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Yemeposcekuit  B.O. KiiHiko-eKCcniepuMeHTalbHE ~ OOTPYHTYBaHHS
IMIUTaHTAaLll Kanblid-pochaTHOT KEPAMIKHU, JErOBaHOI KPEMHIEM, 3a OCKOJIKOBUX
nepesioMiB  KICTOK y cobOak. — KgamidikaimiiiHa HaykoBa Impalsi Ha IpaBax
PYKOITHCY.

Hucepranis Ha 37400yTTS HAyKOBOrO CTYyIEHs JoKkTtopa ¢dinocodii 3a
cnemianbHicTioO 211 — Berepunapna menununa (21 — BerepuHapHa MeauIiMHa).
binonepkiBchbkuii HalllOHANBHUI arpapuuii yHiBepcuteT. bina Lepksa, 2021.

KitiHiKO-eKCIEpUMEHTAIBHO  OOTPYHTOBAHO BIUIMB Ha  penapaTHBHUN
OCTEOIeHe3 OCTEO3aMillleHHs Kalblili-(hochaTHOI0 KepaMiKOIO 3 pI3HUMH (I3HKO-
XIMIYHUMH BJIACTUBOCTSIMHM, B TOMY YHCJIl JIETOBAHOIO KPEMHIEM, 110 € HOBUM Y
BUpIIIEHH] MPOOJIeMU ONTHUMI3allii KOHCOIIAAIi OCKOJKOBUX TEPEIOMIB JIOBIUX
TpyO4acTUX KICTOK y  TBapuH. KIIIHIKO-pEHTT€HOJOrIYHO,  Makpo- 1
ricToMopdoJIOrigyHO Ta HA MIFCTaBl T€MATOJIOTIYHUX, OI0XIMIYHUX 1 MOJICKYJISIPHO-
O10JIOTTYHUX KPUTEPIiB OIIHIOBAaHHS PEMapaTHBHOIO OCTEOTeHE3Y JOBEACHO, IO Y
KpoJIiB 1 co0aK IMIIaHTOBaHa y Ae(EKTH KOMITAKTHOI YM Ty04acToi KICTKOBOT
TKaHUHU Kaibllii-pocdarHa KepaMika y ckmaai rigpokcuanatury (72 %), PB-
Tpukanbiiidocdary (28 %) ta kpemniro (1,3 Bar.%) 3 ancopOIiIHHOIO AKTUBHICTIO
outeiie 220 Mr/r mposBIISIE BHUCOKI OCTEOKOHJYKTHBHI, OCTEOIHTETpaIliifHi Ta
OCTCOIHTYKTHUBHI BJIACTUBOCTI 3 MTOMIPHOIO Olomerpanari€ero
0CTE03aMIIyBaJbHOTO MaTepianxy, 3aBISKH YOMY 3a OCKOJKOBHX IE€PEIIOMIB
TpyO4YacTHX KICTOK y cOOaK CKOpPOUYEThCS TepMiH iX KoHcomimarii B 1,5 pasa
(p<0,001).

3apazoM 32  KIIHIKO-PEHTT€HOJOTIYHOTO  OIIIHIOBAHHS  OCKOJKOBHX
MePEIOMIB JIOBIUX TPyOUYACTHUX KICTOK Y cOOaK BCTAHOBJICHO, IO HAHOLIBIIUHN X
BiJICOTOK mpunagae Ha ToMiky — 38,5 %, nemio menme Ha nepeamtiaus — 26,9 %,
crerHoBy — 19,2 % Tta HaliMeHIIe Ha TJICYOBY KicTKH — 15,4 %. 31e011bII0r0 BOHU
JOKAII3YIOThCA y AUISHIN miadiza — 46,2 %, nento menme metadiza — 42,3 %, Tum

yacom enigiza — aue 11,5 %.



Bnepme 3a npuHuumamu  MbkHapogHoi  kinacudikamii  AO/ASIF
BCTaHOBJICHO, 1[0 HAWOLIbIIA YaCTKa OCKOJKOBUX IMEPEIOMIB JOBTUX TPyOUaCTUX
kicTok — y 50 % — nanexuts no tuny C, 46,2 % — no tuny B 1 HaiimeHmia —
3,8 % — nmo mamnpocrimoro tuny A. B mexax miarpyn HaiiOuiemoro — 19,2 % —
BUSIBUJIACH yacTka Juis miarpyn Bi, B, ta Cy, nemo menmoro —15,4 % — nnst C11 Ca
1 30BCiM HeBenukoro — 7,8 Ta 3,8 % — nns Bz ta A BianosinHo. Lle € miarpyHTsIm
JUIsi  OUTBIII  palioOHAJIbBHOTO BHUOOPY METOMIB 1 3aco0iB  OCTEOCHMHTE3Y 3
BUKOPHUCTAHHAM 0CTE03aMIIyBAJIbHUX MaTepiaiB U1t onTUMI3aIlii
pernapaTUBHOTO OCTEOTCHE3Y.

