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Abstract In order to investigate the isokinetic strength of the thigh muscles at different knee flexion angles in
patients 12 months after anterior cruciate ligament (ACL) reconstruction, an open-chain concentric and eccentric
tests of the quadriceps and hamstring were performed at an angular velocity of 60°/s in 16 males 12 months after
ACL reconstruction and 14 healthy controls. The peak muscle strength of different contraction patterns at different
knee flexion angles were analyzed and the following ratios were calculated: the concentric ratio of hamstring to
quadriceps (Hc/Qc), the eccentric ratio of hamstring to quadriceps (He/Qe), the eccentric ratio of hamstring to the
concentric ratio of quadriceps (He/Qc), and the concentric ratio of hamstring to the eccentric ratio of quadriceps
(He/Qe). A two-way ANOVA with mixed design was used to examine the effects of groups and legs on isokinetic
muscle strength characteristics. The following results can be concluded. The hamstring strength characteristics
were similar at different knee flexion angles, with the reconstructed leg being significantly smaller than the
contralateral leg and not different from the healthy controls. In contrast, the isokinetic quadriceps strength showed
angle specificity, and the concentric quadriceps strength of the reconstructed leg at 40° and 50° of knee flexion
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differed not only from the contralateral leg but also from the healthy control leg, making it a more specific index

for assessing muscle strength characteristics. Attention should be paid not only to bilateral symmetry but also to

whether it is restored to the level of healthy individuals, emphasizing the recovery of muscle function at specific

angles in rehabilitation. The flexion-extension strength ratios of bilateral lower limbs at smaller flexion angles

differed from those of healthy controls, suggesting that postoperative rehabilitation should strengthen the control

training of knee flexion movements of the reconstructed leg and improve the cushioning control ability of the

contralateral leg.
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Table 1 Demographics of the participants
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Fig. 1 Testing device of isokinetic muscle strength test
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Table 2 Concentric strength of the quadriceps and hamstrings

S e ACL E##H e P
M Xt €[Sy ezl ezl RHENY 2H N FERN 2H ] AR
e 0.64 +0.22 0.87 +0.21 0.80 % 0.20 0.82+0.21 0.045% 0.003%*, 0.688" 0.104¢,0.589¢
30° 0.32+0.15 0.43 +0.12 0.48 +0.12 0.41+0.13 0.005% 0.015%,0.032° 0.010%*, 0.749¢
40° 0.41+0.16 0.58+0.15 0.63+0.15 0.53+0.17 0.001* 0.0022%*, 0.070° 0.004*, 0.4499
Qe 50° 0.49£0.18 0.69+0.16 0.71£0.18 0.69 £0.18 0.003* 0.001%%, 0.254® 0.007°*, 0.469¢
60° 0.56 = 0.20 0.77 +0.18 0.75 +0.20 0.73 +0.20 0.014% 0.002%%, 0.809® 0.031°,0.613¢
70° 0.59 = 0.20 0.80 = 0.22 0.73+0.23 0.75+0.23 0.063 0.026* 0.582
80° 0.58 +£0.23 0.71+0.22 0.64 £0.21 0.70 £0.23 0.430 0.047* 0.749
W 0574001 066+0.11  058:014 063011 0200 0001 o087
30° 0.52+0.12 0.60 = 0.12 0.54+0.15 0.58 +0.12 0.359 0.035% 0.963
40° 0.54+0.11 0.64+0.11 0.55+0.14 0.59+0.13 0.177 0.009* 0.684
He  50° 0.53+0.11 0.62+0.10 0.53£0.12 0.56 £0.12 0.067 0.002* 0.591
60° 0.49 +0.11 0.59 +0.10 0.50 +0.12 0.52+0.10 0.057 0.002* 0.490
70° 0.44 +0.10 0.54 +0.09 0.45+0.11 0.48 +0.09 0.098 0.001* 0.456
80° 0.38 £ 0.09 0.48 +0.08 0.38£0.10 0.43 £0.09 0.109 <0.001%* 0.401
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Fig. 2 Graph of isokinetic quadriceps and hamstring strength
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BN (p=>0.057) . ACL 5 & 3% 5 fift fE % 2 (8] i) He ¥
JC k3 22 5 (p=0.401), {H 2 A FEAS [0 531) =22 fa) £7
TE I 3 22 5% (p < 0.035),

