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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.  
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 ��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
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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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