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	�6	 .��
	
 �� �	 	� H�6� �	� !�2�0 ��	��� F+��2

 �� ��f M"	� �	 Y" �$ �
6  ���� 
	�6	 .��
�#� �	��� 	� !�2�0 H"	 F+��2

 F� ���� �$ .�%�6� �	� F�7� G�o �� e5& � ��� G�o M"	� �>� 	���	 GI�&

 ?�25 � FB�P
��� ��72 �
 !
�� ��� � ��
�20 
� "	 �	�  ���& �� ��	
��

 ��A F� 	� ��72 H"	 ����2�0 �	�#$ F� �%���� 
	�6	 F�E�2 H"	 �
 .�%�6� �	� �	�*I


��
�2�0 F��� t"�A H"	 F� .��
�� �A !
�� ��� � ��
�20 �	�� ���"�2�0  �$

��� ��72 �	 F�I�	 �"�%0 $ .��
��0 �&
 F� 	� ��	
�� F� ��W	 �7� �	�]	 ���%

 �$ (�#�E	 �" � ��72 �	 u	�>�	 ?��W �
 F� 
�� �� �
	
 !�%�#A	 �%���� 
	�6	

!0 F� ���	 �� �
��C�� ^�� .� �
	
 �	��$ �2@� ��A F� �$  

�	 �� ��f ��$��U�2 �
 no � �&	� ��. H�� !��B� !	N�2 H��D� �	�� 

 Fb�	�1 �Robinson SI )Robinson symmetry index�"
�� �
�L�&	 ( )25(. 

 
����N� �2 ����� !��B� ��� F���� iC� H"	 �
 �� ���� �	�� . F �&


N�� ���	 !�2� !
��0�  �	Fb�	� 2  �
�L�&	H�%`#$ .��  ��. �$ �
 !�&�� !�2�

Y" ����	 F�E�2 �� ���72  pI�*2 ��. �
 �"�. � F�6�� �S� �
)26(  �	 F�

�
	
  �� �	�*�&	 ��$�	 ���  �	N6	Polygon � F�20 �&
.  
  

 Fb�	�1       SI � 2 �
���	
������

���	
������
� 100 

  

Xright �$ :Y" �$��2	��. �	� ��� �	
��� �. �
 �S� 
��2�  ��&	�X left �$ :

Y" �$��2	��. �	� ��� �	
��� �. �
 �S� 
��2� .no  

  

  
��� 2 .!�� ��"#��$� �%��& '����  �( �# �" �# ���#�)  

LHC: Left heel contact; RTO: Right toe off; RHC: Right heel contact; LTO: Left toe off 

LHLTLH RTRRT

 �	��� �	���

	� �� 

 �	���

	� �� 
�  !	� " �	��� �#�� !	� " �	��� 

0%  

  
40%  

 

100%  

 

0%  %100% 

  �	��� &'(�) *	#�
 &'(�)

  *	#�
 &'(�) �	��� &'(�)

�  �	� �	��� &'(�)  &'(�)*	#�
 �  �	� 
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��*1��#��+ ,-.����# ��"�-/0 ��-1 2����� � 3-4��- . ���� �# �" 51%�6 #�� ��"  

�"�-/0  
���� �"  

��-1 2�����  
 3-4��-) ��-)��± (��-1 2�����   3-4��-) 9%�:± (��-1 2�����  

(,	#) .#  50/5 ± 70/24  90/4 ± 90/23  72/0 

(�0)) 12  05/0 ± 71/1  04/0 ± 75/1  10/0  

(3�4�'56) *7�  70/10 ± 10/68  53/7 ± 50/78  09/0  

BMI (�0) ���9) �: 3�4�'56)  80/3 ± 33/23  28/2 ± 46/25  15/0  

BMI: Body mass index  
  

 Fb�	�2    
Stance time x = Double support time x + Single support time x 

  

Fb�	� 2 �. �$ �
 ���	 !�2� F+&�>2 �2  � ���X  no �" �&	� ��. �	��


�� �
�L�&	 F���	�] ?��W F�".�  

�
	
 V"��� !
�� (�2�� �&��� �	��  !�2�0 �	 �$Shapiro–Wilk  �
�L�&	

�
	
 F#$ .�  ��$��U�2 F7"�B2 ��& �
 .��
�� �	
��C�� �D�+A V"��� �	 �$

 �	 �
�L�&	 �� �H�6� �	� p��*2MANOVA  �� �	 ��#�� � GI�& ���� �
 H��

(�	 ��& .�6��  � !�"�%���� H�6� �	� F7"�B2 \2� ��$��� H�� ���20 F7"�B2

 �
 ��� G�o �� GI�& 
	�6	�"�R6 ��$��U�2 -  �
 .
�� !��B� iC� � ���2�

 �	� � F�7� G�o �� GI�& 
	�6	 H�6� �	� �N�� �$��� H�� ���20 F7"�B2 ��
 ��&

 F7"�B2 �	�� �H�%`#$ .
	
