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NOCTPOEHUE TEOMETPUYECKOW MOAENN
KOCTHO-MO3roBOIro KAHAJIA TPYBYATbIX KOCTEMU
HA OCHOBAHWUU O AHHbIX
MYJIbTUCMTUPANIbHON KOMIMbIOTEPHOU TOMOIPA®UN

MpeanoxeH cnoco6 NOCTPOEeHUAA TPeXMepPHON reoMeTPUYecKon Moaernin KOCTHO-
MO3roBOro KaHana TpybuaTbIXx KOCTEM Ha OCHOBaHWM MNOMEPeYHbIX Cpe30oB,
nosflyyaeMbiX C TMOMOLWbI MyNbTUCNUPANIbHONW KOMNbLIOTEPHOW TOMoOrpaduu.
OnucaHa nocneaoBaTenbHOCTb AeMCTBUWA, NPeALlecTBYIOWUX NOCTPOEHUI0 MOAESN.
B kayecTBe npaKTU4YeCKOro npumMepa npenrioXXeHHbIM CMoco6 MCNOSiIb30BaH MNpwu
noctpoeHuu 3D-Mopenu KocTHO-Mo3roBoro kaHana lll nsctHou kocTu. MpakTnyeckoe
3HayeHMe nNpuUMeHeHUsi cnocoba COCTOMT B BO3MOXHOCTM MNpPeaocTaBUTb
HeobGxoauMbie pa3Mepbl ONSA MPOEKTUPOBAaHUS HOXEK ONnTUMarnbHOW (POpMbl MpU
W3roTOBJIEHMW 3HAOMNPOTE3OB.

Knrodeenle crnoea: ceomempuyeckasi MoOesb, MynbmucruparnbHasi KOMIblomepHas
momoepacghusi, mpyb4amasi Kocmb, KOCTHO-MO3rOBOW KaHarl, anmnpokcuMayus, criadH.

BBepeHue. JleveHre noBpexaeHMi KUCTU CBA3aHO ¢ BoNbLUMMK TPYAHO-
CTAMU, 0COBEHHO B TeX Criydasx, Koraa paspyLuatoLlemMy BO3aenUCTBMI0 Noa-
BEPXXEHbI CyCTaBbl NanbLeB, MYHKLUMOHANbHYIO 3HAYMMOCTb KOTOPbIX Tpya-
HO nepeoueHuTb. Hanbonee TskenbiMy NOCNEACTBUMAMU 3TUX TPaBM ABNSI-
IOTCS KOHTPAKTYypbl N BblpaXeHHble AedopmaLnm CycTaBoB, CBA3aHHbIE CO
3HauUTEnNbHbIMK AedeKkTaMu CycTaBHbIX NoBepxHocTen. [Mpobnema BoccTa-
HOBNEHMSA OYHKLIMN KUCTU MPU TSKENbIX BHYTPUCYCTABHBLIX MOBPEXOEHUAX
OCTaeTcs TpyaHOW MeaMKO-CoLmnanbHON NpobremMon n KOMMMEKCHO peLlaeT-
Cs nyTemM NpoOBeAeHUst onepauun 3HOONPOTe3npoBaHua cyctaBoB. OaHMM
M3 Ba)XHEWMLLMX MPUHLUMNOB OMNEPATMBHOIO J€YEHMS KOCTHbIX AedeKTOB,
BKITIOYAIOLLMX CYCTaBHbIE KOMMOHEHTLI, ABMSETCA XecTkas duKcaums KOH-
CTPYKUMMU 1 (hOpMUPOBaHME FEOMETPUYECKN NOAOOHBIX KOHTaKTHbIX CyCTaB-
HblX MOBEPXHOCTEN. AHaToMu4eckad popMa UMMnaHTa cosgaeT YCroBus
ONsi Nyyllero KOHTakTa HOXKW B KOCTHOMO3rOBOM KaHare M yMeHbLUaeT Be-
POSATHOCTb BbIBUXOB W acenTuyeckon HecTabunbHocTu. HecmoTps Ha MHO-
roobpasve KOHCTPYKLMI bmKcaummn 1 ux TMNopasmMepos, He Bcerga gocTura-
eTcsl onTuMarnbHoe B3aMMOAEWCTBME WMMMMaHTa C KOCTbO U CTabunbHas
UKcaLmns KOHCTPYKLUMKU. YUnTbiBas ONUTENbHbIN nepuon (yHKUMOHNPOBa-
HUS MMMMAHTOB, K (PUMKCUPYIOLLUMM 3fieMeHTaM NPeabABSATCA MOBbILLIEH-
Hble TpeboBaHMA B 30HAX KOHTaKTHbIX B3aumogencteui [6]. CTpoeHne kocT-
HO-MO3roBOro KaHamna KOCTen KUCTU usyyanock B psae pabor [3 - 8].

