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INTRODUCTION 

Diabetic foot ulcer is most devastating complication of diabetes mellitus 

affecting 15 % of patients. 

Early effective managament of diabetic foot ulcer reduces severity of 

complications such as avoidable amputations and mortality. 

It is a multidisciplinary team approach. based on studies , blood sugar 

control, wound debridement, advanced dressings and offloading modalities 

should be a part of management. 

Surgery to heal chronic ulcer and prevent recurrence should be 

considered as an component of management .hyperbaric o2 therapy , electrical 

stimulation, negative pressure wound therapy ,bio-engineered skin and growth 

factors are adjuncts for rapid healing . 

 Overall , lower limb amputation in patients with diabetes mellitus is 15 

times higher  than normal population.50% of lower limb amputaions is due to 

diabetic foot complications . 

Diabetic amputation is responsible for substantial emotional, physical 

distress and financial loss that lower quality of life . 

Diabetes is a major disease which is widespread throughout the world. It 

is a condition in which the glucose level in the blood increases. The increase in 

blood  glucose level is due to insufficient secretion of insulin in body. Insulin is 
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a protein secreted by pancreas into the body, it makes use of sugar from 

carbohydrates in the food and store glucose for future. 

There are three types of diabetes, type 1 and type 2 and gestational 

diabetes. In type 1 diabetes insulin is not produced, in type 2 diabetes insulin is 

produced by not effectively used and gestational diabetes occurs during 

pregnancy, the hormones block the insulin. The cause of diabetes is not known 

exactly till now, it may be due to some factors like obesity, lack of exercise, 

genetic factors etc.  

Some of the signs of diabetes include frequent urination, fatigue, 

excessive hunger and thirst, blurry vision, slow healing wounds etc. The other 

complications of diabetes include nephropathy, retinopathy, neuropathy, heart 

disease and limb amputations. There is no cure for diabetes but can be 

controlled by proper diet and regular exercise. 

In this review we are going to discuss about diabetic foot ulcer (DFU), 

which is a major threat to diabetic patients. DFU is mainly caused due to 

vascular and neuropathic complications.  

The neuropathic complications lead to complete loss of sensation in foot 

and leg, this condition is known as diabetic neuropathy. The improper blood 

flow leads to ulceration. The diabetic foot ulcers are difficult to heal as the 

wound does not get enough nutrients or oxygen from blood, leading to the risk 

of lower limb amputation. Both gram-positive and gram-negative organisms 

play a vital role in DFU. 
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AIMS & OBJECTIVES 

Approximately 3–4% of diabetic patients develop foot ulcers 

sometime during their life. One of the most important strategies for the 

management of the diabetic foot is to prevent complications that may 

necessitate a major limb amputation. 

 Even with appropriate treatment, some patients must undergo major 

amputation or a limb salvage operation . The key to limb salvage surgery is 

maximal retention of the limb and minimization of the amputation level. 

 Successful limb salvage, defined as a stump fit for functional 

ambulation, is mostly determined by the level of amputation. It is mostly 

affected by preservation of the talus and calcaneus because it minimizes 

limb length discrepancy and preserves the heel pad.  

The level of Chopart amputation is the most proximal among lower 

limb amputation locations that preserve the talus and calcaneus. Although 

disputable, the Chopart amputation has been defined as the threshold of 

successful limb salvage.  

The incidence of reamputation following first toe or transmetatarsal 

amputation associated with diabetes mellitus has been found to be nearly 

one-third. Nearly 40% of patients with diabetic foot who had amputations at 

the foot level have a history of previous amputation. 
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METHOLOGY 

The purpose of this article is to provide information on determining 

the optimal amputation level, preserving as much limb length as possible 

without requiring additional reamputation by analyzing several predictive 

factor 100 patients requring limb salvage surgery for  diabetic foot 

gangrene.  

According to the final level of amputation, the patients were divided 

into two groups: Patients with primary success of the limb salvage, and 

patients that failed to heal after the primary limb salvage surgery. The 

factors predictive of success, including comorbidity, laboratory findings, 

and radiologic findings were evaluated by a retrospective chart review. 

The primary outcome measures included  

 Age 

 Sex 

 Smoking status 

presence of comorbidities (hypertension, ischemic heart syndrome, 

stroke, chronic renal failure, chronic osteomyelitis), status of premorbid 

activities of daily living, preoperative laboratory findings, and preoperative 

radiologic findings 
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 Preoperative laboratory investigations, including the hemoglobin 

level (Hb), white blood cell (WBC) count, glycosylated hemoglobin 

(HbA1c), creatinine, and C-reactive protein (CRP) levels were collected 

 A preoperative ARTERIAL DOPPLER STUDY was performed in 

all patients to evaluate the number of abnormal vessels and the state (patent, 

partial occlusion, total occlusion) of each vessel of the lower extremity    
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REVIEW OF LITERATURE 

Diabetes is more in developing countries compared to developed 

countries, moreover India is considered as the home for more number of 

diabetic individuals. The increase in diabetes mellitus leads to many infections, 

especially foot ulcer infections . 

DFU is the result of various factors like peripheral vascular disease, 

peripheral neuropathy, trauma, foot deformities, arterial insufficiency and 

impaired resistance to infection. It can be caused by both type 1 and type 2 

diabetes. 25% of the patients with diabetes are at a risk of developing foot 

ulcers . DFU causes longer hospitalization than any other complications of 

diabetes. 

It influences a personʼs quality of life, resulting to a decline to social, 

physical and psychological functions . It frequently leads to amputation of the 

leg and increases the rate of mortality and morbidity . The diabetic foot ulcer 

commences with a small ulcer or surgical wound and results in loss of limb. 

The diabetic foot occurs in the areas of higher pressure, especially on the 

plantar aspect of the foot. Some other common areas of infection include 

medial first metatarsal phalangeal joint, posterior calcaneus and lateral aspect 

of the fifth metatarsal phalangeal joint. Moreover the diabetic foot ulcer is 

classified into ischemic, neuropathic or decubitus wounds. The healing 

potential of ulcer directly depends on its size and duration . The foot ulcer is 
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diagnosed by secretion of pus from infected wound and some physical factors 

like tenderness, edema, erythema and pain . 

 

ETIOLOGY: 

Causative organisms 

The DFU mostly appears to be polymicrobial in nature . Both gram-

positive (Staphylococcus aureus, Enterococcus) and gram-negative 

(Pseudomonas aeruginosa, E. coli, Klebsiella species, Proteus species, etc.) are 

involved in DFU.  

These different organisms combine together and form micro-

communities within a matrix of EPS (Extra cellular Polymeric Substances) and 

this is termed as biofilm . The percentage of dominance for biofilm formation 

by each organism varies in different reports. 

According to the report by Carla et al, (2015) the biofilm formation was 

dominated by Pseudomonas which was then followed by Corynebacterium, 

Acetinobacter, Staphylococcus and then Enterococcus. A study by Semedo-

Lemsaddek et al. reveals that enterococcal strains are a part of complex diabetic 

foot ulcer microbiota. 

On a study among the gram-negative bacteria in biofilm formation it 

was found that E. coli represented the most common isolate (42.2%), followed 
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by P. aeruginosa, K. oxytoca, K. pneumonia, Proteus vulgaris, Acinetobacter 

species, Proteus mirabilis and Morganella morgani . 

 In 2015, Banu et al. reported that the predominant biofilm former was 

Staphylococcus aureus followed by Pseudomonas aeruginosa, Citrobacter 

species, E. coli, Proteus species and then Klebsiella oxytoca. It was found that 

polymicrobial communities was able to produce higher biofilm formation than 

individual species 

Kirsner also stated that majority of infections in diabetic wounds are 

polymicrobial. He reported that most of the bacteria are aerobic gram-positive 

cocci especially Staphylococcus aureus and haemolytic Streptococci. Moreover 

an infection relays on the type and number of bacteria in a wound. 

 

BIOFILMS: 

Biofilms are nothing but communities of microorganisms within 

extracellular polymeric matrix which comprises of lipids, proteins, 

polysaccharides and nucleic acids, they attach to a biotic or abiotic surface in 

the solid-liquid interface. Moreover the organisms in the biofilm are provided 

with essential nutrients supply and water for their growth . The biofilm 

formation is the major cause of many chronic infections. Moreover they are 

multidrug-resistant and cause failure of the treatment. The eradication of 

biofilm is not possible using conventional antibiotics .  
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Elizabeth Alvarado-Gomez et al. stated that the biofilm formation is a 

resistant mechanism utilised by bacteria against immune system or antibiotics. 

He also reported that compared to the biofilm formed by mono-species 

organisms the biofilm formed by multi-species organisms is structurally and 

chemically more complex. 

 Moreover the adhesion forces vary between mono-species and 

multispecies biofilms. The biofilm formation depends on certain factors like a) 

availability of key nutrients, b) motility of bacteria, c) chemotaxis towards 

surface, d) surface adhesion and e) presence of surfactants. Biofilms are the site 

of quorum sensing . 

DFU being polymicrobial in nature forms biofilm which makes it 

difficult for treatment. The abuse and misuse of antibiotics for treatment of 

DFU resulted in multidrug resistance and failure of treatment causing health 

issue .  

The polymicrobial ecology forms multilayer biofilm . This multilayer 

biofilm is highly resistant to antibiotics. This is mainly due to close cell-cell 

contact in the biofilm which permits the easy transfer of plasmids which 

contains multidrug resistance genes from one organism to another . 

 Gender (male) 

 Duration of diabetes >10 yrs 

 Advanced age  

 High BMI 
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 Diabetic peripheral neuropathy 

 Peripheral vascular disease 

 Glycated hemoglobin level(HBA1C) 

 Foot deformity 

 High plantar pressure 

 Infections 

 Inappropriate foot self care habits. 

