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 =>�   ����:

��& �� ?# '�!*���.  

��
 � ���� ��: 30 �& '
�
� ��*�+�� !A� (
�)  (+� ��
>	�9�
 =
!B	
 � C0D	�0# �& �� ?# '�!*��� ����:50/11 ± 96/73 >G <
!H��0I  

24/8 ± 95/180 �9	��  C� <!9#46/1 ± 16/22 �& �!�	 � ���  ����:31/2 ± 20  ��!H �� 8& �K��-� 7��L 8&15  ��!H � �&!M� ��!H ,#�� '!.	

>	>� N0AO� >��� .�	��#+P '�� ?# ,-.# /012� 34 <�6 !�� 8#�	!& 89.� �� '
!)
 +
 >1& � ,�G  7��L 8& ,-.# 8 �
+ '+��+�& Q !R +
 ��

�+
>	
 ��1K > �!H '!0H .��
� ,0�B� � 8 SM� '
!& �.0L�� ��#P T�� +
 �� <Independent t  �Paired t �61# UV� ��  '�
�95  >L��  

)05/0 ≤ α (>� ���.9�
.  

����� ��: �61# ���I Y)�# 560��� 7�6 !��  +
 >1& C�*�K ��9	Z� � C���6 
 /I!4 �� �� ?# ,-.# 8 �
+ '+��+�& Q�V# '�V[ C0D	�0# �
�

>� 560��� 7�6 !�� 89.� �� . '�V[ �� '!9�0& ���I C06\��>� �>���# C�*�K ��9	Z� 8& /�A	 C���6 
 8 �
+ '+��+�& Q�V#.  

����� ����: �# 80L�� Q0OB� ] �9	 8& 8)�� �& �& '
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� �
!K
 �� � +�0	 ,0^� 8& ��� 7��"# �� ,-.# /012� 34 8& �� ?# '�!*��� ����:  '��

(
�� N"# ,#�� _  (
�6� 8& C06\�� � ��+�� 8#�	!& �4
!R �� ���& '�� ��� ���.9�
 560��� C !�� 8#�	!& '� 
S# +
 �	
��+�& � �6 !��.  
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 �� I� 
��J��)Ankle sprain ( "� �*�+)�K  �! L��� M�?

 1�N: �<0O P�=
 "� 	� (�� M!��:� # ����*�"�# 
)�

 ��;0?)3-1 .(+)�K 
)� �! �� I� 
��J�� ��� I� M�?  

85-75 +)�K ���! �� S�T;U� !%U 	� �� �?  �?!)3 �2 .(

�� V� �� I� 
��J�� 
)
#� 	� �����?  +)�K M��� !�: ��?!

�� �N;0� !�>� �� 
������� ����� ���9W  	� �� I� M!�*&<'

(�� 	N�%� 1�� �! �%�
�� �%, .�� M���! !��:�  M!�*&<' ���9W

�� # ��
 ��?X .�0�� M���! 	)
#� 
��J�� "� �N� �� I�  ���9W

	��!�  !�>� 
��J�� 	� �>�� (���� �! 	� ��;0? �� I� �! ��!

�� �� I�  !%�)3 �2 .(�!�! �� � ����=� �-"�� 	�  	� ���

�� <' ���9W�9T' 1�;�� �! Y�� �� �� I� M!�*& -  ���Z['

 (�� ���<? (��\ 1�;�� # ��<' ]�)4 .(�9T' 1�;�� - 

()
�N: 	� ��Z[' (�!#�=� ����� �! M!��� �)^ M�?  ��%� M�?

 # _`� a�? �� �"# �<=� # �T`� (��� 	� b��� �! #

 !��! ����� �T`� M!�*&<' c�9W ����"��)5 �4.(  

M!#�# 	>);� �! ��<' ]�  "� 	� �9T' M�?

(����)
 ��&T`� 1%0J� �! �?�%;J��%��*�  ��<? cZ[' ��?

 ��� ��) � M7��� �9T' d;0)� (<� 	� (�%� # 	)���

�� !�>�� �(��  !%�)4 .( M�7>� @8� #! 	� ��<' ]�

�� d)0�� �T`� ()Ne# ]� # (��� ]� !%� . ]�

�)^ c���� Y)8 � 	��;�K 	� (��� �� 	;`- 1�N:  �! D!%�

 M"��"�� ����"�� $%�`� 	� �T`� ()Ne# ]� 	� �
��

�� �T`� 1�N: �)^ # 1�N: c����  ����)4 .( �� !��:� �!

��  ������ f� �T`� ()Ne# ]� ��� I� M!�*&<' ���9W

 !��! M�; )� 	O%� 	� "�)� # (�� �&��)4 �1 .( ()Ne# ]�

)N\%� 
))N� �! ��� �����%� 	� �T`� 	;`- �[: �! c�9W (

��  !%�)4 �1 .( !%O# �T`� ()Ne# ]� �! �T�� �-�

 (���� �! # ��� �; )� +)�K M��� �� I� �)0��;� ����� 	;��!

�� 	� �>�� �� M!�*&<' ���9W !!�- . @��7:� 	� "�)� 
�������

�� ��*�K !��:� 
�� �! �T`� ()Ne# ]�  �� �%T� # ����

�� �����! g"�# 	� (�� 
���� �K !%9�� h'  !%�)4 �2 .(

��%� .��� �� �! � 8�  @?�� ��� I� M!�*&<' ���9W

Y�� �� ����#K !%O# 	� M�? (�� M!�*&<' ���9W . "� �!�`;��

�� ��i! !��:� M��� �W2� ���%�"�� 	�����  �� I� M!�*&<' ���9W

�� ��<� 	� d�� ��� f� !#� .	����� ��%� M�?  	� $%��� � 8�

	;:�- ���  �����\ c����<� ���� +)�K 
�� ����! M��� ���

�9T' ��
!�N� - �� ��<' ]� # ��Z['  ����)9 -6.(  

 �&�� 	;0?c����<� 	;�k- 	?! 1%, �! �� I�  (�O �!

	����� 	N�%�  ����<� M�? a�? �� !%' # M�)� )�

I)� (�� �!%� �� I� �-!�%U . ���%�"�� �� �; )� �&9\ ����=�

()
�N:  	� ���?�<� M!�*&<' l)
�*� 
�7���O  ����� ��%�

()
�N: ()
�N: �"�� ��)>�" M�? ]*' ���" # �;0�� M�?  �<N
�

�!�� �)�m� ��� .()
�N: 	� (90� L��;� 	0���� �7��<� 
��  M�?

I)� �n�� �, �! 	� �"# �<=� �-!�%U  V� �� I� M�?

�� �� ��%�! �� �?! ��� .I)� �; )� �-!�%U  �! �� I� M�?

,()
�N: ����#! �
;:� ��� 1%  "� c���� ��9��O ���� M�?

�� V� g�� "� !#�: $���? # ���! a�, 	� a�, f�  �?!

)10 .( +)�K ����*�"�# ���%�"�� �� (�� M�#�e #� 
�� "�

	����� �� �� I� 	)��� "� ���! !��k� c�%� �;��� 	�� � M�?.  

�%)� "� �*� � I� +)�K ���%�"�� �! 1#��;� M�? ��

 ����"�� h'�� �K �� 7��<� # (�� f��;�%�Z� c����<�

�9T' 1�;�� - �� ��Z[' �� 	&<O �K "� 	� !%�  	� ��%�

 M�; )� 	O%� !�%� �-"�� 	� 	� !�� ����� o�)��? c����<�

(�� 	;:�- ���\ . 	� # ��� pZ�� �*� o�)��? c����<�

 �'%� # (�� f��;�%�Z� c����<� 	;:�� ���N� (90�

�@ � 	U�i �� c����<-  ��;0? ��� ���%�)11 ( �! 	�

�"����  f��=� 	&)�# 	� ��*�"�# M��O� qr� ()`)� M�)-

 M�?!���#� 1%, �! �T`� 	� ��� !��# �� : # cZ['

 ����! !����� ��"�#)12 .(  

o�)��?  ���;=� $���� M��� f)����! ����<� g#� f� �?

