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ABSTRACT

by M.O. Cherpak Comparative assessment of the effectiveness of calcium
phosphate alloplastic materials and biopolymer composite of polylactide with
hydroxyapatite for osteoplasty of jaw defectQualifying scientific work on the rights
of manuscripts.

Thesis for obtaining a science degree of a Candidate of Medical Science (doctor
philosophy) in the specialty 14.01.22'Dentistry" (222.Medicine)- Danylo Halytsky
Lviv Nationd Medical Unversity, Lviv. 2018

Restoration of lost bone structures using osteoplasty in the complex of implar
and orthopedic measures is of paramount importance for the successful prognosis
treatment. The prevalence of clinical events with varyingeksyof noticeable decrease
in the level of alveolar bone in patients who have lost their teeth, especially i
inflammatory and dystrophic processes in periodontium, buccal pathologies and aft
inadequate prosthetics is quite significant. It is also nacg$s take into account age
related "involutive" changes in the bone structures of the jaws and soft tissues that co\
them. This leads to a high complexity of the prosthetics of such patients.

The effectiveness of orthopedic rehabilitatiorpatients using various structures,
in particular on dental implants, today does not raise any objections, however, in
considerable number of clinical cases, due to tissue loss, the available bone volume
not sufficient for full dental rehabilitation #i the use of implants. In such cases, there

Is a need for augmentation of the alveolar processes using osteoplastic materials.
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The bone tissue of an autologous origin, as a plastic material, has the mo
pronounced osteoinductive and osteocotidagoroperties, but practice shows that its
application causes the patient to cause additional trauma. That is why in the medic
world for a long time there is an active search and development of various alloplas
materials that could meet all the nesaay requirements, including for dentistry.

The problem of replacing the defects of the jaw bones, according to man
authors, is still far from the final solution, and there is currently no universal materia
for bone plastics.

A promising direction of modern research is the creation and study of the effec
on various types of alloplasty biomaterials based on hydroxyap&tA@ &nd high
molecular weght biopolymers, in particularthe polylactids, on the reparative
osteogenesis.

In Ukraine, materials based on minefiied polylactids, biocomposites are not
produced and are not sufficiently studied, the more so that at present in dent
implantology the complex task of developing synthetic composites with maximally
approxmated to optimal biodegradation and osseointegration properties remain
unresolved and the issue of a comparative evaluation of the effectiveness of the
application with other known calciwphosphate alloplastic materials. Similar studies
lead to the @ation of new modern composite osteoplastic biomaterials with the
necessary mechanical, integration and resorption rates depending on the clinic
conditions

The aim of the study is to increase the efficiency and quality of the replacemer
of bone defects of the jaws by developing an original biocompahnbliéerentminerat
polymer osteoplastic composite with polylactide (PL), hydroxyapadti#) (and beta
trical ci umlTCPlamdstgpekparimental sfudy.

The subject of the study was biocompatible minp@ymer osteoplastic
composite on the basis of a resorptive PL Wwith a n dTCB biokeramika "Kergap"

(Biomin-GT), osteoplastic material "Collapari.
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In the process of research, the followingthods have been appliadinical and
statistical methods to detemine the prevalence déeth removalphysicochemicalt
study of the parameters influencing the ostegenerating potential of a biopolymer
osteoplastic compositehe method of spectral study in the infrared (IR) spectral region
(studying the features of the interaction of calciphosphat material with
polylactide), the method of conductometry for the study of time the release of calciur
ions from calciurmpphosphate materiaHA a n dTCB and from the composite based
on it, microscopy using an ocular micrometric scatel particle size nasurement
systems, automatic photographing to determine the size of the particles of biopolym
composites, the method of microelement analysis to determine the thickness of ftl
polylactide shell in biopolymer osteoplastic compositesxicological (cytotaic,
irritant and sensitizing) to determine the biological action of a biopolymer osteoplastis
compositeX-ray, morphometric and histomorphologiedab determine the dynamics of
bone tissue regeneration processes in artificially created defects ofvtharnd skull's
skeleton of experimental animals; statisticab determine the average valumsd the
average error of the investigated indicators, the probability of differences in the resul
obtained.

