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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.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
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bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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FIBROUS MATRIX WITH CENOBONE® BIOGEL FOR THE RECONSTRUCTION OF
BONE TISSUE DEFECTS OF THE JAWS

Pantus A.V, Rozhko M.M, Paliychuk L.V, Kutsyk R.V, Kovalchuk N.Y.

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

Abstract.

Aim: The aim of the research was to study the framework
ability of the fibrous non-woven PCL matrices we’ve created
during the restoration of bone tissue.

Materials and methods of the research: There were performed
some spectroscopic, histological and immunohistochemical,
radiological and clinical analyses of the effectiveness of
microfibrous non-woven PCL polycaprolactone matrices
developed by us, in the work.

Results: The obtained results of morphological studies of
bone tissue in the experiment of the implantation of a fibrous
matrix indicated an increase in reparative osteogenesis in the
form of an increase in osteoid areas up to 34.38% (p<0.05) at
an early period.

The analysis of clinical data showed the effectiveness of the
frame developed by us, which was confirmed by the absence of
pronounced compaction of bone tissue in group III, in contrast
to group II, where, on the contrary, the use of granulate based on
hydroxyapatite and tricalcium phosphate has led to a significant
increase in density indices of 974.53+19.74 HU p<0.05, which
did not exceed 36.8% of indices of the group III 615.17+24.53
HU p<0.05.

Conclusions: The matrix material developed by us is not only
a means of delivering some other substances and materials into
the damaged area, but also serves as a kind of framework for the
restoration of bone tissue.

Key words. Matrix materials, polycaprolactone, histological
analysis, bone tissue, radicular cyst.

Introduction.

One of the relevant aspects of modern medicine is the timely
detection, prevention, and rehabilitation of patients with chronic
inflammatory processes of the facial skeletal bones. Among
chronic inflammatory processes, chronic forms of osteomyelitis
and radicular cysts are the most frequent and problematic in
the rehabilitation program since these pathologies most often
lead to the destruction of bone tissue and require the use of
reconstructive plastic surgery [1-3].

Surgical dental interventions in chronic inflammatory
processes leading to destructive changes of the facial skeleton,
often involve the use of implant materials based on the tricalcium
phosphate and hydroxyapatite for the additional structural
support during the restoration of bone tissue [4-6]. However,
when using these materials, there is a problem of restoring the
full-fledged structure of bone tissue, which is associated with
untimely degradation of the granulate and the development of
bone tissue hyperostosis or the formation of connective tissue
around the implanted granules. In addition, the granular matrix
cannot effectively serve as a local delivery system for medicines
or growth factors. A number of studies assign an important role
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in the reconstruction of tissues, the structure of a functional
carrier for these tissues or cells, namely, a matrix based on the
biocompatible biodegradable materials [7,8].

Today, in addition to hydroxyapatite and tricalcium phosphate,
natural polymers (hyaluronic acid, collagen, gelatin, fibrinogen,
chitosan, pectins, agarose, alginates, cellulose) and synthetic
materials (polycaprolactone and polylactide) are considered to
be the promising tools for the controlled reconstructive tissue
repair [9-12]. Microfibrous implants made of such bioinert
materials can eliminate the disadvantages of granular material.
Currently, a new direction is being pursued in medicine, which
includes the combination of fibrous materials with therapeutic
agents, as delivery system for medicines and living cells [13-
15]. This approach allows for purposeful management of the
structural-functional condition of cells involved in regenerative
processes.

When creating a tissue-engineered implant, it is important to
provide the matrix material with a complex three-dimensional
fibrous frame structure (non-woven scaffold) with a high ratio of
surface area to the total volume, which imitates the intercellular
tissue matrix. A unique method of forming a porous non-woven
matrix is the technology of electrospinning [16-19]. The three-
dimensional frame of the implant due to its architectonics and
the presence of active functional groups (which is determined
by the type of polymer material) promotes the adhesion and
migration of cells to the area of tissue defect, provides complex
cascades of intercellular signaling interactions that underlie the
angiogenesis, trophicity and repair.