 �	�P F7"�B2 
��2 	� q�6 ��$��U�2 �
 !�"�%���� H�6�

��� ��$��U�2  �	 �$� ���� �
 F�7� G�o \��B2 �
 ��� G�o M"	� �
 ��	
��

 !�2�0Repeated measures  ���20 \��>� � F"N � \E	�2 F��� .�"
�� �
�L�&	

�
	
 ��� �
 �$ �	N6	 SPSS  F*7�16 )version 16, SPSS Inc., Chicago, IL( 

�%D2 ab& �� �  ��	
05/0 < P .�"
�� �� �	  

  

����� ��  

��� ?�O*�2 
�	����&	 u	�>�	 � H�����2 !���%%�� (��] �
 1 F"	�	  .�&	 ��

��-"� ��>I �	 GI�& 
	�6	 �%D2 ?��L� �%���� 
	�6	 �� Y�6	���2
 ��$ �%�	�� ��	
.  

 G�o �� GI�& 
	�6	 � !�"�%���� �	�� �H�6� �	� ���%$ ��P � ��� (�A �"���

 �	
�#� �
 F�7� G�o � ���1 .�&	 �� �
	
 !���  � ��� (�A �H�����2 ��A F�

��E �%���� 
	�6	 �
 ��P 
20 ) �W�
020/0 < PYo�� (  
	�6	 �
 �"
�B2 H"	 �	 ��

 �
 ��P � ��� (�A .
�� F�7� G�o � ��� G�o �� H�6� �	� M"	� �
 �$ �
 GI�&

.
�� !�7�" F�7� � ��� G�o M"	� �
 �$ �
 GI�& 
	�6	  

 

  
 ��#���19%�: � ��-)�� ���� �# �# !�� � !�� 
�; .  
*!<=) >?0@� ��A� ��� �� BC# 050/0 ≤ P  

�"�R6 ��$��U�2 ^�P� !�2� ?�2-  
	�6	 � !�"�%���� �	�� H�6� �	� ���2�

 �	
�#� �
 F�7� � ��� G�o M"	� �
 �
 GI�&2  w�$ �
 .�&	 �� �
	
 !���

 u@�C	 F�7� G�o � ��� G�o �� GI�& 
	�6	 � �%���� 
	�6	 H�� �$��U�2 H"	 �	 Y"

�%D2 ���20 .�	�� 
�]� ��	
 ��� !�2�  
��E �%���� 
	�6	 �
 ��	
��9  �W�


Yo��  
�� F�7� G�o �� H�6� �	� ���%$ GI�& 
	�6	 �
 �	�B2 H"	 �	 ��  

)003/0 = P � ��P !�2� ���� !�2� ,"	N6	 F� � %2 GI�& 
	�6	 �
 G�o H�7� .(

 
��E T���� F� !�&�� !�2� .�"
�� �"�. Y" ����	 !�2� ?�2 N��9 �8/9  �

6/14 ) � �W�
001/0 = P .( 

  

  
 ��#���2!�� ��"�0���( �# <=0> ?���� @�� A� .  ���� �# �# ���#�)

��-)�� � 9%�:  
*!<=) >?0@� ��A� ��� �� BC# 050/0 ≤ P  

  

 ��. X�#� �H�2� �	 pI�*2 ��. !� 	�] !�2� ?�2 F� k���2 �"���

 �H�2� �	 t6	�2 ��. F %. !� 	�] � H�2� �� pI�*2 �� F%�. X�#� FS>I �	

) H�2�Heel contact �	
�#� �
 (3  �$��U�2 H"	 F#$ �
 .�&	 �� �
	
 !���

 �
 G�o H�7� �H�%`#$ .��� ��"
 M"	� �	 Y" w�$ �
 ���� �
 H�� �6@�C	

 .
��� 
� "	 �$��U�2 H"	 �
 ����U� GI�& 
	�6	  

��� ���& ��U�2 �	�� ���D2 u	�>�	 � H�����2 ��	
��  
	�6	 � !�"�%���� �


 T���� F� F�7� G�o � ��� G�o �� GI�&06/0 ± 97/0 �06/0 ± 20/1  �  

07/0 ± 17/1 ��� ���& .
��  
��E �%���� 
	�6	 ��	
��2/19  �	�B2 H"	 �	 �W�


Yo�� ��� G�o �� GI�& 
	�6	 �
 ) 
�� ��020/0 = P G�o H�7� �H�%`#$ .(

 �	
�#�) �	�� GI�& 
	�6	 H�6� �	� ���& �	�B2 �
 ���Z[�4 .(  

 ��U�2Cadence  T���� F� F�7� G�o � ��� G�o �� GI�& 
	�6	 �!�"�%���� �	��

4/5 ± 7/110 �4/5 ± 2/109  �1/5 ± 1/99  H�6� �	� M"	� �	 Y" w�$ �
 .
��

 .��� ��$��2 ���� �
 H�� ����L�Cadence  
��E F�7� G�o �
 GI�& 
	�6	  

9  �	
 ,$�� ��� G�o �� H�6� �	� F� �+7� �W�
)002/0 = P(  �	
�#�)5(.  

