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'�4 �� ;��K .@4 o
=�*� !�	
v� ��7O

 9
� 
6 	�'���
& (
)*�  
%45 ;�
$
 
@4@*   Qw�$ 


 ��$ ��
 
 @K�5 
+ ���@*�    ���� 
 �'��^ @�4 .  ��'�6

  �L��O ?�� ��	
�� !6
����   ) '<���& �
'��* �5060 

Kistler force platform-model  ��'�K �	
��$� 	�7� (

�	�	 
 ��'^  Q*
&'� �	 
+Hz 100.@�5 �$	 �6 �  

 ��@��4 ���$�7-�	 ��
^@��%%& �&'��4  �@��� ���6

5  �8�K	  	7�- �
N 
	 '+ 
6 � '�6�
  �L��O   
'��* �

@%���
6 )���@*� �6 
+
N x'P   ���2  x'P � �	  !�"

�$� !���" ���� ��� �(    @�%%& �
�2* 7�<J ��6 Z�8��� �


K �
4'$��*
4 
 @4
6 Z    ��'�K ����� �7" �6 �
T�
+

 .	'�^  ��@�%%& �&'4 	�'�� !2��- �� �'�^7<J ��'6

 !*
�� ;O�7� �7��5 (
)*� �
�� �	5  ��8�K	   ��'�6 ��

 ���'�$�   ��& ��7�O ��� �6 n@4 ���'^ 'j* �	 	�'��

 �7��5 '+ �� QN5 �8�K	   ���$�7- 	'� �� ��	
���� ��

  �@��� ���6 ���& @��45   
��� @���
:* ���'���$� ���8�K	

!2��-     ��@��6 �	
��� �7���5 '6 
 	74 d'"'6 9�

.	��`2* !�%� '��  

      ��8�K	 ?�� �@�� ��6 	�'��� ��7��5 H
'4 �� ;�K

���@*� !3�<I .�& 7N �� �
T�
N �  @�%��� ��� 
 @*@�4

�	�	 .@%6
� �$	 !���� p
��� �6 
�   �L��O �
�+  �

 �
��BD �� ?��� '��+ �	 	�'���� �� ?��� '��+ ��'��6 
'���*

  �7���K ;��6
K �7����5 ?��� ���'��^ 
��6 ��
��6 �����a


V:J  H7:)� �	) @4 ��
54    .(	'�� '�+ ��'6 �7��5

 ���<& �q8L� �
,- �	7:* d'"'6 �BJ ���%f:+  �

 	'� ?� g$7� ��7��5 ;��'�  ��6 (�� .��'�`N (
)*�

 !�<3�$� �
8�8L� /&'� �	 �� 
,� ��� �& �$� '&y- 

 !34/N (7<P �
2T*�	 !*0YP�
B�O� .@4 �'J�  

QN V:J �� �	�	 ��
5 
+  /�&'� �
$7* �6 z76'� �

  �L��O �� �	
���$� 
6 �
T�  
'��* ��  �	�	 /� 
�*5    
�6 
�+

 ('��* �� �	
����$�  ��/����MATLAB �=���*  �2014 

)a2014 R-MATLAB �& ��7O ��� �6 n@4 �
I5 (

�	�	 �7�P �� QN ���
N '�<�� ?� �� 
+   Q*
�&'� 
6 �`^

 V,KHz 10 �	
�� �7��5 '+ �5 �8�K	  �6 ��15   Z�'��

20 ��*
�    ��6) �
� Z�'�� d`� �� QN 
 @4 Z��8� ��

 �(�5 �	 /�7��* 	7��J
 ;��� 	14  ���BJ �@���6 Z�'���

     ��'�K �	
���$� 	�7�� �'�j* 	�7� �
+'����
N l�'=�$�
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����� ���	
 �� 
���� ��� ����
 ���� ! ������� 	
��
 "�
�#�$ % 

 ��'^)21(     ���� 
,� ���� �	 '�j* 	�7�� �
+'����
N .

