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Abstract
Implementation of high-quality tissue connections and hemostasis in oral surgery is an ur-

gent problem of modern dentistry, due to the lack of available universal methods that would help to 
facilitate the work of oral surgeon and reduce wound healing time.

The aim of the research. To investigate and study the regeneration processes in the oral 
mucosa after high-frequency electric welding, suturing and medical adhesive composition.

Materials and methods. This study compared the effect of three connection methods and 
hemostasis: high-frequency electric welding (EKVZ-300M1 «PATONMED®», Ukraine), suture 
method (nylon 5/0 «PIRUS®», China), adhesive composition («Histoacryl®», Germany). 72 rabbits 
were involved in experiment. An incision of the soft tissues of the vestibulum of the oral cavity 
of the maxilla with a length of 1.3–1.5 cm was made. On days 3, 7, 14 and 21, tissue samples were 
excised, histological and morphometric examination of the material were performed.

Results. By statistical data processing of 72 rabbits was found that the reliability of dif-
ferences in the levels of morphometric parameters between groups on each day is very high, as 
evidenced by the calculated values of the U-test. In 38 cases (90.5 %), the significance level was 
p ≤ 0.01, in the other 4 cases – p ≤ 0.05. The lowest value level of neutrophilic granulocytes was in 
rabbits of group No. 1 (electric welding). In rabbits of group No. 1 GFBC were not observed in the 
8 fields of view throughout the experiment.

Conclusions. High-frequency electric welding of soft tissues can be used for effective intra-
operative hemostasis and connection of the intraoral wound edges.

Due to the absence of a foreign body (adhesive masses, filaments) and moderate alterative  
effect, histological examination indicates accelerated activation of regenerative processes in the 
early stages of observation in rabbits of group No. 1.

Keywords: mucous membrane, oral surgery, high-frequency electric welding, nylon, adhe-
sive composition, experiment, histology, morphometry.
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1. Introduction
Active development and improvement of reconstructive surgery of the oral cavity is aimed 

at increasing the clinical effectiveness of various methods of reconstruction of bone and soft tissue 
volume of the jaws, in order to expand the indications for orthodontic, orthopedic and implant 
treatment [1]. Achieving quality, rapid connection and hemostasis of oral tissues are important 
steps in the performance of any surgery, especially in outpatient settings, and remain relevant to 
these days [2, 3]. To solve it, many methods and techniques are proposed, which are constantly 
modified, new ones appear [3, 4]. Currently, there are mechanical, chemical, physical, biological 
and combined methods to stop bleeding [1, 2]. Their use should be justified and the least traumatic 
in each individual case, which will avoid the development of intra – and postoperative complica-
tions [5]. In this regard, the use of physical methods in oral surgery is debatable [6, 7]. The team 
of authors of E. O. Paton EWI of the National Academy of Sciences of Ukraine (Kyiv) developed 
a fundamentally new method of high-frequency electric welding, which is widely used in the surgi-
cal field due to the simultaneous connection of tissues and the implementation of hemostasis [3, 8].  
The stage of selection of suture material is one of the most important in surgical treatment, which 
depends on the course of the postoperative period and the timing of wound healing [4, 9, 10]. 
There are publications that affect the effect of suture material even on bone tissue [11]. Due to the 
ambiguous views of specialists and the development of the chemical industry as an alternative to 
the suture technique, a medical adhesive composition was created, which facilitated the work of  
surgeons [12, 13]. However, it is not always possible to connect tissues in anatomical and topo-
graphic areas that are prone to dynamic movements [14, 15]. There are some allergic reactions 
cases [16–18]. The limit for widespread usage is the high price of fabric adhesive [14].

The purpose of this study – to investigate and study the regeneration processes after 
high-frequency electric welding (EKVZ-300M1 «PATONMED®», Ukraine), suturing (nylon 5/0 
«PIRUS®», China) and medical adhesive composition («Histoacryl®», Germany), based on the 
evaluation of histological material and analysis of morphometric changes in the oral mucosa (OM).

2. Materials and methods
Experimental studies were performed from October 2017 to May 2020 in Department of ex-

perimental surgery Shalimov National Institute of Surgery and Transplantology National Academy 
of Medical Sciences of Ukraine on 72 adult, outbred rabbits of different sexes with a body weight 
of 2260 to 4650 g (average weight 3565 ± 100 g). All experimental work was performed in compli-
ance with ethical human and animals’ treatment in accordance with the provisions of the Council 
of Europe Convention on Biomedicine. During the experiment, they were guided by the standards 
of the Guide for the core and Use of Laboratory Animals (National Academy Press, Revised, 1996) 
and the American Heart Association’s «Guidelines for the Use of Animal in Research» [19, 20].

