproteinases, 46–47
matrix remodeling, 46
scar formation, 47–48

Remodeling/maturation phase, 693–694
Reporting outcomes, wound care process, 9–11
Rest pain, 173
Rope burns, 403

S
Saddlebagging, fi stulas, 394, 394f–396f
Sanguineous drainage, 87
Sanguineous exudate, 458f
SCALE. See Skin changes at the life’s end 

(SCALE)
Scar

assessment, 421–423
case study, 427–428
cosmetics, 422
exercise, 426
formation, 22, 47
management, 418–428
massage, 425
pharmaceutical interventions, 424
photographic scar scale, 422, 423t
positioning, 426–427, 427t
pressure therapy, 424–425, 424f, 425f
self-care teaching guidelines, 427
silicone, 425–426
splinting, 426
surgical interventions, 423–424
tissue, 25, 63–64, 64f, 65f

formation and complications of, 418–421
Vancouver scar scale, 422, 422t
warming, 427

SCID. See Sequential conservative instrumental debridement 
(SCID)

SCI-PUMT. See Spinal Cord Injury Pressure Ulcer Monitoring Tool 
(SCI-PUMT)

Scrubbing, 468
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Seat cushion
heat, 294
vs. mattresses, 294t
moisture, 294
pressure, 293–294
shear, 294
types of, 294–297

Secondary intention, 25, 222
Segmental and digital plethysmography, 177–180, 178f, 179f
Senescent nonfunctional cells, 439
Sensation

examination, 281
pain, 74
protective sensation, 74
testing, neuropathic foot, 337, 339f
thermal sensation, 74
vibratory perception threshold (VPT), 74

Sensory neuropathy, 326
Sequential conservative instrumental debridement (SCID), 443

advantages and disadvantages, 443
considerations for, 443–444
licensing issues, 444
procedure, 444–445

Serial debridement. See Maintenance debridement
Serial photographs, 126,
Serial splint, 426
Serosanguineous exudate, 459f
Serous exudate, 458f
Sharp debridement, 443

advantages and disadvantages, 443
considerations for, 443–444
curette, 434, 435f
safe, 444
scalpel, 434, 434f

Shear
mobility examination, 283
seat cushion, 294

Sheet graft, 402f, 411
Shoe, 344–347

crepe sole, 344
healing cast, 349
post op/med surg/cast, 351–353, 353f
standard-depth, 331
wedge, 353, 353f
wound healing, 353–354, 354f, 355f

Short-stretch compression bandages, 493
Signal transduction, EMF, 635–636
Silicone, 511, 511t

scar management, 425–426
Silver dressing, 513, 514t–517t
Silver sulfadiazine, 412
Single-layer elastic compression bandages, 487–488
Sitting position, therapeutic positioning

ADLs, 283–284
algorithm, sitting surface determination, 297, 297f
ancillary devices, 299–300
armrests, 299
back supports, 297–298
back wheels, 299
basic seating principles, 290, 290t
contoured or precontoured cushions, 295–296, 295f
footrests and footrest accessories, 298–299
front wheels, 299
fully customized contouring cushions, 296, 296f
functional diagnosis, 286t–288t
head supports, 299
heat and moisture, 294
interventions, 289–300
mobility examination, 283

pelvic control, 290–291
postural control and stability, 291
posture examination and evaluation, 290
pressure, 293–294
pressure equalizing vs. pressure eliminating, 289, 289f
pressure-reduction or equalization/redistribution cushions, 295, 295f
range of motion (ROM), 281–282
seat cushions, selection of, 293–297
selective pressure elimination cushions, 295f, 296
shear, 294
solid seat base, 299
suppliers, 300
thigh control, 291
wheelchair measurement, 292–293, 293f
wheelchairs or mobility bases, 291–292

