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)"�&�0�� 

 (�"��%� *'*��$�"'�� *'�$"'+� !%$'�8!' %$�� ���,-%� $�� ! +'� �0��'��� %- (!"'2�"�� 

��' *'�"��$'��� *"�%�� $�- 	-�� '��� ��$'%$"�2'��� ��*! )�� (Dynamic Derotation 

Brace – DDB) (�- �(�$!,!# $� ('� *� �2',� $�(� ��*! )�� %-�$�"�$'��� �!"�(!#�� 

'*'�(����� %��,#�%��, %! �,,�*� ��' ��("�. 

 

��%'�) !"&�,!#� ("�� �-$� $� ��$!��-�%� �(�$/,!%! �  /$"�%� $�� �%��� !��� 

*-�� !�� ��' ���($-%%) !��� ('/%!��  !$�5� ��*! )�� ��' %. �$�� �%�!����,  ! $� 

+���!'� ��$�,,�,�-  !$"�$'��� %-%$� �$�� (�- !#0! �� ��"'� $ � � $�- /��� �'%��$�"� 

(#!%��. �'  !$"�%!'� ("�& �$�(�'������ %! �%�!�!#�  ! ��"��'�� *!5'� (�*), ��"���-

�%2-4�� *!5'� � �"'%$!"� (��* � ���) ��' *'(,� (��"��'�� *!5'� ��' �%2-4�� �"'%$!"� – 

�* & ��) '*'�(��� %��,#�%�. �/"� �() $� $�(� %��,#�%��, 0�"��$�"'%$'�� )(�� � �,'�#�, 

$� 2�,�, � &��#� Cobb, ��' � 2�%� $�� %-�$�"�$'��� �!"�(!#�� (�- +"#%���$��, 

*'�2�"�(�'��%�� ��' $�-$)0"��� � �*�(�'��%�� $�-� �%�!�!#�  !$�5� $�-�.  

 

:,!� �' (�"�(��� (�"� !$"�' !,�2��%�� -()1� ("��!' /��- �� !5�0���� 0"�%' � 

%- (!"�% �$� &'� $�� *'�"��$'�� *"�%� $�- DDB, �� !(�,��!-$��� �*� &��%$� 

0�"��$�"'%$'�� $�� *"�%�� $�- �,,� ��' �� ("���1�-� �/� %$�'0!#� (�- �� +����%�-� %$� 

 /,,�� ("�� $� ��$!��-�%� +!,$'%$�(�#�%�� $�� �!"�(!-$'��� $�- �(�$!,!% �$'�)$�$��. 
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1.1 �������  

 %(��*-,'�� %$�,� ),�� $�� ���".(�� /0!' �() $� 2�%� $�� ��(�'!� �� (�,!�. �-$/� �' 

�� (�,!� +"#%���$�' %$� (!"'�0� &�"� �() $�-� . �-� ��' %$� ��$�  /"�� $�� (,�$��. �' 

$!,!-$�#!�, ("�%*#*�-� %$� (,�$�  '� !,�2"'� �,#%� ("�� $�  /%�. �%$)%�, -(�"0�-� 

%(��*-,'�/� %$�,!� (�- ! 2��#8�-� !('(,/�� $�� 2-%'�,�&'�.�, �-"$.%!'� �"'%$!"�, *!5'� 

� $�-$)0"��� ��' %$'� *�� (,!-"/� %$� (!"'�0� $�� ��"��'���, �%2-4��� � ��"���-

�%2-4���  �#"�� $�� %(��*-,'��� %$�,�� (�'�)�� 1.1).  

 
�'�)�� 1.1: 
�&�"'%�  !$�5� 2-%'�,�&'��� ��' %��,'�$'��� %(��*-,'��� %$�,�� (1) 

 

��"� $� ���� %$�%� $�- %. �$�� (�- ("���,���  #� � (!"'%%)$!"!� $/$�'!� �-"$.%!'�, *! 

 (�"��� �� *'�"������ �(,�  ! $� ��  ��!' � �%�!��� �� %$/�!$�' ('� !-���, ��' %! �� #� 

(!"#($�%� *!� /0�-� �� ����-�  ! ��,�$'�/� *"�%$�"')$�$!� � $� %��� � +�".�.  

��$�%$�%� �-$�, (!"'&"�2!$�' �� «%��,#�%�».  
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1.2 ������
� ������-� 

 '%$�"#� $�� %��,#�%�� !#��' $)%� (�,'� )%� ��' � '�$"'�� /&"�1! � 0!'"�-"&)� 

�"��(�'*'�)� 	" ��,�+���� �. (2). ��%!' $�- �((��"�$� (�- �$�� � (".$�� (�- 

���2/"���! %$�� %��,#�%� ��' &!�'�� %$�  � 2-%'�,�&'�� ��"$�%� $�� %(��*-,'��� 

%$�,��: «�(�"0�-� (�,,.� !'*.� �-"$.%!'� $�� %(��*-,'��� %$�,�� ��) � ��' %! �$� � 

 ! 2�'�� !�'�� ��,� -&!#�, �� �(�$/,!% � $�� 2-%'��� %� �$'��� $�-� *'�(,�%�� � $�� 

����� %$�%�� $�- %. �$)� $�-�» (3). ��"� $� (/"�� $)%�� �'.��� �() $�� !(�0� $�- 

�((��"�$�, � (!"'&"�2� �-$� (�"� /�!' (�,� !�%$�0�. � Vidus Vidius  ! $'� &�"�+��"!� 

$�- ! 2��#8!' 5�,'�!� ��$�%�!-/� *')"��%�� $�� (�"� �"2.%!�� $�� %(��*-,'��� %$�,�� 

(�- �(�*#*��$�' %$�� �((��"�$�. �%$�"'�� ��'  ! 0"���,�&'�� %!'"�, � ��,��)� (131-201 

 .�.), � ���,�� � �'&'�#$�� (625-690  .�.), � Ambroise Paré (1510-1590  .�.), � Francis 

Glisson (1597-1677  .�.) �$��  !"'��# �() $�-� !('%$� ��!� �' �(�#�'  ! $�� /"!-�� $�-� 

��' $� &"�($� $�-� /�!%�� $'� +�%!'� %$�  !,/$� $�� %��,#�%��. �() $�-� (�"�(���, � 

��,��)� �$�� �-$)� (�- 0"�%' �(�#�%! (".$�� $�� )"� «%��,#�%�». 

 

�"&)$!"�, � Nicolas Andry (1658-1742) (�-  (�"!# �� �!�"��!# � (�$/"�� $�� %�&0"���� 

�"��(�'*'���, �/,��$�� �� ���(�"�%$�%!' &"�2'�� $�� !'�)��  '�� %��,'�$'��� 

%(��*-,'��� %$�,��, ! (�!�%$��! $�� !'�)�� $�- %$"!+,�� */�$"�- (�'�)�� 1.2) (�- 

�(�$!,!# �() $)$! ��' $� %� +�,� $�� �"��(�'*'���. � #*'�� /&"�1! &'� $� �-"$. �$� $�� 

%(��*-,'��� %$�,�� �!�".�$�� �� �'$#!� $�� %��,#�%�� $� ���� %$�%� ��' $� �%0� � 

���'% � $�- %. �$��.   
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                                        �'�)�� 1.2 �� %$"!+,) */�$"� $�- Nicolas Andry (4) 

 

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

!5���,�-�!# �� ("���,!# $� !�*'�2/"�� $�� '�$"'��� ��'�)$�$�� &'� /"!-�� ��' �!"�(!#�. 
! 

��$#�!%�  ! $�� 2�'�� !�'�� !���,� $")(� ��#0�!-%�� ��' (!"'&"�2�� $��, � �!"�(!#� $�� 

!#��' (�,,/� 2�"/�  '� *�%��,� ��' (�,�(,��� *'�*'��%#�.  !2�" �&� $�� &��%$.� 

�!"�(!'.� ��' $")(�� ��$' !$.('%�� $�� %- ($� �$�� $�� *! *#�!' $� #*'� �(�$!,/% �$� 

%! ),�-� $�-� �%�!�!#�, ���'%$.�$�� $�� �-%'�%$'�� �� $� «0� �',/��$�» $�� '�$"'���. 

 

��$' $/$�'� ("���,��%! %-0�� $�� �(�&��$!-%� %! (�,,��� '�$"��� ��' !"!-��$/� (�- 

("�%(���%�� %$� (�"!,�)� �� ,�%�-� $�  -%$�"'� $�� ��' �-$) !#0! �� �(�$/,!% � �� 

�!�"��!# � %��,#�%� ���&��#� ���),  ! �&��%$!� �'$#!�. �() $�  /%� $�- 18�- ��'  /0"' $� 
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$/,�� $�- 19�- �'.��, /0�-� ��$�&"�2!# (��� �() !��$) �"��(�'*'�/� ��$�%�!-/� &'� $� 

�!"�(!#� $�� %��,#�%��, (�- !&��$�,!#2����� ,)&� (�,-(,��)$�$�� �  � 

�(�$!,!% �$'�)$�$�� $�-�. �' �-%'�%$'�/� ("�%(��!'!� !" ��!#�� ��' �!"�(!#�� $�� 

�"0'%�� %0!$'�� (")%2�$�. 
$�� �"0� ),!� �' ("�%(��!'!� !#0�� �� %$)0� $'�  !&�,!� 

(�"� �"2.%!'� ��' �-"$.%!'�. �-$) %� �'�! (�� � «��$#(�,��» �$��  '� %0� �$'% /��, 

."' � ��' %�,�"� (,/�� %(��*-,'�� %$�,�,  !  '�"� /�� ���),�- (!"'�."'� *')"��%��. �' 

(".$!� ("�%(��!'!� &'� *')"��%� �$�� �()$� !� ��' *-�� '�/� ��' �(�'$��%�� $!"�%$'� 

("�%(��!'� ("�%�" �&�� �() /�� �"&��'% ) (�- !#0! �,��,�".%!' $�� ���($-5� $�-, !#0! 

0�%!' $�� !-,-&'%#� ��' ("�%�" �%$'�)$�$� $�� (�'*'��� $�- �,'�#�� ��' �-"'�,!�$'�� !#0! 

('�  ��!' �� 8!'  ! $�� (�"� )"2�%�. �-$� � !(#(��� ("�%(��!'� '�$"�� ��' �%�!���� !#0! 

�� �(�$/,!% � � %-&�"�$�%� %$� ��'���"&'� ��' !('�- �$� *'�"�� /�� �/%� $�� 

%(��*-,'��� %$�,��, �� &#�!$�'  ! $� +���!'� !5�$!"'�.� )(�� &�1�� ��' ��"���!� � 

!%�$!"'�.� %$�"'& �$�� )(�� -,'�� %(��*-,�*!%#�� ��'  �%0!� �$� (�- $!,'�� /(�'8�� 

$� "),� !�)� *!�$!"�- %- (,�"� �$'��� %�!,!$��. 

 

�),'� $� *!��!$#� $�- ’50 /&'��� �' (".$!� ("�%(��!'!� ��$' !$.('%��  '�")$!"�� 

�-"$.%!�� $�� (�'*'��� �,'�#��, �' �(�#!� ,)&� $�� (,�%$'�)$�$�� $�- %�!,!$�� %! �-$� 

$�� �,'�#� !#0�� ��'  !&�,�$!"� ('���)$�$� *')"��%��. � Samuel Kleinberg, (�- �!�"!#$�' 

�-�!�$#� %$� $� /� $�� %��,#�%��, $� 1951 %$�� '%$�"'��  ���&"�2#� $�- ����!2�,�'.%! 

),!� $'� ("�%(��!'!� (�- /&'���  ! %$)0� $� ��$��)�%� ��' �!"�(!#� $�� %��,#�%��,  /0"' 

$)$!. �-$� �  ���&"�2#� �(�$/,!%! $�� +�%� ��' $�� �2�" � &'� (!"�'$/"� *'!"!���%� $�� 

�'$'�,�&#�� ��' (���,�&#�� $�� %(��*-,'��� %$�,��. � John Moe 0�"��$�"#8��$�� $�� 

%��,#�%� �� $� �/� 
$�0$�(��$� $�� �"��(�'*'���, /*�%! .��%� %$�  !,/$� $��  ! $�� 



 20 
 

#*"-%� $�� Scoliosis Research Society (S.R.S.) $� 1966. �/,� $�� !#��' �' ��"-2�#�' %� !"� 

�"��(�'*'��# �(’ ),� $�� �)% �.  

 

�� (".$� �"�"� %0!$'�)  ! $� %��,#�%� ! 2��#8!$�' %$�� �,,��'�� +'+,'�&"�2#� $� 1915 

&"�  /�� �() $�� ������ �%/$%'��  ! $� &!�'�) $#$,� «���� �����!��"�», %$� «	!,$#�� 

$�� ��$"'��� �$�'"#��». �� 1938 *� �%'!�!$�' %$'� �� �"�"� $�- !,,���-� !"'����� 

�"��(�'*'��� Nick Giannestras, %0!$'�)  ! $�-� *'"��$'���� &�1�-� $�� %��,#�%��. �� 

1950 ("�& �$�(�'!#$�' � (".$� 0!'"�-"&'�� !(/ +�%� %(��*-,�*!%#�� %! '*'�(��� 

%��,#�%�, �() $�� �!)*�"� ��"�2�,#*�. �� !() !�� 0")�'� ��'  /0"' $�  /%� $�� 

*!��!$#�� $�- ’60, ! 2��#8��$�' %! !,,��'�� ��' 5/�� '�$"'�� (!"'�*'�� !"&�%#!� �,,���� 

�"��(�'*'�.�. ��"),� �-$�, � %��,#�%�  /0"' $)$! *!� �(�$!,��%!  '� (���%� (�- 

�(�'$��%! '*'�#$!"� ("�%�0� ��' /&��'"� �!"�(!#�. �� ("�& �$� �� �,,�5�-�  ! $�� �2'5� 

$�- �'�),��- �'���/%$"� (Nick Giannestras) (�- /2!"!  �8# $�- $'� �!)$!"!� '*/!� (!"# 

%��,#�%�� (2).  

 

�� 1973, ��'  ! $� ("�$�+�-,#� $�� ����&'.$� 
 -"�� ��' �'�),��- �'���/%$"�, &#�!$�' 

%$�� ����� $� (".$� *'!��/� %! '��"'�  ! �/ � $� %��,#�%� $�� %(��*-,'��� %$�,�� (

). 

