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MORPHOLOGICAL CHARACTERISTICS OF REPARATIVE 
OSTEOGENESIS IN THE RATS LOWER JAW UNDER  
THE CONDITIONS OF USING ELECTRICAL STIMULATION
Agil N. Huseynov1, Vladislav A. Malanchuk1, Mykhailo S. Myroshnychenko2, Olena V. Markovska2, 
Liliia P. Sukharieva2, Milena O. Kuznetsova2

1BOHOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE 
2KHARKIV NATIONAL MEDICAL UNIVERSITY, KHARKIV, UKRAINE

ABSTRACT
Aim: The purpose of the study was to identify the morphological features of reparative osteogenesis in the rats lower jaw under 
the conditions of using electrical stimulation.
Materials and Methods: An experiment was conducted on 24 mature male rats of the WAG population. Two groups were formed. 
Group 1 included 12 rats that were modeled with a perforated defect of the lower jaw body. Group 2 included 12 animals that were 
modeled with a perforated defect similar to group 1. In animals, a microdevice for electrical action was implanted subcutaneously 
in the neck area on the side of the simulated bone defect (a temporary Videx AG 4 battery; a constant sinusoidal electric current 
of an unchanging nature 1 milliampere, frequency 30 W). The negative electrode connected to the negative pole of the battery 
was in contact with the bone defect. The battery and electrode were insulated with plastic heat shrink material. Morphological 
and statistical methods were used.
Results: The positive effect of electrical stimulation on reparative osteogenesis was due to a decrease in the severity of hemodynamic 
disorders, activation of angiogenesis in granulation tissue, which was one of the components of the regenerate that filled the bone 
defect, matured and turned into connective tissue; stimulation of the proliferative potential of fibroblastic cells and cells with 
osteoblastic activity in granulation tissue; increasing the proliferative potential of osteoblastic elements of bone tissue bordering 
the cavity; stimulation of macrophage cells and processes of cleansing the bone cavity from fragments of a blood clot and 
alteratively changed tissues; formation of clusters of adipocytes in the loci of connective and granulation tissue of the regenerate; 
the process of metaplasia of connective tissue into bone tissue; an increase of the foci of hematopoiesis in the intertrabecular 
spaces of lamellar bone tissue.
Conclusions: A comprehensive clinical and experimental study conducted by the authors proved that electrical stimulation 
activates the reparative osteogenesis in the lower jaw, which occurs through direct osteogenesis and does not finish on the 28th 
day of the experiment.

KEY WORDS: electrical stimulation, rats, morphology, reparative osteogenesis, lower jaw

INTRODUCTION
Trauma is the most common cause of maxillofacial 

injuries. The epidemiology of maxillofacial fractures varies 
according to geographical areas and socio-economic factors 
[1]. Maxillofacial fractures have a multi-factorial etiology 
(road traffic accidents, accidental falls, assaults, industrial 
mishaps, sports injuries, firearm injuries etc.) [2]. Mandibular 
fractures are the most common fractures of facial skeleton. 
Fractures of the mandible account for 36% to 59% of all 
maxillofacial fractures [3, 4].

Treatment of patients with mandibular fractures is a 
pressing issue of medical and social importance. The 
main goal of treatment for this category of patients is 
restoration of the anatomical integrity of the lower jaw. 
Known surgical methods of treatment do not allow 

for complete high-quality reposition, fixation of bone 
fragments, and entail the development of posttraumatic 
and postoperative complications [5, 6]. Recent facts indicate 
the need, together with the treatment, to use methods of 
stimulating reparative osteogenesis, which would lead to 
rapid and high-quality restoration of the bone tissue of 
the lower jaw. Today, biological and physical methods for 
stimulating reparative osteogenesis are known [7]. One 
of the physical and promising methods may be the use 
of electrical stimulation.

AIM
The purpose of the study was to identify the morphological 

features of reparative osteogenesis in the rats lower jaw 
under the conditions of using electrical stimulation.



