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Pedepar:

1. Ha manui1 yac iMIIJIaHTOJIOTiS 3aliIMa€ OJHY 3 IIPOBIAHUXK POJIEN [IPU JIiIKyBaHHI [TOLIKOIKEHb OIIOPHO-PYXOBOTO
anapary. Ha manuii yac ojHMM i3 NpiOpUTETHUX MaTepialiB IIPM JIiKyBaHHi e PEKTiB KiCTKOBOI TKAHVHU € METAJIEB]
iMryiaHTaTy. He3Bakaroum Ha Te 110 Ha JJaHMI 9ac BOHU € €TaJIOHOM IIif] YaC BUKOPUCTaHHS HECYYUX KOHCTPYKLiN
Ta BiANOBiAAOTh 6€3J1i4i KpUTEPIiB IpM BUKOPUCTAHHI MaTepiasiB Mif, yac iMIIaHTallii [OBrOCTPOKOBUX
METaJIOKOHCTPYKLiM, BOHM MaIOTh i [IEBHI HEJOJIIKU. 3 YaCOM BUKOPUCTAHHS TaKMX KOHCTPYKLi MOXeE
CYITPOBOIPKYBATUCS (Pi3UYHUM MOAPA3HEHHSIM, XPOHIYHMMMU 3alalbHAMU PeaKILisiMU a60 BUKJIMKATU
F€HOTOKCUYHICTh 4/ KaHL€POTEHHICTh. Bifi Tak, Ipy JaHMX yMOBax, IOTPEOYETHCS IOBTOPHE ONEPaTHBHE
BTPY4aHHSI MiCJIS BiJHOBJIEHHS (PYHKLIiM Ta MEXaHI4YHOI LIiJIiCHOCTI NOMKOPKEHUX TKAaHUH. JIJ1s1 BUPillEeHHs 1aHOi
po6JieMU iMIJIAHTOJIOTII MOTPiOHA po3pobKa 6iogerpanyrounx iMnaanTaris. Ha ganuii 4ac, B IKOCTi

Gioperpanyounx MaTepialiB LOCHIIKYIOThCS 1Ba KJIaCU MaTepiasliB: MoJiMepy Ta MeTaIN. 3HIDKEHHS] MEeXaHIYHUX



