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1. KitiHiKO-€KCIIepUMEHTaIbHEe OOIPYHTYBAHHSI OCTE03aMillleHHS KasbLili-(pocdaTHOIO KEPaMiKOIO, IETOBAHOIO

repMmasieMm, 3a CKJIaIHUX OCKOJIKOBUX [T€pEJIOMIB KiCTOK y COOaK

2. Clinical-experimental substantiation of bone replacement with germanium-doped calcium-phosphate ceramics
for complex bone fragment fractures in dogs

Pedepar:

1. Ki1iHiKO-€KCIIEPUMEHTAILHO OOI'PYHTOBAHO OCTE03aMillleHHs KalbLili-(pochaTHO KepaMiKoIo, JIETOBAHOIO
repMaHieM, 3a CKJIaJIHUX OCKOJIKOBUX TIEPEJIOMIB JOBTMX TPYyOYaCTUX KiCTOK y TBapyH. Briepiie 1oBeneHo, 0
OCTEOKOHIYKTUBHUI KepaMidyHUI MaTtepian y ¢pazoBomy ckiagi 65 mac.% rigpokcuanatuty i 35 mac.% o-
TpuKanbLifidpocdary 3aBasky BMiCTy B HboMy 0,8 Mac.% repmasilo y popMi rpanys 3 HaHO-, ME30- Ta
Makporiopamu i azicop6uifiHo0 akTUBHICTIO 120,3 Mr /T HabyBa€e OCTEOIHIYKTUBHUX Ta MiJBUILIEHUX
OCTeOiHTerpaliiiH1UX BJIaCTUBOCTE, sIKi 3yMOBJIIOIOTh PaHHI HEOAHTiOreHe3 Ta IOTYKHi 0CTe06IaCTUYHY i
€HJI00CTaJIbHY peaklii 3 pOpMyBaHHSIM [IOBHOLiHHOI KiCTKOBOI TKAHMHM Ha [1I0BEPXHI Ta y opax
0CTEe03aMilllyBaJIbHOTO MaTepiajy 3 IOCTYIIOBOIO MOro Gionerpasanieo, Bito6paskeHHSIM YOTo € TUHaMiYHi 3MiHUN y

CHpPOBATLi KpOBi 6i0XiMiYHMX MapKepiB KiCTKOBOTO MeTab0J1i3My, IIOCUJIEHHS eHJloTeianbHOol QyHKIi Ta



