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Beryn. BakiuBe 3HaueHHS IS PO3- Introduction. Research and devel-
BUTKY MEJMIMHHU B LIJIOMY, Ta iMIianTosorii  opment of artificial bone tissue substitutions
30KpeMa, Mae NOIIYK Ta po3poOKa WITYYHHX [15] are very important for development of
MarepiajilB — 3aMIHHUKIB KICTKOBO1 TKaHUHU med|C| ne as aWhO|e and partlcularly for Im-
[15]. Husbka koposiiiHa 1 3HOCOCTIHKICTB plantology. Low corrosion- and wear re-
sistance of metal implants in corrosive liquid
environment of human body promotes ingress

METaJIeBUX IMIUIAHTATIB y KOpO3iitHOMY pif-
KOMY CEpPEIOBWINI TiJla JIIOJUHU CIpPUSE
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BUXO/y 10HIB METaJy B OpPTaHi3M 1 BUKJIHKA€E
aJlepriyHi Ta TOKCHYHI peakilii B opraHi3mi
[3,13]. Tomy marepiaju, 3aCTOCOBaHi B SKOC-
Tl IMIUIAHTATIB, HE MOBHUHHI MaTU TOKCHUY-
HicTh a00 IIOBHMHHI MaTH HAaIiiiHI 3axXWCHI
MOKPHUTTS Ha TMOBEPXHI, M0 MEPEIKOoKae
BUXOJY 10HIB MeTally B TKaHUHH OpPraHi3my
JIOJIMHM 1 3aBa/IUTh MIPOLIECaM PO3YUHEHHS Ta
kopo3ii [9,11,12]. Ha piBHOBary Mix IMMH
IpoIecaMy BIUIMBAIOTh HaWpi3HOMAaHITHIIII
YUHHUKH, B TOMY 4MCJl 610MeXaHiuyHI HaBaH-
TaXXCHHsI, U0 BUHUKAIOTh Y CHCTEMI KiCTKa-
IMIUIAHTAT, 1 IIOTEHIIIIHA HAsABHICTH 3alaJIcH-
HS HaBKOJO iMImiaHTaty. @Di3UKO-XiMiuH1
BJIACTHBOCTI OKCHJIHOTO IIapy: WOTo CKiaf i
TOBILMHA, TIOBEPXHEBa €HEprid 1 Tomorpadis
noBepxHi (po3mip, dopma, IIOPCTKICTh) -
BIUTMBAIOTh Ha O10JIOTIYHI peakiii TKaHWH Ta
npoiidepaiiro  KITHH 1 iX MOPQOIIOTio
[5,15]. Minepamizariist i 3B’ 130K 3 KiCTKOBOIO
TKaHUHOIO - 116 HAWBaXUIMBIII TPOIECH IS
MiJBUIICHHS O10aKTUBHOCTI NpU JiKyBaHHI
KICTKM Ta 3/IaTHOCTI KIiCTKH A0 pereHeparii
[3]. [nTerpariist KICTKM HaBKOJIO IMILIAHTATY €
JUHAMIYHUAN TPOIeC KICTKOYTBOPEHHS 1 pe-
30pO1ii, YMM BHINE CTYIHb OCTCOIHTErpaIllii,
THM BHUIIE MEXaHI4Ha CTaOUIbHICTH 1 Mill-
HICTh 3’ €qHaHHA iMIuTaHTaT-Kictka [4,10]. 3
TOYKU 30py AKTUBHOCTI 10 BiJIHOIIECHHIO 10
OCTEOKOH/IYKIIii 1 B3a€EMOJI] 3 KICTKOBUM Ma-
TPHKCOM aBTOpH pobiT [6,8] posminumm 6io-
CyMicHi MaTepiaiu Ha 610aKTHBHI, 6101HEPTHI
1 6ioTonepanTHi. CTBOpEHO KibKa BHUJIIB 010-
KEepaMiKM ]Il HAaHECEHHsI Ha IOBEPXHIO IM-
IUTaHTaTiB: KopyHaoBa ineptHa (Al203), mo-
BEpPXHEBO-akTHBHA (010CKJI0) 1 Kepamika, sKa
pe3opOyerbest (Tpukanbiidocdar i riapok-
cuaratut) [7,9]. Ha nanwii yac B SIKOCTI OII-
TUMAJIbHUX PO3TJIAAl0ThCS  OlomaTepiam,
0 MICTUTh Pi3HI TIOE€AHAHHS KaJIbIIiii-
¢dochaTHUX CHOMYK 1 T1IPOKCHANATUT PI3HOI
crpykrypu [14], a TakoX MeTayu i CIJIaBH 3
KaJbIii-(hocaTHUM MOKPUTTSIM Ha TIOBEPX-