1.07

0.54

1.36

0.68

1.36

0.69
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2.0

��� (�A ��P (�A

!�
�

�%����

��� G�o �� GI�& ����

F�7� G�o �� GI�& ����

*

*

1.11

0.56

0.43

0.69

0.43

0.27

1.11
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0.7
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3	4 312 *	#�
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5-
��B

	<5:	
 D��4
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 ��#���3!�� 5$�D �� ��E�# .  ��* 3-� �� F.�� ��( 5G�( 5� ���#�)

�  #��)Toe offH( � I��& 3-� �) <%�> ��( 5G�(  �)��  

)Opposite toe contact � (� ��* 3-� �� <%�> ��( 5���(  #��

)Opposite heel off���� �# ( �"  

  

  
 ��#���4!�� KL�: @�M- . ��-)�� � 9%�: ���� �# �# ���#�)  

* !<=) >?0@� ��A� ��� �� BC# 05/0 ≤ P  

  
 ��#���5 @�M- .Cadence ��-)�� � 9%�: ���� �# �#  

*!<=) >?0@� ��A� ��� �� BC# 050/0 ≤ P  

  

(��] 2 ����2 ��$��2	��. �
 !��B� iC� -  �
 �
 	� H�6� �	� ���2�

 �&	� � no �#& ��. �	�� GI�& � �%���� �����2 !���  .�$
 H�� F7"�B2

����  GI�& 
	�6	 �� �%���� ���� �
 no � �&	� ��. H�� !��B� F� 
	
 !��� �$

� ��$��U�2 �
 �2	 �
�� F���2 ��� G�o �� H�6� �	� ���%$ Y� �"�#E !�2

 �%�� H�2� �	 t6	�2 ��. F %. !0 �
 F� FC�o �	 ��W�
 � !�&�� !�2� ��"���	

�2 ) 

��Foot off G�o �� H�6� �	� ���%$ GI�& 
	�6	 �
 !��B� iC� !	N�2 �(

 
��E T���� F� F�7�7/54 ) �W�
030/0 =P  �(7/54 ) �W�
030/0  =P � (

9/51 ) �W�
030/0 = P��N� ( �	 �� .
�� �%���� 
	�6	 �
 !0  

  

��   

u�$ H"	 �� �	 �	 �,$�-. F7"�B2 ��$��2	��. �"�R6- ���2� �	� H�6� 
	�6	 

�%���� � �	� H�6� 
	�6	 GI�& �� G�o ��� � F�7� 
��. F�c�6  ,$�-. H"	 ��$

.
�� �"� 
�	�2 \2�  

  


��* 2 . O$�� �# PD � K:�� ��( 3-) @��Q&���� �"  

!�� ��"�0���( ���#�)  

��-)�� ����  
9%�: ����  P 

��) 9RD  50�) 9RD   � ��-)�� ����

 9%�: ����

��) 9RD  

���� )����- � 

 9RD 9%�: ����

50�)  

����  9%�:

 ��) 9RD� 

50�) 9RD  

 3-4��-± 

��-1 2�����  

 3-4��-± 

��-1 2����� 

 3-4��-± 

��-1 2����� 

Cadence  75/1 ± 05/2  79/1 ± 12/2  30/1 ± 53/1  )007/0 (94/0 )57/0 (46/0  )70/0 (50/0  

3	4 *	)7  75/1 ± 05/2  79/1 ± 12/2  30/1 ± 53/1  )007/0 (93/0 )57/0 (45/0 )69/0 (51/0 
 *	)7312  07/9 ± 72/11  39/11 ± 37/15  10/6 ± 28/8  )63/0 (43/0 )99/0 (33/0 )59/1 (14/0 

	��� *	)7  06/5 ± 60/8  51/5 ± 64/7  88/2 ± 57/4  )16/0 (69/0 )18/1 (29/0 )82/1 (10/0 
*	#�
 *	)7  40/8 ± 11/12  75/9 ± 87/11  48/2 ± 48/5  )003/0 (95/0 *)72/5 (03/0  *)23/2 (05/0  

3	4 �I�# ����:�  07/2 ± 37/3  99/2 ± 48/3  40/3 ± 70/5  )01/0 (92/0 )43/3 (08/0 )93/1 (08/0 
	J(� "� !	���  40/8 ± 11/12  75/9 ± 87/11  48/2 ± 48/5  )003/0 (95/0 *)95/4 (03/0  *)23/2 (05/0  