Brnepue y BETEpUHAPHIN opromnenii IIPOBEEHO KJIIHIKO-
€KCIIePUMEHTATBHII MOHITOPUHT HU3KU Kallblii-pocpaTHOI KepaMiKu 3 PI3HUMHU
(Gi3UKO-XIMIYHUMH XapaKTEPUCTUKAMHU 3a CTYIIEHEM iX OCTCOKOHIYKTHBHUX,
OCTCOIHTETpaIliMHUX 1  OCTCOIHAYKTUBHMX  BJIACTHUBOCTEH IS UJIEN
OCTEO03aMIIlleHHs KICTKOBUX JedeKTiB y TBapuH. BuBuanu Taki kanblii-hocdaTHi
MmaTepianu: aBodasHi rpanynu rigpokcuanatuty (70 %) i o-tpukanbiiiidhocdary
(30 %) 3 anmcop6miitHoro aktuBHicTiO 118,7 Mmr/t (I'Ta-500); TpudasHi rpaHyIu
rizpokcuamnatuty (55 %), a-tpukansiiidocdary (30 %) ta B-tpukansitiihochary
(15 %) 3 anpcopo6iitnoro aktuBHICTH 220,5 Mr/r (I'To+B-700); nBodasui rpaHy/IH
rizpokcuamatuty (70%) Tta PB-rpukansmiiidocdary (30 %), meroani KpeMHieM
(1,3 Bar.%) 3 agcop6iiiiinoro aktuBHICTh 117,9 mr/r (I'TaKr-2); Biamuti 1sodasui
rpanynu, rigpokcumamatuty (72 %) i B-tpukansiiiidpocdary (28 %), nerosani
kpemHieMm (1,3 Bar.%) 3 agcopoOmiitHoro aktuBHicTIO 229,1 Mr/r (I'TaKr-700).

PeHTreHonorivHo  ocreo3amiieHHs — Kalblii-GocdaTHOO — KepamiKoro
XapaKTepu3yBaJIOCs, TOPIBHIOIOYM 13 3arO€HHAM KICTKOBUX Je(eKTiB mix
KpPOB’STHUM 3TYCTKOM, TTOMIPHHMH TEPIOCTATBLHOIO Ta €HO0OCTATHHOIO PEAKI[IIMHU
JUIIE Yy MeXaxX KICTKOBOI TpaBMH, JWHAMIYHAM HapOCTaHHSM  SIBHIII
OCTEOCKJIEPO3y SK O3HAKHM OCTEOTCHHHMX IIPOIIECiB, IHTEHCHUBHICTh SKOTO OyIa
BUILIOIO0 32 BUKOPUCTAHHS JIETOBAaHUX KPEMHIEM KepamikK 3 OUIbII JUHAMIYHOKO iX

Oloaerpaaali€ro.



Boanouyac MakpoMopdoJioridyHO KiICTKOBI pereHepaTu KOMITAKTHOT KICTKOBOT
TKaHUHHM Ha 21-y 100y B KOHTpPOJBHIA rpymi Oyl HEUIUIbHI, KpaTeponoaiOHOi
GopMH 3 MacCHUBHUMH PO3POCTaHHSIMU MeEpIOCcTy, 3a BukopuctanHda [ To-500 —
KICTKOBI J1Ie(DEKTH MOBHICTIO BUIIOBHEHI 3 BEJIMKOIO KUIBKICTIO T'PaHyJ KepaMiKH,
MIIIHO 3’€JHAHI 3 pEreHepaToM, 3a IMOMIPHOI TMEpIOCTalbHOI peakilii, 3a
['Ta+p-700 — maTepian pa3oM 13 HOBOYTBOPEHOIO KICTKOBOIO TKAHUHOIO ()OPMYBaB
MOHOJIT 1 TMOBHICTIO IHTETPYBaBCA 3 MAaTE€PUHCHKOIO KicTkoio, 3a ['TnKr-2 —
KiCTKOBUI MO30JIb JISIIO0 BHOKPEMITIOBABCS 1 3HAXOAMBCS YiTKO HaJ CPOPMOBAHUM
kictkoBuM Jnedexrom, a 3a ['TaKr-700 — ioro rpanynu jeap OpOrISLAQIHCS Y
MOHOJIITI KICTKOBOTO pereHepara, HaJ3BHYAaWHO IHTEIPOBAHOTO B MAaTEPHHCHKY
KICTKOBY  TKaHMHY ©0e3  po3poctanb mnepiocty. IlomiOnoro  Oyma 1
MakpoMmop(dosoriyHa KapTHHAa KICTKOBUX pEreHepariB y ry0OuyacTid KiCTKOBIN
TKaHUHI.

3a  rictoMop(doJOriuyHO  0ajJbHOIO  OIIIHKOK  BCTAHOBIICHO, IO
pernapaTUBHUI OCTEOT€HE3 B KOMITAKTHIM KICTIII y KPOJIIB 3a OCTEO3aMIIICHHS
I'Ta-500 uu I'Ta+p-700 mpuckoproBaBcs B 1,4 paza (p<0,01), 'TnKr-2 — B 1,5
(p<0,001), a I'TaKr-700 — B 1,6 (p<0,001), B rybuacriit — B 1,4-1,5 (p<0,001), B
1,8 Ta 2,0 (p<0,001), BigmomimHo. BomHowac ricTomopdosoriuga oIiHKa
I'TnKr-700 nmocroBipHo BusBWiacs Bumpow B 1,1 pasa, HDK y Trpymax 3
BUKOPUCTAHHSIM HEJIETOBAaHOI KEPaAMIKH.

