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A research on the eccentric strength of patients with knee osteoarthritis/YU Xiaojie, WU Yi, WANG Ying,et
al.//Chinese Journal of Rehabilitation Medicine, 2006, 21(7):610—613

Abstract Objective:To evaluate the functional change of concentric and eccentric contraction of quadriceps and
hamstrings in patients with knee osteoarthritis. The special attention was paid to the function of eccentric contrac-
tion. Method: Biodex System-3 isokinetic test system was used to assess concentric and eccentric contraction of
quadriceps and hamstring of involved and uninvolved limbs in 42 cases suffered from osteoarthritis. Result: In con-
centric contraction of both sides’ quadriceps and uninvolved sides’ hamstring,the peak torque tended to diminish as
the angle velocity increasing,while peak torque leveled off in eccentric contraction. The eccentric contraction of
both sides’ quadriceps and hamstring produced significantly higher torques than concentric contraction did in same
speed. The significant deficits in muscle strength of quadriceps were seen in involved limbs during maximal volun-
tary concentric and eccentric contraction(P>0.05), percentage deficits were greater than 10% ,while significant deficits
of hamstring were seen during low velocity concentric contraction(P>0.05), percentage deficits were 14.33%. Eccen-
tric/concentric ratio of quadriceps in patients with knee osteoarthritis was lower than that of hamstring. Eccentric/
concentric ratio of quadriceps significantly increased as the angle velocity increased. Eccentric/concentric ratio of
60°/s of quadriceps of involved limbs was significantly higher than that of uninvolved limbs.Conclusion:Patients
with knee OA have deficits in concentric and eccentric strength of quadriceps, which suggests that the muscle
function test of patients with knee OA should include eccentric contraction test, and that patients with knee OA
should enhance eccentric exercise of quadriceps.

Author’s address Huashan Hospital,Fudan University, Shanghai, 200040

Key words osteoarthritis; isokinetic testing; eccentric contraction

JE ST B Y R (osteoarthritis, OA )2 G R £ O I B G B 515 2 19 JULIA) D) RE R P Y T

WILME XN, Z2RETHEFEAN, BRRE
1o T OA 38 R I R R OG5 R A AL IR B
AEREAT . WLA T REREAT , R 2 A D Sk LA 555 2 e
OA 1 — MRRIEMERERY . B AT AT &30, B OA &
WYk UL S FEAE 109%—60% (1) F [, 1%
Sk WL 55 308 5 DA e R S A 1) O UL R R
o BRI, TE H R DRENE sh b a0 KO e A
Bl & AR, DL KBGO L R R I OA e Sk LK
553 2 75t 38 B AH R R B H AT IR N TE A R S

FEIR AR DL FE ARG . A SCHY H Y218 H] Biodex 55 8
DA ZR L, 0 B e 5 1 Ak 5 1 4% SR 0 0L e
SR B D Sk LR 28 ILRE AT o B g I, DAt
— B IRA AT LN ILIA DI RE AR W B, D i PR
SAR A S

I B REEM R AR L R B R A B 24 R}, 200040
2 AR KA B A o I A O R B B A IR AR
EH RN ATeAs, 5, AEBEBEIm, Aok
Wk H 11 .2005-12-26



o[ A S A 4R R, 2006 4E A5 21 %45 7 1)

Chinese Journal of Rehabilitation Medicine, Jul. 2006, Vol. 21, No.7 611

1 ¥&5H%
1.1 A4

PO ST OA B 42 ), Hoh B 14 4, &
28 i MR 1T ), AME 25 B, CEEAERE S 56 %
(45—71 %), F ¥ IR 62.75kg(46—78kg), Ik 12
V¥R 17.5 4 H (2—60 N H ),

