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���	�  

������  B'	� ��	.8� ��� C	!DE���F����;�� �� � C  C	!

 �;�� G� �	��5�� � �	,��, �.,�7 ���� � ����	�'��� �	
"!

 ��� H.1� ��)1 .( ��IJ�' � ���'��	�K �	.L	# G� G5�� 	� 	/

���J��C M ��"", H��I� C���� � :N� ��	.8� ��� ��  C

 ��� H.1� �� ��)2 .( � H.1� �� �	
"! 	/ �	.L	# OJ� ��

 �/	J �8� BPQ' �	,�7 R��S)Subtalar joint ( T�U# 	�

 ��� !	�C 	! C�	��	# H�'� C �� � ���, ��J�� R�	U� �

 V , ��� %�	I� WQ7 G� G6�.�'� �", )3 .( H X 	/ ���Y� G�

 C	!���� ZF5 � ��� B 8�����   H�'� 	� ���L�� �D �� ���

 C	!���� %	N.� �� ��L �'�! :N� C	Q� 	� �H.1� �� �	
"!

����� ��5  0��DE���  ��� C���,)5 �4 .( �\�S +�J :!	,

 ��L�)Medial longitudinal arch ( �1	] ��"� �8�

 	/ ^,)Flat foot ( � ��� G, �# ��� ^��I�	��O ���H 

������  G� � �# ^�.2' O'�5 �� �	,��, H�� ��� C	!

 ��S%� I'  �# ��� ���� �.��� �,�� ���/ H�� ��)6 .(

 �".�! 	/ ^, �1	] C�� �\�� ��� � �	,��, � �L��)7 .(

S +�J H�� 	/ ��L� �\�2  	�6 �' B�� �
\	#  ����)8 ( 	� �

%	# 	! C12  	�13  ��/ B'	�� �
\	#'� �", )9 .(  

 �8� BPQ' �1	X �a�� 	� 	/ ^, �1	] B, ��S G�

�� ��2.# ��L� :L�b ��/	J  � �J H�,�� � 	��

 	/ ����5)Forefoot ( �� �����c� d3# G, �# �� !

 	/ ���� �'� ��� . �I�3S �7 � :�� �a�� �%	e' C��

 �/	J �8� BPQ' H�����/ �,�7 �	'� :�01 f�	� G"�	/

 ��G�7�'  ZF5 :!	, � ��� H.1� �� g�	.# ���.�

 ��� �� ! G� � 	/ G� ��� ��� C	!����)10 ( G6�.� �� �

 :�01 	/ G� ��� %	 � +�.#'� ���	 )11 .( +�.# � �	�1

 %	 ����   �.���'� ����  � B]	Q' G�:2� 	! �"�	' ��i	� C

 G5�' %Y.L 	� H.1� �� ��	4� �� � ���� BN."' j	# � ���

��� .������ �D B�\� H� G�  G� � 	/ ^, � ��	.8� ��� C	!

 �� H.1� �� B��8� �� 	/ ^, �1	] �;��#���� 	! C

�# ���� H�NN8' G5�� ���' ����	�'��� .� H� �� k4# H�

 �D ���, l2�' C�� �	��5�� � �	,��, C�� �� �	I\	U'

 �� 	/ ^, �1	]��	!��  � �	.L	# �� ��'K ��� C	!�	�1 �

��Ym� ���� �-  �#��� R�J� ��S G� � ���� n�� �.��#

 �# ����)13 �12( G, C��S G� >#���� 	! �	6� ���I' C

, H.1� �� ����	 "�, B��8� G� �.��� ���� �	,��G.L��/ �� 

)15 �14 �12 .( %	e' C��Twmey � McIntosh 

��	Q� 	! �	,��, �� � ��	.8� ��� ����	 "�, C12-11 

 �� �	
"! %	'�� �	.L	# 	� 	/ ^, � 	/ ^, �1	] �	b� %	#

 ����, �#��� H.1�)12 .(�K 	! ��� �R�N8� H� ��  C	!

��	m1 C	!�.'�	/ � �L�� � ����	 "�,- � %YL �� � ��	'

 � C0�b	� oY.L � ����, GI\	U' H.1� �� ^�.2' B7�'

 G, �".1�� G6�.� � ����, M�0� �� �5�	L :L�b �� 	4"�

 H.1� �� �� ��p �UL B'	� ^UI"' 	/ ^, �1	] ��	�

O'	5 �#��� G� �	�� �"b �! ���	3� �	,��,  � ��J��R �� 

�# C���X.  

