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3axwuct BinOygerbes «21»_nucronaga 2025 p. o6 11.30 nHa 3acigauni
cnenjanizoBaHoi BueHoi pamu JI 64.607.01 J[lepxaBHoi ycTaHOBH «IHCTHTYT
naronorii xpebta Ta cyrno6iB imeni npogecopa M. I. Curenxa HamionanbHoi
akazemii MmenuuHUX Hayk Ykpainm»y (61024, m. Xapkis, Bys. I'puropis CkoBoponu,
80).

3 gawMcepTaliclo MOXHa o3HaWoMuTHCS B 6i6mioteni Jlep:kaBHOi ycTaHOBH
«IHcTutyT naronorii xpebra Ta cyrio6iB imeHi npodecopa M. 1. Curenka

HaujoHansHOi akagemii MeqndaHux Hayk Ykpainm» (61024, m. XapkiB, ByJ1. I'puropis
CkoBopoan, 80).
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AKTyagapHicTh TeMM. BiCOTOK TpaBM OIOPHO-PYXOBOI CHCTEMH Mocinae
Jpyre Miclie [OMDK NpPHYHUH TPaBMaTu3My i TPeTe Micue cepen XxBopob, ski
IpU3BOAATE 10 iHBanizHocri nopocioro Hacensenus (Cieza A. Ta in., 2021). Uepes
akTiBHI OolioBi Jii B YKpaiHi cepeJl BCIX BEPCTB HACEJEHHS 3pOCiIa 4acToTa TPaBM
KICTOK KiHUIBOK, IO ITOTPEOYIOTH XIpYPriqHoro jikyBaHHs Ta PEKOHCTPYKLii. Yepes
CKJIQIHY TeoMeTpito Je(eKTiB KICTOK, Kl YTBOPIOIOTHCS MicHs MiHHO-BUOYXOBUX abo
BOTHENAJILHUX [OPaHEHb € N0Tpeba y BUTOTOBICHHI IHAMBI YA bHUX IMIUIAHTATIB 32
Joriomoroto 3D-1pyKky sik Juist 3aroBHeHHs aedexTi, Tak 1 and ¢ikcauii Bizyiamkis
kicrok. Takwmil migxin 3a paxyHOK BMILOT TOYHOCTI MaTHME 3HAUHY KIiHIYHY
S(PEKTUBHICTD Ta EKOHOMIYHY OOI'PYHTOBAHICTH, CIIPUSIIOMH CYTTEBOMY IIOKPALLEHHIO
AKOCTI YKUTTSA MAUi€HTIB.

Oproneauani iMILIaHTATH 3adMaioTe ocobiuBe Micue sK Yy KiiHiyHid
npaxTuui, Tax i B GioMeauunii mpomuciosocti. Lis ranyss MEAHLHHE PO3BHBACTLCS
3 Haj3BuyaiHowo mBuaKicTio. Haiibineie 3auikaBieHHs BUKAMKAIOTh iMIaHTaTH 3
marepianiB, 3aaTHHX OlozerpayBaTH Tc/s IMIJIAHTAL] B OPraHi3M JIOIMHHM, Yepes
BIICYTHICTE HEOOXIAHOCTI OBTOPHOIrO XIpYprivHOro BTPYHaHHS IUIs IX BUIAJICHHS
(Alizadeh-Osgouei M. Tta in., 2018; Narayanan G. Ta in., 2016), 30kpema LIsXOM
NOLIYKY MaTepiajy 3 CHHXPOHI3ali€l0 skocTed «bioferpajalis — KiCTKOYTBOPEHHSD).
Taxumu MatepiagaMu MOXKYTh OyTH TIONiMepH, IO 3xatHi xo OGlomerpaxauii micas
iMmadTanii Ta BKEe BHKOPUCTOBYIOTHCS Yy KICTKOBIH Xipyprii: nosiruikonin,
nonitaktay abo mosiMonodyHa kucnorta, conosimepu noainaktun (PLA) Ta
nosirmikonix  (PLGA, pi3HOTO  CIIBBIIHOIUEGHHS), TIONITIOKCAHOH, TPOITLIEH,
nonicyiaspor ta nonikapbomar (Narayanan G. Tta id., 2016). Cepex uux s
CTBOPEHHsI KICTKOBHX IMIUIAHTATIB Haluactilue BukopucToByioTh PLA ta PGA,
ocobnMBicTIO sIKMX € OGiomerpajawis B AUBIHOE iMIUTaHTauii, 6iocymicHicTs Ta
octeoinTerpaTusHi sixocti (Agarwal R. rta in., 2015; Li G. ta in., 2020). Ipore
CBHHTH Ta IUIACTUAM 3 [UX I[IOJIMEPIB MarOTh HWKYY MIUHICTH IOPIBHAHO 3
METaleBUMH  IMIUIaHTaTaMu. [lepCHeKTHBHHM  HANpIMKOM JUJIs  CTBOPEHHs
KOoMIT03HTIB Moxke Oytu mnoemuanns PLA Tta xkepamiudoro Oiomarepiany, 30Kpema
tpuxansiifibochary (TKD), sgxnii cnpuse (GopMyBaHHIO KICTKOBOI TKAHUHM B
ymopax perenepauii (Eisner S. Ta im., 2021; Nandi S. K. ta iu., 2018), abo
rinpoxcrranatatoM (I'A) (Beig B. Ta iu., 2020) Ta nigsuinye minnicts (Fairag R. ta
1., 2021).