of ions into body that leads of allergy and
toxic reactions [3,13]. Thus, the materials
applied for production of implants shall be
non-toxic or must have reliable protective
cover on their surface, able to prevent the
ingress of ions of metals into the tissues of
human body and the processes of dissipation
and corrosion [9,11,12]. The balance between
these processes is affected by different fac-
tors, among them biomechanical loadings,
occurring in the bone-implant system, as well
as possible presence of inflammation around
the implant. Physic and chemical features of
oxide layer are: its composition and thick-
ness, surface energy and topography (size,
share, smoothness) - effect on biologic re-
sponse of the tissues, cells proliferation and
morphology [5,15]. Mineralization and con-
nection with bone tissue are criticaly im-
portant processes for increase of bioactivity
for treatment of bone and its regeneration
capacity [3]. Bone integration around an im-
plant is a dynamic process of resorption and
bone formation; the higher is the extent of
osteointegration, the higher is mechanical
stability and strength of bone-implant combi-
nation [4,10]. From point of view of activity
relating to osteoinduction and interrelation
with bone matrix, authors of researches [6,8]
subdivided biocompatible materials into bio-
active, bioinert and bio-tolerant. There are
several types of bio-ceramics created for cov-
ering the surface of implants: corundum inert
(Al205), surface-active (bio-glass) and re-
sorptive ceramics (tricalciumphosphate and
hydroxyapatite) [7,9]. Nowadays biomaterials
containing different combinations of calcium-
phosphate compound and hydroxyapatite of
different structure [14] as well as metals and
alloys thereof with cal cium-phosphate cover-
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Hi, 0 3a0e3neuyroTh 010CYMICHICTh 1 311aT-
HICTH JI0 IHTErpalii IMIJIaHTaTy 3 KiCTKOBOIO
tkanuHoro [1,11,15]. BiacTuBOCTI TigpoKcH-
anaTUT-KPEMHIEBOI  KepaMikKd  O0OyMOBHIIH
NWIbHY yBary A0 Hei JOCHIIHUKIB 1 MEIUKIB.
KpemHiii cTuMynioe MDKKIITUHHI peakiii i
CIpusi€ yTBOPEHHIO KICTKOBOI TKaHHWHH, a
TaKOXX Tpa€ BAXIHUBY POJIb y Mpoleci MiHe-
pauizanii konareny [2,5,9]. V crarti noBino-
MJISIETBCST TIPO PE3YJIBTATH €KCIICPUMEHTAIIb-
HOTO JIOCIIDKEHHSI, IOJI0 3aCTOCYBaHHS II0-
KpUTTIB 3 OIOKOMIIO3UTHOTO MaTtepially Ha
OCHOBI 0i10aKTMBHOTO CKJia Ha THUTaHO-
HIKENIeBUX IUIaCTUHAX IJs OlocyMicHOCTI 3
KiCTKOBOIO TKAaHUHOIO.

Merta po0oTH 1nossrae B eKcriepume-
HTaJbHOMY JOCJIJIP)KEHHS OCOOIMBOCTEN 1H-
Terpaiii THTaHO-HIKEJIEBUX IUIACTHH 3 KICT-
KOIO TIPU TOKPHUTTI iX O10KOMITO3UTHUM Ma-
TepiajoM Ha OCHOBI O10aKTHBHOTO CKJIA.

Marepiaau i meroau. PoGora 6azy-
€ThCS HA JIAHUX CKCIIEPUMEHTAIBHOTO JTOCITi-
mxeHHs 3a 30 1abopaTOpHUMHM TBapUHAMU 3
BiBapito HalioHalbHOTO MEIUYHOTO YHiBep-
curery iM. O.0. boromonsus. Excnepumen-
TaJIbHI JIOCIIJKEHHSI Oy TPOBEICHI 3 Me-
TOI0 MOP(]OIOTIYHOTO TOCIIIPKCHHS BIUIUBY
IMIUTAaHTAIIMHOTO MaTepiajly Ha OCHOBI 0ioa-
KTUBHOTO CKJIa Ha perapaTuBHI TPOIECH Y
kictui. EkciepuMeHT Oys10 BUKOHAHO HA MIy-
pax-camIsiX BIKOM 6 MiCSIliB Ta Macoro
18045 rpam.

[Ticns o6podku 70° cuprom omepa-
[iliHe MmoJIe 00KJIaIaI0Ch CTEPUIIBHOIO O1TH3-
HOW, KIHI[IBKA TBapuHH (IKCyBaIUCS Ha
CIeliaJIbHOMY OIepaIiiHoOMy CTOJII.

[Ipu xipypriyHoMy BTpy4YaHHI Ha CTe-
THI, PO3TUH HIKIpU TPOBOJMBCS CKaJbIIeIeM
Ha 30BHIIIHIA TMOBEPXHI HAa BCIO JIOBXKHHY
CTETHA, MEePETUHAIUCh M SKi TKaHWHH, pac-
naTepoM 0oOpOOIISIOCH OKICTSI CTETHOBOI Kic-
TKH, cBepmioM 2,5-3,0 MM 3miiicHIOBaIOCS
BHCBEP/TIOBAHHS KICTKOBOI IIIACTHHH JI0

ings to ensure biocompatibility and ability of
an implant to integrate with bone tissue
[1,11,15] are considered to be optimal. The
properties of hydroxyapatite-silicium ceram-
ics have attracted careful attention of scien-
tists and practicing medics. Silicium stimu-
lates intracellular reactions and promotes
formation of bone tissue, as well as plays
important role in mineralization of collagen
[2,5,9]. The article describes results of the
experimental study of bio-composite covers
based on bio-active glass on titanium-nickel
plates for biocompatibility with bone tissue.

Aim of the research is experimental
study of peculiarities of titanium-nickel
plates integration with bone, if covered by
bio-composite material on the grounds of
bioactive glass.

Materials and methods. The article
reports the pilot study on 30 male rats from
vivarium of O.0. Bogomolets National Med-
ical University. The experiment was aimed at
morphologic study of the impact of implanta-
tion material based on bioactive on bone rep-
aration processes. The study involved 6-
month old male rates weighing 180+5 grams.

After processing by 70° spirit, the sur-

gical area was covered by sterile dressing;
limbs of the animal were fixed on special
surgical table.
While surgica intervention the skin of the
femur was cut by a scalpel along the external
surface through the complete length of the
femur, soft tissues were intersected, femoral
bone periosteum has been processed by ras-
patory, bone plate was processed by 2.5-3.0
mm drill up to intramedullary canal, and tita-
nium-nickel plate 4 mm in length and 2 mm
in width has been implanted and fixed to the
bone by its crooks (U-shape).
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KiCTKOBO-MO3KOBOTO KaHajJy, IPOBOAMIACA
IMIUTaHTallll TUTAHO-HIKEJIEBOI IJIACTUHKHU
po3MipoM 4 MM 3a JOBKHHOIO Ta 2 MM IIIH-
PHHOIO, SIKY (PIKCYBaJIH 10 KICTKH 32 PaxyHOK
3arHyTux KinuiB ([1-moxi6na ¢opma). 3acro-
COBAHO JIBAa BUJU IUIACTUHOK: IMepiiuii — 6e3
HANWICHHA Ta APYTUi — 3 TUIa3MOBHUM HAIH-
JICHHSAM Ha MOBEPXHIO IJIACTUHKU 010KOMIIO-
3uTHOro Marepiairy. CTpOK CHOCTEpEKEHHs
3a OTMEpOBaHMMH TBapuHamu — 3, 6 Ta 9 Mi-
csauiB. Ha cTtpok cnoctepeskeHHs: B3sTO MO 5
1rypiB. Xipypriuie BTpy4YaHHS Ta BUBEICHHS
TBapHH 3 JOCTiy BUKOHYBaIH MiJ eipHUM
Hapko3oM. [l  MOp¢OJIOTiYHOTO  JOCITI-
JDKeHHA Opajid CTErHOBY KICTKY, B SIKy 1M-
TUTAHTYBAJIM METaJeBY IIACTUHKY.

