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ABSTRACT 

Background: Usually, in clinical practice, only the external characteristics of the forming 

granulation tissue are evaluated, which is insufficient and can lead to errors in treatment. The 

morphological characteristics of granulation maturity were evaluated in laboratory models or 

individuals without carbohydrate metabolism disorders.  

Methods: The study was conducted in the design of an open prospective, randomized 

comparative study with parallel groups, including patients with diabetes mellitus and diabetic 

foot syndrome. General clinical, biochemical, instrumental, functional, morphological, 

immunological, histochemical, and statistical research methods were carried out. 

Results: Modern methods of local treatment after primary surgical treatment of chronic 

wounds should be used differentially depending on the volume of the wound and the amount 

of exudate. This will significantly improve the therapeutic prognosis and shorten the duration 

of treatment. The optimization of the treatment process was noted,  and the period of stay of 

the patient in the hospital was significantly reduced.  The intensity of reparative processes 

can be assessed by determining immunohistochemical markers such as CD31, CD68, 

osteopontin, activity of matrix metalloproteases, and tissue inhibitor of metalloproteases. As a 

reliable predictor of good wound healing, there is an increase in local microhemodynamics 

according to transcutaneous oximetry. 

Conclusions: Reparative processes in the soft tissues of the lower extremities are impaired in 

individuals with diabetes mellitus.  Different types of local treatment of wounds have 

different effects on the intensity of healing processes in patients with diabetes mellitus.  The 

type of topical treatment may affect local microhemodynamics in the tissues surrounding the 

wound. 
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INTRODUCTION 

Diabetes mellitus is one of the most important medical and social problems. According to data 

provided by the International Diabetes Federation, the number of people suffering from this disease in 

the world is 382 million people (Firdous et al., 2022). 
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In 30-80% of patients with diabetes mellitus,  chronic wound defects of the soft tissues of the lower 

extremities of various origins are recorded (Pitocco et al., 2019). In more than half of the cases, the 

course of the wound process in persons with this pathology is extremely long and may be 

accompanied by the addition of wound infection and pain syndrome (Lipsky et al., 2012). Wounds can 

be resistant to treatment, which leads to a decrease in the quality of life of patients and poses an 

immediate risk of subsequent amputation (Bolton, 2022). Even in the case when radical surgical 

intervention can be avoided, long-term and extremely expensive treatment of trophic disorders of the 

soft tissues of the lower extremities leads to huge costs of both material resources and time of medical 

personnel (Noor et al., 2017).  

Usually, in clinical practice, only the external characteristics of the emerging granulation tissue are 

evaluated, which is insufficient and can lead to errors in treatment. Morphological characteristics of 

granulation maturity were evaluated in laboratory models or individuals without carbohydrate 

metabolism disorders. To date, such indicators of the viability of granulation tissue as the rate of 

neovasculogenic, proteolytic activity, and the number of macrophages, as the main source of growth 

factors necessary for healing, remain poorly understood. 

Normally, wound healing includes several sequential biological and molecular processes that begin 

with the migration and proliferation of cells in damage and rearrangement of the extracellular matrix 

and end with the remodelling of newly formed tissues and blood vessels (Góralczyk, et al., 2018). 

Effective repair is not possible without a timely and accurate cellular response, which consists of the 

activation of keratinocytes, fibroblasts, endothelial cells, macrophages, and platelets, which synthesize 

various growth factors and cytokines that regulate the wound process and lead to the achievement of 

epithelialization (Ruszkowska-Ciastek et al., 2014). 

It is believed that with long-term and poorly controlled diabetes mellitus, due to the development of 

late micro- and macrovascular complications, the expression of local growth factors decreases (Shi et 

al., 2017). 

Currently, numerous studies are being conducted on the role of cytokines, and growth factors in 

wound healing in diabetes mellitus, but there is still no unified assessment of the role of these 

molecules in repair (Zubair et al., 2019). 

Hyperglycemia leads to impaired immune responses, which significantly increases the risk of 

secondary infection. The glycation of proteins changes their structure and function, which plays an 

important role in the development of microvascular complications of diabetes mellitus (Donath et al., 

2019). 

According to experimental studies, a high concentration of glucose inhibits the proliferation of human 

fibroblasts in cell culture, bovine endothelial cells, and primary keratinocytes of mouse skin. 

Fibroblasts lose sensitivity to stimulation by growth factors, and human endothelial cells and 

macrophages begin to produce a greater number of molecules of average weight (Kulwas et al., 2015). 