�� 1974 &#�!$�' � (".$�  �8'�� /"!-�� %$�� �,,�*� %! %0�,'�) (,��-% ), %0!$'��  ! $�� 

/&��'"� ��#0�!-%� $�� (�"� �"2.%!�� $�� %(��*-,'��� %$�,��, �() $�� ����&'.$� 


 -"��. ��"�,,�,�  ! $'� /"!-�!� %$�  ���$'�) (,��-% ) (�- ���,�-���� ��' $� !() !�� 

0")�'�, (�"�$�"!#$�' ��5�%� $�� (!"'%$�$'�.� %��,#�%�� (�- -(�+�,,��$�' %! 

%-�$�"�$'�� �!"�(!#�  ! $� 0"�%� ��*! )��,  ! ("�$�()"� $�� �  ���-�, ��"�2�,��� 

%$�� �,,��'�� �$�'"#� �"�%$�%#�� ��' �(���$�%$�%�� ���(�"�� ��#*�� (�.�.�.�.�.�.). 

� ��*! )��� (�- 0"�%' �(�'!#$�' �"0'�� !#��' � Milwaukee. �� 1976 � ����&'.$�� 
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 -"��� %$� ���, +�8!' $'� +�%!'� &'� %�+�"� ��' %-%$� �$'�� *�-,!'�, 0"�%' �(�'.�$�� 

$�� ��*! )�� $�(�- Boston. ��!#, �"&��.�!$�' ��' ���($�%%!$�' %$�*'��� � ����*� 


��,#�%��.  !('$-0#� �-$�� $�- ��*! )��, !(/+�,,! $�� ���8�$�%� !��,,��$'�.� ,�%!�� 

 ! %� ��$'�)$!"� $� 0"�%' �(�#�%� $�- -(� �%0�,'�- $"�(�(�'� /��- ��*! )�� $�(�- 

Boston. �"�$�()"�' %! �-$� $� ("�%(��!'� �$�� �': ������� ��"�&��-*���� ($!0�'�)�), 

����&'.$�� 
 -"��� (%0!*#�%! $�� ��*! )�� ���), 	� �$"'�� ��$��#�- ��' ���/��� 

6�0�"#�- (!#0�� $�� �"0'�� '*/� $�- DDB ��' $�� $!,'�) %0!*'�% ) $�- (�- *'�$�"!#$�' 

 /0"' ��' %� !"�  ! %-�!0!#� +!,$'.%!'�) ��' ('� (")%2�$� � ������� ��,�+���� (%0!*#�%! 

$�-� ��*! )�!� DTB ��' DLB). � DDB (�"� /�!'  /0"' ��' %� !"�,  !$�5� $�� 

�"��(�'*'�.�, � ('� *� �2',�� ��*! )��� %$�� �,,�*�. 

 

�� 1983, '*"����! %$�� �,,��'�� �$�'"#� �!'"�-"&'��� �"��(�'*'��� ��' �"�- �$�,�&#�� 

(�.�.�.�.�.) $� � � � ����%!�� $�� 
(��*-,'��� 
$�,�� (�.�.
.
.). �� 1987 � 	� �$"'�� 

��$��#�- &#�!$�' 	'!-�-�$�� $�� ����*�� 
��,#�%�� ��' 

 %$� ���. �� 2001 

���,� +��!' $� *'!��-�%� � %� !"'�)� 
-�$��'%$�� 	'!-�-�$�� ���/���. 6�0�"#�- ��' $� 

2004  ! �()2�%� $�- �(�-"&!#�- �&!#��  !$�$"/(!$�' %! (,�"!� � � � %��,#�%�� ��' 

%(��*-,'��� %$�,��  ! !(' !,�$/� $�-� �  ���-�, �%�2��$��� ��' �0',,/�. �(�-�$�.  

-(�*� � �-$� (�- *� '�-"&����!, /0!' �*�&�%!' (�,,��� �"��(�'*'���� �� !5!'*'�!-$��� 

%$� �!"�(!#� $�� %��,#�%�� ��' (,/�� !,�0'%$� /�� ���),�- (!"'%$�$'�� �-$�� $�- !#*�-� 

*!� 2!�&�-� %$� !5�$!"'�) ("��!' /��- �� ��$' !$�('%$���. 
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1.3 (�	�
� ��
�	�             

 %(��*-,'�� %$�,� !�)� �%�!����  ! %��,#�%�,  �'�8!' (!"'%%)$!"�  ! «C» � «S», (�"� 

!-�!#� &"�  � (5), (�'�)�� 1.3). 

 

  
�'�)�� 1.3: 
(��*-,'�/� %$�,!�  ! %��,#�%�,  ! %0� � «C» ��' «S» (6) 

 
 
�-$) )0' �� �(�$/,!% � �' . �' ��  �'�8�-� ��) �'�'  !$�5� $�-� ��' $� *�� ��"� $�� 

 /%�� $�- �%�!���� ��  �� !#��' %$�� #*'� !-�!#� )$�� � �%�!��� +"#%�!$�' %! )"�'� %$�%� 

(7), (�'�)�� 1.4). �(#%��, )$�� � �%�!��� +"#%�!$�' %! %$�%� !(#�-1�� !#��' ! 2���� � 
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%��,'�$'�)� �+�� %$� (,�$� $�- � �(�#�� �2!#,!$�' %$�� �%�  !$"� ��' !$!")(,!-"� 

("�+�,� ("�� $� (#%� $�� (,!-"'�.� $)5�� $�- �."��� � $��  �8�� $�� '!"���$'�#�� 

 -.� $��  /%�� (�'�)�� 1.5).   

 

 

�'�)�� 1.4: 
�&�"'%�  !$�5� %. �$��  ! 2-%'�,�&'�� %(��*-,'�� %$�,� ��' %. �$��  ! %(��*-,'�� %$�,� 
 ! %��,#�%� (7)  
 

�� ��' � %��,#�%� /0!' !('%� ���!# ��'  !,!$��!# �() $�� !(�0� $�- �((��"�$�, (�"� /�!' 

/�� (")+,� � !�  /"!' �*'!-�"#�'%$� &'� $� 0!'"�-"&'�� �"��(�'*'��, ,)&� $��  !&�,�� 

(�'�',#�� (�- ! 2��#8!', $�� �&��%$�� �'$'.� (�- $�� ("���,���,  '� ��' %$� 80% $�� 

(!"'($.%!�� *!� !�$�(#8!$�' %-&�!�"' /�� �'$#�, ��' $�� �(")+,!($�� (�"!#�� ��' !5/,'5�� 

(�-  (�"!# �� /0!'. �'’ �-$) ��' � «%��,#�%�» �(�$!,!#  �,,�� (!"'&"�2'�) )"� (�"� 

*'�&��%� (5).  
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�'�)�� 1.5: �%�!���  ! %��,#�%�, %! )"�'� %$�%� ��' !(#�-1� (8) 

 

�(�$!,!# $�� (!"'&"�2�  '�� $"'%*'�%$�$�� (�"� )"2�%�� $�� %(��*-,'��� %$�,�� $�- 

�%�!���� � �(�#� %-�*-�8!' %-%$"�2� $��, ��' ��"$�%� %! �+!,'�#� ��' %$!2��'�#� !(#(!*� 

(9,10). ��  (�"��%! �� 0�"��$�"'%$!# ��' ��  '� %���!$� !,'��!'*�� (�"� )"2�%� %$� 

0."�, %$�� �(�#� !�$)� �() $�� �5��'�) %�!,!$), %-  !$/0!' ��' � %�!,!$)� $�- �."��� 

��' %! !5�'"!$'�� !('+�"- /�!� (!"'($.%!'� ��' � (�!,�� (2). � %-�*-�% )� $�� 

(�"� �"2.%!�� �-$.� !�$)� �() $� %(��*-,'�� %$�,� !(�"!�8!' ��' �,,!� *� /� $�- 

���".('��- %. �$��, )(�� !#��' �'  �!� ��' $� ,!'$�-"&'�� )"&���, %! +�� ) ���,�&� $�� 

!5/,'5�� $�� (�"� )"2�%�� $�� %(��*-,'��� %$�,�� (11). � %-%0!$'% )�  !$�5� $�� 

(�"� )"2�%�� $�� %(��*-,'��� %$�,�� ��' $�� 2-%'�,�&#�� $�- �."���, �,'�'�� /0!' �� 

�(�$/,!% � $�� �%-  !$"#� $�- ��" �� $�- �%�!���� )(�� ���2/"���! ��' (�"�(��� 

(12).  
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1.3.1 �-�� ��� �
�-���� 

 %��,#�%� ! 2��#8!$�' �� %� ($� � �-"#�� %! (�'*'� (�- +"#%���$�' %$� (!"#�*� $�� 

"�&*�#�� %� �$'��� $�-� ���($-5��, !('*!'�.�!$�' ���,�&�  ! $� "-� ) ���($-5�� $�-� 

��' %$��!"�(�'!#$�' )$�� �-$� $!" �$'%$!#. 	'��"#�!$�' %!: 

� �� &!�!$�� %��,#�%�, � �(�#� (�"�(/ (!' %! *-% �"2#!� $�� %(��*-,'��� 

%$�,�� !5�'$#�� %(��*�,�� $�� �' �(�#�' *!� !#��' 2-%'�,�&'�� %0� �$'% /��'. 

�#��' *-��$� � (�"�$�"�%� $�� �() (�,� ��"#�, ��$� $� 2�%� ���($-5�� $�- 

�%�!����. 

� 
-�*"� '�� %��,#�%�, � �(�#� %-�*/!$�'  ! $�� ! 2��'%� ��(�'�� �,,�� 

%�+�"�� '�$"'��� ��$�%$�%��, )(��: )&���, ��� �,#� $�- �!-"�- -4��� 

%-%$� �$��, &!�!$'�� ��' 0"� �%� '�� ��� �,#�, %�+�")� $"�- �$'% )�, 

�,(. (13,14). 

� �*'�(���� %��,#�%�, � �(�#� *! %-�*/!$�'  ! %�2��!'�  ! �,,� *'�&��% /�� 

(")+,� � -&!#�� � &!�'�)$!"� *!� /0!' %�2� �'$#�.  

 

1.3.2 ������*�� �
�-��� 

 %-�$"'($'�� (,!'�1�2#� $�� (!"'($.%!�� %��,#�%��, (!"#(�- $� 80% )(�� ���2/"���! 

(�"�(���, �����-� %! �-$� $� ��$�&�"#� ��' 0�"#8��$�' %! -(���$�&�"#!� ���,�&�  ! $�� 

�,'�#� $�- �%�!���� ��$� $�� �(�#� ! 2��#%$��!: 

� ��('���, )$�� � %��,#�%� ! 2��#8!$�'  /0"' $� 3� /$�� 

� ��'*'��, )$�� ! 2��#8!$�'  !$�5� 3�- ��' 10�- /$�-� 

� �2�+'��, )$�� ! 2��#8!$�'  !$�5� 10�- ��' 18�- /$�-�, ��' 

� ���,#���, )$�� ! 2��#8!$�' %! �,'�#!� ��� $�� 18 !$.� (13). 
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��"),� (�- �(�$!,��� $� %-�$"'($'�� (,!'�1�2#� $�� (!"'($.%!�� %��,#�%��, �2�"��� 

 )�� $� 2-3% $�- &!�'��� (,��-% �� (14,15). �' (�"�(��� -(���$�&�"#!� *'�2/"�-� 

 !$�5� $�-� !('(,/�� %$� %-0�)$�$� ! 2��'%�� $�-�, %$� (")&��%� (�- $'� %-��*!�!', %$� 

2�,� (�- /0!' $�  !&�,�$!"� %-0�)$�$� ! 2��'%�� ��' %$� %-0�)$�$� ! 2��'%�� *!5'�� � 

�"'%$!"�� ��"$�%��.  

 

�() $'� (!"'($.%!'� '*'�(����� %��,#�%��, $� 80% �-$.� �� !#��' !2�+'�� ��' $� 10-15% 

(�'*'�� %��,#�%�.  ��('��� ��' (�'*'�� '*'�(���� %��,#�%� /0�-� ��,� (")&��%� ��' 

(�,,/� �() $'� (!"'($.%!'� �� *'�"������ 0�"#� '�$"'�� (�"/ +�%� !'*'�� �� �2�"��� %! 

�%�!�!#�  ! $�  '�")$!"� *-��$� �,'�#� (5). �!�'��  ',.�$��, � %��,#�%� /0!'  !&�,�$!"� 

%-0�)$�$� ! 2��'%�� %$� ��"#$%'� ��' !'*'�)$!"� &'� $�� !2�+'�� '*'�(��� %��,#�%� � 

%-0�)$�$� �-$� !5�"$�$�' ��' �() $� %�+�")$�$� $�� (�"� )"2�%��. �'� %-&�!�"' /��, 

&'� (�"� �"2.%!'�  ! &��#� Cobb  !&�,�$!"� �() 20° � ���,�&#�  !$�5� �&�"'.�-

��"'$%'.� !#��' 1:5,4 ��' &'� &��#� Cobb  !&�,�$!"� �() 30° !#��' 1:10 ��$#%$�'0�. �)�� 

!5�#"!%� �(�$!,��� �' (!"'($.%!'� (�- �����-� %$� ��('��� � (�'*'�� '*'�(��� %��,#�%� 

��' &'� $'� �(�#!� -(�"0!'  !&�,�$!"� ('���)$�$� ! 2��'%�� %$� �&)"'�. �� (�"�(��� 

%$�$'%$'�� %$�'0!#� (�- �2�"��� %$�� !2�+'�� '*'�(��� %��,#�%� !('+!+�'.���$�' ��' 

�() $� (�"��%�  !,/$� )(�� �� 2��!# ��' (�"���$�, � �(�#� �2�"� �(��,!'%$'�� %! 

(!"'($.%!'� !2�+'��� '*'�(����� %��,#�%�� 0�"#� �� !#��' �"'$�"'� !(',�&�� $�� �%�!�.� 

$� 2�,� $�-� (16). �/,��, (!"'%$�$'�� ��('���� ��' (�'*'��� '*'�(����� %��,#�%�� 

*!#0��-�  !&�,�$!"� (�%�%$) ! 2��'%�� �-"$.%!�� %$�� �"'%$!"� (,!-"�, %! ��$#�!%�  ! 

