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 � The lifetime risk for diabetic patients to develop a dia-
betic foot ulcer (DFU) is 25%. In these patients, the risk 
of amputation is increased and the outcome deteriorates.

 � More than 50% of non-traumatic lower-extremity ampu-
tations are related to DFU infections and 85% of all lower-
extremity amputations in patients with diabetes are 
preceded by an ulcer; up to 70% of diabetic patients with 
a DFU-related amputation die within five years of their 
amputation.

 � Optimal management of patients with DFUs must include 
clinical awareness, adequate blood glucose control, peri-
odic foot inspection, custom therapeutic footwear, off-
loading in high-risk patients, local wound care, diagnosis 
and control of osteomyelitis and ischaemia.
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Introduction
Diabetic foot ulcer (DFU) is a localized injury to the skin 
and/or underlying tissue of the foot of patients with diabe-
tes mellitus; the occurrence of foot problems increases the 
risk of amputation and death of these patients.1-16 Half of 
DFUs occur in the plantar surface and the other half in 
other areas of the foot. Neuropathy, peripheral artery dis-
ease (PAD), deformities of the foot related to motor neu-
ropathy and minor foot trauma, infection and osteomyelitis 

are major threats relating to DFU.1,3,10 Eradication of the 
infection is difficult and recurrences are common, leading 
to purulent ulcers, functional distortion of the foot and 
the need for amputation.9 The lifetime risk of diabetic 
patients developing a DFU is 25%;1,2 > 50% of non- 
traumatic lower-extremity amputations are related to DFU 
infections and 85% of all lower-extremity amputations in 
diabetic patients are preceded by a DFU.1,2,7,9 Up to 70% 
of diabetic patients with a DFU-related amputation die 
within five years of their amputation;2 mortality increases 
with the level of amputation.7 Inevitably, DFUs have a sig-
nificant financial cost;2,6 this cost is estimated at > $1 bil-
lion annually in the United States,6 approximately £650 
million annually in the UK and > €10 billion annually in 
Europe.2

Optimal management of patients with DFUs includes 
clinical awareness, adequate blood glucose control, peri-
odic foot inspection, custom therapeutic footwear, off-
loading, local wound care, diagnosis and control of 
osteomyelitis and ischaemia.7-9 However, most of these 
patients will end with an above-ankle amputation. This 
article aims to summarize the current knowledge for the 
diagnosis and management of patients with DFUs and to 
increase the awareness of the treating physicians for their 
prevention, early diagnosis and prompt treatment.

Pathophysiology
DFUs can be divided into neuropathic, ischaemic and 
neuro-ischaemic.1,3,10 Sensorimotor and sympathetic  
diabetic neuropathy are major risk factors for DFUs.10,12 
Sensory neuropathy leads to loss of pain, pressure and 
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temperature sensation; in this setting, trauma, even 
minor, ulceration or infection is perceived less or not at all 
by the patient.13 Motor neuropathy leads to muscle weak-
ness and atrophy of the lower foot and ankle, resulting in 
abnormal loading of the plantar aspect of the foot.10,11 
Foot deformities such as hammer toes and claw foot 
develop secondary to motor neuropathy, leading to focal 
areas of increased pressure and formation of calluses and 
ulcers. Sympathetic neuropathy results in reduced sweat-
ing, skin dryness with cracks and fissures, and increased 
blood flow to the foot with arteriovenous shunting.13 
PAD presents in approximately 50% of patients with 
DFUs.14,15 Macrovascular and microvascular PAD leads to 
reduced skin blood flow, thickening of basement mem-
brane and endothelial capillary swelling,10 and is associ-
ated with poor ulcer healing, need for amputation and 
poor outcome.14,15

Evaluation
Evaluation of DFU requires a multidisciplinary foot care 
team.17 It should include the patient’s medical history, 
laboratory values, dermatological, musculoskeletal, neu-
rological and vascular status.18 Past medical history should 
include blood glucose values, previous ulcers or amputa-
tions, vascular symptoms, surgeries and angioplasties, 
smoking habit, neuropathic symptoms, renal and retinal 
function, and co-morbitities.18-25 Physical examination 
should determine the size, depth, colour and position of 
the DFU, neuropathy, ischaemia or neuro-ischaemia of the 
foot, bone exposed, necrosis, infection, and the colour 
and consistency of exudates. Musculoskeletal examina-
tion should include foot deformities, joint mobility, mus-
cle wasting and presence of calluses.1 Muscles, cartilage, 
tendons and ligament function will be altered due to 
motor neuropathy, which will culminate in a limitation of 
foot mobility and an abnormal walking pattern. Common 
diabetic foot deformities are claw toes (metatarsophalan-
geal joint hyperextension with interphalangeal flexion), 
hammer toes (distal phalangeal extension), prominent 
metatarsal heads, pes cavus and Charcot arthropathy.18 
Calluses develop at increased pressure sites, which pro-
gressively thicken, haemorrhage underneath and eventu-
ally ulcerate.25 Charcot arthropathy occurs secondary to 
neuropathy and most often affects the midfoot. It is char-
acterized by acute inflammation with collapse of the foot 
and/or the ankle. The patient initially sustains an unper-
ceived injury but continues to walk until a severe inflam-
matory process leads to osteopenia, distention of joints, 
and foot and/or ankle dislocation. In late stages, the foot 
develops a ‘rocker bottom’ appearance.26 Charcot 
arthropathy in diabetic patients is a more complex entity 
with a higher mortality compared with Charcot arthropa-
thy in non-diabetic patients.26

