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Purpose of research: to study the cytological features of the healing processes in patients 

with soft tissue phlegmons using programmable sanitation technologies. 

Methods: The study involved 245 patients with purulent phlegmon of soft tissues of 

various localizations. Patients were randomized into two groups. In the comparison group 

(n=118), patients received traditional local treatment after surgery. In the main group (n=127), in 

the postoperative period, programmed readjustments were performed using the AMP-01 device. 

At the same time, the purulent wound was drained with tubular drains, taken out through 

separate incisions, and a blind suture was applied to the wound. The device operates on a 

cyclical principle in an autonomous mode, allows you to select the parameters of sanitation 

(speed, volume of injection or aspiration) and to carry out an individual approach to the 

treatment of each specific case. The dynamics of reparative processes in purulent wounds was 

assessed by the cytological picture of the material taken by the method of superficial or puncture 

biopsy.   

Results: In the main group of patients, a higher rate of cellular reactions in purulent 

wounds was noted. By the 9th day after the operation, the cytological picture corresponded to the 

regenerative type of cytograms. There was a statistically significant faster decrease in 

degenerative forms of neutrophils, positive redistribution of stab and segmented neutrophils in 

combination with high values of the regenerative-degenerative index (p<0.001), indicating an 

acceleration in the relief of the inflammatory process. Also, in the main group, the appearance of 

macrophages and cells of young connective tissue in the form of fibrocytes, fibroblasts, fibrous 

fibers (p<0.001) was observed at an earlier date, which indicated active regenerative processes in 

the wound. In the comparison group, a lower intensity of cellular reactions in the wound, a 

lengthening of the inflammation phase, a significant duration of the regeneration phase, and later 

periods of the onset of the scar reorganization phase were revealed.  
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Conclusion: The conducted cytological study proved the effectiveness of the use of 

programmable sanitation technologies that help to reduce the phase of inflammation, accelerate 

the reparative processes of purulent foci with phlegmon of soft tissues. 

Keywords: Purulent-inflammatory diseases of soft tissues, phlegmon of soft tissues, 

programmable sanitation technologies, cytological examination, reparative process. 

 

Introduction 

Treatment of purulent-inflammatory diseases of soft tissues is one of the most difficult 

and intractable problems of practical surgery [1,2,3]. According to domestic and foreign experts, 

the urgency of this problem in modern conditions is associated not only with the widespread 

incidence of surgical infection, but also with the difficulties of its diagnosis, variability and 

persistence of the clinical course, the complexity of treatment and unpredictability of prognosis 

[4,5,8]. According to US national statistics, more than 3 million people visit emergency 

departments every year for skin and soft tissue infections, of which more than 500,000 patients 

are hospitalized, and the cost of their treatment is over 10 billion dollars [6,7].  

In recent years, fundamental research in molecular cell biology has made it possible to 

better understand the basic mechanisms of wound healing. It has been proven that the healing 

process in any wound is genetically determined, initially there is always a phase of 

inflammation, followed by a phase of regeneration and a phase of scar reorganization and 

epithelialization [5,9,10,11].  

At the present stage, it is becoming increasingly important to solve the problems of 

predicting the course of reparative processes that underlie the structural and functional 

restoration of altered tissues. In this regard, there is an urgent interest in the development of both 

new approaches to treatment and methods for assessing the dynamics of healing of wound 

defects [12-15]. To obtain quick and objective information about the course of reparative 

processes in wounds of various origins, it is preferable to use the cytological method 

[5,16,17,18,19]. A cytological study allows one to characterize various types of the course of the 

wound process, to reliably assess the effectiveness of the treatment [5,20,21, 24,25]. There are 6 

types of cytological picture according to V.F. Kamaev (1954), corresponding to different stages 

of the wound process: degenerative-necrotic type, degenerative-inflammatory type, 

inflammatory type, inflammatory-regenerative type, regenerative-inflammatory type, 

regenerative type [5,22]. For a complete assessment of the picture of wound healing, the 

regenerative-degenerative index (RDI) is calculated using the formula [23]. The RDI value less 

than one indicates a pronounced inflammatory process in the wound, and if the value of this 

indicator becomes more than one, then this means the transition of the wound process to the 
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regeneration phase. Assessment of the reparative response in the wound based on cytological 

verification is one of the objective methods for studying the characteristics of the course of the 

wound process, which allows to optimize the treatment tactics.  

