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 Diabetes mellitus is currently characterized by a high progressive prevalence of 
patients. The purpose of this study is to evaluate the clinical, functional, and 
morphological parameters of purulonecrotic foci healing in diabetic foot 
syndrome (DFS) using programmable sanitation technologies. The patients 
were randomized into two groups. In the comparison group (n=51), patients 
received conventional local treatment after surgery. In the main group (n=55), 
after surgical treatment, the wound was sutured, and in the postsurgical period, 
programmable sanitation was conducted using the AMP-01 device. The 
cytological smears of the main group identified a higher rate of cellular 
reactions in the wound. There was a 1.3-fold reduction in the duration of 
hospitalization, the number of purulent complications was significantly less 
(p=0.014). It was possible to preserve the supporting function of the foot in 
patients of the main group in a larger percentage of cases (p=0.023). There was 
a statistically significant increase in the frequency of high amputations in the 
comparison group (p=0.026). As a result, the effectiveness of the use of 
programmable sanitation technologies for purulent lesions of the diabetic foot 
has been proven. 
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1   Introduction 
 

The problem of diabetes mellitus (DM) is currently acquiring medical and social importance, which is 
explained by the high progressive prevalence, considerable disability, and increased mortality of patients with 
diabetes (Galstyan et al., 2018; Dedov et al., 2017; Mitish et al., 2014; Bakker et al., 2016). Currently, 
approximately 285 million people suffer from diabetes, and by 2035, experts predict an increase in the 
number of patients with DM to 600 million people (Galstyan et al., 2018; Dedov et al., 2017; Stupin et al., 
2019). In the United States, DM affects approximately 9.4% of the population over the age of 18 (National 
Diabetes Statistics Report, 2014). In 2013, the health care costs associated with DM cost the US budget 548 
billion US dollars, which accounted for 11% of the total health care costs for adults, and by 2035 they are 
predicted to exceed 627 billion US dollars (Guariguata et al., 2011). Every year in the world, complications of 
DM become the cause of death in 1.6 million people, and, according to experts, this figure will double in 10 
years (Bordianu et al., 2018). Approximately 25% of diabetics are at risk of developing diabetic foot ulcer 
(DFU), which is the main reason for their hospitalisation, which costs the US 40,000 dollars per event (Ray et 
al., 2005; Armstrong et al., 2017; Jang et al., 2015). 

It is possible to heal diabetic ulcers by conservative measures only in 63-81% of cases, amputation of 
various levels of the limb is required in 14-24% of patients, while mortality rates reach 13%. These figures 
emphasise the need to find innovative approaches to the problem of treating purulonecrotic complications of 
DM (Nickerson, 2018; Ivanov et al., 2019). Most specialists consider the conservative approach to their 
treatment to be the main and determining one, but the duration of such therapy is many months. At the same 
time, invasive methods of treatment are expensive, and standard schemes of local drug therapy of wound and 
ulcerative defects are ineffective (Mitish et al., 2014; Bordianu et al., 2018; Yusupova et al., 2017). The slowing 
down of the healing processes in purulent lesions of DM is due to the presence of polyneuropathy, angiopathy, 
osteoarthropathy, which are interrelated factors and lead to the development of terrible complications. These 
complications often lead to the loss of a limb and sometimes pose a real threat to the patient's life (Armstrong 
et al., 2017; Braun et al., 2014). Over the past decade, thanks to fundamental scientific research in the field of 
molecular cell biology, a more complete understanding of the main mechanisms of wound healing in diabetes 
have become possible. At the same time, there is a violation of the synthesis of growth factors due to a 
decrease in the activity of macrophages. The role of inflammatory cytokines and matrix metalloproteases in 
reducing the rate of remodeling of the extracellular matrix and the rate of collagen accumulation has been 
proven (Zaytseva et al., 2014; Baltzis et al., 2014; Liu et al., 2009; Li et al., 2013; Dinh et al., 2012; Brancato & 
Albina, 2011). These and several other pathophysiological mechanisms lead to a chronic prolonged course of 
wound defects in diabetes with a slowdown in their healing time. 