Pospobxa Tta oOrpynryBanus npuctpois s (Qikcawii nepenomis 3
KOMITO3UTHUX MatepiajiiB, 1o Oiope3opOyioTh, y rMoeaHaHHI 3 OiOAKTHBHOIO
KepaMiKow — MepCrieKTHBHAN HanpsMoK B opromexil Ta Tpasmaronorii (Alonso-
Ferndndez I. Tta in.., 2023). Kpim Toro, Bukopucranas 3D-npykoBaHux iMInaHTaris 3
TaKUX MaTepiajiiB MOXe MaTH JEeKiIbKa Mepesar, a came, YHUKHCHHsS HeoOXiAHOCTI
TIOBTOPHOTO XipypriuHOro BTPYYaHHS Ul BUIQICHHS IMILIAHTATIB, MOXUIMBICTD
IHAMBIAYANBHOIO CTBOPSHHS KOHCTPYKIH Ans narienTta, Mexarnivda ctabinsHicTs Ta
Bucoka GiocymicHicTs. Bpaxosylous 1ie o0pana TeMa € akTYaIbHOO JUIsl TIONAIbIHUX
po3pobok B i ranysi.

3p’s130k  po0OTH 3 HAYKOBHUMM MNpOrpamMaMH, TLIAHAMH, TeMaMu.
Huceprauiiina pobota BUKOHAHA 3riHO 3 I[UJIAHOM HAYKOBO-JOCHIHUX pOOiT
xadenpu TpaBmarosiorii, asectesiogorii Ta BificekoBoi Xipyprii XapkiBcbkoi
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MeauuHoi axaxemil micisauruioMuoi ocsitu MO3 Ykpaiun, HAP «KomriekcHa
JiarHOCTHKA 1 JIKYBAHHA YIIKODKEHD (XONONOBUX, BOTHENANBHUX Ta 1HUIHX) M SKUX
TKAaHWH JIOAMHH B yMOBax JjokainbHuUX OoWosux aii» (JIP Ne 0119U101371).
Ocobucrnit Brecok 3xo0yBava mossirae B po3pobii Ta JOCHIPKeHHI KOMIIO3UTHOrO
marepiany.

Mera pocaimxenns: ExcnepuMenTtanbHe OOIPYHTYBaHHA MOKIHBOCTEH
BHKODUCTAHHS 15 OCTCOCHHTE3Y HAKICTKOBHX MJIACTHH 1 BHYTPINTHBOKICTKOBHX
dixcaropis, nHaxpyxosaunx Ha 3D mpusTepi 3 po3pobGNEHOTO KOMITO3HTHOTO
marepiany Ha ocHoBi PLA.

3aBaaHus JOCHIKEHHSI:

1. TlpoauwanizyBary HaykoBY JHTEpaTypy Uil BH3HAUECHHA HEBUDIIEHHX
NUTaHb 100 pPO3pOOKH Ta BHKOPUCTAHHS Martepianmis, o Oiojerpamyrors, y
opronenii Ta TPaBMaTosorii. ‘ \

2. Po3pobutn HOBHI CKjaj KOMITO3UTY Ha OCHOBI MONiNakTHQy 3
FAPOKCUJIATIATHTOM Ta TprKansiifocdaToM 3 ypaxyBaHHAM MOIYJIs IIPYKHOCTI Ta
MOSKJIHBOCTI OAAIBIOro 3D-ApyKy. L= "

3. Ouinutn 6Gi0CYMICHICTH CTBOPEHOTO KOMIIO3MTY Y MOJENI MiAIIKIpHO]
iMITIanTall (7 vivo Ha OCHOBI aHANI3Y NIOKAIBHMX Ta CUCTEMHHX 3MiH Y L1ypiB.

4. JlocniuTH OCTEOIHTErpaTHBHI BJACTUBOCTI KOMITO3HTY ITicis iMnnanTauii
y gipuactuit  jedexr wmeradizy crerHoBOi KICTKM IHMYpiB 3 BMKOPHCTaHHSM
FiCTONOTIMHOTO Ta GIOXIMIYHOT0 METOIB.

5. OuinnTH JIOKaJbHY PEaki{ifo OKiCTS Ta CUCTEMHUH BIUTMB Ha OpraHizm
kpostiB 3D-HaIPyKOBAHOT IUTACTHHY 3 KOMITO3UTY 3adikcoBaHO] Ha CTErHOBIH KicTwi.

6. Busnauwtn onTuManbHy ToBIMHY 3D-HanpykoBaHOl mnacTHHH 3
KOMITO3HTY Aast Minmoi (ikcawii 3ajexHo Bij pIiBHS HABaHTAKEHHS LIISIXOM
MaTeMaTHYHUX PO3PAXYHKIB Ta MEXaHIYHHX JOCIIKEHb.

