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YOK 616.314-089

Oco6aMBOCTI Mig60py iMILJIAHTATIB
3 BUKOpUCTaHHIM KoMmIuiekcy MIMICS-ANSYS

Features Selection of Implants using Complex MIMICS-ANSYS

Yyliiko A.M.%, JlesaHOo8cbKuli PA.2*
Yepun M.M.23, benikos O.b.*
1YkpaiHcekuli aHanimu4Ho-
0ocniOHUYbKUL yeHmp y OinsiHui Medu-
uuHu M. YepuHa, Jlesis

2[MpusamHa cmomMamosio2iyHa KaiHika
dokmopa PomaHa J/leeaHd08cbK020,
Konomus

3/Ibsiecbkuli HauioHanbHUG MeOUYHU L
yHisepcumem im. laHuna l[anuybkoeo,
Kkag. opmonedu4yHoi cmomamosnoaii
(3as. — npog. PM. CmynHuuybkudi)
“ByKoBUHCbKUL OeprasHuUli MeOuYHUl
yHigsepcumem, kKag. mepanesmu4Hoi
ma opmoneduyHoi cmomamonozii
(3as. — npo@. O.b. benikos)

A.N. Chuiko, M.M. Uhryn,

R.A. Levandovski, O.B. Belikov

Bctyn

Mig yac nnaHyBaHHA Ta MNiArOTOBKM [0
NpoTe3yBaHHS BEPXHbOI Ta HUXKHbLOI Lue-
nlen KOHCTPYKLiSIMUM 3 OMOpOK0 Ha [LeH-
TafbHi iMMAAAHTaTK, 3 BpaxyBaHHSAM Mo-
Ka3aHb i NpOTMNOKAa3aHb A0 iMNAaHTaLii,
Y KOXHIM KOHKPEeTHiW KNiHIYHIN cuTyauii
BifApa3y BMHWUKAOTb MUTAHHSA WOLO aHa-
TOMO-TONOrpadiyHMx yMOB ANs iMNiaH-
TaUii, KiNbKOCTi Ta SIKOCTi KiCTKOBOi CTPYK-
Typu nauieHTa Ta iH. [1-3]. Ha cyyacHomy
eTani Hanbinblw epekTUBHUM i Tenep yxe
[OCTYMHUM METOA0M OBOCTeXeHHs Lue-
NenHO-NMLEBOI AINSHKU € KOHYCHO-NPO-
MeHeBa koMn'lotepHa Tomorpadis (KMNKT)
[13, 14]. Ons npoBefeHHS YCRiWHOI iMM-
NaHTauii 39BNAETLCA MOXIMBICTb Ha
ocHoBi KIMKT mozentoBath byap-ski ene-
MEHTW PEKOHCTPYKLii, HE pO3KpPMBaKOUU
rnonepeaHbo onepaviiHe none, BU3HaYa-
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Pestome 3anponoHoBaHo MeToaMKy ninbopy iMnnaHTaTie Ha 6a3i 4aHUX KOHYCHO-

NpoOMeHeBOi KOMM'OTEPHOI TOMOrpadii KOHKPETHOrO NaLi€HTa, WO AAE MOX/IMBICTb

BpaXyBaTu OCHOBHi MexaHiyHi XapaKTepUCTUKU KiCTKOBMX TKAHWUH HaBKOJIO iMI'I.I'IaHTaTy 3

BMKOPUCTaHHAM komnnekcy MIMICS-ANSYS.

Summary The method of selecting implants based on data from cone-beam computed

tomography of the individual patient, which allows taking into account peculiarities

of the mechanical properties of bone tissue surrounding the implant based on a set

MIMICS-ANSYS.

KntouoBi cnoBa koHycHo-npomMeHeBa KOMIIOTEpHa TOMOrpadis, iMniaHTaT, KicTKoBa

TKAaHUHA, MeXaHiYHi XapaKTepuUCTUKK, YMOBHO-3HIMHUI NpoTe3

Key words cone-beam computed tomography, implant, the bone tissue mechanical

properties, conditionally removable dentures

H0UM reOMETPUYHI MapaMeTpu | MeXaHiYHi
XapaKTEPUCTUKU MAKMUX i KiCTKOBMX TKa-
HWH ONS NPUAHSATTS pilleHb.

MeToto pob0TH € BU3HAYEHHSI OCHOBHMX
MeXaHiYHUX XapaKTepUCTUK MIKKX i KiCT-
KOBUX TKAHWMH Yy AOiNSHUI iMnnaHTauii 3
BMKOPUCTaHHSM NPOrpaMHOro KOMMNIeKcy
MIMICS-ANSYS, wo pactb 3Mory Bpaxy-
BATM KiNIbKiCTb i SIKiCTb KiCTKOBUX CTPYKTYp
KOHKPETHOro naui€HTa Ha niacTasi Ko-
HYCHO-MpPOMEHEeBOi KOMMIOTEPHOI TOMO-
rpadii ANg CNpOLLEHHS Ta Kpauloro pe-
3ynbTaTy poboTu Nikapsa-npakTuka.

