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The purpose of this study was to assess the quadriceps and 

hamstrings muscle strength deficits at different knee flexion 

angles (30· and 60") in individuals who had sustained anterior 

cruciate ligament (ACL) injury. who had never had thigh muscle 

strengthening exercise. Isometric (O"/sec) and isokinetic (60"/ 

sec and 1so· /sec) torque measurements were performed on sixty-six 

patients (29 males and 37 females) with chronic ACL insufficiency. 
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H. I TOH, ET AL. 

Significant strength deficits of the quadriceps and hamstrings 

muscles in injured knees were found at both so· and so· of knee 

flex ion in three testing conditions co· /sec, so· /sec, and 180' / 

sec). In the comparison of torque production at 30" and so· knee 

flexion angles, for the male group, significantly greater deficits 

of the quadriceps torque were found at so· knee flexion than at 

so· knee flexion in the isometric and isokinetic 60'/sec testing 

modes. For the female group, significantly greater deficit of 

the quadriceps torque was found at so· knee flexion than at 

so· knee flexion only in isokinetic 60'/sec. There was no sig­

nificant difference of the hamstrings torque deficit between 30· 

and 60' knee flexion in any testing modes. In the comparison 

of isometric and two isokinetic testing modes ( so· /sec and 

180'/sec), for the male group, significantly greater deficits of 

the quadriceps torque were found at 30' knee flexion in isokinetic 

1so· /sec and at 60' knee flexion in isokinetic 60' /sec as compared 

to the isometric test. There was no statistical difference in the 

hamstrings torque values. For the female group, significantly 

greater deficits of the quadriceps and hamstrings torque were 

found at 30· knee flexion in isokinetic so· /sec and at so· in 

isokinetic 60' /sec and 1so· /sec as compared to the isometric test. 

It was concluded that long lasting instability without any muscle 

exercises may result in the weakness of not only the quadriceps 

muscle but also even hamstrings muscle, and that the quadriceps 

strength might be more susceptible to ACL insufficiency at 60' 

knee flexion angle than at 30' knee flexion angle, whereas, the 

hamstrings did not show any angular-specific torque deficits. 

These findings 

curves of the 

these findings 

might resulted 

quadriceps and 

may suggest that 

from characteristics of torque-

1 n addition, 

the quadriceps 

hamstrings muscles. 

dysfunction of 

muscle influences on the dynamic torque production than on the 

static torque production, and that patients may subconsciously 

exert less quadriceps power in the dynamic knee extension. More-

over, less compensatory function of the hamstrings muscle against 

anterior tibial translation might be predicted in the female than 
in the male group. 

INTRODUCTION 

Disruption of the anterior cruciate ligament(ACL) has been 
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WEAKNESS OF THIGH MUSCLES IN ACL INJURY 

described as one of the most common and debilitating injuries to 

the knee. 3 • s- 10 • 281 Progressive instability and disability are 

caused by the ACL injury in a high percentage of the c~ses. 29 • 381 

Patients with ACL insufficiency experience a sensation of dynamic 

instability of the knees with pivoting motions. lt has been 

suggested that the musculature acting across the knee joint may 

aid in stabilizing the instability following ACL injury. 12 • 221 

Johnson and Pope 151 and more recently Butler et al 51 demonstrated 

that the quadriceps acted antagonistically the ACL function, 

whereas the hamstrings protected this ligament by preventing 

excessive anterior tibial translation. Solomonow et al 371 observed 

that the hamstring muscles were activated during extension in an­

terior cruciate insufficient knees indicating their function help-

ing to dynamic stab ii ity. Based on these findings, current reha-

bilitation programs include conditioning of both the quadriceps 

and hamstring muscles with emphasis on strengthening of hamstrings 

to improve the dynamic stability of the knee. 12 .221 

Muscle atrophy is a common clinical finding in patients with 

the ACL insufficiency even after they have been placed on 

a rehabilitation program. 41 Computerized tomographic studies of 

cross-sectional areas of thigh muscles demonstrated that muscle 

atrophy was greater in the quadriceps femoris than in the 

hamstrings_•.111 Studies of thigh muscle strength have also shown 

that deficits were greater in the quadriceps femoris muscle. 16 • 26 , 
3 9 . 4 0 l However, since the patients in these studies had been 