Chronic wound defects in diabetes mellitus are in the phase of inflammation for a longer period than 

with normal carbohydrate metabolism, there is reduced activity of inflammatory cells and a slowdown 

in the restructuring of the extracellular matrix. The above disorders contribute to the transformation of 

the wound from acute to chronic (Borys et al., 2019). 

The most informative indicators of the intensity of repair in soft tissues are the vascular endothelial 

marker (CD 31 antibody), the activity of matrix metalloproteases (MMP-9) and tissue metalloprotease 

inhibitor (TIMP-1), the macrophage marker (CD68), and the matrix cell protein osteopontin (You et 

al., 2022; Petersen et al., 2015). 

In this regard, it seems appropriate to study the features of changes in these indicators reflecting tissue 

repair against the background of various methods of local treatment in individuals with diabetes 

mellitus. 

MATERIALS AND METHODS OF INVESTIGATION 
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The study was carried out in the design of an open prospective randomized comparative study with 

parallel groups, which included patients with diabetes mellitus and diabetic foot syndrome who were 

hospitalized in a multidisciplinary clinic of the Tashkent Medical Academy in the period 2018-2022.  

Patients were assigned to local treatment groups by random sampling. 

63 patients with type 1 and type 2 diabetes mellitus with neuropathic and neuro-ischemic forms of 

diabetic foot syndrome (without critical ischemia of the lower limb) aged 32 to 78 years were 

examined. All patients underwent surgical treatment of the wound defect of the lower limb (traditional 

or hydro surgical system Versa Jet, Smith & Nephew, UK) with excision of necrotic tissues and 

sanitation of the focus of infection, after which a biopsy of the wound defect was taken for 

histological and immunohistochemical examination.  As a biopsy material, a section of tissue was 

taken from the centre of the wound, with a volume of about 0.5 sm
3
. 

After surgical debridement of the wound, the patients were divided into groups by random sampling.  

The first group consisted of patients who received negative pressure therapy ranging from -90 to -120 

mm Hg as a local treatment. (VivanoTec, Hartmann. Germany; Renasys, Renasys Go, Smith 

&Nephew. Great Britain), the change of the sponge dressing was carried out 1 time in 3-4 days, 

depending on the local status and severity of exudation.  The second group included patients who 

were on therapy with collagen-containing dressings Promogran (Systagenix, UK), dressing was 

carried out 1 time in 2 days, according to the recommendations for the use of this dressing. The third 

group, the control group, included patients who received standard treatment with atraumatic dressings 

(Adaptic, Systagenix, UK; Atrauman, Hartmann, Germany). Given the low absorbency of the above 

closures, such dressings as Mesorb (Molnlycke Health Care, Sweden), and Zetuvit (Hartmann, 

Germany) were used as secondary dressings. The dressing was changed daily.  Groups 1 and 2 were 

not compared with each other due to the different mechanisms of action of the studied methods (the 

physical method of exposure to vacuum therapy and the competitive interaction of bovine collagen, 

which is part of collagen-containing dressings, with matrix metalloproteases of the wound 

environment). In addition, according to international guidelines for the treatment of diabetic foot 

syndrome the use of negative pressure and collagen refers to adjuvant treatments, as opposed to 

standard topical treatment with atraumatic dressings.  

The examination included examination, analysis of clinical and anamnestic data, and results of 

laboratory and instrumental, histological and immunohistochemical studies.   During the hospital stay, 

all patients underwent unloading of the lower extremities, according to indications, antibiotic therapy 

was carried out. Antibacterial drugs were prescribed to prevent secondary infection of wounds, which 

is possible when changing dressings.  During hospitalization, all patients had glycemic values within 

the individual target values. All patients signed an informed consent to a particular method of 

treatment.  The study protocol was approved at a meeting of the ethics committee of the Ministry of 

Health of the Republic of Uzbekistan dated  September 15,  2017 (protocol # 23). 

A general clinical blood test was performed on a haematology analyzer XE 2100 (Sysmex, Japan) 

with automatic loading of samples. A biochemical blood test was performed on an automatic 

biochemical analyzer Architect plus C 4000 (Abbott Diagnostics, USA) by the photometric method 

according to standard methods using the manufacturer's reagents. The level of glycated haemoglobin 

was determined by high-performance high-pressure liquid chromatography on the D-10 apparatus 

(BioRad Laboratories, USA) according to the manufacturer's standard methodology. 