 Sensori motor and autonomic neuropathy 

 
 
CLASSIFICATION: 

The Meggitt–Wagner system 

The first of the diabetes specific classification systems to be published, 

the Meggitt–Wagner system, is a linear system consisting only six grades (0–5, 

where 0 is intact skin), the first three being related to depth. It is very simple to 

use which mayexplain its popularity despite its recognized limitations; for 

example, peripheral arterial disease (PAD) and infection are not considered 

separately for superficial lesions, and there is no mention of neuropathy. PAD 

is considered only in later stages as gangrene. As such in clinical practice most 

patients are graded 2 or 3 which means it is insufficiently precise to separate 

most lesions. Its imprecision would seem to make it particularly unsuitable for 

research protocols, yet sequential wound healing systematic reviews of the 

International Working Group of the Diabetic Foot have shown that large 
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numbers of articles classify the patient population according to the Meggitt–

Wagner grade. 

UT score 

The University of Texas (UT) system for ulcer classification 17 

primarily grades ulcers based on depth; each grade is then ‘staged’, which 

divides patients who have clean ulcers, those who are infected, those who have 

ischaemia and those who have both infection and ischaemia. As a result of the 

primary grading being based on depth, it has been shown to correlate well with 

the Wagner system in the prediction of major amputation, but is superior to the 

Wagner system in the prediction of wound healing . It is not a scoring system 

as such, but higher grades and higher stages are associated with worse 

outcomes. Although it was initially validated in an internal series  it has been 

later validated in a prospective two centre, two country study of 194 patients . 

Neuropathy is surprisingly not part of the classification, the authors' 

explanation being that they considered neuropathy as an already pre‐existing 

condition necessary to produce the majority diabetic foot wounds, its effects 

being negated if the patient is adequately offloaded5.  

 

S(AD) SAD system 

The S(AD) SAD system  was designed primarily for clinical audit and 

consists just five features, features thought to be key to distinguishing between 
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groups of lesions. These five elements are Size, (Area, Depth), infection 

(Sepsis), ischaemia (Arteriopathy) and neuropathy (Denervation) from which 

the acronym derives, and each element is scored 0–3. Like the UT system, this 

system has undergone validation by seeking correlations with outcome in an 

internal and external setting. The system has been criticized for its lack of 

detail in describing the key clinical categories and the inclusion of Charcot (as 

a grade of neuropathy). It is for these reasons that the system has been 

simplified and refined to produce the SINBAD system. 

 

The SINBAD system 

A simplified variation of the S(AD)SAD score, SINBAD has been 

validated in three different continents, reliably predicting healing time. It 

comprises the same five clinical features as S(AD)SAD (ischaemia, 

neuropathy, (bacterial) infection, area and depth) but with the addition of site 

(forefoot vs hindfoot). Each is graded in a simple binary fashion as either 

present or absent (0 or 1), giving a simple scoring system of severity with a 

maximum score of 6.This highlights the need to validate systems in external 

populations where different pathologies are more or less common, and may 

have different prognostic weighting. 
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The PEDIS system 

Designed by the International Working Group of the Diabetic Foot , the 

PEDIS system (Perfusion (ischaemia), Extent (area), Depth, Infection, 

Sensation (neuropathy)) includes the same five components as the S(AD) SAD 

system, but site is not included, unlike SINBAD. It differs from the UT and 

S(AD) SAD systems in being designed specifically for the purpose of 

population selection in prospective research. It uses strict definitions for the 

proposed grades of PAD and infection which gives the system the appearance 

of complexity.  

 

The DEPA system 

The DEPA scoring system scores four aspects of ulcers: depth, extent of 

bacterial colonization, phase of healing and associated aetiology . Each clinical 

category is scored by severity 1–3, giving a total score of 3–12, but few details 

are given as to exactly how the ulcers are scored. Area is not included, and 

neuropathy and ischaemia appear separately under associated aetiology but 

cannot be classified together. The DEPA score has been validated in a small 

patient sample of only 86 patients, with no inter‐observer variability testing and 

having excluded patients with severe disease such as osteomyelitis of the heel, 

and ulcers of greater than 10 cm . The outcome measure of healing was 

significantly associated with higher scores. However as ‘non‐healing ulcer’ is 

given a score of 3 at baseline (phase of healing), this is not too surprising. 
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DUSS 

Four clinical features are included as dichotomous variables in the 

diabetic ulcer severity score (DUSS): the presence of pedal pulses, probing to 

bone, ulcer location (toes vs foot) and the presence of multiple ulcerations on 

the foot . These are added to give a score between 0 and 4. The score has been 

internally validated in a large sample size of 1000 patients, predicting healing, 

amputation and need for surgery. Although the DUSS includes an assessment 

of the effect of ulcer location, it does not include neuropathy or infection. It is, 

however, a very simple scheme and therefore attractive for clinical practice. 

 

MAID 

The MAID score is from the same group as the DUSS and consists of 

four variables (palpable pedal pulses (I), wound area (A), ulcer duration (D), 

and presence of multiple ulcerations (M)), added to give a total wound score . 

As with DUSS, MAID incorporates the presence of palpable foot pulses and 

multiple ulcerations on the foot. Probing to bone and ulcer location have been 

removed however, and in their place, MAID incorporates wound area and ulcer 

duration. The MAID score has been shown to correlate with wound healing in a 

large validation study of over 2000 patients in the same country from which it 

was derived, although around a quarter of patients had leg ulcers not foot 

ulcers, the results of which were not described separately . 
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CHS system 

Based on data derived from patients treated within the Curative Health 

Services (CHS), it has six grades describing depth (grades 1–3), abscess or 

osteomyelitis (grade 4), necrotic tissue around the wound (grade 5) and 

gangrene on the limb (grade 6) . It has been validated three times by the same 

group, but all validations use data from the CHS wound care facilities for the 

prediction of healing of neuropathic ulcers at 20 weeks . In the 2005 study, an 

area under the curve of 0.80 was reported for the prediction of lower extremity 

amputation (LEA) (major and minor). In the 2003 study, the CHS classification 

was optimized (see next classification) in a derivation and validation set, both 

drawn from the same population. 

 

Margolis 2003 

In 2003, Margolis and colleagues used the same data set as above to 

derive more accurate predictive scores for healing of neuropathic ulcers . The 

following predictive factors were considered, chosen as they were easily 

collected during routine care: patient age and gender, duration of the oldest 

wound (months), size of the largest wound (mm ), CHS wound grade of the 

most severe wound and number of wounds on the foot. The simplest model 

counted 1 point each if the wound duration was greater than 2 months, the 

wound area was larger than 2 cm or had a grade ≥3 (on a 6‐point scale). This 
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scoring produced an area under the curve of 0.8 after constructing a receiver 

operating characteristic curve of nonhealing by 20 weeks. 

 

Saint Elian Wound Score System 

Derived from the original five variables included in the PEDIS 

classification, this classification system includes five more variables: foot ulcer 

location (toes, metatarsal or tarsal), ‘topographic aspect’ (dorsal, plantar, 

medial, lateral), number of affected ‘zones’, healing phase (epithelializing, 

granulating, inflammatory) and foot oedema . A total of 30 points are available. 

It was validated only once from the population from which it was derived . 

 

The Wound, Ischemia and foot Infection classification (WIfI) 

 Published in 2014  in response to the growing concern that patients with foot 

lesions secondary to diabetes are not easily classified by existing classification 

of limb ischaemia, it has three components: a description of the ulcer divided 

into three grades based on depth, a description of ischaemia, carefully defined 

based on a combination of ankle‐brachial pressure index, transcutaneous 

oxygen tension and toe systolic pressure and a description of infection, the 

grading being the same as in the Infectious Diseases Society of America 

(IDSA) criteria. This gives a score under the heading Wound (0–3) Ischaemia 

(0–3) and Infection (0–3). A Delphi consensus of the members of the Society 
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of Vascular Surgery Lower Extremity Guidelines Committee then assigned a 

risk of intervention to the each of the possible combinations of scores and 

created a Wound, Ischemia and foot Infection spectrum score regarding the risk 

of limb amputation at 1 year (very low risk, low risk, moderate risk or high 

risk). Once the patient has been scored under the three categories, the 

appropriate spectrum score is then derived to give an overall amputation risk. 

Spectrum scores deemed low risk, moderate risk and high risk for limb 

amputation at 1 year are categorized as clinical stage 2, stage 3 and stage 4 

disease, respectively, although the definitions of ‘low’, ‘moderate’ and ‘high’ 

risk are not given. 

The system does not include area or neuropathy. The vascular 

assessments require the equipment to be available for ankle‐brachial pressure 

index or transcutaneous oxygen tension measurements. 

 

PATHOGENESIS OF DIABETIC NEUROPATHY 

In the most diabetic complaints, insulin deficiency, and hyperglycemia 

are the major factors involved in both type of diabetes (type 1 and type 2). , 

The pathogenesis of diabetic neuropathy includes various factors, like 

hyperglycemia , pre-diabetes neuropathy , Vaso Nervorum , Protein Kinase C 

pathway activation , abnormal fatty acid metabolism , Polyol pathway , Myo-

inositol , advanced glycated end product , antibody to neural tissue . In the year 
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2004, four major pathogenic pathways mechanism explaining the 

hyperglycaemic nerve damage .  

These four major mechanisms are increased intracellular formation of 

AGEs, increased polyol pathway, activation of protein kinase C and increased 

hemosamine pathway flux. 

