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BruiuB npupoaHoro rixpokcuiianatury i f-rpukansuindocdary
HA IMHAMIKY 3MIH MEeXaHIYHMX BJIACTUBOCTEN
B EKCIIEPUMEHTAJBbHOMY Jie(peKTI KOMIIAKTHOI KiCTKOBOI TKAHMHU

O. B. KopenbkoB

Mennanuii iHCTHTYT CyMCBKOTO JIEPKaBHOTO YHIBEPCHUTETY. YKpaiHa

Objective: to compare the effects of natural hydroxyapatite and
p-tricalcium phosphate (B-TCP) on the dynamics of changes
in the mechanical properties of experimental defect of corti-
cal bone. Methods.: the experiment was performed on 48 white
male rats. In the middle third of the femoral shaft reproduced
perforated defect 2.5 mm in diameter to the medullary canal,
which the animals of the Ist group filled osteoplastic materials
«Cerabone®» (GA), and 2" — «Calc-i-oss®» (B-TCP). Fragments
of the injured bone was investigated at 15, 30, 60, and 120 days
by dynamic mikroindentition with the definition of micro-hard-
ness and Young’s modulus of the field of implantation and osteo-
plastic materials adjacent the parent bone. Results: it was found
that on the 15" day experiment microhardness and Young modu-
lus of the defect area was predominantly caused by mechanical
properties of the implanted material in its cavity («Cerabone®»,
«Calc-i-0ss®») and significantly exceeded those of the parent
bone parameters. In the future, micro-hardness and Young'’s
modulus of implantation «Calc-i-oss®» gradually decreased
and at 60 days. experiment are smaller than the parent bone
in, and on the 120" day. rose and caught up with her perfor-
mance. Microhardness and Young's modulus of implantation
«Cerabone®y throughout the experiment remained unchanged
and significantly exceeded the value obtained for the adjacent
region and the parent bone implantation «Calc-i-0ss®». Con-
clusions: using the «Cerabone®» area of cortical bone defect
becomes high and stable mechanical properties and osteo-
plastic material «Calc-i-oss®» contributes to the full restora-
tion of micro-hardness and rigidity of injury bathroom bones
for 4 months. Key words: cortical bone, reparative osteogene-
sis, hydroxyapatite, p-tricalcium phosphate, micro-hardness,
Young’s modulus.
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KOMIIaKTHa KICTKOBAa TKaHHUHA,

Lenw: cpasnums snusnue npupooro2o cuopoxcuranamuma (1'4)
u p-mpukanvyutihocpama (P-TK®) na ounamuxy usmere-
HUUl MeXAHUYeCKUX CE0UCME 6 IKCNePUMEHMATbHOM OedeKkme
KOMNAKMHOU KOCMHOU mKaHu. Memoovl: sKkcnepumerm npo-
6eden Ha 48 benvix Kpwvicax-camyax. B cpeoueil mpemu oua-
@uza 6edpennoii kKocmu 60CHPOU3BOOUNU ObIPUAMBIL OedeKm
ouamempom 2,5 MM 00 KOCMHOMO3208020 KAHAAA, KOMOPbLL
VY JHCUBOMHBIX 1-11 2pYNNbl 3ANOIHANU OCMEONIACTNUYECKUM Md-
mepuanom «Cerabone®» (TA), a 2-ii — «Calc-i-0s5s*» (p-TK®).
DpazmeHmvl mpasMuposanHvix Kocmetl ucciedosau Ha 15, 30,
60 u 120-e cym. memooom OUHAMUYUECKO2O0 MUKPOUHOEHMU-
poeanus ¢ onpedenenuem muxpomeepoocmu u mooyns FOuea
obracmu uMnIAGHMAYUU OCMEONAACTNUYECKUX MAMePUaios
u npunezarouje K Heu mamepunckou kocmu. Pezynomamoi:
VCMAaHo8NeHO, umo Ha 15-e cym. sKcnepumenma Muxpo-
meepoocmsv u mooyae Onea obaracmu Odegpexma Oviau npe-
UMYUECMBEHHO 00YCI061eHbl MEXAHUUECKUMU C8OUCMBAMU
UMNAAHMUPOBAHHBIX 6 €20 nonocms mamepuanog («Cerabone®»,
«Calc-i-0ss®») u 3HauUMENbHO NPEGLIUATU AHATOSUYHbIE NO-
Kasamenu mMamepunckoti kocmu. B danvueliwem muxpomeep-
oocmb u mooyne FOnea oonacmu umnianmayuu «Calc-i-oss®»
NOCMENEeHHO YMEHbUAUCH U Ha 60-e cym. sKcnepumenma cma-
JU MeHble, Yem 8 MamepuHckol kocmu, a Ha 120-e cym. 603-
pocu u cpasuanucy ¢ ee nokasamenamu. Muxkpomeepoocmo
u Mooy FOnea obnacmu umnaianmayuu «Cerabone®» na npo-
MAdNCEHUU 6Ce20 IKCHePUMEHMA OCMABANUCH, HEeUSMEHHbIMU
U 3HAUUMENbHO NPEeGbIUAIU BENUYUHbL, NOJYUEHHbIEe Ol NPU-
necarowett MamepuHCKou Kocmu u 001acmu uMniaHmayuu