All laboratory tests of blood samples were carried out according to standard methods based on the 

clinical diagnostic laboratory of the medical and biological laboratory of the Tashkent Medical 

Academy.  Tactile sensitivity was assessed using a monofilament weighing 10 g (North Coast Medical 

Inc., USA) according to the standard method. Vibration sensitivity was determined using a graduated 

128 Hz tuning fork (Kircher & Wilhelm, Germany) on the tibial tubercle and on the medial surface of 

the head of the 1st metatarsal bone. The state of temperature sensitivity was determined using the Tip-

Therm device (Neue Medizintechnik Gmbh, Germany).  The severity of pain was assessed using a 5-

point verbal pain assessment scale.  
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The area of the wound was determined by the planimetric method by delineating the contours of the 

wound through a transparent scale film (Opsite Flexgrid, Smith and Nephew, UK), followed by 

counting the number of square centimetres inside the contour. The depth of the wound defect was 

assessed using a sterile ruler. Blood flow through the dorsal arteries of the foot, anterior and posterior 

tibial arteries, as well as the state of venous outflow were assessed based on the results of duplex 

scanning on the Voluson 730 apparatus (General Electric, USA). Determination of transcutaneous 

oxygenation of the skin of the near-wound zone (tpO2) was carried out by transcutaneous oximetry. 

To measure tcpO2, an oximeter "TSM-30" (Radiometer, Denmark) was used.  

Morphological analysis of the material included histological and immunohistochemical research 

methods.  The biopsy material was fixed in a 10% formalin solution and then poured into paraffin 

according to the standard method. Serial sections with a thickness of 3 μm were dewaxed according to 

the standard scheme and stained with hematoxylin and eosin. 

The assessment of the severity of edema and extracellular matrix was carried out by a semi-

quantitative method using a point assessment, where 1 "+" is weakly expressed, 2 "+" is moderately 

pronounced, 3 "+" is strongly pronounced, 4 "+" is very strongly pronounced. The maturity of the 

granulation tissue was assessed by determining the area of necrosis, the number of vessels,  the 

severity of the inflammatory infiltrate and the cellular composition (polymorphonuclear leukocytes, 

lymphocytes, macrophages, fibroblasts), and was divided into young,  granulation tissue: connective 

tissue rich in cells and thin-walled vessels, between the vessels there are many undifferentiated 

lymphocyte-like cells of connective tissue, leukocytes, plasma cells and labrocytes, 2 – maturing 

granulation tissue: differentiation of cellular elements, fibrous structures, as well as blood vessels 

continues. The number of hematogenous elements decreases, and fibroblasts increase. In connection 

with the synthesis of collagen fibroblasts in the intercellular spaces, argyrophilic and then collagen 

fibres are formed. As fibroblasts mature, the number of collagen fibers increases, they are grouped 

into bundles; 3 – mature granulation tissue: fibrous connective tissue. 

The phases of inflammation were determined based on the standard classification, where phase 1 is 

inflammation: neutrophilic granulocytes, monocytes and macrophages predominate in the wound, 

phase 2 is the regeneration and maturation of granulation tissue: the latter is formed in the form of 

separate foci at the bottom of the wound and is characterized by an intense neoplasm of capillaries. 

Many fibroblasts are determined, the formation of collagen and elastin fibers, phase 3 - scarring and 

epithelialization:  maturing, mature, where 1 - young granulation tissue turns into mature fibrous 

tissue with coarse collagen fibers and fibrocytes. 

An immunohistochemical study was performed on the immunostained Leica BOND-MAX 

(Germany). Antibodies to tissue metalloproteinase inhibitor 1 (TIMP-1), matrix metalloprotease 9 

(MMP-9), CD68 antibody (a protein of the lysosomal glycoprotein family expressed by macrophages, 

monocytes, neutrophils, basophils, and NK cells), platelet and endothelial cell adhesion molecule -1 

CD31 and osteopontin protein were used. 

Evaluation of the expression of cytoplasmic markers such as TIMP-1, MMP-9, osteopontin was 

carried out by a semi-quantitative method: 1 "+" staining of single cells (less than 30% of cells), 2 "+" 

- 30-60% of cells, 3 "+" - 60-90%, 4 "+" - more than 90% of cells. The degree of expression of CD68 

(a marker of histiocytic cells) was calculated by a semi-quantitative method based on the number of 

immunopositive cells and varied in the ranges: 5-10%, 10-15%, 15-20%, 20-30%, 30-40% of 

specifically stained cells. 