BJIACTUBOCTEN MOJIIMEPHUX MaTepiaiiB y (i3iosoriyHux cepeoBuIax pisko 06MexXye ix BAKOPUCTAHHS Y HECYUUX
KOHCTPYKLisl. B maHwuii yac icHye Tpu Buny 6iomerpaayounx MeTatis 3aiiso (Fe), nuHK (Zn) Ta mardiit (Mg).
INoBinpHa WBUAKICTb Jerpasauii Ta pepomartiTHa IpUpoja 3ajiza He J03BoJIMjla MOMY HabyTU LIUPOKOTo
PO3IOBCIOMXEHHS B iMIIaHTOJI0rii. CIlJIaBU Ha OCHOBI LIMHKY, Ha Py 3 ix nepeBaramu, TAKMMHU SIK TPOCTOTA
BUTOTOBJIEHHS YU BiJJICYyTHICTb TOKCUYHOCTI, iICHYIOTb i HEraTUBHi XapaKTEPUCTUKHU, & CAM€ HM3bKA MIlHICTb,
IIJIACTUYHICTD, IO HE JO3BOJISIOTh BAKOPUCTAHHS MOT0 B MiITPUMYOYMX METAJIOKOHCTPYKLisX. Ilo K mo MarHiio,
BiH Ipa€ BaXJIMBY POJIb B CTPYKTYPi KiCTOK, SIK OCHOBHUI KOMIIOHEHT KPUCTAJIIYHOTO TilpOKCUAIATUTY, L0 €
TOJIOBHMM CKJIaIOBMM €JIEMEHTOM KiCTKU. B ToI1 yac, sik uynoBi 6ioMexaHivHi Ta 6iogerpanyodi napamerpu Mg,
110r0 HETOKCUYHICTD IO BiTHOIIEHHIO JO KJIITHH Ta y4acTi iOHIB y IpUIIBUIIEHH] 3aTOEHHS PaH POOJISTD Liel
Marepias NepCeKTUBHUM [J1s1 TIOJAbIINX AOCIiIKEeHb. B Xoni nucepTaniiiHoi poboTu MU JOCIIKyBaju 3pa3kH,
gKi Mogu@ikyBanucs y pi3HUX eJIeKTPOJIITUYHMAX BaHHAX Ta 32 Pi3HOI aHOAYy040i Hanpyru. JlaHi 3pa3ku 6yau
nopisiexi Ha aBa tunu Cl Ta C2, gKki B cBOeMy cKiafi Masnu 1o asa 3paska 200 B, 250 B ta 250 B, 300 B BignosinHo.
[ToBepxHst MopudikoBaHUX Mg iMIIJIaHTATIB XapaKTepu3yBajacs IOPUCTOI0 CTPYKTYPOIO 3 PO3IOLIJIOM IIOP Bif,
CcyOMiKpOHHMX (MeH1Ie 0,5 MKM) 10 TOOJMHOKUX I1OP 3 po3Mipamu Bif 1 1o 5 MkM y po3unHax Cl1 Ta, Bif 1 MKM 10 5
MKM -y po3unHi C2. B TO# 4ac £K 36i7bIIE€HHS HAlPyT¥ 3MEHIIYBaJIO 3arajbHy IOPUCTICTD OJ1s1 000X IPYIL
PeHTreHiBCcbKa eHEproguCepcifiHa CIIeKTPOCKOIiSl IPOJEMOHCTPYBaja HasgBHICTD Si y BCiX 3pa3Kax Ta 3aJIEXKHICTb
KOHLIeHTpauii Bif Hanpyru. OKCUHUH 11ap [10BepXOHb OyB ineHTudikoBanuil npucyrHicTio O y 3pa3kax Ta
HiATBEPAKEHUI KapTyBaHHSIM [IONIEPEYHOTO fepepidy. JocmimkeHHs POTONOMIHICIeHLIii TOTOMOTIIM HaM BUSIBUTH
Oinbl1y KiZIbKiCTb CTPYKTYpHUX Ae(eKTiB y 3pa3kax tuni C2 y nopiBHsHHI 3 Tunnom Cl Ta 3a71€XXHICTb KiJIbKOCTI
IedeKTiB Bif Hanpyru. AHasi3 aHTUOaKTepialbHOI aKTUBHOCTI [I0Ka3aB OiJbIll BUCOKE iHriOyBaHHS OaKTepiasbHOI
agresii y 3paskax Cl. BusHaueHHS TOKCUYHOCTI Ta 6i0CyMiCHOCTi 3 BUKOPUCTaHHSIM KyJIbTYpP KJITUH
MIPOJEeMOHCTPYBAJIO 33/J0BIJIbHY a/ire3ilo Ta npoJidepallilo KIiTUH Ha TIOBEPXHI 3pa3KiB. B xoAi gocmigKeHHS TakoxX
0yJ10 BUSIBJIEHO MiBUILIIEHHS PiBHS TOKCUYHOCTI 3pa3KiB B pe3yJIbTaTi KOPO3ii MOKPUTTIB Ta HAsSBHOCTI CTPYKTYPHUX
nedexkris. [IpoaHanisyBaBIIy ofiep>KaHi pe3yIbTaTH, [J1s1 KiHL@€BOTO €KCIIEPUMEHTY 110 IOCTIiI)KEHHIO B3aeMOJi
iMnIaHTaT-TKaHMHA Ta 6i0CYMiCHOCTI 6yJI0 BiflibpaHo [Ba 3pa3Ku 3 pi3Hux rpym, a came C1250 B ra C2 300 B. B xoni
IOCJiIKeHb AaHi 3pa3ky MPOAEeMOHCTPYBaJIM HasBHICTh aHTUOAKTEPiaIbHUX BJIACTUBOCTEMH, a TAKOXK
IIPOJEMOHCTPYBAJIU FapHi pe3yJbTaTH IIif, YaC TECTY Ha JEeTrpajiallilo Ta BU3HAYEHHSI TOKCUYHOCTI 32 I0IIOMOTOI0
KyJIbTYP KJIITUH. [lo Tpyny NOPiBHSIHHSA YBIMIIIN 3pa3ky 4ucToro Mg 6e3 mopudikatiil. Byso nposeneHo
iMIIaHTAL{Io B HigMIKIPHO-)KUPOBY KJIITKOBUHY JIAOOPAaTOPHUX IIypPiB 3 OAAJIBIIMMY BUBUEHHSM B3a€MOJi
€JIEMEHTIB CIIOJIYYHOI TKAHMHU 3 IIOBEPXHEIO IMIIJIAHTATIB 32 IONIOMOTOI0 TiCTOJIOTIYHUX [OCIIiIKEHb, 5IKi [I0Ka3aau
PO3POCTaHHS CIIOJY4HOI TKAHMHU, YTBOPEHHS OKPEMUX BOTHUIIL TPAHYJIALIMHOI TKAHMHY HA 3aBEPLIAJIbHOMY €Tarli
I03piBaHHS Ta BiICYTHICTb MiCLIEBOTO Ta 3arajlbHOT0 NPO3anajabHOro i TOKCUYHOTO BIUIUBY IPY BUKOPUCTAHHI
3paskiB C2 300 B, B Toi1 yac, sk 3pasku C1 250 B nokasanu NpoTUIEXHI pe3yabTaTi Ha 7-My 100y, a 0 APYroro
3aIJIaHOBAHOTO TEPMiHY y 31 leHb He NOKUJIIO )KOJIHOro mypa. Kpim Toro, iMmyHoOricToXiMiyHMI aHai3 BUSBUB
BiIMiHHI KJIITMHHI BiNIOBiAi MK rpynamu, 3okpema B rpymi C1 250 B nepesakanu M1 makpodaru, a C2 300 B - M2
Makpodaru ta 0SMA+ miogibpobiactu. Lli gaHi cBigyats npo Te, mo Mmogudikauis nosepxsi C2 300 B cpusie 6inbi
CIIPUSITIIMBOMY CE€PEAOBUINY NI 3aKMBJIEHHS TKAHUH, CIIPUSIOUY IPOPEreHePaTUBHIN BinNoBini. Pesynbratu
IOCJIiI)KeHHSI IOBOASITD, 1J0 MarHiesi iMIylanTaTi MoAM(IiKOBaHi IIJISIXOM I171a3MOBOI €J1IeKTPOJIITUYHOI OKCUJalii y
CUJIIKaTHUX PO3YMHAX MAIOTh OJHOPIIHY CTPYKTYpPY ITOKPUTTSI, BOJIOMIOTh AHTUOAKTEPiaIbHMMUY BJIACTUBOCTSIMMU Ta
6iocyMicHi.