AHTUKOATYJISIHTHOTO NIOTEHLiay KPOBi, yPiBHOB)KEHUH Nepedir rocTpo¢asHoi Ta OCTE0IMYHOJIOTIYHOI peaKLiil.
[Tpy 1pOMY PEHTTEeHOJIOTIYHO iIMIIIaHTAllisl IeroBaHOi repMaHieM KasbLiii-gocdaTHoi kepaMiky y gedeKkTu
ry64yacToi JIi7ITHKU CTErHOBOI i KOMIIAKTHOI Ai/ITHKY IPOMEHEBOI KiCTOK Y KPOJliB, IOPiBHSIHO 3 HEJIETOBAHOIO,
XapaKTepU3yeThCs Ha 14-y 100y MOMIPHOI0 OOMEKEHOIO N1€PIOCTANILHOIO PEAKIL€I0 3 MiIBUIIEHOI0
PEHTTEHIIINbHICTIO YU SIBULAMU [1€PUOCTATILHOTO OCTEOCKIEPO3Y B pasi ry6yacToi KiCTKY, IUHAMIYHAM
3MeHIIeHHsIM Ha 30-y 106y CTPYKTYPOBAHOCTI i 1IiIbHOCTI IpaHyJl iMIIJIAHTATy Ta 0OMEKEHOI0 OCTEOCKIEPOTUYHOIO
peaxliero eHJ00CTy 32 BiICyTHOCTI KOMIIEHCATOPHMX 3MiH y JIKThOBI KiCTLi, pOpMyBaHHAM Ha 60-y 106y
PEHTIeHOAPXITEeKTOHIKM CTETHOBOI Y¥ IPOMEHEBO]I KiCTKU 6JIM3bKO1 10 HOPMU. 3apa3omM MakKpoMopQOI0TriyHO
BCTaHOBJIEHO 3HAYHO MEHIIIi pO3POCTaHHS [1ePiOCTy, IMHAMiYHe BUIIOBHEHHS N1e(eKTiB pereHepaToM ileHTUYHUM
MaTEepPUHCHKIl KiCTKOBil TKaHUHI i IMTMOMHHUM pO3TallyBaHHSM KepaMiuHUX IPaHyJl, 1O CBiIYUTb [IPO BUPAKEHI
OCTEOIHTerpaliiiHi BJ1aCTUBOCTI KepaMiYHUX MaTepiasiB Ta ix KOHTPOJIbOBaHy 6iope3op6Lito. JJoBeeHO, o
OCTEOiHAYKTUBHA Jisl IErOBaHOI repMaHieM KasbLiii-gocdaTHoi KepaMiku BUpaXXaeTbCs B MiJBUILEHIN Mirpatii B
30HY KiCTKOBOTI'O ie(eKTy OCTEOr€HHUX KJIITHH, PaHHIX i IOTY)XHUX HeoaHrioreHesi Ta 0cTeobacTUYHiN peakuii (14-
a 1o6a) Ha (poHi NOMipHOro i 0OMEXKEHOTO 3aajlbHO-PE30POTUBHOTO IIPOLECY, B iIHTEHCMBHOMY (POPMYyBaHHi Ta
PEMO/IEIOBAHHI IJIACTMHYACTOI KiCTKOBOI TKaHMHU (30-a 706a) HaBKOJIO i y IOpax OCTe03aMilllyBaIbHOTrO
marepiaiy, a TakoX 3 60Ky €HI0OCTY 3 IIOCTYIIOBOIO pe3opobLielo Horo rpany (60-a 1o6a), o TaKoX Biobpaskae
IocusieHi ocTeoiHTerpauiigi npouecu. [Ipu boMy BUpaXkeHa, 3 HApoCTaHHIM 10 30-0i 061, eHI0CTalbHA PeaKLis
y 30HI KiCTKOBOTO J1e(EKTy € CBiT4EHHSIM MOTr0 KOHCOJIifalii 6J1M3bKOi 0 IEPBUHHOTO HATAry. OcTeo3aMilleHHS
JIETOBAHOIO repMaHieM KasbLili-$pocdaTHOIO KepaMiKoI0 MOAEIbHUX KiCTKOBUX Je(EKTIB y KpOJIiB
CYIIPOBOMKY€ETbCSI pEaKTUBHUMU 3MiHaMy MOPQOJIOTIYHMX [TI0Ka3HUKIB KPOBI, IOMipHOIO TPOMOOLIUTAPHOIO
