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QARGXPURQ

7 KHFHADOREMAIYHR : ROSCANDIH VAR HYDOOM DQG YDIEDAMWKH 6P %R HMUREP HOV , WIRQIMWR
| RXU\XEINY \KDAZ LEDDXHN WH XWDN R 6LP 944R P XOWRQY | RUKUHH P HIFDOCSSTIFDIRYY QP HY
( GRWRP DIGHIF 6RXUAH / RFDDDIRY LQ \WH 9400 %R P HAKDQFDO+ HIG 0 RGHIY) DQG . QHH/ ROAQ)
0 RCHYZ W 3URAKHL RLIQ3UREGPV

,QFRQWDIVR 6XBBN  \WHREMANWHR 6XBBWN  IV\R SHURP I\ LQE-5HIGHAGLP %4R JHHIF
HOMLRGP HOALQABEIMRQ DQG HYDODMRQ YDIEDIRQ R WKWV JHHDAG 1Q RGUR \RYH \WH SIREGP R
' FJQR QRYHOU-SOAH-P HQASDIW I RUNH P HIVAL R \KH KXP DQ NGHH MQADIGE P HXRGY | RUWHUNKUILEDD
P SDQEIRY SIRWHLY GMIQ  7KH HYDDDMRY DQG YDIEDIR) R \WH C5STFDIRY UHDMG \R \KH
RSP MDNRQR SIRKHAY/GALIQARQMVIQFRP SDIMRQR WHMP XDMG SHURP DFHR \WHRSHDMGNGH
Z WK UFRP P HQGHG \BLJHAYDDHY DQG Z W \WWH SHIRP DFHR  DKHDWM NGHH NLGHP DIV DQG P HKDQFY
UKV

" RB\MWHIDAVG)XEDNY DG DEGHW\KH\DP HOSSTFDARQ DJIUDAAL HHFHH MVEREH-QWHP
1PHY SOMGHY8 1, 0 %DQG6%0 LQRVMGIOEXEEBN  ZI@SHIRP \IWILQE-SHIGHNYDDDNRQ DG
YDIEDARQR \KH6LP %4R HOMURP HOAYRK QZ SDMGHY LH \KHS 1, 0 %UMDAKHY 300@H)  DQGWH
690 FIQADY 30U  KDHQRAEBHQEDHE\ \WH6LP %4R SURMPATRAYMAY DG FROMDIQN\R 10U
HJ \RROGHYHESP HQV 7 KHM RIH \KH. FDQEHWHDMG DV L.QG-SHIGHONDAHXR Y DQG SRAMMICHIG X\VHY

7KH AFQUEDREMANH R 6XBBN LV \WHHRMH \R \WRIRIKO HYDDDM OQG YOIEDM \KH 61P %R
HOMLRP HONVURP IWRYHDOCSSUTEMN SROAR Y OQG HGHADD  \WH UKV Z LOEH YDIEDMG | RP
SRMEG! HIGXHY 7KH [HEDAW [URP P HAFDD HIGXHY Z1@ P SIRYH \WH 6lP%R FRUFAGHN
DSSTFCEON DQG FRP SUKHQUELDN $ @IORMYNA Z LADBR GOG \R D P RUM XVHUIUHIED 6P 94R JHHIF
HOMLURGP HOAHJ P SURYHGJUDSKUEDOXVHULQADRHY

7KV GRP HQAWWHILDOGHIHIE®! E R 6XBBN , WBURVMGHWH | LDOHYDDDIRQ VAKXV | RUWH
\KLLG WAADSSTFDIRQ LQ \KH YDIEDNRQ DG HYDODMRQ R \KH 6P %R HMURGP HOAZ VK URGHRANR \WH NGHH
MIQN7KHSXERHR ' HIYHIE®!  E LV \R GRAUEH DG GVAXW \KH | LCDOHYDDDIRQ XAV DG RYHDID
HILAHRA R \WH6LP 94R HYURP HQV

6XEWWN  3@QQQI 5HDS

6XBBNNY DG D3N WHMP HCESTANRQ FRQHNHQ® \WH RYHDODSDKZ D | RUERK VBBV LV
DP RMWHCP H 2 YHDOEDKZ D VUAXP HGIURP ' HIYHIE®!  E DEEHGWHBVDUHP DIN-GLOERG

$ FAUHKUIK TX0OWV WEBIWF 0 DDQHNFS RRDAH 0 5 [P DJH/R QRIP DODYG SDARRILHDONCHY

$ FIXUHEZ HUTX0DV SR G @PLFO0 5 1P DJH/R RUP BODG SDHNNGHHY Z KBTI XQAHJIR Q)

H HAMHXQE U@ KWBROGXMQ DREVRP GALIQGHGH HRVHW

6HIP HQAKHO 5 LP DJHYWR FUHDM QEHDG \AXH WKRMUHY |, Q SUIRFH WL VHIP HRNRQ P LIKW
EHORUYHGE U MADARQR DVP SO

9 DICOMWHLP DIHVHI P HOBARQ LHXOV

8 VHWHKLIK TXBDW \HI P HQWMR JHHDMI LQWHBP HIWP HKH/R HIFK WKPMUHLQWHNCHH

8 WDVH\KHP HKHVIQWH3$ 0 6XWD H STAWIQWMHBP HQWR \& DHHQYURP HQV

9 DM \WH EHORAU SHIRPOFHR WH) ( PHKHY DIOQIMKH LOYIYR 1P DILQ) OFTALHG
XMQ WHH HIRVHW

( YDOOM \WH XD R \KH 61P %R VR \Z OH \RRY | RJFIQHIOVRHIURY IQYRMQ) \WH NGHH NRLQNV
such as the effect of meniscal tissue removal (partial meniscectomy) and the “virtual design” of

P HAMAAP SOV

9 DICDMWHGELP %4 R HYVILRQP HOADVDZ KR®H
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$IP RI) QDO YDXDMRQ 9 DAGDMRQ 5 HSRUV

7KHOP R ' HIYHIE®!  E VR SURYLCHI LQDOHYDOOMRQ UAXOVI ROWH\KLG \WATSSTFDIRQR \WH6LP %R
HOMLURGP HQAZ [\K UMGHPIR \H NGHH NRQW) LXK SDINMQAGDI CFTXMANRQ SURRFRODGE DY LAY \RRY
GHYHBS-GIQ6XBBN  ZI@EH\WPPOW HGIURP ' HIVHIE®! D ( YHQMDCP RAILFDNRQY DG XSIWEY
IRP ' HIYHIE®! DZI@EHH WDIQAFDAG 7KHD UAXOWVR WH HYDODNRQ DQG YDIEDMRQR \WHELP %R
HOMURGP HOAZ LOEHSUAHQMG 7 KLY SOV AYIGHG LQWUHHEL) VFAMRQY D YDIEDNRQR \WH6LP %4R LP DIH
UMADIRQURANMHY VHHEHAMRY — E YDIEDIRQR ) (P HK P RCHIQ) DOGMP XD B\ XMQ) 3$0

6X\M VHEHAIRY DG F RYHUDDSLP %R HYILRGP HQADSSCFTELAW HSHADD [URP \WHP HAFDOSRQMAR

YH, VFHHOEHANRQ 7KLY UHBRWARGFOGHY Z W JHH.DOUWHP DNV 005G SRMMNDOAUHRANRQY | RUWKH 1 XMUH
ZRN



6IP%R' HIVWHIE®' E

' DB$ FTXIVMRQ

UHDAHEXBMN  DEGHAHVIHHID \WH\CP HOSSIFDIRQD/6XBMN  FRQHNXHQ® ERW SDXZ DV
OUH DB RAMGHOIFDD VH 6XBVFAIRY  7KH AHOMDOREMAYH R 65BN LV \R LOXDEDWWH 6P %R
HOMURGP HOARQ LQGHSHIG-QWAWM HJ - DASRWQINIOHIG XVHUMM  DQG \R EH CEGI\R SHURP  EIR QP HIFDD
P XOWRY Z WK WH 6P 94R HMURGP HOARQ \SHALLF HIG XVHJ NGHH SDIMOAD 7 KHHRMH DIDVREV
IQRVMG 1Q 6XBBN  —IURP DI CFDAMMRY R P XDARY DG UHXOMQMSUHABINRG-\KRXT EH DOR
UBIROAGIQ6XEMN  7KH I LLWANS LQ \KH 6LP %4R HMUREP HOABURAHMQ) R<OIQ LY \KH SDHADID
CFTXAMMRQ

$VMBM 1Q' HUIJQSHERW D \WHSXERHR DFTXUQ KUK TXODW YROP HUMF 0 5 [PDIHV/ ZD/\R
SHIP IVWKH LGHQIVIFDIRQ R \WH UKRXUAY/ R \KH NQHH DK | LFLHQAUHROMRQ \R HIE®! KLIK TXODW [LQ\M
HBP HQWP HKH/\R EHIHHDAG , QFRMDIMKHSXSRHR DFTXLQ) G @P IF BZ URWROMRQO 5 [P DJHY
R \WHNGHHZ KB XQEHIRQ) QKW HIRVHZ DV\R SHIP IVYKH YDIEDNRQR WH N.GHP DI EHKDYIRXUR \KH
ILQWM HBP HWP RCHYR WHNGHH 7 KH P HDXUHG Q\GORH-P HOVDQG LRBMRY/IQWH; < = QUHRAIRYR
\WH \MED UHDMYH \R \WWH [HP XU GHIVHG IURP \WH 0 5 LPDJHY/ ZRX@ EH ARP SO \R \WH P RCHDG
Q\SOA-P HYVDQG RIIRY/

&R@FWRQRI KLJK TXDON WIME 0 5 P DIHV

%R SONGHY |URP 0 DUERU LH SDMHY/'81, 0 % DG 6%0 KDYH OFFHW\R 7RKEDO MW 7 05
\FDQQHU + RZ HYHU WHSDMV@HUS 6) ' XVHV3KIOBV( FIBVH 7 0 5 \ADQQHU , WYNIRZ Q \KDAKH YDUDELQW
LQKHIHQAIQO 5 1P DILQI FRXTS FDAVHWWH LP DJHV/R \KH\OP H\XEMPAFRTBRAG Z W \RZR QL HHOAK P V/
EXWGRP LD \WH\VP HO 5 SIRRFROP D QRAEH LGHQIFDD 7R P LQP MH\WHIQOHFHR 0 5 \FDQQHURQ
I LCDOUAKOV \HYHIDMAZ HHP DEHIQWHSIRWAWP RQMY. \R Z W \WH 7 RKIED 9 MDY 5 \FDQQHU
7KHP OQJROCR WLV\MAY Z D/\R REBIQDWSHR 0 5 NGHHLP DIHYDVMP LOUD/SRWMEGI\RO 5 [P DIH/
XVHG B\ \KH SDM@HJU8 6) ' 7KH FRP SBIM PDRKLY) R ERK WSH/R P DR/ Z D/ GRASRME®! 7 RN
HEYDHEAAEGLY HIHIE® D

7 KHWIAF LP DIH DUH OFTXUHG Z WK \KH SDIFQIV NGHY FRVHWR | X@H \WMRQ DG EGFNHG LQ SRIMRQXMQ)
D\RIGEGAN\R P LQP VHP RIRQ DLW DAV

The final parameters of Toshiba's MR sFDQCHJIRJCFTXAUQ) KLIK TXBDW WERAWF 0 5 NQHH LIP DIH ZHH
GHGG R RIQADY OWU FRQXERNRQ Z W SDI@HJ86)"  7KHO 5 NJH P DJH OFTXAUWHG Z DWW WHH

SOUP HMY/LVG-BIRMG LQ) LIXH 7 KH VHBRMS \FDQAHUSDUIP HMY DH ) (' LP DIH\WRKQTXHZ LK 4
NFHHFRO 75 7( ) @8 DG 1$4  HIFAWHS[HOMHLY PP )29 IV [
FP IPDJHPDM IV [ S[HY \OFH/SHMHDHFHZIN PP \GFHWENGHWY 7 KHLP DIHVATXHFH

CFDAMRQXMQ) \WHHVHRQIVOWIERW  PLQ

Toshiba’'s MR Image storage format and the SimBio environment

Toshiba’'s MR scanner used in Maribor stores every image sequence on hard disk in its internal

XQEP HOMG IR DV, WOBR GRH GRAKDYH LQMIWDAG D) FRQYHWU | RU FRQHMY DI LOR PR
DESURSUDMOQG Z LGHY XVHGMRIIHIRPPDVHI $&5 1(0$ ' ,&20

To enable usage of imaging material from Toshiba’'s MR scanner in the SimBio software chain, appropriate
LQMIOAH ZHH GIYHBSHG XQMOSURMRAP RQK. ,Q\WHIUP HZRIN R WY CRWIW DOR D FRQYHWWUIRU
P DJH VHDXAHF WRUHG 1Q O IQMIPO7RKIED 0 5 IRPDMR ' ,&20 IRPDAZD/ P SBP HQMG 7KV
“Toshiba \RDICOM” converter is a part of an IST tool (see Section [IRUGINY 2 QH\WHIPDOJH
VHDHFH IV VRBG LlQWH' ,&2 0  1RIP DVIMWADQ EH HDUO WBQURP HG LIQR \WWH9 ,67$ |RWP DAMQ) \WWH
SimBio environment tools (i.e. dcmtov converter). The VISTA format was agreed to be the “standard”
P DJHRIDIHI RP DAQWH6ELP %4 R HOMURP HQV



6IP%R' HIVWHIE®' E

&R@FWRQRI SVHXGR G QDP IF IQ YLYRO 5 P DI HV

, Q FRQADWAR WH FRIBRINRQR  KLIK TXODW WIBIF 0 5 NQHHLP DIHY \WHSXSRHR DFTXLQ) G @P IF B2
UAROMRQO0 5 LPDJH/R \WH NGHH Z KIB! XQEHJIRQ) @KWH HIAVH Z D/ VR SHIP MIH YDIEDMRQ R \KH
NGHP DNFVEKDARXUR \KHI LQWM HBP HOAP RAHYR WHNQHH ) RUSVHKER G @PIEIQYLYRO 5 P DILQJ D
0 5 FRP SIOQAH HAVHW LV UG 7KV W HIEGVIGf IRQ H WMRQ R QIKW® GOEHG SDMHOANGHH
7KHSUP DY WNXUHP HQAR \WHQ @PLE 0 5 VHIXHIHY LV \WDAKH \KRX@ SURYLGH DEHDOM TXODV \R
UARYHWHP RARQR \WH\WELDZ 1\ UFVGHRAR\KH | HP XUDQG VKRX@ EHOFTXUHG TXEND

" HYHBSP HONR WHO 5 H HIRVH W

$VEAAEGIQ" HIYHIE®! D \WHSXSRHR WHO 5 H HAVH W LV \R SHP MKH YOIEDMRQ R \KH
TXOIWVR WH) (P REHY FUDAG XMQJ \WH6LP 94R HYILRGP HQIV 7 KHUW P XWADERZ. D YROQAMHURUSDFQN
\R XQEHENH DFRQURTBG H HIAVHSURRFARCY KIGIH HWY NGRZ Q @IKWRUAH/DQGWHU P XWAEHIX®D 0 5
FRP SCOQMAKDAY WP XWRAMAHDQ P HBCRUIHUR P DI GHIF P DMIDY LQ W FRQIKANRY

30NGHU6%0 WBUIRGAEHG0 5 ARP SIDQAH HIAVHW Z W \RP HP LGRUP RALLFDINRQ DFFREQ) \R D\AKHP H
SRMIGGE WHSDW@U86)' 7KHPDMUWR ZRNZD/GRHE WHSIRWAAPRON  7KHHRMH DD
QHEY FRXG BH IRXQG 1Q WH ' HIVHIE®! D ,Q WY \XEVHRINRD \WH P RIWLP SRUQM HOMUY DG
P RALLFDIRQ/R \WWHO 5 H HIRVHW DH\XP P O] HG

7KH+ RGMIBK VEV: RINKRS SDNGHUG%®  XQEHWRRN WH I CEUFDIRQR WHO 5 H HRVHW 7R JHAD
\RIG EXACRAAR KHDA  FROMKANRY D Z RRGHD AQQ) SOWZ DV PDEH GYIMEGI NGHH SDIRP  ZKIEK
\HLYHY DV D ARQGHANRQ EHE HHQ WH \KRX@HUFR ODQG \WH I RRABDM VFH) LIXUH |, QRBHR LP SURYHWKH
05 P JHTXDDW DQDAVMEERINGHH\XSSRWZ DVDEEG\WWWHNGHSDIRP  VFH) LIXH 7KV \KSSRW
P LQP VA NQHH P RYHP HQV DQG GHRUDAH \WH NQHH P XVFG! IDMXH G WH G @P L WAV B\ 1] LY
QA HHADQIGISRMIRY/R \WHNGH ' LLIHHMNGHHSRMRYY LH NQHDQIGV FOQEHDGMIGE. \WHSDIHON
KIPVHD B\ SXYKLQ) WHZ RRGDFRO) LIXWH  LOR\WHQH WEHLHG SRIMRY DSSUR LP DIMNQHH DIV DUH
DG ° 7KHSRAMRQDGEKHIKWR \WHIRRASDMZ HH@P WG GH\R\WHO 5 \FDQQHJERH
APHMRQY/ VHH) LIXH  \WHO 5 \AOQHUKHIKWY  FP DQGZIGK FP  DQGDUTXUMGNGHIG] LRQLQ
\WH FRO \KH NQHH | Bf LRQ DQI B \KRXTE UK DABDXV ©  7KH P [j LP DONGHH 1 B] LRQ DI B! RABIGHS Z WK
RAUPRAIHG H HAVH W IVORXQG  ° WH)LIXH  $ PAMERP P OEH Q BQ KHORXS LV 1G] LE®I DG
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DEVMEBE®I R \WH LQAYIGOO RRWI H 7 KLY HXUAY D JUHDMNXSSRWIGGE ARP | RWRUMKH SDIVOANH ) LIXUH
). The patient' s shank and ankle are fixed with aflexible ankle IRRARWRMY $) 2 +\HH) LIXH

$ SSI LP DMNGHHVRLQNV®] LRQDQJI BV AU DG (P LE WWWDQ EHREBQHS | URP DOWMIBEBINGHHVKSSRW
30M@HUS 1, 0 %KD/GHYHESHE DMP SBIVHP L DARP DIMG FRP SXMUDIWMAG URAMHI RUP HDXUQ) WHNGHH
| B[ LRQDQYIGHIURP \WHVHIP HQMS G TPLEO 5 IPDIH/ VHH) LIXH 7 KHUDDSRUMRQR \KHNGHHVRQW
GUQ \WHG @P LE\WVHSHDD B\ REHHSDIHON Z LAXXVEHGHMP IGHGE. ARP STUQ) WH\HMDIVR
DEVMBEBINGHHVXSSRWRQWHO 5 H HIRVHUL DQGVHP L DXRP DIVDD FOBXOMENGHHI Gf LRQDQIGV

30M@HUS 1, 0 % GYHBSHE DQ ROWIDVHORU IRUP HDAXUQ) \KH IRIFH RQ \KH |RRASIW SHEDOR 0 5
H HAVHW 0 HDXUHGIRHLYVRGHR \WHFOKADOSDUP HMYE\ P REHIY ) ( SDMOWP HK 7 KV VHRRULY
LQM UDAG QR \WHI RRASDMR WHO 5 H HIAVHW 7 KHVKRXUHR ROWDOHIRU WIQXDEDARQLQR \KH
| RRABDWM \KHI RIAHYDOHIFTXMNRY DQGRKHUIHDMUAY DHGHAUEHG LQWWHI RTBZ LQ) \MEVHRIRQ
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2 SWDO RFH O HDVXUKY 6\ WP

,Q \KH \HIXHOD |RUFH P FDKUQ) MW Z KLEK FRX@S BH Z MKRANDD. FROHNXHIFHY XVHG [ RUP HDKUY
LQICH D KUK PDICHIF IO MWKWP HJ 05 \FOQQQ) GVIFH VWP ZI@EH SUWHOAG 7KLY IRFH
P HDXUQ) \X WP VZ D/GHYHBSHGE. WHSDN@HUS 1, 0 % LOWHVFRSHR \KH6LP %R HYLURGP HQAHKOV

YOIEDIRQ

7KHO 5 GVFAHVOHVHMEBIRQP HEDSHH/ DGR QP MG WDQHR DOOEGIWWKRRI\ FRXG EHXHG
LOWAK FDAY © W UHIDG \R WH HYURP HOWFRQAMRYY Z HGHAGHG R XVHWHWIKQRRI\ R ROWADO LEWH
DQG WIQEDLG ARP SXMUWFKGRBI\ 2 XUIRUHP HDXUKQY WP FRQIMVR \BZR LQG-BHICHWARP SRHV
Z KIFK DA

2 SWFDDX WP DG

0 RQRUQ) \ kP

YUXH GHEFVGER PHWADIUP R WHIRFHP HDXUQ WP Z KHH D \FSOUDIRQ EHE HHD RSWF
X \WP DQGP RARUQ) VP LVHP SKDM] HG

Optical Monitoring
system serial cable | system
RS232

Force , Signal
scaner | | ) presenter




6IP%R' HIVWHIE®' E

2 SWFDOA WP

2 SWHDOSDUV

7 KHI RIFHVHQRUX\WM] H/DMP SBISUGASBIR P HDXUQ) \KHRSWDCSRZ HIGWHYLQRSWAIO LEHFDAHG R
EHAQ) R WHILEH 7KHIEEHP XAMBRS FRO GRSV VSRIMRGHGERZHQWR Z DYR \WHIRIFH\HQRU
FDH \FBODAGE. HIDMF \SOFHY UEEHU DAKRZQLQ) LIXWH 7 KHOSSTHG | RIFAHADAH/QVSDRHP HYWR
\KH P RYCE®I VHQRUFDVH Z DIWDAEHI5/ \WH ROWNFDO LEUH FRODQG LAV GRUDIQ) R \WH SDWHG RSWADD
SRZ HU Y4-DAHWHQRQ QQHIURW GASDRHP HMB-BHIGHIAH \WHVFORUFDIEDNRQLY GHEHG

3 B AR T N -1 AX
| | |
: |
optical fibre coil ——— I
. || o vsoR
L : amn loue
/ : — - : : - —
| ]
input fibre output fibre

7 KH ARVHD ROWADDI LBUH KD/ KK CRREQ) FRDIY \KDALY QHHEHG |RUD \WKSSIHMRQ R \WH RSWADDI LEUH
FOGAQ) ZKIFK SIRGAHY X DQMG ROWFDIDSRZ HU I ORXDARYY LQ WH VHOH R QRAVH 2 \WHUSUREBP V R
RWAIDSRZ HJI ORXDIRYY 1 URP HJ - QIKVWRXUAH LOWSELOWY DG EHYAQ) R \WH LCBXING RASXWILEY DA
\ROHGE! WHHHAQ) B\ DEAWRIDO LEHSDK DAKRZ QLQ) LIXUH

7KH QKWURP QIKWRUAH OHJARH LV OXQKHG LOR \KH LGBXWLEUWH DQG LV FOUHG XS \R \KH RSWAD
FRXSBU Z KHHWHQI KWV QYIG-GLIQR\ER LBV 2 GHR \WHHI LB/ IVVHUQ | LEUHZ W DFRODQGRK-U
LD UH HIHIAH | LEWHZ KHH\KH ROWFDCSRZ HULYLQE-BHIGHAR \KHP FDXUHG | RUPH $ @XQZ DQMG AKOQIHVR
\WHRSWADCSRZ HULQW WP DUHSUAHAQERK I LEWARWH  FOQEHHIP LCDMGIUWRP P HDXUWHGMI QD

7 KHDGYDQBIH/R XVHGSUCASBIDH
VP SBIGHLIQ
PIQPXP QP EHR H SHMYHRSR HBRURQE FRP SRGHOV
P SBIVLI DCBURAHMQ)
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7 KHAVDGYDQMIH/DH
KLIK® QRO AQHUADLIRMIMIA/ GW \NEEG! FOIEDIRY P RUH SIRIRXGRHG QU WP MG \SDQ
DQG®Z HICFRXAUIR
QRVHAQEHAXHGE SIRSDIDARQR FOGAQ) PR3
HG I RUBHDYHY @UIHGQVSDRP HWFP IDQH GRS AP HAULY GHMP IGHG B\ ROWAIDD0G
P DAUDOSURSHWWVR \WHI LEUH
Z DYHDQI\K VHRMYW @ HWWP SHDMHQAL | HHIAHDAKH\RXUFHFDQ FDAHGL W

( GRARQFY

, QWLY'SDWZ HZ L RAXVRQWHHBRARQE SOWR \WWHRSWADO RIHVHQRU 7 KHHBRARQFVFOQEHAVIGHGLQ
\WHIRGZ |Q) SDW

OHIARAHGIYH
SKRR ARGHUHHYHUZ W \WHDOP ST LHJAUEAW

P IFIRARQARBUSDWW. M \WWHFRP P XQFDINRQVXSSRWY
D / DHJARGHGUYHY

7KHSXERHR \WH OHJARH LV \R HP IM@IKAZ 1\ FHYEEQ Z DYHBIIWK VR \KH [LEUH © H XVHG \WH [LEUH

FRSBG3/ )38 /' @DWIARH 7KH SRZHJWKSSD |RUGHI ARGH \KRX@ EH \WEG! \WHHRH ZH

XSSO \WH HJARGH GUYHUMSDIDAMD [URP \KH RAHUHBRIRQEV WURIK D' & ' & FRQHWU 7KH7 (!
75%$ &2 @ D/XVHGLORXUFDH

7 R RAVBIQ WH VE®] @I KWSRZ HJ\WWH \SHADOMHJGIYHUAUPAWLE - > &+ @D/ X\VHG 7KH Z KRB QU
ARAHAIYHUAURXIW G-EIRMSLQ) LIXUH

E SKRRARGHUHHYHU

7ZR KRR ARGH/ FRXSBG Z W 1 LEUH Z HIHXVHG \R P HDKUH \WH QIKWERZ HJIURP \KH RXASXWIH HIHOPH DQG
RASXWHIQ) |1EUH 7 KH SKRIRARGH FKOQIHY \WH PXUHADFFRAQ) R \WH QIKWERZ HJ 7 KRH FKOQIHY/ DA
XM \P DI \WHH RUH \KH MLIQDOP XWAEH CP S@HG EHRUH P HDAXUHP OV 4D \WH P SO LHU SOV
LGHIFDDI RUERK SKRIRARGY ZH Z 1OH STIQ MWARH : HX\VHG R RSHDIREOMP STUIHY 2 S$PS
23 %' @7KHIWM2SSPS ,& 1Q)UIXH LV XHGE DV SKREFHDIP SO LHJEDHS RQ WH PAHAR
YROWH FROMWUL 6@, WJOQP D EHVHBRAGE ' ,3 \ZIMKH/6:  LQ\WHWDQIH I RP \R

© WO\KHKHS R KLY FLURVARH PXUHQARKDQIH LY ARG LOR \WH YROWIH FKDQIH $ QRHU2 SSP'S LV
XVHG\R CP SO\ \WHREBIGHE YROIHI URP WWHILIV2 SEP'S 7KLV2 S$ P'S LV XVHE DV\KHLQYHWY [P ST HJ
3 6@7RQP VWHYRWWHERZHHD 9 DG 9 \WRGKRANB! ARGVZ HHXHG
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F 0 IRRFROAR®USDUNV