7. PospaxysaTd O30 HaBaHTOKEHb Yy MareMaTHuHiH MoIeni nepejoMmy
HUWKHBOT TPETHHH TOMIIKH JMOJAMHW Y pasi HakicTkoBol Qikcauii nmacTuHoo 3
KOMIIO3UTY TIOPIBHSIHO 3 IHIUMMH MaTepiajaMi Ta 3aJeXHO Bij foxamizauii
¢ikcaropa. .

8. Tlepepipntn wmiumicts dikcamil aiadizapHoro mnepemoMy y Kpodjis
TUIACTHHOIO 3 KOMIIO3UTY 3aJIXKHO Bil TEPMiHY CIIOCTEPEXEHHs IUIAXOM aHami3y
BUTHHY KiCTKH IPH HABAHTAYKEHHL. |

06 exkm docaidxcenns - po3pobka Ta BUKOPHCTAHHS KOMITO3UTHOTO Marepiany
Ha OCHOBI MOALIAKTUIY Ta Kanabilif-GocdaTHol KepaMiky A OCTEOCHHTESY.

Ilpeomem  OQocniowcennss  —  BIOCYMICHICTD, OCTEOIHYKTUBHICTS,
OCTEOKOHIYKTHBHICT, MEXaHiyHi BIacTHBOCTI Ta e(EeKTHBHICTH KOMIIO3HUTHOI'O
Marepiany sk HaKiCTKOBOT rracTiuy abo BHYTPIITHBOKICTKOBOIO (ikcaropy.

Memodu Oocnioxcenns: €KCICPUMEHTAILHE MOIENIOBAHHS Y TBApUH; METOX
citnoBoi  Mikpockomii;  ricromopdomerpis;  OioxiMigHuH  aHami3  KpoBi;
pospaxyHkoBuif; Mexaniuymmil; GioMexamiyHmil; MeTON KIHLIEBHX E€JIEMEHTIB;
CTATHCTUYHI METOJH.

HaykoBa HOBU3HA OTPHMAHHX pPe3yJbTaTiB. YTepIle CTBOPEHO HOBUH
KOMITO3HT 3 AKOCTAMH Giozierpaiaiiii Ha OCHOBI TIOJINAKTHIY, TPHKAIbLiHpochaTy Ta
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rigpokcunanaruty B cnissigHomenni 70:20:10 aas 3D-apyky Ta eKCHepPHMEHTAILHO
OOIDYHTOBAHO — MOMUIMBICTE ~ HOrO  BUKOPMCTAHHS  JUIS  OCTEOCHHTE3Y.
ExcriepuMenTaibio  BCTAHOBJNEHO, IO Led kommnosut € Giocymicuum Ta
HETOKCHYHHUM, MA€ Kpallli OCTEOIHTErpaTUBHI SKOCTI Hi MONINAKTHI, HE CIIPUYUHSIE
JECTPYKTHBHUX 3MIH Y OKICTi in vivo.

Ynepuuie J0BeneHo, 10 HAKICTKOBI IIACTUHKH 3 HOBOTO KOMITO3UTY MOXKIHBO
JPYKyBaTH TOHIIAMHE B 1,8 pasd HiX 3 MONITAKTHAY 32 PAXYHOK IX BHILOI MillHOCTI
Ha 3THH, W0 320e3MeYnTH AHAIOTIYHY JKOPCTKICTh (ikcallii sSIK TUTAHOBA MIACTHHA
Juis mamienris Barow Big 50 mo 120 xr. Biomexapiuno TATBEPIKEHO, 1O i
nacTHHM 30epiraloTh CBOT MOYATKOBI MEXaHiuHi BIACTMBOCTI NPOTArOM YChOTO
TEPMIHY 3pOLICHHS TEPeJoMy CTEerHoBOi KiCTKM Kpomis, a ix 6iojerpanauis
TIOYUHAETLCS 3 3 Micaus 6e3 TOKCHYHOro BIUIMBY Ha (DYHKUiK0 HHPOK Ta MEYiHKH Ta
CYTTEBOI BTPATH MILIHOCTI 33 PiK CIIOCTEPEIKEHHS.

Ynepine BCTaHOBIIEHO HA MATEMATHUHIN MOJEN TIepesioMy Y HIDKRIM TpeTnui
BEJIMKOTOMINIKOBOT KICTKM JIOJWHM, LIO0 BHKOPMCTaHHS HAKiCTKOBOI ILIACTHH 3
HOBOrO KOMITO3HTY JUlst (pikcallii IepesioMy CIpHsiE 3HHKEHHIO HATIPYKEHHS Ta HOTO
PIBHOMIPHILIOMY PO3IIOLNY HE3AJeKHO BiJ BULY HABAHTAXKEHHS (KPYYEHHS, CTHCK,
3TWH) y KicTii Gins nepenoMy Ta (ikcyBalbHUX TBUHTAX, HiK CTAHJAPTHA THTAHOBA
TIACTHHA, 32 PaxyHOK OiNbll CHOPIJHEHOI 1O KOPTHKAILHOI KiCTKHM NPYKHOCTI
KoMno3uTHOro Marepiany (19,91 Mila).

