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Abstract Every 30 s, a lower limb is amputated due to

diabetes. Of all amputations in diabetic patients 85% are

preceded by a foot ulcer which subsequently deteriorates to

a severe infection or gangrene. There is a complexity of

factors related to healing of foot ulcers including strategies

for treatment of decreased perfusion, oedema, pain, infec-

tion, metabolic disturbances, malnutrition, non-weight

bearing, wound treatment, foot surgery, and management

of intercurrent disease. Patients with diabetic foot ulcer and

decreased perfusion do often not have rest pain or claudi-

cation and as a consequence non-invasive vascular testing

is recommended for early recognition of ulcers in need of

revascularisation to achieve healing. A diabetic foot

infection is a potentially limb-threatening condition.

Infection is diagnosed by the presence or increased rate of

signs inflammation. Often these signs are less marked than

expected. Imaging studies can diagnose or better define

deep, soft tissue purulent collections and are frequently

needed to detect pathological findings in bone. The initial

antimicrobial treatment as well as duration of treatment is

empiric. There is a substantial delay in wound healing in

diabetic foot ulcer which has been related to various

abnormalities. Several new treatments related to these

abnormalities have been explored in wound healing with

various successes. An essential part of the strategy to

achieve healing is an effective offloading. Many interven-

tions with advanced wound management have failed due to

not recognizing the need for effective offloading. A mul-

tidisciplinary approach to wounds and foot ulcer has been

successfully implemented in different centres with a sub-

stantial decrease in amputation rate.
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Background

The diabetic foot can be defined as infection, ulceration and/or

destruction of deep tissues associated with neurological

abnormalities and various degree of peripheral vascular dis-

ease in the lower limb [1–3]. Foot complications in diabetes

present a particularly troubling picture and it has been claimed

that every 30 s, a lower limb is amputated due to diabetes [2].

It is estimated that 50–70% of all lower extremity amputations

are related to diabetes [1–3]. Of all amputations in diabetic

patients 85% are preceded by a foot ulcer which subsequently

deteriorates to a severe infection or gangrene [1–3].

Peripheral neuropathy

The most important factors related to the development of

foot ulcers in individuals with diabetes are peripheral

neuropathy, minor foot trauma, foot deformity and

decreased tissue perfusion [4–10]. A sensory neuropathy is

associated with the loss of pain, pressure awareness, tem-

perature sensation and proprioception. Due to the lack of

protective sensation the foot is vulnerable to unattended

minor injuries caused by excess pressure or mechanical or

thermal injury. Thus, acute injury, ill-fitting shoes or

walking barefoot can precipitate an ulcer [5, 6, 8, 10].
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e-mail: Jan.apelqvist@skane.se

J. Apelqvist

Division for Clinical Sciences, University of Lund, Lund,

Sweden

123

Endocrine (2012) 41:384–397

DOI 10.1007/s12020-012-9619-x



Motor neuropathy, affecting both the intrinsic foot

muscles and leg muscles, alters the biomechanics and

gradually foot anatomy due to postural instability and

disturbed coordination caused by the lack of proprioceptive

feedback from the lower extremities [9].

Foot deformities, limited joint mobility and altered

loading of the foot are obvious consequences from these

disarrangements. This process leads to excess pressure,

skin thickening and callus formation, which again increases

the already abnormal loading and, often, subcutaneous

haemorrhage and ulcer [7–9]. The neuropathic bone and

joint disease, usually affecting mid or hindfoot, sometimes

referred to as ‘charcot foot’ or neuro osteoarthropathy [11,

12] can cause severe deformity and plantar ulceration.

In large cohort studies in Europe neuroischemic or ische-

mic ulcers accounted for 50–58% of all diabetic foot ulcers

admitted to specialist care [13–16]. There are no peripheral

artery lesion specific to diabetes but the pattern of arterio-

sclerosis is different typically affects more distal segments,

and is of greater prevalence than in non-diabetic subjects [17].

Although microangiopathy should not be accepted as a

primary cause for a diabetic ulcer [18], microvascular

dysfunction plays a contributing role of poor ulcer healing

in neuroischemic diabetic foot [19, 20].

Initially the term ‘small vessel disease’ or ‘microangi-

opathy’ has been used to describe an obstruction of arte-

rioles in the diabetic foot indicating that the patient was

considered unsuitable for revascularisation [18].