Neurological evaluation

Neurological evaluation should include the protective 
sensation with the Semmes-Weinstein 10-g monofila-
ment, the vibratory sensation with a 128-Hz tuning fork 
and the cold-warm discrimination.19-22 The 10-g monofila-
ment is used for evaluation of protective sensation.20 Pro-
tective pain can be established by application of the 10-g 
monofilament across several sites of the foot including the 
first, third and fifth metatarsal head and the plantar sur-
face of the distal phalanx of the hallux.19 A positive test is 
characterized by the inability of the patient to feel the 
monofilament when it is pressed against the foot with 
enough force to bend the filament, and it is associated 
with clinically significant large-fibre peripheral neuropa-
thy.21 The 128-Hz tuning fork is used for evaluation of 
vibratory sensation. It should be tested over the tip of the 
hallux bilaterally.19 The response is abnormal when the 
patient loses vibratory sensation while the examiner still 
perceives vibration.21 Absence of cold-warm discrimina-
tion identifies patients with small nerve fibre damage; 
these patients experience a burning or electric shock type 
pain that is worse at night.22

Vascular evaluation and tissue microcirculation

Vascular evaluation should include palpation of the femo-
ral, popliteal, posterior tibial and dorsalis pedis artery pulses 
(characterized as present or absent).19 Patients with absent 
pulses should undergo measurement of the ankle-brachial 
index (ABI). ABI is a measure of perfusion at the level of the 
foot; a portable Doppler ultrasound probe (frequency 
range 5 to 8 MHz) and sphygmomanometer cuff are used 
to measure systolic pressures on the arm, the ankle and 
pedal circulation (posterior tibial, dorsalis pedis and, occa-
sionally, peroneal arteries) on both legs. The ratio of the 
pressures in the distal circulation to the lower value 
obtained from the brachial arteries yields an ABI. An ABI < 
0.9 indicates impaired arterial blood flow. However, evi-
dence of a normal ABI in a person with diabetes is not reli-
able as increased arterial stiffness may reduce distal flow, 
and medial arterial calcification may result in incompressi-
ble vessels leading to falsely elevated pressures (ABI > 
1.1).23 Local tissue perfusion can also be measured by toe 
pressure, Doppler ultrasound or transcutaneous oxygen 
tension. A toe pressure of < 50 mmHg in the presence of 
ulceration indicates severe limb ischaemia. Venous refilling 
of > 5 seconds or delayed discoloration may indicate poor 
arterial perfusion on a pink and relatively warm foot.24 Any 
diabetic patient with DFU and limb ischaemia should be 
referred immediately to acute services as it is a limb- 
threatening, and possibly a life-threatening, condition.2

A significant issue in patients with diabetic angiopathy 
and critical limb ischaemia with tissue loss is to assess the 
tissue viability before the revascularization or before deter-
mining the level of amputation. Identifying tissue viability 
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among patients with DFUs is important, given its associa-
tion with failure to heal. In addition, failure to successfully 
determine the level of amputation adds the subsequent 
risk of perioperative cardiovascular events that can lead to 
death. Standard Doppler arterial waveforms, ABI meas-
urement, toe pressures, transcutaneous tissue oxygena-
tion and thermal mapping have been traditionally used to 
potentially provide regional perfusion information and 
also to predict amputation levels.17,27,28 However, a sig-
nificant variability in foot and limb salvage has been 
observed in clinical practice. Although all these techniques 
provide useful information in the assessment of tissue and 
foot perfusion there is no widely accepted standard for the 
evaluation of tissue microcirculation and the prediction of 
wound healing.

When ABI measurements are difficult in patients with 
PAD, simple alternatives are the toe-to-brachial index 
(TBI)29 or the pole test.30 For management of PAD, the rec-
ommended imaging techniques are Duplex ultrasonogra-
phy (DUS), CT and MRI against a gold standard of contrast 
angiography that uses an intra-arterial injection of con-
trast media and biplanar radiographs. Nephrogenic sys-
temic fibrosis and exposure to radiation are the main 
limitations of CT and MR angiography in patients with 
impaired renal function. DUS offers easy non-invasive 
two-dimensional (2D) colour images and haemodynamic 
data using Doppler shift frequency analysis of the arterial 
tree to the level of the pedal vessels. It is the easiest of 
vascular imaging modalities, though its availability may 
be limited by the expertise of the operator.31 Compared 
with contrast angiography, CT offers far superior resolu-
tion; however, CT uses more contrast medium which is a 
limitation in patients with deteriorating renal function. MR 
angiography is relatively non-invasive when compared 
with CT and has better overall diagnostic accuracy com-
pared with CT and DUS. There is very limited evidence 
that suggests that DUS is comparable with contrast angi-
ography in planning clinical management.32 For the eval-
uation of healing cutaneous wounds, there is a need for a 
functional microcirculation. A functional microcirculation 
is essential to maintain tissue viability. In current practice, 
non-invasive technology assessments of tissue viability 
may be achieved by measuring the TBI or transcutaneous 
oxygen tension (TcPO2). TBI is measured using an optical 
sensor to detect arterial flow and a cuff connected to a 
sphygmomanometer in the same way as blood pressure is 
measured. TcPO2 is measured using skin surface sensors 
at 43 °C to 45 °C; this is a non-invasive technique signify-
ing local tissue nutrition. TcPO2 measurements are 
affected by capillary density and are influenced by oedema 
as well as skin thickness.33 In patients with ankle pressure 
< 60 mmHg, TcPO2 and TBI measurements are recom-
mended as markers of tissue microcirculation.32,34 TBI and 
TcPO2 indicate the likelihood of wound healing on account 

of their sensitivity to the microcirculation and should be 
used in preference to ABI.34-36 TcPO2 > 40 mmHg and TBI 
> 20 mmHg are associated with decreasing probabilities of 
amputation and, therefore, increasing probability of 
wound healing.37

New techniques using a laser scanner to detect perfu-
sion38 and an optical scanner to measure tissue oxygen 
saturation39 have the potential to improve the predictive 
values of current techniques of assessing tissue viability 
around wounds.