[IpakTHyune 3HAYCHHS OTPHMAHKX pesysibTaTis. Po3pobienuii koMnosuT Ha
ocHoBi PLA, 3 BKmoyeHHAM TpuKambLiiipocdaty Ta rigpokcumamatMty |y
crissinomenni 70:20:10 ¢ Giocymicuum, GiOpO3KIANAHUM, HETOKCHYAMM, MAe
BIAOBIAHY /U4 JIOBrMX KICTOK MeXaHi4Hy MiUHICTh Ta TpujaTHuil 1
BUKOpuctanuss B 3D-mpyni pisuux iMmnantatie Ta BUpOGIB 1S OCTEOCHHTE3Y.
Buxopucrauns HOBOro koMrosuty Gyje eKOHOMIYHO e(DEeKTHBHHM, TOMY 110 HOro
KOMIIOHEHTH € HEJOPOrUMU Ta JOCTYITHHMHM, sIK i Bukopucrasa jus 3D-apyky
Texnonoris FDM (nowrapose Haruiasiients). OCHOBHHH CKJIQNOBHIl KOMIO3UTY —
noJiMONOYHA KUcnoTa ab0 NONINAKTHI Bie TPYHTOBHO NOCHIUKEHHH KIiHIUHO,
HexaHueporenund Tta OGesnevnud. Joxarkosi komnodentu (tpukansuiiidocdar,
TIJIPOKCHNANATHAT) TAKOXK KAiHIYHO JOCHDKeHi Ta  Bigomi sk AKTUBATOPH
(opmysanns kicTkoBoi TkanuHd. 3D-HaapyKoBani WTH(TH 3 KOMIO3HTY MOKa3aIl
BUCOKI OCTEOINTIerpaTHBHi sIKOCTI y pasi BHYTPilIHLOKICTKOBOT iMILmanTaiii vy
Metadis CTernoBOi KiCTKM 1MypiB, L0 MIATBEPIIKYE MOMIMBICTH iX YCHILIHOTO
3aCTOCYBaHHs /il 3all0BHEHHS Ae(eKTiB NOBruX KiCTOK y KuiHiyHMX ymosax. 3D-
HAJPYKOBAHI HAaKICTKOBI IUIACTHHHM, sKi IepeBipeni Ha MilHiCTh Ta MAaioTh
BU3HAYeHHI TepMin Gioferpanamii, 1o JOCHIKEHO B yMOBAX IIEPENOMY CTErHOBOT
KICTKH y KPOJIB Ta 3 BHKOPMCTAHHSM MATEMATHYHOTO MOJENIOBAHHS TEPENOMYy Y
JIHOJIMHH, MOXKYTh OyTH BUKOPHCTaHI Iyisi ocreocunTesy. Brmoyenns 20 % TK® rta
10 % I'A 'y xomnosuTruit marepian va ocroBi PLA ninsuiununo mingicts marepiany
BOZIHOYAC 3i 30epeimeHHs M HIKIOro MOAYIIO IpykHOCTi Mmatepiany (19,91 I'lla),
OlIbII CXOXKOr0 HA MOKA3HUK KICTKH HIX THTAH. OO6rpyHTOBaHO, WO Takuil BMict ['A
ta TK® 'y xommosutHoMy Martepiani Ha ocmosi PLA  gosBonse iioro
BHKOPHCTOBYBATH JJISI TPUBUMIPHOIO APYKY.

OcoGucriii BHecox 3100yBa4a. ABTOPOM CTBOPEHO KOMIIO3WTHUIT MaTepiai
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mHa ocuoBi PLA, TK® 1a I'A y cnisgiggomenni 70:20:10 ta 3anpornoHoBaHo
BHPOGHUITBO  IMIJAHTATIB i3 KOMNO3SHTHOTO — Marepiajy 3a  JIONOMOroio
TpuBuMipHOro zpyky Ha 3D npmuTepi 3a Texnomorieio FDM (n.mnapqae
HATIAABACHHA). ABTOPOM CHCTEMATH30BAHO Ta MPOAHAI30BAHO BCI JaHi, OTPHUMAHI y
pesynbTaTi aucepTauiiHOro IOCHiKeHHS. ABTOp 6paB ydyacThb Yy BHKOHaHHi
fioMexaHiYHMX AOCHIPKEeHE sl OOIpyHTYBaHHs MIUHICHMX Ta MeXaHIYHHX
BracTuBocTel immaauTaris B Jjaboparopil Giomexanixu Y «IHctuTyT maronorii
xpebra Ta cyrnobis im. npod. M. 1. Carenka HAMH VYxpainn» 3a KOHCYTbTaATHBHOL
JIoTIOMOTH  HaykoBuX cmiepoGitHukie Specbka O. B., Kapmincexkoro M. 10,
Kapnincekoi O. JI. OcofHcTo aBTOPOM NTPOBEIEHO eKCIEPUMERTATEHE JOCIIKEHH S
Ha rypax Ta Kposysx B BiBapii XapkiBchkoi MenuuHOi axajemil MHCIsAHILTOMHOT
oceitn MO3 Vkpainu. Ticronoriuni mocmimpkenHs 3 asamisy GiocymicHocTi Ta
OCTEOIHTETPATHBHUX BJACTUBOCTEN CTBOPEHOrO KOMIIO3UTHOIO MaTepiany aBTopoM
NIPOBE/IEHO 33 KOHCYJILTATHBHOI JOMOMOry mpodecopa, JokTopa Gionoriynnx Hayk
Jeayx H. B. Bioximiuni JOCHiDKEHHS CHPOBATKY KPOBI TBAPUH aBTOPOM BUKOHAHO
33 KOHCYNBTATHBHOI JOMOMOTH 3aB. BIUIUIOM KIIHIMHOI IIaTHOCTHKH Ta iMyHOJIOTIi
xanauaaTa 6ionoriyaux nayk Jleonreesoi @. C.

