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ABSTRACT 

Anterior cruciate ligament reconstruction (ACLR) has been considered one of the common treatments for 

ACL injury. Decrease in the proprioceptive function following ACLR, which may remain between 2 and 3 

years after the surgery, provides the possibility of re-injury. Therefore, this study aims to investigate the 

postural control, weight distribution, and center of pressure (COP) Symmetry Index in individuals with 

ACLR during quiet standing, in open and closed eyes conditions, compared to healthy people. In the present 

study, 12 men with right ACLR and 12 healthy men were recruited as participants. Participants stood 

barefoot on the two force plates. Each foot was placed on one of the 2 platforms. Postural control was 

assessed during quiet standing in two conditions (open and closed eyes conditions). The positions of COP 

in antero-posterior and medio-lateral directions are detected under the right and left foot separately and also 

as net. Postural sway quantified based on five parameters included the amplitude (AMP), total excursions 

(TOTEX), mean velocity (MVELO), standard deviation (SD), and 95% confidence ellipse area (AREACE). 

Weight distribution percentage on the lower limbs and COP Symmetry Index in antero-posterior direction 

were also calculated. The results showed that the COP parameters in some investigated parameters 

(TOTEXap, SDap, AREACE, AMPap, TOTEXml) were higher in individuals with ACLR than in the 

healthy group (P<0.05). There was no difference between the two groups regarding the Symmetry Index in 

the eyes open and closed conditions (P>0.05). Weight distribution, in eyes open condition, in ACLR group 

on the operated limb is more than that in healthy people (P<0.05).We concluded that individuals with ACLR 

has a poor postural control in anteroposterior (AP) and mediolateral (ML) directions during quiet standing. 

The Symmetry Index was the same in both groups. In contrast to the able-bodied participants, individuals 

with ACLR bear more body weight on the operated limb than on the non- operated limb.  
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Anterior cruciate ligament (ACL) is one of the ligaments in the knee joint that is prone to injury, especially 

during sports. The ACL plays an important role in providing proprioceptive information and is therefore 

very effective in knee stability [1]. It is obvious that the occurrence of a lesion in this organ leads to a 

decrease in postural stability [2-4] and functional disorder in motor coordination [5,6]. Several studies have 

reported changes in sensorimotor control after ACL injury [7,8] 

Surgery is one of the common treatments for ACL injury, known as anterior cruciate ligament 

reconstruction (ACLR). The final goal of the surgery is to reconstruct the damaged ligament in order to 

improve joint stability (which leads to postural control). But it has been shown that ACLR diminishes 

somatosensory feedback and proprioceptive functioning [9]. Snapple et al. (2020) have reported the 

improvement of postural stability after ACLR [10]. However, the deficit of proprioceptors may persist up 

to 2 years after ACLR [11]. Pahnabi et al. (2014)[12] stated that the survival of imbalance in the operated 

leg may remain for 7 months. Henrikson (2001)[13] reported this duration to be 3 years. These results show 

the necessity of evaluating postural control disorders after ACLR with the aim of returning to activities and 

sports as quickly as possible. 

Postural control is defined as the ability to monitor body position and alignment in space [4]. In patients 

with ACL tear, the individual's attempt to maintain their center of mass over a stationary base of support 

on their injured vs. non-injured limb and compared to the healthy people reflects postural stability [14]. 

Therefore, the evaluation of postural stability indicates the possible lower extremity proprioceptive deficits 

[15]. In the laboratory, postural stability can be obtained via spontaneous sway and induced sway of posture. 

It can be evaluated on a force platform using static and dynamic measurements, and quiet standing tests are 

an ideal assessment method for this purpose in individuals with ACLR. In this assessment, the subject is 

required to stand on a stable support surface and keep the COP within this support surface. Actions or 

conditions that increase the difficulty of postural control can be added during the assessment, such as 

standing with eyes closed, or standing on an elastic cushion.  