593

MORPHOLOGICAL CHARACTERISTICS OF REPARATIVE OSTEOGENESIS IN THE RATS LOWER JAW UNDER THE CONDITIONS...

MATERIALS AND METHODS
An experiment was conducted on 24 mature male rats 

of the WAG population. Two groups were formed. 
Group 1 included 12 rats that were modeled with a 

perforated defect of the lower jaw body. Anesthetized 
rats underwent a 1.0-1.2 cm long incision of the skin, 
subcutaneous tissue, and superficial fascia in the left 
submandibular area. A fragment of the outer surface of 
the branch and body of the lower jaw was skeletonized. 
With a ball-shaped drill and a straight tip with a diameter 
of 3.0 mm, a transcortical perforated defect of the body 
of the lower jaw was formed in the form of a channel, 
departing from the lower edge of the jaw upwards by 2 
mm. The wound was sutured in layers with vicryl.

Group 2 included 12 animals that were modeled with a 
perforated defect similar to group 1. In animals, a microdevice 
for electrical action was implanted subcutaneously in the neck 
area on the side of the simulated bone defect (a temporary 
Videx AG 4 battery; a constant sinusoidal electric current of 
an unchanging nature 1 milliampere, frequency 30 W). The 
negative electrode connected to the negative pole of the 
battery was in contact with the bone defect. The battery and 
electrode were insulated with plastic heat shrink material.

In groups 1 and 2 the animals were removed from the 
experiment on 3, 7, 14 and 28 days (3 animals for each 
experimental period).

The study material was a fragment of the body of the lower 
jaw from the zone of the perforated defect modeling. The 
material was fixed in a 10% solution of neutral formalin (pH 
7.4) for 24-48 hours, decalcified, carried out according to 
the generally accepted method and embedded in paraffin. 
From paraffin blocks, serial sections with a thickness of 
4-5 μm were made, which were stained with hematoxylin 
and eosin, picrofuchsin according to van Gieson.

Examination of the microslides was carried out using 
a laboratory microscope ZEISS Primostar 3 (Carl Zeiss, 
Germany) with a built-in color digital camera. Morphometry 
was carried out using the Labscope program, during which 
the specific volumes of the fibrous, cellular and vascular 
components of granulation tissue were calculated at 
different experimental periods. 

The indicators in the groups were processed statistically 
using the Statistica 10.0 program. Mean values of indicators 
in groups were compared using the non-parametric Mann-
Whitney U-test. Differences were considered significant 
at p<0.05.

RESULTS
During survey microscopy on the 3rd day of the experiment, 

a bone defect was discovered in the lower jaw of rats of 
groups 1 and 2, passing through the entire thickness of 
the jaw. The defect cavity in both groups was filled with 
a blood clot; fragments of the epithelial layer, muscle, 
connective and bone tissues with dystrophic and necrotic 
changes, diffuse infiltration of neutrophilic leukocytes, 
macrophages, lymphocytes and histiocytes.

In group 2, compared to group 1, in the bone defect 
cavity there were significantly fewer blood clot fragments 

and alteratively changed tissues, and in the latter, diffuse 
cellular infiltration was characterized by a lower content of 
neutrophilic leukocytes and a larger number of the cells 
of macrophage line. Small loci of granulation tissue were 
also found in the bone defect cavity. The latter in group 
1 was visualized at the edges of the bone defect, and in 
group 2 – at the edges and central part.

In groups 1 and 2, the granulation tissue was characterized 
by the presence of fibrous (specific volume in group 1 – 
(23.5±0.55)%, in group 2 – (34.3±0.94)%), vascular (specific 
volume in group 1 – (11.7±0.60)%, in group 2 – (21.5±0.67)%) 
and cellular (specific volume in group 1 – (64.8±0, 76)%, 
in group 2 – (44.2±1.31)%) components, among which 
the latter prevailed, which is a characteristic feature of 
immature granulation tissue (Fig. 1a, 1b).