	J(�  ��!	���  43/12 ± 26/13  20/6 ± 48/8  49/6 ± 25/5  )18/1 (29/0 )25/3 (09/0 )06/1 (31/0 
 ,�K3	4  84/2 ± 73/3  39/3 ± 25/3  39/3 ± 75/4  )12/0 (73/0 )52/0 (47/0 )73/1 (12/0 
 ,�K312  91/5 ± 51/7  10/7 ± 88/11  57/6 ± 96/9  )78/1 (20/0 )62/0 (45/0 )43/0 (68/0 

	� *1L �1A &MNG� )7 7� OG	P).5 (1Q��)  15/7 ± 55/13  14/7 ± 07/25  27/8 ± 86/7  *)64/5 (03/0 )27/1 (28/0 *)62/2 (02/0 
	� R	J� &MNG� )7 	: OG	P).5 (1Q��)  30/8 ± 70/10  62/9 ± 87/14  49/5 ± 71/7  )07/1 (31/0 )90/0 (35/0 )95/1 (08/0 

	� *1L �1A &MNG� )7 7� S���).5 (1Q��)  59/5 ± 05/8  62/5 ± 37/7  10/2 ± 87/3  )09/0 (75/0 *)89/4 (04/0  *)24/2 (05/0  
*�%D2 u@�C	 
�]� �	
9  H�� !��B� �s�	�E F���� �LW �
�� }��	��� ��$��U�2 �
 no � �&	� �#& ��. �
 H�� !��B� ,$�� �%D2 F� !��B� iC� �"
�B2 ,"	N6	 � no � �&	� �#& ��. �
 .�&	 ��	
��  
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��� ��$��2	��. .pI	  .�&	 ?��L�2 �%���� � GI�& 
	�6	 H�� ��	
��  

 .�&	 ����� �%���� 
	�6	 �
 !��B� ��� .l  

�2 !��B� iC� ,"	N6	 T]�2 �%�� 
	�6	 �
 G�o H�7� .�  .
�  

 ��P (�A ���� (�A �"
�B2 �%���� 
	�6	 �
 F� 
	
 !��� �c�E ,$�-. �"���

��� ���& � Yo�� ���	
��  �� H�6� �	� ���%$ GI�& 
	�6	 �
 �"
�B2 H"	 �	 ��

 M&�� �� F"	�	 �"��� .
�� ��� !�#�oMacGowen )7"��� �� ( �c�E FDI�b2 �

G$  .
�� ��&	�MacGowen ��� ���& F� 
	
 !��� ��� (�A � ��	
��  �
 �$

 �&	 GI�& 
	�6	 �	 ��#� �%���� 
	�6	)7( .Hallemans F ��� N�� !	���#$ �  ����

��� ���& F� ��
��  
	�6	 �
 �"���	 �
 �"�#E !�2� ?�2 � ��� (�A ���	
��

�2 GI�& 
	�6	 �	 ��#� �%����  ���)14(  ��	�*#$ �c�E ,$�-. �"��� �� F�

 .�	
Nakamura H�"�. H�6� �	� ���& ����� ��� (�A ���  ����	 !�2� � ��

��_�A  
�� ��$��2 �%���� 
	�6	 �
 	� ���)6( FDI�b2 �"��� .Clark-Carter  �

��� (�A �%���� 
	�6	 �H�6� �	� ���%$ F� 
	
 !��� N�� !	���#$ ����� ��$  ���

F�7$0 ���& �� � ���	
 �2 �	� ���  ����)27( �
 �� 
� "	 ?	���U� �"� .

���2� ��$��U�2 -  G�7�& t��b� ���� �Z	 �
 ��%���� 
	�6	 H�6� �	� ����2

�+O�-  ���2�%"
 (
�D� ,"	N6	 � k�B& �	 ������. �	�� F� ��� ��@R�

�2 y� 
 .�$Patla ��� ���& F� ��
�� ��7L� H�%o !	���#$ �  �	 ��" ��	
��

F���� �2 
	�6	 �
 ����E �"	��� ��$  ���)28( ���& ,$�� �1] H�#$ F� .

��� !0 l��b2 ����E �"	��� !
�� H�"�. �	 ���E �%���� 
	�6	 �
 ��	
��  .�&	 �$

��� ���& ,$�� ��"
 ��& �	  �&�. Y" F"	�	 �	�� 	� ������ !�2� ���	
��

T&�%2 (
�D�2 � �� �2 G$	�6 ��  !�"�%���� �
 ��P � ��� (�A �
 ,$�� .
��&

. KLE �	������� ��� (�A �H�%`#$ .�&	 ����c !�� ��Dc� ��	�"�  �
 ��

 �� F%�. 
��C�� ��] F� H�2� �� �. p� X�#� ��� F� �
��E �� �%���� 
	�6	

�2 ���	 ��6 ���0 F�E�2 �
 H�2�  ���)3(,$�-. . �
	
 !��� �$  X�#� F� ��	

 �&	 ��� (�A ,"	N6	 �
 �#12 \2�� �F%�. �� a�>W)4( �L� !	��� �"� .