MaTtemaTtnyeckasi Teopms reoMeTpuy4ecKoro MoLenMpoBaHus 4OCTaTou-
HO noapobHo usnoxeHa B [1, 2]. B [1] yka3biBaeTcH, YTO pe3ynbTatoM reo-
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MEeTPUYECKOro MOOENMPOBaHUSA HEKOTOPOro obbekTa siBNseTcs maTemartu-
yeckas mofenb ero reometpun. MatemaTndeckas mogens NO3BONsSET 2pa-
udecku omobpazumes MoaenvpyeMbli 0O6BEKT, NOMNYyYUTb ero 2eomempu-
yeckue Xapakmepucmuku, BbINOMHUTL UccriedosaHue MHOMUX hu3uYecKux
ceolicme obbekTa NyTeM MOCTaHOBKM YMCMEHHBIX SKCNEPUMEHTOB, 10020mo-
8umb npoussodcmeo W, HakoHeL, uszomosums 06bexT. (Kypcus asTopa [1]).

Llenb pabotbl. [locTpoeHe TpexmMepHON reoMeTpU4eckon Mogenn Ko-
CcTHo-mo3roBoro kaHana (KMK) ans Bbl4MCNEHUst pa3MepoB HOXKM OMTU-
MarnbHOW hOpMbl MPU U3rOTOBMEHUN SHOOMNPOTE30B KOCTEN KUCTU.

O6BbeKkT uccnenoBaHUs - NACTHbIE KOCTU KUCTU, ABMSAOLLNECS KOPOTKU-
MU TpyGUaTbIMU KOCTSAMM.

[ns noctpoeHus TpexmepHon reometpuydeckon mogenv KMK npegnona-
raeTcs BbINOMHEHVe crneayloLlen nocneaoBaTenbHOCTH (anroputma) AencT-
BWIA (LWaros.).

Anroputm noctpoenusa 3D-mogenu.

1. MNony4yeHne NCXoaHbIX AaHHbIX.

C nomolblo MeToda MynbTUCAMPAnbHOW KOMMbIOTEPHOW ToMorpaduu
(MCKT) BbIinonHseTca cepus nonepeyHbiX CPe3oB U3y4aeMoro obbekTa.

2. NpenBapuTenbHbI aHanM3 UCXO4HbIX AaHHbBIX.

Cepust nonepeyHbIX cpe3oB (LmdpoBble N30bpakeHns) NepeHoCcsaTca Ha
NepcoHanbHbIN KOMMbIOTEP M aHaNM3UPYIOTCS OMbITHBIM BpayoMm opTone-
AoMm-TpaBmatornorom. Npu aTom B KakoM-nnbo rpachmyeckoM pegakTope Ha
Ka)xaOM MonepeyHoOM cpese OCYLLECTBISETCA paccTaHoBKa Habopa «pasge-
nuTenbHbIX» Todek Ha rpaHuue KMK u kopTukanbHOM TKaHw.

3. Annpokcumaums KOHTYPOB NonepeYHbIX CPE30B.

Annpokcumaums HabopoB «pasfgenuTenbHbIX» TOYEK OCYLLECTBMAETCS
B -cnnariHamu. Mpu 9TOM UCMONb3YIOTCA BCTPOEHHbIE (DYHKLMM COBPEMEH-
HOWM CUCTEMbI KOMMbloTepHON MaTemaTukn (CKM).