Purpose: to study the results of a cytological study of healing processes in purulent 

diseases of soft tissues using programmed sanitation technologies. 

Material and methods 

During the period 2011-2020, under our supervision there were 245 patients with 

purulent phlegmon of soft tissues of various localizations. Inclusion criteria for this study: the 

age of the patients over 18 years, the presence of phlegmon of the soft tissues of the limb or 

neck, the presence of informed voluntary consent. Exclusion criteria for the study: the presence 

of extensive skin defects in the area of surgical treatment, signs of anaerobic infection, 

pregnancy, diabetes mellitus, oncological pathology, circulatory insufficiency and respiratory 

failure of the III degree. 

All patients were randomized into two groups depending on the methods of debridement 

of purulent foci in the postoperative period. In the comparison group, after surgical treatment, 

patients received traditional local treatment using iodophore solutions, polyethylene glycol-based 

ointments. In the main group, after surgical treatment, the wound was drained with tubular 

drains, taken out through separate incisions, and the wound was then sutured tightly. The drains 

were connected to the original AMP-01 device (patent for invention № 176572 dated January 23, 

2018), with the help of which programmed sanitation was carried out in the postoperative period. 

On the control unit of the device, an individually selected program of cyclically occurring 

processes of irrigation, aspiration of an antiseptic and constant evacuation, carried out in an 

autonomous mode, was installed. Programmable sanitation was carried out every 3 hours, 

alternating with a vacuum period of 1 hour. The preset level of vacuum in the purulent cavity 

(80-100 mmHg) was maintained using a built-in pressure sensor. Basic therapy was the same in 

both groups of patients.  

In the main group, the average age of patients (M±σ) was 59±13 years, in the comparison 

group - 60±11 years. In the main group there were 68 men, 59 women, 62 and 56 in the 

comparison group, respectively. Thus, there are no statistically significant differences between 

the study groups by sex and age, which made it possible to judge the homogeneity of the groups 

(p = 0.845 and p = 0.875, respectively). 

The distribution of patients with soft tissue phlegmon in the study groups according to the 

phlegmon localization is presented in table 1. 

Table 1. Distribution of patients by nosological form in the study groups  
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Nosological form Main group 

n (%) 

Comparison group 

n (%) 

Total 

n (%) 

Phlegmon of the wrist  10 (7.9) 8 (6.8) 18 (7.3) 

Phlegmon of the forearm 33 (25.9) 29 (24.6) 62 (25.3) 

Phlegmon of the shoulder 11 (8.7) 13 (11.1) 24 (9.8) 

Phlegmon of the foot 13 (10.2) 15 (12.7) 28 (11.4) 

Phlegmon of the lower leg 38 (29.9) 29 (24.6) 67 (27.3) 

Phlegmon of the thigh 13 (10.2) 13 (11.1) 26 (10.6) 

Phlegmon of the neck 9 (7.1) 8 (6.8) 17 (6.9) 

Total 127 (100) 118 (100) 245 (100) 

 

According to the independent criterion χ2-Pearson (p = 0.953) the dependence of the 

distribution of patients by nosological form in the study groups was not found.  