!��@K �
�$�� �	 �
T� /&'� �P'$ 
 �
$7* ;�
4- 

!<-�	 
 !�<--      /�&'� '���� !�<& �7�" 
 !J�
-

.	76 �
T�  

   !���O7� �
��5 �� ��	
�� �
+'����
N l�'=�$� �� QN

 �7�����5 
ANOVA )Analysis of variance 
���6 (

���@*� ^�'� <L� �BJ ��'3��; �
�5� �	�	   .@�4 �	
��$� 
+

<L��; 
+� �
�5�   ('�* �� �	
���$� 
6   ��/���SPSS  �=��* � 

18 ) (
)*�version 18, SPSS Inc., Chicago, IL ( (
)*�

 ��'^ 
050/0 < P    !�%�� >,�$ ��7�%P �6  �	 ���	

@4 ���'^ 'j*.  

  

���
	 	
  

30  '�-	 �7)T*�	
6  ��2*
��±  %�$ �
��� d�'L*�!   

01/2 ± 13/22  @K ��
$72/4 ± 70/160 !�*
$  
 '��

 ��
63/9 ± 25/58  ('^7<�&   �&'�4 ��� 
,� ��� �	

@*	7:* .���
� �
+   ���� 
,� ��� �
�T* 	�	   ��%��	 ��&  �

COP )Center of pressure!��@��K �
���$�� �	 (- 

Z�'� (
:� �	 !�<-      �7�" ��6 !�3�<I .��& ��'6 �
+

!%��  ) ��$� �%+'6 
N ���a
 �� .�6 ���	001/0 < 

P�%��	 ��/�� ���%f:+ .(  �COP !<-�	 �
�$�� �	- 

Z�'� !�
:� �	 �!J�
-    �

��� �(
	 Z�'�� /J �6 
+

!%��   	�	 �
�T* �%+'6 
N ���a
 
 .�& ��6 �� ���	

)012/0 < P.(  

�%��	 ��2*
�� ;K�@�  �COP � 
� �	  ZTD �
+

  ��%+'6 
N 
 �
6 ZTD �.�& 
 ���6 ZTD �.�& 
 �
6

  #���'� �6 ��%+'6 
N 
 ���6 ZTD 
33/10 ± 05/27 �

98/10 ± 43/27 �44/4 ± 11/16  
10/5 ± 02/17 

!��<��   !��@��K �
���$�� �	 ����*
� '��6 '����–  
 !���<-  

76/6 ± 74/14 �07/7 ± 85/14 �88/4 ± 57/11  


51/4 ± 61/10 !<��   !�<-�	 �
��$�� �	 ��*
� '6 '��- 

.@�5 �$	 �6 !J�
-  

�6
J '��� !<& �7"  !�
JCOP Z�'� (
:� �	   �
�+

!%�� �7" �6 !3�<I .�& �@�47N 
6  ���a
 �� ���	

) 	76 '�T�6 �%+'6 
N002/0 < P   �5 ��@�8� ;K�@�� 
 (

   /��* 
 .��& 
 �
6 ZTD ���a
 �	   
 ����6 Z�TD

    '���6�'6 #�����'� ����6 �.����&98/57 ± 33/241  
  

84/62 ± 21/257  !�<��   �����a
 �	 
 ����*
� '�6 '����

    ��6 ���%+'6 
�N 
 ���6 ZTD /�* 
 �%+'6 
N 
 �
6 ZTD

 #����������'�47/50 ± 60/196  
89/38 ± 03/201 

!<�� .	76 ��*
� '6 '��  

 �P'$ 	�7� �	COP !��@K �
�$�� �	-   !��<-

��<& �	 /�* Z�'� � !%�� �

�� �
+   
 .��& ��6 ���	

 ) @�4 �@+
T� �%+'6 
N ���a
001/0 < P  �	 
��� �(

!<-�	 �
�$��-    Z�'�� �� !�-'6 �	 
�B%� �!J�
-   
�+

!%�� �

��    �
@�J) ��4�	 	7J
 ���	1  ;K�@�� .(

  !��@��K �
���$�� �	 �P'��$ ��2*
����–  �	 !���<-

� 
�  �6 ZTD �
+     ����a
 ��'�6 ����6 Z�TD 
 �


 #�����'� ����6 �.����&89/1 ± 07/9  
62/2 ± 90/9 

!<��       #���'� ��6 ���%+'6 
�N ����a
 �	 
 ��*