7 KHP LFRFRQARUSOWARQIMVR \WHIRTBZ LY SOW
LS FRMHW
P LFURFRQARGU
56  LQMJCFH

, QREGR USURHAKH DEDBIXHWI QDO LH YRIMIH \R\KHFRP SXMU LWP XWABH FRQYHMG LQR DVHIXHIH
R QIW 7KV IV GRHXQ DQ$ ' FRYMHIAU ,Q RXUFDH ZH XVHG \WH FRQHWU Z KIFK 1V DDHIG
LQMUDAG LQWH P IFIRFRQMRTU3,& ) 38,&@7 KH P IFURFRQURTBUKDY | LYH DEDBRIXH LGBXW | RUVKLY
SXUBRH Z KHH R QQHY FIQ BHXVHG DV WHIGSXWR  YROEIHUH HIHFH GHEHGE! FRQMHMRQ\R LP SURYH
CFRXUIR , QRXUFDHZ HFRQGHAWKH CP ST IHG VHUQ) MIDOIRP \WH SKRR ARCHWR \WHLCGEXVBS DO
WH\I@OIRP WHHMFHARHWR3$ 7R JHAKH WEEG B HHFH YROWIHO  \WH\SHADOLQMIUDAG
APV’ %' @D/XHG : DMNWHKHS R WY, & ZHIHMEE®! 9 7KRH 9 D FRIGHRARG\R \WH
ICBWVBS 7KHO  FRUGHPMG\R3$  SURVIGH/JURXQG DQG LV FROGHARG AUHR® R \KH SRZ HUKSSD R
BOFHQRH $ VODHIG WBMG\WHP LIFURFRQAIRDLS,& ) ZDVXVHG 7 KHP LFURARQARTBULY FRQOHAMG
\RWHH \WODORYMED 0 +] 7 KHP IFURARQMRBULY FRIGHAMS \R\WH3& ZIWWWH56 — IQMICFH @ H
LP SBP HQKLY LOQMIDAHXMQ) 0 $ ; ZKEK FRYHW77/ U@V 9 9 \RWHWQ@Y UHNUGE
56 9 9 7KHPLFGRFRQMRMBUSOIVWG-SIRRGLO) LIXH
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6R\¥ DH

7KHWBWNR WHR\Z DHIVR WIIJHAWHS ' FRQYHYRQDQG \WHD \HIG WH REBIQHS LQ RUP DIRQR \WH3&
7KHSVHGRARGHR \WH\R\B DUHLY G-SIPRGLQ) LIXUA

7KH\R\X DH\LP SBY \EP SOV | RUHIK AKBQEHOSHUMHRG 7 KHVEP ST DM LY FRQEIRGG B \WH
WP HJ ZKIRK JHH DM/ LQMIXSW SHUMHREG 7 KHUIAROWRQR HIKMPSBILY  BW 7R CRUYH
JUDMIOAPAIR - \WHP LFRFRQURTUI RAVVR WHVBHS WM GAUIQ) WH FRQYHMRQDV\KIJHAMGLOQ3, & @

YHDAVHZ HVEP S ERK FKDQIHY DAHK WP HIQMIXSW  BLWVR 1Q RIP DINRQ\KRXG EHVHAR \KH3&
D\WUHIKMP SIQY 7 KHADWVVHAQWHIRP R B W Z KHHHIK B \WLYFRG-GLIOWHIRBRZ 1Q) Z D)

% \M

| Ww | wWw | ww [ wWw | wWw | ww [ wWw [ wWw |

: KHH
- WdW SDUMWY BEWRGGSDUW
UWW RADOQHO + RO +

%WW KUKHU BwW+ GZHJ BwW
%W +HW HBWR @I 0 6%+ HW / 6%+ HW

+
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, VW FBDUIKDN B\ \MV P XWEHVHIG DNWUHIAK VP SO YHDXAVHZ HCP SO P SBUSHMREG

B\ W/ AWV P XWEHWIQI HIMGHIFK VHFRQEG 7KHARHO\VGHGIRUS56 LV BWV BW
IS ELVVCGRQ SOUM
7RFDHWHXSIWDEQ) R \WH\R\EDH \WH ERREIGHUER 7 @2 D/ DOR LONIBG LQWKH P LFURFRQMRTU ,Q
WVZD Q2 \R\EDHFDQVP SO EHGRZ QBOGHG\RWHP IEIRFRRBUMRIK 56 LQMIDFH
0 RQWRUQJ \A Vil

7KH PRQAUQ) X \AWP LV D \P DEDSOWR \KH |RIH P HDXUQ) VWP WY UASROUE®! | RJ\CP ST
A\SD [Q) DGWRUQ) RASXNLIDIYR ROWFDOK WP 7 KHCSSIFDNRQLY\WEG DBGH P XOWKUHDGHS , WADQ
EHXVHG LQ RKHUMP LOUM AP V/ Z KHUIH \WH\OP H SURSUHIBLY  FRP P XQFDIRQ SURFFROLY \KSSRWG ) LIXUH

G-EPAVMKHXHIDHADIUP R P RARUQ) MK 7 KH\ WP \XSSRIWAP SO CDBSHHBIRQDOG
RLIQ) AOBRQSHMMAAP HID

60P SO

7 KH RSWADOM WP FRQURTUFRP P XQFDAV Z W D 3& YLD D \HIDDSRW, WSURIGH/ D\HIW/ R GMVAMM
\CP SBV 7 KLV MIQOLQYRYH/\R R AKOQCHY Z KHIH HIFK FKDQCHOMEP SBI LY WHSURHOAG B\ \BZR B\ \MV 7 KH
FRP P XQEDIRQ DM LY/ YDG ZKEK SBRMGY [P SBVSHIVHRIG , Q JHHIDIMIY SRMEGH R
FKOQIHDWWH\CP SO UDMD/AKHOAMIQ) SRIWEXWKHFRP P XQFDIRQSIRRAROVI I HG

' DD SIHHOAMRQ

$ DB SHHBIRY AP SRHOMY UASRME®! |RU SR \KH \OP SBG @D LQIGH D FRQNROZ Q-7
* \IBKIFDDSURVHRIIRQ R Q@Y RQ \WH FRP SXMU LV YHY P SRUBQM RU PRQWRIKY  FRQARTY) DG
P DEILQY \KHZ KRBIP FDAXUQ) SURFHEUH
, QRXUFDHZ HP HDWUHG\WHI RRWRIFHZ W H HIAVHI RRWA DG DAKH\EP HWP H \WH\XEMPWKDG\R NH-S
\KH | RUFH DV P XK FRQXBQADY SRIME®! , Q \IWFK FDVAY QDD SURHRIBANRQ) LV X\VH XODGG LQAVGHE®! SOVWR
P RQWLIQ) DQG | RUFH P HDKUQ) WX AP EHFDAH MKHSV SDIHQAR NH-E FRQURORYHUWKH | RUFH SIRGA-G
YUXH GEAVWHPDQZIGIHAR WH\I@OAVSD 7 KHZ IGTHAFRQAWR \KUHHP DQSOWZ KIFK DA
YRFH/ HB' DS QVSD VAXUWHIVRIFHQP HIFDD
3EW NS SBWWWHKIMERY R \KH\OP SBGIRUH
&RQNROSDGHOILYHV\KH CELON \R \NELWWDQG RS DVCP SO \HMRQ
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6VRUQ) CDD

6P SOG G DUH WRUHG RQR SHYMMAP HAD ' DI DUH WRUHG ELQDY  DQG LW \KRMUH LV YHY  SUP MYH
CRXDE \WH \LJ QOPKDQEHY DUH DBGHG RH D\WUDGRWHU 7 KHWRUGQ) SURFHEXUHH HRAMY FRIPXAMO® Z WK
\WH\CP SIQ) DQGAVSD) Q) D 7 KHADKDHWR EHRUHG | RUDABDIME R BDRY/

) XOHUSURAHXIQ) R WANKFDOEDDDQG

$ QFHMWR @BUHRHY CHON

7KH GAAUE-G P RQWUQ AP Z D/ \KFFHMX@® XVHG IRUP HDXUQ) WH SDIFQARRAMRIH LQUGHO 5
GV

7TKHPDQAMIGYIWHR \WH | RIFH P HDXUQ M VAP LY D FDIBDNRQ SURAHGAH BHFDAWH DR \W MY RU
UHSRIMWRQQ) R RSWADDHE®Y ABQIHY \WWH T IIANRQ R \KH RSWAIDHHU ZKIFK RQ \WWH RKHUKDG P XMWV
[P O ARUAERIG W \WHP HDXUHG IRFHVRY® 7KHHRH BHRHDQHE P HDXUHP HQAW\HAKS D SRMEM
UHralibration might be necessary. The system was designed as a prototype and therefore we didn't take any

DEANRDCDMRONRQWR URRYH KLY SUREBP

SWXCRG @PIFO5 IPDIHV

TKHSVHK@R Q @P IFO0 5 VHDXHFH\KRAG SURIGH DAHNXDM X0 W URRYHWHP RIRQR \WWHWELDZ W
URSHRAR \WH | HP XUDQG WKRX@S EHOFTXUWHG TXEND 7 KH SDUEHY LQBKH | LHB AKRHWH6( 7 \WKQTXH
Z W \KUHH \V@RHY 1Q \KH P HADO WUHH 1Q \WH @WLDONQGHH FRP SO HOADG RQH 1Q WH P LIGEHIV@AH  LH
LQMFRQE QUWHILRY, by using 6 different knee positions (knee angles between Ooand 409.

) RUG @P LF\MAIY LQO DUERU Z KHHWHLP DILQ) LVSHIRWP HGLQWH'  LDJCRF & HQH) RQBED Z HXHG
DMP LOUMADAD\ DvSDMGHYIQ6KH | IHE CABYDHAGAAIEGLQ' HIVHIE®! D 7KHP OQALIHMHFHLY
\WDAZ HOFTXUWH  \@FHY SHUWWP SRUDONGHH SRMRQ ) RUG @P LF \MAMY \KH - ROABDUFROEXMR \ER
SODBOBRIVZ D/XHS VH) LIXH ¢ LW U 0G\R QL HHOAGHH AP HMRQYZ HFDQ U XD \WH GRSV
QWBGFH DQG JHND) \M-P D/ QOUDY SRME®! 7 KH FRMNGRS SRIMRQ HIEGY \WHIGFUDHR RKHZ M
ZHNO 5 Q@R WH-3 FRODQGGFUDHWHDIMQ) QR\H

7 KHI LQDORRHR SDUP HMY | RUWHG @P IF 1P DILQ) Z HHDIWHG Z W SDN@HUS 6) ' DQG DUHDVIRTRZ V
)( ' IPDIHWKQTXH 75 7( )GSOQ®  1$4 * 5 HIHARYH S HOM] HR

PPXMQ [ FP IHGR Y [ PDN[ DG \@FH/ZLKN PP \OFHWENHWY OB
DRXQG P LQGADIRYIRUHIK R M DQIGI SRIMRY/ ) DANP DIHDFTXAMMRQLY LP SRUEQAVDY SDNIWZ WK
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\VHYHH \WIERQ DG P HMVAXV MUY P D (RABHFCEIEGIR CBSOLQ) QIKWBDGY | RUGQIHUWKDD | LYH R \RMD
P LMV Z DKRXAWP XMFBH I DM XHEHQ) LONRGAG Z KIFK P LIKWAX\VHP RNRQ DY LRV

" \@PIF P DJLQ) BUQIVDOR\RP HOGAMRIODGYDQMH/ H) DIRZ DG\KIWR WHIHP XUIQFDHR \RED
$&/ USWMHDGGIL HG\WADIQWHS) 2 IVQRZ FBOM \VHHD VFH) LIXH  ZKIFK Z DV QRAD FDHLQ \WH

WOIE (PDIH/ \VFH) UXWH WG @PIEP DI \WHSURSHDIYHSDQQRQ) FIQDOR EHOP H\DHJDG
DSSUCEGILQ\WHSIREH
]
|
[ ]
]

$ SIRWRFRORUWH VHBFWRQ Rl SDWHQW

7 KH SURRAROI RUWH\HBRIRQ R SDIVQVZ DVDDHIB (1 HGIQWHSUIRMAWPRQN.  \FH' HIYHIE®! D
IRUGHEY ,Q\KMY \VEVHRIRQ \KH P 0Q [ HDXUA Z LGEH \XP P DU H5 DG CHABIGG QMR SDMON A
LFOG-GIQWHBLP 94R MG Z [@EHSIRYIGHG

$GWHEHEZHD DB \HWR DJH Z W QRP DONGHH SURJWR \WH LW DQG SRWIE®! P HIVAXV RU
QP HQAMU Z HHVHBRRG I RAWHGLP YARWXG. GO WH\KUHRQ\KRXG P \R \HPRABSDINHQV EHIRZ
\ HDOY P DB Z W \WH UJKWNGHH LW R EH FRP SBIMD FRP SIDQAZ W \WWHO 5 SIRRFFRY AR\ \KH
SOM@HUS 6)' 98 RAUVHBRMG SDIFQIV \WHADI QRUV\XI I VAL QU LFDQADGM DARQLOWHNGHHNGHP DIV
HJ P HQWWXV \WDU RU RXADO@ICP HQV UXSMUH \R WH RSHIDAYH \WDR HOAZ D/ SDQQHS $ 1\MU SDIHQWV
DIUHP HQAMAKH EDUF SDNMONDIB Z HHIDKHIMG KHIKWZ HIKWRIQFDOG) G DQG DQIHR \WHNGHH
P RIMRQ EH RUH DG DMUWH\KUHY 7 KHWSLFDOWP H\TE®! | RUSDMEXOUSDMONGFOGHG LOR MY WG LV
DV IRTBZV WH | IWASUHRSHDAYH O 5, \FDQ DG FIQFOOH CPLCDARQY &3+ RSHUDIYH \WHDR HQW
DRX@GWHE  SRARSHDAYHSK MRKHEIS, DQGUKTELQBNROZ W FOQFDOUAMEY. BRE HQWHAED
+  DOGWHILQDOSRWRSHDAYHO 5 \FDQQ) A +



6IP%R' HIVWHIE®' E

$ORIHNHU  SDNVQNZ HHHBRAGLOWHGLP R WG + RZ HYHU \KUHR WP KOG\RZ MKGLLY. |URP \KLY
WG BHFDOHR HWHWUEGINGHSOQVRU0 5 ADBZ HHQRADFAHS\IE®! LH SDMOVE ' DQG( 7KH
EDVE GO RONHSDIQNVDHI DAHIGLQ 7 CE®

3DAHW $ % & ' ( ) * +

. GHH GIWWIKW WKW | WKW | WKW WKW WKW | WKW | WKW

* HEU P Db P DB P DB : P Db PD® | POB P DB1

$JH

~ |-

YR3 ZHIKWNJ

YRG KHIKWFP + 1

6KDQN P HDWKU-P HOW 5
QFP

$EROW OQW R $
®Z HH WP LW

) RRABQIW

6KON G

LARNE

0 LQWKDINGLP HAU

8 SSHMDNH \WWV

)
5
/ RZ HKOQNH WMV 2
0 [0 \KONGLP HAJ 0

) FP XUP FDXU-P HONV 6
LQFP

) HP XUGQI\W 7

[ RZHJHP XUALP HMJ 8

| RZ HUIHP XUH \MQV

0 1G3BIIHP XUH WV <

8 SSHUIHP XUH \WW
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$Q,67 \RRO

$PRQ POQJRDYR 6XBWN  LVDOOR WH YDIEDNRQ R WH 61P %4R HMURGP HOALP DIH \HIP HQBANRQ
UAXV VHH 6XBVHRAIRQ 7R YDOEDOM WH \HIP HQEANRQ URAXOV R \KH U MRDIRQ P HKRG/ TURP \KH
6P %R HMUREP HOQARBHAE®! DQ DESURSUDM UH HIHFH P DIH P XWAEH\VHBRMG FROXMUPAMG WY NJRZ Q
that in the field of medicine the only references (i.e. 2golden ruleP) available are readings provided by
FOQADY 6XAK KHHHFAH R FRXAUH LQURGHH D JUDAGHIOR  LIQMJREVHYHY YDUCAQN 7KHHRH \WH
UHHHIH P DIH/ \WKRXG EHYHY AOUHX@ VHIP HQAMG B\ KDQG 0 DOXCODIRBINRQR \WHO 5 NQGHHIP DIH
VHDAHFH LV KRZ HYHUYHY \WERXY DG DAKHVOIPHWP H YHY BRUQI \BWN IRUFQQADYY HIJ RWKRSCHAF
\KUIHRY 7 KHVH DQRBINRY/ P XWEH@RH B DOP HXYY YHY AOHX® DQGOARXDAMY $ FFRAQIO DR
CESTDIRY, 67 LH $Q,PDIHEHIP HQBINRQ7 RRO Z DVGHYHBSHGE, WHSDMW@HI8 1, 0 % $ GHYHBERSP HQV
R WH, 67 \RRZ DVILQMKHG DIRXQG SRRV ROK.  \WWHIHRH DOAHBY AOQEHIRXGLQWH' HYHIE®

D , QWLYVHRIRQMWAAVP DQI HOMUAY DG JUDSKIFDOMHUILQMIOAH * 8, Z LWEHSUWHWHMG 7KH, 67 \RRO
LVDSOYR WH6LP %R HIMURP HYWRY

QARGXPURQ

$Q,P DJHEHIP HQBIRQ7RRD,67 KDVEHHQGAMIQHSDVDO 5 1P DIHP DQSXONRQ DG DOV \R \Z DU

7 KHVRROLY LQ\KH [ LSWAB@RH P HDQADY D KHSLQ) \RROIRUD P DQXOOVHIP HQIIRQR \KHO 5 P DIHY ZKHH
\WH SK\ MADD Z W HDH DQG TXODW  DQGRBAY \KH UIIRQVR QMG 2, LOUGH \WH \ER AP HMRID
\OFHR WHO 5 \HIXHFH 7 KH QMM WIIRYY HI PHIVRXY SDMID DH\KRZ QB WHURZ Q FRBXU
DQG P DUNHG Z LW D GHAUSYH Y W7 KHDQZRBMRQVR WHILRQYFIQEHVRLHGIQD; 0/ GRAXP HQVT KH, 67

DSSTFDIRQ KDV DR DGYDGRHG DG XVHJI UHED JWDSKIEDOIQMICFH * 8, WXSSRIWP DQ XVH XOURAMHY

K D/FRS\ Q) \WHDQCRBANRQY | URP SUVIRXVACFHY [P SR \KHOQRIIRYY | RRP HN

7 KHWROKXSSRW\KHI R®Z LQ)) | HDMUH/
6P SBIQYLIDIRQWURIK\KHO 5 1P DIH/
( DX P DXBOH P HQBRQXWDY |RAMHO 5 1P DIH/
A conversion utility from internal, proprietary Toshiba s MR image format to the DICOM file
IRP DNV

$ QDEYDIRHGKHS

8 QRWMDM \RGEB \R\ZDHZ KIFK \DIV LV IWLQMGHE SXERH RHKD/\R P HAADGGE HY DJHXHYAR
H SRH \WH UDOUNXUP HOV R WH VAP 300@HU6%0 \WKW® FRIERDAG WURIK \WH GALIQ DJG
GYHBSP HOASKDAY 0 DQ KDQB DG XVH XODSSIEDIRY FRP P 0OV Z HH WXV UHFRP P HGHG 0 DQ BEXJV
DQGLZ NZ DLEHW HGHADD GILFDDZ HHWXVAKSSUAKHG

) HDXUHV

YUXH GEPRVWHXHADHADUP R RUP DIHHP HQBRQWRO 80/  7KIVADIUP \KRZV\KH
CRMRQ/LP SBP HOMG &R \KHCRNRQ/RUFRP P DB/ FRXT@ EHVFSDDAGLQR\E R P DRUJURXSV
7 KH IHHDOZ KUK FRYHY/ \WH GHHADY CRIRYVR GDAQ) \DIQ) H SRWY \WWHO 5 P DJH DG
GOP HW
0 RUHRUHQMG \R \WH DRNRQVP DOSXOWY \KHVHBRME FRQRXU HJ FUDAM GHBIM
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7KHOAMRQQHZ. FRORXURIHDM/DQHZ. FRQRXULQUGHWKHO 5, MIFH 7 KHFRQERXUKDV\RP HSURSHMHY \IKFK
D/\WWHQ@P H GHAUSWRQ DQG FRBRXU 7 KHFRQRXUQEP HKDV\R BHXQTXHLQUGHWHO 5, \@FH EHFDAHER
FRQRXY/Z WK WH\EP HQIP HZ RXT@S FDXAVHARQ XMRQLQ! XUKMHUYROP HYHUL LFDNRQREV

7 KH FRQRXULY P DGH XS R \HYHDOFRQMROSRQNV 7KH  DUH FRQQHAMS HWHUDY D SROQCH RUDY D\SICH

FXUYH 7KH P LQP DOQ®P EHJR FRQUROSROQN LV \KUH 98 XMQ) \WH FRQUROSROQNV \WH SK\ ALDQY HDUO

GHRM P DIHOGGP AL WHRRQRXY ) XQRAIRY/| RUP DASXDIY FRQWRCSRONDHPRYH DAG LQHW
DG UPRYH FRQUROSRIQNV 7KH DOHIG.  \KRUHG DQQRBNRYY FOQ EH IPSRUWAG B FDAY \WH PSRW
DQRRIMRY I XCRANRQ

7 KH CRNRQ GHBM FRQRXU U RYHV \KH \HBRRG FRQRXUIURP WHO 5, \@FH Z KLBI DRNRQ/ FRS\ DG SDWM
ZRIN RQ FRQRUGMD ) LUXUH ~ G-BIFWDQO0 5 \MIFH \WURXIK \KH NQHH DQG \KRZ V \WWH SIREGP R \BIR
QHIKERXUQ) FRQRXY Z KHIH \KH \IYAXHY DUH FBRHVRI HKHU 7 KH SK\ MALDQ KDY/ VHYHIH QL LEXGWY QLY L)
\WHER GHUEHE H-Q\WHI HP XUFRQIRXU LQUHG DG \WH DM X@UFDMYH LQEOH
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7 KHHRH WHWROUXSSRIWVDOR DRDGAQWR | XGRANRQ Z KIFK KHSVRHMO DG TXEND GHRMWHFRQRXU
LQVK FDHY 7 KHDAROQ R | XCRNRQ Z DY GAYHBSHS | RUWH FDHY Z KHIH\E R UHILRQY KDYH SR \KH

\[P HERBHU 7KHH I HAAR \KHOGRQI XGANRQLYHIP LQDAGE. \WHAWALQI XQRIRQ

$ 1I\WU\KH \FIP HQBAMRQ \WH DQCREBIRY/ FRQRXY DUH WRUHG IQR D; 0/ GRAXP HWNRZQDVWHO 5
GROP HOV7KH: 0/ WRKQRBI\ Z DVARHD EHFDAHIWY SDARP LQG-SHIG-OMDIO® H \WIEDE®! DOG \WH
GRAXP HQAFRQIMQIV FDQ EH CFFHME®! YLD \WH , QMGHA7 KH GRAXP HWGRY RAFRQEIQDQ WY 0 5 LPDIH
@B MWD ON \R LW 7KHHRH DALY GHFHXOY \R WDQUHJERK WH O 5 GRAXP HOADGG P DIH IURP \KH

\RXUH GFDIRQ\R \WHGHDIRQ

7KH\RROFDQ DOR EHXVHG D/ DR 0 5 1P JH YIHZ HJ EHFDXAVH IWWKXSSRW IR ALIHHOAO 5 IPDJH @D
formats. The first is an internal Toshiba's MR P DJHIRWP DNVZ KKBIWHVHRG LV\KH' ,&20 @QBUIRP DN
AP P RO XVHGI RAWHWDQW HUDQGGVWRUIDJHR P HAFDAP DIH/Z ,&20 @

* WDSKIFDOXVHULOWUJDFH * 8,

JUXH GSRVWHPOQ ZIGHAR WH ,67 DESTADNRQ FRQMNY R M[ P RUH RUGW LQE-BHIGQWV
FRP SRHQWV 7 KHCSSTADNRQKDY\WHI RBZ LQ) FRP SRHQV
7KH) LGP HX R HYWSIFDOESSTDNRQARP P DBV MWK DVRSHQ \DYH H SRWP SRW RRP HW
7 KH\RREDULY DVKRYRXAVMR | BHNXH® XVHSHRP P DBV
7 KH Y BEDUQVSD V D GHARISRQ R \KH FRP P 06 Z KHR D XVHU KR®/ \WH P RXAVH RYHU \KH
ARPPOEG
7KHSUMHY. D7 VYIHZ 1Q) \WHO 5, \AAHIQIWUWHEAGM]H @ KHQ@YLIDIMY \KURKIK \WWHLP DIH
VHDHFHE FOANQ) &I \DRG W KWILRZ V \WHH SHWARHDUO® SUMEZ \WHO 5 \@FH
7 KH FRQRXU @AY D VKRUIRXW RUP DQSXO@MY \WH UHIRQVR LOMIRIAV: - KH GREDI FIENQ) \WH
region's name the property dialog appears, however, when the region's name is clicked just once
WHOWHFRUNSRIAQ) 52, WV\HBRMS
7TKHIPDIH YIHZ LV \WH AQYDY ZKHH \WWH EERNDUIRXQG 0 5 1P DJH 06 IRZ DG 1P DJH DUH \WH
region's canvases.

7KH,67 CESTFDNRQ GO A BH HMHG RUP RALFG B XMQ) \WHADRIVR \VHYHIDOAL T HHANSH/ HJ
SRS ADR 7 KHVHBRMSG FRORXUFDQ EHP DQASXOME B XMQ) WH FRP P DGV CFFRWE® HWWHUWKURXIK
\KHP HOX WKFMUHRAKURXI K D FRQYHREQAARQRXUSRSXS AR DN\KRZ QLQ) LIXH
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' HP RQVWDARQRI WH ,6 7 VRRORUWH 0 5 NQHH LP DJ H DQQRVIMRQ

,Q WH VHIXHODD DSSTDMRQ R ,67 \WROIRUO 5 NGHH P DJH DQRBINRY Z LBEH SIRHMG ) LAV \KH
DQDRP LFHDONQHH WiKcture 2Bone Femur® is annotated in our case (see ) LIXUH \aFH TKHH ORW
determination of the neighbouring structure 2Cartilage Femur® is, because of the 2Adjoin to® function,
SRWEB Z W P 1QP DDQP BHUR points (see dlice 33). To show both lines an option 2Select All° was
selected. It can be seen that 2Cartilage Femur® does not overlap the bone line, although the inner cartilage
SRQVDHVHPRMSZ IRQIO LOWHERMHDWID DG WH  DIHWOMME®ILQW de the 2Bone Femur® contour.

