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Abstract. [Purpose] The present study aimed to investigate whether the effects of rehabilitation exercise per-
formed after anterior cruciate ligament reconstruction on proprioceptive sensory and dynamic balancing functions 
differ between males and females. [Subjects and Methods] Eighteen subjects aged between 20–30 years enrolled in 
this study. The ages did not significantly differ between the males and females. The rehabilitation exercise program 
was performed three times per week for 12 weeks (3 months), and was initiated immediately after anterior cruciate 
ligament reconstruction. Thereafter, the patients visited the hospital once per week to perform rehabilitation exer-
cise during weeks 12–24 (3–6 months), and education on self-exercise and assessments were conducted during the 
visits. Self-exercise was performed two times per week according to the determined program. [Results] The exten-
sion active joint position sense, extension passive joint position sense, and flexion passive joint position sense of the 
affected and unaffected knees did not show any interaction effects between the measurement periods or between 
the groups. In the case of the affected knee, the results of two-way repeated-measures analysis of variance showed 
no significant difference between the measurement periods or between the groups; moreover, no, interaction ef-
fects were observed between the measurement periods or between the groups. In the case of the unaffected knee, 
although no significant difference was observed between the measurement periods, significant differences were 
observed between the groups. [Conclusion] In conclusion, this study revealed that most knee rehabilitation exercise 
training programs can be applied to both genders during the recovery period after ACL reconstruction, except for 
the knee rotational feedback/feedforward function exercise that may exhibit different effects based on the gender.
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INTRODUCTION

Damage to the anterior cruciate ligament is usually caused 
through the action of internal rotation on the tibia in relation 
to the femur. Previous studies have reported that damage to 
the anterior cruciate ligament frequently occurs when the 
knee joint experiences over flexion, abduction, and external 
rotation, and the frequency of accompanying damage in 
these cases is high1–4). Furthermore, it has been reported 
that knee joint abnormalities resulting from anterior cruciate 
ligament rupture can result in degenerative changes in the 
articular cartilage and rupture of the meniscus1–4). According 
to the previous questionnaire and video findings on the dam-

age to the anterior cruciate ligament, noncontact damage 
accounts for 72% of ACL injuries, with the most frequent 
causes being deceleration, followed by landing after a jump, 
overextension, and back landing. Moreover, contact damage 
accounted for 28% of the cases of anterior cruciate ligament 
damage, and the most frequent cause among these was 
knee joint collapse due to valgus stress, followed by knee 
joint collapse due to varus stress, overextension, direction 
change, and back landing. Thus, the number of cases of non-
contact damage is much larger compared to that of contact 
damage5). Female athletes account for 30% of all injuries to 
the knee, with 44% of these involving the anterior cruciate 
ligament6). Furthermore, the rate of anterior cruciate liga-
ment surgery among female athletes was 70%, which is five 
times more than, that observed in male athletes7). Although 
studies have been conducted to determine the differences 
in the effects of rehabilitation exercise programs between 
males and females and to assess the differences in the abil-
ity to perform functional movements according to the graft 
type, studies on the differences in proprioceptive functions 
and the ability to perform functional movements between 
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males and females to determine when an athletes can return 
to sports are insufficient. Therefore, research is required to 
determine the length and type of rehabilitation programs that 
are necessary to prevent re-injury of the anterior cruciate 
ligament following reconstruction; moreover, it is important 
to elucidate whether these factors are different for males and 
females. Therefore, the present study aimed to investigate 
whether the proprioceptive and dynamic balancing effects 
of rehabilitation exercises performed after anterior cruciate 
ligament reconstruction are different between males and 
females.

SUBJECTS AND METHODS

Eighteen subjects volunteered for the present study and 
included individuals aged between 20 and 30 years; the age 
did not differ significantly between the male and female 
subjects. The subjects were limited to patients who had 
undergone anterior cruciate ligament reconstruction, with 
autografts, performed by the same surgeon, and who were 
assessed as having no difference in anatomical stability 
based on radiographic and magnetic resonance imaging. 
The subjects were divided into a male group (n = 10; mean 
± standard deviation; age, 29.2± 7.2 years; height, 175.3 
± 5.7 cm; weight, 72.3 ± 9.6 kg; body mass index (BMI), 
23.9 ± 2.6 kg/m2) and a female group (n = 8; age, of 24.8 ± 
5.8 years; height, 175.3 ± 5.7 cm; weight, 72.3 ± 9.6 kg; BMI 
22.1 ± 2.3 kg/m2). An initial rehabilitation exercise program 
was separately designed and implemented (Table 1) based 
on the accelerated rehabilitation program after anterior cru-
ciate ligament reconstruction presented by Shelbourne and 
Nitz8). During the rehabilitation period, the exercises were 
performed three times per week for 12 weeks (3 months), 
beginning immediately after anterior cruciate ligament the 
reconstruction. The patients then visited the hospital once 
a week to perform the rehabilitation exercise during weeks 
12–24 (3–6 months). Education on self-exercise and as-