��\ "� 	��-��i �;)?�� M���! # ��;0? ���?�<? ���Z[' c

�9T'-  �T`� ��<' ]� # 1!�N� ��T`� c�9W ���Z['

 	� ���%�"�� ��#! ������ ����� �! �*)�)&� c�%� 	� # (��

�� �!�� ���  !��:� ( -�� M��� ����"�� sZ� ��%�' 	� # !%�

�� 7)� ()
�N: 	� ���� . t�9��� ���� o�)��? c����

? �K +\�N;� f��;�0��� # f��;�0����;0 .o�)��? c����<� 

�� 	&[' M��>`�� 	)
#� @ � f� ��  �� �9T' ������ ���%�
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�9T' M��O� 	>);� �! # � 8� !%9��-  @��7:� �� ��Z['

�?! .
��<� o�)��? ��  d;0)� �U�! �! c��))u� �� ���%�

�9T'-  M#� M�;�� 1�;�� �� �?! �"�O� !�: 	� ��Z['

(0�v��)� # ���%� w9��� 	&[' �? 	� # ���� 	;��! !%U M

x)� y��r� z�)^ �! M�; )� M#�)� +)��� 
��  	&[' �;U���

�� �)��  !!�-)11 .( M�#�e 7O #! 1!�N� # ��Z[' c��\

 (�� o�)��? M��O�)13 .( 	� ��;0? �#�� 
�� �� ����=�

 !%O# 	� ���?�<? # c��\ 
)� �,�9��� �&� �o�)��? 
��<�

�� <' d)�;0� �%, 	� # !�#K�� {�� �� �;��\� !�*& !�� . �*�

�� 	� Z;9� !��:� 1!�N� _`� �! Y�� !�>�� ��{! "�  ���9W

 
)�|<? # �� I� cZ[' c��\ @?�� ��� I� M!�*&<'

�� �� I� ()Ne# ]� Y)8 � �! lNe  ����)14.(  

 "� 7)� ����*�"�# M��O� !%9�� �! o�)��? c����<� @��

 	O%� !�%� ����=� "� �U�� M%� (�� 	;:�- ���\)14 ( #

	;:�� �� �T`� ()Ne# ]� !%9�� "� ���� ���K M�? ���� .

 �1�n� ��%�' 	�Anguish  	;`? ���i �)Wm� ����� 	�

�� M���! !��:� M#� �� ��%� �
!�N� �:!�T� c����<�  ���9W

(U�!�� �� I� M!�*&<' . 
��<� 	����� !��:� y)�=� 
�� �!

 �� o�)��? ���� 	� �
!�N�c�9W M��� �� f�  M��k�  

)Hop to stabilization(c�9W M��� o�)��? �  # M��k�

 ���);�!)Hop to stabilization and reach( o�)��? �

�}}}}}}@) �)�}}}}}� �� � �}}}}}} M��W}}}}}}c�9 �}}}} M��k  

)Unanticipated hop to stabilization ( f� �� �!�;0�� #

��!�! $�>�� �� !%� �� .� ����<� 	����� 
�� 	� !�! �� � L��;

 c���� �! �T`� ()Ne# ]� M�rU @?�� h'��

�� 
 *&: ���#! # 
 *&: ��;�Z� �
��#� �
��%���  	� !%�

 M�; )� !%9�� 
 *&: ��;�Z� # 
��%��� (�O #! �! L��;�

 (��! c���� ���� 	� (90�)15.(  ����� �! 
)�|<?

Bernier # Perrin  	&U��� 	;`? @� �)Wm� ����� 	�

 1�;�� # �T`� ()Ne# ]� M#� �� ���?�<? c����<�

�� M���! !��:� �! (��\ ��;U�!�� �� I� M!�*&<' ���9W . 	�����

 �
�%� M�� f� ���� y)�=� 
�� �! ��� �!�`;�� ����<�

 �xi 	� o�)��? �%&O (<� 	� o�)��? M%�
� �� o�)��?

? �(��� (<� 	� o�)��? (<� 	� z�%� c�%� 	� o�)��

 
)� ���� �
�%� 
�� M��O� $���? �! !�: # !%� (��� # xi

 c�� 	� �� !%U 1!�N� o�)��? �?5 �� _`� 	)��W !�� . L��;�

 "� �[N� !%9�� h'�� ����<� 	����� 
�� 	i�-� 	� !�! �� �

 �;)Ne# ���%� +��%O)Postural sway (��  �)Wm� �
# �!%�

��N� #� M��! !���� !��:� 
�� �! �T`� ()Ne# ]� M)9(.  

c���� 7O o�)��? c����<�  M!�)�� # 	��� �;��� M�?

�� z%0=� d� 	� !%� g"%�K # 	��7?  ()&��\ "� # �!%� ��k�

	����� �! M�)-��� 	�  ��!�%U�� ����<� # ��"�# M�?

��  l)
�*� 	)9� o�)��? ����<� c���� 
)�|<? �����

��)0� �! M!�*&<'	;�� "� M �� ��"�# M�?  ����)16 .( ��

	��7? # +)�K 
�� ()<?� !%O#  ��*�"�# �� 	� M!��" M�?

�� �)<=�  ~��U g"�# 	U�i "� ('�� 	� �� #� # ���

�� 	����� �%� 
�� $#7
 ����<� g"%�K ��!�� M�?  # ��k�

d� (�� M�#�e 	��7? . c����<� �%� 
�� "� ���� 	� ����)�=�

#� ��%�' 	�g  M�)� )� M��� ����O �)^ # ��#��! �)^ M�?

��%� # +)�K "� �� M���! !��:� �! � 8�  I� M!�*&<' ���9W

��;0? s��� ��)0� ������ �!�� �!�`;�� �� . "� a�? 
�������

 ]� �� o�)��? ����<� 	����� f� �)Wm� ����� �y)�=� 
��

�� M��! !��:� ()Ne# !%� �� I� M!�&*<' ���9W.  

  

��� � ���
 ��  

�� M���! �0� ��%O ����*�"�# �� y)�=� M���K 	N��O  ���9W

1�9)
�# d)� �! 	� �� I� M!�*&<' ����� ��� ��! 1�9;*0� # 

�K ��)� "� 	� ��!�! �)* � ���;��! (�%['  �?30  	� �`�

 �#�- #! 	� �:!�T� c�%�15  # ���>� �#�- ���� M�`�

���� d)0�� �?�� �#�- . 1#�O �!1 �-A�#  �? �`)�%� M�?

�K 	0���� # �#�- #! (�� ���K �? . ����*�"�# z�8;�� �%=�

�� M���! )&� �%�"K y��, "� �� I� M!�*&<' ���9W �*)�

 �� I� ����\ ��% �)Anterior drawer test(  	� "�);�� #

@��� "� ���K (�! �� 	���  �� I� M!�*&<' ���9W

)Cumberland ankle instability tool ((:�- c�%� .

