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BO3IMOXHOCTU OLLEEHKU CTUMYASLLUU PETEHEPALLUN
KOCTHOU TKAHU HA POHE SKCNEPUMEHTAAbBHOIO CTPECCA

C. B. Cupak, E. B. LLeTnHuH, P. I. PomaHeHKoO

CTABPONOALCKUMU rOCYAQPCTBEHHbIN MEAULLUHCKMU YHUBEPCUTET, Poccumnckas
Pepepaums

The results of an X-ray assessment of the dynamics of bone regeneration of postoperative defects in an experiment on
rats using a stress-inducing device to form non-physiological occlusion of the jaws are presented. More effective and com-
plete restoration of the alveolar ridge after tooth extraction was shown in animals treated intraperitoneally with ethylmethyl-
hydroxypyridine succinate under chronic stress conditions. X-ray analysis of the bone regeneration confirmed the stimula-
tion of bone healing by the drug in terms of 30 and 60 days in the form of filling the defect with trabecular bone, which, in
terms of quantitative and qualitative composition, can provide the function of a scaffold for newly formed vessels and nerves.
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MpencTaBneHbl pes3ynbTaTbl PEHTIEHOJIOMMYECKOM OLEHKU AUHAMWUKM KOCTHOW pereHepaumm nocneonepaumoHHbIX
nedeKToB B 9KCNEPUMEHTE Ha KpblCax C MCMONb30BaHNEM CTPECC-UHAYLIMPYIOLLErO YCTPONCTBa AN GOPMMPOBAHUSA He-
dU3NONOrnyeckom okkN3um YentocTel. NokazaHo 6onee adpdOEKTUBHOE U NOSHOLEHHOE BOCCTAaHOB/IEHME allbBEONSPHO-
ro rpebHsi nocne yganeHns 3y60B Y XMBOTHbIX, MOJyHaBLUNX BHYTPUOPIOLWWHHO 3TUAMETUATMOPOKCUNNPUAMHA CYKLMHAT
B YC/IOBUSAX XPOHUYECKOr0 CTpecca. PEHTreHoNorM4ecknii aHannsa KOCTHOro pereHepara noaTBepau CTUMYISLUNIO Npe-
napaTom 3axunsneHuns koctn B cpokn 30 n 60 cyTok B BUAE 3anonHeHus gedekta TpabekynspHoO KOCTbio, CHOCOBHOM No
KONMMYecTBEHHOMY M Ka4eCTBEHHOMY COCTaBy o6ecneyunTb GYHKLMIO Kapkaca s HOBOOOpa30BaHHbIX COCY0B M HEPBOB.
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SID - stress-inducing device

clinical and experimental practice has signifi- mation of postoperative jaw defects, including mo-
cantly expanded the possibilities for studying deling of bone loss processes under conditions of
the mechanisms of osseointegration [1, 2]. At the chronic stress or osteoporosis, are far from being

The emergence of new imaging techniques in same time, the possibilities of reparative bone for-
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exhausted [3, 4]. Considering the current practice
of using implant treatment in conditions of increa-
sing life expectancy of the population, the comor-
bid component and financial capabilities of pa-
tients, it seems essential to comprehensively study
the effectiveness of osseointegrating processes
when using various options for metabolic therapy
[5, 6].

The study aimed to evaluate radiographic stimula-
tion of the metabolic stimulation of bone regeneration of
postoperative defects after tooth extraction in animals
under conditions of experimental chronic stress.

Material and Methods. The experiment included
78 mature laboratory rats weighing 180-200 g, in 60
of which the author’s stress-inducing device (SID) (pa-
tent RU 182498 U1, August 21, 2018) was used for 30
consecutive days, which is a kappa for the formation of
non-physiological occlusion of the jaws. All animals are
divided into three groups. The first group consisted of
animals of the comparison group without a stress-induc-
ing device (terms of withdrawal from the experiment here
and below, in all groups are the same - 15, 30, 60 and
90 days, n=18); the second (control)group — animals with
a (SID), which were injected daily with saline intraperito-
neally, n=40; the third (main) group — animals with SID,
which were daily intraperitoneally injected with ethyl-
methylhydroxypyridine succinate (Mexidol (Pharmasoft,
Russia), 50 mg/kg of body weight), n=20. During the
experiment, all rats were under standardized conditions
with a standard diet, a natural light/dark cycle (with a light
duration of at least 16 hours) and had free access to wa-
ter and food at a room temperature of 22-23 °C.

