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Pedepar:

1. Incepranist npucBsYeHa akTyasbHill Ipo6yieMi — CTBOPEHHIO KOMIIO3UTHOTO 6iomarepiasny, 1o 6ioferpanye,
OOI'PYHTYBaHHIO 0r0 BJIACTUBOCTE!N Ta po3po0Li iHANBIIyalbHUX IMIIJIAHTATIB [1711 OCTEOCHUHTE3Y 3
BUKOpUCTaHHSM 3D-1pyKy. Bucoka 4acToTa TpaBM OIIOPHO-PYXOBOi CUCTEMH Ta 3pOCTAHHS iX CKJIQHOCTI Yyepes
BiliHy B YKkpaiHi 06yMOBJII0€ HEOOXiTHICTh IPOBAIKEHHS B KIIHIYHY IPAKTUKy HOBUX TEXHOJIOTIYHUX PO3POOOK
BUTOTOBJIEHHS IMIJIAHTATIB /11 OCTEOCUHTE3Y. l]le MaTMMe 3HaYHY KJIiHi4HY €(PEKTUBHICTb, EKOHOMIUHY

TOLNBHICTb Ta CIIPUSITUME TOKPAIEHHIO SIKOCTi KATTS MallieHTiB. IMNyaHTaTy, sKi 6ioerpanyioTs mics



iMILIaHTAaLil B OpraHi3Mm JIIOJMHY Ta BUTOTOBJIEH] 3 [TOJIIJIAKTUAY Ta COIOJIIMEPIB HA 1OT0 OCHOBI 3aliMaIOTh 3HAYYLIE
MiCTO B opToresii Ta TpaBMmarosorii. Oco6MBiCTIO IIUX M0J1iMePiB € 6i0CYMiCHICTh, OCTEOKOHIYKTUBHICTb Ta
3/IaTHICTb 10 6ioferpajalii 3 HaCTyIIHUM 3aMillleHHSIM JiISIHKY iMIIaHTalii KicTKOBOIO TKaHUHOW0. O HAK
HEBUPILIEHOIO MPO6JIEMOIO € iX HU3bKa MEXaHiqYHa MilHICTb, 0 0OMEXy€e BUKOPUCTAHHS B [IJISTHKAX CKeJIeTa Mif,
HaBaHTAKEHHSM. BupileHHsIM Moe 6yTU po3po6Ka KOMIIO3UTIB HAa OCHOBI MOJIiJIaKTU/AIB i3 IOKpallleHHUMUI
MeXaHIYHUMU SKOCTSIMHU 3aBJSIKY OJABaHHIO € Kajblili-dpocdaTHioi Kepamiky, MaTepiajiB Ha OCHOBI ByIJIeLlO Ta
nosnimepu. OcKizbKyU TpuKanbLiidocdaT Ta riipoKCuIanaTuT CTPYKTYPHO CXO0Xi 3 MiHepaJlbHUMU KOMIIOHEHTaMu1
KiCTKOBOI TKAHWHU JIIOJIMHY, B Hallliil pOGOTI MU 30Ce€peauInCs Ha KOMIIO3UTaxX, CTBOPEHMX Ha OCHOBI