W3S, 165 30°mF, A Rl A A ] 4

B Qe #7135 (19 38 HALW (p=0.005) o J5 LEKG 5
S5 FRW], ACL H @34 1) H &0 Qe I /N T il fE
F B AL HA (p=0.002), X Qe 51 HE & B4
) 2 18] JC B 2 5 (p=0.460), ACL H & Al filt
JE 2 WM 2 18] ) Qe ¥ JC 3 2 5 (p=0.032, p=
0.028).

ANTR) CHE RIS [R50 53] 1) Qe U {B LA K% JiF i 40°,
50°, 60°, 70°1 80°H} Y Qe ¥4 A7 1 38 H.AL N (p=
0.051), ACL 5 @3 5@ fle & Z [ /Y b ik Qe ¥ 7
% 22 57 (p=0.056) . it B 40°F1 50°BF, WHZH A HEA
[i] 0 531) =2 ) ¥ TG W 3% 25 5% (>0.090), {H X} F Qe i
18 LA B2 JE T 60°, 70°F1 80°HT 1Y Qe, 15 4 A B A [
51 2 [B] A7 7 35 25 5 (p<0.012)

ANTR) HE RIS [R) 00 53] %) He 06 {8 LA K Ji i 30°,
40°, 50°, 60°, 70°F1 80°HT 1) He A7 7E 58 H AU
(p>0.159), ACL H # % 5t Fi & Z ] i) He ¥ 76 2.
25 (p=0.358), (HFLLAFEAS [R50 2 8] 47 78
£ 5 (p<0.005).,

M AP, JEEE 4008 50°0F, AR AFERA
[] ] 53] B He/Qe ¥4 47 75t 3 1 38 B3 W (p=0.016,
p=0.020) . J5Z:ky 545 R R, JE K 40° F1 5001,
ACL 5 gt 3 5 g 5 X 2 18] () He/Qe 3476 ik 2% 22
5(p=0.071, p=0.041), {5 EOLHM AL HEM 2
8] ) He/Qe ¥4 76 i 2 22 - (p=0.022, p=0.046), J&
JHE 40°F1 50°HF, ACL #3445 # 1) He/Qe 34t 3
KT BEH B AR H40 (p=0.003, p=0.006), fij %]
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Table 3  Eccentric strength of the quadriceps and hamstrings

ACL E#t¥H

fRERREH

" " p
2R ] X JEAEH P SEH AL HilSEX o HillIEX o

I fH 0.87+0.24 1.04+£0.24 0.98 +0.20 1.06 + 0.09 0.283 0.003* 0.421

30° 0.34+0.11 0.39+0.13 0.49 + 0.06 0.43 +0.08 0.005%* 0.032%, 0.028" 0.002%*, 0.4604
40° 0.56 +0.18 0.61 £0.18 0.71 £0.11 0.70 +0.07 0.051 0.480 0.056
Qe 50° 0.72+0.22 0.80+0.23 0.85+0.20 0.86+0.10 0.192 0.090 0.275
60° 0.79+0.23 0.90+0.25 0.91+0.22 0.98+0.10 0.570 0.012%* 0.247
70° 0.78 £ 0.27 0.92+0.24 0.82+0.21 0.95+0.11 0.957 0.006%* 0.662
80° 0.64 +0.22 0.77+0.21 0.64 +0.27 0.83+0.14 0.388 0.001* 0.750

