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M��>�F�� �	%��� M�F-  � NO� ��4�� �� ���%A& � ��-P&

�� ���Q� .�	%��� M��>�F�� �G�" �-  #���� �� ��-P&

 ����� �R�� �N� ���"� " ?	
� ��� ���%A& � �� ���	B�  

)2 01 .( E'�S M�� T'�� � �	
��)Pronated foot(  �� ���

M��>�F�� �� �� !�� ���	B� #���� M�F  � �� ����$& ���$�

UF 0��� �	��� ���AF ���S  �� @ � + �, +V$� ��  �$�  

)5-3 .(!B� TXR� �� M��>�F�� ?�� �� Y� ���Z  �� " �F�

�� T'�� � �� [� �,  �'�S)6 ( ����	
� ]-	'� ��@ � "

��, M"�����$  �� E  M��>�F�� ?�� �� �F10 �% �  �	�

��  ���)7( . /-P& �F��$� �� U��_�� ����� �%��$&

`���  ab� " ��!��� 0�%b� " $%Z "� /-P&  0����Z ��

a� @�� /-P& " !4� ���� ����� U'  ���� ?�� ��

 " �%'�� ��$; 1$Z ��� ]�. c&� " ���� �$V" M��>�F��

� � M"� E�� E��@
��� ���� a� #  ����)8( ? �eAF 0

 �����'�S /-P& ab� M��>�F�� ?�� �� �� !�� ��� ��f

 ���� �$V" ��� �V��')9 ( E'�S M�� M��>�F�� � �>�� "

�� T'�� � �	
�� ����.  

�
�; �� �	
�� ���� ��F"G� M�F  ��  �� �� �F�

 �%'�� E'�S ��� 0T'�� � �	
�� E'�S M�� M��>�F��

�� �� � � ��)12-10( ?�� ?A�  � �� ?� �"�� E��@
� ��

 ���AF ��� ��$C	�� �%'�� E'�S E��@
� � ����DV /�$.

