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O. B. lNoepebHol

ONPEAENEHUE OCU KOCTHO-MO3IroBOIro KAHAIA
TPYBYATbIX KOCTEU MO OJAHHbIM
MYINbTUCTNTUPAJIbHOU KOMIMNBbIOTEPHOU TOMOIPA®UU

MNpeanoxeH cnoco6 BbIYMCNEHMA OCU KOCTHO-MO3roBOro KaHamna TpyoGuyaTbix
KOCTEW, OCHOBaHHbIW Ha KOMMbIOTEPHON 0OpaboTKe LieHTpanbHbIX caruTTanbHbIX
CeYeHuMr, nomnyvyaembiX NPU MyNbTUCNUPaNbHOW KOMMbIOTEPHON ToMorpadum.
PaboTtocnoco6HocTb cnocob6a npoAeMOHCTPMpPOBaHa Ha TecTOBOM MNpumepe.
B npakTMyeckoM npumepe MONy4yeHO ypaBHEHUE OCUM KOCTHO-MO3roBOro KaHana
Il nAcTHOW KoCTU. BbluMcneHbI reomeTpuyeckue pas3mepbl HOXKW 3IHAOMNPOTE3a,
obecneuvBalolMe MNOTHOe MpuneraHue ecTeCTBEHHOr0 U UCKYCCTBEHHOro
matepuanoB. Ha ocHoBaHWM MONYy4YEHHOro ypaBHEHUS OCU NMOCTpPoeHa OoGbemHas
Mopernb KOCTHO-MO3roBOro KaHana.

Knrodeenble cnoea: MynbmucriupanibHasi KOMblomepHasi momoepachusi, mpybyamasi
KOCMb, KOCMHO-MO032080U KaHas, 3HOonpomes, arnnpoKcumayus, mMemod HauMeHbLUX
Keadpamos.

BBepeHue. JleyeHne TAxenbix NOCTTpaBMaTUYECKUX AedeKTOB KOCTU
OCTaeTcsi OOHOM U3 CMOXHBIX NPobneM COBPEMEHHOW TpaBMaTONorum
1 opToneaun, UMEKLLINX OrPOMHYI0 COLIMANbHO-3KOHOMUYECKYHO 3HAYNMOCTb.

Kucte obnapaetr TOHKOM YHKUMENM W MHOFOrPaHHbIM XapaKTepoMm
OeATenbHOCTU, U Jaxe He3HauuTelNbHble HapyleHWs ee LenoCTHOCTU
NPUBOAAT K CEpbe3HbIM HapylleHUsaM (YHKLMOHamNbHbIX B3auMOCBS3EN,
K noTepe nNpodeCcrMoHanbHon NpurogHocTu [4].

PasButue xupyprum Kuctu, adeKkTMBHOE MNpUMEHEHUEe COBPEMEHHbIX
METOAMK ONepaTUBHOrO IeYEHUsl, BHELPEHWE MUKPOXMPYPrM B PEKOH-
CTPYKTUBHYIO XWUPYPrUK0 KWUCTU, LUMPOKOE MWCMOSb30BaHUE KOMMbHOTEPHbLIX
MEeTOAOB AWarHOCTWKW, Hanpumep, MyMbTUCNUPanbHON  KOMMbIOTEPHOM
TomMorpadumm, oTKpbINN HOBbIE NEPCMNEKTUBbI B TIEYEHNN.

Mo AaHHBIM pPasnUYHbIX aBTOPOB, MOBPEXAEHUS KUCTU COCTaBMSHT
25,4-57 % cpenu Bcex TpaBM ONOPHO-ABUraTenbHOro annapata [4].

lMpakTuka XuMpyprum KUCTM HyxXgaeTca B pa3paboTke  Hay4yHo
060CHOBaHHbIX, KOMMIEKCHbIX NOAX0A0B K 06BbeMy, XxapakTepy v nocnego-
BaTENbHOCTM XUPYPrMyecknx BmellaTenbcTB. MHoroobpasue cyuiecT-
BYIOLUMX METOLOB PEKOHCTPYKLMM KUCTW, MHOroaTanHoOCTb onepauui
N He3Ha4nTeNbHbIN (PYHKLMOHAMNbHBIA 1 KOCMETUYECKUIN 3agheKTbl co3narT
HeobxoauMoCTb JanbHenLero yCOBEpLUEHCTBOBAHMUSA cnocobos
BOCCTaHOBMEHUS TPaBMMPOBAHOOW KUCTWU [7]. AKTyanbHylO W He KoHUa
paspelleHHyl0 npobrnemy npeacTaBnAeT fedyeHune  BHYTPUCYCTaBHbIX
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AedeKToB, MOBpEeXAeHMN nanbLeB KACTM M WX nocneacteui. Cpeawm
cnocoboB BOCCTAHOBMEHUSA NOABMXHOCTU CYCTaBOB MarbLEB KUCTU BaXHOe
MEecTo 3aHumaeT 3HJonpoTesupoBaHuWe. He yTpatnnum  akTyanbHOCTb
npobrnembl, CBSi3aHHble CO CBOMCTBaMW WMMMAHTaTOB, KpenneHuem,
amMnNnNUTYgoOn  ABWXKEHWW, W3HOCOYCTOMYMBOCTbIO [2, 3]. Bsaumogericteue
"MMNNaHTaT—KOCTL" Takke SBMSETCA  BaXHEWWMM  MOMEHTOM  Ans
obecrneyeHns onTumarnsHou yHKLMM NpoTesa.