In general surgery, porous matrices are used as frameworks
for growing vessels, valves, etc., as well as the local delivery
systems of antimicrobial medicines to the damaged area [20-
22]. However, electrospinning technology as a method is a quite
energy-intensive one, and due to the very small pore sizes between
fibers, through which vascularized tissue cannot grow within
large volumes, it cannot be used for bone tissue regeneration.
Instead, the use of biogels based on the demineralized bone
matrix eliminates the problem of hyperostosis of bone tissue,
but due to its fluidity, it significantly affects the stability of
the framework in the wound. Only the combination of the gel
component and the fibrous structure of the matrix can provide
the stability of such a hybrid frame and provide it with the
necessary osteoinductive and osteoconductive properties.

The aim of the research was to study the framework ability
of the fibrous non-woven PCL matrices we’ve created, during
the restoration of bone tissue.

Materials and Methods.

Microfibrous non-woven matrices made according to the
method developed by us, out of polycaprolactone PCL
(invention patent of Ukraine Ne 119958), were used in the work.
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Fibers were obtained by heating to a temperature of 180°C
and centrifuging a melt of PCL polycaprolactone granules and
sucrose powder. The fibers of sucrose and polymer obtained
as a result, were immersed into sterile physiological solution
with a temperature of no more than 40°C until the complete
dissolution of sucrose. The synthesis method developed by us,
made it possible to obtain a microfiber matrix with a fiber size
from 1 to 10 um (Figure 1).

Figure 1. Photo of microfibers: Magnification: ocular lens 10, field
lens 40.

Microfibers produced by us, were divided into fragments, dried
in a thermostat at a temperature of 35°C for 10-20 minutes; after
this they were hermetically packed into double “Medicom” bags
with a thickness of 0.6 mm (in accordance with the standards
of EN 868-5, ISO 11140-1, ISO 11607-1). Sterilization of
microfibrous matrices using y-radiation was performed using
the “Elektronika ELU-4" linear accelerator.

The identity and purity of the material obtained out of
the original raw material, were determined using infrared
spectroscopy of the samples. For this purpose, the spectroscopy
of the control samples (granules of thermoplastic biopolymer
PCL and crystals or sucrose powder) and 10 samples of the
created fibrous matrix from PCL was first performed. Fourier
transform infrared spectroscopy was performed using IR
Affinity-1 spectrometer, Shimadzu ATR attachment.

To study the osteoconductive properties of the matrix,
we’ve performed experimental research using animals. The
experimental part of the research using laboratory animals was
performed with the use of adult, sexually mature male rabbits
weighing 1100-1400 g, having been kept in a vivarium on a
regular diet. Animals were kept and manipulated in accordance
with the provisions of the European Convention on the
Protection of Vertebrate Animals (Strasbourg, 1985), “Ethical
Guidelines for the Use of Animals in Research” adopted by the
First National Congress of Bioethics (Kyiv, 2001), and the Law
of Ukraine “On the Protection of Animals from Cruelty” (2006).