Today, the solution of problems of predicting the course of reparative processes underlying the structural 
and functional restoration of altered tissues is becoming more and more popular. In this regard, there is an 
urgent interest in the development of both new approaches to treatment and methods for assessing the 
dynamics of wound defect healing in DFS (Eskes et al., 2011; Zemskov et al., 2011; Lacci & Dardik, 2010; Han, 
Wang & Zang, 2012; Larichev et al., 2011). The purpose of this study is to evaluate the clinical, functional, and 
morphological parameters of purulonecrotic foci healing in diabetic foot syndrome (DFS) using 
programmable sanitation technologies. 
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2   Materials and Methods 
 

The results of treatment of 106 patients with purulonecrotic complications in diabetic foot syndrome (DFS) 
without critical ischemia, who were treated at the Orel Regional Clinical Hospital for the period 2008-2018, 
were analyzed. This study was conducted by the requirements of the Helsinki Declaration of World Medical 
Practice (as amended in 2013). Inclusion criteria: patients with type 1 and type 2 diabetes mellitus, the 
absence of critical limb ischemia at TcPO2 values not lower than 27 mm Hg, the degree of foot tissue damage 
according to Wagner (1979), of II-IV degree, signed informed consent. The study did not include patients 
younger than 18 years old, with Wagner I and V degree of DFS, with a TcPO2 index in the foot skin below 27 
mm Hg, with the presence of extensive skin defects in the surgical treatment area. The presence of malignant 
neoplasms, concomitant diseases in the decompensation stage, circulatory insufficiency and respiratory 
insufficiency of the III degree, endocrine-metabolic and cerebral obesity, drug addiction, pregnancy, and 
lactation were also the exclusion criteria. 

The patients included in the study, depending on the methods of rehabilitation of purulent foci in the 
postsurgical period, were randomized into two groups. The comparison group included 51 (48.1%) patients 
(23 men and 28 women), after surgical treatment of a purulent focus they received conventional local 
treatment using solutions of iodophores, ointments based on polyethylene glycol, and after the inflammation 
was stopped, plastic reconstruction of the foot was performed or the wound was healed by secondary tension. 
The main group consisted of 55 (51.9%) patients (25 men and 30 women), after surgical treatment of a 
purulent focus tubular drains were installed in the wound cavity, brought out through separate incisions, and 
the wound was sutured. The drains were connected to the original AMP-01 device (utility model patent No. 
176572 dated 10.03.2017) (Sergeev, 2018), with the help of which programmable sanitation was carried out 
in the postsurgical period. On the control unit of the device, an individually selected program of cyclic 
irrigation processes, antiseptic aspiration, and constant vacuuming, carried out in an autonomous mode, was 
installed. The set vacuum level in the purulent cavity was maintained using a built-in pressure sensor. 

To evaluate the parameters for the study groups, the mean (M) and standard deviation (M±σ), median 
(Me), first and third quartiles (Q1, Q3) were used. In the main group, the age of patients was 59±8 years, and 
the median age was 56 years, in the comparison group – 60±9 years and the median age was 59. In both 
groups, patients with the second type of DM prevailed – 97 (91.5%) people, the average duration of the course 
of DM was 12.4±7.2 years. There were 9 (8.5%) patients with type 1 of DM, the average duration of DM was 
24.8±8.8 years. In 88.7% of cases, patients were hospitalized with decompensated diabetes, and in 6.6% of 
cases, primary-detected DM was diagnosed. In 92.5% of cases, patients were admitted to the hospital for 
emergency indications, and in 28.3% of cases, they had a severe degree of intoxication with signs of a systemic 
inflammatory reaction syndrome (Ceriello, 2006; Koziel & Koziel, 1995). 

According to the clinical form of DFS, the patients were distributed as follows: the neuropathic form of DFS 
– 63 (59.4%) patients, the neuroischemic form of DFS – 43 (40.6%) patients. At the moment of randomization, 
all the studied patients had a decrease in the index of partial oxygen tension in the foot skin, and the average 
values of TcРO2 for clinical forms of DFS were not lower than 27 mm Hg. The median value of TcРO2 in the 
foot skin with neuropathic form in the main group was 32.8 (32.3; 34.8) mm Hg. In the comparison group – 
33.2 (32.2; 34.8) mm Hg. In the neuroischemic form, the value of TcРO2 in the foot skin in the main group was 
28.8 (27.8; 29.4) mm Hg, in the comparison group – 28.6 (27.8; 29.4) mm Hg. The groups of patients were 
comparable in age, gender, type of DM, and clinical form of DFS (Table 1). 