 ����.�\ ��\	I1 �#��� � ��� H.1� �� �� �Ym�

:2� 	! G, �# H.1� �� ���"��, GI\	U' �� C���X C

k! � ���� � �"�	' C��Q' �	�YS  �	�.L �� ��Ym� �X	3N�

 Z	2.� �� H�PP2.'B����/ 	!��� � ��	'�� C  ��J ��2�

'� �!� )16 .( �� G, �# ��� �	�� ��� �	6� �	I\	U' �1	]

�	/ ^,  �� �/	J �8� BPQ'G�7�'  g�	.# ��	4.�

)Terminal stance(  ��J H�����/ ��IX� �� �'� ����  �� �

G6�.�  �� �D&' C����/ C�� �	�� ���' ���2.# �	3DG�7�' 

 :!	, H�'� � 	/ ��� ��� �5'� ���	 . ����c� H�

'� ���� ���� B�3J � �����"� �Ym� ��\	I1 :�01 d3#  

� ��� B��S �� n�	� ��q� 	!����� ��\	I1 :!	, � �'�J �

)18 �17.( ��C �%	e' Hunt � Smith �� 06��G  B��8� �

 �H.1� �� �	
"! ��Ym� ��\	I1 ��\	I1 G, ����, M�0�

 ����.� g�\	�3�� G�m� ����.�\)Tibialis anterior ( ��

G�7�'  ��/ :�01 g�	.#'� �", �� >\	7� G,  ��\	I1

+�
�i +�r���/ )Peroneus longus( +�� �",��.#	� �

)Gastrocenemius(  +�r\�# �)Soleus(  ��/ :!	,

'� �", )17 .( oY.L G, ���� ��5� k! ��	I\	U' �B�	N' ��

 �� o	] C	/ ^, 	� ��1 ��Ym� ��\	I1 �� � �45�� B�	J

 M�0� 	/ �I�3S �	.L	# 	� ��1 	� G��	N'����� �� )19.( 

����.�\ ��\	I1 �	�YS � ��	Q.# ��".�'-  �� ��Ym�
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 �� � ���8' k� ��S G� �	,��, H.1� �� B��8� � G�06�

�# n�� �	��� lL ��S G� 	/ ^, �1	] 	� �	,��, ���' .  

����  � ��� �	/ ^, �	�1 O���� C���M�� 	! %��.' C

 ���, l2�' H X G, �# ���5 �������  C	!

 G� ���'	"�� � ����	.# s��� �� � 	/ ���� � �	/ C�	.L	#

 �#��� � , ���] G� H.1� �� �	
"! t�PL'� �", 

)20 .( �	,�7 ��4u d3# ��	/ ^, C	!���� d#	"'	� O����

 �� H���	"� � ��� 	/ �	.L	# �� +�.# %	 � � �I�3S ��v

������ ���� ���� � �� %Y.L � 	/ C	!  �# �D&' �Ym�

)21 .( �	�1 O���� �#��� G� �	N�N8� � �L�� B�\� H� ! G�

 H.1� �� �	
"! 	/ ��	Q.' �	.L	# w�� �� 	/ ^,G.L��/ �� 

)23 �22 .(GI\	U'  G� �	/ ^, �	�1 O���� � �Ym� ��\	I1

 ��	#	"� � 0�\	�K C�� �3#	"' M�� 	4"�	#�	��� 	! �� C

��, �� �;�� G� H.1������� 	� �	,  	/ ^, C	!'� ��	� G��� �

 ��	Q.' ���"��, o�! 	� H�NN8' �	�.L �� C��Q' �	�YS

 ��J'� �!� .M�0� ���5� H� 	�  �� �,�� �	��� C	!

 ��Ym� ���� � 	� B'	I� �� 	/ ^, �	�1 O���� t�PL

������   ��� ��5� 	/ ^, �1	]) ���0� ��� �� �;�� G�

��� ����.(  ��\	I1 C�
\ G��	N' ��X	7 GI\	U' o�!

 � ��	.8� ��� d2."' �Ym����;� 	! ��	/ ^, �	�1 C

 %	'�� ���� 	� ^UI"' 	/ ^, �1	] �	b� ��5�� ���/

��� H.1� �� �	
"!.  

  

 � ������ ��  

 ��I� ��X	7 ���6� G3� R�N8� ��24  ��/)12-10 %	# (

 B'	�12  � ^UI"' 	/ ^, �1	] �	b� �Q�12  �	.L	# 	� �Q�

:�� H�� � 	/ �I�3S  %� � �	.��� k6"/ ��/ ���'K

����, �,�� R�N8� H� �� � Z	2.� �� ! �4� ��	 "!� .

 �H��\� � +��' 	� �
"!	 ! 	� gx#���'�K� 	!  �	6� C��

G"�	I' :�	'�K � 	! �	�'��� ��	N�N8� �	
��	'�K G� 	! ��� V�

���� ���� 	"�# ����� �	
��� ��	.8� . G��,���'�K� 	! 

 ���' �/����0�1 lP2.' s#�� �GI\	U' �� �,�� � :�/

�".1�� ��J G"�	I' � ��	��� . H.��� �GI\	U' G� ���� s���

 ��	.8� ��� �� �7�5 B � GN�	# �V��	'��� d�#K G��� �!