Skeleton
bones, 24,
bursa (bursae), 24
deep fascia, 22–23
ligaments, 23
nerves, 24
skeletal muscle, 23, 24f
subcutaneous fat, 23, 23f
superfi cial fascia, 22
tendon, 23, 24f

Skin
aged skin, 21–22
assessment, utility of skin temperature, 75–76

increased blood fl ow, 76
infection, 76
infl ammation, 75–76
ischemia, 76
surgical wounds, 75

basement membrane, 20
bones, 24,
bursa (bursae), 24
color, 19–20
deep fascia, 22–23
dermal appendages, 20, 20f
dermal-epidermal junction, 20
dermis, 20–21, 20f, 21f
graft, 28, 45

harvest and placement, 410–411
types of, 411

heel fi ssures, 359–360
infrared scanner, 75
ligaments, 23
liquid crystal skin thermography, 75
nerves, 24
neuropathic foot, 356–361
noninvasive care, 357–359
palpation, 75
pressure ulcer

assessment, 250–251
failure and terminal, 243–244

skeletal muscle, 23, 24f
skeleton, 22–25
and soft tissues, anatomy and physiology, 17–24, 18f
subcutaneous fat, 23, 23f
superfi cial fascia, 22
tears, nutritional guidelines, 205
temperature, 74–76, 85
tendon, 23, 24f
texture, 63
thermistor, 75
and wound attributes

adjacent and periwound tissues, 63–76
observation and palpation techniques, 62–63

young skin, 17–20, 19f
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wound healing phase measures, 140
wound location, 140
wound tissue attributes, 141t, 142t, 143t

Symmetric tonic neck refl ex (STNR), 280
Sympathetic nervous system (SNS), 22, 538–539
Systems review, wound care process, 6–7

T
TCC. See Total-contact casting (TCC)
Tendon, 20, 21f
Terbinafi ne, 366–367, 367t
Tertiary intention, surgical wounds, 218
TGF-b. See Transforming growth factor-b (TGF-b)
Therapeutic positioning

bed rest, dangers of, 281
case study, 300–302
immobility, 281
interface pressure mapping, 280, 280f, 281f
need, 274–275
patient evaluation

cardiopulmonary system, 281–282
cognitive system, 282
integumentary system, 282
medical history, 275–276
musculoskeletal system, 277–281
neuromuscular system, 276–277
psychosocial system, 282
referral, reason for, 275
vascular system, 281–282

recumbent position
ADLs, 279–280
air-fl uidized surfaces, 298
equipment, 297–298
functional diagnosis, 284t, 285t
interventions, 296–299
mattress and cushion replacements, 298
mobility examination, 278–279
nonpowered dynamic mattress replacements, 298
overlays, 297–298
positioning supplies, 298–299, 299t
powered dynamic mattress replacements, 298
pressure ulcer formation, 296
prone position, 297
range of motion (ROM), 277–278
side-lying position, 297
static mattress replacements, 298
supine position, 296–297, 297f

self-care teaching guidelines, 300
sitting position

ADLs, 279–280
algorithm, sitting surface determination, 293, 293f
ancillary devices, 295–296
armrests, 295
back supports, 293–294
back wheels, 295
basic seating principles, 286, 286t
contoured cushions, 291–292, 292f
footrests and footrest accessories, 294–295
front wheels, 295
fully customized contouring cushions, 292, 292f
functional diagnosis, 282–284t
head supports, 295
heat and moisture, 290
interventions, 285–296
mobility examination, 279
pelvic control, 286–287
postural control and stability, 287
posture examination and evaluation, 286
pressure, 289–290

Skin changes at the life’s end (SCALE), 56–57, 57f
Skin perfusion pressure (SPP), 180–181
Sleep, wound healing, 59
Slough, 436
SNS. See Sympathetic nervous system (SNS)
Social history, wound care process, 5–6
Soft tissue, anatomy and physiology, 17–49. See also Skin
Spinal Cord Injury Pressure Ulcer Monitoring Tool (SCI-PUMT), 151, 