� '6 '��

44/1 ± 85/6  
40/1 ± 37/7 !<��      ��6 ���*
� '�6 '���

�L�O �	 '�	
8� ��� .@�5 �$	 !<-�	 �–   �!J�
�-

  '�6�'6 #��'� �611/2 ± 04/7  
18/2 ± 78/7   /��* 


25/2 ±68/6  
69/1 ± 75/6 !<�� .	76 ��*
� '6 '��  

  !�%�� �

��� �ZTD ���a
 	�7� �	   ���6 ���	

Z�'� �	 ���6 
 �
6 ZTD  �
+2  
�15    @�T* �@+
�T�

)050/0 > P �	�	 ��
��5 ;�<L� ���%f:+ .(    �
�T* 
�+

      
 (.��& �
@�6 
�� 
�6) ��<-�@� ���a
 ��6 �& 	�	

 !�%�� z
���� (���6 
� �
6 ZTD) !�
%�6 ���a
  ���	

     �	 
��+'�k�� ����� ��2*
���� '�	
��8� .	��@��* 	7��J
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����� ���	
 �� 
���� ��� ����
 ���� ! ������� 	
��
 "�
�#�$ % 

�
@J  �
+2  
3 .�$� �@�5  

  

���  

.�&      ��/�6� ?�� �	7�:* Z+�'�� �7j%� �6 !3�<I �
+

 �@%%& ��78�   !�6 �� �	
���$� ��BJ     ��7�%P ��6 !�
���

      !��&'� Z����$ �	 �0�YP ���78� ��'�6 �'�6@�

   ��$� �@�4 !��'" ��
�*�)5( .��& .    !�3�<I �
�+

    '���k� ������ ��� ?���
:%�& 
 ?��%�& �	 '��k� #�$

 '��6 	��
 �
'���* .+
��& �
��N M��& �
+�
��T� �7��2 �

    
�N ?�D7& 
 |�/�6 �0YP �� 
�� '��k� 
 ;O
��

!�  	74)25-23 �17-16(.  

.�& '��W� !$�'6 �6 ��
��6 �
88L�   !�3�<I �
+

��-�	'N �	
�� '6  
    !�YK
%�� !+
�^ 
 �

���� ]�
�*

�	7:* 9��/^     �� �
�8�8L� ���� �	 ��5 '�6 �
0P .@*�

��
6 ��� ��'6 �	
@L� !*
�� �    �	
���$� �	
��� !6
��

��
6 ��� �& �$� �@4  !�:* �!*
�� �    �
�P0"� @�*�7�

    ��& �'�D n@�+	 ��'K �
��-� �	 	�'�� �	
�� �� �� !�
&

�� 
�� �7" �	 	�'��   ��@�8� ��� �� .�6 ��'��
� �
+

!� �	
���� d'O ��  �
�$ �	 .@%%&    9
� �'��-� �
�+

 �@�@J    �	 �	
��� !6
����� ��6 �& �$� �@4 	
B%T�N

� �
�� �@5 !� �8�K	 V�
J ]�
�* 
 	��	'N   ��6 �� �'�

!� �$	 .@+	  

  
 ����1  
�	!� .P ��"�� #	���� �� �	$% &� � '( � #� )– ���	"  

���
 ��� ����  ��	��� �����  ������ �����  ������ * ��	���  

F2  753/0  097/0  184/0  

F3  026/0  104/0  505/0  

F4  998/0  017/0  687/0  

F5  725/0  038/0  985/0  

F6 854/0  083/0  971/0  

F7 599/0  004/0  169/0  

F8 162/0  075/0  410/0  

F9 315/0  134/0  550/0  

F10 766/0  323/0  795/0  

F11 278/0  019/0  441/0  

F12 763/0  025/0  934/0  

F13 347/0  114/0  661/0  

F14 025/0  008/0  184/0  

F15 097/0  005/0  899/0  

�	�	 �!�
%�6 ���a
 �	  �7��5 �� �	
��$� 
6 ���6 ZTD 
 �
6 ZTD � 
� 
	 �	 
+ANOVA )Analysis of variance���@*� 
6 (  �'�^