However, research has refuted the notion of an arteriolar

occlusive lesion associated with diabetes and ascribed in-

frapopliteal macrovascular disease and microvascular dys-

function as major proponents for impaired perfusion of

diabetic foot [18, 20, 21]. The microvascular dysfunction (or

‘microangiopathy’) is characterized by the presence of

arteriovenous shunting, precapillary sphincter malfunction,

capillary leakage, venous pooling, hormonal activity in the

vessel and inflammation in the wall all indicating that

decreased perfusion in the diabetic foot is more complex and

not only related to peripheral arterial disease [17, 19–21].

Peripheral vascular disease and neuropathy are fre-

quently present in the same patient [13–16]. A possible role

of genetic factors in the development of diabetic foot with

regard to neuropathy and peripheral artery disease (PAD)

has been suggested/discussed [22].

An important observation relating to the consequence of

peripheral vascular disease is that many diabetic individ-

uals with ischaemia do not have severe rest pain or clau-

dication [1, 3, 13–16]. This is believed to be related to the

loss of sensation due to peripheral sensory neuropathy [1].

Diabetic foot ulcers should be managed by a multidis-

ciplinary team, comprising individuals who can deliver all

the necessary and wide-ranging skills: medical and surgi-

cal, podiatric, nursing and orthotic [1, 3, 10, 23–29]. Using

a protocol-driven and multidisciplinary approach will

lower the number of people suffering from numerous foot

complications of diabetes [2, 3].

The cause and associated systemic factors that impair

wound healing need to be treated—hyperglycaemia, car-

diovascular disease, peripheral vascular defects, increased

incidence of bacterial infections and plantar pressure

redistribution (Table 1, Ref [30–36]). The medical man-

agement of ulcers includes offloading, treatment on infec-

tion (local, cellulitis, osteomyelitis or sepsis), debridement,

wound bed preparation and dressings (Table 1). Surgery is

often needed for the treatment of infected ulcers and for the

revascularisation of the limb [28, 29].

A multidisciplinary approach to wounds and foot ulcer has

been successfully implemented in different centres in differ-

ent countries with various health care delivery systems with a

substantial decrease in amputation rate [10, 24–27]. Two

comparative studies have shown improved clinical results

with multidisciplinary treatment vs standard care in ordinary

practise [184, 185]. According to the most optimistic view up

to 85% of the amputations may be prevented [10, 24, 26].

Vascular intervention

Why CLI criteria for non-diabetics are not applicable

The need for revascularisation in neuroischemic diabetic

foot ulcers has been determined by the presence of claudi-

cation and rest pain or extent of tissue loss along the lines of

different classifications and recommendations [37–43]. Yet,

\25% of diabetic individuals with PAD report intermittent

claudication [2, 3, 10, 31], and that in individuals with

diabetic foot ulcers rest pain are substantially less frequent

than in individuals with ischaemia without diabetes [2, 3, 10,

31]. The obvious consequence has been that in most clinics,

centres and countries diabetic individuals come too late to

vascular consultation. Indeed, 30–50% of their foot ulcers

already have gangrene and therefore these patients often are

not considered candidates for revascularisation [2, 10, 14].

To prevent the delay of vascular consultation and re-

vascularisation early non-invasive vascular evaluation is

important in identifying patients with poor ulcer healing

and high risk for amputation [2, 10, 14, 16, 44–46].

There is a need to introduce and recognize decreased

perfusion or impaired circulation as indicator for the need

of revascularisation in the diabetic foot to achieve and

maintain healing and to avoid or delay a future amputation

[2, 3, 10, 14, 16, 28, 45, 47]. That is the rationale behind

the recommendation to use non-invasive vascular testing

(toe, ankle pressure, TCO2, duplex) to identify patients

with foot ulcer with severe vascular disease impairing

wound healing [3].
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Vascular clinical examination

Pulse palpation is the cornerstone of vascular examination

and gives information about the circulatory status above

the palpation level but not distally. The absence of pedal

pulses have been shown to indicate the presence of

peripheral vascular disease and poor primary healing of the

ulcers at least in half of the patients [48–53]. Yet, pulse

palpation is not necessarily a method of good reproduc-

ibility [48–53].