WIRIE (S B892 E XR R 4 25 1995 4 X ¢
T RS WA E) . FEEALEE O K
s QI ; O F BT @R OX KRR . — M
BB B, R B R AL RN ST R PR A R A
9o S LG A Rl G A R R XU 2 XU DG
e S H AR . ASHIE ST TE A BEAF T X G B LR
JRA T OA SB35 X Bl e OA /B3, HART A 5
1824212 Wr , Kellgren 432 2 /0 T 9%, 1A WL,
REANZ AT o AN SRR A 34 £8 A T O, T Bk —
M PR 55, FLUR AT WM IR .
1.2 ik
1.2.1 IR P R Biodex System—3 #5555 AL )
MKV G R G, FAHE AR 5 317, 23
A IR Sy, SR S5 AN 5 S B d Sk AL JE
I 2 JUL 5 2 B0 LR T O U
1.2.2 IR N2 - A5 ) JE G 328 ol B )0 5
Lot X8 A 18 5B B 60°/s AR 2 B 180°/s, Y
T S RIS R S ST i il 10°—90°, 43 311 52 g
S WLAD A 2 AL %) 1] o0 W48 (concentric, CON) 5 .0
Wi (eccentric, ECC) Sy MR IEMH , B4R E R 5 1K,
e
1.3 Gil a0

fii ] Stata7.0 GEiH4 44, Bt A R0l 34 DL B+
WEZ TR, ULt K EA TS24 0 Hr ,  3E PE K
P<0.05,

2 &R
2.1 GRS g B Sk WUAIL g D3 G

DL 1, 25 AR g £ 0 i Sk LS 1)
OV B Bt ) o 4G e ) R B 5 E A5 R
O WSCAR B B A TR 1 e 7 6 R DL I Al R
SR B O Sk LA ()32 33 B T B0 i = 2R i LT
5 KT oo i 4 RO R Y Sk AL 60°/s . 180°/s A1
o A N T PN AN | A RS E i ST A N S
(P<0.05), Bl H 43 e R 11.27%—26.25% , e K Bk
PR S R A RN
2.2 RN o i 2 ULAIL ) D kb SR

W2, GEALRT, 0 N 2 IS S e 0 R

R, I 5 o 3 88 T 06 o R T o 5 o 5 O M 4
I B A 1 0 A DL e i) A A 20 LA
)32 Bl BT B O WA = A B WL BRI R g0 i
45 FE O 28 L 60°/s 55 3 ) O WA 48 FIL 7 05 A o) b 2%
IR (P<0.05) , 125 H 43 A 14.33% ., 180°/s 55 14 [i]
O WA 0 O LA L) B AN B L (P>0.05) , 2R
AN 3.55%—6.87%,
2.3 RS O R G B0/ 1O LT F AR (E/C)
L% 3, Z5ARM I OA UK LK) E/C HAR
T IR 48 L, Bz ol BE R, B id Sk Ley E/C L fE
B i 384 K FRON B Y Sk UL 60°/s £ 1 R Y E/C HLAE
AR fd A B M R (P<0.05) , H A B0 R By sk
LRI IR 48 LAY E/C Lo 35 B (g ms A 3 s, HC i
FPEE R (P>0.05),

F1 BRMELAMAATRKER (xs)
Itk A (N-m) M (N-m)  BEE (%)
60°/s CON  58.43+24.899%  81.45+35.35% 26.25+20.96
180°/s CON  45.79+20.85Y  56.34+22.41 18.9+17.24
60°s ECC  96.54+37.337  115.81+36.67 15.32+25.45
180°/s ECC  102.68+32.73%Y  116.91%31.25 11.27+18.23

D5 4%, P<0.05 ;@5 180°/s CON # b P<0.05, B2k 71 43 o=
() — F5 A0 /A 0 100%

x2 ERINNABRKER (xs)
W A (N-m) B (N-m)  BRE 4 (%)
60°/s CON 32.46+13.85% 39.58+18.27% 14.33+21.35
180°/s CON 31.05+12.35 32.85+13.44 3.63+£20.94
60°/s ECC 72.58+27.5 78.16+24.24 6.87£21.91
180°/s ECC 71.85+20.75 75.2x£19.08 3.55+20.23

