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For estimating 3-D pose positio n of i mplanted k nee joint in vi vo afte r total kn ee
arthroplasty, some studies proposed 2-D/3-D image registration using X-ray fluoroscopy
images. However, these conventional method are not considered relationship between the
femoral and the tibial component. This paper proposes a method for estimating 3-D pose
position of implanted knee bas ed on par ticle fi Iter. A p riori k nowledge on the
relationship of implanted knee joint are utilized by using fuzzy membership functions.
The experimental results for a patient and computer synthesized DR images showed that
the proposed method adequately estimate 3-D pose position of the implanted knee joint
with a priori knowledge on the relational position between the components.
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INFETCOANTREHEGO 3 RaABBOMIT FiEL LT, X BEHES Digital
Radiography (DR) BE{g%& H\ 7z 2 WIL/B WILDA A —T v v F 2 TIEIT LD FIEN
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FLTRIEERTWA. ALERMAEIO 3 RITHIRET LiL Stereolithography(STL)
74—~y hTHD.
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T LIS AT N—T 4 VVOEAIZ L TGERPLT 5. &X3—FT 4 7 VITEA
ERoTRY, EAFEEBEKICLIVREHEND. RN—=FT 4 7 NVT 4V F O IR
FOER, BEFHE, VTV D3 oDRT v TR S NS, BIERE LT,
N—FT 4 I NVEHEETDHIOMOBBICAERTD. ZOLX, H£X—TFT 4 7 VDR
E«ﬁi BThHD. HIODOWBLE LT, KF/X—TFT 4 VDT A —ZPIREEXT hL

WCESWTTHITS. RIS, HR=T 4 7012250, BEBEEZTVCCELEZHEA
T 5. BEBBOMEIEVWEE, =T 4 7 VOEMIKNEL D, ki, EHA
FENTZR—T 4 I NVEREAOSHICESE, VSTV o735, Vo F) s
SN2 —T 4 JIVIZELADOKRZWVEIBICH D X—=T A INANEL BT T Eh,
HHD/PNSWAS—F 4 7 VIERANEND.

AWFTETIE, 6 BHEDNEEBNRT A= X—FT 7 VE L TEHRTS. AT
JEREEI D 3 IR BE LRI F DT A—Z TREND.
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WCEVHEETD. O DEMEL LT, KEarR—%y FOMBEEs FECRETS.
FEDRIIN—=T 4 I NT 4 VEDOFIRIHED . TNENOTFIRIZ DN TIThiR 3 5.
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ns.
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FhoaryR—x3x2 MIBEA Y —MIEoTEHESN TV, arKR—x
MEIDONEDOTIVIIEFIT/HNE W, LEER- T, #HEEEDaVR—3v FMEHOTH
DREVWEE, ZTORREIAFHEYTHDEEZOLN, BEaR—3 2 MIEARMIC
KEEE 2 R—F > O FITAE L TWD. £z, FAFE o REENTE EE o ih/if R,
WHE/iE, WRINMNKAEEZ D2 EiETERW. |ETIETHE, IO OMEBERS
BT A FRTME A KRBT 5720, 3 #HihmoBEIR L OREgAEICONTT 7
VARAN=yTRABEERETD. TV A A=y TR T O L D&k

INb. M7I2BWT, T A—FIKRBRE - REa A —22 OV A XDHAR
ALY TRET D, ZYefiE, BESAEIIXG)»OH/HL, 77V FBREIR6
DDA NR=2y THBEEORKTHY, L(OUTLVKkDB.
(x_—a)zz ifa<x<b
20x(b-a)
B Gl ifh<x<c
2.0x(c—b)
1.0 ifc<x<d
F(x)= e Q)
oo—Zd ifd<x<e
2.0x(e—d)
(f;x)z ife<x< f
20x(f—e)
0.0 others
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F = max(min(F,,,,,,, (x), F,,, (x)) (6)

N=T 4 I NVDOREFRRINIEANTA—ZICLDBBEEL A=y TR
D> MIN {E TR 2. W10, BEGLEORKEZ N TUTORTERLT 2.

. S ifs > 0.0
§'=48_ (7
0.0 others

Z 2T Smax [ EEN—T 4 I AVHORKIETHD. 1 DO/N—F 4 7 LIZEBNT,
KERE = R =R FE L LIZAHIHMIEN Y MV % (X, v, 2,), IRBIEIAE % (6,
Oy Op) ETDH. TNENDNRTA—=ENBHELNEZY TV b B E AR —
VyTBEEEOMINEREE LY, TOBRRKEEMEBGRO Y » P4 BRBEL TS, IE
HL SN EROBELE EMNEBERO Y 7 Vo TBEOR/MEZFIHL, ZhE —
TAINVOREE L THWS.

