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In recent years, the amount of knowledge surrounding the processes of wound heal-
ing has significantly increased, resulting in a vast array of therapeutic options. The
assortment of preparations currently available may become somewhat perplexing
to physicians and medical personnel.

We have become aware of the difficulty involved in selecting the most appropri-
ate therapy for a specific type of wound. Our main purpose in writing this book,
therefore, is to present a step-by-step algorithmic approach to the treatment of
chronic wounds.

The caring of wounds has always been the realm of the various branches of sur-
gery. Dermatology, on the other hand, being the medical science that specializes in
skin and cutaneous physiology, deals with the essential and fundamental aspects of
wound healing. Due to its very nature, wound healing overlaps into the many disci-
plines of medicine in general. Internists, diabetologists, and geriatricians are be-
coming increasingly involved in the field of wound care. General practitioners and
family physicians are frequently required to treat acute and chronic wounds.

In this book, we introduce the dermatologic perspective of wound healing which
applies to the diagnosis of cutaneous ulcers, based on history, physical examination,
biopsy, and laboratory tests. We also present a therapeutic approach to ulcers ac-
cording to their appearance.

We believe that this guidebook will assist physicians in the treatment of chronic
wounds, and that it will ultimately serve to reduce the immense suffering of those af-
flicted.

Note to the Reader. Neither the authors nor the publishers are liable for any con-
sequences arising from the use of information presented in this book. The readers
are advised to check for up-dated information provided by the manufacturers,
including dosage and safety regulations, for each of the products described in this
book. Ultimate responsibility rests with the treating physician.

Some of the chapters include lists of commercial names of preparations used in
the healing of chronic ulcers. This is by no means intended as a commercial recom-
mendation. It is simply intended to provide the readers with a guide to the range of
brand names in use for a certain biologic substance. We have done our best to pro-
vide up-dated and accurate lists. However, this area is subject to frequent changes,
and the readers are advised to gather information from other currently available
sources.

Preface
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1.1  Definitions

Dorland’s Medical Dictionary defines ‘wound’
as “a disruption in the normal continuity of a
body structure”. The term ‘wound’, as found in
dictionaries and in the commonly accepted ter-
minology, usually relates to an acute injury or
an acute mechanical trauma, such as a gunshot
wound, a stab wound, etc.

The accepted definition of ‘chronic wound’
relates to any wound that fails to heal within a
reasonable period. There is no clear-cut defini-
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T he treatment of leg ulcers is gener-
ally looked upon as an inferior
branch of practice, an unpleasant
and unglorious task where much
labor must be bestowed, and little
honor gained.

(Edinb Med Surg, 1805)

’’

tion that points to the chronicity of a wound.
However, most physicians would agree that a
wound that fails to heal within 3–4 months may
be regarded as chronic. The estimated time for
healing is not arbitrary but depends on factors
such as the size of the wound, its cause, and the
patient’s general clinical status.

In dermatology, the preferred term for ‘chron-
ic wound’ is ‘chronic cutaneous ulcer’. An ulcer,
in turn, is defined as a depressed lesion in
which the epidermis and at least the upper der-
mis have been destroyed [1] (Figs. 1.1, 1.2). An
‘erosion’, on the other hand, is a focal loss of the
epidermis without involvement of the dermis
(Fig. 1.3).

Note that a cutaneous ulcer is not a primary
lesion. An ulcer does not develop de novo, from

Fig. 1.1. Schematic illustration of an ulcer. There is in-
volvement of the epidermis and at least part of the der-
mis

Basic Definitions and Introduction 1
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intact normal skin. It is preceded by another in-
itial pathologic lesion, such as a papule or a
pustule, from which the ulcer evolves.

1.2  Three Aspects of Treatment 
in Wounds and Ulcers

In recent years, accumulating knowledge re-
garding wound healing processes has led to the
development of numerous therapies. A bewil-
dering plethora of novel topical preparations,
dressing materials, and advanced methods of
debridement are now at the hands of physicians
and medical personnel. In many cases, even
those who specialize in the field of wound heal-
ing, such as dermatologists or plastic surgeons,
may find it difficult to choose the most appro-
priate treatment.

This book places this flood of information
and the many modes of therapy currently sug-
gested into some order and offers a reasonable
approach to the treatment of cutaneous ulcers.
The following chapters put forward a practical
and algorithmic therapeutic approach, accord-
ing to specific features of the ulcer.

As a rule, the treatment of a cutaneous ulcer
is determined by three aspects:

5 Etiology
5 Clinical appearance of the ulcer
5 Adjuvant therapy

1.2.1  Etiology

The treatment modality used is directed
specifically to the pathologic process which
caused the ulceration. For example:

5 Glucocorticoid therapy should be
considered when the ulcer is attrib-
uted to a vasculitic process or to a
certain connective tissue disease. It
is often advisable for pyoderma
gangrenosum. However, since gluco-
corticoids have an inhibitory effect
on wound-healing processes, their
use is not desirable for other kinds
of cutaneous ulcers.

5 In an ulceration diagnosed as
caused by leishmaniasis, one may
consider applying a topical prepara-
tion containing parmomycin. In cas-
es of unresponsive or destructive ul-
ceration, intravenous pentostam
may be considered.

5 Splenectomy may be considered for
recalcitrant ulcerations due to he-
reditary spherocytosis.

Due to the vast array of diseases and patholog-
ic processes characterized by the appearance of
cutaneous ulcers, a comprehensive dermatolo-

Chapter 1 Basic Definitions and Introduction2

1

Fig. 1.2. A cutaneous ulcer. Note that the destruction ex-
tends deeper into the epidermis

Fig. 1.3. An erosion that developed following blister rup-
ture

t

t
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gy textbook would be needed to fully cover
each issue. In this book we limit the discussion
to the appropriate identification of an ulcer’s
cause based on clinical features, histology, and
laboratory tests (see Chaps. 5 and 6). A struc-
tured diagnostic process is suggested as an al-
gorithmic approach.

1.2.2  Clinical Appearance of the Ulcer

The currently accepted classification of cutane-
ous ulcers is based on their clinical appearance
[2–9]. A practical distinction is made between
‘yellow’, ‘black’, and ‘red’ ulcers. In most cases,
the topical therapeutic method to be used de-
pends on the ulcer’s clinical appearance.

In Chap. 20, a flow chart is presented for the
treatment of cutaneous ulcers, when the ulcer’s
clinical appearance is the major determinant
regarding choice of topical treatment.

For the time being, there is no evidence that
a certain dressing type or a certain method of
debridement is more beneficial for a cutaneous
ulcer of specific etiology (e.g., venous ulcers or
diabetic ulcers).

1.2.3  Adjuvant Therapy

Modalities of adjuvant therapy are those in-
tended to improve a patient’s general condition,
thereby providing wounds with better healing
conditions.

Improvement of a patient’s nutritional status
and supplementation of certain nutritional in-
gredients, as described in Chap. 19, is applicable
here. The treatment of a patient’s other medical
problems that can increase the severity of the
ulcer can be included in this category. For ex-
ample, treatment of congestive heart failure can
reduce edema in the lower limbs, allowing en-
hanced healing of leg ulcers.

Similarly, hyperbaric-oxygen therapy can be
regarded as another mode of adjuvant therapy
that may have a beneficial effect on the healing
of a large spectrum of cutaneous ulcers. It
should always be considered in cases of diffi-
cult-to-heal cutaneous ulcers, in which ische-
mia is involved in the pathogenesis.

1.3  Ulcer Depth

A further classification of ulcers refers to their
depth. Definitions of ulcer staging, based on
depth and severity, were originally used for
pressure ulcers (Figs. 1.4–1.7). The staging

1.3Ulcer Depth 3

Fig. 1.4. A stage-I pressure ulcer

Fig. 1.5. A stage-II pressure ulcer

Fig. 1.6. A stage-III pressure ulcer
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system was developed with the objective of
creating better communication between medi-
cal personnel. Obviously, these definitions can
be implemented for any other sorts of cutane-
ous ulcers as well.

A commonly accepted system was developed
in 1987 in the USA by The National Pressure
Ulcer Advisory Panel (NPUAP) [10], as fol-
lows:

5 Stage I: Blanchable erythema of in-
tact skin

5 Stage II: Partial-thickness skin loss
involving the epidermis and dermis,
presenting clinically as an abrasion

5 Stage III: Full-thickness skin loss,
including the subcutaneous layer
with extension down to (but not
through) the underlying fascia

5 Stage IV: Full-thickness skin loss
with involvement of muscle, bone,
or other deep structures such as
tendons or joint capsules

1.4  Comments on Current Treatments

Accepted modes of treatment are discussed in
various chapters of this book, including dress-
ing materials, methods of debridement, biolog-
ical dressings and skin substitutes, and growth

factors. Other therapeutic measures have not
been sufficiently established, thus they cannot
be recommended as evidence-based methods
in the treatment of cutaneous ulcers for the
time being. These are mainly physical thera-
peutic modalities such as infrared light, low-en-
ergy laser irradiation, ultrasonography, and
electrical stimulation. These modalities are not
discussed in this book.

As a rule, it is difficult to accurately deter-
mine the efficacy of various treatments for cu-
taneous ulcers on the basis of current data. Re-
searchers have indicated that in some studies,
basic information such as history of previous
ulceration, ulcer duration, or its appearance,
has not been provided [11, 12]. Similarly, other
studies have included too small a sample of pa-
tients or have not been controlled. Neverthe-
less, some idea of the efficacy of current treat-
ments may be obtained, allowing a treatment
approach to be suggested, as presented in sub-
sequent chapters.
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2.1  Overview

Wound healing is a complex alignment of vari-
ous dynamic processes which are not yet fully
understood. The natural processes that occur
during normal wound healing, including the
various aspects of molecular and cellular
events, will be briefly discussed in this chapter,
the aim of which is to describe the practical ba-
sis for treating acute and chronic cutaneous
ulcers.

It is recommended that whoever is interest-
ed in a wider view of the basic scientific aspects
of this matter consult Cutaneous Wound Heal-
ing, edited by Vincent Falanga (Martin Dunitz);
The Molecular and Cellular Biology of Wound
Repair, edited by R.A.F. Clark (Plenum Press);
and The Epidermis in Wound Healing by David
T. Rovee and Howard I. Maibach (CRC Press).

In its usual schematic presentation, the course
of normal wound healing is divided into
three phases (Fig. 2.1):

5 Inflammation phase 
(also called ‘lag phase’)

5 Tissue formation phase 
(‘proliferative phase’)

5 Tissue remodeling phase

Note that this traditional division is somewhat
arbitrary and these phases partially overlap.
For example, processes of tissue formation be-
gin while active events of the inflammation
phase are still occurring.

Wound healing is regulated and synchron-
ized by a unique group of cytokines, known as
growth factors, secreted from thrombocytes,
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macrophages, neutrophils, lymphocytes, endo-
thelial cells, and fibroblasts [1–7]. Many cyto-
kines have been identified as having a certain
role in the processes of wound healing, such as
platelet-derived growth factor (PDGF), fibro-
blast-derived growth factor (FGF), epidermal
growth factor (EGF), tumor necrosis factor
(TNF), granulocyte-macrophage colony-stimu-
lating factor (GM-CSF), insulin-like growth fac-
tor (IGF), and transforming growth factors
(TGF) α and β.

Growth factors induce proliferation of cer-
tain cell lines, including fibroblasts, endothelial
cells, and epithelial cells with subsequent tissue
formation. Growth factors also induce processes
such as chemotaxis of white cells, wound con-
traction, and extracellular matrix deposition.

The three phases mentioned above will be
briefly summarized here. The practical ap-
proach to the management of a chronic cutane-

ous ulcer, or of a surgical wound, requires a
broad understanding of the physiological
events described below.

2.2  Inflammation Phase

In the normal course of wound repair, the in-
flammation phase usually lasts about 4–6 days.
The main processes that take place during this
phase are described below.

2.2.1  Vasoconstriction and Hemostasis

The initial events of the inflammation phase
begin immediately after the wounding: The in-
jured blood and lymphatic vessels undergo
rapid vasoconstriction that lasts a few minutes
[8]. Thrombocytes aggregate along the endo-
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Fig. 2.1.
The three phases
of wound healing
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thelium of injured vessels. The wounding pro-
cess also activates a cascade of coagulation.
Eventually, fibrinogen is cleaved to fibrin
monomers with the subsequent formation of a
hemostatic clot. Thrombocyte aggregation and
clot formation prevent leakage of blood from
the injured vessels.

The forming clot is composed of a matrix of
fibrin, together with small amounts of fibronec-
tin, vitronectin, and thrombospondin [1], in
which platelets and various blood cells are em-
bedded.

Later on, a process of fibrinolysis takes place,
in which plasmin dissolves the fibrin clot. As
discussed below, in more advanced phases of
wound repair, newly forming granulation tissue
gradually replaces the fibrin clot within the
wound defect. In the final stages, healing is
completed by the formation of scar tissue.

2.2.2  Vasodilatation and Increased
Permeability

Certain chemicals such as prostaglandins re-
leased from injured tissue and histamine se-
creted by mast cells induce vascular dilatation
with increased capillary permeability [8, 9].
Leaking of plasma through the permeable ves-
sels into surrounding tissue causes the site of
the injury to become swollen. Due to the secre-
tion of various chemical substances, the area
may show other typical signs of inflammation
such as redness, local warmth, and pain. Vaso-
dilatation lasts approximately one hour.

2.2.3  Chemotactic Growth Factors 
and Phagocytosis

During the initial stages of the inflammation
phase, thrombocytes initiate a complex chain
of events by secreting growth factors, leading to
an influx of white blood cells through the capil-
lary pores to the wound site. This commences
just minutes after wounding. A few hours after
wounding, neutrophils are seen within the site
of injury; their number reaching a peak 1 or 2
days thereafter. If there is no infection, they
gradually start to drop in number from the sec-

ond day after wounding. Within the following
3–4 days their number is significantly reduced
[10, 11]. Together with the appearance of neu-
trophils, macrophages transformed from circu-
lating monocytes accumulate. The increase is
relatively slower; they reach a maximum num-
ber after 4–5 days and become the most signifi-
cant cells in the phagocytic processes. Lympho-
cytes reach their maximal number approxi-
mately  six days after the wound occurs. White
blood cells and tissue macrophages act against
pathogenic organisms, debride necrotic tissue,
and secrete various other growth factors that
further activate the wound-healing processes
[12–14].

2.3  Tissue Formation Phase

The tissue formation phase includes the most
prominent events of wound healing. It begins
about 4–5 days after wounding and lasts for a
few weeks thereafter in the case of a normal,
‘healthy’ healing process.

The main processes that take place during
this phase are angiogenesis and granulation tis-
sue formation, re-epithelialization, and extra-
cellular matrix formation. All these processes
are detailed below (see also Fig. 3.9).

2.3.1  Angiogenesis and Granulation 
Tissue Formation

Release of growth factors induces migration
and proliferation of endothelial cells [12, 13].
Endothelial proliferation results in angiogene-
sis, i.e., the formation of new blood vessels. The
new capillaries that are formed branch out and
invade the fibrin matrix within the wound site,
thereby forming a complex and branched vas-
cular network. This vascular alignment is clini-
cally manifested as the new granulation tissue
covering the ulcer surface area during the nor-
mal healing process.

Granulation tissue consists of immature col-
lagen (type III) and ground substance, in which
white blood cells, fibroblasts, and young endo-
thelial cells are embedded [12]. The term ‘gra-
nulation’ is derived from the general appear-
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ance of the tissue – upon close inspection, the
tissue seems to contain numerous tiny gran-
ules, which are actually young blood vessels
(Figs. 2.2, 2.3).

The transforming growth factor-β (TGF-β)
superfamily encompasses a large number of
different cytokines which mediate various
physiologic processes. Cytokines of the TGF-β
superfamily seem to play a significant role in
wound healing, and especially in the process of
granulation tissue formation. TGF-β enhances
angiogenesis, proliferation of fibroblasts, and
differentiation of myofibroblasts, and induces
extracellular matrix deposition [15, 16]. The an-
giogenetic activity of TGF-β is influenced by its
concentration and the presence (and amount)
of other growth factors in the wound area.

Leptin, a protein produced primarily in the
adipose tissue, is involved in processes of wound

healing. Leptin regulates various metabolic and
endocrine functions. In addition, it acts as an
angiogenic factor and induces proliferation of
endothelial cells. Its activity seems to be regu-
lated by hypoxia [15, 17, 18]. These findings may
support earlier observations indicating that the
hypoxic environment induced by hydrocolloid
dressing may stimulate angiogenesis [19, 20].

2.3.2  Extracellular Matrix Formation

Two or three days after wounding, fibroblasts
migrate and appear in the wound bed. They
proliferate, and after a few days, an active syn-
thesis of collagen takes place [1, 21]. Initially, the
collagen produced is type III collagen. Deposi-
tion of collagen is the initial process that
creates some sort of structural alignment that
gradually enables skin integrity to be restored.

The proliferation of fibroblasts results in the
formation of an extracellular matrix of the
granulation tissue (Figs. 2.4). Apart from colla-
gen, fibroblasts also produce substances such as
proteoglycans and glycosaminoglycans.

The migration of fibroblasts is dependent on
the normal functioning of peripheral innerva-
tion in the wounded area with adequate secre-
tion of nerve growth factor [22–24].

Note that the synthesis of collagen requires
hydroxylation of proline and lysine residues.
Certain cofactors such as oxygen, iron, or vita-
min C are needed for collagen synthesis.A defi-
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Fig. 2.3. A clean red wound covered by healthy granula-
tion tissue

Fig. 2.2. Granulation tissue; histologic view. Note nu-
merous vertical blood vessels in the upper dermis and
proliferation of fibroblasts

Fig. 2.4. Phase-contrast micrographs of human fibro-
blasts cultured from wound healing tissue
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ciency of one of these cofactors may result in
impaired healing [8].

As previously mentioned, TGF-β induces ex-
tracellular matrix deposition. In addition, re-
cent studies have indicated the main role of ac-
tivins, i.e., members of the TGF-β superfamily,
in various processes of wound healing. Animal
studies suggest that activins may affect dermal
components with the induction of matrix for-
mation and dermal fibrosis [15, 25].

2.3.3  Re-epithelialization

Re-epithelialization is achieved by migration,
proliferation, and differentiation of epidermal
keratinocytes. The overall purpose is complete
ulcer healing, when the whole ulcer surface ar-
ea is covered by a layer of epithelium.

Note that in most cases, epithelial cells tend
to behave as stationary cells. Yet, they may be-
come migratory cells under certain unique
conditions: embryonic development, the nor-
mal course of wound healing, and malignancy
[26, 27].

Migration. Initial re-epithelialization of a
cutaneous wound is discerned several hours af-
ter wounding, when a gradual flattening and
pseudopodium-like projections are seen in epi-
dermal cells adjacent to the wound margin.
Within 24 h, epidermal cells detach themselves
from the basal lamina to which they are at-
tached. The movement, or migration, of epider-
mal cells is seen from the margins of the wound
towards the wound matrix [13]. This type of
movement is obtained by contraction and re-
insertion of intracellular filaments of actinom-
yosin [28]. The ameboid motion of each cell is
in the form of a unique pattern called lamello-
podial crawling. The advancing epithelializa-
tion also combines movement of cells in groups
or sheets, with sliding over other epidermal
cells [29,30]. Under optimal conditions, a single
cell does not advance more than two or three
cell diameters from its original, initial location
[31]. Therefore, appropriate epidermal coverage
has to be accomplished by proliferation.

Proliferation. A few hours following initial
migration, epithelial cells in this area undergo a
phenomenon called proliferative burst [1, 32,
33]. In the following days, due mainly to the
stimulus of growth factors, epidermal cells pro-
liferate, forming and producing new epidermal
cells and enabling the process of epithelializa-
tion to be completed [12, 13].

In a simple incisional/surgical wound, re-epi-
thelialization is expected to be completed with-
in 24 h, when cells from both sides of the wound
margin touch one another and seal the area.

2.3.4  Wound Contraction

Wound contraction is a major process that fur-
ther contributes to wound closure (Fig. 2.5).
This process does not involve the formation of

2.3Tissue Formation Phase 11

Fig. 2.5 a, b. a. A cutaneous ulcer. b. A scar following
complete healing of the same ulcer. From the size of the
scar, it is clear that a significant part of the healing pro-
cess is achieved by contraction
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new tissues, as discussed above. It is based on
the centripetal movement of healthy tissues pe-
ripheral to the site of injury, so that when the
wound is eventually closed, the scar in its center
will be of the minimal possible size. Wound
contraction begins a few days after injury, si-
multaneous to the tissue remodeling phase.
This process is conducted via modified fibro-
blasts, called myofibroblasts. Certain growth
factors, such as TGF-β1, regulate the conversion
of fibroblasts to contractile myofibroblasts
[1, 34]. Myofibroblasts resemble smooth muscle
cells; having actin-containing contractile fila-
ments, they can induce contractile forces on the
edges of a wound towards its center [35–38].

The rate of contraction is dependent on all
factors that dictate the ability to heal in general,
such as the patient’s general and nutritional
condition, the etiology of the wound, and the
presence of local infection. It is also determined
by the geometric shape of the healing wound.
In round wounds, for example, the process of
contraction tends to be slower.

2.3.5  Role of Nitric Oxide 
in Wound Healing

Nitric oxide (NO) is a free radical synthesized
from L-arginine. In recent years, data have been
accumulating on the significant role of NO in
the processes of wound healing. NO is a vasodi-
lator and apparently regulates proliferation and
differentiation of several cell types such as
macrophages, keratinocytes, fibroblasts, and
endothelial cells during the inflammatory and
proliferative phases of wound healing. Hence, it
affects angiogenesis, collagen deposition, and
wound contraction [39–41]. Most evidence sug-
gests that a certain increase in NO production
may be beneficial to normal healing [42].

Further research is required to identify the
exact mechanisms by which NO affects healing.
The clinical implications of the above have not
yet been determined.

2.4  Tissue Remodeling Phase

The tissue remodeling phase represents the late
processes of healing, taking place up to two
years following injury in normal healing condi-
tions.A continuous process of dynamic equilib-
rium between the synthesis of new stable colla-
gen and the lysis of old collagen is the hallmark
of this phase. Collagen type III, synthesized in
the first few weeks, is replaced by the more
stable collagen type I. The fibers of collagen are
arranged in a desired alignment. These pro-
cesses lead, eventually, to the formation of scar
tissue (Fig. 2.6).

The increasing amount of stable collagen
and the alignment of its fibers gradually in-
crease the strength of the healing wound [13,
43]. Two weeks after injury, an average wound
has about 5% of its original strength; after one
month, it reaches about 40% of its original
strength. A healed wound will never regain
more than 80% of its original strength. It al-
ways has a higher risk of breakdown compared
with intact skin.
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Fig. 2.6. Formation of scar tissue. (From [76])
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2.5  Types of Repair

From the surgical point of view, one may distin-
guish between three different modes of wound
management, relating mainly to approximation
of the wound’s edges:

Repair by Primary Intention. Repair by pri-
mary intention is intended for acute, clean sur-
gical wounds. The skin edges are approximated
to each other, either by suturing, by staples, or
by adhesive plasters. This procedure facilitates
a relatively rapid process of wound healing
[44].

Repair by Secondary Intention. In the case
of chronic ulcers, or in wounds that have a
higher probability of developing infection, re-
pair should be achieved by secondary inten-
tion. The edges of such wounds should not be
approximated. Closure and complete healing is
achieved gradually by granulation tissue for-
mation and re-epithelialization [44].

Repair by Tertiary Intention. Tertiary inten-
tion, also called delayed primary closure, is in-
tended for wounds where the surgeon approxi-
mates the wound edges only after a few days.
The delay allows natural physiological process-
es to take place, such as drainage of exudates or
reduction in the extent of edema [44, 45].

2.6  Chronic Ulcers and Protracted 
Inflammation

In contrast to the normal, natural course of
wound repair described above, chronic cutane-
ous ulcers are considered to be arrested and
‘trapped’ in an ongoing inflammatory phase
[46–48]. A protracted inflammatory process
develops in ulcers where normal mechanisms
of wound healing are not sufficient to enable
the wound to heal completely. This may occur
due to bacterial infection or to the presence of
foreign material that cannot be removed, solu-
bilized or phagocytized.

Clinically, the bed of a chronic cutaneous ul-
cer tends to appear fibrotic and to contain a

variable amount of necrotic debris. It cannot be
regarded as an appropriate matrix for the pro-
cesses of normal wound healing, such as migra-
tion of keratinocytes or epithelialization of the
wound surface.

The main features that characterize chronic
ulcers are as follows:

5 Increased enzymatic activity of ma-
trix proteases

5 Reduced response to growth factors
5 Cell senescence

2.6.1  Increased Enzymatic Activity 
of Matrix Proteases

Chronic ulcers have been shown to have high
enzymatic activity of matrix metalloproteases
(MMP), which act to degrade growth factors
and extracellular matrix components such as
collagen, fibronectin, and vitronectin [47,
49–53].

At the same time, the activity of MMP inhib-
itors, which could neutralize those unwanted
effects, is reduced [54, 55]. The ongoing degra-
dation of a newly formed matrix by MMP im-
pairs and prevents normal wound healing, per-
petuating the continuous inflammatory pro-
cesses that characterize chronic ulcers.

2.6.2  Reduced Responsiveness 
to Growth Factors

The level of growth factors is not necessarily
lower in chronic ulcers than in acute lesions.
Numerous studies of growth factor levels in
chronic ulcers have reported a wide range of re-
sults [47, 54–58]. Nevertheless, the general im-
pression is that the growth factors of chronic
ulcers are subjected to ongoing degradation
due to increased protease activity, as described
above. Accumulating evidence suggests that in
chronic ulcers there may be reduced expression
of growth factor receptors [59, 60]. It seems that
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these pathophysiologic changes are, at least in
part, an expression of cell senescence that oc-
curs in the chronic ulcer bed.

2.6.3  Cell Senescence

Recently, research studies have focused on the
issue of cellular senescence. The term ‘senes-
cence’ is derived from the Latin word senescere,
meaning to grow old. According to Dorland’s
Medical Dictionary, ‘senescence’ indicates the
process of growing old, especially the condition
resulting from the transitions and accumula-
tions of the deleterious aging process.

Old cells, in general, are characterized by re-
duced proliferative capacity [61–64]. The cur-
rent concept suggests that each human cell is
programmed to have a limited number of cellu-
lar divisions, determined by its specific origin
and nature. Following a finite number of divi-
sions, the cells reach a state of senescence, with
subsequent reduced proliferative capacity. An
in-vivo model of neonatal fibroblasts demon-
strated that these cells reached growth arrest
after 40–60 population doublings [65].

Senescent cells have characteristic morpho-
logical features; i.e., they tend to be larger than
cells that have not undergone such changes [66,
67]. In addition, they have specific biochemical
changes, such as an over-expression of matrix
proteins (e.g., cellular fibronectin). Senescent
cells have a decreased response to growth fac-
tors [66].

Mendez et al. [66] and Vande-Berg et al. [67]
demonstrated that fibroblasts derived from the
margins and beds of chronic cutaneous ulcers
become prematurely senescent. It is logical to
assume that the presence of senescent cells on
the surface and edges of a cutaneous ulcer re-
sults in impaired healing.

Agren et al. [68] demonstrated that fibro-
blasts obtained from chronic cutaneous ulcers
showed characteristics of senescence; their in-
vitro growth was significantly slower compared
with that of fibroblasts isolated from acute
wounds or normal skin.

Possible explanations for the presence of
senescent cells in cutaneous ulcers are as fol-
lows:

1. Cells within the surface or margin of a cuta-
neous ulcer are continuously stimulated to
proliferate (since the ulcer is not closed). On
the other hand, the basic pathologic process-
es leading to ulceration (e.g., infection, poor
vascularization, external pressure) still exist
and prevent healing. Mendez [66] suggests
that in these cases, cells undergo many un-
necessary futile divisions and gradually lose
their proliferative capacity.

2. It is suggested that chronic wound fluid and
the ulcer microenvironment contain certain
components that lead to cellular senescence.
Certain cytokines [69] or bacterial toxins
[70] may be involved in this process. Re-
search studies have shown that chronic
wound fluid suppresses in-vitro prolifera-
tion of fibroblasts, keratinocytes and endo-
thelial cells [70].

There are several clinical implications aris-
ing from the fact that cell senescence could
be an important factor in the failure of
ulcers to heal.

5 Meticulous debridement has an im-
portant part in the optimal treat-
ment of a chronic ulcer.
Debridement helps to remove se-
nescent cells from the ulcer’s sur-
face and margin. The value of
debridement procedures prior to
applications of growth factors, kera-
tinocyte transplantation, and the
use of composite grafts has been
documented [71–75].

5 Autologous skin grafting should be
considered for chronic ulcers that
are relatively large. As described in
Chap. 13, the main mechanism by
which allogeneic grafting is consid-
ered to exert its beneficial effect is
via the production of growth fac-
tors, which, in turn, enhance prolife-
ration of epithelial cells, fibroblasts,
and endothelial cells of the ulcer
bed. However, it is reasonable to as-
sume that in large, long-standing ul-
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cers cell senescence has occurred.
Consequently, the patient’s own cells
would not be able to heal and close
a relatively large ulcer. Moreover, in
such cases, growth factors do not
actually have an appropriate and
functional target tissue to affect.
Therefore, under appropriate condi-
tions, it may be preferable to consid-
er using autologous skin grafting,
which may ‘take’ and cover the ulcer
bed, rather than allogeneic grafting.

5 Future research studies may identify
specific components that lead to se-
nescence, which would then enable
the development of new treatment
modalities specifically aimed at pre-
venting senescence and thereby im-
proving the healing of cutaneous 
ulcers.

2.7  Concluding Remarks

In contrast to the normal healing of an acute
wound, chronic ulcers tend to be ‘stuck’ in an
ongoing inflammatory process. Today, chronic
ulcers are considered to represent a unique
pathophysiologic entity, in which the precise
process remains an enigma.

The optimal treatment of a chronic ulcer re-
quires appropriate ulcer bed preparation, fol-
lowed by advanced therapeutic measures such
as cultured keratinocyte grafts, composite
grafts, or preparations containing growth fac-
tors. These steps are aimed at breaking the cycle
of futile events that occur in a chronic ulcer and
to divert its course to a pathway of normal
wound healing.
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3.1  Overview

The history of wound healing is as old as the
history of medicine and probably as mankind
itself. In light of its magnitude, we shall not cov-
er the whole subject in this chapter. We shall fo-
cus rather on the principal milestones in the
history of wound healing.

In the past centuries and in recent decades,
there have been breakthroughs which have
made significant changes in our scientific under-
standing of wound repair processes. These
events have influenced the currently accepted
approach to treating wounds and ulcers.

This historical survey is an overview of the
treatment of wounds and skin lesions in gener-
al. In the medical literature, one can find histor-
ical surveys of specific types of cutaneous ul-
cers, especially venous leg ulcers, since they are
common [1, 2].

3.2  The Ancient World

Naturally, the topic has no clear starting point. It
may be attributed to that ancient father of hu-
manity who once used leaves as a dressing and
then even washed his wound in water – blissfully
unaware of the fact that he was opening up new
horizons in the history of medicine and of hu-
manity.

Later, though still well prior to documenta-
tion by clear historical records, various sub-
stances were rubbed on wounds or skin lesions;
natural materials were used, such as mud, vari-
ous plant extracts, or honey. Throughout histo-
ry, the putting together of these remedies be-
came more complex, requiring exact notation
of the mixtures that were used, as well as of just
how they were to be prepared.
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Magical and religious connotations were al-
ways dominant features of ancient medicine.
These elements have accompanied medicine
since the dawn of history, and only with the ad-
vent of modern medicine have they begun to
fade.

A unique aspect in the history of medicine is
the attempt to explain ancient healing rituals by
relying on modern medical knowledge and
technological capabilities. Thus, for example,
the Greeks used to scrape the point of a lance
over a wound, so that some metal powder was
sprinkled on it. It has been suggested that me-
tallic copper, when combined with vinegar, pro-
duces copper acetate, which has antibacterial
properties that could help in the treatment of
wounds and cutaneous ulcers [3, 4].

Similarly, inscriptions and marble carvings
found in shrines to the Greek god Asklepios (or
to Aesculapius, in the Roman world) associate
healing with having been in contact with the oral
cavity of non-poisonous serpents.Angeletti et al.
[5] have suggested that salivary growth factors
may have contributed to the healing process.

It is impossible to evaluate these and other
suppositions today, since the ancients neither
conducted nor documented strict clinical trials.
It is nonetheless reasonable to assume that such
magical or ritualistic treatments had signifi-
cant psychological consequences.

3.2.1  Medicine in Mesopotamia

The first written historical record was found on
a Sumerian clay tablet from ca. 2100 BC

(Fig. 3.1). This is actually the world’s oldest
medical manuscript. The “three healing ges-
tures” described in this tablet are: washing the
wound, applying dressings/plasters, and band-
aging the wound. These constitute the basic
principles of wound treatment today.

In his book The Healing Hand: Man and
Wound in the Ancient World [6], Guido Majno
states that there were 15 prescriptions recorded
on the tablet, without indication of the diseases
for which they were intended. Twelve of the 15
were for external use, eight being plasters, indi-
cating that they may have been used for local
diseases. Majno presents several examples of

these prescriptions, such as [6]: “Pound togeth-
er: dried wine dregs, juniper and prunes, pour
beer on the mixture. Then rub (the diseased
part) with oil, and bind on (as a plaster).”

Beer was widely used in Sumerian treat-
ments and it is likely that, owing to the antisep-
tic ingredients it contains, it did have some
beneficial effect in the treatment of wounds
and skin lesions [6].

However, it is impossible to assess today the
beneficial effect, if any, these remedies had on
the treated lesions. In fact, the Sumerians had a
variety of topical agents that could have been
useful. Oils may have been beneficial in sooth-
ing dry wounds.As mud and inorganic salts ab-
sorb water, they could have dried out wounds
and thus prevented proliferation of bacteria.
Certain plant extracts could also have had some
antibacterial effect. At present, nobody knows
whether the Sumerians actually made reason-
able use of the materials at hand.

3.2.2  Ancient Egypt

The information we have on medicine in an-
cient Egypt is based on the Smith and the Ebers
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Fig. 3.1. Cuneiform medical clay tablet. (From The Well-
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papyri, dating from around 1650 BC and 1550 BC,
respectively (Fig. 3.2). The information seems
to be based on older papyri that were probably
written a thousand years earlier.

The ancient Egyptians made use of mixtures
with substances such as honey, grease, and lint
for topical application to wounds. Lint was made
from vegetable fibers and apparently helped in
the absorption of secretions from the wound’s
surface.Whether honey has a beneficial effect on
the processes of wound healing is still controver-
sial (see Chap. 17).

The Egyptian science of bandaging wounds
was similar to that used in bandaging the dead
during the process of mummification. Prior to
bandaging, the materials were dipped in vari-
ous preparations, including herbal extracts,
gums, and resins. Gum applied to bandage
strips was also used to draw and to approxi-
mate wound margins. This procedure can be re-
garded as the first adhesive bandage [7, 8].

3.3  Inflammation, Infection 
and the Attitude to Appearance 
of Purulent Discharge in the Past

The Sumerian and ancient Egyptian docu-
ments include the terms ummu and shememet,
respectively, which are understood today as in-
dicating the presence of inflammation. The
Egyptians distinguished between two types of
wounds: ‘Good wounds’ were treated according
to the principles described above, including
dressing with topical preparation and bandag-
ing. On the other hand, ‘bad wounds’ were
affected by a ‘whirl of inflammation,’ identified
by touching the wound edge and by their ten-
dency to secrete pus. These wounds were left
open [7].

However, the earliest description of the ‘four
cardinal signs of inflammation’ was set down
by Aulus Cornelius Celsus (42? BC–37 AD), who
wrote a comprehensive eight-volume compen-
dium of medicine (De re Medicina). This book
was based on the Hippocratic Canon and other
classical sources. De re Medicina was forgotten
some years after its writing, only to be rediscov-
ered after a long period, in 1426. It was one of
the first medical books to be printed, appearing
in 1478. Thereafter, it enjoyed great success; new
editions were published even in the nineteenth
century [9]. It was here that Celsus first de-
scribed the four cardinal signs of inflamma-
tion, namely, rubor (redness), tumor (swelling),
calor (heat) and dolor (pain).

The Egyptians recognized that a suppurat-
ing wound should be drained [10]. Later, Galen
indicated that when infection was localized in a
wound, the discharge of pus might be followed
by healing. This observation was misinterpret-
ed in a dogmatic and rigid manner during the
following 1500 years [3, 11].

During this period, pus secreted by a surgi-
cal wound was considered to be beneficial in
cases where the amount of secretions gradually
decreased and the patient recuperated. The
presence of purulent discharge was considered
to be auspicious; the ancient expression pus bo-
num et laudabile reflects this concept.

In contrast, in cases of brown, thin, and foul-
smelling discharge, patients usually died. This
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type of discharge was, most probably, a mani-
festation of invasive infection.

Many topical preparations were introduced
into wounds with the objective of encouraging
suppuration, a mistaken treatment that could
actually increase the risk of spreading infection
with subsequent mortality [3, 11].

It would take until the nineteenth century for
it to be understood that the presence of pus in a
wound was undesirable. Not until the break-
through discoveries of Semmelweis, Lister, and
others (see below) was it possible to prevent the
development of pus in surgical wounds with
any degree of efficiency. These principles
played a significant role in the treatment of
wounds and cutaneous ulcers.

3.4  Renaissance Era

Ambroise Paré (1509–1590) was one of the
greatest physicians of the Renaissance and in
the entire history of medicine. His broad
knowledge of medicine and surgery, stemming
from his unique skills and many years of ser-
vice in the French army as a military surgeon,
resulted in significant changes in the medical
conceptions of those times. His scientific initia-
tives helped to direct traditional medieval med-
icine towards modern medicine.

Paré was chief surgeon to four kings of
France [12]: Henry II (1547–1559), Francis II
(1559–1560), Charles IX (1560–1574), and Henry
III (1574–1589). As a military surgeon he saved
the lives of thousands of soldiers, and in so
doing, changed the previous approach, which
was to simply leave the wounded soldiers be-
hind to die on the battlefield. He wrote two
books: Treatment of Gunshot Wounds and The
Method of Treating Wounds Made by Arquebus-
es, in which he summarized the surgical tech-
niques of his era and introduced those he had
developed. His books were translated into sev-
eral languages from the French (Fig. 3.3).

His unique contribution to the field of
wound healing prevented the suffering of many
a wounded soldier.At that time, gunshot wounds
were considered to be ‘poisoned wounds’ due to
their direct contact with gunpowder. The ac-
cepted approach was to treat these wounds by

cauterizing them with a red-hot iron or with
boiling oil.

During a military expedition to Turin led by
King Francis I (1536–1537), Paré gained impor-
tant experience (Fig. 3.4). In one of the battles,
the oil he used to treat gunshot wounds ran out.
He had no option but to improvise a mixture
that included egg yolks, oil of roses, and tur-
pentine. When he changed their dressings on
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Fig. 3.3. The cover picture of Paré’s book. (From The
Wellcome Library, London)

Fig. 3.4. Paré in the battlefield: A wood engraving of that
period. (By C. Maurand; from The Wellcome Library,
London)
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the following day, he was surprised to see that
the wounds treated with the improvised mix-
ture were greatly improved, compared with
those treated with the usual boiling oil. The re-
covery of those not cauterized with the oil was
faster and with fewer complications. Of this dis-
covery, Paré wrote [12]:

“I slept badly that night, as I greatly feared that,
when I would come to examine the wounded
the following morning, I should find that those
whose wounds I had failed to treat with boiling
oil will have died from poisoning. I arose at a
very early hour, and was much surprised to dis-
cover that the wounds to which I had applied
the egg and turpentine mixture were doing
well: they were quite free from swelling and
from all evidence of inflammatory action: and
the patients themselves, who showed no signs
of feverishness, said that they had experienced
little or no pain and had slept quite well. On the
other hand, the men to whom I had applied the
boiling oil, said that they had experienced dur-
ing the night, and were still suffering from,
much pain at the seat of the injury; and I found
that they were feverish and that their wounds
were inflamed and swollen. After thinking the
matter over carefully, I made up my mind that
thenceforward I would abstain wholly from the
painful practice of treating gunshot wounds
with boiling oil.”

This observation, which Paré published, yield-
ed significant improvement in the treatment of
gunshot wounds.

Paré was responsible for two further signifi-
cant contributions: The first was the use of a
ligature to stop bleeding, rather than cauteriza-
tion. The second was the development of an ar-
tificial hand, the prosthesis.Although it was not
particularly efficient, it allowed the disabled
person a degree of ability to function. Paré may
therefore be viewed as the father of medical re-
habilitation. His most memorable statement re-
flects his modesty:“Je le pansay, Dieu le quarit”:
“I dressed him, God healed him.”

3.5  Antiseptic, Identification 
of Bacteria and the Use 
of Antibiotics

A further aspect of the history of wound heal-
ing took place in parallel to that of the use of
antiseptics, identification of bacteria and the
development of antibiotic preparations. Break-
throughs in this field led to the prevention of
serious complications in acute and chronic
wounds.

3.5.1  Ignatz Phillip Semmelweis

The pioneer in this area was Ignatz Phillip Sem-
melweis (1818–1865). He was born in Hungary
of German parentage (Fig. 3.5) and studied at
the medical school in Vienna.Among his teach-
ers were Rokitansky and Skoda [13]. At that
time, ‘puerperal fever’ was the cause of many
deaths of women after childbirth throughout
Europe, and there was no reasonable explana-
tion for this phenomenon. Some doctors be-
lieved that insufficient ventilation was respon-
sible, and therefore many large skylights were
constructed with ventilation apertures in the
ceilings, still to be seen in European hospitals.

The mortality was higher in units where de-
liveries were carried out by obstetricians and
medical students than in units where deliveries
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Fig. 3.5. Semmelweis house in Budapest. The building
now serves as the Semmelweis Museum, Library and
Archives of Medical History
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were carried out by midwives. Semmelweis be-
gan to think that some substance found in
corpses was being transmitted by the doctors
and medical students handling autopsies to the
women giving birth [13].

Because Semmelweis noticed that chlorine
eliminated the smell typical of corpses, he de-
manded that the hands of anyone about to ex-
amine a woman after carrying out an autopsy
or examining a sick woman be washed in a
chlorine solution (Fig. 3.6). This policy reduced
the mortality among the women giving birth in
his department. However, in the early years, this
approach was ignored by all the medical jour-
nals. Only in December 1847 did Von Hebra
publish Semmelweis’s discovery in a brief edi-
torial in a local Viennese medical journal [14].

Throughout his life, his concept met with se-
rious opposition. In 1858,Semmelweis published
an article entitled “Etiology of Puerperal Fever”
in the weekly Hungarian medical journal Orvosi
Hetilap [13]. This was his first written article
presenting his approach. His book The Etiology,
the Concept and the Prevention of Puerperal Fe-
ver was published in 1860 [15]. However, after
the book appeared, the medical establishment
still failed to support his ideas.

Towards the end of his life, Semmelweis lost
his ability to reason. Researchers have found
that certain characteristics of his behavior
point to the Alzheimer syndrome. He died in a
psychiatric hospital, and there are findings that
may indicate he was beaten to death by hospital
attendants.

It is noted that the possibility of transmis-
sion of some pathogenic agent causing puer-
peral fever was identified, at almost the same
time, by Semmelweis and Oliver Wendell Hol-
mes, Professor of Anatomy at Harvard. Holmes
spoke of such matters at the Boston Society for
Medical Improvement in 1843 [16]. He suspect-
ed a possible association between the mortality
of mothers giving birth and the presence of
physicians in autopsies, and he recommended
that doctors avoid carrying out autopsies prior
to treating the mothers. However, Holmes did
not offer a practical solution to the problem
(washing the hands in a chlorine solution) as
did Semmelweis, and his statements failed to
result in any response.

The scientific basis for understanding Sem-
melweis’s observations was to be established in
the years that followed by Pasteur and Joseph
Lister, as described below.

3.5.2  Joseph Lister

In the middle of the nineteenth century, when
Joseph Lister (Fig. 3.7) began his medical career,
amputations were the most common form of
surgery. However, a high percentage of the
wounds became gangrenous. The mortality of
patients undergoing amputation was generally
higher than 40%, as a result of surgical contam-
ination [17–19].

In 1865, Lister happened upon the work of
Louis Pasteur. Pasteur had rejected the theory
that had supported the spontaneous appear-
ance of bacteria, and related the phenomena of
decay and fermentation to microbial action.
Lister came to the conclusion that the suppurat-
ing inflammation of wounds had a similar eti-
ology. In contrast to the then-accepted notion
that such bacteria originated in the patient’s
body, Lister was impressed by Pasteur’s claim
that they existed everywhere, including the at-
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Fig. 3.6. A porcelain device for washing the hands in the
Semmelweis era. (In the Semmelweis Museum of the
History of Medicine, Budapest)
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mosphere and the bodies and clothes of the
doctors, and that they could contaminate
wounds. Lister wrote [20]:

“But when it had been shown by Pasteur’s re-
searchers that the septic property of the atmos-
phere depended, not upon the oxygen or any
gaseous constituent, but on minute organisms
suspended in it, which owed their energy to
their vitality, it occurred to me that decomposi-
tion of the injured part might be avoided with-
out excluding the air, by applying as a dressing
some material capable of destroying the life of
the floating particles.”

In order to prevent the contamination of
wounds, he began to wrap them in many layers
of gauze which he had first immersed in a car-
bolic acid solution [21]. Between the gauze
layers and the wound, he would place a layer of
relatively impermeable silk, which he called
‘protective silk’, in order to prevent damage to
the tissues by the carbolic acid.

Later, he also applied these principles in the
operating theater. He would cover the area of
the operation in a piece of cloth dipped in car-
bolic acid, which he removed only when the
surgical incision was made. He steeped the sur-
gical instruments, as well as his hands, in a car-
bolic acid solution. Thereafter, he devised a car-

bolic acid spray, and the surgical area was
sprayed with the solution in order to destroy
the air-borne bacteria.

After a few months of carrying out these
practices, the level of contamination in his unit
in a Glasgow hospital dropped considerably.
However, the excessive exposure to the carbolic
acid was detrimental to the doctors’ health.
Damage to their lungs and those of the medical
staff was described as being so severe that they
had to stop working.

For the rest of his life, Lister tried to discover
the ideal bandage that would contain antiseptic
but non-irritant material – a worthy mission
indeed, since papers discussing damage to the
processes of wound healing caused by anti-bac-
terial agents are still being published today (see
Chaps. 10 and 11).

Only in the 1890s, more than 20 years after
the discovery that the source of contamination
is external, did the use of antiseptics become
universal.

3.5.3  Other Researchers

Similar to the observations of Semmelweis and
Holmes, described above, a British surgeon,
Spencer Wells, published an article in 1864,
entitled: ‘Some Causes of Excessive Mortality
After Surgical Operation’ [22]. Wells also re-
ferred to Pasteur’s work, and in light of it pro-
posed that bacteria settle on wounds and cause
the appearance of pus and sepsis. Wells insisted
on thorough washing with cold water and the
use of fresh towels when operating. Only spec-
tators who testified in writing that they had not
been in an autopsy room during the preceding
seven days were allowed to enter his operating
theater [17]. Nevertheless, Well’s conjectures
caused little reverberation, and he did not apply
his ideas beyond the practice noted above.

Following Pasteur’s discoveries, the science
of bacteriology developed. Koch noted that
there was a major transfer of bacteria during
surgery or treatment from the surgeon’s hands,
the instruments and bandages, and from the
patient himself. In order to destroy such germs,
he proposed the use of substances such as io-
dine and alcohol.
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Fig. 3.7. Joseph Lister (From The Wellcome Library,
London)
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Other antiseptic preparations included sodi-
um hypochloride, used by Alexis Carrell, and
mercuric chloride, used by William Halsted [3].
A major breakthrough, however, took place lat-
er with the discovery of antibiotics.

3.5.4  Antibiotics

In 1928, Alexander Fleming discovered a blue
mold growing in a Petri dish which had been
accidentally exposed to its spores. He noted
that all the bacteria surrounding the mold had
been killed. However, this discovery found no
application until it attracted the attention of
Chain and Florey in 1938, an event that led di-
rectly to the isolation of penicillin in 1940 [23,
24]. The first article describing the treatment of
streptococcal meningitis by penicillin was pub-
lished in 1943 [25].

The development of antibiotic medicines is
of primary importance in the treatment of
acute wounds and chronic lesions and the pre-
vention of possible complications such as cellu-
litis, osteomyelitis, and sepsis.

3.6  Investigation of Wound Healing
Processes

The establishment of the unique scientific
branch of histopathology by Virchow [26] in
the middle of the nineteenth century is the ba-
sis for our understanding of the processes of

wound healing as they are known today. The
development of antiseptic preparations con-
tributed significantly to the understanding of
these processes, since this meant that it was
possible for the first time to examine wounds
without accompanying contamination, and
thus to identify specific inflammatory charac-
teristics.

From initial breakthroughs achieved in the
works of Metchnikoff [27], our knowledge of
the complex processes of wound healing has
gradually increased.

3.7  The Significance 
of a Moist Wound Environment

In the 1950s, physicians noticed that blistered
skin achieved re-epithelialization and complete
healing if the blister roof was left intact, func-
tioning as a natural biological dressing, provid-
ed that the blister content was not infected [28].

In 1962, Winter et al. [29] presented a model
that changed the traditional concept of wound
healing. Instead of letting a wound dry out and
be covered by a dry scab, it was demonstrated
that keeping the wound environment moist
would yield much better clinical results. This
approach was confirmed in 1963 by Hinman
and Maibach [30]. They conducted a study on
human subjects with superficial wounds and
confirmed the beneficial effects of a moist envi-
ronment on wounds, compared with wounds
exposed to the air (Fig. 3.8).
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Fig. 3.8. The significance of a moist wound environ-
ment. Left: In a moist environment, epithelialization oc-
curs along the wound surface. Right: Abnormal and pro-
longed course of healing under a dry scab. Epidermal

cells are forced to advance under the crust; the metabol-
ic expense is higher. (From the book ‘Epidermal Wound
Healing’ by Maibach & Rovee, 1972)
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3.8  Keratinocyte Cultures 
and Advanced Skin Substitutes

In 1975, Rheinwald and Green [31] presented a
method of culturing keratinocytes from single
cell suspensions of human epidermal cells.
Their breakthrough opened up new and chal-
lenging possibilities in the field of skin re-
search. The technique enabled the transplanta-
tion of keratinocytes and the development of
skin substitutes containing living cells. This
topic is described in detail in Chap. 13.

3.9  Recent Developments

Growth Factors. There is an ever-increasing
knowledge of various cytokines that function
as growth factors, and the way they exert their
effect on wound healing. Thus, while other cur-
rently accepted modes of therapy may provide
optimal conditions for healing, preparations
containing growth factors actually accelerate
the wound repair process.

Epidermal growth factor was first isolated in
1962 from the submaxillary glands of adult
male mice [32]. Initially, it was defined as a
polypeptide hormone and was given the title of
‘growth factor’, since it stimulated mitosis and
epidermal hypertrophy when injected subcuta-
neously into neonatal mice [33–35]. It was later
isolated from human urine, saliva, breast milk,
and amniotic fluid and, in 1975, it was the first
true growth factor to be biochemically identi-
fied [36]. Pursuant to this discovery, the Nobel
Prize for Physiology and Medicine was awarded
to Rita Levi-Montalcini and Stanley Cohen in
1986 for the identification of nerve growth fac-
tor and epidermal growth factor.

Currently, platelet-derived growth factor
(PDGF) is in practical use. One may expect that
in the near future other cytokines will also be-
come available for routine clinical purposes.

Cell Senescence. Recent research has fo-
cused on the field of cellular senescence, trying
to identify the complex processes by which old
cells gradually lose their proliferative capacity

[37–40]. Cells from the margins and beds of
chronic cutaneous ulcers become prematurely
senescent [41, 42]. This topic is discussed in
Chap. 2.

Research studies are currently focusing on
this issue, trying to identify specific processes
that lead to senescence. Identification of these
processes may be followed by the development
of new modes of treatment aimed at preventing
senescence. These may be implemented in the
field of wound repair.

3.10  Future Directions 
in Wound Healing

Since the 1980s, there has been a growing
awareness and understanding of the subject of
wound repair. A number of medical associa-
tions that specifically address the area wound
healing have been established, such as the
Wound Healing Society and The European
Tissue Repair Society. Specialized journals are
now published, such as Wounds, The Journal of
Wound Care, Advances in Wound Care, and
Wound Repair and Regeneration.

Future directions in this fascinating field
may include the incorporation of further
growth factors into clinical use and a better
understanding of the conditions under which
they should be utilized, e.g., the possible combi-
nation of certain growth factors and various
skin substitutes, better matching and adapta-
tion of various treatments to the etiology, heal-
ing phase, and clinical appearance of the
wound.

We can also expect to have better ways to
cope with infection. Moreover, the enormous
progress now being made in gene therapy is
opening new possibilities in the field of wound
healing.

In certain respects, the significant progress
in the field of wound healing is rapidly ap-
proaching the realm of science fiction. Fig-
ure 3.9 clearly illustrates this.

3.10Future Directions in Wound Healing 27

03_019_030*  01.09.2004 13:54 Uhr  Seite 27



References

1. Scholz A: Historical aspects. In: Westerhof W (ed)
Leg Ulcers – Diagnosis and Treatment, 1st edn. Am-
sterdam: Elsevier Science Publishers. 1993; pp 5–18

2. Quintal D, Jackson R: Leg ulcers: a historical per-
spective. Clin Dermatol 1990; 8 : 4–12

3. Caldwell MD: Topical wound therapy – an historical
perspective. J Trauma 1990; 30 : S116–S122

4. The Iatros (Greece). In: Majno G: The Healing Hand.
Man and Wound in the Ancient World, 2nd edn.
Cambridge, Massachusetts: Harvard University
Press. 1975; pp 141–205

5. Angeletti LR,Agrimi U, Curia C, et al: Healing rituals
and sacred serpents. Lancet 1992; 340 : 223–225

6. The Asu (Mesopotamia). In: Majno G: The Healing
Hand. Man and Wound in the Ancient World, 2nd
edn. Cambridge, Massachusetts: Harvard University
Press. 1975; pp 29–67

7. The Swnw (Egypt). In: Majno G: The Healing Hand.
Man and Wound in the Ancient World, 2nd edn.
Cambridge Massachusetts: Harvard University
Press. 1975; pp 69–139

8. Witkowski JA, Parish LC: Cutaneous ulcer therapy.
Int J Dermatol 1986; 25 : 420–426

9. Clendening L: Celsus. In: Clendening L. Source book
of medical history. New York: Over Publications.
1960; pp 58–61

10. Ebbell B: The Ebers papyrus. The greatest Egyptian
medical document. Oxford: Oxford University
Press. 1937

11. Leaper DJ: History of wound healing. In: Leaper DJ,
Harding KG (eds) Wounds: Biology and Manage-
ment. New York: Oxford University Press. 1998;
pp 5–9

12. The development of Surgery in France (continued) –
Ambroise Paré. In: Buck AH: The Growth of Medi-
cine. From the Earliest Times to About 1800. New
Haven: Yale University Press. 1917; pp 499–515

Chapter 3 Milestones in the History of Wound Healing28

3

Fig. 3.9.
Processes of wound healing 
(From the book 
‘Dermatology: A Medical
Artist’s Interpretation’
by Geras AJ, 1990)

03_019_030*  01.09.2004 13:54 Uhr  Seite 28



13. Nuland SB: The enigma of Semmelweis – an inter-
pretation. J Hist Med Allied Sci 1979; 34 : 255–272

14. Von Hebra F: Hochst wichtige Ehrfahrungen über
die Aetiologie der Gebäranstalten epidemischen
Puerperalfieber, KK. Ges Aerzte Wien 1847; 4 :
242–244

15. Semmelweis IP: Die Aetiologie, der Begriff und die
Prophylaxis des Kindbettfiebers. Vienna and Leip-
zig, 1861

16. Holmes OW: The contagiousness of puerperal fever
– 1843. Medical Essays. Boston. 1895; pp 103–172

17. Lawrence G: Surgery (traditional). In: Bynum WF,
Porter R (eds) Companion Encyclopedia of the His-
tory of Medicine. London New York: Routledge. 1993;
vol 2, pp 961–983

18. Lyell A: Alexander Ogston, micrococci, and Joseph
Lister. J Am Acad Dermatol 1989; 20 : 302–310

19. Godlee RJ: Lord Lister. 3rd edn. Oxford: Clarendon
Press. 1924

20. Lister J: An address on the antiseptic management of
wounds. Br Med J 1893; 1 : 161–162, 277–278, 337–339

21. Savin JA: Joseph Lister: a neglected master of in-
vestigative dermatology. Br J Dermatol 1995; 132 :
1003–1007

22. Wells TS: Some causes of excessive mortality after
surgical operation. Medical Times and Gazette. Oc-
tober 1, 1864; pp 349–352

23. Fleming A: On the antibacterial action of cultures of
a penicillium with special reference to their use in
the isolation of B. influenzae. Br J Exp Pathol 1929;
10 : 226–232

24. Chain E, Florey HW, Gardner AD, et al: Penicillin as
a chemotherapeutic agent. Lancet 1940; 2 : 226–236

25. Fleming A: Streptococcal meningitis treated with
penicillin. Lancet 1943; 2 : 434–438

26. Virchow R: Cellular Pathology. London: John
Churchill. 1860; pp 283–315

27. Metchnikoff E: Immunity in Infective Diseases
(translated by Binnie FG). London: Cambridge Uni-
versity Press. 1905

28. Gimbel NS, Kapetansky DI, Weissmen F, et al: A sto-
ry of epithelization in blistered burns. Arch Surg
1957; 74 : 800–803

29. Winter GD: Formation of the scab and the rate of
epithelization of superficial wounds in the skin of
the young domestic pig. Nature 1962; 193 : 293–294

30. Hinman CD, Maibach H: Effect of air exposure and
occlusion on experimental human skin wounds. Na-
ture 1963; 200 : 377–378

31. Rheinwald JG, Green H: Serial cultivation of strains
of human epidermal keratinocytes: The formation
of keratinizing colonies from single cells. Cell 1975;
6 : 331–343

32. Cohen S: Isolation of a mouse submaxillary gland
protein accelerating incisor eruption and eyelid
opening in the new-born animal. J Biol Chem 1962;
237 : 1555–1562

33. Carpenter G, Cohen S: Epidermal growth factor. J
Biol Chem 1990; 265 : 7709–7712

34. Cohen S, Taylor JM: Epidermal growth factor:
Chemical and biological characterization. In: Mai-
bach HI, Rovee DT (eds): Epidermal Wound Heal-
ing. Chicago: Year Book Medical Publishers, Inc.
1972; pp 203–218

35. Tranuzzer RW, Macauley SP, Mast BA, et al: Epider-
mal growth factor in wound healing: A model for the
molecular pathogenesis of chronic wounds. In: Zie-
gler TR, Pierce GF, Herndon DN (eds) Growth Fac-
tors and Wound Healing. Berlin Heidelberg New
York: Springer. 1997. pp 206–228

36. Starkey RH, Cohen S, Orth DN: Epidermal growth
factor: Identification of a new hormone in human
urine. Science 1975; 189 : 800–802

37. Martin GM, Sprague CA, Epstein CJ: Replicative life
span of cultivated human cells. Effects of donor age,
tissue and genotype. Lab Invest 1970; 23 : 86–92

38. Schneider EL, Mitsui Y: The relationship between in
vitro cellular aging and in vivo human age. Proc Natl
Acad Sci USA 1976; 73 : 3584–3588

39. Schneider EL, Epstein CJ: Replication rate and life
span of cultured fibroblasts in Down’s syndrome.
Proc Soc Exp Biol Med 1972; 141 : 1092–1094

40. Elmore E, Swift M: Growth of cultured cells from pa-
tients with ataxia-telangiectasia. J Cell Physiol 1976;
89 : 429–431

41. Mendez MV, Stanley A, Park HY, et al: Fibroblasts
cultured from venous ulcers display cellular charac-
teristics of senescence. J Vasc Surg 1998; 28 : 876–883

42. Vande-Berg JS, Rudolph R, Hollan C, et al: Fibroblast
senescence in pressure ulcers. Wound Repair Regen
1998; 6 : 38–49

References 29

03_019_030*  01.09.2004 13:54 Uhr  Seite 29



4.1  Overview: Etiologies 
of Cutaneous Ulcers

Identifying the cause of a cutaneous ulcer is of-
ten a multi-staged, challenging process. Not in-
frequently, it requires considerable expertise in
general medicine as well as in dermatology and
a thorough laboratory investigation. This chap-
ter, together with Chaps. 5 and 6, reviews etiolo-
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I t is better not to stand in the case of
an ulcer on the leg.

(Hippocrates)

’’

gies of skin ulcers and discusses the basic pro-
cesses underlying these mechanisms.

It is a well-known axiom in medicine that
things do not always turn out to be as they first
appear. A cutaneous ulcer that seems to result
from venous insufficiency may, following
thorough investigation, turn out to be a mani-
festation of carcinoma or the outcome of an
occult infectious process. In some cases, the
underlying disease is rare, requiring consider-
able clinical experience for its identification.

Etiologies of cutaneous ulcers are presented
in Table 4.1. Note that in many patients, there
are several co-existing etiologies. Moreover, in
certain conditions, such as venous insufficien-
cy, lymphedema, peripheral arterial disease, or
diabetes, the skin is much more vulnerable. In
these cases, development of a cutaneous ulcer is
not necessarily ‘spontaneous’ – the skin tends to
ulcerate following various triggers such as pen-
etrating injury, blunt trauma, or contact derma-
titis. One should distinguish between underly-
ing conditions that gradually affect the quality
of the skin and actual triggers that result direct-
ly in ulceration [1].

4.2  Mechanisms of Ulcer Formation

As Table 4.1 indicates, there is a wide array of
possible etiologies of cutaneous ulcers. Howev-
er, in many cases, it is not sufficient to merely
‘label’ or classify an ulcer as being caused by a
specific disease. In a given disease, or for any
given ‘etiology’, the ulcer may be formed by a
series of complex mechanisms. Hence, the exact
mechanism by which the ulcer was formed
should also be considered.

One may assume that the main mechanism
of ulceration in an infectious process is a direct
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Following injury

Trauma (including self-inflicted ulcers)
Burns
Injection sites (e.g., heroin, cocaine, steroids)
Severe contact dermatitis (e.g., chrome ulcers)
Cold exposure: frostbite; chillblain (perniosis); Raynaud’s phenomenon
Radiation dermatitis
Bites (spider, scorpion, snake)

Pressure ulcers (presented here as a model of ongoing injury)

Infections

Bacterial

In the course of bullous erysipelas (or cellulitis)
Necrotising fasciitis
Skin over a bone affected by osteomyelitis

Ecthyma
Ecthyma gangrenosum

Meleney’s ulcer (progressive bacterial synergistic gangrene)

Noma (chancrum oris)
Tropical ulcer (tropical sloughing phagedena)    

Mycobacterial
Tuberculosis (M. tuberculosis)
Swimming pool granuloma (M. marinum)
Buruli ulcer (M. ulcerans)

Leprosy (M. leprae)

Spirochetal
Syphilis
Yaws

Tularemia (Francisella tularensis)
Anthrax (Bacillus anthracis)

Viral

Herpes genitalis
CMV
Ecthymatous varicella zoster

Fungal

Deep fungal infections

Protozoal

Leishmaniasis

Venereal ulcers

Syphilis
Chancroid
Lymphogranuloma venereum
Granuloma inguinale
Herpes genitalis

Table 4.1. Etiologies of cutaneous ulcers 
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Table 4.1. Etiologies of cutaneous ulcers (Continued)

Vascular

Venous

Arterial
Peripheral arterial disease
Thromboangiitis obliterans (Buerger’s disease)
Embolus: atheromatous,

cholesterol,
cardiac origin

Lymphedema

Vasculitis

Leukocytoclastic vasculitis
Nodular vasculitis (erythema induratum)
Serum sickness
Cryoglobulinemia (mixed, type II & III)
Erythema elevatum diutinum

Connective tissue/multisystem diseases

Rheumatoid arthritis
Systemic lupus erythematosus
Dermatomyositis
Polyarteritis nodosa
Wegener’s granulomatosis
Churg-Strauss syndrome
Systemic sclerosis
Behçet’s disease
Sjögren’s syndrome
Temporal arteritis
Takayasu disease

Anti-phospholipid syndrome    

Dysproteinemias

Cryoglubulinemia (monoclonal, type 1)
Cryofibrinogemia
Waldenstrom’s macroglubulinemia

Hypercoagulable states

Coumarin-induced necrosis
Heparin necrosis
Disseminated intravascular coagulation
Purpura fulminans

Protein C deficiency 
Activated protein C resistance 
Protein S deficiency
Anti-thrombin III deficiency
Hyperhomocystinemia
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Table 4.1. Etiologies of cutaneous ulcers (Continued)

Hematologic abnormalities

Hemolytic anemia

Hemoglobinopathies
Sickle cell anemia   
Thalassemia

Hereditary spherocytosis
Pyruvate kinase deficiency
Paroxysmal nocturnal hemoglobinuria  

Myeloproliferative diseases

Polycythemia vera
Essential thrombocytosis

Tumoral/malignant diseases

Lymphoproliferative diseases

B-cell lymphoma
Mycosis fungoides

Leukemia

Acute and chronic leukemia

Epithelial tumors

Basal cell carcinoma
Squamous cell carcinoma
Keratoacanthoma

Other epidermal tumors

Malignant melanoma
Merkel cell carcinoma
Tumors of skin appendages

(i.e., sebaceous carcinoma)

Lymph vessel/Vascular tumors

Hemangioma
Lymphangioma

Sarcomas

Kaposi’s sarcoma and other sarcomatous tumors

Other soft tissue tumors 

Histiocytosis syndromes 
Malignant peripheral nerve tumors

Other tumors (non-cutaneous) that may affect skin

By direct invasion into the skin
Skin metastases originating from an  internal malignant tumor
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Table 4.1. Etiologies of cutaneous ulcers (Continued)

Neuropathic ulcers

Diabetes mellitus
Leprosy
Tabes dorsalis
Syringomyelia
Poliomyelitis
Hereditary peripheral sensory neuropathy type 4 (insensitivity to pain)

Metabolic disorders

Diabetes mellitus
Prolidase deficiency
Calciphylaxis

Ulcerating panniculitis

Pancreatic fat necrosis
Weber-Christian disease
Histiocytic cytophagic panniculitis
α 1 anti-trypsin deficiency panniculitis
Nodular vasculitis

Nutritional disorders

Noma (chancrum oris)
Tropical ulcer (Tropical sloughing phagedena)
Vitamin C deficiency

Others

Pyoderma gangrenosum

Metastatic Crohn’s disease

Necrobiosis lipoidica diabeticorum

Atrophie blanche

Kawasaki syndrome

Klinefelter’s syndrome

Insect infestation      

Drugs

Drugs that induce ulceration directly

Drugs that interfere with normal mechanisms of wound healing

Drugs that adversely affect the quality of the skin

(detailed in chapter 16)
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toxic effect and its subsequent abnormal local
inflammatory processes [2, 3]. However, some
infectious diseases may result in ulcers by other
mechanisms. For example, hepatitis B may in-
duce leukocytoclastic vasculitis, cryoglobuline-
mia, or periarteritis nodosa, all of which may
lead to the development of cutaneous ulcers.
Moreover, in certain infectious diseases such as
syphilis, tuberculosis, and leprosy, there are
unique pathways by which cutaneous ulcers
may appear, as detailed below.