$'� (!"'($.%!'� !2�+'��� '*'�(����� %��,#�%�� (�- /0�-�  !&�,�$!"� (�%�%$) ! 2��'%�� 

��"$�%�� %$� *!5'� (,!-"� ��'  �,'%$� %$� ��"��'��  �#"� $�� %(��*-,'��� %$�,�� 

(2,5,16).  
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 %�+�")$�$� $�� (�"� )"2�%�� �(�$!,!# (�"�&��$� (�- ����"#8!' ��' $� ('���)$�$� 

!('*!#��%�� $�� ��$�%$�%�� !�)� �%�!����  ! '*'�(��� !2�+'�� %��,#�%�. �'� 

%-&�!�"' /�� ��' +�%!' $�� %$�$'%$'�.� %$�'0!#�� $�� S.R.S. '%0�!' � (�"���$� (#�����: 

 

)�*�	����� �����-	���� ��� �����
�� ������*��� �
�-���� (%) 
0�	-� Cobb $�
-� 10-12 $�
-� 13-15 $�
-� >16 

< 20° 25 10 0 

20° - 30° 60 40 10 

30° - 60° 90 70 30 

>60° 100 90 70 

                    �#����� 1.1: �'���)$�$� !('*!#��%�� $�� !2�+'��� '*'�(����� %��,#�%��  

 

��%!' $�� (�"�(���, �� ��(�'� (!"#($�%� %��,#�%�� ��'  �,'%$� '*'�(����� �5#8!' 

(!"'%%)$!"� ��  !,!$��!#, �-$� !#��' � !2�+'�� '*'�(����.  %-�$"'($'�� (,!'�1�2#� $�� 

�%�!�.� �-$�� $�- !#*�-�, !#��'  ! !5�#"!%� $� ����-$� %��,#�%�, �(�,�$�� -&'!#� 0�"#� 

'�$"'�) '%$�"'�) %$� (�"!,�)�. �!"'�� �() $� ("�+,� �$� -&!#�� (�- /0�-� !5!$�%$!# �� 

�'$#!� $�� '*'�(����� %��,#�%��, !#��': !�*��"'��,�&'��, �!-"�,�&'��, %�!,!$'�� ��' 

 -�%�!,!$'�� ("�+,� �$� $�- ���".('��- �"&��'% ��, ! +'� �0��'��# (�"�&��$!� ��' 

$/,�� (!"'+�,,��$'��# ��' $")(�- 8��� ,)&�'. ���/�� �() $� (�"�(��� ("�+,� �$� *!� 

/0!' �(�*!'0$!# !('%$� ��'�� (�� �(�$!,!# %�2� �'$#� $�� '*'�(����� %��,#�%�� (17-20). 

 

 �!"�(!#� $�� '*'�(����� !2�+'��� %��,#�%��  (�"!# �� !#��' $"'.� !'*.�: 

(�"���,����%�, %-�$�"�$'�� �!"�(!#�  ! ��*! )�� � 0!'"�-"&'�� !(/ +�%�.  !(',�&� 

!�)� !� $�� $"'.� !'*.� �!"�(!#��, !5�"$�$�' �() $�  /&!��� $�� ��"$�%��, $�� �,'�#� $�- 

�%�!���� ��' $� !��(� !#���$� 0")�'� %� �$'��� ���($-5�� �-$��  /0"' $�� %�!,!$'�� $�- 
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�"# ��%� � (�,� �(,� �() $� ('���)$�$� !('*!#��%�� �-$�� +�%!' $�� �,'�#�� $�- 

�%�!����. :$�� � ��"$�%� !#��'  '�")$!"� �() 20° $)$! � (�"���,����%� !#��' �  )�� 

�!"�(!#� (�- !2�" )8!$�'. 
$� (!"#($�%� (�- � �%�!��� ���($�%%!$�' %� �$'�� ��' � 

��"$�%� !#��'  !$�5� 20 ��' 40° $)$! �� �!"�(!#� !2�" )8!$�' � 0"�%� $�- ��*! )��, ��' 

$/,�� &'� �-"$.%!'�  !  /&!���  !&�,�$!"� �() 40° ��' �,��,�"� /�� %� �$'�� 

���($-5�,  )�� �!"�(!#� !#��' � 0!'"�-"&'�� !(/ +�%� �(���$�%$�%�� $�� 

(�"� )"2�%��.   

 

1.4  
��	��.�
� ��
�	� ��� �
�-���� 


$� $/,� $�- 19�- �'.�� � �!" ��)� !('%$� ���� Wilhelm Konrad Roentgen (1845-1923), 

�����,�($!' $'� ��$#�!� �. �() $)$!, �' !5!,#5!'� %$� (!*#� $�� %��,#�%�� !#��' "�&*�#!� 

��' �' %0!$'�/�  ! $� �/ � !('%$� ��'�/� �����'�.%!'� (�"� (�,,/�.   !,/$� $�� 

�-"$.%!�� $�� %(��*-,'��� %$�,�� �() $� �,'�'�� (�"�$�"�%� ��' (!"'&"�2� ��'  ! )(,� 

$�� ��$'��&"�2#� $�� %(��*-,'��� %$�,��,  !$�$�(#8!$�' (,/�� ("�� $� 0!'"�-"&'�� 

��$' !$.('%�. �#��' *-��$� � !�$# �%� $�� (�"� �"2.%!�� ��' $�� �(�$!,!% �$�� $�� 

���! �!"�(!#��  ! ��$'�!' !�'�� ��' %-&�"#%' � %$�'0!#� ��' �"'$�"'�.  

 

�"��!' /��- �� &#�!' !�$# �%� $�- $�(�- ��' $�� /�$�%�� $�� %��,#�%��, !#��' �(�"�#$�$� 

� ��$'��,�&'�� �(!'�)�'%� �,)�,�"�� $�� %(��*-,'��� %$�,�� $�- �%�!���� %! )"�'� 

%$�%�. �"�& �$�(�'!#$�'  #� ,�1� ��$�  /$�(� (face) ��'  #� (,�&'� (profile) (�'�)�� 

1.6). ��"'� 0�"��$�"'%$'�) $�� ��$�  /$�(� ,�1��, !#��' � !('("�+�,� $�� (!"'%%)$!"�� 

���$� '�.� %$�'0!#�� $�� %(��*�,�� %$� %�'� $�- %. �$�� $�� %(��*-,'��� %$�,�� !�$)� 
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�() $'� !&��"%'!� �(�2�%!'�, �' �(�#!� 2�#���$�' ����"� %�� (�"�,,�,)&"�  � �"'%$!"� 

��' *!5'� �-$��.    

 

��$� �-$� $� ,�1�, � ! 2��'%� $�� !(#  /"�-� ���$� '�.� %$�'0!#�� !#��' (�,� 

0�"��$�"'%$'�� ��'  ! %-&�!�"' /�!� *'�2�"/� )%� ��' � �')$�$!� ��� !%� %$'� *'�2�"!� 

 �#"!� $�� %(��*-,'��� %$�,��. 
$� ��$�  /"�� $�� !'�)��� ("/(!' �� 2�#���$�' $� ��� 

$ � �$� $�� ,�&)�'�� )(�- ��' *'��"#���$�' ��' �5'�,�&���$�' )(�� �� *�� ! (�"���$�, 

�' *'�*"� /� $�� ,�&)�'�� �(�2�%!�� �,,� ��' � �"'8��$#�%� � � �,#%� $�� ,!�����. 

 

 
�'�)�� 1.6: ��$'��,�&'�� �(!'�)�'%� %(��*-,'��� %$�,��  ! %��,#�%� %! )"�'� %$�%� (�: face ��' �: profile) 
(21)  
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�-$� � ,�1� �(�$!,!# ��' $�� ��"'� ��$'��&"�2'�� ,�1�, � �(�#� ��' ����"#8!' $�� 

$�-$)$�$� $�� %��,'�$'��� �� (�,�� (�- �(!'���#8!$�',  ! $�� $-(�(�#�%� $�� �� (�,�� 

���,�&�  ! $� �/%� $�- ��"-2�#�- %()�*-,�- $�� �� (�,��: 

� �-0!�'�� (�1-�6) 

� �-0!��-��"��'�� (�7-�1) 

� ��"��'�� (�2-�10) 

� ��"���-�%2-4�� (�11-�1) 

� �%2-4�� (�2-�4) 

� �%2-�-'!"� (�5-�1)  

��' ���,�&�  ! $� (,!-"� $�� ��"-2�� $�� �� (�,��: 

� 	!5'�, )$�� � ��"-2� $�� %��,'�$'��� �� (�,�� /0!' ��$!��-�%� ("�� $� *!5'�, ��' 

� �"'%$!"�, )$�� /0!' ��$!��-�%� ("�� $� �"'%$!"�.  

 


$� (,�&'� ,�1� 2�#���$�' ����"� $� %(��*-,'�� %. �$�, �' �-0/�!� ��' $� 

 !%�%(��*�,'� $"� �$� ��' *'�%$� �$� (�- ��$'%$�'0��� %$�-�  !%�%(��*�,'�-� *#%��-�, 

%! ),� $�� /�$�%� $�� %(��*-,'��� %$�,��. 

  

1.5 %�*���� �������� ��� 
������� 


� !"�,  ! $� %-%$� �$'�� (")�*� %$�-� $� !#� $�� !&0!'"�$'��� ��' %-�$�"�$'��� 

�!"�(!#��, &#�!$�' (!"'%%)$!"� ��$����$� � �*-�� #��  �� &'� «("�& �$'�� 

�(���$�%$�%�» $�� %(��*-,'�.� �-"$� �$�� %$� 2-%'�,�&'�� $�-�  �"2�. �' 

�!"�(!-$'�/� *-��$)$�$!� %� !"�, 2$���-�  /0"' $� !(#(!*� $��  !"'��� �(���$�%$�%�� 

$��  �"2�� $�� %(��*-,'��� %$�,�� ��' $�- �."���.  %��,#�%� /0!' $� *-��$)$�$� �� 
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("���,!# ("��*!-$'��  '� %!'"� �() (���,�&����$� '�/� �,,�'.%!'� �' �(�#!� /0�-� %�� 

� !%� �(�$/,!% � $� ("��*!-$'��  !#�%� $�� ,!'$�-"&'�.� '*'�$�$�� $�� %(��*-,'��� 

%$�,��. 
$)0�� ,�'()� �$�� ��' (�"� /�!' � ("),�1� $�� (�"� �"2.%!�� ��' � �!"�(!#� 

$�� (���%!�� (�- $'� ("���,��� «!� $� &!��/%!' $�-�», ("'� ("�,�+�-� �� *� '�-"&����� 

��!(��)"��$!� �,,�'.%!'� (2). �"�� �-$� $� ��$!��-�%� +�����! *'�2�"!�  /��*�' 

�5'�,)&�%�� $�- ��$'��&"�2'��� !,/&0�-, *#���$�� $� *-��$)$�$� (�%�$'��(�#�%�� $�� 

%��,'�$'��� ��"$�%�� ("��!' /��- �� -(�"5!' /&��'"� ��' )%� $� *-��$) �(�$!,!% �$'�� 

��$' !$.('%� $��.  

 

1.5.1 ���	���
� ������ 

�'� $�  /$"�%� $�� %(��*-,'��� %$"�2�� ���($�0����� (�,,/�  /��*�', �,,� !('�"�$�%�� 

��' ���'!".����� �� 0"�%' �(�'���$�', *��  /��*�': � Lippman & Cobb, ��' � Nash & 

Moe (2). 

 

��$� $�� (".$�  /��*�, �5'�,�&���$�' � %�'� $�- %(��*-,'��� %. �$�� %! %-�*-�% )  ! 

$� %�'� $�� ��"-2�� $�� �����.*�-� �()2-%��. 	'�'"!#$�' $� %(��*-,'�) %. � %! *�� 

� ' )"'�, *!5# �' �"'%$!") ��' ���! /�� �() �-$� %! $"!'� #%!� 8.�!�  ! ���!$!� (�"�,,�,!� 

&"�  /�. �� %� !#� ("�+�,�� $�� ��"-2�� $�� �����.*�-� �()2-%�� %! %0/%�  ! $'� 

���!$!� 8.�!�, 0�"��$�"#8!' $� %$"�2� %! 0, 1+, 2+, 3+ ��' 4+. �! 0 0�"��$�"#8!$�' � 

2-%'�,�&'�� �(!'�)�'%� ��'  ! 4+ � �/%� $�� �����.*�-� !�$)� $�� �"#�� $�� %�'�� $�- 

%(��*-,'��� %. �$�� (�'�)�� 1.7).  %$"�2� 0�"��$�"#8!$�' �!$'�� )$�� � �����.*�� 

�()2-%� ("�+�,,!$�' ("�� $� ��#,� $�� �� (�,�� ��' �"��$'�� )$�� !#��' ("�� $� �-"$) 

(2). 
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�'�)�� 1.7: �/$"�%� $�� %(��*-,'��� %$"�2�� ��$� Lippman & Cobb 

 

�! $� *!�$!"�  /��*�, �5'�,�&!#$�' � %�'� $�� %(��*-,'�.� �-0/��� �' � �/%� $�-� %! 

%0/%�  ! $� %(��*-,'�) %. �. �-$) 0�"#8!$�' %! *�� � ' )"'�, *!5# �' �"'%$!") ��' ���! 

/�� �() �-$� %! $"!'� ���!$!� 8.�!�  ! ���,�&!� ���!$!� &"�  /�.  �/%� $�- �-0/�� (�- 

 !$��'�!#$�' ("�� $�  /%� &"�  �, ����"#8!' ��' $�  /&!��� $�� %$"�2�� � �(�#� 

0�"��$�"#8!$�' �() 1+ /�� 4+. � 0�"��$�"'% )� 4+ ��$'%$�'0!# %!  !$�$)('%� $�- �-0/�� 

%$� ��$#�!$� � ' )"'�. ��' %! �-$� $�  /��*� � 2-%'�,�&'�� �(!'�)�'%� 0�"��$�"#8!$�'  ! 

0 (�'�)�� 1.8).  