34 YYLFYLy

Vo) o TN TIE, BERICESWTS—=T 4 I VYTV TT 5. &
WEEZEOR—=T 4 7 MIEL STV 7L, BECKRN =T ¢ 7 idd 7L
T5H5. ZOLIZ, N—=T 4 IV NVIIHEEEEpICLV YT T ENS.

P, = i ®)

Tl iBZBRDONR—=T 4 7 VOEZTHY, HRHIETONR—TFT 1 ZIVOEHKD
fichsd. MBIV TV IToflZRYT. BRZESHTN=FT 4 7 V%Y HF
TPV TFTHILT, N—=F 4 7V 7 4 ZFRTOHE Y K L CTORERIC TV E R
BERBTDLENARETHD.
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# 2 HEES - IRBAHEA R
Knee joint Conventional Proposed
angle method [deg] method [deg]
Pose 1 fle 7.70 7.53
i/e -0.32-0.03
v/v -1.28 -0.83
Pose 2 fle 16.50 16.20
i/e 3.243.34
v/v -0.310.26
Pose 3 fle 31.83 31.39
i/e 5.03 4.46
v/v 0.07 0.34
Pose 4 e 61.68 60.98
i/e 2.75 3.46
v/v 0.17 0.26
#3 EEAFRAICBT a2y R—xr NMEOTHh
T ranslation Conventional Proposed
axis method [mm)] method [mm)]
Pose 1 -3.20 -1.39
Pose 2 1.83 -0.64
Pose 3 * -6.85 3.10
Pose 4 4.57 -1.66

4. EERER

RETFIEE TKA IR OWERE (M, Fin 73 5, 28 DREMGIZEHE L. A
THBEHIIE— -« 77 7 48 e-motion system 2 L T\ 5. KEEH 2 FR—x
VEDOVA XL 4, JEEIUR—R POV A RF 3 THDH. ATEEGSONER
FRIZBET 2 FHEimskae R 1 3. 72, K9 IcikE 37z DR EE%, X 10 12
DR H{&IZ N THERE O 3 ke IRET V2 ERA bR HEREEZRT. 2hbo
FERLY, IBEFEICLVAEERNO N LHRETOMELRBOHEIITAIZZ L 2k
WUz, 72, BEFIEL SABEZHOCTHERIEL DR EITo7-. B2 ICRET
B EPERIEIC L 0 HEE ST EBEI A E 2R, IR FIRIFNERIE & R IHEE
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(a) Pose 1 (b) Pose 2 (c) Pose 3 (d) Pose 4
X 11 fEkiEic L B3 R—x 2 hO©E R

(a) Pose 1 (b) Pose 2 (c) Pose 3 (d) Pose 4
K12 #HEFECEDEZa U F—32 hONLEBF

PITZTWB.

WAz, K11, 12 IZHREFIEEWERETORRIF PO A KRB a v R—x v b &
EarR—xr bOMEBREZNEIRT. F2R 3 ICBEOLEFF BT 2
Ko R—3 > hEIEEFaryR—3xr bOThERT. ZNOHOREL Y, #
EFRETOE I R—R 0 MEOTNIE, HERETOTR LY b/hE<RoTEY
2OoMaAYR—Fy hONEBRE BB L 3 R ERBOREENATRETH 5.

N TR OHEEREE O 21T 5 72, 2 ¥ a—% THERR L 7% DR Hi#
WXL, |EFEOHEAZIT-72. 4, SICERLI DR BRICBIT2HETERAEY, K
IBICHEERE R 2T, 2RO ORETEFRE RN S, METIENBHEEAE, 2 KR—x
U MOMENEEIGENEEERITZA S Z L 2R LT

(© 2010 Information Processing Society of Japan



ki

IPSJ SIG Technical Report

5. %R

A TIEAERNICE T 2 N TIREHE O 3 T ERPHEEIEZIRE L.

e

(a) Pose 1

¢

(b) Pose 2

O

X 13

(c) Pose 3
5&{Ll DR {5 C D HEE G

%

FIEFR—=T 4 I NV T AN E BN 2 RITB RITEA A=V~ v F o FEICHESL
HEFIETHD. N—=T 4 7NV T7 4 VEZITERA#BREZ AT LE 2 FEROMME

BEMEA 2 D B 2 HEE T 5.