Non-invasive vascular studies: special considerations

related to diabetic foot

There is a number of methods used to assess macrocircu-

lation in order to identify legs that are not viable or lesions

Table 1 Multifactorial management of diabetic foot ulcer

Goal Investigation/evaluation Treatment

Improve

circulation

Clinical investigation

Non-invasive vascular testing

Systolic toe/ankle blood pressure

Transcutaneous oxygen pressure

Duplex (ultrasound)

Invasive vascular testing: angiography

Magnetic resonance imaging

CT angiography

CO2 angiograpy

Percutaneous angiography (PTA)

Subintimal angioplasty

Reconstructive vascular surgery

Vascular agents

Remove oedema

Hyperbaric oxygen

Treat infection Superficial/deep infection, osteomyelitis, abscess

ESR, CRP, white blood count, bacterial culture, bone biopsy,

X-ray, CT-bone scan, MRI

Antibiotics oral/parenteral

Incision/drainage

Resection

Amputation

Remove odema Evaluate cause of oedema External compression therapy

Intermittent compression (pumps)

Diuretics

Pain control Cause/type of pain, pain evaluation protocol/diary

Visual analogue scale

Analgesic agents local/systemic

Immobilisation/offloading relive anxiety/fear

Improve

metabolic

control

HbA1c self-monitoring of glucose Insulin treatment often necessary nutritional support

Offloading Type and site of wound biomechanical evaluation

Mobility/walking capacity

Protectic/therapeutic footwear

Insoles/ortosis

Total contact cast/walkers Crutches wheelchair bed rest

Wound bed

preparation

Type, site, condition of the ulcer necrosis/debris exudation

peri-wound maceration signs of inflammation granulation

Topical treatment/dressings debridement removal of debris

Control of exudation, moist wound healing, control of

infection NWPT therapy tissue engineering/growth factors,

matrix modulation

Removal of

dead tissue

Extent of tissue destruction

Infection ischaemia

Incision/drainage/amputation

Correction of

foot

deformities

Evaluation of foot deformities Corrective foot surgery,skin transplant/pinch graft amputation

Improve

general

condition

Dehydration/malnutrition

Intercurrent disease

Congestive heart failure, nephropathy

Metabolic syndrome

Smoking habits

History of abuse

Fluid and nutrition replacement therapy

Aggressive treatment of intercurrent disease antiplatelet drugs,

antihypertensive agents, lipid decreasing agents Cessation of

smoking physiotherapy

ESR erythrocyte sedimentation rate, CRP C-reactive protein, CT computed tomography, GCSF granulocyte-colony stimulating factor, MRT
magnetic resonance imaging, NWPT negative wound pressure therapy
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that do not heal [31, 49, 54–70]. Indications for vascular

consultation include ankle/brachial index (ABI) \0.7 and

toe blood pressure \40 mmHg according to Clinical

Practice Guidelines for Diabetic Foot Disorders of Amer-

ican College of Foot and Ankle Surgeons [71]. ABI

\0.4–0.45, absolute systolic ankle pressure \55 mmHg

and toe pressure \30 mmHg have been most frequently

used to indicate need for revascularisation [67, 71]. How-

ever, the ABI might underestimate PAD prevalence in

diabetic patients because of the calcifications of the arteries

ankle pressures may be spurious in up to 40% of all dia-

betic subjects due to arterial calcification and non-com-

pressibility [59, 72]. A non-measurable ankle pressure due

to non-compressible arteries has also been related to poor

outcome (amputation, death).

The systolic toe pressure may give more reliable infor-

mation of the level of distal flow capacity [59]. A systolic

toe pressure level of \30–50 mmgHg is related to a high

probability of amputation and presence or development of

gangrene. The systolic toe pressure have been related to

increased probability of healing in cohort studies of indi-

viduals with diabetes and neuropathic and neuroischemic

ulcers [16, 31, 56, 57, 71, 72]. However, toe pressure

measurements usually assess only the great toe and cases

have described patients with a non-measurable toe blood

pressure due to incompressible arteries [31, 56].

A transcutaneous oxygen pressure (tcpO2) below

30 mmHg or at least below 20 mmHg has been considered

to predict that the infection will not resolve and the ulcer

not heal [58, 59, 69], but more frequently used as a sur-

rogate marker for amputation level selection [59, 61, 62].

In a recent systematic review, a peri-wound PtcO2 level

below a cutoff of 20 or 30 mmHg was an independent

predictor of chronic wound healing complications. How-

ever, no further conclusions could not be made due to the

limited number of studies, as well as possible reporting

bias, and heterogeneity [71].

The accuracy of these measurements in patients with

critical leg ischaemia has been questioned, especially in the

presence of tissue oedema [60].

Low levels of ABI, ankle pressure, toe pressure and

tcPO2 suggest that diabetic ulcer may not heal, but always

in the consideration of limitations of each technique [31,

72].

