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Diabetic foot – epidemiological and histopathological aspects 
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Abstract 
Our study included a total of 259 patients with diabetes, who were admitted to the Department of Plastic Surgery and Reconstructive 
Microsurgery of the Emergency County Hospital of Piteşti, Romania, in 2016, with the diagnosis of “diabetic foot”. Of the 259 patients, 55 
(21.23%) were diagnosed with type 1 diabetes, and the remaining 204 (78.77%) were diagnosed with type 2 diabetes; the ratio of type 1/type 2 
diabetes was 1/3.7. The injuries presented by the patients were osteitis (27.81%), moist gangrene (21.62%), abscesses (18.92%), cellulitis 
(11.19%), various forms of fasciitis (8.88%), perforating strand (6.18%), and dry gangrene (5.4%). The disease was most commonly diagnosed 
in males in the rural environment. Most of the patients were in the age group of 61–70 years old. All patients were surgically treated, but 142 
(54.82%) patients needed amputations of foot segments (fingers, metatarsal or tarsal bones). The histopathological and immunohistochemical 
study on excised fragments revealed the existence of a chronic inflammatory process formed mainly from macrophages, mast cells and 
CD4+ T-lymphocytes. 
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 Introduction 

Nowadays, diabetes mellitus represents real worldwide 
pandemics, affecting about 422 million individuals, 
representing about 10% of the world population [1], 
approximately 90% of the patients with type 2 diabetes. 
At present, its prevalence exceeds 14% in some developed 
countries (USA) [2, 3]. Personal and health systems costs 
for diabetes mellitus are substantial, recent estimations 
suggesting that approximately 11% of the global expenses 
for health are due to diabetes [1]. 

It is well known the fact that hyperglycemia is the 
most important factor that triggers the physiopathological 
processes leading to nervous, metabolic and vascular 
lesions. Studies showed that hyperglycemia leads to the 
progression of micro- and macrovascular complications 
and to the increase of death risk in patients with diabetes 
mellitus [4]. 

The most frequent complications caused by diabetes 
are retinopathy, nephropathy and diabetic neuropathy [4]. 

The diabetic foot is a severe complication of diabetes 
mellitus, characterized by the presence of some deep 
lesions of the tissues of lower limbs (ulcerations), 
associated with neurological and vascular disorders [5, 
6]. Several studies showed that, in diabetic individuals, 

the ulceration of the leg was connected to peripheral 
sensory and motor neuropathy and to peripheral arterial 
disease [7, 8]. There was estimated that the risk for 
developing ulceration in the legs is about 15–25% in 
patients with diabetes [9]. During the clinical examination 
of diabetic patients with lower limb, ulcerations were 
observed that over a half were infected [10], while the 
leg infection is the cause of approximately 80% of non-
traumatic leg amputations [11]. All these data underline 
the severity of the lesions occurred in the lower limbs in 
diabetic patients. 

In the present study, we proposed to identify the pre-
valence of the “diabetic foot” in the patients hospitalized 
in the Department of Plastic Surgery and Reconstructive 
Microsurgery of the Emergency County Hospital of Piteşti, 
Romania, during 2016, and to correlated the lesion types 
with the patients’ age and gender, environment, duration 
of diabetes and histopathological changes. 

 Patients, Materials and Methods 

The study we performed was a retrospective one, 
including 870 patients hospitalized in the Department of 
Plastic Surgery and Reconstructive Microsurgery of the 
Emergency County Hospital of Piteşti, between January 1, 
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2016–December 31, 2016. Of these, 259 patients were 
diabetic; they presented various lesions in the lower limbs 
and required surgical treatment. 

The data of the study were collected from the 
observation sheets, from surgical protocols and from the 
computerized system of medical activity management – 
Hipocrate. The data were statistically processed by using 
specific methods, the results being highlighted in suggestive 
charts for facilitating understanding and for underlying 
the conclusions of our study. The inclusion of patients 
in the study group was made in accordance with the 
medical ethics and deontology and with legal issues 
regarding the processing of personal data. 

For the histopathological (HP) and immunohisto-
chemical (IHC) study, there were harvested skin fragments 
from the surgical excision areas, which were subsequently 
fixed in 10% neutral formalin and included in paraffin, 
by using the classical HP protocol. 

