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ABSTRACT

Aim of the study was to identify the morphological features of reparative osteogenesis in the lower jaw bone of rats in cases of filling a bone defect with
hydroxyapatite-containing osteotropic material (bone graft“Biomin GT”) and injecting the surrounding soft tissues with thymalin.

Materials and Methods: An experiment was conducted on 48 mature rats of the WAG population weighing 160-180 grams which were divided into four
groups. Group 1 included 12 rats with a simulated holey defect in the lower jaw. Group 2 included 12 rats with a simulated holey defect in the lower jaw
followed by its closure with hydroxyapatite-containing osteotropic material (bone graft “Biomin GT”). Group 3 included 12 rats with a simulated holey defect
in the lower jaw with injecting the surrounding soft tissues with thymalin. Group 4 included 12 rats with a simulated holey defect in the lower jaw followed
by its closure with hydroxyapatite-containing osteotropic material (bone graft “Biomin GT”) and injecting the surrounding soft tissues with thymalin. The
material for the morphological study was a fragment of the lower jaw from the area of the simulated holey defect. Histological, morphometric and statistical
research methods were used.

Results: In this study, it was shown by the authors an activation of reparative osteogenesis in the lower jaw under conditions of simultaneous filling the bone
defect with hydroxyapatite-containing osteotropic material (bone graft “Biomin GT”) and injection the surrounding bone defect soft tissue with thymalin.
Stimulation of reparative osteogenesis in the lower jaw of rats occurred due to rapid cleaning of the bone defect cavity from necrotic tissues and hematoma
fragments; a decrease in the number of neutrophil leukocytes, an increase in the number and morphofunctional state of monocytes, macrophages, lympho-
cytes, cells of fibroblastic differon; balanced change (increase or decrease) in the number and morphofunctional state of bone forming osteoblasts and bone
resorbing osteoclasts depending on the stage of reparative osteogenesis; activation of hematopoietic processes in lamellar bone tissue from the regenerate;
activation of bone tissue mineralization processes.

Conclusions: Thymalin injection in the soft tissues surrounding the bone defect in the lower jaw, filled with hydroxyapatite-containing osteotropic material
(bone graft “Biomin GT"), significantly stimulates the process of reparative osteogenesis, which makes it possible to recommend this technique in dentistry
for treatment the patients with mandible bone tissue defects.
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INTRODUCTION

The mandible is the strongest and largest bone in the
face which plays a central role in function and aesthetics
in the oral and maxillofacial region [1]. Mandible bone
tissue defects may result from systemic (congenital
abnormalities, general diseases, medications) or local
(inflammation, tumor, traumatic injuries, such as ac-
cidents or dental and surgical treatments) causes [2].
These defects cause severe external deformities and
dysfunction in patients due to their special anatomical
position, causing facial deformities, seriously reducing
their life quality [3].
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Trauma is the most common cause of the lower jaw
boneinjury [4]. When a bone breaks or cracks, the injury
is called a fracture [5]. Mandibular fractures are among
the most common (60-70%) maxillofacial fractures [6]
which have a multi-factorial etiology, such as road traffic
accidents, accidental falls, assaults, industrial mishaps,
sports injuries, firearm injuries etc. [4].

Treatment of patients with mandible bone tissue
defects and reparative osteogenesis stimulation in
itis an urgent issue today, despite the large number
of invasive and non-invasive treatment approaches
and scientific research on this topic [7]. Whilst recent
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advances in surgical techniques and biomaterials have
improved outcomes of the treatment of mandibular
defects, situations still arise when intrinsic regenera-
tion is not possible [8]. The mandible is more difficult
to repair than other parts of the bone because of its
radians, irregular shapes, dentition and oral function
[3]. Treatment measures for this category of patients
should be aimed at fully restoring the anatomical
integrity and functions of the lower jaw [9, 10]. The
latter actualizes the conduct of complex clinical and
experimental studies aimed at expanding the arsenal
of treatment methods and ways of stimulating repar-
ative osteogenesis.