Functions 2Copy° and 2Move® contour are demonstrated on the 2Bone Patell&° in slice 33. Madification of
aBone Patell® to the desired position is in the slice 34. If 2Adjoin to® function is omitted, then additional
SROQWVHRUId be added with the @lnsert CTRL Point® function (see slice 34).
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$Q,397 WRRO

$ QRAHUD] LODY \RROGHHBSH-G LO6XEBN 1V DVRROIRUYDIEDIY \KH 6P %4R LP DIH VHIP HBIRY
UKWV $Q,PDIH 3URHNQ) 9 HULFDIRY 7RRO ,397 DV MY \RROLY @PHG LV P HIQADY D \RROIRU
DIYXFCOYDIEDARQ R \KH 6P %R [P DIH SURHXIQ) VAKXV 7KH ,39 7 \RROWBINIFDD HYDDOAW \KH
\HIP HQBARQ CHAOWNV R \KH 6P %R HMURGP HOVUHIMADARY IRAMH/ EDHG RQ D FRP SOIARD Z W
UHHMHF SRNGG B\ \WH FIQADY $ JUSKIFDOXHY IQMICFH DQG DMPS®! ' 1P DIH SIRHMQY
YHULFDARQ SURFHN Z DV ILQVKHG DURXQG WH SIRWAAVP RQKYV  Z KUG DOYDRHG \WBYAVDO P HDAXUY
HSHADD IRUKH ' YHULLEDIRQSURAHW DG UWHSRWHHDIRQ Z HIHILQWKHE DURXQG SURWAP RQK

QARGXPURQ

7KH ,39 7 \RROLY ARP SOIMD JHHIF \RROIRU D \WRNXIFDO HYDODWRQ R VHIP HORANRQ URXOV DIDOQIV
WHHHAY RBIGHG B RBVHYHU RU\VRYHIBOREVHYHY |, Q WH VHIXHD DR ,39 7 \RROSODAJP Z LEH

GHAIEHGRQ\WHH P SBIR \WH6LP %R HYLURGP HYWDIEDIRD

YJWUXWH D GHRVDVKHPHR \WH,397 SIRRHMQ) RKDOQ 7 KHLP DJH\HIP HQBNRQ UHXOV UHMIHS B
WH 6P %R HQYLURQP HQVUWHIMWDARQ IRXWH 95H) RFDD'  WHH 6XBVHANRQ DH AP SDIG W
LQE-BHE-OAP DX SIRNG-G B \WH FIQADY RWRSDHAF \MUHRY ,Q JHHIDD KHHIHAY P DRXBD
DQRBNRY | RP \HYHDOQE-BHEHWFOQHA DY RURKHULQE-BHE-QNHIP HQBNRQWRRY HJ  DARP DMG
SUHARNRQ EDVHG \HIP HQBRQ DORWMKP OH SBRNGG  7KHH RBVHYHU HHHAY LQRGEHH FHARQ
P RQWR LIQMJREVHYHY YOUCHOW 1Q\WH HYDODNRQ SURARHW 7R P 1QP VHWKLY YDUCH@K \WH, 39 7 \RRO
proposes a calculation of a so called @mean observer® reference (see) UXH E  7ZRBSURIKH/ZHH
researched for the @mean observer® creation, i.e. Polar Histogram method and Big 6P DDUHILRQV P HKRG
Afterwards a comparison between the SimBio results and this @mean observer® reference is executed. Of
FRXUYH it is also possible to compare segmentation results just with the observer reference (without 2mean
observer® reference). Statistical results obtained depend upon the type of verification performed. In the case
R ' YHULIFDNRQ \WWHO 5 NHHMVIRHY DUHARP SDUHG RQ D\V@FAH W \CFHEDUY 7 KH URXOV DUH FOBXDMS 1R
\HBRMG VIAH/ R ,QWIVWSHR YHULFDNRQ DOR DR LQMIARYH WRAXNDOH | [HHPR  FOBXODNRQ |RU
SOMNEXOUNHH WIKRXUH LV HIEGG H) BRHSDM®D ,QWHFDHR ' YHULIFDNRQ WHO 5 NQHLIPDIH
VHDAHIH LY DAVARHG LQ HWHY 2 Q\WHRH KBS \WH HWH LP DY H VHIXHFH LY ARP SDUHG RQVIAH W \@H
EDLY RQWHRMHUKOG WH 61P %R SDNHNP RFHOFDBXOMG |URP \WWHO 5 1P DIH VHIXHIAH LV FRP SDUHG
against the @mean observer® model. The IPVT tool returns the statistical results in a form of a HTML
GPXP HQABHERWZ KHIHWEANXFY DG P HDUXUHAY DUHUWHBURHIMG HWWHUE. QXP HIFDOYDOH/RUIQWHIRP R
YOURXVIWSK HI EOY , QWHVHIXHDWWH, 39 7 \WWROVAARUIE-GLQGHMO
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$QRYHYHZ RI WH,397 \RRO
* HOHUDOAWKRWMUH

YUXH  WKRZVWHXHFDHADIUP R \WH, P DJH3URFHWIQ) 9 HILLFDIRQ 7 RRO2 QO JHHIOTRMRY/ DA
SUAHAG

$ YHUIHJRUDEDO] HJ HI) RIWRSCHAF \WUJHRQ R DIEWDY P DJH\HIP HQRNRQ DORWMWKP  FOQ LP SRVWRU
export segmentation data and experts annotations with actions [PSRWRJ H SRW &XUWH® WH
\H P HQEINRQDBWRUHGLOW R Al I HHOM®HI RIP DANVSHYDHVXSSRWG

7KHO D®E P DAY LQWHW VWEDHI LB I RUWP DAMOG

the MR document generated by the IST tool. Typically, the expert's annotations are stored in this

IRUWP DNV

&RUAESREQ) DYRBNRY/ WURAIK WH 0 5, VHDHIH DH JWRSHG B \WH QIIFDOIPH R DRBAR)
, QIGH D SDMPXOUJJURXSH\WWH JURXS LV CH LCHG Z LW \KWH BRI LFBOCEP HEWY SRME®! R FDBX@M RUHYDOOM
the results. The segmentation results and expert's annotations (i.e. contours) are compared against several
EANXFDOP HDXUHY VHHE XBEVHRNRQY DG IRUGH IQWRQY/ P HD

WDNRVU DBU

+ DA QB

P HOQEVRO\M QWL

\SKHIFBOAMUEH

7KH,39 7 \RROHIEGV \WH YH LHU\R FU-DM D PXARP \AHIUR DG WXV FROAMKAVKLY RZQZRINGBZ R

HXP DARQ YHULLFDARD 7 KH SRAMQIIOXVHUFDQ \VHBAAEHEHHD ' DOQG ' YHULFDIRQ +HFIQ AKRRHD
SOMEXOUIURXS \R YHUL\ WWHVHI P HQBANRQ UAKOVRQ \WBIVAFDOP HDXUA/XVHG DQGKRZ POQ H SHWZ L@
FHIGFOGGLOWHWG ' HDXOWAHDUR FOBXOAY SOMFXQUMBINFDCP HDXUH/RQHYHY \@EH I RUHYHY

JURKS [URP \KH\HNYXHIFH Z KIBIDPXWRP \AHDUR LV FOBXO@MG R RQRSHHG\IFHY DQG \HBRAG JURGSV

7KLV 1B LEGI CHIQUWRQ R \AHTURY HIEGV DOR \WH TXODW R P DQXOODQRIARYY SIRIG-G B\ \HYHID
REOHYHY H SHW FDQ EH DXHMG &RQHTXHR®  1Q \KH LQWIOSKDH \KH DEDO] HJ FDQ FRP SDUH \WH
DQREMRYY | RUHTFK H SHYWZ W UASHRWR D3 P HDQREVHYH DG LQWH GH WHUL LEDNRQ KABV \KH GDIV
CFRXDMH SHWRXG EHHIP LODMG

7 KH U-BRON HHDRUCRIRQ H HRXAMY/\KH PXMRP - RUGH DXOVFHIUR 7 KHRXEXZ 1\ FOBX WG WEANXIFDO
P HDXUY/LYZ UNKDLQD+ 70 / GREXP HQIVDQ RASXWHERWWY FXUHQ® DYDCEGIRD LQUY \M WRWP DV
% XMQ) FOBXDAG WINXIFDOP HDXUY \KH DEDO] HJFDQ HMO® DQG HILFHQ® \ENH D G-AMRQ CERXRH
TXOWDQGH I IAHRA R \KHHIP HOBINRQDORUMKP

" HIQWRQ R WRAMYANFDAP HDVXUHV IRU ' YHULIFDWERQ SURFHW

7KH,39 7 \RROPAUH® HYDOOMY \WH VI P HOBURQ URXOV CFFRA Q) R | RAUMBMNXNADOP HDXUWHY (EP HD
WNR U DG U +DAGUI GMNAH DG D PHIQ CEVROMW AMIEAH 98 YHULLFDINRQ RIRW \VHRIRQY
\KURXAIK SDMHNSHALLE ' NQHHP RK DV H5] SRANRQ DUHARP SDUHG DI DQWNP BOXBODRBNRQ SR GG
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A FIQADY $ FAMD \KY FRP SDUIMRQ LYV GRH RO MIEH\R \@EH EDAY , Q \KH \FITXHD \WHAH P DKUY DH
H SiH5

5 DRV U DQGU

7 Z RTXCQARYHILQEH HY GHRMGE U DGU, for measuring the algorithm' s segmentation efficlHR ZHH
QERGHGLO=8= @7KVHIIAHHR LVAIBXOMS XSRQ 0O LOMYHRNRQ BHA HHQ \WH \VH P HOMG UHILRQ DG
the reference object (i.e. the expert’s reading). The ratio U LVWWHUDNR B HQWHDBDR  LQMYHANRQ DG
UH HHFH RENPWZ KLGB WWH IDIR U LV \WH UIDAR BRI HHD \WWH DD R LQMYHRANRQ DG \HIP HQMG UHILRQ
)UXH GEPNVDVKHP HIRUFDBXOWNRQR WDNRVU DGV

y=DUHP |, DUHD

DUHD' DUHD
YR LQEH H/JLYH | RUSHIHRADI UHHP HONDQG | RUFRP S QAR UHHP HONEHE HHO FDBXMMS DG
UHHHAH ReviRw) RUH CP S U DRV U DG U DH ERK \KHQ WY FRX@ BH LOM.BUAMS \WDAKH

FOBXOMS UIIRQ LV FRP SBIMD FRYHIG B\ \WH UHIIRQR P HIQ REVHYHU LH UH HIHIFH REMAW DQG YLFH
YHYH $ QRKHUH [P SBIFRXGEHWDONDIRU IV DGWDIRU IV 7KIVIVIQMSHAGWDMH R
UH HHIFHUIRQLVARYHIGE \WHFDBX@AGUIIRQDG R FOBXOMSUHILRQE WHUH HHIFHUILIRQ

0 HDQ DEVROMM GMBGQRH

7 KHP HIQ DEVROWM GMBGFHI RUP HDAUQY) \WH QMBGRHERE HQ PXAYHV$ DQG% LY GHLQHG DFFREQ) R \KH
IRBZIQY HDOMRQIRP 0. 7 @
1 o

ce: %—EgQa_ G(D, %+—a GE, $)-
zkHH $={D,D,,...D} 0w %={E ,E,,...E } ((BPI—QND DGE wﬂjm/\xmmﬂmmm \KH

SRQNZ KIFK GHLGH\KWH FXUYHY 7 KHAMBFHR SRIQAD \R \WH FRVAWABRIQARQ WH PXYH % LV GHIRWG B\
GD % DQGVEHIGHGDY

G(D,% = min[E - D|.

+ DXVERUI GMBCHH

7KH+ DAGRUI GMEGFHP HDXUVWKHP [ LP XP GMIIFH B HQE R FXYH/ 7 KHAMEZFHIURP \WHPAUYH

$ \R\KHQOUAWER QARQ\KRHPXUYHY% LYP HDJKUHG DQG YIEH YHID 7 KHAMBGRHLY FDBXDMG LQVHYHDOWMEV

) RUH CP SBIZ HKDYH\ER \HVR SRIQVKDAP HDXUA/WHP I LP XP QMBCFH EHEZHHQFXUYHS$ DOG\R \KH

QHIASROQNQ R WH PAYHY% 05 Z KHIH LY LQMAKAG \KH+ DAGRUI GMEGRH/ EHREH-OQWMHP |, QWKH I LWV
KB H \WH ( XFOADQ GMBGRHY EHEHHD \WH SRIQWV I URP \VHIAS \R \KH \FAR6 LY FDBX@AG $ PMDD |RUHIFK

SROAKH\KRWWWAMBGFHI URP VS R \RHVHY6 LYN-BW) LQDED  EHEHHQ DAMBGFHY Z H\BNH\WH QU HAY
QAMDGFHDQGZ HAOQ\D KDY SROMR $ LVDAP RMDAEMBH

K($,99 =min{G([,\);[T $,\T %

R\WHSRQNVR % 7 KH+DAGRUI GMUFH+ $ % LVP O IPXP EHEHQWHAWNRVK $ % DUGK %$
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+ (3,99 = max{K($, %9, K(% D)}

" HIQWRQ R VWRAMYANDAP HDVXUHV IRU ' YHULIFDWERQ SURFHW

7KH,397 \BRODOR HIEGY ' YHULFDIRQ R UAKOWV 7KLY YHULFDARD SKDH LV DOR FOIBG YROPH
HXIP DIRQ SURFHW |, Q FROUDAVIR \WH ' HUXP DIRQ WH UHHIMGAH H SHW BILRQY DH ERAHY LH

P RGHY DQG \WH | LBODXAHIP HOAFRYHY Z KRB REVHLYHS REWRN7 KH YROP HHXIP DARQ SURFHW/ LV MP LOU
R\WHZ HONGRZQ ' HIP DIRQ SURFHW EXIQ LGSV HIKHD P RE-ORUDQCRBIRYY | RUHYHY \@FHLQ
\WH [P DJH VHDHFH || ISV IQDIRP R \@FH DQERENRYY \WHD D WBQURIP DIRQ SURFHW | URP \@FH
DQRBIRY R ' ER3 LV UITXUHG RKHZ M D \SKHIFDOGMWEGRH EHE HHD ERAHY FOQ EH [P P HADMD
P HDXUG

7 IDQVIRWP DURQ SURFHW

| LBXAWWQR - YHULIFDNRQSIRHWLYIQWHIRP R ' \VIFH DQRENRYY \WHQ WHH DORBINRQ/ P XWAEH
IIWABQMRPHGIQRD ' BERA ) RUHIFK DREINRQ MWK R AP HMRY/ DHD/DME® Z KLGH \WH \KUL G-
YROP HIQRUP DNRQ LV RARICHS | URP D \@FH \WLENHWY ) LIXUH 7 KHVIAHWIENHW IVRGHR WHO 5
VADQQHUGVIFH SDUIP HMY  VHH 6 HRANRQ $IWZ OB/ WH DQRBNRY/ DHSHWHMS LIQR ' ZRG D/
pucks. The puck is defined by annotation's boundary (XY plane) and dlice thickness (] LV ) l(D® \KH
SXHNVIOHSMWRIHKHIRQSXAANE SXKANEDLVIQRDIW BRA

CBXVD 5 [P DIHV ADQURP DURQ SHXOV

- DY ; D[V & 3XFN

: 2

@)

< v
& * I
0@4’ w ERG\

05 P DIHV 6TH 6EH
\KIENQHV DQRRWMRQV

6 SKHUFDOAMUCHH

6SKHIFDDGWNGAH LV D YROP H P HDKUH WY LOG-BHIGHAWR IRP DG H SIQH R \WH \WUDFH R \KH
DARXHG ERAHY 7 KH\KUDAH LY FRQGHARG Z W SDRKHY ( DK SDIK LV CHIGHG B\ DABDXAKUHH HEJH SRIQN
@RIV YHW B/ ZKHHWHHSRQVAHIQDSDH ) LIXWH  G-BIANV\ER \SKHIHA\P DIDQG MUJH 6P DD
\SKHH LV LQIGH \KH ELIJHURH 7 KH FREXUHG WIDQIGV U-SUHHOME R SDRKHAKH UG @V RQ \WH \P DD
\SKHH Z KB WH EOH @HV RQ WH ELJIHU\NSKHH $ Q RIDQIH DUWRZ. 1V D QRUP DORQ \WH UG SDRK. * UHD
\IELI KWICH/\AKURXIK SDRK HEJ HSRQWKDYHDVEP HAUHRNRQDAKHGR P 0O

%HRHAMNAHERZHHQW R ERAHY LH YROP H/ LV ABBXOMS FHQUA/R JWDVW | RUERK BRAHY GHHG\R
EHDQHG PDRKHG $ 1MUY \WBQVIDMRQ\WWH \SKH IFDOE MBHFH LY FDBXOWMS Z W D1 RAUMMS SURFHEAH

&DBXDMQRP D RUHIK SDRK | URP DXAXHG\KUDAH ERG. \KHQRP DOV FDBXDAMG
& U-DIM\IILI KWICH AL KWICH/WURXI K \WH SDIRK HEJHSRIQV 7KH - KDYH\EP HALHANRQ YHARU
D/WHCQRP DR SDRK \FH) LIXUA
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& DBXOWM( XFOE DY AMBIFHKMY AWBFHLY P HDXUHG EHE HHQ\WHHEIHSR QADQG GHOUAIY
SRIQAZ KHHWHWRELIKWICH S HFHWWURXI K DUH HIHFH\KUDRH VHH) LIXUH

& DEXOM VBRXNADO CRRUYAT RUHIAK \XU DFHWH DYHIDI H( XFOE 00 GWBHH DG WHUMBOEG
GMDANRQLY FBXDMS

) LD WWH\SKHIFDOGMGRH LV GHLGHE DV \KHP LQP XP BHE HHQ \WWH DYHIDH/R ( XFOGDQ
QMDY ERE HHQ DOSDAKH/RQERK ERAH/

0 DMHP DAFDA RLP DDMDARQ

7 KH LCBXW LOR \SKHIFDOQWEFH FOBXOWNRQ SIRAHW DH R VUDRH/6 DG 6 7 KH\XUDAH LV D DY
VIKRXUH Z KIFK FRQUIMVR YHINAHY DG SDRKHY 7 KHYHWY  LVGHIGHGE \WUHHSROQV

9 ={[,\.,I;[,\,]T A}

3DAK 3 VD EBVIKRXUH DG LVVEP HD/\AWHSMH3 GHIGHGE \WUHH YHIWAHY \WDADUH QRAFR@CH BEXW
ERXQEGB L KWICHY CERA HHD YHWWA

3={9,9,9,9 19} 0%
3 ={[;[T 3(9,,9,.9;)U[ £@,,9,) U[ £@,,9,) U[ £@8,,9,)}
) LD WH\KULFHLYCH IGHGDVDXQRQR \WUHH YH WA/ DG RHSDIK
6 ={ {{9,.9,.9:}.{3 (9,.9,.9,)}}:9 1 9}
) ROVSKHUFDOGWBGFH FOBXONR! LIVBDRK QRUP DY DUHFDBXOMS 7 KHQRUP DOL LV FDBXDAGDY

1 ={D ED=9,-9,,E=9,-9,,91 3}
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$ 1\WMZ DUB/MALLI KWEGH\RURXI K SDIRK HEIHY DUHFRQIWKARG 6\MLIKWIXHGE  KDV\RH\CP HAUHRAIRQ| CRRU
DVWHSDAK QRUP DODQG LY CHIGHE DY

6 =9,+WG ;9,1 3 UG - GLUHFVRLRRUPDO

7 KHQDAMWNGFHEHE HQ\WKUDAHY/$ DG %LV FOBX MG DV RTBZ

( =49,°+7,%7,1 6 C%U9,T $

ZKHH7 NMWWHCHHNERONZ KHHWHWDIKWICHG6  SIHFHWURXIK DUH HHPH\XUDAH% ) (DD \WH

\SKHIFDOGMEFH' LV FOBX@AG DVDP IQP XP EHEHQWHDMHDIH/R ( XFIADQAMIGHY/( $ % DG
( %S$

©o=min{(3 ( (5,%)/Q(A ( (%3$))/P};$0% 6

" 1 " 2
ZKHHQDGP DHQP BHR SDRKHVRQVWULHH6 RJ6  UASHRARHD

Spherica distance is interpreted as the distances between assessment's surface and expert's surface. The
AMWIFHWKRZ VKRZ P XK \lZ R SDRKHY Z LW UH DG \RN\KHUQRUP BOAUHRNRQ ALTHUIURP \WWH RKHUNXUOAH
DIGKRZ \WK\W DA WeHHY DUHFOMMUIHG DURXQG \WLY Q\MBRH

0 HDQ REVHWYHU

In development phase, the biggest problem was creation of the 2mean observer®. Namely, in the
YHUL LFDNRQ SKDHIWWA SRMEBIVR KDYHP BQ P DXBCDREBINRQY/ | URP \HYHDOREVHYHY VHH) LUXH E

, W/DOOR Z HONGRZ \KDADQLRBNRQVAL I HHQWDM I URP- RRH REVHYHUVR BERKHU $ QG WWH TXHWNRQY KHIHDOUH
aWhich observer is correct? and 2How to take into account a particular observer? It was decided to
FOBXOWM D URXIK DyHIDIH DQRENRD 1URP DD DQRBNRY SRVIGG B WH RBVHYHY 7KLY DrHIDJH
annotation is called the 2mean observer®.

The 2mean observer® is regarded an expert whose aQREINRQ/ DH WKMIKO 7KH SURFHW R \WH PHID
REVHYHUFDBXOMNRQLY RXADA RUDAAMQ) \WHLP DIH\HIP HQRANRQDORIKP TXODN 7 KHP DQSUREGP LV
therefore the question how to ensure quality and reliable 2mean observer® annotations.

7KH,39 7 \abl implements two methods to calculate the 2mean observer®:
SROUKIMRIWP DG
%.J 6P DOUHIIRY %6 PHKRG %6 P HKRGLYRXURZ QGHYHESP HQNARQUEXNR)

3 ROUKMRJIWDP P HKRG

7 KH P HKRG EDHG RQ SROIUKIMRIUP PDSVDERGHJR HIK 52, [URP &DWWMDQ FRRAECDM/ LOR SROUJ
FRRAM ) LIXH  shows this mapping procedure. A region's centre of gravity is a starting point, while
theregion' s border point is the ending point in this mapping.
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$ QHIRY HI BRHSDMID DRBNRQ | RUDDREVHYHY LQ RH\WIFH DIHWHRDDIQHG B WHUR-QUWW/R
gravity. The @mean observer® is MWDAHY FOBXONMS CHFRAQ \R\KHIRMZ 1Q) HIXDIRQ

P' :_P_:L +:_|_LF s i=l,...,n

Q@3 LAHRMY \KHPXUHNREVHYHANH LOR FRQUGHDINRQ Z KIBAI Q GHRMY/\WHQXP EHUR DOREVHYHY/
P, denotes the calculated point for the 2mean observer® at the o B XMQ DQARBINRQY/ IURP LREVHYHY/
ZKIOBIF , IVDRRQRXUSR QDA Glo: | RUL W REVHYHU

7 KVP HKRG VP SR LP SBP HYWEXWWDYP 0 G\MIGYDRMH/

, | WWH FRQRXY/ DUH QRQ FRP STRVWKRHD P RUH WD RCQH FDQA.GDIM SROQADAHBRMS DRI H LMV RQ
FRP SCPWHI LRQY FORWHH RIHGDG W DR XQLRP VROWRQ

The second problem is maintaining the contour connectedness. In the process of the 2mean
observer® creation, it is possible that the obtained 2contour® is not contiguous. Region points in
KK DHY IRP MDQBY 7KLY SIREBP FRX@ BEH LWROHG B XMQ) \WH \WMIQQQ) DORMKP 1RU
FROXUGRNY WH NG WWHBIRQ DG WHD  LQMIFRQHANY \WHH WWHRIRQ/ IOR D G2 PHXIQ
ARQRXU + RZ HYHUJ WKLY SURFHW DOR GOB/\R DR XQLRP VROMRQ

Because more robust solution was required another approach of the @mean observer® creation was
GYHBSHG

%4.J6 P DQUWHI IRQV FUHDWNRQ P HIKRG

7KHSROUKMRIUP P HXRGLYYHY Z HOWWMG | ROWHFRQH  UWILRQY Z KU IVSUIRDED DZ D VIDYIRJ
QRQOFRP SIPWHILRYY LH FRIFDYHUHIRYY &RQYH  UHILRQ/DHMWD\VMEVMAR DOUHILRYY 7 KHY% P HKRG
GYHBSHG KRZ HYHU G-DYZ W FRQH DG FRIFDHUHILRYY 7KHIGDR 96 P HKRGLVHBIDN. Let's take
| RUFRQUGHDIRQWI R UHILIRQV'$ DI5% Z KHHUHILRQS$ I X FRYHYUHIIRQ% 7 KHDHIIH P HXQ SRQAHY
ROKOD R WAL KWICH EHE HHQ\R R QHOUMNBRIQZ KHH I LINEROQNEHBRQI VAR \WH FRQRXUS DG \WHVHRQG
R \KHFRQRXUY%

7KH DORDKP LV SUWHQAG BHBZ WWHDOR)LIXH W FRRPSB[IW V2 Q  7KHMH DB \ER LCBXW
SOUP HMYIQR\KVDORBKP P HD WIIRQ/$S DIG% 7 KHDORIKP | WP HZ RINLYDVIRTBZ V
&UDMEL) DQG WP DOUHLRQ VMV 7KHEL) UIIRQ VD XQRQR $ DQG % WILRYY Z KIBI \WH \P DD
U LRQU-SURHVDFURW VHRNRQ EHET HQ UHILRQS$ DQG%
6HBADWENGY) SROAP DNHGD/D) RQWHFRQRXUR WHEL) UILRQ
% XMQ) ( XFOEDQAMWNGFHI LQGWHQHUANERQAP DINGDY( RQ\WH\P DOUHILRQFRQRXU
&DBXOMPHQSRQE  EHEHD) OO5(
13 WVQRWDQHIKERUQ SRQWR SUHYRXVP HIQSRQ/B WHOFRHAWSROQNV3 DG
3 Z W DVLIKWCH , Q\WMLVZ D \WH FRQRXUFRQIDRXV LY SUAHYHG
7 DNHWHQH VERQVURP \KHEL] UJILRQ
5 HSHDAVAREV DG XQMDOE) UIRQFRQRXUSRQNVDHSIRAHIG
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Find nearest point on S

Lo e S O

Draw a line or inferpolate
Calculate mean between Ps and Pa
point Pm Ps

P P4 P Ps P4

7KHDORIWMWP EDHGRQY6 P HKRGSHIRP VYHY ZHD

0 DMHP DAFDA RLP DDMDARQ

7ZRWIRQY/5 D5 areinputs into the BigSmall region method for creation of the @mean observer®.
5 HIRQWEHLQHED/DOAMR SROQNV

5={([.\)[.\T A}

94 UDIRQ% LVOQXQROR UWIIRQ/S DOG5 ZKIGI\WP DDUWIRQ6 LVDQIQMYHRAIRQR UWIIRY/S OQG
5

% =5E5, 6 =5,C5,
) RIBZ 1Q) @ H/\KXP P DU HGWHYd.)6 P DRDIRIWP GAAUEHGDERYH
% = ERUGIHW) 6 = ERUGIW)
$={},
"61 % U" 71 6 b min6- 7,
. 6+7
$=$E{62 )

ZKHH$ holds the 2mean observer® contour.

