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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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CLINICAL-MORPHOLOGICAL SUBSTANTIATION OF THE FIBROUS MATRIX WITH
BIOGEL CENO BONE™ APPLICATION FOR PRESERVATION OF THE ALVEOLAR
PROCESS OF THE JAWS AFTER THE TEETH REMOVAL

Soldatiuk V.M., Rozhko M.M., Pantus A.V.

Ivano-Frankivsk National Medical University, Ivano-Frankivsk, Ukraine.

Introduction.

The success of the dental implantation procedure depends on
a number of clinical conditions and operating factors, among
which an important place is occupied by the qualitative and
quantitative parameters of the alveolar process in the area of
the extracted tooth [1,2]. Sufficient supply and appropriate
density of bone tissue contribute to the achievement of sufficient
mechanical and then also biological stability of the intraosseous
titanium support, the implementation of osseointegration, and
the predictable functioning of the orthopedic structure based
on the intraosseous element [1-4]. However, the loss of a unit
of dentition provokes the development of interrelated changes
in the structure of the bone tissue of the extraction site with
a reduction in the parameters of the width and height of the
alveolar process [5-7].

Hansson S. and Halldin A. (2012) substantiate the resorption
of the alveolar process after the tooth extraction from the point
of view of the fundamental principles of bone tissue physiology
and the Wolff’s law to the mechanostat, according to which the
bone tissue in its mass and structure adapts to the mechanical
forces acting on it [5]. The authors summarize that the loss of
a tooth provokes a critical decrease in stresses and stretching’s
in the bone structure, almost to the complete leveling of the
physiological deformity necessary to maintain its appropriate
anatomical level. The absence of appropriate active stimuli
in the structure of the bone tissue in the area of extraction, in
turn, causes a reduction in its buccal-lingual and apico-coronal
geometric parameters [5].

A systematic examination performed by Van der Weijden F.
(2009) showed that the reduction in the width of the alveolar
process in the area of extraction reaches 3.87 mm, the clinical
average loss of the height of the vestibular plate is 1.67 mm,
and the average radiological loss of the height of the process
is also 1.67 mm [6]. At the same time, the analysis of weighed
averages made it possible to state the fact that the clinical loss of
parameters of the width of the alveolar process exceeds similar
indices of height loss for the same monitoring period. Similar
results were represented by Tan W. and colleagues (2012), who
also confirmed the predominant loss of horizontal parameters
of the alveolar process (at 29-63 %) compared with the loss of
vertical components (11-22 %) during the six-month monitoring
period after extraction [8].

Thus, the reduction of the geometric parameters of the alveolar
process after the removal of problematic teeth limits the
possibilities for predictable implantation manipulation, which,
in turn, may negatively affect the level of success of the achieved
rehabilitation results in the future. The preservation of the initial
geometrical parameters of the alveolar process of the jaws after
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the tooth extraction procedure contributes to the formation
of conditions for the next delayed implantation in clinical
situations with limited opportunities for the implementation
of the protocol for the immediate installation of intraosseous
titanium supports. The use of mineralized bone, as a passive
frame for the preservation of the hole, leads to compaction of
the bone in the area of bone grafting, which is undesirable for
implantation. Instead, demineralized allogeneic bone, such as
CenoBone™ biogel, lacks the mineral component, and a biogel
base containing the bone morphogenetic proteins required for
bone formation, serves as a framework. Reinforcement with
polymer fibers of the fluid consistency of the biogel base can
stabilize this hybrid matrix.

The questions of scientific-practical discussion include the
effectiveness of approaches to the preservation of sockets
of extracted teeth, which would maximally contribute to the
retention of the corresponding indices of the width and height of
the bone in the area of interest, recorded at the time of extraction,
and compensate for the effect of resorption due to the absence of
appropriate mechanical stimuli in the area of the socket.

The aim of the study — was to evaluate the possibility
and effectiveness of a fibrous matrix in combination with
CenoBone™ biogel use in order to preserve the initial geometric
parameters of the alveolar process in the area of the extracted
teeth sockets.

Materials and methods.