In the research conducted in this field, COP is a comprehensive control variable and the force platform is 

an optimal tool for quantitative assessment of postural control. In this way, information is provided about 

spatial and temporal alterations in body position for maintaining balance in the vertical and horizontal axes 

and these data are used to calculate oscillations in the center of pressure (COP) in the AP and ML directions, 

as well as the velocity of the oscillations and the sway area [16-19]. As COP has been identified as a 

measure of the neuromuscular response to control posture, differences in right and left foot COP variables 

can serve as a measure of sensorimotor control and function. In this way, the respective COP variables for 

either foot and the congruence between both points of application signify the ability of the central nervous 

system to integrate information from the sensory systems and then activate different postural muscles so 

that upright stance is preserved. 

Most of the studies are based on using a single force plate and thus measure the exerted force simultaneously 

for both feet [20-26]. Limited research has investigated these assessments using more than one force plate 

separately for the right and left foot in individuals with ACLR. Since the maintenance of COP is the result 

of the action of two feet, it is necessary to use two independent force plates placed under the left and right 

foot to measure the ground reaction force and COP under each foot, which can be more objective than using 

a single force plate or one foot to analyze the balance mechanism [20, 27-28]. This is especially important 

for people with asymmetric weight distribution, such as hemiplegia and amputation [29] and individuals 

with ACLR. For example, Soangra and Lockhart [30] and Brauer et al. [31] investigated the similarities 

and dissimilarities between right and left foot COP variables.  

However, in studies that have used two force plates, the investigation of useful variables such as oscillation, 

range and velocity of oscillation in regards to the level of symmetry (or asymmetry) and weight distribution 

between the operated limb and non- operated limb of ACLR patients has been neglected. Using such 

measurements, previous research has shown that this type of injury and subsequent ACLR have different 

effects on body sway [32-34]. Lehman (2017) showed that static standing stability, when standing on the 
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operated limb, decreases after ACLR [4]. Parus et al. (2015) also reported such a decrease [35]. On the 

other hand, in the research of Lehman et al. (2020), the reduction of sway in postural stability after ACLR 

was not recorded [36]. Such a lack of reduction was also observed in the research of Jiganti et al. (2020) 

[37]. Such contradictory results show the need for more research that includes different measurements. 

In addition to variables such as postural control, attention to the distribution of weight on the operated limb 

will also help to better understand the conditions of joint stability and posture. Reduction in the quality of 

weight distribution may also increase the likelihood of rupture and re-injury of the operated ACL [38]. 

Bartels et al. (2018) reported a significant effect between weight distribution index (mediolateral) before 

and 2 years after ACLR. They concluded that normalization of weight distribution needs at least one year. 

Among the other influential variables in the postural sway, which it seems necessary to measure, is the 

Symmetry Index.  Mansfield et al. (2001) showed in their research that the symmetry index can predict the 

risk of falling in the daily life of patients who have had a stroke, asymmetry of weight distribution in quiet 

standing, decrease in gait velocity and asymmetry in the temporal and spatial parameters of gait in these 

people [38]. More research is needed to obtain a comprehensive view of this variable in ACLR patients. 

These assessments will also help develop rehabilitation strategies. 

Briefly, it should be said that on the one hand, recovery and resumption of activities, both in daily affairs 

and in sports, show the necessity of examining variables such as body posture, weight distribution, and 

Symmetry Index in ACLR patient. On the other hand, the decrease in the proprioceptive function following 

ACLR, which may remain between 2 and 3 years after the surgery, provides the possibility of re-injury [40-

41]. This is especially important for athletes. It has been shown that only 63% of athletes can return to 

sports after ACLR [42] because the possibility of re-injury in the injured area and other injuries in that area 

still remains [43]. The researchers also showed increased muscle activity across different running patterns 

increase the risk of secondary injury in people with ACL injuries [44]. Therefore, considering the 

importance of the topic, this research aims to investigate the postural control, weight distribution and 

Symmetry Index of young men after ACLR compared to healthy people. 

