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Abstract Diabetes mellitus comprises a heterogeneous group of metabolic abnormalities, 

characterized by chronic hyperglycemia, resulting from a deficiency in insulin secretion, 

a deficiency in action, or from both situations. In its evolution, diabetes can lead to acute 

or chronic complications, which can be avoided or whose progression can be slowed by 

optimal glycemic control, provided by the effective treatment, diet, physical activity and 

glycemic monitoring. 

One of the most common complications of diabetes is diabetic neuropathy which, in 

combination or not with peripheral arterial disease, may result in leg changes (ulcers, 

gangrene, amputations), changes that are known under the heading of diabetic foot.  

The risk of developing leg ulcer is 25% in the life of a patient with type 1 or 2 diabetes, 

and amputations of varying degrees may sometimes be necessary. These can, however, be 

prevented by active screening characterized by the neurological examination for 

neuropathic signs, and the vascular examination to highlight the presence of peripheral 

arterial disease.  

Therefore, in order to prevent the appearance of leg ulcers and to reduce the morbidity 

associated with it, it is important to diagnose and manage risk factors. 
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Highlights 
 An appropriate screening and classification of the foot wound in diabetic patients, plus a 

targeted education (therapeutic shoes, etc.) are essential to reducing lower-extremity 

amputation risk.  

 Infection and peripheral artery disease are essential factors increasing the amputation risk, 

and must be addressed appropriately when the symptomatology become acute 

(mechanical, enzymatic, autolytic, and surgical debridement). 
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Introduction 

Diabetic foot lesions are responsible for most 

hospitalizations in patients with diabetes (1). In the US, 

diabetes is the main cause of non-traumatic amputations in 

the lower limbs, with a 5% incidence of ulcers each year, 

out of which 1% require amputation (2, 3). In a study on 

1,300 patients with type 2 diabetes, the incidence of 

amputations was 3.8/ 1,000 patients/ year, and the 

amputation predictors were ulceration, ankle brachial 

index < 0.9, increased glycosylated hemoglobin and the 

presence of neuropathy (4). 

Diabetic neuropathy is an important risk factor for the 

occurrence of leg ulcers by reducing their sensitivity, and 

patients with neuropathic ulcers have the highest risk of 

premature cardiovascular death. The association of 

autonomic diabetic neuropathy with the decrease or 

absence of sweating in the legs can lead to dehydration and 

cracked skin that can become germ-entry gates, thus 

favoring the further development of the infection (5, 6). 

Discussions 

Foot infections are one of the most common problems 

in patients with diabetes due to microcirculatory damage, 

local trauma, absence of lower limb sensations due to 

neuropathy, and can be of varying degrees, from simple 

infection to cellulitis or osteomyelitis (7). Generally, leg 

infections in patients with diabetes are more severe and 

difficult to treat due to microcirculatory damage, heal more 

difficultly compared to infections in patients without 

diabetes, have a higher mortality rate in those with chronic 

osteomyelitis and those with acute necrotic soft tissues 

infections (8, 9). 

The most common and important risk factors for 

developing diabetic foot are (3, 4): 

 older leg ulcers;  

 diabetic neuropathy with loss of protective sensitivity;  

 deformations of the legs;  

 vascular disease of the lower limbs. 

Also, minor but equally important risk factors are (3, 

4):  

 shoe trauma; 

 skin and nail mycoses; 

 limiting joint mobility;  

 degree of patient’s activity.  

Diabetic foot evaluation 

According to current guidelines, the clinical 

examination of the foot should be performed at the time of 

diagnosis in type 2 diabetes and 5 years after diagnosis in 

type 1 diabetes. Subsequently, the examination should be 

performed annually for both types of diabetes or more 

frequently for patients with risk factors (1, 10). 

The components of the clinical examination are as 

follows:  

The anamnesis that should focus on the patient's 

personal history, the presence of neuropathy symptoms, 

peripheral ischemia and the detection of other diabetic 

complications such as kidney disease or diabetic 

retinopathy (1, 2). 

The clinical examination consists in the examination of 

the skin (ulcers, signs of infection, color, humidity), 

musculoskeletal inspection (deformities, Charcot foot), 

neurological examination and vascular examination (1, 3). 

Diagnostic neuropathic screening tests include testing 

protective sensitivity with a 10-gram monofilament, which 

is the preferred method for assessing the risk of leg ulcers, 

testing vibration sensitivity with the 128 Hz diapason, 

testing thermal and pain sensitivity (1, 3, 10). 

The initial vascular examination involves the 

inspection and palpation of the arterial pulse, which can 

reveal the decrease or absence of the pulse in the lower 

limbs, decrease of the skin temperature, thin skin or 

atrophic skin. After that, patients with clinical signs of 

peripheral arterial disease can undergo more thorough 

investigations, such as the ankle brachial index or Doppler 

examination of the lower limbs (1, 11).  