The sectioning of the biological material included in 
paraffin was performed in the Microm HM350 rotary 
microtome, equipped with a Peltier cooling system of 
paraffin blocks and a water-bath section transferring 
system (STS, microM). 

For the histological study, there were performed 4-μm 
thick sections, which were stained with Hematoxylin–
Eosin (HE) and with the green light trichrome, the 
Goldner–Szekely (GS) technique. 

For the IHC study, the histological sections were 
collected on histological slides covered with poly-L-lysine 
to increase the adherence of the biological material. After 
attaching the histological sections on the port-object slide, 
these were dried in a thermostat, at 370C, for 24 hours, 
after which they followed the IHC staining protocol. Thus, 
the sections were deparaffinized and hydrated and then 
boiled in a sodium citrate solution, pH 6 [and ethylene-
diaminetetraacetic acid (EDTA), pH 8.4, respectively] for 
21 minutes (seven cycles of 3 minutes) in a microwave 
oven, for antigen demasking. Blocking the endogenous 
peroxidase was made by incubating the slides into 3% 
hydrogen peroxide, for 30 minutes, at room temperature, 
followed by washing in distilled water for 10 minutes 
and washing in a 1% phosphate-buffered saline (PBS), 
for 5 minutes. After that, there followed the blocking of 
non-specific sites by passing them through 2% skimmed 
milk for 30 minutes. The sections were then incubated 
with primary antibodies, for 18 hours (over night), in a 
refrigerator, at -4°C. The next day, there was applied the 
secondary biotinylated antibody for 30 minutes, at room 
temperature, followed by washing in 1% PBS (three baths 
of 5 minutes), then by application of Streptavidin–Horse-
radish peroxidase (HRP) for 30 minutes, at room tem-
perature, followed by slides washing in 1% PBS (three 
baths of 5 minutes). The signal was detected by using 3.3’-
diaminobenzidine (DAB) (Dako). The marking reaction 
was ended in 1% PBS, under a microscopic control, when 
there were marked the interest cellular elements. There 
followed contrasting of nuclei with Mayer’s Hematoxylin, 
dehydration in ethanol, xylene clarification and fixing 
slides with the DPX environment (Fluka). 

For the IHC study, we used the following antibodies: 
anti-CD3 (clone F7.2.38, Dako, 1/50 dilution) for high-
lighting T-lymphocytes; anti-CD4 (clone MT310, Dako, 

1/50 dilution) for highlighting T-lymphocytes; anti-CD20 
(clone L26, Dako, 1/50 dilution) for highlighting B-
lymphocytes; anti-CD68 (clone KP1, Dako, 1/100 dilution) 
for highlighting macrophage reaction; anti-tryptase (clone 
AA1, Dako, 1/500 dilution) for highlighting mast cells; 
anti-CD34 (clone QBEnd/10, Dako, 1/50 dilution) for 
highlighting angiogenesis vessels. 

 Results 

The “diabetic foot” represented quite a frequent 
pathology within the Department of Plastic Surgery and 
Reconstructive Microsurgery of the Emergency County 
Hospital of Piteşti, in the above-mentioned time duration 
being admitted 259 patients with “diabetic foot”, repre-
senting 29.77% of the 870 patients admitted (Figure 1). 

 
Figure 1 – The situation of patients with diabetic foot 
versus the total number of patients in the Department 
of Surgery. 

Of a total number of 259 patients with “diabetic foot”, 
196 (75.68%) were males and 63 (24.32%) were females, 
the males/females ratio being 3/1. 

By analyzing the disease distribution according to age, 
there was observed that this disease occurs both in adults, 
and especially in the elderly. In our study, in the age group 
31–40 years old, there were recorded three cases; then, 
the disease prevalence increased with age, the highest 
prevalence being recorded in the age group 61–70 years 
old (Figure 2). After the age of 70 years old, the number 
of patients hospitalized with “diabetic foot” decreased, an 
aspect that may be explained by the fact that a great part 
of the patients with “diabetic foot” deceased due to compli-
cations of diabetes or other associated complications. 