� 	� ��	.8� ��� %�S oY.L � ��� ����/��� �	7 �����

)24 �13 .( � V� y�!���'�K� 	!  	� �Q, � ��	Q.# GN�	#

 � H.1� �� C�� � �".��� �3S :Q,!�y  G��� #��G�   �� ,

 ��	Q.# �� ����, . � ��	Q.# 	� 	/ ^, �	.L	#M�� 	! w	Q�� C

 ��	.�� ��IX� �� H�'� zU# 	� �i����	� ��2.# �
.�5��

� G����� ��"  	/ +�J lL	� � ����	.# C)Arch index (

���� C�� H.1� �� ��IX� ��  ���'	"�� C���)26 �25 (

 �� ��	Q.#) %��51 .( �7	�' �3�� � �	/ +�J lL	�

 �� 	/ �	.�
� � ��v G� 	/ ^, �	 � �7	�' G� 	/ ��	�' :2�

 	/ ^, :N� C��)	/ H�# �	
.#� � ��� �3D (3#	8' G

 �����) B��1{b � # �.(  

  

���� 1 .�	
� ���� ��� �	�� ������� ��  

��	����  ��	 ��  

�� �� ���   �!�"# ��� ��  

 ��)���(  04/0 ± 03/11  63/0 ± 5/11  

 ��)� !�� � "(  42/3 ± 66/143  83/5 ± 25/144  

 $�%)$�&'()*(  80/6 ± 75/38  39/4 ± 2/36  

 ,�- .�'	 /0�1)BMI(  88/2 ± 72/17  27/2 ± 45/17  

 �2'3�4�! 5�6	�7)�()" � "(*  2/3 ± 9/32  4/2 ± 1/43  

 �� 9'� /0�1)�3)"�:��(*  03/0 ± 30/0  02/0 ± 22/0  

BMI: Body mass index 
* "I'� ��C �� zU# 05/0  

  

 �1����	'��.�\)Electromyography �	 EMG( 

 �	
.#� 	� �Ym� �8U#16  G\	�	,ME6000 

)Biomonitor ME6000 T16, Mega Electronics Ltd., 

Kuopio, Finland (�� �	6� ��Y"1 ���, �L	# . H� ��

 �#� C	/ GI\	U'���'�K� 	!  ���� C	/ G,�K 	!  ���' ����

�1�� ��J GI\	U' . �3D ��q"' G�#�%	"
 	! C

 � ������ �q� ���' B8' ��� C	!�' �.� ��1����	'��.�\

 � G3"/ 	� �#�/ 0� � �3S B�\�� . C	!���.�\ gx#

� ��"3�b � �8U#V �	�  o�P'Ag-Agcl  %a C�	7 G,

 � �#�/ ����.�\ �'�	N' :!	, ��q"' G� ������ 	�	#�

 %	N.��	#K �� g\	x �  �Ym� C�� �� ����.�\ C	!

 �+�� �",��.#	� G�m� ��L� � �5�	L :2� B'	� d2."'
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	�3�� � +�
�i +�r���/ �+�r\�# �#� C	/ ����.� g�\

)���� C	/ ( ��	/�� B����/ +	# ��SENIAM  dP�

 ����� )27 .( 	!���.�\ �Q"' � �3e' dUJ �� H�� G�]	1

)0,�' 	� 0,�' G�]	1 (20 '��� �.' �� Z	2.�.  %	P� ���.�\

�1�� ��J �� ���� �
.�5�� C�� H�'� G� . � 	!���.�\

B�	, ���� ��	D �#�/ C�� �� 	!  ����'�K �,�7 �� 	�

�"�� �	6� %Y.L .#�%	"
 	! CEMG  g�	,�1 	� �8U#

G�� �  C����1000 O 5 0��!  V� � ��	Q.# 	� � ����� C��K

 �.��1'��	 �F� 450-8 �� ��� ��3� 0��!.  y�}�# ��� ��

C�	�1  ����� G� +	�7 H�� BPQ' �� ��	/ ^, zU# C��

 G"�	/ �Q�L zU# � ��� �.�
����'�K� 	!  �3D ��q"' G�

GP2�'  �H.1� �� B��# ��	'� C	! �5 � ���L�� �	'� �"I�

0�� � H�'� � G"�	/ ���  ���, l2�' C��G�7�' 

�� dP� g�	.#.  M�� 	� �1����	'��.�\ �	L �	�YS

�I��' G��� H�
�	�' )Root mean square �	 RMS (

����� B��8�.  G"'�EMG  H�7 ����'�K �! H.1� ��

G"!��	/  G"!�� C	/ 	� O��# H.1� �� g�	.# �	1 G� �3��

%	'�� M��L �� C�	# . G, ���] H� G�RMS  �� H.1� ��

��� �� g�	.# ^�.2' C	!�	1  H.1� �� �	1 �! G�	�' C	!