®» 00-

«Calc-i-0ss®». Boioodwi: npu ucnonvzosanuu «Cerabone
anacme 0eghexma KOMNAKMHOU KOCMHOU MKAHU npuobpemaem
6bICOKIUE U CMAOUTbHbIE MeXaHUYecKue CBOUCMEa, d OCMeoniac-
muueckuti mamepuan «Calc-i-oss*» cnoco6cmeyem noanomy
60CCMAHOBLEHUIO MUKDOMBEPAOCHIU U IHCECMKOCIU MPABMUPO-
6anHoU Kocmu 3a 4 mec. Kuouegvie cnosa: KOMNAKMHAAL KOCNI-
Has MKAHb, PenapamusHblil 0cneoeeHes, 2UOPOKCULANAMUM,

[-mpuranvyutipocgham, mukpomeepoocms, Mooy FOnea.

penapaTUBHUN OCTEOreHe3, TiApOKCHUJIAMMATHUT,
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Beryn

[IpobGnema sikyBaHHS 1e(DEKTIB KiICTOK € aKTyaTh-
HOIO ¥ BOTHOYAC HE 0 KiHIISI BUPIMICHOIO B CyJacHIH
TpaBmarosorii. Yepes nomiOHICTh XiMIYHOI Oyn0BU
rinpokcunanatuty (I'A) i B-Tpukaneuiiipocdaty
(B-TK®) 3 KicTKOBOI TKaHHHOIO, IHEPTHICTH 710 0i0-
JOTIYHUX TKaHWH, 3/IaTHICTH O OCTEOiHTerpaii,
MTOCTYTIOBOI OioAerpasaltii iX MUpPOKo 3aCTOCOBYIOTh
y KJIHIYHIA TpakTHIl JJIs 3aMIileHHS BTPadyeHOl
KicTkoBoi TkanuHU [1, 2]. CBoro wacy C. Kaydpman
orosocuB I'A «KpaluM MEAMYHUM MaTepiajioM ycix
gaciB» [3], a J. P. Pochon ma3BaB B-TK® naitkpanum
MarepiajioM Uil 3aMillleHHs Je(peKTiB KiCTKOBOI
TKaHuHH B nited [4]. OmHie0 3 BaroMuXx pi3HHIlh
MIK HaBEJCHMMHU OCTEOIJACTUYHHMH Marepiala-
MU € Habarato mBuama pesopouis B-TKD B minsan-
mi iMmuragTanii mopiBasHO 3 ['A [5-9]. Ilpn npomy
obuaBa Marepialli YMHSTh OCTCOKOHJYKTUBHHUHI
BIIJIUB Ha penapaTUBHUN OCTEOTreHEe3 1 MO3UTHBHO
BILJIMBAIOTh HA BiJTHOBJICHHSI CTPYKTYpH TPaBMOBa-
Hoi Kictkm [8, 10—12]. IIpoTe cmin 3a3Ha4uTH, IO
YCHIIIHUM JIIKyBaHHS Je(eKTIB KiCTOK BBaXaloTh
HE JUIIe B pa3i MOBHOTO BiAHOBJICHHS CTPYKTYDH,
a i MeXaHIYHUX XapaKTEePUCTHK YLIKOMKEHOT KICTKH
[13, 14]. HaBenena B HaykoBiii miTeparypi iHpopma-
ITisT PO TBEPAICTH 1 JKOPCTKICTh MUISTHOK IMIUTAHTAITI i
B-TK® i I'A 31e06inp110ro OTpUMaHa B eKCIIepUMEH-
Tax Ha KiCTKax uepena, ryd4acTux KicTKax i B OHMH
TEPMiH CIOCTEPEKEHHS, & AAHUX ILOJO HOPIBHSIb-
HOT'O BIUIMBY 3a3HAYCHMX OCTEOIUIACTMYHUX MaTe-
pianiB Ha TUHAMIKY 3aTO€HHS A€PEKTY KOMIAKTHOI
KICTKOBOI TKaHMHM MM HE BHSBHUIIU. 3ayBajkKHMO,
mo indopmManii Tpo BIJIMB JESKUX KOMEPUIHHUX
KabIlii-pochaTHUX MarepianiB Ha ocHOBI J-TK®D
i 'A Ha TTOKa3HUKU MIKPOTBEPAOCTI Ta JKOPCTKOCTI
copMOBaHOro pereHepary B HayKOBiH JiTepaTypi 30-
BCIM HEMae, a JJisl 1HIIUX IpenapaTiB yCTaHOBJICHI
MEXaHIYHi MMOKa3HUKH MAIOTh 3HaYHY PO30iXKHICTH
[15-19]. IIpu npomy 3po3yMmio, o 1e 00yMOBIEHO
Oararpma (hakTOpaMu, a came: po3MipoM JedeKTy,
pereHepaniiHuM MOTEHI[1aJIOM KICTKOBOI TKaHU-
HU, XapaKTEePUCTHKAMH OCTEOIIACTHYHOTO MaTe-
piany (BupoOHUK, CKIlaJ, reoMeTpuyHa (hopma, 3a-
rajibHa IMOPHUCTICTh, BEIUUNHA TIOp, JU3ANH, PO3MIp
toio) [20]. Yce 1e CBiAYHTb, 110 JJIs OLIBII IPOTHO-
30BAHOr0 BIUIMBY PI3HUX 32 CKJAJOM 1 ()i3UYHUMH
XapaKkTepUCTHKAMH KajbLii-PochaTHUX KepaMmik
Ha IWHAMIKY 3arO€HHS KiCTKOBHX Je(]eKTiB HeoO-
X1JTHI eKCTIEPUMEHTAIbHI TOCIIKeHHS. BUKopucTo-
BYIOUH MOJIEINI, y CTAaHAapTHUX yMOBaxX i 3a J0MOMO-
TOI0 PI3HUX METOJIB JOCIiP)KEHHS, MOKHA BUBYATH