2. Currently, implantology occupies one of the leading roles in the treatment of injuries in the musculoskeletal
system. One of the priority materials in the treatment of bone tissue defects is metal implants. Even though they
are currently the standard when using load-bearing structures and meet many criteria when using materials
during the implantation of long-term metal structures, they also have certain disadvantages. Over time, the use of
such structures can be accompanied by physical irritation, chronic inflammatory reactions, or causes genotoxicity
or carcinogenicity. Therefore, under these conditions, repeated surgical intervention is required after restoring
the functions and mechanical integrity of the damaged tissues. To solve this problem of implantology, it is
necessary to develop biodegradable implants. Currently, two classes of materials are being studied as



biodegradable materials: polymers and metals. Significant decrease in the mechanical properties of polymer
materials in physiological environments greatly limits their use in load-bearing structures. Currently, there are
three types of biodegradable metals: iron (Fe), zinc (Zn), and magnesium (Mg). The slow degradation rate and
ferromagnetic nature of iron have prevented it from gaining widespread use in implantology. Zinc-based alloys,
despite their advantages such as ease of manufacturing and lack of toxicity, have some negative characteristics,
notably low strength and plasticity, which restrict their use in load-bearing metal structures. As for magnesium, it
plays a crucial role in bone structure as the primary component of crystalline hydroxyapatite, which is the main
constituent of bone. While magnesium exhibits excellent biomechanical and biodegradable qualities of Mg, its non-
toxicity towards cells, and the participation of ions in accelerating wound healing make this material promising for
further research. We studied samples modified in different electrolytic baths and at different anodizing voltages
during the dissertation. These samples were divided into S1 and S2, which included two samples of 200 V, 250 V,
and 250V, 300 V, respectively. The surface of modified Mg implants was characterized by a porous structure with
a distribution of pores from submicron (less than 0.5 pm) to individual pores with sizes from 1to 5 pm in S1
solutions and from 1 pm to 5 um in S2 solution. While increasing the voltage decreased the total porosity for both
groups. X-ray energy dispersive spectroscopy demonstrated the presence of Si in all samples and the dependence
of concentration on voltage. The oxide layer of the surfaces was identified by the presence of O in the samples and
confirmed by cross-sectional mapping. Photoluminescence studies helped us to reveal a more significant number
of structural defects in samples of type S2 compared to type S1 and the dependence of the number of defects on
voltage. Analysis of antibacterial activity showed a higher inhibition of bacterial adhesion in S1 samples.
Determination of toxicity and biocompatibility using cell cultures demonstrated satisfactory adhesion and
proliferation of cells on the surface of the samples. During the study, an increase in the level of toxicity of the
samples was also revealed due to corrosion of the coatings and the presence of structural defects. After analyzing
the obtained results, two samples from different groups, namely S1 250 V and S2 300 V, were selected for the final
experiment on the study of implant-tissue interaction and biocompatibility. During the research, these samples
demonstrated the presence of antibacterial properties and good results during degradation tests and
determination of toxicity using cell cultures. The comparison group included samples of pure Mg without
modifications. Implantation was carried out in the subcutaneous adipose tissue of laboratory rats with further
study of the interaction of connective tissue elements with the surface of the implants using histological studies,
which showed the growth of connective tissue, the formation of separate foci of granulation tissue at the final
stage of maturation, and the absence of local and general pro-inflammatory and toxic effects at using samples S2
300 V, while samples S1 250 V showed the opposite results on the 7th day, and not a single rat survived to the
second planned term of 31 days. In addition, immunohistochemical analysis revealed distinct cellular responses
between the groups: in the S1 250V group M1 macrophages predominated, and in the S2 300V group M2
macrophages and n0SMA+ myofibroblasts predominated. These data suggest that surface modification of S2 300V
promotes a more favorable environment for tissue healing, promoting a pro-regenerative response. The study's
results prove that magnesium implants modified by plasma electrolytic oxidation in silicate solutions have a
uniform coating structure, have antibacterial properties, and are biocompatible.
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