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ABSTRACT 
Purpose: The purpose of this study was to compare knee muscle 
strength of non-injured and injured legs after reconstruction of the 
anterior cruciate ligament (ACL) and posterior cruciate ligament (PCL). 
Methods: Thirteen volunteers (males) with anterior ligament injury and 
10 volunteers (males) with posterior ligament injury participated in this 
study. Post reconstruction, the peak torque, total work, and 
hamstrings to quadriceps (H/Q) ratio were calculated at angular 
velocities of 60°/sec and 180°/sec in both groups using an isokinetic 
dynamometer. A t-test was used to compare the mean difference 
within-group and between-group comparisons. The data were 
analyzed using SPSS version 18.0 for Windows. 
Results: In the within-group comparison of muscle strength and 
muscle endurance in the affected side and unaffected side at angular 
velocities of 60°/sec and 180°/sec, there was a significant difference 
in extensor strength in the ACL injury group and a significant 
difference in flexors and extensor strength in the PCL injury group  
(p<0.05). In the between-group comparison of the muscle strength 
and endurance of the affected side, flexors in the PCL injury group 
showed significantly higher muscle strength and endurance than 
those in the ACL injury group (p<0.05). No significant between-group 
difference in extensor strength was observed (p>0.05). In within-
group comparisons, there was a significant difference in the H/Q ratio 
in the ACL injury group when the angular velocity was 60°/sec 
(p<0.05). At an angular velocity of 180°/sec, the H/Q ratio of the 
affected side in the ACL injury group was higher than that of the 

 
unaffected side, and the H/Q ratio in the PCL injury group was higher 
for the affected side than unaffected side, with a significant difference 
(p<0.05). In the between-group comparison of the H/Q ratio of the 
affected side, the value in the PCL injury group was higher than that 
in the ACL injury group when the angular velocity was 60°/sec, and 
the result was statistically significant (p<0.05). The H/Q ratio in the 
ACL injury group was significantly higher than that in the PCL injury 
group when the angular velocity was 180°/sec (p<0.05). Loss of 
extensor muscle strength was greater in the ACL group than in the 
PCL group. The PCL injury group showed loss of both extensor 
strength and flexor strength, with greater loss of flexor muscle 
strength than extensor strength. 
Conclusion: These results suggest that individuals with ACL injury 
should focus on exercises for muscle strength and endurance in knee 
extensors and that those with PCL injury should concentrate on 
exercises for muscle strength and endurance in both knee flexors and 
extensors, especially knee flexors.  
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The functional stability of the knee joint is provided by the 

interactions between the dynamic muscle system and the 

surrounding structures, such as ligaments, tendons, meniscus, 

and joint capsule.10 The anterior cruciate ligament (ACL) acts 

as a static stabilizer, preventing hyperextension of the knee 

joint, anterior tibial translation, and rotatory movements and 

also restricts valgus and varus movements in all ranges of 

flexion.11  The posterior cruciate ligament (PCL) basically 

limits posterior tibial displacement 12 and provides stability 

against valgus, varus, and external rotation.13  
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1. Subjects 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In both the ACL and PCL injury groups, the peak torque and 

total work in the unaffected side were significantly higher 

than those in the affected side (p<0.05) (Table 2). In the 

between-group comparison of the affected side, both the peak 

torque and total work in the PCL injury group were 

significantly higher than those in the ACL injury group 

(p<0.05) (Table 2)  

 

 

There was no significant difference in peak torque and total 

work in the ACL injury group (p>0.05) (Table 3). In the PCL 

injury group, peak torque and total work of the unaffected 

side were significantly higher than peak torque and total 

work of the affected side (p<0.05) (Table 2). In the between-

group comparison of the affected side, there was no 

significant difference in either peak torque or total work 

(p>0.05) (Table 2). 

 

 

In the within-group comparison, the  affected 

side was significantly higher that of the unaffected side in the 

ACL injury group (Table 2). In the between-group 

comparison, the  

 that in the ACL injury group 

(p<0.05) (Table 2). 

 

 

 

In both the ACL and PCL injury groups, the peak torque and 

total work of the unaffected side were significantly higher 

than the peak torque and total work of the affected side 

(p<0.05) (Table 3). In the between-group comparison of the 

affected side, the peak torque in the PCL injury group was 

significantly higher than that in the ACL injury group 

(p<0.05) (Table 3). 

 

 

In the ACL injury group, there was no significant difference 

in peak torque and total work (p>0.05) (Table 3). In contrast, 

the peak torque and total work of the unaffected side in the 

PCL injury group were significantly higher than the peak 

torque and total work of the affected side (p<0.05) (Table 3). 

In the between-group comparison of the affected side, there 

was no significant difference in either the peak torque or total 

work (p>0.05) (Table 3). 

 

 

In the within-group comparison, the  affected 
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side in the ACL injury group was significantly higher than 

that in the unaffected side. In the  the 

 was significantly higher than that 

of the  In the between-group 

comparison, the  

PCL injury group (p<0.05) 

(Table 3). 