Similarly, several pathways may lead to ulcer-
ation in connective-tissue diseases. Ulcers may
be caused by vasculitis, Raynaud’s phenome-
non, secondary anti-phospholipid syndrome, or
other mechanisms, as discussed below.

4.3  Mechanisms of Formation 
of Specific Types 
of Cutaneous Ulcers

Since the subject of cutaneous ulcer formation
is extensive, this section limits the discussion to
the mechanisms of formation in certain types of
cutaneous ulcers, with reference to the data pre-
sented in the table above. We shall concentrate
here on those topics particularly important for
establishing an etiologic diagnosis clinically.

4.3.1  Ulceration Following Injury/
External Damage to the Skin

4.3.1.1  Trauma and Ulcers

Mechanical trauma or some other injury may
result in a cutaneous ulcer. In some cases, the
external trauma may be minor. Although the
patient may consider it to be the cause of the ul-
cer, the skin may have been previously affected
by some underlying process (e.g., deep fungal
infection or malignancy) which may well be the
actual cause of the ulcer and should be identi-
fied.

Note that a skin injury may become a portal
of entry for bacterial or fungal infection, with
subsequent ulceration. Even a superficial ero-
sion due to trauma may become an ulcer fol-

lowing bacterial infection. The chances of this
occurring are much higher when there is an
underlying problem such as diabetes or periph-
eral arterial disease.

Self-Inflicted Ulcers. In most cases, self-
inflicted ulcers are induced by continuous
scratching, rubbing, or cutting of the skin. Once
an ulcer exists, the continuing ‘fiddling’ with it
by the patient interferes with its normal heal-
ing process.

The clinical appearance of such ulcers de-
pends on the way in which they were created.
For example, they may present sharp angular
borders as a result of the device or instrument
that was used. In some cases, self-inflicted ul-
cers are induced by injecting foreign material
into the skin. This issue is discussed in Chap. 16.

4.3.1.2  Contact Dermatitis

Patients with leg ulcers often suffer from con-
tact dermatitis. Leg ulceration has been report-
ed following exposure to numerous topical
preparations applied to cutaneous ulcers such
as topical antibiotics, certain vehicles (e.g., lan-
olin), or preservatives [4–6]. In these patients,
the application of such preparations may sig-
nificantly aggravate the ulcers. Be aware of this
possibility; topical treatment should be re-eval-
uated and patch tests performed when needed.
Moreover, skin areas affected by contact der-
matitis may be secondarily infected, with the
subsequent formation of cutaneous ulcers.

In addition, the following should be noted
with regard to cutaneous ulcers and contact
dermatitis:

5 A few substances such as chromates
[7, 8] or sodium silicate [9] are well-
known inducers of contact derma-
titis. They have a highly irritant and
corrosive effect, and patients may
present with severe dermatitis char-
acterized by the appearance of cuta-
neous ulcers. Skin ulceration has al-

Chapter 4 Cutaneous Ulcer Formation36
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so been documented following the
use of povidone iodine [10].

5 The scrotal skin is highly vulner-
able. Certain topical preparations
that would not normally cause con-
tact dermatitis elsewhere may in-
duce severe irritant contact derma-
titis with ulceration when applied to
the scrotal skin [11].

5 Jacquet’s erosive diaper dermatitis
has been attributed to the presence
of various chemicals used in home
diapering. This problem is much
less common these days due to the
widespread use of disposable dia-
pers [12].

4.3.1.3  Pressure Ulcers

Pressure ulcers are presented here as a model of
continuous injury. The prevalence of pressure
ulcers varies from population to population.
Elderly patients, or patients who are bed-rid-
den or bound to a wheelchair, are particularly
prone to pressure ulcers. They may occur in an
immobilized or bed-ridden patient of any age
[13–15]. For example, among patients admitted
to hospital following spinal cord injury, the
prevalence, 1–5 years after the initial injury, is
between 20% and 30% [16].

Two other commonly accepted terms for
pressure ulcers are ‘pressure sores’ and ‘decubit-
us ulcers’.

Mechanism of Formation. Local pressure on
the affected site is the most important etiolog-
ic factor, with the degree of pressure and its du-
ration being the most significant variables [14,
17]. Pressure ulcers tend to develop in areas
where soft tissues are compressed for pro-
longed periods between a bony prominence
and any external object, but they may also
evolve over any cutaneous region that is ex-
posed to continuous pressure. Pressures ex-
ceeding normal capillary pressure result in re-
duced oxygenation and impair the microcircu-

lation of the affected tissue. Garfin et al. [18] de-
termined that 30 mmHg was the critical value
for ischemia. However, high pressures of
70 mmHg or more, which may occur when a
patient lies on a standard hospital mattress,
may induce tissue death within a few hours [14,
19–21]. Most of the potential damage may be
prevented by relieving the pressure intermit-
tently [22, 23]. Therefore, prolonged immobil-
ization is a significant risk factor [24, 25]. This
emphasizes the importance of frequently mov-
ing and repositioning immobilized patients in
order to prevent the formation of pressure
ulcers.

Apart from pressure, there are other me-
chanical factors such as shearing forces and
friction which may enhance ulceration [14,
26–29]. Significant topical factors include ex-
cessive moisture and exposure to irritant sub-
stances. Both the general condition and nutri-
tional status of the patient play a major role in
the formation of pressure ulcers.

Location. More than 90% of pressure ulcers
appear on the lower parts of the body – 65% in
the pelvic region and 30% on the lower legs.
Heels and malleoli are also frequently affected
[14, 30].

Clinical Appearance. The clinical appear-
ance of a pressure ulcer depends on its severity.
Several gradation scales have been proposed. A
commonly accepted system was developed in
the USA in 1987 by The National Pressure Ulcer
Advisory Panel (NPUAP) (see Chap. 1) [31].

Pressure ulcers are characterized by periph-
eral undermining. At any stage, the initial im-
pression of the depth of a pressure ulcer may be
misleading and the ulceration of the tissue may
be much deeper and more extensive than origi-
nally thought.

4.3.2  Infections

Mild injuries may be aggravated when they be-
come secondarily infected by bacteria such as
Staphylococci or Streptococci. In some cases, an
ulcer caused by a relatively minor trauma may
become deeper as a result of infection.

4.3Mechanisms of Formation of Specific Types 37
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As described below, legs affected by venous
insufficiency, peripheral arterial disease, or dia-
betes are at a particularly high risk of develop-
ing ulcers following trivial trauma, which may
be associated with infection. By the same token,
erosions of bullous diseases may deepen in the
case of a secondary infection, resulting in the
formation of cutaneous ulcers. We discuss be-
low classical examples of cutaneous infectious
processes: cellulitis, necrotizing fasciitis, and
ecthyma.

4.3.2.1  Erysipelas and Cellulitis

Erysipelas and cellulitis may cause leg ulcers.
The main mechanism of ulcer formation in
these cases is the direct effect of bacterial tox-
ins. Presumably, the associated edema also
interferes with lymphatic and venous return
and further contributes to the ulceration.

Approximately 3% of bullous erysipelas may
result in ulceration [32] (Fig. 4.1). Other (less
frequent) cases of ulceration in erysipelas or
cellulitis are due to abscess formation, or con-
comitant trauma. Note that cellulitis or erysipe-
las can be associated with a pre-existing ulcer.

Repeated episodes of cellulitis or erysipelas
cause cumulative tissue damage, which almost
certainly further compromises lymphatic and
venous return. Following an episode of cellu-
litis there is some degree of damage to the limb

tissue, which increases the likelihood of recur-
rent local infection.

4.3.2.2  Necrotizing Fasciitis

Necrotizing fasciitis is an extreme example of
an ulcerative process caused by bacterial infec-
tion. It is defined as a deep-seated infection of
the subcutaneous tissue, causing invasive de-
struction of the fascia and subcutaneous fat,
with or without overlying cellulitis [33]. In cas-
es where the genitalia are involved, the pre-
ferred term is Fournier’s gangrene.

In the past two decades there has been a no-
ticeable increase in reports of invasive group A
streptococcal infections, leading to necrotizing
fasciitis. Other types of bacteria, such as Clos-
tridium perfringes or Clostridium septicum, may
also cause necrotizing fasciitis. In addition, it
may be caused by a synergistic combination of
organisms such as anaerobes with aerobic
gram-negative bacteria. Mixed infections tend
to occur in children, in diabetic patients, or in
patients with an open wound exposed to bowel
content [34, 35].

The course of necrotizing fasciitis is ex-
tremely severe, frequently with a fatal outcome.
This quality has earned it the science-fiction-
like name, ‘flesh-eating bacterium’. It can occur
in normally healthy people, sometimes follow-
ing a relatively minor trauma. A high incidence
of necrotizing fasciitis has been reported in
people with diabetes, malnutrition, obesity, and
malignancy, and in drug addicts [36, 37].

Its severe pathogenicity is attributed to bac-
terial toxins such as exotoxin A in the case of
group A Streptococcus. Delay in the diagnosis
or treatment of this disease can have fatal conse-
quences. It requires radical debridement, high-
dose antibiotic therapy, and intensive suppor-
tive care.

In view of the unique, severe character of
this condition, it may be regarded as a separate
category, different from the various types of cu-
taneous ulcers described in this chapter. How-
ever, even after the invasive process has been
arrested, it may leave a residue of chronic, diffi-
cult-to-heal ulcers.
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Fig. 4.1. Bullous erysipelas with erosions. In many cases,
chronic leg ulcers may evolve

04_031_052  01.09.2004 13:55 Uhr  Seite 38



4.3.2.3  Ecthyma

Ecthyma (Fig. 4.2) is a classic example of an ul-
cer caused by Streptococcal toxins (Staphylo-
cocci may also be identified within a lesion).
Such a lesion begins as a vesicle or a pustule
that undergoes ulceration. It occurs most com-
monly on the lower extremities. Ecthyma usu-
ally occurs following minor trauma in children
or elderly people under poor hygienic condi-
tions. It is frequent in warm, moist, tropical re-
gions [38].

In other infectious diseases and pathologic
processes the mechanisms of ulcer formation
are more complex. As described below, ulcers
may develop in certain specific or unique forms
of certain diseases.

4.3.2.4  Syphilis

Apart from the primary chancre (detailed in
the section ‘Venereal Ulcers’ in Chap. 5), oth-
er types of ulcerated lesions may evolve in
the course of syphilis:

5 Ulcerated skin lesions may occur in
the nodulo-ulcerative type of
late/tertiary syphilis. Syphilitic
gummata, appearing as pink/red
painless nodules in late/tertiary
syphilis, may also undergo ulcera-
tion [39, 40].

5 In addition, cutaneous ulcers may
appear in ‘malignant’ syphilis (lues
maligna, rupial syphilid) in the con-
text of secondary syphilis. Typical
papulopustules, located mainly on
the face and scalp, gradually become
necrotic, with subsequent formation
of ‘rupioid’ ulcers. The adjective
‘rupioid’ is derived from the appear-
ance of the crusts that cover the ul-
cers, which are thick and dark in
color and resemble an oyster shell
[39, 41]. Recently, cases of malignant
syphilids have been reported in HIV
patients [42].

4.3.2.5  Tuberculosis

Ulcers may occur in several types of tuber-
culosis:

5 Lupus vulgaris: Plaques of lupus vul-
garis may ulcerate. Most commonly,
the lesions appear in the head and
neck region, i.e., on the nose, cheeks,
and earlobes. Ulcerative and mutilat-
ing forms of lupus vulgaris are char-
acterized by ulceration that may be
severely invasive [43].

5 Tuberculous chancre: This may ap-
pear as a ragged ulcer with under-
mined margins [43].

5 Scrofuloderma: The lesion begins as
a bluish-red nodule that may ulcer-
ate. It is situated over an infected
lymph node or over an infected joint.

5 Papulo-necrotic tuberculid: In this
form, symmetrically distributed
reddish papules, usually located on
the extensor regions of the extrem-
ities, back, and buttocks, may break
down and form ulcers.

5 Tuberculous gumma: In this form of
tuberculosis, also called ‘metastatic
tuberculous abscess’, a subcutaneous
nodule may ulcerate. Lesions may oc-
cur in malnourished children [43, 44]

5 Miliary tuberculosis: Lesions of
miliary tuberculosis may ulcerate
[43, 45].
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4.3.2.6  Leprosy

The classical form of ulcers in leprosy is the ‘neu-
ropathic ulcer’. Infiltration of peripheral nerves
of the lower limbs by Mycobacterium leprae is
followed by the development of cutaneous ulcers
due to sensory and motor neuropathy. The for-
mer results in anesthesia of the sole with subse-
quent loss of protective sensation, while the lat-
ter leads to difficulty in activating certain muscle
groups and to inadequate distribution of pres-
sure on the sole while walking [46–50].

In addition, cutaneous nodules infiltrated by
the bacteria may ulcerate. This occurs more of-
ten in areas exposed to trauma.

One should identify other conditions that
may develop in the course of leprosy, where
cutaneous ulcers may develop:

5 Lesions of erythema nodosum lepro-
sum may ulcerate [51, 52].

5 A relatively rare complication of dif-
fuse lepromatous leprosy is known as
‘Lucio’s phenomenon’. This is a cuta-
neous vasculitis manifested by the ap-
pearance of pink-to-red plaques, lo-
cated mainly on the buttocks and low-
er limbs, which may undergo severe
ulceration [51, 53, 54].

4.3.2.7  Infections in Immuno-
compromised Patients

In immune deficiency states, organisms
which usually do not cause ulceration may re-
sult in the development of ulcerated lesions:

5 In HIV patients, varicella infection
may result in ecthymatous varicella
zoster.

5 Perianal ulcerated lesions have been
documented in immunocompromised
patients due to the herpes virus or
CMV [55, 56] (Fig. 4.3).

5 Ecthyma gangrenosum is a typical le-
sion appearing in immunocomprom-

ised patients (Fig. 4.4). It begins as a he-
morrhagic vesicle or pustule that
undergoes ulceration. In more than
80% of cases, it occurs in the perineal
region or on the extremities. Ecthyma
gangrenosum lesions are usually caused
by Pseudomonas. However, Klebsiella
and other bacteria have also been iso-
lated. It may occur in the course of bac-
teremia, when it is considered to be a
marker of poor prognosis [57].

5 Fungal infections tend to be more ag-
gressive in immunocompromised pa-
tients [58]. In rare cases, atypical fun-
gal ulcerating lesions have been doc-
umented in patients with no known
immune system disorder [59, 60].
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Fig. 4.3. Perianal ulceration in a leukemic patient;
herpes virus was cultured from the lesion

Fig. 4.4. Ecthyma gangrenosum, initial lesion
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4.3.3  Vascular Disease

4.3.3.1  Venous Ulcers

Around 70% of leg ulcers are venous in origin
[61–63] (Fig. 4.5). Older sources of data may
present a higher percentage. However, in mod-
ern medicine, the prevalence of venous ulcers is
declining. This is attributed to the higher stan-
dards of medical care currently practiced. The
significance of compression therapy is well rec-
ognized nowadays; the use of low-molecular-
weight heparins prevents venous thromboem-

bolism in high-risk situations. In addition, vein
surgery has become minimally invasive.Venous
insufficiency may coexist with peripheral arte-
rial disease in 10–15% of patients with leg ulcers
[63, 64]. In many cases, the direct trigger for ul-
ceration is some external physical injury [1, 65].
Whereas in a healthy person mild injury does
not cause significant damage, in patients with
venous insufficiency the skin runs a much
higher risk of developing ulceration.

Histologically, microvessels in areas subjected
to chronic venous hypertension become dilated
and coiled; i.e., they have a glomerular appear-
ance in intravital capillaroscopy. In the advanced
disease, the number of functioning, perfused
capillaries is markedly reduced [66–69]. The se-
verity of cutaneous microangiopathy has been
found to correlate closely to the development of
clinical cutaneous trophic changes [66, 70].

Mechanisms of Formation. At present, the
exact mechanism leading to the histologic pic-
ture and tissue damage in venous insufficiency
remains uncertain. Nevertheless, in recent
years we have acquired an increased under-
standing of certain physiological mechanisms
involved in this process.

In chronic venous insufficiency, the venous
pressure (or venous hypertension) in the deep
venous system may be transmitted to the
superficial system. Partsch [71] suggested that
venous insufficiency is characterized by peaks
of pressure occurring with every muscle con-
traction and transmitted to the capillary net-
work. It is suggested that these pressure peaks
have a progressive, gradual, destructive effect
on the capillaries in the skin and subcutaneous
tissues [72–74].

In addition, leakage of fluids from within the
capillaries into the interstitium of the dermis
and subcutaneous tissues results in edema.
Whatever the mechanisms leading to edema,
edema in itself has been shown to affect the
quality of the skin. It induces sclerotic changes in
subcutaneous tissue, with consequent interfer-
ence of metabolic and gas exchange [75]. More-
over, due to the presence of edema, lymphatic
vessels and their valves are subjected to fibrotic
changes, with a further reduction in normal
lymphatic function and drainage of the tissues,
which sets up a vicious cycle of edema [76, 77].
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Fig. 4.5 a, b. Venous ulcers. a. Brown pigmentation of sta-
sis dermatitis around the ulcer. b. Lipodermatosclerotic
leg; varicosities are seen in the medial area of the foot
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Endothelial damage, therefore, is the result
of edema with subsequent impaired oxygena-
tion and interference of metabolic activity
(and, perhaps, peaks of venous pressure). Inter-
cellular adhesion molecules seem to play a sig-
nificant role in the pathologic process, as re-
flected by their expression on endothelial cells
[78–81]. This process is followed by endothelial-
leukocyte adhesion and the trapping of white
cells within the capillaries. Loss of endothelial
integrity, together with the increasing presence
of white blood cells, may lead to the destruction
of adjacent tissue, protracted inflammation,
and fibrosis [82–86].

In addition to the above, numerous hypothe-
ses have been put forward to explain the ex-
act mechanism of skin damage and the de-
velopment of ulceration in the presence of
venous insufficiency.

Two presented below are worth mentioning:
5 Pericapillary fibrin cuffs are a prom-

inent histological feature of venous
insufficiency. In 1982, Browse and
Burnard [87, 88] suggested that ve-
nous hypertension, transmitted to
the capillary network, results in the
distention of capillary walls and the
widening of capillary pores. Subse-
quently, fibrinogen molecules leak
into the extracellular fluid, forming
complexes of fibrin around the cap-
illaries. The pericapillary fibrin layer
is claimed to form a mechanical bar-
rier, which prevents the transfer of
oxygen and nutrients, leading to
progressive damage to the skin and
subcutaneous tissues.
However, other researchers have in-
dicated that the fibrin cuffs do not
function as a barrier for oxygen
transport [89]. If so, these cuffs only
seem to reflect abnormal microcir-
culation with transmural deposition
of plasmatic macromolecules.

5 Falanga and Eaglstein [90] have
suggested that growth factors may
be trapped by certain macromole-
cules leaking through the capillary
pores into the dermis. Therefore,
growth factors are unable to partici-
pate and function in the processes
of tissue repair.

Location. The above discussion may help to
explain the distribution of venous ulcers. Since
venous pressure and the subsequent detrimen-
tal effect on tissue is maximal distally, venous
ulcers tend to occur in the lower calf. The me-
dial malleolus is more commonly affected than
the lateral. This finding is attributed to the
anatomy of the venous system, in which a larg-
er mass of venous vessels is located medially.
Therefore, the medial aspects of the legs are
subjected to higher venous pressures. Never-
theless, not infrequently these ulcers may ap-
pear above the lateral malleolus as well [91].
Lateral venous ulcers usually reflect the pres-
ence of an incompetent lesser saphenous vein,
with or without deep venous insufficiency. Oth-
er characteristics of venous ulcers are detailed
in Chap. 5.

4.3.3.2  Ulcers in Peripheral Arterial
Disease

Most patients with peripheral arterial disease
are over the age of 70. In contrast to venous ul-
cers, arterial ulcers are increasing in number.
People live longer nowadays, and peripheral ar-
terial disease is becoming more prevalent.Arte-
rial ulcers are estimated to constitute about
10% of leg ulcers [64]. Mixed ulcers, of arterial
and venous disease, are said to affect approxi-
mately 10–15% of patients with leg ulcers [63,
64].

Mechanisms of Formation. In many cases,
so-called ‘arterial’ ulcers develop following
physical trauma [65]. The trauma may be mi-
nor, but it affects vulnerable, poorly vascular-
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ized tissue, which is not able to heal as normal-
ly vascularized healthy tissue does. Moreover,
the trauma site may become the portal of entry
for infectious agents, further aggravating ulcer-
ation.

In other cases, arterial ulcers may appear
without trauma, when critical limb ischemia
has developed. Beyond a certain degree of is-
chemia, there is a complex chain of events that
may end in necrosis.

The definition of critical limb ischemia,
according to the Trans-Atlantic Inter-Society
Consensus Document on the Management of
Peripheral Arterial Disease (The TASC Work-
ing Group 2000), is based on a patient having
chronic ischemic rest pain, ulcers, or gangrene
attributable to objectively proven arterial oc-
clusive disease [92, 93]. The suggested inclusion
criteria in TASC for critical leg ischemia were
absolute ankle pressure below 50–70 mmHg or
reduced toe pressure (<30–50 mmHg).

Atherosclerosis of large arteries is the funda-
mental process in the pathogenesis of chronic
critical limb ischemia. It results in occlusion or
severe narrowing of vessels, with subsequent
reduction of blood flow and decreased perfu-
sion to distal regions. Other parameters such as
low blood pressure or the presence of anemia
may influence the degree of ischemia, and
hence the likelihood of progression to necrosis.

Location. Since a high percentage of arterial
ulcers are caused by trauma, arterial ulceration
(above the threshold of critical limb ischemia)

may develop anywhere on the lower calves. Ul-
cers tend to appear in the lateral or pretibial ar-
ea of the leg or on the dorsum of the foot (Fig.
4.6). Note that they may appear in the malleo-
lar region as well.

If critical limb ischemia has developed, it
may be manifested by distal necrosis of the toes
or forefoot (Fig. 4.7). This condition has a poor
prognosis, and amputation may be required.
The dorsum of the feet and heels may be affect-
ed as well.

Other characteristics of arterial ulcers are
detailed in Chap. 5.

4.3.3.3  Peripheral Arterial Disease 
and Hypertensive Ulcers

Hypertensive ulcers were described by Marto-
rell in 1945 as ulcers located in the pretibial or
lateral area of the leg. These ulcers were said to
occur mainly in hypertensive women above the
age of 60 [94]. Some suggest that the so-called
Martorell’s ulcer represents a special variant of
an arterial leg ulcer, which should not be re-
garded as a separate entity. Others doubt the
validity of this clinical term, based on nonspe-
cific histologic features in leg ulcers clinically
diagnosed as ‘Martorell’s ulcers’ [95, 96]. In any
case, the elderly population is prone to develop-
ing hypertension, as well as atherosclerotic
changes within blood vessels.
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pending ulceration
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4.3.3.4  Embolus

An acute, rapid development of limb ischemia
is caused by emboli. An atheromatous plaque
that becomes detached from a blood vessel wall
is a relatively large embolus that occludes a
large vessel and generally affects a specific ana-
tomic region. Cholesterol emboli, on the other
hand, are microemboli composed of cholesterol
crystals, 100–200 µm, which may occlude many
small arteries with the induction of multiple le-
sions [97, 98].

4.3.4  Leukocytoclastic Vasculitis

Note that leukocytoclastic vasculitis may be in-
duced by several types of infections, most com-
monly Streptococcus group A, Mycobacterium
leprae, and the hepatitis B and C virus [99].
Sometimes leukocytoclastic vasculitis may ap-
pear following the use of certain drugs (see
Chap. 16).

4.3.5  Connective Tissue 
and Multisystem Diseases

Cutaneous ulcers appear in connective tissue
diseases and multisystem diseases. A classical
example is systemic lupus erythematosus
(SLE), which may present in several forms. In
most cases, ulcers in connective tissue diseases
are attributed to vasculitis. For example, the in-
cidence of cutaneous ulcers in idiopathic SLE
patients is about 5%. The ulcers are usually lo-
cated in malleolar or pretibial areas [100, 101]
due to the vasculitic process. Vasculitis may al-
so result in gangrene of the finger tips. Howev-
er, SLE may also lead to a secondary form of
anti-phospholipid syndrome with the subse-
quent development of cutaneous ulcers. Simi-
larly, the presence of cryoglobulins in SLE may
lead to the formation of cutaneous ulcers locat-
ed in the extremities.

In rheumatoid arthritis, various forms of cu-
taneous ulcers may be seen: leg ulcers or digital
necrosis, due to the vasculitic process, similar
to those of SLE; ulceration of subcutaneous

nodules; and pyoderma gangrenosum, which
may be found in rheumatoid arthritis. Pro-
longed glucocorticoid therapy may be detri-
mental to the quality of the skin in these cases,
thus further hindering the repair of cutaneous
ulcers.

Vasculitic involvement may induce ulcera-
tion in other connective tissue diseases, such as
dermatomyositis, Sjögren’s syndrome, or scler-
oderma. However, there may be other reasons
for ulceration in connective tissue disease. For
example, Raynaud’s phenomenon, which may
be associated with connective tissue diseases,
may result in digital ulceration. Similarly, the
gradual damage to the quality of the skin in
scleroderma predisposes to ulceration.

4.3.6  Hypercoagulable States

Some of the ‘hypercoagulable’ conditions listed
in Table 4.1, such as coumadin-induced necro-
sis, heparin necrosis, or disseminated intravas-
cular coagulation, are characterized by the de-
velopment of micro-thrombi [102]. The histo-
logic hallmark of these cases is the presence of
fibrin thrombi (see Chap. 6). The occlusion of
blood vessels by fibrin thrombi may manifest
clinically as cutaneous ulceration.

Other conditions listed in Table 4.1, i.e., pro-
tein C deficiency, activated protein C resistance,
protein S deficiency, and anti-thrombin III defi-
ciency, classified under the heading ‘thrombo-
philia’, may lead to vascular thrombosis. In
many cases, the mechanism leading to ulcera-
tion is not direct. Thrombophilia may result in
deep vein thrombosis which, in itself, predis-
poses to chronic venous ulceration [103, 104].
However, fibrin thrombi have been described in
such cases as well [105]. Most of these cases
have been associated with coumadin or hepar-
in therapy.

Conditions such as hyperhomocystinemia
have been implicated in the formation of deep
venous thrombosis with the subsequent devel-
opment of venous ulcers [106]. To the best of
our knowledge, it has never been described in
the literature as having directly caused a cuta-
neous ulcer through the formation of fibrin
thrombi.
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4.3.7  Metabolic Disorders:
Diabetes Mellitus

Diabetic ulcers are included in Table 4.1 under
the term ‘metabolic ulcers’. The metabolic ab-
normalities in diabetes may lead to the forma-
tion of ulcers by several mechanisms, as de-
tailed below.

4.3.7.1  Peripheral Arterial Disease 
and Atherosclerosis 
(Macroangiopathy)

Peripheral vascular disease is more common in
people with diabetes than in the rest of the pop-
ulation. In the presence of additional risk fac-
tors such as smoking, hyperlipidemia, or hy-
pertension, the incidence is even higher.

The prevalence of peripheral arterial disease
in diabetic patients is between 20% and 40%,
and it is regarded as a sign of premature aging
of blood vessels [107–109]. A distinguishing
feature of diabetes is that the ulcers tend to oc-
cur more distally than they do in non-diabetic
patients with peripheral arterial disease [110].

Diabetic ulcers due to peripheral arterial
disease may therefore appear anywhere on the
lower calves, usually on the lateral or pretibial
aspect of the leg, dorsum of the foot, or malleo-
lar region. As in peripheral arterial disease, ne-
crosis of a distal toe or foot may develop if there
is severe ischemia of a diabetic limb. In ad-
vanced cases, widespread calcification may de-
velop along the length of the media of the arte-
rial wall. Hence, Doppler measurement of ankle
blood pressure (and consequently ABI meas-
urement) may indicate high pressures, which
does not accurately reflect the true degree of is-
chemia of the limb [110, 111].

4.3.7.2  Neuropathy

Neuropathy in diabetes affects sensory, motor,
and autonomic fibers. It is estimated that al-
most 30% of type-2 diabetic patients have neu-
ropathy, while it affects 50% of patients over the
age of 60 years [112]. Ulceration of the soles of

diabetic patients is, in most cases, attributed to
neuropathy [113, 114].

The detrimental effects of sensory, motor,
and autonomic neuropathy are as follows:

5 Sensory neuropathy results in anes-
thesia and loss of protective sensa-
tion.

5 Motor neuropathy results in diffi-
culty in activating certain muscle
groups, resulting in inadequate dis-
tribution of pressure on the sole
while walking. Areas subjected to
repetitive focal pressure may ulcer-
ate or, alternatively, may develop a
callus, which predisposes to ulcera-
tion. The consequences of motor
neuropathy are reflected in the pres-
ence of typical foot deformities seen
in diabetic neuropathy, such as pro-
trusion of the metatarsal heads.
Mal perforant is a common neuro-
pathic ulcer of the sole, which ap-
pears over the metatarsal heads
[110].

5 Autonomic neuropathy is associated
with dry skin and further contrib-
utes to fissuring and callus forma-
tion. In addition, it leads to arteriov-
enous shunting which, although ac-
companied by increased blood flow,
reduces nutritive cutaneous capil-
lary flow [115, 116].

The above-mentioned processes may mis-
lead the physician, due to the following phe-
nomena:

5 Sensory neuropathy may conceal
symptoms of intermittent claudica-
tion and rest pain.

5 An ischemic foot may nevertheless
be warm and pink on clinical exam-
ination, due to autonomic neuropa-
thy [115, 117, 118].
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The neuropathic process leads to the formation
of ulcers on the sole or on the lateral and medi-
al regions of the foot in diabetic patients
(Fig. 4.8). Typically, a neuropathic ulcer of the
sole is surrounded by circumscribed callus for-
mation. Neuropathy and decreased sensation
render the patient even more prone to trauma
and subsequent ulceration, which may occur
anywhere in the distal regions of the limbs. In
some cases, the presence of neuropathy pre-
vents early identification of an ulcer by the af-
fected person, and appropriate intervention,
therefore, is not carried out.

4.3.7.3  Microangiopathy in Diabetes

Diabetic microangiopathy is characterized by
the thickening of basal membranes and in-
creased capillary permeability. In its advanced
stages, it results in compromised gas exchange,
a decrease in cutaneous pO2, and ischemia [110,
119].

The main clinical implications of microan-
giopathy with respect to skin ulcers are as
follows:

5 The ischemic changes described
above (together with macroangio-
pathy) cause additional damage to
the skin, thereby increasing the
probability of ulceration. The com-
bination of macroangiopathy and
microangiopathy seems to be the
reason why diabetic ulcerations
tend to be located more distally,
compared with ulceration in non-
diabetic peripheral arterial disease.

5 Microangiopathic involvement of
the vasa nervosum results in diabet-
ic neuropathy.

Note: The effect of microangiopathy is most ob-
vious in the kidneys and the retina. The possible
influence of these vascular changes on ulcer for-
mation in the diabetic leg is questionable and

has not yet been fully evaluated. It is reasonable
to assume that they affect capillary function [111,
120].

4.3.7.4  Other Factors:
Osteoarthropathy,
Cheiroarthropathy

Charcot’s osteoarthropathy describes a de-
structive process of the joints, occurring in dia-
betic neuropathy. It creates excessive focal pres-
sure on the sole of the foot, predisposing it to
ulcer formation. Another process is known as
cheiroarthropathy, in which there is a thicken-
ing of the skin with limitation of joint mobility
and an abnormal gait, with subsequent inap-
propriate weight distribution on the sole of the
foot [121, 122].

4.3.7.5  Reduced Resistance 
to Infections

Infection is a frequent complication of dia-
betes, which aggravates tissue damage. Dia-
betes is associated with decreased phagocytic
activity and decreased function of leukocytes
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[123]. Chemotaxis of leukocytes and phagocy-
tosis are impaired in poorly controlled diabetes
[110]. Hyperglycemia has been found to inhibit
the cellular transport of vitamin C into fibro-
blasts and leukocytes, with reduced chemotaxis
of leukocytes [124].

4.3.7.6  Location of Ulcers in Diabetes

In view of the above-mentioned pathologic
characteristics of diabetes, even minor trauma
or otherwise negligible superficial infection
may be sufficient to induce ulceration.

In a diabetic patient, ulcers may be located
as follows:

5 Lateral or pretibial regions of the
leg, dorsum of the foot, or malleolar
regions, due to peripheral arterial
disease and subsequent damage to
the skin and subcutaneous tissue

5 Distal toes (Fig. 4.9) or distal forefoot,
due to the severe ischemia of periph-
eral arterial disease

5 Neuropathy predisposes to ulcera-
tion mainly on the sole. Neverthe-
less, the decreased sensation com-
bined with increased susceptibility
to trauma may occur anywhere on
the distal limb. Osteoarthropathy
further contributes to the formation
of plantar ulcers.

In summary, the classical diabetic ulcer appears
on the sole. However, in view of the combination
of several detrimental factors including macro-
angiopathy, microangiopathy, neuropathy, and
reduced resistance to infections, ulcers in dia-
betes can, in fact, occur anywhere on the lower
leg.

4.3.8  Hematologic Abnormalities

4.3.8.1  Hemolytic Anemia 
and Cutaneous Ulcers

Most of the literature in the field of hemolytic
anemia and cutaneous ulcers relates to sickle
cell disease. Blood vessels occluded by the
sludging of sickled erythrocytes are the histo-
logic hallmark of an ulcer in sickle cell anemia.

Sickle cells are relatively rigid, with a re-
duced ability to alter their shape. It seems that
the reduced deformability of sickled erythrocy-
tes is a major factor leading to vascular occlu-
sion and ulceration [125]. These features of
sickled erythrocytes may significantly decrease
blood flow, especially in capillary beds subject-
ed to venous stasis [126]. Below a certain level
of blood flow, there is a clumping of sickled
erythrocytes with subsequent obstruction of
blood vessels [125, 127]. The vascular occlusion
leads to ulceration. When the level of oxygen is
reduced, these processes are more pronounced.

The causes of ulceration in other types of
anemia such as thalassemia, hereditary sphero-
cytosis, or pyruvate kinase deficiency are not
fully understood. For example, leg ulcers are
rare in α-thalassemia, but relatively common in
severe β-thalassemia [128]. It is reasonable to
assume that, in these cases, there is also a di-
minished deformability of abnormal erythroc-
ytes. The tendency for ulcers to appear in the
gaiter area of the lower limbs suggests that
there is an element of venous stasis that con-
tributes to a reduction in blood flow.

In certain types of hemolytic anemia such as
hereditary spherocytosis, cutaneous ulcers
have been reported to improve and heal follow-
ing a splenectomy [129, 130]. In other cases of
anemia, such as in β-thalassemia, no beneficial
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Fig. 4.9. An ulcer on the toe of a diabetic patient

t

04_031_052  01.09.2004 13:55 Uhr  Seite 47



effect of a splenectomy has been observed [131].
A possible explanation for the above observation
regarding hereditary spherocytosis has been
suggested: During their passage through the
spleen, red blood cells may lose a membrane lip-
id. This change may lead to the entrapment of
cells in the microvasculature, resulting in stasis
with impaired oxygenation and the formation of
cutaneous ulcers. A splenectomy prevents this
sort of damage to red blood cells; their improved
function and increased capacity of deformabil-
ity leads to healing of the ulcers [125, 132].

4.3.9  Nutritional Disorders

In most cases, malnutrition is not a direct cause
of ulceration. However, malnutrition does
interfere with wound healing and has a detri-
mental effect on the general condition of the
patient. This issue is discussed in detail in
Chap. 18.

Conditions in which malnutrition may in-
duce ulceration directly are:

5 Vitamin C deficiency
5 Noma (cancrum oris, necrotizing

ulcerative gingivitis)
5 Tropical ulcer (tropical sloughing

phagedena)

Vitamin C deficiency results in impaired colla-
gen synthesis with subsequent poor wound
healing. The classical clinical descriptions of
scurvy by Lind [133] documented the appear-
ance of ulcers on affected skin, induced mostly
by minor trauma. Boulinguez et al. [134] docu-
mented three patients with scurvy presenting
with ecchymotic purpura and hemorrhagic ul-
cers of the lower limbs.

However, vitamin C is an important factor
not only in those relatively rare patients whose
ulcers are caused directly by vitamin C defi-
ciency. It is also very important to identify pa-
tients with cutaneous ulcers (caused by other
etiologies) who happen to be deficient in vita-
min C. In these cases, vitamin C supplementa-
tion may improve wound healing.

In the latter two conditions, i.e., noma and
tropical ulcer, the specific mechanisms leading
to ulceration have not yet been identified, but it
appears that opportunistic infection, related to
the state of malnutrition, plays a significant role
in their pathogenesis.

4.3.10  Other Causes

Epithelial tumors and leg ulcers are discussed
in Chap. 6, and a detailed review of drugs and
cutaneous ulcers is presented in Chap. 16.
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5.1  Diagnostic Approach:
Overview

This chapter focuses on the clinical determina-
tion of an ulcer’s etiology, based on history and
physical examination. As mentioned in the pre-
vious chapter, determining the cause of a cuta-
neous ulcer can be a somewhat complex, multi-
staged process, demanding a high level of ex-
pertise in medicine and dermatology.

The correlation between an ulcer and its
underlying cause is sometimes apparent. For
example, when a cutaneous ulcer appears in a
patient with ulcerative colitis or rheumatoid ar-
thritis, a physician is expected to consider the
possibility of pyoderma gangrenosum. Similar-
ly, the rapid spreading of cutaneous ulcers in a
patient with chronic renal insufficiency should
alert the clinician to the possibility of calciphy-
laxis.

Determining Etiology:
History and Physical Examination 5
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Yet, in some cases, a cutaneous ulcer may be
the presenting sign of diseases such as systemic
lupus erythematosus (SLE) and SLE-like syn-
dromes [1–3], systemic scleroderma [4], or We-
gener’s granulomatosis [5–7]. A cutaneous ul-
cer may also appear as a presenting sign in he-
molytic anemia [8].

The underlying disease is not always evident
or ‘handed to the physician on a silver platter’.
However, in many cases the information may be
readily obtained from the patient’s history or
physical examination.

It would be difficult to build an algorithmic
flow-chart to establish an ulcer’s etiology, since
too many parameters are involved. Neverthe-
less, we will present here a systematic approach,
based on data obtainable from the patient’s his-
tory and physical examination.

The clues to follow are:
5 Clue 1 Incidence by age
5 Clue 2 Typical location of var-

ious cutaneous ulcers
5 Clue 3 The ulcer’s appearance

and its surroundings
5 Clue 4 The primary lesion

from which the ulcer
originates

5 Clue 5 Incidence of infectious
ulcers in various geo-
graphic regions

5 More clues Additional points to
consider

5.2  Incidence by Age:
Common Causes of Ulcers 
in Adults and Children

5.2.1  Adults

There are certain diseases (see below) that
cause more than 95% of cutaneous ulcers in the
general adult population.

It is therefore reasonable, as a first step, to
check whether the ulcer belongs to one of
the following diagnoses:

5 Venous ulcers
5 Ulcers due to peripheral arterial

disease
5 Diabetic ulcers
5 Livedoid vasculitis (atrophie

blanche)
5 Ulcers developing in the course of

cellulitis
5 Pressure ulcers

In most cases, it is highly recommended that
clinical diagnoses be supported by an ancillary
laboratory investigation (e.g., Doppler flowme-
ter examination of leg arteries; Doppler ultra-
sonography of the lower-limb venous system).
If the diagnosis is doubtful, other possibilities
should be explored.

Note that even in cases where the etiology
seems to be obvious, but the ulcer does not heal
within a reasonable period (up to 3–4 months),
the diagnosis should be reconsidered and a
thorough investigation should be undertaken.
This should follow the schemes recommended
in Chap. 6.

5.2.2  Children

The differential diagnosis of cutaneous ulcers
in children is presented below in Table 5.1. In
contrast to adults, the etiology of cutaneous ul-
cers in children is quite different. For example,
diabetic ulcers in long-standing diabetes mel-
litus type I are extremely rare in childhood [9].
Similarly, venous ulcers are rare in childhood;
when present, they are associated with venous-
lymphatic malformations.

In most cases, cutaneous ulcers in children
reflect an infectious process, the nature of
which is often related to the geographic region
(see Sect. 5.6). Ecthyma appearing in warm, hu-
mid areas or leishmaniasis are classical exam-
ples of the above concept. Infected insect bites
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not infrequently, result in ulceration in chil-
dren. Other infectious processes, such as tuber-
culosis and atypical mycobacterium infections
(Fig. 5.1), or Buruli ulcers should be considered,
depending on the circumstances and clinical
findings.

Table 5.1 presents infectious diseases that
commonly affect children; other infectious pro-
cesses, less common, are not mentioned in Ta-
ble 5.1. Certain diseases may affect both adults
and children without having any particular
predilection for a specific age group; etiologies
of cutaneous ulcers are presented in Table 4.1.

Another group of ulcers in pediatrics are
those caused by physical injuries, including
burns and cold injuries. In a healthy child, trau-
matic ulcerations tend to recover rapidly.

An ulcer in a child that does not heal within
a few weeks may be a manifestation of a sys-
temic disorder such as hemolytic anemia or a
connective tissue disease. Periarteritis nodosa
results in peripheral gangrene more frequently
in children than in adults [10].

In addition to the above, other conditions
should be considered when dealing with ulcer-
ations in the pediatric age group. These condi-
tions, while relatively uncommon, include Ka-
wasaki disease, pyoderma gangrenosum (PG),
and hypercoagulability states such as protein C
deficiency or protein S deficiency. In addition,
cutaneous metastases of malignancies occur-
ring during childhood (such as neuroblastoma,
leukemia, or lymphoma) may ulcerate [25].

5.2Incidence by Age: Common Causes of Ulcers 55

Fig. 5.1. A cutaneous ulcer appearing on the cheek of a
3-year-old child; Mycobacterium avium intracellulare
was isolated from the ulcer

Table 5.1. Causes of cutaneous ulcers in children

Infection
Ecthyma
Infected insect bite
Leishmaniasis
Tuberculosis and atypical mycobacterium 

infections
Buruli ulcer
Sexually transmitted diseasesa [11]

Physical injuries
Traumatic wounds
Burns
Cold injuries (frost bites and pernio)b [12]
Jaquet’s erosive diaper dermatitis [13]
Extravasation injury c [14]
Artifactual injuryd [12]

Hemolytic anemia [8, 15–20]

Sickle cell anemia
Thalassemia
Hereditery spherocytosis

Connective tissue diseases/
multi-system diseasese [5, 6, 21–23]

Systemic lupus erythematosus
Scleroderma
Dermatomyositis 
Periarteritis nodosa 

Others
Pressure ulcersf

Spider bites, scorpion bites

a. Sexually transmitted diseases may be acquired by
children by one of the following [11]:
� Sexual activity (in adolescents)
� Sexual abuse 
� Transplacental infection or infection following

passage through birth canal
b. While lesions of pernio appear to be more common

in children, they rarely ulcerate in this age group
[12].

c. Extravasation injury is relatively common in neona-
tal intensive care units [14].

d. In contrast to adults, artifactual ulcers in young chil-
dren may be caused by a parent or a care giver, and
not always by the patients themselves [12].

e. Raynaud’s phenomenon and cryoglobulinemia may
also result in cutaneous ulcers in children [24], usu-
ally as a finding associated with a connective tissue
disease.

f. Pressure ulcers may occur in bed-ridden children, or
in cases where the child is subjected to another sort
of continous pressure; e.g. improperly-fitted pros-
thesis [12].
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Kawasaki Disease. Kawasaki disease may
manifest as severe peripheral ischemia with
subsequent gangrene. It is more common in in-
fants under seven months [25].

Pyoderma Gangrenosum. Powell and Perry
[26] documented eight (4%) of 180 cases of PG
in which the lesions appeared before the age of
15 years. There are isolated reports of PG occur-
ring in infants [26, 27].

Prolidase Deficiency. Prolidase deficiency is
a rare metabolic disease causing chronic cuta-
neous ulcers. This possibility should be consid-
ered when dealing with children who develop
chronic ulcers [28, 29].

5.3  Typical Location 
of Various Cutaneous Ulcers

The location of an ulcer may provide valuable
information. Table 5.2 presents some of the
pathologic processes that tend to affect specific
locations. Note that ulcers may occur in ‘unex-
pected’ sites, so not all possibilities are intro-
duced in the table.

5.3.1  Lower Legs

Venous,diabetic,and arterial ulcers,as discussed
in the previous chapter, appear on the lower
legs. Not infrequently, there is a tendency to la-
bel cutaneous ulcers of lower legs as ‘venous’ or
‘arterial’. In some cases, the correct diagnosis
can be revealed only following a thorough in-
vestigation.

It is reasonable to assume that the compo-
nent of hydrostatic pressure, which plays a ma-
jor role in ulcerations of venous insufficiency,
may also be a significant factor in various other
ulcerative conditions, such as connective tissue
diseases, vasculitis, and hypercoguability states.
Ulcers in hemoglobinopathies (sickle cell ane-
mia, thalassemia) also tend to appear on the low-
er third of the tibia [15–18], most probably for the
same reason.

As a region generally exposed to trauma and
infection, the lower legs tend to be more prone
to ulcers attributed to infection as well.

Cutaneous Ulcers of Lower Legs in Connec-
tive Tissue/Multi-System Diseases. Cutaneous
ulcers in systemic lupus erythematosus (SLE)
tend to appear in the malleolar region [4]. Sim-
ilar leg ulcers may be seen in rheumatoid ar-
thritis.

In periarteritis nodosa, cutaneous or subcu-
taneous nodules which may undergo ulceration
appear along the course of superficial arteries,
i.e., around the knee, the anterior and distal
shin, and the dorsum of the foot [10].

In Wegener’s granulomatosis, nodules that
may ulcerate tend to appear most commonly in
crops along the extensor surface of extremities.
The lower extremities have been found to be
the most common location affected in
Wegener’s granulomatosis, involved in more
than 70% of cases [6].

Hypercoagulable States. Hypercoagulable
states, such as protein C deficiency, protein S
deficiency, or activated protein C resistance,
may present as leg ulcers [37–40]. In contrast,
coumarin necrosis tends to occur in regions
with increased subcutaneous fat, such as the
thighs, breasts, and buttocks [68, 69].

Pyoderma Gangrenosum. The lower ex-
tremity is a common site of involvement of
pyoderma gangrenosum; particularly the ante-
rior tibial surface. Nevertheless, pyoderma gan-
grenosum may appear anywhere [42].

Epitheliomatous Tumors. Basal cell carcino-
ma or squamous cell carcinoma may develop
on the legs [43–47]. Such an ulcer may pose a
diagnostic challenge. As will be discussed in
Chap. 6, a biopsy should be considered in the
case of any cutaneous ulcer that does not heal
within a reasonable time.

Pressure Ulcers. Pressure ulcers usually de-
velop over bony prominences. In about 30% of
cases they are located on the lower legs [70, 71].
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5.3Typical Location of Various Cutaneous Ulcers 57

Lower legs

Most common causes

Venous ulcers
Peripheral arterial disease
Diabetic ulcers

Infectious

Ulcers developing in the course of cellulitis 
Ecthyma [30]
Yaws [31]
Tropical ulcer [32]

Connective tissue diseases

Systemic lupus erythematosus [4]
Rheumatoid arthritis 
Periarteritis nodosa [33]
Wegener’s granulomatosis [6]
Temporal arteritis [34]
Anti-phospholipid syndrome [35] 

Hemolytic anemia [15–18, 36]

Hemoglobinopathies
Sickle cell anemia
Thalassemia

Leukocytoclastic vasculitis

Drugs
Infections
Malignancy

Hypercoagulabale state

Protein S deficiency [37]
Protein C deficiency [38]
Activated protein C resistance [39, 40]

Others

Atrophie blanche: [41]
Kaposi sarcoma (classic type)
Pressure sores 
Pyoderma gangrenosum [42]

Basal cell carcinoma [43–45]
Squamous cell carcinoma [45, 46]
Malignant melanoma

Fingers and toes

Cold exposure

Frost bite, perniosis [48] 
Raynaud’s phenomenon
Cryoglobulinemia 

Connective tissue/multi-system diseases [4, 10]

Systemic lupus erythematosus 
Dermatomyositis 
Periarteritis nodosa 
Systemic scleroderma 

Arterial occlusion

Peripheral arterial disease
Embolus [49, 50]
Diabetes

Infectios diseases

Venereal diseases (such as syphilis) [51]
Tularemia,
Swimming pool granuloma

Malignancy

Essential thrombocytosis 
Polycytemia vera
Leukemia, Lymphoma [52] 

Table 5.2. Locations of cutaneous ulcers
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Table 5.2. Locations of cutaneous ulcers (Continued)

Genital ulcers; Perianal ulcers

Classical venereal diseases

Syphilitic chancre
Chancroid 
Lymphgranuloma venereum
Granuloma inguinale 
Herpes genitalis
Herpetic or CMV infection

in immunocompromised patients [56, 57]

Other infections

Infected insect bite
Leishmania 
Ecthyma gangrenosum [58]
Fournier’s gangrene [59, 60]

Following injury/dermatitis

Trauma
Papaverine injections [61]
Contact dermatitis [64]
Jaquet’s erosive diaper dermatitis [13]

Malignancy

Tumor located on the genital area
Ucerations of the scrotum, or vagina
in leukemik patients [65, 66]

Others

Erosive/ulcerative lichen planus
Behçet’s disease [67]
Suppositories containing ergotamine [62, 63]

Soles

Neuropathic ulcers 

Diabetes
Leprosy

Deformities of the foot 

e.g. prominent metatarsal head

Others

Ulcerative lichen planus [53–55]

Ulcers on the face

Epithelial tumors

Basal cell carcinoma
Squamous cell carcinoma

Cold exposure

Frost bite

Infections

Infected insect bites
Leishmania
Tularemia 
Anthrax
Tuberculosis (Lupus vulgaris)

Others

Pyoderma gangrenosum
(In the form of malignant pyodermia)

Noma
Malignant melanoma
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5.3.2  Fingers and Toes

When ulcers appear on the fingers or toes, two
main points should be clarified: (a) Is there a
history of exposure to cold? (b) Are there other
characteristics of connective tissue diseases?

Exposure to Cold. Frostbite and pernio
(chilblains) are associated with exposure to
cold. Frostbite usually affects fingers, toes, ears,
cheeks, and nose. In pernio, the proximal pha-
langes of the fingers and toes and the plantar
surface of the toes are usually involved [48].

In addition, Raynaud’s disease and cryoglu-
bulinemia, which can manifest as ulceration
following exposure to cold, may be secondary
to collagen diseases or malignancy.

Connective Tissue/Multi-system Diseases.
SLE, dermatomyositis, systemic scleroderma,
and periarteritis nodosa may be associated
with necrosis of the fingers or toes, occasional-
ly as the presenting sign. Other characteristics
of connective tissue disease, such as a butterfly
rash or arthritis, may point to a diagnosis.

Arterial Pathology. Angiopathy due to pe-
ripheral arterial disease, embolus, or diabetes,
may result in necrotic toes. Abrupt appearance
of a blue toe (even prior to necrosis and ulcer-
ation), may be a manifestation of embolization
that may require limb-salvaging surgery. Cho-
lesterol emboli may result from surgical inter-
ventions such as angiography, bypass surgery,
and vascular injuries [49, 50].

Venereal Diseases. In some venereal diseas-
es the primary lesion may appear on a finger
[51]. In addition, in some infectious diseases
(e.g., tularemia, swimming pool granuloma)
the primary inoculation site may be an exposed
cutaneous area such as fingers or hands.

Malignancy. Digital ulceration may occur in
lymphoma or leukemia. In some cases the ul-
ceration is attributed to the presence of cryo-
globulins [52]. Digital ulceration may also oc-
cur in thrombocythemia and polycythemia ve-
ra due to stasis of the blood and secondary
thrombosis.

5.3.3  Soles

When ulcers develop on the soles, the most
common etiologies are neuropathy or defor-
mities of the foot (see Chap. 4, sect. 4.3.7.2, on
diabetic neuropathy). For example, a promi-
nent metatarsal head produces excessive pres-
sure on tissues at a specific site, with subse-
quent formation of a cutaneous ulcer. Typical
clinical features of neuropathic ulcer, such as
callus formation around the ulcer, should be
sought. Deformities of the foot should be
looked for on physical examination and by X-
ray.

5.3.4  Facial Ulcers

The face, as a highly exposed region of the hu-
man body, is subjected to ulcerations originat-
ing from infectious processes, such as leishma-
niasis (Fig. 5.2). Tularemia and anthrax are also
documented as occurring on the face. Insect
bites, if they become infected, may cause cuta-
neous ulcers.

Solar exposure and actinic damage may in-
duce formation of basal cell carcinoma or squa-
mous cell carcinoma. Severe exposure to cold
may affect the ears and nose and may cause
frostbite ulcerations.

Other unique clinical conditions that affect
the face are noma and pyoderma gangrenosum
(in the form of malignant pyodermia).

5.3Typical Location of Various Cutaneous Ulcers 59
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5.3.5  Genital Ulcers

Classical venereal diseases, manifested by geni-
tal ulcers are syphilitic chancre, chancroid,
lymphogranuloma venereum, granuloma in-
guinale, and herpes genitalis. Note, however,
that venereal diseases may involve extragenital
areas. Common sites are lips, fingers, and the
perianal region. Syphilitic chancres, for exam-
ple, have been reported to appear on the
tongue, a tonsil, or a nipple; they may in fact oc-
cur anywhere on the abdomen, trunk, or ex-
tremities [51].

Not infrequently, venereal diseases may also
affect the perianal region. Other conditions
mentioned in Table 5.2 may induce both genital
ulcers, perianal ulcers, or both.

Cutaneous ulcers that usually affect other re-
gions in the body may also occur in the genital
area. Thus, other etiologies should be consid-
ered, such as trauma, malignancy, and even less
likely conditions such as infected insect bite or
leishmaniasis [72]. As mentioned in Sect. 5.2,
sexually transmitted diseases may also affect
children.

5.3.5.1  Further Comments

Fournier’s gangrene is an extensive fulminant
infection of the genital area, anorectal area, and
perineum which may extend to the abdominal
wall. Rapid progression of tissue necrosis of
these areas necessitates prompt antibiotic treat-
ment together with debridement of necrotic
tissue.

Ulcerations of the scrotum and vaginal ul-
cers have been reported in leukemic patients
[65, 66].

Behçet’s disease is commonly characterized
by the presence of genital ulcers. In men they
tend to appear on the scrotum (rarely on the
penis); in women they are located on the labia,
vulva, and vaginal wall [67].

Ulcerations may develop in diaper derma-
titis due to secondary infection. A unique form
of diaper dermatitis appears in children, as
Jacquet’s erosive diaper dermatitis. It consists
of erosions and ulcers appearing on the labia or

penis. Jacquet’s erosive diaper dermatitis has
been attributed to home diapering, accompa-
nied by the use of various chemicals for wash-
ing. It is less frequent nowadays, with the in-
creasing use of disposable diapers [13].

5.3.5.2  Differential Diagnosis 
of Venereal Ulcers

The typical syphilitic chancre lesion begins as a
red macule that gradually evolves into an in-
flammatory papule. It may undergo further
changes and become (not necessarily) an indu-
rated ulceration, described in the literature as
‘button-like’ and approximately 1–2 cm in di-
ameter. A typical chancre is slightly elevated,
well defined, and surrounded by a red margin.
In more than 20% of cases there is more than
one chancre [51].

The diagnosis may be supported by the
patient’s reporting having had sexual inter-
course within a period of time that fits the clin-
ical diagnosis.

Note that lesions of late/tertiary syphilis may
undergo ulceration. Pseudo chancre redux is a
gummatous lesion on the penis.

Other clues for the diagnosis of venereal 
ulcers are:

5 Level of pain
5 Consistency of the ulcer
5 Clinical characteristics of draining

lymph nodes

Level of Pain. A primary chancre is typically
painless, whereas chancroid and genital herpes
are characterized by particularly painful ul-
cers. Granuloma inguinale and lymphogranu-
loma venereum do not tend to cause pain [73,
74].

Consistency of the Ulcer. A syphilitic chan-
cre is firm at its margin (ulcus durum), where-
as ulcers in chancroid are soft (ulcus molle).

Draining Lymph Nodes. Lymph nodes in
chancroid and lymphogranuloma venereum
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are tender and painful. They may undergo sup-
puration. Lymph nodes tend not to be painful
in syphilis. Granuloma inguinale is not charac-
terized by lymphadenopathy.

The groove sign has been described in lym-
phogranuloma venereum. The enlarged ingui-
nal and femoral nodes are separated by a de-
pression caused by the presence of Poupart’s
ligament.

5.4  The Ulcer’s Appearance 
and Its Surroundings

One should distinguish between morphological
features that can be used as diagnostic clues
and those that are irrelevant to proper identifi-
cation of the ulcer’s cause. The general appear-
ance of the ulcer surface and its depth are less
relevant with respect to etiology.

Surface Area. The presence of a purulent
discharge or a crust on the ulcer’s surface, in
most cases, does not contribute to the diagnos-
tic process. Any cutaneous ulcer may become
secondarily infected irrespective of the under-
lying disease causing it and produce a purulent
or seropurulent discharge. Similarly, cutaneous
ulcers of any origin may become crusted.

A pale pink surface is characteristic of ulcers
caused by arterial peripheral disease. The pale-
ness is attributed to decreased vascularization.
These ulcers do not present healthy, red-to-pur-
ple granulation tissue.

Depth of Ulcer. Ulcers of the same cause
may appear at different degrees of severity (due
to secondary infection, patient’s immune status
etc.). Thus, information regarding the ulcer’s
depth does not usually help the physician try-
ing to determine the etiology.

In most cases, the clinical appearance of the ul-
cer itself does not contribute valuable informa-
tion to the diagnostic process. The main mor-
phological characteristics that may direct the
physician to the underlying cause are (a) the
appearance of the ulcer’s margin and (b) the
appearance of the skin around the ulcer.

5.4.1  The Ulcer’s Margin

Peripheral Discoloration. The search for pe-
ripheral discoloration and the presence of
undermining is of utmost importance. Periph-
eral purple discoloration, i.e., a purple halo
around the ulcer’s margin, classically appears
in pyoderma gangrenosum. It is also docu-
mented in infectious ulcers, such as ecthyma
gangrenosum [74], or Meleny’s ulcer [75]. Pyo-
derma gangrenosum-like ulcers may also appe-
ar in vasculitis [76, 77], connective tissue/mul-
ti-system diseases [78–80], anti-phospholipid
syndrome [81], lymphocytic leukemia [82], and
cutaneous cryptococcosis [83].

It is reasonable to assume that the blue, pur-
ple, and red discoloration around the ulcer
margin is the end result of a combination of
certain processes:

5 Damage to blood vessels; decreased
perfusion with subsequent impaired
oxygenation of blood within the
ulcer’s margin

5 Level of inflammation, accompanied
by dilatation of blood vessels

Peripheral bluish/violet discoloration may also
be seen in ulcers appearing in peripheral arte-
rial disease (Fig. 5.3).
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Undermining. Undermining is defined as
the spread of the ulceration with involvement
and destruction of tissue, located deep but pe-
ripheral to the ulcer margin, beyond the appar-
ently normal skin. Pressure ulcers are com-
monly undermined in stages III or IV. Pyoder-
ma gangrenosum ulcers are typically under-
mined as well. Yet undermined margins are
known to develop in other types, such as ster-
oid ulcer [84] and Buruli ulcer [85]. Tubercu-
lous chancre is described as undermined [86].
Meleney’s ulcer is also known as a ‘chronic
undermining burrowing ulcer’.

There are other features that may help to
identify the ulcer’s etiology. Self-inflicted ulcers
have angular margins and an ‘artificial’ shape
(Fig. 5.4); they often present a geometric out-
line, clearly demarcated from its surroundings.
Circumscribed callus formation around the ul-
cer is the hallmark of a neuropathic ulcer
(Fig. 5.5).

5.4.2  The Skin that Surrounds 
the Ulcer

The appearance of the skin around the ulcer
may provide valuable information regarding
etiology. For example, vasculitic ulcers can be
identified by their being surrounded by areas of
palpable purpura.

Other clinical clues are:
5 Atrophy: Atrophic skin, with hair

loss, accompanied by pallor or cya-
nosis, may imply the presence of pe-
ripheral arterial disease.

5 Stasis dermatitis: Venous ulcers are
usually surrounded by stasis derma-
titis with brown to purple pigmen-
tation and varicose veins.

5 Livedo reticularis: This may appear
in vasculitis, connective tissue dis-
eases, atrophie blanche, anti-phos-
pholipid syndrome, thrombocythe-
mia and polycythemia vera. Livedo

reticularis has also been document-
ed in bacterial infections such as
syphilis and tuberculosis [87] and in
three patients with multiple choles-
terol emboli [88].

5 Dermatitis and excoriations: Der-
matitis and excoriations around an
ulcer may suggest the possibility
that the ulcer developed because of
a bacterial infection, following re-
peated scratching of the skin.

Chapter 5 Determining Etiology 62

5

Fig. 5.4. A self-inflicted ulcer. Note the artificial, linear
margin

Fig. 5.5. A neuropathic ulcer surrounded by callus for-
mation
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5 Erythema: In the case of an ulcer
surrounded by an inflammatory er-
ythematous area, one should deter-
mine which component developed
first: If the redness appeared follow-
ing the development of the ulcer, it
suggests that the ulcer area under-
went secondary infection. On the
other hand, ulcers may develop in
the course of cellulitis, when the in-
fectious process itself results in ul-
ceration of the skin.

5 Ivory plaque: In atrophie blanche,
the ulcer is located within ivory
white plaque, ranging from less than
one cm to a few centimeters in size.
The scar-like plaques are commonly
described in the literature as ‘star-
like’ (Fig. 5.6). Telangiectases and 
areas of hyperpigmentation are
found peripherally.

5.5  The Primary Lesion from Which 
the Ulcer Originates

A cutaneous ulcer is not a primary lesion. An
ulcer does not develop de novo, from an intact
normal skin; it is preceded by an initial lesion
from which it evolves.

Knowing the identity of the primary lesion
from which the ulcer developed may be an im-
portant clue in the diagnostic process. The pri-
mary lesion can be identified by (a) examining
the affected area, on which one of the primary
lesions or its remnant can be recognized, and
(b) asking the patient how the ulcer began.

Three categories can thus be discerned:
5 A plaque or nodule
5 A vesicle or pustule
5 A cutaneous infarct, which begins as

a pink to dusky red macule, pro-
gressively becoming a black necrot-
ic area

5.5.1  Ulcers Originating 
from a Plaque or a Nodule

Plaques and nodules may develop in the course
of certain inflammatory diseases (e.g., pannic-
ulitis), infectious diseases (e.g., deep fungal in-
fections), or other pathologic processes (see Ta-
ble 5.3). The lesions may ulcerate due to a grad-
ual obliteration of small blood vessels in the
course of the basic pathologic process.

5.5.2  Ulcers that May Originate 
from a Vesicle or a Pustule

In most cases, an ulcer that develops from a
vesicle or pustule is due to an infectious pro-
cess (see Table 5.3). However, pyoderma gan-
grenosum ulcer may also appear initially as a
small pustule (Fig. 5.7)

5.5.3  Erythematous Area 
that Gradually Darkens

The finding of an erythematous, ecchymotic
area that gradually becomes darker, developing
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a black eschar-like covering, is the hallmark of
blood vessel occlusion and a cutaneous infarct.
The black eschar represents devitalized tissue,
similar to that of deep burn wounds.

Note that certain medical conditions such as
spider bites or relatively severe cutaneous in-
fections may manifest initially as a vesicle or a
pustule (Fig. 5.8), but later the involved area
may become black and necrotic as a result of
the destructive vascular process.

5.6  Infectious Ulcers 
in Various Geographical Areas

The occurrence of ulcerative lesions of infec-
tious etiology varies according to the geo-
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Fig. 5.7. Ulcerated pyoderma gangrenosum. Note initial
pustular lesions

Table 5.3. The primary lesion from which the ulcer originates

Ulcers originating from a plaque or a nodule

� Ulcerating panniculitis
� Some connective tissue diseases (e.g. ulcerating rheumatoid nodule of rheumatoid arthritis)
� Ulcers developing in malignant lesions such as lymphoma (and mycoses fungoides), leukemia,

skin metastases, or Kaposi sarcoma.
� Deep fungal infections
� In some bacterial infections such as ayphilis, yaws, tuberculosis, atypical mycobacterial infections

and leprosy.
� Leishmaniasis

Ulcers that may originate from a vesicle or a pustule

Infections
� Ecthyma
� Ecthyma gangrenosum
� Tularemia
� Anthrax
� Tropical ulcer  
� Ecthymateous varicella zoster

Pyoderma gangrenosum 
Spider bites

Erythematotic area that gradually darken

� Vasculitis and connective tissue diseases
� Livedoid vasculitis (atrophie blanche)
� Hypercoagulabile states
� Arterial occlusion; e.g., in peripheral arterial disease or embolus; it may occur in diabetes as well,

due to vascular damage
� Spider bites 
� Pressure ulcers
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graphical region, both in children and adults. A
full history should include information regard-
ing overseas travel.

Bacterial diseases such as Buruli ulcer and
yaws appear in warm tropical regions with high
humidity. Nowadays yaws appears mainly in
Africa, although there are sporadic reports
from Asia and Central America. It usually ap-
pears in children; 70% of yaws infections ap-
pear before the age of 15 [31]. (Subcutaneous
nodules may ulcerate in late yaws.)

Ecthyma is more frequent in humid areas,
especially among children (or elderly popula-
tions).

The geographic distribution of leprosy var-
ies. It is endemic only in certain tropical and
subtropical regions of Asia, Africa, and Central
America [89].

The possibility of certain infectious diseases,
such as certain types of deep fungi or leishma-
niasis (Fig. 5.9), should be considered according
to the geographic location.

Tropical ulcer and noma develop mainly in
malnourished children, in geographical areas
subject to hunger; they have been documented
in Africa and the Far East.

5.7  Additional Points

Severity of Pain. Severely painful ulcers oc-
cur in peripheral arterial disease, thromboan-
giitis obliterans (Buerger’s disease). Ulcers
caused by embolus, atrophie blanche, vascu-
litis, and connective tissue diseases are also
painful. Pyoderma gangrenosum tends to be
painful.