MaTtepianu Ta MmeTogm
NOCNIOKEHHS

AHanis aHatoMo-TonorpadiuHnx yMoB
TKQHWH MNPOTE3HOr0 JIOXa, KiNbKOCTI Ta
AKOCTi KiCTKOBMX CTPYKTYp Ans nigbopy i
NPOeKTYBaHHS iMNNAHTaTiB MpPOBELEHO

Ha ocHoBi komnniekcy MIMICS-ANSYS.
MIMICS (Materialises Interactive Medical
Image Control System) — iHTepakTUBHMIA
NporpamMHMi nakeT AN Bi3yanisauii Ta
cermMeHTauii 306paxeHb, OTPMMaHMX 3a
ponomoroto Tomorpadii, i 3D 306paxeHHs
obekTiB [9]. MakeT Hajae kopucTyBayesi
LUIMPOKMI BMOIp PYHKLiM 3 NepeTBOpeHHS
300paxeHb y 3D-00€kTM Ta MiAroToBKM
umx o6€eKTiB ANS pi3HMX chep 3aCcToCyBaH-
H. MoxnusocTi komnnekcy MIMICS npu
006po6Li KOHYCHO-MPOMEHEBUX KOMMHO-
TEpHUX TOMOrpaM 3 ypaxyBaHHAM aHaTo-
Mo-TonorpadiyHMx yMoB 4S5 iMniaHTauii
i nigbopy iMNNAHTATIB Y KOXXHOMY KJiHiy-
HOMY BMMAAKy MU NEPEKOHIMBO AOBENN Y
nonepenHin cratti [10].

OcTaHHIM 4acoM nig yac opToneguyHoi
peabiniTaLii XBOPMX Ha HUXHI Be33ybii
weneni 3i CKNaLHOK LWeNenHo-InLEBO
NaToONOri€EX MU AOCUTb YACTO BUKOPUCTO-

HoBuHu ctomatonorii N°1 2013
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Man. 1. Nepepi3 3D-306paxeHHA HXKHBOI LWenenwu

Man. 3. NMosepxHe.a ciTka 3D-mogeni — 6e3 imnnaHTaTis (a) i 3 imnnaHTaTamu (6), reHepoBaHa B MIMICS i nepepaHa B ANSYS

BYBaNIM METOJ, OLHOETanHoi iMnnaHTauii
3 HEeramHUM HaBAHTAXKEHHAM i MpoTesy-
BAHHAM YMOBHO-3HIMHUM MpOTE30M 3a-

NpOMOHOBAHOI HaMu KoHCTpykuii [11].

3acTocoByBanu, 30Kpema, Hepo3bipHi oa-
HoeTanHi iMnnaHtatM Radix-Gimlet-DM
™mniB 51013,51015,51018.

Pe3synbrat 4OCNIOKEHHS
Ta iX 06roBopeHHs

1. OcobnmBOCTi aHani3y MexaHiuHUX
XapaKTEPUCTUK MKMX i KiCTKOBMX
TKaQHMH Ha OCHOBI KOMMAEKCy
MIMICS-ANSYS

Binpa3sy 3a3HauMMo peski TeXHONMOriYHi
TPYAHOLL, L0 BMHWMKAKOTb Mif, 4aC BMKO-
puctaHHs komnnekcy MIMICS-ANSYS. 3
onHoro 6oky, nporpama MIMICS pobpe
Bi3yani3ye He TiNIbK1 30BHILLIHI KOHIry-
pauito 06€kTa, ane i MOro BHYTPIWHHKO
CTPYKTYpY, O MOKa3aHO B nepepisi Lie-
nenu Ha man. 1 [10].

3 iHworo 60Ky, nporpama ANSYS npusHa-
YeHa [ONS BWPILEHHS iHXEHEepHUX 3a-

HoBuHu ctomatonorii Ne1 2013

BOaHb, ii 06€KTamMu € 6anku, Banu, 060N10H-
KM i OOCUTb CKNAfHI KOHCTPYKLii 3 UMX
enemMeHTIB. ToMy 3 ii LONOMOrOK BaXKO
NPOCTEXUTU KOHIrypauito, Hanpvknag,
rybyacToi KiCcTku, IKa nokasaHa B nepepisi
Ha ™Man. 1. 1na 3abe3neyeHHa TOYHOCTI
MeToLy cKiHyeHHuX enemeHTis (MKE) rioro
CiTKa NoBMHHA ByTK ApibHiWa, HiX po3Mmi-
pv MOLENbOBAHWX E€N1EMEHTIB.

3 MeTo NOAONAHHSA UMX TPYAHOLLIB nic-
N HEBEJIMKOIO «3rNMafXyBaHHs» 3D-Mo-
Leni nposefeHo ii BipTyanbHY OCTeOTO-
Mito MeTogamu komnnekcy MIMICS 3 Bu-
LiNEHHAM TiNbKM NepeaHboi YacTUHM LWwe-
nenu (Man. 2).

MIMICS reHepye Ha 3D-mopeni nosepx-
HeBy CiTKy i micng ii onTuMisauii ekcnop-
TYE ONTMMi30BaHuM 06ekT B ANSYS (Man.
3). Ller kpok 3 onTuMi3auii CiTku € Bigno-
BiJaNbHUM i Moxe 6yTM AOCUTb TPYyAO-
MIiCTKMM, WO BM3HAYAE MOX/MBICTb MO-
[anblIoro 3aCToCyBaHHA BCbOFO TEXHOMO-
riyHoro naHutoxkka. OnTumisoBaHy no-
BEPXHEBY CiTKY 3aCTOCOBYHOTb A/ reHe-
pyBaHHs 06€MHoI ciTkn B ANSYS, ge Bu-

6MpatoTb TMN TBEPAOTINBHOMO eNeMeHTa 3
6ibniotekn enemenTiB ANSYS.