152t–155t
Spinal cord involvement, wound pain, 539
Splinting, scar, 426
Split thickness skin grafts (STSGs), 28
Stasis dermatitis, 103f, 329, 329f
Static mattress replacement, 302
Static splint, 426
Stereophotogrammetry (SPG), 124
Sterile technique, 466
STNR. See Symmetric tonic neck refl ex (STNR)
Stratum corneum, 19
Strengthening exercise, scar management, 426
Stress-induced vascular changes, wound healing, 59
String gauge plethysmography, 179
Subcutaneous fat, 23, 23f
Subdermal burns, 407, 407f
Sulfamylon, 412
Sun protection, 421
Superfi cial (papillary) dermis, 20–21
Superfi cial fascia, 22
Superfi cial wound healing, 25, 27, 25f
Superfi cial-thickness burns, 405, 405f
Suppliers, sitting position devices, 300
Surface temperature testing, neuropathic foot, 337–340
Surgical wounds, acute

age, 218–219
assessment and management, 220–222
case study, 226–227
classifi cations, 217t
concurrent conditions, 219
extrinsic factors, 215–218
factors affecting, 215–220
incisional wound healing, 226–227
infl ammatory phase, 221
intraoperative period, 217–218
intrinsic factors, 218–220
nutritional guidelines, wound etiology, 201
nutritional status, 220
outcome measures, 223, 224t, 225t
oxygenation and perfusion, 220
postoperative period, 218
preoperative period, 216–217
proliferative phase, 221
referrals, 224, 226
remodeling phase, 221–222
secondary and tertiary intention, 222
self-care teaching guidelines, 226, 227t
stress and pain, 220
surgical dressing, care of, 222
types of, 216t

Sussman Wound Healing Tool (SWHT)
case study, 141–142
database, 142–143
development of, 143
forms, 141–142, 162–163
HVPC protocols, 619, 619t
reliability and practicality, 140
size location, 140
tissue attributes, 133f, 139–140, 139f
treatment outcomes, 140–141
use of, 136–137
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cavitation, 691
microstreaming, 691–692

aftercare, 718, 720
applicator manipulation, 717–718
Arobella Qoustic Q wound therapy system, 704f
blisters, 718
candidacy evaluation, 714–715, 714t, 715t
case study, 705, 719–720
celleration MIST therapy system, 703f
chronic leg ulcers, 707–709
circulation effects

blood fl ow, 694
ischemia reperfusion, 694

clinical effects
pain relief, 699
physiologic effects, 704
scar revision, 704
transdermal drug delivery, 699
wound debridement, 699, 700t–702t, 703

continuous and pulsed US waves, 689
coupling media, 717
diabetic foot ulcers, 709–710
documentation, 722–723
duration, 720–721
duty cycle, 689f
edema, 697
epithelialization phase, 693
equipment selection, 715
expected outcomes, 716
frequency, 688f

heat and, 689
high, 687–688
low, 688–689

high-resolution diagnostic ultrasound
imaging, 710–711
new high-resolution diagnostic scanner, 712
practical implications, 712–714
visual details, 711–712

hour glass shaped US beam, 687f
infection and bactericidal effects

animal clinical studies, 698
cellular level, 697
frequency, 698–699
tissue level, 697

infl ammatory phase, 693
instrumentation, 686–687
intensity

defi nition, 689
MHz application, 691f
temporal and spatial, 690, 690f

LFUS (25 kHz) Sonica 180 policy and procedure, 721–722
low-frequency noncontact US (LFNCUS), 721–722
Misonix, 703f
period, 687f
pressure ulcers, 706–707
proliferative phase, 693
protocol considerations

HFUS, 715–716
LFUS, 716

punch biopsy wound, 688f
remodeling/maturation phase, 693–694
self-care teaching guidelines, 722
sonication, 686
SÖRING/Sonoca 180, 703f
terminologies, 685t–686t
therasound, 686f
thrombolysis (fi brinolysis) and deep tissue injury, 694–697
treatment setup, 718
undermined/tunneled areas sonication, 718