Neuropathic ulcers are painless. Venous ul-
cers are usually not associated with significant
pain. If an ulcer labeled as venous causes severe
pain, the diagnosis should be reconsidered.

In infectious ulcers the level of pain varies.
Buruli ulcer is typically painless, while Mele-
ney’s ulcers are reported to be painful.

Splenomegaly and Cutaneous Ulcers

Splenomegaly and cutaneous ulcers tend to
appear in the following conditions:

5 Hemolytic anemia
5 Felty’s syndrome
5 Malignant diseases (lymphoma, leu-

kemia)
5 Disseminated infectious disease
5 Prolidase deficiency: splenomegaly

appears in 30% of patients

Ulcers in Linear Distribution. Certain con-
ditions are characterized by a linear distribu-
tion of cutaneous ulcers. The classical descrip-
tions of a linear distribution of lesions are as-
sociated with sporotrichosis (where the distri-
bution is determined by lymphatic drainage);
hence, a linear pattern of distribution may also
be referred to as a ‘sporotrichoid pattern’.
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Fig. 5.8. Remnants of a blister surrounding an ulcerated
spider bite

Fig. 5.9. Ulcerated lesions of leishmaniasis developing
from a nodule (seen peripherally)
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Other conditions characterized by linear
distribution are:

5 Periarteritis nodosa: Cutaneous or
subcutaneous nodules, that may
undergo ulceration, appear along
the course of superficial arteries:
around the knee, anterior and distal
shins, and dorsum of the foot.

5 Wegener’s granulomatosis: Nodules
which may ulcerate tend to appear
in crops, most commonly along ex-
tensor surface of extremities.

5 Leishmaniasis or insect bites (sec-
ondarily infected): along the track
of the ‘hostile’ insect (Fig. 5.10)

5 Atypical mycobacterial infections:
Such lesions may also appear in lin-
ear distribution.

Ulcers with Marked/Painful Lymphadenop-
athy

Lymphadenopathy characterizes ulcers in:
5 Tuberculosis and atypical mycobac-

terial infections
5 Tularemia
5 Certain deep fungal infections (e.g.,

sporotrichosis)

The breaking down of lymph nodes and subse-
quent ulceration is characteristic of scrofulo-
derma. It occurs in the supraclavicular, paroti-
dal, and submandibular areas and on the lateral
aspect of the neck, due to the presence of lymph
nodes in those areas. It is often bilateral. Scrofu-
loderma may occur on the extremities or the
trunk, when the tuberculous process involves
bones, joints, phalanges, ribs, or the sternum.

Suppuration of lymph nodes may also occur
in chancroid and lymphogranuloma venereum.

Rapid Progression of Ulcerative Lesions

Rapid progression of multiple ulcerative le-
sions may appear in the following condi-
tions:

5 Vasculitis
5 Multiple emboli
5 Calciphylaxis
5 Various infections (related to viru-

lence of the offending micro-organ-
ism and the host’s defense mecha-
nisms

Corymbiform Pattern. A larger central le-
sion surrounded by smaller lesions is said to
have a corymbiform pattern. It may occur in
syphilitic chancres, leishmaniasis, and pyoder-
ma gangrenosum.

5.8  Addendum: Details Regarding 
Venous and Arterial Ulcers

Since venous and arterial ulcers are relatively
common, we shall discuss here more details re-
garding the history and physical examination
of these ulcers.

5.8.1  Venous Ulcers

Patients with venous insufficiency frequently
complain of dull pain and heaviness associated
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Fig. 5.10. Ulcers of leishmaniasis in linear distribution
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with standing, usually accompanied by swelling
of the legs. These symptoms are relieved by
walking and by elevating the legs; night cramps
occur not infrequently. (In the presence of se-
vere or excruciating pain, other diagnoses
should be considered.)

Skin Around the Ulcer. Eczematous changes
of varying degree of severity may appear. There
are usually varicose veins. Purple to brown pig-
mentation is attributed to extravasation of red
blood cells and sedimentation of hemosiderin
in the surrounding tissues. The edema becomes
more and more indurated as the process ad-
vances. Lipodermatosclerosis appears in long-
standing disease, manifested by highly indurat-
ed skin on the lower third of the leg, which
looks relatively thin compared with the edema-
tous upper part.

Location of Venous Ulcers. The discussion
on mechanisms of venous ulcer formation in
Chap. 4 may help to explain the distribution of
venous ulcers. Since venous pressure and its
detrimental effect on tissues is maximal distal-
ly, venous ulcers occur on the lower calf. The
medial malleolus is more commonly affected.
This finding is attributed to the anatomy of the
venous system; a larger mass of venous vessels
is located medially. Therefore, the medial as-
pects of the legs are subjected to higher venous
pressures. Nevertheless, not infrequently, these
ulcers may appear above the lateral malleolus
as well.

5.8.2  Arterial Ulcers

The initial complaint in peripheral arterial dis-
ease is intermittent claudication: a cramping
pain, primarily affecting the calf muscles, that
appears on walking and is relieved by rest. Note
that a patient whose mobility is limited may not
complain of intermittent claudication. In the
advanced stage of the disease, pain appears at
rest; it tends to appear in the foot region and
can be excruciating, disturbing the patient’s
sleep. Lowering of the legs may relieve the pain
to some degree.

Physical Examination. Peripheral pulses are
decreased or absent on physical examination.
The limbs tend to be cold; they are pale or cya-
notic, but a red hue may be present, especially
on the foot. Capillary filling time tends to be
prolonged. When there is a significant degree
of ischemia, elevation of the legs causes pallor;
lowering the legs again causes delayed and ex-
aggerated hyperemia, prominent in the dorsum
of the foot.

The skin tends to be dry and a little scaly,
with hair loss. It may be atrophic. The nails ap-
pear brittle, distorted, and thickened.

Location of Arterial Ulcers. In view of the
fact that a high percentage of arterial ulcers are
caused by trauma, arterial ulceration may de-
velop anywhere on the lower calves. Ulcers tend
to appear on the lateral or pretibial aspects of
the leg, or on the dorsum of the foot. Note that
they may appear in the malleolar region as
well.

When critical limb ischemia has developed,
it may be manifested by distal necrosis of the
toes or forefoot necrosis; this condition has a
poor prognosis, and amputation may be neces-
sary.
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U gliness is a point of view.
An ulcer is wonderful 
to a pathologist.

(Austin O’Malley)

’’

6.1  Overview

The etiology of a cutaneous ulcer is determined
essentially by history and physical examina-
tion. When these do not suffice to establish the
diagnosis, laboratory investigation, including
histologic sampling, is required.

In most cases, routine blood tests should be
performed for every patient presenting with a
cutaneous ulcer where the diagnosis is not es-
tablished. These routine workups, which gener-
ally include tests such as erythrocyte sedimen-
tation rate, complete blood count, and blood
chemistry, may direct the physician towards the
etiology in certain cases. In many other situa-
tions with cutaneous ulcers, the anamnesis and
physical examination may suggest the need for
a more specific and focused investigation.

For example, an ulcer suspected of being re-
lated to hemolytic anemia requires the perfor-
mance of a blood smear, which may reveal sick-
led cells, spherocytes, etc.

Similarly, when a connective-tissue disease
is suspected, the workup should include labora-
tory parameters such as anti-nuclear factor,
rheumatoid factor, cryoglobulin level, or anti-
neutrophil cytoplasmic antibody (ANCA).

In cases of cutaneous ulcers, histologic spec-
imens may provide valuable information re-
garding their etiology. The histologic hallmark
of a cutaneous ulcer is dictated by its medical
definition, namely, the absence of epidermis and
the partial or complete absence of dermis. Yet
the question is not whether there is an ulcer but
what the underlying pathology is. Therefore,
the biopsy should not be taken from the ulcer
itself, but rather from an area adjacent to the ul-
cer margin, covered by dermis and epidermis;
where specific histologic features may be iden-
tified.
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In order to cover all the clinical possibilities
that may derive from the histology of a cutane-
ous ulcer, a broad knowledge of dermatopa-
thology is required. Nevertheless, our purpose
here is not to review the entire gamut of cur-
rently available dermatopathological knowl-
edge, but to relate only the most practical clini-
cal implications arising from histologic fea-
tures of cutaneous ulcers.

A biopsy should be considered from an
ulcer’s margin under the following condi-
tions:

5 An ulcer in which the clinical diag-
nosis is not established: when histo-
ry, physical examination and the
ulcer’s appearance do not provide a
concrete diagnosis i.e., when there is
no clinical clue, or when one wants
to confirm a suspected/doubtful di-
agnosis.

5 A non-healing ulcer: Biopsy should
be considered when dealing with an
ulcer that does not heal within three
to four months of optimal treatment.
This is subject to the clinical set-up
(see below).

5 Suspected malignancy: when the
ulcer is suspected of being malig-
nant/cancerous. Under these cir-
cumstances, a biopsy should be per-
formed as early as possible.

Each of the above possibilities is discussed
below.

6.2 A Cutaneous Ulcer in Which 
the Clinical Diagnosis 
Is Not Established

6.2.1  Possibilities of Histologic Picture

Sometimes, neither the history nor the physical
examination provides any clues to assist in

arriving at a diagnosis. A biopsy from an area
adjacent to the ulcer margin should be done, in
order to obtain diagnostic clues.

This chapter deals with those topics that are
specifically relevant to the histopathology of
skin ulcers, such as intravascular occlusion or
vasculitis. In addition, we shall discuss the steps
to be taken if the histologic specimen does not
provide sufficient diagnostic information.

6.2.2  Intravascular Occlusion

Intravascular occlusion may manifest in sever-
al forms, depending on the pathologic process
leading to occlusion. Conditions characterized
by intravascular occlusion are listed in
Table 6.1.

Coagulopathies are common forms of intra-
vascular occlusion [1, 2]. In these cases, intra-
vascular occlusion is reflected histologically by
the presence of fibrin thrombi within the lumen
of blood vessels (Fig. 6.1). Fibrin thrombi ap-
pear as amorphous eosinophilic material in
hematoxylin and eosin (H&E) stain; they may
be more obvious in a periodic acid-Schiff (PAS)
stain. In severe forms of coagulopathy, areas of
cutaneous necrosis may be observed [2].

Fibrin thrombi may be accompanied by
unique features such as cholesterol clefts in
cholesterol emboli (Fig. 6.2) or calcium deposi-
tion in calciphylaxis (Fig. 6.3). Other histologic
features may also be involved in intravascular
occlusion. For example, in sickle cell anemia,
blood vessels are occluded by the sludging of
sickled erythrocytes [3, 4] (Fig. 6.4).

Note that intravascular occlusion and the
presence of fibrin thrombi within the lumen of
blood vessels may variably appear in vasculitic
processes as well. Yet, vasculitis also has unique
characteristics, such as the infiltration of white
blood cells within the wall of blood vessels or
actual signs of damage to the vessel wall (see
Sect. 6.2.3). In this section, we present condi-
tions of intravascular occlusion which are not
accompanied by vasculitis.

In some cases, the clinical diagnosis is
straightforward and the histology simply com-
plements the history and physical examination.
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6.2A Cutaneous Ulcer in Which the Clinical Diagnosis 73

Fig. 6.1.
A fibrin thrombus within 
the lumen of a blood vessel

Table 6.1. Intravascular occlusion 

Coagulopathies [1, 2, 5–7]

� Coumarin-induced necrosisa

� Heparin necrosis 

� Disseminated intravascular coagulation 

� Purpura fulminans 

� Protein C deficiencyb

� Activated protein C resistanceb

� Protein S deficiencyb

� Anti-thrombin III deficiencyb

Dysproteinemia [1, 2, 8–10]

� Cryoglobulinemia (monoclonal, type 1)

� Waldenstrom’s macroglobulinemia

� Cryofibrinogenemia

a. Although coumarin is usually associated with fibrin thrombi, certain cases of vasculitis (with ulceration) follow-
ing its use have been reported [23, 24].

b. In most cases, these conditions result in leg ulcers via the formation of deep vein thrombosis which, in itself, pre-
disposes to venous ulceration. However, fibrin thrombi have been described in such cases as well [2]. Most of
these cases have been associated with coumarin or heparin therapy.

Hemolytic anemia [3, 4, 11, 12]

� Sickle cell anemia

� Hereditary spherocytosis

� Paroxysmal nocturnal hemoglobinuria

Others [1, 2, 13–22]

� Atrophie blanche

� Anti-phospholipid syndrome

� Calciphylaxis

� Cholesterol emboli

� Other embolic phenomena
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For instance, the diagnosis of coumarin necro-
sis may be reached when anamnesis confirms
intake of the drug a few days before ulceration.
Similarly, cutaneous ulcers and splenomegaly
in a young patient raise the possibility of hemo-
lytic anemia.

6.2.2.1  Histologic Features

In conditions such as coagulopathies, dysprotei-
nemias, or anti-phospholipid syndrome, the
histopathologic features may be similar, and an
accurate diagnosis cannot be established by
biopsy alone. On the other hand, in other condi-
tions, specific histologic features may assist in
determining the ulcer’s etiology.

Chapter 6 Biopsy and Laboratory Investigation74

6

Fig. 6.2.
Cholesterol clefts

Fig. 6.3.
An occluded blood vessel 
in calciphylaxis
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Histologic clues such as those mentioned be-
low should be sought (presented in Schema
6.1):

5 Microcalcifications in small to me-
dium sized vessels: This histologic
finding appears in calciphylaxis. It 
is well demonstrated by a Von Kossa
stain [17–19].

5 Bizarre forms of red blood cells: Bi-
zarre forms of red blood cells such
as sickled erythrocytes or spherocy-
tes may be found within capillaries
in ulcers caused by hemolytic ane-
mia; extravasation of red blood cells
may be seen [3, 4, 11].

5 Cholesterol clefts: Cholesterol em-
boli are characterized by the pres-
ence of cholesterol clefts within the
fibrinous material [20–22]. Note that
the absence of typical cholesterol
clefts does not necessarily rule out
the diagnosis of cholesterol emboli
[25, 26]. It may be difficult to locate
and identify cholesterol emboli, and
a deep biopsy may be needed [2].

6.2.2.2  Other Histologic Clues

Atrophie Blanche. In the initial stages of
atrophie blanche, the entity might still not be
identified by histology; i.e., fibrin thrombi
within blood vessels may be the sole finding.
However, more severe cases may present fea-
tures such as infarction with hemorrhage or an
inflammatory infiltrate. In late atrophic lesions,
a thin epidermis is usually seen, and the dermis
becomes sclerotic [2, 13].

Stain Type. The type of stain used may give
and clues for diagnosis: Precipitated cryoglob-
ulins appear bright red with PAS stain, while
other fibrinoid depositions, caused by other
processes, tend to stain lighter [2]. As men-
tioned above, deposition of calcium within
blood vessels, as appears in calciphylaxis, may
be identified by using the Von Kossa stain [19].

6.2.2.3  Blood Tests

When fibrin thrombi are seen and the diagno-
sis is not established, certain blood tests should
be considered:
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Sickled erythrocytes occluding
blood vessels
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Anti-phospholipid syndrome
5 Anti-cardiolipin antibodies
5 Lupus anticoagulant
5 β 2 glycoprotein 1

Impaired coagulability
5 Protein S level
5 Protein C level
5 Anti-thrombin III level
5 Resistance to activated protein C
5 Analysis of DNA to factor V Leiden

Deposition of paraprotein
5 Cryoglobulin
5 Cryofibrinogen
5 Protein electrophoresis
5 Quantitive immunoglobulins

Although the scheme for histological identifi-
cation shown in Fig. 6.5 is quite comprehensive,
we have encountered isolated cases of cutane-
ous ulcers with fibrin thrombi in which, follow-
ing thorough investigation, a definite etiology
could not be identified.

6.2.3  Vasculitis

Fully developed vasculitis is characterized
by the following histologic features [1] (see
Fig. 6.6):

5 Infiltration of white blood cells
within the wall of blood vessels

5 Deposits of fibrin within the wall
and lumen of blood vessels

5 Extravasation of red blood cells –
secondary to injury of the blood
vessels

Other signs of damage to the wall may be
present, such as the degeneration of collagen
fibers, and the necrosis of endothelial cells and
smooth muscle cells.

A special type of vasculitis that manifests
unique features is leukocytoclastic vasculitis,
the hallmark of which is the presence of poly-
morphonuclear cells and fragmented nuclei,
usually termed ‘nuclear dust’.

Note that when vasculitis results in the for-
mation of cutaneous ulcers, we expect to identi-
fy a form of necrotizing vasculitis in the histo-
logic specimen, showing necrotic areas with
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significant damage to blood vessels and sur-
rounding tissues.

The literature is replete with a wide range of
different classifications of vasculitic lesions,
and there is no one accepted classification.
Most authors present differing specific classifi-
cations.

Tables 6.2, 6.3, and 6.4 present a reasonable
and convenient classification of types of vascu-
litis that tend to be associated with ulceration.
These tables are based, in part, on the following:
1. Classification of vasculitis, as presented by

A.B. Ackerman [1]
2. Classification of the vasculitis syndromes, as

presented by A.S. Fauci [27] in Harrison’s
Principles of Internal Medicine

3. The definitions of vasculitis as delineated by
the Chapel Hill Consensus Conference in 1992
[28, 29]

Accurate identification of the subtype of vas-
culitis is determined by the following data:

5 Type of vessel involved (arterial
system versus venous system)

5 Size of vessel involved (e.g., postca-
pillary venule)

5 Type of infiltrate: neutrophilic? lym-
phocytic?

5 Presence or absence of leukocytoc-
lasis (fragmented neutrophilic nu-
clei)

Table 6.3 presents conditions associated with
small-vessel leukocytoclastic vasculitis.

In some cases of vasculitis, the pathology
will not be obvious in a given histologic speci-
men. The lesion may be in its early stages, when
the vasculitic process may not yet be evident. In
other cases, the specific site from which the bi-
opsy was taken will not reflect the pathology
accurately. Therefore, if a histologic specimen is
not diagnostic, the biopsy should be repeated.

Grunwald et al. [33] have shown that direct
immunofluorescence is a very sensitive test,
which may confirm the presence of vasculitis in
conditions where routine histologic specimens
sometimes fail to do so (e.g., in the early and re-
solving stages of the vasculitic process).

Where there is histologic evidence of vascu-
litis, the following laboratory workup should
be considered, depending on the clinical set-
up:

5 Erythrocyte sedimentation rate
5 Complete blood count
5 Blood chemistry
5 Anti-nuclear factor
5 Rheumatoid factor
5 Cryoglobulin level
5 Hepatitis C
5 Hepatitis B
5 c-antineutrophil cytoplasmic anti-

body (cANCA)
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Fig. 6.6.
Vasculitis: note the damaged vessel
wall, infiltrated by inflammatory
cells
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5 p-antineutrophil cytoplasmic anti-
body (pANCA)

5 Serum markers for malignancy
5 Chest X-ray
5 Abdominal ultrasound
5 Fecal occult blood testing

In some cases, even after extensive investiga-
tion, no definite explanation for the vasculitis
can be found. Such cases remain defined as
idiopathic vasculitis, in which a specific disease
may become apparent at a later date.
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Table 6.2. Cutaneous ulcers characterized by vasculitis

Vasculitis induced by an exogenous stimulus:

� Drug-induced vasculitisa

� Serum sickness
� Infectious agentb

As an expression of a connective tissue disease/ multi-system diseasesc:

� Rheumatoid arthritis
� Systemic lupus erythematosus
� Dermatomyositis
� Scleroderma
� Sjögren’s disease
� Cryoglobulinemia (mixed, type II & III)d

� Periarteritis nodosa
� Wegener’s granulomatosis
� Allergic angiitis and granulomatosis (Churg-Strauss syndrome)
� Behçet’s disease
� Temporal arteritis
� Takayasu disease          

Other vasculitic processes

� Vasculitis associated with malignancy
� Nodular vasculitis (erythema induratum)
� Erythema elevatum diutinum
� Kawasaki disease
� Pyoderma gangrenosum
� Idiopathic vasculitis

a. Many drugs may induce vasculitis. Drugs commonly associated with vasculitis include penicillin, sulfonamides,
thiazides, allopurinol and non-steroidal anti-inflammatory agents [30].

b. Leukocytoclastic vasculitis may be induced by several types of infections, most commonly Streptococcus group A
and Mycobacterium leprae; hepatitis B and C are also well-known inducers of leukocytoclastic vasculitis [30].

c. In some of the conditions presented above, ulceration may develop by other mechanisms, without vasculitis. For
example, some patients with SLE are reported to have premature atherosclerosis [31]; thus, ulcers in these pa-
tients may develop due to peripheral arterial disease. Similarly, SLE patients may develop ulcers as a manifesta-
tion of secondary antiphospholipid syndrome (16). In other multi-system diseases mentioned above, ulceration
is not necessarily associated with vasculitis. Lesions in Behcet’s disease may appear without histologic evidence
of vasculitis [32].

d. Mixed cryoglobulinemia may be associated with several systemic or infectious diseases such as rheumatoid ar-
thritis, Sjögren's disease, chronic lymphocytic leukemia and hepatitis C.
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6.2.4  Other Histologic Patterns

In some cases, a unique histologic pattern may
be seen (e.g., a specific type of tumor, or a spe-
cific inflammatory process), which provides an
accurate diagnosis. Yet, there is a huge range of
possible causes of skin ulcers. Hence, many
diagnoses may be revealed in a histologic spec-
imen obtained from a cutaneous ulcer. A broad
knowledge of dermatopathology is needed to
identify all the histologic possibilities.

The classic textbooks of dermatopathology
deal with this issue very well

5 Histologic Diagnosis of
Inflammatory Skin Diseases: An
Algorithmic Method Based on
Pattern Analysis (A. B. Ackerman)

5 Lever’s Histopathology of the Skin
(Elder, Elenitsas, Jaworsky and
Johnson)
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Table 6.3. Small vessel leukocytoclastic vasculitisa, b

Vasculitis induced by an exogenous stimulus:

� Drug-induced vasculitis
� Vasculitis induced by an infectious process
� Serum sickness

As an expression of a connective tissue disease/multi-system diseases:

� Rheumatoid arthritis
� Systemic lupus erythematosus
� Dermatomyositis
� Scleroderma
� Sjögren’s disease
� Cryoglubulinemia (mixed, type II & III)
� Polyarteritis nodosa
� Wegener’s granulomatosis
� Allergic angiitis and granulomatosis (Churg-Strauss syndrome)
� Behçet’s disease

Vasculitis associated with malignancy

a. More detailed discussions regarding vasculitis and its classification can be found in dermatopathology texts. We
do wish to make the point, however, that although in most of the conditions listed in the above table the infil-
trate is largely neutrophilic, in certain types of vasculitis there is typically a lymphocytic vasculitis (e.g., in col-
lagen diseases such as SLE and some cases of drug-induced vasculitis or arthropod bites [1, 2].

b. Erythema elevatum diutinum also manifests small vessel leukocytoclastic vasculitis [28].

Table 6.4. Cutaneous ulcers in which medium-sized vas-
culitis or large cell vasculitis may be identifieda, b

Large-vessel vasculitis 

� Temporal arteritis
� Takayasu’s disease

Medium-sized vessel vasculitis

� Polyarteritis nodosa
� Kawasaki disease
� Erythema induratum
� Wegener’s granulomatosis

a. Wegener’s granulomatosis presents as leukocytocla-
stic vasculitis of small vessels together with vasculitis
of large venous vessels [1].

b. Polyarteritis nodosa may present as leukocytoclastic
vasculitis of small vessels and as large vessel arterial
vasculitis  [1].
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Note that in most cases, the presence of inflam-
matory cells within the histologic section can-
not be used as a diagnostic clue, except where a
unique pattern of distribution is identified.Any
cutaneous ulcer is subject to inflammatory pro-
cesses, independent of its primary basic pathol-
ogy. These inflammatory responses may mani-
fest (but not necessarily) as infiltrations of var-
iable numbers of inflammatory cells within the
superficial dermis, usually around blood ves-
sels. Sometimes, the inflammatory infiltrate re-
sults from superficial secondary infection and
has no etiologic significance. Nevertheless, in
some cases, a unique pattern of distribution of
inflammatory cells (e.g., numerous plasma cells
in syphilis, or a granulomatous pattern) may
provide important diagnostic clues. A detailed
discussion of inflammatory patterns would en-
tail covering the entire field of dermatopathol-
ogy, and is beyond the scope of this chapter.

6.2.5  Insufficient Histologic Data

Sometimes the histologic data do not seem to
provide even the slightest diagnostic clue. In
such a case, it is advisable to thoroughly scan the
entire slide and biopsy specimen to see if it sho-
ws certain specific histologic characteristics
such as fibrin thrombi, vasculitis, a granuloma-
tous pattern (detailed below), or some other
specific pattern. If this step does not provide
further clues, another biopsy from a different
area of the same ulcer should be considered,sin-
ce there may be considerable variation among
different specimens taken from the same ulcer.

When certain conditions are suspected, a bi-
opsy containing deep dermis and subcutaneous
tissue should be considered. For example, in
polyarteritis nodosa and nodular vasculitis, a
superficial biopsy may not reveal the presence
of vasculitis. Similarly, as suggested in the sec-
tion on vasculitis, direct immunofluorescence
of a tissue specimen from the ulcer margin may
confirm the diagnosis of vasculitis.

Figure 6.7 summarizes the approach to the
diagnosis of ulcers when the history and physi-
cal examination do not lead to a diagnosis. It
includes the main histologic findings and their
clinical implications.

6.3 A Non-Healing Ulcer

6.3.1  The Various Histologic Patterns

Biopsy should be considered when dealing with
an ulcer that does not heal within 3–4 months
of optimal treatment (depending on the clinical
set-up). In these cases, additional parameters
may influence the decision as to whether the ul-
cer should be sampled. For example, when the
affected area is too close to a bone (i.e., an ulcer
located over the anterior tibia), it may be
appropriate to postpone the biopsy for a while,
giving the ulcer a longer period of time to heal.

Classical examples of non-healing ulcers are
those where the clinical features suggest the di-
agnosis of a ‘venous ulcer’ or an ‘ischemic ulcer’
in a patient with peripheral arterial disease. In
these cases, it is not the role of the histologic
specimen to establish a diagnosis. Diagnoses of
such cases are based on physical examination
and specific tests such as Doppler flowmetry of
leg arteries or Doppler ultrasonography of the
lower limb venous system.

In such cases, the main purpose of the biopsy
is to confirm that the ulcer, which appears to be
benign, is not, in fact, caused by some other
underlying process such as malignancy. Occa-
sionally, histologic data may direct the physician
towards other conditions such as infectious pro-
cesses or pyoderma gangrenosum. The histolog-
ic possibilities of non-healing ulcers are present-
ed in Fig. 6.8.

6.3.2 Histologic Characteristics 
of Venous Ulcers

The following may be found in venous ulcers
[34]:

5 Pericapillary presence of fibrin (fi-
brin cuffs); this is discussed in de-
tail below

5 A variable degree of inflammation
5 Presence of hemosiderin
5 Extravasation of red blood cells

Chapter 6 Biopsy and Laboratory Investigation80

6

t

06_071_088  01.09.2004 13:57 Uhr  Seite 80



6.3A Non-Healing Ulcer 81

Fig. 6.7. Algorithm for laboratory workup when clinical diagnosis has not been established

Fig. 6.8. The possible histologic patterns, in the case of a non-healing ulcer
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The presence of fibrin cuffs is considered to be
a typical histologic finding in venous ulcers.
These are organized structures composed of fi-
brin, laminin, fibronectin, tenascin, collagen,
and trapped leukocytes [35]. It is suggested that
high venous pressure results in dermal leakage
of fibrinogen with subsequent formation of
pericapillary fibrin layers [35]. Pericapillary fi-
brin is positively stained by Martius scarlet
blue. Its presence may be also confirmed by di-
rect immunofluorescence [36].

Falanga et al [36] documented the presence
of pericapillary fibrin in 14 (93%) of 15 patients
with venous ulceration but in only one of 14 pa-
tients (7%) who had cutaneous ulcers of other
etiologies. Burnard et al. found that pericapil-
lary fibrin can be found in the skin of patients
with venous insufficiency, whether the skin is
ulcerated or not [37]. However, cuffing can be
seen if appropriate staining has been carried
out, provided that its structure has not been de-
stroyed by an inflammatory response, which
frequently accompanies ulceration.

Note that fibrin cuffs may be seen in diabet-
ic ulcers, including ischemic diabetic ulcers
[38] and in pressure ulcers [39]. However, while
in venous insufficiency the fibrin is organized
in concentric lamellae, in diabetic ulcers the fi-
brin tends to appear as fragmented and diffuse
deposits [38].

6.3.3 The Histologic Characteristics 
of Ischemic Ulcers

The narrowing or occlusion of blood vessels
can be seen in diabetic ulcers and ischemic
ulcers as a result of thickening of the blood ves-
sel wall [38]. This process is caused by an abnor-
mal proliferation of endothelial cells or smooth
muscle cells [38]. Narrowing or occlusion of
blood vessels may also be seen as a result of ath-
erosclerotic disease.

These processes involve only blood vessels of
the deep plexus, and these histologic character-
istics are not seen within the superficial plexus;
therefore, most punch biopsies, which are rela-
tively superficial, will not reveal the above find-
ings [2].

6.3.4 ‘Unexpected’ Histologic Findings 
in Certain Types 
of Cutaneous Ulcers

Sometimes, ‘unexpected’ findings may be
encountered while examining cutaneous ulcers
histologically. The biopsy may show evidence of
malignancy (see below) or various infectious
processes (such as the presence of fungi); the
histologic findings may direct the physician
towards conditions such as pyoderma gangre-
nosum, or many other situations, which are
described in Chaps. 4 and 5. In such cases, the
initial clinical diagnosis should be reevaluated.
Because of the clinical importance of identify-
ing pyoderma gangrenosum, this will be dis-
cussed in a separate section of this chapter.

6.4 Suspected Malignancy

6.4.1 When Should Malignancy 
Be Suspected?

Tumors and malignant lesions may ulcerate. In
most cases, such an ulcer develops within the
primary lesion, which will most probably be a
plaque or a nodule. A list of these conditions is
presented in Table 6.5.

Malignancy may be suspected under the fol-
lowing circumstances:

5 When an ulcer arises within a
prominent, heavily infiltrated nod-
ule or tumor (e.g., ulceration of
melanoma or a cutaneous lesion of
lymphoma).

5 When granulation tissue extends
beyond the ulcer margin: this may
occur in basal cell carcinoma (BCC)
or squamous cell carcinoma (SCC)
[40].

5 When specific characteristic fea-
tures are observed, such as the typi-
cal pearly border of a BCC.
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In all these cases, a biopsy is the accepted
approach.

However, there are often diagnostic pitfalls
when dealing with epitheliomas, especially BCC
and SCC; these ulcers may closely resemble oth-
er types of ulcers, particularly venous ulcers.

The combination of a cutaneous ulcer and
epithelioma may occur in two different situ-
ations:

5 Epithelioma as the primary lesion
5 Epithelioma arising in a long stand-

ing cutaneous ulcer

6.4.2 Epithelioma as a Primary Lesion

A BCC or SCC may develop de novo on the leg
[41], but in some cases it does not present the
typical morphologic features. Sometimes the
tumor has the appearance of healthy granula-
tion tissue, extending beyond the ulcer margin
[40]. Thus, a patient may long be labeled as hav-
ing a ‘venous’ ulcer, until the lesion is biopsied
(Fig. 6.9). Note that BCC is the most common
neoplasm of the lower extremities [42].

6.4.3 Epithelioma Developing in a 
Long-Standing Cutaneous Ulcer

Epithelioma may develop in long-standing
chronic ulcers. This type of malignant transfor-
mation is known as a Marjolin ulcer. It often
presents as an SCC appearing in burn scars or
chronic ulcers [43, 44]. Simmons et al. [44] and
Steffen [45] traced the history of the eponym
and suggested that Marjolin probably never
actually described the pathologic process that
currently bears his name. As with SCC, many
cases of BCC arising within long-standing venous
ulcers have been reported [40–42, 46–48].
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Fig. 6.9. A 2-year-old leg ulcer, labeled as a ‘venous’
ulcer; a biopsy revealed the presence of SCC
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Table 6.5. Ulceration in malignancy

Lymphoproliferarive diseases

� B-cell Lymphoma
� T-cell lymphoma 

Leukemia

� Acute and chronic leukemia

Epithelial tumors

� Basal cell carcinoma
� Squamous cell carcinoma
� Keratoacanthoma

Other epidermal tumors

� Malignant melanoma
� Merkel cell carcinoma

Tumors of skin appendages

� Sebaceous carcinoma

Sarcomas

� Kaposi’s sarcoma
� Lymphangiosarcoma

Other soft tissue tumors

� Histiocytosis syndromes 
� Neural tumors

Other tumors (non-cutaneous) 
that may affect the skin

� By direct invasion into the skin
� Skin metastases (from an internal tumor)
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6.5 An Ulcerated Nodule or Plaque

6.5.1 Ulcers Developing Within 
a Nodule or a Plaque

An ulcer that develops within a nodule or a
plaque can lead to a wide range of differing
etiologic diagnoses. The following possibil-
ities may be considered:

5 Ulcerating panniculitis
5 Certain connective tissue diseases

(e.g., ulcerating rheumatoid nodule
of rheumatoid arthritis)

5 Ulcers developing in malignant le-
sions such as lymphoma (and myco-
sis fungoides), leukemia, skin me-
tastases, or Kaposi’s sarcoma

5 Deep fungal infections
5 Certain bacterial infections such as

syphilis, yaws, tuberculosis, atypical
mycobacterial infections, and lepro-
sy (ulceration in these diseases is
detailed in Chap. 4.)

5 Leishmaniasis
5 Certain reactions to foreign bodies

Such a lesion requires extensive laboratory
investigation, including histologic examina-
tion. In many of these cases, a granulomatous
pattern may be identified, as described below.

6.5.2 Granulomatous Histologic 
Pattern

A granuloma is a chronic inflammatory lesion
containing groups of epitheloid cells. It may al-
so contain multinuclear giant cells. Certain ty-
pes of granuloma are surrounded by lympho-
cytes (e.g., ‘tuberculoid granuloma’) while in
others there is no peripheral lymphocyte infil-
trate, or only a sparse infiltrate (e.g., ‘sarcoidal
granuloma’). The main clinical sign of a granu-
lomatous process is the appearance of nodular
lesions.

The main purpose of the histologic exam-
ination is to identify the specific type of granu-
loma, i.e., essentially to decide whether it is a
tuberculoid, sarcoidal, palisaded, or suppura-
tive granuloma. This topic is dealt with in the
classic dermatopathology texts, and we shall
not discuss it further here.

Sometimes a granuloma appears following
the penetration of a foreign body into the skin.
In some cases, a skin ulcer shown in histology
to be a foreign body granuloma, can be the re-
sult of deliberate injection of medications,
drugs, or other substances into the skin. A dis-
cussion of factitious ulcers and their diagnosis
appears in Chap. 16.

The biopsy specimen should be appropriate-
ly stained, depending on the clinical or la-
boratory findings and the possible etiology
of the lesion:

5 Ziehl-Neelsen: for typical or atypical
mycobacterial infections

5 Giemsa: for leishmaniasis
5 PAS or methenamine silver: for deep

fungi

In addition, one should consider Warthin-Star-
ry silver stain when syphilis is suspected and
Fite stain when leprosy is suspected.

6.5.3 Seeking an Infectious Cause

Particularly when dealing with heavily infiltrat-
ed lesions, one should consider an infectious
cause, including leishmaniasis, deep mycosis,
and mycobacterial or atypical mycobacterial
infection. Therefore, in addition to a biopsy, the
following tests should be considered:

Smear. Making a smear of material from the
lesion is mandatory in a lesion suspected of being
caused by Leishmania. The material should be
stained with Wright’s or Giemsa stain on a micro-
scope slide.
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In mycobacterial infection, a smear stained
with Ziehl-Neelsen may confirm the diagnosis
– although a smear is much less accurate than a
tissue culture diagnosis.

An ulcer suspected of having been infected
by fungus should be sampled by a smear. Fol-
lowing treatment with a 10% KOH solution to
digest epithelial debris within the sample, mi-
croscopic examination may reveal fungal ele-
ments and the presence of certain deep mycos-
es. In most cases of deep mycosis, the fungal
particles are situated relatively deep in the skin,
and a tissue culture (see below) is required.

Polymerase Chain Reaction (PCR). PCR may
identify Leishmania species, deep mycosis, and
mycobacterial or atypical mycobacterial infec-
tions [49–64].

Chest X-Ray. This should be done when my-
cobacterial infection or systemic involvement
with another disease such as deep mycosis is
suspected.

Tissue Culture. The optimal site for taking a
tissue culture from an ulcerated nodule is the
margin of the lesion. The biopsy may be taken
with a punch from deep within the active mar-
gin [65, 66]. It is also accepted procedure to take
a biopsy from the center of a lesion [66], but the
chances of identifying a pathogen from that ar-
ea is lower, since the center of the lesion is often
necrotic and may well not contain any live bac-
teria (or other infecting organisms).

The tissue specimen should be kept moist
with sterile saline until it is processed [66].
Note, however, that when mycobacterial infec-
tion is suspected, the collected samples should
not be exposed to saline solutions, since certain
species of Mycobacterium are sensitive to sodi-
um [67].

The tissue specimen should be finely pulver-
ized and sown onto an appropriate culture me-
dium, depending on the clinical suspicion.

To confirm the diagnosis of mycobacteria or
atypical mycobacteria, specimens should be in-
oculated onto an egg- or agar-based medium,
such as Lowenstein-Jensen, and incubated at
37°C.

When Mycobacterium marinum is suspected
(e.g., a typical lesion appearing on the finger of
a patient known to indulge in aquatic activ-
ities) the bacteriology laboratory should be in-
formed. In this case the organism should be
cultured at a temperature below 25°C (it will
not grow at 37°C).

Sabouraud’s dextrose agar is an appropriate
medium for the identification of fungi. When
the clinical features suggest a specific fungal in-
fection based on clinical data, including the en-
demic area where the patient was, the laborato-
ry should be informed.

Specific Tests. Specific tests for each organ-
ism may be considered, such as the Mantoux
test for tuberculosis or specific serologic tests
for certain fungal infections. When syphilis is
suspected, appropriate serological tests should
be performed.

6.6 Pyoderma Gangrenosum

Although pyoderma gangrenosum (PG) is a
relatively uncommon cause of skin ulcers, it
should be included in the differential diagnosis
and will be discussed separately.

The diagnosis of PG is based mainly on clin-
ical findings: clinical appearance of an ulcer
surrounded by an undermined violet margin,
positive pathergy, and, in many cases, the pres-
ence of an underlying disease such as ulcerative
colitis, Crohn’s disease, or rheumatoid arthritis.

The histologic findings are not pathogno-
monic in PG, since they are non-specific and
variable, depending on the clinical stage when
biopsy was performed and its specific site on
the cutaneous lesion [68]. Nevertheless, when
PG is suspected, histology may be helpful in
two ways:
1. The typical histologic finding may further

support a presumptive clinical diagnosis
2. Histology may rule out or confirm other

possible diagnoses

In a fully developed lesion, there is inflammato-
ry cell infiltration. Dense infiltrate of neutroph-
ils may be seen in the dermis [32, 69]. A heavy
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infiltration of neutrophils may result in early
abscess formation with subsequent ulceration.
On the other hand, there may be only a mild in-
filtration of chronic inflammatory cells, de-
pending on the timing of the biopsy and the site
within the lesion from where it was obtained
[68].

Vasculitis has been reported to appear in PG
lesions, including hemorrhagic necrotizing
vasculitis [70, 71], or lymphocytic vasculitis
[72]. It is reasonable to assume that the pres-
ence of vasculitis, its degree, and the type of
cells seen depend on the stage when the biopsy
was performed.

Today, the vasculitis seen in PG is considered
to be only a secondary process, and not the
cause of the pathology [1, 2]. It is presumed that
the basic underlying pathology of PG is a pro-
cess of suppurative folliculitis, which presents
clinically as a pustule in which ulceration later
develops.
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7.1  Introduction

The clinical follow-up of acute wounds and
chronic cutaneous ulcers requires the meticu-
lous recording of several objective parameters.
Appropriate recording enables accurate docu-
mentation of changes in skin lesions and better
assessment of disease progression, and may

Ulcer Measurement 
and Patient Assessment 7
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I f you cannot measure, your knowl-
edge is meager and unsatisfactory.

(Kelvin’s dictum)

’’

provide feedback on the effectiveness of certain
treatments.

To begin with, we describe methods used to
measure wounds/ulcers. These methods are ap-
plicable to acute wounds as well as to chronic
ulcers.

The following basic data are needed at the
initial examination and during the course of
follow-up to quantify wound/ulcer healing:

5 Precise anatomical location
5 Assessment of the ulcer area
5 Depth
5 The presence and extent of under-

mining
5 Parameters of wound/ulcer infection
5 Assessment of the appearance of the

ulcer surface

Then we detail parameters of assessment in
patients suffering from cutaneous ulcers. These
parameters are complementary to the etiologic
workup (specified in Chaps. 5 and 6). The aim is
to determine whether or not there are factors
present that may impair the process of normal
cutaneous ulcer repair. This assessment should
be conducted in the initial evaluation and
throughout follow-up.

The physician should address the following
issues:

5 Is there evidence of nutritional defi-
cits?

5 Does the patient take any medica-
tion that could result in ulceration

t
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or may impair the normal healing
process?

5 In the event of lower limb edema
that impairs ulcer healing, a specific
workup should be conducted to de-
termine the cause of the edema and
appropriate treatment.

5 Evaluation and treatment of other
conditions that could impair the
normal cutaneous ulcer healing
process such as hypoxia in general
and smoking in particular.

In addition, in the case of a cutaneous ulcer that
does not heal within several months, reassess-
ment of ulcer etiology is required and a biopsy
from the ulcer margin should be considered.

7.2  Ulcer/Wound Measurements

The measurements detailed below are morpho-
metric. These are the principal measurements
required for monitoring and documenting

wounds and ulcers. However, there are various
non-morphometric tests that can also be car-
ried out, such as measurement of blood flow in
the affected limbs and perfusion imaging [1–3],
and measurement of transcutaneous oxygen
tension [4, 5] or wound pH [6, 7]. Various other
biochemical measurements can also be taken
from the ulcer area or wound fluid [8–10]. Most
of these tests are designed for research or ex-
perimental purposes. Here we will limit the
scope to measurements that have direct clinical
application.

7.2.1  Precise Anatomic Site

A primary and basic requirement for proper re-
cording is the precise determination of the site
of the wound or cutaneous ulcer. The site has to
be recorded in relation to a clear reference
point. It is usually desirable to use a bony or
skeletal site that can be clearly identified. Simi-
larly, a natural crease or a specific skin lesion
such as a nevus may be used.

Thus, the location can be described, for ex-
ample, as an ulcer located 2 cm superior to the
lateral malleolus, or as an ulcer that is 5.5 cm

Chapter 7 Ulcer Measurement and Patient Assessment90
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Fig. 7.1. Recording the location of an ulcer on a template drawing (left) and its photograph (right). The ulcer is lo-
cated on the right leg, 4 cm above the superior edge of the lateral malleolus
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below the inferior border of the patella, on the
anterior aspect of the calf.

A precise record of the location of the ulcer
is an additional datum that may assist in its et-
iologic identification. Moreover, any other ul-
cers that may appear in the future in adjacent
areas can be confidently identified. The record
should include a tracing or photograph show-
ing the precise location of the ulcer. A stamp or
template can be used (Fig. 7.1), designed to facil-
itate the drawing of various body areas.

7.2.2  Measurement of the Ulcer Area

7.2.2.1  Linear Measurement

The easiest method for assessing the cutaneous
ulcer surface area is based on the maximal
length and the longest width perpendicular to
that length [11, 12]. This method, although less
precise than others, enables a degree of objec-
tive assessment and can serve as a parameter for
therapeutic effectiveness. However, it does not
provide a description of the ulcer margins. It
does not document the presence of islands of
epithelialization within the ulcer area. Repeat
measurements can be misleading since different
physicians may choose different points of refer-
ence.

The measurement is made with a strip of
paper or plastic marked in centimeters (Fig.
7.2). To prevent infection, a strip of transparent
nylon should be placed on the skin prior to

measurement so that the scale does not come
into direct contact with the ulcer surface.

7.2.2.2  Tracing the Ulcer Margin

Tracing is a well-accepted, reliable, and practi-
cal method [13–15]. It is done on a transparent
film (the best type is a transparent film wrap of
gauze pads). The film is positioned over the ul-
cer surface and the ulcer margin is traced. To
prevent transmission of infective bacteria, we
recommend that a strip of transparent nylon
(such as is used for wrapping food) be placed
on the skin next to the ulcer, prior to measure-
ment, so that the film does not come into direct
contact with the ulcer surface. The tracing
should be copied from the transparent film on-
to a piece of paper appended to the patient’s
medical chart (Fig. 7.3).

Precise calculation of the surface area is
achieved by: (a) counting squares on millimeter
paper [11, 15, 16], or (b) scanning of the tracing
and planimetric computer analysis in a more
precise manner, as done in several studies that
have investigated the effectiveness of various
therapeutic regimens for cutaneous ulcers [14,
15, 17–23].

When tracing, one should make sure that the
transparent film adheres to the ulcer, to avoid
measurement errors. Additional characteristics
of the ulcer, including areas of clean granula-
tion tissue, islands of epithelialization, and foci
of necrosis, can be marked and documented in
the tracing.
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The advantages of tracing are:
5 It is more precise than other meth-

ods of measurement (e.g. linear
measurement).

5 It shows the contours of the ulcer.
5 Consecutive tracings indicate the

progress of the ulcer in terms of its
shape and surface area, which can
be used to assess the effectiveness of
treatment.

Cutler et al. [12] maintained that wound tracing
and tracing planimetry were the most sensitive
tools for the detection of early wound-size
changes.

The few disadvantages, which are minor, in-
clude danger of infection if the procedure is not
carried out meticulously [20] and discomfort
for the patient in cases of particularly sensitive
ulcers.

Whenever an ulcer area is recorded or
traced, the spread of bacteria to surrounding
areas must be prevented by implementing
the following safety measures of infection
control (see also Chap. 21):

5 Use of gloves
5 Immediately placing any object that

comes into contact with the ulcer
(rulers, transparent nylon, etc.) into
a disposable trash bag

5 In addition to the transparent film
upon which the tracing is done,
placing a transparent strip of nylon
on the ulcer so that the film does
not come into direct contact with
the surface of the ulcer

7.2.2.3  Photographs

Photos are an effective means of monitoring
the surface area and contours of cutaneous ul-
cers and provide visual documentation of addi-
tional indices. Digital photography simplifies

the process substantially, since there is no need
for photo development.

The following comments on photographic
technique are applicable to any skin lesion,
not only to cutaneous ulcers:

5 A ruler (or a paper strip with milli-
metric markings) should be placed
next to the ulcer/wound margin, so
that precise data can be obtained on
its area after the photo is scanned into
a computer and planimetric analysis
is conducted. The name or initials of
the patient and the date may be in-
scribed on the paper on which the
millimetric markings appear.

5 Follow-up photos should be taken at
the same distance as previous ones.

5 Regions next to the lesion that are
not clinically relevant should be
covered with a sheet.

5 Appropriate lighting and optimal
background should be assured.

5 The patient should be positioned in
such a way as to prevent discomfort
or movement while pictures are be-
ing taken.

The advantages of photography over manu-
al tracing are:

5 There is no contact or danger of
contamination.

5 Other information can be obtained,
such as the general appearance of
the ulcer, its surrounding skin, and
the presence of secretions.

5 Consecutive photographs provide
feedback on the effectiveness of
treatment.

5 Photographic documentation has
medicolegal importance.

The disadvantages are, for one, that failure to
place the camera at the identical distance and
angle from the ulcer for follow-up photos can
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lead to an erroneous assessment of the dimen-
sions of the ulcer [17, 24]. However, in digital
photography, the accuracy of calculating the ar-
ea is not affected if a ruler is placed next to the
ulcer margin and a software for planimetry is
used.

Another disadvantage is that, if the ulcer is
particularly deep, or if the surface of the ulcer
area is curved (e.g., a large, edematous leg), an
error in measurement may occur, because the
surface area is projected onto a plane. This er-
ror, however, is usually negligible and insignifi-
cant for clinical monitoring.

If precise measurement is required for re-
search purposes, more exact information can
be obtained on the area and volume of the ulcer
with stereophotogrammetric or stereophoto-
graphic techniques. These techniques are based
on photos of the ulcer from different angles
that generate a three-dimensional image of the
ulcer [15, 25–28]. However, these techniques re-
quire relatively expensive equipment that is not
needed for routine clinical follow-up of pa-
tients with cutaneous ulcers.

Studies have demonstrated a strong correla-
tion between measurement by tracing and
measurement by photography (Fig. 7.4) [12, 29,
30]. Cees et al. [17] reported that the combina-
tion of transparency tracing with a full-scale
photographic technique was practical and
highly reliable.

7.2.3  Assessment of Depth

The definitions of staging were originally em-
ployed in cases of decubitus ulcers with the ob-
jective of fostering better communication
among medical personnel. Obviously, these
definitions can also be applied to other types of
cutaneous ulcers (see Chap. 1, including fig-
ures). A commonly accepted system was devel-
oped in the United States by The National Advi-
sory Panel (NPUAP) in 1987 [31].

7.2.3.1  Relatively Superficial Ulcers

Relatively superficial ulcers are measured by
inserting a sterile swab into the deepest area of
the ulcer (Fig. 7.5). The height parallel to the ex-
ternal margin is marked and measured. More
sophisticated methods for measuring the depth
of relatively superficial ulcers are based on
stereophotogrammetry as described above [15,
25–28]. Other methods, not in routine clinical
use, include ultrasound imaging [32] and the
three-dimensional laser imaging system [33].
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7.2.3.2  Deep Ulcers

Depth measurement is important for deep ul-
cers as a significant determinant of the ulcer
size. A sterile swab can be inserted to the deep-
est part of the ulcer and then measured. The in-
troduction of saline into the ulcer cavity is also
used in the clinic as a means of measuring
deeper ulcers. This is done by positioning the
patient so that the ulcer is perpendicular to the
ground (or, alternatively, by covering the ulcer
with a film). The ulcer space is then filled with
saline from a syringe. The amount of saline
needed to fill the ulcer space to its margins is
equivalent to the ulcer volume.

Additional techniques have been developed
to calculate the depth of an ulcer and estimate
its size [34, 35]. These techniques use high-vis-
cosity materials, usually found in dental labora-
tories, such as alginate hydrocolloids that solid-
ify quickly after introduction into the ulcer
space. The ulcer volume can then be calculated
from the mold that forms. However, these tech-
niques are not in routine clinical use.

7.2.4  Undermining

Undermining refers to the spread of the ulcer-
ative process, with its associated destruction of

tissue, under apparently normal skin in the re-
gion adjacent to the ulcer margins (Fig. 7.6).

The extent of undermining should be as-
sessed with a moist cotton swab or plastic strip
with millimetric markings. Either one of the
above is inserted into the ulcer under its mar-
gin and advanced as gently and precisely as
possible. When it is felt that the ulcer’s edge has
been reached, the depth of insertion is marked.
This process should be repeated in several
places.

The extent of undermining can be drawn on
the skin around the ulcer. These markings are
important for assessing the progress of the ul-
cer and the effectiveness of treatment. Addi-
tionally, the type of undermining differs ac-
cording to the etiology of the ulcer. In ulcers as-
sociated with pyoderma gangrenosum the in-
volvement is often symmetrical. In contrast,
pressure ulcers have non-symmetrical involve-
ment, with more undermining occurring in the
area of maximal pressure.

7.2.5  Measurement in Cases 
of Infection 
or Suspected Infection

The presence and color of secretions should be
documented. Any change between examina-
tions may provide clinical clues as to the infec-
tious agent. For example, Staphylococci tend to
cause a purulent creamy yellow discharge, while
secretions from Pseudomonas spp. are greenish
or greenish-blue. Other bacteria, such as an-
aerobes or Streptococci, can cause tissue infec-
tion without purulent discharge [36].
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Fig. 7.6. Schematic drawing of an ulcer with undermin-
ing in a horizontal section

Fig. 7.5. Using a swab to measure the depth of an ulcer
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The following should be documented as in-
dicators either of infection in tissue sur-
rounding the ulcer or of the presence of cel-
lulitis:

5 Erythema around the ulcer: Erythe-
ma can be documented by the same
methods as those described for
marking the ulcer margins, i.e., trac-
ing or photography. Documentation
should include the shade of erythe-
ma, any tendency to pale or darken
in color, and any evidence of aggra-
vation.

5 The presence of local heat: For prac-
tical clinical purposes, this is as-
sessed by touch, noting the presence
or absence of increased temperature
of the skin adjacent to the ulcer. For
more precise measurement of tem-
perature in the ulcer region for re-
search purposes, infrared thermog-
raphy can be used [6].

5 Bacterial swab cultures: Sampling of
the deepest point at the ulcer mar-
gin, close to healthy skin, is recom-
mended [37]. If there is a sufficient
amount of material, it should be
drawn from the depth of the ulcer
or wound with a sterile needle and
syringe [37].

A bacterial swab may also yield some useful
data regarding the bacterial antibiotic-suscep-
tibility pattern. The issue of swab sampling
compared with biopsy from deep tissue is de-
tailed in the addendum to Chap. 10.

7.2.6  Appearance of the Ulcer Surface 
and Spectrophotometry

The accepted way to assess the appearance of
the surface area of the ulcer is based primarily
on the subjective evaluation of its coloration. A
clean ulcer in the healing stage contains purple

granulation tissue. In contrast, particularly in
the presence of peripheral vascular disease, the
ulcer might be pinkish. The practical classifica-
tion of wounds and ulcers according to color
was described in the 1980s by Hellgren and Vin-
cent [38], as the ‘black-yellow-red’ concept.
Hence, ulcers can be identified as covered with
necrotic tissue that is dark black. Ulcers cov-
ered with sloughed necrotic tissue may be gray-
ish white, while infected ulcers may present yel-
low secretions on the surface. These differences
in shading may have implications for identify-
ing the etiology of the ulcer, following the
progress of the healing process, and determin-
ing the debridement method and topical thera-
py of choice.As noted above, the presence of in-
fection and its nature may lead to changes in
the color of the ulcer surface.

In most reported studies, investigators have
used subjective scoring methods to document
ulcer surface area. Romanelli [39] suggested an
objective method using a skin reflectance ana-
lyzer that enables chromatic measurement. It
uses a red scale to assess the presence of granu-
lation tissue on the ulcer surface area and a yel-
low scale for fibrin.

There is no particular value in using spec-
trophotometric measurements such as this in
the routine clinical care of patients with cuta-
neous ulcers, but it could be of great value in re-
search as an objective and reproducible meas-
uring technique.

7.3  Patient Assessment

7.3.1  General

In addition to the standard, routine patient ex-
amination, i.e., history and physical examina-
tion, physicians treating patients with cutane-
ous ulcers should focus on two main aspects:
(a) identifying the etiology and (b) identifying
factors that might impede ulcer healing. Iden-
tification of ulcer etiology is discussed in
Chaps. 5 and 6. When a specific etiology has
been diagnosed, appropriate treatment should
be implemented. In addition, efforts should be
made to identify factors that might impede the
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healing of a cutaneous ulcer such as nutritional
deficits, drugs, edema, hypoxia, and smoking.

7.3.2  Nutritional Deficits

Most patients do not present evidence of nutri-
tional deficits on physical examination. At
times, anemia can be diagnosed because of ob-
vious pallor. Identification of the cause of ane-
mia (a nutritional deficit such as iron or folate
deficiency) and its correction can contribute to
the ulcer healing process. On rare occasions it is
possible to diagnosis zinc or vitamin C defi-
ciency on the basis of clinical skin findings (as
detailed in Chap. 19).

In addition to the routine blood tests con-
ducted for all patients with cutaneous ulcers,
i.e., complete blood count and blood chemistry,
other tests are advisable: tests for iron (and ad-
ditonal indicators of iron status, e.g., transfer-
rin iron-binding capacity and ferritin), albu-
min, and zinc levels. Correction of any such de-
ficiencies is obligatory.

7.3.3  Drugs

A detailed description of drugs that can cause
cutaneous ulcers or impede the natural healing
process can be found in Chap. 16. Any drug tak-
en by the patient that appears on this list
should be discontinued or replaced, if possible.

7.3.4  Edema

Edema of the extremities directly impedes the
healing process of a cutaneous ulcer located on
the affected skin. It damages the general quality
of the skin and its elastic and rheological prop-
erties [40]. Impaired lymphatic drainage re-
sults in the structural deformity of lymph ves-
sels and subcutaneous tissue. It induces fibro-
blast proliferation and sclerosis of subcutane-
ous tissue with subsequent interference in the
metabolic processes and gas exchange of the af-
fected tissues, decreased cellular function, and
impaired wound healing capacity. Lymph ves-
sels and their valves are subjected to fibrotic

changes with further impairment of lymphatic
drainage, leading to a vicious cycle of edema
[41, 42]. In view of the cumulative damage to
tissue integrity, edema may exacerbate ulcera-
tion, especially when other factors that induce
alteration are already present, such as diabetes
or peripheral artery disease. If an ulcer already
exists, its chances of healing are significantly
reduced in the presence of edema.

The presence of edema necessitates the fol-
lowing steps:

5 Measurement of extremity dimen-
sions

5 Evaluation of the cause of edema
5 Treatment of the edema

Extremity dimensions should be measured
with a disposable measuring tape (Fig. 7.7).
Both extremities should be measured at a cor-
responding site. The precise site of measure-
ment should be recorded in relation to a perma-
nent reference point (e.g., 10 cm below the lower
edge of the patella) to guarantee that repeat
measurements will be reliable. The measure-
ment must be conducted with the patient in the
same position each time. The measuring tape
should be placed firmly on the skin, but without
applying excessive pressure that would reduce
the precision of the measurement.
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Using the same tape measure for all patients
may increase the spreading of pathogenic bac-
teria. Instead of using a standard tape measure
with millimetric markings, it would be better to
use a disposable tape and to mark it by hand
prior to each use (and to be thrown away after
each use).

Generalized edema and localized edema should
be distinguished.

Generalized Edema. The most common
causes of generalized edema are congestive
heart failure and pericardial disease, hypoalbu-
minemia (caused by various factors, including
the nephrotic syndrome), and liver disease.
Other causes include acute nephritic syn-
drome, idiopathic edema, myxedema, and
trichinosis [43–45].

In generalized edema, when the patient is in
a dependent posture, fluids accumulate in the
lower extremities. In most cases, but not all, bi-
lateral leg edema is a manifestation of general-
ized edema. However, bilateral leg edema may
also occur in conditions such as bilateral ve-
nous insufficiency. The history and physical ex-
amination of a patient with generalized edema
should focus on the conditions listed above.

Routine tests indicated in patients with gen-
eralized edema include [43–45]:

5 Complete blood count
5 Urinalysis
5 Blood chemistry (including liver

function tests), serum albumin, and
creatinine

5 Chest X-ray
5 Electrocardiogram

Localized Edema. Localized edema is caused
by regional obstruction to venous, lymphatic, or
venous and lymphatic limb drainage. Possible
etiologies may be classified into primary and
secondary causes. Primary lymphedema is de-
fined as lymphedema of unknown cause. It may
be congenital, caused by processes such as agen-
esis, hypoplasia, or obstruction of lymphatic

vessels. Other forms of primary lymphedema
may manifest later in life. Most cases are famil-
ial, with a genetic predisposition [46, 47].

The most common form of primary lym-
phedema, lymphedema praecox, constitutes al-
most 70% of primary lymphedema cases. It be-
gins at puberty, in most cases affecting girls
near menarche. Another relatively common
form of lymphedema (10–20% of all primary
lymphedema cases) is lymphedema tarda,
which is clinically similar to lymphedema
praecox but appears in patients over the age of
35 years.

Secondary lymphedema includes acquired
conditions in which previously normal lym-
phatic vessels do not function properly as a re-
sult of a pathological process that causes in-
complete or complete obstruction.

Causes of secondary lymphedema are:
5 Infectious:

– Bacterial (e.g., recurrent episodes
of bacterial lymphangitis)

– Fungal
– Parasitic (e.g., filariasis)

5 Vascular:
– Venous insufficiency
– Thrombophlebitis

5 Traumatic
5 Malignant tumors

– Tumors of the pelvis or abdomen
(such as prostate carcinoma or
ovarian mass)

– Propagation of metastases within
lymphatic vessels

– Angiosarcoma (Stewart-Treves
syndrome)

5 Following medical procedures due
to malignancy:
– Resection of lymph nodes
– Radiation therapy

5 Other causes: e.g., popliteal cyst 
(Baker’s cyst)

Whatever the cause of lymphedema, its course
is in most cases progressive and usually causes
disability.
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In the conditions presented above, venous
insufficiency is the most common cause of lym-
phedema [48–50]. The pathologic process in-
duced by venous insufficiency damages the sur-
rounding tissues, including lymphatic vessels
located adjacent to the affected veins [48–50].

Ciocom et al. [51] studied 245 patients with
leg edema. The most common causes were ve-
nous insufficiency (63.2%), heart failure (15.1%)
and drug-induced edema (13.8%). Less com-
mon conditions included post-phlebitis syn-
drome, cirrhosis, lymphedema, lipedema, and
prostatic carcinoma.

Evaluation of a patient with localized edema
requires a thorough physical examination in
order to identify an obstructing tumor (e.g.,
lymphoma or prostate cancer). Enlarged lymph
nodes in the groin area and abdominal masses
should be sought. In view of the above, rectal
examination is mandatory. The workup should
also include abdominal and pelvic ultrasound
or computerized tomography. When needed,
lymphoscintigraphy or lymphangiography may
be considered in order to distinguish between
primary and secondary edema. In primary
lymphedema the lymphatic vessels are absent,
hypoplastic, or ectatic. In contrast, they tend to
be dilated in secondary lymphedema [46].

Treatment of Edema. Once the cause of ede-
ma has been identified, treatment should be in-
itiated accordingly. In addition, certain steps
should be considered that are detailed in
Chap. 21.

7.3.5  Other Factors to Be Considered

The physician should seek and identify other
factors and conditions that may result in im-
paired healing (such as hypoxia caused by con-
gestive heart failure or chronic lung disease)
and treat them accordingly. If the patient
smokes, explain to him/her the clinical implica-
tions of smoking on wound healing (as well as
the detrimental effects of smoking in general).

7.3.5.1  Hypoxia

In the initial stages of healing, hypoxia may, in
fact, serve as a stimulus for the secretion of
growth factors and proliferation of granulation
tissue. Later, however, the process of healing is
impeded under conditions of hypoxia [52]. Lo-
cal tissue hypoxia contributes to the formation
of cutaneous ulcers of many etiologies, includ-
ing venous ulcers, ulcers of peripheral arterial
disease, diabetic ulcers, and pressure ulcers. In
conditions such as congestive heart failure or
chronic lung disease there is generalized hy-
poxia involving all tissues in the body. In pa-
tients with cutaneous ulcers, these conditions
may further impair wound healing, since pe-
ripheral organs are especially affected.

In an animal model, exposure to reduced
oxygen levels was shown to reduce wound ten-
sile strength [53].

7.3.5.2  Anemia

Similar to the correction of hypoxia states, cor-
rection of anemia is important in order to im-
prove the oxygen-carrying capacity of the blood.

7.3.5.3  Hydration

For nursing-home residents – a population that
is prone to developing pressure ulcers – main-
taining adequate hydration status becomes a
significant clinical issue. Inadequate hydration
results in impaired perfusion and reduced tis-
sue oxygenation, with a subsequent detrimen-
tal effect on the healing process. In these pa-
tients, signs of dehydration such as decreased
blood pressure, tachycardia, and decreased
urine output should be monitored regularly
[54].

It has been suggested that inadequate hydra-
tion may have a certain effect on the healing of
pressure ulcers in a number of nursing home
residents in whom mild states of dehydration
may go unnoticed [54]. Some patients do not
present with clear clinical signs of dehydration;
yet, following the administration of intravenous
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fluids, tissue oxygenation improves. In this re-
spect, Chang et al [55] coined the term “subclin-
ical hypovolemia”, suggesting that even ‘subcli-
nical’ inadequate hydration may hinder the nor-
mal course of wound repair. The issue of ‘sub-
clinical hypovolemia’ and its practical implica-
tions, e.g., the administration of supplemental
fluid, have to be clarified by further research.

7.3.5.4  Smoking

Patients with cutaneous ulcers should be in-
structed to refrain fro0m smoking. Smoking
may impair wound healing via several mecha-
nisms. The damage to blood vessels due to
smoking, already widely described [56], causes
decreased perfusion to an ulcer or wound area.
Other effects of smoking on wound healing are
decreased production of collagen [57] and im-
paired migration of keratinocytes [58]. Cigar-
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Table 7.2. Follow-up

1. Trace the ulcer margin or photograph it every
2–3 weeks, depending on the general impres-
sion of the rate of change occurring in the ul-
cer. Islands of epithelialization on the ulcer
bed or peripheral epithelialization should be
documented.

2. Record ulcer depth.

3. Document features related to infection:
Presence of secretion and its color
Erythema or local heat of the surrounding
skin
Repeated bacterial cultures

4. Measure leg circumference in the case of leg
edema

5. Depending on the clinical situation, consider
repeating the blood tests listed in Summary
Table 7.1; try to identify factors that impair
healing.

Table 7.1. Tests to be performed on a patient with a cutaneous ulcer, at  first visit

Blood tests:

� Complete blood count
� Blood chemistry (including hepatic and renal function tests)
� Serum iron (and additonal indicators for iron status e.g., transferrin iron-binding capacity and fer-

ritin), zinc, albumin

Measurements:

� Obtain precise anatomical location
� Note the presence of erythema, record the nature and color of granulation tissue as well as the pre-

sence and color of secretions
� Make a tracing of the ulcer margin (or take a photograph)
� Note the depth of the ulcer
� Record the presence and extent of undermining
� Swab for bacterial culture 

Identification of factors that may impair healing:

� General factors such as nutritional deficit, anemia, hypoxia, smoking
� Drugs to be avoided, where relevant (see chapter 16)
� Leg edema (and measurement of leg circumference in that case)

Documentation of past treatments: This information may affect decisions regarding optional
treatments (avoid treatments shown to be ineffective in the past)

Work-up for determination of ulcer etiology in accordance with the clinical data 
(see Chaps. 5 and 6).
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ette smoking also impairs wound healing fol-
lowing surgical procedures [59–62].

7.3.5.5  Physical Activity

The beneficial effects of physical activity in cas-
es of leg edema are described in Chap. 21. Its
beneficial effects on the cardiovascular system
are well documented [63–65]. Physical activity, if
possible, is recommended for every patient suf-
fering from a leg ulcer. (Note: For patients with
ulcers of the foot, physical activity such as walk-
ing may result in undesirable effects of intermit-
tent pressure and shearing forces. In such cases,
the type of physical activity should be adjusted
to the nature and location of the ulcer.)

