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TR R OBEE (F30) : In order to investigate the 3-dimensional (3D) load transfer mechanism in the
lower extremity, articular contact behavior at the tibiofemoral and patellofemoral joints and deformation
of the patellar tendon were evaluated in vivo using 3D joint models and images of joint motion captured
by calibrated x-ray systems. As the flexion angle of the knee changed, the location of the contact area
also altered. The relative elongation of the patellar tendon increased as the knee flexed up to 60°.
Beyond 60°, the elongation in the lateral portion of the tendon decreased. The direction and the
amplitude of the force applied across the tibiofemoral and patellofemoral joints also varied with the knee
motion.
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anllr Tibia
(c) MRI cartilage

Femur Tibia
(b) MRI bone

(@) CT bone
1. 3D bone and cartilage models of femur and
tibia.
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Camera 2

2 . Calibrated bi-planar x-ray imaging system.
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% 1 Articular contact area during stance phase

Flexion Contact area, mm?

angle, ° GRF N Med Lat

Subject| 21 |Min|447| 335 124
A 39 |Max|948| 377 203
Subject 2 Min|346| 353 469
B 10 |Max|514| 337 477

GRF: Ground Reaction Force.

7% 2 Articular contact area during knee flexion

Flexion Contact area, mm?

angle, ° GRFN Med Lat
Subi 30 623 431 299
“AFCt 60 620 | 420 | 290
90 631 286 281
Subject 30 483 298 406
B 60 462 272 388
90 455 167 315
GRF: Ground Reaction Force.
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3. Contact point location of the patellar
surface during deep knee flexion.
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4 . Relative elongation of patellar tendon
during deep knee flexion.

(3) HEfdfEIE O EERAIRREE

HE T VA L OBl S & JIE - 1T
R BEERNECIRW 3 S BT ai 71z, 4MAl
B AR LT, F 7oL EME e A
A9 2 L REflR & L EJ NI L, Sy AntE
b R&EL< 2oz (X 5)0 :@ﬁ%‘%i)%‘
A A=~y F LTIz %ﬂt%ﬁﬂi‘iﬁ?
=53 %ﬁ%i@ﬁ%iéﬂﬁﬁ %E’@ BiF5
PERUIRAE 2 HEE 9 D ik iﬁxﬁf%‘é &
R ST,

(4) FROKIEB LS BDOREE
AZERAY T T A 38 1 B IS BB B A &
= ARRBEHT O sF B E B s L OO

RIEHFBRAERAN TG L7z, £, KK
ZRIRFRIES S Z &T“H%E@Eﬁld”ﬁﬁﬁﬁ‘éﬁ
&L R RBRBAEN 38T % Rk fE I oD LR &
Al L7z, S DI, BERIRBEEIC BT 58K

B S O  JRRBEET R R & MR L T2,

Tk BERREETH o 7 AT E
T B [ BA SR G O £ filutk RE FEAR 23 7T
RETHD I ENRENTZ L RRRHT, BEEICE
AT 2REEOBBREMITT 52 &N AHE
Elpotz, A%, RIERT—X LT
%%%i%ﬁ%%TW%%“ﬁﬁfgé;
ERHIFF NS,

Contact depth, mm 0.0

O:O)O:

Proximity, mm 0.0

L
Posterior Lt

5. Change in contact behavior with applied
compression forces. Contours of contact depth
determined by image registration method using
CT bone model + MRI cartilage model (A), MRI
bone model + MRI cartilage model (B),
proximity between CT models (C), and contact
pressure distributions measured by pressure
sensor (D).

5. ERFRERE
(WFgefRzsE. Wt
=Ny

Gy e ONEEERT B8 12

[%nuuﬁﬂj{] (§+ 13{4:)
D Kobayashi K, Hosseini A, Sakamoto M,
Qi W, Rubash HE, Li G, In-Vivo Kinematics of
the Extensor Mechanism of the Knee during
Deep Flexion, ASME J. Biomech. Eng., & #iA,
2013, DOI 10.1115/1.4024284.

@ Mochizuki T, Sato T, Tanifuji O, Kobayashi
K, Koga Y, Yamagiwa H, Omori G, Endo N, In
vivo pre- and postoperative three-dimensional
knee kinematics in unicompartmental knee
arthroplasty, J. Orthop. Sci., & #t A, 18(1),
54-60, 2013.

(@ Kobayashi K, Sakamoto M, Hosseini A,
Rubash HE, Li G, In-vivo patellar tendon
kinematics during weight-bearing deep knee
flexion, J. Orthop. Res., A Hif, 30, 1596-1603,
2012.