To assess the healing of purulent foci, a cytological research method was used. We used 

the technique of surface biopsy according to M.P. Pokrovskaya and M.S. Makarov (1942) 

modified by M.F. Kamaeva (1954). In the comparison group, the material was taken by light 

scraping of the surface layer of the wound with the handle of a surgical scalpel. The resulting 

material was applied to glass, fixed, and stained according to the May-Grunwald-Romanovsky-

Giemsa method. In the main group of the study, the collection of cellular and tissue elements 

was performed by the method of "puncture biopsy" (Kayem R.I., Karlov V.A., 1977; Sergel 

O.S., Goncharova Z.N., 1990). 4-5 smears were sequentially taken from the same area of the 

wound. Cytological examination of smears from the surface of wounds was carried out on the 

first day, and then on the 3rd, 5th, 7th, 9th days. The smears were studied under microscopy with 

a × 40 objective, while the formed elements were counted and the average value was deduced 

over 10 fields of view. The value obtained was expressed as a percentage per 100 counted cells. 

We used an Axio A1 light microscope (Zeiss, Germany) with a set of accessories.  

At the time of randomization in both study groups, in patients with soft tissue phlegmons, 

the cytological picture was characteristic of the degenerative-necrotic type of cell reaction. 

Among the cellular elements, degenerative neutrophils (DN) prevailed (64.5±9.2%), and there 

were very few preserved forms of leukocytes. The regenerative-degenerative index (RDI) was 

well below unity (0.2±0.1). Microflora was found in large quantities, mainly extracellular. In the 

preparations, accumulations of necrotic masses and an amorphous gelatinous interstitial 

substance were observed. Figure 1 shows a fragment of a cytological smear from the wound 

surface in patients with soft tissue phlegmon at the time of randomization on the 1st day of the 

study.  
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Figure 1. Fragment of the cytogram of a smear from the wound surface in patients with phlegmon of soft tissues on 

the 1st day. Degeneratively altered polymorphonuclear leukocytes predominate, microflora is found in large 

numbers, mainly extracellularly, there is an accumulation of necrotic masses and an amorphous gelatinous 

intermediate substance. Staining according to Romanovsky-Giemsa. Lens × 40 

The cellular composition of cytological smears in patients with soft tissue phlegmon in 

the study groups at the time of randomization is presented in table 3. 

Table 3. Cell composition of cytological smears in patients with soft tissue phlegmon in the study groups at the time 

of randomization, in% per 100 cells 

 

Cell 

types 

Main group Comparison group p-value 

t-criterion 

M±σ,  

in% per 100 

cells 

Me[Q1;Q3] M±σ, 

in% per 100 

cells 

Me[Q1;Q3]  

STN 1.8±0.2 1.82 [1.77;1.87] 1.7±0.2 1.74 [1.64;1.81] 0.682 

SGN 15.2±0.6 15.19[15.07;15.32] 16.2±0.4 16.16[16.07;16.25] 0.647 

DN 64.5±9.2 65.89[63.65;68.13] 62.2±6.2 68.84[67.57;70.09] 0.022 

RDI 0.2±0.1 0.18 [0.16;0.21] 0.2±0.1 0.18 [0.16;0.21] 0.976 

L 0.4±0.2 0.39 [0.35;0.43] 0.2±0.1 0.17 [0.15;0.19] 0.000 

Note: STN – stab neutrophils, SGN -  segmented neutrophils, DN - degenerative neutrophils, RDI - regenerative-

degenerative index, L - lymphocytes  

Most of the parameters of the statistical assessment of the cellular composition of 

cytological smears on the first day of observation in both study groups were similar in values (p 

> 0.05), which made it possible to judge the homogeneity of the groups. However, the indicators 

DN and L were not statistically proven to be homogeneous, which can be explained by the small 

sample of the study. 

The work was carried out in the design of a simple, randomized, comparative controlled 

study in parallel groups. The SPSS Statistics 25 software (IBM) was used for statistical 

processing of the obtained data. To study the relationship between qualitative characteristics, 

contingency tables were constructed and the χ2-Pearson test or Fisher's exact test was calculated. 

To assess the change in the dynamics of quantitative indicators, analysis of variance with 

repeated measurements was used with the setting of the time factor and the group. Differences 

were considered statistically significant if the probability value was less than 0.05 for the two-

sided critical region. 