One theory is that due to chronic hyperglycemia in diabetes there is 

accelerated non-enzymatic glycation of intracellular proteins resulting in the 

formation of Advanced Glycation End (AGE) products by the so called 

Maillard reaction. In normal individuals, glucose reacts with amino groups to 

form some amount of Early Glycosylation products (stable Amadori products) 

through a nonenzymatic and irreversible process. 

 It has also arisen from intracellular auto-oxidation of glucose to 

glyoxal, decomposition of the Amadori product to 3-deoxygluconase, and 

fragmentation of glyceraldehyde-3-phosphate to methylglyoxal. These reactive 

intracellular dicarbonyls react with amino groups of intracellular and 

extracellular proteins to form AGEs. 

Different mechanisms have been explained by which AGE precursors 

have deleterious effects on target tissues. AGE act as recognition signals for 

uptake and degradation of proteins by macrophages resulting in the production 

of cytokines, and growth factors like TNF-a, IL-1, IGF-1, GM-CSF, G-CSF, 

and PDGF and ultimately oxidative stress. Modification of important matrix 

proteins like type 1 collagen, type 4 collagen, and laminin also occurs, resulting 
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in change in structure and function of extracellular matrix most importantly 

reduction in endothelial cell adhesion.  

AGE modified proteins can also alter cellular function through binding 

to specific AGE receptors (RAGE) on endothelial cells. RAGE belongs to a 

class of immunoglobulin super family is expressed on the surface of a variety 

of cell types, including endothelial cells, smooth muscle cells, lymphocytes, 

monocytes, and neurons. 

Activation of RAGE triggers the generation of reactive oxygen species 

and further activation of signalling molecules such as nuclear factor kB , p21, 

and PKC . 

Normally intracellular glucose is predominantly phosphorylated to 

Glucose 6 phosphate by the enzyme Hexokinase to be metabolized later on by 

glycolysis and HMP shunt and only some amount is converted to sorbitol by 

the Polyol pathway. Enzyme Aldose reductase is the rate limiting step in this 

alternate pathway and it has a low affinity for glucose. Under conditions of 

hyperglycemia there is increased flux of glucose through this pathway that is 

about 30% and is metabolized in this way. In a hyperglycemic environment, 

however, increased intracellular glucose results in increased enzymatic 

conversion to the polyalcohol sorbitol, with concomitant decreases in NADPH. 

The mechanism by which glucose flux through the polyol pathway is 

detrimental and not clearly defined.  
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It has been proposed that oxidation of sorbitol by NAD+ increases the 

cytosolic ratio of NADH/NAD+, there by inhibiting activity of enzyme 

glyceraldehydes-3-phosphate dehydrogenase and increasing concentratons of 

triose phosphate. Elevated triosephosphate concentratons could increase 

formation of both methylglyoxal, a precursor of AGE and diacylglycerol, thus 

activating PKC . It has also been found that reduction of glucose to sorbitol by 

NADPH consumes the cofactor NADPH which is required for regenerating 

reduced glutathione (GSH). This can lead to oxidative stress as glutathione is 

an important cellular antioxidant. Some other proposed mechanisms are 

sorbitol induced osmotic stress and decreased Na+,K+-ATPase activity. But the 

sorbitol concentration in diabetic vessels and nerves are too low to be 

considered significant . 

The third important mechanism is the activation of family of Protein 

Kinase C enzymes which are cell signalling enzymes. These enzymes are 

involved in diverse cellular functions ranging from cell growth and 

differentiation, apoptosis, protein trafficking, cytoskeletal rearrangement, and 

cell polarity. PKC isofoms are activated by second messenger Diacyl glycerol. 

In states of hyperglycemia, there is increased concentration of DAG as a result 

of its denovo synthesis from glyceraldehyde-3-phosphate. 

 Activation of PKC has been associated with suppression of nitric oxide 

(NO) production via inhibition of insulin stimulated expression of endothelial 

nitric oxide synthase (eNOS) and stimulation of endothelin 1(ET-10) 

vasoconstrictor activity. It also leads to increased microvascular matrix protein 
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accumulation by inducing the expression of TGF-β1, fibronectin, and type IV 

collagen. It has also been implicated in the over expression of the fibrinolytic 

inhibitor PAI-1 and in the activation of pleiotropic transcription factor NF-kB. 

It also induces expression of the permeability-enhancing factor VEGF . 

A fourth hypothesis is that, in states of hyperglycemia there is increase 

flux of glucose through Hexosamine pathway. Fructose-6-phosphate which is 

derived from glucose is ultimately converted to UDP-N-acetylglucosamine 

(UDP-GlcNAc).  

This product glycosylates the threonine and serine residues of target 

proteins by the enzyme UDP-GlcNAc, which can alter the functional properties 

of many transcriptional regulatory factors . 

All these were seemed to reflect single hyperglycaemic induced process 

of overproduction of superoxide by michondrial electron transport chain . 

These associations might help in to explain the detail mechanism involved in 

the metabolic syndrome to develope diabetic neuropathy before they are 

diagnosed as overt type 2 diabetes. 

NEUROPATHY 

Neuropathy causes more than 60% of the foot ulcers and affects patients 

with both type 1 and type 2 DM. Rise in blood glucose levels leads to increased 
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enzyme production such as aldose reductase and sorbitol dehydrogenase. These 

enzymes convert glucose into sorbitol and fructose. 

 As these sugar products accumulate, the synthesis of nerve cell 

myoinositol is decreased, affecting nerve conduction . Furthermore, 

hyperglycaemia induced microangiopathy leads to reversible metabolic, 

immunologic and ischemic injury of autonomic, motor and sensory nerves . 

This causes a decrease in peripheral sensation and damages the nerve 

innervations of small muscles of the foot and fine vasomotor control of the 

pedal circulation . 

When the nerve gets injured, the patient is at a higher risk of getting a 

minor injury without noticing it until it becomes an ulcer. The risk of 

developing foot ulcers in patients with sensory loss is increased up to seven-

fold, compared to non-neuropathic patients with diabetes [4]. DM also affects 

the autonomic nervous system, leading to dryness and fissuring of skin, making 

it prone to infection. Autonomic system also controls the microcirculation of 

skin. These changes ultimately contribute to the development of ulcers, 

gangrene, and limb loss . Peripheral neuropathy has also been implicated in 

Charcot neuroarthropathy . 
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VASCULOPATHY 

Hyperglycemia causes endothelial cell dysfunction and smooth cell 

abnormalities in peripheral arteries. Endothelial cells synthesize nitric oxide 

which causes vasodilation and protects the blood vessels from endogenous 

injury. Hence, in hyperglycemia, there is perturbation of the physiological 

properties of nitric oxide which usually regulates the endothelial homeostasis, 

anticoagulation, leukocyte adhesion, smooth muscle cell proliferation and 

antioxidant capacity. 

 Endothelium-derived vasodilators and nitric oxide are decreased hence 

leading to constriction of the blood vessels and propensity for atherosclerosis , 

eventually leading to ischemia. Ischemia can also occur even in the presence of 

palpable pedal pulses . The microcirculation is also disturbed due to arteriolar-

venular shunting, reducing the blood circulation to the area of need . 

Hyperglycemia in DM is also associated with increase in thromboxane A2 

leading to plasma hypercoagulability . Clinically the patient may have signs of 

vascular insufficiency such as claudication, night pain or rest pain, absent 

peripheral pulses, thinning of skin, loss of limb hair etc. . 

 

 



24 
 

IMMUNOPATHY 

Compared to a healthy person’s immune system, that of a patient with 

diabetes is much weaker. Thus, foot infection in a patient with diabetes is a 

limb threatening and debilitating condition. The hyperglycaemic state causes 

an elevation of pro-inflammatory cytokines and impairment of 

polymorphonuclear cell functions like chemotaxis, adherence, phagocytosis 

and intracellular killing . Besides that, high blood glucose is a good medium 

for the growth of bacteria. 

 The predominant organisms in diabetic foot infections are mainly 

aerobic gram positive cocci like S. aureus and β-hemolytic streptococci but in 

one research conducted in India, gram-negative aerobes were the common 

microorganisms in diabetic foot . The soft tissues of foot like plantar 

aponeurosis, tendons, muscles sheaths and fascia cannot resist infections. 

Furthermore, several compartments in the foot are interconnected and could 

not limit the spread of infection from one into another. 

 This soft tissue infection can rapidly spread to the bones, causing 

osteitis. Thus a simple ulcer on the foot can easily result in complications such 

as osteitis/osteomyelitis and gangrene without appropriate care. 
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MECHANICAL STRESS 

Insensate limbs are prone to injury which is often overlooked. The 

movements of the foot like flexion and extension are affected due to the 

damage to innervations of the foot muscles. Gradually, it leads to an alteration 

of the anatomical framework of the foot and formation of deformities. 

 The deformities in turn create abnormal bony prominences and pressure 

points eventually predisposing to ulcers. Metatarsal fat pads are displaced 

distally, reducing the cushioning effects of the metatarsal heads and increase 

the pressure points which lead to callus formations that cause skin breakdown 

and ulceration .  

Peripheral neuropathy promotes callus formation. The callus (callosity) 

contributes to high pressure areas and ulcer formation . In the words of 

Duckworth et al. “abnormally high pressures are more common in patients with 

diabetic neuropathy and almost all patients with a history of ulceration show 

high-pressure areas which correlate well with the site of previous ulceration.” 

Usually, ulcers occur on the plantar aspect of great toe and heel. 

 However, ill-fitting shoes (which are the most common source of 

trauma) can cause ulcers on the dorsal aspect . Hence neuropathic foot ulcer 

formation in patients with diabetes has a complex multifactorial 

aetiopathogenesis wherein areas of high pressure complimented by peripheral 
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neuropathy and associated skin changes lead to ulcer formation. 