@��� 
��  ���#� M���! 	���84/0 ������ �83/0  #9  1�2�

�� �� c�� 	� ����  �� #! �? �! �� �� I� M!�*&<' ���9W

�� Y8 � ��� .
)� �� I� �! M!�*&<' c�9W ��<� 	���!  
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 ����1 .�	
��  �
��� ����� � ���� ���Independent t ���	 ��  

�����  ���	 ��  �������   � �!�t �"#� $%& �� �  

 ��)����� ���(  
����  08/8 ± 70/181  

492/0  627/0  
�%�&	  60/8 ± 20/180  

 '())*�+,-./(  
����  06/10 ± 53/74  

269/0  790/0  
�%�&	  11/13 ± 38/73  

 0�)1��(  
����  41/1 ± 00/22  

617/0-  542/0  
�%�&	  54/1 ± 33/22  

�% 3�4� �� 5� �	�67  
����  05/2 ± 93/19  

155/0 -  878/0  
�%�&	  63/2 ± 06/20  

  

 �� �`�30  ��<� 	� (��27  ��30  ������<� �!%� I� (�Z�

 �� �`� ��<� #27 �� ������<� �� I� ���9W  	� M�%, 	� D����

 "� !�: ��<� 	i �?27 �� ��)� @?�� �`� 	�  �� � ����

�� �; )� c�� ���?! �� �� I� �! ���9W  ����)11 .( M���

��0*�  �)U� 1�� f� �! �n���� 	� M!��:� �y)�=� �! M"��

I)� 	���� M���! � �! �-!�%U ��<� # �� I15  ��27 

@��� �� 	��� ���� z�8;�� ���!%� M!�*&<' ���9W . 
<e �!

 $��� I)? 	� �� Y8 � �*�7� c�'Z,� $�: "� �!�`;�� ��

��!%�"K 	���� �?  Y�� ��;���� �9T' # ���%�� �����)� M�?.  

 %&O (<� 	� (��� �� o�)��? ���� c����<�) �*�1 �

l
� (<0\( ���� �*� 	� o�)��? �) �*�1z (<0\ �( �

 
):�, 	� o�)��?) �*�1~ (<0\ �( # %&O 	� o�)��? �

 +�') �*�1! (<0\ �( ��7��" c�%� 	� o�)��? �) �*�

1� (<0\ � ( # �*� 	� o�)��?8 ) �*�1M (<0\ � ( !%�

=� 	� 	O%� �� 	��K M��O� g#� # �*� �&9\ c��)�  �?

�� 
))N�) .20-17 .(��!%�"K  M�%, ���*� �� # +)��� 	� �?

 
��<� (� �? 
)� 	�30  
��<� �? 
)� # 	)��W2  	�)\!

�� (���;��  ��!�! $�>�� �� c����<� ���!��)21 .( 1#�O2 

����<� �*�#�� 	�  ����	�  d>� 	���! �� 	;`? �! 	0&O

 ����<�70 �� 130 !%� 	0&O �? M��� 
)�" �� �� .�<�  ��

�� �� �  �?!)23 �22( . 	� 	O%� �� c����<� $�>�� ('��

 �&9\ c��)�=�2  �� 	;:�- ��� �! 7��?)24 ( f� ��%� 	�

 ('�� �$%�#�;�)d;�� (�� d)��� c����<� $�>�� �� . c��

	;`? �! 
��<�  !#�=� �� 
)�|<? # 
��<� !��N� @��7:� �� �?

��(�! �!  �?)(�! 	� !�"K (
�� "� ��N�   # 	�)� M#� �?

(�! ]J� �� ( � �? ( (:�� @��7:�)25 �24 .( (:� )�

 	� 
��<� l&;8� 1�*�� ��;�� 	� !%� c�%� 
�� 	� c����<�

	;`? �! # �� #! c�%�  ��O� ()&��\ �!�#K (�! 	� �� �N� M�?

�� $�>�� �� f� c�%� 	� �� . 
)�|<? c����<� c�� ��

 ��)� @?�� c�� 
�� d � 	;`? �! # @��7:� d>�� 	;`?

�� ]� �, �! �� !��  �%�"K �T`� ()Ne# ]� ��;0U

!% � !�>�� )25(.  

��!%�"K z�8;�� �! �(�� ��X 	� $"{  �#�- �A�# 	� �?

	9�O 	)&� �?�� �� (��'� ��!%�"K �%�� # �\ZU� M�? .

��!%�"K 	� �*� 
��� ?�� # ���>� �#�- M�? 	)&� �

 M��� �N�� 	�%- I)? # ��!%<� 1�9�! �� �����! M�?��#�

����!  ���K 	O%;� ����%�7): # f�7� ��%� ��� 	)�%� M�?

!%9� .��!%�"K "� ���� ����! "� ]� ���i �� �� c%'! �?  	i

 �� ����! � ?#A� ����<� 	����� f� �! (��� 	� ���<�

����<� �-!��K $Z'� (��e� $�: �)<*� .K��!%�"  	� ���?

 	� 	� M!��:� # ���>� �#�- �! ��!�! �� � �� !%U 	\Z'

(�!#�=� �)
! �<� 	\Z' $�' # �?  �����<� (��� � ��;0��%�

��;:�- ���\ �?�� �#�- �! .  

 �)^ �&9\ ()Ne# M"��"�� ��%� �T`� ()Ne# ]�

 1�N:)Reproduction of passive positioning ( #

 1�N: ()Ne#)Active positioning (�"���� �� M�)- !%� .

�"���� M���  ��;�Z� # �v�%��� (��� #! �! ��<' ]� M�)-

 	� M�%, 	� D1�N: c�%� 	� ()Ne# M"��"�� "� 
 *&:

�� �!�`;�� ��*� �<=� �� �"# ��!%�"K . 
�� 	� c���� 
��

Z� # 
��%��� 	� ���� z�8;�� �)
!"� �; )� 
 *&: ��;�   
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 '()1 .*"�+�� ,�"��-.  

  

 ����2 .0�1� 2) �
3 �� ��) 4�5�  �"��-. 0����6 

0�1�  ���-. 758)�� �� ���� �6 �+ :�-. � �#. �"��-. 0;<�( ���-.  >& ×� �(. 

1 70 

 �� )� �% 0.��8 9% :;.���)��� �<(= ��( 3  ×10 

 �� )� �% ?@A ) ,-B 9% :;.���)��� �<(= ��( 2  ×10 

 ,-B �4� 9% �/�C �% �� )� �% :;.���)��� �<(= ��( 2  ×10 
    

  

2 90 

 �� )� �% 0.��8 9% :;.���)��� 9;.� D)� ��( 2  ×15 

 �� )� �% ?@A ) ,-B 9% :;.���)��� �<(= ��( 2  ×10 

 ,-B �4� 9% �/�C �% �� )� �% :;.���)��� �<(= ��( 2  ×10 

 �� E� �% 0.��8 9% :;.���)��� �<(= ��( 4  ×5 
  

  
  

3 100 

 �� E� �% 0.��8 9% :;.���)��� 9;.� D)� ��( 3  ×10 

 �� E� �% ?@A ) ,-B 9% :;.���)��� �<(= ��( 2  ×10 

 ,-B �4� 9% �/�C �% �� )� �% :;.���)��� 9;.� D)� ��( 3  ×10 

�� )� �% F<GH�( I�,J 9% :;.��� )��� �<(= ��( 2  ×10 
  

  
  

4 110 

 �� E� �% 0.��8 9% :;.���)��� 9;.� D)� ��( 2  ×10 

 �� E� �% ?@A ) ,-B 9% :;.���)��� 9;.� D)� ��( 2  ×10 

 ,-B �4� 9% �/�C �% �� E� �% :;.���)��� �<(= ��( 3  ×10 

 �� E� �% F<GH�( I�,J 9% :;.���)��� �<(= ��( 2  ×10 

 �� )� �% K%�� LM� 9% :;.���)��� �<(= ��( 2  ×10 
  

  
  

5 120 

 �� E� �% 0.��8 9% :;.���)��� �� �N� ��( 2  ×10 

 �� E� �% ?@A ) ,-B 9% :;.���)��� �� �N� ��( 2  ×10 

 ,-B �4� 9% �/�C �% �� E� �% :;.���)��� 9;.� D)� ��( 2  ×10 

�% F<GH�( I�,J 9% :;.���  �� E�)��� 9;.� D)� ��( 2  ×10 

 �� E� �% K%�� LM� 9% :;.���)��� �<(= ��( 2  ×10 

 LM� 9% �� )� �% :;.���8 )��� �<(= ��( 2  ×10 
  

  
  

6 130 

 �� E� �% 0.��8 9% :;.���)��� �� �N� ��( 10 × 3 

 �� E� �% ?@A ) ,-B 9% :;.���)��� �� �N� ��( 10 × 2 

 ,-B �4� 9% �/�C �% �� E� �% :;.���)��� �� �N� ��( 10 × 2 

 �� E� �% F<GH�( I�,J 9% :;.���)��� �� �N� ��( 2  ×10 

 �� E� �% K%�� LM� 9% :;.���)��� 9;.� D)� ��( 2  ×10 

 LM� 9% �� E� �% :;.���8 )��� �<(= ��( 10 × 2 
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I)� 	)
#� d0)��*� f� ��N)9, �;��� 	���! �� I� �-!�%U 

 (��)27 �26 ( �<=� $�' ()Ne# �! �T`� ()Ne# ]� #

�"���� �"# I)� �n�� 	� (&' 
�� 	� ��� M�)- �-!�%U  M�?