B aton cBsA3u npeacrtaBnsieTcs uenecoobpasHon MOCTaHOBKa 3ajauu,
HanpaBneHHOW Ha YCOBEpPLUEHCTBOBaHUE U3BECTHbIX M pa3paboTKy HOBbIX
cnocoboB 3aMelleHus BHYTPUCErMeHTapHbIX AedeKTOB aHaTOMMUYeCKUX
CTYKTYP KWUCTW, YTOYHEHWE noKa3aHMhn U MeTOAMK BOCCTaHOBMEHUS
MOABWXHOCTM B CycTaBax nanbLEB KUACTU C MNPUMEHEHMEM HOBbIX
KOHCTPYKLMIN 3HO0NPOTE30B [4].

Llenb — paspaboTka crnocoba onpeneneHusi ypaBHEHUS OCUM KOCTHO-
moaroeoro kaHana (KMK) TpybuaTbix KOCTEN B KOHTEKCTE CO34aHuUs HOBOIO
TUNa aHgonpoTe3a NACTHO-anaHroBoro cycrasa KUCTW.

Mop ocbto KMK anadmsapHbix Yyacten TpybyaTbix kocten Oygem noHumatb
reomMeTpuyeckoe MecTo TOYeK, PaBHOYAANEHHbIX OT BHYTPEHHEW NMOBEPXHOCTH
CMOHMMO3HOW TKaHW UMK, Npyu ee OTCYTCTBUM, KOPTUKANbHOW TKaHW.

CyTtb cnocoba. NMpegnaraembii cnocob coctout B onucaHum ocu KMK
anrebpanyeckMM MNOMMHOMOM, KO3MMULMEHTBI KOTOPOrO BbIYUCNSAIOTCA
B pe3ynbTate  UTepaumoHHOro  npouecca. Peanusauma  cnocoba
npegnonaraeT UCMOMb30BaHNE B Ka4eCTBE MCXOLHbIX AaHHbIX pe3ynbTaToB
TOMOrpaMyeckoro CkaHupoBaHust uccnegyemoro obbekta. O6paboTka
AaHHbIX npomsBoauTca Ha [IK ¢ ucnonb3oBaHveM paspaboTaHHON
nporpaMMbl U BbIYUCANTENbHBIX BO3MOXHOCTEN COBPEMEHHbLIX CUCTEM
komnbloTepHon matemaTukn (CKM).

McxogHbiM MaTepuanom SIBMSIETCS LEHTpanbHoe cedeHue TpybuaTon
KOCTM B carvTTanbHOM MNfIOCKOCTU, MOSlydaemMoe npu MynbTUCIUPanbHOM
ToMorpacmyeckom ckaHupoBaHun. ITo — LudpoBoe n3obpaxeHue, nepe-
HeceHHoe 13 Tomoropadmyeckon yctaHoBkn Ha [K.

Ha nogrotoBuTenbHOM 3Tane BpayoM-opToOnNeaoM B rpaduyeckom
pepakTtope, Hanpumep, Paint, Ha u3obpaxeHun ceyeHus KOCTU TouKamu
obo3HavatoTcss  koHTypbl  KMK. [OanbHerwas obpabotka MCXOAHOW
WMH(pOPMaLUN  OCLUECTBNSIETCA B MWHTEPAKTUBHOM peXume no paspabo-
TaHHou nporpamme B CKM Wolfram Mathematica.

lMonyyeHue ypaBHeHUS OCK KaHana OCyLLEeCTBSAETCS COrnacHo anropur-
My, CXemMa KOTOpOoro npeactaBneHa Ha puc. 1. Hwke npuBegeHo kpaTtkoe
MosiCHEHMe LaroB anropuTma.

1. CunTbiBaHME KOOpPAMHAT KOHTYpa B MUKCENSsX, MEpecyeT B MWUM-
MEeTpbl COrfacHO 3aJaBaeMOMy Mpu TOMOrpadum COOTHOLLEHWUIO MexXay
MUKCENSMU Ha U30BpaXKEHUN N MUMIMMETPaMK pearbHOro 06beKTa.

2. Annpokcumaumsa koHTypa KMK ocyllecTBnseTcsi CrinaxuBarolmmm
cnnavHamu. MNMpoueaypa BctpoeHa B CKM Wolfram Mathematica. Nonyyaem
rNagKyr 3aMKHYTYIO KPUBYHO.
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3. OnpepgeneHne cTeneHu nonuHoma, annpokcumwupytowero ocb KMK.
MponssoanTCca annpokcMMauust No MeTody HavMeHbLUMX KBagpaToB TOYeK
KOHTypa nonvMHoMamu co cTenHamu oT 2 go 9. WccnepoaTenem
BblbVpaeTcs MUHUMarnbHas CTerneHb MOMMHOMAa MCXO0As W3 BU3yarbHO
HabnogaemMoro paBHOOTCTOSIHUS KPMBOW M KOHTYpa kaHana.

