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predictable series of seamless
molecular and cellular events,
most often initiated by injury or
infection. While some wounds
cannot be prevented or healed,
dramatic reductions in wound oc-
currence and increases in healed

wounds can be obtained with the
implementation of systematic
wound prevention and care proto-
cols. The value of encouraging the
coordination of multi-disciplinary
involvement in clinical wound-
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Abstract
Wound healing proceeds in a

By Cornelius M. Donohue, DPM, Larry
R. Goss, DPM, Frederick B. LaVan,
MD, Michael S. Weingarten, MD, and
Mazen A. Abboud, DPM

Objectives
1) Review the stage of

wound healing, including
the major molecular and
cellular events.

2) Review the classifica-
tion and common causes of
lower extremity wounds as
well as factors affecting
wound healing.

3) Introduce a ten-step
clinical model and clinical
algorithm (template) for
wound prevention, diagno-
sis and treatment.

4) Explain the value of an
integrated multidisciplinary
approach to wound preven-
tion and care.

5) Demonstrate the po-
tential impact on wound
prevention and healing out-
comes using this approach
both in the developed and
developing world.
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The authors introduce a ten-step
model with a clinical algorithm
and discuss the importance of de-
veloping a consistent and me-
thodical approach to wound pre-

vention, diagnosis and treatment
that is  based on fundamental
principles and evidence-based
medicine.
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TABLE 1

Stages of Wound Healing with Prominent Findings and
Molecular and Cellular Events

Stage Time Prominent Findings Cellular events Molecular events

Inflammatory / 0-4 Days Injury / Infection Platelets Cytokines
Substrate Coagulation Neutrophils Growth factors 

Inflammation Macrophages Chemokines
Nitric oxide

Fibroblastic / Lag 5-20 Days Angiogenesis Fibroblasts Receptors 
Migration Myofibroblasts Proteases
Proliferation Vascular endothelial cells Protease inhibitors

Remodeling / 21 Days- Epithelialization Keratinocytes
Maturation Years Scar maturation Mature epithelial cells

Continued on page 139

healing settings has consis-
tently demonstrated improved

prevention and healing outcomes.
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Molecular and Cellular
Components of Wound Healing:

A Model

Figure 1

Optimizing...
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Initial wound healing hinges on the
concept of angiogenesis, which is
the central process orchestrating the
migratory and proliferative stages of
wound healing (Figure 3). Angiogen-
esis is defined as “the growth of new
capillary blood vessels in the body, a

naturally occur-
ring process re-
quired for wound
granulation and
tissue repair. In
the healthy adult,
angiogenesis is
regulated by
molecules that
stimulate angio-
genesis or inhibit
the process. An-
giogenesis is a bal-
ance between an-

giogenic growth factors (AGF) and
angiogenic inhibitors (AI) in
both normal and abnormal
wound healing.”8-10 The role of
nitric oxide and its relation-
ship to the other molecular
and cellular events in wound
repair is currently under in-
vestigation11 (Table 1). The
stages of wound healing pro-
ceed seamlessly to a healed
condition unless this process
is impeded by factors that will
negatively affect a successful
wound-healing outcome
(Table 2).

Introduction
Before invoking a discussion on

wound healing, several fundamen-
tal wound-healing concepts need to
be reviewed. A “wound” is histori-
cally described as
a clinical defect in
soft-tissue and/or
bone caused by
trauma, ischemia,
infection or non-
infectious inflam-
matory disorders.
The common de-
nominator in any
wound is the
presence of tissue
necrosis. Similar-
ly, “wound-heal-
ing” is portrayed as a condition in
previously ‘injured’ tissue repre-
sented by removal of necrotic tis-
sue, resolution of infection and in-
flammation, with organized colla-
gen and mature, stable epithelium
overlying viable tissue. This process
can be divided into three distinct
phases: the inflammatory phase,
the proliferative phase and the re-
modeling phase.1-3 The three essen-
tial stages of wound healing, as well
as the prominent findings and
molecular and cellular events, are
listed in Table I. The inflammatory
(substrate) phase occurs immediate-
ly following the in-
jury and lasts approxi-
mately six days.4 The
fibroblastic (lag)
phase occurs at the
termination of the in-
flammatory phase
and can last up to
four weeks. The re-
modeling phase be-
gins at the fourth
week and can last for
years.5-8 A schematic
representation of the
molecular and cellular
components of a heal-
ing wound can be
seen in Figure 1.

The stages of
wound healing do not
occur as isolated
events, but rather as a
continuous flow of
molecular and cellular
events with consider-
able overlap (Figure 2).

Optimizing...

The common
denominator 

in any wound is the
presence 

of tissue necrosis.

When it comes to
healing wounds of the
lower extremity, particularly
the foot and ankle, the standard
must be set high for acceptable
healing outcomes. Furthermore,
there are essentially two levels of
repair, tissue healing and function-
al healing. In the distal lower ex-
tremity, just achieving “tissue heal-
ing” is only half the battle. Keeping
the wound healed or “functional
healing” requires an additional
level of healed tissue mobility and
strength in order to endure the
forces of weight-bearing, including
ground-reactive pressure, torque
and shear forces.

There are many ways to ap-
proach a patient with a wound. A
meticulous and methodological sys-
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Figure 2

Figure 3

Continued on page 140



diabetic complications, including
lower-extremity wounds.12, 13, 14 Fo-
cusing on wound treatment alone,

at the expense of preventive mea-
sures, will surely minimize the po-
tential for successful programs on a
widespread scale, either in the de-
veloped or developing world.

Similarly, the second step in-
cludes a discussion of the impor-
tance of a thorough history and
physical examination in order for a
proper diagnosis to be made. In ad-
dition, the consequences of multi-
ple diagnoses contributing to the

persistence or chronicity of a
wound will be reinforced. Without
an adequate diagnosis and treat-
ment plan, healing outcomes will
be unacceptable because the treat-
ment plan is built on a “castle of
sand” of deficient differential and
final diagnoses.

Wound-Healing Algorithm
Subsequent steps of the model

described here are clustered around
the “spine” of an algorithm, con-
sisting of seven s. Following the ini-
tial principles of prevention, histo-
ry and physical examination and
wound diagnosis, the model con-
tinues with principles of systemic

Continued on page 141
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tem, including integrated pre-
vention, diagnosis and therapeu-

tic protocols, should create an en-
vironment for optimizing healing
outcomes. The ten-step model and
algorithm described in this article
represent one system designed to
deliver those prevention and heal-
ing outcomes.

A discussion of wound preven-
tion is placed as the first step in the
model to reinforce the importance
of establishing patient and commu-
nity wound education programs in
any population, whether in the de-
veloped or developing world.
Worldwide diabetes, especially type
II, is growing considerably with a
potentially equivalent increase in
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TABLE 2

Factors Affecting Wound Healing

Incorrect or delayed diagnosis Wound tension
Infection Pressure
Presence of necrotic tissue Edema
Foreign body Ischemia / Hypertension/Vasculitis
Neuropathy Malignancy
Malnutrition Abnormal metabolic processes
Medication Advanced age

Panel 1

Without an 
adequate diagnosis 
and treatment plan,
healing outcomes 

will be unacceptable.
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tion, regular foot care, as well as or-
thotic and shoe therapy. Vast popu-
lations in the United States still
need education about diabetic and
other wound prevention modalities.

Similarly, care-
givers in all medi-
cal communities
need to be educat-
ed in wound pre-
vention and care
protocols.13, 21-24

H e a l t h c a r e
providers must re-
inforce preven-
tion protocols
and develop a
trust within the
communities they
serve. This can be
a c c o m p l i s h e d

through activities such as practical
patient and community education-
al materials and programs. For ex-
ample, a simple chart in the public
health center with wound preven-
tion reminders, signs and symp-
toms of wounds and measures to
take when a wound is found, sup-
plemented with a take-home form,
can create a community “preven-
tion consciousness” whether in a
city, town or village. In addition to
reinforcing and reviewing these
materials with each patient, the
staff should create a program for
encouraging weight control, smok-
ing cessation, proper exercise and
nutrition. Screening programs for
diabetes, lipids and HgA1C can be
integrated into these community
programs whenever possible.25-28

disease management, surgical man-
agement of necrotic and infected
tissue, anesthesia considerations,
levels of bony re-
construction and
principles of pri-
mary and sec-
ondary soft-tissue
healing. The
model is complet-
ed with guide-
lines for wound-
m a i n t e n a n c e
through proper
follow-up with
the wound spe-
cialist, physical
medicine, physi-
cal therapy, pa-
tient educators and other specialists
necessary for the patient to contin-
ue to see after discharge from the
hospital.