sessments were also conducted during the hospital visits. 
Self-exercise was performed two times per week according 
to the specific program. Active joint position sense (AJPS) 
was evaluated with the knee at 90° of extension. During 
measurement, the subject was instructed to be seated with 
the knee at 90° of extension, and with the eyes, closed; 
the subject was asked to fully concentrate on the position 
of the knee. The subject extended the knee, and the tester 
informed the subject when the knee reached an angle of 45°, 
after which the subject returned the knee to the initial posi-
tion. The subject was then instructed to actively extend the 
knee, and press a stop switch when they thought that they 
had reached a knee angle of 45°. The tester evaluated the 
extent by which the knee angle was close to an angle of 45°. 
Passive joint position sense (PJPS) was also evaluated dur-
ing knee extension. The subject was instructed to maintain 
the knee at 90° flexion, and then actively extend the knee; 
the tester informed the subject when the knee reached an 
angle of 45°, after which the subject returned the knee to 
the initial position. Thereafter, the subject’s knee was pas-
sively extended by an isokinetic dynamometer at an angular 
speed of 0.5°/s. The subject pressed a stop switch when they 
thought that they had reached a knee angle of 45°. The tester 
evaluated the extent by which the knee angle was close to an 
angle of 45°. Furthermore, dynamic balance was measured 
using a new balance system manufactured by Biodex Medi-
cal System Co. (USA) After confirming that the subject’s 
feet were placed on the center of a round target, the tester 
pressed the start button, following which the self-regulating 
program installed in the dynamic balancing equipment 
progressed from level 8 to level 1 for 30 s, depending on 
the subject’s relative ability to maintain balance. To verify 
the hypothesis of the present study, the test data obtained 
from the experiments were analyzed using the SPSS 12.0 
program. Two-way repeated-measures analysis of variance 
(ANOVA) was conducted for individual dependent variables 
in relation to the measurement periods (before the operation, 

Table 1.  Changes in the proprioceptive functions of the groups according to the measurement period

Category Prior to the  
operation

12 weeks after  
the operation

24 weeks after  
the operation

Hypothesis 
test result

Affected  
side

Extension 
AJPS (°)

Male 41.1±7.4 40.4±7.8 38.0±8.2
Female 43.6±8.1 43.7±9.7 45.3±7.3

Extension  
PJPS (°)

Male 53.3±7.9 54.1±3.0 53.5±4.5
Female 58.8±6.9 53.0±6.9 51.7±7.6

Flexion  
PJPS (°)

Male 35.0±6.3 37.7±6.1 39.3±7.6
A*

Female 33.3±6.9 41.3±10.5 40.8±6.4

Unaffected 
side

Extension 
AJPS (°)

Male 41.8±4.7 42.8±3.9 41.4±7.0
Female 44.1±8.6 45.1±4.8 48.7±7.0

Extension  
PJPS (°)

Male 50.1±9.7 50.5±8.3 49.1±4.7
Female 55.7±10.7 52.1±7.5 53.5±8.0

Flexion  
PJPS (°)

Male 30.6±5.5 36.6±5.1 38.8±5.8
A***

Female 29.7±9.1 33.8±8.2 38.5±7.6
AJPS: Active Joint Position Sense, PJPS: Passive Joint Position Sense
Values are presented as mean ± SD
A: Period
*p < 0.05, ***p < 0.001
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at 12 weeks after the operation, and at 24 weeks after the 
operation) and genders (male and female) as independent 
variables. Post hoc tests were conducted for variables that 
showed significant differences. A statistical significance 
level of 0.05 was chosen. All the subjects understood the 
purpose of this study and provided written informed consent 
prior to their participation in the study in accordance with 
the ethical standards of the Declaration of Helsinki.

RESULTS

In the case of the affected knee, AJPS during extension 
(extension AJPS) and PJPS during extension (extension 
PJPS) did not show any significant difference between the 
measurement periods or between the groups. Moreover, 
PJPS during flexion (flexion PJPS) showed an improve-
ment; the improvement was significantly different between 
the measurement periods (p < 0.05) but was not significantly 
difference between the groups. The extension AJPS, and 
extension PJPS, and flexion PJPS of the affected knee did 
not show any interaction effects between the measurement 
periods or between the groups. In the case of the unaffected 
knee, extension AJPS and extension PJPS did not show any 
significant difference between the measurement periods or 
between the groups. Moreover, flexion PJPS showed an 
improvement; the improvement was significantly different 
between the measurement periods (p < 0.001) but was not 
significantly different between the groups. The extension 
AJPS, extension PJPS, and flexion PJPS of the unaffected 
knee did not have any interaction effects between the mea-
surement periods or between the groups.