4. B HayanbHOM NpubnuxeHun nccnegoBartenem 3agaeTcs, XKenaTenbHo
GnaronpuaTHbIN ONA  AanbHEeWWwero BbIMUCNUTENBHOIO npolecca, yron
HaknoHa CeKywux npsmbix. [eHepupyeTcsa CeMeWncTBO napannenbHbIX
CeKyLLMX NPSMbIX.

5. BbluncnsaoTCa KoopamMHaThl TOYEK nepecedyeHns ceMencTBa CekyLmx
NpsiMbIX W  HenpepbiBHOrO 3aMkHyToro kKoHTypa KMK. Bbluucnsiorca
koopauHaTbl Todek ocu KMK B HyneBom npubnuxeHun. KoopanHaTtbl Toyek
OCM KaHamna arnnpoKCUMMPYKTCA MONIMHOMOM CO CTENeHblo, BblOpaHHON
Ha ware 3.

JanbHenwme warv Bel4UCAUTENBHOrO Npouecca oT 6 40 9 BbINONHATCA
B unkne. pn aTOM NpomucxoamT MOLIAroBoe YTOYHEHWE KOOpAMHAT TOoYeK
Oocu KaHana u koadd1LUMEHTOB annpOKCUMMUPYOLLErO UX NOSMHOMA.

6. PasbueHne ocn KMK Ha yyacTkum pasHoW AnuHbl. KoopauHatbl X

TOYeK pas6meHV|;| BbIYUCIAKTCA U3 yCIoBUA

Xis1
1+y2dx=AL, 1)

X

rae y=Yy(X) — nOMMHOM, OMWUCLIBAOLWMIA OCb KaHana, MoyYeHHbIN

Ha npeabiaywem atane; AL — 3agaHHasa AnvHa yvacTka Ha ocu KaHana.

7. OnpepensioTcs ypaBHEHUSA HOpMariel K OCY KaHana B To4YKax rpaHul
y4acTKOB, KOTOpble SBMSAOTCH CEKYLWMMWU NUHUAMWU TeKyllen uTepauuun.
Kak n3BecTtHoO, HopManb K KpYBOW MPOXOAWUT Yepe3 LEHTP KPUBU3HbI ITOW
Kp1BOW B TOYKE NpoBedeHns Hopmanu [1].

8. BbluUCRATCA KOOpAMHATLI TOYEK MNepeceyveHns CeKymux NpaMbIX
n koHTypa KMK; yTOouHeHswoTca koopamHaTbl Toyek ocn KMK; Toukm ocu
KaHana annpoKCUMMPYIOTCS NOMHOMOM.

9. BbluncnsieTca cymMma pacCTOsHUM Mexay ToukaMuM Ocu  KaHana
M annpoKCUMUPYIOLLMM  UX  MOMMHOMOM (CymMa HeBdA30K). Pacctos-
HMe Mexdy TOYKOW OCW KaHana W MoNMHOMOM onpedensieTcsa BAOMb
HOpManu K NONIMHOMY, MPOXOAsILLEN Yepes Takyro TOUKY.

lMponsBoanTCca cpaBHEHME CYMM PacCTOSHWMA Ha Tekylew u npeablay-
Wwen wutepauuax. B kayecTBe KpuTepus 3aBepLUEHWS BblYUCAUTENBHOMO
npouecca BblOpaHO W3MEHEeHWe pa3HOCTM CYMM PacCTOsSHUA  Mexay
nocnegylowmmm utepaunsmm mMeHee yYem Ha 1%. Ecnum pasHuua cymm
NPeBOCXOAMUT 3Ty BENUUYUHY, MEPEXOAoM K Lwary 6 BbINONHAETCa cneayowas
ntepaums.

10. Bugyanusaums n nevyaTb OKOHYaTEmMbHbIX Pe3ynbLTaToB.
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CuntbiBaHMe koopauHaT Touek. [lepecuet
nuKkcenewn B MUNNUMETPbI 1

Annpokcumauusa koHtypa KMK crnaxwuBa-
IOLLMMK crinanHamm 2

v

OnpepeneHve cTeneHn MONUHOMA, anmnpok-
cummpytowero ocb KMK 3

BeiGop HavansHOro HanpaeBneHus cekywnx 4

:

Bbluncnenne koopanHat Todek ocu KMK 5

¥
Pa3buenne ocn KMK Ha y4acTkm paBHON
ONWHbI 6
A 4
Bblumcnenve ypaBHeHMss Hopmaneh K ocu
KMK B To4kax rpaHuL, y4acTkoB 7
A 4

BbluncneHue koopauHaT Tovek nepeceveHus
cekywmx  npsMmbix 1M KoHTypa  KMK.
BbluncneHne yTOYHEHHbIX KoopAuvHAaT Toyek
ocn KMK. Annpokcvmaumsi ypaBHEHWs ocu
KMK 8

!

MpoBepka KpuTepUsi 3aBEPLLUEHNS BbIYUCIN-
TenbHOro npouecca 9

\ 4

Busyanunsaums n nedatb pesynbtatos 10

Puc. 1 — Cxema anroputMma Bbl4MCNEHUN

\ 4
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OnucaHHas utepaunoHHas npoueaypa peanv3oBaHa B Buae nporpaMmmel
ans CKM Wolfram Mathematica.