Fabrication and preparation for research of fibrous biopolymer
non-woven matrix. The formation of the polymer fibrous non-
woven matrix based on poly (L-lactide) (PLLA) was carried out
according to the method developed by us, which is confirmed
by the patent for the invention of Ukraine (Ne 119958). The
preparation of microfibers took place in a sterile, dust-free
environment. After washing out the sucrose, the fibers were
dried in a thermostat at a temperature of 35°C for 10-20
minutes, after which they were hermetically packed into the
double “Medicom” bags 0.6 mm thick (according to EN 868-5,
ISO 11140-1, ISO 11607- 1). For the purpose of sterilization,
the irradiation of microfiber matrices was performed using
“Elektronika ELU-4" linear accelerator. Fibrous biopolymer
matrices received a total dose of electron irradiation (30+0.3)
kGy, which provided a surgical level of sterilization (10°).

Experimental research methods. In order to achieve the
goals, set before the clinical stage, an experimental study was
performed using laboratory animals (adult sexually mature male
rabbits weighing 1100-1400 g), which were in vivarium on a
normal diet. The keeping of animals and manipulations were
carried out in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals Used for
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Experimental and Other Scientific Purposes (Strasbourg, 1985),
“the General Ethical Principles for Experiments on Animals”,
adopted by the First National Congress on Bioethics (Kyiv,
2001), Law of Ukraine “On the Protection of Animals from IlI-
Treatment” (2006).

The test animals were divided into 2 groups. The main group I
—included 30 animals, which were implanted a polymer fibrous
non-woven matrix based on poly (L-lactide) (PLLA) into the
bone tissue.

The comparison group II included 30 animals, which were
surgically formed a defect in the bone tissue, followed by
suturing. All animals were operated on under general anesthesia.
For this, there was performed an intravenous premedication
with a solution of atropine sulfate 0.1 % — 0.22-0.27 mg/kg;
diphenhydramine 1 % — 4.6-5.2 mg/kg; droperidol 0.25 % —
1.25 mg; ketorolac trimetamine 1 % — 0.1 ml. Propofol 1 % —
15 mg/kg intravenously was used as an induction of anesthesia.
Propofol 1 % — 25-30 mg/kg/h intravenously was also used to
maintain anesthesia. A skin incision was made on the left in
the middle and slightly below the knee joint, soft tissues were
separated to the periosteum, and the proximal tibial condyle was
skeletonized on the anteromedial side (Figure 1).

Figure.1. Scheme of the rabbit skeleton: 1 —the area of defect formation
(proximal process of the thibia).

Using a drill, a defect in the bone tissue with a diameter of up
to 5 mm was formed with a bone cutter, into which a polymer
fibrous non-woven matrix was placed. The wound was sutured
in layers. Material was taken from bone tissue in both groups
at the 1%, 2, 31 4% and 5™ months. When taking the material,
the experiment was completed by an overdose of 2% sodium
thiopental solution 1.5 ml intravenously.

To perform a general histological study, special histological
studies, bone tissue fragments were fixed in a 10 % solution of
neutral formalin (pH-7.0). Histological sections of bone tissue
were stained with hematoxylin and eosin according to Masson.

Clinical research methods. At the clinical stage, the
formation of the studied population of patients was carried out
in accordance with the following inclusion criteria: 1) the age
of patients ranged 18-45 years; 2) the presence of a problem
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tooth with an extensive carious lesion, endodontic pathology,
periodontal or traumatic lesions that are not amenable to
therapeutic treatment and are characterized by the presence of
indications for extraction; 3) the written consent of the patient
to conduct a complex of diagnostic and surgical procedures
in order to ensure rehabilitation through a single implantation
in the area of the extracted tooth; 4) the presence of clinically
pronounced inflammatory changes in the area of problem
teeth, arguing the expediency of implementing a specifically
delayed implantation protocol; 5) the possibility of conducting
a minimally invasive procedure for extracting a problematic
unit of the dentition; 6) registration of the state of the socket
of the extracted tooth, belonging to the II or III classes of post-
extraction defects according to the classification offered by
Caplanis-Lozada-Kan [9].

The following were used as exclusion criteria: 1) the age of
patients less than 18 or more than 45 years; 2) the presence
of systemic general somatic pathologies that could potentially
affect the result of extraction or implantation; 3) the fact of
smoking patient; 4) the presence of the fact of osteonecrosis
or the intake of bisphosphonates in the anamnesis; 5) the state
of pregnancy; 6) long-term use (more than 20 days) of non-
steroidal anti-inflammatory medicines or other drugs that affect
the process of bone tissue remodeling; 7) the ratio of the post-
extraction defect to I or IV class in accordance with the offered
classification of Caplanis-Lozada-Kan.