Our earlier morphological studies of the experi-
mental material proved the activation of reparative
osteogenesis in cases of filling a bone defect with a
hydroxyapatite-containing osteotropic material (bone
graft“Biomin GT”) and the simultaneous application of
electrical stimulation [11, 12]. A promising method of
treating patients with mandibular bone defects, from
our point of view, may be filling the bone defect with a
hydroxyapatite-containing osteotropic material (bone
graft “Biomin GT”) while simultaneously injecting the
surrounding soft tissues with the immunomodulatory
drugs, due to immune cells play an important role in
reparative osteogenesis [13]. Thymalin can be used as
such immunomodulatory drug containing a polypep-
tide extract of thymus.

AIM

The purpose of the study was to identify the morpho-
logical features of reparative osteogenesis in the lower
jaw bone of rats in cases of filling a bone defect with
hydroxyapatite-containing osteotropic material (bone
graft “Biomin GT") and injecting the surrounding soft
tissues with thymalin.

MATERIALS AND METHODS
An experiment was conducted on 48 mature rats of
the WAG population weighing 160-180 grams at the
experimental biological clinic of Bogomolets National
Medical University. Four groups were formed (Fig. 1).
Group 1 included rats that underwent an incision of
the skin, subcutaneous tissue, and superficial fascia in
the left submandibular area with a length of 1-1.2 cm
and skeletonized a fragment of the outer surface of
the branch and body of the lower jaw under ketamine
intraperitoneal anesthesia and ultracaine infiltration
anesthesia. A ball-shaped drill bit for a straight tip with a
diameter of 3 mm with a rotation frequency up to 1000
revolutions per minute was used to form a transcortical

hole defect of the body of the lower jaw in the form of
a channel, departing from the lower edge of the lower
jaw upwards by 2 mm (until the feeling of the bur falling
through). The wound was sutured layer by layer with
polyamide after the formation of a holey defect.

Group 2included rats that were modeled with a lower
jaw defect similar to group 1. The formed defect was
filled with synthetic bone graft “Biomin GT” (RAPID,
Ukraine), which included hydroxyapatite and B-trical-
cium phosphate. The wound was sutured layer by layer
with polyamide.

Group 3included rats that were modeled with a lower
jaw defect similar to groups 1 and 2. The wound was
sutured layer by layer with polyamide. Thymalin (LLC
PP BIOPHARMA, Ukraine) was injected into the soft
tissues around the defect for 10 days (0.01 mg/ml per
100 grams of animal weight).

Group 4 included rats that were modeled with a lower
jaw defect similar to groups 1-3, which was filled with syn-
thetic bone graft“Biomin GT”(RAPID. Ukraine). The wound
was sutured layer by layer with polyamide. Thymalin (0.01
mg/ml per 100 grams of animal weight) was injected into
the soft tissues around the defect for 10 days.

In groups 1-4 the animals were removed from the
experiment on 3, 7, 14 and 28 days (3 animals for each
experimental period).

The material for the morphological study was a frag-
ment of the lower jaw from the area of the simulated
holey defect. The material was fixed in a 10% solution of
neutral formalin (pH 7.4) for 24-48 hours, decalcified and
carried out according to the generally accepted method
and embedded in paraffin. From paraffin blocks serial
sections with a thickness of 4-5 um 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. Mor-
phometry was carried out using the Labscope program.
During a morphometric study, it was determined in
the lamellar bone tissue of the regenerate the specific
volume of bone trabeculae (%); the specific volume
of intertrabecular space (%); the specific volume of
intertrabecular space filled with connective tissue (%);
the specific volume of intertrabecular space with foci
of hematopoiesis (%).

In microslides stained with hematoxylin and eosin
in the bone tissue surrounding the holey defect, the
brightness coefficient was determined in the Lab color
model using the computer program “Analysis of color
properties of raster images” [14].

The indicators in the groups were processed statis-
tically using the PAST program (version 4.15, Natural
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Fig. 1. Characteristics of the experimental groups.

History Museum, University of Oslo, Norway). Mean
values of indicators in groups were compared using the
Student’s t-test and Mann-Whitney U-test. Differences
were considered significant at p<0.05.