 
Figure 2 – Distribution of the studied group according 
to age and gender. M: Males; F: Females. 

The statistical analysis of the data highlighted that the 
average age of the patients admitted for this condition 
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was 65.58 years old, half of them being aged over 66 
years old. For all the age groups, the number of males 
was significantly higher than that of females. 

The distribution of the studied group according to the 
environment showed that most (161) patients came from 
the rural area and only 98 from the urban area, the ratio 
between the two environments being 1.64/1 (Figure 3). 
These data support the hypothesis according to which in 
the rural area the diabetic patient does not benefit from 
information regarding the chronic disease he suffers 
from, he is not properly monitored, he does not know 
the complications and risks to which he is exposed, he 
has a low compliance to specific treatment and most 
frequently he presents quite late to a specialized medical 
facility for the treatment of lesions appeared in the leg, 
which he actually discovers too late or he neglects them. 

 
Figure 3 – Distribution of the patients according to 
the environment. 

Regarding the type of diabetes, in our study we 
observed that of the 259 patients admitted with the 
diagnosis of “diabetic foot”, 55 (21.23%) were diagnosed 
with type 1 diabetes, the rest of 204 (78.77%) were 
diagnosed with type 2 diabetes; the ratio between type 
1/type 2 diabetes was 1/3.7. 

The clinical signs and symptoms of “diabetic foot” 
were diverse. Frequently, there were recorded two up to 
three associated clinical signs. According to the expression 
of the main form of clinical sign, in our study we observed 
that 16 (6.18%) patients presented “perforating strand”, 
23 (8.88%) patients presented various forms of fasciitis, 
49 (18.92%) patients presented abscesses, 72 (27.81%) 
patients presented osteitis, 29 (11.19%) patients presented 
cellulitis, 14 (5.4%) patients dry gangrene and 56 (21.62%) 
patients moist gangrene (Figure 4). In our data, the most 
frequent lesions of the “diabetic foot” were represented 
by osteites, followed by moist gangrenes and skin abscesses. 
These three types of lesions were identified in 177 patients, 
representing about 68.34%. 

 
Figure 4 – Distribution of patients according to lesion 
type. 

Regarding the surgical treatment, 142 (54.82%) patients 
suffered various amputations (ties, metatarsal or tarsal 
bones), 49 (18.92%) patients suffered various incisions for 
evacuation and draining of abscesses, 45 (17.37%) patients 
benefited from debridements of necrosis tissues, while 23 
(8.88%) patients underwent fasciotomies (Figure 5). 

 
Figure 5 – Distribution of patients according to the 
type of surgery. 

The HP examination performed on the fragments of 
surgically removed tissue showed a multitude of changes, 
present both in the epidermis and dermis. In the epidermis, 
there were identified areas of epithelial erosion (Figure 6), 
with a total exposure of the dermis conjunctive tissue  
to the external factors (air, bacterial flora), or, on the 
contrary, areas of hypertrophic epidermis with hyper-
keratosis (Figure 7). 

The dermis was the location of a chronic inflammatory 
process, extremely variable in intensity and distribution, 
mainly formed of round mononuclear cells (Figure 8). In 
some patients, there were identified intense areas of collagen 
fibrosis, as a response reaction of the fibroblasts to a chronic 
aggression (Figure 9) and very rarely deposits of calcium 
salts in the dermis conjunctive tissue (Figure 10). We 
frequently identified deep changes of the blood flow, most 
arteries, most arteries and arterioles presenting more intense 
or moderate phenomena of arteriosclerosis (Figure 11). 

By the IHC study, we evaluated the immune system 
cells participating in the local inflammatory process and 
the intensity of the local angiogenesis process. The density 
of the immune system cells was quite varied from one 
patient to another and from one area to another of the 
same examined tissue. These variations of the intensity of 
the local inflammatory reaction is, in our opinion, caused 
by multiple etiopathogenic factors, starting from the lesion 
time, performed treatments, ability of each patient’s 
immune system to respond to local aggression or to 
bacterial infections, etc. 