 !��)13 012( E��@
� �� !�� ?�� � �� �& �(�� M$� �� 0

!�� ?�A� ��� TXR� /��Z  5�	4�� � ��� �
��� /����

 ��$� �$�F �� 1�$4��� " 5�	�"�
 /�BR. �� ���	B� #����

�Z ���� EF�� �� !�� �	
�(� ��  �F�)14( �� ? �eAF 0

����  ��� TXR� /���� �� !�� ��� ���� ���� �F

U2�  �R%' M�� !��� �� ����� !��� T��& ?���

)Rearfoot (��  ���)15 .(�	
�� � =$�$� ?��  �� ���F

�	��� ��2h�  5�A�@�"�� !A4Z �� ���	B� #���� �� Mi��� ���

4Z � " �	
�� O����� �� � 5��	�� 5�	4�� !A  @ � 0���

�� !��A�  T.�R� j ��A� � �� !�� ?�� � �� �& " �$�

 ��Q��N� 5�	4�� T.�R� j ��A� � � !�� ?�A� 5�A�@�"��

 ���)16 .( /�$. ��� TXR� �� �� ������ !� �� ��

��  /���� �� ����� !����� �N6� T��$& �%AV �� �� �

���	B� #���� 5�	4�� !A4Z )�� [� (��  ���)15.( 

<"� �� ���  � �	
�� E'�S M�� M��>�F�� k-.� M�F

����� �� ���R	�� 0T'��  /-P& !�$�� " ����A� M�F

�� ��$� � J���  /-P& !�$�� 0!�� ��� ���� ���� �� M�

 �� [� � ���)17 ( T'�� � �	
�� E'�S M�� k-.� � �>��

�� �f �� ��$� ��AF ��" 0�����	
�� ����� �  ��F"G� M�F

���� ����  ���$� �� �� ��A� � /��  l� !�� ?�A� �� ���

 ���	B� #���� 5�A�@�"��)��� ( �� �� ��A� � /��  l� � �>��

 ��$� ���	B� #���� 5�	4�� � ���)16( � ��� �	Z" �� ��S J

 j� !��� ��� ��� !�N ���V � ���	B� #���� 5�	4��

EC �(�� � EC �� �N� !��� �� >�� M�F  ���Q�)18 ( �

 ��$A� �$;' #� ��� " �����AF ���� ��f  !�$�� �� ���

 /��  l� � �>�� ��� �V��' �����'�S " �$	���� /-P&

�� ���	B� #���� 5�	4�� � ��� �� �� ��A� �  ����)19 .( ��

 �� �B�Synder " E� �� m� @ � �����AF  ?��A� �	RF

� �	�"���  /-P& /����A� �	��� �	4 �� >�� �� ���R	��

 EF�� � T��A� ��� �%'�� E'�S �� ���$A� ��F��� ���

 M�� !�� ��"�� ��" 0!���)Rearfoot angle (�,  � �F

��b� 0EF�� �$V"  !�� �����(� ���)14( . ?�� �� ?�����

� ����A� T��"�� n �B�  " �$	���� /-P& /��Z �b�$�

 /��Z E��@
� n��; �� �� �� @��A	� ��� �V��' �����'�S

 5�A�@�"�� � ��� �� �� ��A� � /��  l� � NO� 0�$�Q� /-P&

� k-.� � �� ���	B� #���� � �	
�� E'�S M�� M��>�F�

 T'��� ��!�� ���	B� #���� 5�	4�� � ��� � ���� ����.  

  

 � ������ ��  

%'��� ���� ��>� �A � �b��o�� �$ �b " TDZ =$� �� " M� .

 �b��V�� n �B�  �����18  ��25  ��(�� j� � �� ����

 TZ��� /�� � " ���$ ���� �bV��� ���2� p�q �� ����"

 T ��� 0��	��� �� ��(�� �� ����" ! ��b
 5�� j�

�� �$ �$�Q� ���� @ � /����A� M��V� TB� " ����� . <"�

� !��� M�� �b��o� #�>���, " �� ���� r �$� ������  �F

 #�
 T��� �F��, �!���� ���� ���$A� T A�� ��. �, �  �F
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�; ��� A���� �� ' ��o�, M� 2� �� �F��� �A� ���  "� �

$� �"� /�$.Sj �� T��� ?��� ���$�� ��  ���� n �B�

�"��.  m_�30  �%DZ /�� �B� 1��� � ���$��,)14] ( ?�

07/2 ± 63/21  ��" 05��62/7 ± 93/71 �Z 0#��$% � 

52/7 ± 33/177 �	���  ��� ��$� u'�� " �	�)BMI  ��

Body mass index (99/0 ± 81/22 #��$% �/�	�v�� [�� 

 �� �	�  M"�� ��$C	�� ����	
� M����10 �% �  � ���$ �	�

 � " ������� n �B� ?�� ���" " ��� p�C	�� ��A
�F /�$.

� /�$. �"�� "� �� �
��X15 ��	
�� ���Z M�R� . �"�� j�

 �� �F�� �"�� ��$�& � �"�� j� " ��>� �"�� ��$�& �

���� �	
�� �x� .���$��, 0E��@� ��  �� ����V ���� �F

 ��� ��$� u'�� " ��	���� M@	���� M$��� " ���	B� #����

 ?  ���,20  ��25 �$ .���$��, ��� M��  p�$V � �F ?�� �

�� ��� y$� � �� #��� � �� 5�6� ����� uC�� 0����.  

��  <"� �� ���R	�� � M"�� ����	
� �$��,Brody )7 (

������ M��  ���R	�� T'�� � �	
�� E'�S M�� M� �

����� . ������ " �D	b� �� � %� ������ 0M"�� ����	
� ������

 ����� ���� �� T'�� � �	
�� E'�S M�� ��)23 -20 (

McPoil " Cornwall �� M"�� ����	
� <"� ������   

98 -94 ��$A� ��f �.��  ���)24(. �b��o� ��  ������, M�

 M"� �15 ������ ������ 0���$��,  M"�� =�R��� M� �  

)78/0 ) = Intraclass correlation coefficient (ICC [ "