 

 

 

In the within-group comparison of the  of the 

PCL injury group, there was 

 flexors and  

unaffected side and affected side. In the between-group 

comparison of extensor strength of the affected side, 

at angular velocities of 

 

uadriceps are antagonists of the ACL. Contraction of 

the quadriceps causes tension in the ACL.26-28 The hamstring 

muscle is an antagonist of the PCL. Flexion of the knee joint 

following the activation of the hamstring causes tension in 

the PCL.28 During voluntary flexion of the knee, the 

hamstring causes the tibia to actively slide backward against 

the femur. In general, the muscle strength of the quadriceps 

decreases over time after ACL injury, and it is known to be 

severer than the loss of strength of hamstring.29 A previous 

study reported that weakening of the 

 

In the within-group comparison of the H/Q ratio at an 

angular velocity of 60  the H/Q ratio of the affected side 

was significantly higher than that of the unaffected side in the 

ACL injury group. In the between-group comparison, the 

H/Q ratio of the affected side in the PCL injury group was 

significantly higher than that in the ACL injury group. In the 

within-group comparison of the H/Q ratio, at an angular 

velocity of  the ratio was higher on the affected than 

the unaffected side in the ACL injury group. In contrast, the 

H/Q ratio of the unaffected side in the PCL injury group was 

higher than that of the affected side, with a significant 

difference. In the between-group comparison, the H/Q ratio 

of the affected side was significantly higher in the ACL injury 

group as compared with that of the affected side in the PCL 

injury group. These results pointed to large loss of muscle 

strength of the extensors of the affected side in the ACL injury 

group and flexors in the PCL injury group. A high H/Q ratio 

implies relatively weak muscle strength of quadriceps 

compared to hamstrings, whereas a lower ratio implies the 

opposite. 

ACL injury causes weakening of extensors. Hence, 

rehabilitation aimed at increasing the muscle strength and 

endurance of extensors is necessary. Strengthening of flexors 

is also important for the prevention of excessive stress on the 

ACL.33 PCL injury causes weakening of both flexors and 

extensors and requires rehabilitation to increase the muscle 

strength and endurance of flexors and extensors. Muscle 

strength and endurance exercise of flexors are particularly 

important due to the weakening of flexors. Performing 

muscle strengthening exercise, focusing on flexors first, 

followed by extensors in the case of ACL injury and extensors 

first, followed by flexors in the case of PCL injury can aid 

rehabilitation by reducing the instability of the knee joint. 
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Table 1: Physical characteristics of the subjects 

 

 

 

 

 

 

 

Mean ± SD, ACL: ACL: Anterior cruciate ligament, PCL: posterior cruciate ligament,  

N: number of subjects, Period: postoperative test period 

 

Table 2:  

 Variable Group IS NS 

Within 

group  

Between 

groups  

P 

Knee 

extension 

 

Peak torque 

(ft-lbs) 

ACL 90.69±27.90 128.03±33.00 0.000* 

0.003* 

PCL 133.85±34.62 179.31±37.80 0.001* 

 

Total work 

(ft-lbs) 

ACL 517.16±190.00 697.62±267.60 0.002* 

0.005* 

PCL 779.8 4±206.08 1002.8 8±221.72 0.003* 

Knee 

flexion 

 

Peak torque 

(ft-lbs) 

ACL 56.73±21.53 57.03±16.82 0.914 
0.691 

PCL 60.03±16.36 80.67±15.09 0.001* 

Total work 

(ft-lbs) 

ACL 329.96±138.42 333.83±136.04 0.816 
0.774 

PCL 312.91±97.91 487.61±111.84 0.000* 

H/Q ratio (%) 
ACL 63.31±17.15 44.55±6.00 0.002* 

0.004* 

PCL 42.29±8.97 45.50±6.32 0.939 

Mean ± SD, *p<0.05, ACL: anterior cruciate ligament, PCL: posterior cruciate ligament, H/Q: hamstring to quadriceps, IS: 

injured side, NS: non-injured side 

 

Table 3:  

 Variable Group IS NS 

Within 

group  

Between 

groups 

P 

Knee 

extension 

 

Peak torque 

(ft-lbs) 

ACL 70.66±22.22 96.89±31.97 0.000* 

0.018* 

PCL 91.49±14.72 116.57±20.01 0.000* 

 

Total work 

(ft-lbs) 

ACL 814.16±320.82 1049.95±459.49 0.002* 

0.050 
PCL 1052.24±187.66 1407.84±314.31 0.004* 

Knee 

flexion 

 

Peak torque 

(ft-lbs) 

ACL 44.73±13.92 43.28±12.89 0.547 

0.810 
PCL 43.36±12.77 62.78±16.12 0.001* 

Total work 

(ft-lbs) 

ACL 483.13±220.15 436.67±215.16 0.142 
0.518 

PCL 428.31±164.77 723.17±176.00 0.000 

H/Q ratio (%) 
ACL 65.42±17.11 46.06±10.65 0.000 

0.005 
PCL 46.97±8.66 54.03±10.87 0.037 

Mean±SD, p<0.05, ACL: anterior cruciate ligament, PCL: posterior cruciate ligament, H/Q: hamstring to quadriceps, IS: 

injured side, NS: non-injured side 

 

Group N Age (y) Height(cm) Weight (kg) 
Period 

(wk) 

Injured side 

Right Left 

ACL 13 40.46±11.94 170.08±7.14 71.08±9.60 12.62±0.96 9 4 

PCL 10 29.60±10.88 176.00±5.14 72.30 10.01 12.40±1.58 5 5 
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