In our study, of the lymphocytes, the most numerous 
were CD4+ T-lymphocytes (Figure 12), while CD3+  
T-lymphocytes were less numerous (Figure 13). CD4+ 
T-lymphocytes are cells with complex physiological 
properties, being capable of identifying and destroying 
bacteria or viruses that enter the lesion, while other 
subpopulations of CD4+ T-lymphocytes stimulate the 
macrophage activity in order to increase phagocytosis 
and removing bacteria, and also necrosis tissue or cells, 
from the lesion. 

Regarding CD20+ B-lymphocytes, they were quite rare 
(Figure 14), which shows that local tumoral immunity  
is quite low. In contrast, CD68+ macrophage system 
cells were quite numerous (Figure 15), which shows  



Marilena Monica Ţânţu et al. 

 

898 

the existence of some intense processes of cellular 
necrosis, either ischemic, or as a result of microbial 
invasion that involved the macrophages in the chronic 
inflammatory process. Also, in our study, we observed the 
presence of a high number of mast cells in the conjunctive 

tissue of skin lesions in the “diabetic foot” (Figure 16). 
The evaluation of angiogenesis processes with the CD34 

marker showed a limited process of angiogenesis, except 
for some areas in the margin of lesions, where there were 
identified numerous angiogenesis vessels (Figure 17). 

 

Figure 6 – Image of skin in the proximity of an ulcerous 
area where there is observed the presence of an epithelial 
erosion and the intense fibroblast reaction in the 
superficial dermis. HE staining, ×200. 

Figure 7 – Area in the thickened epidermis, with hyper-
keratosis. HE staining, ×200. 

 

Figure 8 – Area of rich infiltrated area with round 
mononuclear cells. HE staining, ×200. 

Figure 9 – Area of intense collagen fibrosis. GS trichrome 
staining, ×100. 

 

Figure 10 – Diffuse calcification in the conjunctive 
tissue of the dermis. HE staining, ×200. 

Figure 11 – Arteriole with a low lumen and a lot thicker 
wall by processes of arteriosclerosis. GS trichrome 
staining, ×200. 
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Figure 12 – Conjunctive tissue strongly infiltrated with 
CD4+ T-lymphocytes. Anti-CD4 antibody immuno-
staining, ×200. 

Figure 13 – Relatively few CD3+ T-lymphocytes, with  
a main perivascular arrangement. Anti-CD3 antibody 
immunostaining, ×200. 

 

Figure 14 – Low reaction of CD20+ lymphocytes. Anti-
CD20 antibody immunostaining, ×200. 

Figure 15 – Deep perilesional dermis, strongly infiltrated 
with macrophages. Anti-CD68 antibody immunostaining, 
×200. 

 

Figure 16 – Microscopic image of perilesional conjunctive 
tissue, containing numerous mast cells. Anti-tryptase 
antibody immunostaining, ×200. 

Figure 17 – Conjunctive tissue with numerous angio-
genesis vessels in the immediate proximity of the skin 
lesion present in a case of “diabetic foot”. Anti-CD34 
antibody immunostaining, ×100. 
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 Discussions 

In 2007, the International Work Group for Diabetic 
Foot of World Health Organization (WHO) defined 
“diabetic foot” as the infection, ulceration and destruction 
of deep tissues in lower limbs, associated with neurological 
abnormalities and with a peripheral vascular disease in 
various stages, because of a sustained and uncontrolled 
hyperglycemia [12]. 

The “diabetic foot” is considered one of the most 
important and destabilizing complications of diabetes 
mellitus, with a strong impact on the quality of the 
patient’s life [4, 13]. Numerous studies showed that about 
15% of the patients with diabetes mellitus developed 
lesions that are characteristic to “diabetic foot” [14]. 

The annual incidence of the diabetic foot is estimated 
at about 1–4%, while its prevalence varies from 4% to 
10% [15–17]. 

Diabetes as a disease may affect any age, but the 
diabetic foot most often appears in the elderly. In our 
study, the disease affected adult individuals aged between 
30 and over 80 years old. Most patients with diabetic 
foot were recorded in the age decade 61–70 years old. 
Therefore, we consider that the prevalence of diabetic 
foot increases with age, as it also appears the process of 
senescence. The prevalence decrease in our group after 
70 years old is due to the death of some patients, either 
because of diabetes, or due to other causes. Like us, 
there are many studies showing that chronic ulceration 
of the diabetic foot mainly develop around the age of  
60 years old [15, 17, 18]. 