 

MATERIAL AND METHODS 

Participants 
12 individuals with right ACLR (174.54±7.13 cm; 78.51±12.8 kg; 25.71±3.36 Kg/m2) as a ACLR group 

and 12 health men as a control group (174.12±5.73 cm; 75.76±8.92 kg; 24.98±2. 6 Kg/m2) participated in 

this study. Using G٭Power software, the sample size needed to achieve the effect size of 0.50 at the 

significance level of 0.05 and statistical power of 0.95 was determined to be at least 22 subjects for two 

groups. 

All the subjects were males at the age range of 20-35. The individuals with ACLR were referred from Bone, 

Joint and Related Tissues Research Center of Shahid Beheshti University of Medical Sciences. These 

patients were evaluated by orthopedist physician and referred to Motion Analysis Laboratory of Alzahra 

University. 

Inclusion criteria for subjects with right ACLR were as follows: Right ACLR with hamstring auto graft; 

age limit between 20 and 37 years; 6 months to 2 years after reconstruction; the patients underwent the 

same rehabilitation program; without any pain, and using no drugs; normal condition in musculoskeletal 

system (except for right knee); and they were physically active. Exclusion Criteria: Pain or any deformities 

in lower limbs; visual or vestibular disturbance. The control group consisted of healthy individuals who did 

not have any injury, surgery or deformity in the lower limbs. They were also neuromuscularly healthy. The 

current study was done in accordance with Helsinki Declaration. This study was approved by the ethics 

committee in the research of the Institute of Physical Education and Sports Sciences. Moreover, every 

subject was asked to sign a consent form before data collection. 

 

Procedure 
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The static postural control of the participants during quiet standing was evaluated with two Kistler force 

plates (9286BA, 9260AA3 Kistler, Switzerland). Participants stood barefoot on the two force plates side 

by side separated by 5 cm. Each foot was placed on one of the 2 platforms. The subjects were free to adopt 

their feet. postural control was assessed during quiet standing in two conditions (eyes open and eyes closed). 

The duration of each test was 65 seconds. The number of trials was 3 times in each condition and the rest 

period between trials was 2 minutes. 

The data were collected with frequency of 250 Hz and  filtered with Butterworth low pass filter with cutoff 

frequency of 5 Hz. The first 5 seconds of the data were deleted to remove the effects of sudden standing on 

the force plates. The positions of center of foot pressure (COP) in anteroposterior and mediolateral 

directions are detected under the right and left foot separately. Postural sway quantified based on five 

parameters included the amplitude (AMP), total excursions (TOTEX), mean velocity (MVELO), standard 

deviation (SD) standard deviation (SD) of  COP and 95% confidence ellipse area (AREACE).  

The mentioned parameters were calculated for COP position under the right and left foot separately and 

also as net. Weight distribution percentage on the lower limbs and COP Symmetry index in anteroposterior 

direction were also calculated. The Symmetry Index is the root mean square (RMS) of antroposterior COP 

on the right side divided by the sum of the RMS of antroposterior COP on both sides. This provides a 

measure of the contribution of each limb to antroposterior postural control; a value of 0.5 indicates that 

both limbs contribute equally to postural control, whereas less than 0.5 indicates that the left side contributes 

more, and greater than 0.5 indicates that the right side contributes more to postural control [45]. 

 

Data analysis 
Shapiro-Whilk test was used to check the normality of the distribution. To assess the effect of group (ACLR 

and healthy), vision (open and closed eyes), and limb side (right, left and net) on the postural sway 

parameters, Multivariate analysis of variance (MANOVA) was used. To compare weight distribution and 

anteroposterior COP Symmetry Index independent t-test was used between 2 groups. The significant level 

at 0.05 was used for final analysis. The statistical analysis was done using SPSS 25 software. 

 

 

RESULTS 
Table 1 shows the results related to the effect of factors (group, vision and foot) on COP parameters. As 

can be seen, group factor (ACLR and healthy) and vision (eyes open and eyes closed) and foot (right foot, 

left foot and net) had a significant effect on COP parameters (p=0.000). Also, there was an interaction 

between group and vision (p=0.040), as well as group and foot (p=0.003). 

