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KitiHiKO-eKCIEpUMEHTAaTbHO ~ OOTPYHTOBAHO OCTEO3aMINICHHS  KaJbIliii-
dochaTHOIO KepaMiKoro, JIETOBAaHOIO T'e€pMaHieEM, 3a CKIQJHHX OCKOJKOBHUX
NepesIoMiB JJOBIUX TPyOYaCTUX KICTOK Y TBapHH.

Brnepie pgoBeneHo, 10 OCTECOKOHAYKTHUBHUN KepaMidyHUN Mmarepian y
dazoBomy ckiani 65 mac.% rigpokcuanatuty 1 35 mac.% P-Tpukansuiidocdary
3aBAsSKH BMICTY B HhoMY 0,8 mac.% repmanito y ¢hopmi IpaHyn 3 HaHO-, ME30- Ta
MakpornopaMu 1 ajcopOuiifHoro aktuBHICTIO 120,3 Mr/r HaOyBae OCTEOIHIYK-
TUBHMX Ta NIABUIIEHUX OCTEOIHTErPALITHUX BIACTUBOCTEH, SIKI 3yMOBIIOIOTH
paHHI HEOAHTIOT€HE3 Ta MOTYXKHI OCTEOOJACTUYHY 1 €HAO0OCTalbHy peakiii 3
(GopMyBaHHSM TIOBHOIIIHHOi KICTKOBOi TKaHMHM Ha TOBEPXHI Ta Yy TMOpax
OCTEO03aMINIyBAIBHOTO ~ Marepialy 3 TMOCTYyIOBOI HOro  Olojerpajartiero,
BiTOOpaXEHHSM YOTO € TWHAMIYHI 3MIHU y CHPOBATII KPOBI O10XIMIYHUX MapKepiB
KICTKOBOTO MeTaboi3My, MOCUJICHHS eHjporemanbHoi  (QyHKmii  Ta
AQHTUKOATYJSIHTHOTO TOTEHITIaly KpOBi, YpIBHOBaKEHHUH mepelir rocrpodasHoi Ta
OCTEOIMYHOJIOT1YHOI PeaKITiil.

[Ipy 11bOMY PEHTI'CHOJIOTIYHO IMIUIAHTAIlls JITOBAHO! TepMaHIEM KaJIbIliii-
dbocharnoi kepamiku y AedekTd TyO4acToi JUISHKA CTETHOBOI 1 KOMITAKTHOT
OUITHKA ~ NPOMEHEBOI  KICTOK Yy  KpOJdiB, IOPIBHAHO 3  HEJErOBaHOIO,
XapakrepusyeTrbes Ha 14-y 100y MOMIpHOIO OOMEXEHOI0 NEPIOCTAIBHOI PEAKIIEI0
3 MIJBUIIICHOI PEHTICHIIUIBHICTIO YU SBUIIAMU MEPUOCTATBHOTO OCTEOCKIEPO3Y

B pa3i ry0dacTtoi KICTKM, JWMHAMIYHMM 3MeHIeHHsM Ha 30-y 100y



CTPYKTYPOBaHOCTI 1 WIUIBHOCTI TpaHyd IMIJIAaHTaTy Ta  OOMEKEHOIO
OCTEOCKJIEPOTUYHOIO PEAKINIEI0 €HA00CTY 3a BIICYTHOCTI KOMIIEHCATOPHUX 3MIH Y
JIKTHOBIN KicTii, ¢opMyBaHHSIM Ha 60-y 100y PEeHTI€HOAPXITEKTOHIKA CTETHOBOL
YUl TIPOMEHEBOi KICTKM OJM3bKOI JO HOPMHU. 3apa3oM MakKpoMOpPQOJIOTi4HO
BCTAHOBJICHO 3HAYHO MEHIII PO3POCTAHHS MEPIOCTYy, AUHAMIYHE BHUIIOBHEHHS
nedexTiB pereHepaToM 1ICHTUYHUM MAaTEPUHCHKIM KICTKOBIM TKaHUHI 1 TNTMOMHHUM
po3TallyBaHHSIM  KepaMIYHUX  T[paHyjd, 1[I0 CBIAYUTh MNP0  BUPAKEHI
OCTEOIHTErpaliiiHl BJACTUBOCTI KEpaMIYHUX MareplajiB Ta iX KOHTPOJIbOBAaHY
61ope30pOiLito.