In both groups, the fibrous component of the granulation 
tissue was characterized by the presence of thin branched 
connective tissue fibers. The cellular component was 
represented by neutrophilic leukocytes, macrophages, 
lymphocytes, histiocytes, fibroblastic differon cells. The 
latter in group 2 compared to group 1 was characterized 
by a lower content of neutrophilic leukocytes and a greater 
number of macrophages and cells of the fibroblastic series 
(Fig. 1a, 1b). 

The vascular component was represented by vessels of 
different shapes and sizes, and in group 2 compared to 
group 1 the diameter of the vessels was significantly smaller. 
In group 1, granulation tissue was characterized by severe 
hemodynamic disturbances, manifested by dilation and 
congestion of blood vessels, edematous changes in the 
vascular walls, perivascular edema, formation of thrombi in 
the cavity of some vessels, small focal hemorrhages (Fig. 1a). 

A comparative intergroup analysis of the obtained 
morphometric parameters showed a more pronounced 
degree of maturity of granulation tissue in group 2 compared 
to group 1, as evidenced by a larger (p<0.05) value of the 
specific volume of fibrous and vascular components, a 
smaller (p<0.05) value of the specific volume of cellular 
component. 

In the bone cavity on the 7th day compared to the 
previous period in group 1 and especially in group 2 a 
more pronounced decrease in blood clot elements and 
alteratively changed tissues, an increase in the volume of 
granulation tissue, and the appearance of connective and 
osteogenic fibroreticular tissues were revealed (Fig. 2). 
On the 7th day compared to the 3rd day the granulation 
tissue became more mature, as evidenced by an increase 
(p<0.05) of the specific volumes of fibrous (in group 1 – 
(35.3±0.81)%, in group 2 – (45.8±0.49)%) and vascular 
(in group 1 – (20.8±0.44)%, in group 2 – (39.0±0.71)%) 
components, a decrease (p<0.05) of the specific volume 
of cellular component (in group 1 – (43.9±0.81)%, in group 
2 – (15.2±0.8)%).

Also, compared to the previous term, on the 7th day, in 
some of the fields of vision, the granulation tissue turned into 
connective tissue. In group 1, hemodynamic disturbances 
in the granulation and connective tissues similar to the 3rd 
day were found (Fig. 3). In group 2, compared to group 1, the 
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Fig. 1. Immature granulation tissue located in the bone defect cavity of 
the lower jaw of a rat from group 1 (a) and group 2 (b). Hemodynamic 
disturbances in granulation tissue in group 1 (a). Hematoxylin and eosin 
staining, × a) 400, × b) 400.

Fig. 4. Groups of adipocytes in the regenerate filling the bone cavity of 
the lower jaw of a rat from group 2. Hematoxylin and eosin staining, ×400.

Fig. 2. The bone cavity in the lower jaw of a rat from group 1 is filled 
with regenerate, represented by granulation, connective and osteogenic 
fibroreticular tissues. Hematoxylin and eosin staining, ×400.

Fig. 3. Hemodynamic disturbances in granulation tissue located in the 
bone defect cavity of the lower jaw of a rat from group 1. Cells with 
pronounced osteoblastic activity are mainly around the blood vessels. 
Hematoxylin and eosin staining, ×400.

Fig. 5. Lamellar bone tissue from the regenerate area in a rat from gro-
up 2. Staining with picrofuchsin according to van Gieson, × 400.
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specific volumes of fibrous and vascular components had 
a significantly (p<0.05) greater value, the specific volume 
of cellular component was significantly (p<0.05) smaller, 
which indicated a greater degree of granulation tissue 
maturity in group 2.

The appearance of osteogenic fibroreticular tissue in the 
regenerate in both groups, from our point of view, was due 
to the activation of the proliferative potential of osteoblastic 
elements of the bone tissue bordering the cavity; the 
appearance in granulation and connective tissues of cells 
with pronounced osteoblastic activity, mainly around the 
vessels (Fig. 3). The latter microscopic findings were more 
pronounced in group 2 compared to group 1. In group 2, 
groups of adipocytes of different sizes and round-oval shapes 
were found in the bone cavity between the connective tissue 
fibers, in the areas of granulation tissue (Fig. 4).