A particular aspect of our study is that most persons 
with diabetic leg were recorded in the rural area. We 
consider that the lack of medical education and the 
poorer access to medical care contributed to the existence 
of a higher percentage in the diabetic foot patients from 
the rural area. 

In the etiopathogeny of ulcer lesions of the diabetic 
foot, there are involved two main factors: peripheral 
diabetic neuropathy and vascular ischemia. According 
to some studies, diabetic neuropathy is responsible for the 
onset of 45% up to 60% of ulceration in the “diabetic 
foot”, while 45% of the lesions are caused both by 
neuropathy and vascular ischemia [19–21]. Other studies 
showed that the ulceration risk of the diabetic foot 
increases seven times in the patients with peripheral 
diabetic neuropathy [22]. 

In our study, we observed that the lesions of the 
“diabetic foot” heal quite slowly or they have a severe 
progression, requiring various amputations of some 
segments of the foot. In our study, 142 patients, 
representing 54.82% of the group, required amputation 
of toes, tarsals or metatarsals. Regarding the process of 
ulceration healing, more studies showed that the diabetic 
patients present a late response to a local regenerative 
process, with a low and late proliferation stage in the 
formation of the granulation tissue, with a low angiogenesis 
process and a poor or aberrant re-epithelialization [23, 
24]. 

Our study showed that in the patients diagnosed with 
diabetic foot, the blood vessels presented important 
thickening of the media and intima, and the process of 

vascular angiogenesis was low, with few exceptions. Some 
studies showed that hyperglycemia is the main triggering 
factor of vascular toxicity, which deteriorates endothelial 
cells and causes a reduction of the microvascular network, 
thickening of the vascular wall and poor angiogenesis 
[25]. The resulting hypoxia eventually cancels the healing 
process of the ulceration, by a variety of pathological, 
molecular and cellular mechanisms [24]. 

Another essential factor with an impact on the healing 
of diabetic foot lesions is the microbial one. Approximately 
50% of diabetic ulcers are infected and about 20% of 
the infected lesions will lead to amputation [26, 27]. 

Diabetic foot infections may be superficial, mainly 
being determined by Gram-positive cocci, especially by 
Staphylococcus aureus or deep, mainly caused by pyogenic 
cocci, sometimes associated with Gram-negative bacteria, 
such as Pseudomonas aeruginosa. Sometimes, in the case 
of deep infections, the pathogenesis is frequently poly-
microbial, with the simultaneous presence of Gram-
positive cocci, Gram-negative bacteria, anaerobe and 
frequent association with fungi. Deep infections are the 
main cause of minor and major amputations in diabetic 
patients, being considered an absolute surgical emergency 
[28, 29]. Most often, deep infections manifest as a moist 
gangrene, fasciitis or osteomyelitis. Both fasciitis and 
osteomyelitis are severe infections, quite frequent in 
diabetic patients with high blood sugar values. They may 
be due to an inappropriate lifestyle, to an inefficient 
medical treatment or to an inappropriate surgical treatment 
of the superficial lesions (cellulitis or abscess). Fasciitis 
and osteomyelitis increase the risk of amputation up to 
50% [30, 31]. 

In our study, 23 (8.88%) patients were diagnosed with 
fasciitis and 72 (27.81%) patients presented osteitis. 

The HP and IHC study we performed showed that 
tissue lesions of diabetic foot represent a chronic inflam-
matory process with multiple particularities. The intensity 
of the inflammatory reaction was low and completely 
heterogeneous. According to some studies [23], the 
particularities of the immune response are due to the 
toxic effects of hyperglycemia. Moreover, it appears that 
local toxic chemical changes may cause premature aging 
of skin cells in diabetic patients [32]. 

