(Osteoarthritis  OA)

”(wear and tear) ” ” (degenerative)
(weight
bearing joint) (kneejoint)

(Davis, 1988 Messier, 1992 Manetta, 2002)

(Messier, 1092 Fisher, 1097 Kaufman, 2001)



(sound side)

(affected side)



1.1

1.1.1
X X
( X-
)
(chondrocyte)
(chondroblast) ( meatrix)
(synovidl
fluid)
(collagen) (proteoglycan)

(viscodasticity)



( Solomon, 2001)

1.1.2
(1)
hypertrophy
Messer (1994)
(2) Davis
1991 45 54
2.3% 3.6% 55 6 4

4.0% 1.2%



6 5 74 8.4%

17.9% 65
2 0 0 1Zhang
60
. 45
(3)
Felson (1997)

Messier (2000)



(4)

Kuada (1995)

(5) (bone mineral density)

Huet (2002)

(6) Williams (199 3)



55

1.

(CDC, 1996)

Davis

8 Zhang

(1991)

Zhang

(2001

60

1.45

Davis



1.1.3

(1)
( Solomon,
(2)
(3)
(
)

(4)

2 0 ©'=ulivan,

2001)



(5)

(Quadriceps)

( Hamstrings)

(6)



10



( kinematics)
(kinetics)
(Winter, 1 9 9P&rry, 1 9 9 Clark (1995)

200 100

(Prince,

1997)

1.14

(step length) (cadence)

(Winter, 1991 Perry, 1992 Himann, 1988 Ostrosky, 1994)

Himann  (1988) 19 102 289 149
62 63
62 Ostrosky ~ (1994)
30 60 80 30 20 40

Himann

11



Winter

(range of

motion ROM) (24.9°vs. 29.3°)

(40°vs. 32°)

(loading response) (knee flexion)

(Winter, 1991 Ostrosky, 1994)  Oberg (1993)

10 79 116 117
Oberg
Winter
(Prince, 1997) Winter
(peak ankle
plantarflexor moment) (stance phase)
(swing phase)



(flexion moment)

Prince

1.1.5

Stauffer (197 7)

(isometric knee strength)
(peak ground-reaction force)

Brinkman ( 1985)

13



Kaufman (2001) 139 30 82

grade 11 20 30
(peak knee motion) 6 (54°v s .
60°)
(extenson moment) (‘adduction
moment) Kaufman

Hurwitz ( 2000)

(adduction moment)

(flexion moment)

(adduction moment) (flexion moment)

14



Messer (1992)

( 4 11) 15

(flexibility)

Messer

Manetta  (2002)

(loading response)

Manetta

Manetta

15



Cheing

Manetta

(2001) (
grade Il )
Cheing
11.2% 14.7%
Messer  Manetta

Cheing

16



1.1.6

Cheing

17



Chen  (1991) (

) (0 25 52 152 mm)
(crossing speed CS) (step length  SL)
(leading foot) hedl strike(obstacle-hedl strike distance
HD) (step width SW)

(minimum foot clearance, FC)

Begg (1998)
12 ( )
(10% 20% 30% )
Pala (1993)
(toe-obstacle clearance)

Patla

(tralling foot)

18



(sagittal plane)

clearance)

(tripping)

Sparrow  (1996) 12
(10% 25% and 40% )
(leading foot clearance)

(trailing foot clearance)

Chou (1997) 14 23
(51 102 153 and204 mm)
- (toe-obstacle

Sparrow

19



Chen

1.1.7

(Messier, 1992 Cheing, 2001 Manetta, 2002)



1.2

(leve waking)

21



1.3



2.1

12 12
50 67 12
(excluson
criteria)
1.
2. (Parkinson's disease)
(Alzheimer's disease) (Multiple
Sclerosis)
3. ( )
4, (rheumatoid arthritis)
(gout)
5. (amputation)
(ligament repair)
6. grade I ( Kdlgren and
L awrence grading system (1963) )
7. ( )
10°

23



12

2.2

2.2.1

60 (60 H2) VICON 370
(VICON 370 motion analysis system Oxford Metrics
Limited., UK)(  2.1)
(three-dimensional

trajectory)

2.2.2

AMTI (AMTI force plates Type ORG6-6,

Watertown, MA , USA)( 21)  960Hz

24



(A/D converter)

