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Abstract- Objective. To investigate the histological changes in
the skin tissue covering the area surrounding the ulceration of
the diabetic foot.

Patients & Methods: The study was performed on 30 patients
who were classified into 3 groups 10 patient in each. Group | is
the control group have no diabetes, group Il with diabetes
mellitus type I, and Group Il patients with diabetes mellitus
type Il. All the diabetic patients showed various degrees of
skin lesions in the foot. Specimens of skin tissue were
obtained from the area surrounding the diabetic ulcer from Al-
Jumhuri Teaching Hospital and the histological analysis was
performed in the Department of Anatomy, College of Medicine,
University of Mosul from November 2015 to June 2016. The
specimens were processed for the standard histological
examination using Hematoxylin and Eosin, and Orcein-
VanGieson stains.

Results: The skin sections were dominated by the presence of
hyperkeratosis in the epidermis with regular acanthosis in
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addition to dense chronic inflammatory cells infiliration in the
dermis, absence or degeneration of the sweat glands,
perivascular lymphocytic infiltration, focal areas of necrosis
and melanin pigmentation in the dermis. The large arterioles
and arteries of muscular type revealed fibrous tissue
deposition at the level of media while the peripheral nerves
showed an obvious degeneration of Schwann cells.
Conclusions: The vascular changes in the diabetic foot
appears in the microcirculation level (capillaries) then involves
arterioles and arteries of muscular type and were
accompanied by morphological changes of the peripheral
nerves. The morphological changes in the skin surrounding
the diabetic foot ulcer involves both the epidermis and dermis.
The identification of histological and vascular alterations in the
diabetic foot allows more knowledge related to the
pathogenesis and pathological background of this condition.
Keywords: diabetic foot, microangiopathy, neuropathy.

[. INTRODUCTION

iabetic foot is the most common complication of
Ddiabetes. The ulceration is frequently associated

with peripheral neuropathy which is a well-known
cause of morbidity and even mortality in the diabetic
patients”. The incidence is rising as a result ageing and
increased risk factors for atherosclerosis such as
smoking and obesity commonly associated with
diabetes®. The diabetic foot lesions involves a wide
range of structural changes affecting the nerves in the
form of autonomic and motor neuropathy, blood vessels
as diabetic macro and microangiopathy, joint and bone
lesions of the sole, and skin and nail lesions®. The exact
mechanism underlying the pathogenesis of diabetic
ulceration is not well known, many mechanisms have
been proposed even there may be a genetic influence
which  increase  the  susceptibility to  such
complications®. However, peripheral neuropathy is the
major cause combined with arterial insufficiency caused
by atherosclerotic occlusion of the tibioperoneal
arteries®. The first pathological change in the
development of diabetic foot ulcer is vasoconstriction
associated with vascular abnormalities, such as
thickening of the basement membrane of the capillaries
and hyperplasia of their endothelial cells lining with
subsequent diminished oxygen tension and hypoxia, as
the disease progresses, neuronal dysfunction occurs!”.
Microvascular changes occurs early in diabetes, parallel
to the progression of neuronal ischemia which is a
characteristic feature in diabetic neuropathy thus both
vascular and neural abnormalities determine the severity
of structural, functional, and clinical dysfunction ©.
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Diabetic neuropathy is the major problem in
diabetes mellitus, which may be prevented by the
control blood glucose level and maintenance of
normoglycaemia”. The term “diabetic foot” involves
multiple changes on the level of small and large blood
vessels, nerves, bone and soft tissues besides
abnormalities of the microcirculation which results in
capillary insufficiency, all lead to alterations in the foot
biomechanics which promotes tissue destructions and
severe infections even sometimes, resulting in
amputations®. The microangiopathy in diabetes can
affect different organs to a different degree, like diabetic
nephropathy or retinopathy) (9). Recently it is well-
established that there is a close connection between the
abnormalities of the microcirculation and the diabetic
neuropathy % proving the fact that microvascular
changes are closely linked to the diminished nervous
conduction and the potential of muscular action”. The
abnormal neural function contributes to the
development of microangiopathy in diabetic foot ulcer
manifested as thickening of the basal membrane of the
capillaries and proliferation of the endothelial cells lining
of both arteries and arterioles, resulting in ischemic
changes and ulceration™. A great improvement in the
field of management of diabetic foot has been made by
increasing range of the antibiotic therapy and by
exploring invasive and noninvasive angiographic
techniques 9.

