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The management of diabetic foot ulcers can be optimized by using an interdisciplinary team approach
addressing the correctable risk factors (ie, poor vascular supply, infection control and treatment, and
plantar pressure redistribution) along with optimizing local wound care. Dermatologists can initiate
diabetic foot care. The first step is recognizing that a loss of skin integrity (ie, a callus, blister, or ulcer)
considerably increases the risk of preventable amputations. A holistic approach to wound assessment is
required. Early detection and effective management of these ulcers can reduce complications, including
preventable amputations and possible mortality. ( J Am Acad Dermatol 2014;70:21.e1-24.)
CAPSULE SUMMARY

d Patients with diabetes mellitus have an
increased risk of developing diabetic foot
ulcers and are at risk for delayed healing
that increases the risk of complications.

d Diabetic foot ulcers are classified as
neuropathic, ischemic, or neuroischemic,
but the presence of concomitant venous
disease or other conditions that cause
foot edema can also delay healing.

d Treatment includes: optimizing vascular
supply, early detection and treatment of
deep and surrounding tissue infection,
and plantar pressure redistribution.

d Comprehensive evaluation of the patient
should be performed in concert with
local wound care.

d Radiologic assessments should include a
baseline foot radiograph along with
appropriate follow-up and a magnetic
resonance imaging scan when indicated.

d Key elements of local wound care
assessment and treatment include
adherence with pressure redistribution
(off-loading), surgical debridement of
the callus and ulcer surface, and the
topical antimicrobial treatment of local
infection along with moisture balance.
Patients with diabetes
mellitus (DM) are prone to
multiple complications, in-
cluding foot ulcers caused
by neuropathy and periphe-
ral arterial disease (PAD).
While a patient with DM
may develop a leg ulcer, this
would be more likely caused
by venous disease, because
DFUs occur on the feet and
venous leg ulcers most com-
monly occur on the leg and
only rarely on the dorsal
surface of the foot (Fig 1).
However, should venous dis-
ease coexist or edema of any
cause be present, addressing
this may facilitate healing.
The development of foot ul-
cers is part of the causal
pathway to amputation,
because a foot ulcer pre-
cedes nontraumatic lower
limb amputation in 85% of
patients with DM. Therefore,
prompt recognition and ap-
propriate interprofessional
treatment can prevent un-
necessary amputations.1,2

Dermatologists should be fa-
miliar with identification of
the high-risk foot and, if ap-
propriate, the necessary re-

ferrals for DFU prevention and treatment.

The effective management of at-risk individuals
includes a holistic approach to care, including (1)
assessment and optimization of vascular supply
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when possible; (2) early
detection and treatment of
the infection; and (3)
appropriate plantar pressure
redistribution. In addition,
addressing systemic (meta-
bolic) factors that may delay
healing is also helpful.

Among metabolic factors,
glucose control likely is of
importance.3 A greater eleva-
tion in blood glucose level is
associated with a higher po-
tential for suppressing the
inflammatory response and
decreasing the host’s re-
sponse to infection. The
best indicator of glucose con-
trol over a period of time is
glycated hemoglobin
(HbA1c) level. This test mea-
sures the average blood
sugar concentration over the
90-day life span of the aver-
age red blood cell in the
peripheral circulation. The
higher the HbA1C level, the
more glycosylation of the he-
moglobin in the red blood
cell will occur.4 Blood glu-
cose levels [11.1 mmol/L
(equivalent to [310 mg/mL
or a HbA1c level of [12) is
associated with decreased
neutrophil function, including leukocyte
chemotaxis.5

In part I, we discussed the epidemiology of DM
and pathogenesis and prevention of DFUs. Part II
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Fig 1. Suggested algorithm for the management of lower extremity ulcers.
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focuses on the following key points in the manage-
ment of DFUs: assessment of the diabetic foot;
infection control; local wound care; wound debride-
ment; plantar pressure redistribution; the role of
surgery; wound dressings; topical antimicrobials;
and advanced therapies.

The key components of local wound care include
debridement, treatment of the localized infection,
and the achievement of moisture balance.
ASSESSMENT OF THE DIABETIC FOOT
Key points
d The baseline evaluation should include
blood pressure and laboratory testing for
complete blood cell count, creatinine, and
glycated hemoglobin

d The erythrocyte sedimentation rate or C-re-
active protein level may be considered if a
concern for osteomyelitis exists
d Early referral, vascular assessment, imaging,
and intervention are crucial to prevent the
complications of peripheral arterial disease
in a patient with diabetes

d A falsely high ankleebrachial pressure
index occurs in patients with diabetes melli-
tus ([1.3 is caused by glycosylation or
calcification leading to noncompressible
vessels)

d The toeebrachial pressure index should be
measured in patients with diabetes mellitus
whenever possible, and the toe pressure
should be [55 mm Hg for adequate periph-
eral circulation to heal

d An ankleebrachial pressure index \0.4, toe
pressure\30 mm Hg, and monophasic flow
by handheld Doppler ultrasound indicate
severe arterial disease and represents a sig-
nificant risk for delayed healing or a non-
healable wound
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d A baseline radiograph of the affected foot is
useful for patients presenting with a new
diabetic foot ulcer

d Magnetic resonance imaging is the most ac-
curate available imaging for the diagnosis or
exclusion of osteomyelitis

A comprehensive assessment including history
and a physical examination is required for all patients
with DFUs. Other aspects that should be reviewed
include the presence of neuropathic or nociceptive
pain along with a loss of protective sensation.
Patient-centered concerns that should be docu-
mented include activities of daily living, the presence
of depression, and alcohol consumption and
smoking.

Wound assessment
The following wound-related items should be

evaluated:
d Location on the foot (ie, plantar, forefoot, mid-
foot, heel, dorsum, toes, or sides of foot)

d Size (ie, at least longest length with the widest
width at right angles in cm or mm, ideally
planimetric or computerized photography
measurement)

d Depth (cm or mm) measured with a probe, and
check base for exposed tendon or bone

d Appearance of the wound base (ie, granulation,
fibrin, slough, or necrotic tissue [black])

d Amount (ie, none, scant, moderate, or heavy) and
type of exudate (ie, serous, sanguineous, puru-
lent, or combinations)

d Periwound skin (ie, edge or wound margin):
presence of callus, maceration, or erythema

d Pain level should to be evaluated: timing with
dressing change or between dressing changes,
severity and type of pain (ie, nociceptive [gnaw-
ing, aching, tender, or throbbing] or neuropathic
[burning, stinging shooting, or stabbing] or loss of
protective sensation).