�� V� ����" �%[' ���� �"# �<=� "� �9\ �� I�  �� 	� �?!

�� ]<
 �� 
)�" ��:  ���)26 .(��� ��� !�%� 	�#�" M

 M"��"��10 �30  # 
 *&: ��;�Z� 	O�!20 �5  �v�%��� 	O�!


�� �)
! 	� 
)�|<? # !%� �&9\ c��)�=� 	� 	O%� ��  	�

 ��i! �;��� 	���! 
�� �! ��"�# ()
�N: 1%, �! !��:� �; )�

�� +)�K  ��%�)28( �))u� # ���! ���%' �)Wm� @?�� M��� �

 ��!%�"K �? M��� a�? 	�#�" z�8;�� �rU �:!�T� c�%� 	�

 �� $�>��)28 .(�"���� M��� ��!%�"K �M�)-   �;8� M#� ��

��  ����� �#�)� (8� "� @��� I� 	� M�%, 	� D(0 �

 (��W (8� 	� ��!%�"K M�� ���� f� "� �!�`;�� �� ]J�

�� �� . �
 *&: ��;�Z� (��� �! 	�#�" M"��"�� ����"�� M���

M#� �*� 	� 	O%� �� �;��)�%-#�;*
�  ���\ ��� 
))N� ����

�� �!�! . 7��� 	� 	���� 7��� "� �U f� ��;�� �! �9�� 
)i

)Popliteal crease (s�����
 ]J� # ��!�- d��  M��� �?

 # 	���� 7��� �! �K (<0\ f� ��;��)�%-#�;*
� M�)-���\

 %&\#! 	&[' M#� ��� d�� �U M�;��� �! 7)� ���! @8�

 ��;:�- ���\) �*�2 .( 
)�|<? 	�#�" M"��"�� ����"�� M���

�� �!�`;�� �;�%)��%� "� 
��%��� (��� �! . �K (<0\ f�

 ��)��� $%� f� �! M���! # �� $#! ( ��� !��;�� �! �� ( �

(��!  !%� ��)29 �28) ( �*�3 .(	&)�# 
��  # ���#� M���! �?

�K "� c��)�=� "� M��)0� �! # ��;0? ��{�� ������  �!�`;�� �?

� ��� (�)31 �30.(  

  

 
 '()2 .������
	���(@  ���	� �A 'B�  

  
 '()3 .���
�&�
. ���	� �A 'B�  

  

 M��� �#�� 	r�� ��;��)�%-#�;*
� �!�� ��9)
�� M���

 M��� # ���� ]*&�� I� 1�;�#�: 	=`� �! 	� ���O 
��%���

 	�#�" 
 *&: ��;�Z�90 	O�!  l� �
%, �%=� ��%� 	� M�

�� �)* � �� ��� # �� �� 	;:�- ��� �! �!%� . g#� 
��

�� h'�� ��!%�"K �#�� 	�#�" �� !%�  ���� ��0*� �?  

)29 �28) ( �*�4.(  

  

  
 '()4 .�� ��  � �6 E��) >�#F� 'G1� >�#F� H8 ���	  

  

 M�rU ak� M��� ���%�"K ��%� ����� 
�� 	<?

�"���� �� $�>�� M�)- . c���� 
�� �� M!�: �-�) ��;�Z� # 
��%���


 *&: ( 	� g"%�K M��� ��� f� �� #� M�� ���%�"K �!%9� ���K

�� ���\ c���� 
�� �! 1�N: �)^ c�%�  	;��%U ��!%�"K "� # !�!

�� �"���� M��� �� (��� 
)<? 	� �� )-�?! $�>�� M� . "� ]J�

	�#�" "� �*� �� �� 	;��%U ��!%�"K  �:!�T� ��� 
))N� M�?

 �� a�?3 �� 	�#�" 
�� 	� 	� ����" # ��� ���*� ���  	� �)��

��!%�"K  �� 	;`-  _`� �� !�)�� !�� �� 	�#�" 
�� ()N\%� 	� ��

��� . ��� 
��3  ����" 	&��: �� ���15  �W� @?�� M��� 	�)\!

)-!���� $�>�� M� .d i "� �!�`;�� �� ]J�  ��!%�"K d i ����

�� 	;0� �� 	;��%U #� "� ���! ��� # ��  	� �� 	�#�" ��<? 	� ��
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��� ���*� 	N:! . 
)� aZ;U� 
)���)� �����3 �"���� 	9���  M�)-

 y&r� M�rU 
)���)� ��%�' 	� ��� ���*� 	��" # a�? 	�#�"

��� (��� #! �! 	�#�" M"��"�� (9W 
 *&: ��;�Z� # 
��%

 ��!�-)29 �28 .( �����<� 	����� 	;`? @� M��O� "� �N� # �9\

��!%�"K M�� I� �T`� ()Ne# ]�  	�#�" M"��"�� 	&)�# 	� �?

�"���� 1�N: c�%� 	� �T`� �� M�)- . �)&=� # 	�7>� M���

�!�!  ��`)�%� ���K g#� "� �?Independent t  #Paired t  �!

��N� qr�  M��!95  ���!)05/0 ≤ α (�� �!�`;��.  

  

����� ��  

��N� !%9�� y)�=� L��;�  y&r� M�rU 
)���)� �! �� M��!

 
 *&: ��;�Z� # 
��%��� (��� #! �! �T`� 	�#�" M"��"��

 	�#�" M"��"�� y&r� M�rU 
)���)� 	� (90� ���>� �#�-

 	;`? @� "� ]� �?�� �#�- �! (��� #! 
�� �T`�

 !�! �� � o�)��? c����<�) 1#�O3( . y&r� M�rU 
)���)�  

�@?�� M���! 
��%��� (��� �! �T`� 	�#�" M"��"�  

1/0 ± 49/0  
 *&: ��;�Z� (��� �! 
)�|<? # 	O�!

 @?�� M���!05/0 ± 39/0  !%� 	O�!)05/0 < P ( �! 
�� #

 �! �T`� 	�#�" M"��"�� y&r� M�rU 
)���)� 	� (�� �
��

 @� "� ]� �?�� �#�- 
 *&: ��;�Z� # g�%��� (���

 ��9���� 	;`? !%� �))u� �#��)05/0 > P) ( 1#��O4  #5(.  