trained following initial injury, actual strength deficits due to 

ACL insufficiency were not apparently shown. Also, there are few 

studies which have evaluated angular specific torques produced by 

quadriceps and hamstrings muscles. 26 • 41 l 

The purpose of this study was to assess and describe 

thigh muscle strength deficits at different knee flexion angles 

inindividuals who have sustained ACL injury, who had never had 

muscle exercise rehabilitation programs, and to identify the 

influence of torn ACL on thigh muscle strength. 

MATERIALS AND METHODS 

Twenty-nine males and thirty-seven females with ACL in­

sufficiency were studied. Average age was 22. 0 years (range 16 to 

33) in males and 21. 4 years (range 14 to 42) in females. respec-
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ti v e I y. Al I patients had sustained a unilateral knee joint injury 

more than two months before the evaluation. The mean interval 

between the initial injury and the evaluation was 2. 3 years (range 

two months to ten years) in males, and 1. 7 years (range two months 

to ten years) in females. The diagnosis of ACL insufficiency was 

made on the basis of positive Lachman test. anterior drawer test, 

and pivot shift test. Instrumented Lachman test with a KT-1000 

Knee Ligament Arthrometer (MEDmetric Corp .. San Diego, CA) with 

the load of 90 Newtons showed an i«jured to noninjured mean dif­

ference of 5. 4 mm(range O to 14 mm) in males and 5. 4 mm (range 

0 to 12 mm) in females. All individuals who had significant 

injuries to the medial collateral ligament, lateral ligament com-

plex. and posterior cruciate ligament were eliminated from 

the study. None of the patients had placed on a muscle reha-

bilitation program following ACL injury. Fifty-seven patients 

(BS%) had arthroscopic evaluation and were documented ACL in­

sufficiency after this study. 

Isometric and isokinetic measurements of thigh muscles 

strength were conducted using the Cybex II R isokinetic dynamometer 

interfaced with Cybex data reduction computer, CDRC {Cybex. 

Division of Lumex, Inc .. Ronkonkoma, New York). For both the 

quadriceps and hamstrings, muscle strength was measured at two 

different knee flex ion angles of 30' and so·. Angular velocities 

of so· /sec and 1so· /sec were used for isokinetic analysis, and 

isometric analysis was also conducted. The gravitational effect 

of limb mass was eliminated by the use of the CDRC software 

program, which 

on extension and 

added the weight of the limb to the torque values 

subtracted the weight of the limb from the torque 

values on flexion. 

Simple descriptive statistical analysis was performed on al 1 

of the variables tested. These analyses included the mean and 

standard deviations of absolute values and deficit of isometric 

and 

each 

isokinetic torques for 

flexion angle. Paired 

the quadriceps 

t-tests were 

and hamstrings at 

used 

the difference between the absolute torques of 

to determine 

the injured 

and uninjured limbs at each flexion angle in each testing mode, 

between the torque deficits at 30· flexion and so· flexion in each 

testing mode and between the torque deficits of isometric testing 

mode and fsokinetic mode at each flex ion angle. (STAX Statistical 

Software: Japan[!983]). 
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RESULTS 

Mean values of the quadriceps torque of both injured and 

uninjured knee joints in the male group and the female group are 

summarized in Fig. 1 and 2. The isometric and isokinetic torque 

values of the quadriceps in injured knees were statistically 

significantly lower than those in uninjured knees (p<O. 01) at any 

testing condition in both male and female groups. Also, the 

isometric and isokinetic torque values of hamstrings muscle in 

injured knees were statistically significantly lower than those in 

uninjured knees at any testing condition in both male and female 

groups (Fig. 3 and 4). 
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Fig. Quadriceps torque of uninjured and injured knees 

at each flexion angle in males. Data were mean ± 

Quadriceps in iso-S.D. of 29 male patients. A. 

metric condition. B. 
condition(60" /sec). C, 

condition(180' /sec). 