Experimental animals were divided into 2 groups. The main
group I included 30 animals having been implanted with a
polymeric fibrous non-woven matrix made of polycaprolactone
PCL, into the bone tissue. The comparison group II included
30 animals having been surgically formed a defect in the bone
tissue followed by sutures. For this, there was performed an
intravenous premedication with atropine sulfate solution0.1%
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— at a dose of 0.22-0.27 mg/kg; Diphenhydramine 1% — at a
dose of 4.6-5.2 mg/kg; droperidol 0.25% — at a dose of 1.25
mg; ketorolac trimethamine 1% — at a dose of 0.1 ml. Propofol
1% — at a dose of 15 mg/kg intravenously was used as induction
of anesthesia. Propofol 1% — at a dose of 25-30 mg/kg/h
intravenously was also used to maintain anesthesia. On the left
in the middle and slightly below the knee joint of the rabbit
hindlimb, there was made a skin incision, soft tissues were
separated up to the periosteum, and the proximal condyle of the
tibia was skeletonized on the anteromedial side. Using a drilling
machine, a bone cutter was used to form a defect in the bone
tissue with a diameter of up to 5 mm; and a polymeric fibrous
non-woven matrix was placed into it. The wound was sutured in
layers. Material was collected out of bone tissue in both groups
during the 1*, 27, 3% 4% and 5 months of the experiment. While
taking the material the experiment was completed by an overdose
of 2% sodium thiopental solution at a dose of 1.5 ml IV.

To perform a general histological examination, special
histological examinations, fragments of bone tissue were fixed
in a 10% solution of neutral formalin (pH-7.0). Histological
sections of bone tissue were stained with hematoxylin and eosin,
and according to Masson. To assess osteoinductive properties
and bone remodeling, immunohistochemical determination of
osteocalcin and osteopontin expression was performed. The
prepared sections were deparaffinized in xylene. Endogenous
peroxidase was blocked in 80% ethanol with 1% hydrogen
peroxide for 30 min at a room temperature. Unmasking of
antigens was carried out using the Triton X100 detergent with
the addition of EDTA for 45 min at ambient temperature.
After blocking nonspecific immunoreactivity with normal
goat serum for 20 min, the sections were incubated with the
primary antibodies for 12 h at a temperature of 4°C with a titer
of 1:800 for osteocalcin and 1:400 for osteopontin. Anti-mouse
biotinylated sera were used as secondary antibodies. The ABC-
method (Vectastain Elite Kit, Vector) was used to visualize the
reaction followed by the reaction of a chromogenic substrate
(DAB Kit, Vector). The reaction product was visualized as a
brown colour in the areas of expression of the studied markers.
Histological studies were performed using a Leica DME
light-optical microscope. In order to objectify quantitative
studies, computer morphometry and densitometry of objects
in histological preparations were performed. Digital copies of
images were analyzed using the computer program Image Tool
3.0 for Windows (free license).

There were selected 90 patients aged 20 to 50 with radicular
cysts of the jaws for clinical studies. For a reliable analysis
of the dynamics of defect recovery, the size of the defect,
which did not exceed 17 mm, was also taken into account
when selecting patients. All the patients examined by us, were
practically healthy without accompanying somatic pathology,
without the presence of orthopedic structures in the areas of
surgical correction, pathological condition of the oral cavity
vestibule, tobacco abuse, unsatisfactory oral hygiene, that is,
factors that could directly or indirectly affect the results of the
studies performed.

In order to compare the efficiency of the fibrous matrices
developed by us, all patients were divided into three groups,



taking into account the use of one or the other material. Thus, the
group I included (n=30) patients who were planned to perform
surgical correction, which included cystectomy using only the
isolating collagenous Collprotect® membrane (manufactured
by Botiss Biomaterials). Group II included (n=30) patients who
were performed cystectomy in combination with bone grafting
with osteoplastic material in the form of CeraBone® granulate
(manufactured by Botiss Biomaterials) and the isolating
collagenous Collprotect® membrane. Group III included (n=30)
patients who were performed cystectomy in combination with
bone grafting with a microfibrous matrix made of a biopolymer
based on PCL polycaprolactone (developed by us), which was
mixed with CenoBone® biogel (manufactured by Cenobiologics
Ltd) and covered with an insulating collagenous Collprotect®
membrane.

The control group (comparison group) included the analysis
of archival data of computer tomography of intact areas of the
jaws of 30 practically healthy individuals without pathology of
the maxillofacial area.