Thus, a total study sample of patients was formed in the
amount of 72 people who were recommended the removal of
one problematic tooth with the possibility of implementing a
delayed implantation protocol (4 months after extraction).
Randomizer specialized software (https://www.randomizer.
at/) was used for randomized allocation of patients to the study
group and the control group. As a result, the study group was
represented by 35 patients (24 males and 11 females), and the
control group — by 37 patients (18 males and 19 females).

Surgical intervention was performed in the same way both
among the patients of the study group and among the patients
of the control group, and included the implementation of the
following stages: 1) performing infiltration and conduction
anesthesia; 2) conducting angular or trapezoidal incisions with
their minimum expansion to ensure better tissue mobilization;
3) extraction of teeth using forceps, elevators and piezotome
in cases of root breaking with maximum preservation of
surrounding tissues; 5) curettage and revision of the post-
extraction socket condition; 4) in a significant initial deficiency
of the surrounding bone tissue, the flap was mobilized in order
to improve the visualization of the intervention area.

Subsequently, the patients of the study group were performed
the filling of the post-extraction socket with a fibrous matrix
developed by the authors of the article in combination with
CenoBone™ biogel. In order to do this, after preparing the
holes, a sterile bag with fibers was unpacked, and CenoBone™
biogel was added to the fibers, after which they were mixed with
a spatula and introduced into the defect (Figure 2).

Patients of the control group were not filled or covered the
sockets of the extracted teeth. Immediately after the operation,
all patients were performed a procedure of cone beam computed
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tomography to record the initial levels of bone tissue in the
intervention area using the appropriate reference points to
measure geometric parameters. Patients of both groups were
performed suturing of the sockets with the removal of sutures
on the 10th day after the operation. Repeated computed
tomography examination of patients was carried out 4 months
after the primary surgical intervention using the same reference
points to record the necessary geometric parameters. The
analysis of bone tissue parameters in the area of the sockets of
the extracted teeth 4 months after extraction was carried out on
the basis of the results obtained of a tomographic study in the
Image] software (Wayne Rasband (NIH)) using a specialized
Bonel plugin [10].

Figure.2. Scheme of bone grafting: 1 — biopolymer fibrous non-woven

matrix, 2 — mixing of fibrous matrix with CenoBone™ biogel material,

3 — ready mixed with CenoBone™ biogel fibers, 4 — introduction of
material into the bone defect.

Statistical research methods. Statistical analysis of numerical
data was carried out using Microsoft Excel 2019 software
(Microsoft Office 2019 (Microsoft). All the quantitative
data obtained in the study corresponded to the normal type
of distribution according to the Shapiro-Wilk's W test, and
therefore the interval (M+m) was used to represent their
central tendency: arithmetic mean (Mean) + Standard error. To
assess the reliability of the differences in the results obtained
in comparison with the control group, the parametric t-test
(Student's test) was used. Hypotheses about the relationship
between the studied parameters were tested by calculating
the Pearson correlation coefficient. The reliability of the
difference in qualitative data between the comparison groups
was determined according to the results of calculating the Chi-
squared test with Yates's correction for continuity. A value of
p<0.05 was considered probable.

Results and discussion.

Results of experimental studies. Histological examination of
the bone tissue 1 month after the implantation of the polymer
matrix showed the growth of connective tissue with a loose
arrangement of connective tissue fibers mainly in the central
and peripheral parts of the defect. There were also noted the
multiple foci of osteoid — 18.96 % per 1 pm? with close contact
with the fibrous non-woven polymer matrix, which indicated the
beginning of bone mineralization and regeneration processes in
the area of the defect (Figure 3).
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Figure.?. Bone defect in 1 month after the implantation of polymer
matrix in the proximal condyle of the tibia of the hind limb of the
rabbit. 1 — location of polymer implant fibers, 2 — connective tissue
fibers, stained blue, 3 — cellular elements of the connective tissue, 4
— osteoid, stained red. Staining according to Mason. Magnification:
ocular lens 10, field lens 40.

In 2 months after implantation, the process of osseointegration
of the matrix and bone tissue increased, which is confirmed by
increased growth of circularly located tightly adjacent collagen
fibers to the polymer matrix and an increase in osteoid up to 34.38
% (p<0.05), which significantly differed from the previous period.