VYci maHInysmii 3 TBapUHAMU 3IiHC-
HIOBAJIX BIAMOBIIHO IO BUMOI OIOETHKM Ta
MDKHApOJHMX TMPUHIMINB  €BPOMEHCHKOT
KOHBEHIIii ITPO 3aXKMCT XPeOCTHUX TBAPHUH, K1
BUKOPHUCTOBYIOTHCS /ISl €KCIIEPUMEHTATBHHUX
Ta IHIUX HaykoBux 1iyed. (European
convention for the protection of vertebrate
animals used for experimental and other
scientific  purpose: Council of Europe
18.03.1986. — Strasburg. —1986. 52 p.).

[Ipy HanwieHHI BUKOPUCTOBYBAJIU
HOBUH IMIUTAaHTALIMHUK MaTepiall Ha OCHOBI
OioakTuBHOrOo ckia —  “biokoMmo3urt-
Cunrexicts” (BKC) (CBimonrBo mpo aepxas-
Hy peecrpamiro Ne 3653/2005 Bix 28 ciuns
2005p.), sKkuii CHHTE30BaHO B Jlaboparopii
Inctutyty MatepianoBenennss HAH VYkpainu
rpymnoro 1mif KepiBHHUITBOM Tipod. JlyOka
B.A.

ImmutanTaniiinuii marepian — BKC siB-
asie  coboro OaratodazHuil HeEopraHiuHHI
MaTepiay, CHHTE30BaHUI METO0M XiMiYHOTO
OCaDKEHHS 1 KepaMivHOi TexHosorii. da3zHuit
ckian BKC: 6ioaktusBHe ckito — 50-65 mac.%,
rigpokcuanatut — 14-17 mac.%, BITJIOKIT —
14-17 mac.%, Bonacronit — 7-9 mac.%.

Ile OioakTHMBHUN 1 OCTEOKOHIYKTHB-
Hull OiomaTepial, KU BHUIYCKA€ThCSA Y BU-
TJIS1 TOPOLIKIB, TPaHyJ1, 6J0KIB 1 HirypHUX

We applied two types of bio-
composite plates: the first without cover and
the second with plasma spray covered sur-
face. Observation period after surgery — 3, 6
and 9 months. 5 rats have been taken for each
observation term. Surgical intervention and
sacrification of the animals have been per-
formed using ether anesthesia. For morpho-
logical study we took the femoral bone with
metal plate implanted.

All manipulations with the animals
have been performed in compliance with re-
quirements of bioethics and international
principles of European Convention for the
protection of vertebrate animals used for ex-
perimental and other scientific purposes:
Council of Europe 18.03.1986. — Strasburg. —
1986. 52 p.

For plate covering we used new im-
plantation material based on bioactive glass —
“Biocomposite-Syntextile” (BCS) (State reg-
istration certificate 3653/2005 of January 28,
2005), developed at the laboratory of the In-
stitute of Material Science by the NAS of
Ukraine by group of scientists headed by
prof. Dubok V.A.

Implantation material BCS is a multi-
phase non-organic material, synthetized by
the method of chemical deposition and ce-
ramic technology. Phase composition of the
BCS: bioactive glass — 50-65 mass%, hy-
droxyapatite — 14-17 mass%, whitlockite —
14-17 mass%, wollastonite — 7-9 mass%.

This is the bioactive and osteoconduc-
tive biomaterial, supplied in form of powders,
granules, blocks and shaped implants with
reasonable scope of porosity and mechanic
properties (Pic. 1). BCS could contain non-
organic admixtures, preventing growth of
bacterial and development of inflammation.
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IMIUTAHTATIB 13 3HAYHUM Jialla30HOM ITOPHC-
TOCTI 1 MexaHIYHHMX BiactuBocreil (puc.l).
BKC Moxe yTpuMyBaTu HeOpraHiyHi JOMill-
KM, SIKI TEPELIKOKAIOTh PO3BUTKY OakTepii
Ta 3anagbHUM npounecam. BKC wmictuts y
co01 TUIBKM HEOpraHIYHI CIIOJIYKH 1 HE MicC-
TUTh HISIKUX OpPraHiYHUX KOMIIOHEHTIB, TOMY
HE MPOBOKY€ HEraTUBHI IMyHHI peakuii opra-
Hi3My. Minnicts npu cruckanHi BKC ckia-
nae Big 1 mo 600 Mna asist pi3HUX BUAIB, 1O-
PHUCTICTb PETYIIOEThCS B Mexax 95-85%, Tep-
MiH pe3opbuii ckianae Big 6 micauis go 20
POKIB B 3aJIe)KHOCTI BiJl CKJIaay IMIUIAHTATY.
Hanunenns BKC Ha TUTaHO-HIKeNEBI Iuiac-
TUHKU BUKOHYBaJiocs B Jaboparopii [HcTuty-
Ta (i3uKu HamiBOpoBiAHMKIB iM. B.€. Jlam-
kappoBa HAH Vkpainu.

BCS contains only non-organic components
and no organic ones, thus does not provoke
negative immune reaction of a body. Com-
pression resistance of the BCS is from 1 to
600 MPa for different types thereof, porosity
varies between 5-85%, resorption period is
from 6 months to 20 years, depending on an
implant’s composition. Covering titanium-
nickel plates by BCS has been performed by
the laboratory of the V.E. Lashkariov Insti-
tute of Semiconductors Physic by NAS of
Ukraine.