This framework allows clinicians to monitor
wound healing or progression. In addition, several
studies have noted the role of monitored wound and
periwound temperature (which is often not routinely
measured) through infrared thermometry to identify
surrounding tissue injury. A temperature difference
of[38 of 48when compared to the contralateral limb
should raise a concern of infection when it is in
concordance with the clinical symptoms.6,7

Increased temperature may also indicate deep in-
flammation (such as Charcot foot often in the
absence of an ulcer) or unequal vascular supply,
with clinical features used to differentiate these
conditions. In addition, during diabetic patient
self-monitoring at risk for development of DFU, an
increased local temperature may indicate a risk of
skin breakdown.8

Although elevated temperature may be suggestive
of infection, documenting additional clinical signs
makes the definitive diagnosis of wound infection.
The clinical diagnosis of osteomyelitis in patients
with DMmay be challenging. The probe to bone test
by a sterile blunt stainless steel probe is helpful.9

Laboratory studies
Wound healing can be delayed in the presence of

coexisting systemic disease or comorbidities (ie,
renal or peripheral vascular disease). The baseline
laboratory evaluation in a patient with DM and a foot
ulcer should include a complete blood cell count,
creatinine level, erythrocyte sedimentation rate
(ESR) or C-reactive protein (CRP) level, and HbA1c
level.10 Several laboratory results may be important
for management. Anemia may delay healing, and
leukocytosis may be associated with infection. High
levels of creatinine (suggestive of renal dysfunction)
may indicate a greater risk for DFU complications
and alter the choice and the dose of antibiotic
therapy. An ESR [40 mm per hour or a CRP [20
mm per hour is commonly associated with deep
tissue infection or osteomyelitis.11,12 As noted above,
HbA1c is a good indicator of diabetes control over 90
days. The American Diabetes Association recom-
mends a level of HBA1c\0.07 (7%) for adults, but for
the elderly and developing world and patients with
brittle DM, a target of\0.09 (9%) has been suggested
to avoid hypoglycemic episodes.13,14 Nutritional as-
sessment, including the level of albumin, should be
performed in persons with chronic wounds.15

Prealbumin has a shorter half-life than albumin and
may better detect improvement in patients with
protein deficiencies.16

Patients with DM, especially those with poor
glycemic control, have a relative immunodeficiency.
They may not present with the classic overt signs of
infection.17,18 High levels of HbA1c have been asso-
ciated with diabetic comorbidities, such as neurop-
athy, coronary artery disease, retinopathy, and
nephropathy. Elevated HbA1c has been shown as a
predictor of the development of DFUs, but additional
studies are still required.5

Vascular assessment
A vascular assessment, when indicated, should

include advanced imaging and vascular intervention.
Early intervention is important to prevent complica-
tions of PAD in persons with DM. Every 1% (0.01)
increase in HbA1c correlates with a 25% to 28%
increase in the relative risk of PAD.15,19 DM increases



Table I. Arterial measurements related to vascular supply of the leg*

ABPI Toe pressure (mm Hg) TBPI Ankle Doppler wave form Diagnosis

[0.8 [80 [0.6 Normal/triphasic No relevant arterial disease
[0.5 [50 [0.4 Biphasic Some arterial disease: modify compression
[0.4 [30 [0.2 Biphasic/monophasic Arterial disease predominates
\0.4 \30 \0.2 Monophasic High risk for limb ischemia

ABPI, Ankle-brachial pressure; TBPI, toeebrachial pressure index.

*Modified from Sibbald et al.27
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the risk of PAD 3.5-fold in men and 8.6-fold in
women.15,20-22

Vascular assessment is required for all neuro-
pathic foot ulcers. There is no universal test to assess
the vascular system. Noninvasive vascular assess-
ments include the ankleebrachial pressure index
(ABPI), toe pressure and/or toeebrachial pressure
index (TBPI), and transcutaneous oxygen pressure
(TcPO2) measurement. Additional studies will be
indicated based on the results of these tests.23,24 The
ABPI Doppler ultrasound measures macrovascular
arterial disease and may overestimate the true pres-
sure reading in patients with DM because of incom-
pressible vessels often related to calcification and
advanced atherosclerosis (Table I).25-27 Up to 80% of
persons with DM have falsely high ABPIs of [1.2,
compared to only 20% of nondiabetic individuals.27

An ABPI\0.5 may not be reliable, and a complete
segmental duplex Doppler ultrasound examination
of the lower extremity arteries may be required to
determine the location and extent of the vascular
compromise. As opposed to patients without DM
who have PAD, patients with DM and PAD tend to
have more distal disease.28 The presence of a seg-
mental drop in arterial pressure may indicate the
potential for a correctable arterial lesion. If vascular
disease is suspected and intervention planned, arte-
rial angiography is required. Computed tomography
or magnetic resonance angiography (unless dilation
is planned at the same time as the procedure) may be
part of a comprehensive assessment.

Imaging
Baseline radiograph. A baseline radiograph of

the affected foot is useful in patients presenting with
a new DFU. Plain radiographs may provide
information on the presence of a foreign body,
soft tissue gas that may be associated with deep
infection, and bony abnormalities associated with
osteomyelitis, traumatic fractures, or the multiple
fractures of Charcot joint. The classic change sug-
gestive of osteomyelitis includes cortical erosion,
periosteal reaction, combined lucency, and sclero-
sis.16 Plain film imaging has the limitation that some
radiographic changes are delayed and may take
up to a month after the clinical presentation. If
osteomyelitis remains a concern, plain serial radio-
graphs may help to monitor and exclude osteomy-
elitis. The other limitation of radiography is the
potential for confusion between the subtle changes
of osteomyelitis with early Charcot foot or neuro-
osteoarthropathy.

Magnetic resonance imaging. A magnetic res-
onance imaging (MRI) scan is the most accurate
available imaging for the diagnosis or exclusion of
osteomyelitis.29 A sensitivity of 90% and specificity of
79% has been reported in a recent metaanalysis by
Dinh et al.9 If MRI is not available, 3-phase bone
scans are an alternative for the diagnosis of osteo-
myelitis.30 MRI is more cost-effective and offers
better sensitivity and specificity compared to 3-
phase bone scan.31 If imaging is inconclusive, a
diagnostic bone biopsy specimen should be ob-
tained for histologic assessment, and bacterial cul-
ture is the criterion standard for diagnosing
osteomyelitis. The bacterial culture may also provide
an opportunity to identify the causative bacterial
agent and any antibiotic sensitivities.

Musculoskeletal assessment. DM-related neu-
ropathy can cause changes to the foot that compro-
mise normal ambulation through several different
pathways. Numerous pathogenic pathways lead to
muscle atrophy and compensatory biomechanical
alterations in the diabetic foot. These include claw
toes, hammertoes, bunions, hallux rigidis, and
Charcot changes. All foot deformities and biome-
chanical impairments need evaluation and treatment
to avoid additional damage of the bony structure to
prevent foot ulcers and subsequent amputations.
Treatment mainly with orthotic shoes and pressure
off-loading devices should prevent excess pressure
(calluses), friction, and shear (hemorrhagic blisters)
in order to prevent these unwanted complications
(Table II).

Biomechanical impairments are central to
pressure-induced DFUs that are easily identifiable
by clinical examination. The foot and the ambulatory
gait pattern should be examined in relation to the
patient’s footwear for both effective treatment and
prevention.



Table II. Pathogenesis of diabetic foot ulcers

Pathogenesis Consequences Evaluation Therapy

Hyperglycemia
/ Glycosylation of collagen [,
collagenase resistance [

/ Cross-linking of collagen [
/ Stiffness of connective tissue

Limited joint mobility / high plantar
pressure / callus / ulcer /
infection

Limited skin elasticity / diminished
absorption of shear and pressure stress
/ skin cracks / ulcer / infection

ROM and dorsiflexion of the toes and
ankles

Inspection

Nonoperative
Physiotherapy: stretching; orthotics:
outsole modifications: rocker, roller,
AFO; skin care, seamless socks

Operative
Tendon release

Hyperglycemia
/ Abnormal fatty acid metabolism /
decreased nutritional delivery

Atrophy of plantar fat pads/ diminished
absorption of shear and pressure stress
/ callus / ulcer / infection and
damage of deep structures (bone and
joint)

Palpation

Hyperglycemia
/ Myoinositol uptake Y, glycolsylation
of neural proteins [, polyol activity [,
and abnormal fatty acid metabolism

/ Nerve ischemia/nerve function Y
Angiopathy
/ Abnormal vasa nervorum / nerve
ischemia