Therapeutic positioning (Continued)
pressure equalizing vs. pressure eliminating, 285, 285f
pressure-reduction or equalization/redistribution cushions, 291, 291f
range of motion (ROM), 277–278
seat cushions, selection of, 289–293
selective pressure elimination cushions, 291f, 292
shear, 290
solid seat base, 295
suppliers, 296
thigh control, 287
wheelchair measurement, 288–289, 289f
wheelchairs or mobility bases, 287–288

transfer technique, 279
undermined wound, 283, 284f
vehicle lap belts, safe installation of, 296

Thermal injury
contact burns, 402,
fl ame burns, 401, 402f
scald burns, 401–402, 403f

Thermal regulation, 728
Thermal sensation, 74
Thermistor, 75
Thermotherapy, 727
Thermotherapy with short-wave diathermy

case study, 640–643
circulatory effects, 638
clinical studies, 639t
continuous short-wave diathermy and circulation, 640
nonthermal PRF effect, 643–644
pulsed short-wave diathermy and circulation, 642–643
tissue heating, 640

Thigh control, 291
Tinea pedis

diagnosis, 368–369
management, 370
prevention, 371
signs and symptoms, 368, 369t
topical antifungal products, 370, 371t

Tinea unguium. See Onychomycosis
Tissue biopsy, 464
Tissue inhibitors of metalloproteinase (TIMPs), 37
Toenails, 72
Tonic labyrinthine refl ex (TLR), 280
Topical antimicrobials

acute wounds, 518
chlorhexidine, 512
chronic wounds, 518
hypochlorites, 512
iodine, 513, 518, 518t
quaternary ammonium compounds, 513
silver, 513, 514t–517t
superoxide solutions, 512

Topical negative pressure. See Negative pressure wound therapy (NPWT)
Topical oxygen, 789
Total-contact ankle-foot orthosis, 351
Total-contact casting (TCC), 347–349, 348f
Trajectory, wound healing, 113f, 117f, 120–122
Transcutaneous oxygen measurements, 180
TransCyte, 528–531
Transforming growth factor-b (TGF-b), 36
Trichophyton rubrum, 368
Tropocollagen molecule, 44
Troughing, fi stulas, 391, 392f
Turgor, 63

U
Ultrasound (US)

absorption and attenuation, 692
acoustic pressure
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intravascular ultrasound (IVUS), 184
lymphoscintigraphy, 184
photoplethysmography (PPG), 183, 183t
string gauge plethysmography, 183
venography, 184
venous duplex scanning, 183–184

Venous leg ulcers, 438, 549–551, 552t
Venous macrovascular system, vascular ulcers

clinical signs and symptoms, 318
diagnostic tests, 318–319
pathophysiology, 317
venous anatomy, 317, 317f

Venous microvascular system, vascular ulcers
clinical signs and symptoms, 319
diagnostic tests, 319
management strategies, 319–320
medical therapy, 319

Venous muscular pump, 479
Venous ulcer, 705
Verbal descriptor scale (VDS), 555
Vesiculobullous tinea pedis, 370, 370f
Vibratory perception threshold (VPT), 74
Video teleconferencing, 127
Visual analogue scale, 553–554, 555
VPT. See Vibratory perception threshold (VPT)

W
Wagner Ulcer Grade, 335, 335t, 337t

classifi cation system, 82t
WBS. See Wound Bed Score (WBS)
Wedge shoe, 353, 353f
Wet gangrene, 334f, 335
Wheelchair

back height, 292
back supports, 297–298
footrest adjustment., 292–293
footrests and footrest accessories, 298–299
measurement, 292–293
mobility bases, 291–292
seat cushions, 293–297
seat depth, 292
suppliers, 300
width, 292