 

 
Table 1. The results of multivariate analysis of variance for the effect of group (ACLR and healthy), vision (eyes open 

and eyes closed) and leg (right foot, left foot and net) on COP parameters 

 F df p-value ηp2 

Group 5.270 9 0.000 0.103 

Visual 10.568 9 0.000 0.188 

Limb side 17.399 18 0.000 0.275 

Group &Visual 1.986 9 0.040 0.042 

Group & Foot side 2.192 18 0.003 0.046 

Visual & Limb side 1.499 18 0.083 0.032 

Group & Visual & Limb side 1.376 18 0.135 0.029 

 

 

Table 2 shows the mean and SD of COP parameters in different vision conditions (eyes open and closed) and limb 

side (right, left and net) in the ACLR and healthy groups. 
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Table 2: Mean and standard deviation of COP parameters in different vision conditions (eyes open and closed) and 

limb side (right, left and net) in ACLR and healthy groups 

   AMP  (mm) TOTEX  (mm) TOTEX 

(mm) 

SD (mm) AREAC

)2E (mm 

MVELO (mm/s) 

AP ML AP ML  AP ML  AP ML 

A
C

L
R

 

O
p

en
 E

y
es

 

R

F 

32.76±13

.45 

7.33±5.

21 

320.37±79.

52 

70.45±20.

47 

333.35±81.

87 

5.49±2.

04 

1.21±0.

54 

50.3±38.

45 

21.51±5.

14 

4.73±1.

35 

L
F 

32.3±13.
5 

6.34±3.
75 

360.25±14
4.99 

80.38±31.
37 

374.81±11
8.45 

5.49±1.
76 

1.1±0.5
9 

43.11±30
.81 

24.28±7.
88 

5.42.±2.
15 

N

et 

28.09±8.

74 

3.76±2.

47 

325.7±67.6

8 

41.71±13.

46 

332.45±69.

88 

5.08±1.

48 

0.59±0.

29 

48.94±34

.53 

21.24±4.

32 

2.72±0.

87 

C
lo

se
d

 E
y

es
 

R

F 

36.82±13

.05 

7.52±2.

81 

422.13±96.

29 

98.1±46.7

5 

444.08±11

0.86 

6.23±2.

09 

1.73±2.

17 

53.21±34

.52 

28.48±6.

29 

6.59±2.

94 

L
F 

41.5±31.
22 

8.66±5.
51 

493.22±26
1.04 

108.42±6
0.03 

513.45±26
7.45 

6.35±2.
04 

1.35±0.
72 

56.5±55.
21 

33.13±16
.78 

7.30±3.
95 

N

et 

35.84±14

.61 

3.38±1.

18 

409.08±89.

55 

46.28±16.

12 

416.56±91.

44 

6.09±1.

99 

0.83±1.

52 

54.71±31

.25 

26.8±6.0

3 

3.03±1.

08 

H
ea

lt
h

y
 

O
p

en
 E

y
es

 

R

F 

27.2±7.6

3 

6.46±3.

61 

311.28±75.

77 

75.04±28.

78 

324.55±76.

77 

4.96±1.

43 

1.16±0.

63 

28.17±15

.22 

20.73±4.

97 

5.00±1.

92 

L
F 

26.07±10
.73 

5.83±3.
12 

295.9±128.
16 

72.56±34.
77 

311.01±12
9.66 

4.54±1.
49 

0.98±0.
52 

30.71±22
.55 

19.81±8.
9 

4.86±2.
38 

N

et 

25.02±7.

55 

3.09±1.

44 

294.67±66.

39 

36.47±8.4

7 

300.4±66.3

6 

4.43±1.

04 

0.56±0.

27 

36.36±16

.4 

19.49±4.

42 

2.41±0.

56 

C
lo

se
d

 E
y

es
 

R

F 

34.61±12

.38 

8.6±3.9

5 

388.22±71.

41 

98.59±35.

29 

406.72±73.

43 

5.89±2.