The effectiveness of the fibrous matrices developed by us, was
evaluated by X-ray examination. X-ray analysis was performed
before surgery and 6 and 12 months after surgical treatment.
Computed tomography (TOSHIBA Aquilion PRIME 160-slices
MODEL TSX-302A/1C equipment) was used to assess bone
tissue density and structure. Analysis of bone tissue density
according to Hounsfield GN (1919), HU and its structure were
performed in the SimPlant Pro 11.04 software.

In all patients, during the cystectomy surgery, operative access
was performed through an angular or trapezoidal incision.
With the help of a fissure drill, resection of the apex of the root
followed by cystectomy, was performed (Figure 2).

Figure 2. Patient M., aged 36, cystectomy combined with the resection
of the tops of the roots of the teeth 21and 22, angular surgical access: a
— without a collagenous membrane, b — with a collagenous membrane.

The bone defect was either left under a blood clot and covered
with a collagenous membrane or filled with osteoplastic material
and covered with a collagenous membrane. The mucosal-
occipital flap was located in place and fixed with sutures.

Statistical analysis of numerical data was performed 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)
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+ Standard error. To assess the reliability of the differences in
the results obtained in comparison with the control group, the
parametric t-criterion (Student’s test) was used. 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.

Direct analysis of microfibrous polymer matrix samples showed
compliance with absorption spectra of PCL polycaprolactone
without sucrose impurities. This result was confirmed by the fact
that there are valent vibrations of adsorbed water in the range
0f 3600-3200 cm'. As in the control samples, in the matrix, the
valent vibrations of C-H bonds are located in the range of 3200-
2800 cm’. The frequency of C=0 oscillations in the spectrum
corresponded to 1720-1730 cm™. The bands at 1458, 1390,
and 1163 cm™ were attributed to the deformational torsional
vibrations of the methylene groups of the cis-isomers. The
bands at 1470, 1395, and 1193 cm! belonged to the methylene
groups of the trans-isomers. The bands at 1235 and 1275 cm!
were attributed to the deformation ester group. Comparative
analysis of the spectral characteristics of control samples of PCL
granules and PCL matrix showed the identity of the location of
the bands in the 1000-900 cm™! range, which are caused by C-O-C
valent vibrations. In the range of 1600-700 cm™ there are valent
vibrations of the polymer chain (C-C-C-C) (Figure 3).

Therefore, the results of infrared spectroscopy showed the
absence of impurities and changes in the polymer, which
indicates the high purity of the synthesis of the fibrous matrix
obtained by our technology.

The results of the performed histological and
immunohistochemical analysis of bone tissue at different times
of implantation of the polymeric fibrous non-woven matrix
indicated a certain nature of bone tissue formation (Tables 1&2).

Table 1. Part of osteoid per 1 um’ of tissue area.

Research group Control group
1 month 18.96% 13.24%
2 month 34.38% 20.33%
3 month 8.91% 13.51%
4 month 3.30% 5.87%
5 month 0.13% 0.94%

Table 2. Optical density of immunohistochemical expression of
osteoinductive markers.

Osteocalcin Osteopontin

Experimental | Control Experimental | Control

group, CU group, CU group, CU group, CU
1 month 132.73+1.79* |151.32+2.31 | 157.79+2.09* |148.0+2.72
2 month|117.0942.64* 138.83+2.90 135.27+2.84 140.11£1.85
3 month | 150.56+2.49* 1162.9+2.16  158.46+2.32 166.0+3.07
4 month 163.56+£1.95 165.62+1.84 165.23+£1.53* 172.0+2.24
5month 172.04£2.54  |174.22+2.43 | 175.13+£2.12 |175.64+2.14

Note: * — p<0.05 when comparing indices with the control.

Histological examination of the bone tissue in 1 month after
the implantation of the polymer matrix showed the growth of
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Figure 3. Infrared spectra of the polymer fibrous matrix sample with the identity spectrum of polycaprolactone.