Vascular imaging

When non-invasive diagnostics so indicate, imaging of the

arterial tree, especially crural and pedal arteries, should be

performed. This may be done by Duplex ultrasound,

magnetic resonance angiography (MRA), computed

tomography angiography (CTA) or digital subtraction

angiography (DSA) [73–78]. Imaging is of key importance

in the decision how to treat the arterial lesions [73]. In

diabetics, aortoiliac arteries and common femoral artery

are often and even superficial femoral artery may be

unaffected and occlusive lesions are concentrated to distal

parts of lower limb arterial tree [70, 79]. Extensive calci-

fication of infrapopliteal arterial tree may prevent proper

Duplex diagnostics and CTA although the use of multis-

liced devices decreases interpretation difficulties caused by

arterial wall calcifications [67, 78].

In diabetics with foot ulcer chronic renal failure is

increasingly common [80]. Metformin should be stopped

before angiography as it may cause lactic acidosis [81].

Renal insufficiency influences the choice of imaging

method, because contrast media are nephrotoxic agents

[82–84]. In the case of mild chronic renal failure, regular

DSA and CTA can be done, but intravenous hydration of

the patient is recommended before and after the examina-

tion [73, 79]. Detailed visualisation of infrapopliteal

arteries, including the arteries of the foot, is necessary for

complete evaluation of diabetic patients [49, 72, 73].

Revascularisation

There is a general agreement that surgical treatment is

indicated to relive symptoms of limb-threatening ischaemia

including ischemic pain, ischemic ulcers and gangrene [3,

40, 42, 47]. These patients constitutes a severe challenges

due to the presence of co-existent and co-morbidity (car-

diocerebrovascular disease, nephropathy) and the possi-

bility for intervention is strongly related to the presence/

extent of co-morbidity more than availability for inter-

vention according to angiography [2, 85–88].

Endovascular therapy for infrapopliteal arterial disease

is gaining acceptance as a first line revascularisation

method to improve ulcer healing and limb salvage [89–96].

The angioplasty of isolated crural arterial lesions in dia-

betic patients with unhealed ulcer is also considered as an

effective and safe therapeutic modality to avoid limb loss

[90]. An important task of any revascularisation is to

achieve at least one open infrapopliteal artery down to the

foot, preferably the artery that supplies the anatomical

region of the ulcer [89, 97–100]. The revascularisation of

plantar arch and branches of peroneal artery has been

suggested recently [97–100]. There are few studies evalu-

ating wound healing and amputation rate after revascular-

isation in diabetic patients with neuroischemic or ischemic

ulcers [2, 85, 88].

Bypass surgery and/or subintimal recanalisation should

be attempted in patients if PTA is not possible or not

successful [101–103]. There is not a single randomized

controlled trial available comparing endovascular and

surgical revascularisation in the treatment of impaired
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perfusion or critical ischaemia in diabetics [88]. A sys-

tematic review revealed seven case series on revasculari-

sations exclusively for diabetic foot provided that all were

diabetics, all had ulcer and all were treated with an in-

frainguinal revascularisation [88]. Bypass surgery and en-

dovascular interventions are therefore complementary

techniques for revascularizarion in diabetic patients with

non-healing ulcer [72].

Pharmacological intervention to improve perfusion

The benefits of pharmacological treatment to improve

perfusion remain controversial [2, 4]. Treatment to remove

peripheral oedema focused on causative factor (congestive

heart failure, nephropathy, infection or hydrostatic/neuro-

pathic oedema) is mandatory. A number of pharmacolog-

ical substances have been studied as to ulcer healing [104–

106]. The use of heparin subcutaneously has shown

promising results in small RCTs of neuroischemic foot

ulcers in patients with diabetes not available for revascu-

larisation [104]. However, all these studies are too limited

to allow any recommendations. Gene therapy and the use

of oxygenic growth factors to stimulate development of

collaterals is under development but still unproven in the

clinical setting [107, 108].

Diabetic foot infection

Infection is seldom the direct cause of ulcer but strongly

related to probability for amputation especially in combi-

nation with PAD [2, 3, 14, 16, 109]. Often there is a

combination of ischaemia and infection among events

leading to amputation in the diabetic foot [14, 16, 110]. In

the EURODIALE study, 25–75% of patients at various

centres were considered to have a wound infection at the

time of admission [14]. An infection in the diabetic foot is

a limb-threatening condition and was the immediate cause

for amputation in 25–50% of diabetic patients [10, 109,

111].

In several studies, the outcome of deep foot infection

has been related to the extent of tissue involved, co-mor-

bidity and co-existing peripheral arterial disease [14, 16,

109].