peakuielo, 6inbmumu B 1,1-1,2 pasza (p<0,001) nikamu JefKoLUTapHUX iHAEKCiB. [Ipy YoMy piBeHb LiepyJIONIa3MiHy B
1,1-1,2 (p<0,001) pa3a meHmuA, HiXX 32 OCTEO3aMillleHHsI HEJIETOBAaHOI0 Kepamikoro. Takoxk MeHIu y 1,6 pasa
(p<0,001) piBeHb BTpaTH aHTUKOATYJISLIMHOrO IOTEHIialy KPOBi 3 IMHAMIYHUM BiJHOBJIEHHSIM aKTUBHOCTI IIpOTeiHa
C Ha 30-y o6y pocaimxeHHs. [TikoBuil piBeHb y KPOBi OKCUy a30Ty Ha 14-y 106y CBiIUNUTh PO IOCUJIEHHS
eHJioTesianbHOoI QyHKUIi, o BjacHe 3abe3nedye iIHTEHCMBHUM HEOAHTiOoreHe3. YPiBHOB)KEHUH N1epeodir
OCTEOIMYHOJIOTIYHUX peaKLiil 3aCBifyye KOPOTKOYACHe, siniie poTsarom 14-30-oi 1i6, nigsumenss B 1,2-1,3 pasa
(p<0,001) piBHS LMPKYJIIOI0YMX IMyHHUX KOMILJIEKCIB. 3a 0cTeo3aMillleHHsI KiCTKOBUX JleeKTiB TPyOyacTux KiCTOK y
KPOJIiB JIETOBAaHOIO TepMaHieM Kasbliii-pocdaTHOO Kepamikolo BCTAHOBJIEHO ONTUMi30BaHUM i JUHAMIUHUI
nepeobir penapaTuBHOrO OCTEOT€HEe3y, PO IO 3aCBiAYyIOTh TOKAa3HUKU MapKepiB KiCTKOBOTO MeTab01i3My, 30KpeMa
KiCTKOBOTO i30depMeHTy 1y>KHOi pocdaTasu Ta TapTpaT-pe3ucTeHTHOI Kucoi pocdaTasu. [Ipu ubomy,
migBUIeHHS KanbUii-gocdopHoro ingekca 3 7 1o 30-0i 11i6 Binobpaskae iHTEHCUBHUII I1€PePO3NO/Iij Kajbliilo Ta
docdopy B MeKax KiCTKOBOI cucTeMU. [1iky akTUBHOCTI KiCTKOBOTO i30(pepMeHTy Jy>kHOi pocdaTaszu B Ipepiof,
14-30-o0i 1i6 cBig4aTh NpO paHHIO OCTEO6JIACTUYHY PEAKLiI0 Ta iIHTEHCUBHUI OCTEOT€HE3, & TAPTPaT-PE3UCTEHTHOI
kucoi pocdarasu suie Ha 14-y oby — Ipo o6MeXXeHy i MBUAKOIJIMHHY 3allalbHO-Pe30pOTUBHY (aszy
penapaTvMBHOIO OCTEOreHe3y. 3a iHAYKLil BTOPUHHOTO OCTEOIIOPO3Y B KPOJIiB JEKCAMETA30HOM PEHTI€HOJIOTI4HI
O3HaKU 3'SIBJISIIOTHCS BXKe Ha 14-y 106y y BUIJISIAI BEJIMKONETIMCTOrO PUCYHKA ry64acTol pe40BMHY IPOKCUMAJIbHOI
emnidizapHo-mMeTadizapHOi AiNISTHKY CTETHOBOI KiCTKU 3 IIOCUJIEHOIO PEHTIeHILIIbHICTIO KOHTYPiB KOPTUKAIBHOTO
1apy KicTky. PO3BUTOK OCTEONOPO3HOTO NPOLeCy CYIPOBOIKY€ETHCS TinoKasbliiemieto i rinepdocdaremiero, 3a
SKUX Ha 14-y Ta 21-y go6u BMiCT y CHPOBAaTLi KPOBi 3arajlbHOro KaJjbllilo 3MeHIyeTbCs B 1,4 Ta 2,1 pasa (p<0,001), a
docdopy - 36inbmyeTses B 1,5 Ta B 1,8 pasza (p<0,001), BignosinHo.