Quadriceps in 

Quadriceps in 

isokinetic 

isokinetic 

(0 0). uninjured limb; 

(e - e). injured limb. ( * ) . P < 0.01. 

97 



98 

H. I TOH. ET AL. 

A B C -
16 0 -

I-

* 
120 I-

80 

40 

l I 
* 

t 
* * 

I j * I * 

! l 
I - i I 

f i t I i l - I • I 
I I I I 

30" 6 o· 3 o· 6 o· 3 o· 

Knee rlexion An:le 

Fig. Quadriceps torque of uninjured and injured knees 

80 

60 

40 

20 

Fig. 

at each flexion angle in females. 
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Fig. 4 Hamstrings torque of uninjured and injured knees 

at each flexion angle in females. Data were mean 
± S. D. of 37 female patients. A, Hamstrings in 

isometric condition. B, Hamstrings in isokinetic 

condition(60"/sec ). C, Hamstrings in isokinetic 

condition(180"/sec). (0 - 0). uninjured limb: 

(e - e). injured limb. ( * ) . P < 0. 0 I. 

In the comparison of torque production a t 30· and 

flexion angles. when deficits were viewed as percent 

so· knee 

of the 

uninjured side [ ( 1 injured leg torque / uninjured leg torque) 

x 100 ] , average deficits of the strength of the quadriceps and 

Table I A Comparison of Percent Torque 

Test Condition 

lsoaetric 
QUADRICEPS 

HAMSTRINGS 

Isokinetic(60" /sec) 
QUADRICEPS 

HAMSTRINGS 

Isokinetic (180 • /sec) 
QUADRICEPS 

HAMSTRINGS 

Deficits at Different Flexion 

Angles in Males ( N = 29 ) 

30· so· 

x• s• x• s• 

8.0 12.8 13.6 16. 1 

13.4 13. 7 10.4 20.1 

12.3 17.7 20.1 15.6 

6.9 35,6 13.5 17 .9 

16. 7 15.2 14.4 13.0 

11.0 22.3 10.9 19.8 

0.05 

NS 

0.01 

NS 

NS 

NS 

a. X indicates average torque and s represents standard deviation. 
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Table 2 A Comparison of Percent Torque 

Deficits at Different Flexion 

Angles in Females ( N = 3 7 ) 

30" so· 
Test Condition 

x• s' x• s• 

Isometric 
QUADRICEPS 17.4 27.5 19.5 25. 2 NS 

HAHSTRINGS 17.2 24. 7 12.5 24.0 NS 

Isokinetic(60" /sec) 
QUADRICEPS 22.4 26.3 29.8 23.4 0.01 

RAJISTRI~GS 23.2 28.4 20.3 20.3 NS 

Isokinetic(l80" /sec) 
QUADRICEPS 24.6 26.6 26.6 21. 7 NS 

HA~STRINGS 26.4 34.3 23.3 24.0 NS 

a. X indicates avera&:e torque and s represents standard deviation. 

hamstrings at each flexion angle(30". so·) are shown in Table 1 and 

respectively. In the male group, significantly greater deficits 

Table 3 A Comparison of Percent Torque 

Deficits at Different Testing 

Modes in Males ( N = 29 ) 

Isoaetric so· /sec 180" /sec 
Test Cooditioo 

x• (s)• x• (s)• x• (s)• 

30"flexion 

Ir-
•• 

11 ns 7r- • 
QUADRICEPS 8.0 (12.8) 12.3 (17. 7) 16.7 (15.2) 

ns 

Ir- ns 71- ns 11 
BAJISTRINGS 13.4 (13. 7) 6.9 (35.6) 11.0 (22.3) 