 
Table 1 

Distribution of patients in the study groups by age, gender, type of DM, and clinical form of DFS 
 

Indicator 
Main group  
(n=55) 

Comparison group 
(n=51) 

p is the significance value of the 
differences between the groups 

Average age, M±σ 59±8 60±9 0.26* 
Gender men (n,%) 25 (45.5%) 23 (45.1%) 1.00** 

women (n,%) 30 (54.5%) 28 (54.9%) 
Type of DM 1st type 5 (9.1%) 4 (7.8%) 1.00** 

2nd type 50 (90.9%) 47 (92.2%) 
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Form of 
DFS 

neuropathic 32 (58.2%) 31 (60 %) 0.66** 
neuroishemic 23 (41.8%) 20 (39,2%) 

 
In 75.5% of cases, the osteoarticular apparatus of the foot was involved in the purulent-destructive process. In 
27 (25.5%) cases, there were purulonecrotic and purulent-granulating wounds after finger amputations or 
foot resection performed in other medical institutions (Carchi et al., 2021; Kurtieva et al., 2021). Tissue 
damage in the form of dry gangrene was in 21 (19.8%) patients, and in the form of phlegmon, wet gangrene – 
in 15 (14.2%) patients. The dependence of the distribution of patients according to the nosological form of 
purulonecrotic complications in DFS and the volume of the lesion in the studied groups was not found (χ2-
Pearson criterion p=0.989). The distribution of patients of the studied groups depending on the nosological 
form of purulonecrotic complications in DFS and the volume of the lesion according to the classification of F. 
Wagner (1979) are presented in Table 2. 
 

Table 2 
Distribution of patients of the studied groups depending on the nosological form of purulonecrotic 

complications of DFS and the volume of the lesion according to the classification of F. Wagner 
 

Nosological form of purulonecrotic 
process on the foot 

The volume of the lesion in 
accordance with the F. 
Wagner classification 

Main group 
(n=55) 

Comparison 
group 
(n=51) 

Total 

n % n % 
Hollow ulcer 2 5 9.1 4 7.8 9 
Hollow ulcer + chronic osteomyelitis of 
the finger 

3 3 5.5 3 5.9 6 

Finger phlegmon + foot phlegmon 2 5 9.1 6 11.8 11 
Finger osteomyelitis + foot phlegmon 3 8 14.5 9 17.6 17 
A purulent wound after amputation of 
the fingers or resection of the foot 
previously performed in other medical 
institutions 

3 14 25.5 13 25.5 27 

Dry gangrene of one or more fingers 4 12 21.8 9 17.6 21 
Wet gangrene of the finger + foot 
phlegmon 

4 8 14.5 7 13.7 15 

Total: 55 100 51 100 106 

 
In the main group of patients with neuropathic form, radical surgery and plastic reconstruction of the foot 
were performed in one stage. In the neuroishemic form, staging sanitation of the purulent focus was 
performed, and after the inflammation was stopped, plastic reconstruction of the foot was performed. In all 
cases, in the postsurgical period, after suturing the wound, programmable sanitation was used. Patients of the 
studied groups received complex therapy, which included complete foot unloading, insulin therapy with 
fractional administration of adequate doses of the drug under the control of glycemia level, etiotropic 
antibiotic therapy, anticoagulants, and immunomodulators were prescribed according to the indications 

(Zimny et al., 2002; Duzgun et al., 2008; Falanga, 2005). Perfusion vascular therapy was prescribed to patients 
with the neuroischemic form of DFS. The primary surgeries in patients in the study groups are presented in 
Table 3. According to Pearson's x2 test, there are no differences between the groups (p=0.72). 
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Table 3 
Primary surgeries in patients of the studied groups 

 

Primary surgeries 
Main group 
(n=55) 

Comparison group 
(n=51) Total 

n % n % 
Surgical debridement 9 16.4 9 17.6 18 
Prosection of the phlegmon 13 23.6 18 35.3 31 
Amputation of fingers 9 16.4 6 11.8 15 
Amputation of the distal segment of the foot 12 21.8 8 15.7 20 
Transmetatarsal amputation of the foot 12 21.8 10 19.6 22 
Total: 55 100 51 100 106 