4. MNocTtpoeHue ypaBHeHns ocn KMK.

BblumcnatoTca KoopavHaThl LEHTPOB TSHKECTM nonepeydHblx cpe3os. MNpu
MOMOLLIM annpoKCUMaLnn KOOpAMHAT LIEHTPOB TSHXKECTM MOMepeYHbiX CPe3oB
Haxogutcs ypaBHeHue ocu KMK. BeinonHsetcs Busyanusauumsa ocn KMK. Kak
npaewuro, ocb KMK nmeeT npocTpaHCTBEHHOE UCKPUBIIEHUE.

5. MNocTpoeHne napameTpuyeckon pyHkumm 3D-mogenn.

YpaBHeHue noeepxHocTu KMK BblumMcnseTcsas Ha OcCHOBaHMM anmnpoKCu-
Mauui nonepeyvHbIX Cpes3oB. Vicnonb3yeTca annpokcumaumsa B -cnnanHamu
no ABYyM nepemMeHHbIM. PesynbTaT — napametpudeckasa pyHKUmA ABYX ne-
peMeHHbIX, onucbiBatoLast nosepxHocTb KMK.

6. Busyanusauusa mogenmu.

MocTpoeHne kapkacHOW (AWCKPETHOW) MoAenu W crnnawvHoBon (Henpe-
pbiBHOM) MoAenu KMK.

MyHKTbI 3 - 6 NpMBEAEHHOrO anropuTMa NporpaMMHo peanuaosaHbl B CKM.

3ameTum, 4YTO BLIGOP CUCTEMBI «pa3genuTenbHbIX» TOYEK, COCTaBMsA-
LUMX AUCKPETHOE OMnMcaHue nomnepeyHbIX Cpe3oB (MYHKT 2 anroputma), Bbl-
NnosHAeTCa Bpa4yoM TPaBMaTosioroMm, MMEKLMM OOCTaTOYHLIN ONbIT B pac-
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Nno3HaBaHMM aHAaTOMUYECKMX OCOBEHHOCTEN PacnonoXeHUsA KOPTUKAIbHOM U
CMOHIMO3HOM KOCTHbLIX TKaHEN.

MpumeHeHne Ha npakTuke. OnN1caHHbIA anroputm anpobupoBaH Ha no-
ctpoeHun mogenu KMK Il nactHon koctu. PacnonoxeHne npsiMoyrosisHown
CUCTEMbI KOOpPAMHAT MOKasaHO Ha MpoAOoSfibHOM ToMorpadmnyeckom cpese
LeH-TpanbHOro caruTTanibHOro ceveHust NMACTHOW KOCTW, MpMBEAEHHOM Ha
puc. 1.

A

Puc. 1 - Tomorpadmyeckui cpes Il nacTHom KocTh

Hayano koopamHat BbiGpaHO nocepeanHe ANWHbI KOCTU B MecTe ee Cy-
XeHus (no ropmsoHTanu) n nocepeauHe KMK (no Beptukanu), ocb X pacno-
NnoXeHa ropusoHTarnbHO B AUCTanbHOM HanpasneHun, ocb ) — Nog NpsiMbIM

YrNoOM K OCU X B HanpaBneHUW TbiNbHOM CTOPOHbI NagoHu. B rpacduyeckom
pefakTope Ha usobpaxeHne HaHeceHbl TOYKM, obBo3Havarolme rpaHuly
KMK [7].

Ha puc. 2 npeacrtaBneH nonepeyHbii TOMOrpaduy4eckuin cpes MnpoKCcu-
ManbHbix danaHr | — V nanbueB kuctn. CHU3Yy 1 cnpaBa Ha n3obpakeHun
npvBeaeHbl MacLUTabHble NMHEVKN (B CaHTUMETpaXx).

Tomograph.dp.ua

1957 Jan 08 M 16600-arm neck
2015 Apr 21

Acq Tm: 08:05:24150

512x512
10

120.0 kV
300.0 mA
2.0 mm/0.0:1Tilt: 0.0

08s
Lin:DCM / Lin:DCM / Id:ID
W:380 L:45 DFOV: 13.0 x 6.8cm

Puc. 2 - MonepeyHbii Tomorpaduyeckun cpes | — V nACTHbIX KOCcTen
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Cpesbl BbINOMHEHbLI Yepe3 paBHble PacCcTosHWA (2 wmm) NO BCen AnuvHe
KMCTU. XapakTepHble nonepeyHble cpesbl pas3nuyHbIX Flokanusaumn NscTHON
koctu lll nanbua npeactasneHsbl Ha puc. 3. dopma n pasmepbl ceveHnn KMK

3aMETHO OTNMNYaloTCA B pa3HbIX oTAe1axX KOCTU.