JloBeieHo, 10 OCTEOIHAYKTHBHA i JIETOBAHOI TEPMaHIEM KaJbITii-
dochaTHOT Kepamiku BUPAKAETHCA B MIABHUINEHIN Mirpaiii B 30HY KICTKOBOTO
neeKTy OCTEOTeHHHX KJITHH, paHHIX 1 TIOTY)KHUX HEOaHTIOreHe3l Ta
ocreoOnactuuHiii peakmii (14-a no6a) Ha ¢GOHI MOMIPHOTO 1 OOMEKEHOTO
3amajgbHO-PE30POTUBHOTO  MpOIeCy, B  IHTGHCMBHOMY  (opMyBaHHI  Ta
peEMo/IeNIIOBaHH1 MJIaCTUHYACTOI KICTKOBOT TKaHuHHU (30-a 106a) HaBKOJIO 1y mopax
OCTE03aMIIIyBaJIbHOTO Marepialy, a TakoX 3 OOKYy €HJI00CTY 3 MOCTYHOBOIO
pe3opOiiiero  Horo rpanyn (60-a g06a), MO TakoX BimoOpaxkae TMOCHUIICHI
ocTeolHTerpaiiitii npouecu. Ilpu 1pomy BupaxkeHna, 3 HapocTaHHsM 10 30-oi
100u, eHJoCTajdbHAa pEakiis y 30HI KICTKOBOrO AC(PEKTy € CBIAYEHHSIM HOTO
KOHCOJT11a11ii OJM3bKO1 10 IEPBUHHOTO HATSTY.

OcTeo3aMillieHHs JIETOBAHOIO TepMaHieEM KablIliii-hocharHoo KepaMiKoro
MOJIEJIbHUX KICTKOBUX Je(EeKTIB y KpOJiB CYHNPOBOMIKYETHCS PEAKTUBHUMU
3MiHaMH MOP(OJOTIYHMX [MOKa3HHWKIB KPOBI, IOMIPHOIO TPOMOOITUTAPHOIO
peakiiero, outbimumu B 1,1-1,2 paza (p<0,001) mikamMu JTeHKOUUTAPHUX 1HIACKCIB.
[Ipu yomy piBeHp nepysnomiazminy B 1,1-1,2 (p<0,001) pa3za MeHmuiA, HDXK 3a
OCTEO03aMILIEHHSI HEJIEroBaHOIO Kepamikoro. Takox menmmit y 1,6 paza (p<0,001)
pIBEHb BTpAaTH aAHTHUKOATYJSALIMHOTO TMOTEHIIAy KpPOBI 3  JAUHAMIYHUM
BigHOBIEHHAM akTuBHOCTI mpoTreiHa C Ha 30-y nmoby mocmimkenHs. [likoBuit
piBEHb y KpOBI OKCcHOy a30oTy Ha 14-y mo0y CBIZYATH TPO TOCHICHHS

eHjoTemanbHoi (YHKII, 0 BiacHe 3a0e3neuye 1HTCHCHUBHHM HEOaHTIOTeHE3.



VYpiBHOBaXXeHUI TEepeOir OCTEOIMYHOJOTIUHUX PEAKIIA 3aCBIAYyE KOPOTKOYACHE,
aumie npotsrom 14-30-oi 116, miaBumenHs B 1,2—-1,3 paza (p<0,001) piBua
UPKYTIOIYUX IMyHHUX KOMILJIEKCIB.