.�$� �@4 ���
8� '2�@3� 
6 �'3�  

�	�	 ��<-�@� ���a
 �	  �7��5 �� �	
��$� 
6 �!3�<I .�& 
 �%+'6 
N � 
� 
	 �	 
+ANOVA )Analysis of variance���@*� 
6 (  �'�^

.�$� �@4 ���
8� '2�@3� 
6 �'3�  

 �7��5 �� �	
��$� 
6 �.�& 
 ZTD ���a
 !��& '�k�� 
	 !<�
�� '�� ��<-�@� * !�
%�6 ���a
 �	ANOVA )Analysis of variance (

���@*� 
6 .�$� �@4 ���
8� '2�@3� 
6 �'3� �'�^  
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����� ���	
 �� 
���� ��� ����
 ���� ! ������� 	
��
 "�
�#�$ % 

 ����2+	) ,$- '�	. �� �	$% &� � #	/ 01�� �023	0� .  

��!��  	" �����  2F  3F 4F 5F 6F 7F 8F 9F 10F 11F 12F 13F 14F 15F 

�+���  ,COP  ��

 ,�����AP  

�+��- ��  45/21  ± 17/11   49/18  ± 53/7   51/19  ± 91/7   95/17  ± 60/7   02/19  ± 13/8   94/19  ± 56/9   71/18  ± 82/7   93/16  ± 99/5   07/19  ± 21/9   39/19  ± 50/9   55/19  ± 09/10  02/18  ± 29/8   11/16  ± 44/4   75/17  ± 57/7   

�	��. /�0 96/32  ± 57/12   85/30  ± 60/12   13/26  ± 93/8   63/28  ± 57/14   28/29  ± 85/12   32/31  ± 68/14   00/29  ± 21/13   22/27  ± 83/9   35/30  ± 05/10   47/28  ± 65/12   36/30  ± 10/14  05/28  ± 30/12   05/27  ± 33/10   39/29  ± 47/11   

�+���  ,COP  ��

 ,�����ML 

�+��- �� 84/18  ± 08/20   57/11  ± 88/4   06/12 ±  68/4  84/11  ± 12/6   46/12  ± 77/5   23/12  ± 88/5   47/12  ± 58/6   33/12  ± 36/5   19/12  ± 44/5   37/12  ± 93/5   52/12  ± 03/7   44/12  ± 76/5   58/11  ± 10/7   20/13  ± 21/9   

�	��. /�0 91/18  ± 40/7   33/17  ± 25/6   28/16  ± 31/6   75/14  ± 76/6   05/15  ± 19/5   56/16  ± 97/5   19/16  ± 47/6   10/17  ± 74/7   54/16  ± 05/7   82/15  ± 78/6   75/16  ± 18/7   63/16  ± 67/7   46/17  ± 14/8   97/15  ± 73/7   

�12� ��0 �34 

COP 

�+��- �� 69/221  ± 46/82   66/201  ± 25/57   10/208  ± 89/61   89/203  ± 54/44   89/205  ± 82/50  25/215  ± 76/62  73/202  ± 44/40  51/198  ± 34 /67  80/215  ± 61/57   05/215  ± 55/49   39/210  ± 87/6790/216  ± 53/52  61/196  ± 47/50  33/204  ± 20/48   

�	��. /�0 63/252  ± 65/59   34/241  ± 98/57   53/235  ± 56/46   41/242  ± 67/60   77/242  ± 49/57  10/255  ± 14/72  25/246  ± 58/64  34/241  ± 51/52  59/254  ± 07/65   26/239  ± 18/57   54/257  ± 30/6023/256  ± 01/65  43/258  ± 55/68  76/270  ± 87/84   

