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HB2E L7z, MREGTIE, BHshTtws
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2, BRIREEROBESX
2.1 KEEBEFN
RKBEEEFVOBRREEROBE I RAS

B 1. Three-dimensional bone surface model of
femur and tibia.
(a) CT model of the wholelength bone,
(b) CT model and (¢c) MRI model of the
metaphyseal bone,

BR/SA A AH =2 A, Vol. 30, 2000

LY OFERHGE, CoNRRENERR
TR ENNUBEBEIESA~D 2 EF V54 X
&, POV BERETE o 2 SR, JEEE
WICHEMES 2 BH L7 LB RETh 5.
FPRESNLARETEFVET, BEAL L
THBERBFE (1) & oo e A
(I) O2H%EFVIAXT5 ("2 -2). =
DEMUR2ABOEEEZD LT, o LoHE

Digitize

(a) Reference points in femoral MR model.
T: most posterior point of the intercondylar fossa,
i most anterior point of the mediolateral fenoral condyle.

Sphetical approximation

Elliptical approxiiation
(¢) Determination.of Y and Z axes.

(d) Femoral model constructed model coordinate system (Zuo).

B2. Semi-automatic coordinate construction al-
gorithm for the distal metaphyseal model
of femur.,
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(Iterative Closest Point) 7T X A% Hwn
TEREHLYE, BEHEHEATTVOY 7Y
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HraEHEEEmEERT S BRI NI
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L, AR 2 ooRP.Oox B 5 ERE X,
2ODHPLOFHEEE (0) LRETSH (K
2-b). LT, BELLXEIZIA- TKIEBE
EFVERFEL, TOREROGEHY BEHHY
T4, 20%, HEHHHLBMEROBRN2
BETFTVYAXL, TO28%mEE 3 5EHE
WM L THERENAEER LT (M2 -
c), B ENBHOEM M2 YHE, Sk
Mzl kET S5 (K2 -d).

2.2 EBEFNL

IREE TN OFRIMEERTIH /LA
BEEZZERLL ETRESTVOBMFIR
RPRDLLD, BEETTFVORARRT -1
o UCHSBEBT 2T, F— ¥ 0ROEEN
ZIVRERTAHILT, TOFAERIROZM
ELTHRELR. ROZENIIE o 7290 % 347l
DEEREMEWH 2MEZMABL, 2hod
BrE ORIV R ERT A2 L TERNE
ORLE (28) 2RO, 02 ZHeiEAE
rEMPLORETS (H3-a). ZLT, KE
EFN EOBFEREMEEL (0) 27V 54
AL, EEFBRFT— 5 hoBRINPERE
MROLETORMERREMLT 2. 20F
BrHEREICAEFED R ER LT, BHIhE
Mol - S#itzh 22X Yiie LTk
£35 (M3-b). &5z, #oEAOPLE
FA (0) &L, BAzZiicho THEREI
BEITHZ L CHRERLHEETSL (W3 -0).
3. FMER*®

3.1 ERBEFILOMBLRBTTM
BEIN-BEECTEFNVEBRIRCTES
N, MRIEFNVDENEFNIZBHIBBERER

Elliptical approximation

(a) Determination of Z axis.

Digitize

w

3
gl g
/‘“*
: H
H
; L
$

Elliptical approximation

(b) Determination of X and Y axes and point of origin (0).

(c) Tibial model constructed model coordixiate system {Zno),

3. Semi-automatic coordinate construction al-
gorithm for the proximal metaphyseal
model of tibia.
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YIIRBEFNIIZOE 3ETTo T,
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B 4. Image matching with (3) the whole-length
bone model and (b) the metaphyseal bone
model. A : the center of femoral head, and
B the center of the distal articular surface
of tibia,

3.2 ZRAMETM

KIBEHEREHOBBE® 2R EN KRS
HEAL (A) CEMBSHESRLS (B) KBEL
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WKy F 7 L72% CREER (g B
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UBICEEERLT, 2oNBrEE TR
MO/ b0EEE L7,

Wiz, FFICBEBWCTE SN EMRIEF NV
TOETFNVERER (Zy) »DAREREND
SRANBEZRD, BLECTEFVTRD I
HELWEB L <y 5y PEBIEEEF VIS
DE3MEE L ZOFEHFEIIBWTE, 4
A=V F UL BBRBEFTNVONBE

BRR/SA A H =2 2, Vol. 30, 2009.