Motor neuropathy / atrophy of
intrinsic (flexor) foot muscles /
diabetes-dependent foot deformities
(claw and hammertoe deformity/
prominence of metatarsal heads) and
dislocation of plantar fat pads /
improper weight bearing/diminished
absorption of shear and pressure stress
/ callus / ulcer / infection and
damage of deep structures (bone and
joints)

Inspection Nonoperative
Diabetes-adapted insoles, outsole
modifications: rocker, roller, and
widening; custom made orthopedic
shoes

Operative
Tenotomy, tendon transfer, resection
arthroplasty, and osteotomy

Sensory neuropathy /
Loss of protective sensation / improper
weight bearing / high plantar
pressure / callus / neuropathic
ulcer / infection

Limited locomotory coordination /
micro and macro fractures/ruptures of
bones, ligaments, and tendons

Charcot foot / deformity or instability
/ improper weight bearing / high
pressure plantar and/or in
inappropriate footwear / callus /
ulcer / infection

Lack of sensation with 128-Hz tuning fork
or Semmes Weinstein monofilament
(10 g or 5.07)

Inspection, palpation: red, warm, and
swollen foot without ulcer, with (stage
1-3) or without (stage 1) deformity;
radiograph and magnetic resonance
imaging scans

Nonoperative
Seamless socks, TCC, diabetes-adapted
insoles; outsole modifications: rocker,
roller, and widening; custom made
orthopedic shoes; AFO

Operative
Ostectomy (bumpectomy), realignment
corrective arthrodesis, tendon release,
resection arthroplasty, and amputation
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Autonomic neuropathy / decreased
sympathetic innervation
(autosympathectomy)

Decreased perspiration (hypohidrosis,
anhidrosis) / dry and atrophic skin
/ diminished absorption of shear and
pressure stress / ulcer / infection

AV shunting [ / increased bone
absorption / Charcot foot /
deformity and or instability /
improper weight bearing / high
pressure plantar or inappropriate
footwear / callus / ulcer /
infection

Inspection, palpation: red, warm, and
swollen foot without ulcer, with (stage
1-3) or without (stage 1) deformity;
radiography and magnetic resonance
imaging scan

Previous or diabetes-independent foot
deformities

Hallux valgus, bunion, claw/hammertoes,
pes eqinus, pes cavus, club foot, and
so on; sensory neuropathy

Improper weight bearing / high
pressure plantar or by inappropriate
footwear / callus / ulcer /
infection

Inspection Nonoperative
Diabetes-adapted insoles, outsole
modifications: rocker, roller, and
widening; custom made orthopedic
shoes; AFO

Operative
Tenotomy, tendon transfer/release,
osteotomy, exostectomy, resection
arthroplasty, realignment arthrodesis,
and amputation

Inappropriate footwear and sensory
neuropathy

High dorsal and plantar pressure inside
the shoe / pressure ulcer /
infection

Inspection Appropriate footwear

AFO, Ankle foot orthosis; ROM, range of motion; TCC, total contact cast.
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INFECTION CONTROL
Key points
d More than half of individuals with diabetic
foot ulcers develop skin and soft tissue
infection

d Aerobic ‘‘Gram-positive’’ cocci, especially
Staphylococcus aureus, are the most common
cause of initial diabetic foot infection; how-
ever, individuals with chronic foot ulcers
have multibacterial organisms, including
‘‘Gram-positives,’’ ‘‘Gram-negatives,’’ and an-
aerobes (‘‘microbial shift’’ over time)

d Osteomyelitis should be suspected if an ulcer
probes to bone or exposed bone is present.
Multiple-phase magnetic resonance imaging
is the best noninvasive test for the diagnosis
for osteomyelitis. A bone biopsy specimen
with culture is the definite test for diagnos-
ing osteomyelitis. Occasionally, treatment
may still be prudent if there is a high clinical
index of suspicion in the presence of an
inconclusive (‘‘negative’’) magnetic reso-
nance imaging scan

d For mild to moderate infections, initial ther-
apy is aimed at aerobic Gram-positive cocci
(until microbiology results are known). Em-
pirical broad-spectrum therapy, often tai-
lored to local antibiotic biograms (in vitro
sensitivity), is indicted for severe infections

d The duration of antibiotic therapy for mild
infection should be at least 2 weeks. For
moderate to severe infection, 2 to 4 weeks of
antibiotic therapy is suggested, but clinical
signs should determine the length of therapy

Diabetic foot infections are one of the most
frequent and severe complications seen in individ-
uals with DM. More than 50% of DFUs develop
infection. There is a 10-fold increased chance of
being hospitalizedwith a bone or soft tissue infection
in a patient with DM compared to an individual
without DM.32

All wounds are contaminated and often colo-
nized; the relative importance of bacteria may vary.
Wound contamination is the presence of nonrep-
licating bacteria on wound surface, and wound
colonization is replication of bacteria without tissue
injury or immune response. Critical colonization
involves the replication of bacteria in the superficial
wound base with tissue damage. As host resistance
weakens, the bacteria invade the wound margins
and base where a critical threshold of 105 bacteria
per gram of tissue is often associated with tissue
damage by the inflammatory cytokines.33 This
wound perimeter infection often involves a
continuum between the ulcer base and the ulcer
edges, where the classical signs of infection may be
absent.34 Bacteria react to hostile environments by
producing biofilms that provide bacterial protection
against the host immune response. The differentia-
tion between a wound in bacterial balance, critical
colonization, and deep and surrounding tissue in-
fection can be challenging because contamination
and colonization would not require antibiotic
therapy.

The clinical signs of infection can be dampened
because of diminished leukocyte function, PAD, and
neuropathy.15 About 50% of patients with DM and
deep foot infection lack a systemic inflammatory
response indicators of infection (ie, diminished or
lack of elevation of ESR or CRP, with a normal white
blood cell count and body temperature), leading to a
delayed diagnosis.11 Uncontrolled DM can result in
immunopathy with a blunted cellular response to
foot infections. Impairment of macrophage function
as the key player of tissue repair contributes to
delayed healing and increased susceptibility to
infection.35

Infection is often a precursor to amputation.
Peters et al36 reported that with previous amputation,
PAD, and neuropathy were significant risk factors for
diabetic foot infection. Patients with an amputation
are more likely to undergo another amputation on
the reminder of their foot, lower leg, or on the
contralateral leg.37,38 In addition, a partial foot am-
putation can lead to increased plantar foot pressure
on the decreased remaining plantar surface.39

Prevention or early treatment of infection
might therefore prevent subsequent additional
amputations.

The diabetic foot infection requires a multiprofes-
sional approach with attention to local and systemic
factors.29,40 Aerobic Gram-positive cocci, especially
Staphlyococcus aureus, are the most common cause
of diabetic foot infection. Individuals with chronic
foot ulcers and previous antibiotic therapy often
have infections with both Gram-positive and -nega-
tive organisms. Gangrenous and severely ischemic
ulcers are commonly coinfected with anaerobic
pathogens.29 The diagnosis of infection is clinical
by identifying associated symptoms and signs such
as redness, edema, increased temperature, and pain
(Fig 2).