7o, HEEHERIIKRER - 8F a2 K= hHE

DONLEBREBE L TW5D. %L DR BB A AW RGO R R, A 0.26
deg, [MIEMFE 0.34 deg, WIAMXMIE 0.23 deg DF5E TR T2 7. 5B OREL

LT, BRFIEOFEMAZ

A3 & OB G AFNT ~DILIRRZE T b D .

D
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* 4 EBE A OHEERE

T rue value Estimation Estimation

[deg] result [deg] error [deg]
Pose 1 fle 90.0 89.56 0.44
i/e 0.00.79 0.79
v/v 0.0 0.52 0.52
Pose 2 fle 40.0 39.89 0.11
i/e 0.0 -0.05 0.05
v/v 0.0 0.01 0.01
Pose 3 e 0.00.22 0.22
i/e 0.00.18 0.18
/v 0.00.16 0.16

£ 5 MEBRBOHTHE

T rue value Estimation Estimation
[mm)] result [mm)] error [mm]
Pose 1 X 0.0 -0.07 0.07
y 10.0 9.85 0.52
z -40.0 -40.13 0.36
Pose 2 X 0.0 0.94 0.94
y 10.0 9.94 0.06
z -40.0 -40.15 0.15
Pose 3 X 0.0 0.62 0.62
y 10.0 10.2R 0.22
z -40.0 -39.88 0.12
S &3

S. Zuffi, A. Le ardini, F. Cat ani, S. Fantozzi, and A. Capp ello: Model- Based Meth od for th e
Reconstruction of Total Knee R eplacement Kine matics, | EEE Transactions on M edical I maging,
Vol. 18, No. 10, pp. 981-991 (1999).

M. R. Mahfouz, W. A. Hoff, R. D. Komistek and D. A. Dennis: A Robast Method for Registration
of Three-Dimentional K nee I mplant Models to Tw o-Dimentional F luoroscopy I mages, IEEE
Transactions on Biomedical Engineering, Vol. 22, No. 12, pp. 1561-1574 (2003).

(© 2010 Information Processing Society of Japan



MR XTI
IPSJ SIG Technical Report

3)

4)

5)

6)

7

8)

9)

T. Yamazaki, T. Watanabe, Y. Nakajima, K. Sugamoto, T. Tomita, H. Yoshikawa and S. Takuma:
Improvement of Depth Position in 2 -D/3-D R egistration of Knee Im plants Us ing Single- Plane
Fluoroscopy, IEEE Transactions Medical Imaging, Vol. 23, No. 5, pp. 602-612 (2004).

S. Kobashi, T. Tomosada, N. Shibanuma, M. Yamaguchi, H. Muratsu, K. Kondo, S. Yoshiya, Y.
Hata and M. Kurosaka: Fuzzy Image Matching for Pose Recognition of Occluded Knee Implants
Using Fluo roscopy I mages, Journal of Advanced Computational Int elligence and Int elligent
Informatics, Vol. 9, No. 2, pp. 181-195 (2005).

S. Kirkpatrick, C. D. Gelatt, Jr., and M. P. Vecchi: Optimization by Simulated Annealing, Science,
Vol. 220, No. 4598, pp. 671-680 (1983).

E.S. Grood and W. J . Suntay: A Join t Coo rdinate Sy stem fo r the Clinical ~Description of
Three-Dimensional Motions: Application to the Knee, Biomechanical Engineering, Vol. 105, No. 2,
pp. 136-144 (1983).

S. Kobashi, N. Shibanu ma, K. Kondo, M. Kurosaka and Y. Hata: Robus t Estimation of Knee

Kinematics af'ter Tot al Knee Atrhoplasty with Evo lutional Computing Approach, P roceeding of

IEEE Int. Conference. on Image Processing (2007).

G.Kitagawa: Monte C arlo filter and s moother for non- Gaussian n onlinear state sp ace models,
Journal of Computational Graphical Statics, Vol. 5, No. 1, pp. 1-25 (1996).

M. Sanjeev Arulampalam, S. M askell, N. Go rdon, and T. Clapp: A tuto rial on Particle Filters
Online Nonlinear/NonGaussian Bayesian Tracking, IEEE Transactions on Signal Processing, Vol.
50, No. 2, pp. 174-188 (2002).

Vol.2010-CVIM-171 No.12
2010/3/18

(© 2010 Information Processing Society of Japan