Hapani o6emHy ciTky, ctBopeHy B ANSYS,
3aBaHTaxyoTb 3HoBY B MIMICS ang Bu-
3HaYeHHs MaTepiany KOXHOro enemMeHTa.
MIMICS ™Moxe po3paxoByBaTu BRACTU-
BOCTi MaTepiaiB 5K 32 3HAYEHHAMM Cipo-
ro Gray values, TaK i 32 3HaYEHHIMM Yn-
cen XoyHcoinga (Hounsfield units). Ha
cneuianbHin ricrorpami MIMICS nokasa-
HO KiNbKiCTb enemeHTiB y Mogzeni 4ns
KOXXHOTrO 3HAYeHH$ Ciporo Konbopy (Man.
4). MoxHa BBeCTW KiNnbKiCcTb MaTepianis,
Hanpwuknag 10, i Becb Aiana3oH 3Ha4YeHb
ciporo B 06€MHil ciTui Byne po3aineHo
Ha 10 piBHUX iHTepBaniB, KOXeH 3 SKUX
BigobpaxaTume oamH Matepian, 3abaps-
NeHuI y nesHun konip (Man. 5).

lMicns BU3HAYeHHs BNaCTMBOCTEN MaTepi-
aniB ANS KOXHOro eneMeHTa CKiHY4eHHO-
€N1eMEHTHOI CiTKM ix 3a6apBAtotoTh Y NeB-
HWW KOoNip BiAMNOBIAHO A0 KOMiPHOI ramu,
3aknageHoi y MIMICS, i 3BoasaTh y cnewi-
anbHy Tabauul pepaktopom MIMICS
(Man. 6).
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Man. 7. 3D-mogenb 06'ekTa 3 enieMeHTaMu, 3abapBneHMA BigNoBIAHO A0

konipHoi ramu MIMICS , «uncTa» (a) i 3 NOpoXXHUHaMM 4Jis iMnnaHTaTiB (6)

Man. 9. lNonAa MexaHiYHKX XapaKTePUCTUK Y nepepisi HaBKOJIO iMMaHTaTy

OBXMHOI0 13 MM 31iBa (a) i cnpaBa (6)
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Man. 5. [liarpama po3noginy enemeHTiB Ha rpynu 3a KOJibopamu

Man. 6. 3HaueHHsA winbHocTi DN, mogyna npyxHocTi E Ta kKoedilieHTa
MyaccoHa p 3a rpynamu. Ha ocHoBi npoBepaeHnx po3paxyHkis MIMICS
6ynye 3D-mopenb 06’eKTa 3 enemeHTamu, 3ab6apBieHNMI Y NEBHWI KORip

BianosigHo go konipHoi ramu MIMICS (guB. man. 7)

Man. 8. ImnnaHTaTV 3aBAOBKKM 13 i 18 MM B OfJHOMY 3 MPOMIXKHUX NepepisiB

Man. 10. [Mona mexaHiYHMX XapaKTePUCTUK Y Nepepisi HABKOMO iMnaHTa-

Ty foBXMHOO 18 MM 31iBa (a) i cnpasa (6)

HoBuHu ctomatonorii N°1 2013
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Ha ocHoBi npoBegeHMX poO3paxyHKiB
MIMICS 6yaye 3D-mopenb obekTa 3 ene-
MeHTaMW, 3a6apBNeHNMU y NEBHWUI KONip
BiAMNOBIAHO A0 KonipHoi ramu MIMICS,
(Man. 7).

Po3rnsHemMo MOXNMBOCTI L€l METOAMKHM
33 KiNbKiCHOK OLiHKOK MEXaHiYHMX Xa-
pakTePUCTUK KiCTKOBMX TKAHMUH, nNpuner-
X 00 iMNnaHTaTiB 3aBOoOBXKKM 13 i 18
MM, B O4HOMY 3 MPOMKHUX Nepepisis., gKi
nokasaHo Ha man. 8.

Pe3ynbTaTit OLIHKM MEXAHIYHMX XapaKkTe-
PUCTUK KiCTKOBMX TKAaHWH HAaBKOMO iMM-
naHTaTiB HaBeaeHo Ha Man. 9 i 10.
OcCKinbkM MexaHiYyHi  XapaKTepUCTUKM
KiCTKOBMX TKAHWMH 3MiHIOIOTbCS HE TiJIbKK
33 JOBXWMHOW iMMMaHTaTy, Big BUTKA 4O
BMTKA, @ 1 3a MUOMHOIO KiCTKKU, B MEXaX
04HOro BWTKaA, Ha Man. 9 i 10 306paxeHo
nong 3MiHU MEXaHIYHUX XapaKTePUCTUK Y
nepepisi sik 3niBa (mMan. 9a, 10a), Tak i
cnpasa (Man. 96 i 106). HesBaxatoum Ha
Te, WO iHPOPMATMBHICTb faHWX, HaBeae-
HUX Ha Man. 9 i 10, 3Ha4yHO BMLA, HiXK Ha
Man. 8, Bi3yanbHa OLiHKA He Aa€ 3Moru
3p06UTU TOYHMIA BUCHOBOK MpO Te, AKUIA
iMMAaHTaT BCTAHOBAEHUM paLiOHaNbHille
3 Mornsay Moro pyxoMocTi Ta opToneauy-
HOi JOLiNbHOCTI.

BimoMo, Wwo Ao KiHug 3-ro TxHS 6yab-
AKUM eHO0CaNbHUIA IMMNNAHTAT, He3anex-
HO Bif LWiNbHOCTI MOro BCTAHOBNEHHS,
060B13K0BO MOCNABAOETLCS, WO € pe-
3yNbTaToM (OPMYHOHOro OCTeoreHesy —
iMMNaHTaT CTae pyxomMuii abo Mikpopyxo-
MW BHACNiIAOK OPMYBaHHA OCTEOKNAC-
TiB. Bin iHTEHCMBHOCTI LbOro npoecy
3aN1eXUTb BEIMYMHA PYXOMOCTI. YacTKoBO
Le Moxe ByTU BUSBAEHO Mif, 4ac NOBTOP-
Hoi KMKT.