 
All patients underwent laboratory tests, radiography of the feet in two projections, ultrasound Doppler 
examination of the arteries of the lower extremities, transcutaneous oximetry on the TSM 400 device of the 
"Radiometer medical" company (Denmark). The results of treatment were studied throughout the entire 
period of hospitalization with evaluation points on the day of admission, as well as on 3, 5, 7, 9, 12 days from 
the moment of admission to the hospital. The effectiveness of the rehabilitation of purulonecrotic foci in 
patients with DFS was evaluated by the level of bacterial contamination, pH-metry of the wound discharge. 
The qualitative parameters of the microflora were evaluated by the disk method by the taxonomic 
characteristics according to Nemec (2003), and the quantitative characteristics were determined by counting 
the number of colony-forming units in 1 ml of wound fluid (cfu/ml). The pH of the wound exudate was 
determined using a universal indicator paper of the company "PLIVA-Lachema" (Czech Republic) with a pH 
range of 3.9-8.1 with a step of 0.3 pH units. The immediate results of treatment were evaluated by the terms of 
inpatient treatment, the level of postsurgical mortality, the number of purulent complications, cases of 
preservation of the supporting function of the foot, and the number of high amputations performed. 

To assess the healing of purulent foci of the diabetic foot, a cytological method of examination was used 
(Kuzin & Kostyuchenok, 1990). In the comparison group, the sampling of cellular and tissue elements from a 
purulent wound was carried out by the method of surface biopsy according to M. Pokrovskaya and M. 
Makarov in the modification of Kamayev (1954), in the main group, the material was taken by the method of 
"puncture biopsy". The resulting material was stained according to the May-Grunwald-Romanovsky-Giemsa 
method. The calculation of the shaped elements was carried out using an Axio A1 light microscope (Zeiss, 
Germany) with an increase of 630 times, while the average indicator for 10 fields of view was output, and the 
resulting value was expressed as percentages per 100 counted cells. The study determined the type of 
cytological picture (Ivanusa et al., 2016; Widana et al., 2021), and the regenerative-degenerative index (RDI) 
(Kayem & Karlov, 1977). 

The work was carried out in the design of a simple randomized comparative controlled examination in 
parallel groups. The program SPSS Statistics 25 (IBM) was used for statistical processing of the obtained data. 
To study the relationship between qualitative features, conjugacy tables were built and the Pearson x2 
criterion or the exact Fisher criterion was calculated. If there is a relationship between qualitative features, 
the proportions of features were additionally compared using the z-score. The reliability of the differences 
between the groups by quantitative characteristics was assessed using the parametric Student t-test and the 
nonparametric Mann-Whitney U test (Mann & Whitney, 1947), for unrelated groups. For related groups, the 
parametric t-criterion for dependent samples and the nonparametric Wilcoxon signed-rank test were used 
(Kamayev, 1954). To assess the changes in the dynamics of quantitative indicators, the authors used an 
analysis of variance with repeated measurements assigning a time factor and a group. As a result of the 
analysis of variance with repeated measurements, hypotheses were tested: whether the change in indicators 
over time is significant, whether there is a difference between the groups, and also if there is a statistically 
significant interaction of the time factor and the group. The latter hypothesis allowed proving the difference in 
the change of the controlled indicators over time, depending on the group. The differences were considered 
statistically significant when the probability value was less than 0.05 for a two-sided critical region. 
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3   Results and Discussions 
 

The median microbial contamination of wounds at admission in patients of the main group was 50×108 
cfu/ml of wound fluid (interquartile range from 40×108 to 65×108 cfu/ml of wound fluid) in the comparison 
group – 50×108 cfu/ml of wound fluid (interquartile range from 40×108 to 60×108 cfu/ml of wound fluid, 
p=0.57). 5 days after surgery, the median microbial contamination of wounds in the main group of patients 
was 6×103 cfu/ml of wound fluid (interquartile range from 5×103 to 7.5×103 cfu/ml of wound fluid). In the 
main group, according to the Wilcoxon criterion, statistically significant differences were found between the 
results for this indicator, p<0.001. In the comparison group on day 5, the median microbial contamination of 
wounds was 5×105 cfu/ml of wound fluid (interquartile range from 3×105 to 6×105 cfu/ml of wound fluid) 
(Figure 1). 
 

