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���	�: ,&�� -� �.& �� /� �0�1 2�� ���.��  !"�#� 3&��  45� � ���- 67% 81�9% :����
 ;5<=� �> 6�� ��.��� �> ��"� $�)3@A ( �5CD� E5�

�% �
�FG . ��9� �%� 62��  ��9�% ;A�� ���0� �> �� /� �0�1 $> "��% ���0� 3�0
 ��
 :�@A� 6��I�%  �JA�K% L��� �>  �5CD� � ���J� 
� ��I�% :��

2�� �M�� ��
�> ��N �9� .&� -� OM� 3&��>�=>��> ��N �9� -� ���9��� P�M> � �> 6�� /� �0�1 $> "��% ���0� ���J� ��
�> 6$JA�K% 3.  

��
 � ���� ��:  ��MJ� 6�Q�� �=5A�> �&�%-R
�� $JA�K% 
�40  $> "��% � ;A�� ���G �� 
� P�U91� �.�E� 
��� ��@���� ��#� P�&�V���� -� �9�

M=���� 2��� �� /� �0�1 .�-�M�� :��>  :��5� $W91 X& -� 
��0 E��% :�5GKistler M� ���9��� . �5Y% ��N 6
��0 E��% P���� $���W% �> ���J�


� 2��� � ��#�� :����
- �%�M[ � �I
�# - M%R 2�� $> �9�# . P�%-R \��� �%�] ��N �9� P�M> � �> ���G �� 35>  ��9�Two sample t 

 �Paired t  M� �>�&-
�)05/0  =α.(  

����� ��:  �W91 
� 
��0 E��% 2��� L��� �> �� /� �0�1 $> "��% ���0� � ;A�� ���0� 35> ���J� 
� �UI�� 8>�[  ��9� �%�M[-  � �9�#

��#�� - M� �M���% 8� 2��� � �I
�# . 6��N �9� P�M> � �> P���Y&� �N 
��0 E��% 8� 2��� 35@��5% 
�M`%160 ± 42/1645  �  

683 ± 2752 ��5%  ��> $5��C �> ��%)05/0 < P.(  

����� ����:  � �� 
��#�� :����
 ;5K=� P��� 2�� -� 85A� $> �� /� �0�1 $> "��% ���0�P�%�@5A ����� b
� ���� P�M��� � ��  
� �� :��

M�
�� P���Y&� �N :���� ���J� 6;A�� ���0� �> $Y&�`% .�% �<� $>  �> �
�� :����5� ���� � �� 
��#�� :����
 ;5<=� ���U> c�� ��N �9� $� M�


P�%�@5A �% ���J� ���U> $V5�� 
� � �� ���.  

���� ���� ��: �9� 6�� /� �0�1 6���J� ��N  

  

  

�����: ���4� ��5. ����3 �6�*&7 �8���7 �"���&9 ��:� ;� �<
=�� <�9�>.  �	�
��
���  ������� 
�
���� ���� �� �� ���� .  ��� �� @��A�

�!"���� �1391 D8 )8( :1284-1277.  
  

������ ����	: 2/5/1391  ����� ����	 :22/12/1391 

  

���	�  

 ��J�� �K�9 2�L ��M�*�. 6� ���  ����!��� N�����J�� O���

 O
.6 P4� <7 Q"+� %R M�'��� 2��� �7 <3 Q�� %�7

S
+:� �. N�*7 ��$ .��J�� �K�9 2�L M�'��� @��3 �� �

�. ��
.�� �� T3 �>�( �U� �7 <3 ��$ �*��. ��.���  ��$

���.�#
K )Ligamentous laxity( ����$�7 �
"
� O$��� 

)Tibial torsional deformity(��8� �  �V������ %��!���

 ���>)Presence of accessory navicular bone( �2�K�� 

N���� N��6���. )Congenital vertical talus(  � ;�

����!��� ,����� )Tarsal coalition( �. ��8� <7 ��R )5 -1(. 