Once an ulcer is complicated by an infection, the risk for

subsequent amputation is greatly increased. In a study by

Lavery et al. [112] factors related to the development of a

wound infection were duration of ulcer[30 days, recurrent

ulcer, trauma, probing to bone and co-existent PAD. Deep

infections are manifested either as osteomyelitis or a soft

tissue infection spreading along the tendons in the com-

promised foot [109–111].

Foot infection: diagnosis and evaluation of extent

of tissue involvement

Wound infections are diagnosed clinically and mostly on

the basis of local signs and symptoms of inflammation.

Clinical signs of the infection can be reduced due to

diminished leucocyte function, peripheral arterial disease,

poor metabolic control and neuropathy [109, 111, 113]. In

almost 50% of patients with diabetes and deep foot infec-

tions signs such as increased white blood cell count,

erythrocyte sedimentation rate (ESR), C-reactive protein

concentration (CRP) and body temperature were absent

resulting in delay in diagnosis and optimal treatment [109,

111, 113, 114]. The most common sign of foot infection in

individuals with diabetes and an ulcer was increased exu-

dation rate [109]. Some patients with diabetic foot infec-

tion also have a worsening of their glycaemic control but

other blood tests are not exclusive. A swollen foot with

long-term ulceration or a red swollen digit should always

arouse suspicion of infection with extension to deep tissue

with or without osteomyelitis. Indeed, the severity of

infection should be assessed after debridement of callus

and necrotic tissue, based on its extent and depth as well as

the presence of any systemic findings [111, 113, 114].

Continuous extension of soft tissue infection to under-

lying bone poses both diagnostic and therapeutic chal-

lenges [111, 114–116]. Imaging studies may help diagnose

or better define deep, soft tissue purulent collections and

are usually needed to detect pathological findings in bone

[114–116]. Plain radiographs of the foot may be of value to

reveal the presence of a foreign body, gas, osteolysis or

joint effusion. Radiological diagnosis is often difficult

because changes suggesting osteomyelitis usually takes

several weeks to become visible on X-ray. The difficulty in

distinguishing osteomyelitis from osteoarthropathy or

fracture is well recognized. To evaluate the presence of and

extent of a deep foot infection bone scan, MRI or CT can

be of value [114–116]. Blood tests are of limited use but

fever with an increased ESR, white cell count and CRP are

usually helpful in recognising soft tissue infections or

abscess [110, 114, 115]. Conclusive diagnosis of osteo-

myelitis can be obtained by bone biopsy [114–117].

Antimicrobial treatment

Antibiotic therapy is considered necessary for virtually all

infected wounds, but it is not beneficial for non-infected

ulcers. Antibiotic therapy is often insufficient without

appropriate wound care [2].

When infection is suspected a microbiological diagnosis

will usually assist subsequent management. In an acute

superficial infection, Gram-positive cocci are the most com-

mon pathogen [109–116]. Several studies have confirmed that
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in ‘chronic lesions’, ulcers with a deep infection and in

wounds with necrotic tissue a polymicrobial flora is most

common, with a combination of Gram negative, anaerobic

and Gram-positive organisms especially in patients who have

received prior antibiotic treatment [109–116].

Among studies comparing different antibiotic regimens

in the management of skin and soft tissue infection or,

infection that involved both soft tissue and bone, one

reported a better clinical outcome with use of cefoxitin

rather than ampicillin/sulbactam, but the others reported no

differences between treatment strategies [118–137]. Sub-

stantial limitations in most studies [2, 114, 116, 138]

evaluating the efficacy of antimicrobial agents with a high

risk of bias [2]. As a consequence, the initial antimicrobial

treatment as well as duration of treatment is empiric.

An empirical antibiotic regimen for diabetic foot infec-

tion should be based on an understanding of anti-infective

principles, the most important of which is the extent and

severity of infection [2, 114, 116, 138]. This also dictates the

mode of antibiotic administration. Therapy aimed solely at

aerobic Gram-positive cocci may be sufficient for acute

mild-to-moderate infections in patients who have not

recently received antibiotic therapy [2, 114, 116]. In long

standing ulcers or ulcer with delayed healing with ischaemia

or necrotic tissue frequently a polymicrobial flora is present

in which the causative agent is unknown. Broad spectrum

empirical therapy is not routinely required but is indicated

for moderate to severe infections [111, 113, 114]. Definitive

therapy should be based on both the culture results and

susceptibility data and clinical response to the empirical

regimen. Antibiotic therapy is continued until there is evi-

dence that the infection has resolved but not necessarily

until a wound has healed [2, 58, 111, 113, 114, 116]. If the

wound infection is suspected appropriately obtained speci-

mens should be collected after wound debridement for

culture prior to starting empirical antibiotic therapy in all

cases of infection. Tissue specimens can be obtained by

biopsy, ulcer curettage, or aspiration and are preferable to

wound swab specimens [2, 111, 113, 114, 116].