TecToBbIN NpuMep. B kayecTBe TECTOBOro npumepa BbiGpaH KOHTYP,
obpasoBaHHbIi  OBYMS  CMHycOMaaMmKu, MapanneflbHO  CMeLLeHHbIMM
no BepTukanu Ha pacctosiHne 0,1 ot ypaBHeHus Y(X)=sinX, x €[0,2x]

M AByMS LIapoobpasHbIMW  YTOMWEHMAMW Ha KOHUAX, WMUTUPYIOLLMMU
ronoBkn KocTn. PacctaBneHbl Toukn (68 LwT.), OTMevaLlme 3TOT KOHTYp.
dann c koopaMHaTaMuM TOYEK KOHTypa COAEPXKUT WCXOAHblE [AaHHbIe.
Ha puc. 2 npeactaBneH pesynbTaT BbIMOMHEHWs WaroB 1 u 2 onvcaHHOro
BblLLIE anropuTMa.

¥

-10F

Puc. 2 — Toukn, o603HavaloLWmMe KOHTYP U ero onucaHue CrinaxuBaroLmmmn
cnnanHamm

Mockonbky B paccMaTpvBaeMOM TECTOBOM MpUMeEpe YpaBHEHME OCK
M3BECTHO 3apaHee, BbIGOP CTENeHW anmnpoKCUMMUPYHOLLEro MofIMHOMa
Ha Wware 3 npou3BOAMTCS Ha OCHOBaHUM pe3ynbTaToOB annpoKcMMauuu
He KOHTypa, a cuHycomibl. MonMMHOM NATOW CTEneHW XOpOoLIO ONWUChLIBAET
ypaBHeHune Y(X) =sinX Ha uHTepBane X €[0,2x].

Yron HaknoHa cekywux npu BbINOMHEHUU BbIYUCAEHUA B HYNeBOM
npubnmxkeHun BbidpaH paBHbIM 80°. CeMeNCTBO napanmenbHbIX CEKYLLUMX,
TOYKM UX NepeceyeHns C rpaHuLient KOHTypa, TOYKKW, obpasylolime CpeaHo
NIMHUIO, annpoKCUMMaUWs TOYeK CpedHer NUMHUKM MOSIMHOMOM BblOpaHHOWN
cTeneHun npeacTaBneHbl Ha puc. 3 (warn 4 n 5 anroputma).

Puc. 3 — OnpegeneHve ocu KOHTYpa Ha Ha4yanbHOM NPUGNXKEHUN

Ha puc. 4 npenctaBneHbl pe3ynbTaTbl BbIMOMHEHUs WwaroB 6 u 7
anroputMa npu BTOpOW uTepaumn. Kpueas, nsobpaxatollas ocb KOHTYpa,
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nofnyyeHHass BO BpeMsi npeablaylwlen WTHpauuu, pasbuta Ha pasHble
y4acTkm (OTMEYEeHbl ToYkamu), Ha rpaHULax Y4acTKOB MOCTPOEHbI
nepneHamKynsipbl U KPUBOIA.

"-,‘ 1,
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Puc. 4 — Pe3ynbTaTbl BEIYMCIIEHUA OCU KOHTYpa Npyu BTOPOW utepauum

UTepaumnoHHbI npouecc ObicTpo cxoauTes. Pasnuune mexay cymmamu
paccTosiHUA MexXdy TovkamMu OCKM KaHama W annpoKCUMMPYIOLWLMM  UX
MONMMHOMOM (CyMMaMu HeBSI30K) Mocrne nATOM wuTepaumm cocTaBnsieT
0,0214 %, TO eCcTb YyCnoBME OKOHYaHWSA BbIMUCIIUTENBHOIO MpoLuecca
BbINOSIHEHO, pasfnMyne xe B CyMMax focne LecTon utepaumm coctaBnsaet
0,0004 %. B nporpamme peanu3oBaH AManoroBbi PEXUM, MO3BOMSOLLNIA
NPOAOIKNTL BbIYUCAINTENBHbIA NPOLIECC NOCre BbINONHEHUST OPManbHOro
YCNOBUSI €ro 3aBepLleHus, unuM, B 3aBUCUMMOCTW OT OOCTOATENLCTB,
3aKOHYUTb €ero paHee BbINOMIHEHMS 3Toro ycnosus. B kauvecTtBe
NMPOBEPOYHOrO YCIIOBUS 3aBEpLUEHMSI WUTEPALMOHHOro npouecca BblYMC-
NAMMCb PasHOCTb MeXay CyMMamu KBagpaToB HEBA3OK, KOTOpas COCTaBuMna
0,0775 % un 0,0001 % nocne NSATOM W LECTOW UTEpaLMA COOTBETCTBEHHO.
3amMeTm TaKke, YTO Kaxabll M3 KO3(PULMEHTOB annpoOKCMMUPYIOLLErO
NnofMHOMa WM3MEHSeTCA MO CPaBHEHUID C COOTBETCTBYHOLWMM KO3 dULN-
€HTOM npegblaylwien uTepauum Ha BenuumHy MeHee 1%, HadmHas
C YeTBepTON UTepauuun.