������ ��	�� 
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<:4*. 6� �� T3 �>�( M�
$ � Q�� ���'�. �#�� <:4*. <7 N� 

O
7 06/0 �� 28 �(�� Q�� ��$ [���� )8 -6 .(�� <��\
� �

20 �(�� ]� Q
^�8 6���6� �  �� T3 �>�(����� <3  O��

%��
.  <7 �7�� N�����3 ��5 �(�� �. ��� )9.(  

<*$�� ��� <��8 6� N���6 �]��. )Heel pain(%�
��7 � 

)Bunion(���_ Q�#�� � )Hammer toes(Q*
�`�� �  a��

�� )Shin splints( ��3 ���� ����� �� T3 �>�( �� <��� 

)13-10 �3( . ���>� O�>� ��� N�#K�<7 ]�".  �� �� T3 �>�(

N��
+7 ��^K�4. Q�� ��$ �7��6�� )17-14( . N��
� ����

�7 ��.R  ������ �O�>� ��� �9 ��,�b �b <*.�� � �� c.��3 

����5�  ���� ;(�'. <8�� ���. ����:. ��  O�� ��^K�4.

�*�+� . �� �d3�����.�  ��"&7 e"� �"9 �'3N�����  �2�L

%�.6 ��. @���>�  @���+��)Stance duration(  @��3 �

���$�7 <���6 �. O�>� ��� O
b �� �� N� ��$ )18� 17 .( ��

f��� <3 �:
:5� Kulcu  %������ � ����'� �Q>��  �\��

 ���>� O�>� ��� N�#K� ��<7 ]�". �>� �7 �� T3 �>�( ��SK�� 

��� �����. )19 .(O
*g��  ���'� ���:
:5� 6� N��
+7 ��

 �&8�� ;7�Lh�� N��
� O
7  O
.6 ;�^K��� �7 ��$ ���� 

 Q$��� ��8�)20 �15 .(��� �. ���� <_  �7 �"9 �'3 <3 ��$

 N������� S
i*� j�� ;(�'. ������ �  ���6 � c. ��V��

�	Q�� ��k��
U )17(�  �K� <*.�� N�� N�U� c. ;l'. ��3�b

5'( ���� ����� ,����3 � ,���m�� )18.(  

 f��� O�>� ��� N�#K�nJ�$ O�>� ��� N�� ]nJ�$ N�� 

����. -  ���.6)Spatiotemporal( <*.�� � ������ ���
� �

 �;(�'. ��3�b� <��\� ;
�5� ,��^� ��+�� )Static (� ���� 

)Dynamic [(� q�l. Nm��� �7��6�� �. ��$ .�7 2��� �r��� 

;(�b 6� s
:5� Otman %������ ��  ���>� Nm��� q�l.

<7 ]�".  �b 6� @
7 �� T3 �>�(�^
"9  Q���  6� ���'���

�. Nm��� q�l. @��3 e"� �"9 �'3 ���� )12.( ,��^� 

����� � ��+�� nJ�$ �#�� N��N � Q5� �� ��> ������ <3 Q�

�. ���L �
U	� ��� .,��^�  -*^. <7 <3�  �L�7 N��7 ��> �������

Q7�U Q
^=� t� �� %���. ���. N��7 O
^. �. �$�7 - �>� �*�

��
g
� ��]
� S�+
� �#*���� �7 <3 Q�� N� -  � ������

7 �"l� <�. Q�� ��R )21.( 

 ��^K�4.�3���  �7��6�� ���. ��,��^� ����+��  ���>� <7 ]�".

�� T3 �>�( ���� ��8� )22 .( ��R <3 M�=�. O�� O�� ,��^�

%����
7  ���>� �7SK�� Q�� ���'�. �
J ��  �7 ���� 6� ���'��� ��R �

%R ,��^� ��  �
U	��. ���k� �
J ��u Q�� v57 ���. )23 �22 .( 6�

 %��� Q��N����� S
4*�  ,�w���K�3�K�� ;l'. @��3 e"�

 � �:�� hb��3�b x�� )Kinesthetic awareness( 7 <

 ;
K�N�����> %����> ���� ��$ �7 x�� ���]
� %����� �� � 

N�����J�� ����!��� �. ��$ )24 .(Olmsted � Hertel 

c
� �U� �7��4. �� ���'��� 6� �'3 �"9 �� ���>� ]�". <7 

�>�( T3 �� �����. ������ )24 .(�7 q]J �%R Rome � 

Brown ���'� ;7�L �&8�� �� ,��^� ��J��- �8��J O
7 

���>� SK�� � ���>� N���� O�
���� �� �*�>�� )25 .(  

���� 6� ���'��� ��^K�4. 6� �J�7 �� Q�� ��$ �7��6�� .

 @���>� e"� Q�� O��. ���� 6� ���'������J6�7 �+b- 

 ��3�b)Somatosensory feedback(  ,��*3 N��7  6V

 @���>� �Q
^=�,��^�  %���� @��3 � �� c. ��
���.