RESULTS

On the 3rd day of the experiment, an extensive defect
was revealed in the bone tissue of the lower jaw of rats
of groups 1-4, in the lumen of which, among fragments
of blood, fragments of stratified squamous epithelium,
muscle, connective and bone tissues with dystrophic
and necrotic changes were noted. In groups 2 and 4,
bone graft granules were identified among necrotic
tissues and blood elements. In all groups, alteratively
changed epithelial and mesenchymal tissues were
diffusely infiltrated with neutrophilic leukocytes, mono-
cytes, lymphocytes, mast cells, macrophages, and cells
of fibroblastic differon (Fig. 2). Among the polymorphic
cellularinfiltration, neutrophil leukocytes predominat-
ed in groups 1 and 2, and monocytes, macrophages,
lymphocytes and fibroblastic cells predominated in
groups 3 and 4. In groups 3 and 4, osteoclasts were also
identified among the cellular elements, represented by
large multinucleated cells, which were often located
around alteratively changed fragments of bone tissue.
In all groups, foci of immature granulation tissue were
identified in the defect cavity, characterized by the
presence of many full-blooded capillaries and varying
densities of cellular infiltration (Fig. 2). The latter was
sparsely cellularin groups 1 and 2, and densely cellular
in groups 3 and 4. Granulation tissue in groups 2 and 4
was often localized around bone graft granules.

In the bone tissue surrounding the defect, the edges
had unclear outlines with signs of resorption. The latter
changes were due to the activation of the morphofunc-
tional state of osteoclasts, which was more pronounced
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in groups 3 and 4 (Fig. 2). Moderate or pronounced alter-
ative changes were also identified in this tissue, which
were manifested by uneven staining of the structures
with hematoxylin and eosin. A morphometric study
determined the brightness coefficient in bone tissue,
which did not differ (p>0.05) in groups 1-4 (Table 1).
In the periosteum, pronounced dystrophic-necrotic
changes, hemodynamic disturbances represented by
edema, vascular congestion and hemorrhages were
noted. In these tissues, polymorphic cellular infil-
tration was represented by neutrophilic leukocytes,
monocytes, lymphocytes, mast cells, macrophages,
and cells of fibroblastic differon. Polymorphic cellular
infiltration was characterized in groups 1 and 2 by a
predominance of neutrophilic leukocytes, and in groups
3 and 4 - monocytes, macrophages, lymphocytes and
fibroblastic cells.

On the 7th day of the experiment, compared to the
3rd day, in the lumen of the bone defect the remains
of a blood clot, represented by masses of fibrin and
hemolyzed erythrocytes with an erased pattern, were
noted; the specific volume of alteratively changed tis-
sues decreased. These changes were more pronounced
in groups 3 and 4 compared to groups 1 and 2. Al-
ternatively changed tissues, as on the 3rd day of the
experiment, were diffusely infiltrated with neutrophilic
leukocytes, monocytes, lymphocytes, mast cells, mac-
rophages, cells of fibroblastic differon, among which
neutrophilic leukocytes predominated in groups 1 and
2, and monocytes, lymphocytes, macrophages, cells
of fibroblastic differon - in groups 3 and 4. On the 7th
day of the experiment, compared to the 3rd day, in all
groups, among the detected infiltration, the number of
monocytes, lymphocytes, macrophages, and fibroblas-
tic cells increased. Mature granulation, connective and
osteogenic fibroreticular tissues were also detected in
the lumen of the bone defect.
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Table 1. Average values of the brightness coefficient in the bone tissue surrounding the holey defect in groups 1-4

Day of the experiment

Group
3 7 14 28
! 0.66+0.009 0.66+0.013 0.63+0.010* 0.59+0.007 #
holey defect

2

+ =+ + 4 + 4

holey defect+bone graft “Biomin GT” 0.67+0.009 0.66%0.001 0.64+0.008 0.59+0.008
3 . 0.66+0.009 0.62+0.015 '* 0.58+0.007 "4 0.53+0.012 '2*
holey defect+thymalin

4 0.65+0.010 0.61£0.015 * 0.56+0.010 '** 0.53+0.008 "*

holey defect+bone graft “Biomin GT"+ thymalin

Note: ' - significance of differences compared to the indicator of group 1;2— significance of differences compared to the indicator of group 2;* - signif-
icance of differences compared to the indicator of group 3; * — significance of differences compared to the previous period of the experiment.