VICON 370
2.2.3
(retro-reflective markers) 2.5
3M
23
(temporo-mandibular joint)
(acromion) (lateral epicondyle of the humerus)
(styloid process of radius) ? (anterior superior iliac spine)
(laterd thigh) (latera epicondyle of femur)
(latera shank) (laterd malleolus) (second
metatarsal head) (calcaneus) (sacrum, midline of

posteroir superior iliac spine)(  2.2)

(media epicondyle of femur) (media malleolus)

25






2.3

(history)

27

27



2.4

24.1
7
7 (pelvis coordinate system)

(bilateral thigh coordinate systems) (bilateral
shank coordinate systems) (bilateral foot coordinate
systems)(Haug, 1992)

R =R "R
RP' R, R
T
(Euler angles)

y - X(- z« y

28



a - (flexion/extension) X( B
- (abduction/adduction) 2( y
(axial rotation)

RW‘E"’z (a b ’g) = |.C|1 J3'3

éSaSHSy+CaCy SaHCg- CaSy SaChu
Cbsy ChCg - S 3
BCaSy- SaSy CaSHCg+SaSy CaCby

D D

a By

b =Atan2(- G,,/G; +G))
a = Atan2(- G,/Cb,G,/Cb)
g =Atan2(- G,/Cb,G,/Cb)

C cos S sn Atan?2 tan

2.4.2

(anthropometric data)
(free-body diagram)( 2.4)

- (Newton-Euler equations)



Fo=ma- F,-F,
M, = &+w’ Iw- [M, +r," F, +r ° F]

Mp

Fw

Md



2.5

6 10 (
6 6 ) 20 (
6 6 ) 24 54
Chou  (1997)
10 20
(label) c3d

generalized cross-vaidation spline smoothing (GCVSPL)

(Woltring, 1986) 6Hz

Chen (1991)

( 25

31



2.5

TD toedistance

HD hed disance

SL step length

HOC hed-obstacle clearance

TOC toe-obstacle clearance

VEL veocity
SW step width

32



2.6

1
T
2
3.
ANOVA)

(independent t test)

(sound side) (affect side)
T (paired-t test)
(One-way
Tukey’s test (post-hoc)

P <0.05



3.1

12 (dominant side)

50 62 54.6+4.1

50 67 58.5+5.9
154.8+ 3.8
156.3+5.9 56.0+ 6.5
56.8+ 6.2

76.9+24

78.5+4.2
( 31
gradell



) C ) « ) ¢ )

54 461 154+38 856 £60. 5 76 £29. 4

OA 58 +55. 9156253 956 +68. 2 7 8 #45. 2
3.2
321
3.1
( 6.6°) ( 6.4°)

(independent t test P<0.05)



E Normal @ OAS O OAA

(0]
o

*
T

~
o

2]
o

|
ﬁ_.
—

ROM (degree)
w b
o o
||

|

S
|

IR IS

HFE HABD KFE AnDP

o

Normal OA
S A H: hip, K: knee, An: ankle,
FE: flexion/extension, ABAD: abduction/adduction, DP:
dorsflexion/plantarflexion. *: N-OAS, N-OAA (P<0.05)

322

3.2

(independent t test P<0.05) (par-t test P<0.05)

(abduction moment)

(adduction moment)



I Normal B OAS O OAA

11

T

1.0 —F
0.9 { I u
0.8 — = — -

0.7 —
0.6 -
0.5 - — —
0.4 — L
0.3
0.2 — —

00 ‘ | | |

HAD HF HAB HE

Moment (Nm/kQg)

Normal OA
S A H: hip, AD: adduction moment,
F: flexion moment, AB: abduction moment, E: extension moment.
*: N-OAA, OAS-OAA (P<0.05)

(independent t test  P<0.05) (par-t test P<0.05)

37



E Normal B OAS O OAA

0.65
0.60 _
0.55 — —
0.50 _ _

0.45 B ] =
0.40 1 o
0.35 =
0.30 L |
0.25
0.20

0.15 1

0.10

0.05 I -
| | |

0.00

Moment (Nm/kg)

KAD KF KAB KE

Normd OA
S A K: knee, AD: adduction moment,
F: flexion moment, AB: abduction moment, E: extenson moment.
*: N-OAA, OAS-OAA (P<0.05)



3.3

plane)
3.4
20
10
ANOVA P<0.05) 10
20 10

ANOVA P<0.05)