3a OCTeo3aMIIIEHHsS KICTKOBUX Je(eKTiB TpyO4acTUX KICTOK Y KpOJiB
JISTOBAHOIO repMaHieM KaJbIli-pocdarnoro KEPaMiKOIO BCTAHOBJICHO
ONTHUMI30BaHMIA 1 JMHAMIYHUN mepedir permaparMBHOIO OCTEOreHe3y, Ipo IO
3aCBIIUYIOTh TMOKa3HUKM MAapKepiB KICTKOBOTO METaloII3My, 30KpeMa KiCTKOBOTO
130¢epMenTy JTy’kHOI Pocdarazu Ta TapTpar-pe3ucTeHTHOI kucioi docdarazu. [Ipu
IILOMY, TIIBHINEHHS KambIlii-hochopHoro iHaekca 3 7 mo 30-oi mib6 BimoOpaxkae
IHTEHCUBHUH TTEPEePO3MOALT Kabilito Ta hochopy B Mekax KiCTKOBOI cucreMu. [liku
AKTUBHOCTI KICTKOBOTO i30(pepMeHTy myxHOi (ocdarazu B mpepiox 14-30-oi mi0d
CBiIYaTh MPO PAHHIO OCTEOOJACTUYHY PEaKilil0 Ta IHTEHCUBHUN OCTEOreHe3, a
TapTpar-pe3ucTeHTHOI Kucioi ¢ocdarazu nume Ha 14-y 100y — mpo oOMexeHy i
IIBUIKOTJTMHHY 3allalibHO-pe30pOTUBHY (ha3zy pernaparuBHOTO OCTEOTEHE3Y.

3a iHOyKIii BTOPUHHOTO OCTEOMOpPO3y B KPOIIB JEKCaMETa30HOM
PEHTIeHOJNOrIYHl  O3HAaKM 3 ABISAIOTbCS BXke Ha 14-y 100y y BUDIAAI
BEJIMKOIMETIMCTOTO0 PUCYHKAa Try04yacToi pPEYOBHMHHM HPOKCHUMANIbHOI emnidizapHO-
MeTadizapHOi JUISHKKA CTETHOBOI KICTKM 3 TOCHJIEHOK PEHTTEHIIUIbHICTIO
KOHTYpPIB KOPTHUKAaJIbHOTO IApy KICTKM. PO3BHTOK OCTEONOPO3HOIO MpOLECY
CYNIPOBOJIXKYETHCS TIMOKANBIIEMIEIO 1 Tinepdocdaremiero, 3a sikux Ha 14-y ta 21-y
n00M BMICT Yy CHpPOBATIl KPOB1 3arajJibHOTO KaJbIliF0 3MEHIIyeThcs B 1,4 Ta
2,1 paza (p<0,001), a dochopy — 30uibmyeThest B 1,5 Ta B 1,8 paza (p<0,001),
BIMOBIAHO. Tako KOPTUKOIA-IHAYKOBAaHUN OCTEOINOPO3  XapaKTepU3Y€EThCS
30UIBIIICHHSIM aKTUBHOCTI KICTKOBOTO 130(pepMeHTa mykHOi (Qocdara3zu Ta
OCTEOPE30POTUBHOI TapTpaTpe3nucTeHTHOI kucioi docdarazu B 1,1 1 B 1,2 paza
(p<0,001), BiAMOBiAHO, IO CBIAYUTH MPO TMEpPEBary MPOIECIB OCTEOPE30pOIii.
[Topsin 3 uum B 1,1 paza (p<0,001) 3HKUKYy€ETHCS pIBEHb OKCUAY a30Ty B CHpOBATII
KpOBI, 10 CBIJYUTH PO 3HMKEHHS €HJ0TeN1aabHo1 (yHKIII. 3apa3oM 301IbIICHHS
KUTBKOCTI €pUTPOLUTIB 1 JICHKOLUTIB B KPOBI € MPOSIBOM MPUCKOPEHOTO iX BUXOAY

13 KICTKOBO-MO3KOBOTO JIETIO TI1]] II€}0 KOPTUKOCTEPOIMHOTO TOPMOHY.



Bnepie moBeneHo, 1m0 BCTAHOBJICHI OCTEO3aMINIyBalbHI XapaKTEPUCTUKH
Kanblii-pocdaTHoi kepaMiku, JEroBaHOI TEePMaHIEM, peali3ylThCs 1 Yy pasi
nedekTiB TpyO4yacTUX KICTOK y KpOJiB 3 KOPTUKOCTEPOIiI-1HIYKOBAaHUM
OCTEOIIOPO30M, y SIKMX KICTKOBUH perenepar (opmyerbes B 2,7 paza (p<0,001)
MIBUIIE, HDK 3a MOPUPOAHBOTO TiJ] KPOB’SHUM 3TYCTKOM. Makpo- 1
ricromop(osioriuHa OLIHKA KICTKOBUX PEreHepariB MiATBEPIKYIOTh peaizailiio
OCTEOKOHJYKTUBHUX, OCTEOIHTETPALITHUX 1 OCTEOIHAYKTHMBHUX BJIACTHBOCTEH
Kanplii-(pocarHoi Kepamiky, JIETOBaHOI TIE€pMaHIEM, B YMOBaX CHCTEMHOIO
OCTEOIOpPO3Yy.

