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Abstract    

 
Background & Aims: Anterior cruciate ligament rupture is very common in athletes (1). 
Dysfunction of the musculoskeletal system leads to joint instability in various motor 
maneuvers, resulting in the introduction of abnormal forces into the anterior cruciate 
ligament (1). The cutting maneuver is one of the most common movements in various sports 
(3). During the descent from a height, the contraction of the hamstring muscle causes the 
tibia to pull back and reduce the amount of shear force applied to the anterior cruciate 
ligament. In contrast, the quadriceps muscle causes the anterior tibia to move over the femur 
and apply shear to the with anterior cruciate ligament (ACL) (4, 5). In some simulated 
models, the posterior leg muscles have been introduced as knee stabilizers (5). 
Usually, the average activity of quadriceps muscles in women is higher than in men (6) and 
the ratio of hamstring to quadriceps muscle activity in the stop stage of lateral shear 
maneuver is lower than the lateral movement stage (7). On the other hand, when walking, the 
timing of hamstring activity before the foot hits the ground is different between men and 
women (8). Due to the fact that hamstring muscle activity reduces the shear force in the knee 
joint, the relative decrease in hamstring muscle activity in women is one of the reasons for 
the higher risk of ACL injury in women than men (8). It is clinically important to evaluate 
the activity and timing of muscles in various sports movements, including lateral incision 
(9,10). Because in the cutting manuvre movement, the knee of the support foot is placed in 
the position of the valgus and this movement is one of the mechanisms of anterior cruciate 
ligament injury, there is very little information about the function of the knee muscles during 
this maneuver in athletes (9, 10). One of the limitations of previous research is that 
researchers often examine the intensity of muscle activity in this movement and no 
information is available on the coordination and timing of knee muscle activity. The 
interaction between knee ligament injury and poor muscle function has not yet been well 
understood. The aim of this study was to evaluate the activity of lower limb muscle activity 
in people with a history of anterior cruciate ligament reconstruction compared to healthy 
individuals during cutting maneuvers.   
Methods: 10 healthy male soccer players participated as a control group and 10 soccer 
players with a history of anterior cruciate ligament reconstruction participated as an 
experimental group in this study. The experimental group underwent anterior cruciate 
ligament reconstruction using the technique of two Gracilis-semi- tendinous bundles. 
Electromyographic activity of tibialis anterior, medial gastrocnemius, lateral gastrocnemius, 
vastus medialis, vastus lateralis, semitendinosus, and biceps femoris with BTS Free EMG 
300 device was recorded during cutting maneuvers. Before performing the main tests and 
recording the data, the subjects were first instructed to run at a speed of 2.5 m / s and 
perform a cutting maneuver. To perform a cutting maneuver, subjects ran a 5-meter path and 
then cut the path at a 45-degree angle to the side (left or right). Electromyographic signals 
with a frequency of 2500 Hz and a bandwidth of 1250 Hz were recorded in computer 
memory. Later, with a bandwidth filter, signals above 500 Hz and below 10 Hz were 

Keywords 

Cutting maneuvers, 

Anterior Cruciate 

Ligament, 

Electromyography 

 

 

 

 

  

  

Received:     07/05/2022 

Published:   09/07/2022 

  

 ID 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

                             2 / 10

https://orcid.org/0000-0003-3464-8860
https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html


 

 

 

١٢  

  
�
�� ���� ���	
 ��
�     ����29 �  ���	
4 �
�� 1140                              http://rjms.iums.ac.ir   

Moslehi Z, et al. 

removed. A 50 Hz notch filter was also used to remove electrical device signals. The device 
GAIN was considered equal to 1250. The linear envelope technique was used in the EMG 
Graphing software environment to obtain the time to start muscle activity. This means that in 
the Linear envelop diagram, a point of 10% relative to the signal peak of each activity was 
considered as the beginning of muscle activity. Simultaneously with the recording of 
electromyographic signals, the kinematic variables of the lower extremities were recorded 
using the Vicon motion analysis system with 4 T-series cameras and a sampling frequency of 
200 Hz. Plug-in-gait marking model was used to track the lower limb and determine the 
moment of heel contact with the ground (HC) and the moment of toe separation from the 
ground (TO). Before using this device, the cameras were calibrated using a space of 3 meters 
long /0 0.9 meters wide × 2 meters high. Camera system data recording and 
electromyography were simultaneous. For data analysis, first, the Shapiro-Wilk test was used 
to evaluate the normality of data distribution. All data had a normal distribution. Then, 
multivariate analysis of variance was used to compare the research variables between groups. 
Statistical analysis was performed using SPSS-23 software and p <0.05 was considered as 
the significance level. 
Results: The activity onset of tibialis anterior, medial and lateral gastrocnemius muscles was 
earlier in the experimental group than the control group; (p<0.05). Also, the time to reach the 
peak of tibialis anterior and medial gastrocnemius major muscle activity in the experimental 
group was earlier than the healthy group (p≥0.05). 
Conclusion: The results of the present study showed that in cutting maneuver motion, the 
moment of onset of tibialis anterior muscle activity in patients with ACL injury was earlier 
than in healthy individuals. This muscle plays an important role in dorsiflexion and 
supination of the foot (13, 14). The tibialis anterior plays an important role in dorsiflexion 
and supination of the foot. Researchers believe that the tibialis anterior muscle is one of the 
stabilizers of the ankle joint at the moment of the heel's initial contact with the ground when 
walking and running. Researchers have also shown that the tibialis anterior plays a role in 
stabilizing the ankle joint in the stance phase of cutting maneuvers (13, 14). This muscle 
helps maintain the stability of the knee by maintaining tibial stability. (13). Some researchers 
believe that this muscle stabilizes the ankle joint in the phase of the initial contact of the foot 
with the ground (19, 20). Changes in the timing and magnitude of muscle activity are 
considered as a compensatory mechanism in people with ACL rupture (20,21). Early-onset 
of gastrocnemius muscle activity in people with ACL rupture compared to healthy 
individuals can be a protective mechanism to maintain knee stability (22). The earlier 
activity of the gastrocnemius muscles in people with anterior cruciate ligament injury 
compared to healthy people can be explained by the fact that it is a protective mechanism to 
maintain the stability and strength of the knee. Muscular responses and the mechanism of 
joint mechanical behavior are closely related to the time to reach maximum muscle activity 
(22). These muscular responses may be related to muscle function in maintaining knee joint 
stability before, during, and after movement. In fact, due to the rupture of the ACL, the joint 
position and the sense of movement are disturbed and the movement pattern may change. 
Anterior cruciate ligament reconstruction is associated with changes in lower limb muscle 
function in terms of onset time. It seems that after the surgery, a new kind of muscular 
adaptation develops. Further investigation is needed to determine the association between 
this compatibility and the risk of osteoarthritis or re-rupture. Injury to a joint in the body 
causes a change in the activity of the muscles around the joint; ACL injury also affects the 
function of the quadriceps, hamstrings, and twin muscles of the knee joint (18). Evidence 
suggests that ACL injury affects twin muscle function and strategies (12. This research also 
has certain limitations. These limitations are that the research results are based on male 
subjects and due to individual differences between men and women in anatomical and 
biomechanical characteristics, the generalization of these results to the whole male and 
female community will be difficult. It seems that differences in size and body size and Q 
angle of women may show different results. 