© R 068+015 0835021 076£017 0884020 0603 <0001+ 038

30° 0.61+0.13 0.75+0.23 0.69+0.19 0.81+0.22 0.843 0.003* 0.371
40° 0.62+0.15 0.76 +£0.22 0.69+0.16 0.77+£0.18 0.402 0.005%* 0.575
He 50° 0.61+0.15 0.75+0.19 0.65+0.13 0.72+0.15 0.159 <0.001* 0.943
60° 0.55+0.14 0.68+0.17 0.59+0.11 0.67+0.11 0.198 <0.001* 0.879
70° 0.47 +0.12 0.59+0.14 0.49 +0.08 0.58 +0.09 0.238 <0.001* 0.943
80° 0.36 +0.09 0.46+0.11 0.37+0.10 0.43 +0.09 0.233 <0.001* 0.732
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Table 4 Traditional ratio of hamstring to quadriceps strength

ACL HH#H e p
S8 il
A Xt =730 Heg U H N ER 2 1] F2 54
WA 0.96 + 0.29 0.79+0.10 0.74 +0.15 0.79+0.12 0.067 0.248 0.073
30° 1.93 +0.81 1.57+0.73 1.16+0.35 1.50 + 0.44 0.057 0.948 0.061
40° 1.44 £0.46 1.15+0.32 0.89+£0.21 1.16 £0.28 0.016* 0.0712, 0.022° 0.003¢*, 0.9444
He/Qe 50° 1.15+0.36 0.92+0.14 0.76 +0.16 0.89+0.16 0.020% 0.0412, 0.046° 0.006%*, 0.7669
60° 0.97 +0.34 0.78 +0.12 0.69 +0.18 0.73 +0.10 0.095 0.277 0.019%
70° 0.82 +0.29 0.70 £0.15 0.65+0.24 0.66+0.15 0.270 0.418 0.141
80° 0.74 +0.27 0.73 +0.21 0.64 = 0.32 0.66 = 0.22 0.889 0.945 0.358
B 080£013  080:0.2  079£0.6 082015 058 0756 095
30° 2.03+0.82 1.99+0.63 1.42 +0.39 1.88 +0.50 0.159 0.228 0.100
40° 1.18+0.28 1.28+0.27 0.98 + 0.22 1.10+ 0.20 0.898 0.109 0.031%
He/Qe 50° 0.87+0.16 0.95+0.13 0.77+0.11 0.83+0.12 0.805 0.058 0.025*
60° 0.73+0.17 0.77 +0.12 0.65+0.11 0.67 + 0.09 0.812 0.425 0.053
70° 0.65+0.22 0.66 £0.13 0.63£0.12 0.60 £ 0.07 0.669 0.910 0.396
80° 0.61 +0.23 0.65 % 0.20 0.52+0.15 0.49 = 0.07 0.466 0.867 0.094

i) He/Qe 55 gt R 1 A S35 TG 8 3 25 57 (p=0.944,
p=0.766),

AN TR) RIS [ 400 5500 % g o UL 7 WAL 1) Lk A
He/Qc UL M J i 30°, 60°, 70°F1 80°H} i) He/Qe A
FEFEZE H AL (p=0.057) 0 L AFEAS IR0 51 2 1] /)
He/Qe ¥ 70 i 3 2% 5 (p=0.248) . Xf Tl LAl He/
Qc ) % Ji# i 30°, 70°F1 80°Ht ) He/Qe, ACL H %
5 fid e AL (p=0.061), 1B ACL 5 83 Ji I 60°mf
1 He/Qe fi 3 K T & (p=0.019),

AN RLHE L BAS [ 5300 568 25 00 JIL T 06 {1 ) Lh A
He/Qe DA K Ji i 30°, 40°, 50°, 60°, 70°Fi1 80°Hf )
He/Qe X A FEAE RS TR (p=0.159), P ABEA[A]
51 2 [6] ) He/Qe TG f2 3 25 5 (p>0.058) o X F U {E
He{E He/Qe L) A2 J B 30°, 60°, 70°F1 80°H f¥) He/Qe,
ACL i 3 5 {d JE 2 AL (p=0.053), {H7EJH & 40°
F150°mF, ACL H 2% 1) He/Qe ¥ i K T HEE (p
=0.031, p=0.025),