Puc.l. 3pazku BKC B noaierusieHoBii ynakosui

Pic.1. Samples of BCSin plastic packages

BusHaueHHs 3aKOHOMIpHOCTEHW Mpo-
1eciB rmepeOya0BH KICTKH B MICIIl iMIUTaHTa-
il THTaHO-HIKEJICBOI IUIACTUHU 3 HAIWJICH-
HSM IMIUTaHTAIIfHOTO Marepiamny, abo 0e3
HaIWJICHHS, B €KCIIEPUMEHTI MPOBE/ICHI HAMH
3a JIONOMOTOK0 CBITJIOBOTO MIKpPOCKONA Yy
BigaLn maromopdosnorii HamioHansHoro me-
nuyHoro yHiBepceutety iM. O.0. boromosbiis.

The regularities of bone
transformation processes in the area of
implantation of titanium-nickel plate, covered
by implantation material or without cover, in
our experemined have been defined by light
microscope of pathomorphology department
of O.0. Bogomolets National Medical
University.
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Otpumani pesyastatu. [Ipu makpo-
CKOIIIYHOMY JOCIIIJKEH1 ()parMeHTiB CTETHO-
BOi KICTKH 4epe3 3 MICSIIl MICs IMIUIaHTAIIi]:
y 3 TBapuH (futacThHa 0€3 HANMJICHHS) CIIO-
crepirajgocsi ciabo0 BUPaXKCHE YTBOPCHHS
KICTKOBOI MO301 B Micli iMIuiaHTamii Tura-
HOo-HiKkeneBol Il-moxiOHOI IUIacTHHH, SIK HA
30BHIIIHIA MOBEpXHI KICTKH, TaK 1 iHTpame-
aynspHo (puc. 2), y 2 TBapuH (1uiactuHa 6e3
HAIWJICHHS) CIIOCTEPIraaocs e MEHII BHpa-
JKEHE YTBOPEHHS KICTKOBOi MO30J11 B MIiCII
IMITJIaHTAIll PSAMOi HAKICTHOT TIacTUHU. Y 3
TBapuH, SAKUM Oyl IMIUIAHTOBaHI MpsAMi
IUTACTUHM 3 TUIA3MOBUM HAIWICHHIM O010KO-
MIIO3UTY, CIIOCTEpiraiocs 1o0pe yTBOPEHHs
KICTKOBOI MO30J11 B MICIIi IMITJIaHTAIlii Tuiac-
tuHU. Ha po3pisi kicTkoBa M030716 (idpo3HO-
KICTKOBOI IIUTBHOCTI. Y 2 TBapuH, IKUM OyJia
IMIUTaHTOBaHa |l-momiOHa IulacTWHA 3 HAIU-
JIEHHSAM 010KOMITIO3UTY, TAaKOXK CIOCTEpIraio-
csi noOpe BHpaKeHE YTBOPCHHS KiCTKOBOI
MO30JIi, K Ha MOBEPXHi KicTKH (IOIEpEUHUK
KICTKOBOI MO30JII 110 TOBIIMHI B MicIi 1M-
IUTaHTalll pIBHUN TOMEPEUYHUKY CErMEHTa
KICTKH), TaK i IHTpaMeIyJIIpHO, TOMYy THUTa-
HO-HIKEJICBY TIUIACTHHY JOyXe BaXKO OyJ0
BIJJOKPEMHTH BiJ] KICTKOBOT Mo3011i (puc. 3).

B oTouyroumx M’ SKMX TKaHUHAX B Mi-
cul IMIUIAHTAIll TUTAHO-HIKEIEBOI IIIACTUHU
HE BIAMIYEHO HISKHAX IIATOJIOTIYHUX 3MIiH
(MeTano3, HEKPO3 M’ IKMX TKaHHH).

[Ticnsonepaiiini pyOui B mpoomnepo-
BaHUX TBAPHUH CIOKIiWHI, y AEIKHX TBapHH Ha
IIKipi  CIIOCTEPIraeTbesl  MicasionepariitHui
IIOBHUI MaTepiay, HArHOEHHS B 00JIACTi Tic-
JISTOTIEpaIlifHUX MIBIB HE BIAMIYEHO.

[Ipu MakpOCKOIIYHOMY JTOCIIIKEHHI
BUJIAJICHUX CTETHOBUX KICTOK Y WIypiB 4yepes
6 MicsIiB y BUMNAAKaX IMIUIAHTAIil TUTaHO-
HIKEJIEeBHUX IIACTUH 3 MOKpUTTIM 13 BKC mu
CIIOCTEpirajgy IUIACTHHKY “3aMypoBaHy” B
TKaHUHY, sIKa LUIUIBHO IpUJIsrae 1o ii mosep-
xHi. O3HaK METal03y HE CIIOCTePIranocs.

Obtained  results.  Macroscopic
examination of femoral bone fragments 3
months after implantation in 3 animals (plate
without cover) recovered slightly expressed
formation of bone calus in the area of
titanuim-nickel U-shape plate implantation
both on the external surface of the bone and
intramedullary (Pic.2), in 2 animas (plate
without cover) we observed not less
expresses formation of bone callusin the area
of implantation of a straight bone place. In 3
animals with straight plates covered by
biocomposite plasma spray we observed good
formation of bone calus in the area of
implantation. Cross-section of the bone callus
shpwed fibrosis-bone density. In 2 animals
with U-shaped plate with biocmoposite spray
cover we also observed well-expressed bone
callus both on the surface of the bone (the
thickness of the bone calus in the area of
implantation was equal to the thickness of the
segment of the bone) and intramedullary, thus
titanium-nickel plate was very difficult to
separate from bone callus (Pic.3).

Surrounding soft tissues in the area of
titanium-nickel plate implantation
demonstrated no pathologic changes (soft
tissues metalosis, necrosis).

Post-surgical scars of the animals are
stable, skin of some animals demonstrated
post-surgical suture material, no suppuration
has been observed in the area of post-surgical
sutures.