Ha man. 9 i 10 iMnnaHTati po3MmilieHo y
HaMXapaKTEPHILUMX NONOXKEHHAX 3riQHO 3
METOAMKOI, L0 po3pobnsieTbes. MpakTu-
KYHOUMM NiKap-iMNAaHTONOr BCTAHOBIIOE
iMNNIQHTATU Y MOMOXEHHAX, NO3HAYEHUX
YepBOHOH NiHi€t0. [Ticna BigNpauoBaHHS
MeToAMKM i nepenbayvaeTbca 3acTOCOBY-
BaTU ANs OyAb-S9KMUX KNiHIYHUX BUNAOKIB
— sk BioMexaHiYHuIi CynpoBig onepauii.
B iMnnaHTonora 39BnaeTbca goaaTKoOBa
6a3a faHux, Ky BiH MOXe BUKOPUCTOBY-
BATWU AN CBOTO K/iHIYHOro LOCBIAY.
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2.4umcnoBa ouiHKa eeKkTUBHOI
YKOPCTKOCTI KiCTKOBMX TKaHMH

HaBKOMO iMMAAHTATY

Onsa po3pobkn MeToaMKM UMCENbHOI
OLHKM edeKTMBHOI >XOPCTKOCTI KiCTKO-
BMX TKQHWH HABKOJ/O iMMAHTaTy CKOPUC-
TAEMOCSA TEOPIEH Pi3bOOBMX 3EAHAHD, KA
[OCUTb MOBHO PO3po6/ieHa B TEXHIYHMX
ponatkax [12]. HasegeMo Kinbka OCHO-
BHMX BM3HaueHb Li€i Teopii [5,12].

Y 3aranbHOMy BMMAZKY AN NiHIMHOI CUC-
TEMU 3 OJHWUM CTyneHeM cBoboam cuna F
i BMKAMKaHe i [i€l0 nepemiweHHs A
NoB'A3aHi NiHIMHOK 3aNIEXHICTIO:

1
F=k-A=—-A
A 1)
ab0 npu BU3HaYEHHI NepeMilleHb:
A=A-F= E
k, 2)

ne k — koedilieHT XOpCTKOCTi cnuctemy;
A\ — koediLieHT NOJaTANBOCTI CUCTEMM.
XopcTkKicTb enemMeHTa KOHCTPYKLiT BU3HA-
YAETbCA BMAOM HaBaHTaXeHHs (po3Tar-
HEHHS-CTUCHEHHS, BUTMH, KPYTiHHS i T.4.),
XKOPCTKICTIO MonepeyHoro nepepisy, ni-
HiMHMMU PO3MipaMu eneMeHTa i rpaHny-
HMMM YMOBaMM, @ OLLIHIOETLCS KoediLlieH-
TOM XOpCTKOCTi k.

MopaTnmBiCTb enemMeHTa KOHCTpyKLii A —
BE/IMYMHA, OBEepHEHA >OPCTKOCTi KOH-
CTPyKLUii
MM/H.
MopatnuBicTb 6yab-gKOi BIOKOHCTPYKLIT €

(cuctemun), 06YMCNIOETBCS B

BiAHOCHMM MOKAa3HMKOM, WO XapaKTepwu-
3y€ 3[aTHICTb YMHWTKM ONip 30BHIWHIM
HABaHTAXXEHHAM HE3aNIEXXHO Bif, IXHbOI
KOHKPETHOi BennyunHu. NokasHuk nopat-
NIMBOCTI MOXe ByTu obuncneHwi aHani-
TUYHO, OCKiNIbKM MaTeMaTUUYHO 06YMCIO-
€TbCS 3a (opMynamu, WO BKJOYAKOTb
OCHOBHi KOHCTPYKTMBHI NapamMeTpu — ue
B/laCHe BNACTUBICTb KOHCTPYKLi. BiH Mo-
e ByTV BU3HAYEHUN | eKcnepuMeHTab-
HO, SIKLLLO 3aMipsiHi NepeMilLLeHHS B cucTe-
Mi PO3LINNTU HA BENWYMHY HABAHTAXEH-
He, SIKE CMPUYMHWUAO Le NepeMilleHHs.
MopatnmeicTb — Le nepeMmileHHs B CUC-
TEMi BHACNILOK Aii CMNK, IKe OOPIBHIOE
oauHuuI. ng iMnnaHTaTy, MOCTONoAi6HO-
ro npotesa abo 6yab-gKoro anapata 30-
BHiLWHbOI dikcauii koedilieHT nigpatnu-
BOCTi MOXHa YHi(iKyBaTU AN KOXHOMO

TUNY KOHCTPYKLUIi, WO nonerwuts nigdip
HeobXiAHOro MPUCTPOID Y KOXXHOMY KOH-
KPETHOMY BMMNAAKY.
KoediLieHT KOpCTKOCTI Ma€ pO3MipHiCTb
H/MM i nokasye, ska cuna CNpuUYUHUTL
nepeMillleHHs, Wo JOpPiBHIOE 1 MM, a koe-
diuieHT NoaaTAMBOCTI Mae 06epHeHy po3-
MipHiCTb — MM/H i NOKasye BenuuuHy
nepeMilLeHHs Npu AiT CUAK, WO [OPIBHIOE
1 H. O6bupga koedilieHTU BUKOPUCTOBY-
I0TbCSI PiIBHOMPABHO, 3a/IEXHO Bif, TOro,
KM MOKA3HWK 0BUMCIIOETLCSA. 3a3BMYA
LN BU3HAUYEHHS 3yCMANS 3aCTOCOBYHOTH
KoediuieHT xopcTkocTi (1), ong Bu3Ha-
YEeHHS nepeMilleHHs — KoedilieHT no-
natnueocTi (2).
[na petanen, wo 3enHy0TbC HonTamm,
nopatnmeict 6onTa A, i netanen }\n BK-
3HavaeTbCs 32 popmynamu [12]:

[ 0
Yt ma TR

6% 0%, (3)

Ae E , E, — mMoayni npyxHocTi Matepianis

bonTa i petanei;

A, A, — mnouwi nonepeyHnx nepepisis
6onTa i getaneu;

L lﬂ — [OBXMHa 6onTa i TOBLWMHA OeTa-
new.