Results 
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The cytological picture of smears in the main group on the 5th day from the moment of 

randomization corresponded to the inflammatory or inflammatory-regenerative type of cellular 

reaction. There was a statistically significant decrease in the number of degenerative neutrophils 

(DN) (16.7±2.2%), an increase in the number of intact forms of neutrophils: segmented (SGN) 

(41.6±3.8%) and stab neutrophils (STN) – 6.2±0.8% (p<0.001). There was a statistically 

significant increase in RDI - 2.9±0.4 (p <0.001). Plasma cells, histiocytes appeared. There was a 

statistically significant increase in the number of active macrophages - 4.6±0.6%, lymphocytes - 

5.8±0.6%, fibroblasts - 4.2±0.5% (p <0.001). Found groups of cells of young connective tissue in 

the form of fibrocytes, fibroblasts, fibrous fibers. Microflora was detected in a small amount at 

the stage of complete phagocytosis.  

In the comparison group, on the 5th day of treatment, the cytological picture in smears 

was characterized by a neutrophilic reaction - the number of intact forms of neutrophils 

increased: SGN - 42.6±3.8%, STN - 6.2±0.8%. The number of degenerative forms has decreased 

- 56.7±2.2%. The RDI was close to unity - 0.9±0.2. The microflora was determined intra- and 

extracellularly, but cases of complete phagocytosis were more common. There were single 

actively phagocytic leukocytes, macrophages, lymphocytes. Elements of granulation tissue are 

rare. The cytological picture corresponded to the inflammatory type of the cellular reaction. 

Figures 1, 2 show fragments of cytological smears from the wound surface on the 5th day in the 

study groups. 

  

Figure 1. Fragment of the cytogram of a smear from 

the surface of the wound on the 5th day, the main 

group. Fibrocytes, fibroblasts, fibrous fibers were 

found among neutrophils and polyblasts. Staining 

according to Romanovsky-Giemsa. Mag.× 40 

Figure 2. Fragment of the cytogram of a smear from 

the wound surface on the 5th day, comparison group. 

There are single actively phagocytic leukocytes, 

macrophages, lymphocytes. Elements of granulation 

tissue are rare. Staining according to Romanovsky-

Giemsa. Mag.× 40 

 

On the 9th day of the postoperative period in the main group, the cytological picture 

corresponded to the regenerative-inflammatory or regenerative type of cellular reactions. Figures 
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3,4 show fragments of cytological smears from the wound surface on the 9th day in the study 

groups. 
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Figure 3. Fragment of the cytogram of a smear from the 

surface of the wound on the 9th day, the main group. 

Young elements of connective tissue, fibroblasts, 

polyblasts, macrophages are located among the fibrous 

structures of the intermediate substance. The epithelium 

is presented in the form of layers of cells. Staining 

according to Romanovsky-Giemsa. Mag. × 40 

 

Figure 4. Fragment of the cytogram of a smear from 

the wound surface on the 9th day, comparison group. 

Decreased the number of mononuclear cells, 

increased the number of polyblasts, fibroblasts, 

macrophages. Delicate fibrous structures of the 

intermediate were observed. Staining according to 

Romanovsky-Giemsa. Mag.×40 

 

Based on the results of the analysis of variance with repeated measurements for both 

groups, statistically significant changes in the cellular composition in cytograms on the 1st and 

9th days of the postoperative period were proved. The number of DN in the main group 

significantly decreased from 64.5±9.2% to 3.8±0.3%, in the comparison group from 68.8±6.2% 

to 12.5±0.4%; RDI values in the main group increased significantly from 0.2±0.1% to 8.2±0.1%, 

in the comparison group from 0.2±0.1% to 2.4±0.1%. Statistically significant differences were 

proved between the groups as a whole for the entire observation period from the first to the 9th 

day, therefore, we reject the hypothesis about the equality of the means between the groups 

without taking into account the time (p <0.001). The presence of a significant interaction 

between the time factor and the group was also proven (p <0.001). In the main group in the 

postoperative period, there was a faster decrease in the number of DN, which on the 9th day was 