In group 3 and, especially, in group 4, compared with
groups 1 and 2, there was a higher content of osteo-
genic fibroreticular tissue. The latter was determined
in areas of osteoblasts accumulation in the connective
tissue in groups 1-4, and in groups 2-4 also around the
bone graft. In single fields of view in group 4, isolated,
weakly mineralized bone beams were visible in the
connective tissue (Fig. 3).

Alterative changes of varying degrees of severity
were identified in the bone tissue that bordered the
defect cavity (moderately expressed in groups 3 and
4, pronounced in groups 1 and 2). The brightness co-
efficient in bone tissue in groups 3 and 4 had a signifi-
cantly (p<0.05) lower value compared to groups 1 and
2, which indicated a greater degree of mineralization
of bone tissue (Table 1). The brightness coefficient did
not change (p>0.05) in groups 1 and 2, but decreased
(p<0.05) in groups 3 and 4 on the 7th day compared
to the 3rd day.

Predominantly in groups 3 and 4 compared to groups
1 and 2, the periosteal and endosteal surfaces of the
bone tissue bordering the defect were characterized by
a high density of osteogenic cells and their increased
proliferative potential with the formation of osteogenic
fibroreticular tissue (Fig. 4). The layers of the latter anas-
tomosed with each other, grew towards the defect and
filled its lumen.

On the 14th day of the experiment, the regenerate
filling the lumen of the bone defect was represented
in all groups by granulation tissue of varying degrees
of maturity, connective, osteogenic fibroreticular and
lamellar bone tissues. Among these tissues in the regen-
erate, granulation and connective tissues predominated
in group 1, osteogenic fibroreticular and lamellar bone
tissues predominated in group 2, and lamellar bone
tissue predominated in group 3 and, especially, in group
4.In groups 2 and 4, active osteogenesis processes were
observed around the bone graft granules, the number
of which, compared to day 7, did not change. In some of

the visual fields, a connective tissue capsule was formed
around the graft granules (Fig. 5). In the capsule, as
well as in the tissues surrounding the capsule, cellular
infiltration was revealed, represented by lymphocytes,
monocytes, macrophages, fibroblastic cells.

In groups 1-4, in lamellar bone tissue, bone trabeculae
were characterized by heterogeneous staining with he-
matoxylin and eosin, which indicated varying degrees
of mineralization. The bone trabeculae of the regener-
ate were stained less intensely with hematoxylin and
eosin compared to bone tissue, which was located at a
distance from the defect. The decrease in the intensity
of staining of the bone trabeculae of the regenerate
was more pronounced in group 1 compared to groups
2, 3 and, especially, group 4.

During morphometry, it was noted that in all groups
in the lamellar bone tissue of the regenerate, the spe-
cific volume of bone trabeculae prevailed (p<0.05)
compared to the specific volume of the intertrabecular
space (Table 2). During survey microscopy, in the inter-
trabecular spaces, connective tissue with full-blooded
vessels or foci of hematopoiesis were identified. It was
noted that in all groups the specific volume of intertra-
becular spaces filled with connective tissue prevailed
(p<0.05) compared to the specific volume of intertra-
becular spaces with foci of hematopoiesis.

During the analyzing of the obtained indicators, it
was noted that the specific volume of bone trabeculae
significantly (p<0.05) increased from group 1 to group
4, and the specific volume of intertrabecular space
decreased significantly (p<0.05). The specific volume
of intertrabecular space filled with connective tissue
and the specific volume of intertrabecular space with
the areas of hematopoiesis did not differ significantly
(p>0.05) in group 1 compared to group 2, in group
3 compared to group 4. However, in groups 3 and 4,
compared with groups 1 and 2, the specific volume of
intertrabecular space filled with connective tissue and
the specific volume of intertrabecular space with the ar-
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Fig. 2. Group 3. Polymorphic cellular infiltration
and immature granulation tissue in the lumen
of the bone defect. Resorption by osteoclasts of
adjacent to the bone tissue defect. Hematoxylin
and eosin staining, <400.