Step I. Wound Prevention 
(Panel 1)

Wound prevention protocols
should be developed among all
populations, regardless of the so-
phistication of the community re-
sources available. Ryan discussed
the need for global wound preven-
tion initiatives.15 Many organiza-
tions, such as the American Dia-
betes Association (ADA), Interna-
tional Diabetes Foundation (IDF),
Pan American Health Organization
(PAHO), World Health Organiza-
tion (WHO) and the University Di-
abetes Outreach Project (UDOP) of
the University of the
West Indies have devel-
oped prevention proto-
cols for diabetics and
other high risk popula-
tions for wound forma-
tion such as patients
with renal disease, pe-
ripheral vascular disease,
Hansen’s disease, AIDS,
malnutrition and those
at risk for traumatic
wounds.16-20

Paradoxically, living
in a developed country
like the United States
does not guarantee that a
diabetic will have a foot
risk assessment and ap-
propriate measures taken,
including patient educa-

Optimizing... When diabetics are
diagnosed, a foot wound-
risk assessment should be per-
formed, orthotic intervention
instituted, routine care performed,
skin care begun and appointments
made for foot care based on the risk
assessment protocol. A program
such as this has been shown to con-
tribute to reduction of diabetic
wounds, infections and amputa-
tions secondary to untreated hyper-
keratotic lesions and nail dis-
ease.12,13,29 Creating an impactful sys-
tem of patient and community ed-
ucation and wound risk assessment
and treatment programs remains a
universal challenge. Ideas regarding
effective models need to be shared
among the leadership in both de-
veloped and developing regions.

Step II. History and Physical
Examination with Differential
Diagnosis (Panel 1)

Wounds can be categorized into
those of traumatic, infectious and
primary ulcerative disease etiologies
(Table 3). Anesthetic wounds can be
further subdivided in various etiolo-
gies as depicted in Table 4. A thor-
ough history and physical examina-
tion is essential to healing a patient
with a wound for two reasons. First,
the correct diagnosis must be made
if the treatment is to be successful.
Second, multiple factors influencing
the wound may co-exist, contribut-
ing to a wound being refractory to
treatment (Table 2). If one major
etiology or influencing factor of a
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TABLE 3

Categories of Wounds

Wounds from Primary 
Traumatic Wounds Infected Wounds Ulcerative Disease

Lacerations Abscess Vascular I (Chronic PVD)
Crush Necrotizing Vascular II (Vasculitis)
Puncture TEN Anesthetic
Bite Wet gangrene Dermatologic
Sting Ecthyma Purulent
Pressure / Tension Impetigo Tropical
Iatrogenic Erythrasma

Continued on page 142

Wounds 
can be categorized 

into those of 
traumatic, infectious

and primary 
ulcerative disease

etiologies.



contribute di-
rectly to
wound tissue
preservation
due to vaso-
constriction
of blood ves-
sels at the ar-
teriolar level
in response
to pain.32-35

Nutritional
Assessment

N u t r i -
tional assess-
ment should
begin with
information
o b t a i n e d
from the his-
tory and
physical ex-
amination.
Determina-
tion of the
degree of catabolism and whether it
is acute or chronic, should guide a
plan for oral, enteral or parenteral
nutritional supplementation in-
cluding fluids, protein, lipids, car-
bohydrates, vitamins and co-en-
zymes. Ideally, the five tests for nu-
tritional status include albumin,
pre-albumin, total lymphocyte
count, total protein and total iron-
binding capacity.36-38 In chronic
wound cases, nitrogen balance
studies may need to be performed.

Antibiotics should be given for
both therapeutic and preventive
(empiric) reasons based on the con-
dition of the patient and the nature
of the wound, including the type of

infection or suspected degree of
“critical colonization.”39, 40 Wound
pressure management should begin
without delay, including offloading
and splinting techniques.41 Acute
treatment of edema with non-
weight-bearing, compression and
elevation can begin immediately
unless contraindicated by ischemia
and/or infection.

Step III. Vascular Evaluation and
Treatment (Panel 2)

The discussion of vascular diag-
nosis and management is placed as
the third step due to the lynch-pin
position of this variable in the
wound-healing timeline. In a clini-
cal setting, vascular studies may be
ordered early in the work-up, cer-
tainly even before a thorough eval-
uation and management of sys-
temic disease can be completed.

If there is a deficit in palpated pe-
ripheral pulses or other signs or
symptoms of ischemia, including
rubor, cyanosis and rest pain or in-
termittent claudication, respectively,
non-invasive studies are generally or-
dered. Included in this order to the
vascular laboratory should be “non-
invasive vascular studies with seg-
mental pressures, including toe pres-
sures.”42-44 A vascular specialist should
evaluate the non-invasive data after
seeing the patient, to determine
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wound is not diagnosed,
wound healing may not progress

in a timely fashion. Smith describes
a “One Glitch Sampler,” a pneu-
monic assessment tool to identify
potential causes of problem
wounds.30 After the history and
physical examination is completed,
a differential diagnosis is construct-
ed. The more common causes of
wounds can be seen in Table 5.

Physical Examination
The central role of proper wound

assessment in the physical examina-
tion of the wound patient cannot be
underestimated, particularly, prob-
ing of the wound to establish
whether or not there is osseous in-
volvement. It has been demonstrat-
ed that osteomyelitis is present in a
high percentage of wounds that
clinically probe to bone.31

Vital Signs
Vital signs should be obtained

on every wound patient. Initial sta-
bilization of the traumatic, uncon-
scious or septic wound patient
must always include an assessment
of airway patency, breathing, car-
diac function by auscultation and
palpation of peripheral pulses,
identification of external or inter-
nal bleeding and renal function.

Pain
Pain must be assessed and treated

when appropriate, if doing so does
not either interfere with the patient’s
diagnosis or complicate the patient’s
condition. Pain management may
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TABLE 4

Anesthetic Wounds

Diabetes
Hansen’s disease
Syphilis
Nutritional deficiencies (B-12)
Heavy metals (Lead, Arsenic, Mercury, Thallium)
Alcohol abuse
Amyloidosis
Sarcoidosis
Pharmacologic (Chemotherapeutic agents)
Guillaine-Barre Syndrome
Endocrine diseases
Toxic materials (Amiodarone)

TABLE 5

Common Causes of Lower 
Extremity Wounds

Ischemia
Venous disease
Trauma
Pressure
Neuropathy
Infection

Dermatitis
Surgery
Thermal injury
Hypertension
Diabetes
Renal disease
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After arteriography, a determi-
nation is made as to the candidacy
of the patient for bypass surgery.
The use of vein or artificial graft
and the need for a proximal versus

whether arteriograms are warranted
when a consideration of the need for
vascular reconstruction is made.

Optimizing... a distal bypass are deter-
mined. It is important to
note that all vascular surgeons
do not do distal bypass proce-
dures, so it is important that a dia-

logue be maintained
among all involved physi-
cians which may include
the need to refer the pa-
tient to another vascular
surgeon at another institu-
tion, e.g., if the patient
would benefit from a
popliteal-medial plantar
artery bypass in order to
adequately perfuse the foot
prior to reconstruction.

During the history and
physical examination, a de-
termination of the possible
presence of deep vein
thrombosis (DVT) needs to
be made. If suspected, a ve-
nous duplex Doppler
should be ordered. In most
cases a positive duplex
Doppler for DVT will pro-
voke hospital admission
with appropriate medical
treatment. Wound treat-
ments can be started upon
admission and surgical de-
bridement can be delayed
until after the DVT has sta-
bilized unless the infection
is considered to be a surgi-
cal emergency, e.g., a deep
space abscess with gas in
the tissues.

At the same time as the
vascular examination, signs
and symptoms of venous
disease should be evaluat-
ed.45-50 Lymphedema can be
primary or secondary. As-
sociated with venous insuf-
ficiency and chronic lym-
phedema are hyperpigmen-
tation, lipodermatosclero-
sis and intermittent sec-
ondary cellulitis. Intermit-
tent cellulitis can con-
tribute to a more severe de-
gree of chronic, intractable
lymphedema and ulcera-
tion. In the case of unilat-
eral edema, proximal ob-
struction such as an in-
trapelvic mass must be
ruled out. Other causes of
edema should be consid-
ered, including Milroy’s

Continued on page 144
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ed with Charcot disease.51 There is
some speculation that the edema
from neuropathy may be due to va-
sodilation with subsequent arteri-
ovenous shunting.52, 53

Lymphedema Management
Lymphedema management in-

cludes elevation, compression, with

both single and multiple-layer
dressings being used in various
combinations. Single-layer wraps
are available which create a pres-
sure gradient in the foot and leg,
from distal to proximal (Seto-
press™). In extreme cases of in-
tractable massive lymphedema,
consideration should be given to
referral to a lymphedema clinic
where the specialty staff incorpo-
rates various foam materials into
multilayer compression dressings as
well as other treatments, including
massage. Historically, edema man-
agement, particularly subtle forms
of lympedema, have been therapeu-
tically underserved but it has been
substantially established in modern
wound-healing literature that even
mild cases of lymphedema can sig-
nificantly delay wound healing.51

Compression dressings are used
regularly for venous ulcers, with
ionized silver products, xenografts
and allografts applied directly on
the debrided wound prior to the
application of the compression
dressing. Pentoxyfylline has been
used for treatment of venous ulcers
with and without compression (54).
Surgical procedures for venous ul-
cers include autografts, traditional
open venous ligation (Linton pro-
cedure) and subfascial endoscopic
perforator surgery (SEPS).46

If a patient is optimally perfused
after bypass surgery or was non-by-
passable and still shows a perfusion
deficit, consideration should be
given to out-patient hyperbaric oxy-
gen therapy (HBO). Many patients
benefit from HBO therapy, includ-
ing those with wounds where pri-
mary closure has been delayed to
optimize tissue oxygenation with
HBO before primary closure.55-59

In the presence of significant
amounts of infected tissue in an ex-
tremity being prepared for bypass
surgery, consideration should be
given to a pre-bypass debridement
to avoid contamination and infec-
tion of extremity tissue, including
intravascular infection, significant-
ly increasing the risk of bypass fail-
ure, as well as sepsis.