Laboratory examinations have limited use in
the diagnosis of infection except in cases of osteo-
myelitis. However, a semiquantitative bacterial swab
test—or preferably a tissue biopsy speicmen—for
the identification of bacterial organisms on culture
and organism sensitivity can be taken before starting
antibiotic therapy.40



Fig 2. Diabetic foot infection. Neuroischemic foot with
trauma at the plantar surface of the first metatarsal head
leading to the spread of the plantar infection to the dorsal
surface of the foot.
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If bacterial swabs are to be performed, they
should be taken after the wound is cleaned and
debrided. The bacterial swab may detect resistant
organisms and help redirect antibiotic therapy if
patients do not respond to empiric therapy. The
swab should be placed on ‘‘healthy appearing’’ tissue
and pressed to just extract fluid and then rotated 3608
(ie, the semiquantitative Levine technique).41 This
technique has been shown to correlate best with
quantitative tissue biopsy results.41 Most laboratories
process specimens in a semiquantitative fashion and
provide results such as scant, mild, moderate, or
heavy growth. The presence of heavy growth indi-
cates more than 105 colony-forming units per gram
of tissue.42-44 Lavery et al45 found that clinical find-
ings may be predictive of soft tissue infection,
including probing the wound to bone, long wound
duration ([30 days), recurrent wounds, and trau-
matic wounds with associated ischemia. The diag-
nosis of infection is not based on culture results and
therefore only leads to systemic antibiotic treatment
when associated clinical signs are present (eg, en-
larging wound size, satellite areas of breakdown,
surrounding cellulitis, and probing to bone).

Following the clinical diagnosis of infection, em-
pirical treatment may be followed by culture and
sensitivity results that lead to a more specific choice
of antibiotic therapy. Elevation in ESR over 40 mm
per hour and CRP levels double the normal range, in
the absence of other inflammatory conditions, may
serve as diagnostic indicators suggesting osteomye-
litis.46 However, as noted above, in most patients
imaging is used to diagnose osteomyelitis.47

Osteomyelitis is a potential complication in any
chronic, deep ulcer that overlies a bony prominence.
Ulcers that probe to bone or exposed bone are likely
to be associated with osteomyelitis.9,48 Grayson
et al48 studied 75 hospitalized patients with DFUs
and reported that probing to bone or exposed bone
is likely to be consistent with osteomyelitis (positive
predictive value, 89%).49 A second study by Lavery
et al50 of 247 outpatients with DFUs found that those
wounds that did not probe to bone were unlikely to
have osteomyelitis present (negative predictive
value, 0.98). MRI is useful, but if osteomyelitis is
suspected clinically, systemic antibiotic therapy to
treat soft tissue infection should be initiated (even in
the absence of an MRI scan) for 2 to 4 weeks.
Occasionally, osteomyelitis is diagnosed by bone
culture taken after a ‘‘negative’’ MRI scan.

It has been suggested that delayed healing may be
caused by the presence of a biofilm. Biofilms are
densely packed aggregations of microbes that
stick to each other and to a surface and are
encased in a self-synthesized extracellular polymeric
substance.51,52

Biofilms are difficult to treat because the glycoca-
lyx structure of the biofilm protects the bacteria and
renders antimicrobial therapy less effective.53

Biofilms are likely most common on the wound
surface and favor surfaces of different viscosity that
may be created by undebrided slough on the wound
surface. The presumed removal of the surface con-
taining biofilm through debridement either with or
without biologic agents improved wound healing
rates.54

While still under investigation, the best anti-
microbial agents to penetrate biofilms have a low
molecular weight and include various iodine
preparations.55

For mild to moderate infection, therapy should be
aimed at aerobic Gram-positive cocci. Broad-
spectrum empirical therapy is indicted for severe
infections (‘‘microbial shift’’). The antibiotic needs to
be continued until the clinical signs resolve and/or
abnormal or pathologic laboratory tests return to
normal (the ESR is often slower than the CRP to
return to normal). Antibiotic therapy is often not
necessarily in the later stages of healing. The severity
of infection determines the initial route of therapy. In
some cases, oral therapy can be given, but intrave-
nous (parenteral) therapy is indicated for all severe
and some moderate infections that can be switched
to oral agents as the patient improves.40

Soft tissue infections based on Infectious Disease
Society of America guidelines are classified into 3
main categories: mild (superficial tissue and limited
in size and depth), moderate (deeper or more
extensive), and severe (associated with systemic
signs or metabolic abnormalities).30 For mild infec-
tions, 2 weeks of oral antibiotics usually suffice,
although some patients require an additional 1 to 2
weeks. Moderate to severe infections require at least
2 to 4 weeks of antibiotic therapy, and if bone is
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involved (ie, osteomyelitis is present), usually 6 to 12
weeks minimum treatment is required. If the infected
bone is removed, a shorter treatment period is often
sufficient, but treatment time should be determined
by the resolution of clinical signs.40 In individuals
with signs associated with deep and surrounding
wound infection, systemic antimicrobial therapies
(at least initially) are indicated. Most antibiotic rec-
ommendations include coverage for Gram-positive,
Gram-negative, and anaerobic organisms. The re-
cent emergence of antibiotic resistant bacteria pre-
sents a major challenge for the successful treatment
of diabetic foot infections.30,38,56

Local wound care
Optimal local wound care includes proper cleans-

ing (using normal saline or sterile water), debride-
ment of calluses and wound base especially if
associated, with devitalized tissue, control of local-
ized infection, and abnormal prolonged inflamma-
tion and moisture balance. This needs to be
accompanied by systemic treatment for deep and
surrounding infection for successful treatment.
Wound cleaning is the process of removal of loose
inflammatory materials and debris from the wound
surface.57 The selection of the appropriate wound
cleanser is important to minimize chemical and
mechanical damage. The standard of the care for
wound cleansing is to use agents with low cytotox-
icity, including water, isotonic normal saline, and
short contact acetic acid. Soaps and detergents have
been commonly used for wound hygiene. There is
evidence that these surface-active agents raise the
surface pH and interfere with healing through alter-
ing the cell viability and tissue function.57 Isotonic
normal saline (0.9% NaCl) is a good cleanser for the
majority of wounds, and a Cochrane review found
that water is a suitable alternative.58 The evidence
regarding commercial wound cleanser safety is very
limited. However; the Cochrane review concluded
that there is no evidence that tap water as a wound
cleanser increases the risk of infection.58

WOUND DEBRIDEMENT
Key points
d Active (surgical) debridement (ulcer edge
and base) is an adjunct to plantar pressure
redistribution as the standard of care in the
treatment of diabetic foot ulcers

d Additional maintenance removal of callus at
every visit is of importantance to avoid ad-
ditional pressure and shear forces

d The main categories of debridement are sur-
gical, autolytic, enzymatic, mechanical, and
biologic
d The most selective and fastest type of de-
bridement is sharp surgical debridement

The development of a callus on the plantar aspect
of the foot indicates increased uncorrected local
pressure with the loss of protective sensation (Fig 3).
Removal of a callus also significantly reduces peak
plantar pressure.59 The most effective way of remov-
ing hyperkeratotic callus at the wound edge is sharp
surgical debridement (Fig 4). Classically, callus re-
moval is performed in combination with the removal
of all necrotic devitalized tissue in the wound bed as
the standard debridement. Different instruments
may be used for debridement (Fig 5). More recently,
the concept of debridement has been extended to
also include removal of the following: (1) bacteria,
including biofilm in the surface compartment of the
wound bed; (2) unresponsive cells, such as fibro-
blasts in the wound bed, with a number of studies
suggesting the benefit of serial debridement60,61; and
(3) abnormal keratinocytes at the wound edge.