7.4  Summary Tables

Tables 7.1–7.3 summarize the initial workup of
patients with cutaneous ulcers, the follow-up of
such patients, and tests to be done for non-
healing ulcers.
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Table 7.3. Tests to be considered in the case of any ulcer
that does not heal within 3–4 monthsa

1. Biopsy to establish etiology or rule out certain
conditions

2. X-ray and bone scan to rule out osteomyelitis

3. Nutritional follow-up including hemoglobin
level, albumin, and iron

4. Doppler flowmetry of leg arteries or Doppler
ultrasonography of the lower-limb venous
system

a If necessary, the above tests should be performed earli-
er, depending on the clinical circumstances
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8.1  Overview

Many dressings have been introduced during
the past decade. The dressing modalities avail-
able at present demand that the physician gain
a better understanding of the wound healing
process, to distinguish between the various
types of dressing materials, and to identify the
conditions for which each class of dressing
should be used.

The four main classes of dressings, as sug-
gested by the Food and Drug Administration
(FDA) on November 4, 1999, are:

5 Non-resorbable gauze/sponge
5 Hydrophylic/absorptive
5 Occlusive
5 Hydrogel

Other types may be classified as follows:
5 Dressings that combine two of the

above groups
5 Interactive dressings
5 Dressings with unique features
5 Biological dressings (discussed in

Chap. 13)

8.2  Traditional Dressings:
Non-Resorbable Gauze/
Sponge Dressings

Non-resorbable gauze/sponge dressings are
made of woven or non-woven cotton-mesh cel-

t
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lulose or cellulose derivatives and can be man-
ufactured in the form of pads or strips.

These are the basic dressings that fulfill the
classic roles expected from any kind of dress-
ing, including advanced-type dressings, which
should:

5 Protect the wound from external in-
fection and prevent bacteria in the
wound from contaminating the sur-
roundings

5 Protect the wound and its surround-
ing from mechanical trauma

5 Absorb secretions, if needed
5 Improve patient comfort

Gauze/sponge dressings are used mainly to
cover a wound surface area following applica-
tion of topical preparations (e.g., antibacterial
creams or advanced spreadable preparations).

8.3  Development 
of Advanced Dressing Modalities

The accepted and traditional approach to
wound healing 40–50 years ago was that, in op-
timal treatment, wounds or cutaneous ulcers
should be left to dry out, preferably exposed to
the air. In 1962, Winter et al. [1] presented a do-
mestic pig model indicating that a moist envi-
ronment was ideal for healing a wound or a cu-
taneous ulcer. These results were confirmed in
human subjects in 1963 by Hinman and Mai-
bach, who demonstrated the beneficial effect of
a moist environment on wounds (vs. air-ex-
posed wounds) in human volunteers [2].

A suitable degree of moisture within an
ulcer’s environment creates a desirable biologi-
cal medium that provides optimal conditions
for the complex processes of wound healing. It
enables a more efficient metabolic activity of
each cell and the whole tissue, cellular interac-
tion, and growth-factor activities that cannot
occur within dry tissues.

Occlusive dressings, representing the next
generation of dressing materials, were devel-
oped in the 1960s and 1970s, but it was not
until the 1980s that other types of advanced
dressings were introduced, each for a specif-
ic purpose:

5 Hydrogel dressings: used to main-
tain a moist environment and to in-
duce autolytic debridement of ne-
crotic debris within the ulcer area

5 Hydrophilic dressings: used to ab-
sorb secretions

5 Hydrocolloid dressings: used to
maintain a moist environment (see
below)

All these advanced dressing materials can ful-
fill the classical roles of dressings (as described
above) much better than the traditional gauze
dressings. In most cases they offer better pro-
tection from mechanical trauma and/or exter-
nal contamination. Newer dressing materials
are usually easy and convenient to apply; they
are flexible and conform to various body parts.
Today, when absorption of secretions is need-
ed, it can be achieved more efficiently with cer-
tain types of modern dressings.

8.4  Features of Dressings

In each class of the advanced dressings dis-
cussed below, various subtypes have been in-
troduced, according to certain physical fea-
tures.

8.4.1  Transparency

A transparent dressing enables visual monitor-
ing of the ulcer surface area. An ulcer covered
by a non-transparent dressing may gradually
become infected, without this being noticed.
When non-transparent dressings are used, fre-
quent removal and changing of the dressings is
mandatory.
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8.4.2  Adhesiveness

Adhesives lead to the attachment of the dress-
ing to the wound surface. Removal of the dress-
ing may then strip away newly forming epithe-
lium [3]. On the other hand, the probability of
epithelial injury with the use of hydrogel or hy-
drocolloid dressings is relatively low, due to the
formation of a gelatinous substance that inter-
venes between the dressing material and the
wound surface.

The clinical appearance of the ulcer’s sur-
rounding should be taken into account.

Adhesive dressings should not be used in the
following cases:

5 When the area surrounding the
wound is macerated

5 When the surrounding skin is af-
fected by dermatitis [3, 4]

5 In easily injured/atrophic skin – as
in patients on steroid treatment –
that may be damaged on removal of
the dressing. One should avoid
dressings which are excessively ad-
hesive, since these may damage
healthy skin around the treated ul-
cer. By the same token, avoid using
adhesives (plasters) to fix a dressing
onto a wound.

Note that damage to newly forming epithelium
and to healing granulation tissue with removal
of a dressing may occur with non-adhesive
dressings as well: A dressing may adhere to the
wound surface due to the presence of exudate
and its gradual desiccation.

8.4.3  Form of Dressing

Current dressing materials appear in a variety
of forms, the main ones being sheet forms and
spreadable forms (such as gels or pastes). Other
forms of dressings do exist, for example, algi-
nate dressings marketed in a rope form. A
sheet-form dressing should be placed 2–3 cm

beyond the ulcer margin. When using a spread-
able form of advanced dressing modality, a sec-
ondary dressing is needed to affix it and to en-
sure that it is well attached to the ulcer bed.

8.4.4  Absorptive Capacity

The absorptive capacity of each dressing type
varies greatly, according to the type of dressing
and manufacturer.

8.4.5  Permeability/Occlusiveness

The level of permeability to fluids, gases, vapor,
and bacteria varies according to the type of
dressing and manufacturer. As the level of se-
cretion increases, more permeable dressings
should be used.

Thomas et al. [5] compared the beneficial ef-
fect of a polyurethane foam, highly permeable
to moisture vapor, with that of hydrocolloid
dressings on 100 patients with leg ulcers and 99
patients with pressure sores. No statistically
significant difference was demonstrated re-
garding the healing rates of the two groups.
However, the foam dressing was found to better
control dressing leakage and odor formation.
One may assume that these results were not re-
lated to the class of dressing (hydrocolloid vs.
foam), but rather to the different degrees of
permeability according to the specific manu-
facturing of each dressing.

Occlusive dressings, in general, are used
mainly to maintain a moist environment within
the ulcer area. The significance of a moist envi-
ronment for all the complex processes of
wound healing was noted earlier in this chap-
ter. This approach was confirmed by a variety
of research studies, demonstrating the benefi-
cial effect of occlusive dressings on surgical
wounds [6–9] and chronic cutaneous ulcers
[10–12]. In most of these studies, a more effi-
cient healing was manifested by improved
granulation tissue formation as well as en-
hanced epithelialization. However, one should
avoid ‘over-moisturizing’ cutaneous ulcers,
since this may lead to maceration, skin break-
down, and infection.
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Note that some degree of autolytic debride-
ment (described in Chap. 9) may be achieved by
using occlusive dressings, as a result of the
moist environment they produce.

8.4.6  Antimicrobial Effect

The issue of an antimicrobial effect in respect
to dressing materials is discussed below. This
applies to products such as cadexomer-iodine
(Iodosorb®) and dressings that combine acti-
vated charcoal with silver (Actisorb®). A cer-
tain antimicrobial effect may also be achieved
by other means, for instance, by absorbing exu-
date with hydrophilic dressings, thereby creat-
ing an environment unsuitable for multiplica-
tion of bacteria.

Studies that compare dressing materials of
various types should be regarded with a certain
degree of scientific criticism. In some articles,
the authors give only a general definition of the
examined ulcer type (e.g., venous ulcers or
pressure ulcer), while significant data (such as
the presence of slough, its color, the presence of
discharge within the ulcer bed) are not provid-
ed.

8.5  Advanced Dressing Modalities

8.5.1  Occlusive Dressings:
Films, Hydrocolloids, Foams

An occlusive or moisture-retentive dressing is
one that maintains an appropriate moisture va-
por transmission rate within the ulcer’s envi-
ronment, thus providing ideal conditions for
wound healing [13].

Sub-types of occlusive dressings according
to the FDA classification are:

5 Thin films
5 Hydrocolloid dressings
5 Foam dressings

In its basic form, an occlusive dressing is com-
posed of a synthetic polymer, such as polyethy-
lene or polyurethane, with or without adhesive
backing. Films were the first occlusive dress-
ings to be developed, followed by more complex
products such as hydrocolloid dressings and
foam dressings. As discussed above, occlusive
dressings are used to maintain a moist environ-
ment within the ulcer area.

The ‘classical’ FDA classification, as present-
ed above, is becoming less and less relevant.
The boundaries between various groups of
dressing materials are becoming continuously
blurred. Not all foams, for example, are occlu-
sive. Similarly, certain hydrogel sheet dressings,
which do not belong to the occlusive group ac-
cording to the FDA classification are, in fact, oc-
clusive.

8.5.1.1  Thin Films

Films are composed of a thin sheet of polyure-
thane, permeable to moisture vapor and gases
(to different degrees, according to type and
manufacturer), but impermeable to fluid and
bacteria [3, 13]. They maintain a moist wound
environment, but since they are non-absorbent,
they should not be used on secreting ulcers.

The first commercial film dressing (Opsite®)
was intended to be used for a wide range of le-
sions, including burn wounds, donor sites, cu-
taneous ulcers, and surgical wounds [14]. Ac-
cording to textbooks, films may be used for nu-
merous types of ulcers and wounds [13]; the
fact that films are impermeable to bacteria and
fluids makes them ideal for a clean, sutured sur-
gical wound (Fig. 8.1). Currently, physicians
tend to use film dressings less frequently for
chronic cutaneous ulcers, preferring the more
advanced modern dressings.

Most films are adhesive, so they may also be
used as a secondary dressing applied over oth-
er topical preparations [14]. Certain dressings
are manufactured as a combination of polyure-
thane films and other dressing materials (e.g.,
alginates or hydrogels).
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Examples of film dressing:
5 Bioclusive transparent dressing® –

Johnson & Johnson
5 Blisterfilm transparent dressing® –

Kendall
5 Carrafilm transparent film dress-

ing® – Carrington Laboratories
5 Cutifilm – Beiersdorf-Jobst
5 Dermafilm intelligent film dress-

ing® – Derma Sciences
5 Epiview® – Convatec
5 Mefilm® – Mölnlycke Health Care
5 Opsite® – Smith & Nephew
5 Orifilm transparent film dressing® – 

Orion Medical Products
5 Polyskin® – Kendall
5 3M Tegaderm transparent dressing®

– 3M Health Care

8.5.1.2  Hydrocolloid Dressings

Hydrocolloid dressings contain hydrocolloidal
hydrophilic particles (mainly sodium carboxy
methyl cellulose) that are gel-forming. Other
substances may be included such as gelatin or
pectin. The composition and amount of each

ingredient varies according to the manufac-
turer.

Hydrocolloid materials are available in a
spreadable form or as sheets. The sheet form is
composed of an inner hydrocolloid lining and
an external hydrophobic coating (usually poly-
urethane) that is impermeable to gases, water,
and bacteria [15, 16]. The sheet dressings are ad-
hesive.

When hydrocolloids dressings are applied
onto an ulcer surface (Fig. 8.2), there is interac-
tion between the hydrocolloid substance and
the ulcer’s fluid, resulting in a characteristic ge-
latinous yellow mass over the ulcer. This gelati-
nous mass contributes to the formation of a
moist environment, facilitating autolytic
debridement, granulation tissue formation, and
epithelialization.

The hydrocolloid substance absorbs necrotic
material and fluids from the ulcer’s environ-
ment, as well as wound fluid. There is accumu-
lating evidence that ingredients in the fluids of
chronic, long-standing ulcers (unlike acute
wound fluid) may diminish the proliferative ca-
pacity of keratinocytes [17, 18].

The gelatinous mass is located between the
dressing and the ulcer bed. Thus, when the
dressing is removed or changed there is no
damage to superficial tissues within the ulcer
bed, namely, the granulation tissue and the new
regenerative epithelium (Fig. 8.3).
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Fig. 8.2. A hydrocolloid dressing is placed onto a cuta-
neous ulcer
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Further possible advantages of hydrocolloid
dressings have been documented:

5 The hypoxic environment induced
by hydrocolloid dressings is said to
stimulate proliferation of fibroblasts
and angiogenesis, presumably by
the formation of growth factors [19,
20]. However, this information
should not be taken for granted, es-
pecially regarding chronic cutane-
ous ulcers that usually appear in
elderly populations. In 1972, Hunt et
al. [21] stated that wound healing
processes may be delayed and im-
peded by relative hypoxia. It is cur-
rently accepted that apart from the
very initial stages of healing, hypo-
xia is not essential to the overall
healing process. In most cases, when
dealing with chronic ulcers, it impe-
des healing. Xia et al. [22] recently
reported that keratinocytes derived
from an elderly donor showed a de-
lay in migratory activity under hy-
poxic conditions, while young kerat-
inocytes showed enhanced migrato-
ry activity.

5 The acidic microenvironment in-
duced by hydrocolloids may be ac-
tive against bacteria, including
strains of Pseudomonas aeruginosa
[23].

The accepted indications for hydrocolloid
dressings are mild-to-moderate exudating ul-
cers, burn wounds, and donor sites [3, 24–26].
This recommendation is based on clinical ob-
servations indicating that chronic cutaneous ul-
cers treated by occlusive hydrocolloid dressings
have been shown to improve, even though the
presence of bacteria on the ulcer bed was con-
firmed by swab cultures [23, 27]. The use of hy-
drocolloid dressings on infected or necrotic
wounds is definitely contraindicated [28]. The
presence of pus on an ulcer bed is a clear mark-
er of infection and under such cirumstances,hy-
drocolloid dressing should not be used [29–32].
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Fig. 8.3. The mode of action of a hydrocolloid dressing.
A hydrocolloid dressing on a cutaneous ulcer (top). Hy-
drocolloid particles absorb secretions and increase in
size (center).While the dressing is being changed, a pro-
tective gelatinous layer remains on the surface, which
can be removed by gentle rinsing (bottom)
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The question as to the level of turbidity of
discharge and the cut-off point above which it
would be reasonable to avoid the use of occlu-
sive dressings remains under debate and sub-
ject to the clinical judgement of the treating
physician. It has been suggested that the pres-
ence of seropurulent/turbid discharge on a
non-healing ulcer may indeed reflect local in-
fection [33]. This being the case, placing such an
ulcer under occlusive conditions may aggravate
the infection. Based on our experience, the ap-
plication of hydrocolloid dressings should be
limited only to relatively clean ulcers and ulcers
with minimal serous (clear) secretion.

Mode of Use. After application of sheet-form
hydrocolloid dressings (as well as other sorts of
occlusive dressings in sheet form) onto the
ulcer, creases in the dressing should be
smoothed out. This should be followed by light
pressure for about 20 seconds with the objec-
tive of allowing the dressing to conform to the
ulcer bed. These recommendations may vary
according to the dressing’s type and
manufacturer’s instructions.

Changing Dressings. It is common practice
to leave hydrocolloid dressings in place for
5–7 days before changing. However, this is de-
batable. The main argument for leaving the
dressings on for this period of time is to avoid
damaging the surrounding skin when stripping
off the adhesive. In addition, it has been sug-
gested that frequent changing and cleansing
can inflict a certain amount of trauma on the
granulation tissue and newly forming epitheli-
um.

The main argument for changing the dress-
ing more frequently, on the other hand, is to en-
able appropriate visual monitoring. Even trans-
parent dressings do not allow a thorough
enough examination of the ulcer. We have, in
fact, encountered several ulcers that have wors-
ened under prolonged occlusive conditions. In
any case, the frequency of changing dressings
depends on the appearance of the ulcer. If an ul-
cer is not clean, frequent monitoring is re-
quired. In such cases, the dressing should be
changed every 48 h, and in some cases even eve-
ry 24 h.

Note that when hydrocolloid dressings are
used, a gelatinous mass of characteristic ap-
pearance is formed on the ulcer surface. It is not
purulent material. Nevertheless, having been
made aware of this fact by medical staff, some
patients remain oblivious to the increased
amounts of discharge within the ulcer and can,
at their next visit, present with a severely infect-
ed ulcer.

Examples of hydrocolloid dressings:
5 Comfeel® – Coloplast
5 Cutinova® – Beiersdorf-Jobst
5 Dermacol® – Derma Sciences
5 Dermatell® – Gentell
5 Duoderm® – Convatec
5 Exuderm® – Medline Industries
5 Granuflex® – Convatec
5 Hydrocol® – Bertek Pharmaceuticals
5 Hydrocoll® – Hartmann
5 Nu-derm (hydrocolloid)® – 

Johnson & Johnson
5 Oriderm® – Orion Medical Products
5 Replicare® – Smith & Nephew
5 Restore® – Hollister Incorporated
5 Tegasorb® – 3M Health Care
5 Ultec® – Kendall

Being manufactured by many different compa-
nies, hydrocolloid dressings are not uniform in
their quality and features. There is wide varia-
tion between the properties of different dress-
ings [34]. Further research studies are required
to determine the exact type of ulcer or wound
for which each type of dressing is ideally in-
tended.

8.5.1.3  Foam Dressings

Foam dressings are composed of polymeric
material such as polyurethane, that is manufac-
tured to contain air bubbles. The spaces embed-
ded within the dressing material are capable of
absorbing fluids. These dressings are generally
occlusive or semi-occlusive, and are permeable
to gases and water vapor [13, 35].
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The absorptive capacity is dependent on the
thickness of the dressing as well as on the sub-
stances impregnated in it and varies with type
and manufacturer. Foam dressings are usually
opaque and non-adherent.

Foam dressings are available in sheet form
or as spreadable foams. In sheet form, they have
a hydrophilic side that is in contact with the
wound surface and absorbs secretions. The ex-
ternal hydrophobic side contributes to a moist
environment. Spreadable foams are used for
cavities. In this case, a secondary dressing is
needed to affix the preparation to the ulcer bed.

Since most of the foam dressings are occlu-
sive, the indication, in principle, is similar to
that for hydrocolloids. In view of their absorp-
tive capacity, their use may be considered when
dealing with secreting ulcers. However, above a
certain level of turbidity, other modalities are
advocated.

Examples of foam dressings:
5 Allevyn® – Smith & Nephew
5 Biatain® – Coloplast
5 Carrasmart foam® – Carrington Lab
5 Curafoam plus® – Kendall
5 Cutinova foam® – Beiersdorf-Jobst
5 Flexzan® – Bertek Pharmaceuticals
5 Hydrasorb® – Convatec
5 Lyofoam® – Convatec
5 Mepilex® – Mölnlycke Health Care
5 3M Foam® – 3M Health Care
5 Orifoam® – Orion Medical Products
5 Sof-foam® – Johnson & Johnson
5 Reston foam® – 3M Health Care
5 Tielle® – Johnson & Johnson
5 Vigifoam® – Bard Med. DivisioN

8.5.2  Hydrogels

Hydrogels are made up of a three-dimensional
matrix of hydrophylic polymers, such as car-
boxy-methylcellulose (Intrasite gel®) or poly-
ethylene oxide (Vigilon®), combined with a
high (usually more than 90%) water content.

Hydrogel preparations may also contain glyce-
rin and pectin.As in the case of other dressings,
they are available in sheet form or as a spread-
able viscous gel.

Hydrogel dressings are semipermeable to
gases and water vapor. Note that certain hydro-
gel dressings may contain polyurethane and
thus, to a certain extent, have occlusive proper-
ties. However, the unique feature of hydrogels
(as distinguished from other occlusive dress-
ings) is due to the presence of hydrophylic poly-
mers in their content: The amorphous gel
formed by hydrogel dressings maintains a moist
and hydrated environment within the ulcer.

This makes hydrogel dressings suitable in
two main situations:

5 Since hydrogel dressings maintain a
moist wound environment, they
may be used for clean, red ulcers.

5 The hydrated moist conditions
within the ulcer area enable the sep-
aration of necrotic tissue and in-
duce processes of autolytic debride-
ment. Therefore, hydrogel dressings
may be applied to ulcers that
present white or yellowish slough
on their surface. Autogenous en-
zymes released by dead or damaged
tissue disintegrate the sloughy mate-
rial and enable its detachment from
the ulcer’s surface area [36–39].
That being the case, amorphous 
gels are indicated, and not the
sheets.

Hydrogel dressings may also be considered for
softening black, dry necrotic material, due to
their water-donating properties. However, a
beneficial effect (if any) is expected to occur rel-
atively slowly. Other forms of debridement, such
as surgical debridement, should be considered
when dealing with dry, black necrotic material
on an ulcer bed (see Chap. 20). Due to the water-
donating properties of hydrogels, care must be
taken that the ulcer and the healthy tissue
around it do not become macerated [36].
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Among research studies performed with hy-
drogel dressings, Bale et al. [36] demonstrated
beneficial effects of hydrogel dressings on 50
pressure ulcers, with effective debridement of
necrotic tissue within the ulcer bed. Flanagan
[40] documented a research study containing 47
patients,each with one cutaneous ulcer in which
non-viable tissue covered more than 30% of the
ulcer’s surface area. The cutaneous ulcers in-
cluded in the study were leg ulcers and pressure
ulcers, as well as other sorts of lesions such as
traumatic wounds. Efficient removal of necrotic
material from the ulcer bed was observed. After
21 days of treatment, 10 ulcers (21%) were com-
pletely clean. In 20 other ulcers, 50% or more of
non-viable material was removed. Other ran-
domized controlled studies have shown the
beneficial effect of hydrogels on diabetic foot ul-
cers as compared with standard care [41].

Examples of hydrogel dressings:
5 Aquaflo® – Kendall
5 Aquasorb® – Deroyal
5 Carrasyn gel wound dressing® – 

Carrington Laboratories
5 Curafil® – Kendall
5 Cutinova gel® – Beiersdorf-Jobst
5 Dermagran hydrogel zinc-saline

wound dressing® – Derma Sciences
5 Duoderm hydroactive gel® – Convatec
5 Granugel® – Convatec
5 Hydrosorb® – Hartmann
5 Hyfil wound gel® – B. Braun Medical
5 Hypergel® – Molnlycke Health Care
5 Iamin hydrating gel® – CR Bard
5 Intrasite gel® – Smith & Nephew
5 Macropro gel® – Brennen Medical
5 MPM Excel gel® – MPM Medical
5 Purilon gel® – Coloplast
5 Sterigel® – Seton Scholl
5 Vigilon® – Bard Med. Division

8.5.3  Hydrophilic/
Absorptive Dressings

Hydrophilic dressings are intended to absorb
exudate. Although cotton dressings and cotton

derivates are capable of this, currently used ad-
vanced dressings have been shown to do this
better. The main representatives of this group
are discussed below.

8.5.3.1  Alginate Dressings

Alginate dressings are made of polysaccharide
fiber, containing alginic acids, derived from
various species of seaweed. The fibers absorb
the ulcer exudate with the formation of a high-
ly absorbent hydrophilic gel. This interaction
results in a moist wound environment that may
provide appropriate conditions for autolytic
debridement. Alginate fibers are biodegradable
[42].

Alginate dressings are indicated for moder-
ate-to-heavy exudating cutaneous ulcers [43].
In view of this fact, they should be changed at
least once daily.

Alginate dressings are available in sheet
form (Fig. 8.4). In addition, rope forms or gel
forms are intended for cavity ulcers (Fig. 8.5).

Sayag et al. [44] documented the beneficial
effects of alginate dressings on full-thickness
pressure ulcers. A minimal 40% reduction in
ulcer area was demonstrated in 74% of patients
treated with alginate dressings, compared with
42% of patients treated with dextranomer
paste.

The question as to whether alginates have
certain pharmacologic qualities that contribute
to wound healing (beyond absorbing exudate
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and induction of a better wound environment)
requires further investigation. Bowler et al. [45]
documented in vitro the effect of calcium algi-
nate dressings against pathogenic bacteria.

Examples of alginate dressings:
5 Algiderm® – Bard Med. Division
5 Algisite® – Smith & Nephew
5 Carrasorb® – Carrington Lab
5 Curasorb® – Kendall
5 Cutinova alginate® – Beiersdorf-Jobst
5 Fybron® – B. Braun Medical
5 Hyperion® – Hyperion Medical
5 Kalginate® – Deroyal
5 Kaltostat® – Convatec
5 Maxorb® – Medline Industries
5 Melgisorb® – Molnlycke Health Care
5 Nu-derm® – (alginate) – Johnson &

Johnson
5 Nutrastat® – Derma Sciences
5 Orisorb® – Orion Medical Products
5 Restore Calcicare® – Hollister
5 Seasorb® – Coloplast
5 Sorbalgon® – Hartmann
5 Sorbsan® – Bertek 

Pharmaceuticals
5 Tegagen alginate dressing® – 

3M Health Care

8.5.3.2  Dextranomer Hydrophilic 
Granules

Dextranomer hydrophilic preparations contain
microspheres, i.e., granules with a diameter of
0.1–0.3 mm in dry form, composed of the dex-
tranomer hydrophilic polysaccharide.When the
granules come into contact with fluid, they ab-
sorb water and swell until saturated. When
placed on a secreting ulcer, the granules absorb
exudate with subsequent swelling and forma-
tion of a gel-like mass [46]. Only water and
small molecules (with molecular weights of less
than 1000) are absorbed into the granules. Par-
ticles of molecular weight between 1000 and
5000 have limited penetration, while larger par-
ticles, such as bacteria or tiny pieces of necrotic
tissue (molecular weight of more than 5000), re-
main in the interspaces between the granules
(Fig. 8.6). The osmotic flow carries the larger
particles and bacteria from the ulcer’s surface
into the layer of granules. When the ulcer sur-
face is rinsed, the larger particles and bacteria
tend to be swept away from the ulcer bed,
between the swelling granules.

Sawyer et al. [47] conducted a randomized
trial, using dextranomer granules for cutaneous
ulcers of various etiologies. After three weeks of
treatment, a 53.6% increase in epithelialized area
was observed in 25 ulcers treated with dextrano-
mer preparation,compared with a 19.8% increase
in 25 ulcers treated with conventional therapy. In
addition, a reduction of pus and debris in the ul-
cer beds in 21 of the 25 ulcers treated with dex-
tranomer was reported, compared with only
eight of the 25 ulcers in the control group.

Dextranomer hydrophilic granules have
been found to be an efficient method of reduc-
ing exudate and removing debris from cutane-
ous ulcers [46–48] and thus can be regarded as
another option for treating heavily secreting ul-
cers. A modification of the above method is
based on similar hydrophilic microspheres
containing active iodine in a concentration of
0.9% (Cadexomer-iodine). In addition to ab-
sorptive qualities similar to those of conven-
tional dextranomer granules, the preparation is
said to release iodine into the ulcer’s environ-
ment and to provide some antiseptic effect. In
most of the studies conducted, the use of cadex-
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omer-iodine was associated with enhanced
healing and efficient cleansing of the ulcers
treated [49–52]. The current view considers ad-
vanced forms of iodine compounds such as Ca-
dexomer-iodine  as being effective in the treat-
ment of chronic cutaneous ulcers [53].

Preparations containing hydrophilic gran-
ules are:

5 Dextranomer granules: Debrisan® –
Pharmacia & Upjohn

5 Cadexomer-iodine granules:
Iodosorb® – Smith & Nephew

8.5.3.3  Activated Charcoal Dressings

In these dressings, activated charcoal is bound
to a semi-permeable membrane. These dress-
ings protect the ulcer from external infection
and trauma. The semi-permeable dressing is
said to encourage the formation of a moist en-
vironment, optimal for enhanced wound heal-
ing.

The two main unique features of activated
charcoal are:

5 It absorbs exudate and bacteria
from the ulcer bed onto the dressing
material. Thus, it may be regarded
as a form of mechanical debride-
ment. The absorptive effect of the
activated charcoal has been proven
by in vitro studies [54].

5 Activated charcoal acts as a barrier
that absorbs and filters the malo-
dorous chemicals which evaporate
and are released from the ulcer
(similar to the way in which activat-
ed charcoal acts in air filters and gas
masks). It has been used for several
years in the management of suppu-
rating malodorous ulcers and has
been shown to reduce exudate and
malodor from cutaneous ulcers
[55–57].

Recently, dressings that combine activated
charcoal and silver (0.15%) have been devel-
oped, i.e., silver-impregnated activated charcoal
dressings (Fig. 8.7). The rationale behind this
combination is to obtain, in addition to the ab-
sorptive effect, some degree of antibacterial ef-
fect. Silver has been shown to have some anti-
bacterial effect [58–60] (see Chap. 11). These
dressings have a beneficial effect on cutaneous
ulcers infected by both gram-positive and -neg-
ative strains, including Pseudomonas and meth-
icillin-resistant Staphylococcus aureus [61].

Wunderlich and Orfanos [62] conducted a
controlled randomized study of 40 patients
with venous leg ulcers. Silver-impregnated acti-

8.5Advanced Dressing Modalities 113

Fig. 8.6 a, b. Mode of action of dextranomer granules.
a. Wound exudate is absorbed into dextranomer gran-
ules (top). b. (Magnification of Figure a.) Small mole-
cules are absorbed into the granules; larger particles re-
main in the interspaces between the granules (bottom)

t

t

08_103_118*  01.09.2004 14:00 Uhr  Seite 113



vated charcoal dressings were compared with
various conventional therapies such as granu-
lating ointments or zinc paste and were found
to be superior to conventional therapy. Six of 19
patients (31.6%) treated with silver-impregnat-
ed activated charcoal dressings healed com-
pletely compared with only two of 19 (10.5%)
treated with conventional therapy.While exam-
ining other parameters, such as the increase of
epithelialization and the reduction of ulcer size,
better results were obtained by using silver-
charcoal dressings compared with other topical
therapies.

In our clinical experience, silver-impregnat-
ed activated-charcoal dressings may definitely
be considered as a therapeutic option. They
should be used especially in ulcers from which
resistant strains of bacteria are cultivated, such
as Pseudomonas strains and methicillin-resist-
ant Staphylococcus aureus.

Examples of dressings containing activated
charcoal:

5 Carboflex® – Convatec
5 Carbonet® – Smith & Nephew
5 Clinisorb® – Clinimed Ltd.
5 Kaltocarb® – Convatec

Silver-impregnated activated charcoal 
dressings:

5 Actisorb Plus® – Johnson & Johnson
5 Actisorb Silver 220® – Johnson &

Johnson

8.5.3.4  Other Absorptive/
Osmotic Methods

Other topical methods may be based, at least in
part, on absorptive/osmotic activity. These in-
clude preparations such as sugars [63, 64] and
honey [65–68]. Treatment with honey is de-
scribed in Chap. 17.

8.6  Other Types of Dressings

8.6.1  Dressings Combining Two 
of the Above Groups

Certain dressings combine two or more of the
above dressing materials in the manufacturing
process, i.e., hydrogels with alginates, or hydro-
gels with hydrocolloids.

Examples of ‘combined’ products:
5 Nu-gel® – (hydrogel and alginate) –

Johnson & Johnson
5 Granugel® – (hydrocolloid and hy-

drogel) – Convatec
5 Carboflex odor control dressing® – 

(alginate, hydrocolloid, and char-
coal) – Convatec

8.6.2  Interactive Dressings

The FDA defines interactive dressings as dress-
ings that contain topical medications, such as
antimicrobial preparations, growth factors, or
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other biological compounds. These medica-
tions may be integrated within highly perme-
able dressings. For the time being, the FDA has
deferred classification of this group.

The issue of an antimicrobial effect in re-
spect to dressing materials, regarding products
such as cadexomer-iodine (Iodosorb®) and
dressings that combine activated charcoal with
silver (Actisorb®), has been discussed above.
Other interactive dressings that contain silver
are detailed in Chap. 11.

Other advanced dressing materials intended
to enhance healing are described in Chap. 13.

8.6.3  Dressings with Unique Features

Several types of dressing materials have unique
features that impart to these dressings a unique
mode of action for certain types of cutaneous
ulcers. For example, there is a multi-layered
polyacrylate dressing with Ringer’s lactate so-
lution (Tenderwet®): The main component of a
multi-layered dressing is polyacrylate, which
functions as an absorbent core. The polyacry-
late is enveloped within a layer of polypropy-
lene-knitted fabric. The structure of the dress-
ing enables frequent rinsing with Ringer’s lac-
tate solution every 12–24 h. The amount of
Ringer’s lactate used is dependent on the size of
the ulcer, the dressing, and the quantity of se-
cretions within the ulcer bed.

The polyacrylate absorbs secretions. It is al-
so capable of retaining bacteria. Thus, wound
exudate is replaced by Ringer’s lactate solution
[69]. The presence of Ringer’s solution results
in a moist environment that is essential for the
wound repair process. In addition, a debriding
effect can be achieved in that it softens and
loosens sloughy material, leading to its detach-
ment from the ulcer bed [70].

The absorbent core has a greater affinity for
the protein compounds of wound exudate than
for Ringer’s lactate solution. Therefore, there is
a continuous exchange of Ringer’s solution (in-
stead of ulcer secretions) onto the ulcer bed.
This type of dressing may be recommended for
ulcers with necrotic sloughy material on their
surface.

There are also dressings that apply topical
negative pressure. This mode of treatment may
be regarded as a special type of dressing with
unique features. However, since the active com-
ponent here is a mechanical device, and not the
foam, it is described in the addendum section
of Chap. 20.

8.6.4  Biological Dressings

Biological dressings are those derived from liv-
ing tissues or those containing ingredients
originating from living tissues. These are dis-
cussed in Chap. 13.

8.7  Summary

A large variety of dressing materials are cur-
rently available (Fig. 8.8). Each type of cutane-
ous ulcer should be treated with the most ap-
propriate dressing material. The ulcer’s clinical
appearance is the main parameter in determin-
ing the most suitable dressing.

Two main questions should be asked regard-
ing any dressing material that is introduced to
the market: (a) To which class of dressing does
this product belong? and (b) For which types of
cutaneous ulcers is the product intended?
Knowing the answers for each type of dressing
to be used is mandatory for better patient care.
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9.1  Definition of Debridement

The term ‘debridement’ was first coined by De-
sault (1744–1795), in Paris, referring to the sur-
gical removal of necrotic material from open
wounds [1]. Since then, this term has taken on a
much broader meaning, and other forms of
debridement have been developed, as presented
below.

Debridement is defined in Dorland’s Medical
Dictionary as “the removal of foreign material
and devitalized or contaminated tissue from or
adjacent to a traumatized or infected lesion, un-
til surrounding [and underlying, in the case of
a cutaneous ulcer] healthy tissue is exposed.”
Choosing the appropriate method of debride-
ment and employing it correctly may have a
significant effect on the healing process.

Debridement can be a lengthy process. Occa-
sionally, one must change the method of de-
bridement during the treatment of an ulcer.
This chapter reviews the various types of devi-
talized tissues and current methods of debri-
dement.

9.2  Appearance of Necrotic Material 
on an Ulcer’s surface

Necrotic material on the surface of an ulcer
usually appears in one of two major forms:
slough, and eschar or crust. Slough may be yel-
low, green, or gray/white (Fig. 9.1). It is usually
soft, ranging from a liquefied mass to semi-sol-
id  or relatively solid material; it is composed of
necrotic proteins, devitalized collagen, and fi-
brin.

Necrotic material may dry, desiccate, and
harden to form eschar, which is brown or black
(Fig. 9.2). The term ‘eschar’ was originally used
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... From the stump of the arm,
the amputated hand,
I undo the clotted lint, remove the
slough, wash the matter and blood,
Back on his pillow the soldier
bends with curv’d neck and side
failing head,
His eyes are closed, his face is pale,
he dares not look on the bloody
stump,
And has not yet look’d on it.

(The Wound Dresser, Leaves of Grass,
Walt Whitman)
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to describe the devitalized tissue that appears
in burns [2]. Eschar consists of devitalized pro-
teins and collagen from burnt tissue, with cellu-
lar debris and solidified secretions. This term
has since been applied to the field of cutaneous
ulcers, indicating the presence of dry necrotic
tissue within an ulcer bed.

Secretions that have dried out on an ulcer
bed may form a crust.Although it does not con-
tain dead tissue, a crust that is thick and black
may resemble eschar, and it may require similar
techniques of debridement for its removal.

Purulent or seropurulent discharge is com-
posed of the debris of dead cells and liquefied
tissue (Fig. 9.3). It may indicate the presence of
infective bacteria within the ulcer bed. There-
fore, according to the dictionary definition of
debridement, its removal may be regarded as a
form of a debriding procedure. However, the
currently accepted concept of debridement
relates to the removal of slough and eschar
only.

In this chapter we discuss the various tech-
niques for removing eschar and slough. Treat-
ment of secretions is detailed in Chap. 20. The
discussion on absorptive dressings (which are
actually a form of mechanical debridement) in-
tended for secreting ulcers can be found in
Chap. 8.

Sometimes, the surface of a cutaneous ulcer
may present a combination of two or more of
the above forms of necrotic material, and the
appropriate debridement measures should be
considered accordingly.

9.3  Why Should Ulcers Be Debrided?

The observation that wounds and chronic cuta-
neous ulcers improve following appropriate de-
bridement therapy has been made for centu-
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Fig. 9.1a, b. Sloughy ulcers

Fig. 9.2a, b. Ulcers covered by black eschar
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ries. Nevertheless, it is worth clarifying here
how debridement contributes to improved
wound repair.

The presence of necrotic material on an ul-
cer bed enhances bacterial colonization and
may lead to infection [3, 4, 5]. Necrotic material
may induce activation of the alternative path-
way of the complement system [6]. This may re-
sult in ongoing inflammation, destruction of
surrounding healthy tissue, and delay of the
wound healing process.

Foreign matter within a cutaneous ulcer, act-
ing as a physical barrier, prevents the normal
course of wound contraction and interferes with
epithelialization [3, 5]. The presence of a dry
crust or eschar on an ulcer bed results in slower
epithelialization, compared with a faster healing
rate within a moist wound environment [7].

In addition, a specific type of surgical de-
briding procedure is recommended prior to

skin grafting and several advanced healing mo-
dalities, such as keratinocyte transplantation,
grafting ‘living’ skin substitutes or topical ap-
plication of growth factors [8–12]. This kind of
debridement should extend (very superficially)
to viable healthy tissue until a minor degree of
bleeding (pinpoint bleeding) is achieved, and
vital granulating tissue is exposed. This can be
done by shaving the superficial upper (healthy)
layer of an ulcer bed.

This procedure should be done with the fol-
lowing objectives:

5 Removal of a fibrin layer: A layer of
fibrin (which may be thin and, in
some cases, almost invisible) may
coat the ulcer bed, acting as a physi-
cal barrier that impedes penetration
of growth factors and prevents the
attachment of a skin graft or trans-
planted keratinocytes. Removal of
this layer by shaving results in a
cleaner surface area.

5 Achieving a better vascular bed:
Shaving results in an ulcer bed
which is more vascular, thus pro-
ducing a better substrate for ad-
vanced treatment modalities.

5 Removal of senescent cells: Senes-
cent cells, whose ability to produce
cytokines and to proliferate is re-
duced, are present in chronic cuta-
neous ulcers [13–15]. Removal of se-
nescent cells from the ulcer’s mar-
gin and its surface may improve
wound repair [8].

9.4  Methods of Debridement

Debridement can be achieved by several meth-
ods, as summarized in Table 9.1: Surgical de-
bridement, several types of mechanical debri-
dement (or variants of mechanical debride-
ment), chemical/enzymatic debridement, and
autolytic debridement. Maggot debridement
therapy can also be considered under certain
conditions, as described below.
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9.4.1  Surgical Debridement

Surgical instruments such as a scalpel or scis-
sors are used to cut away and remove necrotic
tissue. Forceps should be used to grasp necrotic
tissue while it is being cut and to remove it
from the ulcer.

Surgical debridement is usually done to re-
move firm, black necrotic material. Note that it
may be possible to use this procedure on yel-
low/gray slough, provided the slough is rela-
tively solid. Soft, liquefying material cannot be
handled efficiently by a surgical knife or for-
ceps. Moreover, when liquefying material cov-
ers the ulcer bed it becomes difficult to distin-

guish between necrotic and vital tissues. When
a definite demarcation between viable and ne-
crotic tissue cannot be identified clearly, other
debridement methods should be used. Some-
times a piece of tissue that seems to be pale and
slough-like may recover following appropriate
treatment (such as topical growth factors or
antibiotic treatment). In this case, hasty surgi-
cal procedures may result in the unnecessary
loss of potentially healthy and vital tissue.

Some make a distinction between two meth-
ods of surgical debridement [16]: ‘Surgical
debridement’ refers to a major procedure that
requires an operating room and is done under
general or regional anesthesia. ‘Sharp debride-
ment’ is usually regarded as a minor form of
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Table 9.1. Methods of debridement

Type of debridement Purpose Comments

Surgical For solid or semi-solid necrotic Contraindicated when bleeding 
material that can be handled disorders are suspected. Contra-
effectively with a scalpel indicated in pyoderma 
or forceps gangrenosum

Mechanical

Hydrodebridement and ‘wet to To soften slough or dry necrotic Avoid prolonged soaking
moist’ dressing tissue

Repeated saline irrigation To remove purulent or Irrigation should be done gently
(enabling the ulcer to dry out) seropurulent secretions with 

liquefying slough

‘Wet-to-dry’ dressing Necrotic tissue with exudate Healthy tissues may be damaged

Scrubbing To remove necrotic tissue Should be avoided

Absorptive

Dextranomer granules Secreting ulcers

Activated charcoal Secreting ulcers Beneficial effect against 
Pseudomonas strains and 
methicillin resistant 
Staph. aureus

Chemical

Enzymatic Ulcers with slough

Mild acidic preparations Ulcers with slough

Autolytic Ulcers with slough Hydrogel dressings are used to 
induce autolytic debridement

Maggot therapy Ulcers with slough (with/ 
without purulent secretions)
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surgical debridement, which can be handled in
a clinic, and for which topical anesthesia suffic-
es (see below). These definitions are not always
accepted in the literature, and the term ‘surgical
debridement’ may refer to either of the above.
Here, we shall refer to ‘surgical debridement’ as
any type of debriding procedure where surgical
instruments are used to cut away and remove
devitalized tissue.

9.4.1.1 Guidelines to Follow 
Regarding Surgical Debridement

Avoid Spreading Infection. Adhere strictly
to sterile conditions before, during, and after
the procedure. It is of the utmost importance to
prevent the spread of bacteria to the surround-
ings, thereby exposing other patients to infec-
tion. Thorough cleansing is required: The ulcer
should be rinsed with antiseptics (e.g., povi-
done-iodine solution) and then with saline so-
lution before and following the procedure.

Provide Optimal Conditions. To ensure op-
timal conditions for the procedure, the patient
should be lying down, while the physician is
seated nearby as comfortably as possible. Good
lighting is essential.

Debridement in the Operating Room. It is
generally accepted that in the following cases
surgical debridement should be done in an op-
erating room [2]:

5 For patients suffering from ex-
tremely painful ulcers

5 When bone needs to be removed
5 In cases where the necrotic tissue is

adjacent to a vital organ
5 In cases where it is difficult to 

assess the extent of the required
procedure

Topical Anesthetics. A more superficial pro-
cedure that does not require an operating room
is better tolerated if the ulcer is treated previ-

ously with topical anesthetics such as a mixture
of lidocaine and prilocaine (EMLA®) [17, 18].

Contraindications to Surgical Debridement.
Surgical debridement should be avoided in cas-
es where (a) patients are taking anticoagulants;
(b) patients have thrombocytopenia; and (c)
pyoderma gangrenosum or other conditions
associated with pathergy are present.

The term ‘pathergy’, in the context of de-
bridement of cutaneous ulcers, refers to the for-
mation of a new lesion or aggravation of exist-
ing lesions following minor and trivial trauma.
In some patients with pathergy, venepuncture
may be followed by pustulation. The classical
condition known to be aggravated following
surgical debridement is pyoderma gangreno-
sum (PG) [19–22]. Therefore, debridement of a
lesion suspected of being PG is contraindicat-
ed. Other diseases associated with pathergy are
Behçet’s disease, Sweet’s syndrome, and Wege-
ner’s granulomatosis [23–26]. If pathergy is
suspected, avoid surgical debridement.

Note: Identification of pathergy, apart from
the clinical impression of the worsening of ul-
cers following debridement, is made by the
‘pathergy test’. This is performed by pricking
the skin with a sterile needle, or by injecting
0.1 ml of saline into the skin. A positive test is
indicated by the appearance of a pustule within
24 h [27].

Avoid Damaging Healthy Tissue. While de-
briding wounds, be cautious and ensure that
only necrotic tissue is removed. When nearing
vital tissue, the procedure should be discontin-
ued and further debridement may be accom-
plished by using an alternative method. Ex-
posed nerves, tendons, and blood vessels
should be identified and left intact. Obviously,
any damage to newly forming epithelium ap-
pearing on the ulcer bed must be avoided.

In spite of precautions taken, vital, healthy
tissues may be injured in the course of surgi-
cal debridement. Injury to healthy tissues
may result in:
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5 Bacteremia: Transient bacteremia
with leukocytosis and fever may oc-
cur. It has been shown that in 50%
of patients with pressure ulcers, sur-
gical debridement was followed by
bacteremia [28].

5 Injured nerves: If the patient com-
plains of pain during the procedure,
it is an indication that healthy tissue
is involved and one should discon-
tinue debridement in that area.

5 Injured blood vessels: While surgi-
cally debriding a cutaneous ulcer
containing necrotic and foreign ma-
terial, injury to blood vessels should
be avoided as much as possible.
Bleeding may indicate that vital tis-
sue is being damaged. In addition,
penetration of infective material
into injured blood vessels may in-
duce bacteremia. If surgical
debridement cannot be carried out
without bleeding, alternative meth-
ods of debridement should be used.

Debridement and Bleeding. As mentioned
in Sect. 9.3, when dealing with relatively clean
cutaneous ulcers, debridement should be car-
ried out as a preparatory stage, prior to ad-
vanced therapeutic modalities such as keratin-
ocyte transplantation, skin grafting, or the
application of growth factors. The purpose is
not just to remove devitalized material, but also
to create an optimal vascular substrate for
advanced treatment modalities [8, 10–12].
Therefore, debridement should extend (very
superficially) to viable healthy tissue until a
minor degree of bleeding (pinpoint bleeding) is
achieved. Particular care must be taken not to
damage or remove newly forming epithelium.
This may occur especially when debridement is
performed inappropriately following keratino-
cyte grafting or the application of growth fac-
tors.

9.4.1.2  Research Studies of Surgical
Debridement

In a multicenter, randomized, double-blind
study, Steed et al. [8] showed that topical re-
combinant human platelet-derived growth fac-
tor (rhPDGF) was superior to placebo in the
management of 118 patients with diabetic foot
ulcers. However, a significant observation of
this study was associated with the frequency of
debridement procedures in these patients: Im-
proved healing was associated with a higher
frequency of debridement, independent of
treatment group. The highest degree of healing
occurred in patients where the use of topical
growth factors was combined with frequent
debridement.

Schmeller et al. [29] used surgical debride-
ment in the form of shave therapy in 80 pa-
tients with 105 chronic leg ulcers. A Schink der-
matome was used to remove the ulcer surface
and the surrounding lipodermatosclerosis in
successive horizontal flat layers, until a pulsat-
ing bleeding pattern was achieved, indicating
the presence of tissue with better microcircula-
tion. This procedure was followed by covering
the wounds with meshed split-skin grafts.
Schmeller et al. documented short-term heal-
ing rates (3 months follow-up) of 79% for 59 pa-
tients with 76 ulcers. For 18 patients with 26 ul-
cers, for whom the follow-up was longer (more
than 20 months), a healing rate of 88% was re-
ported.

9.4.1.3  The Appropriate Technique 
of Surgical Debridement Prior
to Advanced Modalities

Shaving the superficial upper layer of the ulcer
bed may be performed with a scalpel, or with a
fine curette (Figs. 9.4, 9.5). The shape of a cur-
ette makes it suitable for accurate outlining of
the ulcer margin, so it is used to remove layers
near the margin. Debridement of the ulcer mar-
gin is extremely important, since marginal, pe-
ripheral epithelialization can be stimulated by
this procedure. As mentioned above, particular
care should be taken not to damage or remove
newly forming epithelium.
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9.4.2  Mechanical Debridement

Subtypes of mechanical debridement are:
hydrodebridement, ‘wet-to-moist’ dressings,
‘wet-to-dry’ dressings, irrigation with saline,
and mechanical scrubbing.

9.4.2.1  Hydrodebridement

Soaking the ulcer in a bath of water may soften
and loosen slough or dry necrotic tissue, there-

by easing its separation from the ulcer bed. In
addition, bacteria and residues of topical prep-
arations are washed away [3, 30].

The procedure may be combined with:
5 Topical preparations such as

Burow’s solution, or diluted solu-
tions of potassium permanganate or
chlorine [31], which achieve a cer-
tain antibacterial effect (see
Chap. 11).

5 Whirlpool for removal of loose ne-
crotic debris [16].

While using hydrodebridement avoid:
5 Prolonged soaking, which may re-

sult in maceration and damage to
healthy tissue. The duration of this
procedure should not exceed 15 min
each time.

5 Aggressive whirlpooling: Overly ag-
gressive water agitation may me-
chanically damage granulation tis-
sue and the newly forming epitheli-
um.

5 Spreading infection: The equipment
used should be thoroughly cleansed
with an antiseptic preparation.

9.4.2.2  ‘Wet-to-Moist’ Technique

An effect similar to that of soaking may be ob-
tained by covering the ulcer with layers of cloth
or gauze saturated with fluid (e.g., saline), with
repeated wetting. In the ‘wet-to-moist’ dressing
technique, the ulcer is not supposed to dry out.

The ‘wet-to-moist’ technique is aimed at
keeping ulcers moist. Similar to the hydro-
debridement method, the water may soften and
loosen slough or dry necrotic tissue. The effica-
cy of this technique as a debridement method
depends on the frequency of wetting and the
amount of fluid used.
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cer with a fine curette prior to application of a prepara-
tion containing growth factors

Fig. 9.5. Debridement performed with a scalpel
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‘Wet-to-moist’ dressings may be used on leg
ulcers, when one prefers to avoid soaking of
certain body regions, such as the foot. Unneces-
sary immersion of the feet may lead to macera-
tion, which is not desirable, especially for dia-
betic patients.

A special form of dressing consisting of a
multilayered polyacrylate dressing with Rin-
ger’s lactate solution may be regarded as a
modification of the ‘wet-to-moist’ technique.
The presence of Ringer’s lactate creates a moist
environment, with softening and loosening of
slough. This type of dressing is discussed in de-
tail in Chap. 8.

There is a clear distinction between soaking
the ulcer region in water, as described above,
and repeated washing or the repeated placing of
a single-layered damp cloth on the ulcer, ena-
bling the ulcer to dry out. Soaking or covering
the ulcer with saturated cloth, preventing the
ulcer from drying out, results in a debriding ef-
fect, as described above. It is intended to soften
and loosen slough or dry necrotic tissue.

In contrast to soaking, repeated wetting
achieves the opposite effect, as described below.
When the added water (either by washing or re-
peatedly applying a damp cloth or a damp
gauze) evaporates, the treated area gradually
dries out. This is intended for secreting ulcers.
Repeated wetting is not considered to be a
debridement technique – it is just a cleansing
method that can also be used for drying out any
other types of inflamed, secreting areas of the
skin. This mode of treatment is also discussed
in Chap. 20.

A modification of the latter method is re-
peated wetting when the gauze is left to dry, so
as to adhere to the ulcer bed, as in the ‘wet-to-
dry’ technique described below.

9.4.2.3  ‘Wet-to-Dry’ Technique

The ‘wet-to-dry’ technique is a modification of
the ‘repeated wetting’ technique, in which the
gauze dressing is left to adhere to the ulcer sur-
face. It is a useful method in cases where ne-
crotic tissue is accompanied by relatively mod-
erate amounts of exudate. In this procedure, a
gauze dressing is applied to the ulcer, onto the

necrotic material. It is moistened with saline
and left to dry. After a few hours, when the
gauze is dry and adherent to the ulcer bed, it is
pulled firmly, with the necrotic tissue attached
to the gauze. This procedure may be repeated
several times a day. The main disadvantage of
this debridement method is that, being non-se-
lective, newly regenerated epithelium and
healthy granulation tissue are removed from
the ulcer bed together with necrotic material.
In view of this, a ‘wet-to-dry’ dressing is gener-
ally not favored as a debridement procedure.

9.4.2.4  Irrigation with Saline

Frequent irrigation with saline is an excellent
method for removing seropurulent or purulent
secretions and liquefied slough. Nevertheless, it
will not remove relatively solid slough or black
necrotic eschar firmly attached to the ulcer bed.
Note that forceful, high-pressure irrigation may
damage healthy tissue. Therefore, wound irri-
gation should be done as gently as possible. The
procedure can be performed once or twice dai-
ly, while the wound dressing is being changed,
with the aim of removing remnants of topical
preparations previously used on the ulcer.

A basin, or nylon sheets, should be placed
under the area to be treated, to collect the irri-
gating fluid and avoid spreading bacteria from
the ulcer to the surrounding environment.

9.4.2.5  Mechanical Scrubbing

Removal of necrotic tissue by scrubbing has an
adverse effect similar to that of the ‘wet-to-dry’
technique and may cause damage to regenerat-
ing epithelium and granulation tissue. It should
therefore be avoided.

9.4.3  A Variant of Mechanical
Debridement: Absorptive
Debridement

The mechanical effect of absorption may be re-
garded as an additional method of debride-
ment. Such procedures use the absorptive qual-
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ities of hydrophilic dextranomer granules or
activated charcoal for removal of tiny pieces of
necrotic material and bacteria from the ulcer
bed. These preparations, intended for secreting
ulcers, are described in Chap. 8.

Other topical methods of debridement may
be based, at least in part, on absorptive/osmot-
ic activity. These include preparations such as
sugars [32, 33], honey [34–37], and alginates.
Treatment with honey is described in Chap. 19.
Alginates are discussed in Chap. 8.

9.4.4  Chemical Debridement

Chemical debridement mainly involves the use
of lytic enzymes, whose purpose it is to dis-
solve the necrotic material. In addition, cutane-
ous ulcers can to some extent also be debrided
by using mild acidic preparations.

9.4.4.1  Enzymatic Debridement

There are commercial enzymatic preparations
directed specifically towards certain substances
contained in necrotic tissue such as fibrin, col-
lagen, or various other proteins. In order not to
damage healthy tissue, enzymatic debridement
is used for an ulcer whose entire surface is cov-
ered by necrotic material. In addition, there is a
basic assumption with this approach (requiring
further investigation) that vital cells are ca-
pable of producing inhibitors against these en-
zymatic preparations and remain intact, while
necrotic tissue is being dissolved.

Enzymes for chemical debridement are clas-
sified as proteolytics, fibrinolytics, or collage-
nases.

The approach recommended in several arti-
cles [16, 38–42] is to vary the type of enzyme
being used, depending on the appearance of
the necrotic tissue seen on the ulcer surface:

5 Thin superficial necrotic tissue is
probably composed mainly of fibrin
and necrotic proteins which tend to

be located more superficially than
devitalized collagen [16, 38]. If
chemical debridement is chosen, fi-
brinolytics and proteolytic enzymes
should be used. Hence, ulcers with
fibrinous exudates may be effective-
ly treated with fibrinolytic enzymes.

5 Thick necrotic tissue is probably
composed mainly of devitalized, ne-
crotic collagen. This layer of colla-
gen adherent to the base of the ulcer
may appear as black eschar or may
be yellowish in its moistened state.
In both cases, the upper layer con-
tains fibrin and necrotic proteins. In
this situation, some suggest the in-
itial use of fibrinolytic and proteo-
lytic enzymes. Collagenases may be
used following the dissolution and
removal of the upper layer [16, 40,
41].

5 Purulent discharge is thought to
contain large amounts of DNA/RNA
degradation products [42]. Another
group of debriding enzymes worthy
of mention includes DNA/RNA-dis-
solving agents. Preparations such as
bovine pancreatic deoxyribonu-
clease or streptodornase are able to
degrade DNA and RNA, thereby re-
ducing the viscosity of purulent se-
cretions and making them easier to
remove from the ulcer bed [43, 44].

However, the distinction presented above is not
clear-cut. There are no definite data in the liter-
ature regarding the preferred enzymatic prep-
aration for any particular type of necrotic ma-
terial. Moreover, for the time being, there is in-
sufficient evidence to recommend the use of
enzymatic preparations for debriding ulcers,
and their use is still controversial. More ran-
domized controlled studies are required re-
garding specific preparations. In many of these
studies, basic information regarding the ap-
pearance of the ulcer bed prior to enzymatic
therapy is not provided. In other studies, as in-
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dicated previously [45], the effectiveness of cer-
tain enzymatic preparations was assessed by
using inappropriate parameters (i.e., achieving
complete healing), instead of merely measuring
their debriding effect. One may expect that in
the coming years more selective and more effi-
cient preparations will be developed.

9.4.4.1.1
Guidelines for Using Enzymatic 
Preparations

Eschar-like, hard, necrotic tissue has to be
cross-hatched or incised prior to the chemi-
cal/enzymatic treatment [38, 46]. Intact skin
around the ulcer should be protected by the
application of substances such as zinc-oxide
paste. To minimize chemical irritation and
damage to healthy granulation tissue, enzymat-
ic debridement should not be used in cases
where necrotic material covers only part of the
ulcer surface, with some of the surface clean
and red.

9.4.4.1.2
Enzymatic Preparations Documented 
in the Literature

Collagenase is derived from Clostridium histo-
lyticum [46, 47]. However, collagenases may be
produced from other sources such as the hepat-
opancreas of the king crab (Paralithodes camts-
chatica) [48]. Collagenases degrade both dena-
tured and undenatured collagen. They are also
thought to dissolve strands of undenatured col-
lagen that have been shown to anchor necrotic
debris to the base of the ulcer, resulting in a
more efficient debridement [3, 40, 41].

Fibrinolysin is derived from bovine plasmin.
In commercial preparations it is combined with
bovine pancreatic deoxyribonuclease. Fibrinol-
ysin is thought to break down fibrin in necrotic
material, while deoxyribonuclease is thought to
degrade DNA residues of necrotic cells [49, 50].
The effectiveness of an ointment consisting of
fibrinolysin and deoxyribonuclease (Elase®)
was evaluated in a double-blind randomized
study, published in 1998 [50]. No long-term
clinical benefit was demonstrated in reducing
purulent exudates or necrotic tissue.

A streptokinase/streptodornase preparation,
produced from Streptococcus A is another type
of enzymatic product [43].

Sutilains are derived from Bacillus subtilis.
Their use is documented in the management of
amputation-stump wounds and in burns, but
their use in chronic cutaneous ulcers has not
been documented [51–53].

Papain is derived from the fruit Carica pa-
paya. A commonly used formulation is the pa-
pain-urea combination [54–56]. Papain is used
to break down cysteine residues, while urea, by
affecting the three-dimensional structure of
proteins, enhances papain’s proteolytic effect.
This combination was found to be much more
efficacious than papain alone [57]. The addition
of chlorophyllin to this combination is thought
to prevent agglutination of erythrocytes, there-
by reducing the inflammatory response and
pain sensation frequently observed with the
use of papain-urea preparations [45]. In an
open randomized clinical trial, a papain-urea
preparation was found to be more effective
than collagenase in reducing the amount of ne-
crotic tissue of cutaneous ulcers. However, the
possibility that papain-urea preparations may
damage viable components of the ulcer bed still
has to be examined [45].

Trypsin is derived from an extract of ox pan-
creas [44, 58]. It is nonspecific and hydrolyzes
various proteins. The mode of activity of chy-
motrypsin is similar to that of trypsin [59].

Krill enzymes are derived from the digestive
system of a small shrimp (Antarctic krill – Eu-
phausia superba) [60–62].

Examples of enzymatic preparations:
5 Santyl®, Iruxol®, Novoxol® (colla-

genase) – Abbott  Lab (distributed
by Smith & Nephew)

5 Elase®  (fibrinolysin-desoxyri-
bonuclease solution) – Fujisawa,
Inc.

5 Fibrolan® (fibrinolysin-desoxyri-
bonuclease solution) – Pfizer  AG        

5 Varidase®  (streptokinase/strepto-
dornase) – Wyeth Lederle Lab.
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5 Accuzyme®  (papain-urea combina-
tion) – Healthpoint

5 Panafil®  (papain-urea combination
with chlorophyllin) – Healthpoint

5 Gladase® – (papain-urea combinati-
on) Smith & Nephew

5 Granulex spray®  (trypsin) – Bertek
Pharmaceuticals

9.4.4.2  Debridement with Mildly 
Acidic Preparations

Certain topical preparations contain a mixture
of relatively mild acids, which are thought to
dissolve necrotic material on ulcer surfaces
[63]. Such preparations are manufactured as
creams. They may be combined with silver-sul-
fadiazine, either mixed together or used alter-
nately, to obtain both an antibacterial and a
debriding effect. Aserbine®, which contains
benzoic acid, malic acid and salicylic acid, is
used for this purpose.

9.4.5  Autolytic Debridement

Autolytic debridement is a natural process that
occurs normally in cutaneous ulcers, whereby
endogenous enzymes digest and break down
devitalized tissues. This process is much more
efficient in well-hydrated ulcers. To some ex-
tent, every time occlusive or semi-occlusive
dressings or preparations are used, there is
some degree of autolytic debridement, because
these dressings prevent water from evaporat-
ing, thus enabling tissue fluids to accumulate
within the ulcer’s environment. These fluids
contain macrophages, neutrophils, lytic en-
zymes, and growth factors that may contribute
to the healing process.

Therefore, occlusive dressings such as films,
polyurethane foams, or hydrocolloid dressings
may result in better environmental conditions for
autolysis. This may explain the relative effective-
ness of these dressing materials in the treatment
of surgical wounds and chronic skin ulcers
[64–67].

However, the use of hydrogels achieves a
more effective autolytic debridement [68–71].
Colin et al. [68] compared the beneficial effects
of an amorphous hydrogel (Intrasite®) and a
dextranomer paste (Debrizan®). This study in-
cluded 120 patients with sloughing pressure ul-
cers. After 21 days, the median reduction in ul-
cer area was 35% in ulcers treated with hydro-
gels as compared with 7% in those treated with
dextranomer. Mulder et al. [72] demonstrated
that using hypertonic gel dressings was more
beneficial than the old procedure of ‘wet-to-
dry’ dressings for debriding dry necrotic tissue
in chronic cutaneous ulcers.

While autolytic debridement is being used,
the ulcer should be cleansed once daily to en-
sure that the moist environment does not turn
the ulcer into a breeding-ground for bacterial
growth with subsequent infection [71].

By the same token, one may conclude that
using a fatty preparation (i.e., ointment) may
have a similar effect. An occlusive layer above
dry necrotic material prevents water evapora-
tion, thereby increasing the water content in the
treated area. This may, to a certain extent, also
facilitate the autolytic process.

9.4.6  Maggot Therapy

A type of debridement which may also be con-
sidered a variant of mechanical debridement is
maggot therapy. The procedure is also termed
‘biological debridement’, ‘biotherapy’, or ‘bio-
surgery’.

This debridement method is based on the
finding that certain strains of maggots are
nourished only by dead tissue and do not dam-
age healthy living tissues. The type of larvae
that are commonly used for this procedure, be-
ing safe and therapeutically efficient, are Lucilia
sericata (green bottle blowfly) [73].

Using maggots for wound cleansing is an old
method. Ambroise Paré [74] documented the
beneficial effect of maggots a few centuries ago.
Observations during Napoleon’s battles and
during the American Civil War indicated that
the wounded soldiers whose wounds were in-
fested by maggots had a better prognosis than
those without maggots [74, 75]. Modern use of
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maggot therapy was documented in the 1930s
and the 1940s. Hewitt [76] published research
studies on maggot therapy that took place at
Johns Hopkins University in Baltimore, Mary-
land.

This mode of treatment was abandoned in
the 1940s, when antibiotic therapy was intro-
duced. However, additional research studies in
the past 20 years have confirmed their benefi-
cial effect [73, 77, 78].

In their life cycle maggots reach maturity
within a few days. During that period, as they
eat, they grow to 8–10 mm. At that stage mag-
gots are transformed into puparium – their
next stage of development.

Maggots exert their debriding and healing
activity via several mechanisms:

5 Removal of necrotic debris by eat-
ing it. Because of their small size
they are able to penetrate all areas
of the ulcer.

5 Secretion of proteases that degrade,
liquefy, and dissolve necrotic mate-
rial [73, 79]

5 Secretion of substances such as
antibacterial compounds [80] and
compounds that may enhance heal-
ing (e.g., allantoin) [81]. Allantoin is
said to be a ‘soothing’ substance;
however, for the time being, there is
no scientific substantiation of its ef-
fect on wound healing. It has been
suggested that larvae secrete sub-
stances that are similar to growth
factors and may affect proliferation
of fibroblasts [82].

5 Several investigators suggest that
the motion of maggots within the
wound may result in mechanical
stimulation that enhances granula-
tion tissue formation.

In this form of debridement, maggots are collect-
ed from a sterile container and placed onto the
ulcer’s surface, on a saline-moistened gauze. This
is covered with a gauze and an external dressing.

The dressing is changed every 1–3 days, when the
maggots discontinue eating and debriding ne-
crotic debris. The ulcer is then rinsed thoroughly
and the procedure is repeated until the ulcer is
entirely debrided [73] (see Figs. 9.6–9.8).
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Fig. 9.7. The same ulcer as in Fig. 9.6, following maggot
therapy

Fig. 9.8. Maggots on a cutaneous ulcer
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An external dressing should be applied onto
the gauze containing the maggots. The dress-
ing is expected to [77]:

5 Prevent the maggots from leaving
the ulcer area and wandering
around freely in the medical facility

5 Enable transfer of oxygen
5 Enable adequate drainage from the

ulcer
5 Allow inspection of the ulcer sur-

face

Maggot therapy is currently considered to be a
highly selective, efficient, and relatively fast de-
bridement method [73, 77, 78]. The main indica-
tion for using maggots nowadays is for ulcers
containing sloughing necrotic debris that was
not effectively debrided by other methods.

The main contraindications to maggot ther-
apy are (a) an ulcer adjacent to a body cavity,
internal organ, or a relatively large vessel, and
(b) a patient who is or may become psycholog-
ically disturbed by the procedure.

Sterile maggots are produced in laboratories
in the UK, Germany, USA and several other
countries. The ‘International Biotherapy
Society’ was established in 1996. Details about
maggot therapy and the society can be found
on the Internet at: http://www.homestead.com/
biotherapy.