1 MOPIBHIOBATH M1k COOOI0 OCTEOIJIACTHYHI MaTepia-
T, SIK1 ONTHMI3YIOTh pelapaTUBHUI OCTEOTreHE3.

Mema pob6omu: TIOPIBHSTH BIJIUB MPHUPOIHOTO
I'A i B-TK® Ha nuHamiky 3MiH MeXaHIYHHX BIACTH-
BOCTEH B EKCIIEPUMEHTAIBHOMY Ae(DeKTi KOMIAKTHOT
KICTKOBOI TKAaHUHHU.

Marepiaa Ta MeToaH

ExcniepumenT nposenennii Ha 48 Ginux nabopa-
TOPHUX MIypax-caMIfiX §-MiCSYHOTrO BIKY 3 Baroio
(250 + 10) r. Yci npoueaypu BUKOHAHI BiAMOBIIHO
JI0 YNHHUX HOPMATUBHHX JIOKYMEHTIB 1 CXBaJIeHI
KOMICi€I0 3 MUTaHb 0i0€TUKM MeAUYHOrO 1HCTHUTY-
Ty CyMCBKOTO JIepKaBHOI'O YHIBEPCUTETY (IIPOTOKOI
Ne 12/2 Bin 22.12.2016). Ilepen omneparicto TBapuHaM
BBOJIMJIM BHYTPIIIHBOM SI30BO 2,5 MI/KT anenpoma-
3uHY, a uepe3 5 xB 50 Mr/kr ketaminy. [licis BBeneH-
HS TBapUH Y HAPKO3 B ACENTHYHUX yMOBaX y Cepe/i-
Hill TpeTHHI Aiadiza CTETHOBOI KiCTKH 3 JJOMOMOT'OI0
MOPTATUBHOI OOpMAIIMHU KYJIENOMi0HOI (pe30ro
Ha Majux o0eprax i3 OXOJIOJKCHHSIM BiJTBOPIOBA-
nu eheKT aiaMeTpoMm 2,5 MM 10 KiICTKOBOMO3KOBOTO
KaHaly. TBapuH pO3MOAINIIN Ha JIBi TPYTIH:

I (24 mypu) — nedexT 3amoBHIOBAIN OCTEO-
manacTuaHuM Matepianom «Calc-i-0ss®». Ile rpa-
HYJIbOBAaHMH Marepiajl, BUTOTOBJICHHH 13 YHCTOTO
cuatetrnyHoro B-TK® (unctora B-has3u monax 99 %,
cuniBBinHomenHs Ca/P 1,5) 3arampHa mopucTHCTH
50 %, po3mip mikporop Bix 1 10 6 MKM;

II (24 mypn) — medexT 3amoBHIOBAIHM OCTEO-
maacTnaHuM Mmarepianom «Cerabone®». Bin e mpu-
pomuauM I'A TyOGUacToi peuoBHHHN TPyOIaCTHX KiCTOK
KopiB y opmi Tpanyn (miameTp 2-2,5 MM, CHiBBiI-
vomerHs Ca/P 1,67), ki MarOTh TPUBUMIpPHY II0O-
pUCTy CTPYKTY Py (po3mip mop 200-350 MKM), IOpCT-
Ky i rigpodineny nosepxaio [21]. Kpim Toro, y 1 1
«Cerabone®» micTuThcs 01M3bKO 1 MI' KiCTKOBOTO
MOp(horeHeTHYHOTo 0iNTKa-2, i3 PEryIsATOPHOIO JI€0
SIKOT'O TIOB’SI3yIOTh aJICKBATHICTH OCTEOreHE3Y, Tude-
PEHITIaIli 0 OCTEOTeHHHUX KJIITHH-TIOTIEPETHHUKIB B OC-
teoOmactu [12].

IMepen immnanTtamiero rpanynu «Calc-i-0ss®»
i «Cerabone®» 3M0OYyBaJd BJIACHOIO KPOB’IO IIypa
(axy Opanu 3 XBOCTOBOI BEHH) /ISl 3aIIOBHEHHS TIOD,
BHJIAJICHHS 3aJIMIIKIB MOBITPs 3 Marepiany i 3abe3-
MeYeHHss HeoOX1aHOI KOHCHCTEHII, SAKa T03BOJIsIIa
0 JIeTKo pi3aTu MaTepiaiy CKaJbIeNIeM 1, BiJIOBITHO,
MOJISJTFOBATH 32 POPMOIO TepeKTy.

