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DYNAMICS OF BONE FORMATION AND OSTEORESORPTION MARKERS
IN PATIENTS WITH POSTOPERATIVE MANDIBULAR BONE DEFECTS
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The defect that appears after a tooth extraction leads to remodeling of bone tissue. The processes of remodeling and
mineralization of the newly formed bone are affected by substances with an antioxidant effect, among which are quercetin and
placenta cryoextract. The study involved 90 procedures in which tooth extraction was performed: using placenta cryoextract (group
1), combination of placenta cryoextract with quercetin (group 2) and standard treatment protocol (group 3). The content of
osteocalcin and matrix metalloproteinase-8 in blood serum was determined. The formation of a postoperative defect in bone tissue
was accompanied by antagonistic changes in the content of osteocalcin (due to its increase) and MMP-8 (due to its decrease) in
the blood serum and oral fluid of patients, which characterizes the activation of bone tissue resorption processes at earlier times
and bone formation at later times.
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JTUHAMIKA MAPKEPIB KICTKO®OPMYBAHHSI TA OCTEOPE3OPBIIII
Y XBOPHUX 3 MICJTSAONEPAIIMHUMU JEPEKTAMU KICTKU HUKHBOI HIEJIENA

ITicnst nmpoBeneHHs oneparii BUaneHHs 3yba BUHUKAE 1e(eKT, SIKUH, Y CBOIO Yepry, MPU3BOAUTH O PEMOICIIIOBAHHS
KicTKOBOI TkaHMHHM. Ha mpomecm pemoznemioBaHHS Ta MiHepamizamii HOBOYTBOPEHO! KICTKM MAlOTh BIUIMB PEYOBHHH i3
AQHTUOKCHIAHTHOIO JIi€10, OHUMHU 3 SIKUX € KBEpLETHH Ta KPIOSKCTPaKT IUIaleHTH. B nocimimkenni 6panu yuacts 90 maiieHris,
SIKMM TIPOBOZMIIOCS] BUAJICHHSI 3y0a: 3 BUKOPUCTAHHSIM KPiOEKCTPaKTy IuianeHTH (1 rpyna), koMOiHaLis KpioeKCTPAKTY IUIALeHTH
i3 KBepIeTHHOM (2 Tpyma) Ta 3TiHO CTAaHZAPTHOTO IPOTOKONY JiKyBaHHS (3 rpyna). Busnauanm BMicT OCTEOKaIbIUHY Ta
MaTPUKCHOI METaJONpOTeiHa3n-8 y CUpOBaTLi KPOBI MALi€HTIB. YTBOpPEHHs Micisonepawiiinoro aeekry KicTKOBOI TKaHHHH
CYIPOBOJDKYBAJIOCS] aHTarOHICTUYHUMH 3MiHaMH BMICTY OCTEOKJIBLIMHY (32 paxyHOK Horo migsuinenHs) Ta MMII-8 (BHaciigzok
3HIDKEHHS) Y CHPOBATII KPOBI Ta POTOBIH PiAMHI MaLieHTI, [0 XapaKTepHU3ye aKTHBAIIO MPOLECiB pe30pOuii KicTKOBOT TKaHUHI
Ha OLIbLI paHHIX TePMiHaX Ta KICTKOYTBOPEHHS — Ha Mi3HIX.

KonrouoBi cioBa: oneparist BuganeHHs 3y0a, KiCTKOBUH Ae(eKT, 3aro€HHs KiCTKOBOrO Ae(eKTy, KICTKOBa TKaHWHA,
MOJISIPY HUDKHBOT IIeJIeTIN.

The study is a fragment of the research project “Diagnosis, surgical and medical treatment of patients with inflammatory
diseases of maxillofacial localization”, state registration No. 0119U102862.

The most common surgical intervention in the world is tooth extraction. After carrying out this
operation, a bone tissue defect occurs, which leads to bone tissue remodeling, with a reduction in its volume
in various directions. During this process the deposition of osteoblasts on alveolar bone forms newly
formed bone tissue, and osteoclastic activity leads to its destruction [9, 11].

The first stage of the reparative regeneration of the alveolus is the formation of a stable blood clot, inside
which fibrin forms a natural support structure that contributes to the formation of osteoid and its subsequent
calcification. Then the hole is filled with epithelium, which contributes to the regeneration of bone tissue
[1, 8, 12]. This process is completed in about 120 days; the periosteum is completely stabilized after 180 days
[3, 6]. At the same time, the processes of remodeling and mineralization of the newly formed bone tissue take
place during periods that differ greatly in different patients and are unpredictable in each case [7, 9].

A significant number of exo- and endogenous factors influences the processes of formation and
resorption of bone tissue. One of these factors is quercetin, which is a powerful antioxidant that has
attracted considerable attention from researchers due to its strong antioxidant and biological activity against
oxidative stress-related diseases through the scavenging of free radicals and the regulation of many anti-
inflammatory pathways [4, 14, 15].