Infection evaluation

DFU infection should be recognized, classified and treated 
promptly.40,41 Risk factors for DFU infection include: 1) a 
positive probe-to-bone test result; 2) wound chronicity 
(DFU present for > 30 days); 3) history of recurrent DFUs; 
4) traumatic foot wound; 5) PAD in the affected limb; 6) 
previous lower extremity amputation; 7) neuropathy with 
loss of protective sensation; 8) renal insufficiency; and 9) 
history of walking barefoot.41

DFU infection should be defined clinically by ≥ 2 classic 
findings of inflammation (redness, warmth, swelling, ten-
derness or pain) or purulence, and should be classified by 
severity into mild (superficial and limited in size and 
depth), moderate (deeper or more extensive) or severe 
(accompanied by systemic signs or metabolic perturba-
tions).40-42 Patients with neuropathy may not manifest the 
typical signs of inflammation. Secondary signs suggestive 
of infection include wound undermining, friable or discol-
oured granulation tissue, malodour or wound exudates.

DFU cultures should be obtained for microbiological 
examination. Ideally, soft-tissue or bone-tissue cultures 
should be obtained from the base of the debrided wound 
and sent for cultures.2 Alternatively, a deep wound swab 
or aspiration of purulent secretions may provide a diag-
nostic sample. Cultures should be obtained from clini-
cally infected DFUs; cultures should not be obtained 
from clinically non-infected wounds, as all ulcers are 
contaminated.2

The most common pathogens in DFU infections are 
Gram-positive cocci – mainly Staphylococcus aureus and 
Staphylococcus epidermidis.42 The most common Gram-
negative pathogens are Escherichia coli, Klebsiella pneumo-
nia, Proteus species and Pseudomonas aeruginosa. Chronic, 
severe infections or infections occurring after antibiotic 
treatment are often polymicrobial by Gram-negative 
bacilli and Gram-positive cocci. Anaerobic pathogens are 
more commonly isolated in necrotic wounds and infec-
tions of ischaemic feet.40

Osteomyelitis is a serious complication of DFU infec-
tion and increases the risk of treatment failure and need 
for amputation. Osteomyelitis should be suspected when 
an ulcer lies over a bony prominence, especially when it 
fails to heal despite adequate off-loading, or when a toe is 
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erythematous and indurated (sausage toe). Probe- 
to-bone test is a useful clinical diagnostic tool for osteo-
myelitis; if a blunt sterile metal probe gently inserted 
through a wound strikes bone, this substantially increases 
the likelihood that the patient has osteomyelitis.43 Plain 
radiographs of the foot have relatively low sensitivity and 
specificity for documentation or exclusion of osteomyeli-
tis (Fig. 1). MRI is the imaging modality of choice for the 
diagnosis of osteomyelitis. When MRI is unavailable or 
contraindicated, leukocyte or antigranulocyte bone scans 
may be performed.41 The definitive method for diagnos-
ing osteomyelitis is a bone-tissue biopsy with histological 
sections showing inflammation and infection or a posi-
tive result on bone culture.40

Treatment
Revascularization, surgical and conservative wound 
debridement, and eradication of the infection are the prin-
cipal aims of DFU treatment. The essential steps to pre-
serve a moist, non-infected wound are to: 1) treat the 
underlying cause; 2) control ischaemia; 3) control infec-
tion; 4) debride the wound; 5) dress the wound; and 6) 
off-load the foot.2 Achieving metabolic control and treat-
ment of comorbidities should involve optimal diabetes 
control, managing risk factors such as increased blood 
pressure and dyslipidaemia, quitting smoking, manage-
ment of oedemas and correction of malnutrition. The 
patients’ footwear should be examined for proper fit and 
wear; patients should be educated that any foreign bodies 
may ulcerate the foot.43 Local wound care requires tissue 

debridement, control of inflammation and infection, 
moisture balance and epithelial edge advancement.

Revascularization

Acute limb ischaemia is a clinical emergency and may 
increase the risk of death or amputation if not managed 
early and effectively. Impaired circulation or ischaemia is 
an indication for revascularization in order to achieve and 
maintain DFU healing and avoid or delay amputation.2 
Angiography helps to determine the feasibility of and 
approach to arterial revascularization. An endovascular-
first approach in appropriately selected patients is often 
advocated based on a lower procedural risk.44,45 Among 
the emerging imaging modalities are hyperspectral imag-
ing and indocyanine green fluorescent angiogra-
phy.17,27,28,32,46 Diabetic angiopathy predominantly affects 
the infrapopliteal vessels. A new concept which has been 
recently investigated in order to achieve a better outcome 
after revascularization procedures is the angiosome con-
cept. The angiosome concept is based on the hypothesis 
that the lower extremity surface is supplied by infra-
popliteal arteries consistently corresponding to regions of 
the foot.47 There is limited and conflicting evidence sug-
gesting that angiosome-directed revascularization proce-
dures improve wound healing and limb salvage.48-51 It 
seems reasonable to target the angiosome when feasible. 
However, it should be mentioned that angiosome-directed 
revascularization is not always feasible, often due to the 
occlusive disease affecting the corresponding feeding 
artery. Indirect revascularization through collateral vessels 
plays a crucial role in the treatment of ischaemic foot and 
can enhance the healing of ulcers and decrease the ampu-
tation rate in patients with critical limb ischaemia with tis-
sue loss. However, direct revascularization in concordance 
with the angiosome hypothesis does not correlate with 
the results of all studies.47