Hapani BignoBigHO A0 MEXaHIYHOI igeH-
TUYHOCTI BBaXaTUMEMO, LLO TFBUHTOBUM
iMNNaHTaT — ue 60nT (FBUHT), @ KiCTKOBA
TKaHMHA HaBKONO iMMNAHTATy — Le Ae-
Tanb (ravika).

Bennunna (nobytok) E, - A HasnBaeTbca
YKOPCTKICTHO Ha pO3TArYBaHHS (CTUCHEHHS).
BoHa BpaxoBye OpCTKiCTb MaTepiany, Wwo
BM3HAYAETbCA MOAYyNeM MpyxHocti E, i
MOro KiNbKiCTb, L0 BU3HAYAETHCS M/IOLLED
nonepeyHoro nepepisy A. Tomy, 4uM BuuLa
XKOPCTKICTb Ha po3TarHeHHs (E, - A), Tum
HWX4Ya NOJATMBICTb E€/1EMEHTA, @ UMM
Binbwa AosxmHa (L), TMM BUla Nigaatiu-
BiCTb eneMeHTa. 51K aHanor MoXHa po3rns-
[TV 3BUYAIHY CNipasbHY NPY>XKHY.

3a aHanorieto 3 dopmynoto (3), B Teopii
pi3bboBKX 3€aHaHb [12] oTpuMaHo dop-
Mynu ANns NoAaTNMBOCTI BMTKA pi3bbu 3
YPaxyBaHHAM MOr0 BUIUHY i 3CYBY, K 3a-
TUCHEHOT 6aNkK, a TAKOX Bif, MEPEMILLLEH-
HS Y3[L0BX OCi BUTKA SIK XOPCTKOrO Liino-
ro, CNpMYMHEHOro pagianbHoto aedopma-
Lli€t0 Tina KicTku (rarku, 6onTa). 36epexe-
MO B UMX hopMynax TinbKW CKNa[oBi, Lo
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BpaXoBYKTb BUTNH i 3MilLEeHHS BMTKA:

A=—
' MZEih , (4)
Ae A\ — noAamMBiCTb BMTKA iMNNaHTaTy
abo KicTku;
s i h — kpok i poboya BucoTa npodinto
pi3bbu (h=0,65s);
d, — cepeaHiii niameTp pisbou;
E, — Moaynb npyxHoCTi Matepiany imMn-
NaHTaTy abo KiCTKK.
Y ¢opmyni (4) napametpu s, h i d, npu-
MHATI 0A4HaKOBUMU ANA BUTKIB iMNNaHTa-
Ty i KicTkW. YTBOpeHHs Ttd,h Binobpaxae
naoLy nepepisy BUTKa NAOLLMHOMW, Nep-
NeHAMKYNSPHOI OO0 OCi iMnnaHTaTty, a
dopmyna (4) 3a MexaHiYHMM 3MiCTOM Bif-
nosigae gopmyni (3).
PesynbraTy, siki MoxkHa oTpumatu 3a dop-
Mynoto (4), N(POKOMEHTYEMO OKpeMO:
1) Ha pe3ynbtat icTOTHO BN/AMBAE napa-
MeTp E,ToMy Wwo Moayni NpyHoCTi MaTe-
piany iMNNaHTaTy i KiCTKM MOXYTb CYTTEBO
BiApi3HATUCA.
2) Ing BpaxyBaHHS BNAMBY HA NOAATAU-
BiCTb pi3bOOBOro 3€AHaHHA iMMNNaHTaT-
KiCTKa BCiX BUTKiB Y 3HAMeHHUK HopMynu
(4) cnip BBECTM N — KiNbKiCTb BUTKIB.
3) CniBBigHoLwWweHHS (4) pasoM 3 hopmy-
noto (2) AaE MOXIMBICTb BU3HAYUTK ne-
peMilLeHHs (PyXOMiCTb) iMNNaHTaTy npu
BigoMilt cuni F, Wwo ocobanMBo BaXXIMBO
nif, 4ac aHanisy xapakTepucTMK MOCTono-
LiBHOI KOHCTPYKLiT, BCTAHOBNEHOI Ha iMN-
NaHTaTw.
Hapani cnissigHoweHHs En — moaynb
NPY>XHOCTi, MOMHOXEHWWA Ha KiNbKiCTb
BUTKiB N, MPOMOHYETHCA HAa3WMBaTH edek-
TUBHOLO XXOPCTKICTIO efleMeHTa, fKa iHTe-
rpanbHO BigobOpaXkae XKOPCTKiCTb iMNNaH-
TaTy abo KicTKu, npunernoi Ao iMnnaHTa-
Ty. Big3HauMMo iCTOTHY BiAMIHHICTb Npwu
3acTocyBaHHi popmynu (4) ons iMnnaHTa-
Ty i KiCTKW, npunernoi 4o iMnaaHTary.
[ns iMnnaHTaTy, MOLYNb NPYXXHOCTI MaTe-
piany sKoro nocTiHui, dopmyny (4) MOXx-
Ha nepenucaTtu y BUrnaai:

Ay =

mlzhEun_ (5)
[na KicTkn, npunernoi oo iMnaaHTaTy,
MEXaHiYHi XapaKTEPUCTUKK SKOi CYTTEBO

3MiHKTbCS (mB. Man.7 i 8), dopmyna (5)
noBMHHa ByTM MoaepHi3oBaHa Tak, Wob
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BPax0BYBATU 3MiHYy MEXAHIUHUX XapakTe-
PUCTUK:

A=

M HE Y @ ©)
Y dopmyni (6) ,CI,J'I;pr‘-IHOCTi noganbLmnx
apudMeTUYHMX 06UYMCNEeHb BBEAEHO KOe-
diuieHT penyKuii KiCTKOBUX TKaHWH, 9K
BiAHOLIEHHS MOAYNS NPYXHOCTI eNnemMeH-
Ta KiCTKM [0 MaKCMManbHOro MOAyns
NPYXXHOCTi ANS KiCTKM KOHKPETHOro nawi-
€HTa:

E

1

E . )
Po3rnsiHeMO MOXNMBICTb MOPIBHANBHOI
OLiHKM e(deKTUBHOI XXOPCTKOCTi KiCTKM
HaBKOMO iMMaHTaTIB OOBXWHOW 13 i 18
MM, pO3MilleHux ik Ha Man. 9.i 10.
Mogyni Npy>KHOCTi eneMeHTIB KiCTKM Bif-
NnoBiAHO 8O Aiarpam Ha man. 4, 5 (konip-
HOi ramu) Ta KoediuieHTa pemykuii 3a
dopmynoto (7) 3BepeHi y Tabn. 1.
Mopmyna (7) BpaxoBye 3MiHy MeXaHiYHUX
XapaKTEPUCTUK TifIbKK Bif BMTKA A0 BU-
TKa, ane 9k nokasytTb Man. 9 i 10, mexa-
HiYHi XapaKTepUCTUKM iCTOTHO 3MiHIOKTb-
€S i B MeXax ofHOro BuTKa (no kony).Ans
BpaxyBaHH$ Li€i 06CTaBMHMU 3a LONOMO-
rol creuianbHMx pobounx Tabnuup ans
KOXXHOTO BMTKA BM3HA4anu 4ucio ene-
MEHTApHMUX LiNSHOK OLHAKOBOrO KOJbO-
py, IKé MHOXW/IM HA BiANOBiAHMI Koedi-
LiEHT peayKLii 3 BUSHAYEHHSIM CepeaHbOo-
ro apMHMETUYHOTO 3HAYEHHS LbOrO Koe-
diuieHTa gna BuTKa. Lle 3HauveHHs nig-
ctasnanu B dopmyny (7).
YHMKauM [OCUTb FPOMI3aKMX apubme-
TUYHMX 0BYMCIEHb, HAaBEAEMO OCTATOM-
HUI pe3ynbTaT — ePEKTUBHA XOPCTKICTb
KICTKM HABKOMIO iMMAAHTATy 3aBLOBXKM
13 MM Ha 27% Buwa, HiX Yy iMOnaHTaTy
3aBAOBXKM 18 MM. BisyanbHo y mosroro
iMNNaHTaTy TibKM 5 BWTKIB OTOYEHO
WiNbHOK KiCTKOM, TOAI AK Y iMAIaHTaTy
[OBXMHO 13 MM BCi 9 BUTKIB KOHTaKTY-
10Tb i3 LWiNIbHOK KiCTKO'O.
TyT nocTae knacuMyHe 3aBAAHHS ONTUMI3a-
Lii nig yac npuiHATTA piwexHs. Kpim bio-
MEXaHIYHUX YMHHMKIB — TUMOPO3Mipy
iMnnaHTaTy (Moro giamMetpa i LOBXMHM),
B/JIACTMBOCTEN MpUNErMX A0 iMAIAHTATY
KiCTKOBMX TKaHWH, CNif BpaxoBYyBaTW i
TEXHONOTIYHI (KNiHIYHI) YUHHUKM — MOX-

NIMBOCTI CBEPAJIiHHA KIiCTKM Mg KyTOM,
3abe3neyeHHs TOYHOCTI, SKLLO AOBXMHA
iMMNNaHTaTy BiANOBIAAE 3aranbHil BUCOTI
KicTKM Ta iH. LLlogo po3MileHHs iMnnax-
TaTy B KiCTUi 3 ypaxyBaHHAM aHaToMii
(parMeHTa KicTKM i BNAaCTMBOCTEN KiCTKO-
BMX TKaHMH, MPOBELEMO TaKy aHanorito
— KOpPOTKWUW TBUHT Yy BiAHOCHO TOHKIM
[y60Bii fowui Moxe 6yTM [LOBroBiYHI-
UMM, HDK OOBIMUMM TBUHT, WO MPOHU3YE
06umaBi cTiHKK AepeBuHM cToBbypa Tononi
3 TPYX/ISIBOKO CEPLLEBUHOIO.
MponoHoBaHa METOAMKA JAE MOXMBICTb
He TiNbKW BapilOBaTU PO3MIlLeHHS iMn-
NAHTATIB A9 KOHKPETHOro NaLi€HTa, a v
npoBecTM mnonepeaHin 6HiomexaHiuHui
aHani3 byab-KMX KOHCTPYKTUBHUX CXEM
ONns  onTUMI3alii nnaHoBaHOI
CTPYKLUii.