1cm

d

a) 6) B)
Puc. 3 — MNonepeyHble cpe3bl nsicTHou kocTu lll nanbua:
a) AucTanbHbIW oTAen; 6) cpegHUN oTAenN; B) NPOKCUMarnbHbIN oTAen

[ns cpesoB, npeAcTaBneHHbIX Ha puc. 3, BbibpaHbl No gBa Habopa
«pasgenuTenbHbiX» TOYEK, orpaHudmBatoLLme rpaHmuy pasgena KMK u kop-
TUKaNbHOWM TKaHW (BHYTPEHHWUI KOHTYP) U BHELLHIOK rpaHuLy KOPTUKANbHOro
cnosi. PacnonoxeHune HabopoB «pasgenuTernbHbIX» TOMEK U UX annpoKCu-
Mauus B-cnnavHamu npeactaBneHsl Ha puc. 4.

Do

Puc. 4 — Habopbl «pasgenuTenbHbIX» TOYEK U UX annpokcumauus B-cnnaHamu:
a) AucTanbHbIW oTAen; 6) cpegHUN oTAenN; B) NPOKCUMarnbHbIN oTAen

CornacHo npvBefeHHOMY BbILLE anropuTMy AN KaXgoro nonepeyHoro
TOMOorpaduyeckoro cpesa nocTpoeHbl annpokcumaumm KMK, BbluncrieHbl
KoOpAMHAaTbI LLIEHTPOB TSXKECTHU.

Ha puc. 5 npeacraBneHa reometpudeckass ocb KMK, noctpoeHHas Ha
OCHOBaHUN KOOPAMHAT LEHTPOB TSXKECTU MonepeyHbiX cpe3oB. CnnowHomn
NUHVEN npeacTaBneHa annpokCcMMauus SKCMepUMEHTarnbHbIX OaHHbIX.
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CpenHss 4yacTb OoCU MMeEeT SIBHYH BbIMYKIIOCTb, COOTBETCTBYIOLLYIO CBOAY,
XapakTepHOMY AN KOHUrypaummn NACTHbIX KOCTEN.

«PaspgenutenbHble» TOYKM NonepeyHbiX cpe3oB 06beaMHEHbI NOCPEeaCT-
BOM npoLeaypbl annpokcMmauum B -cnnarHaMmn B 3aMKHYTble KOHTYpbl. Ha
KaXXAOM M3 KOHTYPOB BblGpaHbl paBHble KONMYECTBa TOYEK, OObEANHEHHbIE,
B CBOK oyepefb, NpoLeaypon annpokcMmauun B nNpodosibHble kpusble. Ha
OCHOBaHWUM MOMNepeYHbIX KOHTYPOB M NPOAOSibHbIX KPMBBIX CHOPMUPOBaHA
KapkacHas (guckpeTtHas) mogenb KMK, npeacrtaeneHHas Ha puc. 6.

Puc. 5 - FeomeTpuryeckasa ocb KMK

Puc. 6 - KapkacHasi 3D — mogens KMK

3aBeplueHue paspabotkm 3D-mogenm KMK ocyuiecTBnseTcs nytem Ha-
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XoxaeHumsa napameTpmquKoﬁ (*) HKUUN OBYX MNEepeMeHHbIX F(u,v). Mpwn
y y ) p

noctpoeHun nosepxHoctn KMK wumcnonb3oBanacb annpokcumaums B -
cnnavHamum no pAsyM nepemMeHHblM. CnnaiHosas (HenpepbiBHas) 3D-
mogens KMK npuseneHa Ha puc. 7.

3apaBas onpegerneHHble 3Ha4YeHnst napamMeTpoB ¥ U vV B npegenax ot 0
00 1, MOXHO Mony4nTb KoopauHaTthbl nobon Toukn nosepxHocTn KMK. Ha-
npumep, 3agaB 3HaveHns U = 0.4 n v = 0.2, nony4nm TOYKy C KoopauHa-
Tamm X =204 mm, ¥y = -2.65mm, z = -1.1mm. MNonoxeHne aToN TOUKU

OTMEYeHO CTPEerKon Ha puc. 7.