JloBeneHo, 1o Kepamika, JieroBaHa KpeMHIEM, 3a0e3medye paHHIO PEaKIliio
EHJO0TETIANbHUX KIITHH 3 IHIYKIIE€I0 aHT10TeHe3y, MBHIKE 1 sKicCHE (HOpMyBaHHS
KICTKOBOTO pereHepaty 13 Tpalekyad Ty04acToro THIy 3aBAsKA paHHIN
0CTEO00JIACTUYHINA peakilii, YTBOPEHHIO y KOPOTKI TEpMiHHM HOBOi KOMIAKTHO1
KICTKOBOT TKAHWHU, IHTETPOBAHOT 3 MATEPHHCHKOIO.

3a CyKymHICTIO KJIIHIKO-PEHTT€HOJOTIYHUX, MaKpO- 1 TICTOMOP(OIOTTIHIX
O3HAK JIOBEJICHO HACTYITHY 3aKOHOMIPHICTh CTYIEHS BIUIMBY KalbIlii-(hochaTHux
MeTepialliB Ha ONTUMaJIbHUM Mepedir penapaTUBHOIO OCTEOTeHE3y B KpPOJIB 3a
MOJIEJIBHUX nepeoMiB ryouacroi Ta KOMIAKTHO1 KICTKHU:

I'TnKr-700>I" TaKr-2>T'Ta+B-700>I'Ta-500. Bomnouac yci maTepiaid MarOTh



OCTEOKOHAYKTUBHICTb,  CTYHIHb  1X  OCTEOIHTErpalldiHUX  BJIACTHUBOCTEU
BHU3HAYaeThcad JBOX(QasHICTIO y ckmaal /2 % rigpokcuanatuty 1 28 %
B-Tpukansuiiipocdary Ta ancopOLIHHOIO aKTHBHICTIO OulblIO 3a 220 Mr/r, a
OCTEOIHJYKTUBHICTb 3yMOBJIEHA JIETOBAHICTIO KEpPaMIKA 10HAMU KPEMHIIO
(1,3 Bar.%).

BceranoBneHo, 110 0cTe03aMillleHHs KICTKOBUX A€(EKTIB y KPOJIiB KalbIliii-
dbochaTHOO KepaMiKOI CYNMPOBOKYETHCS YCYHEHHSIM MOCTTPAaBMATUYHOI aHEMIil
Ha 14-y noOy pemnapaTHUBHOTO OCTEOTE€HE3Y, a Y KOHTPOJIbHIA TpyIi — JIMIIE Ha
21-y. Hopmanizarisi JIeMKOIMTApHOI peakilii BiIOyBa€ThCS HANUOUIbII AMHAMIYHO
3a Bukopuctanus [ TaKr-700, ockuibku Bxke Ha 14-y 100y KUIBKICTh JEHKOIUTIB Y
KpoB1 OyJia MEHIIOI0, HIK y KOHTpOJIbHINM rpymi, B 1,3 pasa (p<0,001), ta B 1,1
pa3a MOPIBHSIHO 3 PEIITOI0 JOCTIIHUX TPYI. 3arajioM TPOMOOIIMTO3 yTPUMYBaBCSI
BIIPOJOBXK 21-1 100M y KOHTPOJIBHINA Ta BCIX JOCHIIHHX TpyHax. Moro PIBEHB J10
7-01 100U B JOCIITHUX KPOJiB JOCTOBIPHO OYyB BHINMM, HIXK Y KOHTPOJIBHUX, TUM
gacoMm y mnepion 14-i ta 21-i, HaBmaku, IO CBIIYUTH MPO OUIBII JUHAMIYHUN
nepeodir TpoMOOIUTapHOT peaKilii 3a OCTEO3aMIIICHHS.

PiBenb y cupoBaTIli KpOBi 3arajJlbHOro OiIka 3a BHKOPHCTaHHSA y KpOJIiB
KaJbliii-pochaTHoi KepaMmiku, JIeroBaHoi KpemHieM, Ha 21 1 42-y 100y BUSBUBCS
JIOCTOBIPHO OUTBHIIMM, HIXK Y TBAPHUH PEIITH TPYI, [0 CBITYUTH NMPO IHTCHCUBHICTH
IUTACTUYHUX TpoIeciB. 3MiHU BMIcTy B KpoBi Ca, P Ta M BinOyBasiics B Mexax
¢izionoriunoi HOpMmH. 3apazom Ha minctaBi nuHamikn Ca : P xoedimienra
BCTAaHOBJICHO, III0 KOHCOJAIS MEPeIoMy CYIPOBOKYETHCS  TEPEPO3NOALIOM
MIHEpaJIbHUX PEYOBMH y MeEXKaX KICTKOBOro ckemery. Lleil TOKa3sHMK 3HAYHO
30UTBIIYEThCS 32 IHTEHCUBHHUX TIPOIIECIB OCTEOTeHe3y, 30kpeMa y ¢asi MiHepasizarlii
KiCTKOBOTO perenepary. Moro ik y korTponbHiit rpymi— 1,7 : 1, 6ys Ha 14-y 100y, T06TO
y 3amajbHO-PE30pOTHBHY CTJIiI0 PEMapaTHBHOIO OcTeoreHesy. HaromicTh y rpymax i3
BUKOPHWCTAHHSIM JIETOBAaHOI KpeMHieM kepamiku Ca : P iHaeke gocsr miky Ha 21-y 100y —
1,8-1,9, Ta yrpumyBaBCs MPUOJM3HO HA IIFOMY CaMOMY PiBHI 710 42-1 100OH, TUM YacoM y

peLuTi rpyi BiH craHoBuB 1,4 : 1.