At the end of 3-4 months, mineralized lamellar bone tissue was
already noted in the area of the bone defect. The presence of
numerous osteocytes, in our opinion, indicated the completion
of the process of osteogenesis and the presence of already
formed bone. The proportion of non-mineralized bone plates
was only 8.91 % (p<0.05), which was significantly lower than
the corresponding index at the end of the 2nd month of the
experiment and reflected the process of active mineralization
and compaction of bone tissue (Figure 4).

I NS,

Figure.4. Bone defect for a period of 3 months after implantation of
the polymer matrix in the proximal condyle of the tibia of the hind limb
of the rabbit. 1 — locations of polymer implant fibers, 2 — mineralized
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bone matrix, 3 — osteoid, 4 — central channels of osteons. Staining
according to Mason. Magnification: ocular lens 10, field lens 20.

At the 5th month of the experiment, there was noted the
presence of a full-fledged mineralized bone tissue with lysis of
the fibers of the non-woven polymer matrix and the presence of
microosteoid foci in the defect zone, the proportion of which was
0.13 % (p<0.05), which is almost 25-fold lower than the previous
experimental group and at 86 % less than the control group index (
the proportion of osteoid in the control group is 0.94 %).

As shown by the results of histological studies, the active
formation of the connective tissue matrix in the area of bone
defect was noted already in the early stages of the experiment
and was replaced by osteoid, followed by the organization of
a well-formed and organized bone structure in three mutually
perpendicular directions. The percentage of osteoid in the
experimental group, compared with the control values, testified
to the pronounced skeletal effect of the implanted microfibrous
polymer matrix. This matrix effect was also noted in the compact
and circular arrangement of most collagen fibers around groups
of polymeric microfibers. That is, a group of polymer fibers
created a kind of substrate for building bone tissue on it.

Results of clinical studies. Taking into account the variability
of the initial levels of the height of the bone walls of the sockets
of the extracted teeth among the patients of the study group and
the control group, the systematization of their actual reduction
was carried out according to the tomographic examination data
after 4 months of the primary surgical intervention. Thus, in
the study group, the average level of resorption of the medial
bone wall of the socket was 0.6+0.4 mm (indices range — 0.3-
0.8 mm), the distal bone wall — 0.4+0.3 mm (indices range —
0.2-0.6 mm), buccal bone wall — 1.4+0.7 mm (range of indices
— 0.9-2.0 mm), lingual bone wall — 1.2+0.7 mm ( range of
indices — 0.8-1.9 mm). In the control group, the average level of
bone tissue resorption reached 1.44+0.5 mm on the medial side
(indices range — 0.8-1.7 mm), on the distal side — 0.9+0.6 mm
(indices range — 0.7-1.5 mm), on the vestibular side — 2.2+0.4
mm (range of indices — 1.5-2.6 mm), on the oral side — 2.1£0.6
mm (range indices — 1.3-2.4 mm). Analyzing the results of
both groups, a statistical difference was noted between the
change in the vertical parameters of the alveolar process from
the medial/distal sides and the buccal/lingual sides (p<0.05).
The difference between the comparison and control groups
was also statistically significant in terms of changes in vertical
parameters on the medial (p<0.05), buccal (p<0.05) and lingual
(p<0.05) sides of the sockets. In the study group, in which the
filling of the sockets was performed using a fibrous matrix
in combination with CenoBone™ biogel, the change in the
horizontal parameters of the socket (mean reduction index)
4 months after extraction was 1.8+0.5 mm (value range — 1.3
-2.4 mm), and in the control group — 3.2+0.9 mm (value range
— 2.1-3.5 mm), while the difference between the groups was
statistically significant (p<0.05) (Figure 5 and Figure 6).

The results obtained indicate that the use of a fibrous matrix
contributes to a more pronounced effect of preserving the bone
parameters of the socket of the extracted tooth in comparison
with the changes that were recorded during the physiological
healing of the socket without the use of any additional materials.

77

Analysis of computed tomography data in patients of both
groups after 4 months showed the presence of bone tissue in
the area of the extracted teeth sockets. As a detailed analysis of
axial sections of bone tissue showed, all patients had a decrease
in the size of the defect due to the restoration of bone tissue from
the periphery to the center (Figure 7).