VY KpoIiB 3 OCTEOMOpPO30M OCTEO3aMIIICHHS TePMaHIEBMICHOIO KEPaMiKOIO
CYNPOBOIIKYETHCSI TIOMIPHUM JICUKOIIMTO30M Ta YCYHEHHSIM IOCTTPaBMaTHYHOI
oJjiiroxpoMemii Ha 14-y mo0y pemapaTMBHOTO OCTEOTeHe3y 31 3MEHIICHHSIM PiBHS
rinokanbiliemii Ha 7-y 100y 1 rinepdocdaremii Ha 30-y moby Ilpu upomy
aKTUBHICTh KICTKOBOI Jy>kHOI (pocdaraszu 3 mikom Ha 14-y no0y Ounpma B 1,1-1,3
paza (p<0,001) 3a kOHTpOJIbLHI TOKa3HUKH 3 TikoM Ha 30-y no0y, a Taprpar-
pe3ucteHTHoi kucioi ¢pocdarasu B 1,2 paza (p<0,001) Ha 14-y no0y, 110 CBIAYUTH
PO PaHHIO Ta IHTEHCHUBHY OCTEOTCHHY PEaKIIifo.

Brnepie KiiHIKO-€KCHEPUMEHTAIBHO OOTPYHTOBAHO, IO OCTEO3aMIIICHHS
JIETOBAHOI0 TEPMAaHIEM KalbIlii-(hochaTHOIO KEpaMiKOK MICIsI HaKICTKOBOTO
OCTEOCHHTE3Y 3a CKIIAJJHUX OCKOJIKOBHX IMEPEJIOMIB JOBIMX TPYyOUaCTHX KICTOK Y
co0ak 3a KIIIHIKO-PEHTT€HOJOTITYHUMHU KPUTEPISIMU TMIPUCKOPIOE 1X KOHCOJIIAIIIO B
1,5 paza (p<0,001), mopiBHSHO 3 BUKOPUCTAHHSAM HEJIETOBaHOI KajbIliii-hochaTHOl
KepaMiKi, Ta CYIPOBOJXKYETbCS AMHAMIYHUM YCYHEHHSIM €pUTPOLIUTOIEHII,
MEHIIIUM PIBHEM JIEHKOIMTApPHOI peakilli 1 Lepysoruia3MiHy Ta BHIIUM pPiBHEM
anpOyMiHy, IO CBIJYUTH MPO MEHIIUM CTYMiHb 3amajbHO-AECTPYKTUBHHUX
IPOLIECIB.

3apa3oM BCTAaHOBJICHO, L0 NATOXIMIYHA (pha3a pernapaTUBHOIO OCTEOTE€HE3Y B
IbOMY pa3l CYHNpPOBOKYEThCS MOMIPHOIO 1 HIBUJKOIIMHHOIO PEAKIIED TOCTPOi
¢da3u, BaBiui (p<0,001) w™eHnmor BTpaTol akTuBHOCTI mporeiHa C 3

HOpMaJTi3aIi€ero ii piBHA Bke Ha 14-y moOy, miaBumienasm Ha 14-y 1 30-y B 1,5 paza