The technology of obtaining was devedolp modification, improvement and
substantiation of the compositienbiocompatible porous minergblymer composite
osteoplastic material in the form of granules on the basis of resorbing polylactide (PL
artificial powder of hydroxyapatitdHP ) w-irtitc aBh ci um-T€BA.osp hat e

The batochromic shift in the IR spectrum of the characteristic absorption band o
the composite based on the calciphosphate mineral component and the polylactide
with respect to the characteristic band aifsorption of the IR spectrum of the
polylactide in the frequency range 184815 cm' is a clear proof of the interaction of
the components of the composite.

The analysis of the structure of the IR signal from the carbonyl group shows the
3/4 d the biopolymer composite is bound by the coordination bonds of the carbony

groups of polylactide with calcium ions on the surface of the calphosphate
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component of the composite and indicates the coating of cajghasphate component
granules witithe polymer shell of the polylactide and formation of the integral structure
of a mineralpolymer composite with osteoplastic properties characteristic of
composites with bioresorbating polymer component;

It has been established that the methddmicrocapsulation, by means of
immobilization of polymers of active substaneaslciumphosphate materiaHA and
b-TCP) with polylactids, allows to control the rate of resection of a composite.

For samples of composite with an average partstte of 316820 microns, an
increase in the thickness of the polylactide shell frof @hicrons to & microns
contributes to an increase in the release time of calcium ions from the composke by 1
times. A further increase in the thickness of the lpalyde shell of the composite to
10,4 microns leads to a slight increase in the release time of calcium ions from th
composite. Based on the data obtained, it can be argued that the change in the thickr
of the polymer shelbf the composite correlate@gth the time of its resorption in certain
established limits, which depend on the conditions of production of the composite ar
the ratio in the synthesis between the proportion of the calcium phosphate compone
and the bioresorbating polymer (polylaie) due to the formation on the surface of the
mineral phase of a polymer shell of different thickness.

The optimum thickness of thmlylactide shellof the composite with an average
particle size of 314820 microns is in the range o0f08to 100 € m. Further
the thickness of the polylactide shell is inappropriate, since increasing the quantitati\
content of polylactide in the composite does not significantly change the rate of it
resorption. Coating of calciphosphate granules with different thickness polymer
shell of polylactide regulates the release time of calcium ions from the composit
compared to pure calciuphosphate material.

At the initial stage of research to determine the peculiarities of the influence o
polymeric materials on the fabric of the bed of plastic, an experiment was conducted c
18 white rats of the Vistar line using as a osteoplastic polymer, a bioinert copolyme

based on polyvinylpyrrolidone (PVP), methaetgl jsters (ME) and polyvinyl alcohol
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(PVA) in combination with hydroxyapatitdH@). The results of the study showed that
the material on the basis of a bioinert polymer in combination Wahprovides an
effective filling of bone defect volume, does not cause harmful effects on surroundin:
tissues, but its essential disadvantage is the lack of complete biodegradation. Materi
based on biodegradable polymer components, namely, polylactides and polyglycolide
have the advantage of being able to fully biointegrate with the subsequent repliaceme
of plastic material in the defect on their own mature bone tissue.

The optimum composition is substantiated and the technology of obtaining
bi opol ymer osteopl as t-Tddand RBLmgs been developed s e

In accordance with the requirements of the Technical Regulation on Medica
Devices (Resolution of the CMU No. 753 of 02.10.2013), the biological properties o
materials, including toxicity and compatibility with tissues, are paid great attention
when decithg whether to put medical devices into service, along with the requirement:
for performance characteristics. organism. First of all, it concerns bipolymer
composites, the constituents of which actively interact with adjacent tissues of th
human body andhus, may pose a potential danger.

Analysis of the nature of the biological action of each of the components of the
biopolymer osteoplastic composite indicates the absence of toxic effects of the mater
itself, the absence of cumulation in thedy, high biodegradability, which causes the
widespread use of these substances in medical practice.

In the experiment on laboratory animals, no significant changes in the leukocyt
blood formula of the experimental animals, indicators of nphit@amage, no reaction
of specific leukocyte lysis and reaction of specific leukocyte agglomeration were
observed, there was a tendency to moderate but unreliable growth, lack of sensitizi
properties of biopolymer osteoplastic composite.

Cytotoxicity studies in vitro revealed no adverse effect of both low and high
added doses of biopolymer osteoplastic composite on physiological indicators of sper

quality and survival.



15

The absence of toxic effects, cytotoxic, irritant and sensjfieffects are grounds
for considering the biopolymer osteoplastic composite to be biologically indifferent.