Anpobanisn  pesyJabraTiB  AOCHKEHHS.  Pe3ynsTaTH  MOCHIDKEHHS
ONPUIIOAHEH] HA MDKHAPOAHIH HaykoBo-TpakTHUHIH Kondepennii «Meauuni Ta
(papmaneBTHYHI HayKM: aHali3 cydacHocTi Ta Mporxos maibyrweoro» ([lxinpo,
2017); mixnapoaniil Haykoso-npakTuuniil Koudepenuil «Hosi nocarsenns y ranysi
meauunux Ta (papMauesrnaunx Hayky» (Oneca, 2017); nm’atilf HayKoBO-TIpaKTHYHIH
kondepeniii «Akryanbhi nuTaHHA rnaronorii cyrmoGiB Ta EHAONPOTE3YBAHHS
(Banopincokst, 2020). '

Iy6aikanii. 3a Temoro auceprauii omy6ikosano 14 RaykoBUX 1pallb, 13 HHX
11 crareit y maykosux (axoBuxX BuJaHHsX, 3 poGoTu y Marepiamax HayKOBHX
KOHbepeHIii.

Crpykrypa Ta ofcar auceprauii. Jucepramiiine nOCHIIKEHHS BHKITajieHe
YKpaTHCBKOX0 MOBOKO Ha 155 cropinxax npykosaHoro texcry. Pobora micTuTh BETYM,
aHaniTMYHMI orngn Jiteparypu, posmin «Marepian Ta METOIM», HOTHPU PO3IMiIH
Pe3yNLTATIB JOCHAIIDKEHHS, BHCHOBKM, CIMCOK BHKODHCTAHUX JUKepes, NOJATOK.
Pobora mnpoimocrposana 44 pucyskamp Tta Mictate 23 Tabmaui.  Crimcok
BUKOpHCTAHUX Jukepen wmictuts 167 pobir, 3 sikux 27 kupummuew Tta 140
JIATHHHLETO.

OCHOBHHM 3MICT POEOTH

Marepiaia i meroam. Biomamepian euxopucmanuii 011 Opyky. Immianrari
(nmckn, wTH(TH, IUIACTHHA) BUTOTOBIEHO HuLIxoM 3D-1pyky 3a TexHosnorieilo FDM
(nomapose narasnenus) #a 3D-npuatepi Ultimaker Original Plus (Ultimaker,
Netherlands) 3 wmwaxictio apyky 40 mm/c, temneparypoio croxa 35 °C, Tta
remrepaTypoio exerpyiepy — 210 °C Ha nepnioMy Ta HacTyIHOMY 1mapax. Y sKOCTi
noninakruay  sukopucropysanm  L-PLA wmapkm 130 (Hinepmanmm),
rpukansiiiigocdar Ta rinpokcnnanarut (Ykpaina).

Lrxenepumenmanoni — docaioncennss wa meapunax in vivo. Ilposeaenns
JOCHIUKEHHSL Ha  TBApHHAX 3aTBEP/PKEHO KoMiTeToM 3 Gioetmku XapKiBChbKOT
meaanol akajgemii nicasaumomuol ocsitu MO3 Yxpainu (XMAIIO) (npotoxon Ne

5

23 ig 14.09.2017 p.). Bei excriepumenty Ha TBapunax 6y 3 IOTPUMAHHAM OPaBLLI
TYMAHHOIO BiJHOIIEHHA JO GKCIICPUMEHTATBHIX TBAPHH TA ACENTUKH 3TLIHO
E€pponelicbkol KOHBEHLIT 11pO 3aXHCT XpeGeTHUX TBAPHH, [0 BHKOPHCTOBYIOTDL IS
JOCHiIHUX Ta iHINMX HaykoBUX wined Ta 3akony Ykpainu «[Ipo 3axucT TBapHH Bij
HOPCTOKOTO MoBOMAKEHHs». Jlocaimkenns npoeein 3rigno 3 sumoramu 1SO10993-
6:2004 Hauionanbri craunapty Ykpaiun. DBionoriyne OmiHOBaHHS MEIHYHHX
BUPOOIB.