Step IV. Management of
Systemic Disease (Panel 3)

The importance of communica-
tion with a primary care physician

Continued on page 145
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disease (congenital lymphede-
ma), congenital familial lym-

phedema, lymphedema tarde, lym-
phedema praecox (congenital hy-
poplasia of the lymphatics), post-
phlebitic syndrome, and neuropa-
thy, especially neuropathy associat-
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chronic disease, in addition to the
various complications of systemic
disease, affect the course of wound
healing in different ways.61

The final common pathways in
the development of a healed
wound are directly affected by
most organ systems, including:
cardiac (tissue perfusion), pul-

(PCP), internist or other medical
specialist cannot be underestimat-
ed. The role of systemic disease in
the natural history of a wound can-
not be adequately determined with-
out a thorough history and physi-
cal examination. Acute versus

Optimizing... monary (tissue pO2),
gastrointestinal (nutrition,
antibiotics), hepatic (protein
synthesis, osmotic edema), pan-
creatic (insulin), renal (advanced
glycosylated end products, hyper-
tension, fluid and electrolyte bal-
ance) and immune (infection resis-
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Step V. Healing Versus Palliation
(Panel 3)

The subject of healing versus
palliation should not be one rele-
gated to a “gray” area when it
comes to wound management.
Early on after the encounter with a
wound patient, a determination
needs to be made as to the “heala-
bility” of the particular patient. At-
tending physicians and family
members should be enjoined in a
dialogue about whether healing or
palliation is the outcome of choice.
These discussions, in many cases,
coincide with a discussion of a con-
sideration of hospice measures for a
patient. If indeed, pre-hospice
wound management is considered
the best course, the focus can be
made on proper wound treatment
interventions, including pain man-
agement, odor control, prevention
of further decubitus changes and
wound product choices that en-
courage a dry versus wet condition.
The palliative pathway is unique
because sometimes moist wound-
healing principles are pre-empted

by the goal of wound-bed drying
both to retard further bacterial col-
onization and to control wound
odor. In a long-term care facility,
appropriate communication among
the wound specialist, attending
physician, nursing staff and fami-
lies, will facilitate a humane transi-
tion to hospice or palliative wound
care.

Step VI. Peri-Operative
Assessment: Identification and
Treatment of Infection, Necrotic
Tissue and Malignancy (Panel 4
and 5)

As the differential diagnosis is
refined during the work-up of the
wounded patient, focus is directed
on the role of infection in the
wound or systemically, in the case
of a septic patient. Proper cultures
are obtained, preferably with tissue
and bone, versus swab cultures of
soft tissue. In many cases, tissue for
culture and sensitivity (C&S) is ob-
tained in the emergency room, of-
fice setting, wound center or at
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tance and response).61, 62 Ob-
viously, any acute or chronic

disease, whether diagnosed or not,
will influence the normal stages of
wound healing, anywhere in the
body. Even in the best circum-
stances, wound healing may be-
come difficult due to pharmaco-
logical factors, such as corticos-
teroid use in rheumatoid arthritis
or to pathophysiologic factors
such as lymphedema secondary to
arteriovenous shunting in diabetic
neuropathy.52, 53, 63

The differential diagnosis is a
“work in progress,” a dynamic ver-
sus static list of etiologic contribu-
tors, to be subtracted from and
added to as new information from
the laboratory, radiology and spe-
cial studies are obtained or as the
patient and wound condition
changes. The possibility of co-exist-
ing, multiple etiologies must con-
stantly be considered and acted
upon to achieve optimal healing
outcomes.
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gressively resected prior to primary
closure of the wound. The manage-
ment of methicillin-resistant
staphylococcus aureus (MRSA) and
vancomycin-resistant enterococcus
(VRE) should always be done in
conjunction with an infectious dis-
ease specialist when one is available

for consultation.
The potential tox-
icity of antibi-
otics such as line-
zolid (Zyvox™),
e.g., seizures in
dialysis patients,
needs to be con-
stantly monitored
for by the infec-
tious disease spe-
cialist.

Clinical dis-
tinction must be
made among cel-
lulitis, purulence,

necrotic tissue and no observable
necrotic tissue or surgical infection.
Traditionally, cellulitis is treated
with oral or parenteral antibiotics
only, depending on the severity of
infection. No surgical intervention
is required. On the other hand, sur-
gical debridement and/or incision
and drainage is required in the
presence of necrotic tissue or puru-
lence. The old adage, “never let the
sun set on an abscess” is as true
today as it was before the discovery
of antibiotics. If
no infection is
observable, other
sources of wound
etiology must be
investigated, in-
cluding trauma,
ischemia, vasculi-
tis, or primary ul-
cerative disease
(Table 2, 3, 4).

Maintaining
perspective is
sometimes diffi-
cult when limb
preservation be-
comes personal. Strict criteria
should be maintained for deciding
on a higher amputation. Considera-
tion of the whole patient must be
kept in constant focus to avoid the
risk of sepsis. The best wound heal-
ers are those that do not lose per-
spective and allow a patient to pro-
ceed to amputation and prosthetic
rehabilitation when other distal

bedside after hospital admission.
These cultures should, in most
cases, be repeated in the operating
room after appropriate anesthesia
has been administered. It is well es-
tablished that superficial swab cul-
tures from sinus
tracts are poor
representations of
the etiologic bac-
teria in underly-
ing osteomyeli-
tis.64 Bone for
biopsy should be
harvested for
both C&S, as well
as pathology, so
that a correlation
can be made be-
tween the micro-
biological deter-
mination and the
histological interpretation after de-
calcification and sectioning. The
pathological information generates
important questions asking
whether the osseous cellular infil-
trate is more suggestive of chronic
versus acute osteomyelitis, the pe-
riosteum is violated by the contigu-
ous soft-tissue infection, there are
histological signs of necrotic and/or
infected bone or whether the bone
looks normal, e.g., uninfected.65

An infectious disease specialist
can help determine the appropri-
ateness of oral versus parenteral an-
tibiotics as well as the value of
combination antibiotics and also
can assist in the management of
antibiotic complications. Commu-
nication between the wound spe-
cialist and infectious disease spe-
cialist is essential regarding harvest-
ing of appropriate tissue for C & S,
including soft-tissue and bone, and
to the level of resection of infected
soft tissue and bone by the surgeon.
This communication should in-
clude a discussion of intra-operative
use of implantable antibiotic-im-
pregnated beads, either non-ab-
sorbable (PMMA beads) or ab-
sorbable [OsteoSet® (Wright Medi-
cal), Vitoss® (Orthovita)].

In many cases, the infectious
disease specialist will limit the
course of IV antibiotics post-opera-
tively if he has been informed by
the wound surgeon that the infect-
ed and necrotic bone has been ag-

Optimizing... preservation alternatives
become unrealistic or life-
threatening. Awareness that
patient conditions change, in-
cluding the need for consideration
for hospice care, should be provid-
ed with constant vigilance. Some-
times, it is easy to forget that
wound caregivers are not just treat-
ing “wounds” but rather people
with wounds.

Pre-operatively, the timing of
appropriate consultations, includ-
ing medicine, cardiology, anesthe-
sia, physiatry, and sometimes psy-
chiatry, cannot be underestimat-
ed. Many patients suppress expres-
sion of anxiety and depression
over the thought of even partial
foot amputation let alone an
above or below-knee amputation.
Time should be taken to elicit
these emotions and suggest to the
patient and their family that a
psychiatric consultation might be
beneficial. Many times, decisions
on amputation are made and the
patient is scheduled for surgery in
a short window of time. Clinicians
forget sometimes that the psycho-
logical impact on the patient can
be devastating and that this nega-
tive mindset may contribute to a
poor healing outcome.

When ordering laboratory tests,
radiological studies and special
studies, it is important that coordi-

nation and com-
m u n i c a t i o n
among specialists
be maintained.
The details of the
patient’s nutri-
tional status
should be com-
pleted earlier
rather than later.
Dietary and surgi-
cal nutrition con-
sultations should
be obtained under
circumstances of
suspected malnu-

trition. It is paramount to remem-
ber that every surgical procedure
contributes to endocrine-system
mediated catabolism. Constant con-
sideration should be given to creat-
ing an anabolic condition in every
wound patient.37, 38

The choices of anesthesia
should be based on giving the most
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ing room with the additional risks of
surgical stress, anesthetic complica-
tions and blood loss. There are
many valuable techniques to obtain
healing through
secondary healing
pathways that
should be consid-
ered when evalu-
ating wound heal-
ing options which
will make more
aggressive debride-
ments more ac-
ceptable. These in-
clude xenografts,
allografts, vacu-
um-assisted clo-
sure and growth
factors.

Debridement
must be thor-
ough, with only bleeding tissue re-
maining when completed. Similar-
ly, incision and drainage of puru-
lence must be complete, with all
potential spaces being observed for
occult residual infection. From the
removed necrotic tissue, biopsy
specimens may be obtained, not

only for C & S,
but also to eval-
uate for vasculi-
tis and malig-
nant transfor-
mation of a
chronic wound,
e.g., a “Mar-
jolin’s” ulcer
with squamous
cell carcinoma
(Figure 4) at the
site of a chronic
wound. When
biopsy demon-
strates squa-
mous cell carci-
noma, wide re-
section is most
often indicated,

with a sentinel node biopsy to as-
sess for regional metastasis. This di-
agnostic test is best managed by in-
terventional radiology.68

Completion of the application
of debridement principles at this
juncture in treatment requires ade-
quate lavage, with or without an-
tibiotics, and tissue packing to en-
sure unrestricted drainage of post-
surgical fluid. The continuum of
surgical wound care requires that ir-
rigation and re-packing be contin-

ued post-operatively, with appro-
priate consideration given to pre-
medication for pain control prior to
each dressing change. It is during

this time that
intra-operative C
& S results should
be reviewed and
a p p r o p r i a t e
changes or addi-
tions made to the
antibiotic regi-
men.