DEEFOL 5.
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4 —0.7mmTH Y, MRIEFN CRREEYRS
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£ 1IORT, CTEF VT ARE CHERS
2. ldeg. ¥ B %0. 9Imm® B KRMSEE 2 ¢
Ao, BETIIERERS Odeg, LS
L 8mm®D |/ ARMSFE Z A A S5 N7, MRIE
TN TR AME CHERS2. Odeg, EEES
L 6mm®D B ARMSIEE D 5 0, KB CliEEE
Bi56. 2deg, WHFK 2. 2mmP B ARMSE 2%
DI 7z
ETFNVEER (Zyo) DOAREBBEMED
BN T 5RMSEELE 2127 T, CT=F
N CEARBEEMTE 8mm, BRI CI2mmO R
ARMSEEZEDH Y, MRIEF N CIZRBESM
T18mm, & # T35mmd 5 ARMSHE £ #3
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CTEFNEMRIEFVICERE SN Fh2Z
NOBEBEROVENREZRIICFT. Kiige
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B CT model
OMRI model

X gy 8Z

(a) Rotation

B CT model
OMRI model

-4
tX tY tZ

(b) Translation

B 5. Error of image matching positions between the whole-length and metaphy-

seal bone models of femur.

6
8 CT model
OMRI model
4 - M
2 -

Error, deg
o =

: ‘ ‘
: —

)¢ 8y 0Z
(a) Rotation

6
B CT model
O MRI model
4 e o+ o o i G e R e 2 e
E 2 X T T ‘{ .........
0
o
E o |
I LT T OO CTENUNPPRUUIILE SN - WO S
-4
-6
tX tY tZ
(b} Translation

®6. Error of image matching positions between the whole-length and metaphy-

seal bone models of tibia.
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BRIETHET 4 A Ml A FAICL B
2 HCRENDBEECTEF N DA 2 —
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BIIR v F U T THILNTE, ZOVAFA

OFRAERHEEHENRIFTH S 2 LA iE s
NTwa " —% MRIEFMZRBREE
BCTEFAL LY BENI L 2, &5 1ZMRI
DFRGHEE P — AR BB T ORBRE % &
BEEND L) 2BHRBFICES N, 3DEE
TV DL REHEIR LW BESH 5.
MRIEFNVD X ) BRI TOA A~V y
FrTRRERNBICRET L LR ETH
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& 1. RMS error of image matching positions between the whole-
length and metaphyseal bone models,

Rotation

Translation

X oY

Models [deg] [deg]

6z tX ty tz
[deg] [mm] [mm] [mm]

Femur 0.56 0.90
CT

2,14 0.59 0.92 0.29

Tibia 2.23 0.91

3.95 0.60 1.77 1.41

Femur 1.97 1.59

1.63 0.48 1.57 0.52

Tibia 6.22 2.10

560 . 219 2.03 1.53

2. RMS error of reference points (A : the
center of femoral head, and B : the center
of the distal articular surface of tibia) on
model coordinate system.

. X tY 17
Models Points [mm] [mm] [mm]
A 2.56 6.83 130
CT
B 3.06 12.1 1.06
A 6.83 17.6 3,85
MRI
B 19.7 34.6 4.11

TELOPRHETHE. 860, ThFETTH
TIAAY MEHIZBWONACTEFVIZIE
BERLTHA L -hEEERBSEISEH SN
TWEY, COBEEEMRITFNVICEFDT S
BHATAZLIRTEY, BEBECTEFVEF
—DEFREMRITF VIZERET 2 2 L 2Rk
Thd. ZOHBRIRBEO AR THEEBIER %
BETLLEHNBEELZR L.