9.5  Disadvantages of 
and Contraindications 
to Debridement:
Final Comments

When debridement therapy is carried out cor-
rectly, adverse effects are rare but may occur.
For example, sensitivity to a component of a
debriding topical preparation may result in
contact dermatitis.

However, most adverse effects that may be
seen in debridement are usually attributed to
its improper use.

This may occur in the following circum-
stances:

5 When an inadequate mode of
debridement is used: This generally
involves using a method that is not
appropriate for the ulcer surface,
i.e., absorptive agents for dry ne-
crotic material or enzymatic
debriding agents for an ulcer whose
surface is mostly red and clean.

5 When certain older debridement
methods such as scrubbing or ‘wet-
to-dry’ dressings are used, that actu-
ally damage newly forming epitheli-
um and healthy granulation tissue

5 When a contraindicated
debridement method is used

Contraindications to maggot therapy and to
surgical debridement are detailed earlier in this
chapter. In conditions associated with pather-
gy, such as pyoderma gangrenosum, it is advis-
able to avoid not only surgical debridement, but
any type of physical or chemical manipulation
(such as enzymatic debriding agents) that may
cause irritation to ulcer tissue.

9.6  Summary

A variety of debridement methods exist for the
removal of necrotic material from the surface
of a cutaneous ulcer. A physician should adopt
the preferred debridement method in accor-
dance with the type and appearance of the ne-
crotic material, as presented below in Table 9.2.
A detailed flow-chart displaying all possibilities
and recommended therapeutic approaches in
accordance with the ulcer’s appearance is pre-
sented in Chap. 20.

Black eschar or a thick crust may be re-
moved by surgical debridement. A fatty topical
preparation or hydrogel preparation may be
applied to the surface to increase moisture lev-
el within the ulcer, thereby enabling its sponta-
neous removal, or as a preparatory stage before
surgical debridement. Before application of
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these preparations, the treated area may be
soaked in water for approximately 15 min to hy-
drate dry necrotic debris.

For sloughly ulcers, surgical debridement 
is used when slough is relatively solid and when
a clear demarcation line can be identified
between necrotic material and vital tissues. Au-
tolytic or enzymatic debridement may be con-
sidered. Maggot therapy may also be ideal due
to its high selectivity. Other methods of treat-
ment such as the use of certain topical prepara-
tions may be combined with debridement.

Certain types of dressings may provide a de-
briding effect as well. The use of hydrophilic
dextranomer granules or activated charcoal is
intended for absorption of secretions. In addi-
tion, polyacrylate dressings with Ringer’s lac-
tate solution may be considered for removal of
slough. Dressings applying topical negative
pressure absorb fluid and debris from the ulcer
bed. These are reviewed in Chap. 8. A detailed
discussion with a flow chart regarding the ap-
pearance of a cutaneous ulcer and the appro-
priate treatment is presented in Chap. 20.

Note that after an ulcer has been debrided,
and it looks clean and red with healthy granula-
tion tissue, the optional therapeutic modalities
change. For a clean red ulcer following debride-
ment one should consider using skin substi-
tutes containing living cells, keratinocyte trans-
plantation, or the application of preparations
containing growth factors.
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10.1  Overview: Detrimental Effects 
of Bacteria on Wound Healing

Cutaneous ulcers constitute exposed tissue
devoid of a layer of intact skin, and are contam-
inated by bacteria, some of which may be path-
ogenic [1–3]. The traditional rationale for using
antibiotics and antiseptics in the management
of cutaneous ulcers is based on the reasonable
assumption that the presence of bacteria on an
ulcer may lead to active infection, with subse-
quent interference to the process of wound
healing [4–9].

Note that there is often a confusing lack of
uniformity in the way the terms ‘contamina-
tion’, ‘colonization’, and ‘infection’ are present-
ed in the literature. According to the currently
accepted approach, the term ‘contamination’
simply refers to the presence of microorgan-
isms in living tissue. The term ‘colonization’ de-
scribes the multiplication of microorganisms
without causing a specific immune response or
a disruption of normal bodily function [10, 11].
Bacteria require specific mechanisms of adher-
ence in order to colonize; hence, they cannot be
washed away from the affected tissue [12].

In contrast, ‘infection’ implies that the pres-
ence of microorganisms on tissue is accompa-
nied by a host reaction and, in most cases, actu-
al damage to the affected tissue. Note that it is
not just the presence of organisms which leads
to infection.‘Infection’ is defined quantitatively
as virulence multiplied by bacterial load, divid-
ed by host resistance. The final outcome of this
equation determines whether a wound is mere-
ly colonized or advances towards clinical infec-
tion. Clinical signs of infection in cutaneous ul-
cers are described below.

The traditional definition suggests that the
presence of more than 105 bacteria per gram of
tissue should be considered as an infection, as-
suming that this number of bacteria indeed
represents a significant biological burden [4,
13]. The issue of tissue biopsy and culture has
since been questioned by others. Detailed dis-
cussion on methods of collection and identifi-
cation of pathogenic bacteria appears in Ad-
dendum A to this chapter.

The detrimental effect of bacteria on wound
healing results from several mechanisms. Bac-

teria release a variety of endotoxins and exo-
toxins that may reduce the proliferative capac-
ity of fibroblasts and epithelial cells. Moreover,
bacteria may affect cell function even to the ex-
tent of cellular destruction. Secreted toxins may
cause lysis of collagen and fibrin [5, 14–17], as
well as the degradation of growth factors [5]. In
addition, consumption of nutrients and oxygen
by the invading bacteria at the expense of the
newly forming tissue leads to tissue anoxia,
with further delay in the healing process [6, 14].

Stephens et al. [18] demonstrated that lower
concentrations of supernatants of Peptostrepto-
coccus spp. isolated from venous ulcers exerted
a profound in vitro inhibiting effect on keratin-
ocyte wound repopulation and endothelial tu-
bule formation. Further research, however, is
required in order to determine the ramifica-
tions of in vitro findings for in vivo conditions.

Impaired healing is not only attributed di-
rectly to the offending bacteria but is also
caused by the host response to bacterial inva-
sion and subsequent prolonged inflammatory
response. The release of proteases and free-
oxygen radicals by activated leukocytes may af-
fect infecting organisms but may damage host
tissue as well [5, 6]. This should be taken into
account when the therapeutic approach is be-
ing planned.

The issue of antibiotics, antiseptics, and cu-
taneous ulcers is a complex one. This chapter
does not aim to dictate rigid rules regarding the
use of antibiotics and antiseptics on cutaneous
ulcers. We shall limit ourselves to examining
certain aspects of this issue.

10.2  Antibiotics and Antiseptics:
Definitions and Properties

In this chapter, we make a distinction between
antibiotic and antiseptic preparations. The dic-
tionary definition of antibiotics is “… sub-
stances that destroy or suppress the growth or
reproduction of microorganisms and are pro-
duced by various species of microorgan-
isms …”. However, in current usage, the term
‘antibiotics’ is extended to include synthetic
antibacterial products such as sulfonamides
and quinolones [19].
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Other antimicrobial agents such as antisep-
tics are usually defined as substances that kill
or inhibit the growth and development of mi-
croorganisms. In this category are included
substances such as iodine or hydrogen perox-
ide.

The practical reason for differentiating
between antibiotics and antiseptics relates to
their differing modes of action. Antibiotics ex-
ert their effect against bacteria by using a spe-
cific mechanism that is unique to each class of
antibiotic. However, in most cases, this specific
mode of action limits the antibiotic effect
against bacteria, since bacteria may develop de-
fense mechanisms against specific modes of ac-
tion of antibiotic compounds and acquire resis-
tance to these antibiotics.

By way of contrast, antiseptics act via non-
selective toxicity, directed against any living tis-
sue: The damage is not only to the pathogenic
microorganisms but to the host’s cells as well
[20].

Following is a list of antibiotics that may be
used topically under certain conditions [21]:

5 Bacitracin
5 Chloramphenicol
5 Fusidic acid
5 Garamycin
5 Mupirocin
5 Neomycin
5 Polymyxin B

Antiseptic preparations that may be considered
for use on cutaneous ulcers are shown in Table
10.1.

10.3  Infected Ulcers, Clean Ulcers,
and Non-Healing ‘Unclean’ Ulcers

In the following discussion we shall distinguish
between infected cutaneous ulcers, clean
ulcers, and an intermediate group, referred to
as non-healing ‘unclean’ ulcers.

10.3.1  Infected Ulcers

In the currently accepted practical approach,
ulcers defined as ‘infected’ are those accompa-
nied by cellulitis or erysipelas. Cellulitis and
erysipelas are manifested mainly by classical
signs of infection in the skin around the ulcer,
and by systemic signs. According to an article
by Cavanagh et el. [22], the presence of two or
more local signs such as erythema, warmth,
pain, or local tenderness can be regarded as
evidence of infection. It is also accepted that the
presence of purulent secretions on an ulcer bed
should be regarded as evidence of infection [10,
23–26] (Fig. 10.1).

Cellulitis or erysipelas may be identified by
systemic signs such as elevated temperature or
an elevated white blood-cell count. In elderly
patients, this may result in alterations in the
conscious state, such as confusion. Obviously,
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Table 10.1. Antiseptic preparationsa

Oxidizing agents

� Hydrogen peroxide 
� Potassium permanganate

Iodine compounds

� Povidone iodine
� Cadexomer iodine

Chlorine compounds

� Eusol
� Dakin’s solution
� Milton’s solution

Silver compounds

� Silver nitrate
� Silver sulfadiazineb

Other antiseptics

� Burow’s solution 

a. A detailed discussion on antiseptic preparations
appears in chap. 11

b. Silver sulfadiazine cannot be considered a pure
antiseptic agent, since it contains an antibiotic com-
ponent – sulfadiazine.
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cellulitis (or erysipelas) requires administra-
tion of systemic antibiotics [27].

Note that where diabetic ulcers are con-
cerned, one should distinguish between non-
limb-threatening infections and infections
which are limb threatening. In non-limb-threat-
ening infections the erythema surrounding the
ulcer is less than 2 cm in diameter and there are
no signs of systemic toxicity or significant is-
chemia.Limb-threatening infections are charac-
terized by a more extensive involvement of sur-
rounding tissues, accompanied by systemic tox-
icity or significant ischemia [10, 28]. They re-
quire hospitalization and the administration of
intravenous antibiotics, based on bacteriologic
data.

The physician should be alert to changes in
the appearance of the ulcer which may indicate
initial processes of infection: thicker (purulent
or seropurulent) secretions, an offensive odor
characteristic of anaerobic bacteria, or the
smell of Pseudomonas strains.

10.3.2  Clean Ulcers

A ‘clean’ ulcer is red, and is covered by healthy
granulation tissue (Fig. 10.2). This is the so-
called ‘ideal’ ulcer a physician would like to
achieve, with the best chances for complete
healing.

Systemic antibiotics, or topical antimicrobial
preparations (whether antibiotics or antisep-
tics), are not to be used for clean ulcers. Other
available advanced dressings and other topical
agents are detailed in Chap. 20.

10.3.3  The Broad Spectrum Between
Clean Ulcers and Infected Ulcers

There is a spectrum of presentations that
extends from the ‘classical’ clean ulcers to heav-
ily infected ulcers [7, 29]. Somewhere between
those two extremes there is a group of ulcers
characterized mainly by impaired healing. So-
me refer to such ulcers as ‘locally infected
ulcers’, while others use the term ‘critical
colonization’.

The representative ulcer of this group is one
that has been in an active healing process and
suddenly ceases to progress. Other conditions
where one should consider the presence of ‘lo-
cal infection’ were detailed by Cutting & Hard-
ing in 1994 [29]: deep brown-red granulation
tissue that gradually becomes friable and tends
to bleed easily [10]; wound breakdown; abnor-
mal smell; localized pain that does not corre-
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Fig. 10.1. An infected ulcer secreting a purulent dis-
charge. The marked redness in its surrounding is a
manifestation of cellulitis

Fig. 10.2. A red, clean ulcer
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spond to the clinical entity. Venous ulcers, for
example, tend to be painless. Severe pain is ex-
pected in ischemia, vasculitis, or certain infec-
tions. In our view, most of these ulcers fall into
the group of non-healing ‘unclean’ ulcers, de-
scribed below.

10.3.4  Non-Healing ‘Unclean’ Ulcers

The third group comprises cutaneous ulcers
that are not clean, yet do not meet the practical
definition of infected ulcers, as explained
above. Although such an ‘unclean’ ulcer does
not show evidence of ‘active’ infection (such as
cellulitis in the surrounding tissue), it may be
secreting a little seropurulent fluid or have yel-
lowish/gray slough on its surface (Fig. 10.3).

Note that we refer here to ulcers that are not
in the process of active and progressive healing.

It is reasonable to assume that these findings
represent a mild degree of bacterial infection
that interferes with the processes of wound
healing, even though there are no clear signs of
clinical infection. (Some suggest that this con-
dition is similar, in certain respects, to that of a
debilitated elderly patient in whom pneumonia
may manifest without fever.)

These ‘unclean’ ulcers, when not in the pro-
cess of healing, pose several questions regard-
ing the preferred mode of therapy, as described
below.

10.4  Systemic Antibiotics 
for Cutaneous Ulcers

10.4.1  General

Administration of systemic antibiotics for cuta-
neous ulcers is indicated for ‘infected ulcers’,
namely, in cases of overt infection in the sur-
rounding tissues such as cellulitis or erysipelas,
or the presence of purulent secretions on an ul-
cer bed.

In addition, one should consider administra-
tion of systemic antibiotics in the following
cases:

5 Ulcers contaminated with Strepto-
coccus pyogenes (group A) strains
(even without overt signs of infec-
tion) due to the risk of local inva-
siveness or the risk of development
of acute glomerulonephritis [7, 24]

5 Skin grafts transplanted onto cuta-
neous ulcers which may become in-
fected by Staphylococcus aureus or
Pseudomonas strains, with subse-
quent significant damage to the
grafts. In these cases, some recom-
mend a more liberal administration
of systemic antibiotics [24].

Apart from the above conditions, administra-
tion of systemic antibiotics for cutaneous
ulcers is not currently accepted [10, 22, 30, 31].

Some physicians highly recommend that ad-
ministration of antibiotics for infected wounds
and cutaneous ulcers should be somewhat
longer as compared with the usual duration of
most antibiotic therapies; they should be given
for two weeks or even more, subject to the pa-
tient’s general condition, type of antibiotic, and
clinical course. There are no sufficient data sup-
porting this approach in the literature, and this
suggestion is based on clinical experience only.

Antibiotics are not to be given for clean, red
ulcers. Similarly, antibiotics should not be ap-
plied to ulcers in an already active healing

10.4Systemic Antibiotics for Cutaneous Ulcers 139

Fig. 10.3. An ‘unclean ulcer’ with slough on the surface.
The mild redness of the surrounding skin does not rep-
resent cellulitis, but only reactive erythema
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stage, even if their surface is not optimal. The
question of whether systemic antibiotics may
enhance repair of stagnant, non-healing ‘un-
clean ulcers’ has been examined in several clin-
ical studies, as detailed below.

10.4.2  Clinical Studies

Currently, the data are very sparse on the issue
of antibiotic treatment in the healing of chron-
ic cutaneous ulcers. There have been few stud-
ies documenting the effect of systemic antibio-
tics on leg ulcers which are not infected. Note
that in most of the studies presented below
there is no accurate description of the treated
ulcers; when an ulcer is defined as ‘not
infected’, it is not clear whether it was covered
by slough, by secretions, or presented as a clean,
red ulcer.

Alinovi et al. [32] studied two groups of pa-
tients with chronic venous ulcers without clini-
cal signs of infection: 24 patients were treated
with standard topical treatment and 23 with
standard topical treatment plus a 10-day course
of systemic antibiotics, based on bacteriologic
culture and sensitivity tests. No statistical dif-
ference in the rate of healing was found
between the two groups.

Huovinen et al. [33] treated 31 patients suf-
fering from ‘uncomplicated’ venous ulcers, de-
fined as ulcers without cellulitis or osteomyeli-
tis. The patients were treated with either cipro-
floxacin (750 mg twice daily), trimethoprim
(160 mg twice daily), or placebo (twice daily),
for 12 weeks. Complete healing was achieved in
42% of patients treated with ciprofloxacin (five
of 12), in 33% of those treated with trimetho-
prim (three of nine), and in 30% in the placebo
group (three of ten). The differences between
the groups were not statistically significant at
16 weeks, neither regarding complete healing
nor regarding reduction in ulcer size.

Chantelau et al. [34] conducted a double-
blind, placebo-controlled study involving 44 di-
abetic patients with neuropathic forefoot ul-
cers. In addition to standard topical therapy,
they received 500 mg amoxicillin plus 125 mg
clavulanic acid, three times a day, and this was
compared with placebo. The antibiotic was giv-

en for 6–20 days but was discontinued when it
proved unsuitable according to bacteriologic
specimens. This study demonstrated no benefi-
cial effect of systemic antibiotics as compared
with placebo.

Note that the authors stated that all the ul-
cers, except one, were infected. However, they
did not define the diagnostic criteria for ‘infec-
tion’. It may be assumed, however, that these ul-
cers were not accompanied by active cellulitis,
since in such cases it would not have been pos-
sible to administer placebo treatment to these
patients.

On the other hand, Valtonen et al. [35] re-
ported that oral ciprofloxacin, given over a
three month period, was clinically advanta-
geous in patients with chronic leg ulcers of
mixed etiologies and infected by Pseudomonas
aeruginosa or other aerobic gram-negative
rods. Improved healing was demonstrated in 18
patients treated with oral ciprofloxacin com-
bined with standard therapy, compared with
eight patients in the control group, treated only
with standard therapy.

Levamisole, an antihelmintic drug, is thought
to have a certain antibacterial effect, as well as
an immunostimulatory influence. In a double-
blind, placebo-controlled study evaluating its
effect on leg ulcers it was found to have a better
cure rate compared with placebo [36].

To the best of our knowledge, no other re-
search studies have been conducted to evaluate
the effect of systemic antibiotics on cutaneous
ulcers.

10.4.3  Arguments Against the Use 
of Systemic Antibiotics 
for Non-Healing ‘Unclean’
Cutaneous Ulcers

There are certain arguments against system-
ic antibiotics in non-healing ‘unclean’ ulcers:

5 The above-mentioned studies: Re-
sults of the studies presented above
do not support the use of systemic
antibiotics.
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5 Wound sterility as an unnecessary
goal: An ulcer does not have to be
sterile in order to heal. Attempting
to achieve wound sterility may be
considered an unnecessary goal.
Acute wounds, heavily colonized
with microorganisms, tend to heal if
an optimal environment is provided
[37, 38]. Chronic cutaneous ulcers
treated by occlusive hydrocolloid
dressings [39, 40] have been shown
to improve, even though the pres-
ence of bacteria on the ulcer bed
was confirmed by swab cultures. In
our experience, similar findings are
usually observed in cases of ulcers
treated by cultured keratinocyte
grafting or by composite grafts.

5 Selection of resistant strains: The
main argument against the use of
antibiotics for cutaneous ulcers is
the subsequent selection of resistant
strains. The sharp increase in the
prevalence of resistant bacteria,
widely documented in the medical
literature [41–46], has become one
of the major threats in modern
medicine. Currently, methicillin-re-
sistant Staphylococcus aureus or re-
sistant strains of Pseudomonas are
being identified in cutaneous ulcers
at an ever-increasing rate [47].

10.4.4  Arguments Supporting 
the Use of Systemic Antibiotics 
for Non-Healing ‘Unclean’
Cutaneous Ulcers

There is some evidence supporting the use of
antibiotics for ‘unclean’ cutaneous ulcers. Con-
tamination or colonization of ulcers has been
shown to delay healing [9, 10]. Research studies
document a correlation between the number of
bacteria, impaired healing, and clinical signs of
infection [13, 48]. Reducing the number of bac-
teria in cutaneous ulcers has been shown to

have a favorable influence on ulcer healing [49].
Recently, there has been increasing evidence to
indicate that impaired healing in chronic ulcers
may be attributed to the presence of gram-pos-
itive anaerobic cocci, even in cases without clin-
ical evidence of infection [18, 50].

In addition, a comment regarding the clini-
cal studies examining this issue should be not-
ed: In all the research studies described above,
the main goal of the investigators was to
achieve complete cure. In our opinion, the pur-
pose of antibiotic treatment is not to obtain
complete cure (although it would be desirable);
but to enable the ulcer to become a ‘red-clean’
ulcer. Then cure can be be achieved using ad-
vanced modalities such as keratinocyte grafts,
composite grafts, or topical application of
growth factors.

All the research studies mentioned above
were conducted in the 1980s. At that time, more
advanced treatments to enhance the process of
wound healing were not available.

In view of the above, most of the research
studies evaluating the efficacy of certain
systemic antibiotics have become somewhat
outdated, even if they were randomized, dou-
ble-blind, and controlled. The result that should
be measured in studies nowadays is the effi-
ciency in cleaning the ulcer and its preparation
for a definite treatment, and not the achieve-
ment of a total cure.

Nevertheless, there is no substantial evi-
dence at present to support the administration
of systemic antibiotics for cutaneous ulcers, un-
less clinical signs of infection are present.
(Apart from the two cases pointed out at sec-
tion 10.4.1.)

10.5  Topical Preparations 
for Infected Cutaneous Ulcers 
and ‘Unclean’ Ulcers

Antibiotic and antiseptic topical preparations
can appear in many forms: ointments, creams,
solutions, etc., the choice of which depends on
the clinical appearance of the ulcer. In the case
of profuse secretion, frequent wet dressings of
antibiotic or antiseptic solutions are preferred
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to dry out the wound. When there is no exces-
sive discharge, one may use topical medication
in the form of a cream.A dry wound, covered by
a black eschar, may be treated by ointments.
This issue is discussed in detail in Chap. 20.

Obviously, there is no reason to use antibio-
tic and antiseptic preparations on clean ul-
cers. If used at all, their use should be limited
to:

5 ‘Unclean’ ulcers
5 ‘Adjuvant’ topical therapy for infect-

ed ulcers, in addition to systemic
antibiotics

Similar to the use of systemic antibiotics for
cutaneous ulcers, the use of topical prepara-
tions is also a controversial issue. We discuss
below the implications of using antibiotic topi-
cal preparations and antiseptic topical prepar-
ations on cutaneous ulcers.

10.5.1  Topical Antibiotics

Arguments for and against the use of topical
antibiotic preparations on cutaneous ulcers do
not differ, in essence, from those mentioned
above regarding systemic antibiotics. The main
consideration here is also the selection of
resistant strains [51, 52]. In fact, this is the main
reason many physicians consider the use of
topical antibiotics to be bad practice. However,
certain aspects unique to the use of topical anti-
biotics should be noted.

Reaching the Target Organ. The main
advantage of using topical antibiotic prepara-
tions as opposed to the administration of
systemic antibiotics stems from the fact that
the actual site of application is the target organ
itself. Therefore, high concentrations of the
drug can be applied while avoiding systemic
adverse effects [21].

Paucity of Clinical Studies. In contrast to
the issue of systemic antibiotics and cutaneous

ulcers, or antiseptic preparations and cutane-
ous ulcers, there are very few data available
concerning the value of topical antibiotics. The
current view is that there is no substantial evi-
dence to support the use of topical antibiotics
for the treatment of cutaneous ulcers [30], and
some physicians strongly advise against their
use on cutaneous ulcers [53]. However, since
clinical studies examining this issue are scarce
[30], one cannot establish a therapeutic policy
based on available data.

Topical antibiotic preparations may decrease
the bulk of contaminating bacteria and clean
the ulcer, thus preparing it for advanced treat-
ment modalities. Therefore, topical antibiotics
should not be used on cutaneous ulcers with
the purpose of achieving complete cure, but
should be considered a preparatory stage for
more advanced therapies.

Role of Topical Antibiotics in Minor Skin
Trauma. Double-blind controlled studies have
demonstrated that topical antibiotics may
reduce the incidence of staphylococcal and
streptococcal infection of minor skin trauma
[54, 55]. In many cases, the direct trigger for
ulceration in venous insufficiency or in periph-
eral arterial disease is, in fact, some kind of
external physical injury. The use of topical anti-
biotic preparations may be considered, there-
fore, in the immediate period after wounding
(within the range of a few days) to prevent sec-
ondary infection and the development of a
chronic ulcer. Note that the short-term use of
topical antibiotics in the community has not
been linked to bacterial resistance to the same
extent to which its long-term use in hospitals
has [56].

10.5.2  Topical Antiseptics

The main argument against the use of antisep-
tics for cutaneous ulcers is their potential toxic-
ity to the host’s tissues. While the toxicity of
antibiotics tends to be selective – directed
mainly against bacteria by virtue of a specific
mechanism of action – the toxicity of antisep-
tics is non-selective and directed against any
living tissue. In other words, the damage is not
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only to the pathogenic microorganisms but al-
so to the host’s cells [20]. Tissues surrounding
the wound bed are damaged, with a subsequent
delay in the wound-healing process.

Alexander Fleming stated in 1919 that “the
antimicrobial action of antiseptics should be
weighed against their potential toxic effects on
tissues” [57]. This approach is still valid today.
An old saying among surgeons suggests that
solutions that cannot be tolerated in the eye
should not be used in the abdominal cavity or
on a surgical wound. The same approach may
be applied to cutaneous ulcers.

The potential damage that antiseptics can
cause has been demonstrated in the past on an-
imal models [58]. In the past two decades this
has been repeatedly confirmed and subjected
to quantification and more accurate assess-
ment, using keratinocyte and fibroblast cul-
tures [59–62].

Antiseptics such as chlorhexidine or povi-
done iodine have been found to be cytotoxic to
human keratinocytes after 15 min exposure,
while antibiotics such as fusidic acid, imipe-
neme, vancomycin, amikacin, and piperacillin
were not found to be toxic to human keratinoc-
ytes following an exposure of 48 h [60].

Several other research studies have pro-
duced similar findings demonstrating the tox-
icity of antiseptics as compared with the rela-
tively mild effects of antibiotics [63–65].

In spite of the above, one should keep in
mind that most, if not all studies indicating tox-
icity of various antiseptics have been based on
in vitro models or laboratory animal models of
acute wounds. The implication of these data
with respect to the use of topical antiseptics on
chronic cutaneous ulcers may require further
research.

10.5.3  Allergic Reactions 
to Topical Antibiotics 
and Antiseptics

Topical antibiotics or antiseptics may cause
contact dermatitis when used on leg ulcers
[66–68]. Consequently, ulcers affected by con-
tact dermatitis may deteriorate, with a further
delay in wound repair. These reactions are

more frequent following the application of
antibiotics [66–72], but reactions to antiseptics
such as povidone iodine [73–76], chlorhexidine
[77], or silver sulfadiazine [78, 79] may occur as
well. In some cases, the sensitivity is due not to
the active ingredient but to the vehicle or pre-
servatives incorporated in the preparation.

Nevertheless, in most cases, contact sensitiv-
ity does not create a severe clinical condition,
provided that an appropriate diagnosis was
made. Local itching and mild redness around
the ulcer are reliable indicators of a sensitivity
reaction which should alert the physician to the
diagnosis and call for discontinuation of the of-
fending agent. Usually, such a condition tends
to improve significantly following the applica-
tion of alternative topical therapy, together with
the use of a mild steroid preparation.

10.5.4  When to Consider the Use 
of Antiseptics or Topical
Antibiotic Preparations

Antiseptics may be applied topically to an
unclean’ or infected ulcer in order to clean the
ulcer and prepare it for more advanced treat-
ment modalities. However, when antiseptics are
used, a certain delay in the wound healing pro-
cess can be expected.

There is a fine line between killing bacteria
and causing host-tissue toxicity, which should
be taken into consideration whenever antisep-
tics are used. In 1984, Van Den Hoogenband
published an article supporting this approach
[80]. He demonstrated improved healing in ul-
cers treated by silver sulfadiazine cream prior
to skin grafting, compared with ulcers treated
by skin grafting alone.

Topical antibiotics, even though some physi-
cians strongly advise against their use in cuta-
neous ulcers [53], may be of value in cases
where other therapeutic modalities have failed
to clean a sloughy/exudative/unclean ulcer.
Sometimes, a course of topical antibiotics for a
few days may clean an ulcer, thereby enabling
the use of an advanced therapeutic modality
such as composite grafting, or a topical prepar-
ation containing growth factors.
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10.6  Guidelines for the Use 
of Topical Antibiotics 
and Antiseptic Preparations 
in the Management 
of Cutaneous Ulcers

As stated above, the use of topical antibiotics or
antiseptics in the treatment of cutaneous ulcers
is still controversial. Further research studies
should be carried out to evaluate their efficien-
cy. However, if one decides to use these prepar-
ations (e.g., for an unresponsive ulcer), the fol-
lowing guidelines are recommended.

10.6.1  Avoid Toxic Antiseptics

It would be better not to use antiseptics that are
documented as being relatively toxic, such as
chlorhexidine [60, 81] and hexachlorophene
[82, 83]. Acetic acid has also been found to be
toxic to fibroblasts, even in quite low concentra-
tions [59]. Milder antiseptics that may be used,
such as iodine or chlorine compounds, are
detailed in Chap. 11.

Hydrogen peroxide has been reported as be-
ing toxic in a few in vitro studies [59, 84]. Never-
theless, some suggest considering its use [85]. A
reasonable recommendation would be to con-
sider short-term treatment with hydrogen per-
oxide when dealing with recalcitrant cutaneous
ulcers, when other modes of treatment have
failed to clean them adequately.

Note: The degree of damage an antiseptic
preparation does to host tissue depends on the
compound being used, its concentration, and
the presence of other ingredients in the prepar-
ation. For example, surfactants, which may have
detrimental effects on human tissues [86], are
sometimes combined with certain other anti-
septic agents such as povidone-iodine.Alcohol-
ic solutions may have a detrimental effect as
well.

10.6.2  Base Selection of Antibiotics 
on Clinical Grounds

If you decide to use topical antibiotics, base
the choice of drug on:

5 Color and type of secretions
5 The ulcer’s etiology (for example,

anaerobes may be present in diabet-
ic ulcers)

5 Bacteriologic cultures and the anti-
biotic-susceptibility pattern (antibi-
ogram)

Characteristics of secretions with identifica-
tion of the causative bacteria are detailed in
Chap. 7. A discussion on the various ways to
obtain culture specimens can be found in
Addendum A to this chapter.

In addition, a bacterial swab may provide
some useful data regarding the bacterial antibi-
otic-susceptibility pattern. Note that certain
antibacterial agents may be more effective
against specific strains of bacteria, e.g., silver
sulfadiazine against Pseudomonas strains, al-
though a selection of resistant strains has been
documented [87, 88].

10.6.3  Consider Carefully the Type 
of Antibiotic Preparation

When using topical antibiotics, it is better to
use – as a first-line choice – an antibiotic prep-
aration that is not likely to be needed later on
systemically, for example, in case of cellulitis.
Using certain antibiotics topically may result in
bacterial resistance to the drugs. Chloram-
phenicol, for example, is used less frequently
nowadays as a systemic drug; hence, its topical
use does not have implications regarding its
systemic administration. In the case of staphy-
lococcal infection, topical mupirocin would be
a reasonable choice, since systemic administra-
tion of this drug is not possible.
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10.6.4  Take a Careful History
Regarding Allergic Reactions

Ascertain that the patient has not previously
developed an allergic reaction to the prepara-
tion intended for use.

10.6.5  Avoid Spreading Infection

When dressings are changed, take particular
care not to spread infection to the surrounding
environment (as discussed in detail in the Ap-
pendix to this book). With respect to virulence
and the resistance of microorganisms found in
medical centers, as well as the risk of cross-
infection, it is advisable to avoid the use of top-
ical antibiotics in an inpatient setting.

10.6.6  Cleanse and Debride the Ulcer

Before considering the use of topical antibiotic
or antiseptic, remember that frequent cleansing
of the ulcer or wound with saline or Ringer’s
lactate solution is a very effective method of
removing bacteria. In addition, necrotic tissue
on an ulcer is a fertile culture medium for bac-
teria, so debridement is an essential initial step
in its management.

10.6.7  Final Comment

In view of all the possible shortcomings of anti-
septic and antibacterial preparations, they
should not be prescribed indiscriminately.
They should be used judiciously and intelli-
gently and in the appropriate situations, as out-
lined above.

10.7  Addendum A:
Collection and Identification 
of Pathogenic Bacteria

Identification of bacteria present within a cuta-
neous ulcer may provide valuable information
and serve as a guide to the most appropriate
therapeutic approach. In addition, it is possible

to obtain information on the antibiotic-suscep-
tibility pattern (antibiogram) of the offending
microorganism.

The quality of the specimen is the most im-
portant factor determining the accuracy of
identification. Contamination by normal flora
should be avoided. Similarly, specimens that
have been exposed to air are no longer reliable
for the identification of anaerobic bacteria.

Culture specimens from a cutaneous ulcer
may be collected by the following methods:

10.7.1  Swabbing

Using a swab is the most common way to col-
lect bacteriologic specimens. Taking samples at
the deepest point of the ulcer margin, close to
healthy skin, is recommended [24]. The speci-
men should not be obtained from an ulcer cov-
ered with residues of antibacterial or antiseptic
preparation. Ideally, swabbing should be done
after the ulcer has been cleansed gently with
saline or Ringer’s lactate solution.

Some do not recommend the use of swabs
from ulcers, raising the following arguments:

5 Results obtained by swabs reflect, in
fact, indiscriminate colonization of
bacteria on the surface, rendering
the isolation and accurate identifi-
cation of the actual pathogenic bac-
teria impossible [25, 89, 90].

5 Swabs do not enable appropriate
transport of anaerobes for two rea-
sons: (a) Air is trapped in the inter-
stices of the cotton wall [25]; (b) The
transport gel medium of a swab is
not a suitable breeding ground for
their survival.

However, studies on the microbiologic identifi-
cation of infected diabetic ulcers [91–93] have
revealed a relatively high correlation between
swabs and deep-tissue biopsy. Examining mi-
croflora of limb-threatening diabetic foot infec-
tions, Pellizzer et al. [94] demonstrated similar
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results, but suggested that deep-tissue biopsy
may be more sensitive than swabbing for the
monitoring of infected foot ulcers that are still
active after two weeks of appropriate treatment.

Stephens et al. [18] examined chronic venous
ulcers without clinical evidence of infection.
The findings of superficial swabs were shown
to reflect those obtained by deep-tissue biopsy
with respect to the presence of aerobic bacteria.
However, they also demonstrated that swabs do
not provide reliable data as to the presence of
anaerobic cocci in deep tissue.

10.7.2  Deep-Tissue Biopsy

In a full-thickness biopsy, microflora from deep
tissue can be obtained. In addition, strict anaer-
obic isolation techniques can be employed, mak-
ing accurate identification of anaerobes possible.

Deep tissue biopsy is done after initial de-
bridement has been performed and superficial
debris has been cleansed [7].

Note that the use of deep biopsy harbors a
relative risk of causing the infection to pene-
trate deeper. This should be taken into account,
especially when dealing with ulcers adjacent to
bony tissue.

10.7.3  Needle Aspiration

If there is a sufficient amount of material such
as pus or seropurulent fluid, it can be drawn
from the depth of the ulcer with a sterile needle
and syringe [24, 25]. On the other hand, punc-
ture of tissue with a needle may not be desir-
able (unless a collection of fluids has been fo-
und) since it may cause the infection to pene-
trate deeper. The information provided regard-
ing the value of needle aspiration in cutaneous
ulcers tends to be contradictory [95–97].

10.7.4  Curettage

With curettage, a piece of tissue is removed by a
sterile blade, preferably from the deep area af-
ter the ulcer has been debrided. Specimens that
have been obtained by curettage from the base

of infected diabetic ulcers tend to correlate bet-
ter with the results obtained by deep-tissue
biopsy, compared with findings based on swabs
or needle aspiration [97].

10.7.5  Conclusion

The method of choice for obtaining culture
specimens still has to be determined. For all
practical purposes, however, the most suitable
method should be determined according to
certain parameters such as the etiology of the
ulcer, its depth, extent of the infection, and the
suspected microorganism present.

For the time being, a reasonable approach is
based on the depth of the ulcer. When one is
dealing with a superficial ulcer, a swab can be
expected to reflect the content of microflora. If
the ulcer presents a minimal degree of infec-
tion, it would be unjustified to use invasive pro-
cedures such as a deep biopsy, especially in cas-
es in which the ulcer is adjacent to a bone. In
contrast, a deep biopsy is required in deeply in-
fected ulcers. Culturing of bone specimens,
when needed, can be obtained by percutaneous
biopsy or by surgical excision.

When relying on swabs, it must be kept in
mind that insufficient information is provided
regarding anaerobic bacteria [18].

Note that semi-quantitative or quantitative
culture techniques may be used. This enables
the physician to: (a) evaluate the extent of actu-
al bacterial burden, based on the traditional
definition of infection, i.e., more than 105 bacte-
ria per gram of tissue [4, 13, 98]; (b) identify the
offending microorganism, assuming that the
bacterium present in high concentration is, in
fact, the main pathogen.

Using one of the above-mentioned tech-
niques may also provide some useful informa-
tion regarding the bacterial antibiotic-suscepti-
bility pattern. It is advisable to repeat the proce-
dure every few days, ensuring that bacteria are
not developing a resistance to the antibiotic
given.

In any case, the method of sampling should
be discussed and agreed upon with the local
microbiologic laboratory. Similarly, it is highly
important that the interpretation of the micro-
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biologic results take place only in conjunction
with the clinical findings.

10.8  Addendum B: Biofilms

Recent evidence indicates that bacteria may be
present in chronic wounds not only in a free-
floating form, but also in the form of biofilms
[7, 99]. Biofilms are accumulations of microor-
ganisms (one or more species) within an extra-
cellular polysaccharide matrix.

Topical and systemic antibiotics cannot easily
penetrate the biofilms. Moreover, the biofilm en-
vironment provides bacteria with optimal con-
ditions for gene transfer with subsequent in-
creased resistance and virulence. The presence
of biofilms may partly explain the chronicity of
certain infections [100, 101].

It may be assumed that future research will
provide a better understanding of the nature of
biofilms and may assist in the treatment of
chronic ulcers. It may involve the determina-
tion of appropriate and accurate regimens for
the administration of systemic antibiotics, to-
gether with the development of ways to im-
prove the penetration and/or the efficacy of
topical antibiotics.
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11.1  Overview

This chapter reviews topical antibacterial prep-
arations used for cutaneous ulcers. The prepar-
ations discussed below are antiseptics.As stated
in the previous chapter, these compounds ex-
hibit non-selective toxicity, directed against any
living tissue. The damage is not only to the
pathogenic microorganisms but also, to a vari-
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T he germ is nothing; the terrain 
is everything.

(Attributed to Louis Pasteur 
on his deathbed, 1895)

’’

able extent, to the host’s cells. The degree of tox-
icity of these compounds is determined by the
nature and concentration of their active ingre-
dients, or by the presence or absence of addi-
tional substances such as surfactants or alco-
hol. Of the substances discussed, the only one
that cannot be considered a pure antiseptic
agent is silver sulfadiazine, since it contains an
antibiotic component – sulfadiazine.

This chapter discusses the information and
hypotheses relating to antiseptics and their
mode of action, indication for use, and clinical
guidelines. Substances having a high degree of
toxicity and not recommended for use on cuta-
neous ulcers, such as chlorhexidine [1, 2], hexa-
chlorophene [3, 4], or surfactants [5], will not be
discussed. Other substances (e.g., hydrogen
peroxide) will be mentioned, although their use
on cutaneous ulcers is controversial.

11.2  Oxidizing Agents

11.2.1  Hydrogen Peroxide

The active oxidant form, which has a detrimen-
tal effect on living tissues, is not hydrogen per-
oxide itself but rather the free hydroxyl radicals
formed by its decomposition [6]. Hydrogen
peroxide, in concentrations of 3–6%, is effective
against bacteria. At higher concentrations it
kills other organisms, including spores. Howev-
er, it should not be used on tissues at those con-
centrations, since it may cause irritating burns
to skin and mucous membranes [7].

In fibroblast culture studies, 3% hydrogen
peroxide solution was more toxic to fibroblasts
than to bacteria [8]. It inhibited keratinocyte
migration and proliferation when used in low
concentrations [9].

11_151_158  01.09.2004 14:02 Uhr  Seite 151



A few studies have suggested that hydrogen
peroxide has a beneficial effect on wound heal-
ing. Tur et al. [10] showed that topical use of hy-
drogen peroxide on ischemic ulcers of guinea
pigs might enhance blood recruitment to the
ulcer site and adjacent skin, as well as to distant
sites. Nevertheless, in view of the toxicity in-
volved, in most cases the use of hydrogen per-
oxide on cutaneous ulcers should be avoided.
Its use may be considered in difficult-to-heal
ulcers that other modes of treatment have
failed to clean adequately.

Recently, a topical preparation (Crystacide®)
was developed in which 1% hydrogen peroxide
is integrated in a network of lipid crystals com-
bined with two monoglycerides – monoleurine
and monomyristine. This product has been
shown to have some antibacterial activity [11].
This form of oxidative agent may reduce the
toxicity against host tissue while maintaining
its antibacterial effect. More studies are re-
quired to evaluate whether this type of prepar-
ation may have beneficial effects on cutaneous
ulcers.

11.2.2  Potassium Permanganate

Potassium permanganate is available as purple
crystals, soluble in water. The preparation is
used for soaking the treated area, or a cloth
soaked in potassium permanganate may be ap-
plied repeatedly to the wound. The solution
should be diluted to a concentration of 0.01% 
(1 in 10,000 solution) so as to achieve a light
pink color [12].

Higher concentrations of potassium per-
manganate are not recommended and may
damage the ulcer tissue. Very high concentra-
tions of potassium permanganate may be caus-
tic.An excessively high concentration can be de-
tected, since it stains the nails. Reports of fatal-
ities following ingestion of potassium perman-
ganate attest to its toxicity [13, 14].

11.3  Iodines

Iodine in its various chemical forms has been
used for two centuries in the management of

wounds. Iodine can penetrate cell walls of mi-
croorganisms and is active against bacteria, vi-
ruses, and fungi. Its effect is attributed to the
disruption of proteins and nucleic acids [15].

11.3.1  Povidone-Iodine

Povidone-iodine is a complex of iodine with
povidone and is the most widely used form of
iodine as an antiseptic. This complex provides a
reservoir of iodine, with a gradual release of io-
dine to the target tissue. For management of
wounds or chronic skin ulcers, povidone-io-
dine is available as a solution or as an ointment,
in concentrations of 4–10% [16].

The principles of management of cutaneous
ulcers (as described in Chap. 20) also apply to
povidone-iodine. In solution form, it should be
used for secreting wounds, while the ointment
is intended for dry wounds, or for chronic ul-
cers covered by dry crust. The effectiveness of
povidone-iodine wanes after a few hours, so the
dressing needs to be replaced twice daily [17].

At lower concentrations, povidone-iodine is
also available as a surgical scrub or skin cleans-
er, with 0.75% iodine incorporated in a deter-
gent base [18].

Several studies have demonstrated the po-
tential toxicity of povidone-iodine to human
keratinocytes and fibroblasts [8, 19, 20]. One-
percent povidone-iodine was found to be toxic
to human fibroblasts when added to in vitro
cultures. However, in a concentration of 1 : 1000,
bactericidal activity was still demonstrated,
with no evidence of human-fibroblast toxicity
[8].

Contact sensitivity may occur following the
use of povidone-iodine [21–23], although it is
less frequent compared with neomycin, a com-
monly used topical antibiotic [24].Acute gener-
alized urticaria-angioedema has been reported
following the topical use of povidone-iodine
[25], and anaphylaxis has occurred following
vaginal application [26]. In any patient, inflam-
matory changes of the skin around the ulcer,
accompanied by itching, necessitate immediate
discontinuation of the treatment.

Numerous clinical trials have been per-
formed on the effectiveness of povidone-iodine
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on cutaneous ulcers, yielding conflicting re-
sults, several of which are discussed below.

Pierard-Franchimont et al [27] compared the
effect of povidone-iodine solution with hydro-
colloid with that of hydrocolloid alone, as well
as with elastic stockings. There was no statisti-
cally significant difference in wound healing
between the two groups after eight weeks of
treatment.

A unique study was published in 2002 by Fu-
mal et al. [28], involving 51 patients who each
had at least two chronic leg ulcers of similar na-
ture. The wound beds were described as dull
and dark red with dispersed yellowish foci. In
17 of the patients, one of the two ulcers was
treated with hydrocolloid dressings and saline
rinsing three times a week, while the second ul-
cer was treated similarly with povidone-iodine
solution applied underneath the hydrocolloid
dressing. They measured the surface areas of
the ulcers after three and six weeks of treat-
ment. The use of povidone-iodine significantly
improved the rate of healing and lowered the
time required to achieve complete healing of
the ulcers.

The effect of povidone-iodine dressings was
compared with that of hydrocolloid dressings.
No statistically significant difference in healing
was found between the two groups after 56 days
of treatment [29].

11.3.2  Other Iodine Compounds

Other formulations of iodine have been stud-
ied, such as iodoform, a slow-release iodine
preparation [16], and cadexomer-iodine gel,
which contains microspheres that are intended
to absorb bacteria and exudate, while slowly re-
leasing iodine into the wound. This issue is de-
tailed in Chap. 8.

Toxicity of Iodine Compounds. As stated in
the previous chapter, there is not always a clear
concordance between in vitro results and the
actual clinical outcome when antiseptic sub-
stances are applied to human chronic ulcers.

This is especially applicable to advanced
forms of iodine compounds such as cadexom-
er-iodine®. Recent evidence suggests that low-

concentration slow-release formulations of
iodine do not present a significant risk of tox-
icity. Avoiding their use based on the results of
in vitro studies of the past, therefore, is evident-
ly not justified [30, 31].

11.4  Chlorines

Hypochlorites are common chlorine-releasing
compounds, widely used in the management of
cutaneous ulcers. They have a wide spectrum of
antimicrobial activity against bacteria, fungi,
and viruses.

It is not clear how chlorine compounds exert
their antimicrobial activity. Possible mecha-
nisms involve the denaturation of proteins, the
inactivation of nucleic acids, and the inactiva-
tion of certain key enzymatic reactions within
the cell [15, 32].

Chlorine compounds commonly used are:
5 Eusol
5 Dakin’s solution
5 Milton’s solution

Eusol (Edinburgh University Solution of Lime)
consists of a chlorinated lime and boric-acid
solution containing 0.25% chlorine [33]. Sodi-
um hypochlorite solutions such as Dakin’s so-
lution or Milton’s solution, diluted up to 0.5%
of available chlorine [34], are used on cutane-
ous ulcers.

All chlorine compounds were toxic to hu-
man tissue when tested on keratinocyte or fi-
broblast cultures [19, 20].When applied to open
wounds that were healing by secondary inten-
tion, Eusol was shown to prolong the acute in-
flammatory response [35]. Brennen et al. [36]
demonstrated the pronounced detrimental ef-
fect of Eusol on granulation tissue in animal
models following its application to healing tis-
sue. In light of the above, chlorine compounds
should be used on cutaneous ulcers for limited
periods of time only, the purpose being to
cleanse the ulcer bed.
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11.5  Silver

11.5.1  General Comments

Silver and silver compounds, known for their
antibacterial effect, have been used in medicine
since the nineteenth century [37, 38]. Silver ni-
trate and later silver sulfadiazine have been
used in recent decades as the treatments of
choice for burns.

The bacteriostatic properties of silver ions
were evaluated in vitro by Deltch et al. [39] us-
ing a woven nylon cloth coated with metallic
silver. The antibacterial effects were shown to
be proportional to the concentration of silver
ions around the organisms tested. In vivo tests
[40–42] have demonstrated the antibacterial ef-
fect of silver in a variety of organisms, includ-
ing Staphylococcus aureus, Esherichia coli,
Pseudomonas aeruginosa, and Proteus mirabi-
lis. The bacteriocidal action of silver is propor-
tional to the amount of silver and its rate of re-
lease [38]. Silver denatures nucleic acids, there-
by inhibiting bacterial replication [43, 44].

Compared to the situation with antibiotic
substances, bacteria show a relatively low ten-
dency to develop resistance to silver or silver
compounds [45, 46]. Furthermore, silver is ef-
fective against Candida species [38, 47] by
interfering with the normal synthesis of the
yeast cell wall. Wright et al. reported the effec-
tiveness of topical silver against fungal infec-
tions in burns [48].

There is also evidence that silver ions can
damage host tissue by interfering with fibro-
blast proliferation, thus possibly impairing
wound-healing processes [49–51]. Data on the
possible toxicity of silver sulfadiazine are dis-
cussed below.

Currently, silver compounds may be used in
the treatment of cutaneous ulcers in the form of
silver sulfadiazine. Novel modes of dressings
incorporating silver have been introduced, such
as Actisorb (discussed in Chap. 8).

11.5.2  Silver Sulfadiazine

Silver sulfadiazine (SSD) is prepared as a water-
soluble cream in a concentration of 1%. It is

composed of silver nitrate and sodium sulfadi-
azine, both having antibacterial qualities [52].

SSD is commonly used in the management
of burns and cutaneous ulcers. It seems to be
effective against a wide range of pathogenic
bacteria, including Staphylococcus aureus, Esh-
erichia coli, Proteus, Enterococci and, to some
extent, Pseudomonas strains [52–54]. However,
the presence of Pseudomonas strains resistant
to silver sulfadiazine has been documented
[54]. SSD has some effect against methicillin-
resistant Staphylococcus aureus [55, 56]. As is
the case with other silver compounds, SSD also
shows a certain degree of activity against some
yeast and fungi [52, 53].

Contraindications. In cases of documented
sensitivity to sulfa compounds or G6PD defi-
ciency, SSD is contraindicated. In addition,
since sulfonamides are known to be possible
inducers of kernicterus, silver sulfadiazine is
contraindicated in pregnancy or during the
first 2 months of life.

Adverse Effects. When SSD is used for cuta-
neous ulcers, the most common side effect is al-
lergic contact dermatitis, manifested by red-
ness and itching [57, 58]. In most cases, the sen-
sitivity is to the vehicle component and not to
the active ingredient. Usually, these reactions
are well tolerated and can be easily managed by
avoiding topical application or by using steroid
topical preparations, if needed. Other adverse
effects of SSD have been reported following its
use for widespread burns, including transient
leukopenia [59, 60] and methemoglobinemia
[61].

Silver Sulfadiazine and Cutaneous Ulcers.
SSD is applied twice a day to cutaneous ulcers,
and care must be taken to remove all traces of
the substance from the ulcer bed when chang-
ing the dressing. Following the topical use of
SSD a proteinaceous gel forms over the wound
surface area, which must be distinguished from
a purulent discharge.

Silver Toxicity. Not surprisingly, as with oth-
er antiseptic compounds, the antimicrobial ac-
tivity of silver is associated with some degree of
toxicity to host tissues. In vitro studies of kera-
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tinocyte cultures have demonstrated significant
toxicity against human keratinocytes [20, 51]. In
vivo studies on the effect of SSD on epithelial-
ization have shown contradictory results. In
most studies, in fact, SSD has not been found to
delay epithelialization [62–64]. A significant de-
lay in wound contraction following the use of
SSD has been documented [64, 65].

Clinical Studies. Several clinical studies on
cutaneous ulcers comparing the effect of SSD
with that of saline cleansing plus non-adherent
dressing showed no statistically significant dif-
ferences in wound healing [66]. However, other
studies did show a beneficial effect of SSD.

Bishop et al. [67] conducted a prospective,
randomized study on the healing of venous ul-
cers, comparing the effect of SSD with that of
tripeptide-copper complex or placebo. SSD was
found to be significantly more effective than
the other two preparations in reducing the ul-
cer area.

Van den Hoogenenband documented better
healing results of chronic leg ulcers treated by
split-thickness skin grafting when silver sulfa-
diazine had been applied over a period of five
days before the grafting procedure [68].

The unique study quoted above in reference
to povidone-iodine [28] also included an arm
involving the use of SSD: In 17 of the patients
who had two chronic leg ulcers of similar na-
ture, one of the two ulcers was treated with hy-
drocolloid dressings and saline rinse, while the
other ulcer was treated similarly, but with the
addition of SSD applied underneath the hydro-
colloid dressing. They measured the surface ar-
eas of the ulcers after three and six weeks of
treatment. Those ulcers treated with SSD
showed a modest improvement over those
treated with hydrocolloid alone.

Final Comment. The information presented
above should be considered when SSD is ap-
plied; it should be used for only a limited peri-
od of time. Most of the antibacterial substanc-
es in this chapter should be used for limited pe-
riods of time, basically with the aim of cleans-
ing the wound and protecting against infection.
Once the ulcer is clean, more definitive treat-
ment should be used.

Examples of dressings containing silver:
5 Acticoat with Silcryst® nanocrystals

– Smith & Nephew
5 Actisorb plus® – Johnson & Johnson

(a charcoal dressing)
5 Actisorb silver 220® – Johnson &

Johnson (a charcoal dressing)
5 Aquacel AG® – Convatec 
5 Contreet foam® – Coloplast
5 Contreet hydrocolloid® – Coloplast

11.6  Other Antiseptics

11.6.1  Antiseptic Dyes

Antiseptic dyes have been used for many years
to disinfect wounds and chronic skin ulcers
[69]. Substances such as gentian violet (crystal
violet) or brilliant green are known to have
antibacterial properties against gram-positive
and gram-negative bacteria. Gentian violet was
reported to be effective in the eradication of
methicillin-resistant Staphylococcus aureus
strains from pressure ulcers [70]. Brilliant
green was also shown to be especially effective
against dermatophytes and yeasts [69].

However, both substances have been found
to be potent inhibitors of wound healing. Neid-
ner at al. [71] found that both dyes reduced
granulation tissue formation to 5% of the nor-
mal amount. There are also reports of signifi-
cant tissue damage caused by gentian violet,
and of its inhibitory effect on wound healing
[72–74]. In addition, necrotic skin reactions
have been documented following the use of
gentian violet [75], and there have been reports
of a possible carcinogenic effect of antiseptic
dyes [75, 76]. Therefore, these dyes are contrain-
dicated in the treatment of cutaneous ulcers.

Among other antiseptic dyes are eosin, a flu-
orescent dye, used in a concentration of 0.5%,
which has an antibacterial effect and does not
interfere with wound healing [69]. Fuchsin is a
mixture of rosaniline and pararosaniline. It has
an antimycotic effect [69] and is used only in
the form of ‘solutio castellani cum colore’.

11.6Other Antiseptics 155

t

11_151_158  01.09.2004 14:02 Uhr  Seite 155



There are no evidence-based clinical data re-
garding the use of eosin or fuchsin on cutane-
ous ulcers.

11.6.2  Burow’s Solution

Burow’s solution, named after Karl August von
Burow (1809–1874), has been used since the
nineteenth century [77]. At present, it is em-
ployed mainly as a local otological preparation
for the treatment of discharging ear. In its dilut-
ed form, it may be applied to the skin as a wet
dressing to oozing areas, including secreting
cutaneous ulcers [78, 79]. It is composed of alu-
minum acetate, prepared from aluminum sul-
fate and acetic acid, and purified water. It con-
tains about 0.65% aluminum salts [78]. The so-
lution must be freshly prepared and used with-
in a few days.

The solution is said to have an antiseptic ef-
fect, which may be attributed to its acidity. Being
hygroscopic, it can absorb secretions. This qual-
ity further supports its use on secreting cutane-
ous ulcers.

In vitro studies have demonstrated that
Burow’s solution may have a certain inhibitory
effect on bacteria such as Pseudomonas aerugi-
nosa, Staphylococcus aureus, and Proteus mi-
rabilis [80], as well as on species of fungi and
yeasts [81].

In a double-blind, randomized study com-
paring the effect of Burow’s solution with that
of gentamicin sulfate in the treatment of otor-
rhea, no significant difference was observed
between the preparations. In contrast to gen-
tamicin, however, development of resistant or-
ganisms was not found following treatment
with Burow’s solution [82]. At present, there are
no adequate data regarding the efficacy of
Burow’s solution on cutaneous ulcers.

11.7  Conclusion

Under certain circumstances, one may consider
using the substances discussed in this chapter
to cleanse cutaneous ulcers. Be aware, however,
of possible damage to the wound tissues, or

possible impairment of wound healing that
may follow the use of these substances.

There may be a price to pay in order to con-
trol infection and achieve a cleaner ulcer.
Therefore, this treatment is meant to be used
for only short periods of time, and once the ul-
cer is clean, other forms of treatment should be
employed.
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12.1  Introduction

Attempts to develop skin substitutes that may
function as normal, healthy integument have
been made for many years in the treatment of
burns, surgical wounds, cutaneous ulcers, and
other skin defects. The accepted term for skin
substitutes originally derived from living tissues
is ‘biological dressings’. This term is used
regardless of whether the substitutes contain liv-
ing cells or not.

The classic, simple technique of applying bi-
ologic dressings is to use autologous split-
thickness or full-thickness skin grafts, surgical-
ly excised from the patient’s own healthy skin.
Skin grafting is known to have been used some
3000 years ago in India [1–3] and there are iso-
lated reports of its use during the nineteenth
century [1–3]. The first documentation of skin
grafting in humans in the ‘early modern’ medi-
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... skin for skin and all that a man has
he will give for his life.

(Job II: 4)

’’

cal literature is attributed to Reverdin in 1869
[4]. The procedure of grafting became com-
monly accepted, especially for burns, following
the invention of the dermatome by Padgett and
Hood, reported in 1939 [5].

Grafting autologous skin is still a commonly
accepted method of covering a cutaneous sur-
face denuded by a variety of causes, such as cu-
taneous ulcers [6–14].

Possible forms of skin grafting are as 
follows:

5 Autograft (or ‘autologous graft’): a
graft originating from one part of
the body and transplanted onto an-
other area (from patient’s own
healthy skin)

5 Isograft (or ‘isogeneic graft’): Iso-
grafting usually relates to laboratory
animals belonging to the same species
and sharing an identical genetic
makeup. In human beings, an isograft
is any sort of graft transferred from
one genetically identical twin to the
other.

5 Allograft (or ‘allogeneic graft’; previ-
ously termed ‘homograft’): a graft
from one person to another, who do
not have identical genetic character-
istics; in general, it is transferred
from one individual to another of
the same species

5 Xenograft (syn. ‘heterograft’): a graft
taken from an individual of one spe-
cies and transplanted onto an indi-
vidual of another species. (The term
zoograft has a similar meaning and
refers to a graft from an animal to a
human.)

t
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It follows that the most common type of skin
grafts today are autografts. These will be dealt
with in this chapter. The use of allografting is
becoming more and more common, both in the
form of allogeneic keratinocyte grafting and as
composite grafting. That topic will be covered
in Chap. 13. There is also use of xenografts, i.e.,
skin grafts from an animal – commonly a pig –
which may have some use as a temporary bio-
logic dressing, to be applied to extensively de-
nuded areas, such as in large burn wounds.

12.2  Split-Thickness Skin Graft 
and Full-Thickness Skin Graft

The graft may be in the form of a split-thick-
ness skin graft or a full-thickness skin graft. A
split-thickness skin graft contains epidermis
and a certain amount of dermis, while a full-
thickness skin graft contains epidermis and the
whole dermis (Figs. 12.1, 12.2)

A full-thickness skin graft offers better pro-
tection from trauma. It does not contract as
much as a split-thickness skin graft and gener-
ally looks more natural after healing; thus, it is
often used for aesthetic reasons. However, a
full-thickness graft requires a well-vascular-
ized recipient bed. Because of this limitation, it
is not commonly used in cutaneous ulcers. On
the other hand, a split-thickness skin graft re-
sults in a better ‘take’, even when applied to tis-

sue in which vascularization is not optimal and
relatively reduced (Fig. 12.3). This feature makes
it more appropriate for use in the management
of cutaneous ulcers.

The thicker the graft, the smaller the extent
of contraction of the grafted wound. Similarly,
wounds covered with thin split-thickness skin
grafts contract less than open wounds [15].

12.3  Preparing a Cutaneous Ulcer 
for Grafting

Grafting should be done only onto a viable
wound surface. Prior to the application of the
skin graft, the ulcer bed should be debrided to
remove any necrotic tissue. Vital granulating
tissue should be exposed, thereby enabling cells
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Fig. 12.1. Histological representation of a full-thickness
skin graft

Fig. 12.2. Histological representation of a split-thickness
skin graft

Fig. 12.3. A split-thickness graft is placed on a cutaneous
ulcer. Longitudinal incisions in the graft were made in
order to facilitate drainage of secretions and prevent
their accumulation under the graft, which would pre-
vent its ‘taking’
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in the graft to attach to the ulcer’s surface and
its blood supply. Note that the presence of more
than 105 bacteria per gram of tissue should be
regarded as infection (see Chap. 10).

12.4  Forms of Autologous Grafting

A simple autograft, applied as a layer, whether
done with a dermatome, a scalpel, or a special
grafting knife, may provide appropriate biolog-
ical coverage. However, it must be remembered
that the harvesting of an autograft results in a
wound in the healthy donor skin, analogous to a
second-degree burn. The donor wound, apart
from being painful, may require a considerable
amount of effort and time to heal. Therefore,
several techniques have been developed to re-
duce the required surface area of the donor skin.

Techniques in use for applying autologous
grafts are:

5 Taking one sheet of grafted skin to
cover all the denuded area: A split-
thickness graft is harvested with a
dermatome; a full-thickness graft is
usually obtained using a small scal-
pel.

5 Small pieces: One way of decreasing
the required area of donor skin is to
apply smaller pieces of donor skin,
instead of one large sheet that cov-
ers the entire area of the ulcer.
These grafts are placed onto the ul-
cer bed at regular intervals, to allow
drainage of secretions.

5 Pinch grafting was documented as
early as 1869 by Reverdin [4, 16].
The skin is anesthetized, a small
portion is lifted up on the point of a
needle, and the top is cut off with a
scalpel. Pinch grafts should be of
full thickness, 3–5 mm in diameter.
The grafts are evenly placed on the
ulcer bed, with free spaces of 5 to 10
mm between each of the grafts.
Pinch grafting has been document-
ed several times in the past 20 years

as a possible treatment method for
chronic skin ulcers [17–23].

5 Punch grafts, obtained by using a
punch biopsy instrument, represent
another modification of full-thick-
ness autografting. This procedure
enables a smaller area of donor skin
to be used, assuming that epithelial-
ization will take place and advance
peripherally from each punch. The
punch method is still used [24]. The
punch grafts, which may be 3–5 mm
in diameter, are placed onto the
ulcer’s surface at regular intervals.

5 Mesh grafting (Fig. 12.4): A mechan-
ical device is used to cut multiple
slits in the graft, thereby allowing it
to be stretched, so that it can ex-
pand and cover a larger surface ar-
ea. This procedure is commonly
used for burns, where large areas of
donor grafts may be needed, but not
for cutaneous ulcers.

Ahnlide and Bjellerup [17] used pinch grafting
for 145 therapy-resistant leg ulcers. Three
months following the procedure, the average
healing rate was 36%. Poskitt et al. [23] present-
ed a randomized trial comparing autologous
pinch grafting (25 patients) with porcine der-
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Fig. 12.4. Mesh grafting
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mis dressings (28 patients). Sixty-four percent
(64%) of ulcers treated by autologous pinch
grafting were healed at six weeks and 74% by 12
weeks, compared with ulcers treated by porcine
dermis, where healing rates were 29% and 46%,
respectively, after 6 and 12 weeks.

While pinch grafting and punch grafting are
usually intended for relatively small ulcers,
some suggest that mesh grafting may be used
for larger ulcers. Kirsner et al. [9] documented
29 patients with 36 leg ulcers of various etiology,
treated by meshed split-thickness skin grafts.
The grafts were harvested with a Padget derma-
tome and expanded through meshing to one
and a half times their original size. The initial ‘-
take’ of the grafts was recorded as ‘excellent’. At
a mean follow-up of 11 months (three months to
three years) 52% of ulcers were healed.

The information above covers simple auto-
grafts. More advanced forms such as cultured
keratinocyte grafting and tissue engineering
are discussed in Chap. 13.

12.5  Conclusion

In a comprehensive Cochrane review, Jones and
Nelson [6] suggest that further research is need-
ed to compare the beneficial effects of ‘simple’
skin grafting with those of other modes of treat-
ment intended for venous leg ulcers. This con-
clusion may actually be implemented for other
types of cutaneous ulcers as well.

The ‘take’ of the graft and the final result de-
pend on the ulcer’s condition in terms of vascu-
larization, absence of infection, and appropri-
ate preparation of the ulcer bed, as well as on
the patient’s general condition.

In our experience, a skin graft may provide
suitable coverage for a cutaneous ulcer, result-
ing in healing. However, in some cases, the graft
does not ‘take’ well for the same reasons that re-
sulted in the ulceration in the first place (e.g.,
poor vascularization) and the ulcer does not
heal. Moreover, even in cases where closure of a
cutaneous ulcer is achieved by skin grafting,
the final clinical result is not satisfactory – in
most cases because there is no adequate prolife-
ration of granulation tissue (Fig. 12.5). The orig-
inal ulcer site usually remains as a depression

in the skin, with inadequate subcutaneous tis-
sue covered by a thin, very vulnerable cutane-
ous layer. Hence, autologous skin grafting of
cutaneous ulcers is commonly followed by re-
ulceration.

In view of the above, advanced modalities
such as keratinocyte grafting, composite grafts,
or preparations containing growth factors,
which may stimulate proliferation of granula-
tion tissue, may be used (see Chaps. 13, 14, and
15). The use of advanced modalities (e.g.,
growth factors) may indeed result in complete
healing of a treated ulcer, even without skin
grafting. However, in many cases this stimulus
will not suffice for healing and closure – espe-
cially with relatively large chronic ulcers. It may
well be that the solution to the problem of cer-
tain ulcers will lie in a combination of such ad-
vanced modalities together with skin grafting.

Chapter 12 Skin Grafting162
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Fig. 12.5. Cutaneous ulcers following grafting and par-
tial (b) and complete (a) healing. Note that the area is
slightly depressed due to decreased production of gran-
ulation tissue during active stages of healing
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13.1  Overview

The accepted term for skin substitutes that are
originally derived from living tissues, whether
they contain living cells when applied to the
wound surface or not, is ‘biological dressings’. In
view of the limitations of skin grafting, as dis-
cussed in the previous chapter, a variety of sub-
stitutes have been developed. We distinguish
herein between ‘non-living’ substitutes, which
do not contain living cells, and those containing
living cells, termed ‘living’ skin substitutes.

The products described below may be con-
sidered ‘tissue-engineered’ skin, according to
the accepted definition, namely, skin products
composed mainly of cells, skin products com-
posed of extracellular matrix materials, or a
combination of both [1, 2]. We shall focus our
discussion mainly on skin products intended to
be used for skin ulcers.
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13.2  ‘Non-Living’ Skin Substitutes

13.2.1  General Functions

Under the heading ‘non-living skin substitutes’
we include biological dressings originally de-
rived from living tissues, but which, when ap-
plied to denuded cutaneous areas, do not con-
tain living cells (see Table 13.1). A variety of
non-living skin substitutes have been used in
the treatment of burns and surgical wounds.
Non-living skin substitutes function as highly
effective biological dressings. They fulfill the
main purposes of an optimal dressing, i.e., pro-
vision of a moist environment, prevention of
water loss (indeed, dermal skin substitutes
were primarily developed for the treatment of
burns), and protection against external infec-
tions or trauma. Their use is usually accompa-
nied by significant pain reduction.