  

��   

 	&)�# 	� �K 	� �!�! b��� # �� �! c���� Y)8 � ()&��\

 	� �� I� +)�K "� M�)� )� �! c#�e f� ��|�%� y��r�

�� ��<�  !#�)4( .�!�� ��)� M!��" ��-��0�%� �� 	� ���  ���9W

�� �� I� M!�*&<'�� ���<' ]� �! Y�� 	� �%�  ���9W

s"�� cZ[' lNe # �*)��*� �� ��  ����)4 .( M���! !��:�

��  ()Ne# Y)8 � �! Y�� ��i! �� I� M!�*&<' ���9W

�� 
 *&: ��;�Z� # 
��%��� c���� �! �T`� ����� . @?��  
  

 ����3 . �
��� �����Independent t ���	 �� 0;��!� � �6  

�����  
�������  

 � �!�t P  
���) ���	  �6�5. ���	  

0��,;�< LOP� 9�)<( D(��(�% Q-R� D�RS 0.H��.�  33/2  59/1  211/3  003/0*  

0NM-� ����U� LOP� 9�)<( D(��(�% Q-R� D�RS 0.H��.�  68/1  24/1  633/2  014/0*  

 *]� �! �?�� �#�- 	� (90� ���>� �#�- 
 *&: ��;�Z� # 
��%��� �T`� 	�#�" M"��"�� M�rU ��7)� ��N� �;<� �%�"K  (�� ��!)05/0 ≤ P(  

  
 ����4 . �
��� �����Paired t �)�
"�  >I�8 �� �+ J� 'G1� 0�� � ���&��6 K<%� ��%L �������  

�����  �
���  � �#.  �������   M �B� �� ����&   P  

�%�&	 3)�+  
V.� ',�(=  15  08/2  72/0  

013/0*  
W� ',�(=  15  59/1  62/0  

���� 3)�+  
V.� ',�(=  15  28/2  78/0  

667/0  
W� ',�(=  15  33/2  63/0  

 *]� �! ���>� �#�- 
��%��� �T`� 	�#�" M"��"�� M�rU ��7)� @)� 	� (90� �%�"K ��N� �;<� �%�"K  (�� ��!)05/0 ≤ P(  

  
 ����5 .�
��� ����� Paired t �O(<� ����P+ >I�8 �� �+ J� 'G1� 0�� � ���&��6 K<%� ��%L �������  

�����  �
���  � �#.  �������  �� ����&  M �B�   P  

�%�&	 3)�+  
V.� ',�(=  15  57/1 49/0 

002/0*  
W� ',�(=  15  24/1 44/0 

���� 3)�+  
V.� ',�(=  15  59/1 51/0 

183/0  
W� ',�(=  15  53/1 49/0 

 *]� �! ���>� �#�- 
 *&: ��;�Z� �T`� 	�#�" M"��"�� M�rU ��7)� @)� 	� (90� �%�"K ��N� �;<� �%�"K  (�� ��!)05/0 ≤ P(  
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��%� # �*)�)&� P�=
 "� 
��%��� M"��"�� M�rU  d�� � 8�

 
��%��� M�rU 	� (�� �!�! �� � 	N
�r� f� 	� ��i D(��

 "� �; )�7  (:� �� 	O�!)�%�� (5 �&)�  �� �O��U ���� M�;�

 
��%��� �� 	� �;
�� �! 
)�" �� �� .�<� h'�� 	� (�� �����

�� @��7:� �� +)�K 	� Z;�� �rU # ��� �!��! �� "� @)�  �?!

)10 .(� ()Ne# ]� c�N
�r� "� M!��N� �! �� I� �T`

�!�� ����� �� 
��%��� (���  ���)32 �10 ( �� � ��<? 	�

�!�! �� M���! !��:� ���  �! Y�� ��i! �� I� M!�*&<' ���9W

 
�� �! 1�N: �)^ # 1�N: c�%� 	� �T`� 	�#�" M"��"��

��;0? (��� . �*�#�� �)Wm� ����� �	N
�r� 
�� a��?� "�

`� ()Ne# ]� M#� �� o�)��? ����<� (��� �! �� I� �T

!%� �K !%9�� # 
 *&: ��;�Z� . "� �<�� @8� 
 *&: ��;�Z�

�� ��<� 	� 
 )�)�%� �9)��� (���  �����%� @��7:� # !#�

 
 *&: ��;�Z� �! S%TU 	� �� I� �T`� 	�#�" Y)8 �

 ��*�"�# M�N� +)�K "� ����� �U�� �! (�� 
*<�

��� M�)-%&O .Glencross # Thornton )33(  ]� Y��

 # 
 *&: ��;�Z� (�O �! �� 1�N: c�%� 	� �T`� ()Ne#

��!�� g��7- �� I� +)�K "� �N� 
 *&: ���#! .Boyle  #

Negus )34 ( 	� (90� �� I� ��*� +)�K �� !��:� 	� ��;:���!

 	� �T`� ()Ne# ]� �! M�;<� (\! M���! d
�� !��:�

# 
 *&: ��;�Z� (��� �! 1�N: �)^ # 1�N: c�%�  ���#!

��;0? 
 *&:.  

	;:�� y9, ��N� c#�`� �@?#A� 
�� M�?  ��)� M��!

 ����*�"�# �! �T`� 	�#�" M"��"�� y&r� M�rU 
)���)�

�� M���! �v�%��� c���� �! �� I� M!�*&<' ���9W  ��;�Z� #


 *&:  
)� o�)��? 
��<� 	����� 	;`? @� 1�<'� "� ]�

 (��! !%O# �?�� # o�)��? �#�-)05/0 ≤ P .( S%TU �!

 ��T`� ()Ne# ]� M#� �� o�)��? c����<� 	����� �)Wm�

 L��;� �� 	)e�: 
��Anguish )15 ( L��;� �� # %0<?

Bernier # Perrin )9 (!%� %0<?��.  

Anguish ;`? ���i �)Wm� ����� 	� �:!�T� c����<� 	

�� M���! !��:� M#� �� ��%� �
!�N�  �� I� M!�*&<' ���9W

(U�!�� . ���� 	� �
!�N� 
��<� 	����� !��:� y)�=� 
�� �!

c�9W M��� �� f� �� o�)��? c�9W M��� o�)��? �M��k�  M��k�

@)� o�)��? ����);�! # c�9W M��� �� � ��)�  # M��k�

 �� !%� �� f� �� �!�;0����!�! $�>�� . 
�� 	� !�! �� � L��;�

 �! �T`� ()Ne# ]� M�rU @?�� h'�� ����<� 	�����

 
 *&: ���#! # 
 *&: ��;�Z� �
��#� �
��%��� c����

��  !%9�� 
 *&: ��;�Z� # 
��%��� (�O #! �! L��;� 	� !%�

 (��! c���� ���� 	� (90� M�; )�)15 .( %0<? ��{! "�

�� 	N
�r� 
�� �!%� �� �e�� y)�=�  c����<� �%� 	� ��%�

!�� ����� y)�=� 
�� �! ��� �!�`;�� . ��� �!�`;�� c����<�

 �T`� ()Ne# ]� M!%9�� h'�� 	� ��!%� o�)��? "� �'%�

�� 
)�|<? # ���� (��� ���i �! 	�%<� ���0*� 	� ��%�  �?

)�� M���! !��:� 	� ��!%� �� I� M!�*&<' ���9W (!�� �����.  

Bernier # Perrin  	&U��� 	;`? @� �)Wm� ����� 	�

 1�;�� # �T`� ()Ne# ]� M#� �� ���?�<? c����<�

�� M���! !��:� �! (��\ ��;U�!�� �� I� M!�*&<' ���9W .�K  �?

]� �T`� ()Ne# ]� L��;� 	� ��!�� ��?� �  �%�"K

@)� 	� (90�  ����<� �#�- # �?�� �#�- #! �? �! �%�"K

� 	;��! !%9�� M�)-!�� �)Wm� !�>�� ���?! �� � ���� 	� (�

�� ���� .�� �� � y)�=� 
�� L��;� �&� �%, 	�  	� �?!

 ���%� +��%O "� �[N� !%9�� h'�� ���?�<? c����<� 	i�-�

�� (��\ ��N� �)Wm� �
# �!%�  �T`� ()Ne# ]� M#� M��!

!���� !��:� 
�� �! .(�!#�=� �� 	N
�r� 
��  !%9<� ����� ���?