Figure 4. Bone defect within 1 month after implantation of the polymer matrix. Staining: according to Masson. Magnification: ocular lens 10, field
lens 20. 1 — location of polymer implant fibers, 2 — connective tissue fibers, stained blue, 3 — osteoid, stained red.

Figure 5. Expression of osteocalcin, 1 month after implantation of the polymer matrix. Immunohistochemical study: antibodies to osteocalcin.
Magnification: ocular lens 10, field lens 20.1 — positive marked expression of osteocalcin in the form of brown areas in osteoid areas, 2 —
connective tissue elements, 3 — connective tissue cells.
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connective tissue with a loose arrangement of connective tissue
fibers mainly in the central and peripheral parts of the defect.
Multiple osteoid cells were also noted — 18.96% per 1 pm? in a
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. Immunohistochemically,
the optical density of osteocalcin in osteoid zones was at the
average level (132.73£1.79) CU (control group — (151.3242.31)
CU) (Figures 4&5).

Expression of osteopontin was observed in osteoid, osteoblasts,
as well as diffusely in fibroblasts of connective tissue and bone
marrow cells, the optical density of which was on average
(157.79+2.09) CU (control group — (148.0£2.72) CU).

In 2 months after implantation, the process of osseointegration
of'the matrix and bone tissue increased, which is confirmed by the
increased growth of circularly located tightly fitting collagenous
fibers to the polymer matrix and the increase of osteoid up to
34.38% (p<0.05), which was significantly different from the
previous term. The presence of osteocalcin in the osteoid areas,
which according to the results of the study was (117.09+2.64)
CU, which at 11.8% exceeded the corresponding index at the
previous stage of the study and at 15. 6% was greater compared
to the control group ((138.83+2.90) CU, — this presence was the
evidence of actively ongoing reparative regeneration of bone
tissue. A proportional increase in the expression of osteopontin
was noted, the optical density of which was on average
(135.27+2.84) CU, which at 14.3% and at 3.5% exceeded the
indices of the previous group and the control group, respectively
((140.11+1.85) CU).

At the end of the 3-4% months, mineralized lamellar bone
tissue was noted in the area of bone defect. The presence of
a large number of osteocytes, in our opinion, indicated the
completion of the osteogenesis process and the presence of
already formed bone. The share of unmineralized bone plates
was only 8.91% (p<0.05), which is significantly lower than
the corresponding index at the end of the 2™ month of the
experiment and reflected the process of active mineralization
and compaction of bone tissue (Figure 6).

Figure 6. Bone defect within 3 months after implantation of the polymer
matrix. Staining: according to Masson. Magnification: ocular lens 10,
field lens 20. 1 — mineralized bone matrix, 2 — osteoid, 3 — central
canals of osteons.
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Figure 7. Positive expression of osteocalcin in the bone matrix, 4" month
after implantation of the polymer material. Immunohistochemical
study: antibodies to osteocalcin. Magnification: ocular lens 10, field
lens 20.

The completion of the mineralization process in the 4%
month was also reflected in the decrease in the expression of
osteocalcin, which was (163.56£1.95) CU, which is lower when
compared with the 3™ month of the experiment at 8.6%, and at
the same time insignificantly higher at 1.2%, as in the control
group ((165.62+1.84) CU) (Figure 7).

Osteopontin was verified in the bone matrix of both calcified
mature lamellar bone tissue and in osteoid islands and averaged
(165.23+1.53) CU of optical density, which is less than during
the 3rd month of the experiment, and also it slightly exceeded
the index of the control group ((172.0£2.24) CU).

During the 5th month of the experiment, the presence of fully
mineralized bone tissue with lysis of the fibers of the non-woven
polymer matrix and the presence of microosteoid cells was noted
in the defect area, the share of which was 0.13% (p<0.05), which
is almost 25-fold lower than in the previous experimental group
and at 86% less than the index of the control group (the share
of osteoid of the control group is 0.94%). Densitometrically,
insignificant expression of both osteocalcin ((172.0+2.54) CU)
and osteopontin ((175.13+2.12) CU) was found in the bone
matrix. The optical density was lower when compared with
the 4th month of the experiment (5.1% and 5.9%, respectively,
for osteocalcin and osteopontin) and practically did not differ
from the indices of the control group ((174.22+2.43) and (175,
64+2.14) CU, respectively).