Macroscopic examination of the re-
moved femora bones of the rats 6 months
after implantation of titanium-nickel plate
with BCS cover demonstrated that plates
were “immured” into the bone tissue, closely
adjacent to the surface thereof. No signs of
metallosis were observed. In case of plates
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Puc.2 Bugajienuii cermeHT KiCTKM 1Iypa, B AKM iMIUIaHTYBaJIM TUTAHO-HiKeJeBY IJia-

cTHHY 0€e3 HanWIeHHs 0i0KOMIIO3UTA

Pic.2 Removed bone segment of a rat with the implanted titanium-nickel plate without

bio-composite spray cover.

Puc.3 Bunanenuii cerMeHT KicTKH 1Iypa, B AKMii iMIJIAaHTYBaJIM TUTAHO-HiKeJIeBY IJia-

CTHHY 3 HATIMJIEHHAM 0i0OKOMIIO3UTA

Pic. 3. Removed bone segment of a rat with the implanted titanium-nickel plate with

plasma spray cover.

VY Bumaakax 3acTOCYBaHHS IIJIAaCTMHOK 0e3
nokputTs 13 BKC Takoxx Bu3Hauaaocs po3po-
CTaHHS TKaHMH HABKOJO iMIutantarta. O3Hak
MeTano3y He croctepiranocsi. Pyxomocti
iMHHaHTaTy Y BUIIaJIKaX BBCACHHA HAIIUJIC-
HUX IIJIaCTUH HEC CHOCTepiFaHI/I. BI/IIIaJ'IeHHH

IIJJACTHH 13 KICTKH BEUMAarajo 3Ha4yHOI'O

without BCS cover we aso observed bone
tissue growth around the implant.There were
also no signs of metalosis. Mobility of im-
plant in case of spray covered plates was not
observed. Removal of the plate from the bone
tissue required reasonable effort, and was
followed by destroying of the bone tissue,
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3yCWUISL Ta CYIPOBOJKYBAJIOCS pPyHHYBaH-
HAM KICTKOBOI TKaHWHH, IO TpUJIsArana Jio

IMIUTaHTaTy. Y TOH ke 4ac, MpH IMILTaHTAaIil

IUTACTUHOK 0€3 MOKPHUTTA BigMidalach pyX-
JIUBICTH IMIUIAHTIB, BUAAISUINCH BOHH JIETKO

(puc.4 (a) ta puc.4 (b)).

a

adjacent to the implant; while the implanted
plates without cover showed mobility of im-
plants, and they were easy to remove (Pic. 4
(a) and Pic. 4 (b)).

b

Puc.4. MakponpenapaTu CTerHoBoOi KiCTKM Mic/isi BUIAJEHHs IMIUIAHTATIB, MOKPUTHUX
KOMIO3UIiiiHUM MaTepiaiom (a) Ta 6e3 komno3uuiiinoro moxkputrs (b)
Pic. 4. Macro-samples of femoral bone after removal of implants covered by composite

material (a) and without composite cover (b).

VY BUNAIKy 3aCTOCYBaHHsS IUTACTHH 3
MOKPUTTSAM BiIMIYA€ThCs 00pe BUpa)kKeHa
paHa npu BUJIAJICHHI, JIHO SIKOi YTBOPEHO TY-
04YacTOl KiCTKOBOKO TKAHWHOW. Y BUMAJKY
3aCTOCYBAHHS IJIACTHHU 0€3 MOKPHUTTSA — TO-
BEPXHS paHU BKpHUTA MEPEeBaXHO (HiOPO3HOIO
CIIOJTyYHOIO TKAaHWHOIO Ta SIBUIAMU BUpPaXKe-
HO1 pe3opOii o KpasiM paHOBOI MOBEPXHI.

Bunaneni tuTaHO-HIKENEBl IUIACTUHU
SK 3 TIOKPHUTTSIM, Tak 1 6€3 HbOTO, HE MaJu
SIBUII] KOPO3il, aje Ha IUIACTHHAX, SKI Maju
KOMIIO3UTHE MOKPHTTS, Ha MOBEPXHIi CIOCTE-
piraiau HasBHICTh JpiOHUX (hparMeHTiB KiCT-
KOBOI TKaHWHHU, MIIIHO CIAsHUX 3 TOBEPX-
HEIO TUTACTUHH, SIKI BIJPUBAIUCH BiJ IJIACTH-
HU 31 3HAYHUM 3yCHUISIM, IIITXOM 1X pyHHY-
BaHHs (puc. 5).

In case of covered plates be can see
well-expressed wound after removal, which
bottom is covered by cancellous bone. If
plates without cover have been used, the
surface of the wound is covered mostly by
fibrosis connective tissue with the expressed
resorption along the edges of the surface of
the wound.

The removed titanium-nickel plates,
either covered and uncovered, had no signs of
corrosion, athough plates with composite
cover had tiny bone fragments of their
surgace, tightly soldered to the surface of the
plate; it required reasonable effort to divide
them form the plate and led to destroy thereof
(Pic.5).
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Puc. 5. Turano-HiKe/ieBa MIACTHHA, BKPUTA KOMIIO3UTHUM MaTepiajioM, BUIAJeHA Ye-
pe3 9 mic. micas iMmiaanTanii, 3 ApioHMMHU ¢parMeHTaMH KiCTKOBOI TKAaHUHHU HA TO-

BepPXHi

Pic. 5. Titanium-nickel plate, covered by composite material, removed 9 months after
implantation, with tiny fragment of bone tissue on the surface ther eof

[Ipu peHTreHoNOriYHOMY TOCIHiIKEH-
HI CTETHOBHMX KICTOK, B fKi IMIUIAHTYBald
TUTaHO-HIKEINEeBl MIIACTUHKY, Yepe3 9 MicsIiB
HABKOJIO TUIACTUHKHU 3 O10aKTHBHUM MOKPHT-
TSM CIIOCTEPIrajy HEPIBHOMIPHE YIIIbHEHHS
KicTKOBOI TKaHWHHU (puc. 6 a). [Ipu immian-
Tamii TUTACTHHOK 0€3 TMOKPUTTS, 1€ YIILIb-
HEHHs OyJ0 MEHII BUPAa3HUM Ta MICISIMU 3
O3HaKaMHu JIOKaJbHOI pPe30opOIii KiCTKOBOT
TKanuau (puc. 6 b).