Histologic assessment of the chronic nonadvanc-
ing wound edge reveals a hyperkeratotic epidermis
and a necrotic dermis because of repetitive pressure
injury.62 The activation of keratinocytes at the
nonhealed edge is abnormal, and this lack of kerat-
inocyte migration impairs healing. Activated kerati-
nocytes in the nonhealing edge of an ulcer reveal
nuclear localization of beta-catenin that conse-
quently leads to the downstream activation of
c-Myc and the inhibition of keratinocyte migration.62

The microanalysis of genes in the chronic wound
edge reveals a reduction of epidermal growth factor
receptors that also causes a decreased keratinocyte
response.62

A randomized controlled trial (RCT) conducted
specifically to determine the effect of debridement
has not been performed. Steed et al63 did conduct a
secondary analysis of the role of debridement in a
RCT of diabetic neuropathic foot ulcers that com-
pared the local application of placebo and recombi-
nant human platelet-derived growth factor (rhPDGF)
until complete healing or week 20. All patients had
aggressive sharp wound debridement and evidence-
based clinical best practices before randomization
and repeat debridement of callus and necrotic tissue
as needed. In their study, statistically significant
enhanced complete wound healing was found with
rhPDGF (48% vs. 25% with placebo [P = .01]).
Secondary analysis also revealed that in centers
where the ulcers were adequately debrided more
frequently, their outcomes were superior. For exam-
ple, in 1 center that performed debridement at 81%
of the visits, there was 83% complete healing with
rhPDGF, while in a center that debrided 15% of the



Fig 3. Stepwise process from callus formation to ulceration and infection.
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visits, there was 20% complete healing (again with
best practices and rhPDGF).

Falanga et al,64 Steed et al,55 and Cardinal et al60,63

have all proposed the concept of maintenance
debridement after initial excisional debridement.
This method of debridement depends on patient
characteristics, preference, and the practitioner’s
level of expertise. If surgical debridement is per-
formed, the goal is often to reach bleeding tissue,
implying that adequate arterial flow is needed (Fig 6,
A-C ). Warriner et al65 found, in a real-world popu-
lation, that more frequent visits and sequential
debridement had healing benefits, with implications
of lower costs and higher quality of life for patients.
PLANTAR PRESSURE REDISTRIBUTION
d The total contact cast is the criterion stan-
dard off-loading device, but it is contraindi-
cated for heel ulcers, deep infection, or
peripheral arterial disease

d The removable cast walker is reusable, easy
to apply, and less expensive, but the adher-
ence to treatment is often lower

d Therapeutic shoes with accommodative in-
soles that redistribute high-pressure areas
are often used for heel ulcers and required to
prevent recurrences posteulcer healing
d Surgery for restoration of limited joint mo-
bility (eg, lengthening of the Achilles ten-
don) or correction of deformities (eg,
exostosectomy, osteotomy, resection arthro-
plasty, or corrective arthrodesis) may be
considered in appropriate patients and may
be more effective than orthopedic devices to
provide plantar pressure redistribution or
offloading

Surgery for the restoration of limited joint mobility
(eg, lengthening of the Achilles tendon) or correc-
tion of deformities (eg, exostosectomy, osteotomy,
resection arthroplasty, or corrective arthrodesis) may
be considered in appropriate patients and may be
more effective than orthopedic devices to provide
plantar pressure redistribution or off-loading.66,67

Several studies have concluded that plantar pressure
redistribution is the most important component in
the management of neuropathic ulcers. Therefore,
inadequate plantar pressure redistribution is associ-
ated with delayed healing.68 Wu and Armstrong69

and Lavery et al70 documented that the rate of
healing with a total contact cast (TCC) was superior
to other off-loading devices, with healing rates
reported as high as 100% for appropriately selected
diabetic neuropathic foot ulcers and with a mean
healing time of 28 to 38 days.



Fig 5. Debridement tools (from left: loop curettage, blade,
Metzenbaum scissors, and Adson tissue forceps).

Fig 4. Sharp surgical debridement. Removal of peri-
wound ketatotic callus material using a blade. Note that
the plantar hallux wound has been debrided back to the
fullest extent of its undermining.

Fig 6. A to C, A callus indicates continued excess pres-
sure, and removal will facilitate healing.
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TCC is the application of fiberglass or other
casting material to the entire lower limb, from the
base of the toes to the knee, with minimal padding
to mold a cast closely to the contours of the foot and
the lower leg. Part of the benefit of TCC is likely
because of forced adherence to the nonremovable
device. In addition, by limiting activities of daily
living and mobility, fewer steps are taken by the
patient. However, limitations in daily living may
interfere with the ability to drive and can be
problematic for accompanying persons when
rolling over in bed at night. The rocker bottom
plantar surface and the potential for limb discrep-
ancy with these devices may lead to discomfort in
the knees and hips, especially in persons with
preexisting arthritis. TCCs and removable cast
walkers are effective in transferring pressure from
the forefoot to the lower leg and heel, but they
should not be used for heel ulcers. A RCT compa-
ring the effectiveness of TCC, removable case
walkers, and half shoes reported higher healing
rates in a shorter amount of time with TCC in
comparison to 2 other commonly used off-loading
modalities.70 Studies have reported that patients
wear their removable offloading devices only 25%
to 28% of their total ambulatory time.71 Neuropathic
plantar ulcerations require aggressive and effective
off-loading in order to achieve wound healing.
This requires a comprehensive interprofessional
approach for the correction of intrinsic (eg, foot
deformities) and extrinsic factors (eg, trauma or
repetitive injury caused by footwear).
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Various off-loading devices can achieve pressure
redistribution, but adherence to using an off-loading
device is critical. Patient education regarding altera-
tion of gait pattern (eg, swing gait or cane on the
opposite hand) may support pressure reduction.72

Plantar pressure measurement within the shoes or
foot scanners known as pedobarography (trans-
ducers that detect up to 950 pressure points between
the device and the plantar surface either stationary or
with active gait) may detect the area(s) of high
pressure. The choice of plantar pressure redistribu-
tion strategies is multifactorial, including the patient’s
age, balance, strength, activities of daily living, and
home and work environment.73

The selection of an appropriate off-loading device
is individualized, and activity level or ability to walk
with a rocker bottom heel (poor balance and loss of
proprioception with neuropathy that may result in
falls) is a key factor in the individualized decision of
plantar pressure redistribution devices.

Therapeutic shoes with accommodative (but rel-
atively stiff) insoles to redistribute high-pressure
areas are required for some heel ulcers, when other
devices cannot be worn. These devices are also
important for maintenance therapy after healing to
prevent recurrences. These therapeutic shoe options
represent a relatively less expensive treatment op-
tion for long-term use. Therapeutic shoes and visco-
elastic plantar inserts function as artificial shock
absorbers to decrease the risk of foot ulceration by
providing an extrinsic accommodative and protec-
tive mechanism. The rate of reulceration in the group
wearing therapeutic shoes was still as high as 28% to
50%.74 There is a need for proper footwear during
nonworking hours (eg, adequate substitution for or
especially manufactured therapeutic home footwear,
supportive slippers, or sandals with side support and
no strap between the first and second toe74; Table
III45,68,70,75-81). Uncontrolled edema of the lower leg
and foot has been shown by Armstrong et al82 to
delay the healing of foot ulcers. If the edema is
caused by venous insufficiency and arterial circula-
tion is adequate, compression bandages should be
used. Compression should be modified for patients
with mild arterial disease and not be used for more
significant arterial disease. Foot edema can also
result from congestive heart failure or low albumin
(eg, liver damage, kidney disease, and poor nutrit-
ion) where additional alternative corrective action is
required.