WZE 5 FrR, AN RIS [0 5310 % 0 (6 AL
Fe{l He/Qe L K I 300, 40°, 50°, 60°, 70°F1 80°H}
1) He/Qe $ AN f£7E 38 H. AU (p=0.248) . 7E L ik 1
OLN, A NHEAS [ ) 22 1) 3 6 2 25 (o>
0.296), TEJH & 30°, 40°, 50°F160°Mf, ACL & &%
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) He/Qe {35 K F{d FiE & (p<0.049), {HXF T A WL
77 FAB He/Qe LA K i 70°F1 80°HT 1 He/Qe, T AN
FELE 35 I 4 R 22 57 (p>0.109)

e Ji B 40° 1 S0° I, AN [R] AT R AN [R) A 531 14
He/Qc 716 8 3 Y38 H ALV (p=0.013, p=0.011),
JE LR g A5 R R W, JE B 40°F1 50°HT, ACL H
& RN B & WU 22 18] i He/Qc 4 T B 35 22 5 (p>
0.048) . Jifi & 40° 1 50°HF, ACL 5 ## & & g il iy
He/Qc ¥4 8 2 K il B 3 19 AR A 3440 (p=0.005, p=
0.003), i X il A He/Qc 5 filt B 2 Y £t 25l ¥ G ik
+ 25 (p=0.283, p=0.485),

E i B 30° 1 60° KT, AN [R] AR A W] 0 531 11
He/Qc 17 AEAZ H AU (p=0.013, p=0.034), J5LLkiL
SERLRW, ACL T A4 B 250U i = 1)
He/Qc ¥ o4t 12 2% 5+ (p>0.049), ACL 5 it % i
-5 X 49 He/Qe 5 £t B 2 1) AR O S5 Fn AL e =2
[E IR TCSE 14 2 F (p>0.031),

AN TR TR RIUAN [0 550 %of 0 1 JUL 77 LE {H He/Qc LA
KT 70°F1 80°HT 4 He/Qc 341 AN A7 16 38 H.A N (p=>
0.132), ACL F 35 5@ FR#H Z 1] i) He/Qc TG b 3 22
S(p = 0.497), P TEA [R5 2 (o)t G 5 3% 2
F(p=0.339),
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Table 5 Functional ratio of hamstring to quadriceps strength

- i ACL E#t¥H {HERREE P
gl XA By Xl AL YN F A A7) ER;
WEfE 0.68+0.16 0.66+0.15 0.59+0.18 0.59+0.10 0.797 0.789 0.118
30° 1.69 +0.63 1.63+0.51 1.12+0.35 136+ 0.36 0.248 0.518 0.022%
40° 1.04+0.29 1.10+ 0.24 0.79+0.23 0.85 +0.22 0.946 0.296 0.010%
He/Qe 50° 0.77 £0.36 0.81+0.17 0.64 +0.14 0.65+0.13 0.756 0.424 0.037*
60° 0.67+0.25 0.69 £0.18 0.55+0.14 0.53+0.10 0.676 0.940 0.049%
70° 0.63 +0.28 0.62+0.16 0.55+0.13 0.50 £0.08 0.706 0.602 0.138
80° 0.67 +0.31 0.68 + 0.22 0.54+0.11 0.52+0.11 0.693 0.955 0.109
C M 1154033 0974017 LI1£043  LIS£034 0132 0339 0497
30° 231+1.03 1.88£0.77 1.50 £0.54 2.13+0.83 0.037+ 0.197%, 0.049°>  0.041¢, 0.466¢
40° 1.63+0.45 1.34+0.39 1.12+0.26 1.54+0.50 0.013* 0.107%,0.048>  0.005%", 0.283¢
He/Qc 50° 1.32+0.31 1.09+0.21 0.93 +0.19 1.16+0.29 0.011* 0.051%,0.078>  0.003¢*, 0.485¢
60° 1.06 +0.28 0.89 +0.14 0.82+0.20 0.94+0.19 0.034* 0.069%, 0.166>  0.031¢, 0.483¢
70° 0.85+0.22 0.76 £0.16 0.75+0.28 0.80+0.19 0.226 0.772 0.696
80° 0.69 £ 0.23 0.69+0.17 0.66 + 0.35 0.66 = 0.21 0.958 0.984 0.748
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