Debridement of all necrotic, callus and fibrous tissue is 
paramount for DFU healing. Debridement can be surgi-
cal, autolytic, larval, hydrosurgical and ultrasonic; the 
choice depends on the available expertise, patient prefer-
ences, clinical context and cost.52,53 Debridement may be 
performed in a single stage or it may need to be repeated 
for maintenance of the wound bed. During debridements 
and at wound dressing changes, the size, depth and char-
acteristics of the wound must be evaluated; ischaemia, 
infection or inflammation may impair wound healing, 
and when these occur, the treatment plan must be 
modified.8

Surgical debridement

The role of surgery is important as it has been shown to be 
more effective in DFU healing compared with other 
debridement options.54-62 However, it has been based 

Fig. 1 a, b) Photographs of the right foot of a 69-year-old 
diabetic woman with a heel and a medial malleolus purulent 
DFU. c) Anteroposterior and d) lateral radiographs of the right 
leg show complete distortion of the ankle and talar joints and 
osteolysis at the distal tibia and fibula. She was treated with 
a below-knee amputation, intravenous antibiotics and blood 
glucose control.
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more on clinical judgment and less on structured evi-
dence. In the surgical debridement of DFUs, the clinical 
presentation, infection and severity of the ulcer, anatomic 
concepts of the foot and timing for surgery should be 
considered.60,61

Surgical debridement involves cutting away dead and 
infected tissues followed by daily application of saline-
moistened cotton gauze. Excision of infected tissue and 
non-viable tissue should be done until a bleeding healthy 
base is obtained (Fig. 2).60-62 If new necrotic tissue contin-
ues to form, wounds should be debrided as often as nec-
essary.54 It is important to debride the wound margins as 
well as the centre of the wound to prevent the ‘edge 
effect’,55 that is to turn a chronic ulcer into an acute one. 
Surgical debridement should be repeated no less fre-
quently than on a weekly basis as it has been associated 
with more rapid healing of ulcers.56 Healthy tissue loss 
should be minimized, foot function should be preserved 
and deformities which can precipitate recurrence of ulcers 
should be prevented or corrected.57 Metatarsal head 
resection is a common treatment for metatarsal head 
osteomyelitis in DFUs. However, a recent study concluded 
that metatarsal head resection is associated with a high 
risk of DFU recurrences and development of new DFUs 
because of inadequate bone resection and development 
of foot deformities.60-62 Therefore, careful pre-operative 
planning of the amount of bone to be resected is 
necessary.61,62

Conservative debridement

Autolytic debridement is a method to liquefy a necrotic 
tissue with moist wound dressing. A wound covered with 
an occlusive dressing allows accumulation of tissue fluids 
containing macrophages, neutrophils and enzymes, 
which remove bacteria and digest necrotic tissues. 

Autolytic debridement is not recommended for infected 
DFUs or in the presence of ischaemia and/or dry gangrene 
(Fig. 3).56,59

Mechanical debridement involves wound irrigation 
and dressing changes for the removal of unhealthy tissue 
without damaging healthy tissues. The wet gauze dress-
ing is applied to the wound bed and kept to dry.57 The 

Fig. 2 a) Photograph of the right foot of a 72-year-old diabetic man shows a DFU at the heel with soft-tissue necrosis. b) Surgical 
debridement in healthy viable tissue was done and tissue cultures were obtained. Post-operatively, he was administered per os 
antibiotics for three months and was educated for blood glucose control and wound dressing changes once per day with silver-
impregnated dressings. c) Photograph of the foot five months post-operatively showing wound healing with granulation tissue, 
without evidence of infection.

Fig. 3 Photograph of the right foot of a 53-year-old diabetic 
woman shows a DFU at the dorsum of the foot and dry 
gangrene of the second and third toes. She was treated with 
third ray amputation, wound debridement, intravenous 
antibiotics and blood glucose control.
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necrotic debris embedded in the gauze is mechanically 
stripped from the wound bed on removal of the dressing 
and wound irrigation. Mechanical debridement is used in 
the management of surgical wounds and venous leg 
ulcers.56 Its drawbacks are time and financial cost.

Enzymatic debridement involves debridement of necrotic 
tissue by topical enzymes such as streptokinases, trypsin, 
papain, fibrinolysin-DNase, collagenase, papainurea and 
streptodornase. These agents are usually applied once daily. 
It is recommended for sloughy, infected, necrotic wounds 
where surgical debridement is contraindicated.56,57

Maggot debridement is considered a biological 
debridement option using maggots or fly larva that are 
raised in a sterile environment. The most commonly used 
fly is Lucilia sericata. They can be used in humans when 
conventional treatments have failed. Maggots are applied 
to the wound and wrapped with secondary dressing.58 
Larvae secrete is a powerful autolytic enzyme that lique-
fies necrotic tissue, stimulates the healing process and 
destroys bacterial biofilms. It is indicated for open wounds 
and ulcers that contain gangrenous or necrotic tissues 
with or without infection.56 Larval therapy has been 
shown to be safe and effective and can significantly dimin-
ish wound odour and bacterial count, including MRSA.