 M"�� ����	
�)71/0  =ICC (��� ���� �� �$' {��	� . �� ��	�

 M�� 0�	4�� ����. M"� ��F� M�� � �� �� �	��$' ���$��,

�	C� M"� �� �$' �	��� ?���S =�R��� � M�  � J�F� ���Z �	�

 $��� " ��� ��"�� �� M�$;90 ��� �V�� . �� ��� TXR�

!��� ���Z ��$Ab� !��� . #�� �V��' " �%'�� !A� �(�$��,

)�%Z ( �� [�)Ankle dome ( " !4� !�(�� �� ���� �� ��

`��� ��$C	�� ����Z EC �� ����� !�(��  EC " ��

�� ���� ���Z �%'�� `�$Z ���	B� �� mA� 0�� ��� . ���$��,

�� ?��"� " ?��$��� !��� �� [� � �����  �� ���

����,�  ���Z ��4�� =�R��� �� ��	�(�� ��� �� ���$C	�� M�F

�� ��� ?|Ao� �(�$��, " � !B� TXR� �� !��  �� ���Z

���� ���Z ��$Ab� !��� . �� �� M"�� ��$C	�� ����,� m_�

!�-& " uC�� 0���� ���Z �%'�� `�$Z $%V " ���  M��Q�

 �� . �� M"�� ��$C	�� �(	4V� �%.�
 m �$� �� ���R	�� �

�% � ���" �� �	C� ro� ������ �	� �� m_� 0����� M� � 

��$� � ���	4�� !��� �� �� �� �	��$' ���$��,  ?  �� ��" M�

 �(	4V� �%.�
 @ � !��� ?�� �� 0�� � ���Z " ��� U 4�� �� "�

������ �	C� ro� �� M"�� ��$C	��  �� !DN " M� �) T��1 .(

 �� �� �	C� ro� �� M"�� ��$C	�� �(	4V� �%.�
 �(�$��,

 ��" TAB� !���)���	4�� ( � �� �� M"�� ��$C	�� �%.�
 ��@

 ��" TAB� �"� !��� �� �	C� ro�)����. M"� �	4�� (

 ����	
� ��@ � ��$�& � ���, !�� � ��& " ��$A� �4�

����� !DN M"�� ��$C	�� .������  �� M"�� ����	
� ��@ � M� �

 �� ? (�� � " !
�� #�>�� ��� M�� M�� �� �� ���$��, �F

���, !�� � ��A�  � ���	4�� " �	4�� ! b�" ?  ]-	'� ��

 }�B� ��
 M"�� ����	
� u'�� ��$�&  ��)7.(   

  

  

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

��� �� � !"#�$ � �% &'(�� ��"�  

  

������ �$x�� �  ~��� ��	� @ � ��� �%'�� E'�S M� �

!��� �(	4V� ��b� �� � ��$� j �$���,  TXR� @��� " ��

!��� � 	� @ � " j��� ����Z ��"� �� $���  uC�� ��

 M"�� " $��� TXR� @��� M"� � �	�� �$� @��� m_� 0���

�� ���� ���Z ? �� � �$A& �	�� �$� !�N . � �	�� �$� M�	���
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/�$. ?��  �	
�� �x� �� �$B� ��$�& � j��� @��� �� �$

UF �	�� �$� !�N M"�� 0��  ? �� !A� � �$A& �' � �	���

UF @ � �	�� �$� `�B	� M"�� " �$  �� ��� � �	���) ���

!��� �� (�$ . ?�� � ��� �%'�� E'�S ��@ � �D��B�

�� !C� �D� � M$B� � ���$��, �� �$ /�$.  �� !4��

� ��� " $��� TXR90 �V��  !A4Z " ���� �	��� ?��%


 �� m_� 0����� !�N ���	�� ��$� ��� ��$C	�� 5�	4��

�� �	��$' ���$��,  #�>�� �� �� �� ��� �%'�� E'�S �� ��

 �F�) T��2 .( !���	�� � ��N ?���S �F����� �� j� �F ? 

�� ���� ������ �	�� �$� ��$� ��� �%'�� E'�S " ��  " M� �

�� !DN  �����)26 025 .(�b��o� ��  M"� � ������, M�15 

������ ������ 0���$��,  0��� �%'�� E'�S M� �64/0 = ICC 

��� ���� ��.  