[Ticnst BHECEHHS Y KICTKOBHH IeeKT ocTeorac-
THYHUX MaTepiajiB paHy 3allMBaJM IIOBKOBUMH
HUTKaMH{ 4epe3 yci mapu M’SKHX TKaHWH Hariayxo,
moB 00po0isiau 3 % CHUPTOBUM PO3UYMHOM HOZY.
VYponosx 3 ai6 micis omepauii Ayt TpoinakKTHKN
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THIHHUX YCKJIaJHEHb MicisionepaliiHui 1I0B 00-
pOOJISIIM CIUPTOBUM PO3YMHOM HOAYy, a JUisl 3HE0O0-
JIFOBaHHSI BHYTPINTHBOM S130BO BBOJIUJIU KETOPOJIAK
y 1mo3i 0,6 mr 2 pa3u Ha 100y.

UYepes 15, 30, 60, 120 nid micis onepariii TBa-
PUH BUBOJUIHN 3 EKCIEPUMEHTY ILISAXOM JEKalri-
tanii nmig raubokum edipHUM Hapko3oMm. Bunmi-
JIeHl ¢pparMeHTH TPaBMOBAHUX KICTOK BHUBYAIHU
METOJIOM JWHAMIYHOTO MiKpOiH/ICHTYBaHHS Ha iH-
neHromeTpi «Mikpon-I'ama» [22, 23]. na uporo
MOBEPXHIO CTETHOBHX KICTOK 3 IMIIJIAHTOBAaHUMH
OCTEOINIACTUYHUMHU MarepiajlaMy BiAMOJIipOBYBa-
T aJMa3HoIo cycreHsiero (po3mip 3epHa 250 HM)
1 3aHypIOBaJik B €MOKCUAHY cmoiry. Ilicus ii 3a-
TBEPIAiHHS 3pa3Kd BIiAMOJIPOBYBaJIN TOHKHUM
muTihyBadIbHUM  KapOiJOKPEMHIEBUM TallepoM,
06pobmsm 100 % crnmpTom 1 QikcyBaium Ha JBO-
KOOpIMHATHOMY CTOJIi iHAeHTOMeTpa. Jlami 3a go-
MTOMOTOI0 ONITHYHOTO MiKpockomna « Mikpon-I'ama
imeHTH(iKyBaIN NUISTHKY IMIUIaHTALlil OcTeornJac-
THYHOTO MaTtepiayy i MpuIIersioi 10 Hei MaTepuH-
ChKOT KICTKH, B SKHX BUMIPIOBaJIU MiKPOTBEPAICTh
i Mmoxynb FOHra.

SIK 1HAGHTOpP BUKOPHCTOBYBAJIHM TPUTPAHHY aj-
Ma3Hy mipaMiny bepkoBuya 3 OCHOBOW y BUTJISII
PIBHOCTOPOHHBOT'O TPUKYTHHKA Ta KyTOM IIPU BEp-
IIMHI MK MPOTUJICKHUMH CTOpoHamu 65°. HaBan-
TaxkeHHs Ha iHgeHTOp (P) BcTanoBmtoBamu 50 T,
a mBuaKicTh (V) — 5 r/c. KpiMm Toro, mijg yac npose-
JCHHSI AMHAMIYHOTO MiKPOIH/JCHTYBaHHS BpaxoBaHi
YMOBU HAHECEHHsI BIIOMTKIB — BiACTaHb BiJ Kpaio
MaTEPHUHCHKOI KICTKH JI0 BigouTka noHax 2,5 d (d —
JIOB)KMHA JIiaroHaii BiOMTKA), a BiCTaHb MiX Cy-
cimHiMU BimouTkamu mmoHana 3 d [24].

3a momomororo iHAeHTOMeTpa «MikpoH-I'amay
MH Majy 3MOTy 0e3NepepBHO BIABIIOBATH 1HJICH-
TOp y AUISHKY IMILTaHTAIil OCTEOINIACTUYHUX Ma-
TepiayiB i mpuierioi no Hei MaTepUHCHKOT KiCTKH
Ta pPEECTPyBATH 3aJCKHICTh TIIMOWHU HOTO TPO-
aukHeHHs (h) Bim cunwm BaaBmenus (P). I[Ipu mpo-
My iHaeHTOMeTp «Mikpon-I'ama» gemMoHCTpyBaB
miarpaMyd HaBAaHTAXCHHS IMSHOK IMIIJTaHTaIii
OCTEOIJIACTUYHHUX MaTepiaiiB i TPHUIIETIIOl 10 HUX
MaTepUHCHKOT KICTKH, K1 CKJIafajlnucs 3 KPUBHUX
HaBaHTaXXEHHS 1 po3BaHTaxeHHs. Ha niarpami
BimoOpaxanacst pobora, BUTpayeHa iHICHTOPOM
Ha TIOJI0JIaHHSI ONIOPY pereHepary 3 OCTeonIacTuy-
HUM MaTepiaJoM i MaTepUHCHKOT KICTKH (TIJIOMHU-
Ha HaJl TJIKOK HAaBaHTAaXEHHS), a TaKokK poboTta
MpPYXHUX CUJI, BUKOHAHA Ha BiJTHOBJICHHS 1X (op-
MH TiCJIs BJAaBIOBaHHs (ILJIOIIA MiJ TIIKOK pPO3-
BaHTaxXeHHs1) (puc. 1).