57 

1.47±0.

81 

41.81±28

.42 

26.51±4.

76 

6.73±2.

39 

L
F 

31.46±10
.18 

7.88±3.
18 

407.6±138.
45 

100.08±4
1.9 

427.8±140.
92 

5.41±1.
64 

1.14±0.
62 

44.47±26
.99 

27.87±9.
55 

6.83±2.
83 

N

et 

31.01±9.

98 

3.59±1.

27 

382.33±84.

93 

42.01±11.

41 

388.52±85.

33 

5.24±1.

83 

0.61±0.

24 

49.18±25

.97 

25.29±5.

66 

2.78±0.

76 

 

 

The results related to the group effect showed that the values of TOTEXap, SDap, AREACE, AMPap, 

MVELOAP (p<0.001), and TOTEXml (p<0.05) parameters in the ACLR group were significantly higher 

than those in the healthy group. The results related to the effect of the vision showed that the values of all 

COP parameters except TOTEXml were significantly higher in closed eyes compared to those in open eyes 

(p<0.003). 

The results of the post hoc tests related to the interaction between the group and the vision showed that the 

values of TOTEXap, TOTEXml, MVELOap, and AREACE were significantly higher in the ACLR group 

compared to those in the healthy group (p<0.03). In the eyes closed condition, the values of MVELOap, 

TOTEXap, and SDap in the ACLR group increased significantly compared to those in the healthy group 

(p<0.04). 

The results related to the effect of the limb side (pairwise comparison) showed that the value of MVELOml 

under the right and left foot was significantly higher than the same value in the net condition (p=0.000). 

The values of SDml and AMPml under the right foot were significantly higher than the same values under 

the left foot (p<0.02) and the net condition (p=0.000). These values were also significantly higher under 

the left foot than the same value in the net condition (p=0.000). The AREACE value under the right foot 

was significantly higher than those in the net condition (p=0.026). But the AREACE value under the left 

foot was significantly lower than the same value in the net condition (p=0.001). The value of AMPml under 

the right foot was significantly higher than the same value under the left foot (p=0.022) and the net condition 

(p=0.000). 

The results of the post hoc tests related to the interaction between group and foot showed that the AREACE 

parameter under the right foot in the ACLR group was significantly higher  compared to the healthy group 

(p=0.001). COP parameters including TOTEXap, SDap under the left foot in the ACLR group were 
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significantly higher compared to the healthy group (p<0.03). The average TOTEXml parameter (net) was 

significantly higher  in the ACLR group compared to the healthy group (p=0.005). 

The results related to the symmetry index and weight distribution are presented in Table 3. Independent t-

test results showed that there was no significant difference between the two groups in the symmetry index 

in both open and closed eyes conditions (p>0.05). The results related to weight distribution showed that 

there was a significant difference between the two groups in the condition of open eyes (p=0.016; t=2.47) 

so that individuals with ACLR put more body weight on the right foot than healthy people. 

 

 

 
Table 3. Independent t-test for the symmetry index and weight distribution in two groups 

weight distribution symmetry index 

closed eyes open eyes closed eyes open eyes Group 

 ACLR 0.11±0.49 0.11±0.48 2.99±48.57٭ 48.83±2.90

50.00±2.99 50.53±3.73 0.51±0.09 0.52±0.10 Healthy 

 
 

 

DISCUSSION 

The aim of the present study was to investigate the posture control, weight distribution and symmetry 

index of individuals with ACLR in quiet standing in open and closed eyes conditions compared to healthy 

people. The results showed that some COP parameters, includin TOTEXap, SDap, AREACE, AMPap and 

TOTEXml, were higher in ACLR subjects than in the healthy group. These findings indicate that the 

postural control system is impaired after ACLR. Comparing the operated limb with the non- operated limb 

between the two groups, the results showed that the AREACE in the operated limb (in both eyes open and 

closed conditions) was higher than the healthy group. But the values of COP parameters including 