The density of vessels per unit area (0.75mm
2
 [magnification 20s, lens field of view diameter 1 mm]) 

was estimated by counting the number of vessels whose endothelium expressed CD31 at the place of 

their greatest density. Morphologists were not informed of the method of local treatment in the 

examined patients, thus, histological and immunohistochemical examination were blinded. 

Statistical processing of the obtained data was carried out using the STATISTICA application package 

(StatSoft Inc., USA, version 6.0). To analyze the type of distributions, the Shapiro-Wilk and Lilliefors 

criteria were used, and the variances of the feature distributions were estimated using the F-test in the 
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ANOVA analysis of variance procedure. Given the small sample sizes and distributions different from 

normal, nonparametric methods of data analysis were used. Comparison of independent groups by 

quantitative characteristics was carried out by a nonparametric method using the Mann-Whitney U-

test. Comparison of dependent groups by quantitative characteristics was carried out by a 

nonparametric method using the Wilcoxon test. Comparison of independent groups by qualitative 

characteristics was carried out by a nonparametric method by analyzing contingency tables using the 

two-tailed exact Fisher test for unrelated groups. The differences at p<0.05 were considered 

statistically significant.  

 

RESULTS AND DISCUSSION 

 
Table 1 presents a  detailed general description of patients before the start of local treatment, divided 

into a group of vacuum therapy (group 1), collagen-containing dressings (group 2) and a control 

group (group 3).  

Index 
Group 1 

NPWT (n=21) 

Group 2 

Collagen (n=21) 

Group 3 

Control (n=21) 

p-

value* 

p-

value** 

Age, Me 

[Q25;Q75], 

years 

60 [52;64] 55 [50;66] 60 [57;72] 0,26 0,16 

Sex (m/f) 14/7 14/7 14/7 1,0 1,0 

The duration of 

diabetes 

mellitus, Me 

[Q25;Q75], 

years 

16 [12;24] 15 [13;16] 12 [9; 16] 0,039 0,19 

Type 1 diabetes 

mellitus / type 

2 diabetes 

mellitus 

5/16 5/16 1/20 0,73 0,18 

HbA 1c, Me 

[Q25;Q75],% 
8,8 [7,4; 10,6] 8,3 [7,8; 9,5] 8,8 [7,6; 9,7] 0,83 0,63 

P* - Group 1-3 

P** - Group 2-3 

Table 1. Characteristics of the examined patients before the start of local treatment of 

wounds. 

As can be seen in Table  1, the patients assigned to a particular group were comparable in 

terms of sex, age, and state of carbohydrate metabolism. The patients examined were 

predominantly male. Group 1 patients had a longer duration of diabetes mellitus. The average 

age of the patients was 58±11 years. Most of the patients assigned to different perioperative 

treatment groups suffered from type 2 diabetes mellitus. In patients with diabetes mellitus  

Type, 1 average duration of the disease was 21±6.8 years, in people with type 2 diabetes 

mellitus - 14±6.5 years. The median values of glycated haemoglobin (HbA1c) in all 

examined patients were 8.7% [7.6; 10], which indicates unsatisfactory control of the disease. 

In all patients included in the study, the severity of microvascular complications of diabetes 

mellitus was assessed: diabetic polyneuropathy, diabetic nephropathy, and diabetic 

retinopathy. The groups did not differ statistically in the severity of microvascular 

complications of diabetes mellitus. Almost all patients had distal diabetic polyneuropathy. 

According to the data presented, 3 patients did not have pronounced manifestations of 

neuropathy results of peripheral sensitivity assessment. However, the presence of dry skin 
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and hyperkeratosis of the feet, as well as disruption of the sweat glands, made it possible to 

regard the above symptoms as the initial manifestations of peripheral innervation disorders. 

The groups differed slightly in the presence of non-proliferative retinopathy. 

According to laboratory blood tests, the examined patients had no signs of an acute 

inflammatory process: the values of blood leukocytes corresponded to normal. The presence 

of anaemia and hypoproteinemia in the examined persons was not confirmed: haemoglobin 

and total blood protein indicators were within the reference limits for each category of 

patients. In all patients, the median glomerular filtration rate (MDRD) (Me[Q25; Q75]) was 

equal to 85 [62; 102], which corresponds to stage 2 of chronic renal failure against the 

background of diabetic nephropathy. 