  

  
��� 2 .��� �� ���"��� � ��� �*+�, -+�. ��"�  

  

 " ��� �$	���� /-P& j��	�"@�� /��Z �D��B�

 �	�� �	�$����� �� ���R	�� � ��� �V��' �����'�S

(Lafayeette, USA)  �� ��"� 1��� �Ireland " 

�����AF ��f ��$A� !
�� /�$. 0��� .<"� ?��  ��D	&� �F

���� ���� �� ����  ���)27 .(������  /-P& /��Z M� �

 ?�� � �$	����$%2� � ���$��, �� �$ /�$.  � J� �$'

 ��� �� $��� TXR� " �b D; !��� �� ?(� TXR� �� M$B�

�, �F$��� ?  " �� �	��Q� E�� ��Z  �� ���	B� #���� �� ��

 !�N !C� � ��� 0y�	�� � " �� � ���Z �b D; !���

�� !�� . �� �	�$����� m_�5 �	���  T���� M�� �	�

 ��� �V��'�� ���Z  � " �� M"� � M�(�� y�	�� � " !
��

�� !�N !C� ���  ��) T��3 (�� �	��$' ���$��, �� "  ��

��  ��D �� !A� � �� �$' ���	B� #���� y�	�� !�"��� ���

 � ��� ���" M"� � ������ " �F� #�>�� �� ��� ���� �"� "

 � �� !DN � ��(	��)27 018.(   

�� /��Z �D��B� � ��� �V��' �����'�S /-P& j��	�"@

 M$B� � ���$��, �� �$ /�$. ?�� � �	�$����� �� ���R	��

��  ��� " $��� TXR� �� !4��90  �V�� !A4Z 0���� U'

�� !�N ���	�� ��$� ��� ��$C	�� 5�	4��  �� �	�$����� 0��

5 �	���  � M�(�� y�	�� ��$� �� �%'�� `�$Z M�� M�	�

��$� �� �	4 M�  ��� �V��' E'�S !��� ��� �� �� ��

 " ��� �	4 !C� ���� � y�	�� �(�� �� 0��� 5�A&� !�"���

�� �	��$' ���$��, ��  �� �$' ����� y�	�� !�"��� ��� �� ��

 ��D T'�� !A� �)27 018 ( � ��� ���" M"� � ������ "

 � �� !DN � ��(	��) T��3 .(���$��, �F  E�$� j�

 �� j��	�"@�� /��Z !4� �F m_� " ��$A� ��V� �� ����A�

 ��D��� �F " �� ����� ��5  ?  ���$��, " ����� �R� � ��N

 ����� �F15  � 0/��Z ������ !��2� �� " ��$A� !���	�� � ��N

�� !DN M" ��$�� ��$�&  �����)18.( 

  

  

  
 ���3 .��,���% �"01�  2� 3 ��4��� �, 5  

��� ���+ � 6�+�. � ���$� �� 2	7
 84����94�  
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�"�� M�� ����Z ?��A� �����  �x� ��$� ��-P& M�F

 ����A� <"� 1��� �Delorm  �$D2 !2V/��Z 

��>� �"�� M�� ��-P&  �� /�$. ?�� J����� ���R	��

 � ����� �� 5"� �"� ��50  �"� 0�$�Q� ���" ������ �.��

 ����� �� #"� �75  ����� �� #$� �"� " �$�Q� ���" �.��

 �100 �� ���R	�� �$�Q� ���" �.��  ��)28 012 .( �� E �

���$��, � %� ����A� ����� ="��  � ��>� �"�� M�F

 ��$� ����A� ���" ��$ +���� " ?��A� /�� ?  b� �$x��

��	
�� ���Z ������ .�	RF 0�	RF E� �; /����A�  �� M�

�� �4%V��� �� M@�� . TZ��� � ����A� /�4%V #�A�48 

 ���$ ��� ��V !&��)29( � ���	�� � �V$� � ��� 0

���$��, �$ � l	� ���� ?�� �F . !��&� �$x�� � ? �eAF

���$��, �� ���$. �� " ?��A� 5$.�  0��	��� !
�� � �F

 �	RF "� �F10 �� �
��� ���" ��@ � � �.�� �� . ��
 M��

���" �F � 0/����A� ���� �����@
  �"�� M�10  �	Z" �.��

���$��, ��  � �F12 �� ����� �� �
��� 0��� �� !�� .