 ��
^=�)Postural sway( $�� )24 �22 .(<��'�	�.  O�� ��

<*
.6  <3 ��R,��^�  ���>��� T3 �>�( <7 ]�".  ���>� �7SK�� 

Q�� ���'�. ����� ��8� �>�3 ����$ u�
J ��.  6� N��
+7 ��

 ����>�,��^� ���� Q+� 6� ���'��� �7  ,��^� %����Star  �7��6��

�.  ��$)24 .(%R �7 ��]� ���� 6� ���'��� ��R <3 Q+
� n!�. �

)�"9 �'3 ( �7,��^� �. �
U	� %���+��  �� ���k�u�
J  O���7�*7

 q�� 6� O
7 ���'� O�>�� �< K̂�4. O��,��^�  ���>� <7 ]�". �>�(

 ���>� � �� T3SK�� ��7 . O
*g�� 6� ���'��� �
U	� �"9 �'3

�.�_  N�� �7,��^� ��
^=� )Postural stability(  �
�

Q�� �i��. . ��(� <
=�> O��<^K�4. %R <3 Q��  ���>� ]�".

�� T3 �>�( <7 ���>� �7 <+��:. �� �SK�� N���3 ,��^� ����� 

 N�� �7 ��"d. �
U	� ���� 6� ���'��� �,��^�  %���+���. ���k�.  

  

 � ������
 ��  

 ���^� �<^K�4. O�� ��40   ��� ��#���� ��J� %���\���� 6� �'�

 �� T3 �>�( <7 ]�". � SK�� ���� �� �� %�&'(� ��$��

 �*�$�� Q3�$) ,��81( .N����
^. �L]J� �� O�� s
:5� 

�7 2��� f7��= ��#����  ��� ��$�� %�&'(� O

^� �$ .
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���>� Q3�$ ��**3 ;"L 6� y�8 N��R ����]9�   �>

Q��=�  �� <.��;
��� ����3 .%R  2��� �7 ��nJ�$ 7 < Q��

 ���� �� <7 �%���+�� �9 ��.RSK��  ��>�( <7 ]�".  �� T3

���$ S
+:�.  
  

 ����1 .�	
�� �
���� ���� ����� ���  

����  ����  ��   

 ��)���(  3/2 ± 3/23  1/1 ± 3/22  

 ���)���� !"(  2/3 ± 2/56  3/7 ± 3/54  

 &')()*�� �)+(  5/4 ± 5/160  3/7 ± 8/159  

�).�/ �0�1 �� 2�' 34�5  03/0 ± 20/0  04/0 ± 29/0  

�).�/ �0�1 �� �� �6��� 7��/�  06/7 ± 05/49  14/13 ± 01/35  

���� �0�1 �� 2�' 34�5  02/0 ± 21/0  04/0 ± 29/0  

���� �0�1 �� �� �6��� 7��/�  78/6 ± 42/46  09/17 ± 88/35  

  

�	� 
��� �� !"#� � $��	�%
�&  

 N��
� <5'(Kistler  ��^7� �750 × 60 �����  N��7 ��.

�6���� ���> �3�. N�
� )Centre of pressure(  �$ ���'���

;:U �3�. %���� N���6 QL� �7 <3 )Center of gravity(  ��

�. n
!�� �:>� <5'( �� ��� .,��^�  <"��5. �7 Q���

 ���> �3�. %����)Excursion of the velocity of COP 

sways( ��J�� N����� ��- �.��L � �8��J- J �7 �'�

 �V��^. 2�����6 7 <�.R Q��.  

 <K��^.1   :     COPEAP(mm) = X max – X min  

 <K��^.2  :          COPEML(mm) = Y max – Y min 

 <K��^.3 : 
∑ ���������	
���


      VAP (mm/min) = 

 <K��^.4 :
∑ ���������	
���


      VML (mm/min) = 

<K��^.5: TV(mm/min) = ��∑ ���������	
��� 	
��∑ ���������	
��� 	



  

COPEAP :�.��L N����� �� ���> �3�. %����- �'�J  

COPEML :��J�� N����� �� ���> �3�. %����- �8��J  

VAP :�.��L N����� �� ���> �3�. Q���- �'�J  

VML :��J�� N����� �� ���> �3�. Q���- �8��J  

TV :;3 Q���  

 '�#(� )�����  

nJ�$  ����+�� QK�b �� ���>� N��) Q
^=�����+�� ( �7  

 [�� 6� ���'��� N�� Q*���)Foot print ( r����.R Q�� <7 .