[Ipu CcBITIOBOMY MIKPOCKOIIYHOMY
JOCTIDKeHHI uepe3 9 MICAIIB micis IMILIaH-
TaIii TUTAaHO-HIKEJIEBOI TUTACTUHU MOKPHUTOIO
BKC — moBepxHS HOBOYTBOPEHOI KiCTKOBOI
TKaHWHU HepiBHA. KicTkoBa TkaHWHA HEpPiB-
HOMIPHOI IIUIBHOCTI, MUISHKAMH TiIa€ThCs
aKkTUBHIM mepebyaoBi. O3HAK JOKAIbHOI,
ocepeaKoBoi pe3opOiii Ta MeTano3y He Cro-
cTepiraeTbcs. Y HOBOYTBOPEHIM KiCTKOBIH
TKaHHWHI Ta KOMIIAKTHIM KICTKOBIM TKaHWHI B
MICIIl KOHTAKTY 3 IUIACTUHOIO O3HAK HEKPO3Y
He crioctepiraerbes. KicTkoBHiA MO30K Tepe-
Ba)KHO YepBOHHUIA (puc. 7).

X-ray examination of the femoral
bones with titanium-nickel plates implanted
therein 9 months later demonstrated uneven
compaction of bone tissue around plates with
bioactive cover (Pic. 6 @). In case of plates
without cover, this compaction was less
express, with signs of local resorption of bone
tissue (Pic. 6 b).

Light microscope examination 9
months after implantation of BCS-covered
titanium-nickel plates recovered that surface
of the newly formed bone tissue is uneven.
Bone tissue has uneven density, with areas of
active transformation. No signs of loca or
focal resorption or metallosis. No signs of
necrosis in newly formed bone tissue and
compact bone tissue in the area of contact
with the plate. Bone marrow is mostly red
(Pic. 7).



34 [TPOBJIEMU TPABMATOJIOT'IT TA OCTEOCHUHTE3Y 2018 Ne 1-2 (11-12) ﬁd

a §)

Puc. 6 PeHTreHorpamm JiJITHKH CTErHOBOI KiCTKH 3 iMIIJIAHTATOM, MOKPUTHM KOMIIO-
3uliiiHUM Matepiasiom (a) Ta 6e3 kommo3umiitHoro (6) mokpurrs. HepiBHomipHe ymi-
JIbHEHHSI KICTKOBOI TKAaHUHHU HA AUIAHII IMIUIaHTaNii, OLIbII BUpPa’keHe NMPH IMILIAHTA-
nii MJIACTMHM 3 KOMIO3UTHUM NOKPHUTTAM. O3HaKu pe3opOuii KicTKOBOI TKAHMHH Ha-
BK0J10 iMIIaHTaTa 6e3 mokpuTTs. CTpok crniocTepexeHus: 9 micsauin

Pic. 6. X-ray images of the area of femoral bone with implant covered by composite ma-
terial (a) and without composite cover (b). Uneven compaction of bonetissuein the area

of implantation ismore vivid in case of plate with composite cover. Observation period —
9 months

Puc. 7. HoBoyTBOpeHa KicTKOBa TKAHHHA NI/l iMIUVIAHTATOM, SIKH O0yB BKPUTHII KOMIIO-
3uTHUM MaTepiasoM. Uepe3 9 micsauiB micas imninanranii. leMaTokcuwin Ta eo3uH. 00. X
10

Pic. 7. New-formed bone tissue under the implant, covered by composite material. 9
months after surgery. Haematoxylin and eosin x 10.
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Y MicmsgX BXOAy B  KOMIIAKTHY
KICTKOBY TKaHWHY KIHIIIB IMIUIaHTaTa Kpai
KOHTAKTy IMIUIaHTaTa 3 KICTKOIO PiBHi, O3HAK
pezopbmii  He BigmivaeThcs. KommakTHa
KICTKOBA TKaHWHA B I[[UX MICLIX 3 O3HAKaMU
BHACIIIIOK
110

CBIAYUTH PO MIUTbHY B3a€MOII0 IMIUIAaHTATa

pyHHYBaHHS, sKE€ BUHUKIIO

BUJAJICHHSA IMIUIAaHTaTa 3  KICTKH,
3 KICTKOBOIO TKAHWHOIO MIC/IA IMIUIAHTAIl],
T00TO Tpo dopMyBaHHS OJIOKY KICTKa-
immtantar (puc. 8). Oznak aumctpodii Ta
HEKpO3y KICTKOBOI TKaHWUHH, OCEPEIKOBOL

pe30opOIrii Ta MeTaao3y He BUSBIICHO.

In the areas of the implant’s ends
entry into compact bone tissue, the edges of
the contact between the bone and implants
are even, without signs of resorption.
Compact bone tisse in these areas have signs
of failure, occuring due to removal of the
implant from the bone, approving close
interaction between the bone tissue and the
implants, i.e. about formation of bone-
implant block (Pic.8). Signs of dystrophics
and necrosis of the bone tissue, focal
resorption and metallosis are not revealed.

Puc. 8 PyilinHyBaHHA HOBOYTBOPeHOI KiCTKOBOi TKaHMHH B 00J1acTi BXOAy HiKKH iM-

IJIaHTaTa 3 KOMIIO3UTHUM HANMMWJICHHAM Yy KOMIIAKTHY RiCTKOBy TKAHHHY. ‘Iepe3 9 mi-

cAuniB micada immranramii. 'emaroxcuiain Ta eo3u. 00. x 10
Pic. 8. Failure of the newly-formed bone tissue in the area of the composite spray
covered implant’s croock entry into the bone tissue. Haematoxylin and eosin x 10.