After anesthesia, which was achieved by intraperitoneal injection of 5 % sodium thiopental 
solution at a rate of 40 mg/kg body weight and intravenous injection of 1 % propofol solution at  
a rate of 5 mg/kg body weight, surgery was performed. During each of the series of operations, the 
animals were fixed to the operating table, the surface of the oral mucosa was treated with 0.05 % 
chlorhexidine solution. Local anesthesia was achieved by infiltration of 0.3 ml of 1 % lidocaine.

Incision was made longitudinal wound measuring 1.3–1.5 cm in length and 0.5–0.7 cm in 
depth with a scalpel blade No. 15. The mucous membrane and submucosal base were separated  
to the periosteum.

Rabbits were randomly divided into 3 groups of 24 rabbits in each group. In group No. 1, 
connections and hemostasis of tissues were performed using high-frequency electric weld-
ing (EKVZ-300M1 «PATONMED®», Ukraine) with adjustment of welding parameters [8]. In 
group No. 2 by applying three knotted sutures with suture material 5/0 based on nylon («PIRUS®», 
China). In group No. 3 using an adhesive composition («Histoacryl®», Germany). On days 3, 7, 14,  
and 21, the animals were removed from the experiment and tissue samples were excised for his-
tological and morphometric examination. The removed area where the intervention was per-
formed, together with the wound canal and a gap of up to 3 mm, which included intact tissue, 
was fixed in 10 % neutral formalin solution for 24 hours, dehydrated in ethyl alcohol increasing  
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concentrations (from 50° to 96°), clarified in xylene for 30 minutes, kept for two hours at a tempera-
ture of 37 °C in a mixture of xylene and paraffin (1:1) and twice in paraffin for 30 minutes at 56 °C, 
compacted in paraffin according to conventional methods, made 5 μm thick histological sections, 
which were stained with hematoxylin and eosin, picrofuxin according to van Gizon.

Histological examinations were performed using a Leica DM 500 research optical micro-
scope with a computer annex and the possibility of morphometric studies. Photographing the prepa-
rations was performed using a Leica ICC50 HD camera. Morphometric processing was performed 
using a video analyzer and computer program «Paradise», developed by the research and produc-
tion company «Eva». The density of neutrophilic granulocytes, lymphocytes, macrophages, giant 
foreign body cells in 8 fields of view at a magnification of 400 times, then recalculated the content 
of these cells in 1 mm2 and statistically processed the obtained values between groups (Table 1).

Statistical analysis was performed using the standard software package SPSS 17.0. For each 
group, the average values of morphometric parameters and their errors (M ± m) were calculated, 
and a statistical analysis of the dynamics of changes in the levels of morphometric parameters 
was performed. The non-parametric Mann-Whitney method was used to assess the reliability and 
statistical significance of differences in the levels of morphometric parameters determined for  
each group on each day.

Table 1
The average values of cell density (1 mm2/GFBC in the 8 fields of view)

Indicator Day Group 1 (EKVZ-300M1) Group 2 (Nylon 5/0) Group 3 (Histoacryl)
A 3 23.15 ± 2.08 317.14 ± 59.13 35.55 ± 4.04
A 7 24.09 ± 1.96 186.71 ± 29.53 28.15 ± 1.82
A 14 17.01 ± 0.16 94.15 ± 15.91 24.91 ± 1.35
A 21 12.44 ± 1.07 78.51 ± 9.64 17.64 ± 1.82
B 3 459.17 ± 43.67 51.55 ± 7.69 108.50 ± 1.21
B 7 215.41 ± 19.11 82.31 ± 12.08 86.55 ± 6.92
B 14 128.37 ± 10.15 68.36 ± 17.04 82.66 ± 7.83
B 21 98.16 ± 1.03 59.37 ± 10.11 69.17 ± 5.41
C 3 7.81 ± 0.68 8.31 ± 0.95 3.10 ± 0.44
C 7 8.64 ± 0.89 14.48 ± 2.63 6.10 ± 1.2
C 14 2.05 ± 0.19 10.46 ± 6.25 1.30 ± 0.2
C 21 1.41 ± 0.2 4.89 ± 0.51 1.33 ± 0.14
D 3 0 0 2
D 7 0 2 1
D 14 0 1 0
D 21 0 1 0

Note: A – neutrophilic granulocytes; B – lymphocytes; C – macrophages; D – Giant foreign body cells (GFBC); 0 – the indicator  
of the phenomenon is equal to zero

3. Research results
Qualitative results were described according to the method of connection and hemostasis  

at 3, 7, 14 and 21 days after the intervention.