�2 G$	�6 ������ (
�D� ��"�. p� X�#� ���I	 �� H�6� �	� �
 F�  .
�  

 !�2� N�� � ��P (�A � ��� (�A F� 
	
 !��� �c�E ,$�-. �"���

��� ��N� F�7� G�o M"	� �
 GI�& 
	�6	 ��	
��  �%���� 
	�6	 �
 �"
�B2 H"	 �	 ��

FDI�b2 F� �I�E �
 9
�� Hallemans  MB6 �
	
 !��� !	���#$ �Cadence  F�

�%D2 ��A  ��#� F�7� G�o ��Dc� �
 GI�& 
	�6	 F� �+7� �%���� ���� �
 ��	


�2  ���)4( ���"
 FDI�b2 �
 �H�%`#$ .Hallemans  }�	N� !	���#$ �

����� ��� (�A �	�	
 �%���� 
	�6	 F� ��
�#�  �"���	 �
 �"�#E !�2� � ��

��_�A  �%�7$ GI�& 
	�6	 F� �+7� ���)29(����� ��� (�A .  ,$�� F� � %2 ��

��� ���& 
���2 ��	  �S� �� t��b2 �H"	���%� .
�Hallemans  �!	���#$ �

 �
 H�6� �	� ���I	 KLE �	�� ��"�%�� ?��@A	 F� ���	 \�I
 F� GI�& 
	�6	

�
	
 !��� 	� ������ ?	���U� F�7� G�o ��Dc� ) ��	4 ,$�-. �� �"��� H"	 F� (

�2 �7#$ �c�E  .���  

!�2� � ��� !�2� ��$��U�2 GI�& ���� �
  � �"���	 Y� �"�#E !�2� ���P

�%D2 ,"	N6	 �G�o H�7� �� !�&�� !�2�  � 
	
 !��� 	� ��	
Cadence  ,$��

�%D2 ,$�-. .�	
 ��	
  ��Dc� (��%� �� �"�%�� ��Z[� 
��2 �
 �
�"� ��$

) �&	 �� �� �	 !��30 �5 �4,$�-. H"	 .( �
	
 !��� �$  !
�� \�*2 F� ��	

�	 �� �6�"�
 ?��@A	 G�o  !�2� ,"	N6	 T]�2 ��"�%�� !
�� 
��72 � �$

��� �2 �$ �%D2 ���U� �$��2	��. F�B� � 
�  �� F���2 �"��� H"	 � �%�	�� ��	


�2 �c�E ,$�-. �"��� �2 �H"	���%� .��� F ��� !	��  H�7� F� 
�� ����

G�o �2 �$ ��� ���I	 �� ��	�� 
 ��E GI�& 
	�6	 � 
�	m�� ��Z[� ��	
�� M"	� �

 �	� �
 ��20 
�]� F� ?	���U� .�%�7$ F�7�	� �"�%�� ?��@A	 F� ,I�o !���

 H"	 �� ������& ��� � H"�#� ��� \�I
 F� �GI�& 
	�6	 �
 F�7� !�#�o �� H�6�

�2 M"	�  ��$��U�2 F� ���A F� 9���Cadence ��o
 ��P � ��� !�2� �

U� H"	 ��E F� �"�] �� ���� �
�"� ?	���U���N� ?	���  �$��U�2 H"	 �	�B2 �	 ��

������ F� �L� !	��� �&	 H�#2 �H�%`#$ .
�� �%���� 
	�6	 �
 �7E ��$- 

 H�6� �	� (��%� �	�� GI�& 
	�6	 �� F7"�B2 �
 ������ ,B� �%���� 
	�6	 �
 �B#�

�2 �L"	  �%%�)31( .  