60"flexion 
ns 

r- •• 7r- ns 7 
QUADRICEPS 13.6 (16.1) 20. 1 (15.6) 14.4 (13.0) 

ns 

Ir- ns 7 r- ns 71 
HAHSTRINGS 10.4 (20. 1) 13.5 (17 .9) 10.9 (19.8) 

a. X indicates average tor<iue and (s) represents standard deviation. 
DS- not sicnificant . ; P < 0.05 .. ; P < 0.01 
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of the quadriceps torque were found at so· knee flexion than at 

30" knee flexion in the isometric and isokinetic SO"/sec testing 

modes(Table 1). In the female group, significantly greater deficit 

of the quadriceps torque was found at so· knee flexion than at 
3 0. knee flexion only in isokinetic SO"/sec. There was no 

significant difference of the hamstrings torque deficit between 

so· knee flexion in any testing mode. 30" and 

In the comparison of isometric and two isokinetic tesing 

modes(so· /sec and 180" /sec), torque deficits of each muscle are 

shown in Table 3 and 4. In the male group, significantly greater 

deficits of the quadriceps torque were found at 30" knee flexion 

in isokinetic 180" /sec and at so· knee flexion in isokinetic 

SO"/sec as compared to the isometric test(Table 3). There was no 

difference in the hamstrings torque values. In the statistical 

female group, significantly greater deficits of the quadriceps 

torque were found at 30" knee flex ion in isokinetic so· /sec and 

at so· in isokinetic so· /sec and 180" /sec as compared to the 

isometric test(Table 4). And also, significantly greater deficits 

Table 4 A Comparison of Percent Torque 

Deficits at Different Testing 
Modes in Females ( N = 37 ) 

Isoaetric 60' /sec 180 • /sec 
Test Condition 

x• (s)• x• (s)• x• (s)• 

30"flexion 
ns 

r--- • -I r--- ns -i i 
QUADRICEPS 17.4 (27.5) 22.4 (26.3) 24.6 (26.6) 

ns 

I r--- • 7 !-- ns - i 
! 

HAHSTRINGS 17.2 (24.7) 23.2 (28.4) 26.4 (34.3) 

60"flexion 

I I- •• [ ns -[ 
' 

QUADRICEPS 19.5 (25.2) 29.8 (23.4) 26.6 (21. 7) 

i-- * 7 ,-- ns 
i I 

HAHSTRINGS 12.5 (24.0) 20.3 (20.3) 23.3 (24.0) 

a. X indicates averace torque and (s) represents standard deviation. 
ns. not siinificant 
• ; P < 0.05 
••; P < 0.01 
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of the hamstrings torque 

isokinetic so·;sec and at so· 

were found at 30" knee 

in isokinetic so· /sec 

flexion in 

and 180° /sec 

as compared to the isometric test(Table 4). 

DISCUSSION 

Weakness of quadriceps femoris muscle is well recognized in 

patients 

Nicholas 

with anterior cruciate insufficiency. 16 • 
24

- 26 • 32 • 39 -
411 

et a1 271 and Odensten et al 321 found a positive 

relationship between ligament instability and quadriceps weakness. 

We also reported in the previous study on maximal thigh muscle 

strength in patients with ACL insufficiency that the strength 

deficit was greater in the quadriceps than in the hamstrings. 141 

The present study showed a significant decrease in strength of 

both the quadriceps and hamstrings in the injured knees. In these 

findings, weakness of the quadriceps was consistent with other 

studies, 16 •
22 •

391 whereas weakness of the hamstring muscles was 

not consistent with other studies. 16
• 32 • 

391 The reason for this 

inconsistency is that we evaluated angular specific torque 

production, whereas the others studied peak torque production. In 

addition, as described above. the patients in this study did 

not participate in 

study. Therefore, 

any rehabilitaion program prior to the present 

long lasting instability without any muscle 

exercises may result in the weakness of even hamstrings muscle. 

With regard to the weakness of the quadriceps muscle, one 

possible explanation of this finding is that the hamstrings act to 

antagonize anterior tibial displacement produced by a quadriceps 

contraction during dynamic 

hamstrings control which 

knee extension. Walla 421 found active 

functioned to reduce the pivot shift 

phenomenon in 95% of the patients with ACL insufficiency. 