Ha puc.5 npegcraBneHa KpuBas, nMonydyeHHass B pesynbrarte
BbINMONHEHNS1 MnocregHen wutepauuun, o6o3Ha4YeHHast CMMOLWHOW JUHUEN,
N CUHYCOMAa, Ha OCHaABaHUWN KOTOPOW CTPOMIICS KOHTYP (LUTPMXOBas NMHMUS).

Puc. 5 — Pe3ynbTaTbl BbIYMCNEHUA OCU KOHTYpa
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BusyanbHble OTKNOHEHUS MeXAy HUMW 3aMeTHbl TONIbKO Ha KpasiX KOH-
Typa. [Ina npakTudecknx uenen 3aTv pasnuuusa BaXHbIMU He SABNSATCSH,
MOCKONbKY 30HblI B MeCTax FOSIOBKM KOCTW MOABEPratTcs pesekuuu npwm
ycTaHoBke aHponpoTesa. CyllecTBEeHHbIM SABNSAETCA KOPPEeKTHOe BblYMUC-
nexHve ocn KMK, 4TOo no3BonuT B AanbHeNWeM OCYLLeCTBUTb NpaBuibHbIN
BblGOp 13 paspabaTbiBaemMoro Habopa TMNopasMepoB 3HAOMNPOTEIOB.

MpumeHeHne Ha npakTuke. Pa3paboTaHHbIN cNOCO6 BbIMMCIEHUS OCK
KMK npumeHsietca ana wusydeHusa ctpoenms KMK nacTHbIX  KOcTen
N NPOKCMManbHbIX dpanaHr, CoCTaBNALLMX NACTHO-anaHrosble cycTtassl |-
IV nanbueB. AHann3 aHaTOMM4YeCKMX OCOBEHHOCTEN 3TMX KOCTEn npegyc-
MaTpuBaeT nocneayLlyto paspaboTKy 3HAoNpoTe3a HOBOro TUNa.

MACTHbIE KOCTU ABNAIOTCA KOPOTKMMWM TpyByaTeiMu kocTamu. C nagoHHON
CTOPOHbl Tena MACTHbIX KOCTeN crnerka BOrHYTbl, C TblfIbHOW — HEMHOro
BbINyKNbl [6]. PanaHrv nanbueB Takke NpeacTaBnalT cobon kopoTkue Tpyo-
yatble koctu. Y II-IV nanbueB pasnuyarT npoKcMMarbHble, cpegHue U auc-
TaneHole anaHrn. [pokcumanbHble danaHiM camble AnvHHbIE. Tena
MpOKCUMarbHbIX U CpedHuX danaHr BbinyKrble B ThiNbHYO CTOPOHY U crnabo
BOTHYTbI C NIafOHHOWN CTOPOHbI.

Ha puc. 6 npeactaBneH xapakTepHbIn TOMOrpduYecknin cpes LeHTparb-
HOro carMTTanbHOro ceyveHus Il NACTHOM KOCTK BONBHOrO.

Puc. 6 — Tomorpachuyeckuit cpes || NIACTHON KOCTH

MpsimoyronbHas cucTema KoopamHaT pacnofioxeHa crnegyrowmM obpa-
30M: Hayano — nocepeguHe [OfMHbl KOCTU B MECTe €e CyXeHus
(no ropmsoHTanu) n nocepeguHe KMK (no Beptukanm); ocb X — ropmM3oHTarnb-
HO B OWUCTaNbHOM HamnpaBfeHWu; ocb Y — Mog MPsiMbIM YINIOM K OCU X

B HanpaeneHun ThbINIbHOW CTOPOHbI NagoHW. B rpadwuuyeckom pepakTope
Ha n3obpaxkeHre HaHeceHbl To4KkK, ob6o3Havatowwme rpaHnly KMK.

CornacHo M3BECTHOMY COOTHOLUEHUIO MexXAdy nuKcensamm Ha wusobpa-
XEHUM U MUNNMmeTpaMn B pearnbHOCTU (onpegenserca npu Tomorpadum)
npoussBedeH nepecyeT KOOPAMHAT ToueK, cocTaBnswowmx KoHTyp KMK
(nukcenun), B MunnumeTpbl. Bce nocnepyowmne BblMUCNEHUS MpoOBeAeEHbI
B MUNNNUMETpPaX.
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Bonpoc 06 ougeHKke TOYHOCTM U3MEPEHMIA, MPOU3BOANMbBIX Ha M306paxe-
HUSIX PEeHTreHorpamm, paccmaTpueancs B [5], roe, B 4acTHOCTW, Obino
YCT@HOBIIEHO, YTO BENMYMHA OLWMOKM, BO3HMKAlOLWEN MpU paccTaHOBKe
TOYeK, OnpefensawlmMx rpaHuUbl ODOBLEKTOB Ha  pPeHTreHorpammax,
He npeBocxoAuUT [OBYX nuKkcenen. B paccmaTtpuBaemMoMm MpakTUYECKOM
npuMmepe, CcornacHo MacwTabHoOMy OTpes3Ky, OTHOLUEHME MuKcenen
n3obpaxeHus kK peanbHbIMM MUNNIMMETPaM KOCTWU cocTaBnsieT 5:1, To ecTb
abcontoTHble owmnbkn He npes.biwatoT 0,4 mm. EcTectBeHHO npeanorno-