In our study, most cells identified in the inflammatory 
infiltrate in patients with diabetic foot were the macro-
phages. The presence of these cells in a high number is 
due to microorganisms that infected the lesion, and also 
to cellular and tissular debris resulted from the convergent 
action ischemia an infection. It is well known the fact 
that macrophages play an essential part in the tissue 
homeostasis, inflammation and repair. At present, there 
are known two types of macrophages: M1 that have the 
main function phagocytosis and they are positive to the 
anti-CD68 antibody and M2 that have mainly regeneration 
effects by stimulating local angiogenesis and that are 
better highlighted with the anti-CD163 and anti-CD204 
antibodies. In diabetes, due to local oxidative stress and 
the presence of free oxygen radicals, the macrophage 
activity is slowed down [33, 34]. Some recent studies 
showed that hyperglycemia and free oxygen radicals 
create a pro-oxidant atmosphere that affects the healing 
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of lesions, by triggering the processes of aging and 
apoptosis in the fibroblasts, keratinocytes and endothelial 
cells, thus reducing the process of lesion healing [35, 36]. 

 Conclusions 

In our study, diabetic leg represented by almost 30% 
of the total of cases that required treatment in the 
Department of Plastic Surgery and Reconstructive Micro-
surgery within the Emergency County Hospital of Piteşti, 
Romania. The number of males affected by this condition 
was twice higher than the females. Most of patients came 
from the rural area, and the oldest age decade was 61–70 
years old. The surgical treatment consisted in debridements, 
abscess evacuations, fasciectomies and amputations of 
some foot segments. Amputations represented 54.82%, 
which proves either a late presentation of the patient, or a 
low efficiency of the medical treatment. The HP and IHC 
examination highlighted various changes of the covering 
epithelium and the presence of a chronic inflammatory 
infiltrate, mainly formed of macrophages, CD4+ lympho-
cytes and mast cells. The processes of angiogenesis had a 
low intensity. 

Conflict of interests 
The authors declare that they have no conflict of 

interests. 

References 
[1] Li J, Parrott S, Sweeting M, Farmer A, Ross J, Dack C, Pal K, 

Yardley L, Barnard M, Hudda M, Alkhaldi G, Murray E. Cost-
effectiveness of facilitated access to a self-management 
website, compared to usual care, for patients with type 2 
diabetes (HeLP-Diabetes): randomized controlled trial. J Med 
Internet Res, 2018, 20(6):e201. 

[2] Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of 
and trends in diabetes among adults in the United States, 
1988–2012. JAMA, 2015, 314(10):1021–1029. 

[3] Nelson A, Wright-Hughes A, Backhouse MR, Lipsky BA, 
Nixon J, Bhogal MS, Reynolds C, Brown S; CODIFI collabo-
rators. CODIFI (Concordance in Diabetic Foot Ulcer Infection): 
a cross-sectional study of wound swab versus tissue sampling 
in infected diabetic foot ulcers in England. BMJ Open, 2018, 
8(1):e019437. 

[4] Dogiparthi SN, Muralidhar K, Seshadri KG, Rangarajan S. 
Cutaneous manifestations of diabetic peripheral neuropathy. 
Dermatoendocrinol, 2017, 9(1):e1395537. 

[5] Apelqvist J. Diagnostics and treatment of the diabetic foot. 
Endocrine, 2012, 41(3):384–397. 

[6] Raghav A, Khan ZA, Labala RK, Ahmad J, Noor S, Mishra BK. 
Financial burden of diabetic foot ulcers to world: a progressive 
topic to discuss always. Ther Adv Endocrinol Metab, 2018, 
9(1):29–31. 

[7] Vinik AI, Maser RE, Mitchell BD, Freeman R. Diabetic auto-
nomic neuropathy. Diabetes Care, 2003, 26(5):1553–1579. 

[8] Richard JL, Lavigne JP, Sotto A. Diabetes and foot infection: 
more than double trouble. Diabetes Metab Res Rev, 2012, 
28(Suppl 1):46–53. 

[9] Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers 
in patients with diabetes. JAMA, 2005, 293(2):217–228. 

[10] Prompers L, Huijberts M, Schaper N, Apelqvist J, Bakker K, 
Edmonds M, Holstein P, Jude E, Jirkovska A, Mauricio D, 
Piaggesi A, Reike H, Spraul M, Van Acker K, Van Baal S, 
Van Merode F, Uccioli L, Urbancic V, Ragnarson Tennvall G. 
Resource utilisation and costs associated with the treatment 
of diabetic foot ulcers. Prospective data from the Eurodiale 
Study. Diabetologia, 2008, 51(10):1826–1834. 