 �� � k��N� O��#100  �� Z�X)%MVC 	�  

Maximal voluntary contraction.(  M�� H�

%	'�� � C�	#G"���� �� M�� � ��� ����'	"��  �3.I' C	!

%	'�� C�� ��� C�	#  C	!EMG  �� B��8� � G�06� ��

 �# H.1�)28 .(  

 	/ H�# k.��# �)RS-Scan(  V�;�� ���, �L	#

���� C��  �� 	/ ^, �	�1 �3D � C���IX��� 	! � ��	.�� C

�� ��	Q.# H.1� �� . �	I� C�� ��	
.#�100 × 40 

�.�	#  ��I� 	� �.'8192 G�� � g�	,�1 � �
�7  C���253 

 0��!'� ��	� .��� 	� �	�1 O���� ���0� �"�C 	! G.1� �	, G� C

 l2�''� ��� . �	�� 0'�J ��	�1 H��. , ��"�	 � ��K ���

 �	�� � �	�1 ��5� ��� �	�# ��� � �	�1 H���i	� ��"!�

'� �!� ) B��1Z � �J ��#� � # � .(0�' ^, �	�1 �

 �� �� ��	/7	��G  �	/ ��� B'	� �	�1 G� +	�7 ���'��	�K

%	#�	�	.' �# �k6"/ 	� ��� �	.�
�  G�7	� �k6"/ 	� %� C	!

 �5�	L � ��L� �7�� � 	/ ��	�'G"�	/   �	
.#� s#�� 	/

 l2�''� ��� ) B��1^\ � �J ��#� � # �.(   

���'�K� 	!  �"b �:�	'�K B7�' 	� ��	"�K � R�	U� C��

����, �S ���	'�K ��S G� � H.1� �� ���' �	� . ��q"' G�

 �3D���;� 	! ��	.8� ��� ��Ym� ��\	I1 � 	/ ^, �	�1 C

 ���] ��'�K �� H.1� �� �	
"!���'�K� 	!  ���'10  � C�.'

 ��	2.���L ���# � G"!�� C	/ 	�)29 (�� G� �	� G# �S ��

 	/ ^, �	�1 �3D G8Q] C�� � �#� C	/ 	� G, ����,

)	/ H�# (�"�	 � ��3� . G� �	L �	�YS B��8� � G�06� C��

��� � ��'K �#�  �01Mega Win 3.0.1 ����� ��	Q.# .

 � �	�1 �� w�J� ��	'� �]�� ���	/ ^, �	�1 �0�' �e,�7

 ��"� G� 	/ �	�1 0,�' ����c����;� 	!C  ���' 	/ ^, �	�1

�1�� ��J �#��� .B��8� � G�06�  C�	'K C	!��� 	!  	�

 ��'�KIndependent t �"I' zU# ��  C��05/0 �� �	6�.  
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 ��� %	N.�)Loading response ( 	/ �I�3S �	.L	# 	� ��1 ��
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�"I' ��S  ��� �.��� �I�3S C	/ 	� ���� �� C��)001/0  =P( >

 ��\	7� G,  ��G�7�'  g�	.# ��	4.�)30  	�50  B��# �]��

H.1� �� ( ��� �.��� 	/ ^, �1	] �	b� �	,��, �� G�m� ��\	I1

)048/0  =P( �	 � �� +�r\�# G�m� �.��� ��\	I1 ��5� 	� 	' �

 �q� � oY.L �R�N8� H� �� H.1� �� ��� �#��� B7�'

�"I' �I�3S C	/ ���� �	,��, �� C�	'K ��3� �� . ���� � ��

 �� ���� �� �� 0�� +�
�i +�r���/ G�m�G�7�'  ��� � g�	.#

�"I' oY.L �K B7�' ����
� ��!	�' C�� .� �	 ! ��	4� �

 ��� � �� G, ��S5  ��!	�''� ����"I' :!	, �  �� C��

 C	4.� ���� %	N.� B7�' �� ����.� g�\	�3�� G�m� ��\	I1

 �"��# �	1 C�.� �g�	.#)Preswing ( �	#�� 	�)50  	�60 

H.1� �� B��# �]�� ( ��	.�� 	� g�	.# �	1 B, �) w� 6'

G�7�' �	4b (	b� �	,��, �� C	/ ���� G� �3�� 	/ ^, �1	] �

 �� ���� �I�3S)d���� G� :023/0  =P �041/0  =P �  

025/0  =P  �007/0  =P.(  

  

  
,(��-� 1 .�:��0; '�!��* 	�%'(�%� )���	� ��+� ��& (>?
 @�(�� 0@AB C��	�+��-�6� ,� 0@/	� D���+( � ��$/(	�	 E� 
�F �� ��	 :92�G  

MVC: Maximal voluntary contraction 
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MVC: Maximal voluntary contraction 
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0@/	� G�:92 ��	 �� F�
 E� $/(	�	�� � D���+(  