JuHamika 610XIMIYHUX KICTKOBUX MapKepiB Yy KPOB1 KPOJIIB Y3rOJIKY€EThCS 3
ricTOMOP(OJIOTIYHUMH KPUTEPISIMU Mepediry pernapaTUBHOIO ocreoreHesy. Tak,
piBEHb OKCHY a30Ty HaWOLIbII paHHIN 1 TPUBAJIMI 32 BUKOPUCTAHHS KEPAMIYHHUX
IMILJIAaHTIB, OCOOJIMBO JIETOBAaHUX KPEMHIEM, IO BioOpa)kae€ paHHIA aHTiOreHe3.
AKTHUBHICTH KICTKOBOTO 130()epMEHTY JIy>kKHOI (pocaTaszu y KOHTPOJIbHUX TBAPUH
cBiuMia mpo mi3Hik (42-a moba) octeorenes, 3a immutanTamii ['Ta-500 — mpo
JOBroTpuBally octeobsactuuny peakiito, 3 ['Ta+B-700 — npo ii nBocTamiifHICTh i
nosioBxeHIcTh y yaci, ' TnKr-2 — npo nposrorpusany, Tum yacom 3a ['TnKr-700 —
Ipo paHHIO 1 KOPOTKOYACHY OCTEOONacTUYHY peakiiro. TapTpaTpe3ncTeHTHA
kucia (Qocdaraza BimoOpakae y KOHTPOJBHIA TpyIi JOBFOTPUBATY pe30pOIlito, 3a
['Ta-500 — paHHIO BIPOMOBXK 3aNajbHO-PE30OPOTUBHOI CTa/ll Ta MEPIOy PAHHBOTO
octeoreresy, 3a ['Toa+B-700 — 3amanbHO-pe3opOpuBHY (azy TpuBady B Haci, 3a
['TnKr-2 — 3anmaneHO-pe3opOpuBHy (azy B mepion 7-14-i nobu, a 3a I'TnKr-700
nporecH pe3opOIiii KOpOTKI 1 TPHUBAIOTh JIMIIE BIIPOJOBXK TMEPEXOMy 3aralibHO-
Pe30pOTHBHOI (ha3u B CTA/IIFO OCTEOTCHE3Y.

BceranoBneHo, 110 reMaToNIOTIYHO 1 MATOXIMIYHO OCKOJIKOBI IEpPEIOMH
JIOBTUX TpPyOUacCTUX KICTOK Yy cO0aK XapaKTepU3yrThCS EPUTPOLMTOICHIEIO
(3menmenHs B 1,2 paza, p<0,001), neiikoumro3om (30unbmieHHs B 1,3 pasa,
p<0,01), rinepdiépuHorenemiero (miapumieHHs B 1,7 pasa, p<0,001), mocuieHHIM
nponykmii  okcuay azory (B 1,2 paza, p<0,01) Tta akrtuBHicTIO docdara3
(® 1,2-1,3 paza, p<0,01), dopMyBaHHAM TpoO3amagbHOI IUTOKIHEMII Ta
IIUTOKIHOBOTO JUCOAIaHCy.

Bnepmie noBeneHo, IO OCTEO3aMIIEHHS TaKUX IEPEIOMIB  KaJIbIiii-
docharHOlO  KepamikOr, JIETOBAHOK  KPEMHIEM, 3a JIaHUMH  KJIIHIKO-
PEHTTEHOJIOTIYHOTO OI[IHIOBAHHS CKOPOYY€E TEPMIH iX KOHCOIIJAIlii B CEPeTHBOMY
Ha 18-20 ni6. BogHouac ocTeo3aMillieHHSI CHPUSE YCYHEHHIO TOCTTPaBMATUYHOT
aHeMii Ta HopMamizamii JedkonMTapHOi peakmii g0 42-1  nmobu, a
rinepgiOpuHoreHemMii — Ha 21-y no0y. Xoua 3MiHU BMICTY B cupoBartiii kposi Ca, P
ta Mg BimOyBamucs B Mexkax (i310JOrYHOI HOPMHU 1 HE Maju JIOCTOBIPHOTO

xapakrtepy, ogHak nuHamika Ca : P koedimieHTa BUSBUIACA JOCUTh MOKA30BOIO.



SIKI10 Y KOHTPOJBHUX TBApHUH LEeH Koe(ilieHT TuHAMIYHO 3HMXKYyBaBcs 3 1,9 : 1 1o
MIHIMaJIBHOTO 3HaueHHd Ha 21-y 100y — 1,4 : 1 1 He BiIHOBIIOBAaBCS HaBITH Ha 60-y
no0y — 1.7 : 1, To 3a ocTeo3aMillleHHs] BiH HE OIycKaBcs Hipkue 1,7 : 1, a Bxke 3
42-1 nobu nocsAr MOKa3HWKa KIIHIYHO 310poBUX cobak — 1,9 : 1. Orxe, 1e
3acBIAUYE HAA3BMYAHO BHpAXEHY 1 TPUBAJIy OCTEOPe30pOlLii0 3a BIICYTHOCTI
OCTE03aMIIIECHHS.