A meta-analysis of the adjunctive use of granulocyte-

colony stimulating factor (G-CSF) in diabetic foot infec-

tions concluded that adding G-CSF did not significantly

affect the likelihood of resolution of infection or wound

healing, although it was associated with a reduced likeli-

hood of lower extremity surgical interventions, including

amputation [139–143].

Medical or surgical intervention in diabetic foot

infections

Infections accompanied by a deep abscess, extensive bone

or joint involvement, crepitus, substantial necrosis or

gangrene, or necrotizing fascitis need prompt surgical

consultation. Spreading of infection in diabetic foot can be

extremely rapid and it may lead to life threatening general

septic infection if treatment is delayed. Urgent evaluation

of lower limb circulation, treatment of infections and sur-

gical procedures, including debridements and revasculari-

sations, are often needed as first line leg salvage procedures

[144].

Choosing between medical and surgical therapy in

osteomyelitis is difficult and unclear. Traditionally, it has

been thought that the essential cure is resecting a bone with

chronic osteomyelitis. Yet, such surgical solutions as ray

and metatarsal amputations alter the structure and biome-

chanics of the foot creating new problems. Available evi-

dence suggests that if those who need urgent surgery for

life-or limb-threatening infection are excluded, surgical

debridement of infected bone may not be routinely neces-

sary and arrest of infection may be achieved with antibi-

otics alone [145]. There is accumulating evidence that

surgical debridement of infected bone is not routinely

necessary [29, 57]. However, in a review of antimicrobial

treatment the combined observed treatment failure was

22.7% in 18 RCTs comparing various antibiotics in dia-

betic foot infections and treatment failure was similar in

patients with and without osteomyelitis 26.5% 44/169 vs

23.2% 330/1,424 [146].

The most important step in the control of deep infection

is urgent incision and drainage of an abscess and radical

debridement of all infected, non-viable necrotic tissue. The

debridement should be done first and in the case of

ischaemia, revascularisation thereafter. Distal bypass,

when needed, is usually delayed 2–5 days to control the

infection [113, 129, 130, 147].

In situations without a limb-threatening infection, the

blood supply to the wound/extremity should be optimised

before surgical debridement to ensure that potentially

viable tissue is not unnecessarily removed [147, 148].

Diabetic foot ulcers and co-morbidity

Large cohort studies have given us a deeper understanding

regarding factors related to outcome in case of a diabetic

foot ulcer. Co-morbidity increases significantly with the

severity of foot disease and is strongly related to the out-

come [13, 16, 31, 32, 149]. It is important to differentiate

between neuropathic and neuroischemic ulcers with regard

to factors related to outcome and extent of co-morbidity

[13, 16, 56].

These studies show the importance of co-morbidities

like cardiovascular disease, end stage renal disease,

severity of PAD, extent of tissue involvement and lower

leg oedema for the outcome (primary healing and healing
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with or without minor amputation, respectively) [13, 16,

56, 80, 149]. It is of utmost importance to recognize that

the diabetic foot ulcer is a sign of multiorgan disease.

Aggressive medical treatment with regard to co-mor-

bidity including measures to improve the metabolic con-

trol, nutrition, aid cessation of smoking, treatment of

hypertension and dyslipidemia and adjuvant treatment with

anti-platelet drugs is mandatory in the management of the

metabolic syndrome and intercurrent disease [150].

Diabetic foot ulcer and wound healing/treatment

Debridement

The choice and timing of debridement techniques in the

diabetic foot can be described in terms of initial damage

control to save the leg and the life of the patient, secondary

eradication of devitalised tissue to improve or facilitate

wound healing [2, 151, 152]. The need for and choice of

technique of debridement is dependent on the level of

decreased perfusion to the foot and the extent of tissue loss,

not only to achieve healing of an ulcer, but also to maintain

ambulation. The method of debridement including surgical,

enzymatic, biological or autolytic is choosable and more

than one debridement method may be appropriate [151,

152]. Several non-surgical debridement techniques have

been suggested, not only to remove dead tissue when sur-

gery is not favourable/advisable, or to change/improve the

condition of the wound to increase the probability of

healing and shorten wound healing time [151, 152]. There

are no convincing data to prove if any of the methods

available is better than others with regard to probability of

healing according to Cochrane Database [151, 152].