[Ticnst peectpanii giarpam HaBaHTa)KEHHSI Y TIPO-
rpaMHOMYy 3abe3neueHHi «MikpoH-I'ama» aBTOMa-
TAYHO PO3pPaXOBYBaJUCSI MIKpPOTBEpHICTh 3a Meiie-
pom (I'Tla) i momyns ipy>xuOCTi FOHTa (I'Tla) (puc. 2).

[Tpu npOoMy po3paxyHOK MIKPOTBEPAOCTI IPOBO-
UK 32 GOPMYJIOL0:

P

H, = _A: (1
ne H,, — HEeBIIHOBJicHa MIKpUTBEPHICTh 32 Meiie-
POM, —-5>4Ka HABOZUTE CepenHill THCK Ha TOBEpPXHI
BiIOMTKA 1 KIJIbKICHO TOYHIIIE BigoOpaxae QizsuuHy
CyTh TBepaoCTi [4]; P,— MakCMMaJIbHE HaBaHTaXKCH-
HA Ha iHxeHTop, H; A, — mpoekuis KOHTaKTHOT 1J10-
i, M’

BusnaueHHst MomyJs Mpy>KHOCTI 3a Aiarpamoro
HaBaHTaXeHHs 0a3yBasocs Ha Metoni Y. OniBepa Ta
Jx. ®apa [25] i po3paxoByBajocs 3a (hOpMYIIOFO:

_ _aed
1 17 1y o
E E K

ne E, E; 1 v, v, — MOmyJli MPy»XHOCTI Ta KOSPIIlieHTH
[lyaccona auist KicTKH Ta iHAEHTOpa (11 iHASHTOpa
E;=1141 I'Mla i v; = 0,07; nns xictku v = 0,3); E,—
3BEJICHUI KOHTAaKTHUH MOIyINb pykHOCTI, ['Tla.

Otpumani 1TuGpoBi BETUINHH OINPAILOBYBAH
CTaTHCTHYHO 3 O0YHCIICHHSIM CEpPEIHBOT0 aprudpmMeTHy-
Horo (M) i #oro cranmapTHOI MoxuOku (m). 3Hady-
LIICTh BIJIMIHHOCTEH Mi>K TIOPIBHFOBAHUMH TTOKA3HHKA-
MM OIIIHIOBAJIH 32 TOTIOMOT 010 t-KpuTepito CThromeHTa
3 BUKOPHCTAHHSAM CTaTUCTHYHOI KOMIT' FOTEPHOI MpOor-
pamu MS Excel XP. BinmiHHOCTI BBaXkaim 3Ha4y-
M 3a p < 0,05.

Pe3yabTaTi Ta iX 00rOBOpeHHs

Ha 15-my 000y excnepumenmy METOJIOM JTUHAMIY-
HOTO MIKPOIHIECHTYBAaHHS BCTAHOBJIEHO, IO MIiKpO-
TBEPICTh 1 MOy b FOHTA NUTSTHKY IMITJTAHTAIIT OCTEO-
mIacTHYHOro MaTepiany «Cerabone®™ mepeBuiyBamm
Ha 13,57 1 6,95 % (p < 0,05) aHanoriuyHi NOKa3HUKHU
ninsaaky iMroianranii «Calc-i-0oss®» Ta cTaHOBUIIH
(1,347 £ 0,04) T'TIA, (29,2 = 0,67) I'la y nepuiomy
i (1,186 = 0,038) I'Tla, (27,3 £ 0,54) I'Tla — y napy-
romy. Kpim Toro, mikporBepaicts i Mmogyns KOnra
ninsaku immranTamnii «Cerabone®» 6ynu Ha 45,77
i 27,51 % (p < 0,05), a y minsgHI iMIUIaHTamii
«Calc-i- 0ss®» Ha 28,63 i 21,33 % (p < 0,05) Ginb-
WUMHU, HDK Yy OPHICMNH 10 HUX MaTepUHCHKIN
kictii — (0,924 + 0,027) I'Tla, (22,9 + 0,48) I'Tla
1(0,922 £0,031) I'1a, (22,5 + 0,51) I'T1a (tabnuis).
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Puc. 1. liarpama HaBaHTaXXCHHS AIISHKMA IMIUIaHTALii OCTEOIUIACTUYHHX MaTepialliB TPUTPAHHOIO aliMa3HOIO IMipaMigoio
BepkoBuua Ha innenTomerpi «Mikpon-I'amay. Kpusi HaBanTaxenns (1) i pazBantaxenus (2)