3apa3oM BCTaHOBJICHO, IO MaTOXiMiYHA (ha3a penapaTUBHOTO OCTEOTCHE3Y
32 OCTCO3aMIIICHHSI, JICTOBAHOIO KPEMHIEM KEpPaMiKOK  XapaKTEPH3YEThCS
NiIBUIICHHSAM pPIBHS OKCHUJY Ha MOro paHHIX cTajigX Ha 3-10 100y, 1o €
OIIOCEPEKOBAHOIO 03HAKOK PAaHHLOTO aHTIOTeHEe3y, HAIPOTHUBATY JIUIIC TCHACHIIIT
710 IIbOT'O B KOHTPOJIBHIN rpyti. [liku akTUBHOCT1 KICTKOBOTO 130()epMEHTa JTYKHOT
¢docdaTazu BcTaHOBIEHO Ha 12-y 100y, TUM YacoM y KOHTPOJbHIN — Ha 21 Ta 42-
y, TapTPaTPEe3UCTEHTHOI — Ha 21-y Ta ympoJoOBXX BCHOT'O MEPIONy JIOCIIIKEHb.
Bonnovac nuHaMika CHiBBIIHOIICHHS aKTUBHOCTI KHCJIOI 10 JIyx)HO1 (ocdaTasu:
YUM BiH HIDKYMAM, TUM OUIBII MOCHJICHI MPOIECH OCTEOreHe3y, 3acBiMumia, IIo
BOHHU OULIBII paHHI Ta IHTEHCUBHI 3a OCTEO3aMIIIeHHS y IpoMikKy 3—21-a noba 3
NOCWJICHHSIM ~ ocTeope3opOIii B mepiog 42-60-i mobu, mo BigoOpaxae
pEMOJICTIOBaHHSI KICTKOBOTO pereHepary. TMM dYacoMm 3a HWOro BiJICYTHOCTI Mae
Miclle aucOamaHC MK IIpollecaMd OCTEeOreHe3y 1 ocTeope3opOirii, ska Mae
NEePMaHCHTHHM XapakTep, IO BigoOpa)kae IOJOBXKEHHH TEepMiH KOHCOJIimaIii
OCKOJIKOBHX TIEPEIIOMIB.

BcraHoBneHo Takoxk, IO HAKICTKOBUM OCTCOCHHTE3 3a BIICYTHOCTI
OCTE03aMIIICHHS OCKOJIKOBUX TEpPEJOMIB CYNMPOBOIKYETHCS TEPMAHEHTHOIO 1
JIOCUTDH TIOTYXKHOIO TIPO3aMajbHOI0 IUTOKIHEMI€IO 3 miKkamMu Ha 12 Ta 42-y moly 3i
30inpmeHHsM piBas IL-1B B kposi B 1,5 Ta 1,8 pasza (p<0,01), BinmosigHo. Y pasi
3aMIMIeHHs KICTKOBHX OCKOJIKIB JIETOBAaHOIO KPEMHIEM Kepamikoro piBeHb IL-1f 3
12-1 nobu pemapaTHBHOTO OCTEOT€HE3y Ta YHPOJOBXK HACTYMHUX TEPMIiHIB
BUSIBUBCSl MEHIIIMM, HIXX Yy KOHTpOJIbHIM rpymi. [lonmpu Te, mo mikoBi 3Ha4Y€HHS
piBHS B KpoBI npoTu3anaibHoro IL-10 B KOHTpoJIbHIN rpymi Oyliu BUIl, TUHAMIKA

nutokiHoBoro iHjgekca — IL-10 : IL-1B B mepiox 21-i moOu 3acBigumiia Maixe HOro



HOpMaJli3alio B AochiaHii rpymi — 1,4 : 1 3a HopMu — 1,5 : 1 Ta KOHTPOJABHOTO —
1,2 : 1, mjo HaA3BUYAWHO BaXJIMBO JJIsI KOHTPOJIO OCTEOPE30POTUBHOI THAYKIN 3
o6oky IL-1B 3a posropraHHs oOcCTeOreHHUX MpoleciB. BoaHouac y TBapuH 3
ocreo3zamimienns B 1,3 paza (p<0,01) OyB OulbIIMM, HDK Y KOHTPOJIbHIM rpymi,
piBeHb TpaHcpopMmyroyoro (akropa pocTy-f, 1m0 3arajioM BigoOpaxkae
ONTHUMI30BaHUN TMepedir pemapaTMBHOrO octeorene3y. HartomicTs aBodazHa
rineppeakTUBHICTh (aKTOpa POCTY B KOHTPOJBHHX TBAPWUH 3YMOBJIIOE TICPECBAKHE
CTUMYJTFOBAaHHS XOHIPOTCHE3Y.

OTxe, OCTeo3aMillleHHs  KICTKOBHUX  OCKOJIKIB  Kalbliii-¢hochaTHoro
KepaMiKOl0, JICTOBAaHOI KPEMHIEM, TIOpSJ 13 CKOPOYCHHSM  3amalibHO-
pe30pOTUBHOI CTafli Ta MPUCKOPEHHSAM MpoiidepaTUBHOT (Pa3u penapaTuBHOTO
OCTEOTeHE3y CYMPOBOJIKYETHCS MOMIPHOIK 1 KOHTPOJIHOBAHOK ITUTOKIHEMIEID Ta
YPIBHOBA)KEHOIO MPOAYKITI€I0 (haKTOPIB POCTY.