Novel devices operating on biological, physical, electri-
cal, mechanical, electromechanical, optical and MR sig-
nals have been developed and tried on DFUs, with varying 
results. Topical negative pressure wound dressing 
changes63,64 and ultrasound therapy have been used with 
promising results.65

Infection control

The management of infected DFUs requires proper classi-
fication,41 appropriate antimicrobial therapy and debride-
ment, preferably surgical.66 The Infectious Diseases 
Society of America (IDSA) and International Working 
Group on the Diabetic Foot (IWGDF) recommend classify-
ing infected DFUs by severity and do not recommend  
the administration of antibiotics for the management of 

clinically uninfected DFUs (Table 1). Patients with mild 
infection are highly unlikely to require hospitalization, 
develop osteomyelitis or undergo amputation. In con-
trast, a more aggressive treatment is necessary for patients 
with moderate or severe DFU infection.66

For mild (superficial) DFU infections in patients who 
have not recently received antibiotics, appropriate per os 
antibiotics for a duration of one to two weeks is usually 
sufficient. If the wound does not respond to treatment, 
further tissue cultures should be obtained.67 Topical anti-
microbial therapy may be used for some mild superficial 
infections, in DFUs with reduced antibiotic tissue penetra-
tion because of poor vascular supply, and in non-healing 
wounds with an absence of signs and symptoms but with 
a clinical suspicion of increased bacterial bioburden.68 
However, the use of topical antimicrobial therapy is not 
recommended because of paucity of high-quality evi-
dence.67-69 Antiseptics such as cadexomer iodine and sil-
ver-based dressings may be preferable to topical antibiotics 
because of decreased rates of bacterial resistance and con-
tact sensitivity.69

For moderate and severe DFU infections, an empiric 
antibiotic regimen with activity against Gram-positive and 
Gram-negative organisms, including anaerobic bacteria, 
must be offered; empiric regimens should consider  
the most likely pathogens and the local epidemiology.2 
When culture and sensitivity results are available, empiric 
therapy should be switched to definitive appropriate 
treatment.2,70

Severe DFU infection should be treated initially with 
parenteral antibiotics.70 Depending on the tissue involved, 
adequacy of debridement, type of soft-tissue wound 
cover and wound vascularity, parenteral antibiotics 
should be administered for a duration of two to four 
weeks. For osteomyelitis, at least four to six weeks of par-
enteral antibiotic agents with adequate penetration to 
bone is required; a shorter duration of two to three weeks 
can be offered if the entire infected bone has been surgi-
cally debrided. Antibiotics should be continued until there 

Table 1. Classification and grading of DFU infections

Clinical manifestations of infection IWGDF grade40

IDSA classification40

No systemic or local signs of infection 1 (uninfected)
Local infection* involving only the skin or subcutaneous tissue (without involvement of deeper tissues and without signs of a 
systemic inflammatory response syndrome†); any erythema present extends 0.5 to 2 cm around the wound

2 (mild infection)

Local infection* with erythema > 2 cm around the wound, or involving structures deeper than skin and subcutaneous tissues 
(e.g. abscess, osteomyelitis, septic arthritis, fasciitis) and no signs of a systemic inflammatory response syndrome†

3 (moderate infection)

Local infection* with signs of a systemic inflammatory response syndrome† 4 (severe infection)

*Local infection is defined as the presence of at least two of the following: local swelling or induration; erythema > 0.5 cm around the ulcer in any direction; local 
tenderness or pain; local warmth; and purulent discharge. Other causes of inflammatory response of the skin (e.g. trauma, gout, acute Charcot neuroarthropa-
thy, fracture, thrombosis, venous stasis) should be excluded
†Systemic inflammatory response syndrome is defined as the presence of at least two of the following: temperature > 100.4 °F (38 °C) or < 96.8 °F (36 °C); heart 
rate > 90 beats per minute; respiratory rate > 20 breaths per minute or partial pressure of arterial carbon dioxide < 32 mmHg; white blood cell count > 12 000 per 
μL (12.00 × 109per L) or < 4000 per μL (4.00 × 109per L) or ≥ 10% immature band forms
IWGDF: International Working Group on the Diabetic Foot;40 IDSA: Infectious Diseases Society of America40
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is evidence of resolution of the infection, even if the 
wound has not healed.67,70 At present, no specific anti-
biotic duration regimen has shown superiority for the 
treatment of DFU osteomyelitis. In general, long antibiotic 
duration is necessary (several weeks to months), depend-
ing on bacterial isolates, use or not of concomitant sur-
gery and other factors.71 If inflammation does not improve 
after one or two antibiotic courses, antibiotics should be 
discontinued and further tissue cultures should be 
obtained; cultures should ideally be repeated two to three 
weeks after antibiotics cessation.67