NEUROARTHROPATHY 

Charcot neuroarthropathy (CN) is a chronic painless progressive 

degenerative arthropathy resulting from the disturbance in sensory innervations 

of the affected joint. The impairment of the autonomic nervous system due to 

DM causes an increase in local blood supply and the resting blood flow is 

much higher than in the normal patient. The sudden increase in blood flow 

causes calcium to dissolve, leading to osteoclastic activity of the bone and thus 

damaging the bone .  

Another theory is that the repetitive minor trauma to the insensate joints 

leads to fracture and disintegration . The production of proinflammatory 

cytokines leads to uncontrolled osteolysis in CN. The cytokines such as tumor 

necrosis factor-α and interleukin-1β increase the expression of receptor 

activator of nuclear factor-κb (RANKL), which in turn causes maturation of 

osteoclasts by triggering production of nuclear factor-κb .  

The hallmark deformity associated with this condition is midfoot 

collapse, also known as “rocker-bottom” foot. There might be hallux valgus 

deformity and loose bodies in the joint cavity. The deformities associated with 

CN also predispose for recurrent ulcerations. 
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PATHOPHYSIOLOGY OF PERIPHERAL VASCULAR DISEASE 

Atherosclerosis (also known as arteriosclerotic vascular disease or 

ASVD) is a condition in which an artery wall thickens as a result of the 

accumulation of fatty materials such as cholesterol. 

 It is a syndrome affecting arterial blood vessels, a chronic inflammatory 

response in the walls of arteries, caused largely by the accumulation of 

macrophage white blood cells promoted by low-density lipoproteins (plasma 

proteins that carry cholesterol and triglycerides) without adequate removal of 

fats and cholesterol from the macrophages by functional high density 

lipoproteins (HDL), (apoA-1 Milano). Some researchers believe that 

atherosclerosis may be caused by an infection of the vascular smooth muscle 

cells; chickens, for example, develop atherosclerosis when infected with the 

Marek's disease herpesvirus Atherogenesis is the developmental process of 

atheromatous plaques. 

 It is characterized by a remodeling of arteries leading to subendothelial 

accumulation of fatty substances called plaques. The build-up of an 

atheromatous plaque is a slow process, develope over a period of several years 

through a complex series of cellular events occurring within the arterial wall, 

and in response to a variety of local vascular circulating factors. One recent 

theory suggests that, for unknown reasons, leukocytes, such as monocytes or 

basophils, begin to attack the endothelium of the artery lumen in cardiac 

muscle . The ensuing inflammation leads to formation of atheromatous plaques 

in the arterial tunica intima, a region of the vessel wall located between the 
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endothelium and the tunica media. The bulk of these lesions is made of excess 

fat, collagen, and elastin. At first, as the plaques grow, only wall thickening 

occurs without any narrowing. Stenosis is a late event, which may never occur 

and is often the result of repeated plaque rupture and healing responses, not just 

the atherosclerotic process by itself. 

The initial damage to the blood vessel wall results in an inflammatory 

response. Monocytes (a type of white blood cell) enter the artery wall from the 

bloodstream, with platelets adhering to the area of insult. This may be 

promoted by redox signaling induction of factors such as VCAM-1, which 

recruit circulating monocytes. The monocytes differentiate into macrophages, 

which ingest oxidized LDL, slowly turning into large "foam cells" – so-

described because of their changed appearance resulting from the numerous 

internal cytoplasmic vesicles and resulting high lipid content. 

 Under the microscope, the lesion now appears as a fatty streak. Foam 

cells eventually die, and further propagate the inflammatory process. There is 

also smooth muscle proliferation and migration from tunica media to intima 

responding to cytokines secreted by damaged endothelial cells. This would 

cause the formation of a fibrous capsule covering the fatty streak. 
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BIOMECHANICS OF DIABETIC FOOT ULCER 

Most of the skin injuries on the feet of diabetic patients with neuropathy 

mainly occur in forefoot, with equal distribution on plantar and dorsal surface , 

and those on plantar are frequently occur at site of higher pressure areas . 

Now various tools are available to measure the pressure areas under bare 

foot walking and also inside the shoes. The overall component of brief 

examination of foot in two minutes studied.. 

One of the important aspects of biomechanics study is the planter 

pressure examination.a pressure of 750kPa will provide a cut-off value to 

differentiate between the low risk and high risk patients. The second most 

important aspect is foot deformity and the various risk factors for foot 

deformity are depicted which is the key factor for injury in the foot. 

 The high foot pressure on dorsal and plantar surface will cause most 

skin injury. This may lead to vulnerable areas on the foot predisposing to 

ulceration. Motor neuropathy, with imbalance of the flexor and extensor 

muscles in the foot, frequently results in foot deformity, with prominent 

metatarsal heads and clawing of the toes, In turn, the combination of 

proprioceptive loss due to neuropathy and the prominence of metatarsal heads 

lead to increases in the pressures and load under diabetic foot . In the charcot 

process, the foot is also erythematous, hot, and swollen, but in the healed stage, 

these findings are absent. 
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The third aspect is the callus in the foot. The etiology of callus is still 

unknown. In a study by Murray et al, the callus was present with the loss of 

sensation in foot, that have high risk of developing an ulcer. It is therefore, 

strongly recommended to remove the callus from the foot using appropriate 

measures. The third important aspect is the limited joint mobility. 

The relationship of joint limitation and plantar ulceration was 

established in a study by Delbridge et. al. There was a significant correlation 

between joint mobility at the sub-talar joint and mobility at the first 

metatarsophalangeal joint. 

 They found significantly decreased great toe extension using a torque 

range-of-motion system in diabetic patients with a history of great toe ulcers 

compared to diabetic patients with a history of ulcers at other sites and normal 

controls. it was found significantly increased foot pressures using 

pedobarography in diabetic patients with limited subtalar and 

metatarsophalangeal joints compared to diabetic patients and controls without 

limited mobility. sensory loss and joint hypomobility may result in increased 

pressure and plantar ulceration. Orthoses and footwear, designed to spread the 

stresses over time or reduce the function motion requirements (e.g., rocker 

sole) during walking time, are needed to compensate for hypomobility in the 

feet of patients with hypomobility.  
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HISTORY AND PHYSICAL EXAMINATION 

A proper investigation should be carried out in all patients with 

diabetes. A good history should include the duration of DM, neuropathic and 

peripheral vascular disease symptoms, previous ulcers or amputations and any 

other complication of DM like retinopathy or nephropathy. A complete history 

will aid in assessing the severity and risk of foot ulceration. 

Foot examinations are reported to be effective in reducing the risk of 

amputations . The foot should be carefully inspected for abnormalities like dry 

skin, fissures, deformities, and callosities. Ulcerations, prominent veins, and 

nail lesions should be looked out for. Changes in the foot temperature must be 

noted. An increase in temperature might suggest inflammation while a 

decrease may indicate ischemia. Capillary refilling time should be assessed. 

All peripheral pulses must be examined. Pain, redness and swelling of the 

insensate foot/ankle should alert the examiner for CN, which can be easily 

confused with septic or gouty arthritis. 

EXAMINATION OF ULCER 

A sterile stainless steel probe is used for assessing the ulcer to 

determine the depth and if there are sinus tracts present . The location, size, 
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shape, depth, base and margins of the ulcer should be examined clinically. 

Presence of granulation tissue or slough should be looked for in the floor of 

the ulcer to determine subsequent management. Diagnosing a soft tissue 

infection in patient with diabetes is sometimes difficult, as the signs of 

inflammation of the overlying ulcer may be absent. The infection is mainly 

diagnosed based on presence of clinical signs and symptoms such as redness, 

warmth, tenderness, purulent secretions and fever . Palpation of the bone at 

the base of the ulcer with a sterile, blunt stainless steel probe has been 

suggested as positive predictor of underlying osteomyelitis . 

NEUROLOGICAL TESTING 

Sensory neuropathy can be tested by using monofilaments and 

biothesiometer. Semmes-Weinstein monofilaments are reported to be easy to 

use and help in predicting the risk of ulceration and amputation . Caputo et al. 

suggested annual testing of all patients with diabetes with a nylon 

monofilament to detect peripheral neuropathy. 

 A 128 Hz tuning fork can also be used to test for vibratory sensation 

over the tip of the great toe bilaterally since metabolic neuropathies are more 

severe distally. Pain sensation should be tested as well. The Heart Rate 

Variability (HRV) with deep breathing or orthostatic blood pressure is 

measured to detect autonomic neuropathy and any decrease or absence of 
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HRV is considered the earliest sign of autonomic neuropathy in DM . 

Specialised tests for sudomotor dysfunction include thermoregulatory sweat 

testing, quantitative sudomotor axon reflex testing, silicone impressions, the 

Sympathetic Skin Response (SSR), and the quantitative direct and indirect 

axon reflex testing . These tests can be used in various combinations to 

localise the lesion of autonomic dysfunction (pre-ganglionic or post-

ganglionic) . 

LABORATORY INVESTIGATIONS 

The standard procedure involves measuring blood glucose level and 

urine for glucose and ketones. Other investigations like full blood count, blood 

urea, electrolytes, and creatinine levels should be monitored regularly. 

Glycosylated hemoglobin (HbA1C) is important to gauge the patient’s overall 

glycemic control as HbA1c shows the mean blood sugar concentration best 

over previous weeks to months . 

 Hepatic and renal function tests are necessary for monitoring the 

patient’s metabolic status. ESR can be done to assess the presence and 

response to treatment of infections like osteomyelitis . Routine wound cultures 

are not recommended since all wounds harbour microorganisms . However in 

the presence of invasive infection, cultures from the deeper tissue will help to 

identify the causative microorganisms. 
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IMAGING 

In case of diabetic foot, it is hard to assess the depth of the ulcer 

especially when there is pus and slough covering it. Also, it is hard to 

determine the extent of deep infection as the rubor of inflammatory response 

is minimal in subfascial sepsis . X rays are helpful to determine the depth of 

foot ulceration and to assess presence of bone infection or neuroarthropathy. 