Our present study aims to investigate the
histological and vascular changes accompanied to the
diabetic foot ulceration and to evaluate the severity and
pattern of progress of the condition in relation to the
type of diabetes and the control of blood glucose level.

[I. PATIENTS, MATERIALS AND METHODS

In this study, 30 patients were classified into 3
groups 10 patients in each. Group | is the control group
have no history of diabetes, group Il suffering from
diabetes mellitus type |, and Group Il patients with
diabetes type Il. The specimens of skin fragments were
collected from the area surrounding the diabetic foot
ulcer from diabetic patients who were admitted for
surgical management. Detailed history, thorough
physical examination and biochemical testing including
serum glucose, renal function and liver function tests
and x-ray of the affected foot were carried out, the
history includes their age, sex, occupation, duration of
diabetes, drug history and family history to exclude
genetic predisposition of the condition. All the diabetic
patients were affected by peripheral neuropathy and
showed various degrees of skin lesions in the foot.
Specimens of skin tissue were obtained from Al-Jumhuri
Teaching Hospital and the histological analysis was
performed in the Department of Anatomy, College of
Medicine, University of Mosul from November 2015 to
June 2016.

© 2016 Global Journals Inc. (US)

Following the debridement of the foot ulceration
and removal of the skin tissue fragments from inside
and around the ulcer, the specimens were put in a
fixative solution (10% neutral formalin) for 24 hour then
each specimen was cut into 1 cm thick slices and
dehydrated in graded alcohol solutions (70% alcohol for
overnight, two changes in 90% alcohol one hour for
each and two changes in 100% alcohol for two hours)
then the specimens were immersed in Xylene using
three changes with one-hour interval for each. Complete
removal of the clearing solution was made by immersing
the tissue specimens into three successive paraffin
bathes in oven, one hour for each. Finally paraffin blocks
were prepared by embedding the tissue specimens
using paraffin wax (melting point is 55-60Co) and these
paraffin blocks were now ready for sections using
Reichert Rotary Microtome, serial paraffin sections of 4
micrometers in thickness were cut from each block, the
sections were collected and mounted on glass slides
then the sections were stained with Haematoxylin and
Eosin for histological analysis.

[11. RESULTS AND OBSERVATIONS

This study was performed on 30 persons, 20 of
them were diabetic and 10 of them were not, 8 (40%)
male and 12 (60 %) female, 14(70%) smoker and 6(30%)
were not, 16 (80%) hypertensive and 4(20%) were not,
and Y A(90%) suffering from kidney disease and ¥ (10%)
were not.
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Table 1 : Statistical significance of the demographic variables in patients with diabetes mellitus (N=20)

Female VY 60% 0.01(S)
Male A 40% 0.1(NS)

Yes 14 70% 0.02(S)

No 6 30% 0.2(NS)

Yes 16 80% 0.02(S)

No 4 20% 0.2(NS)

Yes 18 90% 0.03(S)

No 2 10% 0.3(NS)

S=Significant (P<0.05); NS=Non-significant (P>0.05)

The table showed that female affected with The histopathological examination of skin
diabetes more than male, and statistical significant fragments from tissue around revealed specific
increase in the incidence of diabetes in smokers (70%) microscopic changes which reflect the pathogenic
and in those suffering from hypertension (80%) and  background of the lesions of diabetic foot.
renal insufficiency (90%) thus P<0.05.

IV. HisToLOGICAL FINDINGS

a) In the control group
e Skin tissue from the control group showed normal epidermis as stratified squamous epitheliumand dermis which
a connective tissue layer (Figure 1).

Figure 1 : Photomicrograph of skin tissue from control groupshowed normal epidermis and dermis(H&E X100).
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b) Ininsulin dependent diabetes (IDD)

Mild hyperkeratosis in the epidermis (increase thickness of the keratin layer of the epidermis) with regular
acanthosis due to hyperplasia of the stratum spinosum in addition to dense chronic inflammatory cells infiltration
mainly lymphocytes and eosinophils and at some time associated with polymorphonuclear neutrophils
(Figure 2).