* UDSKLEDOXVHULQWUUDFH * 8,

7KH SUPDY JRODR \KH ,397 CSSTFDRQ LV YOIEDARQ R 1P DIH VHIP HOBINRD UAKAOV EXAWWMY DOR
DSSTFCE®! DV DWIQQ) X \AP 7 KH DESTFDARY LY LQMIRNYH DQG KDV DQ DOYDRHG H I LELHQADGE XV
| UHQED JUDSKUEDOMVAULQAUDFH * 8, WWXSSRIW\KHI RTBZ LQ) XVH XCDRIRQY

6LP SBI0 5 P IHQDLIDIRQ

=RRP IXQRAIRQ/

' 0 RGOSUAHQBINRQDOG YIVXOT] DIRQ

EAXDO [P DJH SIRFHMQ) YHULFDAR) FRQRXU EDMG 1Q ' SOQH DQG ' YROPH

P HDXUP HQV

USRWHHDIRQIQWHIRP R +70 / GROP HQV

FRQHMRQURANH/

VAHDUR JHHDIRQDXG

QD DGARS | OV

)LUXUH  GHEBRVIKH,39 7 PDOZ IGIHNZ KIFK LVARP SRHGR \WHIRTBRZ LQY) P INRUJ UDBKIFDCHRP SROHOWV
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0 HX BEDUR IHYWSIFDODsSixation commands, such as open, import or export the expert's or
HXIP DG DQIREBINRYY VFDBIXS GRZ QLP IH Y

1 DMIDWRQEDUenables navigation through the 2next® and 2previous® buttons, pre YIHZ 1QJ WH
0 5, @R OGWHO 5, \IFH®DAQ)

S5HIIRQ H U is separated in three portions. the regions names, and lists of experts and
estimates. 2Regions names® form a list of, aready known, grouped regions of annotations.
The 2expert list® contains the labels of imported experts, while the 2estimate list® coQBQ/\WH
QEHYR HAP DMV

$RNRQ EDULY XVHG | RURRP P XQFDINRQ Z W \KH XV, WHAHYHY \WH P RXAH HYHQIV 7 KH LGBXW
@B DHVAAR WH GRS PRAH HHWW, QXK D ZD WH XVHU QR (RAMHG \R XVH \KH
NH BROG

6FHIUR EDULY MWD QMR PAMRP GHIQHGIRIRY $  YHULFDNRQH HRXANRQ LY SHAUEHG R
WHVAHDUR 7 KHURXOVDHZ WRDD/+ 70 / WHERW

5 RXOHEDULY DQRASXW L2 Z KHHWHUAKXOVR \WHVRHIUR H HHAMRQDHANSD HG

70E IPDOHYH. SIRVIGVDMWENR \WHEOEG0 5, WMAHZ LlGHV 7 KHO@DO] HAMHBRVDQO 5
IPOHB FIANQ RQ WH ZIGHMEE DG WXV YOO DGRUB XMQ WH LOMUDMS
statistical  tool calculates the differences between segmentation results and expert's
DORBINR/

7KH,39 7 \BROXADIHLY ARG RUP CEGIMQRH WY FRQUMMZ LW \WBQEDLE FRP P RQCBSTIFDIRYY 7 KHHRMH W
RVERNHTXUHDEWR WP H\R EHFRP HI TP LADUZ W W7 KHI LCDOBERWWY+ 70 / EDHG \KXVIVW/ SRXE®]
\R SUAHQAWHHXIP DERQEDBLP P HADAMD YLD, QMIHN
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9 DAGDARQRI P DI H VHI P HOBMRQ

$ YDIEDIRQ R \WWH 6LP %R HYLURQP HQMP DIH VHIP HQBINRQ LXKV Z DV SHIRP HG 1Q WH | RTZ Q)
P DQCHJ [LWANHYHIDOVEFHY 1URP \KH O 5 LP DIH VHNXHIAH \WURXIK \WH NGHH Z DV P DX DQCRIBIAG B\
FOQADYY/ XMQ) WH ,67 \RRO ) RUWUHH SDIMOMELH SDVOAS  *  DQG + +\KH LP DIH VHIXHIH Z DV 1 XQO
DQIRUAG Z KL®1 LP DYH VHNXHIFHY | RUWH RHUSDNHON Z HIH DQGRBIMG MWASDMDED 7 KXV \KH UH HIHRHY
ZHHREEGHS $ IWLZ DB/ \KHHNGHH P DJHVHNXHIAHY Z HH SURFHREG B\ \WWH 6P %R LP DIH U ADIRY
URA\MH LH 95H)/ RTDD'  DQGPSSQ) IXGANRD LH 9 7UDQMRP  $ \MP SO NGHH P RGHOFRQWIKARG
B\ SOM@HUS6) ' ZDVXHGLOQWY U DARQ SURFHEAUH 7 KHUAKOWR \KLY SKDHZ DVD SDMHNGHALLE
NGHHP HK ZKIFK Z DVRABIGHGE\ P 08SLQ) \WP SDMNQHHP HK Z W I XQRIRQ9 7 IQMRP XMQJ P D5SQY
P DN FOBX®AGE 95H)/ RADD'  URAMH

7 KH RABIGHG VHIP HQBANRQ UAXEV Z HIH D \WLZ DB FRP SDUHG Z LW \WH UH HIMGRHVE\ XMQJ WH, 39 7 \RRO
7ZRWSHR YHUIDMRQZHHSHURPHS ' DG ' YHULDIRY 93 ' YHULFDNRQWHSDNQN' NGHH
PHK Z D/ I LIXWIAHG DFFREQ) \R CBSURSUDM YR HOGP HMRYY DQG D\MZ DB/ \R RABIGHE \HIP HQW
Z HHFRP SDUHG \R P DQXOODQCRBNRYY/ SIRNGHGE. RWRSTHAF WUHRY/ + RZHYHUE. ' YHULLEDARQ\WH
RABGHGSDIHQV'  NQHHP HK I URP \KH6LP 94R HYLLRGP HQAZ DVFRP SDHG\RD ' NGHHUH HIMFHP RGO
FROXMKPAG | URP \SDWYHP DQOIDRBMRY/SIRNGHGE. RWRSCHAF \KUHRQYY

Let's describe particular steps of the validation procedure more in detail.

7KH95H)/ RFDO' DQG 97 WQVIRLP IRXWOHV

7KH PDOQ 6P %R HYURP HQMP DIH VHIP HQBIRQ URAMH/ GALIQHG |RU VHIP HOBINRD R \WH NGHH
WUKRMBY IURP WH 0 5 \@FHV DUH FDEBG 95H)/ R0 DQG 9 7WQMRP  7KH 95H)/ RFDD'  URAIMH
\HIP HQVWHO 5 [PDJH/E DQRQAHUUHMMDIRQRIPDSSQY) WASHRIYHD $FMOD D SDFQAP DIH
\HDXHGFH LY B LMMIHG \R D\WP SDIM P DIH $ TXODW P HDXUHR JRRAHWR | IWEHEHHQWHLP DIHVXVHG
Q9 5H)/ RTD' WEDFGRQWP R VIXOWR QlIHHFVR YR HJUA GYHOIQMMMY \FH' HIYHIEGY

DF IRUGHBY CERAWKH O 5 H)/ RFOD'  UHILDARQ IRAMH ) XQRIRQ 9 7 WDQMRP CRMI® SHIRPV
POSSIQ) R WH WP SOWNGHH P HK \R \WH SDMONGHALLE NGHHP HK B. XMQ) LG RP DIRQRABIQHS | RP
95H)/ RD' UWRAMH

7R YDOEDM WH 6 1P %4R HMURGP HOALP DIH VHI P HQBNRQ DORIKP DV \WRIRXIKO DV SRMEGI D0 DRE
YHUMRQ R ERK IRAMH ZHH C5STHG &HMUQD \WH O DRE DG/ 1Y YHMRQR 95H/ RAD' DG
97WMRP DHWHMPH 7KHO DRE HXURP HWZ D/ SIHHIHG DOR BEHFDAVH R LW | DIMSURRNVSLQ)

CELOW DQGDQHDX YWXODMDARQR \KHUAKOV 0 DEE HMUREP HOADOR HIEGG DAFHWP HYWR LQMP HADM
IP DJHVHIP HOBWRQUAKOV $ SSHI[ SUMVHOWDSURRFRORUMIBIF O 5 LP DIHUH MDARQLQGHBIO

7KH WP SO PHK R KXP DR NGHH XVHG 1Q WWH UH MADNRQ SURRHEUH Z D/ WDAR SDM@HJ8 6) ' 7KLY
\WP SDWMP HK Z D/ DWW DB/ XVHG R segment a patient’ s knee data obtained by Toshiba's MR scanner in
0 DUERY

;QWHIUPH. RNR \KVORMW \HHDOWR \& OH P RXGV Z HH GIYHBSHG LQ 6 XBBWN DP RGX®IIRU
importing the patient's data into the Matlab environment (from internal Toshiba' s format and DICOM);
P RGX®V | RUYDNXOIMCQY \WH UH RIDINRQ UHXAOV D SDINEXDU NGHH WKPMUH RQD RUDONGHH WURMBH D
P RGX® IRUH SRINY \KH VHIP HIBINRQ UHXAV I RP \WWHO D@E HMURGP HONQR D IRP DADSSURSUDM | RU
\WH,39 7 \WRRO

95H)/ RFDO'  WRX\IH DQG 0 5, SDWHQAEDWD ILRP 0 DUERU

Preliminary registration results (project month 31) on Maribor patient knee data obtained by Toshiba's

91MOW0 5 \FDQQHJ SRQMS RAD AHIEQ GYHOR HURU ' AW CESURSUDM FRQMDMHIDGRHP HOAR
0 DUERJO 5 (P DJH/DQG FROHXHQ® U RDIRQ UKV LP SURYHP HAMKH RYHDIDUAXIV Z HIH IMDGRA
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DSSTFCE® RUGH WAMSY HI PHKQ) LOWHGLP %4R HMURP HOWAKDIQ \FH' HIYHIE®!  DIRJGHHY
7KHHRH WHIRTRZ LQ) VADAD\ Z D/XQEHMIN-D

7 KHI DWBUHIP LY UAXOVRQO DUERULP DIH/SRQMS RANKDAKH YDUCELOW LOKHIMGLQWWHO 5 LP DILQ)
FDARY FHABEQ SUREGP V | RUWH 6P %R VFIP HQBINRQ URAMH 7KLY Z DV CRXMOD H SHAMS LQ WH 61P %R
SIRMANBLRSRVDD \HH SOW6 DOG & R WH 6LP %4R SIRWPASIRSRDD 7 KH RUWLQDOSDQ Z WLQ \KH 6LP 9%4R
SURVMRAZ D/ \WDATRUHIFK CESTFDNRQ WHH Z RX@ EH D UH HIMGPH LP DIH DQG D HHHIAH P HK  3UTRNFDD
KLV P HIQV \WDM RU HIFK 6P %4R HOYLRGP HOMHIG XVHU MY RZ Q UHHIHIFH (P DJH DQG P HK P XW\EH
FROMKPAG BLGFHWHO 5 H)/ RFDD' P HIKRG UHIHYRQ QRQ AQHIULP DI H U DARQ WA/ GHAHWOL \KDAKH
LP DJHV EHQ) U-DIMMIHG DH I URP \WH\CP HP RIDDW DQG LQWHADHR 0 5, XMQ) \WH\OP H DFDXAMRY
SIRFFRO 7 KH @WK FRX@ QRAEH DWKUG 1URP 0 DUERUSDNGHY &HMIQD WLV 1V D SRAQIDD \HYHH
UANURNRQ MGFH EXAQ) \WH U HIHGPH P HK LV D QL LEXOASURAHY  DERRXIK MRQD KDV\R BEHGRHRGH

YR SDNGHY |URP 0 DUERUKDG LOQWI [ LAHQAWP H NgRZ BGIH DG @FN R UHNXIUHG \R\RDUH OFHRHV \R
EXGB\WHO DUERUUH HHFHNGHHP BK

7KH \ROMRQ DRSMG B\ SOV@HUS 6) ' \WWDAR P LBSIQY 0 DUERU UH HIHAHY \R 6KH I LIHT BHHH IV
SURECE® \WH EFWARQH LQ \MAK \IWDIRY |, Q DQ LG-D0Z R KLY SURTE®D \KRX@ KDYH EHHY GRH XMQ) D
U MADIRQURXIHZ KLFK XV DD, QRUP DIRQ 7 KHRUAE FRUWXGRNRQ EXVKAK LRAMH/GR R LMVDAKH
UAROMRQ BTG LQ \WH 6LP 94R SURWIPW 5 HILMMIQ) \VFIP HQWV LV D X\VH XOVHRQG BRW HI  1HP XU
\HJP HQWVRQO DUERU0 5 P DIHARIHP XURQBKHILHIS0 5 P DIH/ &RQWKANMY DUH HHIHLP DIHIQWLY
ZD 0B3/\RP H DEAWRDOHUR R \WH DEDOMY MQPHWHH LGHYMIE® Z LEH\RP HP VP DRK EHEHHD WH
P CBSHG UH HMIHLP DJHDQG\WWHUH HHIFHP HK 7 KHP DIQWEHR WY HURULYXONGRZ Q KRSHX@ UAKOV
SROMRANDM\P DD

/ HARXP P DU H DEDI LQAQIV 7 KH UH HIHFH [P DIH XVHG lQWH 9 5 H)/ RFDD' Z DV P RAILHG DAARAQ) \R
UHHMPH O DUERJSDMOAGDE LH SD¥QAS +\HH GARUISINRY CERYH 30M@HUS 6) ' CRMDDD \KFHG R
U IMAL6KH [ LHTS UH HIHIFH P DJH R D VHFRQG UH HIHFH (P DJH 1URP 0 DUERU 7KLY P HIQV \WH | LIXAWRG
\RZ DG SRMELON R XMQ) D VWM LQE-BSHIG-QAHHHIH IPDIH 1 XVHR WK DQ [P DJH LV SRME®! \KH

SRNQIDO RXMQ) KLIK TXODW ( XURSHID UH HIHFHILP DIHVZ RXG EHMLI QILFDQWV
7 KHUH HHFHNGHHP BK XVHGLQWWHO 7 IDQURP IRAMHZ DAKDAR SDV@HUS 6) *

&RQALIXDIRQR WA FRP SXMUM IMP

) ROMMKMDY SXUBRH/WHBLP %R HUREP HWZ DVIQXBEBGROD3& M AP 7KLV WP KDV\KHI RTBZ LQ)
FRQUXDIR) ,QMBHIP : HRQ  *+] SRFHWRY  * %5$0 DIG5$, RUDDNIRQR KOG
AW *% TKHWVMP ZDVHTXISSHEZ M\KHS HG+ DNV GMMBXRQR WH/ 1Qq RSHDIY kP +

NHOHOYHMRQ DG ZL\W &2 5% 25%W 7KH3& VWP Z DV FRQGHARG \R WH , QMOHV
WRAIK 0 BEVWGIDUWDQHE RN 7 KHI LUHZ DEVKIHBAKLY X P

5 HVXQV

+ LK TXODW WBAF 0 5 [P IR/ WURXIK KXP DQ NGHH DFTAUG 1Q 0 DUFRUKDYH @PHMRQVR |
S HY 7KHQ®P BHUR \QFHVSHUP DIHVHDAHFHY  \WHVIFHWENGRWLY PP Z KKGIWHH | HAYHSL HD
VJHIVORXEG PP HHEXBWAIRY  %4HFDAHWHSDUIP HMYR WHO 5 \FDQQHILQO DUERUGRYVGRW
PDAK \WRH LQ 6KHILHS DOG ARQANHD® \WH 0 DUERU SDMOMEDN DH RADDIGHS Z WK 6KH I LHT
\WP SO LPDJH WHHRUWH D SUBUIRHMQ) MMS ZDv DB3HG (YHY 05 LPDIH HDXHEFH ZDV/ 1LV
IOMSRDAG\RRARIQWHILDOWROMROQR [ [ YR HY ZIWDQIQ SDHWWROMRQR PP

6XFK WEIF SDQAO 5 NGHH VHDXHIFH Z HH 1LUXWP DQOD DYRWAMG B\ RWRSTHAF \KUHRQ SIMV@HU
690 DUG DWZDG/ SRHMG B WH 6lP%R HYLRPHOV LH 95H)/ ROD'  DQG 9 7WQJRP

URAMCHY/ 7 KH U MAIDINRQ UAXAOV DG UH HHAHY Z HIHWWHQ LP SRUMG LORNWH, 39 7 \WRO Z KHUIH D UBMYXNFDO
AP SDIMROR WHURXOWZ DVSHIRP H>

YUXWH  GHRVDQH CP SBIR \WHELP %4R UHIMADARQ UAXKOVI RUWHO DUERUSDMOM , QILIXUH D \KH
U LRDNRQ U KOV DUH RYHMIG RQWHRIWICDOSDMO/ 5 (PDJH \@FH ) LIXUH E G-EIEWWKH\WP SDM
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LP DIH XVHG | RUWKH 6LP 94R HOYLLRGP HOAUHIMADIRQ SURFHW/ LQ 0 DUERU 7 KLY LP DIH Z DV FRQIKRRS B\
SDMH B 6) !

, Q WH VHNXHOWH WEANAFDODMAAP HOAR WH 6P 94R HOYLLRGP HQAUHI ADIRQ URKOV Z LAOEH GARUIEHG
70EQI G-BENVWENNTOMAXWVIRU ' YHULLEDIRQSURAHNR \KHBLP %R HYLRGP HQNP DIHUHILMDIRD
UAXOWVIRUSDMOVS DG+ ,Q ' YHULLEDMRQSURFHW FRORXYREBIGHGE. \WH6LP 94R HXYLRGP HONDQG
P DOCODQRBANRYY B\ RWWRSTHAF KU HRQY DASDMFX@UNDFH Z HIH FRP SDUWHG 7 KH WIMYANFDOUAKAV DUH
SURHAG | ROKUHH ERQHY DQG WHUFDMWIIHY 1HP XU WD DQGSDMMD  DQGIRUWHP HVAL 0 0 + PHADD
PHOA 0/ @AIOPHMAXY 7KH WBINNFDD P HDKUW XVHG 1Q WY SIRFHW ZHH DRV U DQG U

+ DAGRUI QMBGAH DGO HIQ CEVROWM GMIFH ) RUIRRG \HIP HQBMRQ UAXOV\WH UDIRY U DG U \KRXG
EHFRH\R  Z KIB! ERK QR \KRXG EH\P DD 7 KH + DAGRUI GWEZFH SRQN RAWKH P [ LP DOHURJ
EHE HHQERK FXUYHY 7 KLYP HDXUH LY H \WHP HD VFOMYHWR RAGHYLQ @I, QrHYHD LV WWKHI RUWHP HIQ
CEVROMGAWEZFH Z KLEK CRXDED DYH.DIHYHQNHHUIRU 7 KLYP HDMKUHLY XKD \KHP RUWRP SHMV
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5 5 *DXVGRLPP@ [0$' PP@
%RQH) (085

5 5 +DXVGRL PP @ [0$' PP@
& DUADI H
)(085

5 5 +DXVGRL PP @ [0$' PP@
YRQH 7,%$

5 5 +DXVGRL PP @ [0$' PP@
&DUADIH7,%$

5 5 +DXVGRL PP @ [0$' PP@
%RQH 3 DD

5 5 *DXVGRL PP @ [0$' PP@
&DUAMDI H 3 DMD

5 5 *DXVGRL PP @ [0$' PP@
00

5 5 +DXVGRL PP @ [0$' PP@
0/

) RURKHUWKUHH SDIVOAELH % )  DQG* +\WWHSDI¥QAD 5 LP DIH VHNXHIHY Z HHMWASDMDED DQCRBMG B\
RWRSCHAF \WUHRQ/ DEMEY  \@FHY OQG DEEMIY NGHHWKPMUY 7 KXV DAKBINGFDD * YHULLFDIRQ
R UAXOVE. XMQJ \KH, 39 7 \RROWWAKHVA VY Z HIHVENHD LQR DFFRXQAS YHIDHR  FOBX@AG WINFDO
P HDXUY I RUERGHV \IED |HP XU DQG SDMID DHD/IRBZV U VDRXG U IVORXEG  +DAGRU
AMHIVDRXQG PP ZKIGIWHO HIQ IEROWQUWIFHZDVORXQG PP 7KH P H UAKOV IRU
OWNH/DH U VOREG U WVDRGEG  \WH+DAGUI GWUIH LYV ORXQG PP DG \WHO HI
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CEROWM GMIFH IV ORXQG PP 7KH DRFWP HOAR P HIMAL Z D/ GRASRME®! GXH \R LDSSURSUDM
QEHIY R KLY MKRXUHDAP DOOCDRBNRY

7 KHP DQUDRQI RUDEVERRIHJUAKOVDY I RUKHSDMONS DG+ DUHO 5 1P DILQ) GO RAKHSDIHY6
7 KI\VAFDQDSSHIW\R EHGL  HIHQANXDDNV | URP \KHURWMWWH-P V\R EHDEIWRM DQG\KHUHLY D RWR \R W
MYAKH\KURXQAQ) \WHNGHH VFH7CE® | RUSDMQADBIQR  $ ORWHSDIVQYY LV GRAGHDO D/ \KHERWRP
R \KH\MAD LV TX\WM SRRU 7 KH BDRQ WDAKEAFE U ADNRQ SHIRUP V SRRMUI RUWHH \BZR SDIVQN FRXT
DOR EH\WDAERK R WH NGHHV Z HIH VADQQHG LQ I X@RURYH K\ SHUH WIMRQ DG QRADNV  DVH SHRMG

7 KHOMUFRXG QREH YHUILHG DR P RIH MPHSDIVD 5 CFTXMWRQZ D/QRVI® HGE\ DAP HD

7EG GERAVBNNTDORXOVIRU * YHULIFDNRQ SURAHWR \WWHG6LP %4 R HMUREP HOAP DJH UHI MADIRQ
VAKXV IRUSDMOV S DG+ ,Q ' YHULDNRQ SIRHW ' SDIHOMWP RGHORRWICHG B \WH 61P %R
environment and patient model constructed by orthopaedic surgeons manua annotations were compared.

7 KH\SKHIFBOQMWEAH | RJHIFK NGHH WUKRMUH Z DY FDBXOMS 7 KLY GMWERH LV DFFRAQ) R WP HIQQ)

YHY VP IO \WKHO HXQ CEVROM GWALRH 7 KH URXAV | RUFDINI H \WALD FRX@ (RABH FDBXOMS BEHFOXH
R D@EHOP WP DK & DWW HWAD UINMUIHS B\ \KH 61P %4 R HYLURQP HQWZ DY UHMUIHG LOE R SDW MDD
DRGP HADD Z KIGIRWRSIHA F VXU HRQY SURNGHG MWWRCH OEHO RWWH FOMDI H\NA D

' IVFXWIRQ

7 KH6LP %R HYLURP HAP DIHSURFHMQ) HILAHR Z LOEHAVRAWHGIURP \BIR YIHZ SRON \WKQEDODQG
P HAFDOSRQMR YL

7HKQEDCSRIQAR YIHZ

7 KHSDNAP DJHURI MADNRQ BQG WH HIHFHP HK P D8SLQ) XMQ) \WH6LP %4 R HYURQP HQMQEHU 1O WV
DERAW P LOAAWY RQRXUMANY FRP SXIMUM WP \FH 6 XBEVHRIRQ 7 KHUR IMADNRQ FRAH LY PXAULHQ®

Z UMD MV RUMQI B SURRBWRU FRP SXMUM WP V- P XA SURRHWRU ARP SXIWU M WP V WWHIHRUH GR QRW
speed up the registration process. To use the SimBio registration routine in a 2quasi® real \WPH \KVFRCH
QH/ R BH Uz UMD | RU D SDIDEPOH HRAMRQ HJ - SDUDBOYIWNDOP CRKUH VHIAQ) P HAVDIHY IO
P OAKICH  DQG VHYHIDOSURAHWRY/ FRP SXMLY P XWEHXVHG HI  DERXW SRAHNQ) XQWL DP RWNHU
\SHGXS | IRRUWVNKSSRHGOGSIRAHMQI W HDIRXQG VHRQGBYH SHAKG
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([WPHD [PSRMIQMAMQ) DMKH [PDIH BIMADIRY XMQ) WH 6LP9%4R HMUREP HQMY \R HIE®! D
FRP SDMEMIV R @DBXVHG HI DRXUQ) \WDAIKWNGHY DUH RQD UH IMALMG \R U KWKNGHHY RUWDAEP DIHY
KDYH QRABHHD | @BSHG 1Q YIURXV ZD V|, GO0 WH \R\EDUH \KRX@ FKHAN | RUSRMONIOP \P DRKH/ DG
Z RXGER\R IQDZ RINQ) FIFDCHYURGP OV RZ HYHU WWH 6P %R HYLURGP HAL/ \MDD SURRNSH DG
RV QRMDYHLP SBP HIAMG\KAK \OHIV P HKDQWP V 7 KXV DFIQADQP XWER WL FRQIMMEP. SO
FKHAN P DO

2 (HRKHUKDQG LY DOR FUXADOWR HQXUH FRUMANGHQIFDOYR HOGP HMMRQVR SDIVFNIP DJH GO DG
UHHMGH LP DIH |, Q SUTRINAH LY UYL HQNRJ U MADIRQ RAMH LH 95 H)/ RADD' FOQEHZOYHG
\GAH \WH U DANRQ DORIWP  Z LAO@UHY GHDOZ LW \KH \VFDIQ) UATXLHG 7 KH U MADNRQ URAH GO
Z WK QRO LG-QIFDO.QUAH YR, HOAP HMRQY/Z KHQUHI ALY EX\AZ KHQWKH UH HIHIFHP BK LVP DSSHGEDAN
\R SDHQNP DIHZ W 9 7 WIQMRP IXQRNRQ \WHREMGHG P HK LV 1 RUDVIXDKHSE H WOGHE NGHH UDKHKDD
\WH CPMOONGHH 7KH SUREGP LV \WDAWKH FR RECDM/ | RUWH UH HIHFH P HK DU 1Q DEVROAM XQW EXW
EHFDAOH WH P DSSIQ) HIHARYHD DWKP B/ \KDAERW LP DJHV KDYH \WH \CP H CEVROOM YR HOGP HMRQY \WH
REBLGHG SDHQWGHALLLE NGHHP HK Z LOEHAP HMRED LGFRWHANT KLY FDQEH I HSHDMO® B\ \FDIQ) \KH
SDVQAP HK FR RECDM/ Z W \WH DIRVR YR HOAP HMRQVR U HIHIAH DQG SDMQAIP DIH 7 KH YR HD
AP HMRQAHMN LY DOR QRAQA UDMGLQR\KHBLP %R HOYLURGP HWKHIH RUH WLVABN LY/ B1 VR FOQADD

([ F-BWARP SDIELOW LP DJH @D DQG YR HOAP HMRQ AKHAN QR P DQXODLQMIRNRY LV UHNXLHG DMKH

6lP%UR IPDJH UIMADIRY ,| SDWQNAWD FROMMRP FRXG EH DAXUG WHD UHLMADIRY DG
DV RUP DINRQFDQEHARP SBIMD DARP DAG

7KHUAXOR WH6LP %4R HYLRGP HIAP DIH U ADNRQ DQG \WBQU RUP DINRQ SKDVH LY D SDHONGHALLE
NGHP HK 7KVIVIRMOD ' P RED, | UAKOVI RUSDMFX@ULP DI HVIFH\KRX@ EH YOG WHWLY

NGHHP RGHCP XWEH | LWWAXDNSHALLE ] GRDNRQ\R REBQVHIP HQV DQGRQD \WHD \KHHVHIP HQVFDQEH
RYHMIGRODQRWLOIW GYHIPDIH : KHOPANY \MRAIK ' P RGHIDGMUHG YR, HOAP HMRQWKRX®
EHRARHD 30M@HUS 6)' GHYHBSHE D XMV 0 DBE URAMH | RUMIAQ) \KFK P RGHY \WH OMMWHMRQ LY
\IFHBPRAH  © KHQM@AQ) NGHHP RGHY/Z WKLY XD URAMH \KH UHM.HG\HI P HOVDUHLQ\RP HFDHY
EUR\HD WHHRUH \KH P DOOLQMIRIRQ LV UG 7KLY LY YHY LFRQYHIHQVHGHADD  Z KHY \AAQ
NGHHP RGHY | RUDSDMHQAP DIHVHIXHIHR RURYHD [P DJHY 5 HMUQHG \FIP HQWDUH DOR RQVRP H
UILIRQY YHY NMJHG DG WXV YHY XQUDDAF -+ RZ HYHU IMKKRX@S EH UHP LQEHG DI DO \WDAKLY VAL
URXMH LV D YHUI LEDIRQ \RRO DG D/ \KFK GRHV GRAIQ OHIFH \WH 6P 9%4R HOVMURGP HQAIP DIH SURFHWIQY
HILAHRA