OOrpyHTOBaHO 1 3ampOIIOHOBAHO IMIUIAHTAI0  Kaibllii-pocdaTHOi
KepaMmiku y ckiaai rigpokcuanatury (72 %), B-tpukansiiiibpochary (28 %) Ta
kpemHito (1,3 Bar.%) muist ocTeo3aMillleHHsI Y pa3i OCKOJIKOBUX MEPEIOMIB TOBIHX
TPyOUYaCTHX KICTOK y cOoOaK JJIsi ONTHUMI3allii Ta MPUCKOPEHHS 1X KOHCOJIaIii, 110
arpoOOBaHO 1 MIATBEPHKEHO BIAMOBITHUMHM aKTaMH IMPO BIPOBAKCHHS B HUBIII
KIiHIK ApiOHMX JOMAaIIHIX TBapuH YKpainu. BojaHodac 3ampornoHoOBaHO
BHU3HAYCHHS B CHPOBATII KpoBi BMICTY 1 criBBigHOeHHS TpK® ta KJI®, a Takox
Ca : P xoedimienta s KOHTPOJIO TEepediry pemapaTuBHOTO OCTEOTEHE3y 3a
KOHCOJT/Iallii mepesoMiB y coOax.

Marepianu gucepTallii BUKOPUCTOBYIOTHCS IIiJ] 4ac BHUBYCHHS JUCIUTLIIH
«3aranpHa i cerianbHa Xipypris», « TpaBmaTosorig 1 opronenis ApiOHUX TBAPUHY
Ta Yy HAYKOBUX JIOCITIDKEHHSAX 6-TH (DaKyIbTETIB BETEPUHAPHOT MEIUIIMHM 1 3-X
HAayKOBO-JOCITHUX 1HCTUTYTIB VYKpaiHH, IO MIATBEPIKCHO BIAIOBIIHUMHU
aKTaMH.

KuarwuoBi  caoBa:  ocTeo3aMillieHHS,  pEMapaTUBHUN  OCTEOTreHE3,
OCTCOKOHAYKIlIS,  OCTEOIHTEerpaiisi, OCTEOIHAYKI[is, MapKepu KICTKOBOIO

MeTaloI3My, IHTepIAeHKIHU, TpaHchopMytounii pakTop pocty-P.



SUMMARY

Chemerovskyi V. Clinical and experimental substantiation of implantation
calcium-phosphate ceramics alloyed with silicon in case of fragmentary bone
fractures in dogs. — Qualifying scientific paper within the manuscript rights. The
dissertation to obtain a scientific degree of philosophy doctor on specialty 211 —
Veterinary medicine (21 — Veterinary medicine). — Bila Tserkva National Agrarian
University, Bila Tserkva, 2021.

There was clinically and experimentally substantiated the influence on
reparative osteogenesis of osteo-substitution by calcium-phosphate ceramics with
various physicochemical properties, including silicon alloyed, which is new in
solving the problem of optimizing the consolidation of fragmentary fractures of
long tubular bones in animals. It was proved by clinical-radiological, macro- and
histo-morphological way and on the basis of hematological, biochemical and
molecular-biological criteria for the assessment of reparative osteogenesis, that in
rabbits and dogs the calcium-phosphate ceramics within the hydroxyapatite (72%),
B-tricalcium phosphate (28%) and silicon (1.3 wt.%) with adsorption activity of
more than 220 mg/g, implanted into defects of compact or spongy bone tissue,
exhibits high osteoconductive, osteo-integrative and osteo-inductive properties
with moderate biodegradation of osteo-substituting material, due to which in case
of fragmentary fractures of tubular bones in dogs their consolidation time
decreases by 1.5 times (p<0.001).

Thus, the clinical and radiological evaluation of fragmentary fractures of
long tubular bones in dogs showed that their largest percentage include the leg -
38.5%, slightly less the forearm - 26.9%, femoral bone - 19.2% and the least
humerus - 15.4%. They are mostly localized in the diaphysis area - 46.2%, slightly
less in metaphysis area - 42.3%, while the pineal gland - only 11.5%.

For the first time, according to the international classification AO/ASIF
principles, it was established that the largest part of fragmentary fractures of long
tubular bones - 50% - belongs to type C, 46.2% - to type B and the smallest - 3.8%
- belongs to the simplest type A. Within the subgroups, the largest part - 19.2% -



was for subgroups Bi, B, and C,, slightly smaller part - 15.4% — for C; and Cs
subgroups and very small part — 7.8 and 3.8% - for B3 and A2 subgroups,
respectively. This is the basis for a more rational choice of methods and means of
osteosynthesis using osteo-substitute materials to optimize reparative osteogenesis.