Figure 2 . Photomicrograph of skin tissue from Group Il showedmild hyperkeratosis in the epidermis(black arrows)
with regular acanthosis(white arrows) anddense chronic inflammatory cells infiltration (arrow heads)(H&E X150).

Disorganization and degenerative changes of the sweat gland which are surrounded by prominent deposition of
lymphocytes (Figure 3).

Figure 3 . Photomicrograph of skin tissue from Group Il showeddegenerative changes of the sweat gland (black
arrow) surrounded by prominent deposition of lymphocytes (white arrow)(H&E X150).

Congestion of the blood vessels in the dermis with obvious perivascular lymphocytic infiltration arranged in
concentric layers “muffs” around them, sometimes penetrating to the media layer (Figure 4).

© 2016 Global Journals Inc. (US)
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Figure 4 : Photomicrograph of skin tissue from Group |l showed congestion of the blood vessels in the dermis(black
arrow) with obvious perivascular lymphocytic infiltration (white arrows)(H&E X100).

o Disturbance of the histological architecture with focal areas of necrosis involving the destruction of the vascular
structures (Figure 5). Focal melanin pigmentation in the dermis (Figure 6).

Figure 5 : Photomicrograph of skin tissue from Group Il showeddisturbance of the histological architecture with focal
areas of necrosis (black arrow)(H&E X100).
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Figure 6 : Photomicrograph of skin tissue from Group Il showedfocal melanin pigmentation in the dermis(black
arrows) (H&E X150).

The large arterioles and arteries of muscular type showed swollen endothelial cells lining, excessive proliferation
of the subendothelial connective tissue layer and fibrous tissuedeposition at the level of media (Figure 7).

Figure 7 : Photomicrograph of skin tissue from Group Il showed the artery with excessive proliferation of the
subendothelial connective tissue layer (white arrow)and fibrous tissue deposition in the media (black arrow)
(H&E X150).

Heavy collagen fiber deposition around the blood vessels on using Orcien-Van Gieson stain (Figure 8).

© 2016 Global Journals Inc. (US)
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Figure 8 . Photomicrograph of skin tissue from Group Ishowedhyperacanthosis of epidermis (white arrows) with
heavy collagen fiber deposition around the blood vessels (black arrows)(Orcien-Van Gieson X400).
c) In Non-insulin dependent diabetes (NIDD)

o Marked hyperkeratosis more than insulin dependent diabetes appeared as thickened keratin covering the
epidermis with obvious sever acanthosis (Figure 9).

Figure 9 : Photomicrograph of skin tissue from Group lll showedmarked hyperkeratosis as thickened keratin
covering the epidermis (black arrow)with sever acanthosis (white arrows)(H&E X100).

o Mild inflammatory cells deposition including lymphocytes and plasma cells (Figure 10).
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Figure 10 : Photomicrograph of skin tissue from Group lll showedmild inflammatory cells deposition in thedermis
(black arrow)(H&E X150).

o Dilated acini of the sweat glands with degenerative changes of their lining epithelium and dilatation of their ducts
(Figure 11).

Figure 11 : Photomicrograph of skin tissue from Group Ill showeddilated acini of the sweat glands with degenerative
changes of their lining epithelium (black arrows) and dilatation of their ducts (white arrow)(H&E X150).

e The peripheral nerves showed an obvious vacuolar degeneration of Schwann cells that eventually have resulted
in the disappearance of the nerve fibers (Figure 12).

© 2016 Global Journals Inc. (US)



Figure 12 : Photomicrograph of skin tissue from Group Il showedvacuolar degeneration of Schwann cells of the
peripheral nerve(black arrows)(H&E X400).

V. DISCUSSION

The duration of diabetes, hypertension,
smoking, and raised serum cholesterol are important
risk factors for the development of diabetic foot ulcers in
patients with diabetes. However, various pathogenic
mechanisms of vascular and haemodynamic
dysfunction  have been  proposed™.  Platelet
dysfunction, immunological mechanisms, presence of
adhesion molecules have been described in relation to
diabetic foot".

Aguiar et.al, 2007"® stated that microcirculation
is involved in the pathogenesis of diabetic foot which is
sometime termed as “small vessel disease”.