Puc. 7 - CnnanHoBas 3D-mogenbs KMK

B03MOXHOCTb BblYMCHEHNA KoopauHaT nmobon Touku nosepxHocTn KMK
Nno3BONsAEeT onpeaenvTb HeobxoavMble pasmMepbl AMs U3rOTOBMEHUS HOXKM
3HOONPOTE3a ONTUMAarnbHOW hopMBbI.

BbiBoabl. MNpeanoxeH crnocob NocTpoeHWs TpexmepHol reoMeTpuye-
CKOW MoZenu KOCTHO-MO3rOBOro KaHara TpyGuyaTbiX KOCTEl Ha OCHOBaHWM
nonepeyYHbIX CPE3OB, MOSyYaeMbiX C MOMOLLbIO MYSbTUCMMPAbHON KOMMb-
toTepHoi Tomorpacun. OnucaHa nocnenoBaTeNibHOCTb AEWCTBUIA, NpeaLle-
CTBYIOLLMX MOCTPOEHUIO Mogenu. B kauyecTBe npakTuyeckoro npumepa
NpeanoXeHHbIn cnocob ucnonb3oBaH Npu nocTpoeHun 3D-moaenu KOCTHO-
mo3roBoro kaHana |ll nacTHoi kocTu. MpakTuieckoe 3HaYeHUe NpUMeHeHUs!
cnoco6a noctpoeHns 3D-mMoaeny KOCTHO-MO3rOBOro KaHana CoCTOUT B BO3-
MOXXHOCTM MNpefocTaBuUTb Heobxoaumble pasMepbl ANA MNPOEeKTUPOBaHUSA
HOXEK ONTMMarnbHON opMbl NMPU U3rOTOBIIEHUM SHAOMNPOTE30B.

OnucaHHbI cnocob NPUMEHUM AN NOCTPOEHWS TeOMeTPUYECKNX Moaenei
KOCTHO-MO3rOBOr0 KaHara, a Takke U MOBEepXHOCTEN MobbiX TpyGUaTbIX KOCTEN.

Aemop npusHameneH 0. M. H. HaymeHko J1. FO. (dHenponemposckasi 'ocy0apcmeeH-
Hasi MeduyuHckas Akademusi) u k. M. H. Mamembegy A. A. (I'Y «YkpauHckuti ["ocydapcm-
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8eHHbIU HUW meduko-coyuanbHbix npobnem uHeanudHocmu M3 YkpauHbi») 3a npedoc-
maereHHble 0aHHble U KOHCMPYKmMugHoe obcyxdeHue cmambu.
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YOK 531/534:57
O. B. lNoepibHuti

NOBYAOBA rEOMETPUYHOI MOAENI
KiCTKOBO-MO3KOBOI'O KAHAIY TPYBYACTUX KiCTOK
3A JAHUMU MYNbTICNUPAIIbHOT KOMMTIOTEPHOI
TOMOIPA®Il

3anponoHoBaHO cnocié Nno6yaoBy TPMBUMIPHOI reOMeTPUYHOI MoAeri KicTKOBO-
MO3KOBOro KaHarny Tpyb64acTux KiCTOK, I'PyHTYHOUMCb Ha nomnepeyHux 3pisax, Lo
BUKOHYIOTBCA 3a [JOMOMOrold MynbTicCMUpanbHOi KOMM'OTepHOi Tomorpadii.
OnucaHa nocnigoBHICTb Ain, Wo HeobXxigHi Ansa nobyaoBu moaeni. Ak NpPakTUYHUNA
3pa30K, 3anpornoHOBaHMW cnocié BuKopucTOBaHMM npu nob6ypoBi 3D-mopgeni
KicTkoBo-Mo3koBoro kaHany lll n'acTHoi KicTku. NpakTU4YHee 3Ha4YeHHs 3aCTOCy BaHHS
cnocoby 3HaxoAWUTLCS Y MOXNUBOCTI OGYMCIIEHHA PO3MIpiB ANA NPOEKTyBaHHSA
HDKOK onTMMarnbHOi (hopMu Ansi BUroTOBIEHHS eHAonpoTesiB.
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Knroyosi cnosa: zeomempuyHa MoOenb, MyrnbmicriupanbHa — KOMM'IomepHa
momoepacgisi, mpyb4yacma Kicmka, KIiCTKOBO-MO3KOBWIA KaHar, arnpokcumauisi, crinadH.