Moreover, several research studies suggest
that a layer of acellular dermis may serve as a
template for the regeneration of a viable dermis
[3–5]. Several types, described below, have been
discussed in the literature. They have been pro-
posed for use mainly in surgical wounds or
burns and their efficacy in cutaneous ulcers has
yet to be validated. Some are in current clinical
use and some are still under research.

13.2.2  Allogeneic Cadaver Skin

Allogeneic cadaver skin may be used as a bio-
logical dressing. Devitalization of the allograft
obviates its antigenic effect. The graft can be
preserved by various techniques, such as cryo-
preservation with glycerol [6] or by freeze-dry-
ing [7]. Another possibility is to produce an
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acellular dermal matrix by the removal of the
epidermis and the cells in the dermis [3]. Cha-
karbarty et al. [8] used ethylene oxide steriliza-
tion followed by immersion of the skin in
1 mol/l sodium chloride for eight h to achieve
acellularization. The current clinical use of
cryopreserved or acellular allografts is mainly
in the management of burn wounds [9–12].

There are few reports on the use of allogene-
ic cadaver skin substitutes as an option for the
treatment of chronic cutaneous ulcers. In 1999,
Snyder et al. [13] documented treatment with
cadaveric allografts in 27 patients with 34 leg
ulcers of various etiologies. In 65% of patients
the ulcers healed by secondary intention, and
the average healing time was 113.9 days.

13.2.3  Xenografts

The most common source of xenografts (syn.:
heterografts or zoografts) is porcine skin, since
it is similar to human skin. Sterility is achieved
by irradiation [14]; thus, the graft is actually
non-living. The use of xenografts is well docu-
mented for burns, surgical wounds, and cutane-
ous ulcers [15–22]. The products defined as nat-
urally occurring collagen matrix, described be-
low, are actually processed xenografts.

13.2.4  Naturally Occurring 
Collagen Matrix and 
Collagen-Containing Dressings

Collagen has unique biologic and physical
properties that, with appropriate processing
and manufacturing, make it an ideal dressing
product. Collagen is found in abundance in
supporting tissues such as skin, fascia, tendons,
and bones. Its structure is organized and
aligned, and it forms strong fibers [23].

Certain scientific observations lend further
support to the medical use of collagen in the
management of wounds and wound healing:

5 A collagen matrix may serve as a
skeleton or scaffolding on which the
new tissue gradually forms [24, 25].

5 It has been suggested that attach-
ment of fibroblasts to the implanted
collagen enhances new collagen
synthesis in the healing wound [26].

5 A collagen matrix can efficiently
provide the basic requirements of a
dressing. Being tough in texture, it
protects the ulcer and its surround-
ings from mechanical trauma. Its
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Table 13.1. Non-living skin substitutes

Non-living skin substitutes Commercial products Comments

Products processed from AlloDerm® Cadaver skin and xenografts are not widely 
fresh cadaver skin used by commercial companies, but rather 

by laboratories and skin banks in medical 
centers

Naturally occurring CollatamFascie® These products may be regarded as modifica-
collagen matrix E-Z-derm® tions of xenografts (manufactured from 
(processed xenografts) Integra® bovine or porcine tissue)

Oasis®
SkinTemp®

Synthetic collagen Biobrane®
dressings Fibracol Plus®

Promogran® Promogran also contains oxidized regenerated
cellulose to neutralize the matrix metallo-
proteinases in the ulcer bed

t
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permeability may vary depending
on its method of manufacture, but
in most cases it can provide a moist
environment, which is desirable for
the healing process.

The following discussion distinguishes between
two forms of collagen dressings. The first re-
lates to the use of collagen in its native form,
i.e., as a naturally occurring collagen matrix,
while the second relates to synthetic dressings
that contain collagen.

13.2.4.1  Naturally Occurring Collagen
Matrix

The use of natural collagen matrix represents a
relatively advanced modification of the biolog-
ical dressing. In practice, the products de-
scribed below are sheets of xenografts (porcine
or bovine) that have been processed to make
them suitable for use on denuded skin areas.

There are several advantages to such prod-
ucts:

5 The collagen is in its natural form,
which preserves the normal struc-
ture and alignment of the fibers (as
opposed to dressings containing
collagen, which have undergone
more complex processing). The
manufacturers claim that the for-
mer product acts as a more natural
scaffolding, which ‘takes’ better to
the wound surface.

5 Some of these products may contain
growth factors that signal host cells
within the wound bed to attach and
proliferate on the collagen template
[27].

In this group of biological dressings, more ad-
vanced modifications have been developed us-

ing non-living skin substitutes, whose structure
is that of a cross-linked matrix of collagen. A
graft composed of bovine collagen matrix with
chondroitin-6 sulfate covered by a silicone layer
(Integra®), has been shown to have a beneficial
effect on burn wounds at an initial stage; a
meshed autograft is applied a few weeks later
[9, 25]. Another product, composed of lyophi-
lized type-1 bovine collagen (SkinTemp®), has
been used for surgical wound healing by secon-
dary intention [28]. Bovine collagen products
are thought to form a network-like architectu-
ral structure, which enhances organization of
fibroblasts and newly forming collagen bun-
dles. Degradation products of bovine collagen
are considered to act as chemotactic factors,
which further enhance wound repair processes
[29, 30]. Another product (CollatamFascie®) is
a type-1 collagen derived from bovine Achilles
tendons, which has been shown to enhance
healing in acute wounds and chronic cutaneous
ulcers [14].

An acellular collagen matrix derived from
porcine small intestine (Oasis®) has been intro-
duced as a substitute skin covering [31, 32]. The
intestine is processed to remove the serosal,
smooth-muscle, and mucosal layers while re-
taining the submucosa. The final product is an
acellular, collagenous sheet. Brown-Etris et al.
[33] reported on 15 patients with leg ulcers
treated with acellular matrix derived from por-
cine small intestinal submucosa. Wound clo-
sure was reported in seven patients within
4–10 weeks.

E-Z-derm® is another biosynthetic acellular
dressing made of xenogeneic collagen matrix. It
is made of porcine collagen that has been
chemically cross-linked with an aldehyde. This
process is claimed to impart durability to the
product, enabling its storage at room tempera-
ture.

13.2.4.2  Collagen-Containing 
Dressings

In dressings containing collagen, the collagen
has undergone more complex processing (as
compared with naturally occurring collagen),
so that in essence the product is synthetic. In
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spite of the theoretical advantages of using col-
lagen as a dressing, results of initial experi-
ments using collagen dressings were disap-
pointing [34–36].

Other early developments of dressing mate-
rials containing collagen peptides were lami-
nates such as Biobrane®. This consisted of a
laminate of silicone rubber with nylon, linked
with porcine collagen peptides [37]. Biobrane®
was found to be an effective dressing material
that provided adequate covering for surgical or
burn wounds [38–40].

Another collagen-containing dressing, Fib-
racol®, was relatively effective in the treatment
of diabetic foot ulcers when compared with
regular gauze moistened with normal saline
[41], and in the treatment of pressure ulcers,
compared with calcium-sodium alginate dress-
ings [42].

Recently, a new collagen-containing dressing
was introduced (Promogran®). In addition to
bovine collagen (55%), with its above-men-
tioned advantages, Promogran® also contains
oxidized regenerated cellulose (45%). The latter
is said to bind (and thereby neutralize) matrix
metalloproteinases in the ulcer bed, thus obvi-
ating their proteolytic effects on the growth
factors and matrix proteins (Fig. 13.1). Ghatnek-
ar et al. [43] found that Promogran®, combined
with good wound care, was more cost-effective
than good wound care alone in the treatment of
diabetic foot ulcers. Veves et al. [44] conducted
a randomized, controlled trial comparing Pro-

mogran® and standard treatment with a mois-
tened gauze in the management of diabetic foot
ulcers. The results, after 12 weeks of treatment,
were not statistically significant. However,
among 95 patients with ulcers of less than six
months’ duration, 43 (45%) of those treated
with Promogran® underwent healing, com-
pared with 29 (33%) of those treated by mois-
tened gauze. The beneficial effect of Promogran
on venous leg ulcers has also been demonstrat-
ed by Vin et al. [45].

13.2.5  Conclusion

At present, non-living skin substitutes are con-
sidered to function as efficient biological dress-
ings for cutaneous ulcers. However, the overall
impression is that they do not actively stimulate
or enhance wound healing, as do living substi-
tutes.

Whether non-living skin replacements con-
tribute further to wound healing, as compared
with synthetic dressings, is questionable. Some
investigators suggest, as mentioned above, that
the acellular dermis may serve as a template for
dermal regeneration. Some of these non-living
substitutes are said to contain cytokines [27],
which may render them more effective than
synthetic dressings. Nevertheless, controlled
research studies must be undertaken on the
various types of non-living skin substitutes be-
fore this assumption can be confirmed. By the
same token, further studies are needed in order
to obtain a more accurate evaluation of the effi-
cacy of newer combinations of collagen-con-
taining dressings.

13.3  ‘Living’ Skin Substitutes

13.3.1  General

Recently, more sophisticated techniques have
been developed in an attempt to create skin
equivalents and to re-establish the appropriate
physiological microenvironment needed for
optimal wound repair. In the following discus-
sion, distinctions should be made between sub-
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Fig. 13.1. Application of a collagen-containing dressing
(Promogran) to a cutaneous ulcer
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types of living equivalents, i.e., those containing
epidermal components, those containing der-
mal components, and composite grafts contain-
ing both dermal and epidermal components.

13.3.2  Epidermal: Keratinocyte Grafts

The use of viable epidermal cells is thought to
contribute to the wound repair process by ac-
tively stimulating the ulcer to heal. In 1975,
Rheinwald and Green [46] described a method
for culturing keratinocytes from single-cell
suspensions of human epidermal cells. Their
breakthrough opened new vistas in the field of

13.3‘Living’ Skin Substitutes 169

Fig. 13.2. Graft pad containing cultured keratinocytes in
a Petri dish

Fig. 13.3. Trimming a graft pad of cultured keratinocytes
to the appropriate size preparatory to the grafting

Fig. 13.4. Placing the graft on the ulcer

Fig. 13.5. Placing a gauze pad, moistened with saline, on
the graft pad

Fig. 13.6. Placing additional gauze pads to protect the
graft

13_165_176  01.09.2004 14:04 Uhr  Seite 169



skin research and led to clinical applications in-
volving cultured keratinocyte grafting (Fig.
13.2–13.6). At present, it is possible to produce
multi-layered stratified skin equivalents that
very closely resemble natural skin.

Initially, keratinocyte grafts were autologous
grafts derived from the patient’s skin on burn
wounds [47–54]. They were later introduced in
the management of cutaneous leg ulcers [55,
56]. At a still later stage, the method was modi-
fied by using allogeneic cultured keratinocyte
grafts, derived from the foreskins of newborns
[57–62]. The first group of leg ulcer patients
treated by allogeneic grafts was described by
Leigh et al. [58] in 1987, comprising 51 patients
with 70 ulcers of various etiologies. The mean
duration of the ulcers prior to the grafting pro-
cedure was 16 years. Beneficial effects were
manifested either by the appearance of islands
of epithelium on the ulcer bed (in 29% of the
ulcers) or by enhanced migration of epithelium
from the periphery of the ulcer (seen in 44% of
the ulcers).

Since then, other studies have shown that
topically applied allogeneic keratinocyte grafts
accelerate the healing of chronic cutaneous ul-
cers, with similar findings: significant reduc-
tion in the ulcer area within three weeks follow-
ing grafting, and complete healing of 65–83% of
treated ulcers within a few weeks. In most of the
ulcers, even those that did not undergo com-
plete healing, granulation tissue formed (with a
subsequent decrease in ulcer depth), with en-
hanced epithelialization and reduction in the
ulcer surface area [59–62].

The main advantage of allogeneic keratino-
cyte grafts compared with autologous keratino-
cyte grafts lies in the fact that newborn kerati-
nocytes are thought to be more effective in pro-
moting healing. This effect is attributed mainly
to the increased secretion of growth factors by
younger keratinocytes compared with adult
cells (see below) [58, 59, 62–65]. Having said
this, it is our experience that even autologous
keratinocyte grafts will, in many cases, promote
wound healing, as shown by the proliferation of
granulation tissue in the ulcer bed and advanc-
ing epithelialization.

While neonatal keratinocytes can be pre-
pared from newborn foreskins, refrigerated and
used immediately for grafting when needed,
the preparation of an autologous keratinocyte
graft is a more complex procedure that requires
either a biopsy specimen from the patient’s skin
or a sample of his/her hair follicles, obtained by
hair plucking [66, 67]. It takes a period of 2–3
weeks before there is sufficient epithelium to
cover the ulcer surface area. This process is car-
ried out either in specialized medical centers or
by commercial companies that prepare the au-
tologous grafts for grafting from samples of the
patient’s skin or hair follicles (see Table 13.2).

Mechanism of Healing. In view of the fact
that patients with cutaneous ulcers report sig-
nificant pain relief within a few hours of kera-
tinocyte grafting, it seems that the graft func-
tions as a semi-occlusive dressing that prevents
dehydration and reduces pain. However, an al-
logeneic graft does not serve as a permanent
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Table 13.2. Living skin substitutes

Living skin substitutes Commercial product Comments

Keratinocyte grafts BioSeed® Autologous-obtained from skin biopsy
Epibase® Autologous-obtained from skin biopsy
Epicel® Autologous-obtained from skin biopsy
Epidex® Autologous-obtained by plucking hair

Dermal grafting Dermagraft®
Transcyte®

Composite grafting Apligraf®
OrCel®
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alternative cover over the ulcer, since it remains
on the ulcer bed for only a short period. After a
few hours, rejection of the graft occurs. The
graft is then replaced by autologous cells, as
demonstrated by DNA fingerprinting and the
disappearance of Y chromosomes in sex-
matched grafts [51].

Accumulating evidence suggests that the
main factor in wound healing using allogeneic
keratinocyte grafts lies in the presence of solu-
ble growth factors produced by transplanted
newborn keratinocytes [58, 59, 62–65]. The ef-
fect of growth factors is manifested clinically by
the formation of healthy granulation tissue on
the ulcer bed and the gradual epithelialization
of its surface.

Beneficial Effect. Ideally, in order to assess
the efficacy of keratinocyte grafting, one would
require patients with symmetrically located
(i.e., one on each leg) cutaneous ulcers; one ul-
cer would be grafted while the other would be
treated by placebo in a controlled, double-blind
procedure.

In most of the reported studies, this proce-
dure has not been compared with an alternative
therapeutic modality. Moreover, some of the
studies contain methodological errors. Jones
and Nelson [65] have indicated that, not infre-
quently, research studies have failed to present
baseline data such as a history of previous ul-
ceration, which may affect the prognosis. How-
ever, the overall impression in the medical liter-
ature nowadays is that allogeneic keratinocyte
grafting, containing an epithelial component of
living keratinocytes does, in fact, enhance
wound healing in chronic cutaneous ulcers.

Recently, Bolivar-Flores and Kuri-Harcuch
[68] documented complete healing in 10 pa-
tients with recalcitrant leg ulcers of various eti-
ologies, using frozen allogeneic keratinocyte
grafting.

Three research studies have also compared
cultured keratinocyte allografts to control dress-
ings [69–71]. Teepe et al. [69] compared the ben-
eficial effect of cryopreserved allogeneic keratin-
ocyte grafting vs. hydrocolloid dressings in 43
patients with 47 cutaneous ulcers. They demon-
strated enhanced healing rates and increased re-
duction of ulcer size in the grafted group. How-

ever, there was no difference between the two
groups in the number of healed ulcers at six
weeks.

Lindgren et al. [70] did not demonstrate
superiority of cryopreserved allogeneic kera-
tinocyte grafting in 15 patients with chronic ve-
nous leg ulcers compared with 12 patients in a
control group. The authors suggested that this
observation (contradicting their previous ex-
periments using fresh keratinocytes) might be
attributed to the effect of cryopreservation.

Jones and Nelson [65] summarized the data
of the relevant trials in a Cochrane review, and
found no demonstrable benefit of allogeneic
keratinocyte grafting over control dressings.

In our clinical experience, keratinocyte
grafting does provide some degree of improve-
ment in most cases, even in ulcers that do not
heal completely. Improvement is manifested by
granulation tissue formation, epithelialization
advancing from the ulcer margin, and a signifi-
cant reduction in the ulcer surface area.

In relatively small ulcers of up to 2–3 cm in
diameter, the use of allogeneic cultured kerati-
nocytes can provide the ‘push’ needed to pro-
mote complete healing and closure of the le-
sion. On the other hand, in larger ulcers it is un-
reasonable, in most cases, to expect complete
healing following allogeneic keratinocyte graft-
ing. In this particular situation, one may con-
sider using repeated combinations of allogene-
ic keratinocyte grafts with autologous grafts
taken from the patient himself. Alternatively,
one could consider using other advanced mo-
dalities, discussed elsewhere in this book (see
Chap. 20).

We have found that allogeneic keratinocyte
grafting is preferable to surgical autologous
split- or full-thickness skin grafts, since the for-
mer induces granulation tissue formation,
which fills the wound cavity and reduces its
depth.

Nowadays, cultured keratinocyte grafting is
commercially available and is performed in
many medical centers (mainly burn centers).
These products are also produced and market-
ed by commercial companies (See Table 13.2).
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13.3.3  Dermal Grafting

Viable dermal substitutes may be considered a
step beyond non-viable forms. However, to the
best of our knowledge, there are no document-
ed studies comparing the effectiveness of the
viable dermal substitute with non-viable der-
mis.

Dermagraft® is a viable dermal substitute
which consists of a bioabsorbable mesh, upon
which cryopreserved fibroblasts derived from
neonatal foreskins are cultured. The cultured fi-
broblasts are screened for the presence of infec-
tious organisms.

The neonatal fibroblasts proliferate within
the polymer mesh, and secrete dermal matrix
proteins (collagens, tenascin, vitronectin) and
growth factors [72, 73]. Once the graft has been
placed on the wound, it may provide an extra-
cellular matrix and growth factors, synthesized
by the transplanted fibroblasts. The mesh con-
sists of biodegradable material which dissolves
gradually within 3–4 weeks.As previously men-
tioned, following dermal grafting (provided the
ulcer is ready), keratinocyte grafts can be
placed on the fibroblast-containing dermal
bed.

Each unit of Dermagraft® is supplied frozen.
It is packaged in a clear bag, within a saline-
based cryoprotectant, containing 10% dime-
thylsulfoxide and bovine serum. A Dermagraft
piece, measuring 5 × 7.5 cm, is intended for sin-
gle-use application.

Studies on diabetic foot ulcers treated with
this dermal graft have shown improved healing
compared with controls [9, 74–77]. Recently,
Marston et al. [78] conducted a randomized,
controlled, single-blind, multi-centered study,
enrolling 314 patients suffering from chronic
diabetic foot ulcers. The efficacy of Derma-
graft® (130 patients) was compared with that of
a moist saline gauze covering (115 patients).
Both groups received standard care such as
pressure-reducing footwear. Following 12 weeks
of treatment, complete wound closure was
achieved in 30% of patients treated with Der-
magraft®, compared with 18.3% of patients in
the control group.

Another unique randomized, controlled, sin-
gle-blind, clinical trial was introduced in 1996
by Gentzkow et al. [74]. The rate of complete
healing of diabetic foot ulcers was higher in pa-
tients treated with Dermagraft® than in pa-
tients in the control group. The article also eval-
uated the desirable frequency of Dermagraft®
application, suggesting that a weekly applica-
tion is better than less frequent applications.

Transcyte® is a product made of neonatal fi-
broblasts. The cells are cultured on nylon mesh
for 4–6 weeks. The product eventually consists
of dense cellular tissue (with human matrix
proteins) and contains high levels of growth
factors. Transcyte® is supplied in a cassette con-
taining two transparent units, each measuring
13 × 19 cm. The product is intended for burn
wounds. To date, the use of Transcyte® on
chronic cutaneous ulcers has not been reported.

13.3.4  Composite Grafts

Composite grafts represent a combination of
dermal substitute and epidermal grafts. Re-
search has shown that epidermal grafts are
more beneficial when applied to a dermal bed.
We distinguish here between composite grafts
containing devitalized dermis and those with
viable dermis in which fibroblasts are embed-
ded.

Composite Grafts Combining Epidermal
Cells with Devitalized Dermis. As described
above, a dermal matrix (even acellular dermis)
may function as a template for cutaneous re-
generation [3, 4]. The addition of allogeneic or
autologous cultured keratinocytes may further
contribute to healing. Some suggest that the
dermal component protects the basal layer of
the epidermis and affects the biological pro-
cesses of epithelial proliferation, differentia-
tion, migration, and wound healing.

In practice, following the absorption and
‘take’ of acellular dermal grafts such as those
mentioned earlier in this chapter (Integra®,
SkinTemp®, CollatamFascie®), cultured kerati-
nocytes may be seeded onto these dermal
grafts, approximately two weeks after the der-
mal graft has been applied. However, the benefi-
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cial effect of devitalized dermis with epidermal
cells is not well documented. More advanced
methods, combining dermal components with
living fibroblasts, together with cultured kerati-
nocytes, tend to yield better results (see below).

Cutaneous Ulcers Treated by Composite
Grafts with Viable Dermis. The incorporation of
viable fibroblasts improves the epidermal re-
sponse of the grafted skin [78–83]. Most studies
described below, using composite grafts, in-
volved improvised products. Some of the com-
posite grafts used were ephemeral and did not
manage to penetrate the current pharmaceutical
market, while others became the prototype for
the composite grafts currently being marketed.

While the general impression of the prod-
ucts discussed in this section is positive, there
are insufficient data to assess their efficacy.
There are more controlled studies and data re-
lated to those in current use (i.e.,Apligraf®), de-
scribed in Chap. 14.

Following are studies on cutaneous ulcers
implementing the use of composite grafts
that are not commercially available:

5 Mol et al. [84] compared the efficacy
of punch grafts with that of com-
posite grafts (allogeneic fibroblasts
covered by autologous cultured ke-
ratinocytes), with both types being
applied to the ulcer site in the same
patient. The median healing time of
ulcers covered by composite grafts
was 18 days whereas that of ulcers
treated by punch grafts was 15 days.

5 Bovine collagen matrix used by
Burke et al. [25], as described above,
was modified by the incorporation
of fibroblasts into the collagen-gly-
cosaminoglycan substrate and by
replacing the silastic layer with hu-
man keratinocytes. Clinical efficacy
was documented in burns [85] and
chronic cutaneous ulcers [86].

5 Harvima et al. [87] conducted an
open study comparing the effect of

cultured allogeneic keratinocytes
with that of fibroblast-gelatin
sponge placed on the ulcer bed once
weekly. This study involved 22 dia-
betic patients with chronic ulcers
and 16 patients with leg or ankle ul-
cers of different etiologies. From the
diabetic group, four randomly se-
lected patients (five ulcers) received
combined treatment. The patients
were first treated by fibroblast-gela-
tin sponge, up to the point where
the ulcer area was reduced by 50%.
These ulcers were then treated with
keratinocyte cultures. In general, the
treatment was effective. All but one
diabetic ulcer healed. Nevertheless,
the investigators did not find a sig-
nificant difference between the cul-
tured keratinocyte treatment alone
and the combined treatment.

13.4  Summary

There is a wide range of skin substitutes that
can be used in the treatment of chronic cutane-
ous ulcers. From the current information avail-
able, it is difficult to evaluate precisely the effi-
cacy of each of the methods reviewed in this
chapter. Some studies lack basic data about the
patients, such as the presence of ulceration in
the past, or information regarding the clinical
appearance of the ulcer. Other studies involved
an insufficient number of patients to draw sig-
nificant conclusions, while others were not con-
trolled.

Nevertheless, the general impression that
arises from these studies is that in the treat-
ment of cutaneous ulcers, skin substitutes con-
taining living cells are likely to be superior to
skin substitutes that do not contain living cells.
This being the case, advanced treatment mo-
dalities such as keratinocyte cultures or com-
posite grafts could present a reasonable treat-
ment option when dealing with clean ulcers
with relatively healthy granulation tissue.
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14.1  General Structure 
and Mechanism of Action

The term ‘human skin equivalents’ (HSE) refers
to living composite grafts composed of a der-
mal component containing human living fibro-
blasts and an epidermal component containing
living keratinocytes. HSE is also referred to as
‘graftskin’, ‘bio-engineered tissue’, ‘bilayered
cellular matrix’ or ‘bilayered skin substitute’.

The manufacturing of HSE is based on an
original idea mooted by Bell [1] in 1981. Two
available commercial HSE products are FDA
approved: Apligraf® and OrCel®. Apligraf® is
the product with which the most experience
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has been gathered in the treatment of cutane-
ous ulcers. Therefore, most of the following dis-
cussion is based on research studies investigat-
ing Apligraf®. Further types of commercial
composite grafts are expected to be available in
forthcoming years. As described in Chap. 13,
some studies have been carried out with HSE
products not in commercial use and intended
for research purposes only.

HSE products manufactured in vitro from
neonatal foreskins represent a modification of
allogeneic grafting. They have an internal der-
mal layer containing living human fibroblasts
and an external epidermal layer containing liv-
ing keratinocytes. Histologically, the currently
available HSE products do not contain Langer-
hans’ cells, macrophages, melanocytes, lym-
phocytes, blood vessels, or hair follicles [2, 3].

Having the above-mentioned qualities, an
HSE product functions as an effective biolog-
ical dressing, providing an optimal environ-
ment for wound repair. Its dermal layer may
serve as a structural template for dermal gener-
ation. Fibroblasts incorporated in the dermal
layer, as well as the epidermal cells, induce se-
cretion of growth factors, by which HSE are
considered to exert their healing effect [4–7]. In
fact, positive immunostaining has been shown
within the dermal component of Apligraf® for
platelet-derived growth factor (PDGF), trans-
forming growth factor-beta (TGF-β), and basic
fibroblast growth-factor (FGF-2) [4]. OrCel®,
according to the manufacturer, contains several
growth factors including fibroblast growth fac-
tor (FGF), granulocyte-macrophage colony
stimulating factor (GM-CSF), and keratinocyte
growth factor (KGF). It has been suggested that
the new allogeneic cells incorporated in HSE
may initiate a cascade of growth factors pro-
duced within the treated ulcer [5, 8].
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Apligraf® has also been shown to produce
certain antibacterial peptides, such as human
β-defensin 2, a substance active against gram-
negative bacteria, yeasts, and fungi [4]. In any
case, the allogeneic cells do not survive on the
transplanted ulcer bed, although their rejection
may be delayed in conditions of abnormal im-
mune status [9].

14.2  Product Description

14.2.1  Apligraf®

The supporting internal dermal layer of Apli-
graf® consists of living human fibroblasts em-
bedded in a bovine type-1 collagen. The exter-
nal epidermal layer contains living keratinocy-
tes. The behavior of Apligraf® is similar to that
of human skin, and its epidermal layer is able to
produce differentiated stratum corneum. In vi-
tro, it demonstrates self-healing capacities fol-
lowing injury.

Each unit of Apligraf® is kept in a sealed
polyethylene bag in a plastic dish, over a layer
of an agar-like material. The product should be
kept in the sealed bag until used, within a tem-
perature range of 20°–31°C, in order to ensure
its viability. Each sheet is manufactured as a cir-
cular disc measuring 7.5 cm in diameter and is
0.75 mm thick.

According to the manufacturer’s informa-
tion, the agar-based Apligraf® medium con-
tains agarose, L-glutamine, hydrocortisone, bo-
vine serum albumin, bovine insulin, human
transferrin, triiodothyronine, ethanolamine, O-
phosphoryletanolamine, adenine, selenious ac-
id, DMEM powder, HAM’s F-12 powder, sodium
bicarbonate, calcium chloride, and water for in-
jection.All components of the product undergo
thorough screening for various potential infec-
tious agents, including viruses (HIV and hepa-
titis A, B, and C), bacteria (such as syphilis), and
fungi [3]. The cells are also screened for iden-
tification of chromosomal abnormalities and
biochemical defects. The product is packed so
that its dermal, glossy layer is placed face down
on the agar substrate, while its epidermal (dull)
layer faces up.

14.2.2  OrCel®

The product OrCel® is made of two separate
compartments of a porous, type-I bovine colla-
gen sponge. It contains cultured allogeneic ke-
ratinocytes and fibroblasts, both originating
from human neonatal foreskin [10]. It measures
approximately 6 × 6 cm (36 cm2).

The donor’s cells are screened for viruses
(HTLV I and II, Hepatitis B, HIV I and II, EBV
and HHV-6), bacteria, fungi, yeast, mycoplas-
ma, and tumorigenicity. The final product
should fulfill the required criteria as to mor-
phology, cell density, cell viability, sterility, and
physical container integrity.

14.3  Indications

HSE products induce repair in ulcers that have
been considered recalcitrant to conventional
therapy.

Apligraf® is FDA approved for the condi-
tions listed below, i.e., for venous ulcers and
diabetic ulcers:

5 Venous ulcers that fulfill the follow-
ing criteria:
– Of partial or full thickness
– Non-infected
– Not showing significant 

improvement following 
one month of conventional 
therapy

5 Diabetic ulcers that fulfill the fol-
lowing criteria:
– Of full thickness
– Non-infected
– With neuropathic etiology
– Not showing significant improve-

ment following three weeks of
conventional therapy

– Not extending into tendons, mus-
cles or bones

– Located on the plantar, medial, or
lateral aspects of the foot (ex-
cluding the heel)
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However, Apligraf® has also been reported as
beneficial for other types of cutaneous ulcers,
such as those caused by polyarteritis nodosa,
those due to sarcoidosis, and epidermolysis
bullosa lesions [11–13]. Apligraf® has also been
used for excised burn wounds [14].

Currently, OrCel® is FDA approved for:
5 Split-thickness donor sites of burn

patients
5 Surgical wounds and donor sites as-

sociated with mitten-hand defor-
mities secondary to recessive dys-
trophic epidermolysis bullosa

Note that OrCel® has recently been reported to
be beneficial in the treatment of diabetic neu-
ropathic foot ulcers [15] (see Table 14.1).

14.4  Instructions for Use

The main principles described below are based
on our experience with Apligraf®. However, sim-
ilar techniques should be implemented when
dealing with other HSE products. The instruc-
tions also apply, at least in their main principles,
to dermal grafting products (such as Derma-
graft®). There are unique guidelines for the
grafting of each product, and manufacturers’ in-
structions should be followed precisely and
thoroughly.

14.4.1  Preparing the Ulcer Bed

The product should be applied onto a clean, vi-
able granulation tissue. Debridement is re-
quired in order to obtain an optimal substrate
for grafting.

The ulcer bed should be prepared as fol-
lows:

5 Prior to debridement, the ulcer
should be cleansed thoroughly with
a saline solution.

5 Any necrotic tissue present should
be removed by scalpel and forceps.
Shaving the ulcer’s surface until a
minor degree of bleeding can be
seen is required to create an opti-
mal, vascular substrate for the HSE
treatment [8, 16]. The principles that
apply here are the same as those for
preparing the ulcer bed for the ap-
plication of preparations containing
growth factors [17].

5 Shaving the upper layer of the ulcer
bed, superficially and horizontally,
may be performed with a scalpel or
with a fine curette. A fine curette
can be used for the removal of
layers near the ulcer’s margin – its
shape enabling an accurate outlin-
ing. Debridement of the ulcer’s mar-
gin is extremely important, since
peripheral epithelialization can be
stimulated by this procedure. This
issue is detailed in Chap. 9.

5 Bleeding following debridement
may be dealt with by applying gen-
tle pressure with a sterile gauze. Fol-
lowing debridement, the ulcer
should be cleansed with saline or
Ringer’s lactate solution.

14.4.2  Steps to Take Prior to Applying
the Product to the Ulcer Bed

Check the expiry date of the product to be
used. Assure that the product has been kept
under appropriate conditions prior to grafting
(temperature range according to manufactu-
rer’s instructions). Note: Products should be
used within a limited period following removal
from their packaging (i.e., 15 min for Apligraf®).

14.4Instructions for Use 179
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14.4.3  Grafting Procedure

Grafting should be done as follows:
5 The technique demands attention to

absolute sterility. Sterile gloves
should be worn. The plastic tray, af-
ter its removal from its protective
polyethylene cover, should be placed
on a sterile surface (Fig. 14.1).

5 The HSE sheet should be fenestrat-
ed, with its epidermal side facing
down, to enable drainage of secre-
tions from the ulcer bed. The HSE
should be trimmed to conform to
ulcer size.

5 Ascertain that the right side of the
graft (its dermal layer) is placed in
direct contact with the wound bed
(Fig. 14.2).

5 After the HSE sheet has been placed
on the wound bed, it should be
straightened and smoothed using a
saline-moistened cotton applicator
(Fig. 14.3), in order to achieve con-
tinuous contact between the HSE
layer and the wound bed, without
wrinkles or folds. Alternatively, Apli-
graf® can be meshed, thereby allow-
ing the product to expand and to
cover a larger ulcer area.

14.4.4  Dressing the HSE Layer

Once the graft has been correctly applied, it
should be covered with a non-adherent pri-
mary dressing, followed by a cotton gauze
dressing (Fig. 14.4).

The treated area is now bandaged. The use of
sutures or staplers to attach the graft sheet to
the ulcer bed is not recommended, since these
cause unnecessary tissue damage and increase
the risk of local infection in the treated area.
For the same reasons, it is not recommended to
use an occluding substance such as vaseline
over the HSE layer.

Chapter 14 Human Skin Equivalents: When and How to Use180
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Fig. 14.1. Lifting the HSE sheet prior to its application
onto the ulcer

Fig. 14.2. The HSE sheet is placed onto the ulcer bed

14.4.5  Following Grafting

Frequency of dressing replacement will depend
on the amount of secretions from the ulcer. If,
based on a swab culture, there is evidence of col-
onization by ‘notorious’ bacteria (Pseudomonas
aeruginosa, methicillin-resistant Staphylococcus
aureus), frequent examination of the treated ul-
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cer is recommended. Additional applications of
HSE may be used according to the progress of
healing.

14.5  Contraindications

HSE products are contraindicated under the
following conditions:

5 For infected wounds/ulcers
5 For patients known to be hypersen-

sitive to bovine collagen
5 For patients known to be hypersen-

sitive to substances contained in the
preserving/shipping medium

OrCel® may contain traces of penicillin, strep-
tomycin, gentamicin, and amphotericin B. It
should therefore be avoided in patients with
known allergies to these drugs.

In any case, current indications and contra-
indications of each product should be verified
and updated according to manufacturers’
guidelines and regulations as determined by
medical/legal authorities of each country.

14.6  Efficacy

The efficacy of HSE products which have been
applied to chronic cutaneous ulcers, as exam-
ined in several clinical trials, is detailed in Ta-
ble 14.1. Figures 14.5–14.7 illustrate the progress
of an ulcer following the application of Apli-
graf®.

14.7  Concluding Remark

Human skin equivalents represent an advanced
mode of therapy that may be used for cutane-
ous ulcers. Their use is intended for relatively
clean ulcers. HSE has been found to be effective
in difficult-to-heal ulcers of long duration.

14.7Concluding Remark 181

Fig. 14.3. Straightening and smoothing the Apligraf

Fig. 14.4. Dressing the treated area

Fig. 14.5. One day after the application of Apligraf®
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15.1  Overview

The identification of topical growth factors and
the development of their use in treating chronic
ulcers of the skin represents a major break-
through of recent years in the field of wound
healing. Advanced dressing modalities have
been reviewed in previous chapters. However,
while various dressing materials are intended to
provide an optimal environment for the healing
of an ulcer, growth factors can do much more.

Growth factors actually provide a significant
stimulus for the healing of cutaneous ulcers:
They not only function as an external cover that
may provide optimal conditions for repair, but
also actually initiate and enhance the wound
healing process. The effect of certain therapeu-
tic modalities in wound healing involving living
cell grafting, such as cultured keratinocyte grafts
or composite grafts, is attributed, in part, to the
stimulation of various cells within the treated
ulcer to secrete endogenous growth factors,
thereby enhancing the healing process [1–5].

15.2  What Are Growth Factors?

Growth factors are a specific subgroup of cyto-
kines, whose main activity is the induction of
mitosis. They are secreted by a wide range of
cells including macrophages, fibroblasts, endo-
thelial cells, and platelets [6].

Many cytokines have been identified as hav-
ing a role in wound healing. These include
platelet-derived growth factor (PDGF), fibro-
blast-derived growth factor (FGF), epidermal
growth factor (EGF), tumor necrosis factor
(TNF), granulocyte-macrophage colony-stimu-
lating factor (GM-CSF), insulin-like growth fac-
tor (IGF), transforming growth factors (TGF) α
and β, and many others.
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Growth factors exert their effect on cells
through cell-surface receptors. They may bind
to one or several receptors. In the process of
wound healing, endogenous growth factors co-
ordinate cellular migration including chemo-
taxis of inflammatory cells. They have a mito-
genic effect on epithelial cells, by inducing their
proliferation and differentiation with enhance-
ment of epithelial regeneration. They also exert
a mitogenic effect on mesodermal cells, mani-
fested as stimulated angiogenesis and granula-
tion tissue formation. Growth factors also influ-
ence and regulate the degradation and forma-
tion of collagen [6–15].

Note that the current terminology used for
growth factors does not adequately present an
accurate description of their biological activity.
In most cases, the original naming of each
growth factor is associated with the circum-
stances of its biochemical identification, de-
rived from what has been considered previous-
ly as its ‘source cell’.

The equivocal terminology associated with
growth factors in the scientific literature exists,
in fact, to a much wider extent. Thus, apart
from being secreted by platelets, platelet-de-
rived growth factor (PDGF) is also secreted by a
wide range of cells including macrophages, fi-
broblasts, and endothelial cells.

Various peptides that activate cellular reac-
tions similar to those of growth factors may be
called interleukins or colony-stimulating fac-
tors; yet, by the same token, it would also be sci-
entifically justified to refer to these peptides as
growth factors.

15.3  Beneficial Effects 
of Growth Factors 
on Acute Wounds 
and Chronic Cutaneous Ulcers

In animal models, research studies have shown
that growth factors may enhance the process of
healing in acute wounds [12, 16–21]. Several
studies have demonstrated the beneficial ef-
fects of growth factors on the healing of acute
wounds in human beings, i.e., split-thickness
donor sites [22, 23] or punch wounds to normal
skin [24].

Preparations containing growth factors are
used mainly for chronic cutaneous ulcers. Cur-
rent evidence indicates that in chronic cutane-
ous ulcers, for reasons that are not fully under-
stood, the process of wound healing is arrested.
Hence, a chronic ulcer remains in an ongoing
inflammatory phase, rather than proceeding
through the phases of healing, as occurs in a
‘healthy’ acute wound [25, 26].

Studies of wound fluid in chronic cutaneous
ulcers have revealed an increased protease ac-
tivity with the breakdown of growth factors
[27–31]. The reduced activity of growth factors
in chronic ulcers may partly explain why these
ulcers sometimes fail to heal. The use of prepar-
ations containing growth factors in the treat-
ment of chronic cutaneous ulcers may over-
come this stagnatory state, thereby stimulating
the repair process and facilitating wound heal-
ing.

Today, advances in molecular biology have
enabled the production of large amounts of
growth factors by recombinant DNA technolo-
gies. Hence, specific growth factors may be
used to enhance wound healing. In this process,
there is interaction between various growth
factors and the induction of stimulatory or in-
hibitory effects. Therefore, a specific growth
factor may act at several stages in the course of
healing of an ulcer or a wound. However, when
used individually, certain growth factors have
not been found not to promote healing in prac-
tice, since they affect only specific sites in the
chain of processes. A few cytokines, such as
TGF β, GM-CSF, and PDGF have been known to
influence several key steps in the wound heal-
ing process [6, 7, 12, 13, 32–36]. Currently, only
PDGF is commercially available. Hence, PDGF
will be discussed in detail below.

15.4  Recombinant Human 
Platelet-Derived Growth Factor:
rhPDGF (Becaplermin)

Initial observations have demonstrated that a
platelet-derived growth factor (PDGF), stored
in α granules of circulating platelets, is released
following injury as part of the process of blood
clotting. However, in the human body, PDGF is
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secreted by a wide range of cells, including
macrophages, fibroblasts, and endothelial cells.
It regulates numerous aspects of wound healing
including chemotaxis of inflammatory cells
and mitogenesis in mesodermal and epithelial
cells and enhances epithelial regeneration
[36–39].

Of the growth factors currently under inves-
tigation, PDGF has shown beneficial effects in
phase III clinical trials, and it is the only one
commercially available (Regranex gel®). The
commercial topical preparation is produced us-
ing recombinant DNA technology. The gene for
the β chain of PDGF is inserted into the yeast
Saccharomyces cerevisiae – a process that en-
ables production of high amounts of this com-
pound [40]. It is manufactured in tubes of 7.5 g
or 15 g as an aqueous-based sodium carboxy-
methyl cellulose topical gel containing 0.01%
recombinant human PDGF.

In clinical use, PDGF has been shown to in-
crease the formation of granulation tissue
(manifested by the continuous flattening of rel-
atively deep cutaneous ulcers) and the concur-
rent coverage of the wound surface by layers of
regenerative epithelium. Several research stud-
ies [41–46] in which it was compared with a
placebo gel have shown it to be of benefit in di-
abetic foot ulcers. In 1997, it was approved for
clinical use in North America and in the Euro-
pean Union for treating diabetic neuropathic
ulcers of the lower extremities.

Currently, there are many ongoing studies
investigating the effect of PDGF on other types
of wounds and chronic ulcers. Promising re-
sults of its use in the management of pressure
ulcers [47–49] and radiation ulcers [50] have al-
so been reported. Recently, Wieman document-
ed the beneficial effect of PDGF, together with
good wound care based on compression thera-
py, in the treatment of patients with chronic ve-
nous leg ulcers [51].

15.5  Research Studies Using 
Recombinant Human PDGF

Wieman et al. [41] conducted a multicenter,
double-blind, placebo-controlled study in 1998
that included 382 patients with chronic neuro-

pathic diabetic ulcers that had been present for
more than eight weeks. Following 20 weeks of
treatment with recombinant human PDGF, 50%
of the treated ulcers healed, compared with a
35% healing rate in the control group treated
with a placebo preparation. In addition, the
time needed to achieve complete wound clo-
sure was reduced by 32%.

In another study, Steed et al. [42] also dem-
onstrated the efficacy of rhPDGF. Twenty-nine
of 61 patients (48%) with diabetic neuropathic
ulcers treated with rhPDGF healed within 20
weeks, compared with a healing rate of 25% (14
of 57 patients) in placebo-treated ulcers.

In 1999, Smiell et al. [44] summarized the
combined results of four multicenter, random-
ized studies that evaluated the efficacy of
rhPDGF.A total of 922 patients with diabetic ul-
cers in the lower legs were treated once a day
with a topical preparation containing either
100 µg/g rhPDGF, 30 µg/g rhPDGF, or placebo.
Patients were treated until complete healing
was achieved, or for a period of 20 weeks. A
program of good ulcer care was given to all
treatment groups, including initial sharp
debridement (and additional debridement if
necessary throughout the research project), a
non-weight-bearing regimen, systemic antibio-
tics when needed (for infected wounds), and
moist saline dressings. The 100-µg/g rh PDGF
preparation was shown to significantly de-
crease the time to achieve complete healing
compared with the placebo gel.

Other research studies indicating the benefi-
cial effect of PDGF on diabetic ulcers have also
been published [45, 46]. Note that PDGF has
been shown to have a beneficial effect not only
on chronic cutaneous ulcers, but also on acute
wounds. Cohen and Eaglestein [24] conducted
a double-blind controlled study, in which PDGF
was applied to punch biopsy wounds on nor-
mal skin of healthy volunteers and was found to
speed up the healing rate of the treated wounds.

15.6  PDGF: Indications 
and Contraindications

PDGF is intended for use only on a clean (or a
relatively clean) ulcer. In any case, superficial
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debridement is needed (see below). For the
time being, it has been approved for use only on
non-infected diabetic foot ulcers.

Contraindications to the use of PDGF, as
presented by the manufacturer are:

5 Infected ulcers
5 Known hypersensitivity to a compo-

nent of the preparation (e.g., the
parabens)

5 Neoplasm in the application site

15.7  Mode of Using 
PDGF Gel Preparation

The ulcer should be thoroughly rinsed prior to
the application of a PDGF preparation. The
superficial outer layer of a cutaneous ulcer
should be debrided and removed prior to the
application of PDGF gel. Debridement should
extend (very superficially) to viable healthy tis-
sue until a minor degree of bleeding (pinpoint
bleeding) is achieved, and vital granulating tis-
sue is exposed (see Chap.9, Section 9.4.1.1). This
creates a more vascular bed, providing a better
substrate for the wound-healing process. In ad-
dition, the superficial debridement removes a
fibrin superficial layer (which, although almost
invisble, may still prevent the preparation 
from coming into direct contact with the ulcer
bed).

In a retrospective study conducted by Steed
et al. [52], better healing rates were achieved in
centers where ulcers were debrided more fre-
quently. Some suggest that superficial, very deli-
cate debridement may be repeated every 7–10
days; however, extreme care should be taken not
to remove the newly forming epithelial layer.

After any minor bleeding has ceased, a very
thin layer (approximately 0.2 cm thick) of
PDGF gel is applied to the ulcer. The prepara-
tion should be spread over the ulcer surface
with an application device, such as a tongue de-
pressor, in order to obtain an even and continu-
ous layer (Fig. 15.1). Subsequently, the wound
should be covered with gauze.

The amount of preparation required depends
on the ulcer’s surface area. The manufacturer’s
directions suggest that each square inch of sur-
face area requires a length of approximately 2/3 -
inch of gel preparation, squeezed from a stan-
dard tube (7.5 g or 15 g). In metric terms, each
square centimeter of the ulcer’s surface area re-
quires a length of 0.25 cm of gel preparation
from a standard tube. The physician should re-
evaluate the required amount of preparation
needed, depending on the current surface area,
every 1–2 weeks.

The preparation should be changed once
daily; provided that the previously applied
preparation is rinsed off with normal saline so-
lution each time. Note that PDGF gel should be
kept in the refrigerator. Room temperature may
damage the preparation. It should not be kept
in the freezer.

15.8  Topical Use 
of Other Growth Factors

Although PDGF is the only growth factor that
has been licensed for use, other growth factors
have been shown to be effective when used on
experimental wounds or cutaneous ulcers. In
view of the large extent of this issue, we discuss
below only growth factors whose effects have
been documented on humans. For example, in
randomized, double-blind placebo-controlled
research studies, Robson et al. [53] have demon-
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strated a beneficial effect of recombinant basic
fibroblast growth factor (FGF) on patients with
stage III/IV pressure sores. FGF has also been
shown to accelerate wound healing in burns,
split-thickness skin graft donor-site wounds,
and chronic cutaneous ulcers [23]. Similarly,
topically applied recombinant human keratino-
cyte growth factor-2 was shown to accelerate
the healing of venous ulcers [54].

Other studies have examined the effect of
various growth factors including TGF-β, insu-
lin-like growth factors, and interleukin-1-β on
acute wounds and chronic cutaneous ulcers [55,
56]. Nevertheless, at present, the two growth
factors that have been studied the most inten-
sively (in addition to PDGF) are GM-CSF and
EGF.

15.8.1  Granulocyte-Macrophage 
Colony-Stimulating Factor

In vivo research studies have shown that rhGM-
CSF may enhance wound healing by affecting
several healing mechanisms, including the in-
duction of myofibroblast differentiation, the
mobilization of white blood cells, and the stim-
ulation of proliferation and migration of epi-
thelial cells [32, 57].

Perilesional GM-CSF. A few case reports
have suggested that using perilesional rhGM-
CSF on chronic cutaneous ulcers may be effec-
tive [58– 60]. More solid evidence may be de-
rived from two randomized, double-blind, pla-
cebo-controlled studies. Da Costa et al. [61]
documented the effect of rhGM-CSF injected
subcutaneously adjacent to the ulcer margin in
25 patients with chronic venous ulcers. In eight
of 16 (50%) patients treated with GM-CSF, there
was complete healing within eight weeks, com-
pared with a healing rate of 11% (one of nine)
in control patients, treated with injections of
saline solution.

In another double-blind, placebo-controlled
study conducted by Da Costa et al. [62], 60 pa-
tients with chronic venous leg ulcers were treat-
ed by perilesional injections of rhGM-CSF.
Complete healing was achieved within 12–14
weeks in 57% of patients treated with a 200-mg

preparation of GM-CSF and in 61% of patients
treated with a 400-mg preparation of GM-CSF,
but in only 19% of the placebo group.

Topical GM-CSF. The most convincing study
documenting the beneficial effect of topical
GM-CSF has been provided by Jaschke et al.
[63], in which 52 venous ulcers were treated
with a topical preparation containing 0.5–1.0 g/
cm 2–3 times weekly. Ninety percent of the ul-
cers healed completely, with an average healing
time of 19 weeks. Several other studies have al-
so given credence to the hypothesis that topical
GM-CSF is of benefit [64–66].

15.8.2  Epidermal Growth Factor

Epidermal growth factor (EGF) is a single poly-
peptide chain consisting of 53 amino acids orig-
inating mainly from macrophages and monocy-
tes. It was the first growth factor isolated from
urine, saliva, breast milk, and amniotic fluid;
this was followed by its biochemical identifica-
tion [67–69]. Initial animal studies conducted in
the 1980s showed that EGF induces epidermal
proliferation and angiogenesis [70, 71].

In 1989, Brown et al. [22] conducted a ran-
domized, double-blind study on 12 patients,
each with two skin graft donor sites. In each pa-
tient, one donor site was treated with silver-sul-
fadiazine, while the other was treated with sil-
ver-sulfadiazine containing EGF. There was im-
proved healing at the donor sites treated with
the silver-sulfadiazine/EGF combination, com-
pared with those treated with silver-sulfadia-
zine only.

In 1992, Falanga et al. [72] used an aqueous
solution of 10 g/ml human recombinant EGF,
applied twice daily to venous ulcers. The prep-
aration was applied for up to 10 weeks or until
complete healing was achieved. Of the 18 pa-
tients treated with the EGF solution, complete
healing was achieved in six (35%), while only
two of the 17 patients (11%) in the control group
were healed completely. The median reduction
in ulcer size was 73% in the EGF group, com-
pared with 33% in the control group. Though
the above data look promising, there have been
no well-documented studies of EGF since 1992.
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Other members of the EGF family are li-
gands of the receptor EGF-R that share similar
proliferative activity in the epidermis. These
are transforming growth factor α (TGF-α), am-
phiregulin, and heregulin. Yet, for the time be-
ing, EGF is the only member of this group
whose effects on wounds and ulcers have been
documented.

15.9  Anti-Infective Effects 
of Growth Factors

In addition to their effect on healing, growth
factors may also possess certain features that
assist human tissues in coping with infection.
Some aspects of this issue are obvious:
Through induction of angiogenesis, for exam-
ple, and improved vascularization of affected
tissues, the ability to overcome infection is in-
creased.

There may be other ways in which growth
factors enhance the immune function of pa-
tients. For example, granulocyte colony-stimu-
lating factor (G-CSF) has been shown to have a
beneficial effect on foot infection in diabetic
patients, which is attributed to improvement in
neutrophil function [73]. De Lalla et al. [74]
demonstrated that the administration of G-CSF
for three weeks as an adjunctive therapy in
limb-threatening diabetic foot infections was
associated with better clinical outcomes, i.e.,
fewer cases of infection leading to the need to
amputate the affected limb. The question as to
whether growth factors actually secrete any ac-
tive anti-bacterial substances requires further
research.

15.10  Summary and Future Research

Advances in the field of molecular biology have
enabled the production of highly purified re-
combinant human proteins. For the time being,
PDGF is the only growth factor commercially
available. Its beneficial effects on cutaneous
ulcers have been demonstrated in numerous
clinical trials. In addition to PDGF, several oth-
er growth factors are currently being investi-
gated.

Future research may focus on:
5 Combining growth factors with skin

grafts, various skin substitutes, and
tissue engineering products

5 Matching and adapting growth fac-
tors to specific types of cutaneous
ulcers or wounds, depending on
their etiology or clinical appearance

5 Identifying and using the anti-infec-
tive potential that certain growth
factors may possess, thereby extend-
ing their use to infected cutaneous
ulcers
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16.1  Overview

This chapter deals with the association
between medications and the wound healing
process.

Schematically, three major categories of
medications may be considered:

5 Drugs that directly ulcerate the skin
(whether by injection, topical use, or
systemic administration)

5 Drugs that interfere with the natural
wound healing process

5 Drugs that affect skin quality in
general

This classification into three categories is
somewhat artificial, and in many cases there is
an overlap between the various types of effects
listed above for a given drug. For example, it is
reasonable to assume that each medication that
directly causes ulcers (e.g., a drug that induces
systemic lupus erythematosus), interferes with
the healing of existing ulcers as well.

Drugs such as calcium blockers, which may
cause leg edema, may serve as another example.
Edema, in itself, has a generally adverse effect
on the skin. As a result, the skin is more vulner-
able, and even trivial trauma can result in ulcer-
ation. At the same time, since the skin’s overall
quality is adversely affected, it is reasonable to
assume that its ability to heal is diminished,
even for pre-existing ulcers. Nevertheless, for
the sake of simplicity, in this chapter we restrict
ourselves to the three-category classification.

A major issue presented is the category of
medications that directly cause ulceration. In
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some cases, the drug causes ulceration follow-
ing its injection into the skin at the injection
site. In addition, ulceration may develop follow-
ing cutaneous application of certain topical
preparations.

Certain drugs administered systemically
may cause ulceration directly, through various
mechanisms such as the induction of vasculitis,
the causing or aggravating of existing diseases,
or by affecting coagulation. In some instances
the mechanism leading to ulceration is not
known with certainty.

16.2  Ulceration at the Injection Site

Some drugs are known to cause ulceration
when injected into the skin.

Drugs may be injected for various reasons:
5 For therapeutic purposes 

(see Table 16.1)
5 Accidental injections
5 Drug abuse
5 Self-inflicted (factitious) ulcers

(Drugs causing ulceration through accidental
injections, drug abuse, and self-inflicted ulcers
are detailed in Table 16.2).

16.2.1  Injections for Therapeutic 
Purposes – Subcutaneous 
or Intramuscular

Ulceration of the skin may occur at the injec-
tion site following subcutaneous or intramus-

Chapter 16 Drugs, Wound Healing and Cutaneous Ulcers194
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Table 16.1. Ulceration at the injection site – injections for therapeutic purposes

Subcutaneous or intramuscular injections Extravasation

Aseptic necrosis (embolia cutis medicamentosa) Doxorubicin hydrochloride (Adriamycin)
Phenylbutazone cis-Platinum
Local anesthetics 5-Fluorouracil
Corticosteroids Vinblastine

Vincristine
Formation of sterile abscess Actinomycin D

Paraldehyde Daunorubicin
Clindamycin
Intralesional BCG
Prophylactic plague vaccination

Induction of destructive vasculitis
Pentazocine
Interferon α, β, and γ

Vasospastic effect
Cocaine
Ergotamine
Interferon injections

Granulomatous reaction
Silicone injections

Other medications
Sclerosing agents
Papaverin injections
Heparin

t
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cular injections, as described below. Ulceration
may be due to a variety of mechanisms:

Aseptic Necrosis (embolia cutis medicamen-
tosa). Aseptic necrosis is a relatively rare, ad-
verse effect of injected drugs. It has been docu-
mented following i.m. injections of phenylbu-
tazone type analgesics and following injections
containing local anesthetics or corticosteroids
[1–4].

Soon after the injection, pain (which may be
very intense) occurs, followed by skin necrosis
of varying degrees in the affected area. The ne-
crosis, in this case, is thought to be the result of
an arterial occlusion, which could result from
either embolus of the injected drug or direct
compression of the artery by the injected mate-
rial adjacent to the affected vessel [2, 5].

Sterile Abscesses. Intramuscular injections
of paraldehyde or clindamycin have been re-
ported to result in the formation of sterile ab-
scesses with subsequent ulceration [1, 6]. A pa-
tient treated with multiple intramuscular injec-
tions is at a greater risk of developing this com-
plication [6].

Sterile abscesses have also been reported fol-
lowing injections containing other materials,
such as prophylactic plague vaccination [7].

Note that improper injection technique may
result in local infection, sometimes accompa-
nied by abscess formation and ulceration. How-
ever, this being the case, the abscess is not ster-
ile and this phenomenon is not related to the
injected drug.

Induction of Destructive Vasculitis. Injec-
tions of pentazocine [8] have induced oblitera-
tive vasculitis with subsequent ulceration. Note
that pentazocine, apart from being used for
genuine therapeutic indications, is commonly
used by drug abusers.

Certain immunomodulators injected i.m.,
such as interferon α, β, and γ, have also been de-
scribed as causing necrotizing vasculitis [9].
Note that recently, the most common drugs
documented as causing ulceration following
i.m. or s.c. injections are cytokines such as
interferon α, β, or γ, used as immunomodula-
tors [9–14]. With the increasing use of these
substances, there are increasing numbers of re-
ports of cutaneous ulceration following their
use.

A biopsy of the ulcer may reveal necrotizing
vasculitis [9]. However, this particular patholo-
gy is not necessarily seen in many other cases of
ulceration following s.c. or i.m. injections of im-
munomodulators. Other suggested possible
mechanisms of ulceration in these cases are vas-
ospastic effects of the drug or direct toxic effects
of the drug on the endothelium, with its subse-
quent formation of fibrin thrombi in deep der-
mal vessels [11, 14]. Note that certain immuno-
modulators such as interferon β-1b may result in
non-injection site ulceration as well [13].

Vasospastic Effect. As mentioned above, a
vasospastic effect has been suggested as a pos-
sible mechanism for the induction of ulcera-
tion following interferon injections [14]. Note
that digital blocks with adrenaline (epineph-
rine) are known to result in vasospasm, which
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Table 16.2. Injected drugs – ulceration at the injection site

Accidental injections Drug abuse Self-inflicted ulcersa

Phenytoin Cocaine Phenol

Diazepam Heroin Sodium hydroxide

Dopamine Pentazocine Kerosene

Methylphenidate Talc

Penicillin Fillers of analgesic tablets

Terbutaline sulfate Oily substances such as paraffin

a Numerous materials have been documented, including those listed here.
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may result in severe ischemia [15, 16]. Local
anesthetic containing adrenaline should there-
fore not be used in acral areas such as the fin-
gers, toes, penis, and nose, which may be par-
ticularly affected by these preparations [17].
However, some researchers have pointed out
that there have been no documented reports of
ischemic necrosis of a digit from the appropri-
ate use of local anesthetics containing adrena-
line [18].

On the other hand, ulceration in drug abus-
ers may be induced by the vasospastic effects of
certain drugs such as cocaine (discussed be-
low). Ergotamine preparations (which may, on
occasion, be given as intramuscular injections)
are discussed in Sect. 16.4.3.

Granulomatous Reaction. Silicone injec-
tions may induce granulomatous reactions.
Typical reactions to silicone injections may
manifest as classic signs of inflammation such
as erythema, edema, and local sensitivity. How-
ever, more severe reactions with subcutaneous
atrophy, fibrosis, and ulceration have been doc-
umented [19, 20]. Currently, the FDA has not
approved liquid silicone injections for any pur-
pose.

Other Medications. Ulceration has been
documented following injections of sclerosants
for telangiectasia [21]. Penile ulcerations have
been documented following injections of pa-
paverine [22]. In the latter case, there is no clear
explanation for the development of ulceration.
The authors suggest that it may be attributed to
a combination of vascular trauma (due to the
needle) and the low pH of the papaverine solu-
tion.

Heparin, given subcutaneously, may also
cause ulceration. This issue is discussed below
in Sect. 16.4.4.

16.2.2  Injection for Therapeutic 
Purposes – Extravasation

Extravasation injury is defined as leakage of
pharmacologic solutions into the skin and sub-
cutaneous tissue during intravenous adminis-
tration. It is not an uncommon event; the re-

ported incidence is 11% in children and 22% in
adults treated with intravenous drugs [23, 24].
Doxorubicin hydrochloride (Adriamycin) is the
most ‘notorious’ extravasated drug [25–29] in
terms of skin ulceration. Other cytotoxic drugs,
such as cis-platinum, 5-fluorouracil, vinblas-
tine, vincristine, actinomycin D, and daunoru-
bicin, are reported as causing ulceration when
extravasated [1, 30–33]. Extravasation of con-
trast medium may also result in cutaneous ul-
ceration [34].

The clinical course of a typical extravasation
injury has been documented mainly with re-
gard to extravasated doxorubicin [35, 36]. Ex-
travasation is initially followed by the appear-
ance of swelling and redness in the area of inju-
ry, accompanied by pain. Induration at the ex-
travasation site may develop into an ulcer with-
in a period of weeks or months.

The extent of ulceration depends on the:
5 Type of offending drug
5 Amount of extravasated material
5 Site of extravasation: more severe

reactions tend to develop on the
dorsum of the hand and in the area
of the antecubital fossa [1].

16.2.3  Accidental Injections

Accidental intra-arterial injections of various
drugs, including phenytoin, diazepam, dopa-
mine, methylphenidate, and penicillin, have
been documented as resulting in digital gan-
grene or cutaneous ulceration at the site of in-
jection [37–43]. An accidental finger stab with a
needle used for administration of terbutaline
sulphate (a β-adrenergic drug) has been docu-
mented as causing local necrosis [44].

16.2.4  Drug Abuse

Cutaneous ulcers within injection sites of co-
caine and heroin have been documented
[45–47] (Fig. 16.1). Pentazocine ulcers are com-
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mon among drug abusers [48]. Drugs such as
heroin may be adulterated with fillers contain-
ing other drugs (e.g., quinine, barbiturates,
mannitol) or certain chemicals, including dex-
trose, cocaine, caffeine, procaine, talc, baking
soda, starch, battery acid, butacaine, and nico-
tine [48].

There are several pathophysiological mecha-
nisms by which ulcers occur [49]:

5 The drug itself, e.g., vasospastic
properties of cocaine [46]

5 Irritant or caustic effects of adulter-
ants or excipients

5 The use of contaminated needles
with consequent infection

Kirchenbaum and Midenberg [49] reported the
following incidence of ulceration at injection
sites in the lower extremities of 56 drug abus-
ers: dorsal venous arch of the foot (68%), great-
er saphenous vein (14%), veins in the digits
(10%), and the spaces between the toes (7%).
‘Puffy foot syndrome’ was described in pa-
tients who repeatedly used their limbs for drug
injections, resulting in the blockage of lym-
phatics and the distortion of the venous return,
with an increased risk of ulceration [49].

16.2.5  Self-Inflicted Ulcers

In most cases, self-inflicted ulcers are caused by
continuous scratching, rubbing, or cutting of
the skin. Once an ulcer appears, the continual
‘fiddling’ with it by the patient interferes with
its healing.

Sometimes, self-inflicted ulcers are deliber-
ately induced by injecting certain materials, in-
cluding drugs, into the skin. Some injected
drugs may be identified, since they are incorpo-
rated in specific vehicles. Jackson  et al. [50] re-
ported factitious ulcers caused by injections of
certain pulverized tablet materials, originating
from analgesic tablets or pentazocine hydro-
chloride tablets. Numerous materials such as
phenol [48], sodium hydroxide [51], and kero-
sene [52] have been documented as being used
for self-mutilation.

A lesion caused by the injection of an of-
fending material may initially appear in the
form of a nodule, or an abscess, which subse-
quently undergoes ulceration. In these cases,
histology may contribute to a diagnostic iden-
tification of the ulcer’s cause. The lesion may
show (but not always) giant cells or epitheloid
cells.

The unique characteristics of specific mate-
rials may also be reflected in the histology. For
example, oil-containing substances are identi-
fied by the ‘Swiss-cheese pattern’ (as seen in
paraffinoma), with numerous ovoid spaces of
varying size, filled with the oily substance [53].

Using polarized light, one may identify the
presence of inorganic birefringent materials.
Some of these, such as talc, which is used as a
filler in certain analgesic tablets, may be inject-
ed into the skin.

Substances that are doubly refractile on po-
larizing examination include:

5 Nylon sutures
5 Wood
5 Talc
5 Starch powder
5 Silica
5 Beryllium

16.2Ulceration at the Infection Site 197

Fig. 16.1. A cutaneous ulcer in a drug addict following
an injection of heroin
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Other substances may be identified by chemical
or spectrophotometric methods [54].

Jackson et al. [50] introduced the electron-
probe microanalysis method to determine ac-
curately the presence and chemical nature of
foreign material. This technique can identify
certain pulverized tablet materials such as mi-
crocrystalline cellulose (found in pentazocine
hydrochloride tablets) or talc (used as a filler in
certain analgesic tablets), which may be inject-
ed into the skin and subcutaneous tissue.

16.3  Direct Cutaneous Exposure

The long-term use of suppositories containing
ergotamine is reported to have caused perianal
ulcers [55, 56]. Certain drugs, such as povidone-
iodine [57], may induce ulceration by causing
severe contact dermatitis (see Chap. 4).

In addition to the comments presented earli-
er regarding drug abuse, Tirney and Stadel-
mann [58] documented extensive facial necro-
sis, resulting from ischemia and subsequent in-
fection, following the intranasal impaction of
‘crack’ cocaine.

16.4  Systemic Drugs that Directly 
Induce Ulceration

16.4.1  Causing or Aggravating Certain
Diseases

Some drugs tend to cause or aggravate certain
diseases in which cutaneous ulcers may be a
feature (Table. 16.3). The classical example of
such a disease is systemic lupus erythematosus
(SLE). The most common drugs related etio-
logically to SLE are hydralazine, procainamide,
β-blockers, phenytoin, and isoniazid [59].
These drugs, among many others, may result in
SLE-like syndromes that are indistinguishable
from SLE. In some cases, ulceration may devel-
op, similar to that seen in SLE. Certain other
medications may exacerbate pre-existing SLE:
griseofulvin, sulfonamides, testosterone, and
estrogens [60].