At this point
in the treatment
pathway, the in-
fection manage-
ment should
begin to be under
control, with reg-
ular communica-
tion occurring be-

tween the wound specialist and the
infectious disease specialist through
progress notes and verbally. Discus-
sion topics such as antibiotic bead
removal, further debridement, pri-
mary or delayed closure and man-
agement of complications from an-
tibiotics should be discussed on a
regular basis.

If malignancy is discovered, a
continued dialogue should occur
among wound specialist, patholo-
gist, hematologist-oncologist, inter-
ventional radiologist, plastic sur-
geon and vascular, general or or-
thopedic surgeon, in deciding the
proper treatment, including wide
resection of the wound or poten-
tially, a proximal level of amputa-
tion such as BKA or AKA.

Step VII. Levels of Osseous
Reconstruction (Panel 6)

The importance of ambulatory
potential in decision-making in
the level of amputation relates to
the fact that there are more biome-
chanical restrictions on choices of
procedures when planning the re-
construction of the foot and ankle
in the wounded patient.69, 70 For ex-
ample, a transmetatarsal amputa-
tion (TMA) would be a much bet-
ter choice for an ambulatory pa-
tient than a Lisfranc’s amputation
due to the potential loss of tendi-
nous planar balance provided by
the tibialis anterior, tibialis poste-
rior, peroneus longus and per-
oneus brevis tendons. Traditional-

Continued on page 149
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benign type of anesthesia
that will achieve the desired re-

sult, both for debridement, inci-
sion and drainage, delayed and pri-
mary closure and amputation pro-
cedures. Historically, general and
spinal anesthesia have been used
for lower-extremity wound man-
agement, when in many of these
cases, local or regional anesthesia
would suffice. The negative effects
of catecholine release from the
stimulus of afferent pain impulses
on the hypothalamic-pituitary
pathways, particularly in patients
with cardiac disease and metabolic
instability such as diabetes, are
well established.66 Local and re-
gional blocks such as digital, par-
tial ray, ankle or popliteal-saphe-
nous, have significantly fewer com-
plications when compared to gen-
eral and spinal anesthesia and
should be considered as the prima-
ry anesthetic technique.67

At this time, attention can focus
on the actual surgical needs of any
particular wounded patient. Objec-

tivity is many times lost when de-
briding a wound. Anticipation of
what tissue layers will be left after
debridement for future reconstruc-
tion often precludes a thorough de-
bridement. As a general rule of
thumb, if tissue looks marginally vi-
able today, it will probably be
necrotic in the near future. Trying to
preserve this irreversibly-damaged
tissue serves no purpose for the pa-
tient and, if anything, will necessi-
tate an additional visit to the operat-

Con
tin

uin
g

Med
ica

l E
du

ca
tio

n

Figure 4

Determination for 
final wound closure or

delayed closure 
should only be done

when all infected bone
and soft-tissue is

removed with 
no signs of residual or

recurrent infection.

Optimizing...



NOVEMBER/DECEMBER 2004  •  PODIATRY MANAGEMENTwww.podiatrym.com 149

volved with each patient, each one
deserving individual consideration.
Certainly, patients and families
must be educated as to the implica-
tions of an emergency higher am-
putation if the patient is septic or at
risk of impending sepsis. Some-
times, a physiatrist can advise the
multi-specialty team, including the

surgeon, about the pros and cons of
pedal salvage versus amputation
after a thorough functional assess-
ment, which should be requested
on every patient at risk for limb
loss with a significant foot infec-
tion or necrotic wound.

Determination for final wound
closure or delayed closure should

ly, in the ambulatory patient, a
Chopart’s amputation is usually
considered if there is not enough
tissue to close adequately at the
transmetatarsal level. In the non-
ambulator, healing may be more
important than the functional re-
sult. Post-operative planar defor-
mity in the non-ambulatory pa-
tient, however, can cause boney
prominences that can increase the
risk of decubitus ulcers even from
mattresses and when in sitting in a
chair or wheelchair.

Another issue that has received
inadequate discussion is reasons to
avoid BKA in patients who may
have limited ambulatory potential.
Many patients can use their lower
extremity to help move themselves
around in bed, with and without
assistance. An intact extremity with
a reconstructed partial foot can be
used to help a patient participate in
his or her transfer. Awareness by
caregivers of the loss of self-esteem
and sometimes even depression
after a BKA or AKA should be part
of the decision-making process in-

only be done when all
infected bone and soft-tis-
sue is removed with no signs
of residual or recurrent infec-
tion. Correspondence with an in-
fectious disease specialist regard-
ing the presence or absence of in-
fected bone or soft tissue in the
foot is important. An infectious
disease specialist  wil l  decide,
based on the immune status of the
patient, the virulence of the infec-
tion and the amount of tissue in-
volved, how long the course of
the antibiotic treatment should
ensue.

There are and will probably be
for a long time, differences of opin-
ion regarding a protocol for levels
of amputation within the foot, par-
ticularly those related to ambulato-
ry patients. Conservative approach-
es and respect for this type of pru-
dent protocol, based on years of ex-
perience by podiatric, orthopedic,
vascular and general surgeons, sug-
gests that “pushing the envelope”
to gain some extra tissue in the foot
may not, in most cases, be the best
choice for the patient. Biomechani-

Continued on page 150
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Internal fixation can be used in
bone that has been thoroughly de-
brided and treated with appropri-
ate antibiotics. For example, Stein-
man pins and an external fixation
device may be needed in a diabetic
with a pathologic fracture of the
calcaneus secondary to osteomyeli-
tis. Use of external fixaton has
gained considerable support in the
literature in recent years, suggest-
ing the early surgical intervention
in the Charcot foot may be the
prudent choice and not an uncon-
ventional one as previously
thought in the past.74, 75

Calcium diphosphate beads,
with and without antibiotics, can
be left in the foot or mixed with

other types of auto and allograft.
The effect of residual equinus on a
reconstructed foot, particularly in
the presence of neuropathy, is well
established.76, 77 Strong considera-
tion should be given to lengthen-
ing the Achilles tendon in these
cases to avoid excessive ground-re-
active forces when weight-bearing
rehabilitation begins.

Closure options after debride-
ment and/or amputation should be
thought of as a continuum of
choices, not an “all or nothing”
process. For example, obtaining
layer closure over the bone with vi-
able soft tissue, can at least simplify
the wound by making it a soft-tis-

Continued on page 151
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cally sound choices of levels
of amputation within the foot

can minimize the incidence of
transfer hyperkeratotic lesions with
subsequent ulceration and risk of
further infection, tissue necrosis
and another series of operative pro-
cedures.71, 72, 73

Notable decisions at this time
involve those regarding the Char-
cot foot, the use of internal and ex-
ternal fixation, Achilles tendon
lengthening, possible need for bone
grafting, and final decisions on ei-
ther complete primary closure or
planning for some degree of sec-
ondary healing.
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avoiding the need for a subsequent
visit to the operating room.

Furthermore, a supplemental
ankle block or combined popliteal-
saphenous nerve block at the knee
can be performed to allow anesthe-
sia to bring the patient out of gen-
eral anesthesia. Contraindications
to the sequential bypass-foot recon-
struction procedures would include
cardiopulmonary complications
from anesthesia, excessive blood
loss during the bypass, excessive
general anesthesia time or the use
of a synthetic vascular graft.

Normal white-blood-cell count
and temperature should be
achieved prior to scheduling soft-
tissue closure. Many times, compro-
mise in this area will result in
wound dehiscence, infection, and

further tissue necrosis. This could
necessitate additional surgery and
anesthesia time.

Edema
Prior to closure, edema is anoth-

er variable that is often not given
enough consideration. Even subtle
forms of edema can increase the
risk of post-operative wound dehis-
cence, particularly in patients com-
promised by marginal perfusion,
malnutrition and chronic disease.

Primary Closure
Ideally, primary-flap closure of

the wound is the first choice when
completing the healing process of a
wound. This method of closure pro-
vides the most direct course to final
healing of all the possible choices,
including delayed primary closure,
partial primary closure and sec-
ondary healing.

Prior to primary closure, ten-
dons should be reattached, either
with bone anchors, anchoring by

sue-based wound and not one
based in bone. Another important
outcome of this first layer of clo-
sure is to protect viable, uninfected
bone from recontamination. This
first part of wound closure should
be referred to as “the most impor-
tant suture,” because this layer of
closure can protect the bone if the
more superficial layers dehisce. At
worst, in this situation, the clini-
cian has a dehisced soft-tissue
wound and not one complicated by
osteomyelitis. Closing only the
deep layer of soft tissue over bone
is best described as “partial primary
closure.”

Step VIII. Soft Tissue Healing
(Figure 7)

First, the general condition of
the patient must be established
prior to attempts at wound closure.
Medicine, endocrinology and cardi-
ology must be continually consult-
ed as the final stages of reconstruc-
tion approach. Choices of anesthe-
sia should be considered in the
same manner as they were before
the first series of debridements.