Omxe, y iMnnaHTonora nig 4yac NnaHysaH-

PEKOH-

HS onepauii 39BNSETbCS  MOXAUBICTb
IPYHTOBHO LOCNIANTM aHATOMit0 06€KTa B
LiNSHUI NPOrHO30BaHOIO BCTAHOBJIEHHS
iMMNNaHTaTIB, BK/KOYHO 3 BHYTPIWHIMK
CTPYKTYpaMM, @ TaKOX SIKICHO i KifIbKiCHO
BM3HAYMUTU MEXAHIYHI BACTUBOCTI M'AKMX
i KICTKOBMX TK@HWH. [HaKLe Kaxyuu, y ni-
KapiB-NpPaKTUKIB 39BNAOTbCSA aBCONOTHO
HOBi MOX/IMBOCTiI AN NOCATHEHHSA HaM-
KPaLLMX pe3ynbTaTiB y KiHiLi.

OcobnuBo nigkpecamMo, WO 4MCIoBa
OLiHKa MeXaHi4YHMX BNacTUBOCTEN KiCTKO-
BMX TKaHWH noTpibHa ansg mubwux 6bio-
MeXaHiYHUX LOCNiAXKeHb — OLiHKM Hanpy-
YXEHO-Le(POPMOBAHOIO CTaHy B AiNsHLUI
KOHTaKTy iMMNNaHTaTiB 3 KicTkow. [ns Bu-
pilLeHHsI TaKMX 3aBAaHb NOBUHHA CTBOPHO-
BATUCS TBEPAOTiIIbHA MoAeNnb — ODEKT 3
KOHKPETHUMM (Pi3MKO-MexaHiYHUMM Bnac-
TMBOCTSIMM Ta FEOMETPUYHUMM Mapame-
TPaMM A1 KOXKHOTO KOHKPETHOIO MaLieH-
Ta, Wo 6yno 6u BeplumMHO ycnixy. Y pasi
YCNiWHOrO0 BWPILIEHHS TaKMX 3aBAaHb
39BNSETHCA MOXKJIMBICTb SIKICHO NiAroTyBa-
TW ONepaTUBHE BTPYYAHHS Ta OLiHUTKM NO-
[ATAMBICTb iMNNAHTaTIB [7] i MOXAMBOCTI
pe3opbuii npunernmnx KiCTKOBUX TKaHWH,
TOOTO CNpPOrHO3yBaTW AOBrOBIYHICTb BCiX
CKNaf0BUX PEKOHCTPYKLI.

OTOX, 3anponoHoBaHui kommnuekc MI-
MICS-ANSYS fae MOXNUBICTb OLIHUTH SIK
AKiCHi, TaK i KiNbKiCHi XapaKTepucTuku

HoBuHu ctomatonorii N°1 2013
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Ta6nuua 1. Mopgyni npy»HOCTi eneMeHTiB KiCTKM | KoediuieHTn pepyKuii 3a popmynoto (7)

. | . | - | <+ | s |

MIMICS CuHin

o 04122

0,396

CVHbO-6MAKUTHUIA BnakuTtHui

0,4798 0,5497

0,463 0,53

bipto3osui bipio3oBo-3eneHunn

0,6189 0,6885

0,597 0,664

@
. | - | 7 | -« | o | w0 |

MIMICS CgiTno-3enexHuni
E-107° 0,7581
9, 0,731

KiCTKOBMX CTPYKTYP i MSIKUX TKQHWH HaB-
KOJIO AiNSHKM iMMNaHTaTY.

BucHoBKM

1. Indopmauig, oTpuMaHa 3 BUKOPUCTaH-
HSIM 3aMpONOHOBAaHOI MEeToAMKM, 33 006-
CArOM i I'PYHTOBHICTIO € iCTOTHO MOBHi-
IO, HiXX IHPOpMaLif, oTpUMaHa Ha nig-
CTaBi aHani3y peHTreHorpaM i OpTonaHTo-
rpam, siki 3a3BuMYall BUKOPUCTOBYIOTb Ha
npaKTuLi.

2. Ynucnosa ouiHKa MexaHi4YHUX BNacTu-
BOCTEM KiCTKOBMX TKaHWH 3abe3neuvye
I'PYHTOBHILWi BioMexaHiuHi BOCNiAKEHHS
— OUiHKY HanpyxeHo-gegopMOBaHOro
CTaHy B AiNSHLI KOHTAKTy iIMNIAHTATIB 3
KiCTKOI0. 3'IBNSETHCS MOXAMUBICTb 3p0O6MU-

Cnucok
BMKOPUCTaAHOI NiTepaTypu

—_

. Napackesny B.J1. [lentanbHas umnnaxtonorua: OcHoBbI
TEOpUM U NPaKTUKK: [Hayy.-npakT. nocobue] / B.J1.
[apackeBny. — MH. : 000 «tOHunpecc», 2001. — 368
cun.

. Hecnpsanbko B.I1. [lentanbHa imnnawxtonoris. OcHoBu

Teopii Ta npakTukn /B.I1. Hecnpagpko, 11.B. Kyu. —

Xapkis : BIM «KonTpact», 2009. — 292 c.

Muw K.E. Optoneaunueckoe neyenue ¢ onopoii Ha

JeHTanbHble umnnanTatbl / Kapn E. Muw; nep. c aHrn.

— M. : Pup Incusep, 2010. — 616 ¢.

Lekholm U., Zarb G. Patient selection and preparation.

In: Branemark, P-I., Zarb G., AlbrektssonT., eds. Tissue

integrated prostheses, Chicago : Quintessense.— 1985.

P—117—128.