�� �(	4' c&� �� ���F����� ���b�  ?��A� /�� 0�����

�� uC�� �� ����Z  !'��)29 ( ��V� �� �
��� ��"� ?��

��  ���Z �
��� �� !B� +���� �$; � /-P& �� �����

���A� T 24� �� /-P& !�$�� �N� " �	
��.  �F /����A�

 !���	�� ��"� " ���� ��V� !� �� #���60  �$ � ��N)17 .(

���$��, � %� ����A� ����� ="�� �� E �  ��>� �"�� M�F

 ����A� ���" ��$ +���� " ?��A� /�� ?  b� �$x�� �

�, ����A� ��DF�� � " ��	
�� ���Z ������ ��$� � " ��� ��

�, ?��A� ���A� �� �� �� ���� r �$� �F  � ��� @��A� �F

 ! AF� " ��� ���	B� #���� !��� " ?(� ���� !�N

1�A� TB� �� ���� M����  " �$	���� /-P& 5�A�@�"��

 ��� ��$	�� " !�N ��� �V��' �����'�S)30 .( ?��A� ��2S

�"�� ?�� M�� ! b�" �� ��-P& M�F M�F  0���	4��

����� ���R	�� �	4�� " $%2� � �� �$' .  

�+ �,"-./� �� 0$	��-� 1	&2, �" 3�� 3"  

?�� �� m� �� �	4 ���$��, M�� [� � ?��A� ���" ��  0��

�� ���Z $%2� � �� �$' !��� �� ���$��,  ��"� !�� " !
��

�� !��� �� ������ ����Z ��.�' ��' M"� �� �$'  ���Z �$A�

�� ��� .�� M�",��� ��
 � !��� ?��  ?(� �� ���(�F ���

 ���� aZ$	� �� �, " ����� ����� �� !��� 0�$A� !���)32 0

31 ( � �	��� ����� 5$; �� �2�� �� ��� ���� �"� !��� "

�� ��V� !�"��� � %& "� � 5�A&�  �$A�) T��4.(  

-./� �� 0$	��-� 1	&2, �" 3�� ���� ����  

�$' !��� ��?�� �� m� $%2� � ��   �	4 ����A� ���" ��

��  " ����� ��� A' �� "� �F ��� " $��� �� �	��� �� ��
 0��

 ���� ���Z ���Z$
 ����Z ��.�' ��' � ��"� !��)30) ( T��

4 ( � �	��� ����� 5$; �� �� ��� �V��' E'�S !���

�� ��V� !�"��� � %& "� � 5�A&� �$A� .�"� � !��� ?�� 

�� ���AF ��� ����  ���)32.(  

0"��4�� 1	&2, �" 3�� 3"�+ �,"  

 � �� �$' ���$��, 0���" ��� �	4 �� m� ���	4�� !��� ��

�� � �� ��$	� ��� �R� �� �$' M��$	�� �� ��� . ? �eAF

 �� ������ ���Z$
 ����Z ��.�' ��' M"� � �� �$' !��

�� !���  ���� ���Z �$A�)31 (� �� !��� " ����� 5$; �

�� ��V� !�"��� � %& "� � 5�A&� � �	���  ���) T��4.(  

��45� 1	&2, �" 3�� ���� ����  

?�� �� m� @ � �	4�� !��� �� ���" ��  ���$��, 0���� �	4 �F

�� ��@�", !C� �� �� �$' M�F�� " �	4�� !C� M"�  � J���

��$� $ !C� �D� �� �"�  $��� � ��� �� �F�� �� M� ���)12 ( "

 �	��� ����� 5$; �� �� ��� �V��' E'�S !��� ���$��,

�� ��V� !�"��� � %& "� � 5�A&� �  �$A�) T��4.(  

���$��, �%'��� [ F �F�� �"�� M�F  " ������ !
���� M�

�, �� ����A� M�_� �� �$' 5$Ab� ! ��b
 �� �	��$' �F . �� m�

���$��, #�A� �� ����A� ����� #�A�� F M�F� l	� ���A� �� �

E � <"� � n �B� �x� ��$� m� 0�$��, ��, TA& � �$��,.  