 
Figure 1. Dynamics of bacterial contamination of wound exudate in patients with purulent-necrotic 

complications of DFS in the studied groups 
 
According to the pH-metry of wound exudate during surgery, patients of the main group had acidosis in the 
wound (median and interquantile range) 5.2 from 5.0 to 5.4, in the comparison group – 5.2 from 5.0 to 5.6; 
according to Mann-Whitney U test p=0.99. In the course of treatment, leaching of wound exudate (pH above 
6.5-6.6) in patients of the main group was observed on the 4th-5th day (according to the Wilcoxon signed-
rank test (Wilcoxon, 1947) [35], the results differ, p<0.001), and in the patients of the comparison group, the 
same results were noted on the 8-9th day after the surgery (Figure 2). 
 

 
Figure 2. Dynamics of pH-metry results (Me) in patients with purulonecrotic complications of DFS in the 

studied groups 
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In patients of both study groups, the predominance of degenerative neutrophils (DN) (82.6±3.2%) was 
observed in cytological smears at the time of randomization, and there were very few preserved forms of 
leukocytes. The regenerative-degenerative index (RDI) was significantly lower than the one (0.2±0.1). The 
cytological picture was characterized by a degenerative-necrotic type of cell reaction. The microflora was in 
large quantities, mainly extracellularly, but sometimes it was possible to meet it intracellularly in a state of 
incomplete or perverted phagocytosis. Accumulations of necrotic masses and an amorphous tremelloid 
intercellular substance were observed in the preparations (Figure 3). 
 

 
Figure 3. A fragment of a cytogram of a smear from the wound surface in patients with purulent complications 

of DFS in the study groups on the 1st day of treatment 
 
The cytogram is dominated by degeneratively altered polymorphonuclear leukocytes, the microflora is in 
large numbers mainly extracellularly, there is an accumulation of necrotic masses and an amorphous 
tremelloid intercellular substance. Staining according to Romanovsky-Giemsa. Lens×40. The cellular 
composition of cytological smears in patients with purulent complications of DFS in the study groups at the 
time of randomization is presented in Table 4. 
 

Table 4 
The cellular composition of cytological smears in patients with purulent complications of DFS in the study 

groups at the time of randomization, in % per 100 cells 
 

Cell 
types 

Main group Comparison group p-value of the 
t-criterion 

p-value of Mann–
Whitney U test M±σ, in % 

per 100 cells 
Me (Q1;Q3) M±σ, in % per 

100 cells 
Me (Q1;Q3) 

BC 1.8±0.2 1.8 (1.7;1.9) 1.8±0.2 1.7 (1.6;1.8) 0.706 528.500 
SN 14.2±0.4 14.2 

(14.0;14.4) 
16.2±0.4 16.2 

(16.0;16.2) 
0.647 502.500 

DN 82.6±3.2 64.5 
(64.5;72.4) 

84.2±6.2 68.2 
(68.2;72.4) 

0.005 317.500 

RDI 0.2±0.1 0.2 (0.1;0.2) 0.2±0.1 0.2 (0.1;0.2) 0.976 558.000 
L 0.4±0.2 0.4 (0.3;0.5) 0.2±0.1 0.2 (0.1;0.2) 0.000 69.000 

*Note: BC – basilar cells, SN – segmented neutrophils, DN – degenerative neutrophils, RDI – regenerative-
degenerative index, L – lymphocytes. 
 
All parameters of the statistical assessment of the cellular composition of cytological smears on the first day of 
observation in both study groups are close in values (p>0.05), which allowed estimating the homogeneity of 
the groups. On the 5th day of treatment in the comparison group, the cytological picture in the smears 
changed slightly and corresponded to the degenerative-inflammatory type of cell reaction. In the main group, 
a statistically significant decrease in the number of destroyed neutrophils was observed in smears to 
37.34±2.33%, in contrast to the comparison group – 72.5±1.37% (p<0.05). The regenerative-degenerative 
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index on the 5th day in the main group was 1.19±0.09, which statistically significantly exceeded this indicator 
in the comparison group – 0.49±0.04 (p<0.05). In the comparison group, smears on the 5th day of granulation 
tissue elements were isolated, and in the main group among leukocytes, the dynamics of active macrophages 
(3.59±0.25%) and fibroblasts (3.21±0.31%) looked significantly very optimistic (p<0.05), a group of cells of 
young connective tissue in the form of fibroblasts, fibroblasts, fibrous fibres were discovered (Hong et al., 
2014; Cosson et al., 2006; Romano et al., 1998). All this confirmed the presence of a reparative potential in the 
wound, and the cytological picture corresponded to the inflammatory or inflammatory-regenerative type. 
Figures 4 and 5 demonstrate fragments of cytological smears from the wound surface in patients with 
purulent complications of DFS in the study groups on the 5th day of treatment. 
 