X-ray studies were performed immediately after sur-
gery to remove the first molar. Then, after 15, 30, 60 and
90 days, the X-ray picture of the complete healing of the
postoperative defect was obtained using the PLANMECA
5000 X-ray machine (DIO RT, USA) with different modes
and exposure times. The intensity of osteogenesis was
studied by assessing the average volume of newly formed
bone expressed in mm3 and bone mineral density (mg/
cm3) at the defect site [7].

The choice of the extraoral method of taking pictures
is because it is quite difficult to perform intraoral radiog-
raphy of the area under study in small rodents and, most
importantly, it does not make it possible to observe the
entire area of the postoperative defect, as well as the sur-
rounding areas of the jaw.

All digital data are presented as arithmetic mean and
standard deviation. Changes in parameters between
the main group of animals treated with intraperitoneal
ethylmethylhydroxypyridine succinate and the control
group were assessed at each time point (15, 30, 60 and
90 days) using an unpaired Student’s t-test. Statistical
analysis of the measurement results was conducted us-
ing STATISTICA 10.0 (StatSoft Inc., USA). A p<0.05 value
was considered statistically significant.

Results and Discussion. In studying the data ob-
tained, it can be seen that the beginning of reparative
changes in wounds in the control group occurs some-
what later than in animals in the main group (where
succinate ethylmethylhydroxypyridine was injected in-
traperitoneally) and the comparative group. So, if the
initial radiographic signs of bone tissue regeneration in
the outlets of the torn teeth in the main group of animals
appeared on the 15th day in 35 % of cases and after
30 days in 47.5 % of cases, then in the second group of
animals these traits were determined on 15th day is
only 22.8 %, day 30 is 11.4 %, and day 60 is still 10.2 %.
In other control animals with SID, these signs appeared
later (90 days later).

The X-rays taken immediately after the operation, in
the area corresponding to the vestibular wall of the al-
veolus and the tooth extracted, clearly show a defect
of the marginal bone. The contours of this defect are
sometimes limited to a compact plate visible on the ra-
dio. When compact lamina breaks down due to posto-
perative inflammation or during surgery, the outlines of
the defect seem uneven but clearly defined. In the future,
as the bone edge resorption in comparative group ani-
mals, the defect contour is smoothed out. By the end of
the first month after the radiograph operation, it always
looks even.

By the 15th day of the experiment, in all groups,
against the background of a bone defect, the inner (lin-
gual) wall of the socket of the extracted tooth is visible
(Fig. 1A). By the 30th day after the operation, in most
cases, the process of bone rarefaction is determined
on radiographs (Fig. 1B). However, in the control group
with SID, the alveolar wall appears to be relatively less
dense than in the main group. Their osteopenia has a
pronounced small-focal character. By the end of the 60th
day after the operation, the areas of the newly formed
bone tissue in the main group become more pronounced
(Fig. 1C), and the rarefaction foci decrease and com-
pletely disappear on the 90th day (Fig. 1D).

Radiologically, the beginning of the formation of re-
parative osteoid tissue has not been determined. The
first signs of activation of the post-operative bone de-
fect replacement process were determined radiological-
ly only 15 days after the operation. Among the first two
signs of reparative bone formation detected by the end
of the 30th day in 25 % of third-group animals and 15.8 %
of control group animals by the 60th day, a decrease in
the clarity of the bone defect boundaries should be dis-
tinguished (54.6 % of cases) and the appearance of a
thin shading strip along the edge of the defect (45.4 %
of cases). At the same time, osteoidal shadow develops
most intensively on the side of the rear and lower edges
of the fault. As osteoid tissue grows and matures, a bone
structure appears in the form of a thin network of bone
bundles, first detected only at the periphery of the defect.
Subsequent X-ray studies reveal how the thin structure of
the sponge fills the edge of the defect. However, the skel-
etal pattern is also amplified in the center due to repara-
tive bone formation from the preserved inner (linguistic)
wall of the alveolus.