 %������� 6� ��� � �*�+�� �K�*( N�� �7 <^K�4. ���. ���>�

 ���#�� {�� <7 <��|R)jR �� ;b ;7�L (�$ . ���>� h`�

����� ���L k|�3 N�� �7 �� ��J N��D �K�b �� � <3 N�

��7 <5'( 6� }��J %�$�#�� . [�� �7 �
� ;7�:. N�� nJ�$

�.R Q�� <7 <7��. . ���:. O
#��
.nJ�$  � Q��� N�� N��

 N��7 ~_;
�5� � <��\� ���. ���&�  ���'���Q>�� ���L. 

 ���� QK�b �� �
� �&7��. �*���>)O�>� ��� (Q>�� ���(. 

 ,��81  O
#��
.nJ�$ <7 N�� Q*��� <���6 � 2�L  ��3

<�>�  ���>� O

^� N��7SK��  ���>� �<7 ]�". �� T3 �>�(  ��

�. %��� ���.  

 <:
L� t� ��. <7 <3 �$ <����J ���>� 6� ��^7 <�b�. ��

 N�� �7��
� <5'( �*�+��7<3 �K�b �� D Q�� 6�7 %������_ 

� Q�� � ���L %����7 ��*3 �� �� ��J N����� ���  ��#� ��8 <7 �

�. �**3 .15 �U f:> � �$ qkb �JR � ,�� <
�30  N��7 <
��U

;
�5� � <��\� ���&� ���. �L�7 . �8��J ��
� <5'( �7

 h��3�>10 ����� ���
> ����.  

 �N��.R [�� j�!��� 6� ;"L y�6���^
"9 ���
��.  �7

Q+� 6� ���'��� Shapiro-Wilk �$ O

^� .O�� ;
K� <7 <3 

����  y�6�� ���^
"9 ��*�$�� Q+� � t���.���� %�.6R  

Two-sample t  O
7 ���'� O�>�� N��7,��^�  ���>�SK��  �

 ���>�<7 ]�". ���. �� T3 �>�(  ���'���Q>�� ���L . ���'�

 O
7����:. ,��^�  %���+�� �9 � �7%��7 6� ���'��� �'3  �"9

 �.�_ �7 Q+�Paired t �$ �7��6�� . ���:.P  P4� ��05/0 

�*^. i� �� ����$ <�>�� �.  

  

����� ��  

 O
#��
. ���:.nJ�$ N�� ,��^�  ���>�SK�� �  <7 ]�". ���>�

>�(�� T3 � �� ,��8 2 %��� Q�� ��$ ���� . Q��� �3�.

�� ���> ���>� SK��  � �� T3 �>�( <7 ]�". ���>� <5'( ��

��J��- �8��J 8/200 ± 5/1009  �6/405 ± 65/1621 

��
.  <
��U �7 ��. � ���.��L <5'(- �'�J  

36/300 ± 318/982  �3/554 ± 95/2221 ��
.  <
��U �7 ��.

��7 )001/0 < P( . %���� ;3 Q������> �3�.  O�� ��  
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Q$�� �&8�� ;7�L ���'� <^K�4..  

 ��"���O
7 �>�( T3 �� � nJ�$ N�� ,��^� �� ,��8 3 

%��� ���� ��$ Q�� .���'��� 6� �'3 �"9 e"� ��"&7 ,��^� 

���>� ]�". <7 �>�( T3 �� � @��3 %���� �3�. ���> �. ��$ 

),��8 4 .(���:. O
#��
. Q��� �3�. ���> �� ��5'( ��J�� - 

�8��J � �.��L - �'�J �� %���+�� %��7 �'3 �"9  

6/405 ± 65/1621  �3/554 ± 95/2221 ��
.  <
��U �7 ��. �

34/87 ± 56/973  �2/136 ± 1326 ��
. <
��U �7 ��. �'3 �7 

�"9 �.R Q�� <7 )050/0 < P) ( ;�$1.(  

  

��   

<*
.6 �� ����7 ,��^�  ���>� ��^K�4. �� T3 �>�( <7 ]�".

Q�� <�>��  �\�� ��3 . 6� N��
+7 �����:
:5� ,��^�  �7

 Q+� 6� ���'��� ,��^� %����Star �6���� Q�� ��$ N�
�. 