 F� 
	
 !��� no ��. �� F7"�B2 �
 �&	� ��. 
���#� F� k���2 �"���

 ��� !�#�o �� GI�& � �%���� ���� �
 �
 H�6� �	� ��$��2	��. �
 �$�. 
���#�

�%D2 ?��L� � �&	 !��B�2 ���� H�� ��	
  �
 GI�& 
	�6	 �
 !��B� .
�	�� 
�]� �$

��	 Y� �"�#E !�2� ��$��U�2 �
 F�7� G�o ��Dc� !�2� � !�&�� !�2� ��"�

�%D2 ��A F� �%���� 
	�6	 F� �+7� H�2� �	 F %. !� 	�]  F� .
�� ����� ��	


 �
 ����B�2 
���#� �	�	
 F�7� G�o �� H�6� �	� H�E �
 GI�& 
	�6	 ���"
 !���

 FDI�b2 .��
�� �%���� ���� F� �+7� �. �
Wuehr  �
 F� 
	
 !��� !	���#$ �

�U� �GI�& 
	�6	��� ��$��U�2 �
 ��"m.��  ,"	N6	 F�7� G�o ��Dc� �
 ��	
��

�2 F ��� � ���"  ���& ,$�� �� ��"m.���U� !	N�2 ,"	N6	 F� ��
�� ����

��� �%D2 k�+��	 ��	
��  �&	 �
	
 !��� 	� ��	
)32(  �c�E ,$�-. �"��� �� F�

�	�� �B��b2,$�-. �"��� . ��� ���& F� 
	
 !��� �� ��f ��$  �
 ��	
��

 ��� G�o ��Dc� �
 H�6� �	� �� F7"�B2 �
 F�7� G�o ��Dc� �
 GI�& 
	�6	

�%D2 ,$��  T]�2 F�7$0 ���& �� H�6� �	� �F ��� �
 � 
�� F�6�" ��	


�2 ��"m.���U� ,"	N6	 ��� ���& �c�E FDI�b2 �
 .

�� �& 
	�6	 ��	
�� �
 GI

�%D2 ?��L� F�7� � ��� G�o �� H�6� �	� ��Dc� �
  �H"	���%� .�	�� ��	


��� ���& H�6��� ���U� \�I
 F� !��B� ���U� ��� ��� �&	 H�#2  �
 ��	
��

��� F�7� � ��� G�o �� H�6� �	� ��Dc� �
 �
 GI�& 
	�6	.  

 
����� ����  

��� ���& N�� � ��P � ��� (�A �%���� 
	�6	 �
  .
�� GI�& 
	�6	 �	 ��#� ��	
��

�"�R6 ��$��U�2 F#$ !��B� -  F���2 !�"�%���� H�6� �	� �
 �����#%�� � ���2�

 ,$�� T]�2 GI�& 
	�6	 �
 G�o H�7� .
�� ��� G�o �� GI�& 
	�6	 H�6� �	�

Cadence ��� !�2� �
 ,"	N6	 � P � ��	
�� !�2� � �. Y" ����	 !�2� ���

 .� !�&��  

��� ��� ���I	 F� 
	
 !��� FDI�b2 H"	  ��� %$�� ��o
 !�"�%���� �
 ��	
��

�#�  �� 
��C�� �	 X�� \�I
 F� �&	 H�#2 ���& � ��� (�A ,$�� � 
�

 X�&	 �� .��� �I
�D� ���L0 ���� �	 ��� k�B& �	 ������. �	�� �" � V�	�2

�"��� H"	 .�&	 ���� H�6� �	� ����E ���I	 ����
�" V��2 �"�%�� \2�� !	�B6 �

�2 	� F�c�6 H"	  ?��12 �	�]	 � ����
�" �
 �"�%�� \2�� F� 
	
 
�1%��. !	��

�2 ��#$	 ?��12 ��$�2 F� F�7� ����E  \2�� H�� \2�D� p�� � G� .���"

?��12 ��-"� �� �"�%�� �&��� F� ���� ����E ��$ ���� ��$
�	
 ��.  

*�&�(+� ��  

��
�2�0 G� 
	�D�  F�#] �	 �c�E ,$�-. �
 !� !�"�%���� 
�]� ��� � �$

�"
��>2 �2 
�1%��. � 
�� FDI�b2 H"	 ��$ ,$�-. �
 
�  �S��2 ��%"0 ��$

 �O� �� �%���� 
	�6	 �
�� M"	� �
 F� 
�� H"	 t�B>� ��"
 �"
��>2 .
��� �	�P

�2 �	� �� H�6� �	� ��7� ���%$ F� �I�E �
 9���� H"	 ��Z[� !	N�2 � 
�� �O� !�



  

  
  

www.mui.ac.ir  

a��L8���'� �����N$ ���b�- ��������% 3�� 4�� �%�$D ��1C$ ��/$ ��M.� � 

 ���� �
 ,$�-. (�& /��*+�	��11 ���# /4 !��0 � �12 /1394 298 

��	��	 H�6� �	� 
���#� �
 ��#� F��&�  .�&	 ���� ����  

��&�,�-�.  


�1%��. �2 
� �
 ,$�-. ��$ ���D� Y���#%�� �	� H�6� �%���� 
	�6	 �� ���[� �� 


���#� F%� � �	��	 ���P�6 �&��� 
�. �
 H"	 FDI�b2 F� ��� 
��>2 !
�� 


	�D� H����
 �$ MB6 Y���#%�� �	��	 ����>� ���"��	 � � 
���#� �����#%�� 

F%� � �	��	 ���P�6 ��	��	 ��� ����.  \2�� k�+��	 F� F]�� �� �H�%`#$

��� ���I	 ��"m.���U� �2 
�1%��. ��%���� 
	�6	 �
 k�B& �bC �� ��	
��  �
 
�

FDI�b2 .
� F�C	
�. ^�c�2 H"	 F� �	  

  

!����" � ��#$  

!�"�. \W�E �c�E FI�B2  ����
 F2���7� 2 ��12 ����� �����	
 l�O2 �

 �� �� �%�&1199555 ��
�2�0 F��� �	 !���%7"�� F��&� H"�� .
��  F� �$

�2 \#� F� 	� ��	
��P �"�1� ���
�� ��� ,$�-. H"	 �
 F��+�A�	
 ����0.  