Tecrysanua Ha 6i0CYMiCHITH POBOIMIN LIIAXOM IMIUTAHTALI pO3poBiIeHoro
KOMITO3UTY y MiIWKIPHY KIITKOBUHY 9 6inix naboparoprux wypis-caMuis BikoM 6
Micauis. [ictosorivne foCHiDKeH S KalCyiy 3 iMIianTaTtoM nposoaunu Ha 30, 90
ta 180 go6y. OuiHioBain CTPYKTYpy Karcyiy Ta BUMIPIOBAJIH il IIUPHHY.

TecTyBaunst Ha OCTEOIHTErpalif0 HOBOTO KOMIIO3HTY I[POBOINWIANH [UISXOM
immnanranii mwrudrie 3 KoMnosurHoro mMarepiaiy y medexrt (miamerpom 3 MM,
HOBKHHOIO 3 MM) MeTadisy crersoBoi kictku 36 6Ginmux naGopaTopHuX 1lLypax
camisax BikoM 6 micsauis. [ososuni mypis (n = 18) B gedexr immnantysanu mrudr 3
KomosuTy Ha ocHosi PLA 3a posmipom nedexrty, a immmmM (n = 18) — 3 uncroro
noninaxTuxy (korrTpons). Ficronoriyne nocnijpkenns nposomuny na 7, 14, 30, 90,
180 Ta 360 no6y. Innexc ocreointerpauii (%) po3paxoByBany fK CIiBBIIHOINEHHS
NOBKHHU ITEPUMETPY IMIUTAHTaTy A0 JOBKHHH KICTKOBOT TKAHUHM HABKOJO
IMILIaHTaTYy.

TecryBanns peakuii OKICTS BUKOHYBA/IM ULISXOM IMIUIaHTAlii IIACTHHU 3
KOMITO3UTHOIO MaTepiaiy Ha CTETHOBY KiCTKY 6 KpOJjiB-camuis BikoM 6 Micsilis 6e3
niepenomy. licronoriyaoro gociipkenns nposomsm va 90 ta 180 no6y.

Tectysanust MinHocTi dikcauii MPOBOAWAM UUISXOM IMIJIAHTALI] MIACTUHY 3
KOMIIO3WTHOTO Matepiaidy i Qikcauil mepenomy crerHoBoi kictku y 20 kpomis-
camuiB BikoM 6 MicauiB kposis. Biomexaniune nocuimxents 060X CTErHOBHX KiCTOK
(onepogaHoi Ta KoHTpanaTepassHOL) nposomum Ha 30, 90, 180, Ta 360 noby.

Bioximiunmii amani3 CHpOBAaTKH KpOBi IIPOBOMMIH Y IMYPiB 3 IimmKipHO
IMILTAHTOBAHMM KoMunoszutoM — Ha 30, 90 ta 180 noly; mypis 3 iMIIIaHTOBAHMM
KOMIIO3UTOM ab0 HONUIAKTHAOM Y AedexT crersosoi kictku — Ha 30, 90, 180, Ta 360
no0y; y kpomiB 3 dikcaii€o IUIACTHHM 3 KOMIIO3UTY HAa CTETHOBIH KicTUi 3
nepenomom — Ha 30, 90, 180, ta 360 nody. Brsnauann B cuposatili KpoBi HACTYIIHI
GioxiMiuHi TIOKA3HUKH: IHKONPOTEIHW, CianoBi KUCHOTH, XOAPOITHHCYAb(ATH,
AKTHBHICTb asaHigaminorpancdepazu (AnAT), aKTHBHICT
acnapratamiHoTpancdepasza (AcAT), akrusHicTh Kuciaol QocdaTtasy, aKTUBHICTH
ayxuol (pocdarasy, akTHBHICTS y-riyTaminTpascnentupasu (IT'TID), Ginipy6in,
cevyosuHy, Kpeartumin. Jna  ouimkn  QyHKUIOHANBHOrO  CTaHy — MEYiHKH
sukopucrosysanu AnAT, AcAT, I'TTII, Ginipybin, a Ans HHPOK — CEUOBHHY Ta
KpeaTuHin. Jlng  OUIHKM  PEreHepaTHBHOrO NpOLECY aHauisyBanu  piBHI
XOAPOITHHCYNB(ATIB, aKTUBHICTS TyKHOT Docdarasu. ¥V sKocTi nokasHukis iuTaxTy
BUKOPUCTaHO pedepeHTHi JaHi LIypiB Ta KPOMiB AHASOrIYHOrO BIKY 3 Bimuiny
71abopaToOPHOT HiarHOCTHKH Ta IMYHOJIOTI.