 

�'�)�� 1.8: �/$"�%� $�� %(��*-,'��� %$"�2�� ��$� Nash & Moe 
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1.5.2 ��	��
� .�	-� ��� 
���/����� 

70�-� !('�"�$�%!' *��  /��*�': � Risser-Fergusson ��' � Lippman-Cobb (2). ��'�) 

0�"��$�"'%$'�) ��' $�� *��  !�)*�� !#��' $� &!&��)� (�� 0"�%' �(�'��� �� %� !#� 

���2�"�� $�-� ��"�#�-� %(��*�,�-� ���! �� (�,��. �� ��"�#�' 0�"��$�"#8��$�' �-$�#  ! 

$�  !&�,�$!"� �,#%� %! %0/%�  ! $� �"'8)�$'� !(#(!*� (�- +"#%���$�' %$� ��� ��' ��$� 

��"� $�- �-"$. �$�� ��'  ��"'� �() $� ��"-2� $�� �� (�,��. 

 

��$� $�  /��*� Risser-Fergusson (�- /0!' !('�"�$�%!' �� ,/&!$�'  )��  /��*�� Fergusson, 

!�.���$�'  ! *�� !-�!#!� &"�  /� $� &!� !$"'�� �/�$"� $�� *�� ��"�#�� ��' $�- 

��"-2�#�- %(��*�,�- ���! �� (�,�� ��' � &��#� (�- %0� �$#8!$�', 0�"��$�"#8!$�' �� � 

&��#� $�� �� (�,�� (�'�)�� 1.9).   

  

��' %$�  /��*� Lippman-Cobb �� &��#� $�� �� (�,�� �!�"!#$�' � �,#%�  !$�5� $�� 

%(��*-,'�.� %� �$�� $�� ��"�#�� %(��*�,�� �' �(�#�' ����"#8��$�' )(�� ��' %$� 

("��&�� !��  /��*�. �'� ��  !$"��!# � &��#� �-$�, 2/"!$�'  '� !-�!#� &"�  � (�"�,,�,� 

 ! $� #0��� $�� ��� !('2��!'�� $�- %. �$�� $�- ��� ��"�#�- %(��*�,�- �' �,,�  '� 

(�"�,,�,�  ! $� #0��� $�� ��$� !('2��!'�� $�- %. �$�� $�- ��$� ��"�#�- %(��*�,�-.   

 

�-$�# �' *�� ��"�#�' %()�*-,�', !#��' �-$�#  ! $�  !&�,�$!"� �,#%� ("�� $� ��#,� $�- 

�-"$. �$�� (�'�)�� 1.10).  &��#� (�- %0� �$#8!$�' �() $'� ���!$!� (��� %$'� *�� 

("��&�� !�!� !-�!#!� !#��' � &��#� Cobb (2).  
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�'� ),!� $'� (!"'($.%!'� %��,#�%�� ��!5�"$�$�- !#*�-�, � !,�0'%$� &��#� Cobb $�- 

%(��*-,'��� �-"$. �$��, +�%!' $�� S.R.S., !#��' #%�  ! 10°. ���,�&�  ! $� &��#� Cobb, 

�5'�,�&!#$�' ��' � %�+�")$�$� $�� %��,#�%��: 11-20° �('�-, 21-30°  /$"'�- ��' ��� $�� 

30° %�+�"�� +�� �� %��,#�%�. ���,�&�  ! $� �,#%�, *'�2/"!' ��' � ���,�&#� ! 2��'%�� 

 !$�5� �&�"'.� ��' ��"'$%'.�. 

 

 
�'�)�� 1.9: 
0� �$'�� �(!'�)�'%� -(�,�&'% �� $�� &��#�� $�- �-"$. �$�� ��$� Risser-Fergusson (22) 

 
 

 

�'� ��"$�%� #%�  ! 10° $� (�%�%$� �&�"'.� ��' ��"'$%'.� !#��' $� #*'� !�. &'� ��"$�%� 

 !&�,�$!"� �() 30°, &'� ���! 10 ��"#$%'� ! 2��#8!$�' /�� �&)"', )(�� �,,�%$! 

���2/"���! ��' ���,-$'�� %$� �#���� 1.1. �('(,/��, $� ��"#$%'� !#��' ('� !('""!(� %$�� 

!('*!#��%� $�� %��,#�%�� (23).  
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 &��#� Cobb �(�$!,!# �() $� 1948 $� +�%'�)  /%� (�%�$'��(�#�%�� $�� %��,#�%��. 

��"),� (�- !#��'  '�  /$"�%� *�� *'�%$�%!��, !�. � %��,#�%� !#��'  '� (�"� )"2�%� 

$"'.� *'�%$�%!��, +�%'�) (,!��/�$� � $�� !#��' � !���,�� -(�,�&'% )� $��. �-$) $� 

���'%$� �� $� +�%� &'� $�� !�$# �%� $�� %��,#�%�� ��' ��  (�"��%� ! �� (�� ! (�� 

�$'*�(�$! &��"#8�- ! &'� $� %��,#�%�, %0!$#8!$�' � !%�  ! $� &��#� Cobb (2).  

 

70!' ���'!"��!# %�� /��� $")(�� !�'�#�� �5'�,)&�%�� $�� %��,'�$'�.� (�"� �"2.%!�� 

$�� %(��*-,'��� %$�,�� ��' $�� �(�$!,!% �$�� $�� �(�'�%*�(�$! �!"�(!-$'���  !�)*�-. 

�%$)%�, �-$� � � !%� %0/%� %��,#�%�� ��' &��#�� Cobb *� '�-"&!# ��' ("�+,� �$� 

 !"'�/� 2�"/�. �'� (�"�*!'& �, $� ("�+,� �$� (�- ("���($�-� !5�'$#��  '�� ��"$�%�� 40° 

/0�-� (�,�  !&�,�$!"� %�+�")$�$� �() $� *'(,�%'� $�� ("�+,� �$��  '�� ��"$�%�� 20°, 

("�& � (�- %� �#�!' (�� � &��#� Cobb *!� /0!'  '� &"�  '�� ���,�&� %0/%�  ! $� 

%�+�")$�$� $�� (�"� )"2�%�� $�� %(��*-,'��� %$�,�� (24). 

 

�(#%��, !#��' %� ��$'�) �� (�� ! (�� � !,�0'%$�  !$�+�,� $�� &��#�� Cobb (�- !#��' 

*-��$) ��  !$"��!# �- �#�!$�' �() 5 /�� 10°. �' Schiller et al (25) *'�(#%$�%�� (�� $� 

 /&!��� $�� 6° !#��' � #%�� �  '�")$!"� �-5� !#�%� (�-  (�"!# ��  !$"��!#  ! ��"#+!'�, 

�� ��' �5')('%$� ��#0�!-%� �-$�� $�-  !&/��-� #%�� ��  �� !#��' *-��$�. 
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�'�)�� 1.10: 
0� �$'�� �(!'�)�'%� $�- -(�,�&'% �� $�� &��#�� Cobb (26) 

 

��%!' $�- Bunel (27),  '� ��5�%� $�� $�5!�� $�� 5° !#��' $� )"'� &'� �� �!�"��!# � 

!('*!#��%� %� ��$'��. �/,��, %$�$'%$'�/�  !,/$!� $�� �"#�� ���0�� $�� &��#�� Cobb, 

��$/,�5�� (�� !#��' �*���$� � �5')('%$�  /$"�%� �(�'�%*�(�$!  !$�+�,�� $�� (�- !#��' 

 '�")$!"� �() 10°, -(�%$�"#8��$�� (�� *!� -(�"0!' �()*!'5� (�- �� ���'%$� �,'�'�� 

%� ��$'��,  !$�+�,�  '�")$!"� �() 10° &'� �(�'�*�(�$! (!"#($�%� !2�+'��� '*'�(����� 

%��,#�%�� (28,29). 

 


! (!"#($�%� (�- -(�"0�-� (!"'%%)$!"!� $��  '�� �� (�,!� %$� %(��*-,'�� %$�,�, � 

-(�,�&'% )� $�� &��#�� $�� �� (�,�� ��' &'� $'� *�� ("����2!") !�!�  !�)*�-�, &#�!$�'  ! 

$�� #*'� $")(� ��' *'�*�0'�� &'� $� ���!  '� �() �-$/�. �� �' �� (�,!� �-$/� !#��' ��' 
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�,,�,�*'�*�0'�/�, � ��$� ��"�#�� %()�*-,�� $�� (".$�� %- (#($!'  ! $�� ��� ��"�#� 

%()�*-,� $�� *!�$!"��. 

 


-&�"'�) !�!� �' *��  /��*�'  !$�5� $�-�, *#��-� �� ('� �5')('%$� +'�,�&'�� ��' 

,!'$�-"&'�� $�  /��*� Risser-Fergusson, !�. �  /��*�� Lippman-Cobb �!�"!#$�' ('� 

�5')('%$� %! )$' �2�"� %$�� �5'�,)&�%� $�� �(�$!,!% �$�� $�� %-�$�"�$'��� �!"�(!#�� 

 ! ��*! )�� (30).    

 

1.5.3 !�-
��� Risser  

���.� � �!"�(!#� $�� !2�+'��� '*'�(����� %��,#�%��  (�"!# �� !#��'  #� !� $�� $"'.� 

!'*.� (�- ���2/"����� %$� ��"�&"�2� 1.3, � !(',�&� $�- !#*�-� $�� !5�"$�$�' �() $� 

('���)$�$� !('*!#��%�� $�� !��%$�$! ��"$�%��. �!�'��, � ��"$�%�  '�� !2�+'��� 

'*'�(����� %��,#�%��  (�"!# �� !('*!'���!# ��$� $� *'�"�!'� $�� (!"')*�- $�0!#�� 

%� �$'��� ���($-5�� $�- �%�!���� � ��$� $� 2�%� (�- (,/�� /0!' �,��,�"��!# � 

%� �$'�� ���($-5�, �,,� � &��#� $�� ��"$�%�� 0�"��$�"#8!$�'  !&�,� (;30°) )(�� 

2�#�!$�' ��' %$� �#���� 1.1. 	!*� /��- )$' � %��,#�%� !('*!'�.�!$�' ��$� $� *'�"�!'� $�� 

(!"')*�- $�0!#�� %� �$'��� ���($-5��, � ('���)$�$� !('*!#��%�� !�$' �$�' +�%!' $�� 

�,'�#�� $�- �%�!����, $�� �,'�#�� /,!-%�� $�� (".$�� /  ���� "�%�� �� � �%�!��� !#��' 

��"#$%' ��' +�%!' ��$'��,�&'�.� (�"� /$"��.  

 

 (�"!#� $�� �%$'��� ���($-5�� %-%0!$#8!$�'  ! $� (�"!#� $�- #0��-� $�� ,�&)�'�� 

�(�2�%!�� ��$�  ���� $�� ,�&)�'�� ��"�,�2'.�. � Risser (31) $� 1958  ! $� �!�"#� $�-, 

�$�� �-$)� (�- %-�/*!%! $� 2�'�) !�� �-$) ��' $� %� �$'�� ���($-5�,  ! $�� ('���)$�$� 
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!('*!#��%�� $�� %��,'�$'��� ��"$�%��.  ��$'��,�&'�� ! 2��'%� $�� ,�&)�'�� 

�(�2�%!�� %- (#($!'  ! $�� �"0� $�� $!,!-$�#�� 2�%�� �,��,�"�%�� $�� %�!,!$'��� 

���($-5�� ��'  ! $�� �"0� $�� �,��,�"�%�� ��' $�� +'�,�&'��� �"# ��%�� (/,!-%� $�� 

(".$�� /  ���� "�%�� &'� $� ��"#$%'�).  �%$!�(�#�%� $�� ,�&)�'�� ��"�,�2'.� �"0#8!' 

�() $� (")%�'� ��� ,�&)�'� ������ �' !(!�$!#�!$�' %$�*'��� ("�� $�� �(#%�'� ��� ,�&)�'� 

������ )(�- ��' !�%� �$.�!$�' ��$� $�� �,��,�"�%� $�� %� �$'��� ���($-5��. ��$� $�� 

Risser (31) �' ,�&)�'!� ��"�,�2#!� *'�'"���$�' %! $!$�"$� )"'� ��' ��$�&"�2!$�' $� #0��� 

$�� ,�&)�'�� �(�2�%!�� %! �-$�, ("��!' /��- �� �5'�,�&��!# � (�"!#� $�-� ��' %$� 

%-�/0!'� �� &#�!' !�$# �%� $�� �%$'��� �,'�#�� $�- �%�!����.  �%$'�� �,'�#� �� ����"#%!' 

��' ()%� %� �$'�� ���($-5� �(� /�!'. �!�'��, $� ��"#$%'� ���($�%%��$�' %� �$'�� (�,� 

&�"&�  /0"' (!"#(�- $�� �,'�#� $�� *.*!�� !$.� ((".$� /  ���� "�%�), !�. $� �&)"'� 

 /0"' $�� �,'�#� $�� *!��$!%%�"�� !$.� (32).  ���($-5� �%$)%� ��' &'� $� *�� 2�,� *! 

%$� �$� $)$!, �,,� %-�!0#8!$�' &'� !�� '%�  ! *�� 0")�'� ��) �,  ! ('� �"&��� "-� ��� 

) ��.  

 

� *!#�$�� Risser ��$�$�%%!' $� %�!,!$'�� �,��,�"�%� $�- �%�!���� %!  '� �,# ���  ! 

$' /� 0 /�� 5: 

� 0: 0�"��$�"#8!$�' �() ��-(�"5#� #0��-� $�� ,�&)�'�� �(�2�%!�� 

� 1: � ,�&)�'� �()2-%� ! 2��#8!$�'  /%� %$� 1� $!$�"$� )"'� ��' ("�� $� (")%�'� 

��� ,�&)�'� ������ 

� 2 ��' 3: � ,�&)�'� �()2-%� ! 2��#8!$�'  /%� %$� 2� ��' 3� $!$�"$� )"'� ��$#%$�'0� 

� 4: )$�� $!#�!' �� �,��,�"��!# � (�"!#� $�� ,�&)�'�� �()2-%�� ��' �-$� ! 2��#8!$�' 

 /%� %$� 4� $!$�"$� )"'�, ��' 
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� 5: � �,��,�"�%� $�� ! 2��'%�� ��' ("�& �$�(�#�%� $�� %-��%$/�%�� $�� 

�(�2�%!��  ! $'� ($/"-&!� $�� ,�&)�'�� ������� (�'�)�� 1.11), (2). 