Cryoextract of the placenta has pronounced antioxidant properties and anti-inflammatory effect,
which, according to literature sources, contributes to the elimination of pro-inflammatory modulation of
reactions of the blood system by active forms of oxygen and products of lipid peroxidation as a result of
stimulation of the physiological antioxidant system. The anti-inflammatory properties of this drug have
been revealed, the mechanism of which is apparently related to the action of the hormones present in it
(progesterone, estradiol, prolactin, gonadotropin, etc.) [2, 10].
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The purpose of the study was to optimise the prevention of inflammatory complications and
stimulation of osteogenesis of mandible by local administration of cryopreserved placenta as monotherapy
and in combination with quercetin.

Materials and methods. The research was carried out at the Poltava Regional Clinical Hospital in
the department of maxillofacial surgery. The study included 90 patients (male and female) with indications
for tooth extraction against the background of an inflammatory process, the age of the patients ranged from
18 to 58 years. Patients were divided into three clinical groups:

The 1* clinical group (n=30) — patients to whom the cryopreserved placenta was used after tooth
extraction,

The 2™ clinical group (n=30) — patients to whom the combined therapy of cryopreserved placenta
in combination with quercetin was used,

The 3™ clinical group (control) (n=30) — patients after tooth extraction without any additional types
of treatment.

The osteocalcin and matrix metalloproteinase-8 content in the blood serum of patients of all clinical
groups was determined on an empty stomach on the 1st, 10th, 20th, 30th, 90th and 180th day after surgery.
The content of osteocalcin was determined using immunochemiluminescence analysis, MMP-8 — using the
enzyme immunoassay method.

The research results were processed by the method of variational statistics on a personal computer
with the determination of the reliability of differences between the values of the studied indicators, as well
as by the method of correlation using the Statistica program package and "Excel 2010" spreadsheets.

Results of the study and their discussion. Osteocalcin (bone glutamine protein - BGP) is the most
common non-collagen protein of bone tissue, which is involved in the process of binding calcium and
hydroxylapatite to collagen, which, in turn, contributes to the organization of the extracellular matrix of
bone tissue, participates in metabolism and mineralization and is a marker of bone formation. This is due
to the fact that osteocalcin is expressed by osteoblasts mainly during the phase of bone formation in the
regenerate, participates in the process of osteoid mineralization.

During the surgical intervention, the content of this marker in the patients' blood serum did not
undergo significant changes in all three studied groups (Table 1, Fig 1), the absence of a difference in this
indicator in comparison between the groups is due to the fact that at this stage of observation, the treatment
protocols had not yet been applied.

Table 1
The content of osteocalcin in the blood serum of patients with postoperative defects of the mandible against
the background of inflammatory processes (M+m, ng/ml)

1% clinical group 27 clinical group 31 clinical group
1% day 28.05+1.037 27.43£1.051 26.17+0.949
10% day 18.87+0.926 * 19.61+1.048 * ** 15.59+0.766*
20" day 15.67+0.853 17.26+0.725 ** 13.81+0.568
30" day 14.70+0.608 16.64+0.657 13.22+0.401
90" day 19.65+0.859 * 20.73+£0.731 * ** 17.40+0.746 *
180" day 23.59+0.822 * 25.09+1.247 * 23.16+1.119 *

Notes: * —p <relative to the previous term; ** — p < relative to the control (3rd group).

On the 10th day after the surgical intervention, a statistically significant decrease in the content of
osteocalcin in the blood serum of patients in all three studied groups was noted by 32.7 %, 28.5 % and
40.4 %, respectively, which indicates the activation of the processes of resorption of mandibular bone
tissue. At the same time, in the second clinical group, this indicator was significantly higher than the control
by 25.8 % for the same period of observation.

When analyzing the data of the studied indicator on the 20th and 30th day after tooth extraction, no
statistically significant changes were noted in the studied groups. Only in the 2nd clinical group, the content
of osteocalcin was significantly higher by 25.0 % compared to the data of the control group for the same
period of observation. The obtained results may be due to the fact that osteocalcin is not a specific marker of
bone formation, and its content in the blood serum of patients can be characterized by significant variability.

On the 90th day after the surgical intervention, a gradual statistically significant increase in the
level of osteocalcin in blood serum was noted by 33.7 %, 24.6 % and 31.6 %, respectively, for the 1st, 2nd
and 3rd clinical groups, which may determine the restoration of bone formation processes at this stage of
observation. At the same time, the level of this indicator under the conditions of using cryopreserved
placenta in combination with quercetin was significantly higher by 19.1 % than the indicators of the control
group, in which the surgical intervention was carried out according to the classical method.

On the 180th day after surgery, serum osteocalcin continued to experience a gradual but statistically
significant increase of 20.1 %. 21.0 % and 33.1 %, respectively, in all three studied groups, which may
characterize the gradual mineralization of bone tissue in the area of the postoperative defect of the mandible.
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In order to assess reparative osteogenesis after the formation of a postoperative defect or alveola
of an extracted tooth of the mandible against the background of an inflammatory process, the content of
matrix metalloproteinase 8 was determined in blood serum, which is a key enzyme that begins the
destruction of the extracellular matrix during inflammatory processes and has an effect on the destruction
of bone tissue.