In CN, radiographs may reveal bony erosions, fractures, subluxation 

/dislocation of multiple joints, osteosclerotic features or united fractures . 

Magnetic Resonance Imaging has emerged as a popular investigation for 

many of the foot problems. 

 In Diabetic foot it is especially useful to detect infection and CN. It is 

used to evaluate the extent of foot infection by revealing the depth of 

ulceration, edema and localized fluid collections in the soft tissues, joints and 

tendon sheaths. Positron emission tomography demonstrates a high specificity 

for osteomyelitis . 

OTHER INVESTIGATIONS 

Most of the DFUs may have silent osteomyelitis. Newman et al. found 

Indium-111 leukocyte scan to be 89% sensitive for diagnosing osteomyelitis 

in DFUs . The treatment of ischaemic ulcers invariably requires surgical 
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revascularization and hence differentiating them from neuropathic ulcers is 

paramount. Ankle brachial index (ABI) or toe-brachial index can be used to 

determine the extent of the vascular problem . Values below 0.9 suggests an 

obstruction while ABI less than 0.4 is associated with tissue necrosis and a 

significant risk for amputation . 

 Screening ABI every 5 years in patients with diabetes without any 

signs/symptoms of vascular insufficiency has been recommended. Pulse 

oximetry has also been reported to be as effective as ABI and the sensitivity of 

the test will be improved if used together with ABI . The transcutaneous 

oxygen tension method is a reliable indicator of skin perfusion as periwound 

cutaneous perfusion is the critical physiological determinant of ulcer healing. 

TcPO2 less than 20mmHg has been associated with early wound healing 

failure .  

Other investigations to detect vascular insufficiency include measuring 

absolute toe pressure, continuous-wave Doppler Ultrasonography, duplex 

ultrasonography, pulse volume recordings and angiography (CT, MRI or 

contrast). Pedobarography is a study of foot pressure and has been widely 

used in the research of diabetic foot . In-shoe and barefoot peak plantar 

pressure measurement has also been suggested to assess foot at-risk and 

prevent ulcers . 
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In summary, DM affects multiple systems such as CVS, CNS, urinary, 

eye etc. Investigations in patients with DFU should be performed not only to 

assess local foot problems but also to assess the patient as a whole. Local 

investigations should be used to differentiate vascular from neurological 

problems, as the treatment of each is different. Detecting CN requires special 

investigations to differentiate it from other inflammatory conditions. 

MANAGEMENT: 

Primary management goals for diabetic foot ulcer are to obtain wound 

closure as much as possible.being a muli organ systemic disease ,all 

comorbities that affect wound healing should be dealt with multi team 

approach for optimal outcomes . 

it includes general practitioner ,a nurse ,an educator,an orthotic 

specialist,a podiatrist,vascular surgeons,dermatologists ,endocrinologists 

,dieticians and orthopedic specialist. 

 

EDUCATION: 

Self education has shown to reduce 50% of cases by foot self 

management .patients should be educated about risk factors,importance of foot 

care,self inspection,monitoring foot temperature ,daily foot hygiene,use of 

proper hygiene,use of proper footwear,blood sugar monitoring  
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BLOOD SUGAR CONROL: 

The best indicator of glucose control is HBA1C level.it indicates blood 

sugar concentraion over period of 90 days that of a average red blood cell in 

peripheral circulation. 

HBA1C levels of more than 11.1 causes decreased neutrophil function 

,leukocyte chemotaxis,supression of inflammatory responses and decreasing 

host response to infection . 

It was indicated that single blood glucose level of more than 220 mg/dl 

on first post op day was sensitive indicator of post op infection. 

1%  mean reduction in HBA1C was associated with 25% reduction in 

microvascular complications . 

 

DEBRIDEMENT: 

It is removal of necrotic and senescent tissues as well as foreign infected 

bodies from the wound .debridement will decrease bacterial counts and 

stimulates production of local growth factors. 
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This reduces pressure ,evaluate  the wound bed and facilitates wound 

drainage .it includes surgical ,enzymatic,autolytic,mechanical and biological. 

The most purpose of this debridement is to turn a chronic ulcer into 

acute one.more frequent debridement the better outcome. 

Biological debridement method  is MAGGOT DEBRIDEMENT 

THERAPY (MDT).in this method sterile and live forms of LUCILIA 

SERICATA larave are applied to wound . 

They secrete powerful autolytic enzyme that liquefies necrotic tissue 

,stimulates healing and destroys bacterial biofilms .they can dimnish wound 

odor and bacterial account including MRSA prevent hospital admission . 
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OFFLOADING : 

Commonly known as pressure modulation,most important for 

management of neuropathic ulcers in patients with diabetes .the most effective 

technique is Total contact casts. 

Total contact casts is minimaly padded and molded carefully to shape of 

foot with a heel for walking ,relieves pressure from ulcer and distributes over 

entire foot . 

Main disadvantage of TCC was need for expertise.improper use can 

cause skin irritation or ulceration ,expense of time and materials ,limitations on 

daily activities .Casts do not allow daily assessment of foot .  

 

REMOVABLE CAST WALKER is easily removable for self inspection 

and topical application . 
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iTCC(Instant total contact casts) more effective than previous ones.it 

forces patient to adhere advice to immobilize the foot  while allowing for easy 

application and examination of ulcer . 

 

PHYSIOLOGY OF DRESSINGS: 

 It should confer moisture balance,protease sequestration,growth factor 

stimulation,antimivrobial activity,oygen permeability,promote autolytic 

debridement,granluation tissue proliferation and re-epithelialization. 

Choice of dressings depends on wound location ,depth ,amount of scar 

or slough ,wound margins,infection ,pain ,need for adhesiveness and 

conformability of dressings . 

It is classified as active ,passive or interactive. 

PASSIVE dressings -used as protective functions and for acute wounds 

since they absorb exudates and good protection. 

ACTIVE and INTERACTIVE dressings modify phsiology of wound by 

stimulating cellular activity and growth factor release.most used for chronic 

wounds since they adapt easily and give a moist environment . 
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ADVANCED DRESSINGS : 

  Films  

 Hydrogels 

 Hydrocolloids 

 Alginates 

 Foams 

 Silver impregnated materials  

These maybe cost effective because of lowered frequency of dressing 

changes and not requiring extensive nursing time . 

 

DETERMINE THE NEED FOR SURGERY 

Many infections require surgical procedures that range from drainage 

and excision of infected and necrotic tissues to revascularization of the lower 

extremity and reconstruction of soft-tissue defects or mechanical 

misalignments . Unfortunately, surgical treatment of diabetic foot infections is 

based on even less-structured evidence than that for antibiotic therapy .  

Seek urgent surgical consultation for life- or limb-threatening infections, 

such as those presenting with necrotizing fasciitis, gas gangrene, extensive soft-

tissue loss, or evidence of compartment syndrome, or those in limbs with 

critical ischemia  . 
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 A surgical specialist should also evaluate patients who have 

unexplained persistent foot pain or tenderness and/or evidence of a deep-space 

infection, deep abscesses, or progressive infection in the face of apparently 

appropriate medical care . Timely and aggressive surgical debridement, 

including limited resections or amputations, may reduce the need for more-

extensive amputation . Pus under pressure, especially in an ischemic foot, can 

cause rapid and irreparable damage. For patients with less-serious infections, it 

may be appropriate to delay surgery to carefully observe the effectiveness of 

medical therapy or to determine the demarcation line between necrotic and 

viable tissue . 

The surgeon must determine the adequacy of the blood supply to the 

remaining viable tissues, consider common operative pitfalls (e.g., infection 

spreading among foot compartments, to the deep plantar space, or along the 

tendon sheaths), and formulate a strategy for eventual soft-tissue cover (e.g., 

primary closure, delayed primary closure, secondary intention, or tissue 

transfer) .  

The surgical approach should optimize the likelihood for healing and 

should attempt to preserve the integrity of the walking surface of the foot . In 

addition to manual dexterity, the surgeon must have sufficient knowledge and 

experience to judge when and how to intervene. The surgeon's training 

specialty is less important than his or her knowledge of the anatomy of the foot, 

the pathophysiology of ulceration and infection, and experience with and 
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enthusiasm for the field . In most instances, the surgeon should continue to 

observe the patient until the infection is under control and the wound is healing. 

In some cases, amputation is the best or only option . Urgent amputation 

is usually required only when there is extensive necrosis or life-threatening 

infection . Elective amputation may be considered for the patient who has 

recurrent ulceration (despite maximal preventive measures), has irreversible 

loss of foot function, or would require unacceptably prolonged or intensive 

hospital care . Selection of the level of amputation must take into consideration 

vascular, reconstructive, and rehabilitation issues . Generally, the surgeon 

should attempt to save as much of the limb as possible. However, a higher-

level amputation that results in a more functional residual stump (even if a 

prosthesis is required) may be a better choice than preserving a foot that is 

mechanically unsound, unlikely to heal, or prone to future ulceration. 

 When all or part of a foot has dry gangrene, it may be preferable 

(especially for a patient for whom surgery is a poor option) to let the necrotic 

portions autoamputate. It may also be best to leave adherent eschars in place, 

especially on the heel, until they soften enough to be more easily removed, 

provided there does not appear to be an underlying focus of infection . 