Thus, these factors are excluded as causes of delayed healing of wounds of the lower 

extremities in patients of the three groups. One of the leading factors in successful wound 

healing in diabetes mellitus is a sufficient supply of oxygen to tissues (Němcová et al., 2017).  

Because the exclusion criterion was the presence of critical ischemia of the lower limb, in all 

examined patients with the neuroischemic form of diabetic foot syndrome, the stable blood 

flow in the arteries of this area was determined according to Doppler and transcutaneous 

oximetry, there were no signs of critical ischemia of the affected limb. In group 1, tcpO2 was 

46 [38; 52] mm Hg, in group 2 – 47 [41;  51], and in group  3 – 43 [38; 47]. There were no 

statistical differences between the groups (p1-3 = 0.29, p2-3 = 0.19). 

All patients underwent surgical treatment of the wound defect, the required antibiotic therapy 

and unloading of the lower extremities. Antibacterial drugs were prescribed to prevent 

secondary infection of wounds, which is possible when changing dressings (Záhumenský 

2006). 

During the examination, it was found that all patients included in the study were comparable 

in the severity of reparative processes in the soft tissues of the lower extremities according to 

light microscopy and immunohistochemical analysis (p>0.05). In the wounds of the 

examined groups, there was pronounced oedema, a poorly organized extracellular matrix, low 

content of fibroblast-like cells and severe inflammatory infiltration, and the presence of 

young granulation tissue (p>0.05) was revealed. A detailed description of the morphological 

picture of wound biopsy specimens before treatment is presented in Table 2. 

Histological 

characteristics 

Group 1 

NPWT 

(n=21) 

Group 2 

Collagen 

(n=21) 

Group 3 

Control (n=21) 

p-

value* 

p-

value** 

Phase of the wound 

process, Me 

[Q25;Q75] 

1 [1;1] 1 [1;2] 1 [1;2] 0,57 0,92 

Severity of edema, Me 

[Q25;Q75] 
3 [3;4] 3 [3;4] 4 [3;4] 0,95 0,59 

Severity of the 

extracellular matrix, 

Me [Q25;Q75] 

2 [1;2] 1 [1;2] 2 [1;2] 0,85 0,34 

Maturity of 

granulation tissue, Me 

[Q25;Q75],% 

1 [1;2] 1 [1;2] 1 [1;1] 0,77 0,34 

P* - Group 1-3 

P** - Group 2-3 
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Table 2. Histological characteristics of the examined groups before the start of local 

treatment. 

Even though in many patients the course of the wound process was long and sometimes resistant to 

local treatment, the surgical treatment made it possible to translate the chronic process into an acute 

one. According to the results of the immunohistochemical study, a moderate number of macrophages 

(immunopositivity with antibodies to CD68), intense staining of matrix metalloprotease-9, weak 

staining of TIMP-1 and osteopontin (p>0.05) were initially noted in all groups  (Table 3).  

 

 

 

Repair marker 

Group 1 

NPWT 

(n=21) 

Group 2 

Collagen 

(n=21) 

Group 3 

Control (n=21) 

p-

value* 

p-

value** 

Number of vessels 

during staining to 

CD31, Me [Q25;Q75] 

46 [33;66] 43 [19;62] 58 [30;95] 0,31 0,15 

Number of 

macrophages on 

staining to CD68, Me 

[Q25;Q75] 

10 [10;15] 15 [5;20] 10 [5;15] 0,29 0,35 

OPN, Median 

expression, Me 

[Q25;Q75] 

3 [2;3] 3 [3;3] 3 [2;4] 0,22 0,36 

MMP-9 Expression, 

Me [Q25;Q75] 
3 [2;4] 4 [3;4] 4 [2;4] 0,37 0,56 

TIMP-1 expression, 

Me [Q25;Q75] 
1 [1;2] 1 [1;2] 2 [1;3] 0,24 0,2 

P* - Group 1-3 

P** - Group 2-3 

Table 3. The intensity of reparative processes according to immunohistochemical studies before the 

start of therapy. 

Attention is drawn to the fact that in the current study, no correlation between glycated hemoglobin 

values and healing rate was revealed. In addition, the rest of the laboratory parameters also did not 

affect the reparative processes of soft tissues. 

According to the results of the treatment lasting 9±2 days, a significant difference in the dynamics of 

the area and depth of wounds during negative pressure therapy was revealed compared with standard 

therapy and when comparing the results of collagen therapy with standard treatment. 