 
Figure 4. A fragment of a cytogram of a smear from the wound surface on the 5th day, the main group 

*Note: among neutrophils and polyblasts, fibrocytes, fibroblasts, fibrous fibres were found; Romanovsky-
Giemsa staining; lens×40. 

 

 
Figure 5. A fragment of a cytogram of a smear from the wound surface on the 5th day, a comparison group 

*Note: single actively phagocytic leukocytes, macrophages, lymphocytes are observed; elements of 
granulation tissue are single; Romanovsky-Giemsa staining; lens ×40. 

 
On the 9th day of the postsurgical period in the comparison group, the cytological picture began to acquire 
features characteristic of regenerative processes and corresponded to the inflammatory-regenerative type of 
cellular reactions. This was expressed in a decrease in the number of all types of leukocytes (p<0.05), there 
was a statistically significant increase in RDI – 0.90±0.03, fibroblasts have appeared – 1.39±0.13%, the 
number of macrophages increased (2.21±0.19%). In the main group on the 9th day of treatment, young 
elements of connective tissue and polyblasts predominated among the cellular elements, are located among 
the fibrous structures of the intercellular substance. The epithelium was presented in smears in the form of 
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cell layers, the microflora was absent, the nature of the cytograms corresponded to the regenerative type of 
cell reactions. Figures 6 and 7 demonstrate fragments of cytological smears from the wound surface in 
patients with purulent complications of DFS in the study groups on 9th day. 
 

 
Figure 6. A fragment of a cytogram of a smear from the wound surface on the 9th day, the main group 

*Note: young elements of connective tissue, fibroblasts, polyblasts, macrophages are located among the 
fibrous structures of the intercellular substance; the epithelium is represented as layers of cells; Romanovsky-

Giemsa staining; lens ×40. 
 

 
Figure 7. A fragment of a cytogram of a smear from the wound surface on the 9th day, a comparison group 

*Note: the number of mononuclear cells decreased, the number of polyblasts, fibroblasts, macrophages 
increased; delicate fibrous structures of the intercellular substance were observed; Romanovsky-Giemsa 

staining; lens ×40. 
 
The cellular composition of cytological smears in patients with purulent complications of DFS in the study 
groups on the 5th and 9th days of treatment is presented in Table 5. 
 

Table 5 
The cellular composition of cytological smears in patients with purulent complications of DFS in the study 

groups (M±σ), in % per 100 cells 
 

Cell types 
Main group Comparison group 

5th day 9th day 5th day 9th day 
DN 37.34±2.33 12.28±0.29 72.5±1.37 36.42±0.36 
BC 5.55±0.39 3.63±0.18 6.2±0.24 8.09±0.84 
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SN 38.69±1.33 28.21±0.94 28.96±2.25 24.31±0.88 
RDI 1.19±0.09 2.61±0.09 0.49±0.04 0.90±0.03 
L 4.79±0.24 6.81±0.48 0.77±0.23 1.84±0.43 
M 3.59±0.25 12.17±0.68 0.17±0.06 2.21±0.19 
F 3.21±0.31 6.44±0.38 0.12±0.02 1.39±0.13 

*Note: DN – degenerative neutrophils, BC – basilar cells, SN – segmented neutrophils, RDI – regenerative-
degenerative index, L – lymphocytes, M – macrophages, F – fibroblasts. 
 