 �:���� c�� ���� # ����"�� 	&)�# # 
��<� 
)� �-A�# �W�

 #��#� �T`� ()Ne# ]� M#� �� �)Wm� !�>�� M��� 
��<�

!%� .
�� ���! (�!#�=�  ���#� 1%�� �� �e�� 	N
�r� 	�

�"���� �����  #! "� ��: ���%�"K 	� ��i D(���� (���r� M�)-

`� 	�#�" 
)���)� 	9��=� (�O �`� �? M��� @�%� �T

 !�� �!�`;��)9(.  

�� �� � L��;� M��-"�� 	� �?!  M7��� # �r)=� M�?

 h'�� 	>);� �! # (�� ���K !%O# 	� o�)��? c����<� ��%�

�� �T`� ()Ne# ]� !%9�� .M��-"��  
*<� �r)=� M�?

 f��=� h'�� o�)��? c����<� 	� ���� (&' 
�� 	� (��

��;�� 	���! �! �&T`� M�?�%;J��%��*� ��*� �! �� I� ��

�� c����<� 
�� 1%,  !%�)36 �35 .( �� � �&9\ c��)�=�

 	� �� I� 	� ����" �&T`� M�?�%;J��%��*� 	� (�� �!�!



,-.# /012� 34 !& 560��� 7�6 !�� !:
  �� !I >�B# �	�I��
 ��
+ (
��*�� � 

  

548  ����	
�� 
��� �� �����/ ���9/ �����3 / �� !"� � �
�!#1392  

  

www.mui.ac.ir 

�� (��� !%U �;��� 	���! M��;��  �n���� c�%� 	� ���

�� f��=�  ��%�)37 .( # 1%, ���� �))u� �
�� �� �#Z'

��#���� ��;U�� �! 	� @��- � 1%, �! ��Z[' c�e�9��

�� M��k-��� f��;�0��  �)�0� h'�� (�� 
*<� !%�

 MA&- M��# $���� # ��Z[' s#! M��-"��  

)Golgi tendon organs  ��GTOs (!%� . ���� ?#A�

()��0� 	� ��;0? ��;N� M!��"  �MA&- M��# $���� ���!"

 1%, �))u� 	� ��Z[' s#! @ � �; )� f��=� h'��

��  !%�)38 �37 .({�� ��  s#! d;0)� f��=� 
;:�

���#K d�� ���Z['  �9T' d;0)� 	� ��Z[' s#! M�?

�� @��7:� �T`� ()N\%� 	� 	O%� �� M7��� ���� . 
��

�� 
)�|<? M��-"��   �� � ��<' ]� @��7:� h'�� ���%�

���� ����*�"�# 
�� �! ��� �!�!.  

 M7��� M��-"��)Central adaptation ( 
*<� 7)�

7:� h'�� (�� c����<� "� �N� �T`� ()Ne# ]� @��

���� o�)��? .1�N: 	� "�)� l)&*� 
�� �-"��  ������� M"��

@)� �! cZ['  # !#�: $���? �! �"# �<=� # 1!�N� ���)�

 �! ��� �)
%� f��;�0��� M#�)� M��� M!��� �)^ t�9���

�� M�N� +\�N;� o�)��? ���� . f��=� cZ[' 	� �����?

�� Ne# ]� ���%� ��)� !%9�� ��O%� ���\ �%, 	� �T`� ()

��  "� �?�-K (�%�� # @��7:� h'�� o�)��? 
������� ����

�� �T`� ()N\%�  !%�)39.( 

 h'�� o�)��? c����<� 	� !�! �� � L��;� 
)�|<?

 @?��49/0  	�#�" M"��"�� y&r� M�rU 
)���)� 	O�!

 # 
��%���39/0 �� 
 *&: ��;�Z�. ! �`&U �\�� 	&[' �

	;0O�� @�� 
��%��� c����  �! ()
�N: 
��; )� # ����! M�

�� 	&[' 
�� 	� �%��� (��� 
�� ���� . @�� 	&[' 
��

 ��<� 	� f�"�: cZ[' 7O # !��! �|�%� 1�;�� �! M�;<�

�� !#� . M���! (��� 
�� �N)9, (
�� �! (&' 
)<? 	�

(�� M�;<� ()Ne# ]� . 	� o�)��? c����<� 1%, �!

*� (&' c����<� 
�� d0)��- o�)��? "� !#�: $���? �! 	�

s"�� cZ[' ()
�N: 	� "�)� 1!�N� _`� M��� !�:  	&[' # ��

 �`&U �\��)���?! @U�i �O��U # �&U�! M�? (!��!-  	�

�� ���  
��%��� (��� �! �T`� ()Ne# ]� @��7:� ���

 M#� �� c����<� 
�� �)Wm� (&' 	� ����<� ��#! "� �N�

�%��*�()
�N: �! 	� 	&[' 
�� M�?�%;J�  1�N: M!�' M�?

�<� �K # ��� ����� ���� �!�! @��7:� �� �? . 
�� "� 	>);� �!

 (��� �! �T`� ()Ne# ]� �! !%9�� h'�� y��,

�� 
��%��� !%� . 	� "�)� !�%� 
�� �! �Nr\ ��)� M���

�� �!�;0- c��)�=�  ����)39.(  

�� ��� 	� ��N� �)
! ��� ��� ��!  
 *&: ��;�Z� (���

����)- �!%� !��" �)
! 	� �� (��� 
�� M�? ���� . 
��

����)- s#! �! 	� �?  !%O%� �� ��� ( � ��Z[' M�?

 
 *&: ��;�Z� ��%� 	&[' L0� ��� ��) � �W� �! ���;0?

 	� �#�� # ���!�- f��=� �
 *&: ���#! �K +\�N;� #

�� ()
�N: ���� .����)- 
�� 
�N: �! �? 1�N: M!�' ()

��  7O 
 *&: ��;�Z� (��� �! �)-�! cZ[' 	� ��i D�����

 Y)8 � c��\ �!%� �; )� # �!%� 1��|�%� cZ['

 �� !��:� 
�� �! 
 *&: ��;�Z� (��� �! �T`� ()Ne#

�� (0��! �%��� (&' 
�� 	� ��%� . o�)��? $�>�� $���? �!

# 
)�" "� !�: ��� ��O M��� 	)
#� 	&��� �! #  M#�)� �� 	9&^

�� �%0*&: ��;�Z� cZ[' c��\ 	� "�)� ��"#  
�� # ����

�� M�?�%;J��%��*� f��=� @��7:� h'�� �<'  	� !%�

�K �; )� ��;0? 1�N: 7)� M!�' ()
�N: �! �? . (&' 
)<? 	�

 ()Ne# ]� !%9�� ����<� ��#! "� ]� 	N
�r� 
�� �!

%��� 	� (90� 
 *&: ��;�Z� (��� �! �T`� �;<� 
��

 �� ��?� �)39 .(����)- ()
�N: +)��� 
)�|<?  M�?

 t�9��� h'�� ��&T`� ��;U�� # 1%0J� �! �\�# �*)��*�

	|)?�� �0*&:� �� �T`� �K M�? !!�- . ���� 
�������

����)- ����)- 	� 7)� �� ��Z[' s#! �! !%O%� M�?  M�?

��! 	O%� ���� �
# �!�� 	:�e� ��<' ]� s�! �! �&T`� (

����)- 	� �)�# 	���! �! ��Z[' M�?  f��=� (��� "� M��

�� ��!�- .�� (���� �! ]�  �;)Ne# ]� 	� (`- ��%�

 ��%� ��� ����8� c�'Z,� "� �9)��� ��T`� �;���

����)- ����)- # �T`� !%U �U�! M�?  s#! �U�! M�?

�� ��Z['  ����)40 .(  

����=�  # cZ[' 	� ���)�� 	>);� 
�� 	�

� d?��: �� 1�N: ��<' ]� !�*&<' ��#���� M�?�%;J��%��*



 34 !& 560��� 7�6 !�� !:
,-.# /012�  �� !I >�B# (
��*�� � �	�I��
 ��
+ 

 

 
����	
�� 
��� �� �����/ ���9/ �����3 / �� !"� � �
�!#1392 549 

  

www.mui.ac.ir 

�� ���� . �����! �&N: f�v%
%�7): s�! �� ��?� � 
��

 (�� ��<' ]� �������" d0)��*�)26( �� �� � 	�  �?!