TOTEXap and SDap in the non-operated limb were higher than those in the healthy group. Also, the 

comparison of the mean between the two groups showed that TOTEXml in the ACLR group was more than 

the healthy group. In eyes closed condition, the ACLR group had more MVELOap, TOTEXap, and SDap 

than the healthy group. But the TOTEXAP, TOTEXml, MVELOml, and AREACE parameters were 

significantly higher in the ACLR group compared to the healthy group in open eye conditions. The above 

data shows that postural control can  change in the AP and ML directions during quiet standing, so that 

people after ACLR have a higher swing velocity during quiet standing compared to healthy people. There 

was no difference between the two groups regarding the symmetry index under the eyes open and closed 

conditions, which means that the symmetry of the right and left foot is the same in both groups. But 

regarding the weight distribution, the results showed that when the eyes are open, the weight distribution 

in ACLR group on the operated limb is more than healthy people. This article points to the fact that the 

operated limb bears a greater percentage of weight than the non-operated limb and also compared to healthy 

people. But in the eyes closed condition, the weight distribution was similar to that the healthy group. 

The findings of previous studies have shown that after ACR, COP parameters are changed during postural 

control; these findings indicate a decrease in automaticity and an increase in attention to postural stability 

[46,47]. In line with the present study, Kubisz et al`s. (2011) research also showed that after ACLR, selected 

COP parameters increased significantly [48]. They stated that this increase indicates a disorder in body 
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postural control systems or sensorimotor systems. Palm et al. (2013) and Bartels et al. (2019) also reported 

a reduction in postural stability following an ACL-tear [49,50]. Of course, Bartels et al. (2019) showed that 

with the passage of time after surgery, instability is largely reduced so that six-weeks after surgery 

difference with the control group reduced and six-months postoperative the ACLR patients were similar to 

healthy matched control population. From this point of view, the current study is inconsistent with the 

aforementioned studies, because in the current study, the comparison of COP between healthy and ACLR 

individuals was made at least six months and at most two years after their surgery, and the difference was 

still observed. The lack of longitudinal study of postural changes is one of the limitations of the present 

study. However, it is suggested COP parameters be reviewed and  more research be conducted before and 

after surgery. Despite the findings of the present study regarding the difference in COP parameters between 

ACLR and healthy subjects, Howells et al. [51] and Lepley et al. (2019) did not report a difference in 

postural sway between ACLR subjects and the controls [52]. In addition, Lehman et al. (2017) showed in 

a meta-analysis that the postural stability variables in ACLR decreased compared to the control group [4]. 

Mazaheri et al. [53] showed the difference in the kinematic parameters of gait between both groups. 

Some studies attributed the lack of stability reduction following ACL injury to compensatory reactions 

(Lehman et al. (2021) [54]. They reported a significant difference between balance with eyes open and eyes 

closed in ACLR patients [55]. In the present study, such a difference was observed in the stability of the 

posture while the eyes were open and closed. It has been stated that CNS adaptations are very important to 

maintain and restore limb stability after ACL surgery. Therefore, after an injury, reliance on sensory nerve 

afferents may be prioritized [56] and some kind of compensatory reaction occurs. In consistence with our 

results, Some researchers also showed that eight months after ACLR, subjects have been shown to have 

greater displacement, velocity, area and total distance in the involved limb in comparison with the 

contralateral limb and matched limb of controls [11,34,57]. They stated that damage of the ACL may 

diminish afferent information [34]. 

Knee proprioceptive deficiency leads to reduce in the sensorimotor of the muscles around the joint [58]. 

Mechanoreceptor damage due to the ACLR may lead to a disorder of sensory transmission, contributing to 

alterations of afferent feedback and stabilizing reflexes that may implicate increased instability [4]. Of 

course, in addition to the proprioceptive factors, the decrease in vertical stability can be attributed to the 

damage of the quadriceps muscle; a part of these muscles is used for ligament reconstruction. these muscles 

stabilize the hip joint during extension. The maximum extension of the knee is one of the effective 

mechanisms in the functional stability of the joint. The quadriceps muscles belong to a part of anti-gravity 

muscles. therefore, dysfunction of the quadriceps muscles can explain the reduction in stability after ACLR 

[59]. In addition, it has been shown that the neurophysiological pathways in the sensorimotor system to 

control posture may be affected by pain [60]. Knee pain may disrupt postural stability [61]. Of course, in 

the current study, all the subjects were pain-free, so the last explanation is not very likely. 