For both groups, statistically significant changes in the cellular composition in the cytograms on the 1st and 
9th days of treatment were proved, and in the main group, where programmable sanitation technologies were 
used, there was a faster decrease in the number of degenerative neutrophils, an increase in their preserved 
forms, a faster increase in RDI. The differences between the groups were statistically significant in general for 
the entire follow-up period (p<0.001). The presence of a significant interaction between the time factor and 
the group (p<0.001) was also established, in the main group by the 9th day, the number of degenerative forms 
was significantly lower than in the comparison group – 12.28±0.29% and 36.42±0.36%, respectively, the 
number of preserved forms of neutrophils was higher – 28.21±0.94% and 24.31±0.88%, respectively. There 
was a faster increase in RDI on the 9th day in the main group compared to the comparison group – 2.61±0.09 
and 0.90±0.03, respectively. This indicated more active phagocytosis, faster purification of the purulent cavity 
(Tareef et al., 2017; Heer et al., 2003; Berezin, 2017). 

To assess the reparative potential of purulent wounds, a cytological assessment of the quantitative 
composition of lymphocytes, macrophages, and fibroblasts was carried out in the study groups on the 1st and 
9th days of treatment. A significant interaction was established between the time factor and the group 
(p<0.001), in the main group by the 9th day, the number of lymphocytes was significantly higher than in the 
comparison group – 7.5±0.6% and 2.5±0.6%, respectively, the number of macrophages was higher – 
12.17±0.68% and 2.21±0.19%, respectively. Also, a faster increase in fibrocytes and fibroblasts was observed 
in the main group – 6.44±0.38% and 1.39±0.13%, respectively. This indicated active regenerative processes in 
the wound in patients of the main group. In the main group, the length of stay in the hospital of patients with 
purulonecrotic complications in DFS (median and interquartile range) was 21 bed-days (from 21 to 23 bed-
days), in the comparison group – 29 bed-days (from 27 to 30 bed-days, p<0.001 based on Mann–Whitney U 
test (Mann & Whitney, 1947). The immediate results of treatment were analyzed in 106 operated patients 
(Table 6). 
 

Table 6 
Immediate results of treatment of patients with purulonecrotic complications of DFS in the studied groups 

 
  There is 

an 
outcome 

There is 
no 
outcome 

AR RR CI RR OR CI OR F 

Postsurgical 
mortality 

Main group 3 52 0.055 0.556 0.140 0.531 0.098 0.477 
Comparison 
group 

5 46 0.098 2.211 3.899 

Purulent 
complications 

Main group 5 50 0.091 0.357 0.137 0.292 0.064 0.037 
Comparison 
group 

13 38 0.255 0.930 0.744 

Amputation Main group 4 51 0.073 0.285 0.099 0.229 0.072 0.016 

Comparison 
group 

13 38 0.255 0.819 0.842 

The supporting 
function of the 
foot was 
preserved in 

Main group 45 7 0.865 1.327 1.047 3.429 1.260 0.017 

Comparison 
group 

30 16 0.652 1.681 9.331 
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discharged 
patients 

*Note: AR – absolute risk, RR – relative risk, CI RR – 95% confidence interval for relative risk, OR – odds ratio, 
CI OR – 95% confidence interval for odds ratio, F – p-value of the exact Fisher criterion (two-way critical 
region). 
 
Postsurgical mortality in the main group of patients was 5.5%, in the comparison group – 9.8%. All fatal cases 
were noted after high amputations. At the significance level of p=0.477, the hypothesis was adopted that there 
were no differences between the groups in the number of fatal cases. Purulent complications were observed 
in the main group of patients in 5 cases (9.1%), and in the comparison group – in 13 cases (25.5%, p=0.037). 
High amputations were performed in patients of the main group in 4 cases (7.3%), including at the level of the 
upper third of the lower leg in two cases, at the level of the hip also in two cases. In the comparison group, 
amputation was performed in 13 cases (25.5%, p=0.016), of which the lower leg was amputated in 5 cases, the 
hip was amputated in 8 cases. The supporting function of the foot was preserved in the main study group in 
45 discharged patients (86.5%), in the comparison group – in 30 patients, which was 65.2% (p=0.017). 