5. Yyiiko A.H. buomexanuka  cromatonoruu /A.H. Yyiiko,

I1.A. WuHuykoBckuii: [moHorpadual. — X. : U3g-8o

«@opt».2010. — 516 C.
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3eneHui TemHoO-3eneHun
0,8276 0,8972
0,799 0,866

TM TOYHIWMWKA BUCHOBOK MpO MOAATIU-
BiCTb iMnNaHTaTiB i pe3opbuito KicTko-
BMX TKaHUH HABKOJIO HUX, TOBTO OLiHWUTH
[LOBrOBIYHICTb YCi CKNafoBUX PEKOHCT-
pyKuUii.

3. [lponoHoBaHa MeTOAMKA AOCILXKEHHS
aHaToMii 06€KTa B AiNsHLUiI NpOrHo3oBa-
HOro BCTAHOBNEHHS iMMNIAHTATIB, BK/OY-
HO 3 BHYTPILUHIMMK CTPYKTYpaMu, AAE 3MO-
Iy BU3HAYUTK AKICHI i KiNbKiCHi MexaHiuHi
BN1IACTMBOCTI M'IKMX | TBEPAMX TKAHMH, a
HalBaX/uBilWe — nikap-npakTMkK noba-
YUTb, 3 YUM BiH MOXE 3iTKHYTUCS Ha Pi3-
HUX piBHAX Y 3D-npocTopi KOHKPETHOro
Maui€EHTA B KOHKPETHOMY MicCUi wenenw i
BMKOPUCTATK Le B KIiHiL,.

4. TexHONorito MOXyTb 3aCTOCOBYBATU
iMMAAHTONOMK, WeNnenHo-IMLEBI Xipypru,

6. Yyitko A.H. OnpeneneHine oCHOBHbIX MeXaHUYeCKIX
XapaKTepUCTUK KOCTHBIX TKaHeli Ha 6a3e AaHHbIX
komnblotepHoii Tomorpadum / A.H. Yyiiko, M.A.
LnHuykoBckmit // CoBpemeHHaa cTomatonorus. —
2011. —Ne1. —C. 90 —98.

7. 06 0c06eHHOCTAX OUOMEXAHNKN MOCTOBUAHDIX
MPOTe308B B 3aBUCUMOCTM OT COCTOAHNA ONOPHbIX 3y60B
1 umnnanTatos pastbix Tunos /A.H. Yyiiko, 0.H. Cypos,
W1.A. Wunnuykockmii, PA. NleBangoBckuil //
YKpaiHcbKuii cromatonoriyimil anbmaax. —2011.
— No4. — C. 60—66.

8. bacos K.A. ANSYS: cnpaBouHuk nonb3osatens. — M. :
[IMK Mpecc, 2005. — 640 c., un.

9. Mimics 12. MakeT 06pa6otki u306paxkeHuii. basoBblit
06yuyatoLwmii Kypc/ Mimics Materialise, 2008, c. 81.

10. Yyiiko A.M. AHani3 aHaTomo-TonorpadiuHux ymos Ana
iMnnaHTauii 3 BukopucTaHHam komnnekcy MIMICS-

3eneHo-XoBTOrapaYmnin YepBoHui
0,9668 1,036
0,933 1,0
opTonean-ctoMaTonoru, OPTOAOHTMH,

TPaBMaToNOrM-OpTONeaM Ta iH., MOLEeNto-
toun Byab-aKi eneMeHTH peKOHCTPYKLi Ta
He po3KpUWBaKYM NonepeaHbO onepawi-
He none.

Omke, ANg NOBHOLIHHOMO (YHKLiOHY-
BaHHS iMMNaHTaTy HeobXxigHa oOuiHKa
Hanpy>xeHo-AeOopMOBAHOr0 CTaHy B fi-
NAHUI KOHTaKTy iMMAAHTaTIB 3 KiCTKOIO.
[na BupilleHHs Takux 3aBaaHb Tpeba
CTBOpIOBATM TBEPAOTiINbHY MoAenb —
06€KT 3 KOHKPETHUMM (Pi3NKO-MeXaHiy-
HUMM BNACTUBOCTAMM Ta Fr€OMETPUYHMU-
MW napaMeTpamu 3 NoAanblMM MOBHO-
LiHHUM CKiHYEeHHO-eIeMEeHTHUM aHani-
30M. Lle 3aBpaHHS MOXHA BMpiWKTKU 3
BMKOPWUCTAHHAM BuLMx Bepcin MIMICS,
Hanpuknag, MIMICS 12.

SolidWorks / A.M. Yyiiko, PA. JleBanzoBCbKmiA, A.b.
benukos // Hosunu cromatonorii. — 2012.

11. MaeHT Ykpaitu Ha kopucHy mogenb Ne 50105U.
YMOBHO-3HIMHMI NpoTe3 Ha iMnnaHTatax / PA.
TNeBanaoBcbKuit, A.M. LlaHoBCbKuit. — Bif
25.10.2010, bron. N210.2010.

12. buprep I1.A. Pe3bboBble v GnaHLeBble coefHeRns /
I.A. buprep, I.b. Nocunesny. — M. :
Mawwuxoctpoerue, 1990. — 368 c.: un.

13. Implantologia / Pod red. S. W. Majewskiego. — Wro-
claw : Wydawnictwo Medyczne Urban&Partner. —
2004. — P—407.

14. PoraukuH [1.B. PaanoanarHoctika YentocTHo-
nnuesoil 06nactu. KoHycHo-nyyeBas KomnbloTepHas
Tomorpadua. OcHosbl Bu3yanusaumuu / [1.B.
PoraukuH.—/bBoB : fanflent. — 2010. — 148 c.,
235 un.

55