On the 14th day, the regenerate filling the bone cavity 
in the lower jaw of rats of both groups was represented 
by granulation, connective, osteogenic fibroreticular and 
lamellar bone tissues. In these animals compared to 7th 
day in group 1 the volume of granulation, connective and 
osteogenic fibroreticular tissue increased, but in group 2 
the volume of granulation and connective tissue decreased 
and the volume of osteogenic fibroreticular tissue increased. 
In group 2 on the 14th day compared to the 7th day the 
number of adipocytes in the granulation and connective 
tissues localization increased. On the 14th day in group 
2 compared to group 1 the volume of granulation and 
connective tissues was smaller, while the volume of 
osteogenic fibroreticular and lamellar bone tissues was 
larger, which indicated more intensive and qualitative 
healing processes.

More intensive bone defect healing processes in group 
2 compared to group 1 were also evidenced by the results 
of the morphometric study of granulation tissue. Thus, in 
group 2 compared to group 1, the specific volumes of fibrous 
(in group 1 – (64.3±1.00)%, in group 2 – (79.7±0.76)%) and 
vascular (in group 1 – (5.7±0.45)%, in group 2 – (13.9±0.31)%) 
components had a significantly (р<0.05) greater value, but 
the specific volume of cellular component (in group 1 – 
(30.0±0.94)%, in group 2 – (6.4±0.81)%) had a significantly 
(p<0.05) smaller value.

In group 2, in the lamellar bone tissue, the intertrabecular 
spaces were filled with connective tissue, with the presence 
of foci of hematopoiesis in some of them. Areas of connective 
tissue metaplasia into bone tissue were also noted in group 2.

On the 28th day, the bone cavity in both groups was filled 
with connective, osteogenic fibroreticular and lamellar 
bone tissues. In group 2, compared to group 1, the healing 
processes of the bone defect occurred more intensively, 
which was evidenced by a smaller volume of connective and 
osteogenic fibroreticular tissues, a larger volume of lamellar 
bone tissue (Fig. 5). In group 2, compared to the 14th day, 
adipocyte clusters were visualized in the connective tissue 
locations, the number of which was significantly smaller. 
Foci of hematopoiesis were found in the intertrabecular 
spaces of lamellar bone tissue, the number of which was 
significantly greater in group 2 compared to group 1. The 

bone beams in the lamellar bone tissue did not have an 
orderly spatial orientation in both groups. Consequently, 
on the 28th day of the experiment in rats of both groups, 
reparative osteogenesis in the lower jaw continued, but this 
process occurred more intensively in group 2, as evidenced 
by the fact that the majority of the regenerate volume was 
lamellar bone tissue.

DISCUSSION
The bone tissue of the lower jaw is characterized by 

good regenerative properties, due to which its damage 
can be restored. Regeneration of bone tissue, as is known, 
is a staged process that occurs rather slowly [8]. Data from 
molecular biology, biochemistry, morphology and genetics 
made it possible to distinguish the following stages of 
reparative osteogenesis: alterative-resorptive; degenerative-
inflammatory and proliferative; synthetic; remodeling and 
finishing [9, 10].

The search of methods for stimulating reparative 
osteogenesis is an urgent issue today and a priority for 
scientific research. Data from the literature and the results of 
a complex experimental and morphological study conducted 
by the authors prove the effectiveness of the method of 
electrical stimulation of reparative osteogenesis in the 
lower jaw. The latter occurs through direct osteogenesis, 
but the regeneration process, as is known, can occur 
through indirect osteogenesis [11]. The positive effect of 
electrical stimulation revealed by the authors is due to 
several mechanisms.