10

20

10

20

10

20

(sagittal

10

20

(one way

20

(one way



O OcmE 10om O 20cm

* %k

-

i

LH LK LAN TH TK TAN

ROM (degree)
oBREEES 3RS ERRE iz
H
A

L T H: hip, K: knee, An: ankle Ocm
10cm 10 20cm 20
*: 0-10,0-20,10-20; **: 0-10,0-20; ***: 0-20,10-20 (p<0.05)

3.5
10 20 10
20 ( )
10 20
(oneway ANOVA P<0.05) 10 20
10
20

(oneway ANOVA P<0.05)



B Ocm B 10cm O 20cm

(one way ANOVA P<0.05)

20

41

10

20

1% ;
130 1 i &
128 *
8 100 T T
5 T 1
8 *
; 28 *%x *
- - T
g 2 H N
30 T || T ||
20 [ 1 1 ]
10 — — m
O 1 1 1 1 1
LH LK LAN TH TK TAN
3.5
L T H: hip, K: knee, An:
ankle Ocm 10cm 10 20cm
20 *: 0-10,0-20,10-20; **: 0-10,0-20 (p<0.05)
3.6
10 20 10
20 ( )
10

20

10



10 20 (one way

ANOVA P<0.05) 10 20

= Ocm = 10cm O 20cm

160
1% * =
130 f T
. 120 *
§ 110 -
g% 2
E ?8 * % T * %
s
= P00 :
30 || T |
20 — —
10 — —
0 1 1 1 1 1
LH LK LAnN TH TK TAN
3.6
L T H: hip, K: knee, An:
ankle 0Ocm 10cm 10 20cm
20 *: 0-10,0-20,10-20; **: 0-10,0-20 (p<0.05)
3.7
( ) 10
10

- (independent t test P<0.05)
15.64° £2.27°

18.11° +2.72°

42



@ Normal @ OAA

150

140 .

130 T

120 £
110
o
o3
T 8 M T
s 0
o 60 M
x 50 | | T

438 | * T -

20 H

10 H

O 1 1 1 1

AHFE AHABD AHROT AKFE AAnDP SHFE SHABD SHROT SKFE SAnDP
3. 7
10 Normd
OA S A H: hip,

K: knee An: ankle FE: flexion/extenson, ABD:
abduction/adduction, ROT: rotation, DP: dorsiflexion/plantarflexion.
*p<0.05

10



@ Normal ® OAS

140
130
120
110 4
100
90 TT
80
70
60
50
40
30
20
10

ROM (degree)

HE BRI

SHFE SHABD SHROT SKFE SAnDP AHFE AHABD AHROT AKFE AAnDP

10 Normdl
OA S A H: hip,
K: kneg, An: ankle FE: flexion/extenson, ABD:
abduction/adduction, ROT: rotation, DP: dorsiflexion/plantarflexion.
*p<0.05

20

(independent t test  P<0.05)
15.32°+1.87°

20.30° £ 3.90°



@ Norma @ OAA

a1
e}
[ T T T T T T T1

AHFE AHABD AHROT AKFE AAnDP SHFE SHABD SHROT SKFE SAnDP

20 Normdl
OA S A H: hip,
K: kneg, An: ankle FE: flexion/extenson, ABD:
abduction/adduction, ROT: rotation, DP: dorsiflexion/plantarflexion.
*p<0.05

20 10



@ Normal B OAS

160
150
140 T
130
120
110
100 FHE

90

80

60
50
40
30
20
10

ROM (degree)

T T

i

SHFE SHABD SHROT SKFE SAnDP AHFE AHABD AHROT AKFE AAnDP

[T T T T T T TTT

3.10
20 Normdl
OA S A H: hip,
K: kneg, An: ankle FE: flexion/extenson, ABD:
abduction/adduction, ROT: rotation, DP: dorsiflexion/plantarflexion.
*p<0.05

20

test P<0.05) 20

10



@ Affected B Sound

150
140
130
120

o 110
8jloo T T

90 M
-@80;
570—

60
O 50 [ —
X 40 *

10 [

0 | | | |

HFE HABD HROT KFE AnDP

3.11 2
Affected Sound
H: hip, K: knee, An: ankle FE: flexion/extension, ABD:
abduction/adduction, ROT: rotation, DP: dorsiflexion/plantarflexion.
*p<0.05

47



3.4

TD HD SL
SW HOC TOC VEL ( 25 )

TD HD SL HOC TOC

SW ASS (normalize)
3.12 313
10
(HD) (SL)
(SW) (independent t test
P<0.05) TD HOC TOC