For the first time in veterinary orthopedics there was performed clinical and
experimental monitoring of a number of calcium-phosphate ceramics with different
physicochemical characteristics according to the degree of their osteoconductive,
osteo-integrational and osteo-inductive properties for the purpose of osteo-
substitution of bone defects in animals. The following calcium phosphate materials
were studied: biphasic granules of hydroxyapatite (70%) and a-tricalcium
phosphate (30%) with adsorption activity of 118.7 mg/g (GTa-500); three-phase
granules of hydroxyapatite (55%), a-tricalcium phosphate (30%) and B-tricalcium
phosphate (15%) with adsorption activity of 220.5 mg/g (GTa+p-700); two-phase
granules of hydroxyapatite (70%) and B-tricalcium phosphate (30%), doped with
silicon (1.3 wt.%) with adsorption activity of 117.9 mg/g (GT1Kg-2); washed two-
phase granules, hydroxyapatite (72%) and B-tricalcium phosphate (28%), doped
with silicon (1.3 wt.%) with adsorption activity of 229.1 mg/g (GTIKg-700).

Radiologically, the calcium-phosphate ceramics osteo-substitution was
characterized, while comparing with bone defects healing under the blood clot, by
moderate periosteal and endo-osteal reactions only within the bone injury, by
dynamic increase of osteosclerosis phenomenon as a sign of osteogenic processes,
which intensity was higher than the use of ceramics alloyed with silicon with their
higher dynamic biodegradation.

At the same time, macromorphologically, the bone regenerates of compact
bone tissue on the 21st day in the control group were loose, crater-shaped with
massive periosteal growths, when using GTa-500 - bone defects were completely
filled with a large number of ceramic granules, firmly connected to the regenerator,
during moderate periosteal reaction, with GTa+p-700 — the material together with
the newly formed bone tissue formed a monolith and fully integrated with the

maternal bone, with GTIKg-2 — callus was somewhat isolated and was clearly



above the formed bone defect, and with GTIKg-700 — it granules were barely
visible in the bone regenerate monolith, extremely integrated into the maternal
bone tissue without periosteal growths. The macromorphological picture of bone
regenerates in spongy bone tissue was similar.

According to the histo-morphological score, it was found that reparative
osteogenesis in compact bone in rabbits during osteo-substitution with GTa-500 or
GTo+p-700 was accelerated by 1.4 times (p<0.01), with GTIKg-2 — by 1.5 times
(p<0.001), and with GTIKg-700 - by 1.6 times (p<0.001), in spongy — by 1.4-1.5
times (p<0.001), by 1.8 and by 2.0 (p<0.001), respectively. At the same time, the
histo-morphological evaluation of GTIKg-700 was significantly higher by 1.1
times than in the groups with unalloyed ceramics.

It was proved that silicon-alloyed ceramics provides early reaction of
endothelial cells with induction of angiogenesis, fast and high-quality formation of
bone regenerate from spongy trabeculae due to early osteoblastic reaction, formation
in a short time of new compact bone tissue, integrated with the maternal one.

The following regularity of the calcium-phosphate materials influence
degree on the optimal course of reparative osteogenesis in rabbits with model
fractures of cancellous and compact bone was proved by a set of clinical-
radiological, macro- and histo-morphological features: GTIKg-700>GTIKg-
2>GTa+p-700>GTa-500. At the same time, all materials have osteo-conductivity,
the degree of their osteointegration properties is determined by two-phase within
72% hydroxyapatite and 28% p-tricalcium phosphate and adsorption activity
greater than 220 mg/g, and osteo-inductivity is due to the alloying of ceramics with
silicon ions (1.3 wt.%).

It was found that osteo-substitution of bone defects in rabbits by calcium-
phosphate ceramics is accompanied by the elimination of post-traumatic anemia on
the 14th day of reparative osteogenesis, and in the control group - only on the 21st
day. Normalization of the leukocyte response occurs most dynamically with the use
of GTIKg-700, because on the 14th day the number of leukocytes in the blood was
less than in the control group by 1.3 times (p<0.001), and by 1.1 times as compared



with the rest of the experimental groups. In general, thrombocytosis was maintained
during the 21st day in the control and all experimental groups. Its level up to the 7th
day in experimental rabbits was significantly higher than in control ones, meanwhile
in the period of the 14th and the 21st days, it was on the contrary, which indicates a
more dynamic course of platelet reaction during osteo-substitution.

The total protein level in the blood serum under application of calcium-
phosphate ceramics alloyed with silicon in rabbits, on the 21st and the 42nd day
was significantly higher than in animals of other groups, which indicates the
intensity of plastic processes. Changes of Ca, P and Mg levels in blood occurred
within the physiological norm. Thus, on the basis of dynamics of the Ca : P
coefficient, it was established that the consolidation of the fracture is accompanied
by a redistribution of minerals within the bone skeleton. This indicator increases
significantly during intensive processes of osteogenesis, in particular in the
mineralization phase of bone regenerate. Its peak in the control group — 1,7 : 1, was
on the 14th day, i.e. during the inflammatory-resorptive stage of reparative
osteogenesis. In contrast, in the groups with silicon-alloyed ceramics Ca : P index
reached peak on the 21st day — 1,8-1,9, and remained at approximately the same
level until the 42nd day, while in the other groups it was 1,4 : 1.

The dynamics of biochemical bone markers in rabbit blood is consistent with
histo-morphological criteria for reparative osteogenesis. Thus, the level of nitric
oxide is the earliest and longest with the use of ceramic implants, especially
alloyed with silicon, which reflects early angiogenesis. The activity of the bone
iIsoenzyme alkaline phosphatase in control animals testified for late (42nd day)
osteogenesis, with implantation of GTa-500 — for a long-term osteoblastic reaction,
with GToa+p-700 — about its two-stage and elongation over time, with GTIKg-2 —
about long-term, meanwhile with GTIKg-700 — about early and short-term
osteoblastic reaction. Tartrate-resistant acid phosphatase reflects long-term
resorption in the control group, with GTa-500 — early during the inflammatory-
resorptive stage and the period of early osteogenesis, with GTa+-700 — long time
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the period of 7-14 days, and with GTIKg-700 resorption processes are short and
last only during the transition of the inflammatory-resorptive phase into the
osteogenesis stage.