(p<0,001) BMiCTy OKCHIYy a30Ty EHIOTETIAIBHOTO IMOXOMKCHHS Ta MEHIIHM Yy
1,2-1,6 paza (p<0,001) piBHEM IUPKYIIOIOYMX IMYHHHX KOMILUIEKCIB, TOOTO
MOMIPHOIO OCTE€OIMYHOJIOTIYHOK peakili€lo, (OpPMYyBaHHSM ITIKIB aKTUBHOCTI
3arajibHO1 JIy>KHOI (hocdaras3u Ta ii KICTKOBOTo i30depMeHTa 1 0CTEOPEe30pOTUBHOT
TapTpaTpe3nucTeHTHOI Kucioi pocdarasu Ha 14-y 100y (3a HEJIEroBaHOI KepaMiKu
Ha 30-y) 3 Hopmamizauliero ix akTuBHOCTI Ha 60-y 100y 3a BIACYTHOCTI
noctoBipHux 3MmiH y nauHaminl Ca:P iHpekca, mio 3abesnedye OajlaHc MIXK
poIecamMu 0CTeope30pOIIil 1 peMOJICTIOBaHHS pereHepary KiCTKOBOT TKAHUHM.

OTxe, oOcCTEO3aMILLIEHHS JIETOBAHOK TI'E€PMAHIEM KEPaMIKOK OCKOJIKOBUX
nepesioMiB TPyO9acTUX KICTOK y cOOaK, MOPIBHSHO 3 BUKOPUCTAHHSM HEJIErOBaHOI
KasbIii-(hocdaTHOT KepamiKu, BITHOBIIOE pEMapaTUBHUI IMOTEHIIAT TPaBMOBAHOI
KICTKOBOI TKAHWHU Ta MPUCKOPIOE ii KOHCOMIAAIIIO 1 CYITPOBOHKYETHCS TIOMIPHOO 1
MIBUJIKOIUIMHHOIO ~ PEakIiero roctpoi  ¢a3u Ta  IMyHOKOMIUIEKCOYTBOPEHHS,
MOCWJICHHSIM €HJIOTeNalbHOI (YHKII Ta AHTUKOATYJITHTHOTO ITOTEHINATy KpOBI,
30a1aHCOBAHOI0  JMHAMIKOIO AKTUBHOCTI O1OXIMIYHMX MAapKepiB  KICTKOBOTO
MeTaloJI3My, 10 B LLIOMY Bi0OpaXka€ ONTHMI30BaHMU Mepedir penapaTUBHOIO
OCTEOTeHE3Yy.

OOrpyHTOBaHO 1 3aIIPONIOHOBAHO IMILIAHTALIIO KalbLii-(hocaTHOI KepamiKH,
JIETOBAHOI TepMaHieM, 32 OCTEO3aMIIEHHA KICTKOBHX JE(EKTIB Uil MPUCKOPEHHS
KOHCOJIJIAIT CKJIAJJHIX OCKOJIKOBHX TEPEIOMIB JOBIHX TPyOUaCTHUX KICTOK PI3ZHOTO
reHe3y B co0ak, 10 ampoOOBaHO 1 MIATBEP/PKEHO BIAMOBIAHUMU AaKTaMH IPO
BIIPOBA/DKEHHSI B HU3IIl KIIHIK JAPIOHUX JOMAaIIHIX TBapuH Ykpainu. BogHouac
3aMpONOHOBAHO TOPsi 13 OIOXIMIYHMMH MapKepaMy KICTKOBOTO MeETaboi3My
(TapTpar-pe3ucTeHTHO1 Kucioi ¢ocdarazu, KICTKOBOTO 130(epMeHTa JIyKHOI
docdarazu Ta iX CHIBBIIHOIICHHS), BU3HAYCHHS CTaHy €HAO0TemalbHOi (QyHKII 3a
pIBHEM OKCHAY a30Ty, aHTHKOAryJsIHTHOTO CTaHy 3a akTHBHICTIO mpoteiny C Ta
OCTEOIMYHOJIOTIUHOI PeaKIii 32 BMICTOM y CHPOBATLI KPOBI HUPKYJIOIOYMX IMyHHUX
komruiekciB, Ca:P cHiBBITHOLIEHHS B OLIHIOBaHHI TNepediry penapaTUBHOIO
OCTEOreHe3y sK 32 BUCOKOEHEPreTWYHHMX MEpPEIOMIB JOBMMX TPyOUacTHX KICTOK Y

co0ak, Tak 1 B yMOBaxX CUCTEMHOI'O OCTEOIIOPO3Y.