 
References 
1. Nougier V, Bard C, Fleury M, Teasdale N. Contribution of central and peripheral vision to the regulation of stance. Gait 

Posture 1997; 5(1): 34-41. 
2. Nakata H, Yabe K. Automatic postural response systems in individuals with congenital total blindness. Gait Posture 2001; 

14(1): 36-43. 
3. Rosen S. Kinesiology and sensorimotor function. In: Blasch B, Wiener WR, Welsh RI, editors. Foundations of orientation and 

mobility. New York, NY: AFB Press; 1997. p. 170-99. 
4. Hallemans A, Ortibus E, Meire F, Aerts P. Low vision affects dynamic stability of gait. Gait Posture 2010; 32(4): 547-51. 
5. Davarpanah Jazi S, Purrajabi F, Movahedi A, Jalali S. Effect of selected balance exercises on the dynamic balance of children 

with visual impairments. J Vis Impair Blind 2012; 106(8): 466-74. 
6. Nakamura T. Quantitative analysis of gait in the visually impaired. Disabil Rehabil 1997; 19(5): 194-7. 
7. MacGowen HE. The kinematic analysis of the walking gait of congenitally blind and sighted children. Minneapolis, MN: 

University of Minnesota; 1983. 
8. Portfors-Yeomans CV, Riach CL. Frequency characteristics of postural control of children with and without visual 

impairment. Dev Med Child Neurol 1995; 37(5): 456-63. 
9. Larsson L, Frandin K. Body awareness and dance-based training for persons with acquired blindness—effects on balance and 

gait speed. Vis Impair Res 2006; 8(1-2): 25-40. 
10. Ramsey V, Blasch B, Kita A. Effects of mobility training on gait and balance. J Vis Impair Blind 2003; 97(11): 720. 
11. Lord SR, Dayhew J. Visual risk factors for falls in older people. J Am Geriatr Soc 2001; 49(5): 508-15. 
12. Timmis MA, Scarfe AC, Tabrett DR, Pardhan S. Kinematic analysis of step ascent among patients with central visual field 

loss. Gait Posture 2014; 39(1): 252-7. 
13. Patino CM, McKean-Cowdin R, Azen SP, Allison JC, Choudhury F, Varma R. Central and peripheral visual impairment and 

the risk of falls and falls with injury. Ophthalmology 2010; 117(2): 199-206. 
14. Hallemans A, Beccu S, Van LK, Ortibus E, Truijen S, Aerts P. Visual deprivation leads to gait adaptations that are age- and 

context-specific: II. Kinematic parameters. Gait Posture 2009; 30(3): 307-11. 
15. Spaulding SJ, Flanagan J, Elliott D, Rietdyk S, Brown KS. Waterloo vision and mobility study: Normal gait characteristics 

during dark and light adaptation in individuals with age-related maculopathy. Gait Posture 1995; 3(4): 227-35. 
16. Ozdemir RA, Pourmoghaddam A, Paloski WH. Sensorimotor posture control in the blind: superior ankle proprioceptive 

acuity does not compensate for vision loss. Gait Posture 2013; 38(4): 603-8. 
17. Grasso R, Bianchi L, Lacquaniti F. Motor patterns for human gait: backward versus forward locomotion. J Neurophysiol 

1998; 80(4): 1868-85. 
18. Patterson KK, Mansfield A, Biasin L, Brunton K, Inness EL, McIlroy WE. Longitudinal changes in poststroke spatiotemporal 

gait asymmetry over inpatient rehabilitation. Neurorehabil Neural Repair 2015; 29(2): 153-62. 
19. Hackney ME, Hall CD, Echt KV, Wolf SL. Multimodal exercise benefits mobility in older adults with visual impairment: a 

preliminary study. J Aging Phys Act 2015; 23(4): 630-9. 
20. Hamill J, Knutzen K, Bates B. Ambulatory consistency of the visually impaired. Champaign, IL: Human Kinetics Publishers; 