 
Conflicts of interest: None 
Funding: None 

Cite this article as: 

Moslehi Z, Hoseini Y, Frahpour N. Comparison the Timming of Lower Limb Muscle Activity during Cutting 

Manuvre between Athletes and Individuals with Anterior Cruciate Ligament Reconstruction History. Razi J 

Med Sci. 2022;29(4):10-19. 

*This work is published under CC BY-NC-SA 3.0 licence. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

                             3 / 10

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html


 

 

 

١٣ 

 

                    O�:� �� �� ������  �        

�����  
����  ���	

� �
���� ����   ���

� �� �����

���� ��

�

�� �������� �� �� ��!"#  )1  ��	

&  .(45%   ,

-. ��
����/�.  �#��    ,� �����  �
���� �������	�  ) ���2(. 

/��

���� �� 	

1�  �

-1� ACL )anterior cruciate 

ligament(  2  ��	&6    �49  6��   /���

7 �

89!#��4 6���
) ���3.(  ��4�;�

!  70%    �>��

? ����

� �� �
�

��� ��

��
���	�    ,���
  @��  /�������  A�BC.  ��.��#�/   D4 ���E

  ��#�� �� � 2F�? �� 	1� �?����  �!#�G  (��

"� ���H4)I� 
��	.� )4.( F���!#�G )Cutting Moneuver( � 

��  ��

�4�

J�&  

"� �� ,

J �

�����/ F��� ��/�

. 4� 

-� 
,��& 	� �� K��L> ��MC��N  ��� ��G� ,��	��  . A�

BC.

 ���� �
�

��� ����B�O ,� /���� ��8E �J�& K�� /��G�
�� �

� ���

� ��

��� P. Q�O� ,� RC���"-. ,STU .���

ACL  #�>� ���CU ,�  �"�ACL   ,� ����� ��VW ,STU �
 �"�#�>��#� ���CUACL 6	

� ,���C� 	

#�)3(.  A�

BC.

 2��

� X�

!�#� ,Y

��� ,

� RC���

"-. ,S

TU ���

E
�

� ��U ,� �� ��!�4 ���9��� /��

�# ��	

�� �� � 	

8J

 ,� 6���� �Z�����	� �
���� �C��B�O �

� PJ.	

CJ  ��
  ���	

� ���[��G \U�� �#�� �� ��VW ,STU Q���� �

�!�4

 ,

� �

��� /���# ]�-U� � ��-E /�� ��ACL �

� ��

�
)5]	� �� ���� �� .( ^_TU `�# 6	� /��� ,�!� /�.

6	

� �E�1� �#�� 6	CCJ ��!a4 ���CU ,� �? b�� �cS�-
) 	#�5.(  

 �

-1� O�1E 

��  

���� ^_

TU e�

���VW  ��

#� ��
����

8  �

�� ����

� ��)6(  �O�1E �!

"# 

�� ^_

TU 
.��"-� RC  ��VW ,� 

��4 ,S&�� �� ��� ��N  �� ��

G�/ 

���� ��#��-!#�G �J�& ,S&�� ,� �!"# �!#�G�   ��-J
  ���)7(� f�
 �� .��

BK�

E� 6�� A�

BC. 2  ����	

C�/ 

O�1E��  .��"-� RC  Q!�  �� �� �? ������ ���K   � ��#� ��
  ��� ^��c�� �����)8 ,STU ��O�1E ,�C�� ,� ,G�4 �� .(

���� /���# h.�J �G�� RC���"-.   �

#�� Qic� ��
h.�J ���    �!"#O�1E��    ^_TU ��#� �� RC���"-.

  ���� D"�� ���� ��8�� Q� � ,S-G��ACL   ��

#� ��
 ����� ,� �!"#�� ��-� ,�  	#��)8(.    

 ^�J�& �� ^_TU /	C� ���� � ��O�1E 6�j# �����
  �!#�G F�� ,S-G �� ����� NS�9�  �

�-.� �� �C�O�

�

��� ��������.  B#�BW �����  ^_TU ��O�1E � ,k��� ��
,

��#��,

��#�� K�

CZ-. � �

��C� /��

"#	� /�. /�.