,QBHANRY D YDUCHMN [GKHAMGIQWHO 5 P DILQ) DGIQOHFHRQWHO 5H)/ RFDD'  UHILVDIRD
URAMHZ HHQWRXWHG 3UTRIFDCFRFOMRQI URP \KLY QVAXWIRQLVAKDAZ KHQWKH6LP %4R HOMUREP HIZ LD
EH LOXMIBG RQ \WH HG XVHUMMM Z W D 0 5 \WFDQQHU DG \ADORQ) SLRRAROCRANGRZ Q \R \KH 6LP %4R
HMLRGP HOV FAMKHQ DQLQUWIDDNRY SKDHP XWEHSHIRP H3 , QKLY SKDH DABDWTSSURSUDM UH HHFH
LP DIH \KRX@ EH FROAKAMG RU HYHD BHARU \WH Q2 BHHIHIAH P HK FROIKRRG [URP UH HHAH GO
RABGHGE \MVQZ 0 5 \FDQQHJDQE SURRARO 7 KLY SKDVH KRX@ EH \WHRUANFDED GRGHMWRFHSHUHDG

XVHMW DAP HR \RHIOABEDIRY $ VRGHR \WHIXMUHWABYZ HSURSRHWR\XG 0 5 1P DILQ) YDULELOW
Z 1\K UASHAIR QLI HMQAVFDQHY DG SRUELOMY R IW UHBAIRY |, | KK P HKRG Z LODEH SOXME®! WHD
SURECE® \KHLQANDDVDARQ SKDHDARH6 P 94R HYMLRGP HONQUBEDARQ Z LOEHP XA KRUMJ

0 HAFDCBRONR YIHZ

5HXW IRUSDVON'S DG+ ZLOEH DAMHWHG IURP \KH P HIFDDSRQAR YIHZ LQ \KH \FINXHD 7KRH IR
SDNQIVKDYH FIQFDCP DVRUNGHH SDRRBI LW/ DQG Z HI RXQGDGMRQR DOMIRUFUADONIP HOVS &/ DG
P HADOP HM\VFXY 3DMOAS KDV D UKSMUHG SRUMIRUKRQ R P HADOP HIVAXV DQG D VEREDUSMMH R
$&/ ZKG\WHSDMW KIGR $&/ USWH %HDAHR P HOMRHGSDRRR)\  ERK SDIHONVGHEHGWH
\KULEDONHDR HQV3UHRSHDIYHD BIDXHAR P HAAXVAKUHY Z DV GHBIGG LQSHRAIROR P HRVRXV UILRQ
ZKO® $&/ UHFRQKAIRY B\ ERK SDIHOV ZIW \KH 330 6X\M PRGHIQ) DQG YIVODDNRQ R NGH
NGHP DINFVZ DVRXUGH WELIHWV

$ VWKHEHIIQQQ) Z H\WHDRG\WH DQCRBANRQVSURVIGHG B\ \WH6LP 4R HYMURGP HOAD/ DEAWRIDOQRP DARY
EHRUH \WH RSHDIRQ EHFDXOH HIFK H SHWD V@ KWALTHHQ® DQREBMY \KH DODAP LFDOUBLIRQ R LQMMKV
52, 7KHSRSHJGHAP LQDIRQ R LQMIMIY DCDRP LFDOMWKRMUBY Z KIFK KDYLQ) FRGFDYH \KDSH DQG
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URAIK \XUDAH Z W CRAYHY FBDUDDRP LFHDOERXQEY HI WIBCDG P HADONQHH ERGHU SURNWP DODOG
AMEDAQERGU 1QMRE QHIIRY  LYVRWMFDCEH RH\WWHRSHDNRQ

%H RUH\WH 6P %R LP DJH UH MADNRQ WXV Z HH BYANDED DAVANHG WH SDIVAS DG SDHQM- ZHH
PDO® DQRUM : HBEHRPH I OH RQ VRP H DDRP IFHIDWHIIRYY BHFDAH ITRUKRH WHIIRQY/ ZHH
P BLIXW R GANP LQDM \WHUBERXQEUHY 7 KLY KEESHHG LQ FDAHY Z KHIH WWH WHI LRV KDYH FRQFDYH \KCSH
ADIRMIMIF 7 KLBH \WH RKHUKDYH GHEXBXV BRX QAR ) URP WWH SK MADR DSHAAR YIHZ \RP HUHILIRYY
DOUH P HAFDOP RUH P SRMBQAKDD \WH RKHD ( \SHADD \WH DINAXOUDQG LOMFRB QUUHILRQY DUWH P HAFDD
LQMIAY EHDAHWHP RWEDKRRI\ RIEAYIQWRHUWHIIRY ) LUXH  G-EIRWVWWHDQMR SRAMIRU $ 3
knee view, where red circles denote surgeon’' s important knee parts which are:

ARG QUNHHNRQABIIRQDG

LOMFRB OUNHNMOQAHILIRQ

5 HILRQY RANGH [QAFDME ALFGV DU QRADY LQAAIY 1 RUSK\ MALDQ DV LQAFDAMG BILRQ/ EXWKH Z HH
\RRN LQR FRMGHDIRQLOE R A HHIWDWHY Z KLFK DH

\KHH \MEDCP HADIDOG OMBDONGHHVR QGG
\WHLQ HIRUDQG\WSHIRUWHILRQ/LQO 5 1P DIHY

|

O @O

 VWKRXG BH \BNHD LR FROUGHDNRQ \KDAMRVRWMD  JURXQG WKWK R P 00 \HIPHQMG 0 5 P DJHY
doesn't exist and deviation between different experts is not uncommon. ) UXWH  G-BIFWIRXUH [P SBV
GHRKEE DG ZKHHSK MADYARXG KDYHD GREWZ KHIH\WHERQEUH/R BRGH FDMMIH/
RAYAXH/UHDD DH , QWHILIVY 5 P DIHWH DODRP LFDOGHMP LGDNRQR - WIKRXUH/RQWHH \M.(BODMIO
DG P HADONGHH SDWY (RAVAHMP LlQWW  BEHFDOHWRPHR WHP HI BRQHIHP XU KDYH DFRGADYH\XUOAH

S&RQHXH® WA/ H SHANG WDAKH FRP SXWNWUDAMMMG DORUIKP \FDQ P ONH P IMENAVRR LOKRK BHILIRQY

7KHHRJGO 5 1P DJHSUHHWVLQ HIRUWAD SOWZ KIFK LY (RAHINHD CHLCHE EXWWAW DX QUSRMRQ LY
QRNR P SRMBIQWVURP P HAFDOSRONR YIHZ - 6 @ KWOOUH LQ VXK UHILRQ LV WXV QRAFRQHNXHRNDD , Q\WH
WG 05 PDJH WH DDRP IHDO BRXQAUH R DMWAX@U WHWIIRY/ DH DB RWFBDWD GHICHS ZKI®]
GHMP LLDIRQ R FDUII HY FRX@ BH KDEHU 9%0MIKH Z HIKWR SUREBP LV WP D BEHFDXAVH\KQ WIKRMHR

AMMIH/ DG GRZ HJ0 5 FRODNHIDEQ) R \WH CGHIKERXKRRG NgHHWUKRMBY + RIDDG6\ (RYID (R
QRN HAWLCOCHXP DNRQ 7KHOWO 5 IPDJH GHRMGE  G-EIPMKHLOMIRQEG QUUHLIRQLOWHP LG3B1
SOWR \WH NQHH NRLQNVZ KHIH\WH\BL HADCDRP LFDOWKRXUHY BHILQRUHYG LH DRKMIRUDYG SRAMIRUKR.GQY/
R PHMA DMAKP HOAR FUADO@I 0P HQWV P HADODG OMEIOARE GIEREHY 7 KHGMP LDARQR \KH
ARUDOQHISOIVWR OMBCFRE G106 \WHP DJLQVR \WWH SRAMIRUKRD R @MIDOP HIVEXY LY QRAHNHD

FeDU BHFDXH\WHHSDWDHEOUWHS
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7KH DARP DMS 6P %R HYURQP HOMP DJH \HIP FHQNRQ  UHIIMDARQ CORUMKP  \X I IHHM® MW
REVHYHG WHIRYY 1Q P RWADHY VFHHEXBWHAIRQ IRUGHAUISIRQ R WXV KRZ HHU WWHIH DH\RP H
DAY Z KHH BRQ@EUH DH (RAARUHAG® GAMAMG 7 KRHH \WWHP HFDH/ Z HHILIQBHRAMS GRS D | CRAKDN
WH UDHD RARXU $ QLQMANRQ Z D/ W BEHFRONAHG WDAKH  FRX@ QRADH HRWKH | LBOP HAFDOGHAMRY/
ERWH XQUDDRP IF NHHWUERMA/ ) LUIXH  G-BRVIRUWSIHIDIWRXGSVR SRRIHNHIP HQMG UHILRYY
(denoted by 1, 2, 3, and 4). The first MR image clearly depicts a difference between surgeon's manual
DREINRY DG FROMXURRRICHS B WWH 6P %4 R HYIUR(P HQW7 KH UHDWRQ | RU\KDARRX@ BH \KH LlQHIRU
tibia s boundary, which is not very clear. We aso compare our estimation with the output report provided
B ,397 C5STDIRY 6\BNFDOHKOER QNRWD EWYP DUV DQGU UDINR DG KL KHA DAGRII DIGP HIQ
DAVROW QWCHH U U +DAGUI Qe PP 0%’

PP YW PHIFDODOEHG WVUJLHDDSHAMKH | DXOVRQ H WO UHILIRY/ LV QRADY 1P SRINDADY DFRYH
LQURGHHGLQMINAY UHILRY/

7KHVHRQGO0 5 IPDJHIQ) LIXH  IVWWHSRUMIRUKRQR @MIDCP HMVAXV DG \WHIQHUERGUR @AMID
IHP RIDOFRQG B1LQWH LOMJFRIB BIUHILRY 7 KHH SHYWIQIRBINRQ LY IQEOH Z KIBI\WHGLP 94R URXOWLQ
JUHD 7 KHFRWAW STCDNRQR \KDABUREGP LV SIREDE® \KH FKOLIRMIMIF R \KUDFH Z KIFK KDVFRQGFDYH
\KTBH 7 KH | DLOUH FRX@S LQ OHIFH WH\KUIHY  LQWH GRYCODMFX@UUHILRY Z KHH LY P RA® \KH P HIVAXV
WUHY DG WHD \WH UHFRQUKALYH FOMMIH \KUHY SHURPHS : W BIDG \R SURSHJ P HIVAXY
GHMP LCDNRQE. \WHFRP SXWUWH DESHIUHG FDMYDY H HURULY QRAD/ML QULEDQVRURHNGHHVKUI HY

7KH WG 0 5 [PDJH GBIAV D PHIVRYV FRQRU ' DMIUHP HAVEHEHHD H SHW\ HIBZ FRQRXU DG
FRP SR JUHHD FRORXU LV SURHQIMG 1Q \WWH P LG3BI SIMR P HVAXY Z KIB! ERK P HVFXV KRV DH
FRUA® \HIP HOMS 7KH \RXUH R \KDASUREGP 1V RAVDCDRP LFEDODQG \WH SKHIRP HIRQ LV SURTTED
\WRKQFDO HJ QlIHHFVEHEHQO 5 1P DJHP ROV \AAQ) SRAHH ) BRP P HAFDOSROQMAR YIHZ
KK | LOUH FRX@S FRQ XVHWH LOMSBINRQR P HVFXY SDRRB\ DG FRXG O HAWBDIQRQ) R P HIVAXY
WUHY  7KH P RWARP P RQ SDARBJ\ 1V SRUMIRU P HIVAXV KRD UXSMUH Z KHH \WH 6LP %R UAKOMY
FRUHAW

7KHIRAW 0 5 IPDHIQIQ) LIXWH  G-BLANV \WH LQMFRQG OSR LP DOIHP RIDDSOWZ KHH GHHAAR
DQMIRUIHP RIDOFRWY LV YIME®! 7 KHP WENH LY DCDRP LFDID LGH STFCE®! EHFDXVHP RWHURY DUHLQ \WH
H \MDO HP RUDCP HiB SK\ MPVZ WKRYXWP DNKUVHVHI RULQAD DMEXTUNKUIHY - 960 WHDMG P IENHRAFXY
LQ\KHRUKRSCHAF \BL FABHI LRQARHFRQHDHFHFRXG EHVHIRXY $Q ZD' CSSHIDGR/R VP LOUI DOWA
LOWBLIHABIRQ/Z HHQRARIAHG LORXUFDH/
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,Q JHIHID \WH 6P 94R HYLRGP HWHIP HOBANRQ LQ P RWVHSHADD 1Q WH \KUIHRQ LP SRUIDADMAXOU
UILRYY ZDVSUHAMH $ @P DRUNQHHSOWZ HHSURSH® GHARMG ) LIXUH  G-BIRVDQH [P SBIR FRUHFW
6P 4R HMURP HQNHIP HQBWRQ
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3 DWHOWV/SHFLLF 11.OH HBP HOWNOHH P RGHY DQG 3DP 6 XIW

, Q SUVIRXV VHRNRYQ \WWH 6P 4R HMURP HIALP DIH UHIMADNRQ DG WP SOM P HK P C59.Q) SURAHGAWH/
Z HH SURHIMG DG HYDDDOMS 7 KHURXOR WL SKDHZ DV D SDNHWSHALLF [ LCHHBP HQAWIHHP HK 7 KH
next step in the SimBio environment processing chain is a modelling of such patients knee models by
XQ) 30P 6XUWWRRY , QWKLY VHRNRQ DRLP MBNRQR  SUINAUEHG SIRFHAUHSIRMG-GR. SDNHY8 6) ' DG
(6, IRUPREHIQ) SDNHYWSHALLF NQHH P RGHY Z LKOEH SUARWHIMG 7KH 3P 6 XU\M LV D @P H IRUDVHAR
3$0 WRWLH * HHIV 60H DQG 9 HZ AXVHG 1Q WY PRGHIY) SURAHKY ) WWWH 330 ZRNGZ LV
SIHHMG 6RP H \WWRKQFBDUHRP P HIEDWNRQ 06 |RXQEHE HURU DUH WHERWMG LQ \WH VHIXHD 7 KLY VHRIRQ
concludes with some physicians considerations and recommendations. The correctness of simulation
URXAOVDIGXMHON R JUDSKIFDOMAULQMICRHZ HHDOR DAVAAHS

3%$0 ZRIN®Z

3DMHQNSHALLE) ( NQHHP RGHIY) \KRWY 3$0 SURFHEXUH FROUMVR | LYHSURFHWHY Z KLFK DUH
&RMMURQ
&RIHAWRQ ANIH
0 RGHIY
6P XDWRQDG
SUAHOBARQ

7KHIROCR 3$0 ZRNGZ MR LP LMIMWWHU-DOSDMOMGHHN.GHP DIFVE. P XY D) ( NGHHP RGHD/
UDDX¥ D/ SRMEB! ) IXH ~ GEIRVADIGZ GDIUP ' )' R WYPRGHIY SRHWH Z KHH\WKH
FRQQHAIRQY EHEHHD DI WIKFMUY LH QD | LGV DQG SURHWHY DUHH SRHG 3URFHW LV SUIWHQRG B\ D
AUF®! Z KU\ R SOUDBOOH CHICH WH CDB WKFMH $ FRAUH R HHOV LY GHIGHG B FRQGHANRYY
EHE HHQSURFHRAY

,CWIQR3$0 6X\MP RGHIR) SURFHEUHDHSDMQNSHALLE) ( NGHHP HK WRUHGLQ9 MBI RP DVI®! D
| RRE0G DQG P DAUDY A LGV 9 LM |RUP DALY XQAME®! IRUP RGHIY B WH3$0 * HHI \KXV \KH
SDFQWHHP HK P XWWIMEHFROMWGLQRD3$0 &WDK 38 COWI LG 7 KHREWQHS | LBILY MWD ULY
P HK Z WWRXAP DAMIDY Z KIFK DUH FXADDI RUP RGHIY SURAHW = (1 @7 KHHRMH \WH P DAUDY DQG D
| RRE0G P RAHODH FRIGHAMG Z WK \WH SDIMQAP HK B XMQ) \WBEDG \M WHAVRU SIRIUPY HJ -RH
(PIFV 0 RAIHG PRIDL WHY AHANG 1Q WH 3$0 * HHIV DG \RP H DBAURIDLQRP DIRY LV
HIFRXQAULQR P R3-D ) RUH [P SB \KH | RIFH LQRUP DINRQ RQ \WWH | RRSDG P RA-DLY DOMIHG DFREQ) R
P HDXUHG | RIFH YOOH/ DARHSVXER G @PIF0 5 PO VFHEXBWAIRY  IRUGHEY 6XSSOP HOAG
SDIFQMGHH PREDLY WH) MP XDAME B\ WH 3$0  60H \RRO 7KLY \RROMP XM/ D NGHH NGHP DIV
CFAREQ) \R SDIHOAP RGHD 7 KH P XOWRQ FOQ EH H HXMG GFDD  LH DAHQG XVHUMMM - RUUHP RAMD
XKD RQWH + 38 FOMMU 7 KH @XMED H LQ \WH 61P %R HYLLRGP HASUIRFHMQ) FKDIQ LV D SUAVHQIMRY
YIXDT} DIRQ DOGIQMSHMIRQR P XDMWRQUAKWV

, QWHIRWZ 1Q) SDUIIUSKV\KHHSURAAAHY Z LOEHAAAUEHGBEIH O

&RQYHYIRQ

7 KHIGBXAMWOQWHARQYHMRQSURAHW VHH) LIXUH VDY RUP DNIGIZ MW DSDNMHMNWIHHP HK Z KK LV

DUHXOR \WH6LP %R [P DJH W WDNRQ URAMH/ VFHEHANRD  7KH9 1M LB | RP DAZ DV SUP DY QRW
GIGGIRJDP RHIY) Z\W\KH3P 6 XUW\RRY DG WXV DRRQMHMRQLQR3$0 &UDK LB RP DAY

mandatory. The conversion process is very simple. In the first stage, the reserved word 2size® should be

replaced by the 2nnodes® in Vistafile 0 RAIIHG9 MBI LAILV\KHORSHHGIQWH3$0 * HHIY , WKRXGEH

QRING \KDADD CESURSUDM | LA WSH P XNEHVHBRMG Q) LB12 SHOADR] |, | R HURURARXAY \WHO\KH | LB LY

\DVHGLIQWH3$0 &WDK I LBIIRP DNV
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VISTA
data file

PAM-CRASH
data file

Conversion
from VISTA
into Pam Crash
data format

Linkage by
text editor

Modeling inside
Pam Generis

/"

MATERIALS Foot-pad
data file data file

Simmuation by
Pam Safe

Presentation by
Pam View

Time History Mesh plot REPORT

!lput file output file file

/ INDIH

$ JROCR QQ\JHBIHLYLGFOMRQR P DAUDODGGO0 5 H HIAVH U SURSHWAY/\R \KH SDQNGHALLE NGHH
P RG-OVRUG LQ WH 3& 11! IRP D7 KHH SURSHWY DUH FRQEIGHS LQ D DARGRP RXV ILB1 , WARQIEIQY
\HYHDOSOUIP HMY @\H SDUP HMY FRIFHQQ) \WH PDAUDY HJ \KHU DG BEXOl PROV  FRQERW
LQRUP DARQ EHEHHQ\KUOAH HJ \WH FROGHAIRQ EHE HHQ ERQHI HP XUDQG FDMWIIH - H \WQMRQVR DNQHH

PRE-OHJ WADERH DGO 5 H HAVHW $ 0 5 H HAVHW P RG-COQGWHH WMRQR WHNGHHP RG-D
VH) UXBH  FROOWR \FYHDCEDY Z KIFK DH

HOY1RMHWADERH
EDY/IROHIHP XUERCH
HYIRMHIRRELPV
DY/ ROKHI RRSDM

7 KHONDIHLY GRHZ W MBQEG WY WU, QUIGHWH3$ 0 &UDK | LAIWH I RTIRZ 1Q) CHLY DBHGEHBZ
\WHURHved word @TITLE®:

1&/8 SDNWQE BPHKBIGFOB SF
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7 KH L1 TP H MALCMADAL \WH SRIMEBI TP H $ WINDIH DMLY SRIME®! \KDAP DSSIQ) EHEHHD P DMIDY
DQG \KUDFHY LV GRAFRWHAWQ VRP H FDHY 7 KHIHRUH DD DARP DIF | XQRNRQ | RUUBDKLIQ \WH QP EHIKY
LQUGH\WHO DEE HMURP HIZ D/GYHBSHG $\WJQ P DMIDCP

0 RGH@)
7 KHP REHIQY SURFHWILVARHIQWH3$ 0 * HHIV 7KYVSIRIUP VARP SBIMD JHHIF

7KH PDQ SXSRH R PRAHIY) LV \R DRKUHYH D BWDONGHH P RYHP HQV NQGHP DIV LQUGH D YILWEDD
HOMLRGP HOA7 KHP RGHTIQ) TXDMW G-5HIBVRQVHYHIIO CRRLY @\H

P DAUDOCDEEDAHLQ RP DIRQ

0 5 H HAVHW LQRP DIRQ

| RREMMI RIHDG

ARHANRQENX HOERH

&RMERDIRQEHFHH3$0 * HHIVH SHWDQE RWWRSCHAF \WKUJHRQY LY FXADCDAKLY RS 9/RM H SHW
LQYHWX DM UANXAMWM WABV | RUDQ RSWP DOMP XOWRY |, | MP XOMNRQ UAXOV DUH\DIV\ 1Q) \KHD D P RGHIY
SIREFRAVSIWAUEHG 7 KHSUAAUEHG SURRFRALYIQRXUFDHDV I RTBZ V
$WHPED TXOIW 7ZR WKRAXH 1Q \WH P RGHDFQ KDYH QR RQ IPH SRIMRQ HJ
) HP X8 DWWDQG IWHQYHBSH) HP X&DWQY  6XFK QRGAVDUH\R FDBGAREGIREV 7RDIKH
\KH LQRMI UMWY R \KH P RGHODQG P XWOOLIQ OHIFHR WRH R MKPMUYY GREG®I QR \KRXG
EHWDQVRP HG LQR \WHVQIGIQRGH WKDFGE ERK WWKFPMXUA 7 KHIRTRZ LQ) WORMUHY 06
WHU HQYHBSHY  Z HIH WG |RU QREB REV ) P X&DW/ DFIEDB.OWO0 H IHDEDW
3DMMROW / DY IQWWXV 0 HD IQWVRXV ) P XU ) P X&DWQY 718D / DFIEDS.DWQY
3DMID 3DMIDEDMQY
" DVSOAHP FQMREEMRY ) HZ \SHADD@REV RUJIRGS R QRAHV H WV 1Q WH P RG-D 7KHU
P RYHP HQMY \XEWMRRKG \R SDMFXOU FREGVRY ,Q RAUFDH \WH SROVR IDWMHJR \WH
WERQY LQ \WH XSSHUSDWR WH B DUH 1] HG GAUQ) \KH P XOMRQ ) RUWH KIP W) DG
TXCAUR-BVWIERYVRID \WH= URBINRQ/DHDIRZ HG , QWLYZ D \WHWIKRXMUHLY P DQRIGHS1Q
D; < SOH ) RIWHKLS \WIERQDMURBANRQY DHDIBRZ HG
1 RIDGOG 7R MP XM \WHNGHH [ ®] IRQGAUQ) DZDN RUIQWHO 5 HHAVHW WY
QRO R D830 D IRFH RQ WH IRRAMBYHD 7KLY |RUH LV FRFHQADMG 1Q D SRQAR \KH
| RREMMLIQRXUFDH 0 5 H HRVHW
1 RDOFRQMNQN 7 KHI FREDM LY P DEHZ W EDWY/LQE-BHEGHAR WH | FRMAWHD LQWHP RG-D
+ RZ HHJ MY REYIRXV \KDAKHUP RYHP HQW DUH GHBHGHQWV7 KHIH RUH - DEAMRDOFRQMIDIQN
\GHAI\ 1QJ \WDAKHSRIQVR \KHI RREDMWBQMMH CA® CNHWRHR WHI RRWP XWNBHDEE-G
S5UIGERA 7 KHERH/P XWWEHGFOG D/ WIGERG \R DYRG\WHGHRP DIRY/ $ QICP HQV
SOWR PHIWRXV LV DOR WDQVRP HG IQR \WH WIG BR3 \R SUWHINVGHRP DIRY/ 7KH
IRBZ Q) WIG BRAH DH 1Q RUPRGD IHPXU SDMID WAD DV RV DG @R HBWKR
OFHQAY PHPHBKR PHPHBVD/SOYR P HAWRXV
6XUDFH GFODIRQ 7 KH YDURXY SDW R \KH NRLQAKDYH \RP H \KUCRHV 1Q FRQIEFW 7 KHH
XU DAV KDYHWR EHGH LQHG\R HQWXUHDIRRGMIB R RHWIKARMHFFRAQ) W RKHIGAUQ) \KH
MP XOWRQ 7 KHIHDUHVAYHRKAK FRQEFWVLQRXUP RG-D
f  BREHQWHIHP XUDQGSDMD
f BREHQWHIHP XUDQGWAD FEDUDRMGEHA HQE R IQMOQDGH \MQ\WWUDHY
f  BREHQWHIHP XUDQGP HQVAXV
f BEREHQWHWADDIGP HQMAXY

Contact interface. For each contact a2master® and 2dave® surface have to be defined.