It was found that fragmentary fractures of long tubular bones in dogs are
hematologically and patho-chemically characterized by erythro-cytopenia
(decrease by 1.2 times, p<0.001), by leukocytosis (increase byl.3 times, p<0.01),
hyperfibrinogenemia (increase by 1,7 times, p<0,001), by increased nitric oxide
production (by 1.2 times, p<0,01) and by phosphatase activity (by 1.2-1.3 times,
p<0.01), by formation of pro in flammatory cytokinemia and cytokine imbalance.

It was proved for the first time, that osteo-substitution of such fractures by
calcium-phosphate ceramics alloyed with silicon, according to clinical and
radiological evaluation, reduces their consolidation period on average by 18-20
days. At the same time, osteo-substitution helps to eliminate post-traumatic anemia
and normalize the leukocyte response by the 42nd day, and hyperfibrinogenemia -
by the 21st day. Although content changes of Ca, P and Mg in the blood serum
occurred within the physiological norm and were not reliable, but the dynamics of
the Ca: P coefficient was quite indicative. If in control animals, this coefficient was
dynamically reducing from 1,9 : 1 to a minimum value on the 21st day — 1,4 : 1
and was not restored even on the 60th day — 1,7 : 1, then with osteo-substitution, it
did not fall below 1,7 : 1, and from the 42nd day it reached the indicator of
clinically healthy dogs — 1,9 : 1. Thus, this indicates an extremely pronounced and
prolonged osteo-resorption in the absence of osteo-substitution.

There were established regularities of the reparative osteo-genesis patho-
chemical phase during osteo-substitution. In particular, the level of nitric oxide had
a peak value on the 3rd day, which is an indirect sign of early angiogenesis, in
contrast to only the tendency of it in the control group. Peaks of alkaline
phosphatase bone isoenzyme activity were found on the 12th day, meanwhile in
the control group - on the 21st and 42nd days, in tartrate-resistant - on the 21st day
and throughout the study period. At the same time, the dynamics of the acidic to

alkaline phosphatase activity ratio: the lower it is, the more intensified the



osteogenesis processes, showed that they are earlier and more intense than osteo-
substitution in the period 3-21 days with increased osteo-resorption during the
42-60th days period, which reflects the remodeling of bone regenerate.
Meanwhile, in its absence, there is an imbalance between the processes of
osteogenesis and osteo-resorption, which is permanent, reflecting the extended
period of fragmentary fractures consolidation.

It was also found that bone osteosynthesis in the absence of osteo-
substitution of fragmentary fractures is accompanied by permanent and strong pro-
inflammatory cytokinemia with peaks on the 12th and 42nd day with increase in
IL-1B levels in the blood by 1.5 and 1.8 times (p<0.01), respectively. In the case of
bone fragments replacement with silicon-alloyed ceramics, the level of IL-1p from
the 12th day of reparative osteogenesis and during the following periods was lower
than in the control group. Despite the fact that the peak values of anti-
inflammatory IL-10 levels in blood in the control group were higher, the dynamics
of cytokine index - IL-10 : IL-1p in the period of the 21st day showed almost its
normalization in the experimental group — 1,4 : 1 with norms of — 1,5 : 1 and
control — 1,2 : 1, which is extremely important for the control of osteo-resorptive
induction by IL-1p during the development of osteogenic processes. At the same
time, the level of transforming growth factor-p was by 1.3 times higher (p<0.01) in
animals with osteo-substitution than in the control group, which generally reflects
the optimized course of reparative osteogenesis. In contrast, biphasic
hyperreactivity of growth factor in control animals causes the predominant
stimulation of chondrogenesis.

Thus, osteo-substitution of bone fragments by silicon-alloyed calcium-
phosphate ceramics, along with reduction of the inflammatory-resorptive stage and
acceleration of the proliferative phase of reparative osteogenesis is accompanied
by moderate and controlled cytokinemia and balanced production of growth
factors.

There was substantiated and proposed implantation of calcium-phosphate

ceramics in the composition of hydroxyapatite (72%), B-tricalcium phosphate



(28%) and silicon (1.3 wt.%) for osteo-substitution in case of fragmentary fractures
of long tubular bones in dogs for optimization and acceleration of their
consolidation, which was tested and confirmed by relevant acts of implementation
in a number of small pets clinics in Ukraine. At the same time, it is proposed to
determine the content and ratio of TrKF and KLF in blood serum, as well as Ca : P
coefficient to control the course of reparative osteogenesis with consolidation of
fractures in dogs.

The dissertation materials are being used during the study of disciplines
"General and Special Surgery”, "Traumatology and Orthopedics of Small Animals™
and in research of 6 veterinary medicine faculties and 3 research institutes of
Ukraine, which is confirmed by relevant acts.

Key words: osteo-substitution, reparative osteogenesis, osteo-conduction,
osteointegration, osteo-induction, markers of bone metabolism, interleukins,
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