Figure.5. Cross-section of the alveolar part of the lower jaw. Schematic
representation of the degree of atrophy of the hole in patients of two
clinical groups. A - condition after bone plastic surgery (1 - vertical
parameters succal side, 2 - vertical parameters lingual/palatal side, 4 -
CenoBone™ and fibrous matrix); B — comparison of the condition after
plastic surgery with the study group 5 (3 - horizontal parameters),; C
— comparison of the state after plastic surgery with the control group 6.
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Figure.6. Comparison of changes in the geometric parameters of bone
tissue in the area of the sockets of extracted teeth in the study group
and the control group.

Figure.7. Computed tomography data, cross-section of the alveolar
process of the upper jaw. Patient M., 4 months after tooth extraction
and microfiber bone grafting in combination with CenoBone™ biogel.
A — the state of the socket of the extracted tooth before the operation,
B — restoration of bone tissue 5 months after the operation.
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Analysis of the parameters of bone tissue in the area of the
sockets of the extracted teeth 4 months after extraction based
on the results of a tomographic study, using a specialized plugin
Bonel, revealed the following indices: the level of anisotropy
of the filled defect area in the study group and the comparison
group was 0.567-0.819 and 0.619-0.956, respectively (statistical
difference between the indices of the two groups could not
be identified — p>0.05). The level of association between
the anisotropy indices and the difference in relative density
in the comparison group was represented by the value of the
correlation coefficient r=0.31, and in the study group — r=0.39.
The data obtained indirectly indicate that the use of a fibrous
matrix in combination with CenoBone™ biogel does not affect
the quality of the newly formed bone tissue. This is indicated
by the results of the tomography, namely the fact of the absence
of encapsulation of the material, since the materials used by us
in the research are not radiopaque, and therefore the trabecular
structure visualized in the images, refers to the bone one.

During implantation, the necessity for additional augmentation
was noted in 5 patients (14.28 %) in the study group, and in 19
patients (51.35 %) in the control group.

The range of results obtained in reducing the level of bone
tissue in the area of the sockets of extracted teeth is similar to
that described in previously published studies. So, Schropp
L. and colleagues drew attention to the fact that the most
progressive loss of bone tissue in the area of preliminary
performed extraction occurs during the first 12 weeks, during
which the reduction in the width of the crest reaches 28.4 % and
increases up to 50 % during a 1-year observation (with a range
of absolute indices from 2.7 to 12.2 mm) [7]. At the same time,
the indices of such a reduction are always more pronounced in
the horizontal plane than in the vertical one. Although some
authors have also summarized that the level of the height of the
alveolar process in the area of the extracted tooth also almost
never reaches the vertical indicators of the bone in the area of
its contact with the existing tooth [5,6].

A number of studies have described similar methods for
preserving the original geometric parameters of the bone tissue,
which also made it possible to achieve an acceptable clinical
result. Thus, a systematic review performed by Orgeas G. et
al. (2013) found that sufficient preservation of the parameters
of the height and width of the residual process in the area of
the socket of the extracted tooth can be achieved using only
insulating membranes [11]. Matiolla A. et al. (2018) described
a new method of bone preservation by filling the socket of an
extracted tooth with a resorbable polylactic membrane, which
was covered with a collagen matrix. Such additional overlap
contributes not only to the protected stabilization of the clot
in the socket, but also to better healing of the surrounding soft
tissues [12]. The authors managed to achieve the conditions for
the subsequent placement of dental implants in all tooth sockets
filled with polylactic membranes. Lemke M. and colleagues
(2014) using a small study sample, have determined that the use
of polylactic acid membranes helps to minimize the effect of
bone resorption in the area of the socket of the extracted tooth
and even its growth up to an average of 0.29+1.79 mm during
4 months’ observation period, while among patients in the
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control group (for whom no methods of preserving the socket
were used), the loss of bone tissue level averaged 1.06+0.51
mm during the same observation period. The positive effect of
the polylactic acid membrane on the stability of the level of the
surrounding soft tissues was also proved by the authors in their
study (minimization of changes in the level of the gums up to
0.10+1.39 mm) [13].