���#K  ��<' ]� @�� M�`�� �! �� �<�� @�� ��Z[' M�?

�� M"��  ����)34.(  

 (�! 	� "� �N� �T`� ()Ne# ]� �! !%9�� ���K

���� �)
! #! 	� (�� 
*<� cZ[' �! c��\ :
�� 1#�  �	�

 (�� 
*<� �%��#� # �%��%��� cZ[' c��\ 
)� 1!�N� $�'

�� h'��  	� �>�� �K +\�N;� # �� I� �T`� �*)��*� ���9W

	����� f��=�  c��\ @��7:� "� �N� # !!�- �9T' !�"K M�?

	� # �� I� �*)��*�%)� 1!�N� h'�� (�� 
*<�  �K 1�9�!

	����� f��=� ak� !%� �9T' !�"K M�? . ]� ]J� ��<'

 �%� M�?�9): 1��;�� @��7:� y��, "�A  �9T' d;0)� 	� �;�

�� f��=� M7��� !%� .�� $#! �)
!  @��7:� (&' 	� ���%�

s#! ()
�N: ��-�� # ��Z[' M�? ���� MA&- M��# M�? .

�� (��� �T`� 	� �����? ]
�J<�� ���� ��� �? p%r� "� �

1���)� �!�� d?��: M��� �9T' d;0)� l&;8�  ]� M�?

����)� {�� ��<' . "� ���� M!#�# ���K {�� �� �#Z'

���#K (����)
 "� �?  "� M���! M!#�# ��&T`� 1%0J� # �?

����)-  cZ[' �(�%� �! !%O%� ��<' ]� M�?

)s#! ��Z[' M�? (�#���� #  �?)MA&- M��# ��-�� ( 7)�

�;0?� . �����%� @��7:� ���Z[' M�?��;U�� (�%�� "� ]�

����)- f��=� y��, "� ��<' ]� s#! M�?  M�?

�� c�%� MA&- M��# ��-�� # ��Z[' !�)- .s#!  M�?

�����# "� �� f��=� ��Z['  c�%� 	� ���- �9T' M�?

�� (:���! ��%� # �;0��  (�� 
*<� # ����c����<�  ����\

 ()
�N: @��7:� h'�������#  �! 	� !%� ���- M�?	>);�  

 �T`� ()Ne# ]� (\! @��7:� h'����  !!�-)41(.  

  

����� ����  

	;:��   h'�� o�)��? c����<� 	� !�! �� � �e�� @?#A� M�?

 
 *&: ��;�Z� # 
��%��� y&r� M�rU 
)���)� @?��

��  �)
! 
�� 	� �(�� 	O%� ���\ �����! P�=
 "� 
�� # !%�

 ()N\%� 	�I)� M��� 1#��;�  ��;�Z� # 
��%��� �� I� �-!�%U

��;0? 
 *&: . ��*�"�# �y&r� M�rU 
)���)� @?�� ��

�<� ���!�� �� !%U M�� I� # �� ()N\%�  (�)�� �! # !�)-

 +)�K �rU # !�)- ���\ !#�: �;�� ()Ne# �! (�� 
*<�

�?! @?�� �� !�>� . �%e%� 
�� �! ()Nr\ 	� ��)�� M���

 	� "�)��� �!�;0- c��)�=� ����.  

��!�-.' ��  

(�!#�=�  ��� 	���! �()0�O ���� �e�� @?#A� M�?

��!%�"K !#�=� !��N� �S�U  # ���#� c{�� 1�;�� $�' ��?

!%� ����*�"�# 	�ku� # g7)���.  

  

����!"#�$  

�� !��� )�  ��%O ����*�"�# M#� �� ���� � y)�=� !%�

�� M���! �;U! � I� M!�*&<' ���9W �� 
��<� �W� 	0���� # �

!%� $�>�� ���;U! # ���0� �T`� ()Ne# ]� . 
)�|<?

�#�- �! ���� � c��)�=� 	�%<� !��N� �� l&;8� ��� M�?  M�?

�K 	0���� # $�>�� �; )� !��k� c�%� �? . �)Wm� 	O%� ��

�� !��� )� �@?#A� 
�� �! �!�`;�� !�%� c����<�  �)Wm� �� !%�

�: �� c����<� 
�� M���! ����*�"�# ���! ���! +)�K M�?�%;�

�� !�)- ���\ ����� !�%� �� I� M!�*&<' ���9W.  

 
References 
1. Hartsell HD. The effects of external bracing on joint position sense awareness for the chronically unstable ankle. 

JSR 2000; 9(4): 279-89. 
2. McKeon PO, Hertel J. Systematic review of postural control and lateral ankle instability, part II: is balance 

training clinically effective? J Athl Train 2008; 43(3): 305-15. 
3. Olmsted-Kramer LC. Theme section preventing recurrent lateral ankle sprains: An evidence-based approach. 

IJATT 2004; 9(6): 19-22. 
4. Holmes A, Delahunt E. Treatment of common deficits associated with chronic ankle instability. Sports Med 

2009; 39(3): 207-24. 
5. Coughlan G, Caulfield B. A 4-week neuromuscular training program and gait patterns at the ankle joint. J Athl 

Train 2007; 42(1): 51-9. 



,-.# /012� 34 !& 560��� 7�6 !�� !:
  �� !I >�B# �	�I��
 ��
+ (
��*�� � 

  

550  ����	
�� 
��� �� �����/ ���9/ �����3 / �� !"� � �
�!#1392  

  

www.mui.ac.ir 

6. Twist C, Gleeson N, Eston R. The effects of plyometric exercise on unilateral balance performance. J Sports Sci 
2008; 26(10): 1073-80. 

7. Ross SE, Guskiewicz KM. Effect of coordination training with and without stochastic resonance stimulation on 
dynamic postural stability of subjects with functional ankle instability and subjects with stable ankles. Clin J 
Sport Med 2006; 16(4): 323-8. 

8. Kynsburg A, Halasi T, Tallay A, Berkes I. Changes in joint position sense after conservatively treated chronic 
lateral ankle instability. Knee Surg Sports Traumatol Arthrosc 2006; 14(12): 1299-306. 

9. Bernier JN, Perrin DH. Effect of coordination training on proprioception of the functionally unstable ankle. J 
Orthop Sports Phys Ther 1998; 27(4): 264-75. 

10. Konradsen L, Magnusson P. Increased inversion angle replication error in functional ankle instability. Knee Surg 
Sports Traumatol Arthrosc 2000; 8(4): 246-51. 

11. Tveter AT, Holm I. Influence of thigh muscle strength and balance on hop length in one-legged hopping in 
children aged 7-12 years. Gait Posture 2010; 32(2): 259-62. 

12. Buchanan AS, Docherty CL, Schrader J. Functional performance testing in participants with functional ankle 
instability and in a healthy control group. J Athl Train 2008; 43(4): 342-6. 

13. Holm I, Tveter AT, Fredriksen PM, Vollestad N. A normative sample of gait and hopping on one leg parameters 
in children 7-12 years of age. Gait Posture 2009; 29(2): 317-21. 

14. Huang PY, Lin CF. Effects of balance training combined with plyometric exercise in postural control: 
Application in individuals with functional ankle instability. Proceeding of the 6th World Congress of 
Biomechanics (WCB 2010); 2010 Aug 1-6; Singapore. p. 232-5. 

15. Anguish BM. The effects of a randomized four-week dynamic balance training program on individuals with 
chronic ankle instability. [MSc Thesis]. Morgantown, WV: West Virginia University; 2010.  

16. Willems T, Witvrouw E, Delbaere K, De CA, De CD. Relationship between gait biomechanics and inversion 
sprains: a prospective study of risk factors. Gait Posture 2005; 21(4): 379-87. 