D5 M H 48, P<0.05;@5 180°/s CON # Lt P<0.05, B2k 1143 te=
() — K8 A /A 0 100%

I ENESRMUBEXFTENV/EOCANLEER (vx)

WL Wl BM(N-m) @ (N-m) P{i
Je v Sk 60°/s 1.71+0.7 1.5+0.58 <0.05
180°/s 2.27+0.66 2.22+0.62 >0.05
JIE 2 L 60°/s 2.54+1.36 2.33£1.23 >0.05
180°/s 2.55+1.17 2.41+0.73 >0.05

3 Wit

30 SFEELO B

SN AR F R E MBS E , (R
2y v N T BEL g DA IR 1 BHL T, RN 5 LAY
s BRI ARDC BC, Al 0 0B A 3z 2 AT A —
A URE Ay e K Tk o o A S5 T g o AR B LAY
Wi 26 77 AN 18] 33 g o I 3R g 0300, 2 i
5 S AR A LE L PN B2 K B WA, st 1k B i
(i 3l , JE Y Sk LAY B3O WA 15 30, A HH DIRETS
ghrf, LY LTS S O MR L R R AR B
PR, 1y Lo Wi 2 L) 32 B 7™ 2R S A, B i 4
JULT 3 2 R 4 il Rl AR s A1 e B A 3% ik 4y A o ) S0



612 o B A PR A 2 iR, 2006 AL 55 21 %55 T W Chinese Journal of Rehabilitation Medicine, Jul. 2006, Vol. 21, No.7

R B0 R O AE H RIS B b T S N 1k
A2 sl =2 8] ) Mk AR Ak B HEsh Al sh Ve 2
BILAA A A I Bl B B A ERT b Xof 7 I 1 ] o i
A5 RIS oW i LT P S R R A T AX
B T REAS UEA TR B 00 O i e WL I B A, IR RE RS
HEAT B Wi A8 S A, LR SO R — R e
ST FE RN T AR 5K T S R — Rl k00 L
PRI B WA 0 D 3 B 5 AL 1T 2 UL PR ) R 3T B
RS A —aE M E, & SCS LA m oY s
I3 S 1600 WO 48 V1 0 [ i 0
3.2 JBE OA S5 )OO RN O AL A i s

O KR SCHRIRE I OA B3 1778 I DU Sk L 45
A S ) WSO LT BT ASRIEGE X 42 451 B
MJEE OA FB 35 45 0 1] o WS048 A0 50 A0 4 0 3K ) AF 5
S B A RO 1T Sk LR {00 A 2 AL ) 00 R R B
214 o S 06 R S N 5 0 A I
1 T P 3G e ) R AR DL B 5 A R TR f AR R
JBE D Sk FUL N FIE 268 L 5 0 AT 446 UL g B8R T ) o0 i
A TR OA FBE AEAE B0 Sk JIL 1) o e 4 R0 000 M 45
WL R RE, WU 82 2 ol 11.27%—26.25%
DA K IR 246 LAV S8 1y oML 4 LT T B, LT 2
el 14.33%,