<^K�4. ���. ���>� <3 ���( O��7 �� t� N��   

)Single leg stance (N�� �7 ��"U�7 P4� ��. �*�+�� )24 .(

 O���7�*7����7 ,��^�  ���>�<7 ]�".  ���� �
U	� � �� T3 �>�(

)�"9 �'3 ( N�� �7,��^� %���+��  <^K�4. O�� q���� 6���7.  

 %��� <^K�4. O�� r�������  <3,��^�  ���>�<7 ]�".  �>�(

 ���>� 6� �� T3SK�� Q�� ���3 .�,��^ �9 �> �7 %���+��� �*�

��
g
� .�$ <3 N������� ; 7 �Q�� ~
� � ���6 �c. ;(�'. <

�. Q�� ��R . ���>� ��<7 ]�". �� T3 �>�(� N����� S
4*� 

 �#K���w���K�3 �� 2�K�� @J�_ �U� �� �� c. ;l'. 

)Calcaneu-valgum(  Q
^=� t� �� �� ���J�� <3 %��7

,��^� �. ���L ���� U	� Q5� Q�� <�>�� ���L �
)26 �22 �1( .

 � �:�� hb O���7�*7x��  �U� �� �]
� ��3�b���>  ���6

����  @��3 ����!��� � ������� ���J�� ���]
� x�� �7

�. �7�� )22.(  

  

 ����2.  "#$%�#� ���&����� ��� ���
'  ����� � ����% ������( )*+� �, -. ���   

�
���� ���� ����� 
��/� 0.�� 1���%  

����2- �45� 

��/� 0.�� 1���%  

�5���- ����� 

 67����/� 0.��  

����2- �45�  

)�5#� �#%�9 �( �*�(  

 67����/� 0.��  

�5���- �����  

)�5#� �#%�9 �( �*�(  

;. 67��  

)�5#� �#%�9 �( �*�( 

80�� 12 ± 8/19 7/8 ± 6/15 36/300 ± 318/982 8/200 ± 5/1009 9/353 ± 36/1410 

9�: 4/6 ± 16/26 3/4 ± 21/13 3/554 ± 95/2221 6/405 ± 65/1521 683 ± 12/2752 

 �/&;+P 034/0 157/0 0 0 0 

  

 ����3.  "#( =�+'������ ��� ���
'  ����� �, -. ���   

���� "#( =�+'�� ��  ����2 67��- �45�  �5��� 67�� - �����  ;. 67��  

�).�/ �0�1 �� 2�' 34�5  686/0- 001/0  =P 643/0- 007/0  =P 675/0- 002/0  =P 

�� �6��� 7��/� �).�/ �0�1 ��  300/0 130/0  =P 256/0 170/0  =P 286/0 140/0  =P 

���� �0�1 �� 2�' 34�5  614/0- 050/0  =P 578/0 - 010/0  =P 605/0- 050/0  =P 

���� �0�1 �� �� �6��� 7��/�  060/0 415/0  =P 029/0 450/0  =P 049/0 430/0  =P 

  

 ����4 .���� "#$%�#� ���&�  ���
' ���0'�� ?� @��4*�� 1��( � �( A�, -. ���  �( )*+� ����� 

�
���� ���� ����� 
��/� 0.�� 1���%  

����2- �45� 

��/� 0.�� 1���%  

�5���- ����� 

 67����/� 0.��  

����2- �45�  

)�5#� �#%�9 �( �*�(  

 67����/� 0.��  

�5���- �����  

)�5#� �#%�9 �( �*�(  

;. 67��  

)�5#� �#%�9 �( �*�( 

>	�/ ��&? (��: 7? @)A+ 4/6 ± 16/26 3/4 ± 21/13 3/554 ± 95/2221 6/405 ± 65/1521 683 ± 12/2752 

 7? @)A+ (��:�? >	�/ 51/5 ± 44/24 36/4 ± 01/12 2/136 ± 03/1326 34/87 ± 56/973 160 ± 42/1545 

 �/&;+P 340/0 430/0 0 0 0  

  



�� /� �0�1 $> "��% ���0� ���J� ��
�>   ���K� -�=U>P�
�.�� � 

 

 
�������� 
��� 
� �����/ ���8/ �
���8 / �����  !"�#� $%�� ��&�1391 1281 

  

www.mui.ac.ir 

     