Endothelial dysfunction precedes the
appearance of the microvascular lesions and it is proven
by vasoconstriction, marked increase in the
microvascular blood flow and vascular permeability and

alterations of anti-thrombotic properties of the
endothelium®.
In this study, hyperkeratosis with regular

acanthosis in the epidermis and dense chronic
inflammatory cells infiltration might be due to release of
proinflammatory  cytokines  like  prostaglandins,
leukotrienes, and interleukins which cause inflammatory
response. This finding previously reported by"".
Furthermore, vascular congestion in the dermis could be
due to the release of vasodilator substances then the
stagnant blood in the dilated vessels will cause tissue
hypoxia followed by degenerative changes of the sweat
gland and focal areas of necrosis. The finding agrees
with that observed by"". deposition of collagen fibers
occurs due to chronic inflammatory reaction, thus more

fibroblasts might reach the area leading to more
collagen fibers deposition®". Moreover, it has been
suggested that alveolar macrophages may release
fibroblast chemotactic factors leading to more fibroblast
proliferation and fibrous tissuedeposition at the level of
media’" ).

The focal necrotic areas could be provoked by
mitochondrial changes mediated by oxidative stress.
Ibrahim, (2013)%" stated that oxidative mitochondrial
swelling may lead to rupture of the outer mitochondrial
membrane and release of cytochrome C to activate the
proapoptoticBax  protein  which  triggers  cellular
apoptosis followed by necrosis depending on the level
of ATP.

Abnormalities in the vascular structure and
function are caused by loss of the sympathetic tone,
especially on the level of capillaries and small and
medium arterioles leading to local ischemia, increase of
the arteriolar resistance and consequently a decrease of
the blood flow and nutritive circulation of the tissues @2,
The alterations of the microcirculation can also explain
the late healing diabetic foot ulcer and even a raised
suspicion of infections ©®. The frequency and severity of
wound infection may be related to high glucose levels
and the contribution of occlusive microvascular disease
@9 During the progression of the diabetic foot
ulceration, the nervous involvement is sustained by the
morphological changes on the level of the peripheral
nerve @,

Our present study makes a difference by
identifying the vascular and nervous changes on the
level of cutaneous areas, along with the presence of the
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inflammatory infiltrate on the dermis and structural
modifications of the sweat glands.

VI. CONCLUSIONS

» The identification of vascular and nervous
morphological structures in  the complicated
diabetic foot allows the extension of the knowledge
related to the pathological background of this
condition.

» With the progression of diabetes mellitus, the
vascular lesions, which appeared on the
microcirculation level are aggravating consequently
involving arterioles and arteries of muscular type
and are being accompanied by nervous lesions
shown through morphological changes of the
peripheral nerves and these changes were
accompanied with lesions involving the epidermis,
dermis, and muscles.

VII. RECOMMENDATIONS

» The microvascular changes in relation to the severity
and progress of the diabetic foot ulceration and the
role played by the vascular mediators such as
serotonin, 5-hydroxt tryptamine in diabetes require
further studies and recordings using both light and
electron microscopy.

» Angiographic studies of medium and small arteries
to investigate occlusive changes in diabetic foot
ulceration were recommended.

» Epidemiological studies to evaluate the influence of
diabetes and its outcome on the quality of life
particularly in patients with chronic ischemia.

REFERENCES REFERENCES REFERENCIAS

1. Rajbhandari SM, Piya MK, A brief review on the
pathogenesis of human diabetic neuropathy:
Observations and Postulations.Int J Diabetes &
Metabolism 2005; 13: 135-140

2. Mekkes JR, Loots M, Bos JD Causes, investigation
and treatment of leg ulceration. British Journal of
Dermatology 2003; 148: 388-40.

3. Kempler P, Neuropathies. Pathomechanism, clinical
presentation, diagnosis, therapy. Springer Scientific
Journal 2002; 10 (8):142—149.

4. Reiber GE, Lipsky BA, Gibbons GW. The burden of
diabetic footulcers. American Journal of Surgery
2000; 176(2): 5-10.

5. Shaw JE, Boulton AJ. The pathogenesis of diabetic
foot problems: An overview. Diabetes 2000; 46 (2):
58-61.

6. Dinh TL, Veves A. A review of the mechanisms
implicated in the pathogenesis of the diabetic foot,
International Journal of Lower Extremity Wounds
2005; 4(3): 154-159.