 56��COP  ��

 ,�����AP 

�+��- �� 84/7  ± 08/2   21/7  ± 57/1   45/7  ± 00/2   25/7  ± 49/1   32/7  ± 60/1   60/7  ± 66/1   28/7  ± 25/1   86/6  ± 44/1   45/7  ± 35/1   64/7  ± 50/1   49/7  ± 83/1   57/7  ± 72/1   12/7  ± 59/1   30/7  ± 40/1   

�	��. /�0 70/9  ± 34/2   47/9  ± 24/2   87/8  ± 78/1   25/9  ± 31/2   17/9  ± 02/2   55/9  ± 53/2   32/9  ± 42/2   10/9  ± 89/1   86/9  ± 37/2   92/8  ± 89/1   73/9  ± 65/1   73/9  ± 53/2   67/9  ± 58/2   47/10  ± 44/3   

 56��COP  ��

 ,�����ML 

�+��- �� 74/7  ± 75/3   96/6  ± 66/2   18/7  ± 58/2   10/7  ± 91/1   17/7  ± 23/2   53/7  ± 93/2   95/6  ± 99/1   07/7  ± 27/3   70/7  ± 86/2   50/7  ± 19/2   29/7  ± 10/3   71/7  ± 20/2   69/6  ± 25/2   03/7  ± 34/2   

�	��. /�0  01/8  ± 20/2   05/7  ± 11/2   64/7  ± 95/1   76/7  ± 25/2   75/7  ± 35/2   33/8  ± 93/2   98/7  ± 36/2   89/7  ± 08/2   96/7  ± 50/2   90/7  ± 41/2   35/8  ± 03/2   26/8  ± 32/2   49/8  ± 53/2   45/8  ± 92/2   

COP: Center of pressure 

 
 ����3��5) ,$- '�	. �� �	$% &� � #	/ 01�� �023	0� .  

��!��  	" �����  2F  3F 4F 5F 6F 7F 8F 9F 10F 11F 12F 13F 14F 15F 

�+���  ,COP  ��

 ,�����AP  

�+��- ��  62/19  ± 85/7  47/19  ± 91/8  72/19  ± 27/8  33/18  ± 50/7  19/20  ± 25/9  02/17  ± 10/5  57/18  ± 07/7  62/19  ± 21/9  62/19  ± 38/7  02/18  ± 03/6  38/20  ± 65/7  24/18  ± 36/6  42/18  ± 53/5  97/19  ± 48/8  

�	��. /�0 99/28  ± 71/10  24/31  ± 65/15  57/28  ± 90/14  80/28  ± 99/11  74/30  ± 37/16  90/30  ± 57/13  43/27  ± 98/10  66/26  ± 46/10  48/28  ± 35/10  06/32  ± 96/14  45/29  ± 06/13  91/32  ± 80/26  63/31  ± 09/13  61/29  ± 42/14  

�+���  ,COP  ��

 ,�����ML 

�+��- �� 98/13  ± 32/6  57/12  ± 00/6  21/13  ± 21/6  24/12  ± 55/5  64/12  ± 16/5  62/10  ± 51/4  21/13  ± 18/7  79/12  ± 77/5  61/12  ± 08/7  12/12  ± 32/5  40/12  ± 97/4  03/12  ± 86/5  79/12  ± 94/5  42/13  ± 92/6  

�	��. /�0 05/18  ± 08/7  31/18  ± 32/9  27/16  ± 77/6  50/15  ± 61/5  85/14  ± 07/7  80/16  ± 49/8  53/15  ± 75/6  25/16  ± 75/6  81/17  ± 54/7  10/18  ± 29/10  35/17  ± 42/7  94/19  ± 98/10  85/16  ± 94/5  30/17  ± 58/8  

�12� ��0 �34 

COP 

�+��- �� 74/220  ± 48/55  92/220  ± 51/51  63/211  ± 74/46  77/217  ± 58/58  91/220  ± 04/52  04/201  ± 89/38  32/231  ± 73/67  06/229  ± 61/53  08/229  ± 79/64  14/223  ± 06/65  79/226  ± 04/51  88/234  ± 41/57  13/241  ± 82/65  81/236  ± 17/55  