Over the past 10 years, according to open literature sources, there has been a persistent trend towards an 
increase in the number of works devoted to purulonecrotic complications of DFS. This proves not only the 
unflagging interest in this problem but also clearly demonstrates the lack of a reasoned breakthrough 
approach in determining therapeutic tactics for this pathology. As is known, wounds heal according to 
uniform biological laws, regardless of the cause and nature, and in their development, they undergo the stages 
of inflammation, regeneration, and epithelialization. The failures and insufficient effectiveness of the 
treatment of purulonecrotic foci in DFS are due to disturbed local tissue response to the introduction of an 
infectious agent, high bacterial contamination, and a deficiency of most growth factors involved in the repair 
process. Currently, experts consider the emergence of innovative methods of intraoperative and postoperative 
rehabilitation of purulent foci, overcoming antibiotic resistance and increasing the effectiveness of systemic 
antibacterial therapy, the use of targeted correction of immunotherapy to be promising areas in the treatment 
of purulent complications in DFS (Stupin et al., 2019; Zaytseva et al., 2014; Kayem & Karlov, 1977; Davydov et 
al., 1990; Sergeev & Glukhov,2020). 

Early closure of the wound with sutures in the main group, the use of active drainage under conditions of a 
minimally pronounced inflammatory reaction in the purulent focus considerably accelerated the reparative 
processes, creating conditions for the development and completion of the regeneration phase. On the 9th day 
from the start of treatment, young connective tissue elements, polyblasts, dominated among the cellular 
elements in the main group, is located among the fibrous structures of the intercellular substance. The RDI in 
the main group was significantly different compared to the comparison group – 2.61±0.09 and 0.90±0.03, 
respectively (p<0.001). The epithelium was presented in smears in the form of cell layers, the microflora was 
absent, the nature of the cytograms corresponded to the regenerative type of cell reactions. The immediate 
results of treatment were better in patients of the main group compared to the comparison group. The length 
of stay in the hospital for the patients of the main group was statistically significantly lower (p<0.001), the 
number of purulent complications was significantly lower (p=0.014) than in the comparison group, and the 
support function of the foot in the patients of the main group was preserved in a greater percentage of cases 
(p=0.023). There was also a significant increase in the frequency of high amputations in the comparison group 
compared to the main group of patients (p=0.026). 
 

 

4   Conclusion 
 

In this study, the authors aimed to evaluate the clinical, functional, and morphological parameters of the 
healing of purulonecrotic foci in DFS with the use of programmable rehabilitation technologies compared with 
conventional methods of treatment. The use of programmable sanitation technologies allowed creating 
conditions for better sanitation of the purulent focus, led to a reduction in all phases of the wound process. 
Surgical treatment of a purulent focus, long-term irrigation of the wound cavity in the postsurgical period, 
software for the drainage process using negative pressure in the purulent cavities made it possible to clean 
the wound from non-viable tissues, inflammatory mediators, and cytokines in a short time. During the study, it 
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was proved that the decrease in bacterial contamination below the critical values in the main group was noted 
at an earlier time (p<0.001), and the leaching of wound exudate in the main group was also observed faster 
than in the comparison group (p<0.001). In cytological smears on the 5th day from the start of treatment, a 
statistically significant decrease in the number of degenerative neutrophils was observed in the main group to 
37.34±2.33% (p<0.05), and the RDI was 1.19±0.09, which statistically exceeded this indicator in the 
comparison group (p<0.05). There was also a statistically significant increase in active macrophages (p<0.05), 
and groups of cells of young connective tissue were found among neutrophils. The cytological picture on the 
5th day of treatment corresponded to the inflammatory-regenerative type. All this confirmed the relief of the 
stage of inflammation and the transition of the wound process to the stage of regeneration, in contrast to the 
comparison group, where a low intensity of cellular reactions in the wound was noted. 

Evaluation of the healing of purulonecrotic foci in diabetic foot syndrome without the phenomena of 
critical ischemia using programmable rehabilitation technologies showed that they differ in their 
morphological characteristics and repair potential from purulent wounds in conventional treatment. The 
cytological smears of the main group identified a higher rate of cellular reactions in the wound: a rapid 
decrease in degenerative forms of neutrophils, the occurrence of active macrophages, and young connective 
tissue cells at an earlier time, which indicated active regenerative processes in the wound. This made it 
possible to sanitize purulent foci in a shorter time and more efficiently, normalize the wound environment, 
reduce the time of transition of the wound process from the phase of inflammation to the phase of 
regeneration, which contributed to reducing the time of hospitalization and improving the immediate results 
of treatment. 
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