 �����

��� �� �

� �

�-.� �� ��

�� �� ���C�� �#��4���
) 	C�".9�10.(   F�

� �

J�& �� ,

�C�� ,

� ,

G�4 �

�

�!#�G2  �� ���� l�BO�� �� ��4� /�? �

J�& K�� � ���>
P"�#��� �� ����

�� ���	

� �
���� ���� ���� /�.2 

  ^�U_
�  ���"�-J�    ,Y��� ��  �� �

#�� ^_

TU ��

�S-U
 �����

���� �� ��#�

� K

�� /��

G� A�

BC. ���� ��

G�

)9�10(����	

j� ,S-G �� .  /�. K

�� �

S!� ^�

���j4
K���j� ,J ���  ;�!O�@  ����� ,� ^	� ��O�1E ^_

TU 

�� ,�����? �

J�& K

�� � �BC.�

-. ,

C��� �� � 	

#�
_

TU �

�O�1E ���

� /	

C!#��� �� �4�

U_
� �

#�� ^

 .�"�# l����  
  ,

J ,STU D� e��4 ���# ���� ,� 	�O�4 A	U K

�-�

 �� ����

4 �

� � ,S

TU �

�O�1E �� ����

4 �� ���# ���
�� 2	��� ,STU �� /�aJ�	& /���# ]�-U�  	#��4 ��O�1E

  � Qic� ��!a4 /��� �� ,STU ��  �ME�j� �m� �� �#�� ��
  .�����

�O�1E /	

C� ��

�� �� ���H4  ,

S-G �� ^_

TU

) n_o� Q��� �#��� /�.��H��10  (  ����

C1� K

�� ,� 
,J   ��

�� ,� /��	&�4 ���4 �� ���C� �C��-4 ,��#�� ��

  	�

�� p�SY� /	C��

�  ��

G�  �  ,

�C�!

iU Q

���U�-
TU�#_  H�� ����.�/  #����  	14 Q����Q  	C�".  )10  ( �

��� ,�E�> ^��o q�i� K�� �� �-J ^�1O�Y�.  Q

!�
� ,k��� �� ��

�� �>��

? ,7��U �� ���E� /��� �#��4��� ,��#�

  ]�

!#� ,� 	��� �	��� 2���	� �
����  ���

��C� ^��

��H4
 K

�� ��

[�� ]�!#� ,� �#�� ,�&�# ^_TU ��O�1E �O�-�&�

2��� ,7��U    �VG K�� ��  �7�& r��j4 �So� ]��� K

��
��

�� /��

���� ,���

� �

� ���E� �� ��� ,J ��� �
�

��� 

���	�2  ���S-U   ���� �J�& /��G� A�BC. �#�� ^_TU
 ���

E� �

� �

�O�1E ���

� ��

�� � ��O�1E ^	� s�jO ��

 t��� ^��c�� PO�� �LOr

��j4 �� f	. �

7�&  �

����
 A�	

#� ^_

TU �

�O�1E u�� ,

� �	�

�� � ���

� ����

  � PO�� 6��> �� �� �#��j4  ��������� /������ ,���� ��
.��� ���	� �
���� ����  

 

  ������  
 ���������:  h.�v

?  �

7�&  ��  ��

#  ,!

��

��[4  � 
�.�B8�����  ���.  ��	14  10   ,

� ��

� PO�

� �"�O�!4�E

  � 	.�� 6��> ���CU10   /��

���� ,���

� �

� �"�O�!4�E
 �J�

� �

��[4 6��

> ���

CU ,

� ���	

� �
���� ����

  ��`

E� A�

# �� 6��c�

�� �� .	#��JG-Power   l�

�� �

� �

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

                             4 / 10

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html


 

 

 

١٤  

  
�
�� ���� ���	
 ��
�     ����29 �  ���	
4 �
�� 1140                              http://rjms.iums.ac.ir   

�1�!B$ ������	, P�LN�3 ��"O/ ����� #%<�� ��	 3��C ���� �9��7�  

6��� /��� 2�S!� /�.05/0 α = x 2/0 β= � ���4 /��

�� 
80%  ��	14 10 6��> �. �� �#����� �c# ��� �E�J.  ���

E�

 D�C�4 �� 6��c��� �� ���[4 6��>  ,


��� �

G�� 	

#��- 
P�#/�4�   ���

� ���	

� �
���� ���� /������ Q-U �j4

,�E�>  ��� .	#���  ����  �����V�#�  K�

���  Q��	

&  ,

� 
]��  ,����  F���  �.�B���  ��  ,�

��  2]�

!4�E  K�

��	# 

/��[C.�#  ��S���–  �#_TU  ,S-G��  f_���  ]�
  2�.�? 
�[J  ����  2^���E �>���E� ,#�� � �

� /��

[C.�# /�

. 

�!iU  �#_TU  ���  .��  6��>  ���[4  e���

� ���� �

���� 
e����  ����  6��>  ]��CJ  ,�  /�Ca���  �&��G  ACL  ��� .

 �� �

89� �� ��� e���

� K���� ^��o �� �. �#�����
6��4 y��� 2�	�  / �� �#	� /26   �#�-

"G ��O�1E �

  �


 �B�

"� ,

� �[C� 	�	�72   ,

� �

V�C� �U�

�
�>v�� .	#	� u��� ,1O�Y� �� h������#��

��� /�. �

.

  6��-

� ]�	G ��1  6	

� 6����  .�

��   /��

G� �� Q

!�
��� ,1O�Y� F�� � f�	.� ������#����� / 6��� n�� �.

�#����� .	����7� A�E �. �� �J�

� /��

� �!�J ,��#
 b_

�� ,��-J �� h.�v? n�
 .	#��-# �T�� �� h.�v?
 �

� ��	

-. ��

�`? A�

SU 6�B8#�� ���`? ^�1O�Y� ��

  6��-�1199/9/35/16.�E�> ���� 	�k�4 ���� z/  

��
 ��� � �
 �
:   

#� /��� ,1O�Y� K�� ��6��	 /�

�>

 6�B�



�� �� ^_



TU �E��>�



������O� �



�O�1E
 �jY

� �E��>�

������O�16  

O�#�J {BTS free EMG 

300 ���

� ��

8J  �

!Y��� /�

.�����O� �

� �

�O����
  .	

� 6��c����

.�����O�   ��

# �� � 6�

J ��

8J ���

�
 D� 26	C!

"W |C

G �� 2f�

i���� Ag/AgCl  /���� �

`

J�� �

4 `

J�� ,S

o�E .	