During analyzis of the data of this marker, no statistically significant difference was noted between
the various studied groups on the 1st and 10th days of observation (Table 2, Fig 1).

The unreliability of the obtained results may be due to the significant variability of MMP-8 content
in the blood serum of patients and correlated with serum osteocalcin levels.
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Fig. 1. Dynamics of osteocalcin in blood serum of patients Fig. 2. Dynamics of MMP-§ in blood serum of patients with
with postoperative defects of the mandible against the postoperative defects of mandible against the background of
background of inflammatory processes inflammatory processes
Table 2

The content of MMP-8 in the blood serum of patients with postoperative defects of the mandible
against the background of inflammatory processes (M+m, ng/ml)

1%t clinical group 27 clinical group 3t clinical group
15t day 32.60+1.629 34.49+1.656 33.82+1.773
10" day 38.38+1.947 37.69+1.896 39.35+1.758
20t day 53.9541.917 * 45.80+1.943 * H* *xk 57.98+1.755 *
30" day 55.03+1.757 44.5241.507 #* *** 58.72+1.543
90t day 39.74£1.412 * 33.76+1.755 * ** 42.56+1.735 *
180%™ day 35.68+1.632 34.22+1.519 36.47+1.489

Notes: * — p <relative to the previous term; ** — p < relative to the control (3rd group); *** — p <relative to the 1st group.

A statistically significant increase in the level of MMP-8 in the blood serum of patients who
underwent surgical intervention against the background of an inflammatory process, which led to the
formation of a partial bone defect, was noted on the 20th day of observation by 40.6 %. 21.5 % and 47.3 %,
respectively, for the 1st, 2nd and 3rd clinical groups. It should be noted that under the conditions of the
combined use of placenta cryoextract with quercetin, a significant decrease of the studied index was noted
by 21.0 % in comparison with the group of patients who underwent surgical treatment according to the
classical method and by 15.1 % — under the conditions of the use of cryopreserved placenta as
monotherapy. The obtained data may determine the less pronounced processes of bone tissue destruction
of the jaw under the conditions of using this treatment protocol, compared to other treatment methods.

On the 30th day of observation, changes in the level of MMP-8 in the blood serum of patients were
not statistically significant, but the indicator of the 2nd clinical group was significantly lower than the data
of the control group and the first research group by 24.2 % and 19.1 %, respectively. Similar results can be
obtained due to a decrease in the activity of bone resorption processes in the area of the postoperative defect
of mandible under the conditions of the combined use of cryoextract of the placenta with quercetin in
comparison with the results under the conditions of the use of other treatment methods.

Three months after surgical treatment, a statistically significant decrease in the content of MMP-8
in blood serum was noted in all studied groups by 27.8 %, 24.2 % and 27.5 %, respectively. In the second
clinical group, the level of MMP-8 was 20.7% lower than the results of the control group for the same
period of observation.

On the 180th day of observation, changes in the level of MMP-8 were not statistically significant
in all studied groups in any comparison. Such data may be due to the gradual inhibition of mandible bone
tissue resorption processes at the later stages of reparative osteoregeneration when a postoperative bone
tissue defect of the mandible is formed, regardless of the applied treatment method of these patients.
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Thus, it was established that the dynamics of the content of the bone formation marker — osteocalcin
and the osteoresorption marker — MMP-8 in blood serum after surgical treatment against the background
of the inflammatory process, which led to the formation of a bone tissue defect, was antagonistic, with the
best results in the second clinical group, in which tooth extraction against the background of the
inflammatory process was carried out according to the author's method with the combined use of quercetin
and placenta cryoextract. The obtained results confirm the data of other researchers regarding the inverse
correlation of the indicated markers [5, 13].

It should be noted that the changes in the studied indicators in all studied groups had a similar
nature, but different amplitude, which was minimally expressed in the second research group, where
cryopreserved placenta in combination with quercetin was used in the treatment process, and the maximum
dynamics of cyst formation and osteoresorption markers was noted in the control group, in which the
surgical intervention was carried out according to the classical method. This statement indicates a positive
effect on osteoregeneration processes of the proposed method of replacing bone defects of the jaws that
occur after tooth extraction [2, 6, 10].

4.2

The formation of a postoperative bone tissue defect was accompanied by antagonistic changes in
the content of osteocalcin (due to its increase) and MMP-8 (due to its decrease) in the patient's blood serum,
which characterizes the activation of the processes of bone tissue resorption at earlier times and bone
formation at later times. Moreover, changes in these indices on the 180th day of observation were mostly
not statistically significant. It should also be noted that the lowest dynamics of the studied parameters
occurred in patients whose standard treatment protocol was accompanied by the combined use of placenta
chiroextract and quercetin.
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