 �$��, ��Kolmogorov-Smirnov  5���� ���� M��

���� ��$  0M"�� ��$C	�� ����	
� ? (�� � �4���� M�� 0�F

 " E � ?  ��� /-P& /��Z " �%'�� E'�S ��@ �

m� �, �� �F�� �"�� " ��>� �"�� �$��, �$�Paired t  "

/"�R� �4���� �$x�� � ? �eAF  " �F�� �"�� "� ?  M�F

 �$��, �� ��>�Independent t  ro� ��05/0 ≤ P 

����� ���R	��. 
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 ���4 .��� ���+ � 65, -+�. � � 66$ ��, 2	7
 264�;(  

  

����� ��  

 �$��, {��	� Kolmogorov-Smirnov ��$ 5���� �(�� 

���� v��$�  5"�V �� �� �$ �F1 !�� ��� ����� . ? �eAF

��G�" ���$��, M��
 M�F  " ��>� �"�� "� M�F@ � �F��   

5"�V �� 2 ���, !�� . �� �"�� "� ?  �4���� � ~$�� {��	�

��G�" �x�  �� �"�� "� ����	�$�"�	�, " ���@ 
 M�F

E �  #�& �� ���� �$��, �"�� "� ��(AF �> 	� �� /"�R�

�$ . 5"�V3  ����� �� �b " TDZ �"�� "� �4���� {��	� @ �

�� ���� �� ����Z ?��A� �F� . ���F� ���� ��� T.�� {��	�

 " ����Z ?��A� ����� �� !��� � ��>� �"�� �� !�� �,

��b� E��@
�  �V��' �����'�S " �$	���� /-P& /��Z ���

��@ � 0���  ��� �%'�� E'�S " T'�� � �	
�� E'�S M��

 k-.� T'�� � �	
�� E'�S M�� M��>�F�� " �	
�� EF��

��b� /��  l� �F�� �"�� �� ��" 0!�� ������  ��F��� M���

 /-P& /��Z E��@
� � ��>� �"�� �� ��b� ?�� J����(�

��b� EF�� ���  ����	
� " ��� �%'�� E'�S ��@ � �� M���

C	�� �F�� �"�� �� �� ���� �� J����� ��>� �� M"�� ��$

��b� �  l� ����(� ��F��� M���.  

���$��, �4����  �� ��>� " �F�� �"�� "� M�F

m� ��b� ]-	'� �$��, �� M���  ��� �%'�� E'�S ��@ �

)033/0  =P ( M"�� ��$C	�� ����	
� ")043/0  =P ( "�

��� ���� �� �"�� . ���$A� ��1  "2 �� ��F���  �� �� ����

 E'�S ��@ � ����A� ����� 5�A&� �� m� 0��>� �"��

 5�D�� � " �	
�� EF�� M"�� ��$C	�� ����	
� " ��� �%'��

���$��, T'�� � �	
�� E'�S M�� �,  k-.� " EF�� �F

��b� �  l� �F�� �"�� �� ��� 0!�� ������  E'�S �� M���  

  

 <� �1 . =4�� ����%Kolmogorov-Smirnov  

�">��  
?�  

)<�(  

 3  

)���� ���(  

���  

)B���*"$(  

BMI  
)��� �� B���*"$2( 

 ���$� �� 2� 3

)B���*"$(  

 � 6�+�. 2� 3

 ���+)B���*"$(  

��� �*+�, -+�.  