Even though the differences between the groups were not significant (p>0.05), there is a clear trend 

towards a more pronounced reduction in the wound area in the first group. The area of wounds 

decreased by 19.8% [10; 37.7] in group 1, by 26.4% [11.7; 32.4] in group 2, and by 17.0% [13.3; 

26.7] in group 3. 

The depth of wound defects during treatment decreased by 42.8% [24.3; 60.0] in the vacuum therapy 

group, by 30.4% [20.0; 41.1] in the collagen-containing dressings group, and by 16.6% [12.5; 32.2] in 

the control group. The differences between groups 1 and 2 with standard treatment are significant. 

Attention is drawn to the fact that negative pressure therapy more than effectively influenced the 

depth of wounds than the values of their area  (Normandin et al., 2021). While collagen therapy was 

most effective in reducing the area of wounds, but not the depth. 
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Thus, it can be concluded that both vacuum therapy and the use of collagen-containing dressings have 

a more effective effect on the clinical parameters of healing than standard topical treatment. Because 

negative pressure therapy effectively reduces the depth of wounds after surgical treatment and topical 

application of collagen improve the parameters of the area, it can be concluded that the use of a 

vacuum is a priority in patients with deep wound defects and abundant exudation (Götz 2017). 

During the examination, it was found that the median tcpO2 in group 1 was 46 [38; 52] mm Hg, in 

group 2 – 47 [41;  51], and in group 3 – 43 [38; 47]. There were no statistical differences between the 

groups (p1-3=0.29, p2-3=0.19), which indicates a well-functioning arterial blood flow in the affected 

limb and the absence of critical ischemia in the examined (Szabad 2011).  

Against the background of local treatment, a significant increase in the partial pressure of oxygen in 

group 1 was recorded: the median tcpO2 after treatment was 52 mm Hg. [48;58] (initially - 46 [38; 

52]), p<0.01, tcpO2 values in group 2 - 48 [45; 053] mm Hg. (Before treatment - 47 [41; 51] mm Hg), 

p - 0.18, in group 3 - 39 [32; 47], (before therapy - 43 [38; 47] mm Hg), p = 0.017. When comparing 

the results of the treatment of groups 1 and 2 with the control group, significant differences in the 

results obtained were revealed (p<0.001 and p=0.02, respectively). 

Thus, we can say that negative pressure therapy significantly enhances local microcirculation. This 

significantly improves reparative processes, increases the rate of healing, and contributes to a more 

effective effect of drug therapy, since with the intensification of the local blood supply, the delivery of 

antibacterial drugs to the wound improves. Attention is drawn to a slight decrease in local 

microcirculation against the background of standard treatment, which may be due to the error of the 

method and the persistence of post-traumatic oedema in the surrounding tissues (Rdeini et al., 2014). 

Pain syndrome in patients with chronic foot wounds is an extremely unfavourable healing factor 

(Krivoshchekov et al., 2020). It reduces both the quality of life of patients and their adherence to 

treatment and can lead to a slowdown in reparative processes. It should be noted that before the start 

of therapy in most patients, the pain syndrome was moderately expressed because of existing 

polyneuropathy. Against the background of treatment, regression of pain was recorded in all groups. A 

more pronounced downward trend was noted in the intensity of pain during negative pressure therapy 

and topical application of collagen compared to standard treatment (p<0.05). Of course, this may be a 

consequence of both a decrease in inflammation against the background of a complex of therapeutic 

measures and the direct influence of local treatment. 

Interestingly, none of the patients included in the study refused to continue negative pressure therapy 

for one reason or another (inconvenience, noise, fear, etc.). This was facilitated by the absence of 

unpleasant pain against the background of local treatment. In addition, it is possible that the decrease 

in the intensity of pain syndrome against the background of vacuum therapy is due to a rarer, 

compared with other methods used,  changing the dressing, as well as reducing the area of damaged 

tissues. 

Against the background of topical application of collagen, a decrease in pain syndrome was also noted 

compared with standard therapy. During the histological examination of biopsy specimens of wound 

defects before treatment, it was found that all wounds were comparable in terms of the state of 

reparative processes in soft tissues. All patients had severe edema, poorly organized extracellular 

matrix, low content of fibroblast-like cells and significant inflammatory infiltrate (p>0.05). All 

wounds were in the phase of inflammation. 