2. Osteoreplacement with germanium-doped calcium-phosphate ceramics for complex fragment fractures of long
tubular bones in animals is clinically and experimentally substantiated. For the first time, it was proved that the
osteoconductive ceramic material in the phase composition of 65 wt.% hydroxyapatite and 35 wt.% o-tricalcium
phosphate due to its content of 0.8 wt.% germanium in the form of granules with nano-, meso- and macropores
and an adsorption activity of 120,3 mg/g acquires osteoinductive and increased osteointegration properties, which
lead to early neoangiogenesis and powerful osteoblastic and endosteal reactions with the formation of full-fledged
bone tissue on the surface and in the pores of the bone substitute material with its gradual biodegradation, which
is reflected by dynamic changes in the blood serum of bone metabolism’s biochemical markers, strengthening of



endothelial function and anticoagulant potential of blood, balanced course of acute phase and osteoimmunological
reactions. At the same time, X-ray implantation of germanium-doped calcium-phosphate ceramics into defects of
the cancellous area of the femur and compact radii in rabbits, compared to the unalloyed one, is characterized on
the 14th day by a moderate limited periosteal reaction with increased X-ray density or phenomena of periosteal
osteosclerosis in the case of cancellous bone, a dynamic decrease on the 30th day of the structure and density of
the implant granules and the limited osteosclerotic reaction of the endosteum in the absence of compensatory
changes in the ulna, the formation on the 60th day of X-ray architectonics of the femur or radius close to normal.
Macromorphologically, much smaller periosteum growths, dynamic filling of defects with regenerate identical to
the parent bone tissue, and deep location of ceramic granules have been established, which indicates pronounced
osseointegration properties of ceramic materials and their controlled bioresorption. It has been proven that the
osteoinductive effect of germanium-doped calcium-phosphate ceramics is expressed in the indcreased migration
of osteogenic cells to the bone defect zone, early and powerful neoangiogenesis and osteoblastic reaction (14th
day) against the background of a moderate and limited inflammatory-resorptive process, in intensive formation
and remodeling lamellar bone tissue (30th day) around and in the pores of the bone substitute material, as well as
from the endosteum with gradual resorption of its granules (60th day), which also reflects enhanced
osseointegration processes. At the same time, the pronounced endosteal reaction in the area of the bone defect,
increasing up to the 30th day, is evidence of its consolidation close to the initial tension. Osteoreplacement with
germanium-doped calcium-phosphate ceramics of model bone defects in rabbits is accompanied by reactive
changes in blood morphological indicators, a moderate platelet reaction, 1.1-1.2 times greater (p<0.001) peaks of
leukocyte indices. At the same time, the level of ceruloplasmin is 1.1-1.2 (p<0.001) times lower than in
osteoreplacement with unalloyed ceramics. Also, the level of anticoagulation potential’s loss of blood with a
dynamic recovery of protein C activity on the 30th day of the study is also 1.6 times lower (p<0.001). The peak level
of nitric oxide in the blood on the 14th day indicates an increase in endothelial function, which subsequently
ensures intensive neoangiogenesis. A balanced course of osteoimmunological reactions is evidenced by a short-
term increase in the level of circulating immune complexes by 1.2-1.3 times (p<0.001) only within 14-30 days. An
optimized and dynamic course of reparative osteogenesis was established for bone defects of tubular bones in
rabbits with germanium-doped calcium-phosphate ceramics, as evidenced by the indicators of markers of bone
metabolism, in particular, the bone isoenzyme of alkaline phosphatase and tartrate-resistant acid phosphatase. At
the same time, an increase in the calcium-phosphorus index from the 7th to the 30th day reflects the intensive
redistribution of calcium and phosphorus within the bone system. Peak activity of the bone isoenzyme of alkaline
phosphatase in the period of 14-30 days indicates an early osteoblastic reaction and intensive osteogenesis, and
tartrate-resistant acid phosphatase activity on the 14th day indicates a limited and rapid inflammatory-resorptive
phase of reparative osteogenesis. With the induction of secondary osteoporosis in rabbits with dexamethasone, X-
ray signs appear already on the 14th day in the form of a large loop pattern of the spongy substance of the proximal
epiphyseal-metaphyseal area of the femur with increased X-ray density of the contours of the cortical bone layer.
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VI. BizomocTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Pybnenko Muxaitno BacunboBud