Early surgical consultation should be obtained for 
patients with a rapidly deteriorating wound, exposed or 
necrotic bones and large sequestra, DFUs that do not 
respond to therapy, DFU osteomyelitis, limbs with critical 
ischaemia, and life- or limb-threatening infections, such as 
those presenting with necrotizing fasciitis, gas gangrene 
(Fig. 4), extensive soft-tissue loss or evidence of compart-
ment syndrome.2,67-71 In the surgical management of DFU 
osteomyelitis, local antibiotic delivery systems can be used 
in an attempt to provide high local antibiotic concentra-
tions.71 Several biodegradable and non- biodegradable 
local antibiotic delivery systems have been reported for 
the management of DFU osteomyelitis by local elution of 
antibiotics (mostly gentamicin, tobramycin and vanco-
mycin).71 These include polymethylmethacrylate (PMMA) 

antibiotic-loaded bone cement in beads or spacers, cal-
cium sulfate cement, combined calcium sulfate and 
hydroxyapatite beads, impregnated sponges and pellets, 
and bone graft substitutes.71 However, the literature is 
sparse and randomized controlled trials are required to 
guide treatment decisions in DFU osteomyelitis.71

Biofilm formation is an important predictor for the fail-
ure of DFUs to heal.70 Biofilm-associated bacterial colonies 
are often multispecies, have low metabolic activity, are 
encased with a glycocalyx matrix making them resistant to 
antibiotics, and cannot be detected by routine cultures.54 
The biofilm-forming ability of bacteria has been associated 
with increased antibiotic resistance. The mechanism of 
multidrug resistance in biofilm-forming organisms is 
believed to be a direct result of close cell–cell contact in 
the biofilm. The mechanisms for tolerance are: 1) antibiot-
ics whose mechanism of action depends on the division of 
cells, are inactive against microbes in a biofilm, which are 
in a slow-growing, dormant state; 2) drug permeation is 
hindered by the polysaccharide matrix of the biofilm; and 
3) drug efficacy is altered in the micro-environment of the 
biofilm (pH and osmotic variations).72 Therefore, treat-
ment should aim to disrupt a biofilm that is already 
formed; this can be done with debridement using physical 
methods and/or application of topical agents. Debride-
ment not only removes the bacteria and biofilm but also 
removes colonized necrotic tissue.73 Reformation of the 
biofilm is prevented with antimicrobial dressings.

Wound dressings
There is little evidence to support the use of any single 
dressing product over another in promoting a moist 
wound bed for DFU.2,8,53,56,57,69,74-88 Studies of impreg-
nated dressings such as silver, hydrofibre and collagen 
found no statistically significant difference in wound heal-
ing compared with basic dressings, but they found a 
benefit for the peri-wound skin; however, these findings 
were limited by lack of high-quality data, lack of continuity 
in measured outcomes and small sample size.69,74 In any 
case, wounds should be cleansed at each dressing change 
and after debridement with a wound-cleansing solution or 
saline. Cleaning helps remove devitalized tissue, rebalance 
the bioburden, reduce exudate for the wound bed to heal 
and may also help to remove biofilms.2,8,69

The primary goal of dressings in DFUs is to create a 
moist occlusive wound environment that prevents infec-
tion and further trauma, absorbs chronic wound fluid, pro-
motes granulation and provides autolytic debridement.2,8 
Non-adherent dressings that protect the wound bed are 
standard treatment for most wounds. Adverse effects such 
as maceration, infection or further loss of tissue should 
prompt a change in wound dressing type. Dressings that 
have longer wearing times and do not require trained 

Fig. 4 Photograph of the right foot of a 74-year-old diabetic 
man shows a DFU at the lateral side of the surface of the foot 
with wet gangrene and gas accumulation at the soft tissue. He 
was treated with multiple surgical debridements, intravenous 
antibiotics and blood glucose control; however, because of PAD 
he ended up with a below-knee amputation.
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personnel for application, maintain adherence to the skin 
but non-adherence to the wound bed, are comfortable 
and can be acquired with the lowest cost appropriate to 
the clinical circumstances are recommended.8

Currently available dressings for DFUs include simple 
saline, silver- or heparan sulphate-impregnated, iodine, 
films, foams, hydrogels, hydrocolloids, alginates and 
honey-impregnated;2,8,53,56,57,69,74-88 growth factors and 
platelet-rich plasma dressing have also been reported to 
promote healing of DFUs.76-87 Large exudative wounds 
should be treated with dressings with high absorbency; in 
contrast, dry wounds may need the addition of moisture 
through hydrogels, hydrocolloids or non-absorbent dress-
ings. More advanced dressings containing collagen and 
other extracellular matrix proteins are sometimes required 
to reduce the effects of an exaggerated inflammatory state 
that has been associated with chronic wounds.69

Wet-to-dry or simple saline dressings have a good 
mechanical debriding action and help in wound-bed 
preparation. They are absorptive as well as adherent, and 
inexpensive; however, they require frequent dressing 
changes (two to three times per day) depending on the 
type and severity of the wound. At dressing changes, a 
gentle cleanser such as normal saline or a neutral-pH 
cleanser is recommended to minimize wound irritation 
and patients’ discomfort.57,75

Silver-impregnated dressings are available in various 
formulations and have been associated with antimicro-
bial properties. They maintain a moist wound environ-
ment and absorb large amounts of exudates.53,75 
Silver-impregnated dressings have a prolonged wear 
time but a high cost.56

Iodine is toxic to human cells as well as bacteria and 
fungi at high doses.53 It should not be used on granulating 
or epithelizing wounds because of its cytotoxicity to 
keratinocytes and fibroblasts, and slows down the healing 
process. In contrast, povidone iodine solution-impregnated 
dressings or soaked gauges are very effective in healing 
sutured wounds and hyper-granulating wounds to sup-
press or hamper further granulation, and for dry gangrene 
to accelerate demarcation of the gangrene.53