[11] Armstrong DG, Lavery LA, Quebedeaux TL, Walker SC. 
Surgical morbidity and the risk of amputation due to infected 
puncture wounds in diabetic versus nondiabetic adults. J Am 
Podiatr Med Assoc, 1997, 87(7):321–326. 

[12] Nieto-Gil P, Ortega-Avila AB, Pardo-Rios M, Cobo-Najar M, 
Blasco-Garcia C, Gijon-Nogueron G. Hospitalisation cost of 
patients with diabetic foot ulcers in Valencia (Spain) in the 
period 2009–2013: a retrospective descriptive analysis. Int J 
Environ Res Public Health, 2018, 15(9):1831. 

[13] Zimmet P, Alberti KG, Shaw J. Global and societal implications 
of the diabetes epidemic. Nature, 2001, 414(6865):782–787. 

[14] Bild DE, Selby JV, Sinnock P, Browner WS, Braveman P, 
Showstack JA. Lower-extremity amputation in people with 
diabetes. Epidemiology and prevention. Diabetes Care, 1989, 
12(1):24–31. 

[15] Bartus CL, Margolis DJ. Reducing the incidence of foot 
ulceration and amputation in diabetes. Curr Diab Rep, 2004, 
4(6):413–418. 

[16] Armstrong DG, Lipsky BA. Advances in the treatment of 
diabetic foot infections. Diabetes Technol Ther, 2004, 6(2): 
167–177. 

[17] Boulton AJ, Vileikyte L, Ragnarson-Tennvall G, Apelqvist J. 
The global burden of diabetic foot disease. Lancet, 2005, 
366(9498):1719–1724. 

[18] Boulton AJ. The diabetic foot: grand overview, epidemiology and 
pathogenesis. Diabetes Metab Res Rev, 2008, 24(Suppl 1): 
S3–S6. 

[19] Abbott CA, Carrington AL, Ashe H, Bath S, Every LC, Griffiths J, 
Hann AW, Hussein A, Jackson N, Johnson KE, Ryder CH, 
Torkington R, Van Ross ER, Whalley AM, Widdows P, 
Williamson S, Boulton AJ; North-West Diabetes Foot Care 
Study. The North-West Diabetes Foot Care Study: incidence 
of, and risk factors for, new diabetic foot ulceration in a 
community-based patient cohort. Diabet Med, 2002, 19(5): 
377–384. 

[20] Boulton AJ, Kirsner RS, Vileikyte L. Clinical practice. Neuro-
pathic diabetic foot ulcers. N Engl J Med, 2004, 351(1):48–
55. 

[21] Khanolkar MP, Bain SC, Stephens JW. The diabetic foot. 
QJM, 2008, 101(9):685–695. 

[22] Amin N, Doupis J. Diabetic foot disease: from the evaluation 
of the “foot at risk” to the novel diabetic ulcer treatment 
modalities. World J Diabetes, 2016, 7(7):153–164. 

[23] Berlanga-Acosta J, Schultz GS, López-Mola E, Guillen-Nieto G, 
García-Siverio M, Herrera-Martínez L. Glucose toxic effects 
on granulation tissue productive cells: the diabetics’ impaired 
healing. BioMed Res Int, 2013, 2013:256043. 

[24] Berlanga-Acosta J, Fernández-Montequín J, Valdés-Pérez C, 
Savigne-Gutiérrez W, Mendoza-Marí Y, García-Ojalvo A, 
Falcón-Cama V, García Del Barco-Herrera D, Fernández-
Mayola M, Pérez-Saad H, Pimentel-Vázquez E, Urquiza-
Rodríguez A, Kulikovsky M, Guillén-Nieto G. Diabetic foot 
ulcers and epidermal growth factor: revisiting the local delivery 
route for a successful outcome. BioMed Res Int, 2017, 2017: 
2923759. 

[25] Ricco JB, Thanh Phong L, Schneider F, Illuminati G, Belmonte R, 
Valagier A, Régnault De La Mothe G. The diabetic foot: a 
review. J Cardiovasc Surg (Torino), 2013, 54(6):755–762. 