There are many factors that may influence health
behaviors and adherence. Because of neuropathy,
many people with diabetes lack protective foot
sensation. In addition, what often occurs is that the
patient will wear their device while they are outside
of the home but remove it when they get home.
This negates much of the benefit that was obtained
from having worn the device outside of the home.
Not only will the patient remove the device, but
also many patients report that they will walk in
stockings alone or barefoot around the house. It is
important to educate both the patient and their
circle of care about the negative consequences of
this behavior. The removal of devices around the
home is one of the primary reasons that removable
devices often have much longer healing times and
lower healing rates than other options that are not
removable. The concept of a nonremovable device
creating ‘‘forced compliance’’ is a way to increase
patient adherence to treatment. Patient education
programs need to emphasize the patient’s respon-
sibility for their own health and well-being. In many
diabetes education circles, this is referred to as
patient empowerment. However, patient education
should not only focus on wearing appropriate
footwear but also on other aspects of putting
them at risk to foot ulceration. These modifiable
behaviors that inhibit healing include foreign bod-
ies within the shoes that can be detected by
checking the shoes, eliminating foot baths, measur-
ing water temperature for baths with a thermome-
ter, avoiding heating cushions in winter, and
exercising caution with personal foot care, espe-
cially nail cutting. Regular visits to a foot care
specialist are optimal, especially in high-risk indi-
viduals that include those with impaired vision or
neuropathy.
ROLE OF SURGERY IN THE MANAGEMENT
OF DIABETIC FEET

Diabetic foot surgery has a role in the prevention
and management of DFUs. Although the surgical
intervention in these patients is not without risk, the
selective correction of chronic deformities and per-
sistent foot ulcers can improve outcomes.82,83

Surgery has an important role in the reconstruction
of soft tissue defects in these patients.84 Careful
consideration of the indications for diabetic foot
surgery should always include the presence of suf-
ficient arterial perfusion for healing.66,67

While the aim of management of the diabetic foot
focuses on limb salvage, in select cases amputation
may offer a better functional outcome, although this
often is not clearly defined. This decision is very
individualized and multifactorial to match the pa-
tient’s lifestyle and their medical, physical, and
psychological comorbidities.85 In general, amputa-
tion should be the last resort after all other salvage
techniques have been explored and the patient must



Table III. Common plantar pressure redistribution devices

Off-loading device Advantages Disadvantages Cost (USD)*

Total contact cast Criterion standard; reduces pressure
under ulcer site between 84-92%;
forced patient adherence to device

Requires trained professional to apply;
can result in secondary ulceration with
improper application; contraindicated
for infected or ischemic wounds; use
with caution for heel ulcers

$$$$ and additional $$ for application
(average cost of 12 wks)

Removable cast walker Can be used for infected wounds; can be
made irremovable to become instant
total contact cast

Removable; patient needs time to learn
how to use it; contraindicated for heel
ulcers and poor balance

$$, dependent on device model

Half shoe (forefoot) Transfers pressure to mid- and rearfoot
by eliminating propulsion; low cost

Very unstable; contraindicated in
patients with gait instability; high risk
of falls

$/device

Padding/felted foam Low cost Off-loading property limited; can cause
high pressure ‘‘edge effect’’

$/application
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Custom made orthotics Distributes pressure under foot evenly;
may be used with over the counter
footweary

Requires trained professional to assess
and mold/modify; relatively higher
cost

$$$

Custom braces, ankle and foot orthoses Immobilize the foot and ankle to manage
wounds

Inhibits motion of the foot and ankle; can
require a deeper shoe

$$$$$

*$,\$100; $$, $100-500; $$$, $500-1000; $$$$, $1000-2000; $$$$$,[$2000.
yOff the shelf shoes: primarily used for prevention, but required to be used in conjunction with padding or custom orthotics.
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Table IV. Primary and moisture balance dressings for diabetic foot ulcers48,56

Class Description ABS DEB INF Advantage/disadvantage

Films/membrane Semipermeable adhesive sheets e X e Advantage(s): Translucent, permeable
to water vapor

Disadvantage(s): Adherent;
nonabsorbent, if fluid collects
under film it must be drained or the
film replaced

Nonadherent Sheets of low adherence to tissue e e e Advantage(s): Thin, flexible
Disadvantage(s): Nonabsorbent, but
bacteria can penetrate laterally

Hydrogels (amorphous) Polymers with high water content X XXX e/X Advantage(s): Provides moisture,
nonpainful

Disadvantage(s): Needs secondary
dressing, caution in infected
wounds

Acrylics Clear film X XX e/X Advantage(s): Opaque, permeable to
water vapor

Disadvantage(s): Low absorbency,
sometimes difficult to remove

Hydrocolloids Hydrophilic carboxy part and
methycellulose is hydrophobic
bound to polyurethane film; also
adhesive with or without gelatin/
pectin

X XXX e Advantage(s): Autolytic debridement;
self-adherence; long wear time;
impermeable to fluids

Disadvantage(s): Low absorptive
capacity; potential trauma with
removal; pentalyn H in some
hydrocolloid adhesives may cause
allergies, and this cross-reacts with
colophony

Calcium alginates Sheets—wick laterally, ropes wick
upward; from seaweed/kelp

XX XX X Advantage(s): Hemostatic; autolytic
debridement; fluid bound to outer
fibers

Disadvantage(s): Needs secondary
dressing; bioresorbable, but
retained fibers can be hydrated to
facilitate removal

Hydrofibers Sheets or ribbons of
carboxymethylcellulose

XX e X/e Advantage(s): Highly absorptive; fluid
lock; nontraumatic on removal

Disadvantage(s): Needs secondary
dressing; may reach saturation

Foam adhesive Polyurethane foam fluid exchange
with partial fluid retention

XXX e e Advantage(s): Absorbent; different
pore sizes will give partial retention;
can serve as delivery vehicle for
silver, polyhexamethylene
biguanide hydrochloride, and
ibuprofen

Disadvantage(s): Bulky; may macerate
surrounding skin

Composite or absorptive
island dressings

Multilayered combination to increase
absorbency—fluid lock and
autolysis

XXX X/- e Advantage(s): Highly absorptive for
high levels of exudate; relatively
cheap, diaper-like technology

Disadvantage(s): Bulky
Charcoal Odor absorbing charcoal X/- e Advantage(s): Odor control that is less

effective when the charcoal is wet

ABS, Absorbency; DEB, debridement; INF, infection.
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Table V. Antimicrobial dressings for diabetic foot ulcers

Antiseptics/antimicrobials Bacterial sensitivity Effect Adverse effect

Iodine-based
Povidone iodine, 10% solution,
Cadexomer iodine, and Inadine
(available in Europe and Canada, but
not in the United States)

d Broad antibacterial effect (Gram-
positives more than Gram-negatives)
and MRSA

d Good penetration of biofilms

d Short-term treatment and reassess
every 2-4 wks

d Cadexomer iodine releases the iodine
slowly to make it less toxic 1 ca-
dexomer sugar for autolytic debride-
ment 1 absorbency

d Antibacterial effect (0.005% concentra-
tion) without tissue toxicity

d Can be toxic to granulation tissue
d Antimicrobial action may be neutral-
ized by inorganic and organic agents

d Thyroid dysfunction
d Can develop an allergy

Chlorhexidine, polyhexamethylene
biguanide hydrochloride, a derivative
of chlorhexidine—foam and gauze

d Gram-positives more than
Gram-negatives, yeast, mold

d 0.02% concentration has been used for
wound irrigation

d Promotes wound healing63

d May damage cartilage/ear toxicity64,65

Acetic acid, white vinegar 5% d Gram-negatives, particularly
Pseudomonas

d Compresses 5-10 min
d Dilute 1:5 (1%) or 1:10 water (0.5%)

d High concentration and long contact
d May have some tissue toxicity and
inhibits fibroblast growth