If the infected limb appears to be ischemic, the patient should be 

referred to a surgeon with vascular expertise . In most cases, ischemia is due to 

larger-vessel atherosclerosis, rather than to “small-vessel disease” . 
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 Because vessels above the knee and below the ankle tend to be 

relatively spared, lower-extremity atherosclerosis may be amenable to 

angioplasty or vascular bypass . Patients with noncritical ischemia (e.g., those 

with an ankle to brachial artery blood pressure index of 0.5–0.9) can usually be 

successfully treated without a vascular procedure. For more-severe vascular 

disease of the foot, many centers have reported successful use of femoral-distal 

bypass procedures in diabetic patients . For a patient with a severely infected 

ischemic foot, it is usually preferable to perform any needed revascularization 

early after recognizing the infection (i.e., within 1–2 days), rather than to delay 

this procedure in favor of prolonged (and potentially ineffective) antibiotic 

therapy . On the other hand, careful debridement of necrotic infected material 

should not be delayed while awaiting revascularization. Optimal surgical 

management may require multiple, staged procedures . 

 

FORMULATE A WOUND CARE PLAN 

 The wound may require additional attention after the debridement 

performed during the initial assessment . The goal is to physically excise dead 

and unhealthy tissue, thereby enabling wound healing and removing a reservoir 

of potential pathogens. Any experienced clinician may perform limited 

debridement. This can usually be undertaken as a clinic or bedside procedure 

and without anesthesia, especially for a neuropathic foot. 
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 Sharp debridement with scalpel, scissors, or tissue nippers is generally 

preferable to hydrotherapy or topical debriding agents, which are less definitive 

and controllable and may require prolonged and repeated applications. There 

are many wound-care products that are touted as being able to improve healing 

in various ways , but a discussion of these is beyond our scope.  

The infected wound should be dressed in a manner that allows daily 

inspection and encourages a moist wound-healing environment . No evidence 

favors any particular type of dressing; convenience and cost are important 

considerations. Removal of pressure from a foot wound (i.e., off-loading) is 

crucial to the healing process . Many types of devices can off-load the infected 

wound, but it is important to choose one that permits easy inspection . 

 

SURGERY: 

WOUND CLOSURE 

 Wound closure is attempted once the ulcer is clean with healthy 

granulation tissue. Primary closure is possible for small wounds; tissue loss can 

be covered with the help of skin graft, flap or commercially available skin 

substitutes. 

 Split-thickness skin grafts are preferred over full thickness grafts. In 

one study , topical phenytoin application before autografting promoted 

granulation tissue formation and was found to enhance graft uptake in large 
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DFUs. Yamaguchi et al. used a combined method of treating DFUs by scraping 

the exposed bone till it bled and covered it with epidermal sheets obtained from 

suction blisters of patients. The authors stated 100% success rate with this 

technique. Another study comparing skin grafting and standard dressing in the 

management of DFUs found better results in skin graft group in terms of 

decreased healing time and length of hospital stay. DFUs with exposed tendon, 

ligament or bone require coverage with muscle flaps .  

Flaps can be either local (for smaller wounds) or freeflaps (for large 

area). Latissimus dorsi, gracilis or rectus abdominis are the commonly used 

free flaps . The limitations of standard flaps include donor site morbidity, 

difficulty in shaping the flaps and interference with footwear.  

REVASCULARIZATION SURGERY 

 Patients with peripheral ischemia who have significant functional 

disability should undergo surgical revascularization if medical management 

fails. This may decrease the amputation risk in patients with ischaemic DFUs . 

it is advocated early revascularization after controlling the infection in cases of 

ischaemic DFUs. The procedures include open (bypass grafting or 

endarterectomy) or endovascular techniques (angioplasty with or without 

stent). 
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The traditional method of treatment for ischemic limbs is surgical 

bypass. Autologous vein (preferably) or synthetic grafts may be used. Peroneal 

and dorsalis pedis bypass have been used and have acceptable limb salvage 

rates . With regard to angioplasty, good results in terms of low post procedure 

amputation rate (5.2%) have been reported with the use of percutaneous 

transluminal angioplasty of infrapopliteal artery . However a Cochrane review 

by Berridge et al. found no difference in limb salvage or death at one year 

between initial surgery and initial thrombolysis . The authors concluded that 

the higher risk of complications associated with thrombolysis must be balanced 

against risks of surgery in every case. 

 

AMPUTATION 

Amputations are generally used as a treatment of last resort when other

measures fail. However, they may be also performed earlier to allow for earlier

return to work or better functional status. For example, amputation is preferred

over prolonged antibiotic therapy in case of toe infections (except for the great

toe) . Patients with DM account for around 40-60% of all the lower extremity

amputations and most of them result from deterioration of foot ulcer . Schaper

et al. mentioned that patients with diabetes who have a foot infection are
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around 50 times more likely to be hospitalized and 150 times more likely to 

undergo lower extremity amputation than those without foot infections. 

 Determining the level of amputation requires the tradeoffs between 

vascularity and limb length. As a general principle, it is imperative to save as 

much limb length as possible. Clinical examination, ABI and transcutaneous 

oxygen measurements (before and after inhalation of oxygen) can be used to 

decide the level of amputation, but of these transcutaneous oxygen 

measurements are preferred . The commonly performed amputations for 

ischaemic DFUs include toe, Ray, transmetatarsal, tarsometatarsal (Lisfranc), 

midtarsal (Chopart), hindfoot and ankle (Pirogoff, Boyd, Syme’s) and trans-

tibial. A two-stage technique of Syme’s amputation has been described to 

decrease the risk of infection and wound healing reported with it in patients 

with diabetes.  

However Pinzur et al. in a randomized control trial found singlestage 

Syme’s amputation as effective as two-stage amputation . Tenectomy of the 

Achilles tendon is preferred along with Lisfranc and Chopart amputations to 

avoid equinus deformity. Tourniquet, thin skin flaps and suturing of muscles to 

bones (myodesis) are avoided . Avoiding hematoma formation by meticulous 

haemostasis is desired. Post-amputation, simple moistened gauze dressings are 

preferred. Depression and anxiety are the common psychiatric illness in 

amputees and the decision to amputate a patient’s limb must be made in 
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consultation with the patient and with comprehensive counselling.  

Exostectomies, arthrodesis and amputation are done to manage 

complications such as CN. The indications for surgery in CN are failed 

conservative management with deformity, joint instability, infection and 

recurrent ulceration . Osteomyelitis usually responds to antibiotics without the 

need for surgery. However, if required the infected bone can be resected if it 

does not affect the architecture of the foot. 

 

ADVANCED THERAPIES: 

hyperbaric oxygen therapy (HBOT) has shown promise in the treatment 

of serious cases of non-healing DFU, which are resistant to other therapeutic 

methods. HBOT involves intermittent administration of 100% oxygen, usually 

in daily sessions. 

 

 During each session, patients breathed pure oxygen at 1.4-3.0 absolute 

atmospheres during 3 periods of 30 min (overall 90 min) intercalated by 5 min 
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intervals in a hyperbaric chamber. Despite reports of increased healing rates 

and decr-eased amputation rates with using HBOT, adjuvant use of this method 

in DFU remains a controversial issue. HBOT does not substitute for antibiotic 

therapy, local humid therapy, or surgical wound debridement. Furthermore, 

HBOT is available in only a minority of communities as it is expensive. 

ELECTRICAL STIMULATION 

Electrical stimulation (ES) has been reported as a perfect adjunctive 

therapy for DFU healing in recent literature. Currently, there is a substantial 

body of work that supports the effectiveness of ES for DFU healing. it is 

suggested that ES could improve common deficiencies that have been 

associated with faulty wound healing in DFU, such as poor blood flow, 

infection, and deficient cellular responses. 

 

NEGATIVE PRESSURE WOUND THERAPY 

Negative pressure wound therapy (NPWT) is a non-invasive wound 

closure system that uses controlled, localized negative pressure to help heal 

chronic and acute wounds. This system uses latex-free and sterile polyurethane 

or polyvinyl alcohol foam dressing that is fitted at the bedside to the 

appropriate size for every wound, and then covered with an adhesive drape to 

create an airtight seal. 
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Most commonly, 80-125 mmHg of negative pressure is used, either 

continuously or in cycles. The fluid suctioned from the wound is collected into 

a container in the control unit. 

It seems that NPWT removes edema and chronic exudate, reduces 

bacterial colonization, enhances formation of new blood vessels, increases 

cellular proliferation, and improves wound oxygenation as the result of applied 

mechanical force. 

This method has been advocated by numerous RCTs as a safe and 

effective adjunctive modality in the treatment of DFU. 

Studies have shown that wound healing with this approach results in a 

higher proportion of healed wounds, faster time for wound closure, a more 

rapid and robust granulation tissue response, and a potential trend towards 

reduced risk for a second amputation than for the control treatment. In addition, 
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meta-analysis studies have indicated that NPWT significantly reduces healing 

times and increases the number of healed wounds. 

While the evidence for NPWT in DFU patients is promising, this 

method does not replace surgical wound debridement to improve blood 

circulation in all DFU patients. Investigations have shown that when NPWT is 

initiated, there must be no significant infection or gangrene in the wound. Also, 

RCTs have shown significantly higher mean material expenses for wounds 

treated with NPWT when compared to conventional therapy (moist gauze) in 

the management of full-thickness wounds requiring surgical closure. 

BIOENGINEERED SKIN 

Bio-engineered skin (BES) has been used during the last decades as a 

new therapeutic method to treat DFU. This method replaces the degraded and 

destructive milieu of extra cellular matrix (ECM) with the introduction of a 

new ground substance matrix with cellular components to start a new healing 

trajectory. BES product cells are seeded into the scaffolds and cultured in vitro. 