Against the background of treatment in groups 1 and 2, it was possible to achieve a more pronounced 

tendency to reduce intercellular edema compared to the control group, but the differences obtained 

were statistically insignificant. The dynamics of changes in the organization of the extracellular 

matrix because of one or another method of local treatment was not obtained. Perhaps this is due to 

the difficult assessment of this parameter when staining with hematoxylin-eosin. 

According to light microscopy of biopsy specimens of wound defects in the groups of vacuum therapy 

and collagen-containing dressings, the transition of granulation tissue from young to mature was 
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recorded, while in the control group, the granulation tissue had the character of maturing. However, 

against the background of negative pressure therapy, this transition was statistically reliable compared 

to the control group (p<0.05), and in the group of collagen-containing dressings, there were no 

differences from the control group (p=0.28). In addition, the data of the morphological picture 

demonstrate a significant process of transition of wounds from the phase of inflammation to the phase 

of epithelialization in all examined groups, however, there were no statistically significant differences 

between the groups. 

The immunohistochemical study also showed a slowdown in reparative processes in the soft tissues of 

the lower extremities in the examined patients with diabetes mellitus, and a slowdown in 

neoangiogenesis before the start of therapy was recorded. When counting the number of vessels 

stained with the CD31 endothelial cell marker, a small number of vessels per unit area was noted. 

Thus, the average number of vessels in wound biopsy specimens before treatment was 57±43 per 1 

mm,  which also indicates a slowdown in the repair processes in the examined individuals before the 

start of local treatment. 

In group 2, an increase in the number of vessels was also revealed: the median after treatment is 84 

[50; 109] per unit area, which is also evidence of the transition of the wound process to the 

epithelialization phase. 

In the control group, there was also an increase in the number of forming vessels: the median number 

after treatment was 97 [56; 157]. However, there were no significant differences between the groups. 

During this study, it was found that the level of expression of osteopontin was reduced in most 

patients. Against the background of treatment, there is an increase in OPN expression in groups 1 and 

2. When comparing the results obtained with the data of the control group, no statistically significant 

differences were obtained. In all groups, there was a tendency to increase the expression of this maker 

of healing, which is also a criterion for good wound healing. In all patients, staining of the CD68 

macrophage marker was observed before treatment. 

In laboratory models, it has been proven that in diabetes mellitus, the number of macrophages in the 

wound accumulates for a longer time, which may be associated with an increase in the level of pro-

inflammatory cytokines and proteases and a reduced number of growth factors. 

When comparing the results obtained, there are statistical differences between groups 1 and 3, p = 

0.01, when comparing groups 2 and 3, no similar data were recorded: p = 0.06 Thus, it can be argued 

that vacuum therapy effectively affects the increase in the number of alternatively activated 

macrophages (judging by their phenotype), which is also an indicator of the transition of the wound 

process to the stage of remodelling. 

Before treatment, an increase in the expression of MMP-9 and weak staining of TIMP-1 were 

recorded, which indicates high proteolytic activity in wounds and, according to some studies, leads to 

a slowdown in collagen restructuring and is an unsatisfactory prognostic sign of wound healing. 

Against the background of treatment in all groups, there was a decrease in the expression of MMP-9 

and an increase in the expression of TIMP-1. 

In group 1, there was a significant decrease in MMP-9 (p<0.01) and an increase in TIMP-1 (p=0.009) 

during treatment. In group 2, a similar result was obtained: MMP-9 during collagen therapy decreased 

significantly (p = 0.007), despite the tendency to increase TIMP, the data were unreliable p = 0.064. 

In the control group, MMP-9 expression also significantly decreased, p = 0.018, TIMP - without 

statistically significant dynamics: p = 0.09. 

An analysis of the effect of concomitant diseases on the healing rate of wound defects was carried out. 

As can be seen from Table 4, there were no significant differences in the healing processes in 

individuals without severe concomitant diseases and with their presence. 
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There were no correlations between the values of glycated haemoglobin, as well as other laboratory 

blood parameters (haemoglobin, total protein, glomerular filtration rate) and the difference in depth 

and area against the background of all types of treatment. The correlation coefficient varies from -0.02 

to 0.02. During correlation analysis, the effect of TIMP-1 activity on the depth of wounds was noted. 

So, with greater activity of this indicator against the background of treatment in all patients,  the depth 

of the wounds was smaller, and the correlation coefficient r (according to Spearman) = -0.19. 

Attention is drawn to the correlation between MMP expression and the phase of the wound process, 

the correlation coefficient r (according to Spearman) = -0.21.  