[ T - (00 o S O NG o g g e R i
P=SD0Y=500T=05=0 20 bepagqA A6
T.D himdn  hoskrs ek | HIM spre] Helsis g H s £ G 5 8 rweor] R reEsr
i B0 T 1} SR 155 1548 [T DIEES NET = M1 s &S 05z 0.8 18]35}
2 Lo B 0 D 477 LA 0 e s ik el Zdal L 0LFH it
1 mnn =a a IR 474 =i M [tk g o] =3 5 E1 | Uiy 1.8 0154
4 B0 T 1} EER A B4 1584 035 [TEE: kT ] ML ST Pl ] IE] 0 843 IR
e} mn %A a A L2 4752 .99 n3ar LTS 0 134 B IT kY 0E 08 D
[} 2.0 54 a S0 47 ZES 0 DESE ks A E Lkl HEE 0i0E 01 [I§]:1]
T mnn b1 1} LR amuy 1548 13 il =2 5 1159 M [ 3 ol o} oo nan R
d 2.0 T 1} 4 L1 4581 2ine 0341 O7ed i TE] 2 nE 2K 0ies TR e (LK 1
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12 mn W a aan 418 i 1.ma DLEEN 11T s B Ir oz LEES Dz
13 ETH] 50 ] 55E A Bl 1 s [TkE-} Ik S ] ns L | nE oS 0.8 IR 3
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Puc. 2. [Ipuknan po3paxyHKiB mporpaMHoi 00pOOKHU AiarpaM HaBaHTaKEHHS AUISHKH IMILIAHTAIii OCTEOIIACTUYHUX MaTepialliB
Ha ingeHTomMeTpi « MikpoH-I'amay
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Tabauys

Pe3yabraTn Bapianiiino-cTaTHCTHYHOI 00pO0KHU MexaHiYHUX MOKa3HUKIB (M £ m) AiNsIHKM KicTKOBOro aedeKkTy
3 iIMIVIAHTOBAHMMH OCTEONJIACTHYHUMM MaTepiajaMu i npuJeriaoi 10 Hei MaTepuHCbKOI KicTku (n = 12)

Jlo6a ['pyma TBapHH Mexaniunuii MOKa3HUK i Miclle BUMipIOBaHHS
MikpoTeepaicTs 3a Meitepom (I'TTa) Monyns Onra (TTTa)
Jlinsuka nedekry MatepuHchka KicTka Jlinsnka nedexry MatepHHchKa KicTka
I 1,186 + 0,038* 0,922 + 0,031%* 27,3 +0,54* 22,5 +0,51%*
b II 1,347 + 0,04 0,924 + 0,027** 292 + 0,67 22,9 + 0,48%*
I 1,13 +0,035% 1,015 + 0,024%* 25,1 +0,59* 22,7 +0,5%*
3 1l 1,363 + 0,045 0,985 + 0,021%* 28,9+ 0,63 22,4 + 0,425
I 0,871 + 0,023* 0,958 + 0,029%** 22 +0,45% 23,8+ 0,52%*
o0 11 1,392 + 0,044 0,957 + 0,03** 29,7 + 0,65 21,9 + 0,46%*
I 1,175 £ 0,037* 1,154 + 0,034 25,8 + 0,44% 25,4+ 0,59
120 1 1,416 + 0,043 0,963 + 0,028 28,8+ 0,66 21,5 + 0,47%*

* JloctoBipHa pizauns (p < 0,05) mikporBepaocTi Ta Moxyist FOHra ninsuku nedexty TBaput I rpynu nopisusao 3 I1.
*#* JlocTOBIpHA PI3HUIISI MK ITIJITHKOIO Ie(EKTy Ta MPUJIETIol 10 Hel MaTepUHCHKOT KICTKH.

Ha 30-my 006y mikpoTBepaicTh i Mogyns FOHra
JIJSTHKY IMIUIAaHTalLil OCTEOoNIacCTUYHOrO MaTepiary
«Calc-i-08s8"™» 3MEHIIUIUCS OPIBHSHO 3 MOIEPEIHIM
tepminoMm Ha 4,72 i 8,05 % (p < 0,05), a y minsH-
i iMmanTanii «Cerabone®™» 3anuimuianucs manxe
HeaMmigmHUMH Ta ctaHoBwan (1,13 + 0,035) I'lla,
(25,1 £0,59) I'la y mepmomy i (1,363 + 0,045) I'Tla,
(28,9 £ 0,63) I'lla — y apyromy Bumnazaxy. [Ipu upo-
My MIKpOTBEpIICTh 1 Moaynb KOHra JijasiHKH iMII-
nanTanii «Cerabone®» mepeBHIyBald aHAJIOTIYHI
MOKA3HUKH Yy BUMAAKY BHKOpUCTaHHS «Calc-i-08s*»
Ha 20,61 1 15,13 % (p < 0,05). Kpim Toro, nociimxy-
BaHl OloMeXaHI1YHI HOKAa3HUKH IIASHKHU IMIIJIaHTa-
1ii «Calc-i-0ss®» 6ynu na 11,33 1 10,57 % (p < 0,05),
a 304 imrmianTanii «Cerabone®» Ha 38,37 1 29,01 %
(p <0,05) GimpImIIMH, HIXK y MaTEPUHCHKOT KICTKH —
(1,015 + 0,024, (22,7 = 0,5) I'TTa 1 (0,985 £ 0,021),
(22,4 +0,42) T'TIa.