@ Tanifuji O, Sato T, Kobayashi K, Mochizuki
T, Koga Y, Yamagiwa H, Omori G, Endo N,
Three-dimensional in vivo motion analysis of
normal knees employing transepicondylar axis as
an evaluation parameter, Knee Surg Sports
Traumatol Arthrosc., & &t A , 2012, DOI
10.1007/ s00167-012 -2010-x.

(® Tanifuji O, Sato T, Kobayashi K, Mochizuki




T, Koga Y, Yamagiwa H, Omori G, Endo N,
Three-dimensional in vivo motion analysis of
normal knees using single-plane fluoroscopy, J.
Orthop. Sci., #/HiH, 16(6), 710-718, 2011.

© B &, RS —, JAE, KRS,
BREA, HBHBIR, A A—Y~vyF U7tk
2 B Rl REREAL 5 O EBRAVIRGE, E&RIR
NAFAD =7 A, HH AT, 32, 483~487,
2011.

@ Rz, WARE, WEBE, BR, HER
A, PERREL, MR —, KERZE, HBMIA, A
T BE B PR B i L3S T B IS T 40 AT O B A AR
Br, BRRANA A AT =27 X, &HiH, 32, 283
~289, 2011.

® HAAME, MK, EHFHRE, DA —,
felEA, HBRIE, MRI & U 7o fS R Al
(2B DGR O In Vivo T, BRI SA
FA =7 A, #EwHiH, 31, 283~289, 2010.
© Shin K, Sakamoto M, Kobayashi K, Minato I,
Numerical analysis of pressure on cup surface
after THA, J. JSME, & #if, 10, 251-255, 2010.
Kubota Y, Sakamoto M, Kobayashi K, Yoshio
K, Tanabe Y, Accuracy verification of image
-matching in a setting method for the stem during
total hip arthroplasty, J. JSME, & # A, 10,
247-250, 2010.

@ /E)IE—, BHE&Em, RN, Bk
O EA, R, BAE, TERBAE,
HBHIG, K&#EE, A1 A—V LV AML—V
3 BT K 2 B OB REARAT, RS
AF A= A, #&Hif, 31, 349~355, 2010.
© M=, JAME, IRA—, FEEAE,
HBHIG, K#e%E, 1EHES, MRIE - 805
TNEHWIZ3WIL NIT 74 A 2 FaHili >
AT IOKGEFEM, BERAA T AT =T X,
Wi A, 31, 341~348, 2010.

@ iR, W)IEh, TEBA, ERRE, Bk
B, WARE, IhA—, HBHIE, KEEF
Wa v Ba—XET7 /VOEER A BIEEIE,
BRIR/NA A A =7 A, &FHiH, 31, 333~340,
2010.

(Fa%&R) G2 31

O IRA—, WAE, LiG, BEF T vF
VI OEERNAIE EBIRERIEICLDRBE
KERBEER OBEALFRNT, 25 25 [0 H AR F2
NAF o P=T ) v TS, 293~294,
2013, »< 3.

@ MR —, WARE, BHE, HZHRIE,
JI EEE. A4 A=V~ T o 72 X 2R
PRl BERT A E O KBRARGE, CT BTV
& MRI ‘BETVOHES, HARIEMIERE R
DT KNS, 145~146, 2012, HU.

@ /IRA—, TARE, HEWIE, 1 A—Y 1
DA b L— g T KD I B A AT
lYE D SZERIVIFRGE, B AR 2 2012 47

FERKE, 8022026, 2012, 4R
@®Sasagawa K, Kobayashi K, Koga Y, Sakamoto
M, Tanabe Y, Omori G, Sato T, The anatomic
coordinate system setting to knee MRI model,
Trans. 57th ORS, #866, 2011, Long Beach, USA.
(®Kai S, Kobayashi K, Tokunaga K, Koga Y,
Sato T, Omori G, Sakamoto M, Tanabe Y,
Accuracy examination of automated image
registration for hip alignment assessment, Trans.
57th ORS, #1001, 2011, Long Beach, USA.
(®Kobayashi K, Toyoda T, Sakamoto M, Tanabe
Y, Omori G, Koga Y, In vivo articular contact
behavior of tibiofemoral joint  during
weight-bearing activities, Trans. 57th ORS,
#1344, 2011, Long Beach, USA.