Index 
There are serious 

illnesses, n=35 

There are no serious 

illnesses, n=28 
p-value 

The difference in wounds 18,6 [9,9;30,3] 26,2 [13,4;34,6] 0,116430 

The difference in the 

depth of wounds 
30,4 [16,6;54,5] 28,9 [15,7;40,9] 0,538207 

 

Table 4. Effect of the presence of comorbidities on healing outcomes. 

Thus, the highest expression of MMP was determined in the initial phases of the wound process, 

namely in the phase of inflammation. In addition, a correlation between the values of TIMP-1 and the 

severity of oedema, the correlation coefficient RS = -0.21 was recorded.  The level of oedema 

depended on the values of TIMP-1: with an increase in the expression of this MMP inhibitor, the 

severity of oedema decreased. 

Based on the analysis of the data obtained on the effect of each of the methods of local treatment of 

wounds on the clinical and cellular aspects of healing, an algorithm for managing patients with 

neuropathic and neuroischemic (without critical ischemia) forms of diabetic foot syndrome in the 

perioperative period is proposed. After the surgical treatment, it is necessary to assess the depth and 

area of the wound defect. If the postoperative wound is clean, there are no signs of inflammation and 

secondary necrosis,  As well as the wound defect has a sufficient volume and exudation, the priority is 

the use of negative pressure therapy in order to more quickly form granulation tissue, reduce the size 

of the defect and prepare the wound for the next stage of treatment. If it is impossible to perform 

plastic closure with local tissues, it is recommended to maintain the wound in an open way until 

healing is achieved by secondary tension. In this case, the use of collagen-based dressings is 

indicated. 

CONCLUSIONS 

In patients with diabetes mellitus, reparative processes in soft tissues are slowed down, which is 

expressed in the presence of intercellular oedema, poor organization of the extracellular matrix, 

decreased expression of osteopontin and TIMP-1, and a reduced number of macrophages according to 

the results of histological and immunohistochemical studies.  At the same time, negative pressure 

therapy and collagen-containing dressings effectively reduce both the area and depth of wound defects 

after primary surgical treatment compared to standard treatment (p<0.05) in patients with neuropathic 

and neuroischemic forms of diabetic foot syndrome. In turn, in Vacuum therapy significantly 

improves local microhemodynamics according to transcutaneous oximetry compared to standard 

therapy (P<0.001) 

Negative pressure therapy and topical application of collagen significantly accelerate the reparative 

processes in the soft tissues of the lower extremities in individuals with diabetic foot syndrome 

compared to standard treatment, which is expressed in a reduction in the transition of the wound 

process from the phase of inflammation to the phase of epithelialization according to histological and 

immunohistochemical studies, which reveal a decrease in the number of inflammatory infiltrate cells, 

a decrease in edema and organization extracellular matrix and the formation of mature granulation 

tissue, as well as an increase in the expression of the macrophage marker CD68 and osteopontin. The 

successful process of wound healing in diabetic foot syndrome is characterized by an increase in the 

number of newly formed vessels (p<0.05).  Local use of negative pressure and collagen leads to a 
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significant (p<0.05) decrease in the level of expression of matrix metalloprotease-9 and a tendency to 

increase the synthesis of tissue inhibitor metalloprotease - 1, which leads to an acceleration of the 

organization of the extracellular matrix and the formation of high-quality granulation tissue. 

We believe that modern methods of local treatment (negative pressure therapy, collagen-containing 

dressings) after the initial surgical treatment of chronic wounds should be used differentially 

depending on the volume of the wound and the amount of exudate. This will significantly improve the 

therapeutic prognosis and shorten the treatment time.  The algorithm for managing patients with 

wound defects of the feet after surgical treatment, including an assessment of the condition of the 

wound, the amount and nature of the exudate, and the transcutaneous oxygen tension of the tissues, 

will optimize the treatment process and significantly reduce the length of the patient's stay in the 

hospital.  The determination of immunohistochemical markers such as CD31, CD68, osteopontin, as 

well as MMP-9 and TIMP-1 makes it possible to accurately assess the intensity of reparative 

processes in soft tissues in individuals with various forms of diabetic foot syndrome and can be 

recommended as a model for assessing the severity of repair in clinical trials. Enhancement of local 

microhemodynamics according to transcutaneous oximetry against the background of treatment is a 

predictor of good wound healing and is recommended for widespread use. 
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