A5 [ WS 20 B 4 A 0 o A (S R
AN 3% 5 R B g e 5 AR ] R AT
R B I, BRI AT B SR AT B R H IR
HEZSLE T b AL 4, 1A% T A7 iRk
Wi, SR E LAY s [ A Ma BT h A
WLEF HE#R T BE B S5 4E . 5 18 22 55 U 5 110185 SR A
], B OA BB MBSO s L) 5 3 5 1 26 R ORIk
A [ s e LT 5 R RE B R 4 X0l
4f VAR T BRI b T R R R e R AT DR R AR
ETE R TR, B FiX A4 A o] 1 i B
JE T REAFAE— AN AL FE S JE RS B R 35 7E P B B s 5
I, ARk L PR A B 3k v k1, Rt i
P28 22 455 1] REAE AL PR WA 40 3o A P A 2 S LR 1Y)
sk 1, AT BR T LA A e R O s e L i LA
14 A 3 i B0 L D RT RE O 2 A5 K LT 29 100%
UNSRAE 3% 2 JUL 2 51 58 9K RV B 10 2 P i I 35 46 A fig
IR TAE T RE & & AR U s i 2 . oAb, 5
WL WCAR AR B, O W 4 3 A v 1932 3 B SR AR DT
J7 R B B AT RR AR e s A T ARULER 2 X T AH
GRS, R OA FB 5 1 B O M 4 WL K F g0 i
LT, XAFA Elftman 48 0 04 0], B AR T i 4
A WL /NI 2« B8O MO > A5 K I 4 > 1] o0
g

— BTN Ay fet B LB B R O H R Y sk
UL TG fob 5 1 22 5200 2 A ) 44 VR 0 4 Bk 2k
I3 H<10%PY, B, vl RIA S AR5 1) 32 3834 77
TR B Y Sk WU 7 98l i AR 268 AL AL g A3 A IR
ST N 0 ST N R S W VTS TN B S
TR PR R TR O B G T R
WL PR Ty R e A8 (3 5, ) g 0 4k
G5 SR BB 1 7 1 T BB 23 im0 3 )
B o ARG 1) O W A LT DR 25 S R R A
IR S5 AL, B OWEHEM I MRS Gur H
SRR 25 AL, MR 25 R B 2= TR th T2
PTG R 3 AT BRI T 118 22 S 3 LAY

e OA B30 W4 WL 5055 ] e 2 v AR TR
Slemenda Z5PHR & T OA B & 1Y B DU =k L 4% 55 2l
SETWUA A KN, HAWRF ST 4 T OA s 7r
AR 1 B PR B8 6 4 00 U Sk L =R s
I R AR BEAT R R B O I e B R T S
7K 713 R S P ol 28 400 T 0 A A S A T UL A g R E
WFoE 46 1, 5 iR AS 1) 100% 5 KL A L, IE
BN KB O R WL AS B8 3k 2104 B i KWL 1Y
90%7KF2 JiE OA BB DA WL FREPTRE 5 B
O AR DG B AR PRSI | 3B Bl A S5 AR I 2
AR OA FEA 1R 5677 WP JIL PR 0 i i S [R) 4 FH i
iR, RETERR OA A FIIE 5 N 2 8] AT BE 2 A i
DUk LR /N ALY, (HAE R OA A 1Y B 515 )]
FELJIL PR o 2 W8 B A7 AR e P T 780 JULEF 2 25 41272,
X ] BEFR A RS T E OA HRAE B4 WL F Y
R
3.3 % OA B .0 W s /a0 W 46 LT L (ECC/
CON) iy e 28

ECC/CON HAEAR R T [F) — 41 WU X 25 .00 i 45
JUL 73000 3 R oy O WA 4 UL 3 3000 ) B JR e, R R e T
LR B 48 5 D 4R B BE T, FE SR AT I
ECC/CON HefB FA EE M E , PR, B0k
AR I AE — R b i oG AR e M, AH R Y
ECC/CON CAE AT 3 — 20 B W oG 15 Foe M, 3 3
A LU AR T8 A R 09 I B (i 4n, 60°/s 5% 180°/s
) ECC/CON FAE) . XA~ FLAE i d& 14 L 77 mT D 0
JIHE ST 15 o TR IR e RIS L B0
JUL 3 AR R AR L A4 18] 0 UL AT, R I IE % ECC/CON
PR iz KT 1,