#��� /��. ]}     �

.�����O�2 
��#��  .	� ,�E�> �M# �� ���  

,�]�CB�

� �!m ��MC� �	

���  2�E��>���

�����O� /�

.
  � 	� 6	����4 �M# ���� Qj� �� ���? /�.�� �

��?

,!C? ��    ,

� ,�

8@�  Q

�O�  Q

�?��?�`��5%   .	

���> `

�-4
 |~



��



.�����O�  ���



?��� Q



�4��? l�



����

  �E��>��������O�)11(  ��� ^_TU /�� ����#   � 2���	
�S���/   

S����2    2�#�

�� K

V? 2�G��

� /�

S��� K

V?

P�# � �#������ 2�G���P. .	#	� Qi�� /�4� �

� ����
]�CB�


� �


!m�E��>���


�����O� /�


.2  /�


.��H��

 Q

�Sj4 P�

"�� �� 6��c�

�� �� �#��j4 A�	#� ���4�-C�J
  �� ������ ��J�&4    /�� K�����T   ,

#�-# |#�

J�E �

�

  /�����200  �. �#��j4 A�	#� ������ /��� .	#	� �!m `4
) K��� �� �? ,C��? l�-4 ,MjO K��14 �Heel Contact (

) K�

�� �� �? ���8B#� �	��	G ,MjO `�# �Toe Off �� (
  F�� ,� /��L>�J��� ]	�Plug-in-gait  .	

� 6��c�

�� 

K����� 26�B��� K�� �����J �� Q!� D

� �� 6��c�

�� �� �.
  /�TE3    ×]�


 ���9/0    ×  X�

U �

��2   ��

c4�� �

��

6��� �

!m .	#	

� 6�!�O�

JK�

���� P�

"�� /�

. � �

.
.	#��� ���`-. �E��>�������O� 6�B���  

h����� /��G� �� Q!�6��� �!m � �So� /�. �	

��� �

.
���� �J�&�!#�G  ,�  #�������.  6��� F����  	�   �

� �4

�U��  5/2  #�m �� ����,  �

��� �J�& � 	#�	��� �!#�G 
  .	C.� A�[#� /�����G�/ �

��� ��#���!#�G2 #�������

. 

  D�"���  5  ���/  ��  � 6	���    |~���  ����,  45   ,

G��
"� �#�G �-� ,���    �Y� ����	#��J    �-

� ,�) �

W

���� ����� .(/  ��,�C  ��"�  #��

��� F�

���

.   � r

���
  ��"��  ���  	

� 6��c��� �-C.�� e� ��)Q�

�  1 �

. .(
#������  ��J ��� ,�  ����4 �� h�

�� ��

J  �� h

��J

 /��01- �
R!� ������E ��N��
��� ,�  �	�D/ � � �� 
��
 �� �� �   

   � �� 
��
   �	�D/ 
��
  ���1� P 

=� ()��)  65/1±9/21  34/1±1/22  700/0  

) �J"���� (�"�  90/4±3/175  15/6±4/176  119/0  

 ��� (��
����)  27/7±1/67  35/9±4/72  626/0  


��/ 0Y�� ,���	)2KG/M (  65/1±8/21  52/2±2/23  108/0  

#������  (
��) �C��7 �� �L	   -----  66/4±5/24   ------  

 

  
3�4 1- ���	 3��C �	 ��!�� ��$��9��7  

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

                             5 / 10

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html


 

 

 

١٥ 

 
                    http://rjms.iums.ac.ir                                                                ���� ���	
 ��
� �
��   ����29 ���	
 �4 �
�� 1140

                    O�:� �� �� ������  �        

4��o�  L?�,�E�  ��	�    ��E ,J  6	

� K��14 ��"� �� �

�
  �U���M# ����  �

?  � 	CJ �J�&/  �� ��

E/   ,jc

o

#���  � ���E���	  )9  .(�#����� ,�SJ�� �.   ��

� ���� /�?
���� �J�& (6	�� ���� /�?).	#��� A�[#� �� �!#�G    

��
� ��
��!��:  ]�CB�

� �

� �E��>���

�����O� /�

.
|#�J�E2500    	#�� /�CV? � `4�.1250   ,ME�& �� `4�.

.	

���> �

!m �4��~��J  |~

�   �L

>	#�� �

�S�E D

� �

�
  / �� /�VO�CB��500    �� ��-J � `4�.10   fL

& `

4�.

��# ��S�E �� K�CZ-. .	#	�50   fL

& /��

� `

�# `

4�.
  .	

� 6��c�

�� ���� Q���� /�VO�CB��GAIN   6�B�

��

���  �� ��1250   ����� �

�	� /��

� .	

� ,

�E�> �M# ��
 D

�C�4 �� ^_

TU �

�O�1E ,

� ���

� ��

��Linear 

envelop  ��`E� A�# e�j� ��EMG Graphing  6��c���
 ����

-# �� ,

J �

C1� K�	

� .	

���>Linear envelop 

,Y�#  /10  �

�O�1E �

. ]�CB�� u�� ,� �!"# /	o��2 
 E�> �M# �� ,STU ��O�1E ���� ����) 	

� ,�12( A�  .