The consensus decision of the DGI Consensus Conference
indicates the positive effect of the preservation procedure of
tooth socket and process on the whole, on the preservation of
the vertical and horizontal parameters of the jawbone tissue:
in such a way it is possible to reduce horizontal bone loss at
59 % and vertical bone loss at 109 % [14]. In the absence of
the implementation of techniques for the preservation of the
extracted socket, the necessity for additional augmentation of
the implantation area 5-fold increased. Although, Weng D. et
al. (2011) also noted that at the moment there are no specific
recommendations regarding specific techniques for performing
the socket preservation procedure, as well as the use of various
types of materials for this purpose, taking into account the
heterogeneity of clinical data given in previously published
studies, cannot be formulated [14]. Although, a study by Chan
H.-L. and colleagues (2013) confirmed the hypothesis regarding
the difference in bone quality index when filling the socket with
different types of bone substitutes. The results of preliminary
performed studies indicate that the average amount of vital bone
in the natural healing of the socket is up to 38.5 %+13.4 %,
and connective tissue — up to 58.3 %+10.6 % [15]. The limited
evidence obtained indicates that the use of demineralized
allografts and autografts contributes to an increase in the
proportion of the vital bone fraction up to 6.2-23.5 %, and,
accordingly, the percentage of the connective tissue fraction
decreases [15]. In the above study, it was not possible to identify
signs of the influence of the fibrous matrix on the quality of the
new bone tissue formed in the area of the extracted tooth socket.
This is evidenced by the data of tomographic studies, which
show the formed spongy structure of the bone, which practically
does not differ from the intact bone. In turn, the preservation
of the geometric parameters of the process can be due, on the
one hand, to the presence of a porous fibrous matrix, which in
combination with the biogel and fibrin framework formed in the
wound, forms a kind of bridge for tissue construction, and on
the other hand — due to the morphogenetic proteins contained
in the demineralized alomatrix. The specified matrix effect of
fibers is also confirmed by the results of the above-described
histological studies of the structure of bone tissue.

The framework and hydrophilic effect of the biopolymer
fibrous matrix developed by us, can also be used as a local
system for the delivery of various substances into the wound,
such as antibiotics, growth factors or cell culture, etc.

Conclusions.

As aresult of the performed study, it was possible to determine
that the use of a fibrous matrix in combination with CenoBone™
biogel contributes to the preservation of the geometric parameters
of the alveolar process in the area of the extracted teeth sockets
during a 4-month observation period. The results obtained
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indicate a more pronounced effect of a socket preservation with
the use of a fibrous matrix in combination with CenoBone™
biogel compared to conventional healing of the tooth extraction
area, which was confirmed by the results of a tomographic
study. Thus, this approach could be recommended for the
implementation in practice, in order to optimize the conditions
for delayed implantation in the area of teeth removed due to
endodontic, periodontal, traumatic lesions or extensive carious
pathology with inflammatory changes that were pronounced at
the time of intervention.
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SUMMARY

CLINICAL-MORPHOLOGICAL SUBSTANTIATION
OF THE FIBROUS MATRIX WITH BIOGEL CENO
BONETM APPLICATION FOR PRESERVATION OF
THE ALVEOLAR PROCESS OF THE JAWS AFTER
THE TEETH REMOVAL

Soldatyuk V.M., Rozhko M.M., Pantus A.V.
Ivano-Frankivsk National Medical University, Ivano-Frankivsk,
Ukraine.

The aim of the study was to evaluate the possibility and
effectiveness of fiber matrix use in order to maintain the original
geometric parameters of the bony crest in the area of removed
teeth.

The experimental study was performed on laboratory animals
(rabbits). 30 animals of the main group were implanted with a
polymer matrix in the area of bone defect, 30 animals of the
control group were formed bone defect. Patients in the study
group were performed with filling-out of a post-extraction
socket by fiber matrix developed by the authors of the article
(patent for invention of Ukraine Ne 119958) in combination with
biogel CenoBonetm. For patients in the control group filling or
overlapping of the post-extraction socket were not conducted.
Computed tomography was performed at the period of 4 months
after the initial surgical intervention. Analysis of the parameters
of bone tissue in the area of the removed teeth 4 months after
extraction was performed on the basis of the tomography-
results in the ImageJ software (Wayne Rasband (NIH)) using
the specialized BonelJ plugin.

The results of experimental studies confirmed that percentage
of osteoid in the main group, compared with the control
indicators, showed a pronounced framework effect of the
implanted microfiber polymer matrix. This fact was confirmed
by the presence of complete mineralized bone tissue in the
defect zone with lysis of the fibers of the non-woven polymer
matrix and the presence of microosteoid foci, the proportion
of which was 0.13% (p<0,05), which is 86% less than in the
control group.