3R, R OA B DU Sk LA 48 L7 A
[F]iz ) M T, ECC/CON FLIE AR, JE 48 WY E/C
FeAE T e Sk AL, Jf bl iz 3l 3 B2 39 n , ECC/CON
FU AR R 1) 388 A, U E/C BB S (M 348 K i) i 4,



o[ A S A 4R R, 2006 4E A5 21 %45 7 1)

Chinese Journal of Rehabilitation Medicine,

Jul. 2006, Vol. 21, No.7 613

B 2 A B sk L 60°/s 9 ECC/CON e {1 7 fd | g )
ZIAAAE R 25 5 . T A R S T 0GR 1Y
T 0L 0] &4 ECC/CON L AE 8] B (B a0 1 JE Al >
B0 S  ECC/CONL ) il 1 4209 ifij A B 5% 45 R
R E/C WWHA B E3 m , R KB ECC/CON HE{H 3]
B AiA B O ILTEGR R E 5 > 10% 4 i
FEAE R Sk L 60°/s # ECC/CON e R A8 0 45 fet
) 4k 25 38 v, T R I O AR R 2% | YR PR A AR
FRVDIG R T R B A T g JUIL D i s A e R 1)
g,
4 g

R S SR I OGB4 )
O 45 A L I i i 2 . D OA
FECE TB WY SK JIL 1] 0 A A8 05 1 R 1 S 48 8 2 ik
JIN T B O ML 5 K T A T O A — 3 B850 AL 4 e
KIS K F 10U i KL . QB OA B
F77E B2 U Sk UL g O 52 45 T8 00 WS04 1 L 0 kAR A
7 B WL B B 0 LR T 10% , 85 0 W 45 WL T 7 A1
SRR B AR R T, QB OA BE )
ECC/CON Lt {f Fifi 8 F& 38 i 8 o, &g sk L 60°/s
) ECC/CON Lt A5 A A i ) db 2538 &5 . DA L &%
PR i F H O U i L 2R i OA WL el s
177 2, P REA A0 BEHE I s Ol R i 45 21 FH 1)
O - B IR TR FOR TR N A 15 . @ T
B0 W WU AE R D RE S oh bk 25 AR LA

PR S 107 3 i s A D Sk JUTL ) 8 Wi I
£ % 3Tk

[1] Hortobagyi T,Garry J,Holbert D, et al.
trol of quadriceps muscle force in patients with knee os-
teoarthritis[J]. Arthritis Rheum,2004,51(4):562—569.

[2] Jadelis K,Miller ME,Ettinger WH Jr,et al. Strength,balance,
and the modifying effects of obesity and knee pain: results

(oasis) [J]. J

Aberrations in the con-

from the observational arthritis study in seniors
Am Geriatr Soc,2001,49(7):884—891.

[3] Slemenda C,Brandt KD,Heilman DK, et al. Quadriceps weak-
ness and osteoarthritis of the knee [J]. Ann Intern Med,
1997,127(2):97—104.

[4] Hurley MV,Scott DL,Rees J,et al.
functional performance in patients with knee osteoarthritis [J].
Ann Rheum Dis, 1997,56(11):641—648.

[5] RIS, BRIUIM. T3P 0 R ik 1 D Sk 45 3 )
()], HEZShE R, 1994, 13(1):39—43.

[6] AL SFHEULPA D RE DA ZRE A B RN
&2 4458 ,1999,14(2):92—95.

[7] Westing SH,Seger JY,Karlson E,et al. Eccentric and concen-
tric torque—velocity characteristics of the quadriceps femoris in
man(J]. Eur J Appl Physiol Occup Physiol, 1988,58(1-2):100—
104.

[8] Westblad P,Tsai—-Fellander L,Johansson C. Eccentric and con-

centric knee extensor muscle performance in professional ballet

Sensorimotor changes and

O KO3

W] TR

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

dancers[J]. Clin J Sport Med,1995,5(1):48—52.
ERL N SC T U ARz B 0 3 2 2R W) T 5 0 B R ST
fE[J]. BACEES ,2001,5(6) :41—42.