)C��,(  

 C� � "+�. �D

 �+�,)�*"� ���(  

���� ����  603/0  843/0  401/0  577/0  935/0  480/0  871/0  220/0  

BMI: Body mass index 

  
 <� �2 . ,�� ���� E��F�� � ?"��"���G4� ��,���% �,�H �5 5  

�">��  ,� 0(  
?�  

)<�(  

 3  

)���� ���(  

���  

)B���*"$(  

BMI 
)��� �� B���*"$2(  

� �!	 "#�$  15  98/1 ± 93/21  02/5 ± 40/175  74/4 ± 13/70  94/0 ± 77/22  

%&�' "#�$  15  19/2 ± 33/21  16/9 ± 27/179  54/9 ± 73/73  07/1 ± 84/22  

P  438/0  163/0  201/0  867/0  

BMI: Body mass index 
 �$��,Independent t  ro� ��05/0 P < ��b� � �	
�� �x� �� ���� 
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 <� �3 .!D � -"D �, ��� ��,�H�� ��� �*+�, -+�. I��� ���+ � 6�+�. � ���$� �� 2	7
 2� 3 ?"��"� ����%  

����  

�����D  

 5�  ���J(  

-"D ����%  !D ����%  P Power  
-"D ����%  !D ����%  P  Power 

 �()*�% � +,-. +�%/)1�$(23*(  55/1 ± 80/22 53/1 ± 80/22  836/0  054/0  58/2 ± 95/22  50/2 ± 06/25  001/0 <  000/1  

 �5��6 "%�7�6�8 +,-. +�%/)1�$(23*(  56/1 ± 34/9  59/1 ± 36/9  619/0  076/0  59/1 ± 68/9  47/1 ± 98/10  001/0 <  000/1  

�26�� 96�8 :�;3�  :��)<5��(  40/5 ± 06/38  93/4 ± 66/38  156/0  287/0  07/4 ± 93/36  52/4±80/34  001/0  982/0  

 �#�7 :�(=)>� �$��)�� :�;3�)�23� �)�(  27/1 ± 93/11  06/1 ± 86/11  751/0  060/0  32/1 ± 80/11  33/1±93/10  001/0  962/0  

�$��, Independent t  ro� ��05/0 P < �b�� ���M �� �x� �	
�� �� 

  

  
 ��,�;�1 .!D � -"D �, ���J( �  5� ���� ��� �*+�, -+�. 2��"">( ����%  

  

  
 ��,�;�2 .!D � -"D �, ���J( �  5� ���� ��� ������� ��,�H� 2��"">( ����%  

  

 ��� �%'��)522/0  =P (M"�� ��$C	�� ����	
� " 

)781/0  =P ( ��>�����.  

  

��   

 ����Z ����A� ����� j� �N� ���� 0���� n �B� �� ]�F  

�$ T'�� � �	
�� E'�S M�� k-.� � .�	
��  EF"G� M�F

 /-P& /��Z E��@
� � �� �$ +%o� ?�� �(��  ����

 ��@ � 0����A� �%'��� �� m� ��� �V��' �����'�S " �$	����

 ��$C	�� ����	
� " ��� �%'�� E'�S ���� �� � EF�� M"��

 T'�� � �	
�� E'�S M�� M��>�F�� k-.� � �>�� "

36�93

38�06

34�8

38�66

32

34

36

38

40

��>� 5�	��

E ��$��, m��$��,

�F��

11�8
11�93

10�93

11�86

10

10�5

11

11�5

12

12�5

��>� 5�	��

E ��$��,

m��$��,

�F��
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�� ����.  � NO� �� �$ �, n �B� ?�� �� �V$� T�Z �	��

 k-.� �� ���	B� #���� 5�A�@�"�� � ��� �� �� ��A� � /��  l�

 T'�� �	
�� E'�S M�� M��>�F�� - #���� 5�	4�� � ��� �� ��

!�� ���	B�- ��� �����	
�� � �� �  /�� �B� M�FFeltner 

�����AF " )17 ( "?4� ��" " �����AF )33 (�� n
�$� ��  ���

�, " �� � �O� �� �F �	
�� ��� 0���  n �B� M�FSynder  "

�����AF )14 (�A� � �O� �� ����� ���$CAF " ��� . 
Feltner �����AF " )17 ( M�� M��>�F�� M"� � �� �B�

� �	
�� E'�S  ?��A� ����� "� " ����� #�>�� T'��

 � 0���$A� <��@� " ���� ���R	�� �� �� 	��"@�� " M�����

��b� E��@
� �$V"  M�� 0����A� �"�� "� �F �� /��Z ���

 �� 	��"@�� ?��A� �� �F"�� �� ��
 T'�� � �	
�� E'�S

 vZ�" �� 0!�� ������ k-.� " �	
�� EF�� ���$ ���� #�>��

����� ����Z ?��A� ��  �� T'�� � �	
�� E'�S M�� � ���$�

��� ��Q��N� . {��	� � M�"�� �� ���� n �B� {��	� �S���

�,  ?��A� ����� �� !��� �V$� ��� ��� 0���� ���$CAF �F

�, n �B� � ���� n �B� �� ����Z  �� ��S J���� /"�R� �F

�,  �� � U �	4� �$; � �� �� ��-P& �F �� [� ") � ���

���	B� #���� 5�	4�� ( ���Z ���R	�� ��$� ��	4F ��Q��N�

����  #���� 5�A�@�"�� � ��� /-P& �� ���� n �B� �� ��� 0���

 ���	B�)�V��' �����'�S " �$	���� /-P& ( M�� EF�� ��

����� ���R	�� T'�� � �	
�� E'�S.  

?4� ��" �����AF " )33 (� NO� �� �B� �� @ �  /����

M��>�F�� � �� ��-.� �	%��� M�F-  ���	'� ��-P&

E��� #�' �2� �$�,  �� �b �� ���$A� <��@� " ���� ��V� ��,

 ��@ � 0/-P& M�� ���� " �	�$�� /����A� 5�A&�

��b� EF�� ���, ]�. M�� a� M��>�F�� !�� �	��� M��� .

EF"G� {��	� � M�"�� �� ���� n �B� {��	� �S��� �,  �F

 " ����A� ����� �� !��� �V$� ��� ��� 0���� ���$CAF

��� !�$�� �� ��-P& ������ <"� ? �eAF " ���  M� �

�, n �B� � ���� n �B� �� M��>�F�� ���� /"�R� �F .

Synder �����AF " )14 ( ?��A� ����� j� �� �B� �� @ �

 " ���� ��� � ��� TXR� /-P& M�� �� �	�"��� ?�� �N�

 � �	
�� E'�S M�� ��@ � � �� ��-P& /��Z E��@
�

��� >�� T'�� .�, n �B� {��	�  E��@
� �� �$A� uC�� �F

 � �>�� ��� �V��' �����'�S " �$	���� /-P& /��Z

 �� !�� ��"�� EF��)T'�� � �	
�� E'�S M�� �� b� (

�� ��b� EF�� ?�� ��� 0���� �$D� ��� .��� vZ�" �� ?��A� ��

 �N� T'�� � �	
�� E'�S M�� � !�� �	4��$	� ����Z

���Q( . /�� �B� {��	� ���� n �B� �� T.�� {��	�Synder 
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The effect of a selected exercise program on correcting foot pronation 
(Pilot study) 
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Abstract 
 

Introduction: Pronated foot is one of the most common abnormalities associated with navicular drop and 
increased internal rotation of the hip and may be influenced by the hip muscles. The purpose of this study 
was to examine the affect of a selected exercise program on pronated foot correction. 

Materials and Methods: Thirty male subjects (Mean age ± SD; 21.36 ± 2.07 years, weight ± SD; 
71.93 ± 7.62 kg, height ± SD; 177.33 ± 7.52 cm) with pronated foot participated in this study and 
randomly divided into two control and experimental groups. Pronated foot was measured by navicular 
drop test and medial rotation of hip was measured by goniometric method. The strength of hip abductor 
and lateral rotator muscles was assessed using hand-held dynamometer. The experimental group 
participated in strength training program three times a week for six weeks. Control group were asked to 
continue their daily activity. After 6 weeks, navicular drop, hip internal rotation and muscles strength were 
measured again. Data analysis with paired and independent samples t-test was performed. 

Results: The results revealed that in experimental group, there was a hip internal rotation and navicular 
drop reduction with increase in hip muscle strength. The experimental group has significant decreased in 
the rate of hip internal rotation and pronated foot in comparison to control group (P ≤ 0.05). 

Conclusion: The results indicated that increasing in hip abductor and lateral rotator muscles strength by a 
selected exercise program may prevent foot pronation and help to correct this deformity. 

Keywords: Pronated foot, Medial rotation of hip, Strength exercise program, Navicular drop 
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