MicusiMu B KOMIIAKTHIN  KICTKOBIM
TKaHWHI T TUIACTHHKOIO CIIOCTEpiraiv i-
JITHKYA aKTHBHOI 1epedyoBH HOBOYTBOPEHOI
KicTKOBOI TKaHUHH (puc. 9).

[Ipu MiKpOCKOMIYHOMY JOCIIJKEHH1
KICTKOBOi TKaHWHU TPU IMIUIAHTALlli TUTAHO-
HIKEJIeBUX TUTACTUH 0€3 HANWICHHS KOMIIO-
3UTHOTO MaTepiaily Ha il MOBEpXHIO, Yy BCiX
BUITQJIKaX ITiJI MJIACTUHOIO (hOpMYBaBCS HEpi-
BHOMIpPHO1 TOBIIMHHM TMpomapok (Hidbpo3Hoi
crniosryuHoi Tkanuuu (puc. 10).

Aress of active transformation of the
newly-formed bone tissue have been
observed focally in compact bone tissue
under the plate (Pic. 9).

Microscopic study of the bone tissue
in case of uncovered titanium-nickel plates
implantation in all the cases under the plate
we observed formation of uneven layer of
fibrosis connective tissue (Pic.10).
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Puc. 9 Jlinsinka akTuBHOI nepe0y/10BH HOBOYTBOPEHOI KiCTKOBOI TKAHMHM MiJ iMIUIaH-
TATOM 3 HANMWIEHUM KOMIO3UTHHM MmaTepiasom. Uepe3 O micauiB micasi iMmmianTamii.
I'emaTokcujid Ta eo3uH. 00. x 40

Pic. 9. The area of active transformation of the newly-formed bone tissue under compo-
site spray covered implant. 9 months after surgery. Haematoxylin and eosin x 40

Puc. 10. Ipomapoxk ¢pidopo3Hoi cnoayyHoi TKAaHMHHU c)OPMOBAHUI M/l NJIACTUHKOIO 0e3
HANMJIEHHS KOMIO3UTHOro Matepiaay. Uepes 9 micsauiB micas immnanranii. I'emaTok-
CIJIiH Ta eo3uH. 00. x 10

Pic.10. The layer of fibrosis connective tissue, formed under the plate, not covered by
composite spray. 9 months after surgery. Haematoxylin and eosin x 10

VYV KICTKOBIM TKaHHWHI MICISIMH ITiJI Focally, under the most thick layer of
Haibiapm ToBcTUM mpomapkoMm (idbposnoi fibrosis connective tissue, we observed areas
criony4Hol TkaHuHU crocrepiranu ainsaku  Of distrophically and necrotically changed
aucTpoivyHO Ta HEKPOTUYHO 3MiHEeHOI koMm- compact bonetissue (Pic.11).

NaKTHOI KicTKOBOT TKaHMHU (puc. 11).
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Puc. 11 Jlinsaaka nucrpodii Ta HeKpo3y KOMNAKTHOI KiCTKOBOI TKAHMHHU MiJ IJIACTH-
HOI0 0e3 HANMWJIEHH KOMIO3UTHOro matepiaay. Yepe3 9 micsimiB micas iMmianTamii.
I'emaTokcuin Ta eo3uH. 06. x 40

Pic. 11. The area of dystrophy and necrosis of the compact bone tissue uner the plate not
covered by composite material. 9 months after surgery. Haematoxylin and eosin x 40

Y OuIbIIOCTI BUNAAKIB IMIUIAHTALIT In the magority of cases, after

IUTACTUH 03 KOMITO3UTHOTO Marepiany BH-
3HaYalld  KICTKOBI Je(EeKTH, sSKi BHUHHKAIN
BHACIIIJIOK TIOCHJICHHS Pe30pOLiIMHUX Tpolie-

implantation of plates not covered by
composite material we revealed bone defects,
occuring due to amplification of resorption

CiB, L0 B OZHOMY BHIIaAKy CIPHSIO po3sur- Processes, that, in one case, promoted
Ky MicLeBOro THiliHOro npouecy (puc. 12). development of local purulent process
(Pic.12).

Puc. 12 Ocepenok rHiiiHOro 3amajeHHss B KOMNAKTHiil KiCTKOBili TKaHMHI HAaBKO0J0
“Hidkkn” MIaCTUHKHU 0e3 HANMJIEHHSI KOMIO3UTHOro MaTtepiany. Yepe3 9 micsauiB micas
iMmmiaanTamii. 'emaToKcHIiH Ta €03HH. 00. X 5

Pic. 12. The focus of purulent inflammation of bone tissue around the “croock” of the
plate not covered by composite material. 9 months after implantation. Haematoxylin
and eosin X 5
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3akmouennsi. Ha mincrasi pesyib-
TaTiB MPOBEACHOIO0 HAMU EKCIEPUMEHTallb-
HOTO JTOCIHI/DKCHHS MOJKHa BBa)KaTH, IO 3a-
CTOCYBaHHS THTAHO-HIKEIEBUX IUIACTHH 3
MMOKPUTTSAM IMIUIAHTALIMHAM MaTepiajioM Ha
ocHoBi BKC mae meBHi mepeBaru mepen TH-
TaHO-HIKEJICBUMH IIJIJaCTUHAMU O€3 1MIUIaH-
Tal1{HOTO MOKPUTTSL.

[To-nepire, MOKPUTTS 3 O10KOMITO3UT-
HOTr0 MaTepiany cupusie GopMyBaHHIO OJIOKY
“TUTaHO-HIKENEeBa IUIACTUHKA-KICTKOBA TKa-
HUHA" 32 paxyHOK NPOPOCTaHHS KiCTKOBOL
TKaHUHH, 10 (HOPMY€EThCs, Y OI0KOMITO3UT-
HuUK Matepian. Lle mposBiIseTbCsS MIIHICTIO
CHaliKM  IMIUIAHTOBAHOI TUTaHO-HIKEIEBOT
IUTACTUHKHM Ta KOMITAKTHOI KICTKOBOI TKaHH-
HU, HEMOKJIMBICTIO BHJIaJICHHsI TUTACTUHU 0e3
pyHHYBaHHS KICTKH, a TaKOX 3aJIMIIKaMU
KICTKOBOi TKaHWHU Ha TUTaHO-HIKENEeBil
macTuHl micns il Bupanends. Kpim Toro,
IUIBHUA KOHTAKT MIDXK THUTAHO-HIKEJIEBOIO
IUTACTHHOIO Ta KICTKOBOKO TKaHWHOMNO, (op-
MYyIOYHX €IMHUN OJIOK, HE CIpHUsE PO3pPOC-
TaHHIO (DIOPO3HOI CIIOMYYHOI TKAaHWHH, SKa,
SIK BIJIOMO, 3a CBOIMH OlOMEXaHIYHMMHU BJIac-
TUBOCTSIMH IOCTYHA€ETHCS KICTKOBIM TKAHUHI.