Using a comparative experimental study, the dynamics of -osggmeration
processes in defects of bone tissue was investigated whenfarséukir plastics:
alloplastic calcium phosphate materials ("Kergap" (Bio@ih), "CollapanL") and
biocompatible polymer composite osteoplastic material with polylactide.

The results of clinical and radiological, macroscopic and microscopiestacde
completely correlated with each other.

In defects of the bones of the lower jaws of rabbit§ @n in diameter) under
conditions of natural regeneration under the blood clot (control) and during implantatio
of "Kergap" bioceramics, in small number of cases, deflation of postoperative wounds
with appropriate degeneratigestructive changes in bone tissue was determined jaws
of experimental animals. Such postoperative complications negatively affected th
duration of reparative processebut still did not lead to unplanned withdrawal of
animals from the experiment.

In control defects, even in the absence of pureietrotic complications, slowed
rates of osteogenesis were observed. Defects in bone tissue for a long peinoe of
remained filled with connective tissue, as well as bone of varying degrees of maturit
and cartilage tissughich in turn indicates the necessity and validity of the replacement
of bone defects of the jaws with osteoplastic materialsayXanalysisof closure of
control defects only confirms the need for using bone substitutes.

During implantation of alloplastic calcium phosphate materials ("Kergap"
(Biomin-GT), "CollapanL") and biopolymer composites, reparative osteogenesis had &
positivedynamics. There was an accelerated rate of closure of bone defects, which w
noted and confirmed on radiographs, macroscopic and histological studies. C
radiographs of defects of the jaws filled with biopolymer composite and granule:
"Kergap" even to tb end of 3 monthef the experiment visualized patrticles of the
material that have not yet completely biodegraded due to the properties of materie

with a longer period of resorption.
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The morphometric study of bone defect osteoragenerate iardseofthe angle of
the mandible of rabbits filled with osteoplastic material "Kergap" and a biopolymer
composite has been established that, from the 21st day (beginning of the experiment)
90 days (the completion of the experiment), a significantedse in the proportion of
osteoplastic material in osteoregenerates is observed implantation

Bioresorption of the implanted material "Kergap" is more active: at the 90th day
the share of osteoplastic material in the regenerate structure V@86, Mhich is 14
times more in comparison with the biopolymer composite3®j. At the same time,
the percentage of the formation of mature lumbar bone tisspsanragenerates the
90th day of the study under the conditions of implantation of th@obimer composite
was 41.3%, which is 2.8 times as much as the use of the Kergap material (14.9%
which suggests , that the calciyphosphate material was modified by bioresorbating
polymer (polylactide), is a more optimal material of choice in order rvige
conditions for the complete osteoregeneration of bone defects. In the process
morphometric study in a group of animals with defects of the jaws with a biopolymel
composite faster formation, development (maturation) and secondary reconstrattion
bone tissue were revealed, than if using as a osteoplastic material of galhmaphate
bioceramics'Kergap".

On rerigenograms carried out in 6tand 8 months, for the minds of the
implantation of the accursed materials in the defect of thipt ©f the skull of the
rabbits (with a diameter of,A cm), particles of osteoplastic materials were practically
not determined, indicating their complete biodegradation with inclusion in the structur
of the newly formed bone.

The use of ostedgstic composite material based on biocompatible polymer (PL)
with HA a n dTCBto close the defects of the lower jaw and the skull of test animals
contributed to faster reparative regeneration. The bone tissue in the lumen of the defe
until the end of the experiment approached its structure to the mature.

Under the conditions of use of Collaphmmaterial and biopolymer composite, the

process of formation of bone tissue structures in the regenerate did not pass through
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cartilaginous stage, which had a positive effect on the duration of-@gjeneratio.
The terms of the formation of young osteoid tissue were shortened and the process of
restructuring accelerated into a more mature bone with structures of the plate type.
The volume of research carried out allows us to assert that basieeirotetailed
analysis one can assess the dynamics of the processes of reparative osteogenes
different conditions of implantation. Physichemical and experimental study of the
properties of a composite based on calepimsphate material and pdgtides,
analysis and determination of its effect on the restoration of lost bone structure
indicates the need for further clinical study of the investigated composite. The resear:
Is aimed at studying and conducting a comparative study of the prooésestration
of lost bone structure in different implantation conditions, as well as using differen
modifications of composite alloplastic biodegradable materials based on polymers at
calciumphosphate components.
Key words: reparative osteegesis, bone defects, biopolymer materials,

polylactides, calciuaphosphate components, augmentation, osteoplastic materials.
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