2. Mykhailo V. Rublenko

KBasigikanis: n. ser. u., npodecop, 16.00.05

InenTudikarop ORCID ID: 0000-0001-9690-9531

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAHUYHOI 0COOH: BioepKiBChKMiA HAL[IOHAIBHUI arpapHUii YHiBEPCUTET
Koz 3a EZIPTIOY: 00493712

Micue3Haxoa>KeHHs: mi. Co6opHa, 6y71. 8/1, Bina llepksa, BinonepkiBcbkuii p-H., 09100, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InenTudikarop ROR:

VII. BigomocTi npo odinilfiHuX ONOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. Mastok Mukosia OsekciiioBud

2. Mykola O. Malyuk

KBasigikamis: 1. ser. 1., npodecop, 16.00.02
InenTudikarop ORCID ID: 0000-0003-3019-6035
HoparkoBa indopmamnist:

IloBHE HaliIMEeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii yHiBepcuTeT 6iopecypcis i

TIPUPOIOKOPUCTYBaHHs YKpainu
Kopg 3a €IPIIOY: 00493706
Micue3Haxoa KeHHS: By [epoiB O60ponu, 6y1. 15, Kuis, 03041, Vkpaina

dopma BiracHOCTI: JlepxasHa



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Cnrocapenko IMutpo BikTopoBuy

2. Dmytro V. Slyusarenko

KBasigikamis: x. ser. 1., npodecop, 16.00.05

Imentudikarop ORCID ID: 0000-0001-8214-0637

JoparkoBa indopmamnist:

IloBHE HaliIMeHYBaHHS IOPUAHYHOL 0CO0H: Jlep>kaBHMIT 6i0TEXHOIOTIYHMIA YHIBEPCUTET
Kopg 3a €IPIIOY: 44234755

Micue3Haxoa>KeHHSI: ByJ1. ATaeBChKUX, 6y/1. 44, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

PeuenzeHTu

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. beB3 Onpra CepriiBHa

2. Olga Bevz

KBasigikamis: . ser. 1., gou., 16.00.02

Imentudikarop ORCID ID: 0000-0003-0218-1784

HoparkoBa indopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: BionepKiBChKUil HalliOHa/IbHUIA arpapHUii yHiBEpCUTET
Kopg, 3a €IPIIOY: 00493712

Micueanaxo,szeﬂﬂa: ns1. CobopHa, 6yz. 8 /1, Bina Liepksa, BinouepkiBcekuii p-H., 09100, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InmenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. InpHinBKMA Mukosa I'puroposud

2. Mycola G. Ilnitsky
KBasigikamis: g.ser.n., npodecop, 16.00.05
I,ILeHTI/I(l)iKaTOP ORCID ID: 0000-0001-6130-6001

JdoparkoBa iHpopmamnist:



IloBHe HaliMEeHYBaHHS IOPUAHYHOL 0COOH: BinonepKiBChKUil HalliOHA/IbHUIA arpapHUil yHiBEpCUTET
Kopg 3a €IPIIOY: 00493712

Micue3Hax0KeHHS: 1. CobopHa, 6yn. 8 /1, bina Llepksa, binonepkiBcbkuii p-H., 09100, Ykpaina
dopma ByacHOCTI: Jlepxasna

Cdepa ynpaBiriHHS: MiHicTepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI

Biacue IpizBume Im's [1o-6aThbKOBI Hosax Bitarniii [lerpoBuy
TOJIOBH paju

BnacHe IIpizBume Im's I10-6aTbKOBI Hosax Bitaniit [leTposuy
TOJIOBYIOYOTO Ha 3acCiaHHi

BignoBigasibHUI 3a MiATOTOBKY AprimoHoBa Ipuna BikTopisHa

00JIiIKOBHX JOKYMEHTIB

PeecTpartop YkpIHTEI

KepiBuuk Bigzainy YKpIHTEI mo €
BiZIIOBiZaJILHUM 32 peecrpauilo HayKOBO'l' Opuenko TersiHa AHaTosIiBHA

OisIIbHOCTI