[OJIIaKTU / TpUKasbLifihocdaT /rinpokcunanatut. s skocTi GikcaTopiB BaKJIMBOIO € TEXHOJIOTIS
BUT'OTOBJIEHHS, OCOOJIUBO SIKIIO Lie JACTh 3MOT'y BUTOTOBJISITY IMIJIaHTATU Pi3HOI GOPMU Ta PO3MipY iHAUBIIyaIbHI
L7151 KO>KHOrO naujieHTa. Takolo TEXHOJIOTi€0 € IpyKyBaHHs Ha 3D npuHTEpi, a 6araTo iMIIJIAaHTATIB, IO IPYKYIOTh HA
3D-nipuHTEpi, MaIOTh B OCHOBI IIOJIIAKTUIN. Y PE3YJIbTATi IPOBEAEHOTO SOCIIAKEHHS CTBOPEHO KOMIIO3UTHUMI
6iomarepian Ha ocHOBi nosinakruay (PLA), rinpoxcun anatuty (I'A) ta Tpukansuifidocdary (TKD) ta nposeneHo
€KCIIEPMMEHTAJIbHI JOCJiIpKEHHS MOT0 BJIaCTUBOCTEN. Ha nifcTaBi po3paxyHKiB BEJIMYMHU MOJYJIS IPYKHOCTI
KOMITO3UTY 3 MOJIIJIAKTUAY 3 Pi3HUM BiICOTKOBUM BMicTOM Kasbliiii-ocdaTHoi kepamiku Bif 10 go 50 % 6ys0
IOBEIEHO, 110 ONITUMAaJIbHUM € ckiaf 70 % nosinaktuny, 20 % Tpukansuifidocdarty i 10 % rimpokcuianatury, SKAn
i 6y710 BUKOPUCTAHO Y NOJABIIOMY AOCiIpKeHHi 111 3D-1pyKy TexHoiorielo FDM (romapose HanjlaBIeHH).
[IpoBeneHo JOCIiIKEHHS 6i0CYMiCHOCTI Ta TOKCUYHOCTI HOBOTO KOMIIO3UTY 3 TOJIIJIAKTUY Ta KaylbLil-(pocdaTHOI
KepaMiku in vivo y mypiB npotsirom 180 1i6. Ha 0CHOBI ricTo/10ri4HOro aHasi3y TKaHUH (TOBLIMHA KAICYJIU HaBKOJIO
IMIIJIAaHTATIB; WiNbHICTb KIIITUH Ta iX GPEHOTUII; BiCYTHICTb KIIITHH 3allajleHHs]; CTaH KalliJspiB) HaBKOJIO
iMIIJIAaHTOBAHUX AMCKIiB 3 KOMIIO3UTY B IiAMKIPHO-XMPOBY KJIiTKOBMHY MiATBEPAKEHO HOro 6iocymicHICTb Ta
IIOCTYTOBY Herpagaiio 3 90 no6u micss imnanTauii. [TokazaHo BiICYTHICTb TOKCUYHOTO BIJIMBY HA (PYHKIIiI0 HUPOK
Ta IeYiHK1 HOBOTO KOMIIO3UTY Ha OCHOBI 6i0XiMiYHOro aHasi3y y cCMpoBarTiii KPOBi IypiB TaKMUX ITOKa3HUKIB, SIK