XWUTb, YTO OWNBKN M3MEPEHWU, NPUBOASALLME K PACLLUMPEHMUIO UM CYXXEHUIO
KMK gaBnstoTca cnyvyanHbiMW, HE MMELWMMU TeHAeHuMn. Vicnonb3oBaHue
npouenypbl annpokcumauum koHTypa KMK cuctemon crnaxusaroLmx
CMManMHOB CyLEeCTBEHHO YMeHblUaeT OWNOKA W3MEpPEeHUn, BHOCUMbIE
yenoseyecknMm paktopom. [lpuMeHeHWe uWTepauuoHHOW npoueaypbl
BbluMCNEHNss ocu ewe Gonee crnagut MMelOWMECS MOrPeLHOCTU U OHM
He ByayT UMETb CYLLLECTBEHHOIO NPAaKTUYECKOro 3HaYEHNs.

Mpn nomowwm dyHkumn CKM Wolfram Mathematica npownssoauTca
CrnaxuBaHve annpoKCUMMPYIOLWNMK chfavHaMmu To4dek KoHTypa KMK.
Ha puc. 7 npuBegeHbl Touku, obosHadvawowme rpanHudy KMK u onuchbl-
BaOLNIA MUX 3aMKHYTbIA KOHTYP, MOCTPOEHHbIA C MOMOLLbI CriaXmnBatoLwmnx
annpPOKCMMUPYIOLLNX CMIanHOB.

¥
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Puc. 7 — Kontyp KMK Il nacTHoM kocTun
[na nepBoro cevyeHuss KOHTypa KaHamna yron HakroHa CeKyLlimx BblbpaH
paBHbiM 90°, war no ocu X — 2mm OT pJucTanbHoro (—28 am)
Ao npokcumanbsHoro (30 au) KOHLOB MSACTHOM KOCTW. PesynbTaTthbl BblUMC-
neHus koopamHaTt Todek ocn KMK npeactaeneHbl Ha pyc. 8 cuMBonamu * .

;

Puc. 8 — CeueHue koHTypa KMK napannenbHbIMU NpAMbIMU

Pe3yanaTb| annpokcmmMmaumm TO4YeK OCKU KaHana anre6pa|/|quKv|M
NONMHOMOM 3-i CTeNeHu npencrasreHbl Ha puc. 9.
215



-10
Puc. 9 — Kontyp KMK u ero ocb, nonyyeHHas npv nepBomM ce4eHumn

Ocb KMK, BbluMCneHHas nocrne nepBoOro ceyeHus, pasduta Ha y4acTku
ONVHOM 2 mwm; 4Yepe3 rpaHuUbl  Yy4acTKOB  pa3bueHusi MoCTPOEHbI
nepneHauKynspbl K OCU KaHamna, SBMSIOWMUECS CEKYLUMMM Ha crnegyloLwem
atane. Pe3ynbTaTbl BbIMUCIEHWS TOYEK KaHamna rnocre BTOPOro ceyeHus

KOHTypa npeAcTaBneHbl Ha puc. 10. ANNpokcMMmauMsi ocu KaHana Takke
BbINOSIHEHa anreGpanyeckum NonmMHOMOM 3-i CTENEHW.
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Puc. 10 — CeveHue KOHTypa NpsAMbIMU, NepneHAnKynsipHbiMu ocu KMK
Ha puc. 11 npeactaeneH koHTyp KMK 1 ero okoH4aTtenbHbl BUA €ro
OCW, NOMyYEHHbIN Nocne NATOW nTepaunn.

YpaBHeHue ocn KMK ansa paccmaTpmBaemMoro npaktmyeckoro npumepa
nuveeT BMA

~1,19x107#x3 —3,83x103x? —7,07x10°x — 6,15x1072. @)
r—\_kﬂ_h—— }II
-3 =20 20 i ox
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Puc. 11 — KonTtyp 1 ocb KMK
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YpaBHeHue ocn KMK nossonsieT onpeaenvtb reoMeTpuveckme pasmepsbl
3HOOMPOTE3a, HOXKA KOTOPOro B caruTTanbHOW MFIOCKOCTM  MMOTHO
npuneraet Kk crteHkam KMK. 3710 nosBonsetr umsbexaTb HexenaTenbHbIX
3a30pOB MeXAy HOXKOW 3HOOMPOTE3a U KOCTHOW TKaHbIO, a Takke 30H
MOBbILIEHHbIX KOHTaKTHbIX HanmpsbkeHuin. Ha puc. 12 BenmumHbl hy npep-

CcTaBnsAwT cobon pacctosiHus mexay rpaHnuammn KMK, Bbluncnsiemble gnsi
ntoboit Toukn ocu. BennunHbl @ 1 by nossonalT onpeaennTb UCKPUBIEHNE

HOXKW 3HAONpOTE3a ANns NPon3BOoSibHO BbibpaHHbIX ceveHun AA n BB .