UDC 531/534:57
O. V. Pogrebnoy

DEVELOPMENT OF GEOMETRICAL MODEL
OF MARROW BONE CHANNEL OF TUBULAR BONES
ON THE BASE OF MULTISPIRAL COMPUTER TOMOGRAPHY DATA

A method for development of geometrical 3D-model of long tubular bones
marrow bone channel was proposed. As initial data the images of cross-section
made by multispiral computer tomography were used. An algorithm of the method
was described. The method was tested on development of geometrical 3D-model of
marrow bone channel of Ill bone metacarpus. The practical value of the proposed
method consists in its application during project and manufacture of the optimal
shape stem of endoprosthetic of metacarpus-phalange and other carpal joints.

Keywords: geometrical model, marrow bone channel, multispiral computetional
tomography, approximation, spline.

The treatment of hand injures as usual is connected with great difficulties
especially in cases of traumatic or disease damages of digit joints. The most
hard consequences of that traumas are contractions and deformations of
joints. One of the operation methods is an implementation of endoprosthetic.
The conformity of endoprosthetic stem to the real form of bone marrow
channel is one of the most important conditions for used implant. Taking into
account the long term of usage the strong requirements were demanded to
implants [6]. The anatomy structure of marrow channel of hand bones was
investigated in series [3 — 8]. Mathematical theory of geometrical modeling
was comprehensively presented in [1, 2].

The development of 3D-model of bone marrow channel with the aim to
determine the necessary sizes of the optimal shape stem of endoprosthetic
is the object of presented paper. The metacarpal bones were studied during
this investigation.

The following algorithm (sequence) of actions was elaborated to receive
3D — model of marrow bone channel.

Algorithm for 3D-model development.

1. Preparation of initial data in form of cross-section digital images with the
use of multispiral computer tomography.

2. Preliminary analysis of initial data. Placing sets of «boundary points» witch
divide cortical bone and marrow.

3. Approximation of cross-section contours. Forming of analytical descrip-
tions of contours by means of B -splines.

4. Calculation of bone marrow axis equation. Calculating of the centers of
mass coordinates and approximating obtained data.

5. Development of parametrical function that describes 3D-model.

6. Visualization of carcass and spline variants of surfaces of 3D-model.
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For realization of 3 — 6 algorithm positions the special code was worked
out in environment of modern system of computer mathematics.

The method was tested on development of geometrical 3D-model of mar-
row bone channel of lll bone metacarpus. The cross-sections were made in
the distance of 2 mm from each to other using multispiral computer tomogra-
phy apparatus. The cross-sections had distinguished shape and size in dif-
ferent localization of the bone. The bone marrow axis equation was calculat-
ed. The parametrical function of two variables was obtained by means of B -
splines and carcass and spline surfaces were built. The spline variant of sur-
face is demonstrated in Fig.1.
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Fig. 1 - Spline surface of 3D-model

When determine definite variables in parametrical function it receive an
arbitrary point on spline surface. For example, such point with parametrical
coordinates (0.4, 0.2) is marked on Fig. 1 by an arrow.

The calculation of an arbitrary point coordinates gives the possibility to
determine the necessary sizes of the optimal shape stem of endoprosthetic.

Conclusions. A method for development of geometrical 3D-model of
tubular bones marrow bone channel was proposed. As initial data the imag-
es of cross-section made by multispiral computer tomography were used. An
algorithm of the method was described. The method was tested on devel-
opment of geometrical 3D-model of marrow bone channel of Ill bone meta-
carpus. The practical value of the proposed method consists in its applica-
tion during project and manufacture of the optimal shape stem of
endoprosthetic of metacarpus-phalange and other carpal joints. The pro-
posed method can be used for development of geometrical 3D-model not
only of marrow bone channel but also of surface of tubular bones.
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