[26] Prompers L, Huijberts M, Apelqvist J, Jude E, Piaggesi A, 
Bakker K, Edmonds M, Holstein P, Jirkovska A, Mauricio D, 
Ragnarson Tennvall G, Reike H, Spraul M, Uccioli L, Urbancic V, 
Van Acker K, van Baal J, van Merode F, Schaper N. High 
prevalence of ischaemia, infection and serious comorbidity in 
patients with diabetic foot disease in Europe. Baseline results 
from the Eurodiale study. Diabetologia, 2007, 50(1):18–25. 

[27] Lipsky BA, Berendt AR, Cornia PB, Pile JC, Peters EJ, 
Armstrong DG, Deery HG, Embil JM, Joseph WS, Karchmer AW, 
Pinzur MS, Senneville E; Infectious Diseases Society of 
America. 2012 Infectious Diseases Society of America clinical 
practice guideline for the diagnosis and treatment of diabetic 
foot infections. Clin Infect Dis, 2012, 54(12):e132–e173. 

[28] Caravaggi C, Sganzaroli A, Galenda P, Bassetti M, Ferraresi R, 
Gabrielli L. The management of the infected diabetic foot. 
Curr Diabetes Rev, 2013, 9(1):7–24. 

[29] Brocco E, Ninkovic S, Marin M, Whisstock C, Bruseghin M, 
Boschetti G, Viti R, Forlini W, Volpe A. Diabetic foot mana-
gement: multidisciplinary approach for advanced lesion rescue. 
J Cardiovasc Surg (Torino), 2018, 59(5):670–684. 

[30] Mutluoglu M, Sivrioglu AK, Eroglu M, Uzun G, Turhan V, Ay H, 
Lipsky BA. The implications of the presence of osteomyelitis 
on outcomes of infected diabetic foot wounds. Scand J Infect 
Dis, 2013, 45(7):497–503. 



Marilena Monica Ţânţu et al. 

 

902 

[31] Giurato L, Meloni M, Izzo V, Uccioli L. Osteomyelitis in diabetic 
foot: a comprehensive overview. World J Diabetes, 2017, 
8(4):135–142. 

[32] Peppa M, Vlassara H. Advanced glycation end products 
and diabetic complications: a general overview. Hormones 
(Athens), 2005, 4(1):28–37. 

[33] Khanna S, Biswas S, Shang Y, Collard E, Azad A, Kauh C, 
Bhasker V, Gordillo GM, Sen CK, Roy S. Macrophage dys-
function impairs resolution of inflammation in the wounds of 
diabetic mice. PLoS One, 2010, 5(3):e9539. 

[34] Artyomov MN, Sergushichev A, Schilling JD. Integrating 
immunometabolism and macrophage diversity. Semin Immunol, 
2016, 28(5):417–424. 

[35] Nyanhongo GS, Sygmund C, Ludwig R, Prasetyo EN, 
Guebitz GM. An antioxidant regenerating system for continuous 
quenching of free radicals in chronic wounds. Eur J Pharm 
Biopharm, 2013, 83(3):396–404. 

[36] Hameedaldeen A, Liu J, Batres A, Graves GS, Graves DT. 
FOXO1, TGF-β regulation and wound healing. Int J Mol Sci, 
2014, 15(9):16257–16269. 

 
 
 
 
 
 
Corresponding authors 
Florentina Cristina Pleşa, Assistant Professor, MD, PhD, Department of Physiopathology, Faculty of Medicine, 
“Titu Maiorescu” University, 22 Dâmbovnicului Street, Sector 4, 040441 Bucharest, Romania; Phone +0722–412 028, 
e-mail: plesacristina@yahoo.com 

Bogdan-Virgil Cotoi, Lecturer, MD, PhD, Department of Family Medicine, University of Medicine and Pharmacy of 
Craiova, 2 Petru Rareş Street, 200349 Craiova, Romania; Phone +40725–897 911, e-mail: bogdan230376@yahoo.ro 
 
 
 
 
 
 
Received: October 10, 2017 

Accepted: December 5, 2018 
 
 