© 2016 Global Journals Inc. (US)

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

Schaper NC, Nabuurs MH. The diabetic foot:
pathogenesis and clinical evaluation, Journal on
Vascular Medicine 2002; 2(2): 221-228.

Defronzo RA, ReasnerC. The Diabetes Control and
Complications Trial Study: implications for the
diabetic foot Journal of Foot Ankle Surgery 2000; 33
(6): 551-556.

Hile C, Vevas A. Diabetic neuropathy and
microcirculation, Current Diabetic Reproduction
2003; 3(6):446-451.

Flynn MD, Tooke JE. Diabetic neuropathy and the
microcirculation, Diabetic Medicine 2001; 12 (4):
298-301.

Ogawa K, Sasaki H, Yamasaki H, Okamoto K,
MatunoS, Shono T, Arimoto K, Furuta H, Nishi M,
NakaoT, Nanjo K. Peripheral nerve functions may
deteriorate parallel to the progression of
microangiopathy in diabetic patients, Nutritional
Metabolic Cardiovascular Disease 2006; 16(5):
313-321.

Malik RA, Newrick PG, Sharma AK, Jennings A,
Ahsee K, Mayhew TM, Jakubowski J, Boulton AJ,
Ward JD. Microangiopathy in human diabetic
neuropathy  :relationship  between  capillary
abnormalities and the severity of neuropathy,
Diabetologia 2000; 32(2): 92-102.

Flynn MD, Tooke JE. Aetiology of diabetic foot
ulceration: A role for the microcirculation, Diabetic
Medicine 2001; 9(4):320— 329.

Dinh T, Tecilazich F, Kadomas A. Mechanisms
involved in the development and healing of diabetic
foot ulcer, Am Diabetes Association 2012; 16 (11):
2937-2941.

Aguiar LG, Villela NR, Bouskela. Microcirculation in
diabetes: implications for chronic complications and
treatment of the disease, Endocrinological
Metabolism 2007; 51(2): 204-211.

Esper RJ, Vilarino JO, Machado RA, Paragano A.
Endothelial dysfunction in normal and abnormal
glucose metabolism, Advanced Cardiology 2008;
45 17-43.

Wang YN, Lee K, LedouxWR, Histomorphological
evaluation of diabetic planter soft tissue. Foot Ankle
Int. 2014; 32(8): 802-810.

Lew E, Nicolosi N, BotekG, Lower extremity
amputation risk factor associated with elevated
ankle brachial indices and radiographic arterial
calcification. J Foot Ankle Surgery 2015; 54: 413-
417,

Kirsner RS, Vivas AC, Lower extremity ulcer:
Diagnosis and Management. British J of Dermatol.
2015; 137: 379-90.

Yang MY, Kim GW, Song M, Bullae and sweat gland
necrosis with concurrent muscle infarction in patient
with long standing type | diabetes. Paper
Search.net, Korean Study 2015; 120: 179-85.



21.

22.

23.

24.

25.

lbrahim A Vitamin A downregulating Bcl-2 and TGF-
a expression duringcolon cancer in AFB1-induced
female rats, J Natural Sciences Research 2013;
3(5): 67-83.

Lafontaine J, Harkless LB, Davis CE, Allen MA,
Shireman PK. Current concepts in diabetic
microvascular dysfunction, J. Am Podiatr Medical
Association 2006; 96(3): 245-252.

Korzon A, Edmonds M. Role of the microcirculation
in diabetic foot ulceration, International Journal of
Lower ExtremityWounds 2006; 5(3): 144—-148.
Edmonds M. Diabetic foot ulcers: practical
treatment recommendations, Drugs 2006; 66(7):
913-929.

Chantelau E. Obliterating diabetic microangiopathy
of the diabetic foot, Gesamte International Medical
Journal 2000; 48(8): 376-380.

© 2016 Global Journals Inc. (US)

Global Journal of Medical Resecarch (C) Volume XVI



	The Histological Changes of the Skin Lesion in Diabetic Foot
	Author
	Keywords
	I. Introduction
	II. Patients, Materials and Methods
	III. Results and O bservations
	IV. Histological Findings
	a) In the control group
	b) Ininsulin dependent diabetes (IDD)
	c) In Non-insulin dependent diabetes (NIDD)

	V. Discussion
	VI. Conclusions
	VII. Recommendations
	References Références Referencias