1985. 
21. Su BL, Song R, Guo LY, Yen CW. Characterizing gait asymmetry via frequency sub-band components of the ground reaction 

force. Biomed Signal Process Control 2015; 18: 56-60. 
22. Burnett DR, Campbell-Kyureghyan N, Topp RV, Quesada PM. Biomechanics of lower limbs during walking among 

candidates for total knee arthroplasty with and without low back pain. Biomed Res Int 2015; 2015: 8. 
23. Ferrari A, Benedetti MG, Pavan E, Frigo C, Bettinelli D, Rabuffetti M, et al. Quantitative comparison of five current protocols 

in gait analysis. Gait Posture 2008; 28(2): 207-16. 
24. Winter DA. Biomechanics and motor control of human movement. Hoboken, NJ: John Wiley and Sons; 2009. 
25. Patterson KK, Gage WH, Brooks D, Black SE, McIlroy WE. Evaluation of gait symmetry after stroke: A comparison of 

current methods and recommendations for standardization. Gait Posture 2010; 31(2): 241-6. 
26. Whittle MW. Gait analysis: An introduction. Philadelphia, PA: Elsevier Science; 2014. 
27. Clark-Carter DD, Heyes AD, Howarth CI. The gait of visually impaired pedestrians. Hum Mov Sci 1987; 6(3): 277-82. 



  

  
  

www.mui.ac.ir  

a��L8���'� �����N$ ���b�- ��������% 3�� 4�� �%�$D ��1C$ ��/$ ��M.� � 

 (�& /��*+�	�� ���� �
 ,$�-.11 ���# /4 !��0 � �12 /1394 299 

28. Patla AE, Davies TC, Niechwiej E. Obstacle avoidance during locomotion using haptic information in normally sighted 
humans. Exp Brain Res 2004; 155(2): 173-85. 

29. Hallemans A, Ortibus E, Truijen S, Meire F. Development of independent locomotion in children with a severe visual 
impairment. Res Dev Disabil 2011; 32(6): 2069-74. 

30. Lamoureux EL, Chong E, Wang JJ, Saw SM, Aung T, Mitchell P, et al. Visual impairment, causes of vision loss, and falls: 
The Singapore Malay eye study. Invest Ophthalmol Vis Sci 2008; 49(2): 528-33. 

31. Ozer M, Kaynak H, Atik A, Kacmaz Silil M, Altun M, Akseki D. Comparison of ankle proprioception between blind and 
healthy athletes. Orthopaedic Journal of Sports Medicine 2014; 2(Suppl 3). 

32. Wuehr M, Schniepp R, Schlick C, Huth S, Pradhan C, Dieterich M, et al. Sensory loss and walking speed related factors for 
gait alterations in patients with peripheral neuropathy. Gait Posture 2014; 39(3): 852-8. 



  

 
1- PhD Student, Department of Physical Education and Sport Sciences, School of Physical Education and Sport Sciences, Bu-Ali Sina University, 
Hamedan, Iran 
2- Professor, Department of Physical Education and Sport Sciences, School of Physical Education and Sport Sciences, Bu-Ali Sina University, 
Hamedan, Iran 
Corresponding Author: Nader Farahpour, Email: naderfarahpour1@gmail.com 
 

  
  

www.mui.ac.ir  

a��L8���'� �����N$ ���b�-  4�� �%�$D��������% 3�� ��1C$ ��/$ ��M.� � 

 (�& /��*+�	�� ���� �
 ,$�-.11 ���# /4 !��0 � �12 /1394 300 

Kinematic and Spatio-Temporal Characteristics of Gait in Blind Individuals 
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Abstract 
 

Introduction:  Visual inputs in the neuromuscular response process of the central nerve system have an important 
role in various motor tasks. The identification of the influence of lack of visual input on gait in blind people may be 
useful in rehabilitation planning and correction of gait pattern. The aims of this study were to compare spatio-
temporal variables and the symmetry index of gait among blind and healthy individuals, and investigate the effects of 
closing the eyes on kinematics of gait in healthy subjects. 

Materials and Methods: In the present study, 10 blind and 10 healthy subjects with similar age, height, and mass 
participated. Spatio-temporal variables of gait were measured in blind subjects without a cane and in normal subjects 
with and without vision. The differences between the two groups and the two walking conditions were determined 
through repeated measure and significance level of P < 0.05. 

Results: Stride length, step length, and gait velocity were lower in blind individuals than healthy individuals with 
vision (P < 0.05). Stride length, step length, and stride time in healthy individuals without vision were greater than in 
blind individuals. In healthy individuals without vision, stride and step time, fluctuation time, and single support time 
were increased while cadence was decreased. Moreover, the asymmetry index in the healthy group without vision in 
terms of variables of single support time, fluctuation time, and toe raised off the ground time had greater symmetry 
than the blind subjects. 

Conclusion: Blindness is accompanied with reduced walking speed and step and stride length. Lack of vision in 
healthy subjects, caused increased stride time, single support time, and fluctuation time and decreased cadence. 
Stride length, step length, and stride time in healthy subjects without vision were greater than in blind individuals. It 
seems that the role of proprioceptive receptors is more pronounced in blind individuals than normal individuals. 
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