MVC: Maximal voluntary contraction 
  

  
 ,(��-�4 . �%�	�%'( *�'�!� 0;��:�)���	� ��& ���+ ( ,� 6�L�M 6�I��	� 0@AB0@/	�  G�:92 ��	 �� F�
 E� $/(	�	�� � D���+(  

MVC: Maximal voluntary contraction 
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MVC: Maximal voluntary contraction 
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 k6"/ 	� ��� �	.�
� �)032/0  =P( �

P ( ��# �)031/0  =P( �7	��G 

 G"�	/ ��L� � �J �)044/0  =P (
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 ��� �7 ^, ^�.2' �7�� H�� �� � �	�1 �� w�J� �	'� �

 �	�� 	/'� �!� . ���� G, ��S �	 !

�"I' oY.L G"�	/ ��L�

 �	b� ���� �� �	�1 �� G� ���#� Gq8\ G"�	/ ��L� G�7	� ��

 	/ ^, �1	])13

)18 g�	.# �	1 �]��

 �/(�� ,� 	S�(�/ ,�3� 0;��:��� 0��  ,� �� ��0@/	�   G�:92 ��	 �� ,� F��, �(, D���+(

*;& *3L�(    5 -2T :QRC� �2 W�� E��3L�(    1M 

 :�� 0����    HM :0C&�� �@�(� *-;7    
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 ��� �8  �S � �	�1 0,�' ����c�G�7�'  � g�	.#

 �	�� �K B7�'���'� �!� .G�� ���	N'  ��� ��� G� �3��

%	#�	�	.' �# H�� G�]	1 �"I� 	/  %� C	!k6"/ � %	'��  C�	#

�# ��� . 	� �	�1 0,�' ��L� �,�7 o�I' �3e' ���	N'

 G� �	�1 0,�' �,�7 ��"!� �	�� �Q"' ���	N' � 	/ H�����/

�# 	/ H��"�/�# 	� 	/ ��	L � # . 0,�' ��	6�	5 �0�'

 B7�' �� ���� �� H�� �	�1 ��� %	N.�)011/0 =P( �

 g�	.#��')015/0  =P ( B, �G�7�'   g�	.#)050/0  =P (

�"I' ��� C��.  
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 ��� �Ym� ��\	I1 ����c� ��5� �
�	�� GI\	U' H� ��	.�

 � ��	.8����;� 	! �� H.1� �� �	
"! ��	/ ^, �	�1 O���� C

 	� G��	N' �� 	/ ^, �1	] �	b� ��1���'�K� 	!  C	/ �	.L	# 	�

��� %	'�� . G�	��5 :2� �� �� ���	.� �.4� �#��� ��q"' G�

 � ��Ym� ��\	I1 B'	����;� 	! C�� �� ��	/ ^, �	�1 C

�G.1	 	!  f8�'� ��� .  

4���	 ������ ��5��"5	 6���  

G.1	� � �J � +�r\�# G�m� ��\	I1 :!	, R�N8� H� C	! 

 G� �3�� o	] C	/ 	� ��1 �� � +�� �",��.#	� �5�	L

�"I' ��	Q� H� Gb �� ��� �	�� �I�3S C	/ ��3� �� . H�

 ��� ��� M�0� 0�� H� � :�/ ��	.�)18 .( �' H� B�\�

'� ����  �����1 �	."�/ �Ym� ^IX G� ����') � +�r\�#

+�� �",��.#	� (� �� � 	/ ^, �1	] ������ �� G6�.

 �. , ��\	I1�K 	! ��	� . � ����c� ��5� ��	� H�"� !

��	Q� 	! G� �	�Y.3' ��	.8� ��� B]	Q' ����	 "�, C

 �Ym� H� ���� � 	/ �I�3S �	.L	# G� �3�� 	/ ^, �1	]
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 ���c� �	b� 	/ ^, �1	] 	� s3��' ��	.8�'� ��� )30 .( ��

�"I' ��\	I1 :�01 +�� �",��.#	� G�m� ��L� :2� �� 
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 G� V , ���L� �\�S +�J G� �3�� G�m� C	!�	� �45

/ ^, �1	] �	b� ��1 �� H�'� � G"�	/ ��� �"����	� 	 .  

G.1	�  G�m� ����.�\ ��\	I1 G, �� �	�� R�N8� H� C	!