The changes in the dynamic balancing function in each 
of the male and female groups are as shown in Table 2. As 
presented in Table 2, in the case of the affected knee, the 
results of the two-way repeated-measures ANOVAs showed 
no significant difference or any interaction effect between 
the measurement periods or between the groups. In the case 
of the unaffected knee, although no significant difference 
was found between the measurement periods, significant 
differences were observed between the groups (p < 0.05). 
However the results showed no interaction effects between 
the measurement periods or between the groups.

DISCUSSION

Joint position sense tests were conducted to evaluate the 
proprioceptive function of the knee after the application of 

a rehabilitation exercise program following anterior cruciate 
ligament reconstruction. According to the results, in the case 
of the affected knee, only flexion PJPS showed a significant 
improvement over time. The results of post hoc tests did not 
show any significant change over time in any group. Howev-
er, although flexion PJPS improved from 35.0° ± 6.3° before 
the operation to 39.3° ± 7.6° at 24 weeks after the operation 
in the male group, it improved from 33.3° ± 6.9° before the 
operation to 40.8° ± 6.4° at 24 weeks after the operation in 
the female group, indicating that the rate of improvement in 
the female group tended to be slightly higher than that in the 
male group. In the male group, although flexion PJPS im-
proved from 35.0° ± 6.3° before the operation to 37.7° ± 6.1° 
at 12 weeks after the operation, it improved from 37.7° ± 6.1° 
at 12 weeks after the operation to 39.3° ± 7.6° at 24 weeks 
after the operation, indicating that the improvement between 
12 and 24 weeks after the operation tended to be lower than 
the improvement between before the operation and 12 weeks 
after the operation. In the female group, while flexion PJPS 
markedly improved from 33.3° ± 6.9° before the operation 
to 41.3 ± 10.5° at 12 weeks after the operation, it did not 
improve between 12 and 24 weeks after the operation (from 
41.3° ± 10.5° to 40.8° ± 6.4°, respectively). In another study, 
Danny et al.9) measured proprioceptive senses using joint 
position sense tests wherein the subjects were requested to 
determine joint positions at diverse knee joint angles such 
as 15°, 30°, 45°, and 60° by using a Biodex system, with the 
same method employed in the present study. They reported 
that the proprioceptive senses affected the ability to recog-
nize the angles. In the present study, extension and flexion 
AJPS did not show any significant improvement over time 
or any clear tendency of improvement. These results may 
be attributed to the fact that mechanoreceptors of the joints 
may not only be present in the ROM, but may also be present 
in the articular capsules, medial ligament, posterior cruciate 
ligament, and meniscus. The improvement in flexion PJPS 
at 12 weeks after the operation is considered to result from 
the application of an appropriate myoneural control training 
program in the early stage for the recovery of proprioceptive 
function. The finding that proprioceptive sense exercise is a 
highly important element in the process of rehabilitation ex-
ercise was also observed in the present study. Proprioceptive 
sense exercise should be initiated as early as possible in the 
rehabilitation process, as proprioceptive sense exercise can 
prevent injuries and restore the impaired motor sensation. 
Moreover, Mehmet et al.10) indicated that the visual analog 
scale scores and knee flexion significantly improved after 

Table 2.  Changes in the dynamic balance functions of the groups according to the measurement period

Category Prior to the  
operation

12 weeks after  
the operation

24 weeks after  
the operation

Hypothesis 
test result

Affected  
side

Overall 
actual score

Male 1.6±0.5 1.5±0.9 1.6±1.0
Female 1.5±0.6 1.1±0.3 1.0±0.4

Unaffected 
side

Overall 
actual score

Male 1.8±0.8 1.5±0.4 1.8±1.0
B*

Female 1.4±0.5 1.1±0.4 1.0±0.6
Values are presented as mean ± SD
B: Group
*p < 0.05
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open and closed kinetic chain rehabilitation exercise at 3 and 
6 months after operation.

Furthermore, Lee et al.11) reported that extension and 
flexion at 60°/s significantly improved after accelerated re-
habilitation training for 12 weeks after anterior cruciate liga-
ment reconstruction. Moreover, the changes in the dynamic 
balance function were evaluated after the application of a 
rehabilitation exercise program following anterior cruciate 
ligament reconstruction, but no significant improvement was 
observed over time and no interaction effects were noted 
according to the groups and measurement periods in the af-
fected knee. In the male group, no remarkable change was 
noted in the dynamic balance over time before the opera-
tion, 1.6 ± 0.5 points; 12 weeks after the operation, 1.5 ± 
0.9 points; and 24 weeks after operation, 1.6 ± 1.0 points. 
However, in the female group, dynamic balance showed an 
improving tendency, with scores of 1.5 ± 0.6 points before 
the operation, 1.1 ± 0.3 points at 12 weeks after the opera-
tion, and 1.0 ± 0.4 points at 24 weeks after operation. With 
regard to the unaffected knee, the male and female groups 
showed similar tendencies in dynamic balance. Following 
a comprehensive evaluation, it can be concluded that the 
female group tended to have better dynamic balance than the 
male group at 24 weeks after the operation.
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