In vitro incubation establishes the cells and allows the cell-secreted ECM and 

growth factors to accumulate in the scaffold. The cells within live cell scaffolds 

are believed to accelerate DFU healing by actively secreting growth factors 

during the repair process. 
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In addition, it seems that BES can provide the cellular substrate and 

molecular components necessary to accelerate wound healing and 

angiogenesis. They act as biologic dressings and as delivery systems for growth 

factors and ECM components through the activity of live human fibroblasts 

contained in the dermal elements. 

 Despite the advantages of BES, they cannot be used in isolation to treat 

DFU. Peripheral ischemia, which is one of the pathological characteristics of 

DFU, is a critical contributing factor that affects BES transplantation. Hence, 

surgical revascularization and decompression as well as wound bed preparation 

are considered as essential prerequisites for BES applications. In addition, this 

method needs control of the infection. Therefore, the above-mentioned points 

may result in high long-term costs and cause major concern for use of this 

treatment. 
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GROWTH FACTORS 

DFU has demonstrated the benefits from growth factors (GFs) such as 

platelet derived growth factor (PDGF), fibroblast growth factor, vascular 

endothelial growth factor, insulin-like growth factors (IGF1, IGF2), epidermal 

growth factor, and transforming growth factor b. 

 Among the aforementioned GFs, only recombinant human PDGF 

(rhPDGF) (Becaplermin or Regranex), which is a hydrogel that contains 0.01% 

of PDGF-BB (rhPDGF-BB), has demonstrated increased healing rates when 

compared with controls in a number of clinical trials and has shown sufficient 

DFU repair efficacy to earn Food and Drug Administration (FDA) approval. 

 In one randomized placebo controlled trial involving patients with full 

thickness DFU, Becaplermin demonstrated a 43% increase in complete closure 

vs placebo gel (50% vs 35%). In another randomized placebo-controlled trial, 

Sibbald et al  demonstrated that patients with infection-free chronic foot ulcers 

treated with the best clinical care and once-daily applications of 100 μg/g 

Becaplermin gel had a significantly greater chance of 100% ulcer closure by 20 

wk than those receiving the best clinical care plus placebo (vehicle gel) alone. 

GFs have been shown to stimulate chemotaxis and mitogenesis of 

neutrophils, fibroblasts, monocytes, and other components that form the 

cellular basis of wound healing.  
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Despite FDA approval and other reviewed studies, the clinical use of 

Becaplermin remains limited because of its high cost  and uncertain patient-

specific clinical benefits. Some studies have indicated that endogenous PDGF 

stimulates tumor infiltrating fibroblasts found in human melanoma cells and is 

overexpressed at all stages of human astrocytoma growth. So, it would be 

biologically possible that topical administration of recombinant PDGF could 

promote cancer. 

PREVENTION 

Patient education and self-care practices like maintaining foot hygiene 

and nail care should be promoted. Skin is kept moisturized with the application 

of topical moisturizers after washing the feet gently with soap and water . 

Harsher measures like hot soaks, heating pads and topical agents such as 

hydrogen peroxide, iodine and astringents are better avoided .  

There is direct correlation between glycemic control and ulcer formation 

. Neuropathic feet are warmer and temperature differences of 2-7°C have been 

noted between neuropathic and nonneuropathic feet . Hence self-monitoring 

may reduce the risk of ulceration . Smoking and alcohol consumption should 

be minimized, though the direct link between them and DFUs is weak . 

Offloading and appropriate footwear to relieve focal high pressure areas is 

recommended for foot at-risk.  
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Other comorbidities like hypertension and hyperlipidaemia which 

predispose to vascular occlusion should be treated. Prevention of ulcer 

recurrence may also require corrective surgical interventions. 

FACTORS AFFECTING HEALING 

Picwell et al studied factors affecting healing of diabetic foot ulcers that 

included the location of ulcer, duration of diabetes, ulcer duration, the presence 

of heart failure and peripheral arterial disease. The proximal location of the 

ulcer corresponded with maximal healing time with no difference in healing 

times between plantar and nonplantar ulcers. 

 

 Sheehan et al. noted that the percentage change in foot ulcer area after 4 

weeks can predict of healing at the end of 12 weeks and can be used as an early 

indicator of unresponsiveness to treatment. Increased size and depth of ulcer 

have been associated with poor healing . 

 

STATISTICS & RESULTS: 

The collected data were analysed with IBM.SPSS statistics software 

23.0 Version.To describe about the data descriptive statistics frequency 

analysis, percentage analysis were used for categorical variables and the mean 
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& S.D were used for continuous variables. To find the significant difference 

between the bivariate samples in Independent groups the Unpaired sample t-

test was used.To find the significance in categorical data Chi-Square test was 

used similarly if the expected cell frequency is less than  5 in 2×2 tables then 

the Fisher's Exact was used. In all the above statistical tools the probability 

value .05 is considered as significant level.  
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P - 

Value ** Highly Significant at P ≤ .01 

P - 

Value * Significant at 0.01 < P ≤ .050 

P -

Value # No Significant at P >.050 

AGE 

  Frequency Percent 

Valid Upto 40 yrs 1 1.0

41 - 50 yrs 14 14.0

51 - 60 yrs 35 35.0

61 - 70 yrs 19 19.0

71 - 80 yrs 26 26.0

Above 80 

yrs 

5 5.0

Total 100 100.0
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Chi-Square Tests 

  Value df Asymp. Sig. (2-sided) 

Pearson 

Chi-Square 

5.407a 5 .368 

Likelihood 

Ratio 

5.419 5 .367 

Linear-by-

Linear 

Association 

.694 1 .405 

N of Valid 

Cases 

100     

a. 7 cells (58.3%) have expected count less than 5. 

The minimum expected count is .15. 
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Chi-Square Tests 

  Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. 

(2-sided) 

Exact 

Sig.  

(1-sided)

Pearson Chi-

Square 

4.033a 1 .045     

Continuity 

Correctionb 

2.977 1 .084     

Likelihood Ratio 4.016 1 .045     

Fisher's Exact 

Test 

      .053 .043

N of Valid Cases 100         

a. 0 cells (0.0%) have expected count less than 5. The minimum expected 

count is 6.45. 

b. Computed only for a 2x2 table 

Sex * treatment 

Crosstab 

  

Treatment 

Total 
Simple 

debrideme

nt 

Amputatio

n 

Sex 

F 
Count 33 10 43 

% 38.8% 66.7% 43.0% 

M 
Count 52 5 57 

% 61.2% 33.3% 57.0% 

Total 

Count 85 15 100 

% 100.0% 100.0% 
100.0

% 



64 
 

 

Smoking * treatment 

Crosstab 

  
Treatment 

Total Simple 
debridement Amputation 

Smoking 
Absent Count 34 10 44 

% 40.0% 66.7% 44.0% 

Present Count 51 5 56 
% 60.0% 33.3% 56.0% 

Total Count 85 15 100 
% 100.0% 100.0% 100.0%

Chi-Square Tests 

  Value df 
Asymp. Sig. 

(2-sided) 
Exact Sig. 
(2-sided) 

Exact 
Sig. (1-
sided) 

Pearson 

Chi-Square 

3.680a 1 .055     

Continuity 

Correctionb 

2.677 1 .102     

Likelihood 

Ratio 

3.679 1 .055     

Fisher's 

Exact Test 

      .089 .051

Linear-by-

Linear 

Association 

3.643 1 .056     

N of Valid 

Cases 

100         

a. 0 cells (0.0%) have expected count less than 5. The minimum 

expected count is 6.60. 

b. Computed only for a 2x2 table 
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Hypertension * treatment 

Crosstab 

  

Treatment 

Total Simple 

debridement
Amputation

Hypertension 

Absent 
Count 41 8 49 

% 48.2% 53.3% 49.0% 

Present
Count 44 7 51 

% 51.8% 46.7% 51.0% 

Total 
Count 85 15 100 

% 100.0% 100.0% 100.0%

Chi-Square Tests 

  Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. 

(2-sided) 

Exact 

Sig. (1-

sided) 

Pearson Chi-Square .133a 1 .716     

Continuity Correctionb .007 1 .933     

Likelihood Ratio .133 1 .716     

Fisher's Exact Test       .784 .466

Linear-by-Linear 

Association 

.131 1 .717     

N of Valid Cases 100         

a. 0 cells (0.0%) have expected count less than 5. The minimum expected 

count is 7.35. 

b. Computed only for a 2x2 table 
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Stroke * treatment 

Crosstab 

  

Treatment 

TotalSimple 
debride
ment 

Amputa
tion 

Stroke 
Absent 

Count 80 13 93 

% 94.1% 86.7% 93.0
% 

Present Count 5 2 7 
% 5.9% 13.3% 7.0%

Total 
Count 85 15 100 

% 100.0% 100.0% 100.
0% 

Chi-Square Tests 

  
Valu

e 
d
f 

Asymp. 
Sig. (2-
sided) 

Exact 
Sig.  
(2-

sided) 

Exac
t Sig. 
(1-

sided
) 

Pearson Chi-Square 1.087
a

1 .297     

Continuity Correctionb .244 1 .621     

Likelihood Ratio .915 1 .339     

Fisher's Exact Test       .282 .282

Linear-by-Linear Association 1.076 1 .299     

N of Valid Cases 100         

a. 1 cells (25.0%) have expected count less than 5. The minimum expected 
count is 1.05. 
b. Computed only for a 2x2 table 
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Chi-Square Tests 

  Value df 

Asymp. Sig. 

(2-sided) 

Exact Sig. 

(2-sided) 

Exact 

Sig. 