The analysis of clinical studies showed that average level of
resorption of the medial bone wall of the post-extraction socket
was 0,6+0,4 mm (range of indicators — 0,3-0,8 mm), distal
bone wall — 0,4+0,3 mm (range of indicators — 0,2-0,6 mm),
vestibular bone wall — 1,4+0,7 mm (range of indicators — 0,9-
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2,0 mm), lingual bone wall — 1,2+0,7 mm (range of indicators
—0,8-1,9 mm). In the control group, the average level of bone
resorption reached from the medial side 1,4+0,5 mm (range of
indicators — 0,8-1,7 mm), from the distal side — 0,9+0,6 mm
(range of indicators — 0,7-1,5 mm), from the vestibular side —
2,2+0,4 mm (range of indicators — 1,5-2,6 mm), from the oral
side — 2,1+0,6 mm (range of indicators — 1,3-2,4 mm). In both
groups the statistical difference between the change in the
vertical parameters of the residual crest from the medial/distal
sides and the vestibular/oral sides was noted (p<0,05).
Obtained results indicate a more pronounced preservation
effect of the using fiber matrix compared with the usual healing
of the tooth extraction region, which was confirmed by the
results of the tomography study. Thus, this approach can be
recommended for implementation in practice to optimize the
conditions for delayed implantation in the area of the teeth
removed due to endodontic, periodontal, traumatic lesions or
extensive caries pathology with the expression of inflammatory
changes at the time of intervention.
Keywords. Microfiber biopolymer matrix, biogel CenoBone™,
histological analysis, computed tomography, bone tissue
PE3IOME
KAIUHUKO-MOP®POJJOIUNYECKOE
OBOCHOBAHUME NMPUMEHEHUMS BOJIOKHUCTOI'O
MATPUKCA C BHOI'EJIEM CENO BONE™ I
COXPAHEHUsI AJIBBEOJISIPHOI'O OTPOCTKA
YEJKOCTEM NOCJIE YJIAJEHUS 3YEOB
Coapatiok B.M., Poxxko H.M., Ilantyc A.B.
Hsano-DPpanxosckuii HAYUOHATbHYLL
yuueepcumem, Heano-Ppanxosck, Ykpauna
Llens  mccnenoBaHWs —  OLEGHUTH  BO3MOXHOCTH U
3¢ (PEKTUBHOCTH HCIOJIB30BaHUS BOJOKHHCTOIO MaTpHKca C
LENIBI0 COXPAHEHUS! MCXOAHBIX T€OMETPUYECKUX IapaMeTpoB
IBBEOJIIPHOTO OTPOCTKA B 00JIACTH JIYHOK YJaJICHHBIX 3y0OB.
OKCHepruMEHT TPOBOJIWICS Ha J1a0OpaTOPHBIX YKUBOTHBIX
(xpomsix). 30 KMBOTHBIM OCHOBHOW TPYIITBI UMIIAHTHPOBAIIN
MOJIMMEPHBIT MaTpUKC B 30HY KocTHOro Jnedekra, 30
KMBOTHBIM KOHTPOJIGHOH Tpynmbsl (OPMHUPOBAIN KOCTHBIN
nedexr. [lammentram rpynmsl  HaONIOAEHUS — ITPOBOAMIN
3all0JJHEHUE TOCTIKCTPAKIMOHHON JIYHKH pa3paboTaHHBIM
aBTOpaMM CTaThbM BOJIOKHHUCTBIM MaTpUKCOM (TIaTEHT Ha
n3o0perenue Ykpaunsl Ne 119958) B couetanuu ¢ OuoreneMm
CenoBone™. TlareHTam rpynmbsl KOHTPOJIS 3allOJIHEHUE WITN
TIePEKPHITHE TYHOK YIaJICHHBIX 3y00B HE TPOBOAMIOCH. AHAIN3
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MapaMeTPOB KOCTHOM TKaHH B 00JIaCTH JIYHOK yTAJICHHBIX 3y0OB
yepe3 4 Mecsla Mmociie dKCTPAKLIUK MPOBOJAUJICS HAa OCHOBE
MTOJTYYCHHBIX PE3yJIbTaTOB TOMOTPA(QUIECKOTO UCCIICAOBAHS B
nporpamMHoM obecnieuernnu ImageJ (Wayne Rasband (NIH)) ¢
HCIIOJIb30BAHUEM CIEIMAIM3UPOBAHHOIO Tu1aruHa Bonel.

