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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.
Keywords: diabetic foot, vascular disorders, inflammatory reaction, immunohistochemical study, amputations.

 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,
ISSN (print) 1220–0522

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 nontraumatic 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 prevalence 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,
ISSN (online) 2066–8279
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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 immunohistochemical (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 ethylenediaminetetraacetic 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–Horseradish peroxidase (HRP) for 30 minutes, at room temperature, 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 highlighting T-lymphocytes; anti-CD4 (clone MT310, Dako,

1/50 dilution) for highlighting T-lymphocytes; anti-CD20
(clone L26, Dako, 1/50 dilution) for highlighting Blymphocytes; 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”, representing 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 complications 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.
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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.

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.

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 hyperkeratosis (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
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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 hyperkeratosis. 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 immunostaining, ×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. AntiCD20 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 angiogenesis 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 polymicrobial, with the simultaneous presence of Grampositive 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 inflammatory 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 macrophages. 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 Microsurgery 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+ lymphocytes and mast cells. The processes of angiogenesis had a
low intensity.
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