Ankle brachial index (Table 1) is the ratio between the 

systolic pressure of the calf artery and the brachial systolic 

pressure, and it is interpreted as follows (3, 11): 

Table 1. Ankle brachial index 

ANKLE 

BRACHIAL 

INDEX 

SIGNIFICATION 

0.9-1.3 normal 

> 1.3 
calcified vessels or mediocalcosis 

requires further investigations 

<0.9 occlusive arterial disease 

0.4-0.9 
arterial obstruction and 

claudication 

<0.4 

multi-layered arterial disease 

resting pain 

tissular necrosis 



Modern management of diabetic foot complications 

 7 

Classification of ulceration risk (3): 

Group 0: without neuropathy; 

Group 1: the presence of neuropathy, but without foot 

deformities or peripheral vascular disease; 

Group 2: the presence of neuropathy, deformities and 

the presence of peripheral vascular disease;  

Group 3: history of leg ulcers or amputations of lower 

extremities. 

The treatment consists of an interdisciplinary 

collaboration involving both diabetes physicians and 

family doctors, surgeons, neurologists, orthopedists, 

psychologists and strategies for the prevention of ulcers 

and their treatment. Ulcer prevention can be achieved by 

optimizing glycemic control, treating dyslipidemia and 

high blood pressure, education on foot care and other 

methods (1). 

In a study comparing conventional and intensive 

glycemic control in diabetic patients with leg ulcers, no 

benefit nor negative effect of intensive treatment compared 

to conventional treatment on foot ulcers in diabetic patients 

was found (12). Regarding the antidiabetic therapy, the 

increase in the risk of amputation in type 2 diabetic patients 

treated with SGLT-2 inhibitors has been demonstrated 

compared to other treatments for type 2 diabetes (13). 

A randomized clinical trial attempted to evaluate the 

potential benefit of various drugs on the diabetic foot and 

demonstrated a possible benefit of statins in the healing 

process of the diabetic foot ulcer (14). 

The ulcer treatment is based on its complexity, the 

presence or absence of ischemia, the presence or absence 

of infection and its severity. Thus, the methods may range 

from surgical or chemical debridement, pressure relief, 

treatment of infections to tissue repair stimulation (1, 15, 

16). 

The management of ulcers requires wound care, the use 

of appropriate shoes, debridement whenever indicated, 

antibiotic therapy when infection is present, optimal 

glycemic control, and the assessment of peripheral arterial 

insufficiency (15, 16). Debridement represents the removal 

of necrotic tissue by means of surgery or other methods, 

the surgical method being preferred because it seems to be 

more effective, especially in the presence of infection (1). 

Regarding the effects of debridement on the evolution 

of the diabetic foot injury, a meta-analysis was done, which 

revealed the effectiveness of certain methods of 

debridement, such as surgical, autolytic and larval 

methods, but it did not show the superiority of any method 

due to methodological limitations (17). 

The presence of infection often requires oral antibiotic 

treatment in patients with mild and moderate infections, 

and hospitalization and parenteral antibiotic treatment for 

severe life-threatening infections (1). 

In a study conducted in China in 2016, where the 

efficacy of Ertapenem vs. Piperacillin/ Tazobactam was 

compared in diabetic foot infections, the treatment with 

Ertapenem was shown to be non-inferior to Piperacillin/ 

Tazobactam in Chinese patients with diabetes and foot 

infections (18). 

Because foot infections are associated with increased 

mortality and morbidity, the risk factors for diabetic foot 

infections, such as neuropathy, peripheral arterial disease 

and glycemic control, should be identified and immediate 

treatment should be instituted to manage the wound 

(debridement, cleaning and pressure release), antibiotic 

therapy, glycemic control and electrolyte balance control. 

Last, but not least, the evaluation should be made to allow 

revascularization by angioplasty or bypass (19). 

Patients with a high risk of diabetic foot, those with 

diabetic neuropathy, leg deformities or previous 

amputations are recommended for therapeutic footwear. In 

patients in whom ulcers are not reduced by more than 50% 

after 4 weeks of conventional treatment, adjuvant therapy 

is recommended, and revascularization should be 

considered in those associated with peripheral arterial 

disease (20). 

The amputation will be performed if the infection does 

not disappear and if it threatens the patient's life, when the 

pain caused by peripheral ischemia is very severe and 

vascular reconstruction cannot be performed, or if the 

quality of life is clearly affected by the presence of ulcer 

compared to a minor amputation (1, 21). 

The amputation level is determined by the surgeon, and 

it is performed according to several criteria, out of which 

an important role is the severity and the degree of ischemia. 

Restricted amputations that preserve as much as possible 

from the foot are desirable and are characterized by 

amputations of fingers and trans metatarsal amputations, 

keeping the heel as far as possible (1). 

Trans metatarsal amputation is a common intervention 

and it seems to be the most effective way to keep the limb 

viable, and its goal is to remove dead tissue, to promote 

healing, and to maintain a functional limb, and also 

improve the patient’s quality of life. This is indicated in the 

case of chronic forefoot ulceration, forefoot gangrene, their 

combination and severe crushed forefoot (22).  

A randomized controlled trial involving 17 studies and 

1,655 participants revealed the effectiveness of skin graft 

use and tissue replacement in combination with standard 

therapy in patients with diabetic ulcers, demonstrating a 
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higher rate of ulcer healing and a lower rate amputation 

versus standard therapy alone (23). 

Conclusions 

Considering the morbidity and mortality associated 

with foot lesions in the diabetic patient, an active screening 

and an interdisciplinary management based on the 

collaboration between the diabetes surgeon, orthopedist, 

vascular surgeon, neurologist and family physician is 

required to prevent their occurrence, for their efficient 

treatment when they exist and for increasing the quality of 

life in the patient with diabetes. 
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