  
 ;B�1 .��/� 0.�� 1���% �+C �4. 1��( � �( A�, -. ���  �( )*+� ��� D� � ���� ��� D� ��  

  

�7 � �>�( ��$ O
7 �9�"��� ,�b O�� �7 �K��^�  ��
^=�

����� ��8� .��� <3 Q�� �*^. O��7 O��  <_�7 ���>� ,��^� 

�7 q�( 2�L �7 ���>� ,��^�  2�L�^
"9 Q�� ���'�.� �.� <7 

��$ N���
7 �#�+7 ����� .O�� <�>�� �� �7 r���� ;(�b 6� 

<^K�4. Harrison � Littlewood  %�+��Q+
� .%R �� 

��"��� ��
:�+. O
7 ��$ �>�( T3 �� � �7 �K��^� O
b 

%���+�� �*�>�� )27 .(O�� ���'� O��. Q�� �7 [�� <7 ��3 

<�>� � ����:. ���. ���'��� �� <"��5. ,��^� f"��. �$�7 .�� 

O�� �<^K�4. ,��^� �7 2��� ����:. Q��� %���� �3�. ���> 

�6���� N�
� �$ <3 t� ���:. ��k������ � 2�+b DQ�� �� 

����( <3 Harrison � Littlewood ���^� %���� �� <3 

%��� ��*�� Q��� q��5�� 6� ,��^� O
#��
. ���
7 �Q��  

<"��5. ����3 )27 .(��]� �7 O���. � %���  Q>�� <\
��

�7 ����$ N�� T3 �>�( �� <3 �K��^�  O��. �� c. ;l'.

 Q��;�$ v��7  ���3�b N�
��� ;(�'. �#��  ��) ~
� ����6  

t���� � (��$ ,��^� ��"�3 %��"8 N��7.  

 �� <8�� ;7�L ��"&7 e"� �"9 �'3 6� ���'��� ,��^�

�. %���+�� ��$ .�"d. �
U	� ���� ��#�� ���"� <7� �7 N�� 

S�+
� �+b- ��3�b ���� � e"� ��"&7 ������  ���� 

����5� �. ���� .��� <_ Olmsted � Hertel %��� ����� <3 

N������ ��� ,��^� ���� � ����+�� ���>� ��_� �>�( T3 �� �� 

��&7 ��� �*3 )24 .(�7 q]J �%R Rome � Brown ���'� 

;7�L �&8�� �� �� N����� ��J��- �8��J h� 6� 4 <�'� 

���'��� 6� ���� %��� ����� )25 .(O���7�*7 �. %���  Q>�� <\
��

 @��3 ��  �#K���w���K�3 � �� ���$ O�
���� ������� <3

�.  ��"&7 e"� � �*��S
4*� �. �� ���J�� ���$ .,��^�  ��"&7

 ��"&7 r���� 6� ��� <�>��S
4*� Q�� �� N���J�� .O
*g�� 

 @��3 e"����> %�.�#
K N�� �7 %����� � ��  � ��Q��&� �� 

 � �:�� hb ��"&7x�� �. ��3�b ��$ )22 .( ��8�. ���'�

 [�� �� ���'� Q�� <7 ��^K�4. r���� �� ���'��� ���.

-8

-3

2

7

12

0 20 40 60 80 100

COP sway (normal)

0

5

10

15

20

0 20 40 60 80 100

COP sway without insole


12


7


2

3

8

0 20 40 60 80 100

COP sway with insole

3 -  

8 - 



�� /� �0�1 $> "��% ���0� ���J� ��
�>   ���K� -�=U>P�
�.�� � 

  

1282  �������� 
��� 
� �����/ ���8/ �
���8 / �����  !"�#� $%�� ��&�1391  

  

www.mui.ac.ir 

);
�5� � <��\�  ,��^����� � ��+�� (7 ���. � < �� <�>� ��3

j�!��� �'3 ��$ Q�� . �7 Q�� O��. ���� ��'�,��^� 

��
^=� ����> �� T3 �>�( <7 ]�". �$�7 ��k��
U	� . �'3

 Q!� � x6��,��^�  �'3 <7 Q"+� �� N��&7S
!=   �� �

�. S���> �*3 )24 .( 

  

����� ����  

 %��� < K̂�4. O�� r�������  <3,��^� ���>� �� T3 �>�( <7 ]�". 