Graft surveillance may be re-
quested by the vascular surgeon if
bypass has been performed earlier.
Close communication with the
vascular surgeon should be done
prior to closure, particularly re-
garding specifics of distal grafts, in
an attempt to avoid graft compro-
mise. Care by the surgeon doing
the pedal reconstruction must not
only involve the soft-tissue and
osseous surgery but should in-
clude careful technique if admin-
istering ankle or combined
popliteal-saphenous nerve blocks
at the knee.67

Sometimes the vascular surgeon
will request that the reconstructive
foot surgery be done immediately
after the bypass procedure.78 Usual-
ly the vascular team can prep and
drape the foot and ankle and seal
off the foot segment until after the
bypass is completed. This sequen-
tial surgery has a number of valu-
able components. First, the foot is
usually optimally perfused immedi-
ate after the bypass. Second, the pa-
tient will only have a relatively
small increase in anesthesia time
with the added foot procedure,

suturing through oblique
drill holes in the bone or in
the case of osteopenic and/or
osteoporotic bone, sutured di-
rectly to capsular tissue. Judgment
whether to use an absorbable or
non-absorbable suture is left to the
surgeon at the time of closure.

Delayed Primary Closure
Delayed primary closure would

be used at the time of debridement
and/or incision and drainage, in
order to preserve as much viable
tissue for future flap closure when
the infection and necrosis have
been managed. With flexible, de-
layed flaps such as those at a trans-
metatarsal or Chopart’s level, a
loose retention suture or sutures
can be used to keep optimal tissue-
to-tissue contact, allowing enough
cubic volume in the wound for
flushing and packing. Open flaps
tend to remain moister and subse-
quently more viable with closer
apposition to other viable tissue.
Avoidance of retention sutures
may be a prudent choice in the
presence of a fetid, mixed aerobic
and anaerobic infection despite an
apparently successful aggressive
debridement.

Partial primary closure may be a
practical choice in the situation
when there is enough deep fascial
tissue for layered closure over bone
but inadequate flap for a tension-
free skin closure. Again, even if the
superficial tissues are left open for
secondary healing pathways, at
least the bone segment has been
covered and can begin to heal pri-
marily to avoid further infection. In
addition, tendons that have been
reattached will begin to heal with
this primarily closed layer.

Drains
The value of drains cannot be

overemphasized, since all wounds
drain. If the wound bed does not
demonstrate sanguinous drainage,
it probably will not heal and recon-
sideration should not be given to
closing the wound at this level.
Once the fascial layer can be closed,
a drain can be inserted and can be
attached to wall suction. We utilize
a technique called “peri-closure
lavage” where a 20 cc. syringe and
18 gauge needle is inserted into the
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Secondary Healing
Secondary healing offers many

options of wound bed dressing
products. When the decision is
made to allow the wound to granu-
late, some thought must be given
to the best way of managing that
wound. Once the wound has been
debrided and the bioburden of bac-
teria and necrotic tissue has been
removed, other variables for wound
healing should be evaluated, simi-
lar to the methodology with prima-
ry or partial primary healing.

Passive products, whose goal is
to provide a moist wound bed
and/or assist in removal of
drainage, include NSS, topical an-
tibiotics, hydrogels, hydrocolloids,
foams, films, alginates and ionized
silver.80 New concepts of “critical
colonization” of wounds have pro-
voked the use of ionized silver
products to reduce this level of col-

onization in open wounds which
may be undergoing active chronic
inflammatory tissue damage even
without clinical signs of infection.39,

40, 81

More active products and tech-
niques, such as growth factors, met-
alloprotease inhibitors, electrical
stimulation, vacuum-assisted clo-
sure (VAC®, KCI), xenografts, allo-
grafts and monochromatic infrared
energy (MIRE), can influence di-
rectly or indirectly the molecular
and cellular components of the
body’s own wound healing phas-
es.82-91 Education about these new
products and technologies is essen-
tial to optimizing healing outcomes
with their use. For example, capri-
cious use of a particular allograft
without either concern for other
variables of wound healing such as
infection management and edema
control will ultimately lead to graft

failure and poor healing outcomes
in general. In an attempt to syner-
gize the various newer wound tech-
nologies, combination therapies
have been attempted, mostly with
positive anecdotal reports, suggest-
ing the value of their continued in-
vestigation. For example, vacuum-
assisted closure is used with
xenografts, for the same reason it
was originally used for use with au-
tografts, i.e., elimination of shear-
ing forces, optimal graft-to-bed
contact and drainage of seroma and
hematoma.

Split-Thickness Skin Grafting
Split-thickness skin grafting

(STSG) still plays a major role in
wound healing and can be used se-
quentially over various types of al-
lografts after the allograft has creat-
ed a substantial wound base for
final skin grafting. As with allo-
grafts or xenografts, some wounds
should not be skin grafted with au-
tograft as the first choice, e.g., pa-
tients with sickle cell disease. The
graft failure rate is high in this pa-
tient population due to the micro-
ischemic nature of the disease.
Other alternatives are probably bet-
ter options in the sickle cell patient,
such as an allograft after an ade-
quate course of hyperbaric oxygen
therapy (HBO).92

Whether in the ambulatory or
non-ambulatory patient, splinting
of the foot in neutral position to
the leg is important for a number
of reasons. First, immobilization
can augment the reduction of post-
operative pain. Second, a posterior
splint often discourages a patient
from weight-bearing on the foot in
the immediate post-operative peri-
od more than a simple dressing
with elastic bandage. Third, the
prevention of planar deformities is
extremely important both for the
ambulatory and non-ambulatory
patient but particularly for those
who will be rehabilitated to weight-
bearing status.

Equinus deformities can exacer-
bate neuropathic plantar lesions
when weight-bearing begins. Varus
or valgus deformities can cause
weight-bearing hyperkeratotic le-
sions which progress to ulceration.
Transverse plane deformities, both
abduction and adduction, can also
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deep tissue through the peri-
wound during wound closure. In

this manner, the wound is contin-
uously lavaged during closure. This
technique removes much of the
blood from the internal wound
bed, long before the collection de-
vice is attached at the end of the
procedure.

If one observes the behavior of
small to medium-sized drains used
in the foot, it seems that much of
the sanguinous drainage progress-
es to clotting before it can be evac-
uated and essentially becomes
“unavailable” to the drainage de-
vice. This contributes to a greater
volume of hematoma formation
with all of its potential complica-
tions and negative effects on the
ultimate healing outcome of the
wound.79 Another technique, for
larger volume wounds, is the use
of a compression cuff placed on a
NSS bag to provide hands-free,
continuous peri-closure lavage of
the wound.

When doing sequential bypass-
reconstructive foot procedures, the
patient is routinely heparinized
peri-operatively and excessive
bleeding can be expected. Mea-
sures should be taken to minimize
the intra-operative blood loss and
hematoma in these situations.
First, meticulous surgical tech-
nique must be maintained during
the foot reconstruction with the
avoidance of unnecessary vascular
tissue laceration. Second, electro-
cautery should be employed to
cauterize all visible bleeders, with
attention being given to recessed
areas (e.g. between the plantar in-
trinsic muscles) where occult
bleeding can continue post-opera-
tively). Third, liquid thrombin can
be combined with cellulose
(Gelfoam™) and packed in the
wound for 5-10 minutes prior to
flap closure to reduce the general
sanguinous ooze. The cellulose
packing can be removed prior to
flap closure but the effects of resid-
ual thrombin are still active in
contributing to hemostasis. Final-
ly, fluff dressings with mild com-
pression can be safely applied to
the foot, while avoiding excessive
pressure to any components of a
vascular graft, if present.
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Optimizing... Step IX. Maintaining a
Healed Wound

Non-weight-bearing dur-
ing the healing process is always
a safe default order but there are
many wounds which can withstand
partial weight-bearing forces. Com-
munication with the physical ther-
apist, including a plan for transi-
tion from non-weight-bearing to
partial weight-bearing to full
weight-bearing with or without as-

Continuing

Medical Education

the hospital and will need to be
managed by home care infusion
nurses after discharge or in a skilled
nursing facility. Simultaneous with
the home antibiotic, treatment will
include home wound nursing care
or nursing home wound care. The
placement of the patient at home
or in a skilled facility, along with
the particular antibiotic and wound
care needs, is the responsibility of
the case management department
in the hospital.

Figure 5

cause decubitus lesions. In addi-
tion, all three planar-types of defor-
mities, individually or in combina-
tion, can make it very difficult for
the orthotist and prosthetist to fit
the healed wound patient with or-
thotics, ankle-foot orthoses, shoes
and braces.

Sometimes, peripherally-insert-
ed central catheters (PICC) will be
placed while the patient is still in Continued on page 154



ankle-foot orthoses and braces.
Convenient access to these special-
ists can facilitate the process of re-
habilitation. Plastic surgeons will
want to monitor the success of au-
tografts or allografts which are
preparing the wound for possible
future autograft.

The role of the diabetic/wound
educator needs to be central in the
wound practice, including contin-
uing education for the nursing
home staff who are caring for the
recovering and rehabil itating
wound patient. In addition to the
direct wound caregivers, other
specialists need to continue their
involvement in the wound patien-
t’s care. Patients with malignant
wounds need to be followed by
the oncologist, particularly those
with malignancies like squamous

cell carcinoma with significantly
high rates of metastasis.