7HP SOW NGHH P RGHCE\ SDW@HUS 6) *

YUXWH  GSFWD WP SDMNFHPRIDSRIGGE SINGHUS6)"  7KHERGDWHDZD VIQ EOH \KH
FOMVII HY 1Q EOHJUHHD P XVFGV DQG @ICP HQV OUH 1Q JUHD RUGDIN JWH 7 HP SO P RG-OSURMGHS B\

SOM@HUS 6) ' LVDEDHR RAY , WARQEQV DIDKHGHHADY HBP HQV\R P DNH DI WP XOMRQ 7 KH\KUH
PDQERM/ LH |HP XULQ@NAXEOH \WAD DQGSDMID DIGDSOWR WHILEEXDDUHP REHDBG , QWHP RGD
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\KHH DUH DOR @I CP HQWV BQG P XVFBV 7 KRH SDW HITE®I NQHH P RYHP HQAV7 KH I XQRIRCDDY R SDAFX@U
VUKRPMHLY GARUEHGLQWH\HTXHD
4 XBAUIA-BY P X\VFBV DG WARYY VHH) LIXUH |, label 1). There are just 3 2bars® used to model
WY SOWR \WWH Gl 4 XBAUIR-BY P XVFBV BHRP H WIERQYY BEHRH EHQ) @NHG W \KH SDMM 1O
U 7KH D7 H WMRQR \WHNIHHDG DSDHNRIHRQWHO 5 H HIRVHW)
Hamstring (Iabel 2). There are just 2 2bars® here. One bar is linked to the fibula and the other on
\WHWAD 7KH D7 BHEQ 6] IRQ R \WHNQJH
Patellar ligament (Iabel 3). It is made of 5 2bars®. They link the patella with the tibia and enable an
H \WMRQI ®f LRQR WHNIH , WWWKHFRQIXXDIRQR \WHTXCAUHR-EVP XVFBY DG \MIARY/
/ DMIDODQG P H3al collateral ligament (label 4). There are just 4 2bars® on each side of the knee.
7KH DHP DOQ@NYERX HHWHI HP XUDQGWAD RUILEXD

7 KH RKHUEDY DH XVHG R @CN \WH P HQVAL R \KH \WNALD BY IRUMWH OMIBOP HMVAXV DG |RUWH
PHIDOP HMVRXY : MWRAWKHH EDY WH P HQAEXY VBV 1Q LW IQMWOSRIRYY GAUQ) WH P XDWNRQ
7KHHDHDOR  HOY/IROWHDQMIRURXADM@OP HOADQG  TRUWH SRUIMIRURCH 7KH - HQXUH\WWHWIELQW
RARHNQGH

$ EDULY D\SHADOHDP HMAGHIGHG R B\ R QREH/ DQG \RP H P DMIDOSURSHWY $ @WH P RYHP HOV
DURXQG \WHH B R GRAHY/ DH SRWE®! + RZ HYHJ IWADQRQD KDYH I RUAHVLQ\WHAUWHRANRQR \KHEDU P HIQQY
\KDADEDULV\XEMPRG RQD R FRP SURKLYH RUH \WMUYH | RIFH/

. QHHP RGHE\ SDWHWY IURP 0 DUERU

7KHNQHP RAHOGHIGHGE. SINGHY/IURP 0 DUERULVKHDY® EDHG RQ\WHWP SOMNGHHP RGHOGHIGHG R
SOV@HUB 6)"  7KHHZD/MUWHZ. SOWHADQIHG ) UXH D G-BEWDNIHPRFOHIGGE SOMHY
IURP 0 DUERU $ @KHP DQSOWR \WHNFHHNMOQAH\IDYIME®!  TXOGIESV P XVFBV D05 \WIERY/
KIPVMQ)  SDMDUICP HOMIQG  OWDCDQG P HADCFRADMDOI P HQV

7R [P XOM D SDFMAGD |RIAQ) RQ\WHO 5 H HAVH W D Z KRBI\WH B KDV KOG \R EH P RAHBG 7KH
P IWQ SOWR [HP XUDQGWADZ D/PRGHIBGE.  EDY  EDWYIRUWHIHP XUDQGWED 7KHH  EDLYI RUKH
| HP XUDQG WAD P HNQ RHGRGH 7KLY QRGH HIEGV IRDIRQR ERK ERHVIQ HYHY QUHAIRY ( OFK ERCH
ZDVPRAHBGE  EDY EHFDXAHEZ HJQP BHUR EDYUAKGAG LOXCBUHARMS P RYHP HNDQG URIIRQ
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7TKHPRGHR WHO 5 H HAMHW VHH) UXH  E  LWVARQHAMS\W\KHCQRGH Z KHHWH EDY/ UHBURHQNY)
\WHWADP HHV

$VIVWKDVEHHQ DDHIB. P HQMRGHS DIDWH RSHIDIRQY GHHEHG \R LXQ D MP XOMRQ DUH FRQBEQHS LQ WH \EIR
LFOGG LGV 30P * HHIV DSSTHV SDIPHMY \R (R3V ZKIFK DM IGQNIHG B XQTXH QP EHY
8 QRWMDMD \WHH LGHOINLFDARQ QP BHY [UH DOMIG 1URP RH SDIMQMR DIRKHJ 7KHHMRMH WHH
QP EHY P XWEH FRUHARG P DQOD AUA® 1Q WH 113! | RJHFK SDHOANR C5SO CESURSUDM \HNLYV
3RMMOHIRY SHWHIASROV R IDIMHUR \WH \KUHH EDLY |RUWH | HP XURUMED Z KIEK FDQ BEH @QNHG
HYHZ KHH 9RXQEDY FRQAMRQY R \WH | DAMZHU SRIQWV | RUWWH KTP \WIQ) DQG TXDAURHSV WGRQY FOQ EH
P CBSTHG\WW RKHY QR DG WIGERG. GRGVSDWOQWHP HMVALFADQKDYHDZ URY SOFHWRR

c

f—»

6 IP XOMRQ

3DMHQNSHALLE NGHP REHOWVMP XOAGZ DKWWH3$ 0 60HSIRIUP  Z KIFK LVEDHGRQWH\K-RY R 1L\
NBIMHBP HON , | \KHP RGOV FRUHAAMMMEN QH-B/ QR P DQMOQMIPNRD

3 UVHQIMRQ

SHXW R WHVPXDIRQ ' 6< DG 7+3 ILGV FOQ EH RAHYHG B\ WH 3$0 9L SIRIUP ) RRW
WEQDIRY LQWH\ GUHRANRQ DG DI ®f LRQR \WH NGHH FOQ BHVHHD GXUQ) WH P XDIRQ $ OR D UHDIWYH
URBANRQ ERE HHD ERGH 1 HP XUDQG \WELD FOQ EHHDU® REVHYHS 7 KHSDMID\MISV RQWWH I HP XUDQG FRP HV1Q
IRQR VDVH SHARG

5 HVXQV

, Q\WH\HNXHOWH 6LP 94 R HOYLLRGP HQWLCDOUAXOV Z LEDEH SURHNG 7 KH 1 LGOS LP %4R URVKOV DUH CRXDD
P XOAM5 NGHH NGHP DIFV 1Q WH 330 6X0WM ,Q $ SSHIA[ DIDMREV DSSTHG LQ \WH 3$0  * HHIV
P RGHIQ) SURAHEXUH\R REBIQ\XAK P XOMWRQ UAKOVDHSUAHOMG 0 HAFDOSRQM YL R SK MRBILEDD
@M NHNGHP DVVREEBGHE B 3$0 HYURGP HOAZ LOEH JLYHD 7KHP DQJRIOR YHULEDNRQLY D
GHRUSIYHDAHXP HYR TXODWVR NHHN.GHP DRV

. QHHN.GHP DIV FRXG EHDXHWHG Ll Z HREVHYH
CP RXQADQGP DQQHUR NGHHP RYHP HOAQ\WHDCDARP LFDOSOHY \FHEXEVHAIRY
UHDNRQKLS DOGFKOQIHVR DMEXOMQ) ERAH/
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$ ORH WDH SHIP HADAKHSDHNP RGHIXY Z DVGRGHZ LW LQMIMRQ\R VHHKRZ. WHBLP %4R HYLLRGP HQW
ZIDUASREG . GH NGP DIV EHRH DQG DM \WH \XULFDO WD HQAVRQ D SDIHOAZ W \LIQLLFDQWV
IXQRMRDD NIHH GWMUEDGRH Z D/ MP XOMS LH SDIFQA 7KLY SDIHAKDY D SDMID$ &/ UXSUMUH 7KH
FRUAGHNV R P RYHP HOAZ D/ HAWP DAG EDHG RQ \WH SWXR G @PLF 0 5 [P DIHY/ DFTXUHG DAMDIKW®
GDEGNQH 7KLYV IDHDQ YMOOQ RP DIRQR [ XQAMRDOXQUEEGINGHH 7 KLY DEAMRQIQ RUP DNRQLY YHY
LP SRUBQMEHDAHRE@Y WBIFO 5 [P DIHV/GR QRFRQEIQ\KAK LQ RUP DIRQ

5 HOMRQUKLS DQG FKDQIHV R DMFXOME) ERGHV

7KH UHIMRQKLS DG AKOQHY R DMFX@OWY) ERAHY FRYHY \WH FRIMA@HW R SRUMRQ R DQDARP LED
WUKRMUY/ DQG\WHUGH RUP DIRQY 7 KHI LDCDXAXP HAZ DVP DEHVRBID XSROWH YOO RP DIRQ , QWH
\HIXHOD WSLFD03$ 0 P XOANRQ URAXOZ LAODEH GARUEHS DQG DRHWHG ) LIXUH  H SDIQV \KH DIXOU
WWKRMUH GHRP DIRQY CFFREQ) \R Gl I HHOANGHH SRIMRQY [ RUSDIHM- 7 KLY SDIHDAKDY QR P HIVAXV
SDKR®\ DQGDOR$ &/ EDYZ HHSIAHYHS

7KH BHIQQQ) R \WHVMPXDMRQ RFBI VFH)LUXUH D SRON RMKDMHDIRY LQ [HP RUR WADD
DUVXDIRQ DQG 1Q \WH SDMIR |HP RUDD SDWDWH DDRP LD FRUHAWDG (R GHRIPDIRQ R P DV
LQAEDMXDUNMRKRMB/LY YIME®! ( \SHADD D\KDSHDQGSRMRQR P HMVALLYYHY FBOUDQGQR P HMVRXY
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\KUDFH GHRUP DIRYY ZHH YIME®! DAMP XDIRQ EHIQQQ) &RJLIXDIRY R FOMMIH LV TX\M FBDU
DIKRXIK LWERXQED LVIQWWHXSSHUDDMIRUSOWR | HP RIDCFRQG O@IKARRKHG

,Q \WH PIGEBI VPXDMRQ SOW VHH ) LIXH  E \WWH UHDMRQ LQ |HP RUR WELDD DMFXDIRY LV KD
DDRP LFDID  FRUHRADQG DOR \WH GMEDWKUWR \KH SDMID GH \R NGHH [ Bf LRQ LV JRRG YIME®! \R \WH
NGHP DIFV SIRSRWRQ/ DUH Z HDSUAHAG 3DMEXTUGH RUP DIRQY/ R LQATDMAXDU KR FDQ QRAEH
\HHD \R Z H FQ LP DILGH \KDNIQ FDH R SDKRBVILFDOGMWUEDGRHY B\ D SDMV\KHH FKDQIHY FRX@ EH
SHHOAGSUIRSH®

$WKHHIGR WHNHNGP DIAVVP XOMRQ VH) LUXH  F DSRUMRQR |HP XUVRZ DUG \WHWALD KDY/
\@IKWGRIDOVIS Z KDALY LQ KLY H WHP H SRUMIRD XU QRUP DO EXVIKHUH DUH \RP H AWMUEDGHV R \KH
SDMID SRR Z KIFK KDV DD KWIQALIRMADAKHDSH 7 KLY FRXT@ SRME® FDXVH\RP HAWMEDGRHVLQ
\WH SDMID NGHP DIFVE\ H WHP H 1G] LRQ \R WH HXP DIRQ R SDMID JAAQ) 1Q \KLY SRIMRQ KDV \RP H
P LMIR)

,Q JHIHIID \WH DMYXOU SURSRIRQY LQ \KH MP XOAMS NGHH MQAE. XMQ) \WH 6LP 94R HYLRGP HQWV LH
3$0 6XMW\RRY DHYHY FBDU 1 R REYIRXV DG XGBK\ VREILFDOMAKRAXUA GH RUP DIRQY LQ \WH 61P %R

NGHHVIP XDMWRQUAKIV Z W H AFBWRQR VDI KVEDAD JAAQ) AMMEDGH/Z HHQRIAG
([ SHUP HQAHI DUEQ) SDIMDCH &/ IXSWUH

([ \WD H SHIP HQAZ DV GRH RQ D SDHQAZ \K FOQFDOGMWMIEDGRH LH SDMOA%6  EXW XQAMRIOER GHU
G VXPMRQR WH NGHH MQAZ W \RP H DOMIRUNGHH [QXBELMW GH \R SOMPORXADOMICP HW$ &/
USMH 7KH3$0 * HHIVP RGHIY SRAHEXUHZ DV\@KW® P RAILHG LQ REHWR 1P VUM D UDOMWWDIRQ
9 LWMDOWHANROR WH$ &/ GG \R DI QLLFDQADQAIRJI HP RDOAIQUMMRY Z KIFK Z DVDOR SUAHQMG DG
ZHDYIMEBIQWH3$0 P XDIRQUAKWV ) LIXUWH  G-BLRV\KH P RIP SRUBQNEB\KRWI URP \KH3 [P
60 H VP XDIRQ UAKXIV RQ SDMDAY6 7KH | LGDDYIKODDXHXP HAR NGHH N.GHP DIV FRUMRV@HW Z D/
WSSRIMGE\ SR G @PLF0 5 NIHHIP DILQ) P DAUDD NGHHZ DV XQRUGDG $ UHDONQHH NGHP DIV
EH RUH DG D\MU \KH \KULFDOWHDF HQVLH $&/  UFRQIKANRY  Z DV SUAHAG LQ \WH SWXER G @P LF
LP DIHV \KH\OP HSKHRP HIRQZ D/ DBR QRAMGLQWKH I LDOBLP %R HOYLURGP HABAXIVI ROWHSDNQ/6
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2 BEGHG VP XDMRQUAKOVWRXY YHI LHG\WDADUASRQHR WHBLP %R HURGP HQAD\MUS &/ EDJUHP RYDD
ZDADM\ [Q)

' \ QDP LF P DJH UHI DMAADARQ

3R G @P IF BZ UWROMRQO 5 [P DIH/R \WHNHHZ KBIXQEHIRQ) Q@KWY HIAVHZ HHDFTXUHG IRU
SXSRH R YOI \WH NGHP DIV EHKDYIRXUR \WH | QWM HBP HOAP REHY R \WH NGHH ) RUSHKGR

QQPIFIQYLYRO 5 [PDILQI DO 5 ARP SIOQM HIAVHW LV UG 7KLY W HIEGVIGf LRQ H WMRQ

R QKO GOGG SDMOANGH 6HH6XEVHRIRD  IRUGHEY (ERMWSHKR G @PIF IPDIQ) ' \Q@PLF

LP DI H U MADARQ SURFHBEXUHLY CAXDE D YDICDARQWRO RUKH3$ 0 60 HVIP XOWRQ URKOVRQ\KH SOV
\SHLIF ' [L.GHHDP HOMQHHP R3O

, Q\KH YDIEDIRQ SURFHEXUH Z H I RPXAVHE MVANRQ \WH NGHP DIV BHDYRXUR WH ERQH\WELD DG | HP XU 7 KH
( XBUURBINRQ DY BV | RAKHWED Z [\ UASHAAR \KHI HP XUZ HHREHYHG ) LLIXKHHURBIRQ DI GVZ HH
FDBXDAGXUQ) WHG @P LF SDMNMDBRENIGHGE, SWHKERG @PLEO 5 IPDILQ) $ I\WMZ DB/ \KH\CP H
DQIGV Z HH FOBXOMS [P \KH P XOWRQ IRXWV RRBIGHS B\ 330 60H VP XDMRQ %RK FOBXDMS
DQIGV Z HIH FRP SDUHG DG \WH QL HIHIFH Z DV FDBX@AG 6P DDA I HHIAH [QAFDMY D JRRG P REHIY) R
\WHSDMQNSHALLE NGHHP HK

( XGUUWRIMRQ DQJ BNV DQG G QDP IF SDIHQAEDE G QOP [E UHI MADIRQ

SVHR A Q@PLIFO0 5 IPDIQ Z KHH D SDHHNNFH XQEHIRY QIKWH HAVH ZDvSUP DY GMJIQHGIRUD
YOIEDWNRQR NHHNCHP DYV UIRKXOVREBICHG I URP 3$0 6D HVP XOWRQR SDHANHHP RGHD, QRSWP DD
FRQAVMRYQ/ DNHHI G LIRQR Z DDLQ) SDMHINKRXGEHOFTXUHGIN a so called 2opened® MR scanner. 6XFK
FRP SDIMRQR MP XD NHH 1 Of LRQRBICHG B\ \WH3$0 6 XMW \RRY Z W 1Q YLYR OFTXAUHG NQHH I @ LRQ
in 2opened® MR scanner Z RX@ BHWH P RIDAKRIMAMYH However, such 2opened® 0 5 VFDQHY DUHYHY
WDUH DG KDYH BOR SUREGP VZ W D ERIHAP HMRQ 7KXY WWHSVHXAER G P LF0 5 1P DIQ) IVWHHREG
ERVERMBEQN

$WA @PLFO 5 [P DILQY \WHSDMHQNGHHZ DV DFTXUHG LQ VAYHIDO! Bf LRQSRVMRQ/ X\KDED DV SRUMRQ/
IRUVRP H SDIHQV Z LW \GHALLLE NGHH GP HQURQVMVADA SRR $ WHTFK | Bf LRQ SRUMRQ WUH ( XU
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URIBIRQ DGV | RUERGH WD Z 1\ UAGHPAIR ERCH [ HP XUZ HIH FDBX@AG 7 KHH DQIGV Z HH QRUP DO HG
Z 1\K UASHPAR \KHWIMFE ERCHIHP XU

7KHPOQIGDR G @PLE UIMDARRDY \KLY SURFHW LV XKD FOEBGEHY \R BIMAMID DY YROP H
FROMKPAG IURP G @PLF 0 5 CDIN DASDMVX@UNGHH B LRQWR DB 0 5 B YROP HI RUSDMFEXOU
ERH 7KLY ULMADARY LV GRGH IRJERK ERYV LH 1HP XUDGQG WED ' \ @P LF UHIMADIRQ UHMGY D LCH
PDM] IRUHFK ERH ) URP DIICH P DUFH/ \WH ( XBU DJGV DH FOBXOM 2 GFH \WHH DGV DH
FOBXOMS WH  FDQ EH SBWHG Z W UAGHRWIR \WH LOMOMBIF NGHH RUHQBINRQ RU FRP SDUHG \R DIV
RABIGHGIURP \KH3$0 60 HVP XDMRQ

( QUHSIRFFRORUG @PLEO 5 P DIHUIMDIRQZ LW DOCHBIYLYGAAIEHGIQ$ SSHIA[

( XOUWRBMRQ DQI BV DQG3$0 6 DIHVIP XOMRQ UHVXWV

7 KUHH( XOUUREBMRQ DY GV RUERHWAD Z W UASHRAR ERH I HP XUFDQ DOR EH FDBX@AG | URP \KH3$0

60H VP XDIRQ UAKIV , Q \KH VHINXHOWLY SURFHEXUH LV GRAUEHG 6P XAUGHRAM Z WM SDHARGHH P HK
PRAHIY IQWH3$0 * HHIV QR SRQN IRUHIFK ERH |HP XUDQGWAD Z HHP DUNHG | ROWAQY
WURXIK MP XOMRQ 7 KXV Z KH WH SDIHY ( NGHHP RGOV MP XDAGE. XMQ) 3$0 60HMQE Z LK
JHHDOMXWOOR SRUMMRY/R \WHH  QRAVDHWRIHGLODVSHADOM WIG! 287387 1B 2 GHHON LV
ZUWD  QREV IRUHIK VP XOIRQ R FOILQWY RASXWILEG! 7KHIHZD/ R FBV DAKHWSLIEDO8$ 0

6OHMUP XOUMRQ 7 KLVI LBIZ D/DMEZ DWB/LP SRUMGLQR\KHO DBE HMURP HOMSHADOP SRWRAWMHZ D/
GYHBSGIROWVVBN $ ' PDM[ R [ [  HBPHIVZDVREMGHS IRUHIFK BRH 7 KHHP DUFH/

SHHNSWRUFDBXDIRQ R DHIGHPDMFHY ) RILW R FBIDIRTZIQ) [ PDAf ZD/FROMKPAG
IRP \KH ' P DN

e, [, [ U
u
— é\ 1 \ 2 \ 2001

9. 1, 1 0

e
61 1 14

ZKHHWSBW] \ ] SHHWARGQ@MIRIMK QREHIQLW R FB1 7 KH) \WHIRMBZ 1Q) SUHEHMP LGHS
QCHUHDDONRQW AP P XWEH\ROHS

;=%

ZKHH; GHRMDPDA] ZLK WHIQWOERHSRIMRY DARFBI ;. GHRM/DP DA Z L\ \KHERH
SRIMRQ DARFBI L DQG $ GHRMV DD DILGH PDA 1Q R F®I L 7KLY HXDMRQ DRMDD GHMP LG/ D
PDJQWCGHR URBIRQ | RUSDMEXOUERH Z W URSHRANR \WH LQWIDERGH SRUMRQ , QRXUFDH \WHO DEE
HOMLRGP HOAZ DV XVHG VR \ROYH WY QQHIUM WP $ 1\MUFDBX@AQY) O LGH P DAIFHY | RUDDR FBV | RUERK
ERQHV \WHQZ DILGHP DA R WADO Bf LRQSRAMRQZ WK UASHRAR | HP XUZ DV FDBXDMG LQHIFK P F®IDY
IRTZV

D=7

ZKHH7 DQG) GHRM/DOILGHP DA QLW R Foil RUERGHWADDQG | HP XU UASHARYHD 7 KLVDH LGHP DAY
LV \WH GHFRP SRHG LQR W \FSOUDM ( XBU RIIRQ AP SRHW 7 KH \[P H IXQRIRQ FDBEDQIIGV D/ DV
G @PIF [P DIH U MADNRQ SURRFRO \HH$ SSHA[ IRUGHDLY ZDvDSSOHG , WKRXT EH QRAG \KDV
EH RUH\WHFDBEDQI BVI XGANRQZ D/CSSTHG \WHDH LGHP DAY D Z DVI LWVRBIMG I RU

4 XDQMMYH YDIEDURQ R \WH 6 [P 94R HQYILRQP HQMP XOMRQ UHVXOV

,Q WY \MEVHRNRD \RP H G (P LF [P DIH UHILVADIRQ UKWV Z LODEH SIWHOMG ) LIXUH DG LIXUAH
G-BIANKH & DBXOMS ( XBURBINR DY GVIRAKHSDIMYS DUG+ WASHAHD 7KH3$0 60HVP XDMRQ
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UKV DG SIRHUH GHAUBHG IQWHEXBVHRAIRD  Z HIHXVHG LO WY FDBXOMRQ SURFHW ( DK JUISK
G-BIFW\SHALIF ( XBURBIRQ DG LQ GIUHY SBWGRQ< [ IV DIDQWMP XDWRQ R FBI SBWG RQ;

O 6LP XDMRQR Fo1FRXT BHOOR LOMSUHMS D/\WP H 7 KHWKUHHJIUSKY DUHGHBLAMS | RUHDRK SDIFMOAD
REMRQORXGG; OV LH YOXVYDOXY E WRBIRQDRXGG< OV LH QMO \MDORIMRY DGF
WRDIRQDRXQG= [ LV LH 16 LIRQH WMRQ
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7 KHVOP H( XBUURBANRQ DI BVZ HHWHG\R EHFDBXOAMGOORE. XMQ) \WHG (TP LF U MADNRQ SURFHEAUH
DQG SR G @P [F SDMOADI VHH 6XEVHRIRY + RZHYHJ QR P HDQQJI XOURKOV Z HH RABIGHG
7KHHRH D XODWV R WH UJMADIRY UKV Z HH QSRR YVOD B\ DRMUDAQ) \WH WHIF DG
QG @PIF YROP H/ |RUSDMFXOU SRIMRQ DQG RHM QY \WHP ) LIXUKH DG ) LIXUH GHBIRMMK
G @P IF UIMADNRQ UAXOVRUSDNONS DG+ 7 KHILLXWG] LRONGHHSRIRY NJHH I Bf LRQ DIRXQG
ZDV G @PIE UIIMMIG |RU ERQY 1HP XU QG WAD 9 MXODLQS-HRIRD SROMS RAMADMAH G QP LF
UJMADIRQR G @PIF BIQDY YROP H\R WH WM QDY YROP H I RUSDMYFXOUERH Z D/ RABHURP HG
Z HD2 QERK | LIXUA/\KHHFDQEHVHHQWDNSIVHG P LIF\IF/ G-EIRME Q@KW DHRVRIHA®
U IMALHG \R WBIFE YROP H GFEIRWGLQEIN JUHHD 7 KHUH FDQ EHVAYHIDCUHDRQV\KDAG. P LF U DARQ
SHIRPV YHY SRRU D URROMRQ PP DRK R \MBMFE DG SR G @P LF SDMOADDE LARUHAWYR] HD
APHMRY E LIBSURSUDM GWRMRQ FRUMANRY C5STHG RQ0 5 VAIQGHU F \@IKWP RIRQ R \KH SDIVQWV
NFHGUQ SR G CPIEIPDILY G WIRQMIRQR 0 5 \FIQGHU) 29 GAUQJ SHER G QP IF 1P DILQ)
DG H HIRJIQWHG @P LF U MADIRQ SIRFHEWH * XHWRWHORN R WP HZ HZ HH QRAQ WH SRIRQ\R
\SHI\ ZKHHIURP FIP HWLYHUIRUIQR UAXOV ( \SHADD FOUHX@® WHUAROMRQP VP DAK Z D/FKHNHG
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7 KH( XBUURBANRQ D BV FRXE QRAEH FOBXOME XMQ) \WHG @P LF U MDMRQ SURFHEXUH 7 KHHRUH DOR
\WH QI HHPH EHEHHD ( XBURBIRQ DYIGVIURP 3$0 P XDIRQ DG G (TP LF UIDIRQ FRXE QRAEH
HXIP DMG DvZ D/ LQWID SOGHG &ROHNHQ®  \WH [ LCDOBLP %4R HMURGP HOAUKIV Z HIH QRAYDICDAG
Z WK TXOQMBYHP HDKUAY + RZ HYHU LWKRX@ DOR EHQRAG\WDAKHG. P LF UH) MADNRQ SURAHGXUH LY MWV
RGHR \WH6LP 94R H)LUREP HOAVYDICDNRQ\RRY DQG WXV WERVQRWDYHDQLP STRARQWWH | LDOUAXIV

QQMDMH> :  $1* @RPH DU ERWNIH NG DIFV ZKIFK YHULEY WH 6LP 94R HMUREP HV
VP XOWRQ UAKIV ZHH IRXQG $ JOWA F®I LV DQ H SUHWRQ GHIQQ) D NGH PRHPHWE ZDNQ)
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$FTXUQ) \WAK SK MRBILFDOR FBILQ 0 5 \FDQGHJLY QRASRWE®! WHHRH \RP H RKHU \ROMRQY DA
XKD \RXIKWHI ONHSVHKER G @P IF [P DILQ) LQ\WH6ELP 94R SURMAW ) LIXUH — GHBIANVKHIDWA FB

,Q\WKHILMBKDHR WDIDWH IRBIIRQ P RYHVLQWH QUHANRQ R LOMCDOURBINRQ XQMD SHIN LV UHIFKHG DV
P LOXUIFH LWV R WHIDWA FO! 7 KHDWHURBANRQ EHILQ/AR UAYHYH\RZ DG H WLIDORBIRQXQMD
SOKRI ' XUQ) MY SKDH HGHADD GAUQ \KHYHY OWASDVR \WH WEZFH \KHUH LV P RUH WDS.G AKOQIH
IQRH WDORBIRY SOWXOWO R WHWAD> : @

,Q QMDMH>$1* @ZH DOR IRXQG WH IRTRZ 1 JUDSK | RULQM(IBCH WLCBONHH URBINRQ DIOQXANGHH
1G] IRQGBPM5 Q) LIXUH . Comparing this graph for curve denoted 2Walking® to ) LIXUH E DG
) LIXUH E DHEJ VP IOUMW A3 BH RAG &RQMGHIQ) \WH LQOHJDOG RAMJUREBNRQ R \WWH NHH NMRQWV
GUQ \WHG @P IF WMWY Z W DIMQ) LOMIBDORBINRQ GHWR P RIHNQHH 1 Gf LRQLVREYIRXV 8 QRYMIDMD
the @screw home mechanism of the tibia could not be seen in the SmBio environment simulation. The
UHDRQ IRUWKLY LV \KDAMKH WP SO NGHH Z DY VFDQEHS DAWQIKW G LRQ VR \WH H \WHP H H \M(IBOWA DD
URBNRQ B\ WH IXONGH H WRMRQ IV PIWQI 7R RBBIQ \XFK URXOV \WWH 350 PRAHIQY) SURAHGAH
SIRMGGE \WHSDWHI8 6) ' WKRXGEHP RAIIHGOFRAQO + RZ HYHJ \WHP DRK BR& HHQI G LRQDQIBY
DG LQAFDM/ \KDMKH [ L(BO6LP %dR URXOV DH FRUWHAW GAS\M \KH | CRMKDMKH FOQ (RAVEH