Polyurethane films often form the outer layer of other 
dressings such as hydrocolloids, foams, hydrogel sheets 
and composite dressings. The vapour-permeable films 
allow the diffusion of gases and water vapour, which help 
to maintain a moist wound-healing environment. They 
are comfortable and transparent and allow for wound 
inspection without removing the dressing. They can be 
used for low exudating wounds;75 however, they are not 
suitable for infected wounds, and if exudates collect under 
the film they must be drained or replaced.56,57

Polyurethane foam dressings contain hydrophilic poly-
urethane foam. They are very absorbent, thereby prevent-
ing maceration, non-adherent and have a semi-permeable 

backing that allows moisture to escape. Polyurethane 
foam dressings loosen slough by creating a moist wound 
environment, assisting in proper wound-bed preparation 
and promoting the proliferative stage of wound healing. 
They maintain a moist wound environment and therefore 
can be easily removed without pain and do not cause 
wound sloughing or trauma on removal.57,75 They are also 
used as outer dressings after the application of topical 
antibiotics, such as metronidazole, or hydrogels. They can 
be left unchanged for up to seven days depending on the 
severity of the DFU.

Hydrogel dressings consist of cross-linked insoluble 
starch or carboxy-methylcellulose polymers and up to 
96% water. Hydrogels donate fluid to dry necrotic and 
slough wounds and promote autolysis and debridement 
by rehydrating the wound. Hydrogel dressings are availa-
ble as flat sheets, amorphous hydrogel or beads. They are 
the best choice for the treatment of dry wounds with 
necrotic eschar; the hydrogel reaches a 50% debridement 
level more quickly than wet-to-dry dressings, they are 
more cost-effective and also provide an analgesic effect.56,75 
They should be avoided on plantar DFUs as they may cause 
maceration of the skin surrounding the wound.57

Hydrocolloid dressings absorb low to moderate levels 
of exudate and can be used to promote autolytic debride-
ment of dry, sloughy or necrotic wounds. They are usually 
composed of a hydrocolloid matrix bonded onto a vapour-
permeable film or foam backing. When in contact with the 
wound surface, this matrix forms a gel to provide a moist 
environment.56 Hydrocolloids have been shown to retain 
growth factors under the dressing and to promote granu-
lation and epithelialization. Additionally, the low pH cre-
ated by the hydrocolloid is effective for the treatment of 
wounds infected by Pseudomonas species.75 They should 
be avoided on plantar DFUs as they may cause maceration 
of the skin surrounding the wound.56

Alginate dressings (calcium alginate and calcium 
sodium alginate) are bacteriostatic, haemostatic and 
highly absorbent with the ability to absorb approximately 
15 to 20 times their own weight in wound fluid; therefore, 
they could manage excessive wound exudates and can 
assist in granulating, epithelializing and cavity wounds.57,75 
The alginate forms a gel when it comes into contact with 
the wound surface which can be lifted off with dressing 
removal or rinsed away with sterile saline.56,57,75 Honey-
impregnated dressings have been associated in vitro with 
antimicrobial and anti-inflammatory properties. However, 
in vivo evidence is insufficient, particularly in comparison 
with silver-impregnated antimicrobial dressings.57,75

A novel heparan sulphate glycosaminoglycan mimetic 
product for local application to promote wound healing 
has recently become available. It is a biophysical thera-
peutic product comprising a polysaccharide as an inno-
vative biomaterial to accomplish mechanical tissue 
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engineering and skin regeneration in the site of ulceration. 
In a recent report, complete ulcer healing was accom-
plished in all type 2 diabetic patients with difficult-to-heal 
foot and lower-extremity ulcerations after a mean treat-
ment duration of 4.92 months (2 to 12), without any 
complications.88

Platelet-derived growth factor beta (PDGF-b) has also 
been reported as a topical therapy for the management of 
non-infected DFUs.76,77 It is applied in the form of a once-
daily gel along with debridement on a weekly basis. Beca-
plermin is a recombinant human-PDGF (rh-PDGF-BB) that 
has been shown to accelerate wound closure in DFUs that 
extend into the subcutaneous tissue or beyond and have 
adequate blood supply.77 However, increased incidence 
of cancer in patients treated with becaplermin, especially 
at high doses, has been reported; therefore, further stud-
ies are necessary to evaluate the risk-benefit and effective-
ness of this therapy.76 Platelet-rich plasma (PRP), extracted 
from the patient’s plasma, includes a high platelet con-
centration in a fibrin clot that can be easily applied to the 
ulcer area.76 The fibrin clot is absorbed during wound 
healing within days to weeks following its application. A 
shorter closure time and higher healing percentage have 
been reported with PRP in DFUs.78-83

Subcutaneous administration of granulocyte colony-
stimulating factor (GCFS) in infected DFUs has also  
been reported with variable results.84-87 Basic fibroblast 
growth factor (bFGF) is beneficial for the formation of 
granulation tissue and normal healing. Epidermal growth 
factor (EGF) acts on epithelial cells, fibroblasts and smooth 
muscle cells to promote healing. Evidence for the use of 
EGF in DFUs is limited, with only a small amount of data 
reporting a significantly higher rate of ulcer healing with 
EGF use compared with placebo.76,84-87