Ellenbecker TS,Davies GJ,Rowinski M]J. Concentric
eccentric isokinetic strengthening of the rotator cuff. Objective
data versus functional test [J]. Am J Sports Med,1988,16(1):
64—69.

Bast SC,Vangsness CT Jr,Takemura J,et al. The effects of

concentric versus eccentric isokinetic strength training of the

versus

rotator cuff in the plane of the scapula at various speeds|[]J].
Bull Hosp Jt Dis,1998,57(3):139—344.

O'Reilly S, Jones A, Doherty M. Muscle weakness in os-
teoarthritis[J]. Curr Opin Rheumatol, 1997,9(3):259—262.
Suter E,Herzog W. Does muscle inhibition after knee injury
increase the risk of osteoarthritis? [J]. Exerc Sport Sci Rev,
2000,28(1):15—18.

ATDEZA, SR T O B G198 WLIA D i e A B &2 ¥ /7 (D).
HPEEE R S3E,2005,26(2):107—110.

Lord JP,Aitkens SG,McCrory MA et al. Isometric and isoki-
netic measurement of hamstring and quadriceps strength [J].
Arch Phys Med Rehabil,1992,73(4):324—330.

SR W IBE . T OGNt LA LA B 1 | A R0 AR K
M FE[T). P ELE 3 BE 2 425k, 1996, 15(3):193—196,199.
Stauber WT. Eccentric action of muscles: physiology,injury,
and adaptation [J]. Exercise & Sport Sciences,1989,17:157—
185.

Nardone A,Romano C,Schieppati M. Selective recruitment of
high —threshold human motor units during voluntary isotonic
lengthening of active muscles [J].
1989,409:451—471.

Nardone A,Schieppati M. Shift of activity from slow to fast

Journal of Physiology,

muscle during voluntary lengthening contractions of the triceps
surae muscles in humans [J]. Journal of Physiology,1988,395:
363—381.

Borges O. Isometric and isokinetic knee extension and flexion
torque in men and women aged 20—70 [J]. Scand J Rehabil
Med, 1989,21(1):45—53.

TRAE R, TR AF. R 5 s ) L s Y 4 A
[J]. PRz B 2Rk, 2003,22(1): 12

SES/ANP S S '8l S SRS S P e L IR R
LS PEH]. BACEE 1998 ,2(6):538—540.

SR PR SR B G R AF LU MK A BEFE ). R
[ e & PR 2t 2 75,1995, 10(4):145—148.

Gur H,Cakin N. Muscle mass,isokinetic torque,and functional
capacity in women with osteoarthritis of the knee [J]. Arch
Phys Med Rehabil,2003,84(10):1534—1541.

Hortobagyi T,Katch FI. Eccentric and concentric torque—ve-
locity relationships during arm flexion and extension. Influence
of strength level[J]. European Journal of Applied Physiology &
Occupational Physiology, 1990,60(5):395—401.

Westing SH,Seger JY,Thorstensson A. Effects of electrical
stimulation on eccentric and concentric torque —velocity rela-
tionships during knee extension in man [J]. Acta Physiologica
Scandinavica, 1990, 140(1):17—22.

Sirca A ,Susec—Michieli M. Selective type Il fibre muscular a-
trophy in patients with osteoarthritis of the hip [J]. Journal of
the Neurological Sciences,1980,44(2—3):149—159.

Nakamura T,Suzuki K. Muscular changes in osteoarthritis of
the hip and knee[J]. Journal of the Japanese Orthopaedic As-
sociation, 1992 ,66(5):467—475.

TRZE B I, N A N ) 75 i 1B AR B s U
e P W25 P[] R R 22 445, 1996, 11(3):102—106.
Bennett JG,Stauber WT. Evaluation and treatment of anterior
knee pain using eccentric exercise [J|. Medicine & Science in

Sports & Exercise, 1986, 18(5): 526—530.