The results of the authors’ morphometric study of the 
granulation tissue, which was one of the components 
of the regenerate that filled the bone defect, revealed 
significantly higher values of the specific volume of blood 
vessels during electrical stimulation compared to the 
control group. This fact indicates that the applied method 
stimulates angiogenesis. Blood vessels, as is known, transport 
oxygen, nutrients, soluble factors, numerous cells, etc. 
[12]. Survey microscopy and morphometry showed that 
neovascularization stimulated the maturation of granulation 
tissue and its further transformation into connective tissue, 
and activated the proliferative potential of fibroblastic 
cells and cells with osteoblastic activity.

Neovascularization is important in the processes of 
reparative osteogenesis. Bone tissue renewal can be outlined 
as a complicated mechanism centered on the interaction 
between osteogenic and angiogenic events capable of 
leading to bone formation and tissue renovation [12]. In 
the conditions of insufficient angiogenesis and hypoxia, 
the intensity of the reparative osteogenesis processes 
decreases [13]. Some studies have shown that under hypoxic 
conditions, the regeneration process occurs through indirect 
osteogenesis [14].

Electrical stimulation acted as a factor activating 
macrophage cells, which contributed to a more intensive 
cleansing of the bone cavity from blood clot fragments 
and alteratively changed tissues, which also had a positive 
effect on the processes of reparative osteogenesis.

An interesting fact was the presence of groups of adipocytes 
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of different sizes and shapes in the loci of connective and 
granulation tissues in the regenerate, which filled the bone 
cavity in the lower jaw of rats in cases of electrical stimulation. 
The presence of these cells suggests their participation in 
the processes of reparative osteogenesis.

Some studies have shown that adipocytes play an important 
role in the reparative osteogenesis of maxillofacial defects. 
The effectiveness of the use of mesenchymal stem cells 
obtained from adipose tissue in the treatment of bone 
tissue defects has been proven. These cells are characterized 
by an active ability to directly differentiate into mature 
osteoblasts; produce chemokines which useful for facilitating 
the homing of endogenous stem cells to the site of the 
bone defect [15]. In the study conducted by the authors, 
under the conditions of electrical stimulation, adipose 
tissue was transformed into bone tissue in the regenerate 
that filled the bone cavity. 

The use of electrical stimulation for reparative osteogenesis 
activation has been studied for many years in both in vitro 
and in vivo models using numerous approaches ranging 
from different configurations, electrode parameters, and 
electrical current sources [16-18]. Numerous clinical and 
experimental studies have proven the effectiveness of 
electrical stimulation due to the effect on the migration, 
proliferation, differentiation, adhesion, and function of 
bone-forming cells; activation the transformation of stem 
cells into osteogenic cells [18-20]; involvement in the locus 
of bone tissue damage the cells necessary for healing 
(neutrophils, macrophages, fibroblastic cells, etc.); activation 
chondrogenesis in cases of regeneration through indirect 
osteogenesis [18]; activation nervous regulation, thereby 
activating microcirculation.

The effect of electrical stimulation on cell apoptosis 
remains unclear and controversial. Some studies report 
stimulation of cell apoptosis, while other studies describe 
a reduced effect or its absence [18].

Previous studies conducted by the authors showed a 
positive effect of combined use of hydroxyapatite-containing 
osteotropic material (“Biomin GT”) and electrical stimulation 
in the treatment of bone tissue defects of the lower jaw 
in rats [21].

CONCLUSIONS
A comprehensive clinical and experimental study 

conducted by the authors proved that electrical stimulation 
activates the reparative osteogenesis in the lower jaw, 
which occurs through direct osteogenesis and does not 
finish on the 28th day of the experiment.

The positive effect of electrical stimulation is due to a 
decrease in the severity of hemodynamic disorders, activation 
of angiogenesis in granulation tissue, which is one of the 
components of the regenerate that fills the bone defect, 
matures and turns into connective tissue; stimulation of 
the proliferative potential of fibroblastic cells and cells with 
osteoblastic activity in granulation tissue; increasing the 
proliferative potential of osteoblastic elements of bone 
tissue bordering the cavity; stimulation of macrophage 
cells and processes of cleansing the bone cavity from 
fragments of a blood clot and alteratively changed tissues; 
formation of clusters of adipocytes in the loci of connective 
and granulation tissue of the regenerate; the process of 
metaplasia of connective tissue into bone tissue; an increase 
of the foci of hematopoiesis in the intertrabecular spaces 
of lamellar bone tissue.