Ha 60-my 006y mikpoTBepaicTs i Mmonynb FOHTa
JUISSHKY IMIUTAHTAIlil 0CTEOIIACTUYHOTO MaTepiany
«Calc-i-0ss®» TMOPIBHSHO 3 TOMEPEIHIM TEPMiHOM
eKCIIepUMEHTY 3MeHmunuca Ha 22,92 1 12,35 %
(p > 0,05), a 30ouu immutanTaiii «Cerabone®, HaBma-
ku, 30Utbmmmcs Ha 2,12 1 2,76 % (p > 0,05) i cra-
Hosuiu (0,871 + 0,023), (22 + 0,45) I'Tla y nepmomy
1 (1,392 + 0,044), (29,7 = 0,65) I'lla y apyromy BH-
naaky. [Ipu npbomy MikpoTBepAicTh i Moaynb FOHTa
nminsHkn imranTtanii «Cerabone®» nepeBuinyBain
AHAJIOTIYHI TOKA3HUKHU 30HU BBeneHHSA «Calc-i-0ss®»
Ha 59,81 1 35 % (p < 0,05). Takox ciig 3a3Hauu-
TH, IO B I TEPMiH €KCIIEPUMEHTY TOCIiIXKyBa-
Hi OloMeXaHIYHl MOKAa3HWKH IUJISHKH IMIUIAHTAIl
«Calc-i-0ss®» Oyau Bxe Menuumu Ha 9,08 1 7,56 %
(p <0,05), a 3a ymoB Bukopuctans «Cerabone®™» —

oimpmumu Ha 45,45 1 35,61 % (p < 0,05), HiX y Ma-
tepuHcbkoi kKictku — (0,958 + 0,029), (23,8 £ 0,52)
(0,957 £0,03), (21,9 + 0,46) I'T1a.

Ha 120-my 000y excnepumenmy B 30HI IMII-
nanTtanii «Calc-i-0ss®» MIKpOTBEpAiCTh i MOIYJIb
IOnra mopiBHSHO 3 TOMEpPEeIHIM TEPMIHOM 30iJIb-
munucs Ha 34,9 1 17,27 % (p < 0,05) BignosiaHO,
a «Cerabone® — IOCTOBIpHO HE 3MIHHJIKCS Ta
cranoBunu (1,175 + 0,037), (25,8 = 0,44) I'Tla y niep-
momy i (1,416 = 0,043), (28,8 £ 0,66) I'Tla y apy-
roMy BHUMNAJKYy. SIKk 0aunMo 3 HaBeJEHHX IOKa3-
HUKIB, MiKpOTBepAicTh 1 Moxyib FOHra minsHkH
imruranTanii «Cerabone®™» mepeBakaln MOKA3HUKH
«Calc-i-0ss®» Ha 20,51 i 11,62 % (p < 0,05). Kpim
TOTr0, MIKpOTBEpIICTh 1 Moysib KOHTa 30HU iMIIIaH-
tarii «Calc-i-0ss®» 3piBHSUIHCS 3 aHAJIOTIYHUMH TI0-
Ka3HUKaMU MaTepruHChbKOi KicTku — (1,154 + 0,034)
1(25,4 +0,59) I'Ta, a B pasi Bukopucrans «Cerabone®»
nepeBuinmin ix Ha 47,04 1 33,95 % (p < 0,05) —
(0,963 £0,028) 1 (21,5 + 0,47) I'Tla.