Marepianu  mucepTariifHoi pPoOOTH BHUCBITICHI Y HAyKOBO-TIPAKTHYHIN
moHorpadii Pyonmenko M.B., Togoctok T.II., Uemeposcrkuii B.O., Yassaunu H.B.,
®dipcto C.0., Komomienns B.B. Octeozamimienns  kanbiiii-pocdarHoro
Kepamikolo, JIETOBAaHOIO KPEMHIEM 1 FepMaHieM, 3a MEPEIOMIB KICTOK y TBapHH:
HayKoBO-TipakTuuHa MoHorpadis. M.B. Pyb6nenko ta 1H. bina IlepkBa: BHAY,
2023. 83 c. (3aTBepmKEHO Ta PEKOMEHJIOBAHO 10 JApyKy BueHow paaoro
binonepkiscekoro HAY (mpotokon Ne 3 Bim 23.03.2023 p.) i BUKOPUCTOBYIOThCS Y
BUKJIQJIaHH1 JIMCUMIUNIH «3arajbHa 1 CHeliajibHa XIpyprisi BEJIUKUX TBapHUH»,
«TpaBmarornorisi 1 opronesis ApIOHMX JOMAIIHIX TBApHHY», «BerepuHapna Xipypris»,
«XBopoOu cobak 1 KOTiB», «XBOpoOW APIOHMX TBApHHY», «XIpypriuyHi XBOpoOU
TBapUH 3 aHECTE310JIOTIEI» «XBOPOOU €K30TUYHMX TBAPUH Ta AMKOI (payHU» Ta y
HAyKOBUX JOCIIDKCHHSIX S-TH (PaKyJIbTETIB BETEPUHAPHOT MEIUIMHU 1 2-X
HAyKOBO-JIOCTITHUX 1HCTUTYTIB YKpaiHW, N0 MIiATBEPHPKEHO BIAMOBIIHUMHU
aKTaMH.

KurouoBi csioBa: ocreoszamilieHHsi, 0l0akTMBHA Kepamika, pereHeparis,
NepesioMu KICTOK, KICTKOBAa TKaHMHA, F€pMaHiii, BTOpUHHUI OCTEONopo3, codakwu,

IMyHH1 KOMILJIEKCH.

SUMMARY

Todosyuk T.P. Clinical-experimental substantiation of bone replacement with
germanium-doped calcium-phosphate ceramics for complex bone fragment
fractures in dogs. — Qualifying scientific work on manuscript rights.

Dissertation for obtaining the Doctor of Philosophy scientific degree in
specialty 211 — Veterinary Medicine (21 — Veterinary Medicine). Bela Tserkva
National Agrarian University. Bila Tserkva, 2023.

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.% P-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. The
development of the osteoporotic process is accompanied by hypocalcemia and
hyperphosphatemia, during which, on the 14th and 21st days, the content of total
calcium in blood serum decreases by 1.4 and 2.1 times (p<0.001), and phosphorus
increases by 1.5 and 1.8 times (p<0.001), respectively. Also, corticoid-induced
osteoporosis is characterized by an increase in the activity of bone isoenzyme
alkaline phosphatase and osteoresorptive tartrate-resistant acid phosphatase by 1.1
and 1.2 times (p<0.001), respectively, which indicates the superiority of
osteoresorption processes. Along with this, the level of nitric oxide in blood serum
decreases by 1.1 times (p<0.001), which indicates a decrease in endothelial
function. An infectious increase in the number of erythrocytes and leukocytes in
the blood is a manifestation of their accelerated release from the bone marrow
depot under the influence of corticosteroid hormones.

It was proved for the first time that the established osteoreplacement
characteristics of calcium-phosphate ceramics doped with germanium are also
realized in the case of defects of tubular bones in rabbits with corticosteroid-
induced osteoporosis, in which bone regenerate is formed 2.7 times (p<0.001)
faster than in natural under a blood clot. Macro- and histomorphological
evaluations of bone regenerates confirm the realization of osteoconductive,
osteointegrative and osteoinductive properties of calcium-phosphate ceramics
doped with germanium in conditions of systemic osteoporosis.