 

�%�!�!#�  ! *!#�$� Risser 0 !#��' %$� 2�%� $�� ("�!2�+!#��, �' �%�!�!#�  ! *!#�$� 1 ��' 2 

! 2��#8�-� $�0!#� %� �$'�� ���($-5�, �' �%�!�!#�  ! *!#�$� 3 /0�-� �"'��� 5!(!"�%!' $� 

)"'� $�� $�0!#�� ���($-5��,  ! *!#�$� 4 ! 2��#8�-� !('+"�*-�%� $�- "-� �� $�� ��' $/,�� 

�' �%�!�!#�  ! *!#�$� 5 /0�-� (,/�� %$� �$�%!' �� ���($�%%��$�'. �-$) %� �#�!' (�� � 

�,# ��� $�- Risser �() $� 1 /�� ��' $� 5, ��,�($!$�'  /%� %! !�� '%�  ! *�� 0")�'�.  

                   

O *!#�$�� Risser +"��!  !&�,� (!*#� !2�" �&�� ��' 0"�%�� %$� %-�$�"�$'�� �!"�(!#� $�� 

!2�+'��� '*'�(����� %��,#�%��  ! $� +���!'� ��*! )��, ("�� $� ��$!��-�%� 

("�%*'�"'% �� $�� 0"��'�.� (!"'��"#�� !2�" �&�� $�- ��*! )��. �%$)%�, ��"'+.� &'’ 

�-$) ) �� �(�$/,!%! ��' $�� �2�" � &'� �� *� '�-"&����� (�"!5�&�%!'�. �-$) *')$' � 

*!#�$�� Risser  ! $' � 5 %- (#($!'  ! $�� �,��,�"�%� $�� %� �$'��� ��5�%��, �,,� )0'  ! 

$� +'�,�&'�� �"# ��%� $�- �%�!����. �! $�� ('%$� !2�" �&� $�- *!#�$� Risser �� 

 ���*'�) &�. ��� &'� $� *'���(� $�� %-�$�"�$'��� �!"�(!#�� %$�� �,'�#� $�� 15-16 

0")��� $�- �%�!����, �(�$/,!% � �$�� $� %��,'�$'�� �-"$. �$� (�,,.� �%�!�.� �� 

!(��/"0��$�' %$� !(#(!*� (�- !#0�� ("'� $�� !2�" �&� $�� �!"�(!#��.  %�,�"-�%� $�� 

%(��*-,'��� %$�,��, � �(�#� &#�!$�' �"�!$� �"&)$!"� �() $� %$'& � �,��,�"�%�� $�� 

%� �$'��� ��5�%��, !#��' �-$� (�- ����,.�!' $� %(��*-,'�� %$�,� %$� $!,'��  �"2�  ! 

$�� �,��,�"�%� $�� �!"�(!#��  ! $� ��*! )��. �' %� !"'�/� ��$',�1!'� !('+�,,�-� $� 

%-�/0'%� $�� �!"�(!#��  ! ��*! )��,  /0"' ��' $�� �,'�#� $�� *!���0$. !$.� �()$! ��' 

-(�"0!' (,/�� ��' � +'�,�&'�� �"# ��%� $�� %(��*-,'��� %$�,�� $�- �%�!���� (2).       
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�'�)�� 1.11: 
0� �$'�� �(!'�)�'%� $�� !5/,'5�� $�� ,�&)�'�� �(�2�%!�� ��$� Risser (33) 

 

1.5.4 ���	������ ����������� 


2���!'*�� (�"� )"2�%� 0�"��$�"#8!$�' �  !#�%� $�- �1�-� $�- %(��*-,'��� %. �$�� 

�() $�  '� (,!-"� $�- %! %�&�"'%�  ! �-$) $�� �,,�� (,!-"�� (�'�)�� 1.12). � Cobb 

���'/"�%! $� �,# ��� �5'�,)&�%�� �-$�� $�� (�"� )"2�%�� (�- 0�"��$�"#8!' ��' $� 

%�+�")$�$� $��: 

� :$�� �  !#�%� $�- %(��*-,'��� %. �$�� �() $�  '� (,!-"� !#��'  /0"' $� 1/6 $�- 

2-%'�,�&'��� (�- ��$'%$�'0!# %! �-$) $�� �,,�� (,!-"��, $)$! � (�"� )"2�%� 

0�"��$�"#8!$�' 1+ 

� �() $� 1/6  /0"' $� 1/3 0�"��$�"#8!$�' 2+ 

� �� !#��'  !&�,�$!"� �() $� 1/3 ��'  /0"' $� 1/2, 0�"��$�"#8!$�' 3+ 
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�  %2���!'*�� (�"� )"2�%� (�- 5!(!"��!' $� 1/2 0�"��$�"#8!$�' 4+ ��' 2-%'�� 

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

 

�('(,/�� ),�� $�� (�"�(���  !$"�%!�� (�-  (�"��� �� ("�& �$�(�'����� ("��!' /��- 

�� !�$' ��!# � %�+�")$�$� �-"#�� $�� !2�+'��� '*'�(����� %��,#�%��, -(�"0�-� ��' 

 !$"�%!'� (�-  (�"��� �� ("�& �$�(�'����� %! (!"'%$�$'�� �,,�� !'*.� '*'�(����� 

%��,#�%��. 

 

  /$"�%� $�� (,!-"�%(��*-,'��� &��#�� �(�$!,!# /�� �() $� �-%'�%$'�� ("�&��%$'�� 

%$�'0!#� &'� $'� +"!2'�/� '*'�(��!#� %��,'.%!'� ��' *!� '%0�!' &'� (�"� �"2.%!'� (�- 

! 2��#8��$�'  !$� $� $"#$� 0")�� $�� !5� �$"'�� 8��� $�- (�'*'��.  Mehta �$�� �-$� (�- 

��$�2!"! �� %-%0!$#%!' $� �,'�'�� (�"�$�"�%� ��' $�� ��$'��,�&'�� �(!'�)�'%�,  ! $� 

+'�,�&'�� !5/,'5� $�� (�"� �"2.%!�� (2). 

 

 (,!-"�%(��*-,'�� &��#� %0� �$#8!$�' �() $� ���!$� !-�!#� %$�  /%� $�� ��$� 

!('2��!'�� $�- %. �$�� $�- ��"-2�#�- %(��*�,�- $�� �� (�,�� ��' $�� !-�!#� (�- !�.�!' 

$�  /%� $�- �-0/��  ! $� �/�$"� $�� �!2�,�� $�� (,!-"�� (�- ��$'%$�'0!# %$� ��"-2�#� 

%()�*-,�. �� %� !#� %$� �(�#� $/ ���$�' �' *�� !-�!#!� ��$'%$�'0!# %$� ��"-2� $�� 

(,!-"�%(��*-,'��� &��#�� (�'�)�� 1.13). 
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�'�)�� 1.12: �,!-"'�� %2���!'*�� (�"� )"2�%� $�- %(��*-,'��� %. �$�� (34) 

 

 Mehta  ! $�  !,/$� $�� ("�%*')"'%! (�� �� � (,!-"�%(��*-,'�� &��#� (�- ��$'%$�'0!# 

%$� ��#,� $�� �� (�,�� !#��' #%� � ,#&�  !&�,�$!"� �() $� &��#� (�- ��$'%$�'0!# %$� 

(,!-"� $�- �-"$��, � (")&��%� !#��' ��,� ��' � +"!2'�� %��,#�%� ��  !'��!#  ! $�� 

���($-5� $�- (�'*'�� ��' $!,'�� �� !5�2��'%$!#. �� � *'�2�"� $�� *�� (,!-"�%(��*-,'�.� 

&��'.� (�-"$�� ��' ��#,�-) !#��'  !&�,�$!"� �() 20°, $)$! � (")&��%� *!� !#��' ��,� ��' � 

%��,#�%� !5!,#%%!$�' %!  !&�,� (�"� )"2�%� (2). 
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�'�)�� 1.13: �(�,�&'% )� (,!-"�%(��*-,'��� &��#�� (34) 

 

�'� �,,� (�"�$�"�%� (�- /0!'  !&�,� !�*'�2/"�� ��' �2�"� �(��,!'%$'�� %$'� +"!2'�/� 

%��,'.%!'�, !#��' � %-%0/$'%� $�� �()%$�%�� ��� !%� %$� �!2�,� $�� (,!-"�� (�- 

��$'%$�'0!# %$� ��"-2�#� %()�*-,� $�� %��,'�$'��� �� (�,�� ��' +"#%�!$�' ("�� $� ��#,� 

$�� �� (�,��,  ! $� ("�+�,� $�- %(��*-,'��� %. �$��. ��' &'’ �-$� $� (�"�$�"�%�, � 

Mehta �$�� �-$� (�- *'�$�(�%!  '� �!�"#� +�%!' $�� �(�#�� )$�� *'�$�"!#$�' � �()%$�%� 

��� !%� %$� #0��� $�� �!2�,�� ��' %$�� ��$#%$�'0� %�'� $�- %(��*-,'��� %. �$��, � 

(")&��%� �!�"!#$�' !-��4�� ��' 0�"��$�"#8!$�' �� 3�%� 1. 
$� (!"#($�%� (�- � �!2�,� 

$�� (,!-"�� 2�#�!$�' �� /"0!$�' %! !(�2�  ! $� %(��*-,'�) %. � � ��' �� ��,�($!$�' �() 

�-$), � !'�)�� (!"'&"�2!$�' �� 3�%� 2,  ! ���� (")&��%�. 
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 3�%� 1 (�"�$�"!#$�' %! ��,���!'� 0�"��$�"'8) !�!� �() �-$�<�%� +"!2'�/� %��,'.%!'�, 

!�. � 3�%� 2 %! ������!'� ��' !('*!'��� !�!� (�"� �"2.%!'� (�- /0�-� %�� �(�$/,!% � 

(�,�  !&�,!� ��' *�%�� ($!� �� (�,!� (2).  

 

1.6 ��	������
� *�����-�  

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

(�,'/� )%� ��' � *'�&��%� �-$.� $�� (�"� �"2.%!��. 	-%$-0.� $'� (!"'%%)$!"!� 2�"/� 

$� �(�$/,!% � �$�� � �(�$-0#� !(#$!-5�� �!"�(!#��.  

 

�),'� $� *!��!$#� $�- ‘50 -(�"5�� $� (".$� !���""-�$'��  ��� �$�  ! $�� 0"�%� $�- 

&�1�-  ! $�  /��*� $�- Risser +�%!' $�� �(�#�� ,� +����$�� -()1� ��$� $� �!"�(!#� ��' 

�' %$"�2'�/� (�"� �"2.%!'� (�- ("���,���$�' %$� %. � $�- �%�!����. 7$%', (".$� 

&'�)$�� � *')"��%� $�� (�"� )"2�%��  ! $� +���!'� $�- � .�- �- (,�'%#�- ((,�#%'� 

Risser) ��' %$� %-�/0!'� $�(��!$���$�� &�1'��� �,)%� �� ��*! )��� � �(�#�� (!"#+�,,! 

$� ��" ) $�- �%�!����. ��  /��*��, 0"�%' �(�'����! ��$� $�� ("�!&0!'"�$'�� *')"��%� 

��'  !$!&0!'"�$'�� ��'��$�(�#�%� (2).   !&�,� *-%0/"!'� (�- ("���,!# � &�1'��� 

��*! )��� %$�� �%�!��, $� %- ($. �$� ,)&� $�� (#!%�� (�- �%�!#$�' �() $� &�1� %$� 

%. �, �' *-%��,#!� �$� '��� ����"')$�$�� ,)&� $�� �(�"5�� $�- &�1�- ��' � �*-�� #� 

!���,�� !('*')"��%�� $�- ��*! )��, �(�$!,��� (�,� %� ��$'��  !'��!�$� �$� �-$�� $�� 

 !�)*�-  ! �(�$/,!% � �-%'�%$'�� �� /0!' !&��$�,!'2�!# �� !(',�&� %-�$�"�$'��� 

�!"�(!#�� $�� %��,#�%��.  
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9,,!�  /��*�' (�- 0"�%' �(�'������ ��$� ��'"���, �$�� �-$� $�� /,5!�� $�� %(��*-,'��� 

%$�,�� ��' �' +'�-�,!�$"'�/�  /��*�'. �() $�� �"0� !2�" �&�� $��  !�)*�- $�� /,5!�� $� 

�(�$!,/% �$� *!� �$�� '����(�'�$'��. �-$) �2!',)$�� �-"#�� %$� 0"�%� *-%���,�&� 

 !&�,�� *-�� !�� %! (�,�  '�") 0")�� ("��!' /��- � *')"��%� �� !#��' � !%�. �(�"5�� 

���# ��$!� (/,5!'� $�- Cotrel) ��' �' �$�"/� (�"(�&� $�- Crutchfield)  /��*�'.  

 

��"��$�"'%$'�) $�� (�"� �"2.%!�� &'� $'� �(�#!� 0"�%' �(�'!#$� � !5���,�-�!# %(��'� 

�� 0"�%' �(�'!#$�' �  /��*�� $�� /,5!��, !#��' $� &!&��)� (�� (")�!'$�' &'� 

(�"� !,� /�!� ��' *�%�� ($!� �-"$.%!'� (�- ) �� *!� �2!#,��$�' %! '*'�(��� %��,#�%�.  

 

��,� (")%2�$� ��' %-&�!�"' /�� $� *!��!$#� $�- ’70 ! 2��#%$����  /��*�' (�- 

%$�"#8��$�� %$�� �(�2-&� 0"�%�� ��*! )��� ��' $�� !2�" �&� *'�"��$'�.� *-�� !�� ��' 

('/%!��. ��$# �-$.� 0"�%' �(�'������ �,!�$"'�� !"!�#% �$� &'� $�� !(',!�$'�� !�#%0-%� 

 -4�.� � �*�� (�- *"�-� ��$#�!$� $�� (�"� )"2�%��,  ! %$)0� $�� !,�$$�%� $�� 

(,�&'�� �-"$� �$��. �� 1976 � Bobechko (35) �����#��%! $� �(�$!,/% �$� $�� /"!-��� 

$�-, ��$� $�� �(�#� /&'�! ! 2�$!-%� �,!�$"�*#�� %$�  �8� $�� '!"���$'�#��  -.� �() $� 

(,!-"� $�- �-"$�� $�� �� (�,��. �-$� $� �,!�$")*'� �$�� %-�*!*! /��  ! �%�" �$� 

*/�$� (�- +"'%�)$�� ��$� �() $� */" � ��' %-&�!�"' /�� %$� ��"���-�%2-4�� (!"'�0�. 