Pain encountered during dressing changes is a com-
mon complaint of patients with DFUs. Pain-free removal 
of dressings and prevention of further trauma to the 
wound and the peri-wound skin is important in wound 
care. Strong adhesive forces can cause skin stripping, 
especially where the skin is vulnerable. Additionally, pain, 
and the anticipation of pain, can cause stress for patients; 
it has been shown that this can delay wound healing. 
Dressings with soft silicone form a bond between the soft 
silicone interface and the skin surface that allows the 
dressing to be removed without causing trauma or pain.89 
It is important to recognize that, despite the misconcep-
tion that pain or discomfort does not occur in neuropathic 
or neuro-ischaemic foot ulceration, pain is a real issue for 
some patients suffering from DFUs, particularly during 
wound-dressing changes.90

Off-loading
Pressure relief under weight-bearing areas is important to 
heal plantar DFUs. Off-loading devices reduce pressure at 
the site of a wound by redistributing loading forces across 
the plantar surface of the foot and, in some cases, the leg 
as well, thereby preventing isolated excessive force at the 
DFU site.91 An ideal off-loading device must be patient-
compliant, easy to apply, cost-effective, effective in wound 
healing and comfortable for ambulation. These include 
total contact casts (TCCs), walker air casts and removable 
cast walkers (RCWs), crutch-assisted walking, therapeutic 
shoes and non-removable knee-high devices with an 
appropriate foot–device interface.54,91-94

TCCs are probably the ideal method for off-loading 
plantar DFUs. In general, TCCs are indicated for ulcers 
associated with neuropathy, Charcot foot and post- 
operative off-loading of the foot. Weekly changing or 
modifying of the TCC is recommended because there can 
be volume changes in the affected extremity. TCCs can 
immobilize the ankle and reduce the stride length, which 
decelerates the foot and reduces the force applied to it. 
TCCs are contraindicated in the presence of untreated 
infection or osteomyelitis and in patients with severe PAD. 
Caution, patient education and compliance are necessary, 
as inappropriate application may result in new ulcerations 
and complications such as deformity of toenails, ischae-
mia, fungal infection and dermatitis, joint rigidity and 
muscular atrophy.92 It should be used with caution in 
deep or heavily draining wounds and in ataxic, blind or 
severely obese patients. Additionally, any advanced 
wound-healing adjunctive therapies that require daily 
applications may not be suitable for use with patients 
using an off-loading device such as the TCC.

RCWs are made from various rigid materials that pro-
vide similar whole-foot load reduction as the TCC but with 
a greater degree of flexibility to reduce the incidence of 

Fig. 5 Photograph of the right foot of a 68-year-old diabetic 
woman shows a DFU at the heel of the foot with dry gangrene. 
She was treated with multiple surgical debridements, 
intravenous antibiotics and blood glucose control; however, 
because of persistent infection, osteomyelitis and PAD she 
ended up with a below-knee amputation. Post-operatively, she 
experienced acute heart and renal failure; she was admitted to 
the intensive care unit and died seven days later.



522

side effects. They can be removed for dressing changes. 
Therapeutic shoes have been produced using a variety of 
techniques and materials, including felted foam, rubber, 
cork and leather, with or without a rigid rocker-bottom 
sole. Half shoes only provide a rear foot platform or offer 
heel relief.93 Therapeutic shoes are more acceptable to 
patients. However, they should be examined thoroughly 
in all patients at every visit.94 Innovative methods of 
designing in-shoe orthoses,95 socks using nanotechnol-
ogy96 and therapeutic MR97 offer potential value, as does 
the role of Internet-based telemonitoring for diagnosis, 
treatment and/or prevention.32

Amputation
Above-the-ankle amputation is often a complication or 
need for a patient with infected DFUs and PAD. The five-
year mortality after a diabetes-related amputation is up to 
60%, which is higher than for certain malignancies. Fol-
lowing a major amputation, 50% of patients will have 
their other limb amputated within four years and approxi-
mately 50% of them will die within five years of develop-
ing a DFU (Fig. 5).1,2 Lower-limb amputation may be 
indicated in the presence of PAD and progressing life-
threatening infection, and in patients with poorly con-
trolled diabetes with chronic ischaemia who have a failed 
angioplasty or bypass revascularization surgery.98,99 
Patients at high risk for ulceration and those who have 
undergone an amputation for a DFU should be examined 
one to three times per month by a DFU specialist team. At 
each examination, the patients’ feet should be inspected 
and the need for vascular evaluation assessed.2

The rate of DFU-related amputations and related mor-
tality remains high despite the awareness campaigns and 
reported increase in utilization of conservative and inter-
ventional therapeutic strategies. Possible explanations 
include the complexity and high burden of comorbidities 
in these patients and the low rate of invasive angiography 
and revascularization procedures before amputation. 
Therefore, DFU patients considered for an amputation 
should undergo a standard diagnostic work-up including 
angiography to consider the possibility of revasculariza-
tion in case of ischaemia.98

Conclusion
A multidisciplinary foot care approach is necessary for the 
management of DFU. This should be done at experienced 
centres by physicians with specialist training in diabetic 
foot problems including orthopaedic and vascular sur-
geons, endocrinologists with expertise in diabetology, 
diabetes specialist nursing, biomechanics and orthotics, 
and physical medicine and rehabilitation doctors with 
access to rehabilitation, psychological and nutritional 

services.2 Education for patients regarding foot hygiene, 
nail care and proper footwear is important to reduce the 
risk of injury and DFU.16,40,100,101 Education alone may 
effectively reduce the incidence of DFUs and the rate of 
amputation.
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