Whirlpool therapy, 465
White superfi cial onychomycosis (WSO), 374
Woo and Sibbald chronic wound pain model, 546
World Health Organization (WHO) analgesic ladder, 562, 563t
Wound

dressings, topical treatment, 469, 469t
entrance, 403
exit, 404
grading, 335–337
irrigation, 465
photography, 126–128
recovery form, 125t, 126
severity diagnosis, 83
soaking, 464
symptoms, elicit extent of, 5
tracings, 123–126
V.A.C. See Negative pressure wound therapy 

(NPWT)
Wound assessment process

assessment toolbox, 62
data collection and documentation, 61
forms and procedures, 61
indexes for, 62t
purpose and frequency, 60–61
wound care process, 6–7

Wound Bed Score (WBS), 150, 151t

wavelength, 687
wound dressing MHz US transmission rates, 717t

Ultraviolet energy, therapeutic effects of, 672, 673
Undernutrition, risk factors, 184, 184t
Unhealthy granulation tissue, appearance of, 138
Unilateral lower extremity edema, 478, 478f
University of Texas, San Antonio classifi cation, 82, 82t
University of Texas Treatment-Based Diabetic Foot Classifi cation System, 

82–83, 82t
Unna boot, 328–329, 328f, 493, 493f

V
Vacuum sealing. See Negative pressure wound therapy (NPWT)
Vacuum-assisted closure (V.A.C.). See Negative pressure wound therapy 

(NPWT)
Vaginal fi stulas, 396, 396f, 397f
Validity

Bates-Jensen Wound Assessment Tool (BWAT), 145
concurrent validity, 132
construct validity, 132
content validity, 132
criterion validity, 132
predictive validity, 132

Vancouver scar scale, 422, 422t
Vascular endothelial cells, impairment of, 22
Vascular evaluation

Ankle Brachial Index, 176–177, 177t
arterial duplex scanning, 180
computed tomography (CT) angiography, 182
continuous wave Doppler ultrasound, 176–177, 176f, 177f
invasive arterial studies, 182
laser Doppler, 180–181, 180f, 181f
magnetic resonance angiography (MRA), 181–182
noninvasive arterial studies, 176–182
past medical history, 173–174, 174t
physical examination, 174–175, 175t
procedure for, 173–176
segmental and digital plethysmography, 177–180, 178f–179f, 178t
skin perfusion pressures, 180–181
transcutaneous oxygen measurements, 180
vascular testing, 175
venous insuffi ciency, 182–184

Vascular system
edema, 476, 479
neuropathic foot, 328–329

Vascular ulcers
arterial macrovascular system, 310–313
arterial microvascular system, 313–316
case study, 320
CEAP classifi cation, 318
classifi cation scheme, arterial and venous disease, 312, 313t
microcirculation, 309
signifi cance, 310
venous macrovascular system, 316–319
venous microvascular system, 319–320

Vasodilation, 729
complement system, 38
current of injury, 40, 40f
fi broblasts, 39–40
macrophages, 39
mast cells, 39
neutrophils, 38–39

Venography, 184
Venous dermatitis, 492f, 493, 495f, 496
Venous duplex scanning, 183–184
Venous edema, 477
Venous insuffi ciency

air plethysmography (APG), 183
ambulatory venous pressure monitoring, 182–183
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defi nitions, 131
epithelialization phase

absence of epithelialization phase, 102
acute epithelialization phase, 98
chronic epithelialization phase, 100–101

Wound etiology, 76–77
locations of, 111t
nutritional guidelines, 203f

burns, 203, 204f
leg ulcers, 203
oral candidiasis, 203, 205
pressure ulcers, 201, 202t, 203, 203f
skin tears, 203
surgical wounds, 203