Fig. 3. Group 4. Single, isolated from each other,
weakly mineralized bone beams in the connective
tissue fields. Hematoxylin and eosin staining,
x400.

Fig. 4. Group 3. Layers of osteogenic fibroreticular
tissue anastomose with each other and fill the
lumen of the bone defect. Hematoxylin and eosin
staining, }100.
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Table 2. Morphometric study of the lamellar bone tissue from regenerate in groups 1-4

Day of the experiment

Group Morphometric indicator
14 28
Specific volume of bone trabeculae (%) 54.3+2.05 64.8+2.16
L Specific volume of intertrabecular space (%) 45.8+2.05' 35.2+2.16'
holey defect Specific volume of intertrabecular space filled with connective tissue (%) 87.1+£2.98 75.8+3.41
Specific volume of intertrabecular space with hematopoiesis foci (%) 12.9+2.982 24.2+3.412
5 Specific volume of bone trabeculae (%) 60.4+2.353 70.5+1.79°
Specific volume of intertrabecular space (%) 39.6+2.35'3 29.5+1.79'3
holey defect+bone Specific volume of intertrabecular space filled with connective tissue (%) 85.4+2.98 74.7+3.12
raft “Biomin GT”
9 fom! Specific volume of intertrabecular space with hematopoiesis foci (%) 14.6+2.982 25.3+3.122
3 Specific volume of bone trabeculae (%) 66.3+2.5134 75.8+2.55%*
Specific volume of intertrabecular space (%) 33.742.51'34 2424255134
holey Specific volume of intertrabecular space filled with connective tissue (%) 64.94+2.48%4 38.94+2.1434
defect+thymalin - . . o -
Specific volume of intertrabecular space with hematopoiesis foci (%) 35.142.48%34  61.1£2.14%34
4 Specific volume of bone trabeculae (%) 72.2+220%45  81.3+2.63%4°
Specific volume of intertrabecular space (%) 27.8+2.20"345  18.7+£2.63'345
holey defect+bone - - —
Specific volume of intertrabecular space filled with connective tissue (%) 66.7+2.3334 37.1£1.99%#

graft“Biomin GT"+
thymalin

Specific volume of intertrabecular space with hematopoiesis foci (%)

33.3+2.33%34

62.9+1.99%34

Note: ' — significance of differences compared to the specific volume of bone trabeculae; > — significance of differences compared to the specific volume
of intertrabecular space filled with connective tissue; * — significance of differences compared to the indicator of group 1; * - significance of differences
compared to group 2; * — significance of differences compared to the indicator of group 3.

eas of hematopoiesis took on, respectively, significantly
(p<0.05) smaller and larger values. The morphometric
study showed that in group 3 and, especially, in group
4, pronounced processes of reparative osteogenesis
and hematopoiesis were observed in comparison with
groups 1 and 2.

In the bone tissue that bordered the defect cavity,
an active bone formation process was revealed, as ev-
idenced by a pronounced increase in the proliferative
potential of osteogenic cells located on the periosteal
and endosteal surfaces. These processes were maximally
expressed in group 3 and, especially, in group 4 and less
pronounced in groups 1 and 2. The brightness coeffi-
cientin bone tissue in groups 3 and 4 had a significantly
(p<0.05) lower value compared to groups 1 and 2 (Table
1).The brightness coefficient on day 14 compared to day
7 significantly (p<0.05) decreased in all groups.

On the 28th day of the experiment, the regenerate
was represented by connective, osteogenic fibrore-
ticular and lamellar bone tissues. In the direction
from group 1 to group 4, the volume of lamellar bone
tissue increased (Fig. 6), which indicated an increase
in the processes of bone formation. In groups 2 and
4, the number of bone graft granules did not change
compared to day 14.The bone beams in lamellar bone
tissue in all groups did not have an ordered spatial
arrangement and were unevenly stained with hema-
toxylin and eosin.