TXOQIMUAYH YDICDAG
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' IVFXWIRQ

,QSHAIRQR 3$0 60HMP XDIRQ UAXOVIQWH3$0 9 LHZ SRIQMS RANKDANP XOWMS NGHH NGHP DIV
DP RWFRP SBIMD PDRK H SHAMRY/ R FIQADY/ DH DB RWUDDAF |, Q JHHID \WH DWFAXOU
SUIRSRIMRYY LQ \KH P XOAG NGHH MQADH YHY  FBOUDQG QR XQ4\ MRBILEDOMAKRAMUH GH RUP DR/ DU
YIME®! 7 KHHDHRD \RP H\VQIKWAWMUIEDGRHVR \KH SDMID JAACQ) DAKH H WP HNGHH 1 B LRQ ZKIFK
P LIKWIDAVH\RP HAMMUEDGAHVLQWHSDAMINGHP DIV 6KCSHDQGSRMRQR P HMVAL LYV YHY FBOUDGQR
P HVAXVAKUDRHGH RUP DRV DUHVHHRLQMP XOWRQUAKXIV 7 KXV LQFDHR  SDKRBILFDOGMMUEDGRHY/E\
DSDNWHH KD H/FRXG EHSUAHQMG SURSHD

7KH FIQFODEHHIWR \KH (DD 6LP 94R HMURGP HOMUAXOV 1V EHARU YAXODDMRD R SDMHOAMNGHH
NGHP DIV ) RUH DP SBI\WHNGHHFRXG \HHP - DV KWDY FOQFDED DB RWKEED! Z KLGIKH P XDIRQ
UKV FRX@ YKDT) HHIRXIK | XQRIRDOLOQWBELON YDVHE RQKLY YIVXDODQG DOR Q<P HIFDOLQ RIP DIRQD
\KUIHRQ FRX@ P DEH EHWU SURSHIDYH G-RMRQ $ FFRAQI® Z W D YHY ARP P RQ DG RIQFDOEDRD
GHMP IGHG | XGRMRIDOMWDIRY Z W SDMOAMKDYIQ) SDMPD$ &/ UKSMUH Z DV H SHIP HQMG 7KH 10D
6LP%4R UAKOV |RUWLY H SHIP HOMPXDD SROQMS RAWMKAK TP RXQAR  LOABELOW \KDAWH RSHIDRYH
WD HIZ RXG EHQHHADY

7KV H SHIP HQAVHUILHG WDAP DQ RKHJFQQIFDOFDAY FRX@ EH P XOAG B\ \KH 6LP 94R HMURP HOV
$ SSURSUDMP RALLFDARQR WH3$0 * HIHIVP RGHIQ) SURFHEXUH QHHB/\R EH DESTHG WXV LQ\KAK FDHY
+RZHYH) WHH P RAIDIRY B DRKHU SUIEGP LOR WH 6lP%R HMRPHOV @PHY KRZ R

YOODMYHI\ D FRIBAGHW R REIGHS P XOWRQY 7 KH @MU LY \KH P RIMI QU LFDQM RU\WH QDD
SURVH

BVBELOV R SDIHY ( NGHHP HK XVHG LOWH3$ 0 6X\WM P RGHIQ) SURFHW LY DOR YHY G-BHIGHIKSRY
\WP SOM P HK P RSKIQ) DQG LQAUHA® RQ\WH TXODWV R \WH LP DIH B MADIRQ HQMHY ) RUH P S LI
\KH P HADOP HQVRXV KDV BHHD GHRP HG FRQUGHIED | RUSDMEX@U SDMHQVSRWED GH \R DRXD
SDKRBI\  Z MO \KH PHIVAXY WH PRSKQ) DORDMKP ZL@KDYH \R WHOFH WH HBP HOMW] B/
PONGY 7KVE DOP HXY Z LOQRADG P XDINRQ WEELOWN 7 KHHRH MLV SRUEG! WDADGRM-U
P DQMOQMYHRQIQR3$0  6XMP RAHIQ SURFHWP D EHGHHADY | RUJURWNGHHSDNRRILEY

SHURWP LQYJ 3$0 6 DIHVIP XOMRQ RQ UHP RWM VIWM

7KH3$0 60H VP XDNRQ RN RQ RUWKY FRP SXMIM VAP \VHH 6)XEVHRIRY DRXG R
KRAY G-BHIEQ) RQ SDIVQIVP DAUIDODQG | RIFH LQRWP DIRQ XVHG 7KLY 1V DFFHB\BE®! | RUWH \MAY) DOG
GHYHBSP HQASKDH KRZ HYHU | RUWH FOQFDOHYLLRGP HQAWKAK (R SHIRG LV QRACFAHBBE®! $ UAGRQH
WP H\KRX@ EHP LGP DO.QWWH FIQEDOSUIANH 30MGH( 6, GHYHBSHE DOR WHFOMMYHWMRQR 3$0 60H
P XOWRQ\RRO 7 KH RYHD@3$ 0 601 H VP XTWRQ \WP H FOQ \WHIH RUH I QULLFDQ® GHRUDH UL \KH FOMA
YHMRQR WLV \RROV XVHG 8 \WKOD  \WH 6P 94R HMUREP HOAHIG XVHUGRHY QRARZ Q D KLIK SHIRUP DGFH
FRP S +3& WP RUHYHQ FOMMJ 7KXV \KH3$ 0 601H VP XOUWRQ LY LQVKFK VAHIDUR H HRXMG RQ
\KHU-P RMEADIRQZ LW \WHKLIK SHIRIP DOFHARP SXIGY | O

6XFK RSWRQ Z D/ DOR MR LQ RXUWKIY 6P %R HOYURGP HOV7 KH UHP RiM + 38 FRP SX\WWUICRAW Z D/
SRMIG-GE WHSIN@HUL (& 7KVM\WP Z D/ORMDD DFOMMFRQIMMYI R GRAVZIN  SURHARY
HIFK 7 KHIRTRZ LQ) SURHBXUHZ D/XVHGLQWKH\R FDEBG UHP RMVAHIIUR ROWH ( & FOMA

0 RG-OBDMMNGHHP HK Z M WH3$ 0 * HIHIVSUH SURHWRURQWH GFDOFRP SXMU
2 SHODFRIGHARQ\R UHP RMKRWWXQEH2 6 / LQ] XVHDFRP P DQG\K \R FROGHAW
7 DM HUUHNXUHG SDMMWGHHAD  SFILGV \RUP RMKRIWHJ \FS FRP P DQG
&KHNFOMALDYDMELON HJ UXQSIRIUEP ZDRK JUNK

" HICHQ® BHUR QRAVXVHG I RAKHMP XDIRQ

3UHBSDLH\KHFOMAL

5XQWH3$0 6DHVP XDIRQ

7UDQMHAH3$ 0 60 HP XOMRQUAKIWVR WHEGFDOFRP SXMJ
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7KH3$0 60HMP XONRQIRISDMOM \RRNOIRXQG  KRXWZ KHQH HPAMY) GFDID \FHEXEVHRIRD

IRUGHAUISIRQR RAUMMIY) POFKICH ,QMYDOR PVZ D/MP XM DG QRAH\RIG HBP HQV
\KHTHBP HQV \WHP DMUW R Z KIFK Z HHLGFOGHGD/SOWR DWIGERG DOGWHUP DQEHUXHGLQ

WHFRQEPAQAIDFHGHIQWRQ DG EDUEHIP HBP HQVZ HHXVHGLQWLY3$0 P XDIRQ

7KH\P HVP XOWRQ Z DV SHURP H3 DOR RQWH 1 ( & FOMAUE XMQ) QLI HMHAMP BHUR R3V LH

DG @RIV (DKFOMM@ERHKD/ $0' $\WBQ SIRHXRY 0+] ZIW * %R
530 SHXWDHGERPAGIQ)LXH  3$0 UPXDIRQZKHDXUQ  FOMMIQRGV \RRN DIRXQG
KRAY 7KH\GHGXS VWXVDRXQG  FRP SDUHG\R P XOIRQXMQ) MWV GRAHSURFHWRU RU UL UAXOW/
FRP SOUHG\R GFDCH HRANRQ

7KM\SHGXS VAP MGE YHY \P DDQP BHUR HBP HQVXVHGLQ3$0 P XIWMRY 7 KHHRH H HHURY
WP H/ DH GRP LCDMG B\ FRP P XQFDIRQ | RUWH @UHUSIRHRRUQP EHY ) LIXH  SRQN RAMKDAKH

ROWP DOQ®P EHUR 1( & FOMMGRGVY LH  SURHKRY %JIHNDIR) VHHRZ W 3$0 6OHLVR WD
| RUDARP RIYHP RGHY Z L\ RUHMHD HBP HQN
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6P %4R HQYILRQP HQWFKDIQ DQG 6 1P %R ( GMRU

,QSUHVIRXVVHAIRY/ HHBHAMRYY DG \WH HQIWH 6P 94R HURQP HWAKDIQ Z DV GARUEHG LQ DJWDWV
GHEO ( YHY VR UITXUG IURP \WH SDIMQAO 5 NJHH [P DJH \R D SDMQMGHALLE ' NQHH PHK DG
RABGHS 330 NGHH VP XOMRQ ZHH H SIIGHS DG YDIEDAMG ,\WZDV \KRZQ WDNVPDQ  QlIHHW
DARGRP RXV \R\EOH SIRIUPV IRP \KH 6P %R HWRP HW HI 95H)/ RTDG 9 7WQMRP  3$0
*HHI 2XEW IR RH SRIUP [CAXDD SHHOVGEXW IRU WH G WSIRIUP  1Q \KH 6lP %R
HOMURP HQVAKOIQ ( CFK SIRIUP DOR UATXWY/ PDQ  DEAMRO SOUP HMY \HV 5XQQQ) 6P %R
HOMURQP HQALQ \XRK Z DV LYV YHY  LGFRQYHIHQATRUDQ RSHIDRU WRKQADQ RIVKUIHRY DG FRXG GG W
\RP HSRMQMICHUR Y

7KHHRH \WH6P %R ( QARUZ D/GYHBSH-GXQAHU: 3 WH' HIVHIEGV D E DU FIRUGHBY DERXW
\WH6LP 94R ( Q\RU 7 KH6LP 4R ( GARUHIEGVCHIQUWRQR DUEMIY \FHDURVARP SRHGIURP FOY\R \KH
6LP %R HMURP HOARRY , WIOR HIEGVCH LQUWROR XHUCHIGHS\MEIW HJ \FUSWDTY 7 KHBLP %R

( QRUMKLDVAHIUR LH P XOWRQ UINHAMOQDIRP R ; 0/ 11! 7 K UMW \KHOH HXMGE D
SIRIUP FDIBG6LP %R 3LRWOOR GYHBSHGXQGH): 3 7KH6LP %4R 3LEWADQ BHFDIBG DARGRP RAO

IURP D/ 1O \KHIRUFDQEHIQMR\HGIURP WH6LP %R ( G\RU

,Q \WH \HNXHD \KH DSSTFDARQ R \KH 6P %R ( QVRUIRUWH NGHH MROQAMP XDWRQ B\ XMQ) \KH 6LP %R
HONMURQP HOWZ LOEHGHAUEHS

6 FHODUR GH LQWRQ

7KH6LP %R ( QWUHIEGY GHIQUWRQR DEMIY H HHAURQ\VFHIURY ) RURUMMESSIEDARY Z KHH \KH
NGHHVRQAN.GHP DIV DQG P HAKDQEVZ HHMP XOWMS WH6LP %R HMURP HWFHIDUR Z D/AVIGGIQWR
SOW GFDO0GG UHP RW SDW7 KH GFDOSDWWHIFRP SDWHVMRBVIURP 0 5 SDIHQAP DI H R D SDMQNGHALLE
' NQGHHP HK DQGLQWICP RGHTIQ) WG LQWH3$0 * HHIV + HIHWHEGADOSDWR \WHVAHIDUR LV LQMKHG
7K IV UDRIEG! MGFH DMK WiIH D P DQMOLQMIPNRQ R \WH RSHDRU \WKQADD RU\KUHRQ LV
H SHAMG 7 KHRSHIDRUP XWAIP HD GR\RP HP RGHIY LQWH3$0 * HIHIV\R SUHSDUH SDNMHOANGHHP HK
IRUDMP XDWRQ VHHEXEWAIRY | RUP RGHIIY) GHELY

$PRQ \RRY HG-G I RUWHGFDOSDWR \WHVAHDUR R 3$0 * HHIVSIRIUP EGN LY SHHIGHGLQ
the Editor. Therefore, all other application had to be included manually. The command 2Applications® from
a menu 20ptions® was used for this task. Adding user GHLCHG CSSTADARY/ LYV VALKWRZ DG ) LIXUH

GHFVDQH CPSBIR DEAQ) WHI5H)/ RADD' URXAWHIURP \WWH 61P %4 R HYIURQGP HQAVS \WMUGHLQQ) DD
QHFHXDY CSSTADARY Z W DDUHDAUUHG SDUDP HMY,  WH SUH HIHRHY P XWEH RUHG ,Q\WH Q. 6LP %R
( QARUNAMERQ WH XVHUP XA LLXARRVAGDG \WHH SUH HIHRHY DG BSUHMRXAD  XVHICH LCHG DESTRDIRYY
ZIOEHDMOER ) UXAH GSRVDVKHPHR WH GFDOVHDUR SDWRUWH NGHH NRQAP HKDQF DG
NGH DNAMP XDNRQBE XMQ) \WH6E P 94 R HMUREP HQM ORK EGFRN SUIWHIWVRH CSSTDNRQRNAUSW
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7KHUP RMSOWR \AHIUR LV QCEGH I RUSHIRP L) WH3$0  601H P XOWMRQ RQ D P RGHIBG SDMANGHH
PHK DQG IRUD Y\ODDARQ R VP XDIRQ AKXV E. XMQ) WH3$0 9Lz %RK SIRIUP EGAW DH
DOMDG SUCHLQHGLOWHGIP %R ( AWRU) LIXUH  G-BIFWDVAKHP HR \WHUHP RIMVAHIDUR SOW

The name @remote scenario part® is a bit misleading, since both PAM Suite tools can be installed and run
FRP SOIMD RQ \WWH GFDDRRP SAMIN WP + RZ HYHD 1Q \WH 6 HANRQ Wz D/ \KRZ Q \WWDAWSIHIO3$ 0
60HVP XODNRQH HIAM/DRXIG KR Z KHY XQRQ) RQ RAUWMKNY FRP SAMUM WP \VHH 6 XBEVHRIRQ

7 KWL CFR-B\BE®H | RAWHWXY DG GHYHBRSP HYABKDH KRZ HYHJ 1 RWH FOQFDCHMURCP HQAKRK
@AY SHIRG IV RACAHBIEG! $ WHERQH P H \KRX@ EH P 1QP DOLQ \WH FOQFBDSIIANRH 304 HJ( 6,
GIHBSHG WH FOMMJ YHMRQR 3$0 60 HMP XONRQ WRO 7KHRYHDD@3$0 60 H P XOWRQ WP H FOR
\WHHRHMVIQIIE® GHRUDHL \WHFOMAMYHMRQR \KLV\RROY X\VHS 8 O  \WH6LP %4R HYMUREP HQWV
HIG XVHJ R (RAVRZQ D KUK SHIRP DFH ARP S MWAWP RU HYHQ FOMMU 7KXV \WH 330 60H
MP XONRQ LV 1Q XK VFHDUR H HRXWMG RQ \WWH UHP RM GFDINRQ Z W \WH KLIK SHIRUP DiRH FRP SXUNY)
ICHOW 7 KHSDWR WHVFHDUR LV\KIXVcalled 2remote part®.

; 0/ UHDXAIWIGYI RAKHEAODG UHP RMSDWR \VAHIDUR DHGARUBEHGLQ$ SSHE[

5 HP RWM FRP SXWQJ |DFLOW Z IWIQ 6 P %R VFHQDUR

,Q) LIXUH  the @remote scenario part® is depicted. In the previous subsection, the problem of acceptable
VP XOWRQ WP H OG DVROMRQR XMQ) UHP RM ARP SXWWY) |CA@KN Z HHAVRXWHG $ VD SRMNOHG X\
Z H DOR \WMMG \KH CEIQN R WWH 61P 9%4R HMURQP HQAR SHIRP \WWH3$0 60 HMP XONRQ UHP RMY RQD
+3& 1 (& FOMM 5HP RM FRP SXA\QY ICHON IV DDHIA VXSSRHS 1Q \WH 61P %R ( WU WHHRIH R
DEAVRIOERIIP EGAINHGWEHAHIQHS ' HAWMWKLY \RP HZ RUN LV \MDE! WDWKH HIG XMHMWM DG 1 RU
\WH6LP %R HMURQGP HONOQXBWRQWIP - $ SSURSUDM | LUz DG GHABDUIP HMY P XWABH\ANRQWHHYG
XVHIBQG UHP RMVWM X0 \WH FRP P HIADOFRP SXAMUM WP VDHWKIHG R |1 DY Z KGI\ZR\R\® DH
clients must be provided for the SimBio environment: 1) 2SubmitDataPamSafe® client designed for transfer
of patient knee PAM models stored in .PC files to remote site, and 2) 2RetrieveResultsclient designed for
GZQEQ) 350 60HMP XDNRQUAXWIURP UP RMVW HJ ' 6< DG 7+3 ILGV 7 KWHRTHIVKDYH
DOHG BHHGIYHBRSHGIRUWH26 / 1O NHOHOYHMRQ [ DGXSDG&25%% 1 WHHIG XMHURZ QY
AP SXARMUM MM HTASSHGZ W RMHI8 1,; MMMP HJ 6%, +38; WHQEZ YHMRQR \WHHFHQV
P XWEHSIRYIGHS
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6\ WP DCP LQUADRUDAKH HIG XVHUMWM P XWARKDQIH | LU DIDVHMQIVR D FRP SXAMUM WP (XQRQ) WH
6LP %R ( G\RU 7 KHP DQRDQIHLY\R DIRZ CFFHNVR WP RIM ARP SXWUVR D GFDOFRP SXMUM AP 1 \KH
26 DAKHHIG XVHMWMLY/ 1Q]  DV1Q RUFDH WHQ CESURSUDM WP RAMKRW\3 DEAHN DG SRWAP XWAEH
RSHHG 1Q D 131 FOIBG [SWEGY GFDAG 1Q AUHARY HFVARQL DG D\WEZ DB/ \WH QHAMKRXE EH
UMBWWG  HIF LQUG LSIWEGY URKBI 7 KH \DP H SURFHEXUH P XW\EH FOUHG RADMKH UHP RM W | \KH
FROQHANRQEHE HHQGAID HI HIG XU DOGUP RMIW HJ +3& FOMMJ LV \IMDCRWIEGG WHSRWEGH
\ROMRQIV\R DBMUDQREUR ' 16 VAR 1Q HFQAZ MK FRY LB

7 KHUP RMVAHDUR SDWWHARP SRHGR \RP OQWAEY  \XEP MRQR 3$0 P XOWRQ@WB\R DUHP RM
KRWOG D LRADIRQ R WP RM 3$0 60HVPX@MRQ OG  UHAHMQ) \WH3$0 P XDIRQ UHXWV
: KHQWHGLP %R Pilot executes the 2remote scenario part®, first the SubmitDataPamSafe client is invoked.
7 KLY FTHQNAN D ARQGHANRQWR DUHP RIMKRWBQG LQMWDMY/DWBQUHUR 330 P XOWRQAE $ VWKLY \MEIHD
UPRM ," LH 5, LV DMIGG W \WH XQQQ SIRHY @ KHQ OB WBQUHJ IV FRP SOIMG  \KH
6XEP LW DEB P 6 0 H FOHQNQWDM/\WWH3$ 0 60 HMP XONRQ RQ \WH UHP RM KRW/7 KH ARQUHRANRQ BRI HHD
HG XV LH GADD DG WP RM W LV UBHDAYHD VHRXUWH BHDXAH RO\WKH [ LU DO\ANQY XDJH R
HFRYSMRQ DG XMOJH R XHQPHSDAZ REG DAKRMDNR) PHKOQWP  |RJ DFFHW W \WH 6P %R
HYURP HOARQ UHP RM VAW 7 KH VHRRQG WS 1Q \WH UHP RiM VAHIDUR SOV LHHQ) 330 P XODWRQ
UAXOV 7 KLY URAMYH Z UMD DY DVRUSWI LMBHIRA D FKHANY Z KHKHJUAXOV | RUWH SRRV Z W5,
DHDDHE DYDOE®! / RAOARP SXARUM WP LOKFK GALJIQ SRIY ADEBDZ KRBIWP H\WH3$0  MP XDARQ
H HXWY 7 KLY SURWHIV FHAQ RYHKHIG R SURRRMQ) WP H KRZ HYHU XK BEAMRIBOSURAHMQ WP H LY
X0 YHY W DD: KHQWH3$0 60HMP XONRQL/FRP SOIMG WP HARP SBf W R WH3$0 P XDNRQ
G-BSHEL/RQWHIW R \WWH+ 3& FRP SAMJRQ\WWHUHP RMMW - WWH URXEV DUH\WDQW HUHG ECAN R D GFDOAM
, VWKRX@ BH QRMS \WDNHIRUIP RXV OP RXQAR DI DUH B HIHG ECAN DAKVVIH RGHUR 0% 7KXV
\KHI DWQMIHNRQHANRQLYH SHAMG EHE HWHUHP R DG GFDOMM

) LD \WWHMP XONRQUAXOVDHYMDD HoB XMQ) \WH3$0 9 IHZ DSSTFDNRQ
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* IDSKLEDOXVHULQWMU DFH DWHWP HOWDQG
UHFRP P HQGDWRQV

) LAV WH 6IP %R JUISKLFDO XU LQMIDAH Z1@ EH DXFWHG 1Q MY FRRQ $I\WZDBY \RPH
UHFRP P HEDIRQ/DQGREVHYDIRQVE, YXMQJ \KH6LP Y4R HMUREP HZ L@EHILYHD

6P dR* 8,

7 KH6LP %R HOMURGP QN MIMILQ\KH GHYHBSP HOMBKDH LH SKDHR SIRRNVSLQ) ) RUVKAK SKDHZ WWLQ
D\R\ZDH @ H A FO! MY AKOIPMMDD \KDAGRADD XQRIRQ/ DUH LP SBP HOAG P MMQ) | XQRIRDN

JUSKLIFDOXVHULQAIDAH LY GRAFRP SOIMG GHWHUXVHUQRUUH HIHGPH P DQKOOH VR \KSSRIWLY SURNGHS
HF ' RSAMWLYWHH M) * 8, R WH6LP %4R HYLRGP HOAZ DV DWHWHG , WKDY/ RN \KUH JUISKLFDD

XHIIQMICAY D WHEIPYR ( GA\WWU E WH3$0 * HHIVSIHSIRAHARJ DGF \WWH3$0 9l $ ORKHJ
\RRYLQYRYHGLOWHGLP %4 R SURRHWQI ROL.Q DHMWRP P DOGACHSIRIWP V
7TRRY3$0 * HHIVDGY . DHFRP PHADO\WR\IDHWRRY 1URP WH3$0 6X\W 7KH DUHBMG/ \KH

6LP 94R HYLLRGP HQAKVHG DOR LOWHWYHICRKHUGRP QY HI FOUGGA IR P HKDQFDOMP XDMRY/  %4)

XDIHR \WHH \RRY LQ DORKHUDUDY CRXOD \SHNVHRXIK B\ IWHD %R \RRY KDYH D FRQAMN 8,

Z \K HIEGG GUHANP DQSXOIRQ RQ DESIFDARQ REVAN $ OR D EDIE XVHUKHS DQG \KSSRWWDH LQM UDAG
LQR \KHH \BRY 7 KH XVHUKHS FRX@ EH FFRAQ) \R RURSIQRQ UFKHJ 8 VDJHR ERK \BRY GRYV QRW
SUHHOADQ GLILEXQAWY RUXVHY 7 KHH Z DV \RP H \P DODIQAMIAGHN LQ \WH* 8, DG DAKMDIHR \WHH
RRY BXVZ LK QR VHLIRXVLQ OHIFHRQWWH | LDOUHKOV

7 KH U0l URQAHIG R \WKH 6P 94R HMURGP HOALY DRXDT \KH 6LP %4R ( G\RU ,WZ DV GHYHBSHS \R HIE®!
XQQQ R DO6LP %R \RRO RUHMMH 6P %R FKOQ IRP RH FHMH 7KLY SIRIP KDV WSLFDD LH

WIEG * 8, Z1W P HX WKPMUH SXOGRZ Q DQG SRSXS PHXV  \RREDLY DG P RAH LOMIANRY 7KH
XVDIHR \KYSRIUP IVWILIKWRZ O 7 KHP DLQ SRMMIOAL LEXOV MR GHIGHDWHIUR :  KHWXY)

DQG GMJIQQ) \KH 6LP 94R WXHXDGG UL KLY BNXHWY \FHIDUR 1Y QRAFRUHRAWRHD WH ( QRUGRHY QRW
Z DOV XHUWWURIK ZHONGRZ Q P HKDQWP R ADRIV BXWZ WK/ LG RP DNRQ AH/ LQR @& LBV 7KLY
FRX@ EH QRQ WBQEDLS | RUGRYLEH XVHY DQG SRAMQIIORXUHR HIRY HI - HIG XVHUGRIFH R UASRQHIRU
KK \FHIDUR DG WXV WY \AHIDUR Z WK \RP H DOMHG SDUIP HMY GASLM D | LRAKDAKH RID HIRUZ D/
MVAVP IMSHIBG SRILP @PH 7KHHRM D SUGHLQHE VAHIUR \VHMMRU WH 6P %R HMURGP HOMY
\KIJHIAG 2 RHWHVAHIDUR LV GH LQHG DQG\WAAG WHRQD P RAL LFDARQ DQHIG XVHUGH-G\R FKOQIHLY MWV
DQ¥ SDWQNIPH

2 EVHUYDARQ DQG UHFRP P HQGDARQ

7 KH6LP %R HYMURP HASRAHXQ) AKOQUIQIHYIURP 1P DIH U DR \R YIVXODDARQR \KHVIP XA
NGHHNGHP DIFVIQWH3$0 917, Q\KH \FIXHD \RP H REVHLYDIRQY DG UHFRP P HIEDIRY/ BIDEQ) \KH
6P %R HYLURPP HQAVDIHZ LOEHWERWG

, VUKRX@S EH QRME WDAKH LOSXWQR \KH 6P %4 R HOUREP HONAKDIQ LY WH SDMQASHALLE O 5 NQHHLP DIH
\HDHFH +RZHH) SDMQAO 5 1P DJH DFTXMMRQ DG WIQIHUR P DILQ) P DMIDO\R \WH 6LP9%4R
HOMLRGP HOAY QRADARP DG &XUH®  WH HIG XVHUP XUAHQXUHE\ KLP \HD \KHWBQWHUR 0 5 [P DILCQY
P DALIDOI URP \FDQEHUAR CBSURSUDM | RUP DAVRUWKH 6LP 94R HYLLRGP HQVLH 9 MBI RUP DV 3DMGHY | URP
0 DUERUKDG \R GAYHBSHG P 0D FRQYHWRQ URAMHY DQG DOR 0 DEE. HMURIP HOAZ DV XVHG | RUWLY BN
7 KLV LV QRADFFA-B\EE®! | RUKH SRMNIOHG XVHU P 0Q. EXIV FOQ EH HIAMG WURXI K KLY WD HUSURFHW/LL
RWKSHYIVHG B\ \WH 6P %4R HYLLRGP HW ( \GHADI FUMWDDLY YR HOAP HMRQ AKHAN DG AKHAN R
DSSURSUDM NQHH RUHQIBANRY 7 KHMRH D YWXDDMDINRQ DQG ARQMROVRROLY \XIJHXAG EH RUH \WH GDI DA
CRXOD LQHWELQR\KHGLP %R HYILRGP HQV