 �

� ,

J K�

�� ,

� �

? ,C

��? ����� ,MjO ��� �J� ,�
K����� ����i4 �� 6��c����� K��14 �.  	�,����CU  �	!� 

,MjO �>� .	� ,�E�> �M# �� �co   ,S

TU �

�O�1E ����
 �

4��� /�C1� ,�) �cC� ��_U �� ��� �co ��	!� �� Q!�

� 	1� �>� � (K��� �� ,C��? ������ ,MjO �� �c

o ��	!� �
 ,� �!"# ����4 �� ��O�1E /�C1� ,�) �!a� ��_U �� ���

Q�

� �� .	� F��`> (,C��? ������ ,MjO  2  ,

#�-# /�
 ]�CB�

� ���E��>���

�����O�  �

J�& 6��� ]�


 ��

���� ����-# � �!#�GLinear envelop  h��

-# ��6��� 
6	�.���  

"���� #�$%&:  ,� �	������ ��

MC� ���

� ]�

��# �

�
6��� ����4���?�� ����� �� �. _ DS��   ,

-. .	� 6��c���

6���K�

� ,

"���� /��� |~� .	C���� ]���# ����4 �.-

 /��

�� F�� �� r

��j4 /�

.��H�� ���

� �� �

.��>
6��H��	CW |#����� Q�Sj4  6��c���.	�  Q�Sj4 � ,�`[4

  /����  ��`

E� A�

# �� 6��c�

�� ��SPSS-23  	

� A�

[#�   �
�  �Y  /����C1�05/0p< .	� ,�E�> �M# ��  

   
��'�	��  

  ��� ��

8# 6��H�� 	CW |#����� Q�Sj4 ����# ^_

TU
�


���#) ���	


� �015/0=p245/12=F�


S� �� 2(/ 

) �



S���03/0=p293/4=F�



S� �� � (/  �G��



�
)002/0=p275/15=F6��> �� (    	.��,

�  ��4�4097/0 2

06/0  � 2041/0  �4��� ,�#�m   ,

� ���

� �

��[4 6��

> ��
	#��J ��O�1E    ]�	G)2(  .  

 ��� ��

8# 6�

�H�� 	

CW |#�

���� Q

�Sj4 ^_

TU
�

���) ���	

� �

#021/0=p242/10=F�

S��� � (/ 

) �

S���043/0=p225/3=F6��

> �� (  	.�

�,

� ��4�4
0943/0    �0866/0   ���� ,�  ���[4 6��> �� �4��� ,�#�m

��� ��� ��O�1E u��.	#	  
 

(%�  
���� ,"���� 2�7�& h.�v? f	.    ���� ,� �	��� �

  u��   �

��� �

J�& A�BC. �#��j4 A�	#� ^_TU ��O�1E
 6	

� /������ ���	� �
���� ���� �� ���E� 6��> �� �� �

  PO�� .���  
  ����#r��j4  �7�&   �

��� �

J�& �� ,

J ��� ��

8#

  ��O�1E ���� ,MjO �!#�G ,STU�

��� 

� �

#���	  ��
  ���� ,�_�!� ���E����	

� �
���� ����    ��PO�

� ���

E� 

  �� ,[��# K�� .��� �4���  ����# ����

�-. � �O�

�� r��j4
)2009���� �J�& ,J ( 2N

S�9� �

VG �� �� �!#�G

6��� ,�  /�  6�M�C���@  A�[#�  �� �����-. � ���~# � 	�

  
 3�42-  )����� �� �!���EMG  �������^N� EMG 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

                             6 / 10

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html


 

 

 

١٦  

  
�
�� ���� ���	
 ��
�     ����29 �  ���	
4 �
�� 1140                              http://rjms.iums.ac.ir   

�1�!B$ ������	, P�LN�3 ��"O/ ����� #%<�� ��	 3��C ���� �9��7�  

)1999(  rE���    ���)13�14( . ���	

� �# ���� ,STU
G�4 �� �Y

� �

� ,

J �
�

!4�� � /�

�> ���

� 6�j# ,� ,

  � �# ���� �G��� K�

CZ-. � �9�� ���9��� K�O��
  N

J ���9��� K�O�� 6	U�� �S��� �Y�  �

?���� h

�# 2

�

� �c�� �? K8�C�?�� � K8�SE ����� �� �-V� .	

CJ
  l��� K�-. ��  ����j�	#	��1�   �

# �

��� ,STU ,J

�� Qic� /�. 6	C.� ^�!m �� ��� ���	�   ,

MjO �� �?
 �	

��� � K�

E� 6�� A�

BC. K��� �� ,C��? ,�O�� ������

.�

�� K�

CZ-.  ,

J 	

#� 6��� ��

8# K�

��j� ,S

TU
�������	� �#  ^�!m h�#>	C.��    �

? �� Qic�  �� ��

 ��

E����

��  �

��� �

J�&���� )13�14(. �

� �K�]�

& 
?��VC8� 6	�  

� ,S

TU K

�� ,J ���, �� �

89� ���

CU

��4�-C�J 6��[#� Q

ic� �

� �

�� ���� 2�#��j4 A�	#� �
m�4 �#����   ��� �>	CCJ��	��? h�# ��� K�-� � ���LB�

��4 r��
 �� �� �#�� Qic� ��K�  /��

� ^�!m  �

��� �

#
	��-# P.��E  )13( 2,

1O�Y� K

�� �� ,

�C�� ,

� ,

G�4 �� .

 �>��

? ,

�_�!� ����

-�� �� ,S

TU K

�� �

�O�1E ��

��
���	� �
����  � ���E� �� �4����� ��@� PO����x  �� ���4

� �� ��, �� �

#�� Q

ic� ^�!m h��`E� /��� ��_4 ���CU
���� ���9��� ^�!m r��
#��  .�E�> �M# ��    

 r��j4 ����#  K�

CZ-. �

7�&  ,

J ��� ��

8#   ��

��

����    ��O�1E  ^_TU�S���/  �S���    ��S���/  �G��� 
  �>��

? ,�_�!� ���E� �����	

� �
�

��� ��

��  ,

� ��




C1�  PO�� ���E� �� �4��� /���� ���

�# �

� ,[��# K�� .���
) ����

�-. � ��

��J1995 ����

�-. � A���

�	C�O 2(

)2010) ����


�-. � N


O���� 2(2001 � K


"�4 � (
) �����-.2016 (��

��� P

. �

�� )15-17( .  �

�O�1E

Qic� �. �� ^_TU   �S

ic� /�

. ��

�� ��m�4 �j4
	

#��> �

� ����x    ]�

� �� h#���

�-. � �

C�SJ2012 
  ,J 	#��� ��8#  �������	

� �
���� ����   ��

�S-U ��

�S��� � RC���"-. 2�#������VW ^_TU   ^_TU �� ,J
�#�� Qic�   	C�".m�4��  ��� ��L>)18( ��

8# 	.��

� .