It should be noted that in the main group, at the
end of the 30th day after the beginning of the experi-
ment, the edges of the defect on radiographs appeared
to thicken; by the 60th day, this type of thickening in-
creased in the form of a linear shadow bordering the
defect contour. The width of the sclerosis band gradu-
ally increased (up to 30—-60 days after surgery) and then
changed and progressively became thinner and disap-
peared. A similar process in the control group proceed-
ed for a longer time, and by the end of the 90th day, the
bone defect was not filled with bone tissue; on radio-
graphs, a narrow strip of sclerosis is still visible against
the background of an unchanged bone pattern in the
adjacent areas.

Analyzing the ratio of the average volume of new-
ly formed bone (mm?3) and mineral bone density (mg/
cm?) [7] in the control and main groups 15, 30, 60 and
90 days after surgery, it was found that in the main group
regeneration increases the volume and mineral density of
the newly formed bone (Fig. 2) more than in the control
groups, acquiring the most considerable statistically sig-
nificant differences (p<0.05) by the 30th and 60th days
(by the volume of newly formed bone) and by the 90th
day (by mineral density of regeneration).

189



ORIGINAL RESEARCH

Experimental medicine

OPUTUHAAbHBIE UCCAEAOBAHMUA

3KCnepMMeHTOAbHOH MeAUUUNHA

C

Fig. 1. Changes in the X-ray examination of the processes of bone tissue regeneration in the socket of the removed molar

The fate of the cortical plate of the rosette walls, pre-
served during the operation, is different. Most often, its
complete restructuring was observed during the process
of reparative bone formation, which was confirmed radi-
ologically by the disappearance of the shadow. In these
cases, an uneven thinning was observed 15 and 30 days
after the X-ray operation, followed by fragmentation of
the cortical plate and its gradual disappearance. Some
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fragments in the form of linear shadows were visualized
on the 90th day, but most often, the restructuring pro-
cess took place within two months of the first signs of
these changes. In other cases, the compact well plate
was not restored.

In both control and primary groups, with full healing
of the postoperative defects by the 90th day, in most ca-
ses, the altitude of the alveolar process did not decrease,
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Fig. 2. The ratio of the average volume of newly formed bone tissue (A, mm?) and the average values of the mineral density of the
newly formed bone tissue (B, mg/cm?) at different periods of observation in the control (second) group and the main (third) group.
- differences between groups are statistically significant, p<0.05
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only in 15 % of the control group after healing, a marginal
bone defect due to the resorption of the top of the intact
orifice wall. At the same time, the cortical plate of the nest
of the adjacent intact tooth (the second molar) began to
move from the tooth neck to the healing defect, forming
a funnel-shaped extension of the perica line. Externally,
this extension resembled a pathological bone pocket in
generalized periodontitis [8, 9]. However, neither radio-
graphic nor clinical signs of periodontitis were observed,
and the described changes could occur only as a result
of a decrease in the volume of the newly formed bone in a
certain period of its maturation.

Conclusions. Thus, the X-ray pattern of bone rege-
neration of postoperative defects in the SID experiment
indicates a more effective and complete recovery of the
alveolar spine after tooth extraction in animals, intraperi-
toneal succinate with ethylmethylhydroxypyridine. X-ray
analysis of bone regeneration confirmed complete bone

healing within 30 and 60 days, filling of trabecular bone
defect, quantitative (in mm?3) and qualitative (mg/cm?)
composition to provide forest function for newly formed
vessels and nerves antihypoxic membrane protection
activity [5, 6]. In the control groups, the wells were filled
with pores and microspecies with fewer trabecular bones
capable of supporting angiogenesis and neogenesis
much later, only on the 90th day of observation.

Informed consent: the study was conducted in full
compliance with the requirements of the Helsinki Dec-
laration of the World Medical Association (1964), the
«International Recommendations for Conducting Bio-
medical Research using Animals» (1985), the Rules of
Laboratory Practice in the Russian Federation (Order of
the Ministry of Health of the Russian Federation No. 267
of 19.06.2003) and the positive conclusion of the local
ethics committee.
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