Despite the abundance of information in the
literature regarding medications that cause SLE
or SLE-like syndromes, there are no accurate
statistical data regarding the development of
cutaneous ulcers following treatment with such
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Cause or aggravate certain diseases 

SLE

� Hydralazyne

Lichen planus 

� Hydroxyurea
� Methyldopa 
� Propanolol 
� Lithium carbonate 

Pyoderma gangrenosum

� Granulocyte colony-stimulating factor
� Isotretinoine
� Montelukast sodium
� Ibuprofen

Induce vasculitis 

� Clyndamycin 
� Non-steroidal anti-inflammatory drugs
� Propylthiouracil  
� Diltiazem
� Oral contraceptives
� Levamisole 
� Minocycline
� Hydralazine
� Warfarin 

Affect coagulability 

� Warfarin 
� Heparin
� Low-molecular-weight-heparin 

By unidentified mechanisms

� Hydroxyurea 
� Methotrexate 
� Bleomycin

Table 16.3. Systemic drugs that directly induce ulceration
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medications, and the information available is
limited to isolated case reports. Drug-induced
SLE associated with the development of ulcers
has been documented following the ingestion
of hydralazine [59, 61, 62]. In some cases, histol-
ogy shows that the hydralazine itself apparent-
ly induces vasculitis [62]. However, it should be
noted that other conditions associated with
SLE, such as Raynaud’s phenomenon or the
anti-phospholipid syndrome, may cause ulcer-
ation as well (see Chap. 4).

There are several other systemic diseases in
which ulceration may occur following the use of
certain drugs. The anti-phospholipid syndrome
has been reported following the use of chloro-
promazine, procaine-amide, quinidine, hydrala-
zine, phenytoin, and interferon [63]. Dermato-
myositis may also be precipitated by several
drugs, including penicillamine, NSAIDs, or car-
bamazepine [60]. Nevertheless, for the above
cases there are no data relating to the induction
of ulceration by drugs in these diseases.

The association between drugs, scleroderma
and cutaneous ulcers is discussed in Sect.
16.6.2.

Finally, certain ulcerative cutaneous pro-
cesses may be induced by certain drugs: Lichen
planus of the ulcerative type has been associat-
ed with the use of hydroxyurea [68], methyldo-
pa [65], propanolol [66], and lithium carbonate
[67]; pyoderma gangrenosum has been docu-
mented in association with the use of granulo-
cyte colony-stimulating factor, isotretinoin,
montelukast sodium (Singulair®), and ibuprof-
en [68–71]. In addition, sulpiride has been doc-
umented as a possible inducer of pyoderma
gangrenosum-like eruption [72].

6.4.2  Induction of Vasculitis

Drugs that most commonly cause leukocyto-
clasic vasculitis are penicillin, sulfonamides,
thiazides, allopurinol, and non-steroidal anti-
inflammatory agents [73]. However, specific
documentation as to drug-induced leukocyto-
clasic vasculitis manifested by ulceration is
rather infrequent. Certain medications have
been reported to induce vasculitis with subse-
quent formation of cutaneous ulcers. These in-

clude clindamycin [74], NSAIDs [75], propylthi-
ouracil [76], diltiazem [77], oral contraceptives
[78], levamisole [79], and minocycline [80].
However, in some of these reports the associa-
tion between the drug and vasculitis may be
questionable, and other factors may be in-
volved.

Hydralazine, as discussed above, has been
reported to induce SLE-reactions with vascu-
litis [62]. Vasculitis has also been documented
in several cases of warfarin administration
[81–83]. There are no accurate and well-estab-
lished epidemiological reports regarding medi-
cations that tend to induce vasculitis presenting
as cutaneous ulcers. As mentioned earlier in
this chapter, certain drugs may induce a local
vasculitic response when injected s.c. or i.m.

16.4.3  Vasospasm

Certain medications mentioned-above have
been reported as having a vasospastic effect
when administered by injection. Ergotamine
preparations (usually given orally) have also
been documented as resulting in severe vasos-
pasm with subsequent ulceration [84–87]. Most
of the existing reports have documented is-
chemic events of the lower extremities.

16.4.4  Drugs Affecting Coagulability

Skin necrosis may be induced by drugs that af-
fect coagulability, such as warfarin or heparin.
As noted below, the exact mechanism by which
these drugs induce ulceration has not yet been
fully established.

Warfarin-induced Skin Necrosis. The phe-
nomenon appears in 0.01%–0.1% of patients
treated with warfarin or its derivatives [88]. In
most cases, warfarin necrosis usually appears
within 3–6 days following ingestion of the
drug, but it can also appear within the first two
weeks. This process tends to develop in areas
containing relatively high amounts of subcuta-
neous fat, such as buttocks, thighs, and breasts.
This preference is attributed to the reduced
vascularity of adipose tissue. However, other
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areas may also be affected. The initial cutane-
ous finding is an erythematous area, usually
poorly demarcated, which gradually darkens to
blue-black and progresses towards a well-de-
marcated area of necrosis. Hemorrhagic blis-
ters may develop prior to the onset of ulcera-
tion [17, 89, 90]. Most of the affected patients
are adult women with a tendency to obesity, the
female-to-male ratio being 9 : 1 [88]. In most
cases there is only a single lesion, but in one
third of patients multiple lesions have been
documented [88].

The initial mechanism of warfarin-induced
ulceration involves a hypercoagulable state [88,
90]. The histological findings support this as-
sumption: The early pathologic changes are mi-
crovascular damage with fibrin deposits in the
postcapillary venules and small veins. Later, ar-
eas of hemorrhage and diffuse necrosis are
seen in the dermis and subcutaneous tissue [91,
92]. However, in some cases, evidence of vascu-
litis has been documented following warfarin
administration [86, 87]. One may conclude that
there is probably more than one mechanism of
ulceration.

Predisposing factors to warfarin necrosis are
protein C deficiency or protein S deficiency [89,
93–99]. These associations further support the
assumption that the mechanism causing war-
farin necrosis is basically mediated via process-
es affecting coagulability.

Heparin-Induced Necrosis. Skin necrosis
usually develops within 6–8 days following
subcutaneous injection of heparin, but it can
also appear after two weeks [100, 101]. In most
cases the ulceration appears right at the injec-
tion site. Rarely, other sites may also be in-
volved. Lesions of heparin necrosis have been
reported to occur on the nose, hand, forearm,
ankle, and thigh [101]. The clinical and histo-
logic findings are indistinguishable from those
of warfarin necrosis [101–103], which implies
that similar mechanisms are responsible for
necrosis. There are several reports of necrosis
following the use of low-molecular-weight-
heparin [104–107].

6.4.5  Drugs Causing Bullae

As mentioned in Chap. 4, even a superficial ero-
sion (due to trauma, or bullous disease) may
become an ulcer following bacterial infection.
The probability of this occurring is much high-
er when there is an underlying problem such as
diabetes mellitus or prolonged glucocorticoid
therapy (as is the case with many patients suf-
fering from bullous diseases). Numerous drugs
may induce bullae; a detailed discussion, how-
ever, is beyond the scope of this chapter.

16.4.6  Unidentified Mechanisms

Apart from the groups of drugs presented
above, certain drugs may result in cutaneous
ulcers by mechanisms that are not currently
fully understood. Hydroxyurea is a relatively
frequent inducer of cutaneous ulcers [108–114].
It is reasonable to assume that hydroxyurea ul-
ceration is not attributed to its anti-neoplastic
effect, since other anti-neoplastic medications
from the same group are not known to cause
skin ulcers.

Similarly, methotrexate is known to induce
the formation of mucosal and, less commonly,
skin ulcers[115, 116]. Kaplan et al. [117] docu-
mented erosion of psoriatic plaques following
chronic methotrexate administration.

Bleomycin-induced digital gangrene has
been reported following i.m. injection [118]. In
this report, the exact mechanism was not clari-
fied, although the authors suggested that the
drug may have induced Raynaud’s phenome-
non.

16.5  Interference with Normal 
Mechanisms of Wound Healing

In most cases, drugs belonging to this group do
not cause ulceration directly. These drugs may
interfere with the healthy physiological mecha-
nisms of wound healing, and their use may sig-
nificantly impede the healing of existing ulcers.
Glucocorticoids are the most notorious drugs of
this group, in respect to their influence on heal-
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ing. Other drugs that may interfere with healing
are presented in Table 16.4.

Note that the use of some drugs in the pres-
ence of certain diseases such as diabetes mellit-
us or venous insufficiency may significantly in-
crease the risk of developing cutaneous ulcers.

Generally speaking, it is difficult to predict
the extent to which the medications discussed
below impede the healing of chronic cutaneous
ulcers. In the few cases described, when re-
search studies were planned in order to exam-
ine the detrimental effect of drugs on healing,
they focused on acute surgical wounds only.

16.5.1  Glucocorticoids

The detrimental effect of glucocorticoids on
wound healing has been recognized and docu-
mented for many years [119]. Not surprisingly,
the same qualities, namely anti-inflammatory,
immunosuppressive, and anti-proliferative,
that impart the therapeutic value of glucocorti-
coids in certain diseases are those that interfere
with the normal course of wound repair.

Glucocorticoids influence and interfere with
various aspects of wound healing. Laboratory
research studies have documented decreased
production of cytokines and growth factors,
suppression of inflammatory response and mo-
bilization of white cells, and the stabilization of
lysosomal membranes in white blood cells,
thereby decreasing phagocytic activity [120–
122]. Host defense mechanisms become less ef-
ficient, resulting in an increased susceptibility
to various infections.

Reduced proliferation of epidermal cells and
fibroblasts occurs, associated with impaired an-
giogenesis [123–126]; wound contraction is im-
paired and reduced synthesis of proteins and
collagen further delays the normal course of
wound healing and closure of cutaneous ulcers
[127, 128].

Research studies have shown that if gluco-
corticoids are administered within the first
three days following injury, the effect on wound
healing is much more significant than if they
are administered more than three days after the
trauma [129, 130]. Therefore, one may conclude
that the detrimental effect of glucocorticoids is
related mainly to their anti-inflammatory ef-
fects in the initial stages of injury.

In traumatic wounds in adults, it appears
that low-dosage glucocorticoids (less than
10 mg prednisone per day) do not have a dis-
cernible effect on wound healing. Moderate
dosages of 10–30 mg prednisone per day result
in a mild mechanical impairment of wound
strength. A dosage of 40 mg prednisone or
more per day has a direct inhibitory effect on
wound healing [121]. To the best of our knowl-
edge, the data presented above have not been
confirmed or re-evaluated in recent years by
up-dated research studies.

The above conclusions may be reached only
as regards acute traumatic wounds. When deal-
ing with chronic cutaneous ulcers, it is difficult
to assess the effects of glucocorticoids, and
there is no definite information on this subject
in the literature. Note that prolonged glucocor-
ticoid therapy results in skin atrophy, with spe-
cific consequent ramifications on the process of
wound healing (see below).

Through clinical experience we do know
that even low doses of steroids, when taken for
long periods, can result in such cutaneous dam-
age as atrophy of the skin. It is reasonable to as-
sume that those same mechanisms would inter-
fere with wound healing and skin repair.

The obvious conclusion that can be drawn
from the above information is that every effort
should be made to discontinue glucocorticoid
therapy (or at least reduce the dosage) in pa-
tients with chronic cutaneous ulcers.
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Glucocorticoids

Non-steroidal anti-inflammatory drugs

Anti-neoplastic 
and immunosuppressive drugs

Others 

� colchicine
� penicillamine 
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Two further comments should be made here:
5 To some extent, vitamin A may

counteract the effects of glucocorti-
coids on wound healing. This issue
is discussed in more detail in
Chap. 19.

5 The question as to whether topical
growth factors may prevent some of
the glucocorticoid effects on wound
healing is still unanswered. Con-
trolled research studies are needed.

16.5.2  Non-Steroidal 
Anti-Inflammatory Drugs

Medications such as aspirin and ibuprofen have
been shown to impair collagen production and
to lower the tensile strength of healing wounds
[131, 132]. Whether the effect of non-steroidal
anti-inflammatory drugs (NSAID) on the heal-
ing of cutaneous wounds is similar to their ef-
fect on gastric mucosa requires further investi-
gation.

The extent to which the healing of cutaneous
ulcers is hampered by NSAID is questionable.
However, for patients with cutaneous ulcers,
one should consider avoiding the use of NSAID
and using alternative analgesic drugs. At
present, there are no data regarding whether
the use of advanced forms of NSAID may have
a certain advantage with respect to their effect
on healing.

16.5.3  Anti-Neoplastic 
and Immunosuppressive Drugs

Observations that anti-neoplastic and immu-
nosuppressive drugs interfere with the normal
course of wound healing, with respect to surgi-
cal wounds, are well documented in the litera-
ture [133]. Animal experiments have demon-
strated that the extent of these detrimental ef-
fects depends on the specific medication used.
Severe impairment of healing was observed fol-
lowing the use of actinomycin D, bleomycin, or

BCNU, whereas the effect caused by vincristine,
cyclophosphamide, or 5FU was relatively mild
[134].

At present, the mechanism by which anti-
neoplastic drugs exert their effects on the heal-
ing of cutaneous ulcers is not fully understood.
Some of these effects may be attributed to nu-
tritional deficiencies and the catabolic effects
associated with these drugs [135–137]. In any
case, the identification and correction of nutri-
tional deficiencies may prevent the negative
consequences of anti-neoplastic treatment on
healing of wounds and chronic ulcers of the
skin.

The issue of extravasation injury following
intravenous injections of anti-neoplastic drugs
is discussed above.

16.5.4  Other Drugs that Interfere 
with Healing

Colchicine has been shown to delay the normal
course of wound healing. This effect may be
due to its inhibitory effect on tubulin-depen-
dent cell functions, including interference with
fibroblasts, secretion of collagen precursors,
and the inhibition of wound contraction [121,
138, 139]. Another medication that has been de-
tected as a possible inhibitor of wound contrac-
tion and cutaneous healing is penicillamine
[121, 139].

16.6  Drugs that Adversely Affect 
Skin Quality

16.6.1  Leg Edema

Calcium channel blockers, especially nifedi-
pine, may cause edema of the legs [140–142].
Edema adversely affects the quality of the skin
[143, 144], which can result in the formation of
leg ulcers and the aggravation of pre-existing
ulcers. The effect of calcium channel blockers is
highly significant in patients who suffer from
venous stasis or lymph vessel disease. In the
presence of cutaneous ulcers, whenever pos-
sible, one should consider discontinuing these
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drugs. Luca and Romero [145] reported im-
provement of leg ulcers following the discon-
tinuation of nifedipine. The phenomenon of
drug-induced leg edema is commonly associat-
ed with the dihydropyridine calcium antago-
nists (nifedipine, felodipine, isradipine, nicar-
dipine, nisoldipine) (see Table 16.5) [146]. How-
ever, it may occur following the use of non-di-
hydropyridine calcium antagonists (i.e., verap-
amil and diltiazem) as well [147]. The edema
formation is caused, most probably, by arterio-
lar dilatation (which is greater than venous dil-
atation) and increased transcapillary pressure
gradients [146].

16.6.2  Skin Atrophy or Scleroderma-
Like Reactions

The effects of glucocorticoids on wound heal-
ing have been discussed above. As noted, gluco-
corticoid usage, whether systemic or topical,
has been known for many years to cause skin

atrophy [148]. Atrophic skin is poorly vascular-
ized and very vulnerable, and its ability to heal
wounds is reduced.

Prolonged penicillamine therapy may also
result in cutaneous atrophy [149].

Scleroderma-like reactions (Fig. 16.2) which
affect the quality of the skin may develop fol-
lowing the use of certain medications including
pentazocine, bleomycin, appetite suppressants,
and bromocriptine [150–152]. Exposure to vari-
ous agents (e.g., polyvinyl chloride, epoxy res-
ins, organic solvents, and pesticides) is also as-
sociated with scleroderma or scleroderma-like
changes [150, 151]. There are no clear data in the
literature regarding the formation of ulcers
under these circumstances.
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17.1  Overview

This chapter discusses the efficacy and value of
certain alternative topical preparations. We
cannot cover all the preparations used topical-
ly for the management of cutaneous wounds
and ulcers. Since the dawn of mankind thou-
sands of such substances have been used.

The topical agents reviewed below are, in
fact, traditional home remedies, such as honey
or herbal extracts. Recently there has been in-
creased interest in determining the precise
mode of action of these old remedies and their
value in a controlled, scientific manner.

However, there is a dearth of controlled
studies of this kind, i.e., comparing alternative
medications with placebo. Lacking just as much
are studies comparing the beneficial effects of
these alternative medications with those of ad-
vanced treatment modalities such as growth
factors or composite grafts.

Many of these topical treatment modalities
cannot be evaluated on the basis of ‘evidence-
based medicine’. We therefore suggest in most
cases that cutaneous ulcers be treated in accor-
dance with the scheme presented in Chap. 20.
Where possible, the advanced treatment mo-
dalities should be preferred, since their thera-
peutic value is well documented.

In which cases may one prefer to use one of
the topical preparations presented in this
chapter (or, additional topical preparations,
discussed in the following chapter)?

5 When the physician has special ex-
perience with the specific substance
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... and with a knife cut from his thigh
the sharp-piercing arrow,
and from the wound washed the
black blood with warm water, and
upon it cast a bitter root, when he
had rubbed it between his hands, a
root that slayeth pain, which stayed
all his pangs; and the wound waxed
dry, and the blood ceased.

(Homer; The Iliad XI: 845)
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5 When, in spite of continued efforts
and a variety of accepted therapeu-
tic measures, the treated ulcer is
‘stuck’ and fails to show any im-
provement.

Most of these alternative topical preparations
will at least provide useful coverage of the ulcer
surface. The use of alternative topical prepara-
tions is subject to regulations determined by
medical/legal authorities of each country.

In most cases, adverse effects of these prep-
arations have rarely been documented. This is
in contrast to certain ‘accepted’ preparations
whose usage, especially over relatively long pe-
riods, may have some undesirable effects; (e.g.,
toxicity of certain antibacterial preparations).
Nevertheless, these alternative measures have
been studied less intensively than have accept-
ed treatment modalities, and physicians are less
aware of their potential adverse effects.

In some cases there is definite improvement
of cutaneous ulcers following the use of alter-
native topical preparations. Keep in mind that
there are many mechanisms of wound repair
that we still do not understand, so these treat-
ment modalities may, sometimes unexpectedly,
produce good results.

Cost-effectiveness is another aspect to con-
sider when using alternative topical prepara-
tions. In most cases they are less expensive than
currently accepted treatments. Honey or aloe
vera preparations may be used for long periods
without straining the patient’s budget, com-
pared with certain advanced modes of therapy,
which are usually more expensive.

Nevertheless, alternative measures are better
used after accepted treatment modalities have
been used and found not to have helped. For the
initial treatment, it is advisable to use accepted
topical preparations or debridement techniques
whose efficacy has been well documented and
supported by evidence-based medicine.

In some cases, the success of a treatment is,
in fact, due not to the active ingredient of the

preparation, but rather to the vehicle in which
the medication is formulated. Thus, a secreting
ulcer tends to improve when repeatedly wetted
with liquid preparations, and an ulcer covered
by a dry black crust may improve following the
application of preparations incorporated in a
fatty vehicle, more or less regardless of the ac-
tive ingredient in the preparation. On the other
hand, treating a secreting wound with fatty
preparations is likely to aggravate the ulcer.

Not all subtypes of certain old, traditional
remedies are similar or identical. For example,
there are various kinds of honey that may each
have different pharmacological properties.
Similarly, plant extracts such as aloe vera may
vary in their pharmacological effects, depend-
ing on the specific subtype of the plant, the sea-
son of the year the plant was picked, the meth-
od of extraction, or the manufacturing process.
This should be considered when discussing
their clinical effects.

Finally, there is a trend in the pharmaceuti-
cal industry to combine alternative prepara-
tions with advanced ones. For example, aloe ve-
ra extract may be combined with a hydrogel
preparation. Hopefully, the value of such com-
binations will be examined in the coming years.

17.2  Herbal and Traditional Home
Remedies

Traditional remedies have been in use for hun-
dreds or even thousands of years. Not all ex-
tracts produced from a given plant can be con-
sidered uniform and identical in their phar-
macological effects. Each plant may have a wide
variety of subtypes, and each subtype may pos-
sess different biological properties. Factors
such as the season of the year in which the plant
was picked or the method of extraction may af-
fect the pharmacological properties of a herbal
extract. Moreover, as stated earlier, the effect of
a preparation containing the plant extract may
depend on other components, such as the vehi-
cle (base) which contains the active ingredient,
not just the active substance itself.
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17.2.1  Aloe Vera

The aloe vera plant has yellow flowers and
fleshy leaves arranged in a rosette pattern, from
which the extract is obtained (Fig. 17.1). Sub-
types of this plant may vary in their pharmac-
ological properties.

Since the dawn of human history, the aloe
vera plant has been known to possess medical
properties. It was widely used in Mesopotamia
and Ancient Egypt. Over the years it has been
used for a whole host of medical applications,
ranging from gastrointestinal disorders to con-
ditions such as asthma and tuberculosis.

The leaves of the aloe vera plant contain two
major pharmacological components:

5 1. A bitter yellow fluid can be ex-
tracted from specific areas of the
inner leaf; this substance, referred
to as ‘juice’ or ‘latex’, is known to
have a laxative effect.

5 2. A characteristic gel is obtained
from the inner part of the aloe
leaf; this gel has been used for
centuries for skin afflictions and
wounds.

Mode of Action. In contrast to other alterna-
tive medications, the effects of aloe vera ex-
tracts on wound healing have been examined
rather closely. The picture is still not clear, but

there are several possibilities. The main thrust
of the research suggests that aloe vera possess-
es antibacterial properties [1–3], and that an ex-
tract from its leaves shows antiprostaglandin
activity, with subsequent increase of dermal
perfusion [3].

Research. The results of animal studies ex-
amining the beneficial effect of aloe vera on
wound healing are inconclusive [4–8]. When
used on humans, aloe vera has been shown to
be of benefit in conditions such as radiation
dermatitis [9–11]. Fresh gel of aloe vera leaves
has also been shown to enhance healing of leg
ulcers [12]. All these studies, however, were not
well-controlled clinical trials.

There are few controlled studies of the effect
of aloe vera on chronic cutaneous ulcers. In
1998, Thomas et al. [13] examined the effect of a
hydrogel dressing derived from the aloe plant
(acemannan hydrogel wound dressing) on
pressure ulcers. The aloe-hydrogel preparation
was found to be just as effective as a moist sa-
line wound dressing used as a control.

17.2.2  Calendula

The plant Calendula officinalis, more common-
ly known as pot marigold, has been used for
skin diseases since ancient times. It is used in
the treatment of wounds, cutaneous ulcers,
burns, and various rashes, including diaper
dermatitis [14]. The extract is derived from the
petals of the plant and may be prepared as an
ointment or as a lotion.

There is evidence from animal studies that
calendula extract may increase granulation tis-
sue formation. In vitro studies have shown that
it may have antimicrobial properties and an im-
mune-modulating effect [15]. However, there
are no controlled clinical research studies that
unequivocally support its use for wounds or
chronic cutaneous ulcers.

17.2.3  Other Herbal Extracts

There are other herbal extracts widely used in
traditional and folk medicine for healing cuta-

17.2Herbal and Traditional Home Remedies 211
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neous ulcers. These include substances such as
sea buckthorn seed oil or tannin-containing
herbs [15]. There are no data in the literature
that support their value in wound healing.

17.2.4  Balsam of Peru

The source of balsam of Peru is Myroxyolon
pereirae (balsamum), a tree of mahogany-like
wood, which grows in Central America, almost
exclusively in El Salvador.When the tree bark is
incised, an oily resin-like liquid with a charac-
teristic aroma seeps out.

The main constituents of balsam of Peru are
benzylesters of benzoic and cinnamic acid. It
contains numerous other compounds, not all of
which have been identified.

In folk medicine, balsam of Peru has been
given orally for various diseases such as rheu-
matic pain or chronic cough. Topically, it has
been used for certain skin diseases, mainly for
wounds and burns.

Balsam of Peru has soothing properties that
may alleviate pain. It is also said to have anti-
bacterial properties. However, there is no scien-
tific evidence of its beneficial effect on wounds
and cutaneous ulcers.

Certainly, its pleasant, characteristic aroma
makes it suitable for use on wounds with an un-
pleasant odor. However, it must be remembered
that a foul-smell is often a sign of infection.
This being the case, the preferred treatment
may involve antibiotics or antibacterial sub-
stances.

Chemically similar allergens are included in
other balsams and essential oils. Therefore, an
allergic reaction to balsam of Peru (a standard
component of patch testing), should be consid-
ered as an indication of the possibility of con-
tact allergy to other fragrances and flavoring
agents [16].

17.2.5  Clay

Natural clay is a worldwide folk remedy, used
for various medical purposes. It may be used
topically for wounds and cutaneous ulcers.

Montmorillonite is an active mineral used in
alternative medicine; it derives its name from a
deposit in Montmorillon, in southern France. It
is the main constituent of ‘bentonite’, a pow-
dered clay derived from deposits of weathered
volcanic ash. The name ‘bentonite’ was derived
from Fort Benton, Wyoming, where it was first
identified.

Clay products may have a beneficial effect on
wounds, as they can absorb fluids. Clay is also
claimed to be able to absorb microorganisms
and toxins. Its action is assumed to be purely
physical, without any chemical reaction.

There is neither any information in the liter-
ature, nor are there any controlled studies on
the use of clay in cutaneous ulcers.

17.3  Honey

17.3.1  General

Honey has held a unique significance in the
treatment of wounds and ulcers throughout
history. Honey was first used for healing pur-
poses in Ancient Egypt, more than 4000 years
ago [17, 18], and it has continued to be used ever
since. However, note that the term ‘honey’ does
not define a single substance. Honey is derived
from many possible sources. Thus, its effect on
the healing process may vary, depending on its
specific origin and the type of processing it has
undergone.

17.3.2  Mode of Action:
Why Does Honey Have 
a Beneficial Effect?

Generally speaking, any type of honey may
have certain beneficial properties when used
on wounds or cutaneous ulcers. Honey is a rel-
atively occlusive agent that can provide a pro-
tective coating against external infective
agents. In addition, the use of honey prevents
adhesion of the dressing material to the wound
(adhesion damages the wound bed when the
dressing is removed).
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Apart from those possible advantages, there
are reports of several unique properties of hon-
ey in its ability to enhance healing.

Some of these features are listed below,
but further research is required to clarify
the issue.

5 Occlusive and hygroscopic effect
5 Antimicrobial activity
5 Enzymatic debridement
5 Activation of the body’s immune

system

Occlusive and Hygroscopic Effect. Being a
viscous compound, honey may help to main-
tain a moist environment within the ulcer,
thereby providing ideal conditions for healing.
Being a hyperosmotic compound, honey may
help to absorb excessive fluids and secretions
from the ulcer bed, which would otherwise tend
to interfere with normal wound healing [19].

Antimicrobial Activity. Generally speaking,
compounds of high osmolarity, such as honey
or solutions containing high concentrations of
sugars, inhibit bacterial growth [20, 21]. How-
ever, when used as dressings, because of gradu-
al dilution, the antibacterial activity resulting
from the hyperosmolarity is significantly re-
duced [22].

Some researchers have suggested that honey
possesses intristic antibacterial properties un-
related to its hyperosmolarity [23, 24]. Jeddar et
al. [25] documented a bactericidal effect of hon-
ey at a concentration of 40% on gram-positive
and gram-negative bacteria; it was particularly
effective against Salmonella, Shigella, and Es-
cherichia coli. Cooper et al. [24] have shown
that certain types of honey, manuka honey and
a honey of a mixed pasture source, when dilut-
ed, were still effective against Staphylococcus
aureus strains, beyond the effect that could be
attributed only to hyperosmolarity. The anti-
bacterial activity of pasture honey was attribut-
ed to the release of hydrogen peroxide, while in
the case of manuka honey the effect may be at-
tributed to a phytochemical component [24].

Eradication of methicillin-resistant Staphylo-
coccus aureus from a hydroxyurea-induced leg
ulcer has been reported [26].

Willix and Molan [27] demonstrated that
even when diluted 10 times or more, honey in-
hibits the growth of common species of wound-
infecting bacteria. The antibacterial effect has
been attributed to hydrogen peroxide, pro-
duced within the honey dressing, although Mo-
lan [28] has emphasized that the concentration
of hydrogen peroxide produced in a honey
dressing is about 1 mmol/l, which is only 0.1%
of the accepted concentration of hydrogen per-
oxide used medically (3% solution). Honey has
also been shown to be effective against Candida
strains [29].

Enzymatic Debridement. Honey contains
enzymes, such as catalase [19]. These enzymes
may contribute to healing by digesting necrotic
material on the ulcer bed. Others have suggest-
ed that autolytic debridement, induced by hon-
ey, may be enhanced by the presence of hydro-
gen peroxide, since matrix metalloproteases are
activated by oxidation [23].

Activation of the Body’s Immune System.
Honey may stimulate mitogenesis in B and T
lymphocytes, activate neutrophils [30] and
stimulate the release of tumor necrosis factor-α
from monocytes [31].

17.3.3  Research

Much research, including in vitro studies, ani-
mal studies, and clinical studies, has been done
to evaluate the effects of honey on wound heal-
ing. These studies are detailed in comprehen-
sive monographs [23, 32]. Several controlled
clinical studies have demonstrated a beneficial
effect of honey on burn wounds [33–35]. How-
ever, there are few scientific studies on the use
of honey in chronic cutaneous ulcers.

Efem et al. [36] described their clinical ob-
servations in 59 patients with long-standing
wounds (including pressure ulcers, diabetic ul-
cers, and ulcers due to sickle cell disease and
malignancy), most of which (80%) had not re-
sponded to conventional therapy. Honey was
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shown to be effective in debriding and cleans-
ing unclean and foul-smelling ulcers and in in-
ducing granulation and epithelialization. They
summarized their findings by reporting a “re-
markable improvement”, although the article
did not present exact data on the number of
healed ulcers or changes in the surface area of
the ulcers.

Similarly, Ndayisaba et al. [37] reported the
beneficial effect of honey on 40 patients with
wounds and cutaneous ulcers of mixed etiology.

17.3.4  Mode of Use

The frequency with which the dressing is
changed depends on the extent of the oozing
and secretion from the ulcer and may vary from
once to three times a day. In general, it is not ad-
visable to use honey on a heavily secreting ulcer,
but rather some other treatment such as rinsing
the ulcer with saline. Since honey attracts in-
sects, it must be covered with a dressing.

Note that honey may be contaminated by
various infective organisms such as yeasts,
spore-forming bacteria, and Paenibacillus lar-
vae [38– 41]. It would therefore be advisable to
purchase honey products intended to be used
for topical application, which have been steril-
ized by γ-irradiation and prepared by a reliable
manufacturer.

17.3.5  Summary

At present, one cannot make a definite state-
ment with respect to the use of honey in the
management of cutaneous ulcers. The general
comments at the beginning of the chapter re-
garding the use of alternative topical applica-
tions are equally applicable to honey. Further
controlled studies on the role of honey in the
treatment of cutaneous ulcers are required.

17.4  Conclusion

Recently, in parallel with the development of
advanced treatment modalities for the manage-
ment of cutaneous ulcers (such as composite

grafting or growth factors), there have also
been attempts to assess the value of alternative
preparations and to identify their mode of ac-
tion (if such exists) on the healing process. In
an article reviewing the beneficial effects of
honey, published in the Journal of the Royal So-
ciety of Medicine in 1989, Zumla et al. [19] stat-
ed, “The time has now come for conventional
medicine to lift the blinds off this ‘traditional
remedy’ and give it its due recognition.” This
can be applied not only to the use of honey, but
to a wide range of alternative substances, some
of which have been discussed in this chapter.
More and more studies are currently being con-
ducted using the principles of evidence-based
medicine to evaluate various alternative treat-
ments.

There are basically two situations in which
one may consider using alternative substances:
The first is when the physician is very familiar
with the substance, has experience with it, and
is well acquainted with its properties; the sec-
ond situation is when a range of currently used
treatments, including advanced treatment mo-
dalities, have been unsuccessful in achieving
healing of an ulcer in a specific patient.
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18.1  Overview

This chapter discusses the efficacy and value of
several additional preparations. Some of those
presented below can be considered to be ‘prep-
arations of early modern dermatology’, such as
topical zinc. Others are developments of recent
years, such as hyaluronic acid, and are included
here since they do not belong to a specific fami-
ly of preparations intended for healing wounds.
The use of the topical preparations presented
below is subject to the regulations determined
by medical/legal authorities of each country.

18.2  Vitamins and Trace Elements

18.2.1 Topical Vitamin A 
and Derivatives

Few studies have been published regarding the
use of topical preparations containing vitamin
A for experimental wounds or cutaneous ulcers
[1–4]. However, there have not been sufficient
data to substantiate the beneficial effect of
these preparations unequivocally.
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In Chap. 19, note is made of the fact that
there is some evidence, albeit inconclusive, that
systemic vitamin A may be beneficial in pa-
tients with cutaneous ulcers who are being
treated with glucocorticoids for some other
reason. Thus, vitamin A may counteract some
of the inhibitory effects of glucocorticoids on
wound healing.

It has been suggested, however, that vitamin
A may not only counteract the inhibitory ef-
fects of glucocorticoids, but also neutralize the
desired anti-inflammatory effects of glucocor-
ticoids – those very anti-inflammatory effects
for which the steroids were prescribed [5]. In
view of this, there may be a place for consider-
ing the use of topical vitamin A in patients with
cutaneous ulcers who are also receiving gluco-
corticoids. Indeed, in 1969 Hunt [6] showed
that a topical preparation of vitamin A (con-
taining 7500 I.U. vitamin A ester per milliliter
of anhydrous ointment base) may have some
beneficial effect on wound healing in animals
as well as in patients receiving glucocorticoid
therapy.

Cod Liver Ointment. Pursuant to studies
from the 1930s [3, 4], Terkelsen et al. [7] showed
that topical applications of cod liver ointment
may enhance the healing of traumatic wounds
in hairless mice. Note that cod liver, apart from
containing vitamin A, contains relatively high
amounts of various types of fatty acids. Hence,
it would be difficult to assess the contribution
of each component to the healing effect.

Topical Retinoic Acid. Retinoic acid was
shown to impair epithelialization and to inhib-
it wound healing in an animal model. At the
same time, retinoic acid enhanced formation of
granulation tissue [8]. Similar observations re-
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garding the topical use of retinoic acid have
been documented in the past [9, 10]. Kligman
and Popp [11] reported that topical retinoic ac-
id cream (0.05–0.1%) accelerated the closure of
punch wounds in four patients with photo-
damaged skin.

Recently, short-contact topical retinoic acid
therapy has been documented as having a ben-
eficial effect on chronic wounds [12]. In five pa-
tients with chronic leg ulcers, topical retinoic
acid solution 0.05% was applied to the wound
bed for a maximum of 10 min, and then rinsed
off with normal saline. The procedure was re-
peated once daily, for a period of four weeks.
There was improvement in terms of granula-
tion tissue and collagen formation, although
actual healing or a reduction in size of the ul-
cers was not documented. From those studies,
which involved very small patient numbers, no
conclusions can be derived with regard to the
value of retinoic acid in the treatment of chron-
ic ulcers. In view of the above, it may be worth-
while to examine the effect of topical retinoic
acid on ulcers with ‘unhealthy’ granulation tis-
sue on their surface.

Reports have also documented the beneficial
effect of pretreating photo-damaged skin with
retinoic acid prior to procedures such as chem-
ical peeling or dermabrasion. The reported
benefit is seen in the form of more rapid heal-
ing and better cosmetic results [13, 14]. Conclu-
sions cannot be drawn regarding the use of this
substance in chronic cutaneous ulcers based
only on these studies.

To a certain degree, retinoic acid has an irri-
tating effect on normal skin [15, 16]. It is unclear
whether it causes irritation to granulation tis-
sue or to newly formed epithelial tissue. There-
fore, until there is clear scientific evidence of
the value of retinoic acid in the treatment of cu-
taneous ulcers, its routine clinical use is not rec-
ommended for this purpose.

18.2.2  Topical Zinc

Topical preparations containing zinc are ‘classi-
cal’ substances applied to wounds (Fig. 18.1).
The assumption that zinc may have a beneficial
effect on wound healing is discussed in Chap.

19. Several mechanisms have been suggested
for the beneficial effect of zinc in general. They
include possible modulation of various cyto-
kines [17–20], a possible effect on Langerhans’
cells [21], and perhaps the induction of an in-
crease in mitotic activity [22]. These same
mechanisms may play a role when zinc is ap-
plied topically. However, since the beneficial ef-
fect of topical zinc remains questionable, it
would be too early and perhaps pretentious to
presume its mechanism of action.

The beneficial effect of topical zinc is usually
discussed without any reference to zinc levels
in the serum. Even when there is no clinical ev-
idence of zinc deficiency, and its level in the ser-
um is within the normal range, it is not known
whether there is an increased demand for cer-
tain ingredients, including zinc, within tissues
in an ulcer.

One should distinguish between the effect of
the zinc itself on the healing process and the
formulation and the vehicle in which it is incor-
porated. Zinc oxide paste bandage, for example,
being a paste, may absorb exudates and im-
prove healing of secreting ulcers, independent
of the biochemical or biologic properties of the
zinc.

‘Unna Boot’. Unna zinc-gelatin boot, com-
monly known as ‘Unna’s boot’, used to be an ac-
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Fig. 18.1. Application of medicated paste bandage
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cepted treatment in early modern dermatology
for stasis dermatitis and venous ulceration and
is still used even today. The topical preparation
consisted of zinc oxide, calamine, gelatin, and
glycerin, in proportions that varied from manu-
facturer to manufacturer. It was used together
with leg raising to reduce edema. The zinc-gela-
tin preparation was usually applied to a stockin-
ette bandage encasing the entire extremity, over
which a firm bandage was then applied (Fig.
18.2). The bandage was left on for several days,
depending on the amount of oozing [23, 24].

More advanced forms consisted of medicat-
ed bandages that had been impregnated with
zinc oxide and were applied layer upon layer, as
a spiral bandage encircling the extremity. In
both cases the moist surface was molded with
the hands and allowed to harden to form a rig-
id case or ‘boot’ [24].

Zinc Oxide Preparations. The common for-
mulation of zinc in topical preparations is zinc
oxide, widely used in powders, shaking lotions,
creams, and pastes. It has covering and protec-
tive properties and a cooling effect. It is also
said to be slightly astringent and to have anti-
bacterial properties [25, 26]. Some of its benefi-
cial effect may be attributable to the induction
of debridement. In addition, zinc oxide prepar-
ations have been shown to be capable of
debriding necrotic pressure ulcers [26, 27].

Stromberg and Agren [28] documented the
effect of topical zinc oxide in the management
of venous ulcers and ulcers caused by peripher-
al arterial disease, whereby sterile compresses
impregnated with zinc oxide were compared

with plain sterile compresses. Improvement
was found in 83% of the patients treated with
zinc oxide but in only 42% of the control group.
Agren [29] also documented the beneficial ef-
fect of zinc oxide on wound healing.

Other researchers [30, 31] were not able to
demonstrate enhanced healing following the
topical use of zinc. Brandrup et al. [31] com-
pared zinc oxide dressings with hydrocolloid
dressings in the treatment of leg ulcers and
found no significant difference between the
two.

Conclusion. The precise role of topical zinc
in wound healing remains unclear. Controlled
studies are required to confirm its beneficial ef-
fect. Thus, for the present, it is probably advis-
able to favor the more advanced, accepted ther-
apeutic modalities. Perhaps if conventional
treatment for the ulcer is not successful, zinc-
containing preparations may be considered.

Recently, combinations of zinc with hydrogel
dressings were shown to induce a certain de-
gree of autolytic debridement of dermal burns
in an animal model [26, 32]. Perhaps combina-
tions of zinc with advanced dressing modalities
may be implemented in the near future to en-
hance wound healing.

18.3  Scarlet Red

Scarlet red is an aniline dye which has been
used in the treatment of wounds and ulcers
since the beginning of the past century. The
most common formulation of scarlet red is an
ointment containing lanolin, olive oil, and pet-
rolatum. Researchers have found at least four
chemically different dyestuffs marketed as
‘scarlet red’ [33].Although the effect of each one
of the substances should be evaluated separate-
ly, we will review below the properties of this
compound in general.

The majority of reports do not indicate that
scarlet red has anti-bacterial or antiseptic qual-
ities [33], although there are several conflicting
reports in this regard [34]. It is also possible
that when scarlet red is incorporated into cer-
tain preparations, other ingredients of the same
preparation may have some antiseptic effect.

18.3Scarlet Red 219
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The main mechanism by which scarlet red is
considered to exert its effect on healing is mito-
genic activity. Early trials demonstrated that
subcutaneous injections of scarlet red resulted
in increased mitosis of the germinal layer of the
epidermis, hair follicles, and sweat glands [35].
These were followed by other studies that dem-
onstrated epidermal proliferation and en-
hancement of epithelialization [35–39]. The rea-
son for the enhancement of mitogenic activity
has not yet been clarified.

Scarlet red has been compared with bio-
brane, a synthetic collagen dressing, in two con-
trolled studies of the management of donor-site
wounds. Prasad et al. [40] conducted a prospec-
tive study with 21 burn patients in which it was
found that biobrane-treated wounds took long-
er to heal and had a higher incidence of infec-
tion, compared with wounds treated with scar-
let red. On the other hand, biobrane was found
to be more effective in reducing pain.

Zapata-Sirvent [41] compared biobrane with
scarlet red in 31 patients with burns. Two graft
donor sites of identical size were treated with
either scarlet red or biobrane. They did not find
a significant difference in healing times, and bi-
obrane was again found to be more effective in
reducing pain.

Cannon [42] emphasized that dressings con-
taining scarlet red seemed to be most effective
for donor-site wounds when applied over
bloody coagulum; he suggested that blood on
the surface of the wound not be removed before
applying the dressing.

18.4  Hyaluronic Acid Derivatives

Hyaluronic acid is a major component of the
extracellular matrix. Recently, the use of hyalu-
ronic acid and certain derivatives on cutaneous
ulcers has been examined. Observations based
on tissue cultures and animal studies indicate
that hyaluronic acid may induce processes such
as angiogenesis, fibroblast and keratinocyte
migration, and epithelial and endothelial pro-
liferation [43–47].

Hyaluronan is a benzyl esterified hyaluronic
acid derivative that has been shown, in a num-

ber of case reports and uncontrolled studies, to
have beneficial effects on chronic cutaneous ul-
cers [48, 49]. Two of these reports are worthy of
mention: Ortonne et al. [50] used hyaluronan in
50 patients with venous leg ulcers and demon-
strated a significant reduction in wound size af-
ter three weeks of treatment, compared with a
control group treated with dextranomer paste.
Mekkes et al. [51] compared hyaluronan with
hydrogel in ten patients with large non-healing
ulcers, eight of which were due to venous insuf-
ficiency and two to vasculitis. The ulcers treat-
ed with hyaluronan healed faster than the con-
trol lesions.

Hyaluricht® is zinc hyaluronate. It was used
on 315 patients with diabetic ulcers, in a con-
trolled randomized study [52]. Forty (93%) of
43 ulcers in the treatment group were healed
(Hyaluricht® plus conventional therapy), com-
pared with 23 (82%) of 28 in the control group
(conventional therapy).

18.5  Biafine®

Biafine® is a water-based emulsion used for ra-
diation dermatitis, burns, wounds, and cutane-
ous ulcers. Its aqueous phase contains deminer-
alized water, alginate of sodium salts, and tri-
ethanolamine. The oily phase is composed of
paraffin liquid, ethylene glycol stearic acid, pro-
pylene glycol, paraffin wax, squalene, avocado
oil, cetyl palmitate, and fragrance [53].

Mode of Action. The influence of Biafine on
wound-healing processes has not been identi-
fied. Its water content may provide good hydra-
tion to the wound environment. As an emul-
sion, it may serve as an emollient that mois-
turizes the treated area. However, it may be
asked whether Biafine, in itself, has unique in-
trinsic properties apart from its emollient and
hydration effects, which may be provided by
oily substances and ointments, or water-based
preparations, respectively.

Biafine® is chemotactic for macrophages
and it reduces the secretion of IL-6 and increas-
es the IL-1/IL-6 ratio [54]. The current assump-
tion is that, by resulting in inflammatory cell

Chapter 18 Additional Topical Preparations220

18

18_217_222  01.09.2004 14:07 Uhr  Seite 220



migration and cytokine release, Biafine en-
hances granulation tissue formation.

Mode of Use. According to the manufacturer’s
instructions, Biafine® should be applied as a
relatively thick layer, three to five times a day.
Each time it is applied, any remnants from the
previous application should first be removed by
gentle irrigation.

Indications. As described above, Biafine®
may be considered for use in radiation derma-
titis, burns, wounds, and cutaneous ulcers. To
the best of our knowledge, there have been no
controlled studies on the use of Biafine® for cu-
taneous ulcers. Several studies have shown that
it is of benefit in minimizing or preventing ra-
diation-induced dermatitis in women under-
going breast irradiation [53–55].
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19.1  Overview

Various nutritional deficiency states can have a
profound impact on the mechanisms of wound
healing. Those that have to be considered in
patients with cutaneous ulcers, such as protein,
carbohydrate, and lipid deficiency, will be dis-
cussed below. The various vitamin and trace
element deficiencies will also be covered. It is
important to remember that the presence of a
skin wound or a cutaneous ulcer can be asso-
ciated with a state of stress, i.e., severe trauma
that has caused the wounding. At times, skin
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ulceration is secondary to a systemic disease
which, in itself, may also result in physiological
stress.

During physiological stress, energy require-
ments are significantly increased [1–4], as is the
demand for components such as protein, vita-
mins, and trace elements [1–8]. Several decades
ago, Levenson conducted several research stud-
ies on wounds associated with significant bodi-
ly injury [9–11]. The body’s capacity for repair
is impaired in cases of widespread burns, sep-
sis, or multi-organ trauma.

However, cutaneous ulcers are not necessar-
ily associated with acute stress. Many chronic
ulcers develop slowly. In these cases, appropri-
ate nutrition is also of importance. The repair
process requires energy and nutritional ele-
ments for tissue repair and replacement.

Note that states of nutritional deficiency are
not always obvious. Some of these states may
develop unnoticed if the diet is inadequate, or
due to the administration of anti-neoplastic
drugs. It is still not clear whether interference
with wound repair can occur even before cer-
tain types of nutritional deficiency have mani-
fested themselves clinically.

19.2  Malnutrition

Malnutrition is clinically associated with a high
incidence of skin ulcers, impaired healing, and
wound complications [12–17]. Apart from ad-
versely affecting mechanisms of wound healing,
malnutrition also damages basic functions such
as cell-mediated immunity, phagocytosis, and
the bactericidal effect of macrophages [18, 19].

Malnourished patients usually present with
combined protein/energy deficiency states.
Several studies have examined the significance
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of each component separately; most have docu-
mented the clinical consequences of protein de-
pletion.A few studies, presented below, have ex-
amined the association between healing and
low caloric intake or inadequate intake of lip-
ids.

However, it is unusual for patients to present
with an isolated protein or essential-fatty-acid
deficiency. Malnutrition usually involves a
combination of these as well as caloric deficien-
cy. Thus, most animal studies that have investi-
gated the consequences of isolated deficiency
states do not have practical clinical signifi-
cance. These isolated states of deficiency are
seen only rarely, in patients treated with total
parenteral nutrition, in which a specific compo-
nent has been accidentally omitted.

19.2.1  Assessment 
of Nutritional Status

A basic assessment of nutritional status is
required in patients with chronic ulcers of the
skin. This is especially significant in popula-
tions which are prone to inadequate nutrition,
e.g., nursing-home residents with pressure
ulcers.

Nutritional evaluation, with respect to histo-
ry taking, physical examination, and laboratory
assessment is reviewed in most textbooks of
internal medicine. Hence, this section should
serve as a reminder for the general parameters
to be evaluated regarding protein-calorie mal-
nutrition.

The very basic indicators of nutritional stat-
us are weight and height. Patients at high risk
for involuntary weight loss should be weighed
once or twice weekly. It must be taken into ac-
count that the presence of edema may lead to
false conclusions as to nutritional status [20,
21].

Additional parameters for more thorough
nutritional assessment may be measured, such
as the triceps skin-fold thickness and upper-
mid-arm circumference [21]. These should be
assessed with respect to standard values, ac-
cording to age and gender.

In laboratory assessments, the albumin level
can serve as an indicator of nutritional status.

However, it is not a fully accurate parameter,
since certain conditions may rapidly affect its
plasma concentration. Dehydration leads to an
increase in the concentration of various plasma
components, thereby masking the presence of
low albumin. Shifts of fluids from intravascular
to extravascular spaces (following surgery or
burns) may also alter albumin levels in the
plasma [21].

On the other hand, neither the synthesis nor
the catabolism of albumin is subject to sudden
changes, since its half-life is approximately 20
days. Measurement of proteins with a shorter
half-life (e.g., prealbumin [transthyretin] and
transferrin) may provide a better estimation as
to the protein status. The half-life of prealbu-
min is only 2 days and it responds quickly to
deficient protein states (and refeeding), which
makes it a more sensitive indicator for this pur-
pose [20, 22, 23].

A screening method was suggested for de-
tecting malnourishment in patients with
chronic obstructive pulmonary disease [24], in
which the nutritional evaluation included meas-
urement of weight and height, serum albumin
and prealbumin, total lymphocyte count, tri-
ceps skin-fold thickness, mid-arm muscle cir-
cumference, and information on unintentional
weight loss. It would be advisable to implement
similar screening methods for the identifica-
tion of malnutrition in high-risk patients with
cutaneous ulcers as well.

19.2.2  Protein Depletion

Protein depletion can prolong the inflammato-
ry phase of chronic cutaneous ulcers. It affects a
variety of basic wound healing functions such
as proliferation of fibroblasts, collagen synthe-
sis, angiogenesis, and wound remodeling
[25–27]. Most studies in human beings have
examined the correlation between low protein
intake and pressure ulcers. Nevertheless, it is
reasonable to assume that protein depletion
may also affect cutaneous ulcers of other etiol-
ogies by similar mechanisms.

Several studies have demonstrated that hos-
pitalized patients with pressure ulcers are
prone to suffer from malnutrition with protein
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depletion [28, 29]. The serum albumin concen-
tration may reflect nutritional status; a level
less than 3.3 g/dl is associated with increased
risk for the formation of pressure ulcers [17].

Berlowitz et al. [30] also reported a correla-
tion between impaired nutritional status (in-
take of less than 50 g protein per day) and the
formation of cutaneous ulcers within six weeks.
In this context it should be noted that low albu-
min concentrations facilitate the development
of lower-extremity edema, which further im-
pairs repair of leg ulcers.

Breslow et al. [31] have shown that high pro-
tein diets may improve the healing of pressure
ulcers in malnourished nursing-home patients.
The current recommended amount of protein
intake for patients suffering from pressure ul-
cers is 1.25–1.50 g/kg per day [32]. Some suggest
intake of up to 3.0 g/kg protein per day [33]. The
administered amount should be adjusted to the
patient’s general condition, the patient’s weight,
the presence of other diseases, the presence of
infection, and the severity of ulcers.

19.2.3  Supplementation 
of Amino Acids

Several studies have been conducted to identify
specific amino acids that have a significant
effect on wound repair mechanisms. However,
since amino acids produce a complex align-
ment of interactive mechanisms, they should all
be regarded as significant to the healing pro-
cess. The provision of essential amino acids
according to the recommended daily allowance
(RDA) to patients with chronic ulcers is man-
datory.

At present, there are no established guide-
lines as to whether specific amino acids should
be provided beyond the recommended daily al-
lowance, and if so, at what dose. Two amino ac-
ids have been suggested as playing a central
role in wound healing:

Methionine. Methionine is converted to cys-
teine, which serves as a cofactor in enzymatic
systems required for collagen synthesis. The
addition of methionine and cysteine has been
shown to enhance collagen formation and

fibroblast proliferation [34]. The addition of
methionine to the diet of protein-depleted ani-
mals has been shown to reverse some of the
detrimental effects protein deficiency has on
healing [25].

Arginine. Arginine deficiency may impair
wound healing by its effect on T-cells and mac-
rophages [35]. While some researchers have
indicated that supplementation with arginine
may enhance immune functions and healing of
wounds [36], the results of other studies have
been contradictory [37, 38]. At present, the
above data are not sufficient to establish a pol-
icy regarding the administration of arginine in
patients with cutaneous ulcers who are not
protein deficient.

Moreover, recent evidence has been accumu-
lating as to the various effects of nitric oxide
(NO) on wound healing. Current data suggest
that a certain increase in NO production may
be beneficial to normal healing [39]. Hence, the
fact that L-arginine is the sole substrate for ni-
tric oxide synthesis suggests that the value of
arginine supplementation for patients with
chronic ulcers should be re-examined.

19.2.4  Caloric- and Lipid-Deficient
States

The provision of adequate energy is required
for the basic functions of healing, such as cellu-
lar proliferation and tissue regeneration. In
rats, reduced granulation tissue formation and
decreased matrix protein deposition has been
observed when the caloric intake was only 50%
of the required amount [40].

The results of a multi-center study of 672 se-
verely ill elderly patients, conducted by Bour-
del-Marchasson et al. [41], showed that daily
supplements of 200 kcal to a regular diet of
1880 kcal/day significantly reduced the inci-
dence of pressure ulcers. The currently recom-
mended calorie intake for patients suffering
from pressure ulcers is approximately 30–
35 kcal/kg per day [32]. A higher amount, of
40 kcal/kg per day has been given to patients
with stage IV pressure ulcers with a beneficial
effect [31].

19.2Malnutrition 225
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Fats, as well as being providers of energy, are
constituents of phospholipids and help build
cell membranes. Thus, their presence is essen-
tial for cellular proliferation. A deficiency in es-
sential fatty acids has been shown to impair
wound healing in rats [42, 43]. Total parenteral
nutrition (TPN) with inadequate provision of
lipids may result in the depletion of essential
fatty acids. This condition has been seen to
cause impaired wound healing in infants dur-
ing prolonged fat-free parenteral alimentation
[44, 45].

Other functions of essential fatty acids re-
quire further investigation. For example, arach-
idonic acid is a precursor for prostaglandins,
which may have a variety of effects on the
wound-healing process. Prostaglandins partici-
pate in the early inflammatory phase of wound
healing as well as in its more advanced phases
[46–48]. Note that an omega-3 fatty-acid-en-
riched diet, albeit beneficial in terms of the car-
diovascular aspect, may impede the normal
processes of wound healing [49].

19.2.5  Practical Conclusions

5 Physicians should be alert as to the
nutritional status of patients with
cutaneous ulcers, or of patients who
are prone to develop cutaneous
ulcers (e.g., bed-ridden patients).
Malnutrition should be evaluated
clinically. Measurement of serum lev-
els of proteins such as albumin and
prealbumin may be of assistance.

5 Patients should receive enough pro-
teins, carbohydrates, and lipids in
their diet so as to meet the respec-
tive RDAs.

5 In medical conditions associated
with physiological stress, appropri-
ate nutrition should be provided
according to the accepted medical
guidelines. In general, the amount
administered should be adjusted to
the patient’s general condition,

weight, presence of other diseases,
presence of infection, and severity
of ulcers. For patients with pressure
ulcers, a protein intake of at least
1.5 g/kg per day should be provided.

5 There is no conclusive evidence to
date showing that supplementation
of specific elements (e.g., specific
amino acids or fatty acids) contrib-
utes to the wound-healing process.

19.2.6  Maintaining Appropriate 
Hydration

Nursing-home residents with pressure ulcers,
who are prone to inadequate nutritional status,
are also at increased risk of suffering from
inadequate hydration. It is important to main-
tain proper hydration in these patients (see
Chap. 7).

19.2.7  Specific Types 
of Ulcers Directly Associated
with Malnutrition

Two types of ulcers are directly associated
with malnutrition:

5 Noma (cancrum oris, necrotizing
ulcerative gingivitis)

5 Tropical ulcer (tropical sloughing
phagedena)

In both cases, the exact mechanisms leading to
ulceration have not been identified, but oppor-
tunistic infection may play a major role.

19.3  Vitamins

Because of the vast scope of this subject, the
discussion here will be limited to the associa-
tion between wound healing and vitamins A, C,
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and E. These vitamins function as anti-oxidants
and are generally associated with wound heal-
ing. One question is whether these anti-oxidant
compounds reduce the damage caused by oxy-
gen radicals, with subsequent enhanced heal-
ing. Another possibility is that the beneficial
effect of each vitamin described below is due to
its unique properties and not necessarily to its
anti-oxidant activity.

In any event, whenever there is clinical evi-
dence of deficiency of one of these vitamins (or
any other vitamin or nutritional element) it

should be rectified. The clinical signs of vita-
min deficiency are detailed in Table 19.1. The
question of whether, in some deficiency states,
interference with wound repair may occur even
before the clinical manifestations of deficiency
are evident remains unanswered. The discus-
sion below will also relate to the issue of wheth-
er supplementing one or more of these vita-
mins may enhance healing of cutaneous ulcers,
even if there is no clinical evidence of a defi-
ciency state (Table 19.2).

19.3Vitamins 227

Table 19.1. Clinical manifestations of deficiency

Vitamin/ Cutaneous manifestations Other manifestations
Mineral

Vitamin A Dry skin; fine scaling; follicular Ocular lesions: xerophthalmia; keratomalacia;
hyperkeratosis (‘phrynoderma’) night blindness

General: diarrhea, apathy, hindered growth in
children

Vitamin C Dry, rough skin; follicular hyper- Fatigue, weakness, malaise
keratosis.
In severe deficiency: perifollicular In severe deficiency: gastrointestinal bleeding;
purpuric macules and papules; jaundice; generalized edema; dyspnea; conges-
coiled hair shafts tive heart failure; hypotension and shock; con-

vulsions

Oral: swollen bleeding gums; loose teeth

Vitamin E No clear data regarding cutaneous Peripheral neuropathy; arreflexia; decreased vi-
manifestations yet documented bration or position sensation; skeletal myopathy

In severe deficiency: ataxic gait; ophtalmople-
gia; pigmented retinopathy

Zinc Dry rough skin; eczematous and Diarrhea; decreased appetite; hypoguesia;
erosive eruptions located around glossitis; mental disturbances; lethargy
the body orifices (mouth and 
genitalia) or acral; seborrheic-
dermatitis like eruptions; alopecia 
(sometimes generalized; angular 
stomatitis

Iron Pallor (in presence of anemia); Features of anemia, if present
Pruritus; koilonychia (spoon-
shaped nails); chilosis; hair loss Oral: glossitis; sore tongue with atrophic fili-

form papillae

In severe deficiency: dysphagia

A deficiency of one of the above vitamins or trace elements may induce poor wound healing.
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19.3.1  Vitamin A

In the 1940s, Brandaleone et al. [50] document-
ed the detrimental effect of vitamin A deficien-
cy on wound healing in the skin of rats. A simi-
lar animal experiment conducted by Freiman et
al. [51] in 1970 confirmed these observations.
Vitamin A deficiency was shown to inhibit epi-
thelialization, reduce collagen synthesis, and
induce increased susceptibility to infective
agents [52, 53].

In light of the above, there is universal agree-
ment that vitamin A should be provided when
found to be deficient, and that replacement
therapy can improve the body’s ability to repair
wounds and cutaneous ulcers. Another impor-
tant question, discussed below, is whether vita-
min A supplementation should be recommend-
ed for patients with an ulcer that does not heal
well, in whom there is no clinical evidence of vi-
tamin A deficiency.

19.3.1.1  Cutaneous Ulcers 
Without Clinical 
or Laboratory Evidence 
of Vitamin A Deficiency

Currently, there is no clinical evidence to sup-
port the routine administration of vitamin A in
patients with cutaneous ulcers who are not vi-
tamin A deficient. It should be kept in mind that
high doses of vitamin A may lead to toxicity,

which may, in turn, have a detrimental effect on
wound repair [54]. However, vitamin A defi-
ciency is a relatively common condition. Clini-
cal deficiency of vitamin A may evolve relative-
ly rapidly under traumatic stress or severe ill-
ness [5, 55]. As mentioned above, the question
as to whether, in some deficiency states, inter-
ference with wound repair may occur even be-
fore the clinical manifestations of deficiency
are evident, is still unanswered.

19.3.1.2  When to Consider 
Supplementation 
of Vitamin A

In view of the above, physicians treating
chronic cutaneous ulcers, should consider
administration of vitamin A under the fol-
lowing conditions:

5 Vitamin A deficiency
5 Patients receiving glucocorticoids
5 Patients receiving chemotherapy or

radiation therapy

Note that items 2 and 3 are suggestions that
cannot be regarded, for the time being, as evi-
dence-based. More studies are needed to estab-
lish the beneficial effect of vitamin A in these
cases.

Vitamin A Deficiency. In view of the above,
improved wound repair can be expected if vita-
min A deficiency is corrected. The physical char-
acteristics of vitamin A deficiency should be
identified, as detailed in Table 19.1 [56–58]. These
include dry skin with fine scaling and follicular
hyperkeratosis and pathognomonic ocular
lesions (e.g., xerophthalmia, keratomalacia). In
most cases, vitamin A deficiency is usually
accompanied by a deficiency of other nutrients.

Diagnosis is confirmed by measuring the
level of vitamin A in the blood, although this is
not considered a reliable indicator of the status
of body stores of vitamin A.An ophthalmologic
examination may be required to assess the se-
verity of the condition. Measurement of body
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Table 19.2. Supplementation of vitamins to considera in
patients with cutaneous ulcers for whom no nutritional
deficiencies have been identified

Vitamin Medical conditions

Vitamin A Glucocorticoid treatment

Treatment with antineoplastic drugs

During/following radiation therapy

Vitamin E Following laser injuryb

During/following radiotherapyb

a Cannot be regarded as evidence-based medicine.
b Based on animal studies only.

t
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stores is done either by liver biopsy or by iso-
topic dilution, using vitamin A’s isotope [54]. A
good clinical response to oral vitamin A can
help to confirm the diagnosis. When a deficien-
cy state is diagnosed, vitamin A should be ad-
ministered in accordance with the degree of se-
verity.

Patients Receiving Glucocorticoids.
Eherlich [59] and Hunt et al. [60] reported in
1968 and 1969, respectively, that orally adminis-
tered vitamin A may partially antagonize the
inhibitory effects of steroid therapy on wound
healing. The mechanism of this effect is still
unclear. Vitamin A has been shown to increase
cell-mediated immune response, release
growth factors, enhance fibroblast differentia-
tion, and increase collagen synthesis [10, 11, 61].

When addressing the effects of vitamin A on
the wound repair process, it may be important
to distinguish between its effect on acute
wounds and that on chronic cutaneous ulcers.
To date it is not clear whether its main effect is
on the initial inflammatory response to wound-
ing, the healing of chronic ulcers, or both.

Levenson and Demetriou [10] have suggest-
ed that vitamin A may alter fibroblast gene ex-
pression, thereby increasing fibroblast activity
and the proliferation rate. Other researchers
have suggested that glucocorticoids stabilize ly-
sosomal membranes (with subsequent reduc-
tion of macrophage and phagocytic activity),
whereas vitamin A tends to decrease the stabil-
ity of lysosomal membranes [55, 62]. It should
be also noted, however, that some studies have
not shown a beneficial effect of systemic reti-
noids (other than vitamin A) in counteracting
the effect of steroid therapy in wound healing
[63–65].

Some researchers have suggested that a dose
of 25,000 IU/day of vitamin A, given for a few
weeks, would benefit patients under glucocorti-
coid therapy [66, 67]. However, it should be kept
in mind that the RDA of vitamin A is 5000 IU
(1000 µg) for men, and 4000 IU (800 µg) for
women [2]. An excess intake of vitamin A can
be toxic: Normal adults ingesting 50,000 IU/
day of vitamin A for several months may devel-
op chronic vitamin A intoxication. Extreme
care should also be taken not to exceed the safe-

ty level in pregnant women.
Anstead [63] has pointed out that a high

systemic dose of vitamin A may actually re-
verse the desired anti-inflammatory effects of
steroid therapy, thereby aggravating the disease
for which the patient is being treated with glu-
cocorticoids. In these cases, topical application
of vitamin A derivatives might be considered.

Since there are no clear published guidelines
on this issue, it seems, for the time being, at
least, that vitamin A in doses slightly more than
the RDA should be recommended – excluding
pregnant women. A diet containing foodstuffs
rich in vitamin A such as carrots, may also be
recommended.

Patients Receiving Chemotherapy or Radia-
tion Therapy. The results of animal experi-
ments suggest that, similar to its effect on
wound healing in cases of steroid therapy, vita-
min A may counteract the effect of anti-neo-
plastic drugs such as cyclophosphamide or 5-
fluorouracil [68, 69]. It may also have a benefi-
cial effect following radiation therapy [70, 71].

19.3.1.5  Vitamin A:
Practical Conclusions

5 A physician should always be aware
of the possibility of vitamin A defi-
ciency in patients with cutaneous
ulcers. Appropriate intervention
should be carried out in such cases.

5 Excessive intake of vitamin A (in the
form of vitamin pills) should be
avoided.

5 Supplementation of vitamin A in
patients with cutaneous ulcers dur-
ing steroid treatment, chemothera-
py, or radiation therapy may be con-
sidered.

5 Ensure that patients with cutaneous
ulcers receive at least the RDA of
vitamin A. A diet of foodstuffs con-
taining higher amounts of vitamin
A may be recommended.
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19.3.2  Vitamin C

Vitamin C (ascorbic acid) is an essential cofac-
tor in the hydroxylation of proline and lysine
residues in the process of collagen synthesis.
Vitamin C deficiency impedes the normal
course of wound repair mainly by interfering
with collagen synthesis and its cross-linking.
Collagen formed in vitamin C deficiency states
is under-hydroxylated, relatively unstable, and
subject to collagenolysis [40, 72, 73].

Vitamin C is also required for an appropri-
ately functioning immune system, including
neutrophil function and efficient phagocytosis.
The addition of vitamin C to cultures of neu-
trophils and macrophages has been shown to
increase their motility and capacity for phago-
cytosis [74, 75].

Vitamin C deficiency is associated with a
higher incidence of wound infection [40]. The
histology of skin specimens in scurvy patients
demonstrates a reduced amount of collagen, re-
duced angiogenesis, and the presence of peri-
follicular hemorrhages [76].

19.3.2.1  Administration of Vitamin C 
in Non-Deficient Patients 
with Chronic Ulcers 
of the Skin

Silverstein et al. [77] studied 20 guinea pigs and
concluded that increased vitamin C intake be-
fore and after a surgical procedure may induce
faster recovery of skin integrity and increase
wound strength. However, based on this report
alone, it would be inappropriate to make rec-
ommendations for patients with chronic cuta-
neous ulcers.

There is no conclusive evidence that vitamin
C supplementation is beneficial for patients
with chronic cutaneous ulcers who have nor-
mal vitamin C levels [10, 78]. Still, severe trau-
matic stress or illness may result in the deple-
tion of vitamin C. For a severely ill patient, it
may be worthwhile to increase the dose of vita-
min C to 1–2 g/day for a short period, until signs
of recovery are seen [62].

19.3.2.2  Vitamin C Deficiency

Clinical Manifestations. The clinical mani-
festations of vitamin C deficiency were
described in full by Hirschmann and Raugi [73]
in the Journal of the American Academy of
Dermatology in 1999, as well as by Lind in his
original descriptions of scurvy [79]. These
manifestations are diverse and affect many
systems. Constitutional symptoms of vitamin C
deficiency are fatigue, weakness, and malaise.
These usually recede following vitamin C sup-
plementation. Severe deficiency may be mani-
fested by gastrointestinal bleeding, jaundice,
and generalized edema, dyspnea with high-
output congestive heart failure, and hypoten-
sion with subsequent shock and convulsions
[73, 79].