��  ���� ,J 	.����	

� �
�

��� ����   � ��

�S-U �

�
/v4�����m�4 �S��� ,STU /�.��  �����L>  )12( /���"� .

�

� ,S

TU K

�� ,J 	#	��1� ����j� �� r

��
 �� 	

#��4
 D

-J Q

ic� K

�� ^�

!m ,� �#�� Qic� ��9� h��`E�

  �� � 	��-#��`��    ���� /�.��8E  �������� �� K�& �#
  ��� Q-j4	.���  )19 �20(.   

���� �� ���H4�>�`� � /	C�  ^	�   �#_

TU �

�O�1E
�,�

E� �� �#��!G P"�#��� D� ���CU �>��

? ,

�_�!� ��

���	� �
���� ����    �M# ��,�E�>�

�� 6	�  )20�21( .
��

J F��`> �����-. � NO����6�,

J 	

#  �

� ,

"���� ��

 /��02- P�LN a���#%<� 3� ) �	�D/ � � �� 
��
 �� �� (B���A)Mean ±SD (  

 #%<�  � ��   �	�D/   ������"�� ,�XY  +���p 

3���� ����J �  049/0±038/0 -  104/0±136/0 -  025/0  015/0  

��J��,  ��Y��  07/0±127/0  039/0±067/0  018/0  03/0  

��J��,  �7��Y  021/0±12/0  03/0±079/0  008/0  002/0  

 ��Y�� =-5  08/0±133/0  060/0±092/0  022/0  211/0  

 �7��Y =-5  053/0±133/0  064/0±103/0  018/0  271/0  

 ,�/� B���  055/0±026/0 -  067/0±025/0 -  019/0  971/0  

 ��������  085/0±017/0  019/0±066/0  019/0  094/0  

  

/��0 3-  ) �	�D/ � � �� 
��
 �� �� (B���A) #%<� 3�P�LN d�� ����Mean ±SD(  

 #%<�  � ��   �	�D/   ������"�� ,�XY  +���p 

3��� ����J ��  111/0±204/0  037/0±11/0  026/0  021/0  

��J��,  ��Y��  097/0±374/0  079/0±287/0  028/0  043/0  

��J��,  �7��Y  125/0±359/0  074/0±305/0  032/0  253/0  

 ��Y�� =-5  12/0±327/0  073/0±258/0  031/0  14/0  

 �7��Y =-5  105/0±316/0  073/0±263/0  028/0  209/0  

��B��/ ,  104/0±22/0  087/0±184/0  03/0  424/0  

 ��������  089/0±305/0  053/0±285/0  023/0  543/0  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

                             7 / 10

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html


 

 

 

١٧ 

 
                    http://rjms.iums.ac.ir                                                                ���� ���	
 ��
� �
��   ����29 ���	
 �4 �
�� 1140

                    O�:� �� �� ������  �        

�� 	.�� 6��>    �>��? ,�_�!� ���E����	� �
���� ����2 
��O�1E ��K���

? ^	� �� /�.2    �

? �

� ^_

TU��� �

4

�� ���� �� ��� ��O�1E  .	CCJ 	�

�� ��

��j� K

�� ]
��J6� h.�

J Q

�O� ,

� ��� K�-� ^����H4 K�� ,J 	#

 ����-& ����8> ,J 	��� ��� Q-j4 ��E �� �#�� K8�SE
�

� Q

��C� �

� ,

� �#�� �� �� � �

4��� �

�O�1E � ���

�

�# �
  ,STU �4�

S��� /�

S���  �

� /���

7 �� ���

�
)15�20.(   ��

�� �

� ���E� �� �S��� ,STU �4��� ��O�1E

��	� �
���� ���� ���4 �� �� PO�� ���E� �� ,"���� �� �
 /��

� ����c& P"�#��� D� K�� ,J ��J ,�G�4 ,#�BC��

  .	��� �� �#�� A��j��� � ^�!m �c&���? �#_TU /�.
  ����`# ���"� ��!4�� Qic� ���#��� ���E� A`�#��� � ��

  �� �#_

TU �

�O�1E �aJ�	

& ,� �	��� �������� K

�� .
���?� K�-� �#_TU /�. �� ^_

TU ��

�S-U �

� ��

^�

!m �c&    Q

ic�� /��

G� �� 	

1� � K�

& 2Q

!� �

#�
��� e!4�� ^�J�&C	  )22( �	�

�� ���� ����� ����# .

���

� ^_TU �� �#_TU ��O�1E �aJ�	& ,�  �� ,

1O�Y�
  ^_

TU ,

J ��� ��

8# h.�v? K���

S���/  �

S���   �

�������	� �#  _�!� ���E� ��    ���� ,� �
�

��� ��

��
��	��  ,� �aJ�	

& ,

� PO�� ���E� �� �4��� /����C1� ��


6	��� ��� ��O�1E	#�� N

O���� ^����j4 �� ����# K�� . 

) �����-.2000) �����-. � ����S�-W � (2005  ( P.
�����  ���)20�21(.  ;_!� _�!� ���E� ,J 	���> 6����  ,�

  �>��?���	

� �
�

��� ��

��  �

�O�1E ���

�   �#_

TU
  �� /�4���#  `� /��

� ��_4 ��� K�-� ,J 	#��� ��8#

 ^�

!m � �

�-U |

& h��`

E� � ]��14 ]��CJ ,� D-J
.	

��� 6��� �Sic�  �

�   /�.�����

� �	

#���>��� ��

G�

 ��

CZ-. �

&��G �� |? ��J�& /�.�BO� ���H4 2����?
�� ����	#��  )23.(  �� ,

�c> K�

CZ-. A	

U ,

J ��

�

��� �

&��G �� |

? �

#�� ��

�S-U Q��J /��!V� /��

�
�#�� ���	

� �!�S

o �

C��B�O,

[�  /�.�����

� y

�#

 

�� ��J�& � �"&� )24(�� .  �

���,

�]�

!#�  �>��

?
���	� �
���� ����   �

�J�& |

& � Q

ic� ��1

7�

�� ]_��� ��W� ��W� ��J�& /�BO� ��� K�-� � ���
���> ���H4  )25(2    2K�CZ-.���? � �Z��? ]��CJ /�

.