Many wound patients need reg-
ular management by an endocri-
nologist, nephrologist, cardiologist,
considering that many wound pa-
tients have severe and chronic dis-
eases, directly contributing to the
occurrence of new wounds and dif-
ficulty in healing existing ones. A
composite view of the ten-step
model with algorithm can be seen
in Figure 5.

Discussion
The coordination of multi-spe-

cialty care is difficult enough until
the philosophy of the team ap-
proach becomes integrated into any
hospital community. The primary
wound specialist must take the re-
sponsibility of coordinating both
in-patient and out-patient care, in-
cluding preventive education. In-
creasing healing outcomes con-
tributes to more interest in main-
taining the team concept, yet the

financial realities of modern medi-
cine constantly risk eroding the in-
tegrity of a team because of all the
extra time and effort needed to
keep the team functioning.

The potential value of the
wound prevention and care algo-
rithm as described in the article
should not be overlooked both in
the developed and the developing
world. The model can be used and
expanded for use at all levels to co-
ordinate collaboration among med-
ical personnel and organizations,
both public and private, who are
working toward the same goal of
wound prevention and care in a
given community. The concept of
early recognition of wounds,
cleansing, dressing, debridement,
offloading and transport to appro-
priate surgical caregivers needs to
be propagated. Measurable out-
comes, such as creating a favorable
“Wagner Shift” from more severe
diabetic wounds to fewer severe di-
abetic wounds, after implementa-
tion of wound prevention and care
programs, would be a worthy goal
in any population.100, 101

Summary
Sometimes, a busy practice dis-

tracts the caregiver from a thor-
ough and consistent approach to
every wound patient. The authors
have introduced a model and com-
panion algorithm as a working clin-
ical template that may assist the
physician, nurse and other care-
givers in maintaining their focus on
the organization and timing of pre-
vention, diagnosis and treatment of
wounds. This focus is most impor-
tant in those cases when diligent
coordination of multi-specialty care
is essential to achieving optimal
healing outcomes. ■
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sistive devices is the responsi-
bility of the wound specialist.41

Unfortunately, all too often, there
is a certain loss of control over the
patient’s wound management after
the patient is discharged from the
hospital. Whether the patient is
discharged to home or a nursing fa-
cility, there must be an attempt
made at not only maintaining ap-
propriate wound care, antibiotic
therapy and physical therapy, but
also maintenance of communica-
tion between the wound specialist
and patient for follow-up appoint-
ments.

Complicating the picture even
further are the somewhat fastidious
needs of some of the new wound
products and technologies such as
allografts and vacuum-assisted clo-
sure devices required for the patient
to obtain the optimum healing
benefits from them. The wound
specialist needs to use his staff very
efficiently to continue this commu-
nication to ensure that appropriate
post-operative care is being main-
tained, signs and symptoms of
complications monitored for and
the patient and family members
kept informed regarding the patien-
t’s progress. One weak link at the
time of discharge is the incomplete
discharge instruction form. The
wound specialist should take the re-
sponsibility to fill out the specific
details of wound care, antibiotic
therapy, weight-bearing status and
follow-up appointment.93, 94

X. Multidisciplinary Approach to
Wound Prevention and
Treatment

The important role of multiple
specialists in complicated wound
care is well established.24, 95-99 Timing
of initiation of this specialty in-
volvement in a wound case is the
responsibility of the primary
wound specialist. Specialty care
may begin in an out-patient setting
and continue in the hospital, but
must continue to be coordinated
after discharge. Vascular surgeons
need to have close control over
their bypass patients after dis-
charge. The podiatric surgeon
needs to see his patient regularly
and when appropriate, refer the pa-
tient for fitting for orthoses, shoes,

Con
tin

uin
g

Med
ica

l E
du

ca
tio

n

The important 
role of multiple

specialists 
in complicated 

wound care is well
established.



NOVEMBER/DECEMBER 2004  •  PODIATRY MANAGEMENTwww.podiatrym.com 155

mittee on diabetes. Geneva, World
Health Organization, 1980, Tech Rep Ser
646.

21 Muha J: Local wound care in dia-
betic foot complications. Aggressive risk
management and ulcer treatment to
avoid amputation. Postgrad Med 1999
Jul; 106(1): 97-102.

22 Rith-Najarian S, Dannels E, Acton
K: Preventing Amputations from Dia-
betes Mellitus: The Indian Health Service
Experience. West Indian Med J
50(Suppl.1): 41-43, 2001.

23 Boulton, AJ: The pathogenesis of
diabetic foot problems: an overview. Di-
abetic Med 13: S13-S16, 1996.

24 Frykberg RG, Armstrong DG,
Giurini AE, Kravette M, Kravitz S, Ross
C, Stavosky J, Stuck R, Vanore J:Diabetic
Foot Disorders: A Clinical Practice
Guideline. The Journal of Foot & Ankle
Surgery 39(Suppl. 5): S1-S60, 2000.

25 Levetan CS, Robbins DC, Dawn
KR, Ratner RE: Impact of Computer-
Generated Personalized Goals on
HgA1C. Diabetes Care 25(1):2-8, 2002.

26 McCann S, Weinman J: Empower-
ing the patient in the consultation: a
pilot study. Patient Educ Couns 27:227-
234, 1996.

27 Forrest R, Gamborg-Neilssen P:
Wound assessment in clinical practice: a
critical review of methods and their ap-
plications, Acta Med Scand 687:69-74,
1984.

28 Caputo GM, Cavanagh PR, Ul-
brecht JS, Gibbons GW, Karchmer AW.
Assessment and management of foot
disease in patients with diabetes. N Engl
J Med 331: 854-60, 1994.

29 Levin ME: Chronic Complications
of Diabetes: Foot Lesions in Patients
with Diabetes Mellitus. Endocrinology
and Metabolism Clinics 25(2): 447-462,
1996.

30 Smith AP: Etiology of the Problem
Wound. In Wound Care Practice.
Sheffield PJ, Smith, AP, Fife, CE Best
Publishing Co: 4, 2004.

31 Grayson ML, Gibbons GW,
Balogh K, Levin E, Karchmer AW: Prob-
ing to bone in infected pedal ulcers: A
clinical sign of underlying osteomyelitis
in diabetic patients. JAMA 273(9): 721-3,
1995.

32 Freedman G: Practical treatment
of pain in patients with chronic wounds:
pathogenesis-guided management. Am J
Surg 188(1A Suppl): 31-5, 2004.

33 Arpey CJ: Postsurgical wound
management. Dermatol Clin 19(4): 787-
797, 2001.

34 Buggy DJ: Postoperative wound
oxygen tension with the epidural or in-
travenous analgesia: a prospective, ran-
domized, single-blind clinical trial.
Anethesiology 97(4): 952-8, 2002.

35 Popescu A, Salcido S: Wound
Pain: A Challenge for the Patient and

5 Tanenbaum M: Skin and tissue
techniques. In: McCord CD Jr, Tanen-
baum M, Nunery WR, eds. Oculoplastic
Surgery. 3rd ed. 1995: 3-4.

6 Monaco JL, Lawrence TL: Acute
wound healing; an overview. Clinics in
Plastic Surgery 30: 1-12, 2003.

7 Witte MB, Barbul A: General Prin-
ciples of Wound Healing. Surg Clin
North Am 77(3): 509-528, 1997.

8 Li WW, Li VW: Therapeutic Angio-
genesis for Wound Healing. Wounds: A
Compendium of Clinical Research and
Practice 15(Suppl. 9): 3S-12S, 2003.

9 Brown NJ, Smyth EA, Reed MW:
Angiogenesis induction and regression
in human surgical wounds. Wound Re-
pair Regen 10:245-251, 2002.

10 Goldman R: Growth Factors and
Chronic Wound Healing: Past, Present,
and Future. Advances in Skin & Wound
Care: The Journal for Prevention and
Healing 17(1): 24-35, 2004.

11 Witte MB: Role of nitric oxide in
wound repair. American Journal of Sur-
gery 183(4): 406-412, 2002.

12 International Consensus on the
Diabetic Foot. International Working
Group on the Diabetic Foot. The Nether-
lands, 1999.

13 American Diabetes Association.
Consensus Development Conference on
Diabetic Foot Wound Care: 7-8 April
1999, Boston, Massachusetts. Diabetes
Care 22(8):1354-1360, 1999.

14 Boulton AJ. The diabetic foot: a
global view. Diabetes Metab Res Rev
16(suppl 1): S2-5, 2000.

15 Ryan TJ.: Wound Healing in the
Developing World. Dermatologic Clinics
11(4): 791-800,1993.

16 Reiber GE, Boyko EJ, Smith DG.
Lower extremity foot ulcers and amputa-
tions in diabetes. In: National Diabetes
Data Group (U.S.). Diabetes in America.
2d ed. Bethesda, Md.: National Institutes
of Health, National Institute of Diabetes
and Digestive and Kidney Diseases,
1995; NIH publication no. 95-1468.

17 The Diabetes Control and Com-
plications Trial Research Group. The ef-
fect of intensive treatment of diabetes
on the development and progression of
long-term complications in insulin-de-
pendent diabetes mellitus. N. Engl. J.
Med. 329:977-986, 1993.

18 World Health Organization. The
International Classification of Diseases,
9th Rev., Clinical modifications, 4th ed.,
Practice Management Information Cor-
poration, Los Angeles, 1993.