In the COP Symmetry Index section, the results of this research showed that there was no significant 

difference between the ACLR group and the healthy in both open and closed eyes conditions. We did not 

find a study that investigated the COP Symmetry Index in ACLR people, but there have been studies 

conducted in healthy people [62] and also people with stroke [39] that showed the existence of asymmetry 

in these people. Stodolka et al (2020) observed the existence of asymmetry in 67% of healthy young people 

and showed that only 3% of these people have symmetry in the mediolateral direction [62]. From a 

biomechanical point of view, it is difficult to understand this type of postural control, and we assume that 

this is the reason for the lack of difference between the two groups in the present study. Although in the 

mentioned research, the positive correlation between COP of the right and left foot was considered to 

indicate symmetry and the negative correlation was considered to indicate asymmetry. However, in the 

present research, this variable has been investigated by measuring the COP Symmetry Index [45]. Agerberg 

et al. (2003), Lin et al. (2009) and Rosario et al. (2011) in their research, which examined two force plates 

and between the dominant and non-dominant lower limbs in quiet standing, have shown the occurrence of 
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asymmetry during postural control as a result of disturbance musculoskeletal function or lower limb 

dominance [63-65]. Future research and especially meta-analysis methods are suggested to further 

investigate these contradictions between studies. Disruption of the ACL may lead to an altered, decreased 

or lack of sensory input from these mechanoreceptors, and subsequent proprioceptive deficits in the injured 

and uninjured knee [66]. Therefore, apart from the exact cause of the present results, our data support the 

assumption that the non-operated limb cannot be used as a comparative reference for the operated limb 

when evaluating the postural stability and even Symmetry Index in ACLR subjects, as some researchers 

have done. [11,67,13].  

Also, the results of the present study showed that there was a significant difference between the two 

groups in the variable of weight distribution in the eyes open condition. ACLR subjects placed more body 

weight on the operated limb than healthy people. Similar to the present study, Mohammadi et al. (2012) 

and Bartels et al. (2019) also reported the existence of a difference in weight distribution between the two 

groups and confirmed the persistence of this difference up to eight months after ACLR [34,50]. They 

showed that ACL patients put more of their weight on the non-operated limb. One of the limitations of the 

present study was the lack of temporal investigation of this index and the comparison between the two 

groups at times close to surgery and after. ACLR patients likely adopt this type of weight distribution to 

help reduce the anterior shear force on the ACL and subsequent activation the quadriceps muscles [67]. 

Bartels et al. (2019) introduce the use of the visual system as a compensatory response to weight distribution 

[48]. However, in the present study, the difference in weight distribution on the operated limb was greater 

in opened eyes than closed eyes conditions. Weight distribution may function independently of vision, so 

visual occlusion may not be the ideal method for determining weight distribution disorders in ACLR 

individuals. Finally, several studies suggest that ACL injury and subsequent surgery can negatively affect 

postural adjustment, mechanical stability, and sensory function [38,50]. Such a reduction in postural 

stability and weight distribution may lead to an increased risk of subsequent ACL injuries, creating a vicious 

pathological cycle. 

. 