In groups 1-4, lamellar bone tissue during a mor-
phometric study was characterized (p<0.05) by a pre-
dominance of the specific volume of bone trabeculae
compared to the specific volume of the intertrabecular
space (Table 2). In groups 1 and 2, the specific volume
of the intertrabecular space filled with connective
tissue was significantly (p<0.05) larger compared to
the specific volume of the intertrabecular space with
areas of hematopoiesis, however, in groups 3 and 4, the
specific volume of the intertrabecular space with areas
of hematopoiesis was significant (p <0.05) greater value
compared to the specific volume of the intertrabecular
space filled with connective tissue.

The data from the morphometric study indicated
pronounced processes of reparative osteogenesis and
hematopoiesis in group 3 and, especially, in group 4
compared to groups 1 and 2.

In the bone tissue that bordered the defect filled with
regenerate, the brightness coefficient in groups 3 and
4 took on asignificantly lower value (Table ) compared
to groups 1 and 2. On the 28th day of the experiment,
compared with 14 days, the brightness coefficient de-
creased in all groups (Table I).

DISCUSSION
Our previous studies and the results of numerous studies
of various scientists have shown the high efficiency of
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using of various osteotropic materials based on hydroxy-
apatite to replace the bone defects in the lower jaw [11,
15]. In this study, the authors were the first to show a
more pronounced activation of reparative osteogenesis
in the lower jaw under conditions of simultaneous filling
the bone defect with hydroxyapatite-containing osteo-
tropic material (bone graft “Biomin GT”) and injection
the surrounding bone defect soft tissue with thymalin.

Bone is considered an osteoimmune system which
is based on cooperatively acting bone and immune
cells [16]. Dysfunctions of the immune system lead to
disturbances in various mechanisms of reparative os-
teogenesis [17, 18]. Currently, increasing evidence indi-
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Fig. 5. Group 2. Connective tissue capsule with
polymorphic cellular infiltration around the bone
graft granule. Hematoxylin and eosin staining,
x400.

Fig. 6. Group 4. Lamellar bone tissue from the
regenerate. Hematoxylin and eosin staining, < 100.

cates that regulating the immune microenvironment is
a promising therapeutic target to promote bone tissue
regeneration [19]. We used thymalin as a regulator of
local immune reactions in the area of the bone defect.

Thymalin is a polypeptide complex isolated from the
thymus which regulates the number and ratio of T- and
B-lymphocytes and their subpopulations, stimulates the
cellular immunity reactions, enhances the phagocytosis,
stimulates the processes of regeneration and hematopoie-
sis,and improves the processes of cellular metabolism [20].

Our study showed that the injection of thymalin into
the soft tissues surrounding the bone defect, which
was filled with hydroxyapatite-containing osteotropic
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material (bone graft“Biomin GT”), led to rapid cleaning
of the bone defect cavity from necrotic tissues and
hematoma fragments; a decrease in the number of
neutrophil leukocytes, an increase in the number and
morphofunctional state of monocytes, macrophages,
lymphocytes, cells of fibroblastic differon; balanced
change (increase or decrease) in the number and mor-
phofunctional state of bone forming osteoblasts and
bone resorbing osteoclasts depending on the stage of
reparative osteogenesis; activation of hematopoietic
processes in lamellar bone tissue from the regenerate;
activation of bone tissue mineralization processes.

CONCLUSIONS

Thymalin injection in the soft tissues surrounding the
bone defect in the lower jaw, filled with hydroxyapa-
tite-containing osteotropic material (bone graft“Biomin

GT"), significantly stimulates the process of reparative
osteogenesis, which makes it possible to recommend
this technique in dentistry for treatment the patients
with mandible bone tissue defects.

Stimulation of reparative osteogenesis in the lower
jaw of rats occurs due to the acceleration of the clear-
ance of the bone defect cavity from necrotic tissues
and hematoma fragments; reducing the number of
neutrophil leukocytes, increasing the number and
morphofunctional state of monocytes, macrophages,
lymphocytes, cells of fibroblastic differon; balanced
change (increase or decrease) in the number and mor-
phofunctional state of bone forming osteoblasts and
bone resorbing osteoclasts depending on the stage of
reparative osteogenesis; activation of hematopoietic
processes in lamellar bone tissue from the regenerate;
activation of bone tissue mineralization processes.
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