A A=V F U FHDOMRIEF ML BEE
BAE R MRE TI6 2deg, 2. 2mmD Kk X
RRMSBREVA BNz, TOBEICKR, B8

MEBORILL BTy F U VBEL CTEF N
KT AMRIEFVOEREBREEOBE H i
ZBNb, CREENOHEIAA-VvvF oy
IR EREBHEEZENTWAD, MRIEFL
DEEPRBERI~ v F VI BB, 53 5,
7z, SBEH BRI BB
EMBALAET VT XABEENRD 20, CT
ETFWVEMRIEFNVORERBBIRICEERD 2
L, REDEBERICENELLZ L ICRY, B
By F v IBRECERENLZ LR D,
L BCTHER EMREZEZOMNBEGZ T
KEEEETNVED BEREF NV TOEEIK X
wiew (£3), ThiRETOwyF v ra
EVREC Lo RBERELTEL BN,
MRIE 7V OREBIRREZEEBLTIC, B
BMEFMICL BTy F Y JBEORPRS
20, BERCTEFNVEERESTHY b L
RBBWCTEFVERHWE LD S, BBAE
BYBREZEIMRITFVOBE LY IZh3 0
DD, 4.0deg, 1. 8mmDBEARMSEZENDH o
o, THREFREINLS 1L, BRBETL
TOXyF UV IPRENBERPICBELE 2
BIERRBLTYEG, BREBEFNVTIEA

3. Error of the intermediate coordinate systems between CT and MRI models.

Rotation Translation
Models 0X [deg] 8Y [deg] 6Z [deg] tX [mm] tY [mm] tZ [mm]
Femur 1.02£1.54  -032+0.50 0.37%0.78 0.01%£033 -036%1.14 —-0.09+0.55
Tibia 3224365 1.52£3.17 -4.80%2.60 -1.93+197 040%1.70 0.87+08]
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1) DeFrate LE, Suna H et al.: In vivo tibiofemoral
contact analysis using 3D MRI-based knee
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1) B —8, EIAE, g, B MISTKA D790
navigation system. i - $ESH, 50: 571-581, 2007.

2) Stiehl, JB, Abbott; BD, et al.: Morphology of the
transeicondylar axis and its-application in primary and
revision total knee arthroplasty. J Arthroplasty, 10: 785-789,
1995,

3) BHEY  BEROE LS EBEORR REHR T
R NTHEMS BRI —ERE & Bk — WMEFREE, X
Jeis, W, 502-504, 2005. '

4) Berger, RA, Rubash, HE, Seel, MJ, et al.: Determining the
rotational alignment of the femoral component in total
knee arthroplasty using the epicondylar axis. Clin. Orthop,
286: 40-47, 1993.

5) Arakaki A, Nagayama M, Tomiyama S, et al.:
Anthropometry of the distal femer to design total knee
prosthesis for the Japanese population. ORS Chicago Mar,
19-22, 2006,
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BRMEREY LCARED Y B—F > POSIEREAE
YRET DA, KRGHREOBREREOE S FEHT S
SERETERV, ESEOMOTKADEMIZE VT,
Athena THFRTENE 2L T, WHEOBELILEL, Althena ®

BAATENSSE $390% 293

R BIRAT R IR
~ 10mm
g
b
t
=4
kS
=~ Smm
=
x
3 ={,587 R=0.864
Omm Snun 10mm Omm Smm 10mm
Athens BHR (Pl — AM0D
(n=134)
2
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FEz bt e PRV 3D ATEIENE Y 7 b Athena 133K
EVHEAETAIEROFHIIBCCLHMEEE LT, +7
KHROBONL Y 7 P Thotzds, BHIROH CFMET
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1) 8, 1 MISTKA 7% navigation system. % - #
E505, 50: 571-681,2007.

2) B, b ATHHESERM OO0 RTHAEEY 7
b ‘Athena’ DIRF]. HECSHEEE, 82 (2): 846, 2008,

3) Mk, b KBRE RSB SKRE o v K =AY M
PR EAEICRIZTES B 32 (): 7072, 2007,

4) Akagi et al.; Effect 6f rotational alignment on patellar
tracking in total knee arthroplasty. Clin Orthop Relat Res.,
366: 155-163, 1999,

5) Berger et al.: Malrotation causing patellofemoral
complications after total knee arthroplasty. Clin Orthop
Relat Res,, 356: 144-153, 1998.
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