 B7�'��� � V� y�! � g�	.# �	1 B, �� +�
�i +�r���/

 oY.L C�	'K �	8\ � H.1� �� �	
"! ���� �� H�� ��K

�"I' �� ��5� C���� . ���� �g�	.# ��	4.� :2� �� G.3\

��� �	�� � C�. , ��\	I1 o	] C	/  B7�' �� 	'

 �	b� ���� �� C�.��� ��\	I1 �.7 ��� %	N.� � g�	.#��'

 �	1Y.L 	' ��� ���� �I�3S C	/ ���� G� �3�� 	/ ^, �1	]

�"I' ��3� �� . �	b� �	,��, �� G, �4�	�' R�N8� Gb ��

 	� �\� ���� ���� ��	� ���, �#��� � G�m� H� 	/ ^, �1	]

G.1	� �	6� �	N�N8� C	!  %	���0� ��1 H�� H���/ G.1��

���� ���� ! . �%	e' ��"� G�Hunt  �Smith  �	4"��/

 ����	 "�, �	�� ���' R�	U� �	/ ^, �1	] �	b� ��1 G, ����,

 ��5� G� ��Ym� ��35 R��S � �I�3S C	/ 	� G��	N' �� �

'� ����K )17.( Murley  ��\	I1 G, ����, M�0� ��	� ! �

��/ G�m� ��S G� 	/ ^, �1	] �	b� ��1 �� +�
�i +�r�

�"I'  �# 	/ �I�3S �	.L	# 	� ��1 � �. , C��)18 .(�K 	! 

Z	# ����� G, +�
�i +�r���/ G�m� G, ����, �	��  �i	�

 Z��8''� ���  B � OJ� �� ��L ��\	I1 ���, k, 	� ��	�

 �	6� 	/ ��L� +�J G� �	�1 :!	, C�� ���35'� �!� . H�

 �q� G� �NU"' %i�.#'� �#� � �' H� ��� %	 .7 G, �b >

 	/ ^, �1	] �	b� ��1 �� ����	�'��� �q�.��G6   ���� �

 g���� +�r���/ �� ! G� +�
�i +�r���/ G�m�

)Peroneus brevis(  g�\	�3�� G�m� B � %�.", � G3�v C��

 ����.#�/ -��� C�����"� :N� G, -  �� H���1 �	."�/ �	6�

��	� 	/ ^, ��L� :L�b ���� .  

 �	N�N8� 	� �X	7 GI\	U' ��	.� R�	U� ��� %	7 �! G�

 C	!�
\ ��	� ! ��� B�\� G� �# H� ' ��� ��	�

��	� �i	���0� 	� �	,��, ���."�, � ����	 "�, . G.3\

 �� �.,�7 �iY.L.��G6   � ��	.8� ��� B]	Q' ����c�

 � ��	3��q� ��� ��� .Twmey �  � �,�� ��	Q� ���	� !

 �	,��, ���� H�� H.1� �� ����	 "�, �#��� ��12-11 

%	# �	b� 1	]� ^, 	/ �� 	N'�� M�0� %	'�� ���� 	� G

����, .�"I' ��	Q� 	4"�  C�# � G, ���K 	!  ��� �	��

� �5�	L �.��� :L�b ��� 	/ ^, �1	] �	b� �	,��, �� �

)1 .( �5�	L :L�b H� ! ��	��.��0�  �	b� ���� �� ��

 ��� f�	� 	/ ^, �1	]:!	, ���� � +�r���/ +�
�i 

�� 	N'�G� 	� N8��R Murley  G, �b >��	� ��	� ! �GU��  

 	� �� �5�	L :L�b���G  Q �.��0�  M�0� H� � :�/

 �# ���)33 �32 .( +�J C�� �� �	�1 C�7 	� �0��	�' H�

�' k, � �\�S  � �",��	"��H  ���35 ���� � G� �	��

���� ��L ��\	I1 :!	, R��S � +�
�i +�r���/.  

 �	q.� G, ��S �	 !'� �1� �� �R�N8� H�  B�	J :!	,

 ��\	I1 G5��G�m�   ^, �1	] �	b� �	,��, ����.� g�\	�3��

���� B7�' G��, �� 	/  G� �3�� H.1� �� �	
"! ��� C���

 �� 	4"� oY.L H� G, �� ��!	�' �I�3S C	/ ����G�7�'  

�"I' C�	'K �q� � g�	.#��'  ��3� ��) ��� �2 .(Shih  �

 ��	.8� ��� ����	 "�, �	�YS ���	� !20  	� n��,

] � 	/ ^, �1	10  H.1� �� �	
"! � �I�3S C	/ 	� �Q�

����, �#��� .�K 	!  �� G"�	/ �a�� ���� G, ����, M�0�

 �! 	' ���� �.��� 	/ ^, �1	] �	b� ���� �� ��	.�� ��IX�

 oY.L � �".�� C�	�� �a�� H.1� �� �	
"! ���� ��

�"I'  ��� ���� C��)13 .(� G6�.� H� ! G.3\ GI\	U' �

Hunt  �Smith )17 ( ���] �i	���0� �"# ���� �� G,

 C�# � H�"� ! � �1��Twmey ��	� ! � )1 ( 0�\	�K ��

�� M�0� �	,��, H.1� �� . B�	N' �� G.3\Levinger  �

 ��	� !��  � �.��� �a�� ��5� %	���0� ��1 ��� �#���

 ���� � G�� 	/ ^, �1	] �	b� ���� ��)34( .  