PesynbraThl IKCICPUMCHTAIBHBIX UCCIICTIOBAaHHUI
MOATBEPAMIIN, YTO MPOLEHTHas JOJisi OCTEOHJla B OCHOBHOM
rpymnmne, MO CpPaBHEHUIO C KOHTPOJIBHBIMHU TOKAa3aTEeNsIMH,
CBUJICTCIILCTBOBAJa O BBIPAKCHHOM KapKacHOM 3¢ dekTe
MMIUIAaHTUPOBAHHOTO ~ MHKPOBOJIOKHHCTOTO  MOJUMEPHOTO
MaTpukca. OTOT (HaKT TOATBEPKIAJCS HAIMYHNEM B 30HE
JneeKTa TOITHOIICHHOW MHHEPaJTU30BAHHOW KOCTHOW TKaHU
C JIM3HCOM BOJIOKOH HETKAaHOTO IMOJIMMEPHOrO0 MaTpuKca W
MPUCYTCTBUEM MHUKPOOCTEOUTHBIX SYEEK, [O0Ji1 KOTOPBIX
cocrarisiia 0,13 % (p<0,05), uro Ha 86 % MeHbIE MOKa3aTeIs
KOHTPOJIBHOH TPYIIITEL.

AHanu3 KIMHIYECKUX UCCIICTOBAHUN MOKA3all, YTO CPEIHHUN
YPOBCHb PE30pOIMH MEAUATBHON KOCTHOM CTCHKH JYHKU
cocraBisn 0,6£0,4 MM (mmamason mokasateneit — 0,3-0,8
MM), TUCTaidbHOM KocTHOU cteHkn — 0,4+0,3 MM (nuama3oH
nokaszareneit — 0,2-0,6 MM), MIEYHOH KOCTHOM CTEHKH —
1,4+0,7 MM (muamaszon mokasateneii — 0,9-2,0 MM), S3BIKOBOU
KOCTHO# cTeHkH — 1,24+0,7 MM (nuana3oH nokasareneit — 0,8-
1,9 MMm), a B Tpymne KOHTPOJIS: ¢ MEAHAIBHOM cTOpoHHI 1,4+0,5
MM (nmama3oH mokazarened — 0,8-1,7 mMM), ¢ aucTampHOU
ctoponsl — 0,9+0,6 MM (muamazon mokasateneit — 0,7-1,5
MM), C BECTHOYJsIpHOW cTOopoHBI — 2,24+0,4 MM (nuama3oH
nokasaresneit — 1,5-2,6 mm), ¢ opasibHOM CTOpOHBI — 2,140,6 MM
(mmama3on mokazareneit — 1,3-2,4 Mm). B o6enx rpynmax Obuia
CTaTUCTHYCCKAs Pa3HUIA MEXKIYy M3MCHCHUCM BEPTUKATBHBIX
MapaMeTPOB  aJbBEONSIPHOTO  OTPOCTKA C  MEIUAILHOMW/
JUCTATBHOM CTOPOH M MICYHOH/I36IKOBOH cTOpoH (p<0,05).

[MonmyuyeHHBIE pe3ynbTaThl  CBHICTEIBCTBYIOT O Oolee
BEIp2XCHHOM 3()()eKTe Mpe3epBalUU JIYHKH C MPHUMCHCHHEM
BOJIOKHHUCTOTO MAaTpUKCa IO CPaBHCHHIO C OOBIYHBIM
32)KUBJICHUCM 00JIACTH YAAJICHUS 3y0a, YTO OBLIO OATBEPIKICHO
pe3yiapTaTaMu  TOMOTPA(UUECKOTO HCCICAOBAaHUS. Takum
00pa3oM, JaHHBIA TOJXOJ MOXET OBITh PEKOMCHIIOBAH IS
BHEJIPCHUSI B MPAKTHKY C ICIBI0 ONTUMHU3AIMH YCIOBUH IS
MPOBEACHUS OTCPOYCHHOW WMIUTAHTAIIMA B 00JIacTH 3y0OB,
YIAJICHHBIX TI0 MIPUYMHE YHI0IOHTUICCKUX, MTAPOIOHTAIBHBIX,
TPaBMAaTUYCCKUX TMOPAKCHUH, WIA OOIIMPHON KapHO3HOM
MATOJOTHUA C BBIPAXKCHHBIMH HAa MOMCHT BMEIIATEIbCTBA
BOCIIAJTUTEIBHBIMA U3MCHCHUSIMHU.
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