2 A
.-‘ t1,< B
5
-3 — 3 X
3 20 20 30 b
-5 h;
AF
-10 B’

Puc. 12 - Cxema onpefeneHns pa3mepoB HOXKW dHAoOMNpoTe3a

B paccmatpuBaemMOM MpaKTMHECKOM MpuMepe BenuuuHbl hj  Bbinm

BblUMCNEHbl NO Bcen anuHe ocu kKoHTypa KMK. Ha ocHoBaHuM aTnx gaHHbIX
N NPEeanosioXeHNs O  KPYroBbIX MOMEPEYHbIX CEeYEHUsIX MOCTpOoeHa
npocTtpaHcTBeHHaa mogens KMK, npuBegeHHas Ha puc. 13.

Puc. 13 - MpocTtpaHcTBeHHas mogenb KMK Il nsacTHon kocTun

MocTpoeHHasn npocTpaHcTBeHHasa mogens KMK moxeT paccmartpumBaTbes
Kak nepBoe NpubnmxeHne [OOBOMbHO CIOXHOW peanbHON TPeXMepPHOM
dopmbl KMK. [Ona pganbHenwero yToYHEeHWs MpoOCTPaHCTBEHHOW Moenu
KMK nnaHupyeTcs nsydeHme cepumn nornepeyHbix Tomorpanyeknx cpesos.
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BbiBoabl. 1. [peanoxeH cnocob BbIMMCAEHWST OCW KOCTHO-MO3TOBOTO
KaHana TpybyaTblX KOCTEW, OCHOBaHHbIA Ha KOMMblOTEPHOW Ob6paboTke
LeHTpanbHbIX carMTTanbHbIX CeYeHWin, nomnyyYyaemblX NpyU MynbTUCIMPanbHOW
KoMnbloTepHOM Tomorpadumn. IddeKkTMBHOCTL crnocoba npoaeMOHCTPU-
poBaHa Ha TECTOBOM MprMepe.

2. B npaktmyeckom npuMmepe, Ha OCHOBE pearbHbIX TOMOrpamm
13 MEQMLMHCKON NPaKTVKW, BbIYMCIIEHO YpaBHEHWE OCKM KOCTHO-MO3rOBOrO
kaHana |l nacTHOM KOoCTW.

3. Ha ocHoBaHWM MONy4eHHOro ypaBHEHWUS OCW KOCTHO-MO3roBOro kKaHana
BbIYMCIEHbI rEOMETPUYECKME pa3Mepbl HOXKM dHOONpoTe3a, obecneunsatoLLme
MrnoTHoe MpurieraHne ecTeCTBEHHOr0 W UCKYCCTBEHHOrO MatepuanoB W,
CrnegoBaTeribHO, CHWXEHWE KOHTaKTHbIX HampsikeHWn Ha rpaHuue  KoCTb-
aHgonpores.

4. Ha OCHOBaHWM NOMY4YEeHHOrO YpPaBHEHUS OCK MOCTPOEHa TPexXMepHas
MoZernb KOCTHO-MO3roBOro kaHana.

5. lMpakTuyeckas 3HA4YMMOCTb MNPeasiokeHHoro crnocoba cocTouT B €ro
AanbHenleM WCMONb3OBaHUWM AN U3YYeHUS CTPOEHWS KOCTHO-MO3roBOro
KaHarna KoCTeW, COCTaBnsaoWmMX NACTHo-chanaHrosbln cyctas |-V nanbues
npu paspaboTke HOBOrO TuMa 3JHAONPOTE3a MACTHO-HANAHroOBbIX CYCTaBOB
KMCTW.

ABTOp npwusHateneH nA.m.H. HaywmenkoJl. }O. (OHenponeTpoBckas
locypapctBeHHas MeguuuHckas Akagemunsa) m K. M. H. MameTtbesy A. A.
('Y "YkpauHckuin ocygapcteeHHbin HUAWN meawmko-coumnanbHbix npobrem
nHBanugHocTn M3 YkpauHbl") 3a NpegocTaBMEHHbIE [AaHHbIE U KOHCT-
PYKTUBHOE 0OCYXAeHMe cTaTbi.
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O. B. lNoepibHull

3HAXOOXEHHA BICI KICTKO-MO3KOBOIO KAHAIY
TPYBYACTUX KICTOK 3A JAHUMU
MYINbTICNIPAJNIbHOI KOMMTKOTEPHOI TOMOIPA®II
3anponoHoBaHO 3aci6 o0o64YMcnOBaHHSI BiCi  KiCTKO-MO3KOBOrO  KaHamny
TpyO4acTMX KiCTOK, WO 6a3yeTbCA Ha KOMMIO'TEePHOI OOpoOLi LieHTpanbHUX
cariTanbHX CiYeHb, L0 OTPUMYKTLCA Yy MynbTicnipanbHOi  KOMM'lOTEPHOI
Tomorpadii. MpauespgaTtHicTb 3acoby NpoAeMoOHCTpoBaHa Ha TECTOBOMY MpUKNagi.
Y npakTMuHOMY npuKnagi oGYMCNEeHO PIBHAHHSA BiCi KiCTKO-MO3KOBOro kaHany ||
NACTHOI  KicTkM. OGYMCneHi reomMeTpuM4Hi  PO3MipU  HIXKKM  €HAOMpoTesy,
wo 3abe3neyyl0Tb LWiNbHe MpPUIiraHHA NpPUPOAHOro Ta LWTY4YHOro Marepianis.
3acTocoBylOUYM PiBHAHHA Bici, No6yaoBaHa TPUBUMIpOBa MoAenb KiCTKO-MO3KOBOIo
KaHany.