 ���>� 6� ���3SK�� Q�� .�. �i� <7  ���<3  ,��^� @��3 e"�

�:�� hb @��3 @��3 � Q
K�^> S�+
� � �3�� @��3

 �+b S+
���. �]
� %������. ��$ . �"9 �'3 6� ���'���

 ��"&7 e"�,��^�  � %���+��N����� S
4*� �. �� ���J�� ����.  

  

*�
�+,� �-  

Q����5. <^K�4. O�� ��  6V <3 Q$�� ��8� �
� ����  Q��

��
� ���L <8�� ���. .��(� Q����5.�  ���^� %��7 S3 ���>�

��7 ��**3 Q3�$. O
*g��  ,��^� f:> <^K�4. O�� ��

����+�� �$ �7��6�� .�. <
(�� �O���7�*7  s
:5� <3 ��$

��
� ���( N��.R Q
^�8 N�� �7 N���
7 � <7��..  

  

!���
�" � ��#$  

 O��*�� Q3�$ 6� <3 Q��  6V %���� ��) N������ ��**3 �
K��

%��� ��!7( %���R S���> Q&8 ��'3  ���'��� ���. �"9 N��

��$ ������L <^K�4. O�� �� .�7 N����� 6� O
*g��  ����

��L O
+b N�LR j�*8 �. N���#��`� ��� ����.  

References 
1. Preston ET. Flat foot deformity. Am Fam Physician 1974; 9(2): 143-7. 
2. Harris RI, Beath T. Etiology of peroneal spastic flat foot. J Bone Joint Surg Br 1948; 30B (4): 624-34. 
3. Meehan RE, Brage M. Adult acquired flat foot deformity: clinical and radiographic examination. Foot Ankle Clin 

2003; 8(3): 431-52. 
4. Tryfonidis M, Jackson W, Mansour R, Cooke PH, Teh J, Ostlere S, et al. Acquired adult flat foot due to isolated 

plantar calcaneonavicular (spring) ligament insufficiency with a normal tibialis posterior tendon. Foot Ankle Surg 
2008; 14(2): 89-95. 

5. Pauk J. Analysis and assessment of foot posture in children with flat feet. Proc Appl Math Mech 2009; 9(1): 27-30. 
6. Abdel-Fattah MM, Hassanin MM, Felembane FA, Nassaane MT. Flat foot among Saudi Arabian army recruits: 

prevalence and risk factors. East Mediterr Health J 2006; 12(1-2): 211-7. 
7. Pfeiffer M, Kotz R, Ledl T, Hauser G, Sluga M. Prevalence of flat foot in preschool-aged children. Pediatrics 

2006; 118(2): 634-9. 
8. Rao UB, Joseph B. The influence of footwear on the prevalence of flat foot. A survey of 2300 children. J Bone 

Joint Surg Br 1992; 74(4): 525-7. 
9. Umar MBT, Paul A. Incidence of flat foot and anthropometric comparison between flat and normal foot of the 

Yoruba ehtnic group of Nigeri. Res J Appl Sci 2010; 5(6): 412-6. 
10. Roper BA. Flat foot. Br J Hosp Med 1979; 22(4): 355-7. 
11. Suzuki N. An electromyographic study of the role of muscles in arch support of the normal and flat foot. Nagoya 

Med J 1972; 17(3): 57-79. 
12. Otman S, Basgoze O, Gokce-Kutsal Y. Energy cost of walking with flat feet. Prosthet Orthot Int 1988; 12(2): 73-6. 
13. Burns J, Crosbie J. Weight bearing ankle dorsiflexion range of motion in idiopathic pes cavus compared to 

normal and pes planus feet. The Foot; 2005: 15(2); 91-4.  
14. Scranton PE, Jr., McMaster JH. Momentary distribution of forces under the foot. J Biomech 1976; 9(1): 45-8. 
15. Pauk J, Griskevieius J. Ground reaction force and support moment in typical and flat-feet children. Mechanics 

2011; 17(1): 93-6. 
16. Nester CJ, van der Linden ML, Bowker P. Effect of foot orthoses on the kinematics and kinetics of normal 

walking gait. Gait Posture 2003; 17(2): 180-7. 
17. Leung AK, Mak AF, Evans JH. Biomedical gait evaluation of the immediate effect of orthotic treatment for 

flexible flat foot. Prosthet Orthot Int 1998; 22(1): 25-34. 
18. Branthwaite HR, Payton CJ, Chockalingam N. The effect of simple insoles on three-dimensional foot motion 

during normal walking. Clin Biomech (Bristol, Avon) 2004; 19(9): 972-7. 
19. Kulcu DG, Yavuzer G, Sarmer S, Ergin S. Immediate effects of silicone insoles on gait pattern in patients with 