TakuM 9UHOM, y PE3yNIBTATI MMPOBEACHOTO JOCIHTi-
JOUKCHHSI BCTaHOBJICHO, IO BXke Ha 15-Ty moOy exc-
MEPUMEHTY MIiKpOTBEpHiCTh 1 Moaynb FOHra minss-
ku immanTanii «Calc-i-oss®» i «Cerabone®» 3Ha4HO
MEPEBUINYBAJIM aHAJIOTIYHI BEIMYMHU MATEPUHCHKOT
kicTku. Lle#t ¢akT CBITIUTH, IO HA PAHHBOMY TEp-
MiHI TiCHs IMIIAHTAaMil JOCTIIKyBaHI MOKa3HUKH
OinstHku nedexty Oyiu mepeBakHO 0O0yMOBIICHI
MEXaHIYHUMU BJIIACTHBOCTSIMH OCTEOTIACTUYHHUX
MarepialiB, po3TallOBaHUX y HOTO MOPOKHHUHI.
[lomanpima auHAMiKa MIKPOTBEPAOCTI Ta MOAYJIIS
IOura minsuku iMmaadTamii «Calc-i-0ss®» (mo 60-i
n00M BKIJIFOYHO) XapaKTepHu3yBayacs MOCTYIMOBUM
3MeHIeHHsM. [Ipu npomy Tinbku Ha 60-Ty 100y
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JIOCITI/KYBaHI TOKA3HUKU B JUISHI IMIUIaHTAIlil
«Calc-1-0ss®™» cTanyu MEHIIUMHU, Hi’K Y MATEPUHCHKIi
KICTIIi, IO MOYE CBIIYUTH MPO PE30pOIit0 TBEP/IO-
T'0 1 )KOPCTKOT0 OCTEOIIaCTHYHOr0 MaTepiany. Ipo-
te, 3rigHo 3 manumu K. Al-Hezaimi i cmiBaBT. [15]
MIKpPOTBEPIICTh TiM’SHOI KicTKH ImypiB Ha 10-i
TIOKACHB TICIS IMIUTaHTAIli] B TOPOXKHUHY 11 nedek-
Ty B-TK® 3 Me3eHXiMalbHUMH CTOBOYPOBUMH KITi-
tuaamu (0,058 I'Tla) Oyma 3HaYHO MEHIIOI0, @ MOYITh
Oura (109,11 I'Tla), HaBaku, 3HAYHO OIJIBIIMM, HIX
y marepuHcbkoi kictku (0,454 1 13,85 I'Tla). Pazom
i3 muM, 3a S. Ramalingam i cmiBaBt. [18], mokas-
Huku MmikporeepaocTi (0,241 + 0,006) I'Tla i mony-
nsg HOnra (4,34 + 0,06) I'lla KicTOK CKICHIHHS Ue-
pena mypiB Ha 10-uil THKIEHB Michs iMIUTAHTAIT
B-TK® 3nagHO pi3HATHCSA 3 JAHUMH IHIIHX aBTOPIB.
V HamoMy eKCIIepUMEHTI MIKPOTBEPHICTh 1 MOAYJIb
IOnra ninstaky immutanTarii «Calc-i-oss®» Ha 120-Ty
no0y excunepumeHTy ctanounu (1,175 + 0,037)
1(25,8 £ 0,44) I'Tla BignoBigxo. [Ipu ibomy HaBeeHi
MeXaHI4H1 MOKa3HUKH HE JIUIIE 3HAYHO 3POCITU TIOpiB-
HSTHO 3 60-0r0 10000, 1 3PIBHSIINCS 3 aHAJIOTTYHUMH
BeTMYMHAMU MaTepUHChKOI KicTku — (1,154 + 0,034)
1 (254 + 0,59) I'lla, oo CBiTYUTH MPO BiTHOBIICH-
HS TBEPAOCTI Ta KOPCTKOCTI TPABMOBAHOI CTETHOBOL
KICTKH.

JlizepoMm 3a MikpoTBepaicTIO i MoxyneM Oura
cepea BUBYEHUX HAMHU OCTEOIIACTUYHUX MaTe-
pianiB crama mginsHka iMmmuanTtarnii «Cerabone®».
OctaHHs 32 MEXaHIYHUMU MTOKA3HUKaMH He JIUIIE T1e-
pEeBHIIlyBaJia 3HAUCHHS B 30H1 BBeeHHS «Calc-i-08s®»,
a i Mana Maii>ke He3MiHHI MiKPOTBEPIICTh 1 MOAYIb
HOnra npotsarom yceoro ekcrnepumenty. OcraH-
Hill (aKT CBIIYUTH IPO BiACYTHICTH abo AyxKe MO-
BUIBHY pe30pOIil0 OCTEONIaCTUYHOTO MaTepia-
ay «Cerabone®» B minsHIli JedeKTy KOMIAKTHOI
KICTKOBOI TKaHWHHU. Y CBOIO Yepry, MOCHiIKCHHS
T. Guda i cmiBaBT. [16] BusBMIHN, M0 MOmyIs FOHTa
KICTOK TepeArutiuys KPoJuKiB Ha 8-My THXKHI IIic-
Jis iMIUTanTanii B ix aedekt ['A e aemto Oiabimmm —
(0,748 + 0,11) I'Tla, HiX Yy HEYHIKOIKEHIH KicTII —
(0,636 = 0,06) I'lla, a, 3a ganumu K. Shimomura
i cmiBaBT. [19], ningHka nedekty emidiza cTerHoBOl
KICTKH KpPOJIMKIB uyepe3 6 Mic. micis iMmiaHTamii
B 1i0r0 MOopokHUHY ['A 3 Me3eHXiMallbHUMH CTOBOY-
POBHMHU KJIITHHAMH 32 IMOKA3HUKAMU MiKPOTBEPAOC-
Ti Ta MomyJssi FOHTa 3piBHIOETHCS 3 MAaTEPUHCHKOIO
KICTKOIO. Y HAIIOMY €KCIEPUMEHTI MiKPOTBEPHICTh
i momynpb FOura miasuku iMmaanTamnii «Cerabone®»
MPOTSITOM YChOT'O TEPMiHY €KCIIEPUMEHTY OyJiU B Jia-
na3oni 1,347-1,416 i 28,8-29,7 I'lla i 3HauHO mepe-
BUILYBaJM AHAJOTIYHI MOKa3HUKH MaTePHHCHKOT
KICTKH.

BucnoBxu

VY Bumnaaky Bukopuctanus «Cerabone®» minsHka
nedeKTy KOMIMaKTHOI KiCTKOBOI TKAHHHH Ma€ BUCO-
Ki Ta cTaOlIbHI MEXaHIYHI BJIACTHBOCTI, a 3aCTOCY-
BaHHsI OCTeOIuIacTUYHOro marepiany «Calc-i-0ss™»
CIIpUsiE TIOBHOMY BiJTHOBJICHHIO MIKPOTBEPIOCTI Ta
YKOPCTKOCT1 TPAaBMOBaHOI KiCTKH 3a 4 Mic.
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