$� %-�/0!'�, ��$�,,�,� �,!�$"'�� *-�� '�� �*�&���$�� �%�" �$� %$� */�$� ��' �() �!' 

%$� ! 2-$!- /�� �,!�$")*'�. � !"!�'% )� $��  -.� ("���,��%! %-%(�%!'� ��'  '� 

(�"�*'�� *')"��%� $�� %��,'�$'��� (�"� )"2�%�� &'� )%� *'�"���%! � �,!�$"'�� 

*'/&!"%�.  ("��*!-$'�� *'/&!"%� $��  -.� ("���,��%! %-%(�%!'� �' �(�#!� �*�&��%�� %! 

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

$�� �-5��) !��� *"�%�� $�-� (��� %$� %(��*-,'�� %$�,�. �-$) ("���,��%! $� (�&#�%� 
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$�� *'�"��$'�.� *-�� !�� ��' %$�*'��� $�  !#�%� $�� %��,'�$'��� ��"$�%��. �"&)$!"�, 

$� ! 2-$!- /�� �,!�$")*'� ��$'��$�%$������ �() !('2��!'��� �,!�$")*'�. �� (".$� 

'����(�'�$'�� �(�$!,/% �$� ��' $�� *�� !�*�0.� $�� #*'��  !�)*�-, *!� !('+!+�'.����� 

��' �"&)$!"�, ,)&� $�� �-5� /��� (�%�%$.� -(�$"�(�� ��' $��  � '����(�'�$'��� $!,'��� 

*')"��%��.  $"'%*'�%$�$� 2�%� $�� %��,#�%�� *!  (�"!# �� *'�"���!# '����(�'�$'�� ��' 

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

 

�� *!��!$#� $�- ’50 /���! $�� ! 2��'%� $�-, ��  /��*�� %-�$�"�$'��� �!"�(!#��, � 

��*! )��� $�(�- Milwaukee  ! ! (�!-%$/� $�-� Blount ��' Schmidt (2). � ��*! )��� 

�-$)� 0"�%' �(�'����! �"0'�� &'� $� %-&�"�$�%� (!"'%$�$'�.� (�- !#0�� -(�+,��!# %! 

*'�"��$'�� 0!'"�-"&'�� !(/ +�%�. �"&)$!"� ��' +�%!' $�� !���""-�$'�.� �(�$!,!% �$�� 

(�- -(�"5��, 0"�%' �(�'����! ��' &'�  '�"/� (�"� �"2.%!'� �(�$!,.�$�� ("��*!-$'�� $� 

%� !#� ���2�"�� $�� %-�$�"�$'��� �!"�(!#�� $�� %��,#�%��. �/0"' ��' $'�  /"!�  �� 

�(�$!,!#  '� �() $'� !('$-0� /�!� ,�%!'� %-�$�"�$'��� �!"�(!#��, ���'%$.�$�� $�� !(',�&� 

$��  !�)*�- %-�$�"�$'��� �!"�(!#��  ! ��*! )�� �(�'�-*�(�$! $�(�-, ��  ��)*"� �. 

��,/� *'�"�.%!'� /*!'5�� !�$)� �() $� ��*! )�� Milwaukee ��' �' -(� �%0�,'�' 

��*! )�!� (Thoracic Lumbar Sacral Orthosis – TLSO). 

 

 
! ),!� $'� (�"�(��� (!"'($.%!'�, �  /&'%$� !('�- �$� *')"��%� �$�� �-$� (�- �� 

%-&�"�$��%! $� ��"$�%� %$� !(#(!*� (�- !('$-&0����$�'  ! $�� ��*! )�� $�(�- 

Milwaukee. 	-%$-0.�  /0"' ��' %� !"� *!� /0!' +"!�!# $")(�� %-�$�"�$'��� �!"�(!#�� (�- 

�� !5�2��#8!' $� %��,'�$'�� ��"$�%�, �()$! (�"� /�!' %$)0�� $�� !��%$�$! �!"�(!#��  ! 

��*! )�� � !('%$"�2� $�� ��"$�%�� %$� !(#(!*� $�� ("'� $�� /��"5� $�� �!"�(!#��.         
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� ��*! )��� !*. ��' (!���$� 0")�'� ��' �2�� ("��&����! � %0!*'�% )� $�- ��*! )�� 

$�(�- Milwaukee, �(�$!,!# �-%'�%$'�� $�� %$-,�+�$� $�� %-�$�"�$'��� �!"�(!#�� $�� 

%��,#�%�� ��' !'*'�)$!"� $�� !2�+'��� '*'�(����� %��,#�%��. �#��' %0!*'�% /��� ��$� 

$/$�'� $")(�, .%$! �%�.�$�� !5�$!"'�� *��� � %$� ��" ) $�- �%�!���� ��' ("���,.�$�� 

('/%!'� %! !(',!& /�� %� !#� $�- %. �$��, �� ("���,!# *'���(� � (!"'�"'% ) $�� 

!('*!#��%��  '�� %��,'�$'��� (�"� )"2�%�� (24,25,36). �%$)%�, (�"� $�� !-"!#� 0"�%� 

$�- �� �!"�(!-$'�) !"&�,!#�, � �(�$!,!% �$'�)$�$� $�- � 2'%+�$����! %0!*)� �() $�� 

�"0� !2�" �&�� $�- ��' !�  /"!' !5���,�-�!# �� %- +�#�!' �-$) ��' %� !"�, ,)&� $��  � 

'����(�'�$'�.� �(�$!,!% �$��  !$� $�� �"0'�) !���-%'�% ) (2,24,36-39). �' -(�$"�(/� 

(�- ���,�-���%�� $� $!" �$'% ) $�� �!"�(!#��  ! $� ��*! )��, /�!%�� $� ("�+,� �$'% ) 

&'� $� ��$� ()%� �' �%��� !�!� *-�� !'� �$�� �"�!$/� %!  /&!��� ��' 0"��'�� *'�"�!'� 

!2�" �&��.  

 

���,����%�� *!��!$#!� (!'"� �$'% .� ��' ("�%(��!'.� ��$�%�!-�� ��' �,,�� !'*.� 

��*! )�� !�$)� $�- Milwaukee. �!,'��, -(!"#%0-%! � �(�1� (�� � ���(�$!,!% �$'�)$�$� 

$�- ��*! )�� !#0! �� ���!'  ! $� (")�"� *'���(� !2�" �&�� $�- $�� %$'& � (�- !�. !#0! 

�,��,�"��!# � %� �$'�� ���($-5� $�- �%�!����, *!� !#0! �,��,�"��!# � %�!,!$'�� $�- 

�"# ��%�. �-$) %� �#�!' (��  !$� $�� �2�#"!%� $�- ��*! )��, � %(��*-,'�� %$�,� 

!5���,�-���%! �� (�"�&!' *-�� '�� (�- �$�� �"�!$� &'� $� ('%�&�"'% � $�� 

(�"� )"2�%�� %$� !(#(!*� $�� (!"')*�- ("'� $�� /��"5� $�� �!"�(!#��. �! �2�" � �-$� 

$� *'�(#%$�%�, �!�"����! (�� � �!"�(!#�  ! ��*! )�� �� /("!(! �� �,��,�".�!$�' %$�� 

�,'�#� $�� *!��!($� � ��' *!���0$. !$.� $�- �%�!����, !'*'�� �� !(")�!'$� &'� �&)"'. �' 

Nachemson & Peterson (40) %-�/+�,�� .%$! �� ���&��"'%$!# � %- +�,� $�- ��*! )�� 

/%$� -() ("�=(��/%!'�, %$�� �,,�&� $�� 2-%'��� !5/,'5�� $�� %��,#�%�� �� *'!"&�%#� (�- 



 49 
 

!('*!'�.�!$�' �� *!� ��$' !$�('%$!# %�%$�. �(#%�� .%$! �� ���&��"'%$!# �� $�  /%�  ! $�� 

!2�" �&� $�- �(�#�- !('$-&0��!$�' � ���%$�,� $�� !5/,'5�� $�� (�"� )"2�%�� ��' � 

!('%$"�2� $�� %$� !(#(!*� $�� /��"5�� $�� �!"�(!#��, ��' )0' � !5�2��'%� $�� (39). 

��"�,,�,�� %$)0�� ("/(!' �� !#��' ��' � *')"��%� $�� (�"� )"2�%�� %$� (,!-"'�� $)5� 

(�- ("���,��� $� (�"� )"2�%� $�- �."���, ��$' (�- ) �� *!� !('$-&0��!$�'  ! ),� $� 

!#*� ��*! )�� (2). 

 

2.1 (���.������-��� ��	 
�����	�	  

�' *'�2�"�' $�(�' (�- 0"�%' �(�'���$�' ��� $� �)% � !#��' (�"� (�,,�# ��' �-$) %� �#�!' 

(�� *!� /0!' +"!�!# /��� (�- �� *#�!' �(�$!,/% �$� *')"��%�� $)%� '����(�'�$'�� (�- �� 

�(��,!#!' ),�-� $�-� �,,�-� (41).  

 

�' %� !"'��# ��*! )�!� +�%!' $�� ("�$�(�� $�� S.R.S., $�5'�� ���$�' ���,�&�  ! $'� 

(!"'�0/� $�- %. �$�� (�- !(�"!�8�-�, !2�($) !��' ��' *".�$�� !(’ �-$.�. �' ��� �%#!� 

$�� ��$�&�"'.� �(�$!,���$�' �() $� �"0'�� (�- %0!$#8��$�'  ! $'� (�"�(��� (!"'�0/�. 

7$%', $� �"0'�� $�� �&&,'�.� ,/5!��: Cervical (�-0!�'�)�), Thoracic (��"��'�)�), Lumbar 

(�%2-4�)�) ��' Sacral ('!")�) ��' $�� ,/5�� Orthosis %0� �$#8�-� $� ��) �$� $�� 

��$�&�"'.�: CTLSO, TLSO, TO, ��' TLO.  ,/5� Orthosis (�"�(/ (!' %$�� !,,��'�� 

/�2"�%� «��$�%�!-� ��' %-&�"�$�%�».  (".$� ��$�&�"#�, Cervical Thoracic Lumbar 

Sacral Orthosis – CTLSO (!"',� +��!' ��*! )�!� (�- 5!�'���� $�� !2�" �&� ��' *"�%� 

$�-� �() $� '!")  /0"' ��' $�� ,�' ), � *!�$!"� (TLSO) (�- �*� /0!' ���2!"�!# %$� 1� 

�!2�,�'�, (!"',� +��!' ��*! )�!� (�- !#��' -(� �%0�,'�' ��' !�$!#���$�' �() $� �."��� 
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 /0"' ��' $� '!"), ��' �' -(),�'(!� ��$�&�"#!� (!"',� +���-� ��*! )�!� (�- (!"'�"#8�-� $� 

*"�%� $�-� %$� ��"��'��  )�� (TO) � $� ��"��'�� ��' �%2-4�� (TLO) 0."� ��$#%$�'0�. 

 

�('(,/��, �' ��*! )�!� 0�"#8��$�' %! *�� ��$�&�"#!� ���,�&�  ! $�� �"0� ,!'$�-"&#�� $�-� 

��' $�� ! +'� �0��'�� %- (!"'2�"� $�-�: �) ��*! )�!� ��*���
�� ����*���� �� �' 

*'�"��$'�/� *-�� !'� $�� (�"� )"2�%�� �%����$�' �() $� ��*! )�� ("�� $� %. � $�- 

�%�!����, ��' +) ��*! )�!� �	��.���
�� ����*���� )$�� �' *'�"��$'�/� *-�� !'� 

�%����$�' �() $�  -4�) %�%$� � $�- #*'�- $�- �%�!���� (41,42). ��"� �-$� $� *'��"'%� 

 !$�5� $�� ��*! )���, $� %� !"'�� !(�0� �  ��$/"�� %0!*#�%� ��' ��$�%�!-� �-$.�, 

!('+�,!' ��*! )�!� (�- *!� /0�-�  )�� !�!"&�$'���� � (���$'����  �0��'% ��� 

,!'$�-"&#��, �,,� %-�*-�% ) ��' $�� *��. ��"��$�"'%$'�) (�"�*!'& � �-$�� $�� 

2',�%�2#�� !#��' $� &!&��)� (�� /��� -(� �%0�,'�� ��*! )��� %��,#�%�� (�- 

�(�*!*!'& /�� *!  (�"!# �� !(�"!�%!'  ! $� *"�%� $�- $� ��.$!"� ��"��'��  �#"�,  (�"!# 

�%$)%� �� *'�"�.%!' ��"��'�� �-"$. �$�. �-$) $� !('$-&0��!'  ! !�!"&�(�#�%� $�- 

 -4��� %-%$� �$�� $�- �%�!���� ��' $�� �%��%� ('/%!�� �() $�� #*'� $� ��*! )�� ("�� $� 

%. � $�- �%�!����. ��"��$�"'%$'�) (�"�*!'& � �-$�� $�� *"�%�� !#��' � !�	���
�� 

 	��������
�� (�����	�� (Dynamic Derotation Brace – DDB), � ! +'� �0��'�� *"�%� 

$�- �(�#�- �(�$!,!# ��' $� ��$'�!# !�� �-$�� $�� *'�$"'+��. 