In rabbits with osteoporosis, osteoreplacement with germanium-containing
ceramics is accompanied by moderate leukocytosis and elimination of post-
traumatic oligochromemia on the 14th day of reparative osteogenesis with a
decrease in the level of hypocalcemia on the 7th day and hyperphosphatemia on
the 30th day. At the same time, the activity of bone alkaline phosphatase with a
peak on the 14th day higher by 1.1-1.3 times (p<0.001) than the control indicators
with a peak on the 30th day, and tartrate-resistant acid phosphatase by 1.2 times

(p<0.001) on the 14th, which indicates an early and intensive osteogenic reaction.



For the first time, it was clinically and experimentally substantiated that
osteosubstitution with germanium-doped calcium-phosphate ceramics after
periosteal osteosynthesis for complex fragment fractures of long tubular bones in
dogs according to clinical and radiological criteria accelerates their consolidation
by 1.5 times (p<0.001), compared to the use of unalloyed calcium-phosphate
ceramics and is accompanied by a dynamic elimination of erythrocytopenia, a
lower level of leukocyte reaction and ceruloplasmin and a higher level of aloumin,
which indicates a lower degree and a limited level of inflammatory and destructive
processes.

It has now been established that the pathochemical phase of reparative
osteogenesis in this case is accompanied by a moderate and rapid reaction of the
acute phase, twice (p<0.001) less loss of protein C activity with normalization of
its level already on the 14th day, an increase on the 14th and 30th 1.5 times
(p<0.001) the nitric oxide content of endothelial origin and 1.2-1.6 times lower
(p<0.001) the level of circulating immune complexes, that is, a moderate
osteoimmunological reaction, the peaks’ formation in the activity of total alkaline
phosphatase and its bone isozyme and osteoresorptive tartrate-resistant acid
phosphatase on the 14th day (for unalloyed ceramics on the 30th) with
normalization of their activity on the 60th day in the absence of reliable changes in
the dynamics of the Ca:P index, which ensures a balance between the processes of
osteoresorption and remodeling of bone regeneration fabrics.

Therefore, compared to the use of unalloyed calcium-phosphate ceramics,
osteoreplacement with germanium-doped ceramics for fragment fractures of
tubular bones in dogs restores the reparative potential of the injured bone tissue
and accelerates its consolidation, and is accompanied by a moderate and rapid
reaction of the acute phase, immune complex formation, strengthening of
endothelial function and anticoagulant potential of blood, balanced dynamics of the
activity of bone metabolism’s biochemical markers, reflecting the optimized course

of reparative osteogenesis.



The implantation of germanium-doped calcium-phosphate ceramics for
osteoreplacement of bone defects to accelerate the consolidation of complex
fragmentary fractures of long tubular bones of various genesis in dogs has been
justified and proposed, which has been approved and confirmed by relevant acts on
implementation in a number of small pet clinics of Ukraine. At the same time,
along with biochemical markers of bone metabolism (tartrate-resistant acid
phosphatase, bone isoenzyme of alkaline phosphatase and their ratio),
determination of endothelial function by the level of nitric oxide, anticoagulant
status by protein C activity, and osteoimmunological reaction by the content of
circulating immune complexes in the blood serum, Ca:P ratio are proposed in
assessing the course of reparative osteogenesis both in high-energy fractures of
long tubular bones in dogs and in conditions of systemic osteoporosis.

The materials of the dissertation work are covered in the scientific and
practical monograph M.V. Rublenko, T.P. Todosyuk, V.O. Chemerovskyi, N.V.
Ulyanchych, S.O. Firstov, V.V. Kolomiets. Osteoreplacement with calcium-
phosphate ceramics doped with silicon and germanium for bone fractures in
animals: a scientific and practical monograph. M.V. Rublenko and others. Bila
Tserkva: BNAU, 2023. 83 p. (approved and recommended for publication by the
Scientific Council of Bila Tserkva National University of Science and Technology
(protocol Ne 3 dated 23.03.2023)) and are used in the teaching of the disciplines
"General and special surgery of large animals”, "Traumatology and orthopedics of
small domestic animals”, "Veterinary surgery”, "Diseases of dogs and cats",
"Diseases of small animals", "Surgical diseases of animals with anesthesiology"”,
"Diseases of exotic animals and wild fauna™ and in scientific studies of 5 faculties
of veterinary medicine and 2 research institutes of Ukraine, which is confirmed by
relevant acts.
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complexes.