�	��. /�0 40/299  ± 91/71  41/274  ± 45/82  94/262  ± 30/67  24/263  ± 18/17  26/262  ± 37/95  27/279  ± 11/91  31/261  ± 44/70  22/257  ± 84/62  31/263  ± 50/67  96/274  ± 60/76  21/268  ± 78/74  44/285  ± 79/109  21/285  ± 93/88  68/291  ± 59/100  

 56��COP  ��

 ,�����AP 

�+��- �� 29/8  ± 93/1  06/8  ± 59/1  83/7  ± 79/1  13/8  ± 17/2  27/8  ± 99/1  37/7  ± 40/1  51/8  ± 36/2  35/8  ± 91/1  38/8  ± 21/2  18/8  ± 29/2  47/8  ± 65/1  57/8  ± 07/2  57/8  ± 07/2  69/8  ± 00/2  

�	��. /�0 02/12  ± 05/3  80/19  ± 37/3  54/10  ± 77/2  44/10  ± 09/3  42/10  ± 07/4  90/10  ± 64/3  11/10  ± 61/2  90/9  ± 62/2  19/10  ± 50/2  61/10  ± 09/3  34/10  ± 84/2  06/11  ± 70/4  06/11  ± 70/4  18/11  ± 56/3  

 56��COP  ��

 ,�����ML 

�+��- �� 23/7  ± 17/2  49/7  ± 26/2  05/7  ± 82/1  19/7  ± 13/2  25/7  ± 97/1  76/6  ± 69/1  79/7  ± 58/2  77/7  ± 15/2  72/7  ± 62/2  53/7  ± 50/2  47/7  ± 21/2  95/8 29/2  95/8  ± 61/2  93/7  ± 34/2  

�	��. /�0  74/8  ± 61/2  33/8  ± 80/2  78/7  ± 18/2  87/7  ± 34/2  81/7  ± 93/2  63/8  ± 07/3  22/8  ± 55/2  10/8  ± 15/2  22/8  ± 66/2  61/8  ± 71/2  46/8  ± 70/2  88/8  ± 27/3  85/8  ± 11/3  21/9  ± 94/3  

COP: Center of pressure 
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The Effects of Rollover Shoes on Instability during Prolonged Standing 

 
Razieh Tahmasebi MSc1, Mohammad Taghi Karimi PhD2, Saeed Forghany PhD2 

 
Abstract 
Background: Today, rollover footwears are widely used throughout the world for their therapeutic 
purposes. Many studies have been conducted on the effect of these shoes on balance, but the results 
are inconsistent with each other and do not provide accurate information on the effect of these shoes 
on the balance. Additionally, the researches were to evaluate the short-time frame that is not enough 
for the conclusion of the balance of individuals. So, this study aimed to investigate the effect of 
rollover shoes on static balance during prolonged standing.  

Methods: In this study, 30 healthy subjects with age range of 20-30 years were recruited and their 
static balance, was studied in four situations: 1) barefoot and eyes opened, 2) barefoot and eyes closed, 
3) rollover shoes and eyes opened and 4) rollover shoes and eyes closed. Participants stood for 5 
minutes on a kistler force plate operating at 100 Hz. The data were parted in to 20-second frames and 
balance parameters were determined in each frame. The studied parameters included the center of 
pressure (COP) excursion and velocity in anteroposterior (AP) and mediolateral (ML) plans and total 
path length. 

Findings: Rollover shoes made a significant difference in the excursion and velocity of the center of 
pressure in anteroposterior direction in all frames (P < 0.001); but in mediolateral plan, significant 
differences were observed only in some frames. The total path length of the center of pressure with 
rollover shoes, was significantly more than the bare feet (P = 0.002). In addition, about the visual 
effect on balance, no significant differences were observed. 

Conclusion: The results show that in this group of participants, the use of rollover shoes cause 
significant instability especially, in anteroposterior plane which can increase the risk of falling. It is 
necessary to consider the instability effect of these shoes in prescribing them in subjects with balance 
disorders, particularly the elderly. 
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