 

�/,��, )%�� �2�"� $� *'��"'%�  !$�5� $�� *'�2)"�� ��*! )���,  (�"!# �� ("�%$!�!# /�� 

!('(,/�� �"'$�"'�: $� �� !#��' ���
����
������	�� (prefabricated) � �8�����
����	�� 


����
���� (custom made). 
�2.� � !5�$� '�!- /�� ��$�%�!-� !�)� ��*! )�� �-5��!' $� 

�)%$�� ��$�%�!-�� $�- ��' $�� �(�'$�� !�� 0")�� ("�%�" �&�� $�- %$'� '*'�'$!")$�$!� ��' 

$� 0�"��$�"'%$'�� $�- ���! �%�!����. �%$�"'�� ("��&������ �' !5�$� '�!- /��' ��' 
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���,����%�� �' ("���$�%�!-�% /��',  ! %$)0� $�  !#�%� $�- �)%$�-� ��$�%�!-��. �� 

%� !"'�� !(�0� � *'��"'%�  !$�5� $�� *�� (�"�(��� $�(�� ��*! )��, !5�"$�$�' �() $� �� 

$� ��"'� ��' �-%'�%$'�� &'� $� ,!'$�-"&#� $�- $ � �$�, ��$�%�!-�8��$�' �() $�� �"0� ��' 

���,�&�  ! $� ���! �%�!�� � -(�"0�-� ("���$�%�!-�% /�� ��' %! *'�2�"�  !&/�� &'� 

���! (!"#($�%� ("�� !(',�&� ��' %-��" �,)&�%�. ��"��$�"'%$'�) (�"�*!'& � !�)� 

!5�$� '�!- /��- ��*! )�� �(�$!,!# ��' (�,' � DDB ��' � ��*! )��� Lyonnaise. �' 

��*! )�!� Boston ��' Milwaukee ���,�&�  ! $� 0�"��$�"'%$'�� ��$�%�!-�� $�-�,  (�"��� 

�� !#��' ��' $�� *�� !'*.�.  

 

2.2 ���������	�
� ��� 
�����	� 

�/"� ) �� ),�� $�� (�"�(��� 0�"��$�"'%$'�.� (�- *'�2�"�(�'��� $�-� ��*! )�!� 

 !$�5� $�-�, '���� ��' ���&��#� %-����� &'� $� %�%$� *"�%� ),��, !#��' � ��,� %$�"'5� 

$�-� %$� ,!���� $�- �%�!����  ! $� (-!,'�) $ � � $�-� (2). 

 

�' %��,'�$'�/� (�"� �"2.%!'� (�- /0!' -(�%$!# $� %. � $�- �%�!���� !#��' !,�%$'�/� 

�/��' (,�%$'�/� ��' -(!"'%0�!' $� /�� !#*�� �() $� *��, ���,�&�  ! $�� �,'�#� $�- �%�!���� 

��' $�  /&!��� $�� (�"� )"2�%��.  !2�" �&� $�- ��*! )�� %! �,'�#�  '�")$!"� $�� 

%�!,!$'��� �"# ��%��, �"� ��' ("'� $� *� '�-"&#� '%0-".�  )�' �� (,�%$'�.� 

(�"� �"2.%!��, !#��' ('� ('���) �� !('2/"!' �!$'�� ��' $�-$)0"��� �!� �$'�� 

�(�$!,/% �$�. �-$) &'�$# � �-%'�%$'�� *')"��%� !�)� %��,'�$'��� �-"$. �$�� /0!' �� 

���!'  ! $� *')"��%�  /"�-� $�� (,�%$'�.�, �2�� (".$� /0!' !('$!-0�!# � !5�,!'1� $�- 

%-�),�- $�� !,�%$'�.� (�"� �"2.%!��. �('(,/��, )$�� � (�"� )"2�%� !#��'  '�"� 
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(&�"� %$'� 20°) �  !&�,� (>40-45°) ��' � *'�&��%� $�� %��,#�%�� /0!' &#�!' /&��'"�, !#��' 

('� ('���) �' (�"� �"2.%!'� �� !#��' (,�%$'�/�.  

 

 �,,�&� %$�%�� $�- %. �$�� !(�"!�8!' $'� *-�� !'� (�- �%����$�' (��� %$�� �5��'�) 

%�!,!$) $�- �%�!����. �-$� � �,,�&�  (�"!# �� !('2/"!' (,�"�� �,,� (�"�*'�� !5�,!'1� 

$�� !,�%$'�.� (�"� �"2.%!��. 

 

 *"�%� !�)� ��*! )�� ��  (�"��%� ! �� (�� ! (�� !('�!�$".�!$�' %! $"!'� (!"'�0/� $�-. 

 (".$� (!"'�0� !#��' � (�!,�� (��$.$!"� %� !#�), � *!�$!"� (!"'�0� !#��' $� ��.$!"� 

$ � � $�- ��*! )�� (��.$!"� %� !#�) ��' � $"#$� (!"'�0� !#��' $� (#!%$"� ( !%�#� %� !#�). 

�� ��.$!"� ��' ��$.$!"� %� !#� +"#%���$�' %$'� ��"!� $�- �-"$. �$�� ��' �() $� (,!-"� 

$�- ��#,�- $�� �� (�,��, !�. $�  !%�#� ��� !%� $�-� �() $�� ��$#�!$� (,!-"�. �� �1�� 

$�- ��*! )��, $� %� !#� (�- �%����$�' ('/%!'� ��' � �/%� $�� ('/%$"�� !5�"$.�$�' �() $� 

!#*�� $�� �-"$� �$�� ��' $�- ��*! )��, �,,� ��' �() $�� !5�$� '�!- /�� �!"�(!#� (�- 

!2�" )8!' � '�$")�. �' *-�� !'� (�- �%����$�' �() $� (#!%$"�, ('/8�-� $� %(��*-,'�� 

%$�,� ("�� $� ��#,� $�� �� (�,��.  

 

�/"� �() $� ��"$�%� ���’ �-$�, � '*'�(���� %��,#�%� ("���,!# $�-$)0"��� ��' 

%(��*-,'�� %$"�2�.  %$"�2� �-$� !#��' (,�%$'�� ��' /0!' �� ���!'  ! �,,�&� $�- 

%0� �$�� �,,� ��' $�� �/%�� $�- %(��*�,�-. ��$' !$�(#8!$�' (�,� *�%��,� ,)&� $�� 

(,�%$'�)$�$�� $�� ��' �(�'$!#  ��"�0")�'� �!"�(!#�,  ! ('� ('���� +!,$#�%� $�� 

(�"� )"2�%�� $�- %0� �$�� $�- %(��*�,�- (2).  /&��'"� *'�&��%� ��' 0"�%� $�- 

��*! )��, �(,� �� ("�,�+!' $�� /��"5� $�� %$"�2�� $�� %(��*�,�� ��' �� $�� 

�(���$�%$�%!' (�,� *�%��,� �� /0!' %- +!# �*�. �"��!' /��-  �8#  ! $�-� %(��*�,�-� �� 
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 �� ! 2��#8!' %$"�2'�� $�%� ��' � #*'�� � ��*! )���, 0"�%' �(�'���$�' �'  !$�,,'�/� 

!�'%0-$'�/� ��$'""�*!�. 
$)0� /0�-� $�  !$�2�"� $�� *-�� !�� %$� %. � ��' $�-$)0"��� 

�� ! (�*#%�-� $� %$"�2'�� (�"� )"2�%� $�- ��*! )��.   

 

�!$�5� $�� *'�2)"�� ��*! )���, ��(�'�' 0�"��$�"#8��$�' �� ��$'%$"�2'��#. �����-� %$� 

 !&�,� ��$�&�"#� $�� -(� �%0�,'�� (TLSO) ��' � *"�%� $�-� !#��' ('� %���!$� �() �-$� 

$�� �(,.�. �(�����-� %$� *"�%� $�� $"'.� %� !#�� ��' !('(,/�� !�!"&��� %! $"'(,) 

!(#(!*� ((,�&'�, �"'8)�$'� ��' (")%�'�-�(#%�'�). �-$� � $"'(,� $�-$)0"��� *"�%� 

 !&!���!' $'� �%��� !�!� *-�� !'�  ! �(�$/,!% � $�� �!� �$'�� *')"��%� $�� $"'.� 

*'�%$�%!�� %��,'�$'�.� (�"� �"2.%!��. 

 

2.3 �-�� 
�����	�	 

�' *'�0"��'�� !('$-0� /��' ��*! )�!� !#��' �"�!$�#: 

 

2.3.1 (�����	�� Milwaukee 

:(�� /0!' �*� ���2!"�!#, � ��*! )��� Milwaukee %0!*'�%$��! �() $�-� Blount WP. ��' 

Schmidt AC. $� 1945, %$�� � .�- � (),� $�� ��. �(�$!,!# %� !#� ���2�"�� &'� $� 

%-�$�"�$'�� �!"�(!#� $�� %��,#�%��. �"0'�� 0"�%' �(�'����! &'� $�  !$!&0!'"�$'�� 

%-&�"�$�%� (!"'%$�$'�.� ��' �$�� (�,� �&�.*�� ��' *�%0"�%$��. �!$� $� (".$� 

!���""-�$'�� �(�$!,/% �$� ��' %$'� �"0/� $�� *!��!$#�� $�- ’60, 0"�%' �(�'����! ��' &'� 

$� %-�$�"�$'�� �!"�(!#� (!"'%$�$'�.� %��,#�%��. 
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�#��' $�(�- CTLSO ��' %$� %� !"'�� $�-  �"2� �(�$!,!#$�' �(): 

� �� (-!,'�) $ � � (�- !#��' ��$�%�!-�% /�� �() (�,-+'�-,�0,�"'*#�- 

(polyvinylchloride–PVC) 

� �'� ���!$!�  !$�,,'�/� ��$'""�*!� 

� ��  !$�,,'�) *��$�,'� $�- ,�' ��, ��' 

� �� (#!%$"� (%$��!"� ��' �'��$�) 

 

�� (-!,'�) $ � � !#��' !5�$� '�!- /��� ��$�%�!-��. �'  !$�,,'�/� ��$'""�*!� !#��' *�� 

(#%� %! �()%$�%� 10cm  !$�5� $�-� ��' '%�(/0��$�� �() $�  /%� &"�  �, ��'  #�  ("�%$� 

��"'+.� %$�  /%� &"�  �. ��$�,�&�-� ��' �' $"!'� %$� (-!,'�) $ � �. �  !$�,,'�)� 

*��$�,'�� $�- ,�' �� /0!' !%�$!"'�� (!"# !$"� ,#&�  !&�,�$!"� �() �-$� $�- ,�' �� $�- 

���! �%�!����, ("��!' /��- ��  � $�� ('/8!' ��' %$!"!.�!$�' %$'� *�� �(#%�'!�  !$�,,'�/� 

��$'""�*!�. �/,��, $� %$��!"� (#!%$"� !#��' �-$� (�- +"#%���$�' %$� �(#%�'�  /"�� $�- 

 !$�,,'��� *��$-,#�- ��' %$'� %$��!"/� ("�!5�0/� $�- (-!,'��� $ � �$��. �� �'��$� !#��' 

��"��'��, (,!-"'�� � -(� �%0�,'�. �� �'��$� (#!%$"� %$!"!.���$�' (��� %$'�  !$�,,'�/� 

��$'""�*!�  !  '�"��� ' ��$!� (�'�)�� 2.1). 

 

� ��*! )��� Milwaukee  (�"!# �� �%��%!' *-�� !'� %! !&��"%'� ��' *'� ��� *'!��-�%�. � 

���"$�"�� $�- . �-, $� ��"��'�) ��' �%2-4�) (#!%$"� �%���� *-�� !'� *'�2�"!$'�.� 

 !&!�.�, ("�� *'�2�"!$'�/� *'!-���%!'� ��' %! *'�2�"!$'�� %� !#�. �(�"!# �� 

0"�%' �(�'��!# &'� $� �!"�(!#�  ���� � *'(,�� ��"$�%��.  �!"�(!#� (�- %-����� 

("�$!#�!$�'  ! �-$) $� ��*! )��, ("�+,/(!' $�-,�0'%$�� !#��%' ."!� 0"�%�� ��� � /"�,  ! 
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*'�,!'  � $!%%�"�� �".� &'� $� ("�& �$�(�#�%� ("�%�('��� ����"')$�$��, �(�2)"$'%�� 

$�- %. �$�� $�('�� ��' &'� 1-0�,�&'���� ,)&�-� $�- �%�!���� (2,41,43,44).   

 

 
�'�)�� 2.1: ��*! )��� Milwaukee (45) 

 

2.3.2 (�����	�� Boston 

� ��*! )��� �-$�� $�- $�(�- %0!*'�%$��! �() $�-� Miller B. ��' Hall JE. $� 1971 %$�� 

� .�- � (),� $�� ��. >$�� � (".$�� TLSO ��' $� ��"'� $ � �$� $�- �$�� �() PVC 

��' ("���$�%�!-�% /��. � %0!*'�% )� $�- %$�"'8)$�� %$� %-  !$"#� ��' $�� �(�"5� 

%� !#�� (#!%��, ���,�&�  ! $� $�(� $�� '*'�(����� %��,#�%�� (2,46,47). 
$�"'8) !��� %! 

�-$)�, � ��"'�� ����&'.$�� 
 -"��� $� 1977 (�"�-%#�%! /�� ��*! )�� (�"�,,�&� $�-,  ! 

+�%'�� *'�2�"� $� &!&��)� (�� �$�� !5�$� '�!- /��� ��$�%�!-��. ���%$)� �� �(,� 

Boston (,/��, �(�$!,!#$�' �() $� $ � �$�: 
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� �� (-!,'�) $ � � 

� �� ��"���-��','��) $ � �, ��'  

� �� !%�$!"'�� (#!%$"�. 

 

�� (-!,'�) $ � � �(�$!,!# �-%'�%$'�� $� !� �&!#� $�� ,!����� $�- �%�!����  ! (�,� ��,� 

!2�" �&� %$'� ,�&)�'!� ��"�,�2#!�. �,�&'� ��' (#%�, !#��' ��  /�� ,�5� ("��!' /��- �� 

!('$"/(!' $� ��!$� ���'% � $�- �%�!����. :�$�� � %-�/0!'� $�- (-!,'��� $ � �$��, 

%-�!0#8!'  /0"' ��$� �() $'�  �%0�,!� ��' $'� ��$� &��#!� $�� � �(,�$.�. �,)�,�"�� � 

��*! )��� %$�� �(#%�'� !(#(!*� (,!-"� $�-, !#��' ��  /��� ���!$� ��' $/%%!"'� �"'8)�$'�' 

' ��$!� $�� */��-� (�'�)�� 2.2), (2).     

       

 
�'�)�� 2.2: ��*! )��� Boston (48) 
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�� !%�$!"'�� (#!%$"� 2$'�& /�� �() �2".*!� -,'�) $�(�- plastazote, $�(��!$���$�' 

!('(,/�� $�� !%�$!"'��� !(/�*-%�� $�- ��*! )�� �() $� #*'� -,'�), %! %� !#� (�- 

�(�'$���$�'  !&�,�$!"!� ('/%!'�. 