[To-npyre, 3actocoBaHuii 0i1OKOMIIO-
3UTHUW MaTepian He BUKIIMKAE B MPUIICTIIMX
70 IMIUTaHTaTa TKaHWHAaX, HacamIiepesa KicT-
KOBIHM, HEraTUBHUX 3MiH (aucTpodii Ta HEek-
po3y), He BIUIMBAE Ha mepedir pernapaTHBHO-
ro OCTEOreHe3y, Mpo IO CBITYUTH AKTUBHE
¢dbopmyBaHHs OJIOKY “THTaHO-HIKeJIeBa Iac-
THHKa-KICTKOBAa TKaHWHA .

Ilo-Tpere, 3acTOCyBaHHA  TUTaHO-
HIKEJICBUX IUIACTUH 0€3 MOKPUTTS 610KOMIIO-
3UTHUM MaTepiaioM CYIPOBOKYETHCS PO3-
BUTKOM (hiOpO3HOT CIOJYyYHOI TKAHWHH, sKa
BHUHUKA€E, TMEPEBaKHO, BHACIIJIOK MIKpPOpPY-
XOMOCTI  iMIUIaHTaTa. MIKpPOPYyXOMICTh iM-
IJIaHTaTa € TaKOXK OJHUM 13 (pakTOpiB, KU
cipusie TUCTpO(iuHUM 3MiHAM y KIiCTKOBIH
TKaHWHI Ta BUHUKHEHHIO OCEPENIKiB pe3opO-

mii.

Results. On the grounds of the results
of the experimental study, being performed,
we are able to consider that use of titanium-
nickel plates covered by implantation
material based on BCS has certain advantages
compared to uncovered titanuim-nickel
plated.

First of all, the cover made of
biocomposite material promotes formation of
the block *“titanium-nickel plate — bone
tissue” at the account of bone tissue's
growing into the bio-composite material. It is
expressed by strength of the connection of the
implanted titanium-nickel plate and compack
bone tissue, imbossibility to remove the plate,
not damaging the bone, as well as by
remnants of the bone tissue on titanium-
nickel plate after removal thereof. Moreover,
tight contact between titanium-nickel plate
and bone tissue that create an integral block,
does not promote the growth of firbosis
connective tissue, known to be worse in
biomechanic features, compared to bone one.

The second, biocomposite material
applied neither causes negative changesin the
tissues adjacent to the implant, most of al in
bone (distrophy and necrosis), nor affects the
process of reparative osteogenesis, which fact
is approved by an active formation of
“titanium-nickel plate — bone tissue” block.

The third, the use of titanium-nickel
plated, uncovered by biocomposite material,
is followed by the development of fibrosis
connective tissue, occuring, in the majority of
cases, due to the implant’s micromotions.
Micromotions of the implant are also one of
the factor causing dystrophic changes in bone
tissue and arising of the focuses of resorption.
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BucHoBku

1. 3 ypaxyBaHHSIM MaKpOCKOITIYHOTO
JOCHIJKEHHST MOXKHA TOBOPUTH TIPO T€, IO
METaJIO0CTEOCHHTE3 MEPEIOMIB KICTKU edek-
TUBHIIIMHA TIpU  BUKOPUCTAHHI  TUTAHO-
HIKENIeBUX IUIACTUH 3 TJIa3MOBUM HAIWJICH-
HSM Ha MOBEPXHI MaTepialy Ha OCHOBI 010aK-
TUBHOTO CKJIa CIIPHSI€ MIBUIIIOMY YTBOPEH-
HIO KiCTKOBOI MO30JIi 1 peMOJICITIOBAaHHIO KiC-
TKH.

2. PesynpraTH Hamoro eKcriepuMeH-
TAJIBHOTO JOCHTIJDKCHHSI JO3BOJIIIOTH HaM
PEKOMEHIyBaTH 3aCTOCYBaHHS B KIIHIUHIN
MpaKTUIll IMIUIAHTATIB 3 TOKPUTTSAM Ma-
TepiaJioM Ha OCHOBI 010aKTHUBHOTO CKIIa, MPH
METaJIO0CTEOCHHTE31, Ui OUIBII CKOPIIIOTo

pernapaTUBHOTO OCTEOrCHE3Y.
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1. 3anoposcckuii 2ocyoapcmeenHblii MEOUYUHCKUI YHUGEPCUMEN!.
Kageopa mpasmamonozuu u opmoneouu.
2. 3anopoicckuii yenmp IKCMPEMAnbHOU MEOUUUHBL U CKOPOU MEOUUUHCKOU ROMOUU.

CLOSED IM NAILING OF DISTAL HUMERAL
DIAPHYSISFRACTURES
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KawueBble cioBa: meperiom, Iede- Key words: fracture, humeral bone,
Basg KOCTb, 3aKphITas peno3uiys, aHterpan- closed reposition, antegrade osteosynthesis.
HBI OCTCOCHHTE3. Introduction. A share of low humeral

Beenenue. Ha s10110 HU3KHX MEPENO-  fractyres, including extra-articular damages
MOB IUICYEBOU KOCTH, K KOTOPBIM OTHOCATCA Of the |0wer thl I’d Of humeral dlaphygs
(according to AO/ASIF — 12A, B, C), equals
to 30% of all humeral bone fractures[1, 2].
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