17. Roush JR, DoVico K, Fairchild S, McGriff K, Bay RC. The effect of quality of movement on the single hop test 
in soccer players aged 15-16 years. The Internet Journal of Allied Health Sciences and Practice 2010; 8(2): 1-8. 

18. Noyes FR, Barber SD, Mangine RE. Abnormal lower limb symmetry determined by function hop tests after 
anterior cruciate ligament rupture. Am J Sports Med 1991; 19(5): 513-8. 

19. Ageberg E, Zatterstrom R, Friden T, Moritz U. Individual factors affecting stabilometry and one-leg hop test in 
75 healthy subjects, aged 15-44 years. Scand J Med Sci Sports 2001; 11(1): 47-53. 

20. Caffrey E, Docherty CL, Schrader J, Klossner J. The ability of 4 single-limb hopping tests to detect functional 
performance deficits in individuals with functional ankle instability. J Orthop Sports Phys Ther 2009; 39(11): 
799-806. 

21. Reid A, Birmingham TB, Stratford PW, Alcock GK, Giffin JR. Hop testing provides a reliable and valid outcome 
measure during rehabilitation after anterior cruciate ligament reconstruction. Phys Ther 2007; 87(3): 337-49. 

22. Painter MA. Developmental sequences for hopping as assessment instruments: a generalizability analysis. Res Q 
Exerc Sport 1994; 65(1): 1-10. 

23. Michael G, Herniman JJ, Ricard MD, Cheatham CC, Michael TG. The effects of a 6-week plyometric training 
program on agility. Journal of Sports Science and Medicine 2006; 5: 459-65. 

24. Rantalainen T, Hoffren M, Linnamo V, Heinonen A, Komi PV, Avela J, et al. Three-month bilateral hopping 
intervention is ineffective in initiating bone biomarker response in healthy elderly men. Eur J Appl Physiol 2011; 
111(9): 2155-62. 

25. Dyhre-Poulsen P, Simonsen EB, Voigt M. Dynamic control of muscle stiffness and H reflex modulation during 
hopping and jumping in man. J Physiol 1991; 437: 287-304. 

26. Refshauge KM, Kilbreath SL, Raymond J. The effect of recurrent ankle inversion sprain and taping on 
proprioception at the ankle. Med Sci Sports Exerc 2000; 32(1): 10-5. 

27. Firer P. Effectiveness of taping for the prevention of ankle ligament sprains. Br J Sports Med 1990; 24(1): 47-50. 
28. Spanos S, Brunswic M, Billis E. The effect of taping on the proprioception of the ankle in a non-weight bearing 

position, amongst injured athletes. The Foot 2008; 18(1): 25-33. 
29. Larmer PJ. Ankle sprains: an investigation into patient perceptions and performance of physical tasks following 

acute ankle sprains using a mixed methods approach. [Thesis]. Auckland, New Zealand: AUT University; 2009.  
30. Legnani G, Zappa B, Casolo F, Adamini R, Magnani PL. A model of an electro-goniometer and its calibration for 

biomechanical applications. Med Eng Phys 2000; 22(10): 711-22. 



 !& 560��� 7�6 !�� !:
,-.# /012� 34  �� !I >�B# (
��*�� � �	�I��
 ��
+ 

 

 
����	
�� 
��� �� �����/ ���9/ �����3 / �� !"� � �
�!#1392 551 

  

www.mui.ac.ir 

31. Sholukha V, Salvia P, Hilal I, Feipel V, Rooze M, Jan SV. Calibration and validation of 6 DOFs instrumented 
spatial linkage for biomechanical applications. A practical approach. Med Eng Phys 2004; 26(3): 251-60. 

32. Jerosch J, Bischof M. Proprioceptive capabilities of the ankle in stable and unstable joints. Sports Exerc Inj 1996; 
2: 167-71. 

33. Glencross D, Thornton E. Position sense following joint injury. J Sports Med Phys Fitness 1981; 21(1): 23-7. 
34. Boyle J, Negus V. Joint position sense in the recurrently sprained ankle. Aust J Physiother 1998; 44(3): 159-63. 
35. Grigg P. Content’s peripheral neural mechanisms in proprioception. JSR 1994; 3(1): 2-17. 
36. Clark FJ, Burgess PR. Slowly adapting receptors in cat knee joint: can they signal joint angle? J Neurophysiol 

1975; 38(6): 1448-63. 
37. Lephart SM, Pincivero DM, Giraldo JL, Fu FH. The role of proprioception in the management and rehabilitation 

of athletic injuries. Am J Sports Med 1997; 25(1): 130-7. 
38. Davies GJ, Dickoff-Hoffman S. Neuromuscular testing and rehabilitation of the shoulder complex. J Orthop 

Sports Phys Ther 1993; 18(2): 449-58. 
39. Voight M, Tippett S. Plyometric exercise in rehabilitation. In: Prentice WE, editor. Rehabilitation techniques in 

sports medicine. Philadelphia, PA: Mosby; 1994. p. 88-97. 
40. Refshauge KM, Fitzpatrick RC. Perception of movement at the human ankle: effects of leg position. J Physiol 

1995; 488 (Pt 1): 243-8. 
41. Sekir U, Yildiz Y, Hazneci B, Ors F, Aydin T. Effect of isokinetic training on strength, functionality and 

proprioception in athletes with functional ankle instability. Knee Surg Sports Traumatol Arthrosc 2007; 15(5): 
654-64. 
 



,-.# /012� 34 !& 560��� 7�6 !�� !:
  �� !I >�B# (
��*�� � �	�I��
 ��
+ 

 

 
* Department of Sport Medicine, School of Physical Education and Sport Sciences, University of Tehran, Tehran, Iran 
(Corresponding Author) Email: m.karimizadeh@ut.ac.ir 
1- Associate Professor, Department of Sport Medicine, School of Physical Education and Sport Sciences, University of Tehran, 
Tehran, Iran 
2- Professor, Department of Physiotherapy, School of Rehabilitation, Tehran University of Medical Sciences, Tehran, Iran 
 

552  ����	
�� 
��� �� �����/ ���9/ �����3 / �� !"� � �
�!#1392  

  

www.mui.ac.ir 

The effect of 6-week hopping exercises program on joint position sense in 
athletes with functional ankle instability 

 
Mohammad Karimizade Ardakani*, Mohammad Hossein Alizade1,  

Esmaeil Ebrahimi Takamjani2 
 
 

Abstract 
 

Introduction: The purpose of this study was to examine the effect of 6 weeks hopping exercises program 
on joint position sense in young male athletes with functional ankle instability. 

Materials and Methods: Thirty young male athletes with functional ankle instability (mean ± SD age; 
22.16 ± 1.46 years, mean ± SD weight; 73.96 ± 11.50 kg, mean ± SD height; 180.95±8.24 cm, mean ± SD 
instability score; 20 ± 2.31) were participated in this study. They all read and signed the consent form. 
Participants were equally and randomly divided into two following groups: 1) hopping exercise, and 2) 
control. Reproduction of ankle joint angle was used to evaluate joint position sense before and just after 
exercise program. Descriptive statistic, paired sample t-test and Independent sample t-test were used to 
analyze the data. Level of significance was set at P < 0.05. 

Results: The results of the study showed that 6 weeks hopping exercise program had a significant 
decrease in average absolute error of the reproduction of ankle joint angle in inversion and plantar flexion 
(P < 0.05). Furthermore, reduce in absolute error of joint angle reproduction was observed more in 
inversion than plantar flexion.  

Conclusion: According to the results, young male athletes with functional ankle instability need specific 
joint position sense in many skills. So, it could be suggested to use these selected exercise in training and 
rehabilitation programs to improve joint stability during fast and rapid activities. 

Keywords: Hopping exercises, Joint position sense, Functional ankle instability, Young athlete 
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