�� h.�J �O��14  ����"& � 	��� 6��O�

� /�

.���# ,

�
������ ��-J �����  )18( �

�� K�-� �"& y���# .

��BC. ���� 2	��� �B8�-.�,J   ���	

� �!�So �C��B�O
� �����	C��  �� K�`B��G �E��> e��4 �� ��	14 2���

 �

B�� �!iU ^ �i4� � ,�O�� /�.���~���#��� �� /����
�-# 6	#���>���	#�

�  .��

��  ���	

� �
�

���  ^�

U_
� 

Q

ic� ^�

!m �

c& /��

� �� �-V� �"&  �

#��   P.��

E
������  )26�27(.    ,� ,G�4 ��,

J K��   ,

� ,

J �

���j4

  �#_TU ��O�1E /�BO� ������S���/  �S���    �����-
���	� �#  J�4 ��	�   e

��4 	��� ,�����? ��-U |& ��

  2	���B# �E�� h.�v? K�� ����j�  �

�������

4   K�

CW
� ^ _��� ,J ��J ��!C���,A��? �� 6	�� ��G� ,� �����

  ���� ]�!#����	

� �
���� ����    �

��S

�  �h�	

&�� 
�

� �

#�� �S

ic� /v4���

�� D

� ��

[�� �!

� 	

#��4

 �� �

�-U |

& ��

��G h��`E� /��� �#_TU /��>���
�� .	

��� 6	

� ^_TU K�� �#_TU ���   |

& �

���

�#�� Q

ic� D

� �� ^_

TU X�!�#� K�& ��-U,

[� 
�O�1E h��`E��

� ��!V� �#_TU ��� ��4�-���E �	

��� 

)28�29( �

�O�1E /�

BO� . ^_

TU�

S���/ �

S���  �
����# 

����	

� �  6	.�8� �� �

7�& r

��j4 �� 6	

�

_�!� ����-��    �>��? ,����	� �
���� ����   ��� K�-�
  |& ]��CJ Q�V"4 �!� ���� ��#�� ��O�1E �� ��-U

.���

> K

�� r

��j4 �� ����	

j� /�

. �

o��  

�#` 
��������  ���  .K��  ����	j�  �.  	C4��!U  ��  ,�C��  ����# 

r��j4  �C�!�  ��  �#�����/�.  ���  ��	���  �  ��  ,G�4  ,� 
^��

c4 /�

. /��

E K�

� �� � ��

� �� ^�

i98� 

�����4�#�  �  ���#������  P�-14  K��  ����#  ,�  QJ  ,

1��G 
��  �  ���  ��  ]����  ,G���  	.���  	�  .,�  �

M# �

�	

�� 

^��c4  ��  �	#�6�  �  ��1��  �#	�  �  ,����  Q  ��#�  K�-�  ��� 
���


�# �4��


c�� �� ��


8# 	


.�.  �


�� �


B�� ��

����	j� � �

&�� e���� ]��CJ A	U r��j4 K�� /�.
.��� ���E� �#���   

  
�)���"��*  

�BC.2�!#�G ����� �J�& A   A�

BC.��� ��O�1E ����
���� ^_TU�

S��� 2���	� �#/  �G��

� � �

S���   �

��	���  C.���  A�B�

��� ^_TU �� ��O�1E u�� ,� �

#
�S��� � ���	�/    �

��[4 6��> �� �S���6	

C.� ��

8# 

Q�

��!

iU /��>��

� D

� /��>- �� |

? �#_

TU
  �&��G�  ����
����   �

"�# A�

S1� ��

C. .��� ���	�

� /��>��� K�� ,J  , ^_

TU N17 ,� hCJ�� D� ,O`C�
B

8�? � ]��CJ /��� ,�C�� �� � ��� �#�� ��"C�"J� /��

 ,

�E�> Q�

� �

89!#��4 6��� �� �

#�� �� ��� ���

� ��

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html


 

 

 

١٨  

  
�
�� ���� ���	
 ��
�     ����29 �  ���	
4 �
�� 1140                              http://rjms.iums.ac.ir   

�1�!B$ ������	, P�LN�3 ��"O/ ����� #%<�� ��	 3��C ���� �9��7�  

 �

89!#��4 �� 	

#��4 �� ��7�� K�� �	� K��� .���
 �� |? �#��G.	��� 6	CCJ K��14 �&��  

  
�+,& � �	��&  

�#����� ,�SJ �� ,S���C�	� K

�� �� �J�

� �
�

9� �.
.P���-C�� �#���	� � ��84 ,1O�Y�  

  

  
References 
1. Hébert-Losier K, Pini A, Vantini S, Strandberg J, 

Abramowicz K, Schelin L, & Häger C K. One-leg 
hop kinematics 20 years following nterior cruciate 
ligament rupture: Data revisited functional data 
analysis. Clin Biomech. 2015; 30(3): 1153–1161. 

2. Fong D, Lam M, Lai P, Yung P, Fung K, & Chan 
K. Effect of anticipation on knee kinematics during a 
stop-jump task. Gait & Posture. 2014; 39(3): 75-79. 

3. Kellis E, Sahinis C, & Baltzopoulos V. Is 
hamstrings-to-quadriceps torque ratio useful for 
predicting anterior cruciate ligament and hamstring 
injuries? A systematic and critical review. J Sport 
Health Sci. 2022; 21(2): 50-67 

4. Nyman Jr, & Armstrong C. Real-time feedback 
during drop landing training improves subsequent 
frontal and sagittal plane knee kinematics. Clin 
Biomech. 2015; 30(4): 988–994. 

5. Sharifi M, & Shirazi-Adl A. Changes in 
gastrocnemii activation at mid-to-late stance 
markedly affects the intact and anterior cruciate 
ligament deficient knee biomechanics and stability in 
gait. The Knee. 2021; 29 (2): 530-540.  