Silver compounds
Silver dressings, foams, calcium alginates,
hydrofibers, hydrogels, sheets, and
powder; silver sulfadiazine cream;
silver nitrate sticks

d Antibacterial, including Escherichia coli,
Klebsiella, Staphylococcus aureus, and
MRSA

d Antifungal
d Antiviral

d Must be combined with water to be in
the ionized state—Ag 1, 11, and
111

d Silver nanoparticles enhanced contact
and bactericidal activity

d Antiinflammatory effect may relate to
the Ag 0 state

d Silver toxicity to reepithelialization
process

d Toxicity much less with dressings than
silver

d Sulfadiazine cream with much higher
silver release

d Sticks plus silver sulfadiazine cream
may produce proinflammatory pseu-
doeschar/delay healing

Honey (medical grade; often Munuka
honey), calcium alginate; hydrogel;
hydrocolloid

d Antibacterial
d Antifungal
d Antiviral

d Antiinflammatory
d High osmolar concentration contrib-
utes to the antibacterial effect

d Potential risk of botulism with food
product honey64

Sodium hypochlorite (bleach) d Broad antibacterial effect (Gram-posi-
tives more than Gram-negatives)

d Antibacterial effect (0.005%) without
lower tissue toxicity

d Irritant with high tissue toxicity
d Inhibit fibroblast in 1% concentration
d Best used as disinfectant and not for
wound care

Benzalkonium chloride d Gram-positive and -negative, fungi d Compromised bactericidal activity
because of neutralization with organic
matter in tissue fluids

d Very high tissue toxicity

Hydrogen peroxide d Gram-positive bacteria with 3%
concentration

d Limited mechanical debridement
d Biofilm reduction

d Bulla formation
d Risk of air emboli67 if applied to deep
cavities

MRSA, Methicillin-resistant Staphylococcus aureus.
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be in agreement. Although distal arterial bypasses
below the knee are more frequently undertaken,
some patients do not have dilatable or bypassible
lesions. Allowing dry gangrene to demarcate and
having distal areas (eg, toes) eventually separate
and fall off may be a preferred option in some
individuals, especially if they are poor surgical
candidates.
Wound dressings
Key points
d The main categories of dressings include,
films, hydrogels, acrylics, hydrocolloids, cal-
cium alginates, hydrofibers, and foams

d Wounds with high levels of exudate need
absorptive dressings, whereas a dry wound
requires moisture balance dressings that do-
nate moisture to the wounds

Wound dressings not only provide a physical
protective barrier to the wound, but they also help
maintain an optimal wound environment (homeo-
stasis) with moisture balance to enhance healing.
Highly exudating wounds require absorptive dress-
ings, such as foams, calcium alginates, or hydrofiber
dressings. Dry wounds are balanced with dressings
that donate water (hydrogels) or preserve or bind
water (acrylics, hydrocolloids, and films). Films
either alone or as the top layer of acrylics and
hydrocolloids have a low moisture vapor transmis-
sion rate that also assists in keeping the wound
adequately moist. The choice of dressing is largely
determined by the type of the wound and the wound
characteristics, including exudate, odor, pain, or
microbiology, including localized critical coloniza-
tion. The main categories of the dressings are listed
in Table IV.27 For DFUs, the benefit from a specific
dressing choice is less important than optimal off-
loading. Modern moist interactive dressings do not
have high quality RCTs to show a benefit over gauze.
However, they have longer wear time, greater ab-
sorbency, may be less painful, and are typically less
traumatic upon removal. Moreover, in certain pa-
tients, they are cost effective because of the lower
frequency of dressing changes and the savings of
expensive nursing time.86 Finally, concern when
using occlusive dressings in patients with DM exists.
The latter, suffering from decreased immune re-
sponse, are prone to exacerbation of clinically
unsuspected infection when occlusive dressings
(eg, hydrocolloids) are applied. We suggest being
cautious with the use of occlusive moisture retaining
dressings next to the wound (ie, films, hydrocolloids,
and acrylates), especially if there is any suspicion of
infection.
Topical antimicrobials: The role of antiseptics
and other antimicrobials
Key points
d The best options for wound cleansers are
normal saline or water

d The topical antimicrobial of choice will be
based on the agent’s antibacterial but also
antiinflammatory effect and the relative
lower toxicity to the host granulation tissue

The best options for wound cleansing are normal
saline or water.87 Potable (drinkable) water is ac-
ceptable for most wounds unless there is immuno-
suppression or a very deep cavity.58,87 The role of
topical antimicrobials for DFU is not well defined
because studies have yet to clearly show a benefit.
Topical antibiotics may cause contact allergic der-
matitis and do not provide moisture balance or
autolytic debridement for optimal topical treatment
of chronic wounds. Therefore, topical antiseptics are
preferred for critical colonization because they have
an antibacterial effect with lower toxicity to the host
tissue. Currently available antiseptics are listed in
Table V,88,89 and they are best administered with
sustained release formulations.
Advanced therapies
Key points
d Advanced therapies should be considered in
stalled but healable wounds with optimal
care and when the wound edge is not
migrating

d Advanced biologic therapies have a role in
the management of stalled wounds, includ-
ing growth factors, negative pressure wound
therapy, hyperbaric oxygen, and tissue-
engineered (‘‘artificial’’) skin

d The most readily available advanced therapy
is autologous skin. In many countries where
other advanced therapies are not available,
autologous split skin graft may be the treat-
ment of choice and may significantly accel-
erate wound healing by various mechanisms

d Reconstructive surgery may offer a more de-
finitive solution with adequate coverage of
bony prominences or weight-bearing areas,
further supporting the need for interdiscipli-
nary management of diabetic foot ulcers

Recent advances in basic science research and
related techniques have influenced the options for
the treatment of chronic wounds. Sheehan et al90

concluded that if a DFU is not 50% smaller at week 4
despite optimal care, it is unlikely to heal by week 12.
An earlier decision to use advanced therapies



Table VI. Tissue-engineered skin equivalents (acellular and cellular)81

Name and description Trade names* Types Graft composition

Epidermal Epicel and Epidex Autograft Keratinocyte expanded from skin biopsy
Bioseed Autologus Keratinocyte in fibrin sealant

Dermal (acellular) Alloderm/Graft Jacket Alloderm Cadaveric decellularized dermis
Biobrane Xenograft Porcine type I collagen bonded to a silicone film

membrane
E-Z Derm Xenograft Porcine type I collagen bonded to a gauze liner
Integra Xenograft Bovine tendon collagen and shark chondroitin
OASIS Xenograft Porcine intestine collagen type I and extracellular matrix

Dermal (cellular) Dermagraft Allograft Allogenic—neonatal foreskin fibroblast in polyglactin
suture

Bilayered Apligraf Allograft Allogenic—engineered neonatal foreskin keratinocytes
and fibroblasts plus bovine collagen type I

*Trade names remain property of their respective manufacturers.
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improves the likelihood that these interventions will
be effective.91 Several studies have shown that
advanced biologic therapies in combination with
standard care improve the healing of DFUs.92-94

Growth factors. Growth factors are biologically
active polypeptides that alter the growth, differenti-
ation, and metabolism of target cells and induce a
cascade of signal transduction pathway.95,96