Typical cutaneous manifestations are dry
and rough skin with follicular hyperkeratosis,
presenting mainly on the buttocks and legs. In
the advanced disease, perifollicular purpuric
macules and papules can be seen. The latter are
attributed to increased fragility of blood vessel
walls and are seen primarily on the legs, due to
increased hydrostatic pressure. Petechiae may
be seen in other areas such as the eyelids [80].
Fractured and coiled hair shafts (“corkscrew
hair”) are seen over the body.

The oral manifestations are characteristic
and may direct the physician to the correct di-
agnosis. They include swollen, red gums that
may gradually become necrotic, with loose
teeth.

Treatment. If scurvy is suspected, therapy
should be initiated immediately after a sample
of blood is drawn. In adults, the current recom-
mendation for scurvy in Harrison’s Principles
of Internal Medicine is 200 mg/day of vitamin
C orally. This usually relieves symptoms of
scurvy within a few days [54]. Others recom-
mend higher doses of 500–1000 mg/day. In
infants and children, vitamin C should be given
i.v. or p.o. at a dose of 25–50 mg/24 h, given as a
single dose [81].

Note that vitamin C deficiency is frequently
accompanied by other nutritional deficiencies
and by concurrent opportunistic infections.
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19.3.2.3  Vitamin C:
Practical Conclusions

5 Provision of vitamin C to patients
who are vitamin C deficient, espe-
cially to those who suffer from cuta-
neous ulcers or wounds, is extreme-
ly important.

5 Make sure that the patient is receiv-
ing the RDA of vitamin C, i.e.,
approximately 60 mg/ day for adults
[2].

5 At present, there is no evidence that
high doses of vitamin C are benefi-
cial for patients with cutaneous
ulcers who are not vitamin C defi-
cient. However, it is reasonable to
consider administering higher doses
of vitamin C to patients suffering
from severe traumatic stress.

19.3.3  Vitamin E

Vitamin E is the accepted term for a group of
compounds that possess similar biological
activities. Tocopherols are the most common
representatives of this group, of which α-toco-
pherol is the most active.

Vitamin E, as an antioxidant, is considered to
neutralize oxygen free radicals and prevent tissue
damage. Supplementation of the vitamin has
been claimed to have a beneficial effect on coro-
nary heart disease,but this claim has not yet been
fully confirmed scientifically [82–86]. In view of
the above, it seems to be a reasonable step to as-
sess the effect of vitamin E on wound healing.

However, to date there are no data confirm-
ing either the value of vitamin E in chronic cu-
taneous ulcers or a beneficial effect of high-
dose vitamin E supplementation on wound re-
pair. If there were any beneficial effect, it could
well be on wounds that stem from radiation or
laser therapy. Radiation tissue injury involves
an overproduction of free radicals; thus, the
antioxidant effect of vitamin E may be benefi-
cial in these cases.

Animal studies have been conducted using
models of laser or radiation skin injury. In
these studies a degree of beneficial effect of vi-
tamin E was demonstrated [87, 88]. However, a
beneficial effect of vitamin E on chronic ulcers
or traumatic injury has not yet been demon-
strated in human beings. Furthermore, some
investigators have suggested that high levels of
vitamin E may even impair wound repair, as is
seen with glucocorticoids [89]. In any case, the
dietary intake of vitamin E is usually adequate.
In summary, at this stage there is no clinical ev-
idence in support of supplementary vitamin E
therapy in patients with chronic ulcers.

Vitamin E deficiency states are extremely
rare. They may develop as a result of gastroin-
testinal diseases with prolonged malabsorption
(such as celiac or cystic fibrosis) or in rare fa-
milial forms.

The deficiency is usually manifested clinical-
ly as neurologic and ophthalmologic deficits, as
detailed in Table 19.1 [54, 90–92].When vitamin
E deficiency is suspected, the serum level of α-
tocopherol should be determined.

19.4  Trace Elements

We shall discuss here the association between
zinc and iron, wound repair, and cutaneous
ulcers. The clinical signs of zinc and iron defi-
ciency are shown in Table 19.1.

19.4.1  Zinc

Zinc is an essential trace element. To date,
researchers have identified more than 70 metal-
loenzymes that require zinc for their function.
Some of these enzymes play a key role in the syn-
thesis of nucleic acids and proteins [93, 94]. Phy-
siologic levels of zinc are needed for the mainte-
nance of immune functions [95–99] as well as
dermal and epidermal functions [100– 102].

Early observations that zinc depletion tends
to impede wound repair [102–104] led investi-
gators to the assumption that zinc supplemen-
tation may be beneficial for cutaneous healing
mechanisms in general, and not necessarily in
states of zinc deficiency only.

t
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In the following discussion, we will distin-
guish between two different conditions:

5 Cutaneous ulcers in patients with
normal levels of zinc

5 Cutaneous ulcers in patients with
zinc deficiency

19.4.1.1  Normal Levels

Suggested mechanisms by which zinc sup-
plementation may exert its beneficial effect
on wound healing – even when serum and
body zinc levels are normal – include:

5 Modulation of cytokines: Several
studies have shown that zinc may
affect the production of various
cytokines by mononuclear cells [96,
105, 106]. Zinc oxide has also been
shown to increase the endogenous
expression of growth factors, such
as insulin-like growth factor I, in
granulation tissue [107, 108].

5 Effect on Langerhans’ cells: Kohn et
al. have suggested that zinc may
enhance the migrating capacity of
Langerhans’ cells, thereby positively
affecting immune mechanisms and
tissue repair [109].

5 Induction of increase of mitotic
activity [110], with subsequent
enhanced epithelial migration and
improved endothelial repair [108,
111–113].

Although several studies have demonstrated
enhanced wound repair following zinc supple-
mentation [102, 114, 115], other researchers have
reported contrasting results [116, 117].

Currently, there is no clinical evidence sup-
porting the administration of zinc in patients
with chronic ulcers of the skin if they are not
zinc deficient [118, 119]. This issue requires fur-

ther clarification, and more research studies
should be conducted before a consensus policy
can be determined.

Note that a high level of zinc may be detri-
mental to cutaneous physiologic functions and
normal processes of wound repair [120, 121]. In
cases where zinc deficiency is not suspected,
the RDA of zinc should be maintained.

19.4.1.2  Zinc Deficiency

Zinc deficiency interferes with normal process-
es of wound healing, including delayed epithe-
lialization, reduced proliferation of fibroblasts,
and reduced collagen synthesis [100–102, 121].
Zinc-deficient patients are more susceptible to
various infections [119]. Therefore, in patients
with cutaneous ulcers and clinical or laborato-
ry evidence of zinc deficiency, there is no doubt
that oral zinc should be provided, in order to
replenish bodily stores.

A normal plasma level of zinc lies between
70 and 100 µg/dl [122]. The plasma level of zinc
provides some indication of bodily stores but is
not necessarily accurate, especially in mild defi-
ciency. Despite a certain degree of deficiency of
zinc in bodily stores, its level in the serum may
still be normal [54, 123–125].

Serum zinc levels show a diurnal variation,
and the level tends to decrease two hours after a
meal. The plasma level of zinc may fall due to its
redistribution from plasma to tissues in certain
conditions such as infection or malignancy.
Even when deficient, zinc may be released from
bodily tissues into the blood. Only when the
degree of deficiency becomes critical, a rapid
onset of both biochemical and clinical signs
becomes evident [123–125].

Some of the clinical signs of mild zinc defi-
ciency (see below) may be somewhat ‘vague’,
such as a mild decrease in appetite or mild
weakness. The extent of interference with
wound repair processes in such circumstances
is not known. The question of whether, in such
patients, serum zinc levels may indeed reflect
this state is unresolved.

Serum alkaline phosphatase is a zinc-depen-
dent enzyme, and its activity may provide some
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indication as to zinc status. The value of tests
such as leukocyte and erythrocyte zinc values
still has to be validated [122–126].

Clinical Manifestations of Zinc Deficiency.
Zinc deficiency affects cellular division and dif-
ferentiation. As a result, clinical manifestations
appear in those tissues that have a high level of
cellular turnover, such as skin or gastrointesti-
nal mucosa [54]. The cutaneous manifestations
of acquired deficiency are presented in
Table 19.1 [54, 127–130].

Recommended Dietary Allowance. The RDA
for adult men and women is 15 mg and 12 mg/
day, respectively [2]. Zinc supplements can be
administered as ZnSo4 (given orally) or as ZnCl2
(administered intravenously). The amount of
zinc given is determined by both the level of defi-
ciency and the type of preparation. Note that the
amount of elemental zinc contained in prepara-
tions varies. For example, a capsule of 220 mg
ZnSo4 · 7H2O,contains approximately 55 mg Zn2+

[127].
Mild zinc deficiency may be treated with

220 mg zinc sulfate given orally, once daily. In
severe deficiency states, a dose of 220 mg may
be given two or three times per day. However,
this dosage should be given for a short period
only, to avoid toxicity [127].

Practical conclusions are as follows:
5 It may be advisable to check zinc

levels in patients with cutaneous
ulcers. However, the value of routine
serum zinc tests has not yet been
proven.

5 Make sure that patients with cuta-
neous ulcers do not show any clini-
cal signs of zinc deficiency.

5 If there is evidence of zinc deficiency,
it should be corrected.

5 Currently, there is no clinical 
evidence to suggest that zinc 
supplementation is beneficial to
patients with chronic ulcers of
the skin if they are not zinc defi-
cient.

19.4.2  Iron

Significant iron deficiency impairs the process
of wound repair. A significantly low iron level
causes anemia and reduced oxygen delivery to
tissues. However, an important question is
whether iron deficiency that is not severe
enough to cause anemia also impairs normal
wound repair processes. The answer to this
question is most likely positive.

Iron plays a major role in cellular respira-
tion, cellular proliferation, and differentiation,
as well as in gene expression [131]. Impairment
of host defense mechanisms may be a result of
the effect of iron deficiency on lymphocyte
proliferation [132, 133]. In addition, iron is a co-
factor in the hydroxylation of proline and ly-
sine in the process of collagen synthesis [134],
so it may affect wound repair processes in this
way as well.

In general, it appears that a low iron level
tends to have an adverse effect on dermal and
epidermal functions. This effect is seen in cases
of hair loss due to iron deficiency, which im-
proves with the restoration of normal bodily
iron levels. Additional clinical signs of iron de-
ficiency are listed in Table 19.1 [135, 136].

Practical conclusions regarding iron defi-
ciency are:

5 It is advisable to check serum iron
levels, as well as transferrin iron-
binding capacity and ferritin, in all
patients with chronic cutaneous
ulcers, even if the hemoglobin con-
centration is normal.

5 Iron deficiency should be corrected.
5 In any case, serum iron below the

normal level demands a thorough
work-up to identify the cause.

19.4.3  Other Vitamins 
and Trace Elements

Other vitamins and other trace elements have
not been discussed here. Some may yet have an
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unidentified role as cofactors or components of
enzymes that are important in the mechanisms
of wound repair. It should be noted, however,
that deficiencies in certain elements cannot
necessarily be identified and may be sub-clini-
cal in nature. In many cases, measurements of
various vitamin levels in the blood or serum
cannot be regarded as a reliable indicator of
deficiency states.

As presented below, multivitamin supple-
mentation may well be considered in patients
with chronic cutaneous ulcers. In general it is
easier, in such cases, to correct mild ‘sub-
optimal’ deficiency states by prescribing multi-
vitamin supplementation than to diagnose
them.

19.4.4  Vitamin and Trace Element 
Supplementation in Patients
with Cutaneous Ulcers

Recent evidence has shown that an optimal
amount of all vitamins is not fully provided by
the diet of many people, even in developed
countries and especially among the elderly.
There is a high prevalence of suboptimal vita-
min and mineral levels, which are nevertheless
above the level of a classic deficiency syndrome
and are not manifested clinically. This pertains
to the vitamins and minerals that have been
specifically detailed in this chapter (vitamins A,
C, and E, zinc, and iron) as well as to a wide ran-
ge of other vitamins and trace elements. Such
suboptimal states are considered to be risk fac-
tors for chronic illnesses such as cardiovascular
diseases and cancer [137, 138].

Whether suboptimal levels of vitamins or
trace elements may impede the healing of cuta-
neous ulcers has still not been established. Sim-
ilarly, the mechanisms by which healing could
be affected in these mild states of deficiency
have not yet been identified. One of many pos-
sible mechanisms may be supported by the
finding that vitamin and trace element supple-
mentation reduces the incidence of infections
in elderly patients [139–141]. Restoring optimal
levels of vitamins and minerals in patients with
cutaneous ulcers may therefore affect the im-
mune system, with a subsequent beneficial ef-
fect on healing.

Considering that leg ulcers are much more
prevalent in the elderly, it would be reasonable
to advise these patients on how to improve their
diet, and to consider prescribing vitamin and
mineral supplements.

19.5  Summary

Summary comments on malnutrition and pro-
tein and on carbohydrate and lipid deficiency
appear earlier in this chapter.

The following are general comments on 
the association between vitamins and trace
elements and the presence of cutaneous 
ulcers:

5 Blood tests such as serum iron and
ferritin may assist in determining
states of deficiency.

5 When a state of deficiency is diag-
nosed, it should be corrected.

5 All patients with cutaneous ulcers
must receive the appropriate RDAs.

5 Stress adds to the depletion of vita-
mins and trace elements. In these
cases, possible deficiency states
should be monitored and nutrition-
al supplementation provided as
required.

5 Due to the risk of toxicity, in no
event should excess supplementa-
tion be provided.

5 In the absence of a confirmed defi-
ciency of a particular vitamin or trace
element, there is no proven benefit in
administering high doses of these
compounds for wound repair. How-
ever, the following reservations
should be kept in mind: (a) There are
specific situations, detailed above, in
which it is reasonable to consider
administration of specific vitamins,
such as vitamin A to patients who are
receiving glucocorticoids. (b) Vitamin
and trace element supplementation
may be considered for patients with
cutaneous ulcers.
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20.1  Overview

The currently accepted classification of cutane-
ous ulcers, based on their clinical appearance,
refers to ‘yellow’, ‘black’, and ‘red’ ulcers. To the
best of our knowledge, that general scheme was
originally presented as a clinical aid by Hell-
gren and Vincent [1]. Later, this concept was
adopted by pharmaceutical companies. Since
then, the three-color classification has become
the accepted method in the evaluation of chron-
ic cutaneous ulcers and acute traumatic wounds
[2–7]. A similar classification, based on the ul-
cer color and its morphological characteristics,
has been recently introduced by Thomas [8].
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As described in Chap. 1, the treatment of a
cutaneous ulcer is governed by three consider-
ations: (a) etiology, (b) clinical appearance, and
(c) adjuvant therapy. The present chapter fo-
cuses on the appearance of ulcers. We present
below flow charts (see Figs. 20.6, 20.8, 20.11)
suggesting the therapeutic approach to cutane-
ous ulcers depending on their appearance.

The three ‘classical’ clinical types of wounds
or cutaneous ulcers, according to color, are:

5 Clean ‘red’ wounds
5 Secreting ‘yellow’ wounds
5 Dry ‘black’ wounds

We shall expand here on the above
classification and describe an addi-
tional type of ulcer, referred to as a
‘sloughy’ ulcer.

This chapter discusses the therapeutic options
of chronic ulcers. Most of the following is appli-
cable also to acute wounds. However, in acute
wounds, there is a larger array of surgical
options (e.g. skin flaps), not discussed in this
book.

The approach introduced in this chapter, re-
garding the drying out of secretions or the
moisturizing/softening of dry crusts is based
on the very fundamentals of dermatologic ther-
apy. However, the decision as to which type of
product to use is not always clear cut and is
subject to the clinical experience of the physi-
cian. We present our suggestions below.

Note that the main goal in the management
of yellow, black, or sloughy ulcers is to ‘convert’
them into ulcers that are clean and red.

t
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20.2  Secreting ‘Yellow’ Ulcers

It is the presence of a purulent or seropurulent
discharge that imparts a characteristic yellow-
ish appearance to these ulcers (Fig. 20.1 a, b).
The secretions may vary from thin and relative-
ly clear to heavy and thick.

When secretions are seen on the ulcer bed,
they can be removed by irrigation with saline,
which should be done as gently as possible.
However, the purpose is not only to treat obvi-
ous secretions, but also to prevent their ongo-
ing formation within the ulcer bed. We shall
distinguish between an ulcer with profuse
and/or purulent secretion and an ulcer with
mild secretion (Fig. 20.2).

20.2.1  Ulcers with Profuse 
and/or Purulent Secretion

The primary objective here is to dry the ulcer.
Traditionally, the simplest way of doing this is
by repeated wetting. This can be done by gentle
saline irrigation, several times a day. Alterna-
tively, a wet dressings may be equally effective.
This is done by applying a damp sterile cloth
soaked in saline or Ringer’s lactate solution, a
few times a day, each time for 10–20 min (see
Fig. 20.3).

In these cases, the added water cannot bind
to the skin and it evaporates. In so doing, it
‘pulls’ water from the outer layers of the ulcer
bed.We are not aware at present of any scientif-
ically based research to explain this phenome-
non, but as much as it seems paradoxical, re-
peated wetting or frequent washing does have a
drying effect. Apart from its drying effect, fre-
quent saline washing mechanically removes
bacteria from the ulcer’s surface.

The effectiveness of this technique depends
on its being carried out correctly. For example,
if the damp cloth/gauze is covered by a plastic
wrap, evaporation will not be possible and the
ulcer will not dry. Similarly, if, instead of using
one layer of gauze or a thin cloth, one applies
several layers of gauze which are repeatedly wet
with a large amount of saline, a drying effect
will not be achieved. On the contrary, excessive
wetting may result in maceration and signifi-
cant damage to the tissue.

Antiseptic solutions, such as potassium per-
manganate or chlorine-based solutions, may be
used instead of saline to achieve some degree of
antibacterial effect. Antibiotic solutions may al-
so be considered, taking into account the con-
troversy that surrounds this issue (see Chap. 10).

20.2.2  Ulcers with Mild 
to Moderate Secretion

Possible treatment for a mildly secreting ulcer
is a hydrophilic dressing to absorb secretions.
Preparations containing dextranomer gran-
ules, charcoal dressings, or alginate dressings
may be used.
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Another reasonable form of treatment is to
use a dressing that exerts topical negative pres-
sure (vacuum-assisted closure®). This assists in
absorbing fluid and debris from the ulcer bed
with subsequent reduction of wound edema. In
addition, it may draw the ulcer’s edges towards
its center, thereby enhancing wound contrac-

tion. (Note: All the methods described above
are discussed in Chap. 8. The issue of negative
topical pressure in presented in the Addendum
to this chapter.)

It is reasonable to assume that, in many cas-
es, the presence of secretions may represent a
mild degree of bacterial infection that inter-
feres with the processes of wound healing, even
though there may be no clear signs of clinical
infection (i.e., cellulitis or erysipelas). There-
fore, if the amount of secretion is not very ex-
cessive, one may consider applying an antibac-
terial cream such as silver-sulfadiazine onto the
ulcer. It may have some drying effect and can be
combined with wetting at every dressing re-
moval. In any case, an ointment should never be
applied to a secreting wound.

20.2Secreting ‘Yellow’ Ulcers 243

Fig. 20.3. Wetting a secreting lesion with a damp cotton
cloth

Fig. 20.2. Therapeutic approach to a secreting ulcer
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20.2.3  Additional Comments

When treating secreting ulcers, the physician
has to ascertain that there is no wound infec-
tion, i.e., cellulitis or erysipelas, that requires
systemic antibiotics. It is also generally accept-
ed that the presence of thick purulent secre-
tions on an ulcer bed should be regarded as ev-
idence of infection [9–13]. In such cases, occlu-
sive dressings should be avoided.

A large amount of relatively thin and clear
secretion from an ulcer is not necessarily the
result of infection, but may represent edema-
tous extracapillary fluid, which is released
through the ulcer. Further investigation will de-
termine the cause of the edema and its appro-
priate treatment.

Whenever a ‘yellow’ ulcer becomes clean and
red, treatment should be re-evaluated.

20.3  Dry ‘Black’ Ulcers

A dry ulcer is covered by black necrotic materi-
al, i.e., eschar composed mainly of devitalized
tissues or an ‘eschar-like’ crust (Fig. 20.4 a, b).
The accepted approach 40–50 years ago, was to
allow wounds to dry out, enabling them to form
a crust, as part of what was considered then to
be a healthy process of wound healing. Winter
et al. [14], followed by Hinman and Maibach
[15], demonstrated the importance of moist
healing on wounds and cutaneous ulcers.

It is now understood that creating a moist en-
vironment enables the black crust to gradually
separate from the ulcer bed, thereby creating
better conditions for healing.A suitable degree of
moisture within an ulcer’s environment creates a
desirable biologic medium that provides optimal
conditions for the processes of healing. It enables
a more efficient metabolic activity, cellular inter-
action, and growth-factor activities that cannot
occur within a dry environment.

Ointments and Hydrogel Preparations. In
most cases, application of an ointment may be
beneficial. The occlusive fatty layer above the
ulcer prevents water evaporation; thus, the tis-
sues become saturated with water. When the
tissues become well hydrated, the black crust
may gradually separate from the ulcer bed.
Some use antibiotic ointments in cases requir-
ing an additional antibacterial effect. Hydrogel
preparations may also be considered in view of
their water-donating properties.

Soaking/Hydration. Soaking the affected
limb (and ulcer) in a bath of water may soften
the crust. However, for patients with leg ulcers,
especially those with diabetes, this procedure is
not desirable, since it may result in maceration
and damage to healthy skin.

In order to limit water exposure to the ulcer
area, hydration can be carried out as demon-
strated in Fig. 20.5: Apply several layers of gauze
or cloth (not one layer only, as in the case of a
secreting ulcer) saturated with water, Ringer’s
lactate or saline solution, in the form of a com-
press. Wetting should be done several times per
day, each time for 15–20 min. In this way, evapo-
ration is not possible and the crust becomes hy-
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Fig. 20.4 a, b. Black ulcers
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drated and soft. This can be combined with the
use of ointments on the ulcer bed.

Surgical Debridement. In more severe cases,
surgical debridement is the treatment of choice.
Hydration with saturated gauzes, as described
above, or application of fatty ointment prior to
the surgical procedure may help soften the dry
material and ease its removal. See Fig. 20.6 for a
therapeutic approach to a dry black ulcer.

20.4  ‘Sloughy’ Ulcers

In addition to the three classical types of ulcers,
as previously mentioned, we feel that an addi-
tional type should be included to complete the
classification. The term 'sloughy ulcer' has al-
ready been described by others [8]. We refer to
these as ‘sloughy’ ulcers, whose surface is cov-
ered with material, which may be yellow, green
or gray/white in appearance. It is usually soft in
consistency, ranging from a liquefied mass to
semi-solid or relatively solid material; it is com-
posed of necrotic proteins, devitalized collagen
and fibrin (Fig. 20.7 a, b). It is essential to re-
move or dissolve the necrotic layer to enable
appropriate healing of the ulcer.

When there is clearly defined devitalized
material, which can be cut away and removed
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Fig. 20.5. Hydration, using several layers of gauze satu-
rated with water

Fig. 20.6. Therapeutic approach to a black, dry ulcer

Fig. 20.7 a, b. Sloughy ulcers (Note: Sometimes it is diffi-
cult to differentiate between a picture of a sloughy ulcer
and a picture of a yellow ulcer, as opposed to seeing
them in real life)
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without damaging healthy and vital tissue, sur-
gical debridement may be carried out. When
nearing vital tissue, the procedure should be
discontinued and further debridement may be
accomplished by using an alternative method.

However, in many cases, there is no clear
border between the sloughy and healthy tissue.
Surgical debridement, in that situation, may re-
sult in the unnecessary loss of healthy tissue.

Note that in cases where the amount of
slough is minimal and the ulcer seems to ap-
pear relatively clean, one may consider shaving
surgical debridement  (which is immediately
followed by the application of growth factors or
composite grafting). This method is detailed
below in the section on a clean red ulcer.

When surgical debridement cannot be used,
other methods should be employed to dissolve
the necrotic material. The therapeutic options
presented below (and in Fig. 20.8) should be
considered in accordance with the ulcer type,
etiology, the patient’s general health, and the
availability of each method.

Soaking/Hydration. Soaking the ulcer in
water (or hydration, as described above) may
soften the necrotic material and ease its remov-
al. A modification of this method is the use of a
product which combines multi-layered polyac-
rylate dressing with Ringer’s lactate solution
(Tenderwet®, see Chap. 8). The Ringer’s lactate
solution creates a moist environment, and may
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Fig. 20.8. Therapeutic approach to a sloughy ulcer
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soften and loosen the slough, resulting in its
detachment from the ulcer bed.

Topical Negative Pressure. Another reason-
able method of treatment is to use a dressing ap-
plying topical negative pressure (vacuum-assist-
ed closure®). This method helps to absorb ne-
crotic material, secretions, and debris from the
ulcer bed.

Chemical or Autolytic Debridement. Chem-
ical or autolytic debridement may also be used
(see Chap. 9).

Antibacterial Preparations. In most cases,
this wound type is associated with bacterial
colonization. Therefore, antibacterial prepara-
tions may be used, according to the general
guidelines detailed in Chap. 10.

20.5  Clean ‘Red’ Ulcers

A clean red ulcer is the so-called ‘ideal’ ulcer a
physician would like to achieve, with the best
chances for complete healing. When dealing
with the three other types of ulcers described
above, the purpose is to convert them to this
clean red form. The desired hue lies somewhere
in the spectrum between dark-red and purple
(Fig. 20.9 a, b). Red ulcers may manifest a scale
of hydration states – from relatively dry red to
moist red.

The surface area of a ‘red’ ulcer, i.e., the ulcer
bed, is covered by granulation tissue, which is
composed mainly of numerous blood vessels,
leukocytes (mainly macrophages), and fibro-
blasts. It serves as a substrate on which the
healing proceeds, until the whole ulcer bed is
covered by epithelial cells. The various cells of
the granulation tissue secrete growth factors
that regulate and enhance the healing process-
es.

The term ‘granulation’ is derived from the
general appearance of the tissue. On close in-
spection, the tissue seems to contain numerous
tiny granules, which are actually young blood
vessels.

Normal granulation tissue is dark red to
purple. This is in contrast to ischemic ulcers,
which occur in elderly patients suffering from
peripheral vascular disease, where the granula-
tion tissue tends to be relatively bright red or
even pink.

Note that certain infected ulcers may mani-
fest an exuberant deep reddish-brown granula-
tion tissue, which tends to bleed easily [9, 16].
This is not the desired red-to-purple color of
clean red wounds.

The decision on how to treat a clean red
wound should be determined by the speed (if at
all) at which the ulcer heals. It is important to
distinguish between an ulcer that gradually
improves and advances towards healing and a
‘stagnant’ ulcer, which does not.
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Fig. 20.9 a, b. Clean red ulcers
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20.5.1  Ulcers Advancing Towards 
Healing

When positive parameters such as re-epithe-
lialization and progressive wound contraction
are observed, it may suffice to merely supply an
ideal moist environment. The significance of
the moist environment in the ulcer area for
normal healing is detailed in Chap. 8

There are several methods for providing a
moist environment:

Saline or Ringer’s Lactate Solution. An ulcer
can be kept moist by applying a moistened
woven gauze to the surface. The following sim-
ple traditional method was presented by Pham
et al. [17]: A layer of saline-moistened gauze is
placed over the wound bed, followed by a layer
of dry gauze. A layer of petrolatum gauze (or a
plastic wrap) is then placed over that and the
area is wrapped with a layer of conforming
gauze bandage. The secondary dressing should
be changed twice a day.

Since, under these circumstances, the ulcer is
occluded, it is important to keep a close watch
on the area to identify and prevent maceration
or infection. Moreover, when using saline solu-
tion on an ulcer bed, a layer of a protective prep-
aration (such as zinc paste) should be applied to
the healthy skin around the ulcer to prevent
maceration of intact surrounding skin.

A similar therapeutic approach uses a very
slow, continuous drip of saline solution which
provides a moist environment and also re-
moves bacteria from the ulcer’s surface [18].
The rate of the drip should be adjusted to the
level of hydration of the ulcer – the dryer the
ulcer the faster the drip rate should be. Fre-
quent monitoring is mandatory. The continu-
ous drip is a relatively old method. Similar
techniques were developed at the beginning of
the twentieth century, as shown in Fig. 20.10.

Hydrocolloid or Hydrogel Dressings. The
more widely accepted approach to achieving a
relatively moist environment is to use occlu-
sives such as hydrocolloid dressings. Certain
hydrogel dressings may also be used for this
purpose, due to their water-donating proper-
ties (see Chap. 8).

20.5.2  ‘Stagnant’ Ulcers

When dealing with ulcers that do not show any
sign of improvement, a more active approach is
needed. Significant enhancement of healing
may be achieved by the application of prepara-
tions containing growth factors. Alternatively,
other advanced treatment modalities may be
used, such as keratinocyte grafts, autologous
skin grafts, or composite grafts.

Note: Advanced therapeutic modalities such
as growth factors or composite grafting are in-
tended for clean red ulcers. There is no justifi-
cation for using them on a secreting ulcer or on
an infected ulcer. Nevertheless, there is docu-
mented evidence that such treatments may
have some antibacterial effect, or that they may
enhance the patient’s immune function [19–21].
Therefore, one may consider using these treat-
ment modalities even for ulcers that are not
‘perfectly clean’, preferably combined with one
of the treatments for ‘yellow’ or ‘sloughy’ ulcers,
as discussed above. Figure 20.11 summarizes the
therapeutic approach to a clean red ulcer.
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Fig. 20.10. A device for instilling antiseptic liquid under
the dressing. The preparation used in this case is
Dakin’s solution. (From The Treatment of Infected
Wounds, by Carrel & Dehelly, published by The Macmil-
lan Company of Canada, 1917)
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20.6  ‘Unresponsive’ Ulcers

We do not always have a clear and scientific ex-
planation as to why, in some cases, certain
modes of therapy do not improve healing,
whereas in other cases they do. For the time be-
ing, there are several ‘black holes’ in the under-
standing of wound healing.

Certain sloughy ulcers benefit from autolyt-
ic debridement, while others benefit from enzy-
matic debridement. Certain clean wounds im-
prove only when treated with saline-moistened
gauze and do not heal when treated with hydro-
colloid dressings. In many cases, there is an ele-
ment of trial and error in the treatment of cuta-
neous ulcers. When a certain regimen aggra-
vates the ulcer, treatment should be changed. If
an ulcer does not improve within 10–14 days
with one mode of therapy, another approach

should be considered. However, the treatment
should not be changed too often; a reasonable
amount of time is required to let a certain treat-
ment take effect.

For an unresponsive ulcer, consider one of
the following options:

5 Hospitalizing patients whose self-
treatment seems to be inadequate.
In many cases, cutaneous ulcers do
not respond to accepted treatment
because it is carried out inappropri-
ately [22]. In cases where a patient is
not capable of treating the ulcer as
required, the ulcer may deepen and
worsen.
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Fig. 20.11. Therapeutic approach to a red clean ulcer
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5 Hyperbaric oxygen therapy, when
appropriate.

5 An alternative/additional topical
therapy (see Chaps. 17 and 18).

As stated above, for a stagnant red ulcer, one
should consider the use of growth factors or
composite grafting.

In any case the workup to determine the
ulcer’s etiology should be revised. Complica-
tions such as osteomyelitis should be ruled out
(see Table 7.3).

20.7  ‘Mixed’ Ulcers

Often, cutaneous ulcers are not uniform in col-
or. Some ulcers may present slough together
with black crusting on the surface. In others,
one may discern clean red areas as well as yel-
low secreting or sloughy areas.

In these cases, the guiding principles are as
follows:

5 Avoid any damage to healthy granu-
lation tissue; e.g., clean red areas of
the ulcer bed should not be exposed
to enzymatic preparations.

5 Secreting or sloughy areas should be
treated first, since these areas are
more prone to the development of
infection.

20.8  Additional Comments

5 Healing of a cutaneous ulcer is a dy-
namic process, subject to changes.
Treatment should be adjusted ac-
cording to the ulcer’s current clini-
cal appearance. When a yellow se-
creting wound becomes clean and

red, the therapeutic approach
should be modified accordingly.

5 Consider combining some of the
treatment modalities as presented
above. For example, repeated wetting
together with application of an anti-
bacterial cream, or with special
dressings.

5 Several researchers have suggested
that Ringer’s lactate solution may be
preferable to saline for rinsing and/or
wetting wounds and cutaneous ul-
cers. It is considered to be more ‘fri-
endly’ to the ulcer tissue in respect to
pH and electrolyte content (e.g. calci-
um). Currently, there are insufficient
data to confirm this approach.

20.9  Treating Hypergranulation Tissue

Hypergranulation tissue above a wound or
ulcer’s surface may impair normal healing (Fig.
20.12 a). This is superfluous tissue that impedes
epithelialization and wound closure. Thus, the
excess tissue should be removed. This may be
done surgically (preferably followed by advanced
therapeutic modalities such as growth factors,
or keratinocyte grafting, or skin grafting).

Alternative methods are as follows [23–25]:
5 Applying a preparation containing a

low-potency corticosteroid for a
short period, once or twice daily,
which may decrease the amount of
excessive granulation tissue
(Fig. 20.12 b).

5 Some suggest using semipermeable
instead of impermeable dressings,
since low oxygen tension may en-
hance the formation of granulation
tissue. As described in Chap. 8, this
may be so when dealing with acute
wounds, but not necessarily for
chronic ulcers.
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20.10  Addendum: Dressings 
that Apply Topical Negative
Pressure

Topical negative pressure (TNP) (vacuum-assi-
sted closure®) is currently being used on acute
traumatic wounds as well as on chronic cutane-
ous ulcers and has already been studied by
many investigators [26–31].

At present, not all mechanisms by which TNP
exerts its beneficial effects have been identi-
fied. The main mechanisms suggested are as
follows [32, 33]:

5 Absorption of fluid and debris from
the ulcer bed, with subsequent re-
duction of wound edema

5 Increasing blood flow and dermal
perfusion, with enhancement of
granulation tissue formation

5 Mechanical effect, intended to draw
the ulcer’s edges towards its center,
thereby accelerating wound contrac-
tion

5 Reducing the amount of stagnant
fluid and bacterial load

The TNP dressing is a porous foam material.
Tubes are embedded in the dressing, while their
proximal part is connected to an adjustable
vacuum pump (Fig. 20.13). The dressing should
be trimmed to conform to the shape of the ul-
cer into which it is inserted.While activated, the
vacuum device creates a continuous and con-
trolled negative pressure.

In our experience, the TNP dressing has
shown a relatively high level of efficacy in
‘cleaning’ the chronic ulcer bed, leading to the
development of healthy granulation tissue. This
is especially evident in venous ulcers and ulcers
related to lymphedema. However, TNP has also
been documented as accelerating healing of ul-
cers of various other etiologies. In any case,
more research studies are required to examine
the most appropriate guidelines for TNP use.

During TNP therapy patients are immobi-
lized and continuously attached to the TNP de-
vice. Therefore, during the treatment period,
patients (especially elderly patients for whom
immobilization carries a risk of deep venous
thrombosis or pneumonia) should be encour-
aged to detach themselves from the device a few
times each day, to walk and activate their legs.

20.10Dressings that Apply Topical Negative Pressure 251

Fig. 20.12. a. Excessive granulation tissue. b. The same
ulcer following two weeks’ daily application of a prepar-
ation containing low-potency corticosteroids
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5 A polyurethane foam dressing has
been shown to have a beneficial ef-
fect.
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Fig. 20.13 a, b. A dressing applying negative pressure.
Tubes connect the vacuum device to the porous dress-
ing covering the ulcer. a. Before applying negative pres-
sure. b. Flattening of the dressing following the applica-
tion of negative pressure
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21.1  General Patient Guidelines 
for the Treatment of Ulcers 
or Wounds at Home

5 Take care to wash your hands with
soap and water before and after the
treatment.

5 When the dressing is changed,
any materials removed from the
wound should be placed directly
into a plastic bag set aside earlier
for that purpose. Make sure that
the infected dressings do not
come into contact with the floor,
the furniture, or any other object,
so as to avoid as far as possible
any spread of infectious bacteria
to the surroundings.
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5 The skin around the wound may be
cleaned using a very dilute, mild
soap. Ensure that all the residual
soap is thoroughly rinsed off, using
a gentle stream of lukewarm water.
Avoid using soap directly on the
wound.

5 After being rinsed with water, the
wound should be dried by gentle
patting/dabbing only. Never scrub
or rub the wound.

5 Any medical substance that needs to
be placed on the wound bed should
be applied using an object such as a
spatula, or tongue depressor. Never
apply the substance directly from its
container, and never use bare fin-
gers to apply it.

5 To remove dressings that have be-
come stuck to the wound because of
dried secretions on the wound sur-
face, moisten them with saline or
tap water and leave them wet for a
few minutes. They can usually then
be removed relatively easily without
causing any damage to the bed of
the wound.

5 Ensure that the dressing is not too
tight or pressing too hard on the
wound, since a tightly applied dress-
ing may interfere with the blood
flow.

5 Use an elastic net dressing (e.g., fle-
xible elastic net bandages; stockin-
ette) to hold the dressing on the
wound. Avoid the use of adhesive
plaster directly on the skin.

5 Smoking is strictly forbidden!!!
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21.2  Patient Guidelines 
for the Management 
of Skin Ulcers Caused 
by Venous Insufficiency

5 Avoid standing as much as pos-
sible.

5 While seated, make sure your legs
are elevated, if possible slightly
above the level of your buttocks.

5 When lying down, it is advisable to
elevate the legs slightly on a cushion
or folded blanket.

5 It is advisable to walk every day for
at least 30–60 min; do not stand still
during this time.

5 When seated or lying down, move
your legs (twisting, cycling motion,
etc.) several times a day for
10–15 min each time.

5 If your doctor advises you to use
support stockings, you should put
them on in the morning, after your
legs have been elevated for a few
hours, so that your legs will not be
swollen when you put the stockings
on.

5 Smoking is strictly forbidden!!!

21.3  General Guidelines 
for Patients with Diabetes 
or Peripheral Arterial Disease

The following guidelines should be imple-
mented by patients with diabetes or peri-
pheral arterial disease, in order to prevent
formation of cutaneous ulcers.

5 Wash your feet at least once a day
with a mild soap under running
water. Make sure you rinse off all
traces of the soap, particularly
between the toes.

5 Use only lukewarm, not hot water.

5 After washing, dry your feet
thoroughly, including between the
toes, since moisture in that area
can lead to infections. Usually a
normal towel is not adequate; use
absorbent paper in addition.

5 It is recommended you walk at
least 30–60 min every day. It is also
advisable to move your legs while
lying down or sitting (twisting or
cycling movements, etc.) several
times a day, for 10–15 min each
time. In the case of a neuropathic
ulcer consult your doctor as to the
appropriate mode of physical
activity and pressure off-loading.

5 Cutting toenails: Avoid cutting the
corners; trim the toenails straight
across. If necessary, get someone to
help you, so you don’t injure your-
self. Do not ‘dig’ with a sharp in-
strument in the angle between the
nail and the flesh.

5 Examine your legs and feet once a
day, using a mirror, or get someone
to help if necessary.

5 Treatment of wounds, corns, blis-
ters should be carried out only
under medical supervision. Should
areas of dry skin, rashes, scaling,
or changes in the skin color ap-
pear, seek medical advice.

5 Cold and heat injury: Avoid expo-
sure to cold; keep the feet warm in
winter. However, do not sit too close
to a heater or fire. Don’t use a hot
water bottle. Do not use an electric
blanket without a thermostat. Be-
fore washing your feet, test the wa-
ter temperature with your hand.

5 Wear comfortable, well-fitting
shoes. A poorly fitted shoe may
cause corns, because of uneven
pressure distribution on the foot
when walking. Before putting your
shoes on, shake them out to re-
move any small stones. Don’t wear
shoes without socks. Cotton socks
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are preferable. Change your socks
at least once a day. Avoid sandals
or thongs, since they do not pro-
tect the foot from injury.

5 Smoking is strictly forbidden!!!

21.4  Treatment of Edema

Once the cause of edema has been identified,
treatment should be done accordingly (see
Chap. 7).

In addition, the following steps should be
considered:

5 Elevation of the extremities: The pa-
tient should be given clear instruc-
tions to raise the affected extremity.
In the case of leg ulcers the patient
should be instructed to avoid pro-
longed standing as much as possible
and to raise the leg while sitting or
lying down.

5 Physical activity: The patient should
be advised to engage in physical ac-
tivity and to exercise the leg mus-
cles. Physical activity can reduce the
degree of leg edema [1, 2].

5 Physical therapy: The patient should
be referred for a special form of
therapy known as manual lymph
drainage. This is a massage tech-
nique designed to reduce edema. It
is effective for edema of the lower
extremities and can aid in the heal-
ing of cutaneous ulcers associated
with edema [2–9]. Kurtz et al. [8]
found that this procedure may lead
to the mobilization of up to 1 l of
urine from reabsorption and trans-
port of interstitial fluid. Gentle pres-
sure is applied to lymph nodes and
lymph vessels with the finger tips to
evacuate lymphatic content. The
rhythm of applied pressure is differ-
ent from that of traditional massage

techniques [3, 4]. The basic principle
is that central regions of lymph
drainage, such as the lower abdo-
men and proximal thigh, should be
emptied initially to provide space
for the drainage of peripheral fluid.
After the proximal region of a limb
has been cleared of its lymph, distal
areas are massaged to mobilize the
fluid proximally. The scheduling of
therapeutic sessions depends on the
size of the ulcer, the amount of ede-
ma, and the patient’s general condi-
tion. It is usual to conduct two to
three sessions per week [4], but dai-
ly sessions should be considered
under certain circumstances.

5 Compression therapy is done using
stockings or elastic bandages. Com-
pression therapy has a proven value
as a means of treating venous insuf-
ficiency and its ensuing leg ulcers
[10–13].

5 Administration of diuretics should
be considered, depending on the cli-
nical data.
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21.5  Guidelines for Nurses:
Outpatient Management 
of Cutaneous Ulcers

5 Warn the patient not to touch any
object, furniture, or any other item
in the clinic unnecessarily, to reduce
the spread of bacteria to the sur-
roundings.

5 Both the patient and the nurse
should wash their hands before and
after the treatment. Show the pa-
tient how to wash his/her hands
correctly. Hands should be washed
under running water, for about
15–20 sec, with 3–5 ml of a cleaning
agent [1]. Another accepted disin-
fecting method is to use an alcohol-
based hand-rub solution (contain-
ing about 70% alcohol). Recently,
the latter has been documented as
the best method for reducing trans-
mission of infection [2, 3].

5 The patient should avoid placing
his/her treated foot directly on the
floor. The treated foot should be
placed on a stool covered by plastic
and a clean cloth or sheet [4]
(Fig. 21.1).

5 Should the ulcer need to be rinsed
extensively with saline, ensure that
there are sheets of plastic on the
floor or bench.

5 Place a plastic bag near the patient,
in which you can readily dispose of
all the dressing materials removed
from the ulcer (Fig. 21.2). Ensure
that used dressing materials re-
moved from the ulcer do not come
into contact with the floor, the fur-
niture, or any other object in the
clinic.

5 Throughout the treatment proce-
dures the nurse must wear gloves. It
is advisable to change the gloves af-
ter removing the old dressing. Use a
new pair of gloves when applying
the fresh dressing to the wound.

5 Enter information into the patient’s
record after completing the dressing
procedure, removing the gloves, and
washing your hands.

5 Between one patient and the next,
clean the treatment area with anti-
septic solution.

5 After treating an ulcer that is likely
to be heavily infected (such as a cu-
taneous ulcer known to contain
methicillin-resistant Staphylococcus
aureus or resistant Pseudomonas
strains) or a heavily secreting ulcer,
clean the treatment room thorough-
ly with soap and sodium-hypochlor-
ite solution. Free available chlorine
at 500 ppm is documented as being
the most effective compound against
most nosocomial pathogens [5].

Chapter 21 Appendix: Guidelines for Patients and Medical Staff258

21
t

t

21_255_260*  01.09.2004 14:10 Uhr  Seite 258



References

1. Larson E: APIC guideline for hand washing and
hand antisepsis in health-care settings. Am J Infect
Control 1995; 23 : 251–269

2. Hugonnet S, Pittet D: Hand hygiene revisited: Les-
sons from the past and present. Curr Infect Dis Rep
2000; 2 : 484–489

3. Teare L, Cookson B, Stone S: Hand hygiene. Use alco-
hol hand rub between patients: they reduce trans-
mission of infection. Br Med J 2001; 323 : 411–412

4. Shai A, Bilenko N, Ben-Zeev R, et al: Use of infection
control procedures in an out-patient clinic for leg ul-
cers and the rate of contamination with methicillin-
resistant Staphylococcus aureus. Wounds 2004; 16 :
193–200

5. Zaidi M, Wenzel RP: Disinfection, sterilization, and
control of hospital waste. In: Mandell GL, Bennett JE,
Dolin R (eds) Mandell, Douglas and Bennett’s Prin-
ciples and Practice of Infective Diseases, 5th edn.
Philadelphia: Churchill Livingstone. 2000; pp 2995–
3005

References 259

Fig. 21.1. The patient’s leg is placed on a stool Fig. 21.2. A plastic bag is used for disposal of the dress-
ing materials removed from the ulcer

21_255_260*  01.09.2004 14:10 Uhr  Seite 259



Subject Index

A
absorptive dressings  105, 111–114
accidental injections  196
acetic acid  156
actinomycin D  194, 196
activated charcoal dressings  113,

122
activated protein C resistance  44,

73
acute wounds  1
additional topical preparations

217–221
adhesiveness  105
adjuvant therapy  2, 3
adriamycin  194, 196
albumin  96, 97, 224, 225
alginate dressings  111, 112
allantoin  130
allergic reactions  143
– sensitivity to povidone-iodine

152
– sensitivity to silver sulfadiazine

154
allogeneic cadaver skin  165, 166
allogeneic grafting  159, 170
aloe vera  211
alternative topical preparations

209–215
amino acid  225
amlodipine  203
amphiregulin  190
ancient Egypt  20
anemia  98, 99, 233

see also hemolytic anemia
anesthetics
– necrosis  196
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– mode of action  137
– toxicity  137, 142, 144
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– multi-layered polyacrylate dres-
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eschar  119, 120, 244
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excessive granulation tissue  251
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ferritin  233
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full-thickness grafts  160
fungal infection  36, 40, 64, 84
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G6PD deficiency  154
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granulation tissue  8, 9 
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251
– clean ulcers  247
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stimulating factor (GM-CSF)
185, 189, 190, 199

granuloma inguinale  60, 61
granulomatous
– histologic pattern  84
– reaction  194, 196
green bottle blowfly  129
groove sign  61
growth factors  13, 27, 95, 185–190,

246, 248, 249
– anti-infective effects  190
– beneficial effects  186

– contraindications  187
– epidermal growth factor (EGF)

185, 189
– epithelial cells  8
– fibroblast growth factor (FGF)  8,

185, 189
– granulocyte-macrophage colony-

stimulating factor 
(GM-CSF)  185, 189, 190, 199

– indication  187
– inflammation phase  8
– insulin-like growth factor (IGF)

185
– mode of using PDGF gel prepa-

ration  188
– platelet-derived growth factor

(PDGF)  185–188
– proliferation  8, 186
– research studies  187
– transforming growth factor

(TGF)  10, 185, 189, 190
– tumor necrosis factor (TNF)  185
guidelines
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255–259
– surgical debridement  123
– for using enzymatic preparations

128
– for using PDGF gel preparation

188

H
haemostasis  8
healing process  7–15
hemoglobinopathy  56
hemolytic anemia
– cutaneous ulcers  47
– histology (sickle cell anemia)  72,

73, 75
– sickle cell anemia  47
– splenomegaly  65
– splenectomy  47
– hereditary spherocytosis  47, 73
heparin  194
– heparin-induced necrosis  194,

200
heparin necrosis  73
hepatitis B  44, 77
hepatitis C  44, 77, 78
herbal remedies  210
hereditary spherocytosis  47
heregulin  190
heroin  195
herpes  40
– genitalis  60
Hippocrates  21, 31
history of wound healing
– advanced skin substitutes  27
– antibiotics  26
– cell senescence  27
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– Fleming Alexander  26
– growth factors  27
– Holmes, Oliver Wendell  24
– Koch  25
– Lister Joseph  24, 25
– Metchnikoff 26
– moist wound environment  26
– Renaissance era  22, 23
– Semmelweis, Ignatz Phillip  23,

24
– Wells Spencer  25
HIV  40
honey  114, 212–214
– in ancient Egypt  21
– mode of action  212, 213
– mode of use  214
– research  213
human skin equivalent  
– contraindications  181
– efficacy  181
– general structure  177
– grafting procedure  180
– indications  178
– mechanism of action  177
– product description  178
hyaluronic acid  220
hydralazine  198, 199
hydration  98, 99, 226
hydrocolloid dressings  107–109
hydrodebridement  125
hydrogel preparations  110–111, 129,

132, 244, 245
hydrogen peroxide  144, 151, 152
hydroxyurea  198
hydroxyurea  199
hyperbaric-oxygen therapy  3, 250
hypercoagulable state  56  
– activated protein C resistance

44, 73
– anti-thrombin III deficiency  44
– heparin-induced necrosis  194,

200
– hyperhomocystinemia  44
– protein C deficiency  44, 56, 73
– protein S deficiency  44, 56, 73
– thrombophilia  44
– warfarin-induced skin necrosis

199, 200
hypergranulation tissue  250
hypertensive ulcer  43
– Martorell’s ulcer  43
hypoguesia  227
hypoxia  10, 98, 99, 108
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ibuprofen  199
identification of pathogenic bacte-
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– antibiogram  145
immunosuppressive drugs  201, 202

infected ulcers  137, 138
infection
– definition  136
– measurement  94, 95
infection-control  145, 258
inflammation phase  7
infrared light  4
insect bite  66
insulin-like growth factor (IGF)  185
interference with normal mecha-

nism of wound healing  200
interferon  194, 199
intralesional BCG  194
intravascular occlusion  72–76
intravascular occlusion  71
– bizarre red cells  76
– calciphylaxis  76
– cholesterol clefts  76
– cholesterol emboli  76
– hemolytic anemia  76
– microcalcifications  76
iodine  152
iron  233
irrigation  126
ischemic ulcers

see peripheral arterial disease
isoniazid  198
isotretinion  199
isradipine  203

J
Jacquet’s erosive diaper dermatitis

37, 60

K
Kaposi’s sarcoma  83, 84
Kawasaki disease  56, 78
keratinocyte graft  169, 170
keratoacanthoma  83
keratomalacia  227
kerosene  195
klebsiella  40
Koch  25
koilonychia  227
Krill enzyme  128

L
laboratory investigation  71
lag phase  7
lamellopodial crawling  11
Langerhans’ cells  232
laser injury  228
laser irradiation  4
leg edema
– causes  97
– drugs  202, 203
– general  96
– generalized  97
– localized  97–98
– measurement  96, 97

– treatment  257
leishmaniasis  32, 66, 84
leprosy  32, 40, 64, 84
leukemia  65, 78, 83, 84
leukocytoclastic vasculitis  36, 44,

76, 78
leukopenia  154
Lichen planus  199
lidocaine and prilocaine  123
linear 
– distribution of ulcers  65, 66
– measurement  91
lipid-deficient state  225
lipodermatosclerosis  67
Lister Joseph  24, 25
lithium carbonate  199
livedo reticularis  62
livedoid vasculitis

see: atrophie blanche
living skin substitute  168
local anesthetics
– and necrosis  196
– before debridement  123
Lucio’s phenomenon  40
lues maligna  39
lupus vulgaris  39
lymph drainage 
– see: manual lymph drainage  257
lymphadenopathy  66
lymphedema
– praecox  97
– tarda  97
lymphocyte  9
lymphocytic vasculitis  79
lymphogranuloma venereum  60,

61
lymphoma  65, 83, 84
lysine  10, 230

M
macroangiopathy  45
macrophages  9
maggot therapy  129–131
Majno  20
malignancy
– causing ulceration  34
– suspected  72, 82
malnutrition  48, 223, 224
manual lymph drainage  257
margin  (ulcer)  61, 62
Marjolin ulcer  83
massage (lymph drainage)  257
matrix metalloproteases (MMP)  13,

168 
measurement
– depth  93, 94
– linear  91
– tracing  91, 92
mechanical debridement  125–127
– absorptive debridement  126
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– hydro-debridement  125
– irrigation  126
– mechanical scrubbing  126
– Ringer’s lactate  126
– soaking  125
– wet-to-dry-technique  126
– wet-to-moist-technique  125
– whirlpooling  125
mechanisms of ulcer formation

31–48
melanoma  83
Meleney’s ulcer  61, 62, 65
Merkel cell carcinoma  83
Mesopotamia  20
Metchnikoff 26
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methicillin-resistant  Staphylococ-

cus aureus 113, 114, 155
methicillin-resistant staphylococ-

cus aureus  155
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methyldopa  199
methyphenidate  195
microangiopathy  46
microcalcifications  76
microsphere  153
migration  10, 186
miliary tuberculosis  39
Milton’s solution  153
minocycline  198
mixed ulcers
– appearance & color  250
– venous & arterial  41, 42
moist wound environment  26, 104,

244, 248, 249
montelukast sodium  199
montmorillonite  212
multi-layered polyacrylate dressing

115, 246
multiple emboli  66
multisystem diseases  44, 56, 78, 79
myobacterium
– avium intracellulare  55
– leprae  44
– marinum  85
myofibroblast  12
myroxyolon pereirae (balsamum)

212

N
naturally occurring collagen matrix

166, 167
necrotic material  119
necrotizing
– fasciitis  38
– ulcerative gingivitis  48, 226
– vasculitis  76
needle aspiration  146
nerve growth factor  10
neuropathic ulcer  40, 62, 65

neuropathy  45, 46  
neutrophils  8, 9
nicardipine  203
nicotine  197
nifedipine  202, 203
nitric oxide  12, 225
nodule  63
noma  48, 65, 226
non-healing ulcers  72, 139
– unresponsive ulcers  249
non-living skin substitutes  165
non-steroidal anti-inflammatory

drugs  201, 202
nutrition  223–234
nylon suture  197

O
occlusive dressings  103, 105,

106–110
off-loading  256
oil  20
oily substance  195
ointment  142, 244
oxidizing agent  151
oxygen  98

see: hypoxia

P
p-antineutrophil cytoplasmic anti-

body (pANCA)  78
pain  60, 65
papain  128
papain-urea combination  128
papaverin injection  194
papyri  21
paraldehyde  194
paralithodes camtschatica  128
Parè  22, 23, 129
paroxysmal nocturnal hemoglo-

binuria  73
Pasteur  24
pathergy  123
patient assessment
– edema  96
– generalized edema  97
– localized edema  97
– nutritional deficits  96
– physical activity  100
penicillamine  199, 203
penicillin  195
pentazocine  194–196, 203
perianal ulcers  40, 58
periarteritis nodosa  36, 55, 57, 66,

78, 79
pericapillary fibrin cuff 42
peripheral arterial disease
– atherosclerosis  43
– critical limb ischemia  43
– general  67 
– formation of ulcers  42–43

– guidelines  256
– histology  82
– hypertensive ulcers  43
– location  43, 67
– mixed ulcers  42
– physical examination  67
permeability (of dressing)  105
phagocytosis  9 
phenol  195
phenylbutazone  194
phenytoin  195, 198, 199
photograph  92
phrynoderma  227
physical activity  100
pinch grafting  161
plaque  63
platelet-derived growth factor

186–188
polyarteritis nodosa

see: periarteritis nodosa
polymerase chain reaction  85
pot marigold  211
potassium permanganate  152, 242
povidone-iodine  152, 153
– contact dermatitis  152, 198
– ulceration  37
prealbumin  224
pressure ulcers  56
– clinical appearance  37
– grading  3, 4
– infections  37
– location  37
– mechanism of formation  37
procaine  197
– procaine-amide  198, 199
prolidase deficiency  56, 65
prolifeative phase  7
proliferation  10, 186
proliferative burst  11
proline  10, 230
propanolol  199
prophylactic plague vaccination

194
protein C deficiency  44, 56, 73
protein S deficiency  44, 56, 73
protein depletion  224
Proteus mirabilis  154
Proteus strains
– Burow’s solution  156
– silver  154
pseudo chancre redux  60
Pseudomonas strains (& P. aerugi-

nosa) 
– activated charcoal  113, 114
– ecthyma gangrenosum  40
– silver  154
– silver sulfadiazine  154
– Burow’s solution  156
puerperal fever  23, 24
puffy foot syndrome  197
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punch grafting  161 
pustule  63
pustule  63, 64
pyoderma gangrenosum 
– appearance  61, 62
– contraindicated (surgical debri-

dement)  122, 123, 131
– children  55, 56
– drug-induced  199
– histology  85
– location  56
– pustule  64
– rheumatoid arthritis  44
– undermining  62
pyruvate kinase deficiency  47

Q
quinidine  199

R
radiotherapy  228
rapid progression  66
Raynaud’s phenomenon  44, 57 
re-epithelialization  11
Renaissance era  22
retinoic acid  217
rheumatoid arthritis  44, 84, 85
rheumatoid nodule  84
Ringer’s lactate  115, 126, 245, 246,

248, 250
Rokitansky  23

S
saline solution  126, 245, 248
scar  11, 12 
scarlet red  219
scleroderma  44, 78, 79
– scleroderma-like reaction  203
sclerosing agent  194
scrofuloderma  39, 66
scrubbing (for debridement)  122,

126
scurvy  227, 230
sea buckthorn seed oil  212
secreting ulcers  242–244
– wetting  242
self-inflicted ulcers  36, 62, 197
Semmelweis  23, 24
senescence

see: cell senescence
sexually transmitted disease  60
sharp debridement  122
sickle cell anemia  56, 73
sickled erythrocyte  75
silica  197
silicone injection  194, 195
silver  154
silver sulfadiazine  154
– clinical studies  155
– toxicity  154, 155

Sjögren’s syndrome  44, 73
skin
– around an ulcer  62, 63
– metastases  84
– substitutes  165–173
Skoda  23
SLE  56, 78, 198
slough  119, 245, 246
sloughy ulcer  245–247
– antibacterial preparations  247
– autolytic debridement  247
– hydration  246
– soaking  246
Smith  20
– papyrus  21
Smith Edwin  21
smoking  99
soaking  246
sodium
– hydroxide  195
– silicate  36
soles  59
solutio castellani cum colore  155
spectrophotometry  95
spider bite  64, 65
splenectomy  48
splenomegaly  65
split-thickness skin graft  160
sporotrichosis  66
squamous cell carcinoma  82, 83
staging (ulcers)  4
stagnant ulcers  248, 249
Staphylococci  (& S. aureus)  37
– activated charcoal  113
– Burow’s solution  156
– antiseptic dyes  155
– ecthyma  39
– methicillin-resistant  113, 155
– silver  154
– silver sulfadiazine  154
– skin grafts  139
starch powder  197
stasis dermatitis  62
sterile abscess  194, 195
Streptococci  37, 39, 44, 78
streptodornase  128
streptokinase  128
sugar  114
Sumerian clay tablet  20
surface (of ulcers)  61
surface area  61
surgical debridement  122, 123, 132,

245
– appropriate technique  124, 125
– contraindications  123
– guidelines  123
swabbing  145
Sweet’s syndrome  123
synthetic collagen dressings  166
syphilis  84

– late syphilis  39
– lues maligna  39
– malignant syphilis  39
– rupial syphilis  39
– rupioid  39
– tertiary syphilis  39
syphilitic chancre  60
systematic antibiotic  139
systemic lupus erythematosus

(SLE)  44, 56, 78

T
Takayasu disease  78, 79
talc  195, 197
tannin-containing herb  212
temporal arteritis  78, 79
terbutaline sulfate  195
thalassemia  47, 56
thrombocyte  8
thrombocytopenia  123
thrombophilia  44
thrombospontin  9
tissue
– culture  85
– formation phase  7, 9–12
– remodeling phase  7, 12
– tissue-engineering skin 

equivalent 165–173
topical anesthetics  123
topical negative pressure  243, 246,

247, 251
topical zinc  218
toxicity
– antiseptics  137, 142, 144
– iodine compounds  153
– silver  154, 155
– potassium permanganate  152
trace element  231–234
tracing  91
traditional home remedies  210
transforming growth factor α

(TGF-α)  185, 190
transforming growth factor-β

(TGF-β)  10, 185
transparency ( of dressings)  104
transthyretin  224
trauma  36
triceps skin-fold thickness  224
tropical sloughing  phagedena  226
tropical ulcer  226
trypsin  128
tuberculosis  66, 84
– lupus vulgaris  39
– miliary  39
– papulo-necrotic tuberculid  39
– scrofuloderma  39
– tuberculous chancre  39
– tuberculous gumma  39
tuberculous chancre  62
tularemia  64, 66
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U
ulcer
– chronic  1
– definition  1, 71
– margin  61, 62
ulcerating panniculitis  84
ulcers
– arterial

see: peripheral arterial disease
– classification  2–4, 241  
– clean  138, 241, 247, 248
– diabetic  45–47 
– dry black  244
– hypertensive  43
– mixed see: mixed ulcers
– pressure  37, 56
– secreting  242–244
– self-inflicted  197
– sloughy  245–247 
– stagnant  248, 249
– tropical  see:tropical ulcers
– undermined  94
– unresponsive  249
– venous  see: venous ulcers
ulcus
– durum  60
– molle  60
undermining  62, 94
Unna boot  218
uppermid-arm circumference  224

V
varicose veins  67
vasculitis
– destructive (by injection)  195
– histology  76–79
– idiopathic  78
– induced by injections  195
– induced by drugs  199
– large vessel  79
– leukocytoclastic  44

– medium-sized vessel  79
– small vessel  79
– ulceration  78
vasoconstriction  8
vasodilatation  8, 9
vasodilatation  9
vasospasm  199
vasospastic effect  194, 195
venereal ulcers  60, 61
venous ulcers
– histology  80, 82
– guidelines  256
– mechanisms of formation  41, 42
– physical examination  66, 67
– location  42, 67
– general  41, 66, 67
vesicle  63, 64
vinblastine  194, 196
vincristine  194, 196
Virchow  26
vitamin
– supplementation  234
vitamin A 
– chemotherapy  229 
– cod liver ointment  217
– deficiency  227, 228
– glucocorticoids  229
– radiation theapy  229 
– recommended daily allowance

229
– supplementation  228
– topical  217, 218
vitamin C  
– deficiency  227, 230
– scurvy  227, 230
– supplementation  230
– treatment  230
– ulceration  48
vitamin E  227, 231
vitronectin  9, 13

W
Waldenstrom’s macroglobulinemia

73
warfarin  199
– warfarin-induced skin necrosis

199
Wegener’s granulomatosis  56, 66,

79
Wegener’s granulomatosis  66, 78,

79, 123
Wells  Spencer  25
wet-to-dry technique  122, 126
wet-to-moist technique  125
wetting  242
whirlpooling  125
wood  197
wound
– definition  1
– contraction  11, 12
wound healing
– inflammation phase  8, 9
– tissue formation phase  9–12
– tissue remodeling phase  12

X
xenograft  166
xerophthalmia  227

Y
yaws  32, 65, 84
yellow ulcer
– see: secreting (yellow) ulcer

Z
zinc
– deficiency  227, 232, 233
– normal plasma level  232
– recommended dietary allowance

233
– topical  218
zinc oxide  219
zoograft  159
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List of Products

Accuzyme®  129
Actisorb®  115
Acticoat with Silcryst® nano-

crystals  155
Actisorb plus® 114, 155
Actisorb Silver 220®  114, 155
Alloderm®  166
Aquacell AG®  155
Aquaflo®  111
Aquasorb®  111
Algiderm®  112
Algisite®  112
Allevyn®  110
Apligraf®  170, 173, 177–183
Aserbine®  129

Biafine®  220
Biatain®  110
Biobrane®  166, 168
Bioclusive transparent dressing®

107
BioSeed®  170
Blisterfilm transparent dressing®

107

Carboflex®  114
Carboflex odor control dressing®

114
Carbonet®  114
Carrafilm transparent film dres-

sing®  107
Carrasmart foam®  110
Carrasorb®  112
Carrasyn gel wound dressing®  111
Clinisorb®  114
CollatamFascie®  166, 167, 172
Comfeel®  109
Contreet foam®  155
Contreet hydrocolloid®  155
Crystacide®  152
Curafil®  111
Curafoam plus®  110
Curasorb®  112
Cutifilm®  107
Cutinova®  109
Cutinova alginate®  112
Cutinova foam®  110
Cutinova gel®  111

Debrisan®  113
Dermacol®  109
Dermafilm intelligent film 

dressing®  107
Dermagraft®  170, 172
Dermagran hydrogel zinc-saline

wound dressing®  111
Dermatell®  109
Duoderm®  109
Duoderm hydroactive gel®  111

Elase®  128
EMLA®  123
Epibase®  170
Epicel®  170
Epidex®  170
Epiview®  107
Exuderm®  109
E-Z-derm®  166, 167

Fibracol®  168
Fibracol®  168
Fibracol plus®  166
Fibrolan®  128
Flexzan®  110
Fybron®  112

Gladase®  129
Granuflex®  109
Granugel®  111, 114
Granulex spray®  129

Hyaluricht®  220
Hydrasorb®  110
Hydrocol®  109
Hydrocoll®  109
Hydrosorb®  111
Hyfil wound gel®  111
Hypergel®  111
Hyperion®  112

Iamin hydratinf gel®  111
Integra®  166, 167, 172
Intrasite gel®  110, 111
Iodosorb®  113
Iruxol®  128

Kalginate®  112
Kaltocarb®  114
Kaltostat®  112

Lyofoam®  110

3M Foam®  110
3M Tegaderm transparent 

dressing®  107
Macropro gel®  111
Maxorb®  112
Mefilm®  107
Melgisorb®  112
Mepilaex®  110
MPM Excel gel®  111

Nu-derm®  (alginate)  112
Nu-derm® (hydrocolloid) 109
Nu-gel®  114
Nutrastat®  112

Oasis®  166, 167
Opsite®  106, 107
OrCel®  170, 177–183
Oriderm®  109
Orifilm transparent film dressing®

107
Orifoam®  110
Orisorb®  112

Panafil®  129
Polyskin®  107
Promogran®  166, 168
Purilon gel®  111

Regranex® gel  187
Replicare®  109
Reston foam®  110
Restore®  109
Restore Calcicare®  112

Santyl®  128
Seasorb®  112
SkinTemp®  166, 167, 172
Sof-foam®  110
Sorbaglon®  112
Sorbsan®  112
Sterigel®  111
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Tegagen alginate dressing®  112
Tegasorb®  109
Tielle®  110
Transcyte®  170, 172

Ultec®  109

Vacuum-assisted closure®  243, 251
Varidase®  128
Vigifoam®  110
Vigilon®  110, 111
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