Shih  H� B�\� ���	� ! ��J	"� 	!  �� oY.L ��5� �

����  H# �� oY.L B'	� ����	 "�, �	�YS �3D � C���

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

 � �
%@� /,A�+2 !8 �� H  �2�I !1��)3�� �� �)�� H  ���2 B  �5�8�?,8 /X" 6���;�� � 

 

 
���	
�� ���� �� �����/ ���8/ �����8 / �� !" #$%�&� '(�
 ��)�1391 1337 

  

www.mui.ac.ir 

���'�K� 	! O 5 C�� G.1� �	, G� C�,�	' %�' �  C��K

 C�,�	' %�' �# V� � G, �b >�".��� ����	 "�, �	�YS

� C�# � � �# ���� ^��I� �	,��, C�� �3.I' ��5� �
�

 �� ��� �#�/ �,�7 � ��	� �	�YS �3D �� ��p C	UL

k, �.,�7 G"'� 	� B]	Q'  �a��"� � �a�� �	,�7 ��q�

 G"�	/'� ���� �", ���8' � ��	.� .��	"��H ��5� ��J	"� � 	! 

���8'�� 	! 	� s3��' R�N8� �	��� �� ��5�' C���;� 	! C

 ���I' �	I\	U' � �# V� � �	,��, H.1� �� ����	 "�,

 C�
\ 	� �# ��� d3# �
�� C�# � ���7 H� �� ��5�'

 �	,��, �� ��	.8� ��� ��Ym� ��\	I1 � C�3.I' � R�J�

 	� � R�N8� H� ��	.� G, ��	3� +�.#� �� H.1� �� �	
"!

��, G��	N' �K . �"b �!Vittore I1 ���	� ! � G�m� ��\	

 �	,��, �� � ����.� g�\	�3��15-10  �1	] G� Y.3' G\	#

 �� ^UI"' 	/ ^,IX��� 	! � ��	.�� Cj	S �	�  �	,��, 	�

 G�� � �X	7 R�N8� G�	�' ��	.� � ����, G��	N' �I�3S C	/

 ����)35 .(�K 	!  ^, �1	] ��� Gb �! G, ����, M�0�

 �.��� 	/'� �����.�\ ��\	I1 � k! ����.� g�\	�3�� ��

 :!	, �K 	� d#	".''� ���	  ����' �' H� ��� %	 .7 G,

��	� �	,��, C	/ ^, �1	] ���a�\��	/ ��;�� G� . �q"' �

 ��	� ��	I\	U' �L�� C�# � ��� G�� ��	.� G5�� 	� �
��

 �� ����.� g�\	�3�� G�m� �.��� ��\	I1 G, �# ���

 ^, �1	] G� �	�Y.3' G�m� H� ���35 ��\	I1 G� ��	� 	/

Z	# BPQ' �� �"�����/ ��	.�� :!	, C��  C	/ �� �i	�

 ��	� o	])31 �25 .(H� z�X��  �� �	I\	U' H� �e, G,

 %	 .7 �
�� C�# � � �# G.1�� �	6� �i	���0� ��I 5

 H� C�J �����"� ��"� G� ����.#�/ g�\	�3�� G�m� ���

�4� � GQ�u��  g�\	�3�� C�����"� :N� G, �b >��� ��

 V , �a��"� G� ��	'� �.��� � �# �. , ����.�'� �",  G,

��	� ��� B�	 .' �a��"� G� 	/ . �� �q� H� �	3D G.3\

 ��� ����.#�/ g�\	�3�� G�m� ��\	I1 �#��� G� �	�� �	,��,

�K ��\	I1 �X	7 GI\	U' �� G�m� ���� �N � ��� G� G, 

���� ��� C���.  

4���	 8�"9 ��&� �� ��	"  

 �� k��N� ���� 	� ���� G, �	�1 +	�N' 	� 	/ �� ��� ��� �	�  

 ^�]�� ��# zU#'� ��� . G, ��	/ ^, zU# �	 � �"b �!