From pragmatic point of view, the message is in case

infection always surgical debridement preferable, in case of

ischaemia revascularisation first debridement later in ulcers

with limited amount of available soft tissue non-surgical

techniques might be preferable with regard to extent of

tissue loss to achieve healing and maintain a foot that is

ambulative following healing. Surgery is always the

quickest way of debridement but related to the most

extensive tissue loss. Heel ulcers are especially vulnerable

as poor perfusion in the heel fat pad and danger of debriding

into calcaneus may expose the area for deep infection.

Choice of dressings or topical treatment to improve

the condition of the wound

In patients with diabetes mellitus, there is a substantial

delay in wound healing which has been considered to be

related to several abnormalities such as decreased con-

centrations of growth factors, increased protease activity,

abnormalities of the extracellular matrix-reduced fibroblast

function and impaired nutritive function [21, 22, 153].

Most of these factors have been related to hyperglycaemia,

several new treatments related to these abnormalities have

been explored in wound healing such as various growth

factor products, hyaluronic acid, matrix modulators, skin

tissue engineering products artificial skin. Encouring

results have been presented but at the moment there is no

consensus regarding indications for and value of these

treatments [107, 108, 154]. The basic principles for choice

of topical treatment in diabetic foot ulcers are comparable

to other kind of wounds with exceptions that the lesions are

frequently located on weight bearing areas, frequently lack

of skin sensation, increased risk of infection and ischaemia.

Negative pressure wound therapy

Negative pressure wound therapy (NPWT) has shown

promising results in improving wound condition in diabetes

subjects with cavity ulcers and ulcers after a for foot

amputation [155–160]. Two randomised controlled studies

have shown reduced wound area, improved wound healing

rate in patients with foot ulcer and adequate circulation

compared to controls in 16 week trials [155, 159]. The

application of vacuum-assisted negative pressure across the

wound surface leads to a number physiological and bio-

chemical changes. It has been suggested that the applica-

tion of NPWT can support wound healing by removing

excess exudates levels, promote granulation tissue, provide

a closed environment, stimulate granulation tissue, reduce

oedema and increase local blood flow [160].

The prerequisite for optimal effect is that there is suf-

ficient blood supply for ulcer healing. NPWT does neither

replace surgical wound debridement, measures to improve

blood circulation nor relevant treatment of infection [160].

However, NPWT therapy has to be performed by health

care staff with adequate skill since the technique is not

without adverse reactions and its essential to chose the

right ulcer with adequate perfusion and control of infection.

Hyperbaric oxygen therapy

Hyperbaric oxygen therapy given as adjunct to other

therapy may reduce the risk of major amputation related to

diabetic foot ulcer [161–168]. In previous RCT’s, the

healing of ulcers and prevention of amputations seemed to

be connected to lesions with ischaemia and/or infection

[85, 137, 139–143]. Yet, conclusions were uncertain as the

series were small and methodologically deficient [161–

166]. Recently, a double-blind RCT demonstrated signifi-

cantly improved outcome in the intervention group as

treated patients were more likely to heal within 12 months:

25/48 (52%) vs 12/42 (27%); p = 0.03 [167]. Although
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this study had limitations including patient population,

some with adequate perfusion and others with unrecon-

structable ischaemia, its potential implications are far-

reaching and the study needs to be repeated with full health

economic analysis, and with an attempt being made to

define the population most likely to benefit [168].

Off loading—non weight-bearing

Whatever the primary cause, continuous walking on

insensitive foot impairs subsequent healing and inadequate

tissue perfusion impairs tissue viability and prevents ulcer

healing. The most important feature of the treatment of any

ulcer with neuropathy is to restrict weight bearing, irre-

spective of the presence of ischaemia.

Many interventions with advanced wound management

have failed due to failing recognition of the need for

effective offloading [169, 170]. The aim of offloading and

protection is to maintain ambulation and treat the foot

ulcer. In the acute situation crutches, wheelchair or bed rest

might be necessary.

In most situations an adequately fitting shoe, orthosis or

insoles will be sufficient. However, in cases with plantar

ulceration, in which disturbed biomechanic pressures cause

deteriorated circulation, techniques to decrease plantar peak

pressure is necessary including total contact cast (TCC),

walkers, removable or non-removable, or other devices [171].