19 Report of the National Diabetes
Advisory Board. Bethesda, Maryland. Na-
tional Institute of Health 25 (NIH publi-
cation no. 81-2284) 1980.

20 Whitehouse, F. W., Jurgenson, C.,
Black, M. A. Report on the expert com-

Optimizing... the Wound Care Specialist.
Advances in Skin & Wound
Care: The Journal for Prevention
and Healing 17(1): 14-22, 2004.

36 Dickhaut S, DeLee J, Page C: Nu-
tritional status: importance in predicting
wound-healing after amputation, J Bone
Joint Surg 66A:71-75, 1984.

37 Williams JZ: Nutrition and wound
healing. Surg Clin North Am 83(3): 571-
596, 2003.

38 Mechanick JI: Practical aspects of
nutritional support for wound healing
patients. Am J Surg 188(1A Suppl): 52-6,
2004.

39 Bowler PG: The 105 Bacterial
Growth Guideline: Reassessing its Clini-
cal Relevance in Wound Healing. Osto-
my/Wound Management 49(1): 44-53,
2003.

40 McGuckin M, Goldman R, Bolton
L, Salcido S: The Clinical Relevance of
Microbiology in Acute and Chronic
Wounds. Advances in Skin & Wound
Care: The Journal for Prevention and
Healing 16(1): 12-23, 2003.

41 Lavery LA, Baronoski S, Ayello,
EA: Options for Off-Loading the Diabetic
Foot. Advances in Skin & Wound Care:
The Journal for Prevention and Healing
17(4): 181-186, 2004.

42 Apelqvist J et al: Prognostic value
of systolic ankle and toe blood pressure
levels in outcome of diabetic foot ulcer.
Diabetes Care 12:373-378, 1989.

43 Carter SA, Tate RB: Value of toe
pulse waves in addition to systolic pres-
sures in the assessment of the severity of
peripheral arterial disease and critical
limb ischemia. J Vascular Surgery 24(2):
258-265,1996.

44 Gibbons GW: Predicting success
of forefoot amputations in diabetics by
noninvasive testing. Arch Surg 114(9:
1034-6, 1979.

45 Burton CS: Management of
Chronic and Problem Lower Extremity
Wounds. Dermatologic Clinics 11(4):
767-773.

46 Sieggreen MY, Kline RA: Recogniz-
ing and Managing Venous Leg Ulcers.
Advances in Skin & Wound Care: The
Journal for Prevention and Healing
17(6): 302-311, 2004.

47 Miller OF, Phillips TJ: Leg ulcers.
Journal of the American Academy of
Dermatology
43(1): 91-5, 2000.

48 Weingarten MS: The history and
diagnosis of venous ulceration. Osto-
my/Wound Management 39(5): 40-
45,1993.

49 Weingarten MS: State-of-the-art
treatment of venous disease. Clin Infect
Dis 32(6): 949-954, 2001.

50 Weingarten MS: History and diag-
nosis of venous ulceration. Wounds
5(2): 84-8, 1993.

Continued on page 156

Continuing

Medical Education



Metabolic Changes, Convalescence, and
Rehabilitation. In Hardy’s Textbook of
Surgery 2nd ed., JB Lippincott Co., 4-6,
1988

67 Donohue CM, Goss LR, Metz S,
Weingarten MS, Dyal LB: Combined
Popliteal and Saphenous Nerve Blocks at
the Knee: An Underused Alternative to
General or Spinal Anesthesia for Foot
and Ankle Surgery. J Am Podiatr Med
Assoc 94(4): 368-374, 2004.

68 Trent JT, Kirsner RS: Wounds and
Malignancy. Advances in Skin & Wound
Care: The Journal for Prevention and
Healing 16(1): 31-34, 2003.

69 Marks MS: Mid-Foot/Mid-Tarsus
Amputations. Foot and Ankle Clinics:
Amputations 4(1): 1-16, 1999.

70 Pinzer M, Kaminsky M, Sage R:
Amputations at the middle level of the
foot. J Bone Joint Surg 68A: 1061-1069,
1986.

71 Pinzur M: Amputation level selec-
tion in the diabetic foot. Clin Orthop
296: 68-70, 1993.

72 Weinfeld SB, Schon LC: Amputa-
tions of the Perimeters of the Foot: Re-
sections of Toes, Metatarsals, Rays and
Calcaneus. Foot and Ankle Clinics: Am-
putations 4(1): 17-38, 1999.

73 Campbell JT: Syme’s, Boyd’s,
Chopart’s, and Piragoff’s Amputations.
Foot and Ankle Clinics: Amputations
4(1): 40-62, 1999.

74 Cooper, PS: Application of exter-
nal fixators for management of Charcot
deformities of the foot and ankle. Semin
Vasc Surg 16(1): 67-78, 2003.

75 Cooper, PS: Application of exter-
nal fixators for management of Charcot
deformities of the foot and ankle. Foot
Ankle Clin 7(1): 207-54, 2002.

76 Nishimoto GS: Lengthening the
Achilles tendon for the treatment of dia-
betic plantar forefoot ulceration. Surg
Clin North Am 83(3): 707-726, 2003.

77 Lin SS, Lee TH, Wapner KL: Plan-
tar forefoot ulceration with equinus de-
formity of the ankle in diabetic patients:
the effect of tendo-Achilles lengthening
and total contact casting, Orthopedics
19(5): 465-475, 1996.

78 Van Gils CC, Wheeler LA, Mell-
strom M: Amputation prevention by
vascular surgery and podiatry collabora-
tion in high-risk diabetic and nondiabet-
ic patients. The Operation Desert Foot
experience. Diabetes Care 22(5): 678-83,
1999.

79 Postlethwait RW: Principles Of
Operative Surgery: Antisepsis, Tech-
nique, Sutures, and Drains. In Davis-
Christopher Textbook of Surgery, The
Biological Basis of Mdoern Surgical Prac-
tice Sabiston DC (Ed.) WB Saunders
Company, vol 1: 334-339, 1977.

80 Ovington L: Hanging wet to dry
dressings out to dry. Advances in Skin &
Wound Care: The Journal for Prevention

and Healing 15(2):79-86, 2002.
81 Enoch S, Harding K: Wound Bed

Preparation: The Science Behind the Re-
moval of Barriers to Healing. Wounds
15(7): 213-229, 2003.

82 Ovington L: Overview of matrix
metalloprotease modulation and growth
factor protection in wound healing. Os-
tomy Wound Management 48(6): S2-S7,
2002.

83 Goldman R, Rosen M, Brewley B,
Golden M: Electrotherapy Promotes
Healing and Microcirculation of In-
frapopliteal Ischemic Wounds: A Pro-
spective Pilot Study. Advances in Skin &
Wound Care: The Journal for Prevention
and Healing 17: 284-294, 2004.

84 Brem H, Balledux J, Bloom T:
Healing of diabetic foot ulcers and pres-
sure ulcers with human skin equivalent:
a new paradigm in wound healing. Arch
Surg 135(6): 627-634, 2000.

85 Argenta LC, Morykwas MJ: Vacu-
um-Assisted Closure: A New Method for
Wound Control and Treatment: Clinical
Experience. Annals of Plastic Surgery
38(6): 563-576, 1997.

86 Bello YM, Phillips TJ: Recent ad-
vances in wound healing. JAMA 2000
Feb 9; 283(6): 716-8.

87 Gentzkow GD, Iwasaki SD, Her-
shon KS: Use of dermagraft, a cultured
human dermis, to treat diabetic foot ul-
cers. Diabetes Care 1996 Apr; 19(4): 350-
4.

88 Hogge J, Krasner D, Nguyen H,
Harkless LB, Armstrong DG. The poten-
tial benefits of advanced therapeutic
modalities in the treatment of diabetic
foot wounds. J Am Podiatr Med Assoc
2000;90: 57-65.

89 Heugel JR: Treatment of the ex-
posed Achilles tendon using negative
pressure wound therapy: a care report. J
Burn Care Rehabil 23(3): 167-171, 2002.

90 Stannard J: Complex Orthopaedic
Wounds: Prevention and Treatment
with Negative Pressure Wound Therapy.
Advances in Skin & Wound Care: The
Journal for Prevention and Healing
17(Suppl 1): 3-10, 2004.

91 Powell MW, Carnegie DE, Burke
TJ: Reversal of Diabetic Peripheral Neu-
ropathy and New Wound Incidence: The
Rold of MIRE. Advances in Skin &
Wound Care: The Journal for Prevention
and Healing 17: 295-300, 2004.

92 Eckman JR: Leg Ulcers In Sickle
Cell Disease. Hematology/Oncology
Clinics Of North America 10(6):1333-
1343, 1996.

93 Patterson JA, Bennett RG: Preven-
tion and Treatment of Pressure Sores.
Journal of the American Geriatric Soci-
ety 43(8): 919-927, 1995.

94 Baumgarten M, Margolis D, Gru-
ber-Baldini AL, Zimmerman S, German
P, Hebel JR, Magaziner J: Pressure Ulcers

Continued on page 157

156 www.podiatrym.comPODIATRY MANAGEMENT  •  NOVEMBER/DECEMBER 2004

Optimizing...
51 Sieggreen MY, Kline RA: Cur-

rent concepts in Lymphedema Man-
agement. Advances in Skin & Wound

Care: The Journal for Prevention and
Healing 17(4): 174-178, 2004.