aslaHiHaMiHOTpaHcdepasa, acnapraramiHoTpaHcdepasa, ramma-TiayTaminrpancdepasa, 6inipybiH, KpeaTuHiH,
ceyoBrHa. OLiHEHO OCTEOIHTErPATHUBHI SIKOCTi PO3PO6JIEHOTO KOMIIO3UTY IiCJIs iMIIJIAHTALlil B AMPYACTAN JeeKT
MeTa@isy CTerHoBUX KiCTOK 1ypiB 3D-HagpyKoBHUX mTH(IB poTsarom 180 1i6. BcTaHOBIEHO BULLIMI iHIEKC
octeoinTerpauii y IrTuTis 3 KOMIIO3UTY [IOPIBHSHO 3 YUCTUM IOJIaKTUAOM NounHawouu 3 30 nobu (47,9+ 2,13 %
npotu 27,8+ 2,25 %) Ta 30epeXeHHsIM Liei pisHULi [0 KiHLs ekcriepuMmeHTy Ha 180 noby (82,0 + 2,07 % npoTu 66,1 +
3,4 %), Konu 1el NoKa3HUK OyB Bulle B 1,7 pa3u Ta 1,2 pa3u BignosigHo. Ha 180 no6y iMnsiaHTaTu B KiCTKOBOMY
nedexkri 36epiranu Gopmy, 0 CBIIYUTE PO MOKJIMBICTD iX JOBrOTPUBAIOro BUKOpUcTaHHs. Tak caMo, sK i y pasi
iMIIJIaHTaLii JUCKiB, IepebyBaHHs IPOTITOM POKY IITUQTIB y opraHiamMi mypiB nif yac pereHeparii KicTku Ta ii
PEMOJIeJII0BaHHS HE MaJI0 TOKCMYHOTO BILJIMBY 3TiIHO 3 aHAJi30M 6i0XiMiYHMX MapKepiB E€YiHKU Ta HUPOK. B
yMoBax ¢ikcallii HaKiCTKOBOIO IJIACTUHOIO 3 KOMIIO3UTHOTO Marepiany Ha ocHOBi PLA npotsrom 180 1i6 nokasano
BiICYTHICTb leCTPYKTUBHUX 3MiH y niepiocTi (oKicTi) Ta KopTekci niadisy cTerHoBoi KicTKU KpoJiiB. JJocigKeHo
MEXaHi4uHi B1aCTUBOCTI 3D-HaipyKOBaHUX IIJIACTHH [1JI HAKICTKOBOTO OCTEOCHHTE3Y Ta IMIIAHTATIB i3
PO3p06JIEHOr0 KOMITO3UTY Ha OCHOBI MOJIIAKTULY. Y pe3ysbTaTi pO3paxyHKiB BUSIBJIEHO, 10 IIJIACTUHU 3
MIOJIIJIAKTHY € 3aHAJTO M'SIKUMU i1 MaloTh OyTH BTPHUYI TOBIIE 32 TUTAHOBI /1J1s1 3a0€3[1eYeHHsI aHaJIOTiYHO]
SKOPCTKOCTI pikcariii.