Therefore, the results of our experimental studies confirmed
the possibility of the fibrous matrix application in the clinic.

The analysis of the data of cone beam computed tomography
of patients in the group I showed that after 6 months in 10 of
26 patients (38.4%) the bone cavity was completely filled with
trabeculae of bones. In the remaining 16 (61.6%) patients,
the defect was filled at only 2/3 of its size. In other 4 (13.3%)
patients, there were no signs of the bone tissue defect restoration.
After 1 year, in 18 (60%) patients, the bone tissue completely
filled the bone defect, in the remaining 8 (26.7%) patients, the
defect was filled only at 2/3 of the primary size of the cavity.
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Figure 8. Patient M. aged 28, condition in 6 months after cystectomy and bone grafting (1) in the area of upper molars: a - without visualization

of density fields; b - with visualization of density fields.

Figure 9. Patient L. aged 21, the condition in 6 months after cystectomy and bone grafting in the area of lower premolars: a - before surgery;

b - after surgery.

Table 3. Indices of bone tissue density in Hounsfield units (HU) in patients of groups I, Il and IIl in 6 and 12 months after surgery.

Time of operation Group I Group 11

Group 11T Control group

543.42+19.43 974.53+19.74

6 months 615.17+24.53 ‘
D e P22 p<0.03 654.76+17.52

12 months 613.46+17.56 811.45+16.43 678.17+21.36 - ‘
p>0.05 p<0.05 p<0.05

The performed analysis of computed tomography data in the
group II during the 6% month after the surgical intervention,
showed that in 3 (10%) patients, there were no signs of recovery
of the bone defect, confirmed by the progression of inflammatory
changes in the form of periodically occurring swellings in the
operated area and secretions of exudate. In 4 (13.3%) operated
patients, there was a violation of the dense parietal contact of
the granulate, which was noted both on axial sections and on
reconstructions, in the form of a small gap of up to 0.5 mm in
size between the material and the defect walls. In our opinion, in
this case, the invasion of connective tissue with the subsequent
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encapsulation of the material took place. Only 23 (76.6%)
patients showed signs of replacement by bone tissue, which was
evidenced by the close parietal contact of the material with the
present area of osteosclerosis (Figure 8).

In 6 months after cystectomy and bone grafting, out of 28
patients in the group III, in 22 (78.6%) patients the defect
was completely restored by bone tissue, in the remaining 6
(21.4%) patients bone tissue regeneration took place only at
2/3 of the bone cavity volume. One year after the surgical
intervention, bone tissue recovery occurred in all 28 patients
(Figure 9).



Analysis of bone tissue density was performed during the 6th
and 12th months after surgery (Table 3).

Analyzing the dynamics and nature of growth of bone tissue
density indices in the postoperative period in patients with
radicular cysts, a clear tendency can be noted only in the area
of the former bone tissue defect. During the 6™ month of the
postoperative period, in comparison with the clinical group I,
the density of bone tissue in the group III did not exceed 11.7%
of the indices of the group I, which, in our opinion, is due to the
use of polymeric degradable fibrous material, which in terms
of its structure and X-ray contrast corresponded to connective
tissue matrix. In the group II, on the contrary, the use of
granulate based on hydroxyapatite and tricalcium phosphate has
led to a significant increase in density indices, which did not
exceed 36.8% of the indices in group III.