6. Weinhandl J, Earl-Boehm J, Ebersole K, 
Huddleston W, Armstrong S, & O'Connor K. 
Anticipatory effects on anterior cruciate ligament 
loading during sidestep cutting. Clin Biomech. 2013; 
28(6): 655-663.  

7. Landry S, McKean K, Hubley-Kozey C, Stanish 
W, Deluzio K. Gender differences exist in 
neuromuscular control patterns during the pre-contact 
and early stance phase of an unanticipated side-cut 
and cross-cut maneuver in 15–18 years old 
adolescent soccer players. J Electromyogr Kinesiol.  
2009; 19(5): 370–9. 

8. Bencke J, Zebis K. The influence of gender on 
neuromuscular pre-activity during side-cutting. 
Journal of Electromyography and Kinesiology. 2011; 
21(2): 371-5. 

9. Havens K, Sigward S. Whole body mechanics 
differ among running and cutting maneuvers in 
skilled athletes. Gait & Posture. 2014; 42(3): 240-
245. 

10. Cunha J, & Solomon D. ACL rehabilitation 
improves postoperative strength and motion and 

return to sport in athletes. Arthrosc Sports Med 
Rehabil. 2022, 4(1): 65-69. 

11. Hermens H, Freriks B, Disselhorst-Klug C, & 
Rau G. Development of recommendations for SEMG 
sensors and sensor placement procedures. J 
Electromyogr Kinesiol . 2000, 10(5): 361-374. 

12. Kristian M, Thomas B, Joseph H. Examination 
of extrinsic foot muscles during running using 
mfMRI and EMG. J Electromyogr Kinesiol . 2006; 
16(4): 522-530. 

13. Beaulieu M, Lamontagne M, Xu L. Lower limb 
muscle activity and kinematics of an unanticipated 
cutting manoeuvre: a gender comparison. Knee Surg 
Sports Traumatol Arthrosc . 2009; 17(8): 968-97. 

14. Neptune R, Wright C, & Van Den Bogert, A. 
Muscle coordination and function during cutting 
movements. Med Sci Sports Exerc . 1999; 31(2), 
294-302.  

15. Rudolph S, Michael J, Thomas S, John P, 
Snyder Ly. Dynamic stability in the anterior cruciate 
ligament deficient knee. Knee Surg Sports Traumatol 
Arthrosc . 2001; 9(2): 62-71.  

16. Lindström M, Felländer L, Wredmark T, 
Henriksson M. Adaptations of gait and muscle 
activation in chronic ACL deficiency. Knee Surg 
Sports Traumatol Arthrosc . 2010; Arthroscopy 
18(1): 106-114. 

17. Theisen D, Rada I, Brau A, Gette P, Seil R. 
Muscle Activity Onset Prior to Landing in Patients 
after Anterior Cruciate Ligament Injury: A 
Systematic Review and Meta-Analysis. PloS one. 
2016; 11(5): 155-167.  

18. Klyne D, Keays S, Bullock J, Newcombe P. 
The effect of anterior cruciate ligament rupture on the 
timing and amplitude of gastrocnemius muscle 
activation: a study of alterations in EMG measures 
and their relationship to knee joint stability. J 
Electromyogr Kinesiol. 2012; 455-446 :(3)22ا.  

19. Kvist J, Gillquist J. Anterior positioning of tibia 
during motion after anterior cruciate ligament injury. 
Med Sci Sports Exerc. 2001; 33(7): 1063-1072.  

20. Chmielewski T, Hurd W, Rudolph K, Axe M & 
Snyder M. Perturbation training improves knee 
kinematics and reduces muscle co-contraction after 
complete unilateral anterior cruciate ligament 
rupture. Phys Ther . 2005; 85(8), 740-749 . 

21. Rudolph K, Axe M, Snyder-Mackler L. 
Dynamic stability after ACL injury: who can hop? 
Knee Surg Sports Traumatol Arthrosc. 2000; 8(5): 
262-269.  

22. Coats S, Daniel L, Gary J, & Braden C. Effects 
of ACL reconstruction surgery on muscle activity of 
the lower limb during a jump‐cut maneuver in males 
and females. J Orthop Res. 2013; 31(12): 1890-189. 

23. Rezaiee K, Mazloum V, & Mamashli A. A 
Comparison of Timing of Core Muscles between 
ACL Reconstructed and Healthy Athletes While 
Landing. J Sci Med Sport . 2016; 8(1), 49-65. doi: 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html


 

 

 

١٩ 

 

                    O�:� �� �� ������  �        

10.22059/jsmed.2016.58871 
24. Noyes F, Matthews D, Mooar P, Grood E. The 

symptomatic anterior cruciate-deficient knee. Part II: 
the results of rehabilitation, activity modification, and 
counseling on functional disability. JBJS. 1983;65(2): 
174-163. 

25. Courtney C, Rine s, Kroll P. Central 
somatosensory changes and altered muscle synergies 
in subjects with anterior cruciate ligament deficiency. 
Gait & posture. 2005; 22(1): 69-74. 

26. Lee H, Cheng K, Liau J. Correlation between 
proprioception, muscle strength, knee laxity and 
dynamic standing balance in patients with chronic 
anterior cruciate ligament deficiency. The Knee. 
2009; 16(5), 387-391.  

27. Johnson R. The Anterior Cruciate Ligament 
Problem. Clin Orthop Relat Res . 1983; 172, 14-18.  

28. Fitzpatrick R, McCloskey D. Proprioceptive, 
visual and vestibular thresholds for the perception of 
sway during standing in humans. J Physiol . 1994; 
478(1), 173-186.  

29. Gandevia S, McCloskey D, Burke D. 
Kinaesthetic signals and muscle contraction. Trends 
Neurosci . 1992; 15(2), 62-65.  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

22
87

04
3.

14
01

.2
9.

4.
4.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

jm
s.

iu
m

s.
ac

.ir
 o

n 
20

25
-0

8-
04

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.22287043.1401.29.4.4.1
https://rjms.iums.ac.ir/article-1-6805-fa.html
http://www.tcpdf.org