@ Normal m OA

*

T
I

|
I

HD SL SW HOC TOC
12
10 Normal
*p<0.05
@ Normal m OA

09 *
0.8 7
0.7
0.6 *
0.5 -
04

-

03 +
o O

TD HD SL SW HOC TOC

.13

10 Normal
*p<0.05

OA

OA



314 3.15

20
HD SL
(independent t test  P<0.05)
TD HOC TOC 10
@ Normal m OA
0.9 *
0.8 T
0.7
0.6 -
0.5
04 %
0.3 T T T
0.2 T T
i
0.0 1 1 1 1 1
D HD SL SwW HOC TOC
.14
20 Normal

*p<0.05



B Normal @ OA

SW HOC TOC

Normal

@ Sound @ Affected

0.9
0.8
0.7
0.6
0.5
0.4
0.3 T T
0.2
0.1
0.0 : : :
TD HD SL
3.15
20
*p<0.05
3.16 317
10 20
10 20
0.9
0.8 T
0.7
0.6
0.5
0.4
0.3 T
0.2 i
0.1
0.0 L L L
TD HD SL
3.16
10 Sound

51

SW HOC TOC

Affected

OA



@ Sound B Affected

0.9
0.8
0.7
0.6
05 —
04

03 T -
0.1 TI
00 | | | | |

TD HD SL SW HOC TOC

20 Sound Affected

3.2 10

20

(independent t test  P<0.05)
10 20
(independent t
test P<0.05)

10 20

52



(cm/s) (Normd OA
sound affected obs10cm
obs20cm 20 )

Normal** OA (sound) OA (affected)

ObslOcm* 83.69+9.06 74.23+12.04 72.96+11.86
Obs20cm* 7247 +12.92 63.31+9.62 62.05+9.31

* P<0.05 Norma 10-20 Sound 10-20 Affected 10-20
** P<0.05 ObslOcm Norma-Sound Norma-Affected
Obs20cm Norma-Sound Normal-Affected



( Hurwitz,

2001)

Messer ( 1992)

58 Kaufman ( 200 1)
57+12.5
4.6+4.1
58.5+5.9

20Cleingg, 20 Oldnetta, 200 2)

( Kaufman,



4.1

411

2 0 0 Cheing,

Kaufman

2001)

60

(Messier,

6.6°(

8.8°

3

Cheing

)1

1 9 ga&@fman,

(2001)



(OA(sound) Norma 6.4°) Cheing
OA(sound) Norma 5.3°)
( Schouten, 1992)
4.1
1
Sound side Affected side
Messer OA Normd 3°
Kaufman OA Normd 6°
Cheng | OA Normd 53° | OA Normd 8.8°
Thisstudy | OA Norma 6.4° | OA Norma 6.6°

(Messier,

1 9 Kaifman,

2001



ORelly, 1998)

( contacted
pain)
(Messier, 1992)
(Messer, 19@Ghdngg 2001)
(Kaufman,2 0 0 1)
4.1.2
( 3. 2)

Manetta ( 200 2) Manetta

57



(quadriceps) (hamstrings)

(Tean, 1 9@ Relly, 1 9 Rder, 19Chéng, 2001)

( 3. 2) Manetta ( 200 2)
Messer (1994) Messier
Messer
“ Quadriceps avoidance’ M anetta
Manetta
“ Quadriceps avoidance’
Manetta



Hurwitz

. 3)

(2000)

59

Kaufman



4.2

(mild)

Patla

(1993)

3

)6

grade Il

Kaufman

Patla



10 20 ( 3.7 3.)9

10

* hip circumduction”

61



Messer  (1992)

hip circumduction”

62



4.3

3.12 3.15

(HD)

Chen (1991)

Chen

(SL)
(Sw)
Chen
(base of support)

(swing)



TOC)

(chalenge)

Chen

( 3.16 3.17

(HOC
Sparrow(1996)

Sparrow

Sparrow



( 4.)2 (Chen,

1991 Sparrow, 1996 Chou, 1997 Begg, 1998)

(Chen, 1991 Sparrow, 1996)






(electromyography EMG)
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Kellgren and Lawrence Grading System (Kellgren, 1963)

Normal

Possible osteophytic lipping

Definite osteophytes and possible narrowing of joint space

W | N[k, | O

Moderate multiple osteophytes, definite narrowing of joint
space, some sclerosis, and possible deformity of bone

contour

L arge osteophytes, marked narrowing of joint space, severe

sclerosis and deformity deformity of bone contour
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65 27 %

(VICONS370)

(force plates)
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