Mamemamuune modenioganns TPOBOAWIM 3 BUKOPUCTAHHIM =~ METOLY
CKIHYCHUX JIEMEHTIB Ha MOIesi NepesioMy Y HIDKHIA TpeTHHI BETHKOTOMINKOBOL
KICTKM JIOAMHM 3 (QiKcallielo MepeaoMy HaKiCTKOBOIO IUIACTHHOI  (TWTaH,
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MOJIAaKTHA ab0 KOMIIO3MTHHH MaTepias) 3 pISHAMH BUJAMM HaBaHTAKECHHI
(ctuckanus 500 H, srumamns 50 H ta xpydyemns 5 Hwm). Bei unaBantaxeHHs
OPUKIALTY 10 TiGiaThHOTO INaTO BENMKOTOMITKOBOT KicTKH. CXeMa HaBaHTaKeHHs
mMopenedl Hasenena Ha puc. 1, a. IlopiBHSHHS BelIMYMH HalpyKeHb B MOJEKIX 3
HAKICTKOBMMH ILIACTHHAME 3 PI3HUX MaTepialiB 3miHCHIOBAIM B 7 KOHTPOIBHHX
toukax (puc. 1, 6). Marepian BBaxanu OJHOPIIHMM Ta i3oTponmmuM. B sxocti
ckinuenoro eneMeury Oys oOpanuit 10 BysmoBuit TeTpaenp 3 KBaApaTUYHON
anpokcuMalico. B skocTi  KpUTEpiI0 | OILHHKM HAIIPYKEHOTO CTaHy Mojesei
BHKODHCTOBYBaJl HanpyxeHHs 3a Misecom. MogenoBanHs BHKOHYBAIH 32
JIOTIOMOTOI0 CHCTEMM aBTOMATH30BaHOro npoekrysanns SolidWorks.

Puc. 1. Cxema HaBantaxxeHHst MOJieni (a) Ta po3TallyBaHHs KOHTPOJILHHX TOUOK
(6): 1 — npokcumanpHa yactuna semuxorominkosoi kictku (BK); 2 — miadiz BK
(xinens rutactran); 3 — BK Hax nmepenomom; 4 — BK nin nepesnomom; 5 — reunTH Hazl
1EPENOMOM; 6 — TBUHTH I IIepeioMoM; 7 — IUIACTHHA.

Biomexaniuni Oocniovicenns miyHocmi niacmuHu ma miynocmi  Qixcayii
HAGCHIUHOIO 3 KOMROZUNY NEPELoMY CIMe2HOBOT KICIKU KPOXIE 3QIEHCHO 6i0 MEPMIHY
cnocmepexcenns. lns nepesBipku po3paxyHKOBHX ITapaMeTpiB MIllHOCTI IUIACTHH
3aeXKHO BiJl Bary NauieHTa 3 KOMITO3UTHOTO Marepiany Ha ocHoBi PLA, TK® i A
Gyno npoBeneHe eKcIepuMeHTaIbHe TOCTIKeHHs BEINYUHN iX nmporusy. Metogom
3D-apyKy 6YII0 BUrOTOBJIEHO [UIACTHHA TOBIIHOKI 8,5 MM, 9,5 MM i 10,7 MM, siki 32
PO3paxyHKOBAMY MaHWUMH BiAmoBinawoTe Basi mauiedta 50 xr, 70 xr i 100 kr,
BimmosigHo. Beboro 6yno BHrOTOBIEHO 1O 3 TUIACTHHA KOKHOTO po3Mmipy. Bci
3paskd BUNPOOYBaIM HA 3rHH 3 HABAHTKCHHAM, SKE MOCTYNOBO 30i7blIyBany BiJ
100 H mo 1000 H 3 xpoxom 100 H. Ha xoxrOoMy kpowi (ixkcyBand BeaHUUHY
[pOrUHY 3paska. 3a BEJUYHHY JOTYCTHMO! MeXIi IPOrHHy 00paHO pPO3PaxyHKOBY
BENMYMHY TIPOTUHY 5,48 MM TLIACTHHYU 3 TUTaHY.

Bei npenaparu crersopux kicrox 20 KposiB BMIIpoOyBaNM Ha MILHICTb TIf
primBom HasanTaxenas (50 H, 60 H, 70 H, 80 H, 90 H, 100 H) na 3rux uepe3 1, 3, 6
tTa 12 micauiB micnst iMmianTamil wractuHM Uit (ikcanii nepenomy. Bennumny
nedopmanii  BuMiproBany  MIKPOMETPOM TOIMHHHKOBOTO THIy. Benmuuny
HABAHTAKEHHS. BUMIPIOBAJIH 32 IOTIOMOTO0I0 TeH30oMeTpHuHoro garumka SBA-100L,
pesysbTaTi KouTposoamu npuctpoem peectpanii CAS tamy CI-2001A.