This tendency is caused on the one hand by the untimely
resorption of the granulate, on the other hand — by the compact
arrangement of the granules, which, in our opinion, has led to the
compaction of the spongy structure of bone and the formation
of a kind of hyperostosis in the area of bone grafting. During
the comparison of indices, a tendency to the reduction of the
difference almost two-fold between the indices of groups II and
[T in the 12-months postoperative period, compared to the same
indices, in 6 months after the surgical intervention, was also
noted. The indicated difference between the groups II and III in
the one-year postoperative period did not exceed 16.3%, which
is associated with a decrease in the bone density of the group
II. In our opinion, this fact is caused by the final degradation of
the material and some decrease in bone compaction due to its
reconstruction.

Discussion.

The results of the indicated above experimental and clinical
studies confirm the effectiveness of the microfibrous polymer
matrix developed by us. In our opinion, the effectiveness is
due, first of all, to the structural peculiarities of the frame itself,
namely the thickness, structure and chaotic arrangement of
its microfibers, which form a kind of mesh with micropores;
this creates conditions for the regeneration of cells along
it. This matrix effect was confirmed by the compact and
circular arrangement of the collagenous fibers around groups
of polymer microfibers at the early stages of the experiment
with the percentage of osteoid (34.38% (p<0.05)) and the
subsequent creation of a formed and organized bone structure
in three mutually perpendicular directions. That is, a group of
polymer fibers created a kind of substrate for building bone
tissue on it. The active synthesis of bone tissue at the early
stages of the experiment was also indicated by the growth of the
osteoinductive proteins of osteocalcin and osteopontin.

A decrease in the activity of osteoinductive markers of
osteocalcin and osteopontin after the 3rd month of the
experiment indicated the inhibition of the activity of bone tissue
synthesis in the experimental and control groups, however, an
increase in the densitometric optical density of osteoinductive
markers compared to the control group, indicated an increase
in the strength (probable strength) of the reparative tissue in
the defect area and accelerated the processes of its subsequent
compaction. This, in turn, in our opinion, was a sign of the
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pronounced framework function of the polymeric microfiber
matrix synthesized by us.

The fibrous structure of the polymer frame synthesized by us,
also made it possible to attach a bone substitute biogel based
on demineralized bone of allogeneic origin to it, which made
it possible to stabilize its fluid consistency and improve the
osteogenic functions of the entire hybrid frame. This effect
was also confirmed by clinical data, namely, the quality of
the structure of the newly formed bone tissue with a more
pronounced trabecular pattern in the group III, in contrast to the
group II, where the compact structure of the bone prevailed. In our
opinion, this fact is due to the presence of non-resorbed granules
of material that form a compact framework for bone growth. This
tendency was confirmed by the works of other authors [4-6].

Conclusion.

1. The results obtained of the histological examination of
the bone tissue in the experiment with the implantation of the
fibrous matrix indicated an increase in reparative osteogenesis
in the form of an increase in osteoid zones up to 34.38% and the
concentration of osteocalcin and osteopontin.

2. The slight difference in bone structure and density between
the groups I and III indicated an unchanged bone regeneration
process, however, the frequency and speed of complete repair
of the defect in the group III testified to the effectiveness of the
applied matrix.
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PE3IOME

IDOPEKTUBHOCTD

INPUMEHEHUS PA3PABOTAHHOI'O
BUONIOJIMMEPHOI'OBOJIOKHUCTOI'OMATPUKCA
C BUOTEJIEM CENOBONE® JIUIs1 PEKOHCTPYKIHU
JE®EKTOB KOCTHOM TKAHHU YEJIFOCTEM.

Mantyc A.B, Poxkxko H.M, Mamuiiuyk U.B, Kyuuk P.B,
KoBaabuyk H.E.

Heano-DPpanxosckuii HAYUOHATbHYIL
yHugepcumem, Meano-Dpanxosck, Ykpauna

Heas uccienoBaHusi: M3yueHHE KapKacHOH CHOCOOHOCTH
CO3/IaHBIX HAMHU BOJIOKHHUCTHIX HeTKaHbIX PCL MaTpukcos mpu
BOCCTaHOBJIEHUU KOCTHOM TKaHM.