 ��J �	�1 ��I' �� ��� +	 � H�'� 	�'� ���� C�
\ 	' �

 G, �# ��� �	�� %	'�� �	.L	# 	� 	/ ^, �� ��� %	 � �	�1

 G"�	/ �� H�'� 	� +	 � �	
"! C�� � �	�1 � �	� H��.���

 %	 �'� ��� . �# G"�	/ � g/��2.# 	! %	#�	�	.' C G�

t�PL  ��J C�I� G3��' �� ��� %	#�	�	.''� ���� . �	�' ��

��i	� ��� ��
� ��	.�
� B 8� � �	�1 H�'� �", )36 .(

 �	�� ���	/ ^, �	�1 O���� C�� �� ��� �	6� �	I\	U'��� �� 

 ��v ���, l2�' C�� �3#	"' M�� 	/ ^, �	�1 �#��� G,

 �# H.1� �� C�
\ ���� �I�3S)40 -38 �36 �23 .(  

 �� ��	/ ^, �	�1 O���� G, �� ��!	�' R�N8� H� ��

� �� �	
"! ���� �� �! G, ��� �4�	�' �3�� G� C�
\ H.1

 ��� V��0� �	N�N8� �L�� C�# � ��� G�� ��	.� 	�)41( �

 %	'�� ���� 	� G��	N' �� 	/ ^, �1	] �	b� ���� ��1 Gb ��

����� C�.��� �	�1 C�� ���	/ ^, �#��� ���' �7�� �� .

 ���� ��
� �7�� �� 	4"� ��� ��� �	�1 �e,�7 G.3\

�
�%	#�	�	.' �k6"/ 	� ��� �	.  � 	/ G�	�' ���# � ���

�"I' ��S G� C�	'K �q� � G"�	/ ��L� � �J  �� ��G�7�' 

��� �.��� 	/ ^, �1	] �	b� ���� �� H.1� �� g�	.# . G.3\

 0,� .' �	,��, H.1� �� C�� �� �	I\	U' H� � � , :2�

 �"'�	�� � �# ���#���� 	! �.��� C� J��R �� �' ��	� .  

Han � ��	� ! ��	/ ^, �	�1 �	�YS �19 �Q� G, �� 

�� ���� �	b� 1	]� ^, 	/ )1/22 %	# (� ^, 	/C 3S�I� 

)6/20 %	# (	5C ���� � O 5 ��K ���� � C)24 .(�K 	! 

 � k6"/ � ��� ��
� �7�� �� � �	�1 :�01

%	#�	�	.'  �����, ��!	�' o	] C	/ 	� ��1 ��# � ��� C	!

�"I' C�	'K �q� � oY.L �\� ��3� �� . � G"�	/ �7�� ��

%	#�	�	.' �"I' :!	, k6"/ � ��	4b C	!  C	/ ���� �� C��

�� ���� %	'�� ���� 	� G��	N' �� o	] .G.1	�  C	! R�N8�

 ��	.� � �L�� 	� �X	7Han  	� �\� �"!	 ! ��	� ! �

 �
�� �L��)	/ G�	�' � G"�	/ �7�� �� �;�� G� (���� �N�	U' .

 	/ ^, �1	] G� Y.3' ��1 �� �	�1 �� w�J� ��	'� �]��

 ����� %	'�� ��1 G� �3�� G"�	/ ��L� � �J �� sN1

�� ��	7 .0,�' ����c� �0�' ��Y� G�  ���� �� H�� �	�1  

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

 � �
%@� /,A�+2 !8 �� H  �2�I !1��)3�� �� �)�� H  ���2 B  �5�8�?,8 /X" 6���;�� � 

  

1338   ���� �� ��������	
��/ ���8/ �����8 / �� !" #$%�&� '(�
 ��)�1391  

  

www.mui.ac.ir 

�"I' ��	Q� �� �	�� � C��.   
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The effect of flat foot on lower limb muscles activity pattern and plantar 
pressure characteristics during walking 
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Abstract 
 

Introduction: The effect of abnormal foot structure on dynamic function in lower extremity, particularly 
among children and adolescents has yet received little attention. The purpose of this study was to 
determine the electromyographic (EMG) activation patterns of selected lower limb muscles and plantar 
pressure characteristics during gait in teenage boys with normal and flat foot deformity. 

Materials and Methods: Twelve subjects with flat foot and twelve with normal foot defined by arch 
index method participated in this study. Surface electromyographic activity of selected lower limb muscles 
for tibialis anterior, peroneus longus, soleus, medial and lateral gastrocnemius were recorded. Plantar 
pressure characteristics were measured at their self-selected walking speed along a 10 m walkway. 
Independent t-test was used for statistical analyses. 

Results: EMG of medial and lateral gastrocnemius muscles were significantly greater in individuals with 
normal foot compared with flat foot group during loading response phase (P = 0.001) While medial 
gastrocnemius showed a decreased activation in terminal stance phase (P = 0.048). Peak pressure under 
foot regions including hallux and other toes, head of 2nd and 3th metatarsals and medial part of heel was 
greater in pes planus group. Center of pressure displacement was different between two groups during 
loading response, mid stance, and stance phase (P = 0.011, P = 0.015, and P = 0.050, respectively). 

Conclusion: Abnormal foot posture could change the lower limb muscle activity and plantar pressure 
parameters during gait. The results of this study suggest that further studies can focus on the effects of foot 
abnormality on dynamic function in lower extremity to understand the underlying mechanisms and also 
set the suitable treatment manner. 

Keywords: Flat foot; Gait; Electromyography; Plantar pressure 
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