High-frequency electric welding
On day 3rd, the wound area was covered with a coagulation layer under which were compac-

ted paranecrotic tissues, the surrounding tissues were infiltrated with lymphocytes, the epithelial 
plate was absent in a significant area. A small number of fibroblastic cells was observed in the treat-
ment area. Manifestations of stasis and microcirculation disorders were observed. Blood vessels are 
dilated, swollen, atonic. On day 7th, the epithelial plate began to regenerate on both sides of the wound 
and crawl to the wound surface. Coagulation scab was absent on most of the surface, in some areas 
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its fragments were observed in the newly formed young granulation tissue lining the treatment area. 
The own plate of a mucous membrane is condensed due to compression and moderate hypostasis.  
In the treatment area there were compressed collagen fibers, the intercellular space decreased (Fig. 1). 

Fig. 1. Rabbit’s OM in 7 days after high-frequency electric welding.  
Hematoxylin and eosin staining. Magnification 100

Signs of inflammation are weak. On the 14th day, the epithelial plate was thinned, partially 
restored, the own plate was compacted. The process of restructuring of tissue elements was ob-
served. Blood vessels in the surrounding tissue dilated sharply, were full-blooded. Granulation tis-
sue matured, the formation of smoothness of the epithelial-connective tissue border in the healing 
zone was observed. The collagen fibers of the newly formed connective tissue were located mainly 
tangentially. Actually, the tissue was moderately mature without any signs of inflammation. On the 
21st day, the treatment area is covered with a layer of squamous non-keratinized epithelium with  
a slight deformation of the epithelial plate. The epithelial plate was completely restored, was thinned 
in a small area, above the scar it formed deep growths in the newly formed connective tissue, the 
epithelial-connective tissue border was folded, which is characteristic of intact areas of the mucous 
membrane of the oral cavity.

Nylon 5/0
On the 3rd day, a thin layer of granulation tissue is formed under the surface of the wound, 

it and the surrounding tissues are abundantly infiltrated mainly by neutrophilic granulocytes and 
lymphocytes, macrophages are solitary. Signs of epithelial plate recovery are weak. Full blood 
vessels with signs of stasis. On the 7th day, a significant volume of granulation tissue is formed 
in the area of the suture, neutrophil-lymphocytic infiltration increases closer to the location of the 
sutures, macrophages are present (Fig. 2). 

Fig. 2. Rabbit’s OM in 7 days after suturing on the basis of nylon 5/0.  
Hematoxylin and eosin staining. Magnification 100
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The epithelial plate is partially restored. On the 14th day, the channels of the filaments, 
located in the thickness of the newly formed connective tissue are visible, along which the con-
nective tissue capsule is observed. The epithelial plate is not completely restored, epithelial cells 
crawl to the edges of the wound, but complete epithelialization is not observed. Single giant fo-
reign body cells. Moderate leukocyte-lymphocyte infiltration of the scar zone on the surround-
ing tissues. On the 21st day, the epithelial plate was restored, in different areas of uneven thick-
ness, mostly thickened relative to intact areas, the basal layer formed outgrowths in the newly 
formed connective tissue of the suture area. The newly formed connective tissue is compacted. 
Small clusters of lymphocytes and macrophages were observed in the connective tissue around  
the filaments.

N-butyl-2-cyanoacrylate adhesive composition
On the 3rd day in the area of the adhesive masses there were moderate signs of inflam-

mation, the adhesive masses were surrounded by a thin layer of newly formed tissue, which con-
sisted of 2–3 rows of fibroblasts and thin bundles of collagen fibers. The surrounding tissue was 
moderately infiltrated mainly by lymphocytes and neutrophilic granulocytes, single macrophages 
and giant foreign body cells. The epithelial plate was not restored. Blood vessels are full-blooded, 
dilated, manifestations of stasis were observed only around the area of adhesive masses. Collagen 
fibers, which were part of the capsule, that began to form around the fragments of adhesive masses, 
were thin, more superficially located – picrinophilic, immature. On day 7, a layer of granulation 
tissue with immature (picrinophilic) and mature (fuchsinophilic) collagen fibers was formed in 
the treatment zone, infiltration of the treatment zone and surrounding tissues was predominantly 
lymphocytic, neutrophilic granulocytes were not numerous, and ciliated. Signs of inflammation 
were moderate. Single fragments of adhesive masses. The epithelial plate was partially restored. 
The intrinsic plate in the intervention zone was compacted due to the more compact arrangement 
of the collagen fiber bundles. Blood vessels, especially capillaries and venules, were dilated and 
full-blooded, there were no manifestations of stasis (Fig. 3).