�� /� �0�1 $> "��% ���0� ���J� ��
�>   ���K� -�=U>P�
�.�� � 

 

 
�������� 
��� 
� �����/ ���8/ �
���8 / �����  !"�#� $%�� ��&�1391 1283 

  

www.mui.ac.ir 

flexible flatfoot. Foot Ankle Int 2007; 28(10): 1053-6. 
20. Bertani A, Cappello A, Benedetti MG, Simoncini L, Catani F. Flat foot functional evaluation using pattern 

recognition of ground reaction data. Clin Biomech (Bristol, Avon) 1999; 14(7): 484-93. 
21. Jacobson GP, Newman CW, Kartush JM. Handbook of balance function testing. 1st ed. San Diego, CA: Singular; 

1997. 
22. Akbari M, Mohammadi M, Saeedi H. Effects of rigid and soft foot orthoses on dynamic balance in females with 

flatfoot. Med J I R Iran 2007; 21(2): 91-7. 
23. Hertel J, Gay MR, Denegar CR. Differences in postural control during single-leg stance among healthy 

individuals with different foot types. J Athl Train 2002; 37(2): 129-32. 
24. Olmsted LC, Hertel J. Influence of foot type and orthotics on static and dynamic postural control. J Sport Rehabil 

2004; 13(1): 54-66. 
25. Rome K, Brown CL. Randomized clinical trial into the impact of rigid foot orthoses on balance parameters in 

excessively pronated feet. Clin Rehabil 2004; 18(6): 624-30. 
26. Waller JF. Physiology of the foot and the biomechanics of the flexible flat foot. ONA J 1978; 5(4): 101-3. 
27. Harrison PL, Littlewood C. Relationship between pes planus foot type and postural stability. Indian Journal of 

Physiotherapy and Occupational Therapy 2010; 4(3): 21-4. 
 



�� /� �0�1 $> "��% ���0� ���J� ��
�>   ���K� -�=U>P�
�.�� � 

  

 
* Assistant Professor, Academic Member, Department of Orthotics and Prosthetics, School of Rehabilitation Sciences, Isfahan 
University of Medical Sciences, Isfahan, Iran (Corresponding Author) Email: mohammad.karimi.bioengineering@gmail.com 
1- Department of Orthotics and Prosthetics, School of Rehabilitation Sciences, Isfahan University of Medical Sciences, Isfahan, 
Iran 
 

1284   
� ������������� 
���/ ���8/ �
���8 / �����  !"�#� $%�� ��&�1391  

  

www.mui.ac.ir 

Standing stability evaluation in subjects with flat foot 
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Abstract 
 

Introduction: Flat foot is one of the most common disorders which not only influences the performance 
of the foot, but also affects the alignments of the ankle, knee and hip joints. The performance of flat 
arched differs from that of normal subjects during walking. However, there is not enough information in 
the literature regarding the difference between standing stability. Moreover, the influence of use of foot 
insole on standing stability has not been yet evaluated. This study was aimed to investigate the stability of 
subjects with flat foot with and without insole. 

Materials and Methods: Forty female students in Isfahan University of Medical sciences participated in 
this study. Then they classified into two equal groups of twenty normal and flat arched individual. Center 
of pressure (COP) was measured using Kistler force plate. The stability was evaluated by calculating the 
COP excursions, path length, and velocity in the mediolateral and antroposterior directions. The 
differences between stability of normal and flat foot subjects with and without insole were evaluated by 
use of sample and paired t-test, respectively (α = 0.05). 

Results: There was a significant difference between the stability of flat arched and normal subjects based 
on COP velocity and total velocity (P < 0.05). However, there was not a direct correlation between the 
severity of flat foot and instability during quiet standing (P > 0.05). The mean values ± SD of COP total 
velocity during standing with and without insole were 1645.42 ± 160 and 2752±683 mm/min, respectively 
(P < 0.001). 

Conclusion: The flat foot is more unstable compared with normal subjects during quiet standing due to 
miss-alignment of foot structure and a decrease in proprioception awareness of the foot ligaments and 
tendon. Insole can help to align foot structure and also reduce the exceed forces applied on the ligament 
and finally improves the standing stability. 
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