CONCLUSION 
The results of the present study showed that despite the passage of 6 to 24 months after ACLR, the 

postural sway parameters of individuals with ACLR were significantly higher compared to healthy subjects 

in open and closed eye conditions during quiet standing; which indicates that these subjects may have the 

potential to reduce stability. The difference in the weight distribution percentage of the operated and non- 

operated limb suggests the need for further investigation as to whether this is a risk factor for ACL re-

injury. Since the body acts as a connected and interdependent system and the reduction of stability can also 

be the result of misplaced movements at different points of this kinetic chain. Therefore, it is suggested that 

instead of focusing only on the affected joint (knee) to control the posture of the whole body, other parts 

that are involved during the weight bearing activity should also be investigated. Also, research in this field 

is recommended between unilateral athletes and other athletes and between the dominant and non-dominant 

side of the lower limbs. 
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 آرام یستادنزانو هنگام ا یقدام یبیرباط صل یبازساز باوزن مردان  یعکنترل پاسچر و توز

 
 3فاطمه بدیعی، 2*صفورا قاسمی ،1لیال غزاله

 

 ، ایرانتهران، الزهرا دانشگاه ورزشی، علوم بدنی و تربیت فیزیولوژی ورزشی، دانشکدهگروه  .1

 ، ایراناراک، اراک دانشگاه ورزشی، علوم بدنی و تربیت گروه فیزیولوژی و آسیب شناسی ورزشی، دانشکده .2

 دانشکده مهندسی مکانیک، دانشگاه صنعتی جندی شاپور، دزفول، ایران .3

 

 چكیده:

در نظر گرفته شده است. کاهش فعالیت حس  ACL یکی از درمان های رایج برای آسیب (ACLR) صلیبی قدامیبازسازی رباط 

لذا این  کند.سال پس از جراحی باقی بماند، امکان آسیب مجدد را فراهم می 3تا  2که ممکن است بین   ACLR عمقی به دنبال

با  ن آرامدر حالت ایستاد ACLR ( بیمارانCOPتقارن مرکز فشار )تحقیق با هدف بررسی کنترل پاسچر، توزیع وزن و شاخص 

مرد سالم به عنوان گروه کنترل  12راست و  ACLR مرد با 12در این مطالعه  چشمان باز و بسته نسبت به افراد سالم انجام شد.

ارزیابی تعادل در  صفحه قرار گرفت. 2هر پا روی یکی از  شرکت کنندگان با پای برهنه روی دو صفحه نیرو ایستادند. انتخاب شدند.

( و APدر جهت قدامی خلفی ) (COP) موقعیت مرکز فشار پا حالت ایستادن آرام در دو حالت )چشم باز و چشم بسته( ارزیابی شد.

اساس نوسان پاسچر بر  ( ارزیابی شد.Net( زیر پای راست و چپ به طور جداگانه و همچنین به صورت میانگین )MLمیانی جانبی )

و ناحیه بیضی  (SD) ، انحراف استاندارد(MVELO)، میانگین سرعت (TOTEX)ها ، کل گشت(AMP)پنج پارامتر شامل دامنه 

در جهت قدامی خلفی نیز  COP درصد توزیع وزن در اندام تحتانی و شاخص تقارن تعیین شد. (AREACE) اطمینان ٪59با 

و  TOTEXap ،SDap ،AREACE ،AMPapدر برخی از عوامل مورد بررسی ) COP نتایج نشان داد پارامترهای محاسبه شدند.

TOTEXmlدر افراد ) ACLR ( 59/5بیشتر از گروه کنترل بودP< بین دو گروه از نظر شاخص تقارن در شرایط باز و بسته چشم .)

ل شده بیشتر از افراد سالم نشان روی پای عم ACLR (. توزیع وزن هنگام باز بودن چشم در گروه<59/5Pتفاوتی وجود نداشت )

داخلی و  (AP) ضعیفی در جهت قدامی خلفی پاسچرکنترل  ACLR ا به این نتیجه رسیدیم که افراد مبتال به. م(>59/5Pداده شد )

وزن  ACLR بعد از، افراد افراد سالمبر خالف د. در هنگام ایستادن آرام شاخص تقارن در هر دو گروه یکسان بود. دارن (ML) جانبی

 د.کنننسبت به اندام جراحی نشده تحمل میاندام جراحی شده بیشتری را روی 

 ایستا. پاسچرکنترل  ،زانو یقدام یبیرباط صل شاخص تقارن،مرکز فشار، : یدیکل یها واژه