Wound grading, 335–337
Wound healing

absent aspect, 84
acute aspect, 84
bioburden and infection, 58
chemotherapy, 57–58
chronic, 28, 45t
chronic aspect, 84
chronic infl ammatory phase, 81f
chronic wound, 86f
delayed primary intention wound healing, 25
epithelialization, 29, 30f
ES. See Electrical stimulation (ES), wound healing
extrinsic factors

medications, 57
nutrition, 57

factors affecting healing, 54t
additional trauma, 60
bioburden and infection, 58
extrinsic (environmental) factors, 57
iatrogenic factors, chronic, 59–60
inappropriate wound care, 59–60
irradiation and chemotherapy, 57–58
local ischemia, 59
patient’s health status, 53
psychoneuroimmunology (PNI), 58–59
psychophysiologic stress, 58–59
underlying pathology (intrinsic factors), 53–57

full-thickness/secondary intention healing, 27–28, 28f, 28f25f–27f
hydrotherapy, 733–738
hypergranulation tissue, 96f
iatrogenic factors

additional trauma, 60
chronic wound healing, 59–60
inappropriate wound care, 59–60
local ischemia, 59

immature keloid scar, 100f
infl ammation, 29, 30f, 31, 33–35
intrinsic factors

age, 54
chronic diseases, 54
dehydration, 56
immunosuppression, 55
mental status changes (dementia), 56
neurologically impaired skin, 55–56
oxygenation, 54–55
perfusion, 54–55
skin changes at the life’s end (SCALE), 56–57, 57f
undernutrition (malnutrition), 56
wound duration, 56
wound extent, 56

learned pain, 59
models, 25
and noise, 59
nutrient role

Wound bed tissue assessment
acute infl ammation

depth, 87
subcutaneous and deeper tissues, 87
undermining and tunneling, 87

chronic infl ammation, 88, 88f
epithelialization phase

absence of epithelialization phase, 102
acute epithelialization phase, 98
chronic epithelialization phase, 100

infl ammatory phase
absence of infl ammation, 93
acute infl ammation, 87–88
chronic infl ammation, 92f, 93

proliferative phase
absence of proliferative phase, 97
acute proliferative phase, 95
chronic proliferative phase, 96

Wound care process
assessment, 3–7
diagnosis, 7–8
prognosis and goals, 8–12
reevaluation process, 12

Wound classifi cation systems
and characteristics, 672t
depth of tissue injury, 77, 77t
differential diagnosis of wound etiology, 76–77
Marion laboratories red, yellow, black classifi cation system, 82, 83t
National Pressure Ulcer Advisor Panel Pressure Ulcer Staging System, 78–82
University of Texas Treatment-Based Diabetic Foot Classifi cation System, 

82–83, 82t
Wagner Ulcer Grade classifi cation system, 82, 82t

Wound cleansing
irrigation, 465
outcomes of, 465–466
saline, 464
scrubbing, 465
soaking, 464
whirlpool therapy, 465

Wound drainage, assessment of
acute infl ammation, 87–88
adjacent and periwound tissue assessment
chronic infl ammation, 97
epithelialization phase

absence of epithelialization phase, 102, 104t
acute epithelialization phase, 100
chronic epithelialization phase, 101–102

infl ammatory phase
absence of infl ammation, 93
acute infl ammation, 87–88
chronic infl ammation, 88

proliferative phase
absence of proliferative phase, 98
acute proliferative phase, 96
chronic proliferative phase, 97, 98

Wound dressings, interactive
alginates, 506–507
fi lm, 502–503
foam, 503–504
hydroactive, 508
hydrocolloids, 505–506
hydrogels, 504–505