Solomonow et aJ 371 also observed that hamstring muscles were 

activated during extension in anterior cruciate insufficient knees 

indicating their function in maintaining joint stability. These 

findings suggest the possibility that the quadriceps contraction 

has adverse effect on the hamstring control. Therefore, patients 

may subconsciously exert less quadriceps power in knee extension. 

Another possible explanation of the deficit in the quadriceps can 

be the effect of nerves which have inhibiting effect on thigh 

muscles, especially on the quadriceps muscle. Arnoczky 21 reported 

the existence of nerve fibers within the ACL substance which might 
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serve a proprioceptive function. Abbott et a 1 1 > presented an 

extensive review of knee injuries. in which he stated that the 

ligaments of the knee have rich sensory innervation that allows 

them to act as the first 1 ink in the" kinetic chain." They 

speculated that stressing the ligaments initiates strong impulses 

which result in a reflex muscle contraction. Therefore, loss of 

proprioceptive feedback from disrupted ACL could be contributing 

to the torque reduction of the quadiceps. 19
> In addition, damage 

of other joint structures such as joint capusule and meniscus 

might influence on these declines. With regard to the hamstrings 

weakness. many studies have reported no significant reduction of 

hamstrings torque in ACL insufficient knees. 7
• 

17
•

26 •
40

> We found 

significant decrease in the hamstrings strength in each flexion 

angle of 

unclear. 

torque, 

all testing modes. The reason for this finding is 

However, similar to the deficits in the quadriceps 

loss of a proprioceptive function due to the disruption 

of the ACL might cause the deficit in the hamstrings torque. 

As mentioned above, the majority of the previous studies on 

muscle strength deficiencies in patients with ACL insufficiency 

have reported the values of peak torque generated isometrically 

and isokinetical ly, however, there are few studies 26 • 
41 

> on 

angular specific torque production. Disruption of the ACL changes 

during active extension and the kinematics of the knee joint 

flex ion. 18
> Therefore, there is a possibility that the torques 

of the quadriceps and hamstrings muscles can be influenced by 

knee flexion angles. On the basis of this hypothesis, we selected 

two different flexion angles. so· and so·. 
tive of 

ference 

angles. 

the total range of motion. in order 

as being representa­

to identify the dif­

and so· knee flexion of strength deficits between at so· 
The so· flexion angle is the functional angle in which 

absence of the ACL is most likely to be detected, 34 > and also is 

the angle at which maximal hamstrings strength is expected to 

be produced. 20 ·• 1 > The so· flexion angle is the angle at which 

maximal quadriceps torque is expected to be generated. 6 • 13 • 21 • 23 • 

24,31-33,35.36,38,43) According to our results, specific torque 

deficits of the quadriceps were found at SO. knee flexion in the 

isometric and isokinetic so· /sec tests in the male group, and at 

so· knee flexion in the isokinetic SO'/sec test in the female 

group. Therefore, the quadriceps strength might be more suscep­

tible to ACL insufficiency at so· knee flexion angle than at 
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30· knee flexion angle, whereas, the hamstrings did not show any 
angular-specific torque deficits. These findings might result 
from characteristics of torque-curves of the quadriceps and 
hamstrings muscles.• 1

> 

In the comparison of isometric test and isokinetic (60' /sec 
and 180. /sec) testing modes, we found that the quadriceps torque 
was more reduced in isokinetic testing than in isometric 
at each flexion angle in both the male and female groups. 

testing 

On the 
other hand, in the deficits of the hamstrings torque, there was no 
significant difference between isometric test and isokinetic tests 
in the male group, whereas, more reduced torque in isokinetic 
tests than isometric test were found in female group. These 
findings may suggest that dysfunction of the quadriceps muscle 
influences on the dynamic torque production than on the static 
torque production, and also, that patients may subconsciously 
exert less quadriceps power in the dynamic knee extension. 
Moreover. less compensatory function of the hamstrings against 
anterior tibial translation might be predicted in the female than 
in the male group. 
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