Studies indicate that the offloading system has to

achieve a threshold of a peak pressure \200 KPa to

maintain healing [172]. This requires shoes provided by

orthopaedic specialist clinic and the patient requires shoes

for both indoor and outdoor use [169–171]. Acceptable

techniques used in offloading include soft and shock-

absorbing materials, custom moulding, forefoot or heel

offloading shoes, rocker-bottom shoes, casts, walkers,

crutches, wheelchair and surgery [169–171].

Randomised controlled trials have shown that the TCC

is more effective than removable devices both with regard

to plantar foot ulcer healing and time to heal [173, 174].

Removable walkers that have been made non-removable

may be as effective as TCC and more effective than stan-

dard removable walkers in healing plantar ulcers [171, 173,

174]. Conventional standard therapeutic footwear is not

effective in ulcer healing [171]. The role of custom foot-

wear in this context is not yet clear. If foot wear cannot

heal or prevent recurrent ulceration, then the patients’

activity level must be drastically modified [169–171].

Foot surgery, correction of deformities and amputation

Some data exist to support the use of surgical techniques to

offload a non-infected neuropathic ulcer, including surgical

excision of ulcers, arthroplasties, metatarsal head resec-

tions and Achilles tendon lengthening. Combined with

local skin flap, when needed, these procedures seem to give

good results, if tissue perfusion is adequate [175–181].

These techniques seem to contribute to improve the time to

healing rather than the eventual rate of healing as well as to

reduce the risk of ulcer recurrence. Elective surgery should

be considered to correct structural deformities that cannot

be accommodated by therapeutic footwear. Common pro-

cedures include hammertoe repair, metatarsal osteotomies,

plantar exostectomies and Achilles tendon lengthening

[175, 177, 181]. Complicated Charcot surgery is also a part

of offloading indicated for chronic recurrent ulcerations

and joint instability when patients present with unstable or

displaced fracture dislocations [182].

Patients with restricted gangrene or dry necrotic lesions

usually benefit from revascularisation first. Often patients

need several debridements and long care of several months

before ulcers have healed even after successful revascu-

larisation [144, 147].

The major adverse outcome for diabetic foot problems is

a lower leg amputation. The indications for amputation in

patients with diabetes are often multiple [2], the indications

most commonly cited are gangrene and infection frequently

occurring simultaneously. In some studies, a non-healing

ulcer has also been claimed as an indication [2]. It has to be

emphasised that a non-healing ulcer in itself should not be

considered an indication for amputation since long duration

is not an unfavourable factor with regard amputation as long

as duration of ulcer in itself is not considered an indication

[2, 3]. However, there is established a correlation between

duration of ulcer and probability for healing within

12 weeks in trials of neuropathic foot ulcer [71].

There is still some controversy concerning the benefit of a

primary minor amputation vs primary major amputation

(below knee) [147, 183]. The advantage of primary major

amputation is a lower reamputation rate and shorter healing

time [183]. Minor amputations are associated with higher

reamputation rate and as a consequence longer wound

healing time. However, in a prospective study, the long-term

outcome after a healed index amputation in patients with

diabetes and foot ulcer was evaluated and it was concluded

that those subjects with an index major amputation had a

higher mortality rate, an equal rate of new amputations

irrespective of level, an increased rate of new contralateral

amputations and a lower potential for rehabilitation than

patients with an index minor amputation [186].

Conclusions

It should be recognized that the diabetic foot ulcer is a sign

of an underlying multiorgan disease.
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Treatment of the diabetes foot ulcer requires a multi-

disciplinary approach due to the complexity of factors

related to outcome.

There is a need to introduce and recognize decreased

perfusion or impaired circulation as indicator for the need

of revascularisation in the diabetic foot to achieve healing.

Bypass surgery and endovascular interventions are

complementary techniques for revascularisation in diabetic

patients with non-healing ulcer.

Clinical signs of the infection can be reduced. Imaging

studies may help to define deep, soft tissue infection and

are frequently needed to detect pathological findings in

bone.

An empirical antibiotic regimen for diabetic foot

infection should be based on an understanding of anti-

infective principles, the most important of which is the

extent and severity of infection.

The need for and choice of technique of debridement is

dependent on the level of decreased perfusion to the foot

and the extent of tissue loss, not only to achieve healing of

an ulcer, but also to maintain ambulation.

In patients with diabetes mellitus, there is a substantial

delay in wound healing. Several new treatments related to

these abnormalities have been explored in wound healing.

NPWT has shown promising results in improving

wound condition in diabetes subjects with cavity ulcers and

ulcers after a for foot amputation.

Randomised controlled trials have shown that the TCC

is more effective than removable devices both with regard

to plantar foot ulcer healing and time to heal.
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