(MMochizuki T, Sato T, Yamagiwa H, Tanifuji O,
Kobayashi K, Omori G, Koga Y, In vivo pre and
postoperative three-dimensional knee kinematics
in unicompartmental knee arthroscopy, Trans.
57th ORS, #1350, 2011, Long Beach, USA.
(®Kai S, Koga Y, Sato T, Omori G, Sakamoto M,
Kobayashi K, Tanabe Y, An automated method to
construct joint coordinate system (JCS) for the
femur, Trans. 57th ORS, #1358, 2011, Long
Beach, USA.

(@ Kobayashi K, Li G, Estimation of in-vivo
quadriceps forces of the knee - combined in-vivo
patellofemoral joint kinematics measurement and
finite element prediction -, ASME 2011 Summer
Bioengineering Conf. #53521, 2011, Farmington,
USA.
O)IEL, A —, WHAE, HBHIE,
HERA, THRT 74 A2 MHIEICE T 5
MRI D%, HABR 25 23 [ ANA A=
V=T U TS, 563-564, 2011, REA.
MG, R, /A —, HBHIE, 78
KIEZ, R, HEBA, Rk, BB 3
WILT T4 A PR IiT 2 HENA A —
Uy F U TEORERGE, A AR
23 MANA AV =T )T H#EES,
565-566, 2011, REAR.

@/ —, WA(E, LiG, BEEERZR
V% M KRB & D A (RN B R MERTAT, H
ARFFRIERRA IS T« O 210 50 P v
£, 21-26, 2011, 4R,

QRN —, WAE, LiG, BRI
T OB EREE EBEREOXR~T 1 7
A, A AR A ST BN, 81-84,
2011, KK

W/ RA—, WAME, LiG, HZ®iE, 8
B, s, KREsE, BBIEICRIT 24K
WHEEAREYREFENT, 2 38 [l H ARERIK S A A A
J =7 A%z, 121, 2011, 7.

@ Kobayashi K, Odagawa K, Toyoda T,
Sakamoto M, Tanabe Y, Omori G, Koga Y,
Articular contact behavior of tibiofemoral joint
during weight-bearing activities measured using




an image registration technique. Abst. 6th World
Congress of Biomechanics, 103, 2010,
Singapore.

Toyoda T, Kobayashi K, Odagawa K,
Sakamoto M, Sasagawa K, Tanabe Y, Omori G,
Koga Y, Creation of three-dimensional digital
model for evaluating articular contact behavior.
Abst. 6th World Congress of Biomechanics, 582,
2010, Singapore.

@/ 1M —, S i, DR —, TARAE,
HBRIR, A A=V LV A L —Ya itk
2 RIBRIEE BAEN o0 Eh /722, B AR
R 22 EIARA AT V=T Y VT HIES,
162, 2010, [l

®%FH AVERL, BEHK, HHER, HBH
1B, A —, WAE, v MEERESIZR T
L B O A RN A, AR R 22

[N FT =T 1 v TS, 273, 2010,

[ (L1

/IR —, /INE) IR —, ], SRS,
HBRIE A A—Y LYV A ML—3 g 02k
2 IEBEER D RN B ZF BN REAN, B A

SACERSE 47 Wife 2 - SR, 341, 2010,

R,

@) EA, DA —, WARE, HIBHBIE,
HEBAE, BE®BIETT VICE DAL P
KRBT DRSEEMGE, H A RIS
ERER AT HifRas - GEBEZY, 343, 2010, HE.
QOB H &, IMRA—, WARE, K&ERZE, &
BREA, ABHBR A AV~ T Ik
% [ B ERBE AR REREAT VA D SEBR RRGE, 55 38

5] H ARERR AA F A =7 252> 154, 2010,

AR,

@A KNG, ke, (LESiES, Bk, /b
WA—, N, STEEA, K&, mERE
N, B X RRE 2 O 72 N T B B
BARRRIP OO 3 WoTIEBNENT, 25 38 [8] H ARlg
IRASNA A AT =27 A543, 165, 2010, JTHD.
@) EH, DA —, HEBAE, WARE,
HBHIR, 1CRER, K%, WRI €5 /L% H
W TT T4 A b 3RIcHEE—Y)
Wiz X 2 MEE—, 2 38 [l H REFK /A A
AT =T RFE, 178, 2010, FUES.

6. MFFERHRK

e =

/PR ZA— (KOBAYASHI KOICHI)
BERE - EWER - B
WF9EE %5 : 70296317

() Besy s
SA {F (SAKAMOTO MAKOTO)
K - T -
W7 %% © 80215657

H3%  #5 (TANABE YUJI)
BRI « ARBSR - Hd%

WHIEHE &

60143020

KA & (OMORI GO)

HHRIRT: « WFFEHEERR AR AT - 2
WHIEHE &

(3) HHEMT T

70283009

ZHE72 L)