Knroyoei cnoea: mynbmicripansHa Komm'tomepHa momoepadis, mpybdacma Kicmka,
KicmKo-mo3Koeull kaHar, eHOornpomes, anpokcumauisi, Memod HalMeHWux keadpamis.

O. V. Pogrebnoy

CALCULATION OF AXIS TUBULAR BONES MARROW CHANNEL
ON THE BASE OF MULTISPIRAL COMPUTER TOMOGRAPHY
The calculation method of marrow channel axis of tubular bones based

on the computational analysis of central sagittal section that are obtained from
multispiral computational tomography is proposed. The method efficiency is shown
with the use of test example. The marrow channel axis of Il bone metacarpus
is calculated as a practical example. The sizes of endoprosthetic stem that provide
atight contact of natural and artificial substances are calculated. The 3-D model
of marrow channel is constructed on the base of the axis.

Keywords: multispiral computational tomography, tubular bone, marrow channel,
endoprosthetic, approximation, least square method.

The treatment of serious posttraumatic defects of bone is one of the most
complicated problems of contemporary traumatology and orthopedy and has
the enormous social-economical value.

The development of hand surgery, effective use of modern technique
of operational treatment, application of microsurgery, wide distribution
of diagnostics computer methods, for example, multispiral computer
tomography gave new wide prospects.

In accordance with different authors the part of the hand damages is from
25,4 % to 57 % of all trauvmas of the locomotor apparatus [4].

The treatment of inner joint defects, digit damages and its consequences
is important not completely solved problem. The placing of endoprosthetic
is the wide spread method of hand joint mobility rehabilitation. The problems
of implantant properties, its mounting, wearproof and amplitude of motion
are actual now [2, 3, 7]. The interaction "implantat-bone" is a major part
of endoprosthetic optimal function.

The problem of improvement of well-known replacement methods
of hand anatomical structures, development of new ones and accurate
definition of hand joint mobility rehabilitation method with using a new
construction of endoprosthetic is very important now [4].
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The carrying out of method of axis calculation of tubular bone marrow
channel with the purpose of construction of a new type of metacarpus-
phalange joint endoprosthetic is the aim of this investigation.

The axis of marrow channel of tubular bone is a geometrical place of points
with equal distance of substancia spongiosa inner surface. If substancia
spongiosa is absent the distancies are calculated from cortical bone.

The essence of proposed method is an assumption of adequacy
description of the axis by an algebraic polynomial. The polynomial
coefficients will be obtained as a result of iterative process. The initial data
are the results of multispiral computer tomography. The data processing
is fulfilled by personal computer with the use of worked out computer code
and possibilities of modern system of computer mathematics.

The initial data are the tubular bone central section in sagittal plane.
The contour of marrow channel is marked on the image with the use of set
of points by experienced physician. Approximation of these points is fulfilled
by Bezier polynomials. The scheme of calculational algorithm and its
detailed description are presented. The least square method is used in this
algorithm. The minimal polinomial degree is defined by investigator on the
base of result comparision with different degrees. The equations of normals
to the axis bone marrow that pass through the curvature centre of axis
through chosen points are used [1].

The method accuracy is proved by means of a test example. The iterative
process converged quickly. It is sufficient six iterations to obtain chosen
precision of coefficients.

The practical example is based on the calculation of the axis bone
marrow of Il bone metacarpus. The bones metacarpus Il-IV are short tubular
bones. The bodies of bones metacarpus have certain concavities from the
palm side and certain convexities from the rear side. The digit phalages are
short tubular bones too. The II-IV digits have proximal, mean and distal
phalanges. The proximal phalanges are the longest. The metacarpus heads
and proximal phalange ones form the metacarpus-phalange joints [6].

The image of central sagittal section of this bone has been obtained
by multispiral computer tomography. The following calculations are made
in millimetres according to the dependence between pixels of image
and millimetres of real bone which has been defined by tomographical
scanning.

The estimation of measurement precision that fulfilled on roengenograms
was discussed in [5]. It was determined that investigator errors did not
exceed two pixels. In this case, taking into account that the dependence
pixels-millimeters is 5:1, the absolute errors do not exceed 0.4 mm. The
approximation of these points that mark the marrow channel by Bezier
polynomials decreases the errors essentially.

The results with chosen precision were achieved after five iterations.
The image of sagittal section, contour of bone marrow, final result of the axis
are presented in fig. 1. The 3-D model of bone marrow of Il bone metacarpus
constructed on the base of axis bone marrow is presented.
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Fig. 1 — Contour of bone marrow and axis

Conclusions. 1. The calculation method of tubular marrow bones
channel axis is proposed. The method is based on the computer analysis of
central sagittal sections obtained by multispiral computer tomography. The
method accuracy is proved by means of the test example.

2. The equation of bone marrow channel is calculated for the practical
case on the base of section of Il bone metacarpus.

3. The geometrical parameters of endoprosthetic stem with implantat-
bone tight contact are calculated on the base of equation of bone marrow
channel.

4. 3-D model of bone marrow channel was constructed.

5. The practical value of proposed method consists in its application
during future investigation of structure of bones that composed metacarpus-
phalange joints with the purpose of development new type of endoprosthetic.
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