Wound edges
assessment of, 87, 90f

absence of proliferative phase, 98
acute infl ammation, 87
acute proliferative phase, 96
chronic proliferative phase, 97
proliferative phase, 96, 97
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delayed wound healing, 543–544
diagnosis, 557–558
drug treatment, 566–567
etiology

arterial ulcers, 548
diabetic foot ulcers, 548
lipodermatosclerosis, 550f
pressure ulcer pain, 550, 553t
venous leg ulcers, 549–550, 551t

experience, 546
hyperalgesia

primary, 543
secondary, 543–544

lidocaine soak procedure, 565t
neuropathic assessment, 554,
nondrug treatment, 566–567
nonpharmaceutical options

biophysical agents, 562, 573–576
distraction and reframing,561
positioning, 558
psychological interventions, 562
relaxation, 561
visual imagery, 561–562
wound cleansing, 560–561
wound dressings, 558–560

pain memories, 544
pain scales assessment

FACES scale, 555
multidimensional, 557
numerical rating scale (NRS), 555
pain distress scales, 555
unidimensional use, 555, 557
verbal descriptor scale (VDS), 555
visual analogue scale, 555

patient history assessment, 552
peripheral nervous system

nociceptive pain, 536, 538
sympathetic nervous system (SNS), 538–539

persistent (neuropathic) pain
classifi cation, 545
etiology, 545–546
mixed pain, 546

pharmaceutical interventions
adjuvants, 564
analgesic use guidelines, 562
NSAIDS, 562–563
opioids, 563
pain control medications, 564
procedural medications, 565

positive and negative aspects, 536
pruritus (itch), 545
referral reasons, 565
self-care teaching guidelines, 565–566
spinal cord involvement, 539
WHO ladder, 563t
Woo and Sibbald chronic wound pain model, 546
wound pain diary, 555t

Wound photography, 126–128
Wound recovery form, 125t, 126
Wound severity diagnosis, 83
Wound symptoms, elicit extent of, 5
Wound tracings, 123–126
Wound V.A.C. See Negative pressure wound therapy (NPWT)

X
Xenografts, 411
Xerosis, 376

Z
Zimmer Pulsavac Plus LP small splash shield, 759

carbohydrates, 194, 196–197
fats, 198
minerals, 199
nutritional needs and assessment, 200t–201t
protein, 197–198
vitamins, 198–199
water, 199, 201

partial-thickness wound healing, 27, 27f
phase diagnoses, 48t
phase diagnosis and prognosis, 84–85, 84t
phases, 29, 30f, 31, 32t–33t, 34f
physiology, 25–33, 25f
primary/fi rst intention wound healing, 25
prognoses, 9
proliferation, 29, 30f
psychoneuroimmunology, 58–59
psychophysiologic stress, 58–59
radiation therapy, 57–58
remodeling, 29, 30f
shoes, 353–354, 354f, 355f
and sleep, 59
and smoking, 220
status, 83–85
and stress-induced vascular changes, 59
superfi cial wound healing, 25, 25f, 27
terminology, 30t–31t, 31
tools. See also Sussman Wound Healing Tool (SWHT)

BWAT, 140–150
clinical practicality, 133
clinical utility, 151
evaluation criteria, 131–133
PUSH, 139–140
reliability, 132
responsiveness, 132–133
validity, 131–132
wound characteristics, 133–137

trajectory, 113f, 120–122
Wound history, wound care process, 7
Wound measurements

accuracy and reliability, 112–113
baseline and subsequent measurements, 110
form, 112t
linear methods

erythema, skin surrounding, 123
surface area, 114–116, 114f, 115f, 115t
undermining and tunneling, 116–120, 117f, 118f, 119f
wound depth, 122
wound volume, 122–123

location, 111, 111t
vs. photo and tracing/planimetry methods, 113–114, 113t, 114t
photography, 126–128
record, 128t
referrals, 128, 128t
self-care guidelines, 128–129
tracings, 123–126, 125t

Wound pain
allodynia, 544
behavioral studies, 548
brain involvement

cerebrospinal tracts, 541
degradation, 542–543
pain matrix, 539–540
pain perception, 541–542
pain threshold, 541
primary somatosensory and somatomotor cortex, 540–541

case study, 567–568
cerebral atrophy, 544
clinical survey, 547–548
decision tree, 559t
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