3.8±0.3%, in contrast to the comparison group - 12.5±0.4%. There was also a more rapid 

increase in RDI values in the main group, which on the 9th day increased to 8.2±0.1, in contrast 

to the comparison group (2.4±0.1). This indicated a more active phagocytosis, more intense 

cleansing of the purulent cavity of purulent foci in patients of the main group. The dynamics of 

the mean values of degenerative neutrophils and RDI values in cytological smears in patients 

with phlegmon of soft tissues of both study groups are shown in figures 5 and 6. 
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Figure 5. Dynamics of average values of degenerative neutrophils in cytograms of both study groups in patients with 

soft tissue phlegmon 

 

 

Figure 6. Dynamics of the average values of the regenerative-degenerative index in the cytograms of both study 

groups in patients with soft tissue phlegmons 

To assess the reparative potential of purulent wounds, a cytological assessment of the 

quantitative composition of lymphocytes, macrophages and fibroblasts in the study groups on the 

1st and 9th days of the postoperative period was carried out. The results of calculating the 

analysis of variance with repeated measures showed that for these variables we reject all three 

null hypotheses, for all three hypotheses p <0.05. The difference between groups for these 

variables is statistically significant as a whole for the entire observation period. In the main 

group, where programmable sanitation technologies were used, the number of lymphocytes, 

macrophages and fibroblasts was always higher. Also, these variables were found to have a 

significant interaction between the time factor and the group. This indicated active regenerative 

processes in the wound in the main group of patients, and the structure of cytograms in 

cytological smears in the main group was characterized by a regenerative type. 
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Figure 7. Dynamics of mean values of macrophages in cytograms in study groups in patients with phlegmon of soft 

tissues 

 

Figure 8. Dynamics of mean values of fibroblasts in cytograms in study groups in patients with phlegmon of soft 

tissues 

Discussion 

Analyzing the dynamics of the cytological picture in patients with phlegmon of soft 

tissues in the study groups, it was noted that in the comparison group with traditional treatment, 

a low intensity of cellular reactions in the wound, lengthening of the inflammation phase were 

revealed, and the inflammatory type of cytograms was noted only by 9 days after surgery. Also, 

in the comparison group, the lethargy of the reparative processes in the wound was observed, 

causing a significant duration of the regeneration phase, the later timing of the onset of the scar 

reorganization phase. This led to a lengthening of the healing time. 

The use of programmable sanitation technologies made it possible to create conditions for 

better sanitation of a purulent focus, and led to a reduction in all phases of the wound process. 

Surgical treatment of a purulent focus, prolonged lavage of the wound cavity in the postoperative 

period, software of the drainage process made it possible to quickly cleanse the wound from non-

viable tissues, toxins and proteolytic enzymes, reducing microbial contamination in the wound. 
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As a result, the stage of rejection of necrotic tissues was extremely reduced. Early closure of the 

wound with sutures using active drainage under conditions of a minimally pronounced 

inflammatory reaction in the wound significantly accelerated the reparative processes, creating 

conditions for the development and completion of the regeneration phase.  

Conclusion 

Cytological examination of smears in patients with soft tissue phlegmon using 

programmable sanitation technologies revealed a higher rate of cellular reactions in the wound. 

At the same time, a statistically significant faster decrease in degenerative forms of neutrophils 

was noted, a positive redistribution of stab and segmented neutrophils in combination with an 

increase in the regenerative-degenerative index, indicating a more rapid relief of the 

inflammatory process. The appearance of macrophages and cells of young connective tissue in 

the form of fibrocytes, fibroblasts, fibrous fibers was also observed at an earlier date, which 

indicated active regenerative processes in the wound. 
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