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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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BONE TISSUE DEFECTS OF THE JAWS
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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 

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 № 119958), were used in the work. 
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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 1st, 2nd, 3rd, 4th and 5th 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, 

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 μm (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 γ-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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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 Вotiss Вiomaterials). 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 Вotiss Вiomaterials) 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) 

± 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 
of 3600-3200 cm-1. As in the control samples, in the matrix, the 
valent vibrations of C-H bonds are located in the range of 3200-
2800 cm-1. The frequency of C=O oscillations in the spectrum 
corresponded to 1720-1730 cm-1. The bands at 1458, 1390, 
and 1163 cm-1 were attributed to the deformational torsional 
vibrations of the methylene groups of the cis-isomers. The 
bands at 1470, 1395, and 1193 cm-1 belonged to the methylene 
groups of the trans-isomers. The bands at 1235 and 1275 cm-1 
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-1 range, which are caused by C-O-C 
valent vibrations. In the range of 1600-700 cm-1 there are valent 
vibrations of the polymer chain (С-С-С-С) (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 μm2 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 
group, CU

Control 
group, CU

Experimental 
group, CU

Control 
group, CU 

1 month 132.73±1.79* 151.32±2.31 157.79±2.09* 148.0±2.72
2 month 117.09±2.64* 138.83±2.90 135.27±2.84 140.11±1.85
3 month 150.56±2.49* 162.9±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
5 month 172.0±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 μm2 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 – (151.32±2.31) 
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 3rd-4th 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 2nd month of the 
experiment and reflected the process of active mineralization 
and compaction of bone tissue (Figure 6).

The completion of the mineralization process in the 4th 
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 3rd 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.

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.

Figure 7. Positive expression of osteocalcin in the bone matrix, 4th month 
after implantation of the polymer material. Immunohistochemical 
study: antibodies to osteocalcin. Magnification: ocular lens 10, field 
lens 20.
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The performed analysis of computed tomography data in the 
group II during the 6th 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 

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).

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.

Time of operation Group І Group ІІ Group ІІІ Control group

6 months 543.42+19.43
p>0.05

974.53+19.74
р<0.05

615.17+24.53
р<0.05 654.76+17.52

12 months 613.46+17.56
p>0.05

811.45+16.43
р<0.05

678.17+21.36
р<0.05

Table 3. Indices of bone tissue density in Hounsfield units (HU) in patients of groups I, II and III in 6 and 12 months after surgery.
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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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Analysis of bone tissue density was performed during the 6th 
and 12th months after surgery (Table 3).
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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 
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in three mutually perpendicular directions. That is, a group of 
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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 
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РЕЗЮМЕ
ЭФФЕКТИВНОСТЬ
ПРИМЕНЕНИЯ РАЗРАБОТАННОГО 

БИОПОЛИМЕРНОГО ВОЛОКНИСТОГО МАТРИКСА 
С БИОГЕЛЕМ CENOBONE® ДЛЯ РЕКОНСТРУКЦИИ 
ДЕФЕКТОВ КОСТНОЙ ТКАНИ ЧЕЛЮСТЕЙ.

Пантус А.В, Рожко Н.М, Палийчук И.В, Куцик Р.В, 
Ковальчук Н.Е.

Ивано-Франковский национальный медицинский 
университет, Ивано-Франковск, Украина

Цель исследования: изучение каркасной способности 
созданых нами волокнистых нетканых PCL матриксов при 
восстановлении костной ткани.

Материалы и методы исследования: В работе 
проведен спектроскопический, гистологический, 
иммуногистохимический, рентгенологический и 
клинический анализ эффективности разработанных 
микроволокнистых нетканых матриксов из 
поликапролактона PCL. Эксперимент проведен на двух 
группах лабораторных животных (кролях), из которых 
30 основная и 30 контрольная. Гистологический анализ в 
обеих группах проводили на 1-м, 2-м, 3-м, 4-м и 5-м месяцах 
эксперимента. Клиническое исследование проводилось на 
90 больных в возрасте от 20 до 50 лет с радикулярными 
кистами челюстей.

Результаты: Полученные результаты морфологических 
исследований костной ткани в эксперименте при 
имплантации волокнистого матрикса свидетельствовали 
об усилении репаративного остеогенеза посредством 
увеличения зон остеоида до 34,38% (p<0.05) в раннем 
периоде. Значительное усиление минерализации и 
компактизации костной ткани в зоне дефекта отражалось 
уменьшением доли остеоида на 0,13% (p<0.05) в позднем 
периоде.

Анализ клинических данных показал эффективность 
разработанного нами каркаса, которая подтверждалась 
отсутствием выраженной компактизации костной ткани 
в ІІІ группе, в отличие от ІІ, где наоборот применение 
гранулята на основе гидроксиапатита и трикальцийфосфата 
приводило к существенному росту показателей плотности 
974,53+19,74 HU р<0,05, которые не превышали 36,8% 
показателей ІІІ группы 615,17+24,53 HU р<0,05.

Выводы: Разработанный нами матриксный материал 
является не только средством доставки веществ и материалов 
в зону повреждения, но и выступает своеобразным каркасом 
для восстановления костной ткани.

Ключевые слова: матриксные материалы, 
поликапролактон, гистологический анализ, костная ткань, 
радикулярная киста.
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