(1-

sided) 

Pearson 

Chi-

Square 

3.702a 1 .054     

Continuity 

Correction
b 

2.588 1 .108     

Likelihood 

Ratio 

4.624 1 .032     

Fisher's 

Exact Test 

      .063 .045

Linear-by-

Linear 

Associatio

n 

3.665 1 .056     

N of Valid 

Cases 

100         

a. 1 cells (25.0%) have expected count less than 5. The minimum 

expected count is 4.05. 

b. Computed only for a 2x2 table 
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X-Ray Osteomyelitis * treatment 

Crosstab 

  

Treatment 

Total Simple 

debridement
Amputation 

X-Ray 

Osteomyeliti

s 

Absent
Count 32 5 37 

% 37.6% 33.3% 37.0% 

Presen

t 

Count 53 10 63 

% 62.4% 66.7% 63.0% 

Total 

Count 85 15 100 

% 100.0% 100.0% 
100.0

% 

Chi-Square Tests 

  Value df 

Asymp. 

Sig. (2-

sided) 

Exact Sig. 

(2-sided) 

Exact 

Sig. (1-

sided) 

Pearson Chi-

Square 

.102a 1 .750     

Continuity 

Correctionb 

.001 1 .977     

Likelihood Ratio .103 1 .748     

Fisher's Exact Test       1.000 .496

Linear-by-Linear 

Association 

.101 1 .751     

N of Valid Cases 100         

a. 0 cells (0.0%) have expected count less than 5. The minimum expected 

count is 5.55. 

b. Computed only for a 2x2 table 

 

 

 



 

 

 

Doppler

treatmen

Doppler(

sive Dis

0%

50%

100%

X‐Ray

r(Occlusiv

nt 

 

(Occlu

sease) 

N

P

Total 

Simple debr

y Osteom

71

e Disease)

C

Negative 

Positive 

idement

myelitis

Absent

) * 

Crosstab 

S

deb

Cou

nt 

% 8

Cou

nt 

% 1

Cou

nt 

% 10

Amputation

s with Tr

Present

Treatm

Simple 

bridem

ent 

A

75 

88.2% 

10 

11.8% 

85 

00.0% 

n

reatmen

ent 

Amputati

on 

0 

0.0% 

15 

100.0% 

15 

100.0% 

nt

 

Total 

75 

75.0

% 

25 

25.0

% 

100 

100.0

% 



72 
 

Chi-Square Tests 

  Value df 

Asymp. 

Sig. (2-

sided) 

Exact 

Sig. (2-

sided) 

Exact 

Sig. 

(1-

sided)

Pearson Chi-

Square 

52.941a 1 .000     

Continuity 

Correctionb 

48.340 1 .000     

Likelihood 

Ratio 

50.891 1 .000     

Fisher's Exact 

Test 

      .001 .000

Linear-by-

Linear 

Association 

52.412 1 .000     

N of Valid 

Cases 

100         

a. 1 cells (25.0%) have expected count less than 5. The minimum 

expected count is 3.75. 

b. Computed only for a 2x2 table 
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DISCUSSION 

The objective of this study was to identify any predictive factors of limb 

salvage success for patients with diabetic foot complications.  

Many studies have focused on the risk factors of diabetic foot ulceration 

and independent causation of multiple potential etiologic agents. 

 However, no published studies have examined the risk factors for major 

amputation after limb-salvage surgery. 

 Risk factors are important in predicting the prognosis of ulceration, yet 

many patients already have intractable ulceration prior to hospital admission. 

As a result, these studies are less helpful for the prognosis of patients in need of 

surgery for complicated diabetic foot  

. This study differs from previous studies in that it suggests the clinical 

predictors of limb. Chronic renal failure is also an important risk factor for 

proximal osteotomy. In our study, 11 of  patients with chronic renal failure 

experienced limb salvage surgery failure.  

In previous reports, among chronic renal failure patients on dialysis who 

underwent limb salvage surgery, about 50% experienced failure and went to 

amputation. 
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 It has been reported that the risk of lower limb amputation is greater in 

diabetic foot patients with kidney disease . However, in this study, creatinine 

was not a significant risk factor.  

Why creatinine was not found to be a risk factor for salvage failure in 

our study, although it has been identified as a risk factor for major limb 

amputation in previous studies, cannot be explained satisfactorily. It is  

supposed that the reason was that creatinine levels could be controlled directly 

depending on the treatment for renal failure, such as dialysis . 

CT angiogram was used to identify the status of the blood vessels prior 

to surgery and has been proven effective in prior studies . Nevertheless, no 

studies have examined the failure of limb salvage surgery using the results of 

CT angiography until now.  

In the results of this study, the greater the number of damaged vessels as 

shown on CT angiogram, the greater was the difference of the odds ratio 

between the two groups. The number of normal blood vessels and the condition 

of each of the blood vessels had an effect on the results. 

 In addition, it is worth considering that the diameter of the blood 

vessels of the lower limb is associated with the clinical outcomes of limb 

salvage surgery. 
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CONCLUSION 

This study shows that: 

1. This study evaluated the factors predictive of the success of limb salvage 

surgery and identified indicators for preserving the limbs of patients 

with diabetic foot complications, allowing the establishment of an 

appropriate amputation level of the diabetic foot and minimizing 

subsequent operations. 

2. There exists a statistically significant correlation between this scoring 

system and its prediction towards operative management for the 

patients. 

3. Though independently variables described here are analysed in several 

studies, there is no other  study which incorporates all the variables like 

this study. 

4. After further validation with a bigger sample size accuracy of my 

scoring system can be validated further for proper application in clinical 

practice.  

5. Foot ulcers in patients with diabetes is common, and frequently leads to 

lower limb amputation unless a prompt, rational, 

6. multidisciplinary approach to therapy is taken. The main components of 

management that can ensure successful and rapid 

7. healing of DFU include education, blood sugar control, wound 

debridement, advanced dressing, offloading, surgery, and 
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8. advanced therapies, which are used clinically. These approaches should 

be used whenever feasible to reduce high morbidity 

9. and risk of serious complications resulting from foot ulc  

10. Diabetic foot is a chronic complication of DM which is not accorded the 

“glamour” status of its more illustrious sisters like coronary heart 

disease, cerebrovascular disease, nephropathy or retinopathy.  

11. Nonetheless it is responsible for a significant proportion of morbidity in 

DM, causing severe patient distress and frequently permanent disability. 

It is therefore necessary to pay special attention to this complication 

when reviewing, or counselling, patients with DM. This is all the more 

so as it is a complication that is preventable by simple measures that can 

largely be taken by the patient himself.  

12. clinical examination of the feet and related systems forms the mainstay 

of detecting diabetic foot; investigations are only an adjunct to clinical 

examination. The treatment is usually conservative and a limb sparing 

approach is used, along with proper diabetic control.  

13. Management of aetiological factors like vasculopathy, neuropathy and 

infection is essential to get good outcomes. Amputation is usually used 

as a last resort in non-salvageable limbs. Above all, this is one condition 

which proves the maxim that “prevention is better than cure”.  
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INFORMATION SHEET 

TITLE:“A study on salvage surgery in diabetic foot syndrome in view 

of maximal preservation of the limb ” 

Name of Investigator :Dr A.Mahendra varadhan.  Name of 

Participant: 

Purpose of Research :  

Study Design  : Retrospective  study 

Study Procedures : Patient will be  retrospectively studied with the 

help of medical records and tabulated in preformed questionnaire 

Possible Risks : No risks to the patient 

Possible benefits 

 to help in clinical decision making in the  

surgical management of diabetic foot syndrome with special 

emphasize on limb salvage  

Confidentiality of the information obtained from you : The privacy 

of the patients in the research will be maintained throughout the study. In the 

event of any publication or presentation resulting from the research, no 

personally identifiable information will be shared 

Can you decide to stop participating in the study : Taking part in this 

study is voluntary. You can withdraw any time  

How will your decision to not participate in the study affect you : 

Your decision will not result in any loss of benefits to which you are otherwise 

entitled. 

 

Signature of Investigator        Signature of  Participant 

  



QUESTIONAIRE PROFORMA 

PATIENT DETAILS: 

Name:     Age:   Sex:   

 

IP No. :                                          Date of Admission: 

ON ADMISSION: 

COMPLAINTS: : 

CLINICAL EXAMINATION: 

Pulse :      BP : 

RR :      Temp : 

General Examination: 

CVS  :      RS : 

P/A :      CNS: 

  



LOCAL EXAMINATION: 

INVESTIGATIONS : 

Factors Outcome         
  Success group Failure group 
  n (%) Mean 

(SD) 
n (%) Mean 

(SD) 

Age 
(years) 

            

  ≤40           
  41-50         
  51-60         
  61-70         
  71-80         
  >80           
  Total           
Sex             
  Male           
  Female         
Smoking           
  Current or Ex-smoker         
  Never           
Hypertension           
  Yes           
  No            
Ischemic heart disease         

  Yes           
  No           
Stroke             
  Yes           
  No           
Chronic renal failure         
  Yes           
  No           
Premorbid ambulation state         



  Independent         
  Walking with aid         
  Wheel chair         
  Bedridden         
Preoperative laboratory finding       
  Hb (g/dl)         
  WBC (/mm3)         
  CRP (mg/dl)         
  Creatinine (mg/dl)         
  HbA1C (%)         
Preoperative radiologic findings       

  X-ray         
  Osteomyelitis          
  None          
  DOPPLER US         

  Damaged  vessel†         
  Number  of damaged vessels††         
    None versus ≥ 1       

    ≤1 versus ≥ 2       
    ≤2 versus 3       
  Anterior  tibial artery       
    Patent         
    Stenosis > 50%, Diffuse atheromatosis   

    Occlusion         

  Posterior  tibial artery       

    Patent         
    Stenosis > 50%, Diffuse atheromatosis   

    Occlusion         
  Peroneal  artery         
    Patent         
    Stenosis > 50%, Diffuse atheromatosis   

    Occlusion         

 

 