7 KH6LP %R HMURGP HONLIMBURFHAAYSDHQD 5 [P DIHE\ [WDXRP DG LP DIH U MADNRQ URANH DG
\WP SO P HK P DSSIQ) IXQAMRY 6HIP HOBMRQ UAKOV \FHEXEAIRY  DUHLQ P RMWADAY CFR-B\BE®!
KRZ HYHJ \KHUH DUH VMDVRP H \@FH/ Z KHIH SDMEXOU NGHH \WKRMUA/ DUH GHMARG SRR ) RURIQIFDD

SURNH DYXODMDNRQ DG FRUHAIRQ\RRAVIGENSHOE®! PAUHM® GRAGDWR WHBLP %R HLURGP HOW
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7KLY \BROWKRX@ Y\WXDDH LP DIH BIMADIRQ AKXV ' SDMHQMGHRALLE NGHH P HK DG HIE® P DD
FRUMANRQR SOMEXOINHIP HOBRQUAKOWVDGG ' NQHHP HK

7 KHREEICHS SDVQNGHALLE ' NQGHHP HK SURHQIVDRLCBXWQR 3$ 0 6XAMP RHIY ([ HHAMRQR \KH
6LP %R FKOQLY CRXDD EUR\HD Z KHQ\WWHP DQAM08$ 0 P RGHMY R \WHSDWQNSHAILE © NQHHP HK LV
UBITXUHG 7KLY P RGHIQ XD WX RH KRUR  \WIGHS WRKQADQ WP H 7 KH SRIMQMIDHIG XVHJ
\KRXG \WHHRHHP SR \WIQVXAK SHYRQIHD Z KIFK P LIKWEHQMDSSURYHG FRXGQREHDIRGG B \RPH
HGXHY 7KH3$0 6X\W \RRY HIEGI PRGHIY R QOO DQ NJH FIQEDOFDH HI $&/ USWMMH

+RZHYHJ Z W QLI HHOAP RHIY SURAHGXUH D SUREBP R DXRP DMG YDIEDMRQ R \WH 6P %R UKWV

HP HJHY 6XAK YDICDIRQLYP DAY 1RUHYHY \WRAQDRIQHICBIIRNA

7KH6LP %4R HYLLRGP HOAHMLOY | LDOUWRKOVIQIRP R MP XOMRQY Z KIFK FOQ EH YD) H3 LQWH3$ 0
9L 7KHWIGHE SHIRQIHORQD FDQLQMSUHAGKAK URKOV\R FOQADDY 7 KLV GRAKH P RWNDGYDQBIHRXY
\ROMRQY 0 XFK BHWLZ L@EH LI \KHBLP 4R HYLURGP HOAZ LAIQM SR, IWHD WHVIP XOMRQUAXOVI URP

\WHP HAFDCBROMR YIHZ 7 KHH RH WHSRWABURAAMCQ) BRAMCH LY XTI JHAMG | RAVAK LOM BUHBINRQ

& RFAXVIRQ

30MGHYS8 1, 0 %DG6%0 ZIWWKHSR SIM@HJIS6)'  [QWLYRGH\ HIUSDMASDIRQLQWHGLP %R SURWRW
CRANDD UHHABEDKHG \WHGLP 94R HYMURGP HQAQO DUERU $ OR \WHI LUXABRXEVZ HIH DAVAWHG RQWHHAR
ILYHSDIQVIURP 0 DUERU) RUILGHWQQ) R WHHHGLP 94R FKOQ DEAWRIIONP HVBRWZ LOEHUATXUG

7 KH6LP %4R HYLRGP HQAMLOY YHY SURP IMQ) URKOVUHIDEQ) NHHN.GHP DIV + RZ HYHU \KHH LY D
GHGIRJILHWQQ R DIDWRY LQRYHG LQWH6LP 94R HMURIP HV7 KH P DO REXV KRXT@ EH SXVAR \KH
05 IPDOILQ) YOUCHMN Z W UASHWR Ql I HHOAFDIQEHY DG SRUMELOMVR LW UHEANRY 94H RH SN

\KH 6P %4R HMURQP HQNQ \WH FIQIFDCSUIANH P RUHH \WULYH YDIEDNRQ WG RQ ELIJHUSDIHQNDB\HN
\KRXT EH FOUIHG RAW7 KH GHZ SURWRAWVH WMRQ R \KH 61P %4R SURWRWRUIHQAG P RUH \RZ DG FOQFDD
SURNHIVXVNKII ARG
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$ SSHOGL

3 IRRFRORUWIME 0 5 P DI H UHI DMAMDWRQ

,Q\KY \}EVHRIRQ DIDVABY GHHE-G \R SHURP 1P DJH WIDIRY Z WK \KH 61P %4R HYLURQP HOAZ LQEH
JIYHD 0 OQ IP DIH UIMDIRY IXQARY/ LH 95H)/ RTD' DQG 9 7WQMRP  ZHH GYHBSHG B\ \KH
SOV@HUS 6)'  ZKIBI SDN@HUS 1, 0 9% GYHBSHG DODGHHADY XMWY HJ PSR H SRWY SDNFQN
@B YWODDRQ

BVIMF 0 5 LP DJH UILWADNRQ XMQ) 6P %R HYLRGP HIWAQ BH SHIRP H3 RQ\ER GLIHHAZ D VIQ D
0 D®E HYILRP HVE / 1Q] \KHD %R UAXWDHR FRAYH IG-RIFDORQD BYHOR GREHVR SDIFQV'
NGHHP HK / HABARUEHERK SDXZ D VP RHIQGHEIO

0 DvE HOVILRQP HQWV

6P %4R HVMURIP HQAFRGH | RUWH [P DJH UH IMADNRQ GRLIGHG |RUO. DRE HMURQP HQAWY FRP SRHG R VW
R PDEE IXAMNRY P IXPNRY DG HAR H WODOIXGANRYY SHEWG IRUO D@E 0 (; LBV 7KH
RYHDOSDAZ D LVDVIRTRZ V

| ROG DDAP SOM/

| ROGSDIHNP DIH

&KHAN DQRUHQBANRQR SDVQAP DIH

, QMSROW SDIHNP DIHWR CESURSUDM YR] HOAP HMRQ
B\BANF U \ADIRD

9 \XOT] HUAKOW
([ SRVWHXW

) LWAWVDODWP SOV XD WRBHGLQ 0 $7 11 DHEDEG 98 WP SOV WY P HIQAHHHAHIP DIH LH
\SHADOWHHHFH P DJHIRJO DUERJO 5 NGHIPDIH/ WHHHHFH ' NGHHP HK DG D WHIIRQR LQMIRXY
BQ@Y YROPH LH GOMBHYV 3DNNP DIH LY \WH GGG IOR 0 D@®E 8 VOO 0 DUERJSDNN 5
images were converted from internal Toshiba s file format into DICOM. Therefore, DICOM reader was
[PSBPHMMG B SDM@HJ81, 0% LH 5HG ,&20 P ,Q WH WG WhE  \WH SDIHOMP DIH \KRX@ EH
AHINHG Z KHEHJIWY FRUHA®  RUHQMG FRP SDUHG\R UH HIHFHLP DDHDQGP BK 7 KVIQSHRANRQZ DV IQRXU
FDOHGRHMWYOD KRZ HYHJ LQWHUHDOGLP %4 R CESTFDNRQ KLY ABMN KD/ AR EH DARP DMS |, QRXUFDHD
SOMIDZ DV YINXOD LOSHAMS Z KRKHIWWY GFDMS RQWHUWKWR \KRHLP DIH |, | W2 DVQRAMKHOHYHY P DIH
LOWHVHDHFHGHHG W EHI@SSHG TWRP. GIWR WKW, QVWAE  WHO DUERUSDINHOND 5 P DJH XD R
APHMRY [ [ ZD/VIQMRRDMGWAPHMRQ [ | 7 KHIQMBRDIRQZ DVARHE XMQJ
LQRP DARQIURP DOKUHHGAP HMRY/ IXQANIRQLOMEBYRCP ) L(D@ \WHLP DJH U MADNRQ LYV SHIRP HG
B XMQ 95H/ R0 WRXANMH UHIMMBP XA IXANRQ  &DBXDMs PSS LV \WWHY X\VHG 1Q \WH
97WMRP IXGANRQ WD RUIP BORABP RHOXQANRYQ 7 WM RP DRQR WH HIHFHNGHHP HK UHXAOVIQ
DSDMHONSHALLF * NHHPRG-D,QUWAS  REMUCHS URXOVDUH YAXOD LQSHRMS © HORXDDD RAWKURAIK
\WH SDIHNV ' NGHHPHK DAL H5 ] SRMANRQ DG DESURSUDM YR HOGP HMRQ 2 BMBICHS VHIP HQV HJ
bones, cartilages, menisci) are overlaid on an original grey level dice through patient's knee. All routines
| RUNXFK YIVODDNRQ Z HHGYHBRSHG B WHSDYW@HU8 1, 0 % 7KHOWWAMS LH WA LVDRXDED QGHHIHG
IRU D YHULFDNRQ SBRAHW 7KV WS DRXOD 1RP DV UHMIDNRQ URXOV IRU WH IPDJH SURABMQ)
YHULFDNRQWRQO 397 7Z RTXCQMW/DUHH SRYMG D FURW VHRNRQVWURXI K SDIHQMWHH P HK DAGHRLLE
SRIMRQR ] DGE SDHW' NFHHP HK D/VHNR (R DG SDRKHY 7 KHSDHNSHALLE * NGHHP HK
VILAPWKIRIKDRY | O ] WYDUHGIURP W DACSSURSUDM YR HOGP HMRQ 7 KH RBMICHS
\HIP HQWV\WJether with segments' labels for particular image dlice are stored in ajoint binary file. On the
RKHJKDG SDIHWV' NGHH P HK LV DOR WRUHG LQ D WFBODM By 1131 DV VAR RGV YHYW HY DG
SDRKH/
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6LP %R HOMURIP HOAP DIH U MADIRQ FRGHGALI QHG | RUWHO DEE HYLURGP HQAY EDUFDED LQMIGGIRY
DYHULLFDMRQR LQMP HADMUAKXV

11 VKHD
7 KH6LP %4R HYLRGP HOWARGH | RUWHLP DJHUHIMDNRQ GALIGHG IR/ 1Q{ \KHTDLY CRMDM FRP SRFGR
\ER P DQ\MEHNXHNBURAHSUH FDEY LH 95H)/ RFDD'  DQG9 7 WWQMRP URAMH 7KHRYHDDSDKZ D 1V
DVIRBZ

\DYHSDIHOAP DIHIQWH9 ,67$ IRP DNV
5 HIMADNRQURXWH

+ +

I+
I+
I+

7 QI RWP DARQURXIH

+ + +

) LKAKAS LV PXUHO® \MMDGRGH XQG-U0 DE HYLURGP HQW, WIRMDD LQRYH/VAEY DG DASIRRFRO
GHYHBSHGIRUWHO DEE HYUREP HOMHHEXEHRAIRQ 3DMNP DIHLYH SRWGIURP \KHO D@E
HOMLURP HOAR\ XMQJ) YIMAZ UMM I XQRIRQ GHYHBSHGE, WHSIN@HUS 6) ' $ 1I\WUKDYLQ) SDIVONP DIHLQ
\KH YLD | RUP DM R WAELIKWNRLZ DU KBV DUH SHURP HG ) LLWAVO 5 H)/ RFDD'  IXQRIRQLY FOXBG kS
DG DWZOB/ D HHHFH PHK IV WIQIRPHS B 97WQIRP IXARD WAE  $1\WU BLP%R
HOMLRP HOMP DJH UIDIRY \KH SDFQMSHALLE * NQHH PHK LV WRUG LQ \KH I [RWP DV LH
SDIQEP HKY 7KLY UAXEMY SUSDUHG |RUWH GH WMKS 1Q \KH 6P %R HOMURP HOAFKDIQ LH 3$0

* HHIVP RCHIQ)

3 WIRWRFRAORUG QDP IF 0 5 1P DIH WHI DMADWRQ

KRG @PIFO 5 PO ZKHH D SDMANGHH XQGHIR @KWY HIRVH ZDvSUP DY GRLIQHG IRUD
YDIEDARQ R NGHH N.GHP DIFY UAXOV RBEIGHG [URP 330 600H MP XDIRQ R SDIHANGHH PRGD $W
QQPIEO 5 [P DILQ) \WHSDNQANGHHZ D/CFTXUHG LQVEYHIO Bf LRQSRMRYY X\VKOD DNV SRIMRY $W
HIFK | B LRQSRAMRQWUHH( XBUURBANRQ DY) BVI RUER HWELD Z W UASHRAR ERGHI HP XUDUHFDBX DM

"\ @P IF U DADNREDY WLV SURAHW LV XD FDBG WRIOUH IMMLY D BN YROP H FRQMWKRNG | URP
G @PLF0 5 Y DAEDIFXOQUNIHHIG] IRQW DWRIF 0 5 H@Y YROP HIRJSDIEXOUJERMH LH 1THP XU

DQGWED ' \ (P IF U MADIRQ UAMLQV D LCH P DA | RUERK ERQHY DG \WH ( XBGUDQJIGV DUH FOBXDAM
IURP WHH PDNFH ' \ @P IF ULWDIRY SLRFFROZ W DIDGHHXDY IXQRMRYY Z DV GYHBSHG B\ \WH
SON@HUS 6)" W HRXMVXQEHKHO DEE HURP HYWRQ 7 KHRYHDTSDKZ D LVDYIRBZV

SUHDMWEIF EI(RY  YROP HYI ROMHERCHIHP XUDQGWAD I URP \WWH SDIHWWCHHP RG-D

0 DO DYREA \FIP HVWH | HP XUDQG WAD ERHRQHYHY SHKER A @PIF 0 5 IPDIHIRU

HIFK | Bf LROSRIMRQ
,P SRYWHAHDQRBIRYY FRQRXY [QRO DE@E
&RHWP DOCCDIREINRYY FRORXY | RUHIFK | Bf LRQSRMRQLOR DELDY YROP H

Feld_of_view Number_of_images],...)

5 HIMMBEQDY YROP HRUDAG | P P DQMODQRBIRQY/ R I LY YROP HI RUHIFK | 8] LRQ
SRIMRY |RAMEDDGIHP XU

tibia_vol, z_locations,...);
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,QSHRAMAH TXOIWV R \WH U-IIDARQ VAKXV YLXDD B\ DRKUCAQ \WH WIIF DQG G P IF
YROP H/I RUHIK SRUMRQDQGRYHM 1Q) \KHP
&DBXDOMD | LGHP DAY DQGWWH( XGUURBANRQDQ) BV RUHIFK | Bf LROSRMRQ

) WWDEQ@Y  YROP HIRJBRHWAD DG | HP XUDH FRQXMKAMS | URP - D SDIHANGHH P RGHD, Q (H VWXABV
BHQ@Y YROP H/IURP SVHKGER G (@TP LF SDNHINDE DHFRQIKRMS 7 KHHRH \WWHSVHKER G @P IF IPDIHY
ZHHILAP DOD DQREM YRH IHP XUDQYE \MAD Z HH DQREMS RQHYHY 0 5 [PDIHIRJHYHY NQH
6] IRQSRMRQ XD  SRMRY ZIW 1P DIH/SHINQHIGf LIRQSRIWRY  3DMHY/1URP 0 DUERUXVHG
,67 \RRO RUWLV\BN $ QQREINRQ/ZHHDOWZ DG/H SRWGLQ; 0/ 113DV QMR FRQRXUSRQN 7 KHH
FRQRXY/Z HHO MY DB/ 1P SRWG LQWHO D@E HIMURGP HOMDG [P \WHADY YROP HY/IRUHK R
\WHH \SDYH G @PIF IPDIH/ ZHH JHHDMS \FH \tABV QWS WHHBEQ@Y YROPH/ZHH
U LMALHG R B BLCDY YROP HY -, WY DEYIMIE® R LOSHRNKH TXODW R \KH U DWRDNRQ UKV YL\XOD
B DRXUDAQ WH W DG G (TP IF YROP HY/ IRUHIK SRIMRQ DG RYHMD 1Q) WHP | \WHG @PLF
UHI RDNRQ Z DY AWM XO WHD BRK YROP H/PDRK ) QD@ D Q. DICHPDN[ IRJHFK R \WHWADD
| ®f LRQ SRIMRQYZ W URSHRNR \WH KB | HP XULY FOBXOWMS 7 KLY DHICHP DAY 1RUHIRK | ®f LRQ SRIMRQ
WVWHY GHRP SRHG LOQR LW\HEDUDIM (| XGUURBNRQ ARP SRCHIWP DR XMQ) DSUHGHMP IGHSREH) HI
z, X, and y). Partner USFD developed this routine called calc_angles.m. It uses functions from Matlab's
RSWP DDNRQ \WRER IRJWWV BN LH WWH / HYHEHJ 0 DIDXAOBAMRQ @H GDWWRORY P 1LQP NDARQ
P HKRG

" HEY CERAMRANMHY PRE-OIPDIH FRQRXY (PDJH UHIMAMBG OPLE OQG FDBBEDQIGY SIRIGHS B
SOV@HUS 6)' FOQEHIRXGIQ' HIYHIE®! D E DQGF

; 0/ 6P XOWRQ UHTXHVWIGBI IRUWH 6 P %R ( GMRU

7KH6LP %R ( QWUHIEGY GHIQUWROR DEMDY H HHAURQ\VFHIURY ) RURUMMESSIEDARY Z KHH \KH
NGHHVRQAN.GHP DIV DQG P HAKDQEVZ HHMP XOWMG WHBLP %R HURP HWFHIDUR Z D/AVIGGIQWER
SOW GAODG WP RMSOW

| RFDCBDWR WH VFHCDUR

The simulation request 2Local part® encompasses steps from MR patient image to a patient specific 3D
NHH PHK DG L.QMWOP RAHIXY WS 1Q \WWH 3$0 * HHIYV 7KH DESTFADIRY XWHG 1Q WY FOQ OH
YUHGFOD (image registration), vtransform (knee mesh mapping), replacement_script (script for the 2on
fly® string replacement), generis (PAM Generis).
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5 HP RM SDWR \WH VFHQDUR

7 KH VP XDNRQ UHNXHM?* Remote part® is liable for performing the PAM Safe simulation on a modelled
SDHANHH P HK DG |RUD YAMXODDNRQ R MP XONRQ UAXWE XMQ) WH3$0 9L 7 KHCESTDIRY
XVHG IQ WY RKDQ DUH 6 XEP WAL \XEP MANHH SDNHWP RGHOWRUHG 1Q 3& 1LV R UHP RM ARP SXRMUIRU
\WH 3P 60HVPXDMNRQ JHEHXWBS HPRM VAUSWRUD GRZQOAQ) 350 60H P XDNRQ LXKV

SIPYLH 330 9Ltk
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([ SHUP HQW IQ3$0 6 XMW WBQGDLG P RGHIQJ SURFHGXUH

, QWH\HTXHO\RP HH SHIP HQNFFREQ) \RWH3$ 0 6XIWP RAHIQ) SIRAHBXUHCHIGHGE, SOV@HUS 6) '
Z [@EHEAFUEHG 7 KRHH SHIP HONVZ HHGRHE. SDMHYIURP 0 DUERUDQGLQ\RP HSRIQVVLIQLLFDO®
LP SIRYHG\KHVIP XDMRQUAKIV LQAUHA® DOR WH6LP 94R HMURP HONHKV

,QWHSIRMAWRQK  D\MILQSHRIROR WH3$0 601HMP XOWRQ URKODQRWRSHAF \KUHRQ SDNGHU
690 SROQMS RAMRP HSUREBPV ,WKOG BHHD GRIAHG \WDAD | Bf LRQ R WH NQHH Z DV QRAEL) HRXIK \R
DXFW/ Z KHKHUD NGHH N.GHP DIV LY FRUIHPARUGRA7 KH NGHH NIGHP DIV FRODMVR . \BZR \WKFRHXLYH SDW
\KH UHDIYH IRBIRQ R \KH | HP XUDQG \WALD DURXQG \WH B0 [ LV DQG CME DB/ D B IRQR \WHNGHHRAPU
7KHH ZDv DOR D SUREGP GAUQ) 3$0 MP XOMRQ Z W \KCSH/R P HVA DQG FOMMIHY $ QR SDMID
Of DARQRAFXUHG DANGHHI B LRQ

) LIXHG-ERVRG VP XONRQUAXWRQSDIHN  Z KHIH DDKHHSUREGP VDUHLOMIDMS

P LGEBIA FBI

) WP RALIFDURQ
D 0 DMIDY

7KHQEZ P DAUDOSOIP HMY SIRVIGG B SDIN@HUS 6) ' KOG EHHQ \FW7 KH QQHDUHIWF WV AW R \KH
DQALIRUDQG SRUALIRUPUXALDM @I DP HQN DQG \WH @WLDODG P HADOFRMWDODI CP HQW Z DV DOMIMG B HU
YOOH/ 7 KVP RAI LFDNRQHIEGG DEHMUNGHHI Bf LRQ

E ) URRQ
7 KHWEBIF FRH I LFHOAR | URMNRQ BHEHHQ WH \KUCRHY IQ FRQEFPNIQ\WHNGHHZ DVIL HSDV. 7KWLVILYH

WP HY GW \WDQ \WH FRH | LELHQABREHHD LFH RQ LFH ( [ SHUP HONV SROMS RAMKDMKL FRH | LELHQAY
LGRIDWAVZ 1\K DSDIHQNDI H \KXV VNKRX EH KO HG HIFK WP HVR KDYHDJIRRGMP XOMRQ
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F 3DMD QDP HQV

7 R \KSSUAW QWMDY LQ \WH SDAM P RYIQ) GAUQ) WH P XDWRQ \WH SRIMRQR W @ICP HOV RQ WH
\WELDKD/EHQADQIHG 7KH DHQRZ FRQOHARG\R GREHY SORHG KL KHURQWHERH

) LIXUHGHBLRW WXV \WUKH | LKWP RALLFDIRQ 7 KHERGH SDMIP RYHP HQAY ML FRIBPWBUREGP VR
\KY ERGH DH LW @ICP HQV, Q P XOMRQ WH  [DUH MP SO EDLY ZKIFK JR WURKIK WH | HP XU DQG \WXV
SIRVRNHLGFRUHRANMKOV + RZ HYHU \KESHVR! \WHP HQ\AL DUH D QA1 EHINUDQG DOR DI Bf LRQR \KHNRLQAY
DVH SHAKG

6 HFRQG P RALIEDIRQY

7KHQH WY SHIP HQAZ DV REAHG RQRKHUSOUIP HMY XVHG LQWH3$ 0 NGHHP RGHIQ) SIRFHW DSRIMRY
R SDMD @ICP HQV LY MMDWH\IP H 7 KHFRHILAHAR IURNRQZDVILHGDNV W2 DV QVARYHHG WD
<RXQ) PRGXOV P DMIDOSURSHW  Z DV QRAFRUMAWRUDIDWIKRMBY ( [ RAYDOH/ DH8$5 @( 1HP XU

* SD ( WED *SD ( PHDAV 0SD( OWIH a 0 SD OQG( WIERQ \R
* 3D 2 WHUSDUZP HAUYDOH/U-P DIQWHVLP H

) LIXUH G-EIRV UHRXAOV | RUWH SDIHOM $ - KL KHUIURWNRQ FRH | LHHABURYRNH UR@D | HP XURQ P HMVAL DG
GDHWHNRQ as it can ‘cling’ on the surface of menisci. This value pointed out as inappropriate. New

P DAUDOSURSHWWANH-P QR FKDQ) HWWHMP XOMWRQ UAKV

[LUX\A FBI

7KIWG P RALIFDWRQY

7KHH ZHH WEDH] SIREGPV Z IW WH P HMVA. GAUQ \WH VP XODNRQ 3DMHJ (6, SURNGHG VROWRY/
concerning ‘hourglassing' problem and local deformations. These new data have been entered in the model.
7KHARH I IHHAR [URNRQLY 0 DMIDCERSHWYDHVEP HD/SBRNG-GE. SDA@H B 6)

) LIXUHG-BEWVP XDIRQUAKIVRQSDFOQN  DNMMLGP RALLFDIRD $ VWKV \IIH \KHSUREGP R P HVAL
Z DV\ROHG $ OR DUHDMYH P RIRQ EHE HHD ERGH I HP XUDQG WWELD VH-P VR EH FRUHAWZ KHNGHH LV \KMDCRW
|®] HGHRXIK DQGDOR\WHHL MMIDSUREGP Z W \KHSDMID



6IP%R' HIVWHIE®' E

I LDXAR FB1

) RXUW P RALIFDIRQ

7KHSRMRQ R SOMM @ 0P HQV KDY BHH AKBQIHG \RNWH XSSHUSDWR WHERH 7KH - @IOP HOWKDYyH
BEHHOSWAIVROWH\RS R \WHSDMD

) LIXUH G-HRNV VP XONRQ UHXOVRQ SDNHQM-  D\MUWH | RANK P RALLFDNRY 7 KHURXOVDH\VQIKW® BEHWU
KRZ HyHJ \WHIH Z DV WD GREWRQ \WH SDMD P RYHP HQWV 7 KH WHDOSUREGP VHHP V R EH \WWH SDIMID
ligaments which traverse® the femur. Thisis of course (RAD@MIDCP RYHP HQV

| LUXAR F®1

) LW P RALEDIRQ

6XFK P RALLFDNRQ/ FRX@ SURYRNH DR DER P DOMP LQDNRQR \KH\MP XONRQ/DADD MHY 7 KV IVGHWR
QUHGRPDIRQR 1HZ. P HKH/IQWHP R3HDZ KIFK FDQRUDA “negative 'volumes. The result is akind of
aexplosion® (i.e. a node of the mesh is put to a wrong place far from its original position). This is
XQERRGDYDP IMBNHE, \WWH3$0 60 HVP X@NRQWRO

30MEHUB 6) ' UHRP P HOGHG\WHI R LQ) P RALLFDINRYY

7KHWADEDLYZ HHWR B %RHWAD \KRXG EH D QNBI\KRIMAKDOWWHI HP XU , QRXUDINP RG-D
WHOQIW R WADZ DVRAWR SURSRINRQ 6 1LCHHWWH I RIAH\R\WH I RFRSMWMZ D/ DESTHS \WXVDRIXH
LQ\WH NQHH Z DV P RUH LP SRABQAKDD IMGRP COMWDIRY 7KH Q. SRIMRQR  \KH | RRAKDY BHHD
ARHFREAEQ \WR\KHIRP HIP RGHY MW MWRHEDUR®

An option 2active noda time step® has been turned on.7 R UHSFHWHGH RP DIRQR FDMVIIHY/
GAUQY WH P XN WH SURSHWA/ R WH \XUCFes in contact have been changed: Young's
modulus and Poisson's ratio have been increased by applying the vaues R WHU
corresponding solid. Young's modulus of surfaces increased from 0.01 GPa to 0.14 GPa for
cartilages and to 0.08 GPa for menisci. At the same time Poisson’ sratio increased from 0.3 to