REFERENCES
1. Nardi C, Vignoli C, Pietragalla M, Tonelli P, Calistri L, Franchi L, et al. Imaging of mandibular fractures: a pictorial review. Insights Imaging. 2020;11(1):30. 

doi: 10.1186/s13244-020-0837-0.
2. Khan TU, Rahat S, Khan ZA, Shahid L, Banouri SS, Muhammad N. Etiology and pattern of maxillofacial trauma. PLoS One. 2022;17(9):e0275515. doi: 

10.1371/journal.pone.0275515.
3. Rostyslav Y, Yakovenko L, Irina P. Fractures of the lower jaw in children (causes, types, diagnosis and treatment). Retrospective 5 year analysis. J Oral Biol 

Craniofac Res. 2020;10(2):1-5. doi: 10.1016/j.jobcr.2020.01.004. 
4. Saravanan T, Balaguhan B, Venkatesh A, Geethapriya N, Goldpearlinmary, Karthick A. Prevalence of mandibular fractures. Indian J Dent Res. 2020;31(6):971-

974. doi: 10.4103/ijdr.IJDR_286_18.
5. Likhitskyi OO, Goltsev AM. Influence of Cryopreserved Human Placental Tissue on Reparative Bone Formation in Rats with the Lower Jaw Open Fracture on 

Osteoporosis Background. Problems of Cryobiology and Cryomedicine. 2019;29(2):125-136. 
6. Fedirko HV. Suchasni uyavlennya pro mekhanizm reheneratsiyi nyzhn'oyi shchelepy v umovakh politravmy [Modern ideas about the mechanism of 

regeneration of the lower jaw in conditions of polytrauma]. Klinichna stomatolohiya [Clinical dentistry]. 2015;1:89-94. (Ukrainian)
7. Vares YE, Shtybel NV. Сучасні фізичні методи стимуляції процесів загоєння кісткової тканини [Modern physical methods of stimulating the bone tissue 

healing processes]. Ukrainian Journal of Medicine, Biology and Sports [Ukrayins'kyy zhurnal medytsyny, biolohiyi ta sportu]. 2019;6(22): 9-15. (Ukrainian)
8. Rybalka MA, Stepchenko LM. Features of mineral metabolism in rabbits during correction with biologically active feed additives against the background 

of implantation of PLA implants. Theoretical and Applied Veterinary Medicine. 2020;8(2): 171-178.
9. Rublenko M, Semeniak S, Andriiets V. Molekulyarno-biolohichni mekhanizmy reparatyvnoho osteohenezu [Molecular and biological mechanisms of 

reparative osteogenesis]. Naukovyy zhurnal veterynarnoyi medytsyny [Scientific Journal of Veterinary Medicine]. 2017;2:11-20. (Ukrainian) 
10. Bumeister VI, Pogorelov MV. Suchasnyy pohlyad na reparatyvnyy osteohenez [Contemporary view on the reparative osteogenesis]. Svit medytsyny ta 

biolohiyi [World of Medicine and Biology]. 2008;4:104-110. (Ukrainian)
11. Cao W, Helder MN, Bravenboer N, Wu G, Jin J, Ten Bruggenkate CM, et al. Is There a Governing Role of Osteocytes in Bone Tissue Regeneration? Curr Oste-

oporos Rep. 2020;18(5):541-550.



597

MORPHOLOGICAL CHARACTERISTICS OF REPARATIVE OSTEOGENESIS IN THE RATS LOWER JAW UNDER THE CONDITIONS...

12. Diomede F, Marconi GD, Fonticoli L, Pizzicanella J, Merciaro I, Bramanti P, et al. Functional Relationship between Osteogenesis and Angiogenesis in Tissue 
Regeneration. Int J Mol Sci. 2020;21(9):3242. doi: 10.3390/ijms21093242.