Fig. 3 Rabbit’s OM, in 7 days after application of the adhesive composition.  
Hematoxylin and eosin staining. Magnification 100

On the 14th day in the treatment area, the epithelial plate was mostly restored, thinned. 
The own plate sometimes showed signs of edema, the scar area was slightly infiltrated with lym-
phocytes, the number of neutrophilic granulocytes decreased slightly. Full-blooded blood vessels 
showed no signs of stasis. On day 21, the collagen fibers in the treatment area (scar) were mature, 
more compactly located than in intact areas. There are few small macrophages.

As a result of statistical data processing and pairwise comparisons of groups of rabbits on 
morphometric parameters in order to verify the significance of differences in the levels of morpho-
metric parameters obtained during the study, 48 calculations of the U-test of Mann-Whitney were 
performed (Table 2).

It was found that in 42 cases (87.5 % of the total number of comparisons) there are signifi-
cant differences in the levels of morphometric parameters between individual groups for each day. 
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In four cases, the differences between the groups in terms of GFBC cannot be considered signifi-
cant, in two cases – in terms of macrophages. This applies more to group No. 2 and No. 3.

Table 2
The results of pairwise assessments of the significance of differences between groups by the Mann-Whitney 
test on morphometric parameters 

Indicator Group/No. 

No. 2 No. 3

Day Day

3 7 14 21 3 7 14 21

A

No. 1

1 1 1 1 1 1 1 1

B 1 1 1 1 1 1 1 1

C 1 1 2 0 1 1 1 1

D 1 2 0 0 1 0 2 1

A

No. 2

× × × × 1 1 1 1

B × × × × 1 1 1 1

C × × × × 0 1 1 1

D × × × × 0 1 2 1

Note: calculations were performed using the Mann-Whitney U-test; for significance levels p ≤ 0.05 and p ≤ 0.01 (according to  
Gubler E. I., Genkin A. A., 1973) critical values were determined. × – pairwise assessments between the same groups does not 
make any sense. A – neutrophilic granulocytes; B – lymphocytes; C – macrophages; D – GFBC; 0 – the hypothesis is accepted 
H0 – differences between groups cannot be considered significant; 1 – the hypothesis is accepted H1 – differences between groups 
can be considered significant (p ≤ 0.01); 2 – the hypothesis is accepted H1 – the differences between the groups can be considered 
significant (p ≤ 0.05)

The reliability of differences in the levels of morphometric parameters between groups of 
rabbits on each day is very high, as evidenced by the calculated values of the U-test. In 38 cases, 
which is 90.5 %, the significance level was p ≤ 0.01, in the other four cases – p ≤ 0.05.

Analysis of the dynamics of the average levels of neutrophilic granulocytes shows that the 
greatest value of this morphometric indicator were rabbits of group No. 2. On the 3rd day it was 
almost nine times higher than the average value in relation to group No. 3 and almost 14 times in 
relation to group No. 1. In group No. 1 and No. 3, the average levels of neutrophilic granulocytes 
differed slightly during the three weeks of the experiment and gradually decreased, but the lowest 
rate was observed in group No. 1. In group No. 2 it also gradually decreased (Fig. 4).

Fig. 4. Dynamics of average values of neutrophilic granulocytes (per 1 mm2)
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Indicators of the average level of lymphocytes in group No. 2 and No. 3 differ slightly on 
each day and tend to decrease.

This indicator reaches the greatest value in group No. 1 for 3 days. It also decrea-
ses and, starting from day 14, is almost equal to the indicators in the other two groups, but re-
mains the highest during the whole period of the experiment in comparison with group No. 2 and  
No. 3 (Fig. 5). 

Fig. 5. Dynamics of average values of lymphocytes (per 1 mm2)

The dynamics of the average level of macrophages is characterized by a sharp increase for 
day 7 in all groups. It undergoes the greatest changes in group No. 2. On the 14th day in group No. 2 
it decreases, but remains at the highest level. In group No. 1 and No. 3 on the 14th day, the average 
level of macrophages decreases abruptly and differs slightly in groups, but with a smaller number 
in group No. 3 (Fig. 6).

Fig. 6. Dynamics of average values of macrophages (per 1 mm2)

As for GFBC, these cells are not observed in sight for rabbits of group No. 1. According to 
the average level of GFBC in group No. 3 it reaches its highest value on day 3. On day 7 decreases 
twice and is not fixed at all. In group No. 2, this indicator is observed in the field of view from  
day 7, on day 14 it decreases by two times and remains the same for 21 days (Fig. 7).