52 Purewal TS, Goss DE, Watkins PJ,
Edmonds ME: Lower Limb Venous Pres-
sure in Diabetic Neuropathy. Diabetes
Care 18(3):377-381, 1995.

53 Boulton, A. J. M., Scarpello, J. H.
N., Ward, J. D. Venous oxygenation in
the diabetic neuropathic foot: evidence
of arteriovenous shunting? Diabetologia
22:6-8, 1982.

54 Nikolovska S: Pentoxifylline: Effi-
cient in the treatment of venous ulcers
in the absence of compression? Acta
Dermatovenerol Croat 10(1): 9-13, 2002.

55 Cianci P: “Adjunctive hyperbaric
oxygen therapy in the treatment of ther-
mal burns and frostbite.” In Hyperbaric
Surgery. Bakker DJ: Cramer FS (eds).
Flagstaff, AZ: Best Publishing Company;
207-221, 2002.

56 Stone JA, Cianci P: The Adjunc-
tive Role of Hyperbaric Oxygen Therapy
in the Treatment of Lower Extremity
Wounds in Patients With Diabetes. Dia-
betes Spectrum 10(2): 118-123, 1997.

57 Wunderlich RP, Peters EJ, Lavery
LA. Systemic hyperbaric oxygen therapy:
lower-extremity wound healing and the
diabetic foot. Diabetes Care 23:1551-5,
2000.

58 Faglia E, et al: Adjunctive systemic
hyperbaric oxygen therapy in treatment
of severe prevalently ischemic diabetic
foot ulcer: a randomized study, Diabetes
Care 19(12):1338-1343, 1996.

59 Doctor N, Pandya S, Supe A: Hy-
perbaric oxygen therapy in diabetic foot,
J Postgrad Med 38(3):112-114, 1992.

60 Pecoraro RE: Reiber GE, Burgess
EM: Pahtways to diabetic limb amputa-
tion. Basis for prevention. Diabetes Care
13: 513-521, 1990.

61 Strowig S, Raskin P: Glycemic
control and diabetic complications. Dia-
betes Care 15: 1126-1140, 1992.

62 Brownlee M: Glycation products
and the pathogenesis of diabetic compli-
cations. Diabetes Care 15: 1835-1843,
1992.

63 Boulton, A. J. M. The diabetic
foot: neuropathic in aetiology? Diabetic
Med 6: 852-858, 1990.

64 Perry CR, Pearson RL, Miller GA:
Accuracy of cultures of material from
swabbing of the superficial aspect of the
wound and needle biopsy in the preop-
erative assessment of osteomyelitis. J
Bone Joint Surg 73-A: 745-749, 1991.

65 Parsons B: Surgical management
of chronic osteomyelitis. Am J Surg
188(1A Suppl): 57-66, 204

66 Scott-Conner CE, Hardy JD: Re-
sponse to Surgery: Neuroendocrine and

Con
tin

uin
g

Med
ica

l E
du

ca
tio

n



NOVEMBER/DECEMBER 2004  •  PODIATRY MANAGEMENTwww.podiatrym.com 157

and the Transition to
Long-Term Care. Ad-
vances in Skin &
Wound Care: The
Journal for Prevention
and Healing 16: 299-
304, 2003.

95 Boulton AJ,
Meneses P, Ennis WJ:
Diabetic foot ulcers. A
framework for preven-
tion and care. Wound
Rep Reg 7: 7-16, 1999.

96 Dargis V, Pan-
telejeva O, Jonushaite
A, Vileikyte L, Boul-
ton, AJ: Benefits of a
multidisciplinary ap-
proach in the man-
agement of recurrent
diabetic foot ulcera-
tion in Lithuania. Dia-
betes Care 22: 1428-
1431, 1999.

97 Frykberg RW:
Team approach to
lower extremity am-
putation prevention
in diabetes. J Am Po-
diatr Med Assoc 87:
305-312, 1999.

98 Holstein PE,
Sorensen S: Limb sal-
vage experience in a
multidisciplinary dia-
betic foot unit. Dia-
betes Care 22(Suppl
2): B97-B103, 1999.

99 Thomson FJ,
Veves A, Ashe H,
Knowles, EA, Gem J,
Walker MG, Hirst P,
Boulton AJ: A team
approach to diabetic
foot care-the Manch-
ester experience. Foot
2:75-82, 1991.

100 Wagner F: A
classification and
treatment program for
diabetic, neuropathic
and dysvascular foot
problems. Instr
Course Lect 28: 143-
165, 1979.

101 Oyibo SO, Jude
EB, Tarawneh I,
Nguyen HC, Harkless
LB, Boulton AJ: A
comparison of two di-
abetic foot ulcer clas-
sification systems: the
Wagner and the Uni-
versity of Texas
wound classification
systems. Diabetes
Care 24: 84-88, 2001.

Optimizing...

1) A ________ is historically described as a clinical
defect in soft-tissue and/or bone caused by
trauma, ischemia, infection or non-infectious
inflammatory disorders.

A) protease
B) wound
C) fibroblast
D) growth factor

2) ________ is portrayed as a condition in
previously ‘injured’ tissue represented by removal
of necrotic tissue, resolution of infection and
inflammation, with organized collagen and
mature, stable epithelium overlying viable tissue.

A) Wound healing
B) Angiogenesis
C) Malnutrition
D) Epiboly

3) _________ is defined as “the growth of new
capillary blood vessels in the body, a naturally
occurring process required for wound granulation and
tissue repair.”

A) Epithelialization
B) Proliferation
C) Angiogenesis
D) Collagen synthesis

4) Angiogenesis is a balance between________ and
Angiogenic Inhibitors (AI) in both normal and
abnormal wound healing.

A) Metalloproteases
B) Keratinocytes
C) Vasculitis
D) Angiogenic growth factors (AGF)

5) Which of the following does not have a
negative effect on wound healing?

A) Foreign body
B) Angiogenic growth factor
C) Infection
D) Malnutrition

6) There are essentially two levels of repair,
________
A) tissue healing and functional healing
B) primary and tertiary healing.
C) flap and skin graft healing.
D) molecular and cellular healing.

See instructions and answer sheet 
on pages 206-208.
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12) One of the following is not a
measurement of patient
nutritional status:

A) albumin
B) total lymphocyte count
C) total iron-binding capacity
D) creatinine

13) Antibiotics should be given for
both therapeutic and preventive
(empiric) reasons based on the
condition of the patient and the
nature of the wound, including
the type of infection or suspected
degree of ________.

A) “angiogenesis”
B) “inflammation”
C) “neuropathy”
D) “critical colonization”

14) If there is a deficit in palpated
peripheral pulses or other signs or
symptoms of ischemia, including
rubor, cyanosis and rest pain or
intermittent claudication,
respectively, ________ are generally
ordered.

A) non-invasive vascular studies
B) CO2 arteriograms
C) hyperbaric oxygen (HBO)
treatments
D) lymphedema stockings

15) The role of ________in the
natural history of a wound cannot
be adequately determined without
a thorough history and physical
examination.

A) nitric oxide
B) growth factors
C) systemic disease
D) genetics

16) Early on after the encounter
with a terminal wound patient, a
determination needs to be made
as to the ________of the particular
patient.

A) healability
B) age
C) occupation
D) socio-economic status

7) Without an adequate ________,
healing outcomes will be unaccept-
able because the therapy is built on
a “castle of sand” of deficient dif-
ferential and final diagnoses.

A) diagnosis and treatment
plan
B) growth factor and nutrition
C) HgA1C and nitric oxide
D) amount of wound dressing
choices

8) When diabetics are diagnosed,
a ________ assessment should be
performed, orthotic intervention
instituted, routine care performed,
skin care begun and appointments
made for foot care based on the
risk assessment protocol.

A) renal
B) glucose
C) foot wound-risk
D) obesity

9) Wounds can be categorized
into those of ________, infectious
and primary ulcerative disease
etiologies.

A) painful
B) traumatic
C) disabling
D) nutritional

10) Which of the following is not a
common cause of lower-extremity
wounds?

A) Ischemia
B) Neuropathy
C) Malignancy
D) Venous disease

11) The central role of proper
________in the physical
examination of the wound patient
cannot be underestimated,
particularly, probing of the wound
to establish whether or not there
is osseous involvement.

A) cranial nerve evaluation
B) wound assessment
C) gait analysis
D) wound measurement

17) Generally, ________is required
in the presence of necrotic tissue
or purulence in a wound.

A) an oral antibiotic
B) surgical debridement
and/or incision and drainage
C) amputation
D) an intravenous antibiotic
only

18) Historically, general and spinal
anesthesia have been used for
lower-extremity wound
management, when in many of
these cases, ________would suffice.

A) sedation only
B) local or regional anesthesia
C) topical anesthesia
D) muscle relaxants

19) A ________ would be a much
better choice for an ambulatory
patient than a Lis Franc’s
amputation due to the potential
loss of tendinous planar balance
provided by the tibialis anterior,
tibialis posterior, peroneus longus
and peroneus brevis tendons.

A) below-knee amputation
(BKA)
B) Piragoff amputation
C) transmetatarsal amputation
(TMA)
D) Chopart’s amputation

20) Ideally, ________ of the wound
is the first choice when completing
the healing process of a wound.

A) primary flap closure
B) secondary healing
C) split-thickness skin grafting
D) a free flap

E X A M I N A T I O N
(cont’d)
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ON PAGES 206-208
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