Matepuanbsl M MeTOAbI HcciaeroBaHumsi: B pabore
NPOBEACH CIIEKTPOCKOMUYECKUH, TUCTOJIOTUYECKUH,
MMMYHOTUCTOXUMHUYECKUI, PEHTI€HOJIOTHYECKUI 51
KIMHUYeCKHH — aHanmu3  d3ddexkTHBHOCTH  pa3paboTaHHBIX
MHKPOBOJIOKHHCTBIX HETKaHbIX MaTpPUKCOB u3
nonukanponaktona PCL. DkcrepuMeHT NpOBEAeH Ha JBYX
rpynmnax JjJabopaTOpHBIX JKMBOTHBIX (KPOJIAX), U3 KOTOPBIX
30 ocHoBHast u 30 KOHTpOJdbHAs. ['MCTONOTHYECKUI aHAIN3 B
00euX rpymnmnax npoBoIiIHN Ha 1-M, 2-M, 3-M, 4-M 1 5-M Mecsnax
skcrepuMenTa. KnnHudeckoe nccienoBaHue MPOBOAMIOCH Ha
90 6ompHBIX B Bo3pacTe oT 20 no 50 jeT ¢ paauKyIspHBIMU
KMCTaMHU YEJIFOCTEH.

Pesyabrarsl: [lonyueHHble pe3yibTaThl MOP(OIOrHYECKUX
HCCIEIOBAaHUN KOCTHOM TKAaHM B JKCIEPUMEHTE IpHU
HMMIUIAaHTAllMd BOJIOKHHCTOTO MAaTpPUKCa CBHJETEIHCTBOBAIN
00 YyCHJEGHHHM pEHnapaTUBHOIO OCTEOreHe3a MOCPEACTBOM
yBenuueHus: 30 ocreonna no 34,38% (p<0.05) B panHem
meprone. 3HAUMTENBPHOE YCHJICHHE MHHEpaTu3alu U
KOMIIaKTH3alMl KOCTHOW TKaHM B 30HE JedeKTa OTPaxKkanoch
yMeHblieHneM joiu ocreonna Ha 0,13% (p<0.05) B mo3nHem
nepuoe.

AHanmu3 KIMHUYECKHX [aHHBIX TI0Ka3al 3((eKTUBHOCTh
pa3paboTaHHOTO HaMH Kapkaca, KOTOpas IOATBEp)KIajach
OTCYTCTBHEM BBIPAXKEHHOW KOMMAaKTHU3alMM KOCTHOM TKaHU
B III rpynme, B omnuume ot II, rae HAoGOpOT mMpHUMEHEHHE
rpaHyJisiTa Ha OCHOBE T'HAPOKCHAIIATUTA U TpUKanbluiidochaTa
MIPUBOAMIIO K CYIIECTBEHHOMY POCTY ITOKa3aTeJel INIOTHOCTU
974,53+19,74 HU p<0,05, xotopeie He mpeBblmanu 36,8%
nokasareneit Il rpymmer 615,17+24,53 HU p<0,05.

BoiBoabl: Pa3paboTaHHbIf HaMH MaTPUKCHBIA MaTepHai
ABJISICTCS HE TOJBKO CPEJICTBOM JJOCTABKH BEIIECTB M MATEPHUATIOB
B 30HY OBPEKICHNUS, HO M BRICTYIaeT CBOC0OPAa3HBIM KapKacoM
JUIs1 BOCCTAHOBJICHUSI KOCTHON TKaHHU.

KiroueBbie cjaoBa: MaTpPHUKCHBIE MaTepHaIbl,
MTOJTUKATIPOJIAKTOH, TUCTOJIOTUYECKUNA aHAN3, KOCTHAsI TKaHb,
paauKyIApHas KHUCTA.
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