Beclapermin (REGRANEX GEL; Healthpoint, Dallas,
TX), a topical recombinant human rhPDGF, is the
only growth factor approved by the US Food and
Drug Administration for the treatment of diabetic foot
ulcers.88,96 PDGF is produced by platelets, macro-
phages, vascular endothelium, fibroblasts, and ke-
ratinocytes. Multiple RCTs have shown the role of
PDGF in the healing of DFUs.97 In a retrospective
cohort study on 2517 patients with DFUs, the role of
advanced biologic therapies, including PDGF in the
first month, has been emphasized.91When indicated,
early treatmentwith PDGFhas been associatedwith a
shorter healing time of DFUs.98 In a metaanalysis on
922 patients with DFUs, Becaplermin gel at a dose of
100 mcg per gram administered on a daily basis has
been shown to be effective with a healing rate of 83%
as an adjunctive to the standard care.54

Negative pressure wound therapy. Negative
pressure wound therapy (NPWT) is the delivery of
subatmospheric pressure to the wound bed. In this
system, polyurethane or polyvinyl alcohol foam or
gauze is cut and placed on the wound surface. The
foam or gauze then is sealed by a transparent drape
to provide a close airtight system. A vacuum pump is
connected to this space and provides a negative
pressure environment. The suction effect causes
deformation of the extracellular matrix and pro-
motes cellular proliferation.95 In a multicenter RCT
on 162 patients with DFUs and recent amputation
site surgery, NPWT had a healing rate of 56%
compared to 39% in the control group, with similar
adverse events in both groups.99 NPWTwas found to
be safe and effective for the postsurgical treatment of
acute diabetic wounds, but it has not shown effec-
tiveness in chronic nonhealing wounds.100,101

Hyperbaric oxygen therapy. Hyperbaric oxy-
gen therapy (HBOT) is the administration of 100%
oxygen to the wound through an airtight vessel at a
pressure[1 atmosphere absolute.95 Systemic HBOT
sessions in the chamber last usually 45 to 120
minutes; generally, 1 or 2 sessions daily are carried
out, 4 to 5 times per week, for a total of 20 to 30
sessions at a pressure 2 to 3 times greater than
ambient atmospheric pressure.95,101-103 In a system-
atic review on the role of HBOT on chronic wounds,
9 RCTs (471 patients) were identified, 8 of which
enrolled patients with DFUs (455 patients) with a
Wagner grade from 0 to 4.101 Pooled data of 3 RCTs
with 140 patients showed a significant (P = .02)
increase in the rate of ulcer healing with HBOT at 6
weeks, but this benefit was not evident at longer-
term follow-up (1 year). However, there was no
statistically significant difference in the major ampu-
tation rate in pooled data of 5 trials including 312
patients. To date, there is still controversy about the
efficacy of HBOT in the treatment of DFUs. A recent
longitudinal observational cohort study by Margolis
et al101 on 6259 individuals with diabetes, adequate
lower limb arterial perfusion, and foot ulcer found
that the use of HBOT neither improved the likeli-
hood of healing nor prevented amputation in a
cohort of patients defined by Centers for Medicare
and Medicaid Services eligibility criteria.101 The au-
thors concluded that the usefulness of HBOT in
patients with DFUs needs to be reevaluated. In
contrast, L€ohndal104 reviewed 6 individual RCTs
and concluded that data evaluating HBOT in DFU
treatment are more robust than evidence in favor of
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many other practices in the diabetic foot treatment
armamentarium, especially in patients with ulcer
duration [3 months and no need or possibility of
vascular surgery. Another recent prospective RCT
evaluating the effects of HBOT on healing and
oxidative stress of ulcer tissue in patients with
DFUs suggested that HBOT treatment for 2 weeks
initiates a significant healing response in chronic
DFUs, but the observed oxidative stress in local ulcer
tissue may offset this long-term effect; the authors
concluded that prolonged HBOT should be avoided
until additional research has been conducted.105

Chow et al31 calculated that adjunctive HBOT pro-
duced an incremental cost per quality-adjusted life
year at year 1 of $27,310 US (year 2001 value). In
summary, although there is some evidence that
HBOT might be effective in the treatment of DFUs,
larger prospective RCTs are warranted. In any case,
candidates for HBOT should be screened for deter-
minants of outcome: patients should have transcu-
taneous oxygen values above 30 and below 40, and
these levels should double with breathing 100%
oxygen with a mask.103

Skin and skin equivalents. Bioengineered skin
equivalents have the ability to repair wounds in a
multifaceted way, including moisture balance, struc-
tural support for tissue regeneration, and the provi-
sion of cytokines and growth factors in a physiologic
concentration. Cells from these skin substitutes often
do not persist for a prolonged time but rather supply
growth factors and/or extracellular matrices to speed
healing. Skin substitutes are acellular or cellular (ie,
epidermal cell, dermal cell, or composites106; Table
VI).95,107

The cell-based products have the largest number
of quality RCTs. In an RCT study using a dermal skin
equivalent (Dermagraft; Shire Regenerative
Medicine, La Jolla, CA), the rate of complete healing
at week 12 was 30% with a faster time to complete
healing compared to 18% in the control group.92

Similarly, a bilayered living skin equivalent (Apligraf;
Organogenesis, Canton, MA) has been evaluated in
diabetic patients, reaching a healing rate of 56% at 12
weeks compared with 38% of control patients and
demonstrating a statistically significant reduction in
osteomyelitis and amputation in those treated with
the engineered skin construct.108,109 Two additional
studies also noted an improved healing rate with the
use of skin equivalents.110,111

PSYCHOSOCIAL IMPACT OF DIABETIC
FOOT ULCERS
Key point
d Diabetic foot ulcers are a source of physical
and emotional distress associated with a
subsequent decreased quality of life and ac-
tivities of daily living

Persons with DM that develop foot ulcers are
faced with lifestyle changes on an ongoing basis
because of their DM and other disease-related
c-morbidities and chronic complications. Balancing
their DM alone (ie, controlling and monitoring blood
sugar levels through dietary changes, medication,
and exercise) along with blood pressure and cho-
lesterol control can be an important burden on many
of these patients. The affected patients usually
require frequent wound clinic visits and ongoing
recommendations on the reduction of weight-bear-
ingerelated activities. All of these restrictions can
interfere with work, potential income, social life, and
mobility.112

Patients with DFUs often experience depression,
anger about their condition, frustration, and fear of
amputation. Their frustration can be related to the
restrictions in mobility and the subsequent impact
on their work, lifestyle, and self-image.113 If de-
pression is left untreated, affected patients may
experience a decreased level of useful activities of
daily living. Biochemically, diabetes-associated de-
pression can be linked to abnormal circulating
cytokines.114,115

Clinicians managing DFUs need to ensure that
their patient accepts the self-care recommenda-
tions in order to increase treatment adherence.
Affected patients require ongoing reassurance and
empowerment to enable them to take charge of
their health and become active participants in their
care plan.
CONCLUSION
Chronic wounds, including DFUs, are among the

most costly and devastating conditions that derma-
tologists encounter. Early detection and effective
management of these ulcers can reduce the severity
of complications, including preventable amputa-
tions. DFUs are classified as neuropathic, ischemic,
or neuroischemic. The high-risk foot can be diag-
nosed with a simplified 60-second screening test.
Management of the diabetic foot can be optimized
with an interprofessional team approach that ad-
dresses the correctable risk factors (ie, poor vascu-
lar supply, infection management, and plantar
pressure redistribution [VIP]) along with optimizing
local wound care. Diabetic foot care can start
with the dermatologist. The first step is the recog-
nition of a skin integrity breakdown (eg, callus,
blister, or ulcer), which considerably increases
the risk of preventable amputations. Early referral
after identification of the high-risk foot or
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recent foot ulcer often saves not only limbs but also
lives.
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