The study results show the difference between tissue changes and cellular elements after the 
use of three methods of connection and hemostasis. According to histological and morphometric 
data, the best results were observed after the application of high-frequency electric welding and 
adhesive composition.
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Fig. 7. Dynamics of average values of GFBC in the 8 fields of view

4. Discussion
Due to the relentless scientific and technological progress, including in the medical field, there 

is the necessity to find effective methods of hemostasis and connection of wound edge. In this regard, 
leading specialists of the E. O. Paton EWI of the National Academy of Sciences of Ukraine (Kyiv) 
have developed a method of high-frequency electric welding of living soft tissues, which (according 
to the authors) allows simultaneous hemostasis and wound edges connection. Currently, this method 
gets rid of the adjective «experimental» and is widely used in surgical otorhinolaryngology [21].

Because of the rare studies and lack of information about the effect of high-frequency elec-
tric welding on the oral mucosa [8], the results of histological and morphometric examination were 
chosen as the evidence base.

Experimental studies in vivo revealed the lowest rates of neutrophilic granulocytes in the 
group No. 1 (high-frequency electric welding) and No. 3 (adhesive composition) throughout the ex-
periment. A slight difference in the macrophages number per 1 mm2 between the same groups was 
observed. Rabbits of group No. 3 (nylon 5/0) had the highest rates at all observation times, except 
lymphocytes per 1 mm2 in comparison with group No. 1.

Due to the verified and adjusted operating parameters of the device [8], moderate high-frequen-
cy electric current and live soft tissues, we observed effective intra-wound hemostasis of the surgical 
wound and the formation of a «weld», which is confirmed by surgical specialists [22]. In group No. 1 
the absence of giant foreign body cells was found at all observation times, but the level of lympho-
cytes was the highest, compared with group No. 2 and No. 3. This is related to the typical pathological 
process in the form of aseptic inflammation, faster activation of cellular elements on account of the 
moderate alterative action of current, the absence of a foreign body in the wound (adhesive masses,  
filaments). This leads to a faster start of regenerative processes in the treatment area and the beginning 
of active tissue restructurization in the early stages of observation (the presence of fibroblasts for day 3).

Study limitations. The limitation of our study is the research and comparison of only the 
local effects of physical, mechanical and chemical methods of hemostasis and the connection to 
the mucous membrane of the oral cavity, taking into account only the dynamics of morphological 
and morphometric changes, and regenerative qualities of soft tissue in the interventional zone after 
using each of the methods of hemostasis and connections. 

Prospects for further research. It is planned to conduct a clinical study of hemostatic and 
connecting efficiency after the use of high-frequency electric welding, suturing (nylon 5/0) and the 
use of tissue adhesive «Histoacryl» by determining the time in each group. Study of patient’s pain 
sensitivity of each group according to the VAS at 1, 3, 5, 7 days after surgery. Assessment of post-
operative wound healing after typical surgery on the soft tissues of the jaws, according to the index 
assessment of REEDA at 1, 3, 5, 7 days, Landry et al. at 3 and 7 days, Wachtel et all. at 3 and 7 days, 
Hollander et all. at 7 day. Comparison and statistical data processing. Conclusions will be made 
based on the results of the study.
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5. Conclusions
1. The high reliability of differences in the levels of morphometric parameters between 

groups of rabbits on each of the days, except for the GFBC indicator, as evidenced by the cal-
culated values of the U-Mann-Whitney test. In 38 cases, which is 90.5 %, the significance level  
was p ≤ 0.01, in 4 cases – p ≤ 0.05.

2. The lowest value of the average level of neutrophilic granulocytes was observed in rabbits 
of group No. 1 (electric welding) for each day during the whole experiment compared with rabbits 
of group No. 2 (nylon 5/0) and No. 3 (adhesive composition). The highest value of the average level 
of lymphocytes was observed in rabbits of group No. 1, the lowest in rabbits of group No. 2 per 
day. The lowest value of the average level of macrophages was observed in rabbits of group No. 3 
and No. 1.

3. The highest level of GFBC was in group No. 3 already from day 3, twice decreased on 
day 7, whereas in group No. 2 on the contrary. In rabbits of group No. 1 GFBC were not observed 
in sight throughout the experiment.

4. Histological and morphometric examination showed less inflammatory-cellular response 
of tissues, after the use of high-frequency electric welding and adhesive composition in comparison 
with the use of nylon 5/0.

5. The conducted experimental research indicates a smaller degree of morphological and 
morphometric changes of oral mucosa after the usage of high-frequency electric welding and adhe-
sive composition, which in turn indicates faster healing of the postoperative wound.
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