13. Teh SW, Koh AE, Tong JB, Wu X, Samrot AV, Rampal S, et al. Hypoxia in Bone and Oxygen Releasing Biomaterials in Fracture Treatments Using Mesenchymal 
Stem Cell Therapy: A Review. Front Cell Dev Biol. 2021;9:634131. doi: 10.3389/fcell.2021.634131.

14. Filipowska J, Tomaszewski KA, Niedźwiedzki Ł, Walocha JA, Niedźwiedzki T. The role of vasculature in bone development, regeneration and proper systemic 
functioning. Angiogenesis. 2017;20(3):291-302. doi: 10.1007/s10456-017-9541-1.

15. Paduano F, Marrelli M, Amantea M, Rengo C, Rengo S, Goldberg M, et al. Adipose Tissue as a Strategic Source of Mesenchymal Stem Cells in Bone Regene-
ration: A Topical Review on the Most Promising Craniomaxillofacial Applications. Int J Mol Sci. 2017;18(10):2140. doi: 10.3390/ijms18102140.

16. Pettersen E, Anderson J, Ortiz-Catalan M. Electrical stimulation to promote osseointegration of bone anchoring implants: a topical review. J Neuroeng 
Rehabil. 2022;19(1):31. 

17. Oliveira KMC, Barker JH, Berezikov E, Pindur L, Kynigopoulos S, Eischen-Loges M, et al. Electrical stimulation shifts healing/scarring towards regeneration 
in a rat limb amputation model. Sci Rep. 2019;9(1):11433.

18. Leppik L, Oliveira KMC, Bhavsar MB, Barker JH. Electrical stimulation in bone tissue engineering treatments. Eur J Trauma Emerg Surg. 2020;46(2):231-244.
19. Leppik L, Zhihua H, Mobini S, Thottakkattumana Parameswaran V, Eischen-Loges M, Slavici A, et al. Combining electrical stimulation and tissue engineering 

to treat large bone defects in a rat model. Sci Rep. 2018;8(1):6307. 
20. Wang W, Junior JRP, Nalesso PRL, Musson D, Cornish J, Mendonça F, et al. Engineered 3D printed poly(ɛ-caprolactone)/graphene scaffolds for bone tissue 

engineering. Mater Sci Eng C Mater Biol Appl. 2019;100:759-770.
21. Huseynov AN, Malanchuk VA, Myroshnychenko MS, Zaytseva OV. Experimental and morphological assessment of the influence of hydroxyapatite-conta-

ining osteotropic material and electrical stimulation on reparative osteogenesis of the lower jaw. Pol Merkur Lekarski. 2023;51(4):358-366. doi: 10.36740/
Merkur202304110.

ORCID AND CONTRIBUTIONSHIP
Agil N. Huseynov: 0000-0002-8633-134XB,D

Vladislav A. Malanchuk: 0000-0001-8111-0436A,E

Mykhailo S. Myroshnychenko: 0000-0002-6920-8374E,F

Olena V. Markovska: 0000-0002-8759-4272E,F

Liliia P. Sukharieva: 0009-0006-5737-3782B,C

Milena O. Kuznetsova: 0009-0001-8255-4837B,C

CONFLICT OF INTEREST
The Authors declare no conflict of interest

RECEIVED: 20.04.2023
ACCEPTED: 07.10.2023

ADDRESS FOR CORRESPONDENCE  
Mykhailo S. Myroshnychenko
Department of General and Clinical Pathological Physio-
logy 
named after D.O. Alpern, Kharkiv National Medical 
University, 
4 Nauky avenue, Kharkiv, 61022, Ukraine
e-mail: msmyroshnychenko@ukr.net

* Contribution: A – Work concept and design, B – Data collection and analysis, C – Responsibility for statistical analysis, D – Writing the article, E – Critical review, F – Final approval.

CREATIVE COMMONS 4.0