Cmamucmuuni  memoou.  KinbkicHi  nokaswuky — OioMexaHiuHOro 12
riCTONOrTYHOrO A0C/IPKEHDb IpejAcTaBneHi Sk cepeae 3nadennst (M) Ta craupaprue
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sigxunenss (SD). TToxasxuxn GioxXiMigHOrO HOCHIPKEHHS IpeICTaBieHi Sk MeaiaHa
Ta nepmuit 1 TpeTil kpapruni. Jng HOPIBHAHHA OKA3HUKIB TICTONOTIYAOTO aHaNi3y
y rpynax suxopucrano t-xpurepiii Crbrojesra, it Oloximiudoro — xpurepiit
Binkokcona. [lns OioMexaHiuHOro aHaiizy UOPIBHAHHS BenuwduuH xedopmarii
NpenapariB MK PISHAMH TPYIaMH IIPOBOIUUIM 34 NOIOMOTOI0 OAHO(aKTOPHOTO
aucriepeiiisoro ananizy (ANOVA) 3 anocrepiopuum tecrom Jynkana. PisHuino Mixk
rpynamMy BBaXKalH 3Ha4Yywmowo, saxkmo p < 0,05. Crarucrnynmii aHanis oTpUMaHUX
Jannx 6yno 31iiCHEHO 3a JIOITOMOroi0 nporpaMuoro 3abesneuenns Excel (Microsoft,
CILA), Statsoft Statistica 6.0 (Statsoft, Himeauuna), SPSS 20.0 (IBM, CIIIA).

PesyabstaTu gocuipKenns

V pesyneTarti IpOBEACHOTO HOCHIUKEHHS CTBOPEHO KOMIIO3UTHUE GioMarepian
na ocuosi noginaktugy (PLA), rimpoxcumanaruty (UA) ta Tpuxamsiiiidocdary
(TK®) Ta mpoBeieHo eKCIieprMeHTaNb i JOCHI [PKeH s HOro BJIACTHBOCTEI.

[ pospaxyHKIB  ONTHMAIBHOTO  CKIQJy KOMIIO3HTHOTO  Marepiany
BHKOPUCTAIM JiaHi Ipo Moxyns mpyxHocti PLA ta TK® i T'A. Buict xepamivnux
cxnanosux (TK® i 'A) y xomrosuTrOoMY Marepiani postisaany ue suute 50 % yepes
MOJKITMBE TOTIPLICHHS HOro TEKYYHX BIACTHBOCTEH 3a BHLIMX 3HAYEHH 1 BIATOBIMIY
HEMOXJIMBICTh BUKOPUCTAHHS [UI SKICHOTO ApyKy Ha 3D-npunrepi. Buzaadeno, mo
nomiurka 20 % rtpuxameuifihocdary ta 10 % rigpoxcunanatury no PLA nossonse
oTpuMard MOAYJb TpyxHocti koMmnosury 19,91 I'Tla (rabn. 1). lle suauenns
HaHOINBI BIANOBINAE TO3MOBKHBEOMY MOAYIIIO NPYKHOCTI KOPTHKAIBHOI KiCTKH (110
21 TTla), ToMy Take CHIBBIIHOIICHHS KOMIIOHEHTIB € OITHMANBHIIINAM IS
BUIOTOBJICHHS TLIACTHH [l HAKIiCTKOBOTO ocreocuuresy. Llelt ckman xommosury
(70 % PLA, 20 % TK® ta 10% I'A) Oy110 BUKOPHCTAHO Y TOAATLILOMY HOCIHHKEHH]
1uist 3D-apyky texnonoriero FDM (momapose HaruiaBiaeHHs).

Tabruys 1

Benuupnn monyns npyxaocri (I'Tla) xommosuraux MarepiaiiB Ha OCHOBI

noninaxtuny (PLA) i3 pisnum BMicToM xommouentis (%) rinpoxcunanarury (I'A) Ta
TkpuKanbiiidochary (TKD)

Crissimomess Monyie I'Ipy}l(.HOC‘l‘i 1(0*;1103»1’1‘}/, ['Tla
TATKD (%) BMmict PLA, %
50 60 70 80 90
10:30 27,78 22,88 17,99 13,09 8,20
10:20 30,98 25,45 1991 14,37 8,84
10:10 37,40 30,58 23,76 16,94 10,12

Iposeneno nocmimxends 6i0CYMICHOCTI T4 TOKCHYHOCTI HOBOTO KOMIIO3HTY 3
nopiaKTHy Ta karbuii-Gocdarnol kepamicu in vivo y mypis nporsrom 180 4i6. Ha
OCHOBI TIiCTOJIOTIYHOTO aHANi3y TKAHWH (TOBLIMHA KAallCyJH HABKOJO iMILIAHTATIB;
L{iIBHICTh KTITHH Ta X (EHOTHIN; BiNCYTHICTH KIIITHH 3alajieHHs; CTaH Kalliispis)
HABKONO IMIDTAHTOBAHUX JIMCKIB 3 KOMIIO3MTY B ITAIIKIDHO-KHPOBY KIITKOBHHY
IATBEP/KEHO foro GiocyMicHICTh Ta HOCTYNOBY JAerpazauiio 3 90 mobu micms
immantanil. Ha 90 noby ToBumiuHa Kancysy HaBKOJO KOMIIO3WTY Ha OCHOBI PLA
sMmenmmnacsa B 1,5 pasu (60,6+8,2 Mxm; p < 0,05), a na 180 noby - B 1,6 pasu
(56,9£7,26 Mkm; p < 0,05) B nopisusuai 3 30 noGoro (88,9+7,1 micv) michs