2. The dissertation is devoted to the urgent problem of creating a biodegradable composite biomaterial,
substantiating its properties and developing individual implants for osteosynthesis using 3D printing. The high
frequency of musculoskeletal injuries and the increase in their complexity due to the war in Ukraine necessitates
the introduction into clinical practice of new technological developments for the manufacture of implants for
osteosynthesis. This will have significant clinical effectiveness, economic feasibility and will contribute to
improving the quality of life of patients. Implants that biodegrade after implantation into the human body and
made of polylactide and copolymers based on it occupy a significant place in orthopedics and traumatology. The
peculiarity of these polymers is biocompatibility, osteoconductivity and the ability to biodegrade with subsequent
replacement of the implantation site with bone tissue. However, an unresolved problem is their low mechanical
strength, which limits their use in areas of the skeleton under load. The solution may be the development of



polylactide-based composites with improved mechanical properties due to the addition of calcium phosphate
ceramics, carbon-based materials and polymers. Since tricalcium phosphate and hydroxylapatite are structurally
similar to the mineral components of human bone tissue, in our work we focused on composites created on the
basis of polylactide /tricalcium phosphate /hydroxyapatite. The manufacturing technology is important for the
quality of the retainers, especially if it will allow the manufacture of implants of different shapes and sizes,
individual for each patient. Such a technology is 3D printing, and many implants printed on a 3D printer are based
on polylactides. As a result of the research, a composite biomaterial based on polylactide (PLA), hydroxylapatite
(HA) and tricalcium phosphate (TCF) was created and experimental studies of its properties were conducted. Based
on calculations of the modulus of elasticity of a polylactide composite with different percentages of calcium
phosphate ceramics from 10 to 50%, it was proven that the optimal composition is 70% polylactide, 20% tricalcium
phosphate and 10% hydroxylapatite, which was used in further research for 3D printing using FDM technology
(layer deposition). A study of the biocompatibility and toxicity of a new composite of polylactide and calcium
phosphate ceramics in vivo in rats for 180 days was conducted. Based on histological analysis of tissues (capsule
thickness around implants; cell density and their phenotype; absence of inflammatory cells; condition of
capillaries) around the implanted composite discs in subcutaneous fat, its biocompatibility and gradual
degradation from day 90 after implantation were confirmed. The absence of toxic effects on kidney and liver
function of the new composite was shown based on biochemical analysis of such indicators in rat blood serum as
alanine aminotransferase, aspartate aminotransferase, gamma-glutamyltransferase, bilirubin, creatinine, and urea.
The osseointegration properties of the developed composite were evaluated after implantation of 3D-printed pins
into a perforated defect of the femoral metaphysis of rats for 180 days. A higher osseointegration index was
established in pins made of the composite compared to pure polylactide starting from day 30 (47.9+ 2.13% versus
27.8+ 2.25%) and this difference was maintained until the end of the experiment on day 180 (82.0 + 2.07% versus
66.1 + 3.4%), when this indicator was 1.7 times and 1.2 times higher, respectively. On day 180, the implants in the
bone defect retained their shape, which indicates the possibility of their long-term use. As in the case of disc
implantation, the presence of pins in the rat body during bone regeneration and remodeling for a year did not have
a toxic effect according to the analysis of biochemical markers of the liver and kidneys. Under the conditions of
fixation with a bone plate made of a PLA-based composite material for 180 days, the absence of destructive
changes in the periosteum (periosteum) and cortex of the femoral diaphysis of rabbits was shown. The mechanical
properties of 3D-printed plates for bone osteosynthesis and implants made of the developed polylactide-based
composite were studied. As a result of calculations, it was found that the plates made of polylactide are too soft
and must be three times thicker than titanium to ensure similar fixation stiffness.
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InenTudikarop ROR:

CeKTop HayKH: AkafemivyHui1

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH
BaacHe IlpizBume Im'st I1o-6aTbKOBI:

1. Byp'saHoB OsiekcaHIp AHATOJINOBAY

2. Oleksandr A. Buryanov

KBasigikamis: n.men.n., npodecop, 14.01.21
InenTudikarop ORCHID ID: 0000-0002-2174-1882
JoaparkoBa iHpopmanist: Scopus Author ID: 57221688592

IloBHe HaiMeHYBaHHSI IOPHUAUYHOI 0COOHM: Haujonanbuuii menuynuii yHisepeurer imeni O. O.

boromosbiis

Kopg 3a €IPIIOY: 02010787

Micue3Haxoo KeHHS: 6yibeap Tapaca Illesyenka, Kuis, 01601, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHiCcTepPCTBO OXOPOHH 3/10POB's YKpaiHu



InenTudikarop ROR:

CeKTop HayKH: YHiBEepCUTETCHKUI

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Yopuui Bagum MukosiaiioBuy

2. Chornyi Vadym M.

KBasigikamis: 1. men. H., nouenrt, 14.01.21

Inentudikarop ORCHID ID: He sacrocosyerbes

JoparkoBa indopmamnist:

IToBHE HaﬁMeHYBaHHﬂ IOPUIUYHOL 0CO0H: 3anopisbkuii iep>kaBHUI MeIUKO-(apMaIeBTUIHUT

yHiBEpCHUTET

Kopg 3a €IPIIOY: 45030873

Micue3HaxoaKeHHS: np-T MaskoBcbKoro, 3anopixoks, 3anopisbkuii p-H., 69035, Vkpaina

dopma BracHOCTI: JlepxaBHa
Cdepa ynpassiHHS:
InenTudikarop ROR:

CexTop HayKH:

PeuenseHTu

VIII. 3akiar04Hi BimoMocTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3aCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 3a PEECTpalLilo HayKoBOi

OisIIBHOCTI

boupmapenko CraniciaB €BreHOBUY

dininenko Bosogumup AKUMOBUY

Craypne Bosogumup AHaTosinoBA4

Opuenko TersiHa AHaTosIiBHA

FOpuenko TetsaHa AHaTosiiBHA