 

��"��$�"#8!$�' ��*! )��� ),�� $�� � /"�� (full time),  ! $�-,�0'%$�� !#��%' ."!� 

� !"�%'�� 0"�%��. ��$�,,�,�� &'� $� *')"��%�  '�".� ��'  !&�,�� %��,'�$'�.� 

(�"� �"2.%!��,  ! *')"��%� )$�� !#��' '����(�'�$'�� %2'& /��' �' ' ��$!� �,,� 0�"#� �� 

/0!' ("�%*'�"'%$!# � �(�'$�� !��� +�� )� $�- %2'5# �$�� ��' ��$’ !(/�$�%� $�  /&!��� $�� 

�%��� !��� *-�� !�� ��' $�� *'�"��$'��� (#!%�� (25,49,50). � $")(�� *"�%�� $�-  (�"!# 

�� 0�"��$�"'%$!# � !%�� ��' /  !%�� $�-$)0"���. � /  !%�� $")(�� (!"',� +��!' 

!�!"&�$'�/� *'�"�.%!'�  /%� �%��� !��� *-�� !�� %$� (")%�'� ��','��� $�'0. �$� $�- 

�%�!����. � � !%�� $")(�� (!"',� +��!' *'�"��$'�/� ('/%!'� (��� %$� �."��� ��' $� 

%(��*-,'�� %$�,� (�- /0�-� �� �(�$/,!% � $�� �,,�&� $�� (�"� �"2.%!�� $�� 

%(��*-,'��� %$�,�� ��' ,'&)$!"� $�� (,!-"'�.� $)5�� (2). 

 

2.3.3 (�����	�� Chêneau  

�#��' /��� ��*! )��� (�- �-"#�� 0"�%' �(�'!#$�' %$� ��,,#�, )(�- ��' %0!*'�%$��! ��' 

(�"! $� )�� � $�- %0!*'�%$� $�-. �(#%�� !#��' � ('� *� �2',�� ��*! )��� %$� ��,��#�, 

��' (�"�,,�&/� $�- 0"�%' �(�'���$�' %$�� �%(��#� (Rigo System) ��' %$� �!" ��#� 

(ScoliOlogic) (25,51,52). 
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�'�)�� 2.3: ��*! )��� Chêneau (53) 

 

�(�$!,!# /��� ��) � ��*! )�� $�(�- TLSO !�!"&�$'��� ��' (���$'��� *')"��%��. � 

+�%'�)�  �0��'% )� *')"��%�� $�- %$�"#8!$�' %$�� �(�"5� $"'.� (!"'�0.� (#!%��  ! %$)0� 

$� (!"'�"'% ) $�- �+�-. �' %()�*-,�' */0��$�' *-�� !'�  )�� %! /��  '�")  /"�� $�� 

!('2��!'�� $�-� ��' $� %� !#� (#!%�� *"�-� /  !%� ��'  /%� $�-  �,���� '%$�� !(# $�- 

�(#%�'�- $)5�-. 	�� !'*.� *-�� !'� �%����$�': $� (".$� !#*�� %$)0� /0!' $�� !(' ��-�%� 

$�� �()%$�%��  !$�5� �!2�,�� ��' ,!����� ��' $�� ��5�%� $�� !,�%$'�)$�$�� $�� 

%(��*�,��. �� *!�$!"� !#*�� !5/"0!$�' $�- ��*! )�� ("�� $� (��� ��' ! (")� %$� (!"'�0� 

$�- ��$�  '%�� $�� �� (�,�� %! /�� !,�2".� ,�5) !(#(!*� (54).  

 

2.3.4 3�� 
�����	�� 

��$)� $�� (�"�(��� ��*! )���, ��$� ��'"��� ���($�0����� ��' !5���,�-���� �� 

0"�%' �(�'���$�' ��' �,,�' ��*! )�!� )�$�� �%$)%� ,'&)$!"� *� �2',!#�. �' ��*! )�!� 
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Charleston ��' Providence !#��' $�(�- TLSO ��' 0�"��$�"#8��$�' �� �-0$!"'��� ."�� 

��*! )�!� (nighttime brace) *')$' !2�" )8��$�'  )�� ��$� $� *'�"�!'� $�- �-0$!"'��� 

�(��- (�'�)�� 2.4).  

 

       
�'�)�� 2.4: ��*! )�!� Providence ��' Charleston (55,56) 

 

 !2�" �&� $�-� /0!' �� %$)0� �� 0"�%' �(�'�%!'  '� &"�  � ���2�"�� ($� ���$� !-�!#� 

&"�  � $�� 2-%'�,�&'��� %(��*-,'��� %$�,��) ��' �� 2/"!'  ! $'� �%��� !�!� *-�� !'� $'� 

��"-2/� $�� %��,'�$'�.� �� (�,�� %! �-$� $� &"�  �. �� �-"#�� %. � $�- ��*! )�� 

(�"� /�!' %-�!0/� ��' 0�"#� $"�(!� ��' $� �(�$!,/% �$� $�� !2�" �&�� $�-� %! �%�!�!#� 

 ! !2�+'�� '*'�(��� %��,#�%�, �$�� -(�*!/%$!"� $�� %- +�$'�.� ��*! )��� TLSO (57-

59). 

 

9,,�' ��*! )�!� (�- 0"�%' �(�'���$�' (�,� ,'&)$!"� ��' %!  ! ��� /�!� (!"'($.%!'�, 

!#��': � Lyonnaise %$� ��,,#� ��' �$�,#�, � TriaC %$�� �,,��*#�, � SpineCor %$'� ��, � 

Sforzesco ��' � PASB %$�� �$�,#� (41).  
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O 	-�� '�)� ��$'%$"�2'�)� ��*! )��� � �,,'.� Dynamic Derotation Brace (DDB) !#��' 

/��� ��*! )��� !5�$� '�!- /��� ��$�%�!-��. ����!' %$�� ��$�&�"#� $�� -(� �%0�,'�� 

TLSO ��*! )��� ��' � ��$�%�!-� $�- +�%#%$��! %! �-$� $�- ��*! )�� Boston.  

 

3.1 �����-� ��� 
����
���� ��� DDB 

� ��*! )��� DDB %0!*'�%$��! ��' ���($�0���! �() �"��(�'*'���� 0!'"�-"&��� '�$"��� 

$�- � � �$�� 
��,#�%�� & 
(��*-,'��� 
$�,�� $�- ��%��� !#�- ��� $�� ������,  ! 

$�� +���!'� $!0�'�.� ��$�%�!-�� ��*! )��� ��'  ! (".$� !2�" �&� $�- $� 1982. �!$� 

�() 0")�'� *��' .�, +!,$'.%!�� ��' �!"�(!-$'��� !2�" �&�� $�-, �!�"!#$�' � 

*� �2',/%$!"�� ��' #%�� � �(�$!,!% �$'�)$!"�� ��*! )��� %��,#�%�� %! �,,�*� ��' 

��("�. �� � � � 
��,#�%�� & 
(��*-,'��� 
$�,�� $�- ��%��� !#�- ��� !5���,�-�!# �� 

!(',/&!' $�� DDB �� ��$�,,�,)$!"� $")(� %-�$�"�$'��� �!"�(!#�� $�� %��,#�%��.   

 

�' ! (�!-%$/� $�- DDB, %$�"'8) !��' %$�  !&�,� ! (!'"#� $�-�  ! *'�2)"�-� $�(�-� 

��*! )��, %0!*#�%�� $� DDB ��  '� (�"�,,�&� $�- &��%$�� ��*! )�� Boston  ! %$)0� �� 

!,/&5�-� $� "�(� (!"'%$"�2�� (�- ("�%*#*!' %$� %. � � %��,#�%�.  (".$� �()(!'"� $�� 

(�"�(��� &'� *� '�-"&#� !�)� �/�- ��*! )��, !#0! �� �(�$/,!% � $�� ��$�%�!-� $�- 

��*! )�� Boston LP (Limited Pressure). �-$)� � $�(�� ��*! )��, 0"�%' �(�'����! &'� 

 '�") 0"��'�) *'�%$� � ��' $�� *'�*/0$��! � DDB, � �(�#�� %! %0/%�  ! $�� Boston !#0! 

!('(,/�� /�� %�%$� � !,�2"'.� ��' )0' !��� ($�� !,�% �$�� (('/%$"��) �() �,�- #�'� 

%$�� �(#%�'� (,!-"� $�-. �"0'��, � ��$�%�!-� $�- ��*! )�� %$�"'8)$�� %$�� *� '�-"&#� 

!�)� &�1'��- ("�(,�% �$�� $�- ��" �� $�- �%�!���� (��� %$� �(�#� %$� %-�/0!'� 

�(,��)$�� /�� 8!%$� /�� 2�,,� PVC, ("��!' /��- �� (�"!' $�  �"2� $�- ("�(,�% �$�� 
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!5�$!"'�� ��' �� �(�$-(.%!' $'� %��,'�$'�/� �� (�,!�. �� /�� � (!"'%%)$!"� !,�% �$�, 

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

-1�,)$!"� %� !#� $�� �� (�,��, $�� �+�.  

 

�� (".$� �(�$!,/% �$�  !$� $�� -'��/$�%� $�- DDB �� $")(� %-�$�"�$'��� 

��$' !$.('%�� $�� %��,#�%��, �$�� (�,� !���""-�$'��. �-$) ("���,!%! ��5�%� %$�� 

0"�%� $�- ��' � %0!*#�%� $�- $!,!'�(�'����!. ��$'��,�&'�� ��' �,'�'�� %$�'0!#� 

���'%$��%�� $� �/� ��*! )�� �� /�� �(�$!,!% �$'�) !"&�,!#� &'� $�� %-�$�"�$'�� 

��$' !$.('%� $�� %��,#�%�� ��' (�"!#0! �(�*!#5!'� ("�& �$'��� *')"��%�� $�� 

(�"� �"2.%!��. �� ��' � 0"�%� $�- �"0'%! �� &#�!$�' (�,� *'�*!*� /�� ,)&� $�� 

!���""-�$'�.� �(�$!,!% �$�� $�-, � ! 2��'%� !"!-��$'�.� ��' �,'�'�.�  !,!$.� (�- �� 

���2/"��$�' %$�� �(�$!,!% �$'�)$�$� $�-, �"&�%�� �� ! 2��'%$��� ��' %-&�!�"' /�� � 

(".$� !"!-��$'�� !"&�%#�  ! ���2�"� %$�� DDB, *� �%'!�$��! $� 1986 (2,60,61). 

 

3.2 (����
��� 
�� ����.���� ��� DDB 

 +�%'�� *'�2�"�(�#�%� $�- DDB �() $�� Boston �race !#��' � $�(��/$�%� $�� 

!,�% �$�� �() �,�- #�'� %$�� �(#%�'� (,!-"� $�- ��*! )��,  ! ��$'%$"�2'�� (derotation) 

*"�%�.  

 

3.2.1 (����
��� 


� !"�, � DDB ��$�%�!-�8!$�'  ! $� +���!'� %-%�!-�� %�"�%�� $�- �%�!����  ! */% � 

laser, ��' $�� ��$�%�!-� $�- ��*! )��  ! $�  /��*� CAD/CAM, 0�"#� ("'� �� �(�'$!#$�' � 

��$�%�!-� &�1'��- ��,�-('�� )(�� %$� (�"!,�)� (�'�)�� 3.1� ��' +). 7$%', +�%!' $�� 
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%�"�%�� $�- �%�!����, 0�"�%%!$�' !(# !�)� ��$�,,�,�� *'�%$�%!�� ��  �$'�� �() !'*'�� 

(�,-�-"!���� �"��(�'*'��� 0"�%�� ��'  ! $� +���!'� !�)� (��$�&"�2�-, /�� (")(,�% � 

(�- ��$'%$�'0!# %$� ��" ) $�- �%�!����. �-$) $� (")(,�% � �(�$!,!# ��' $�� ���,-%� 

$�� (�"� �"2.%!�� $�- ��" �� $�- �%�!����. � (��$�&"�2�� �-%'�%$'��  !$�2"�8!' $� 

1�2'��� �"0!#� $�(�- CAM %! ("�& �$'�) 0")��  /%� !�%� �$� /��- /�, %! �'��%!'� 

0�"�5��  ! ��"#+!'� 0','�%$��. 
$�� %-�/0!'�, /�� 8!%$� /�� %! !'*'�) 2��"��, 2�,,� �() 

PVC (�0�-� 3mm, �(,.�!$�' !(' !,.� !(��� %$� (")(,�% � ��' �2�� �"-.%!' /0!' (�"!' 

$�  �"2� $�-, �(�$-(.���$�� $�-$)0"��� ��' $'� %��,'�$'�/� �� (�,!�. 
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     �'�)�!� 3.1� ��' +: 	'�*'��%#� *� '�-"&#�� $�- ("�(,�% �$�� 
 

3.2.2 )���.����  

��"'� $�� (!"'&"�2�� ��' $�� ,!'$�-"&'�)$�$�� $�-, � ��*! )���  (�"!# �� 0�"'%$!# %! 

$"#�  /"�: $� (-!,'�) $ � �, $�� -(!"��$�%�!-� ((!"'�0� ��','�� ��' �."���) ��' $� 

��$'%$"�2'�� !,�% �$� (2). �� (-!,'�) $ � � ��' � -(!"��$�%�!-� �(�$!,��� $� ��"'� 

%. � $�- ��*! )�� )(�� ���2/"���! %$�� ("��&�� !�� (�"�&"�2�. �� (".$�, !#��' #*'� 

 ! $� ��$#%$�'0� �,,�� ��*! )��� )(�� � Milwaukee ��' � Boston ��' � ��"'�� "),�� $�- 

!#��' � %$��!"� %-&�"�$�%� $�- ��*! )�� %$�� ,!���� $�- �%�!����. ��-$)0"��� ) ��, 

("���,!#  '�"�  !#�%� $�� ("�� $�  ("�� �,#%�� $�� ,!����� ��' ! (!"'/0!' *'�"��$'�� 

%� !#� (#!%��. �(!'*� $� (-!,'�) $ � � �(�$!,!# �-%'�%$'�� $�� +�%� &'� ),� $� 
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��*! )��, � ��$�%�!-� $�- ��' ��$’ !(/�$�%� � !2�" �&� $�- %$� %. � $�- �%�!���� 

("/(!' �� !#��' � ��,�$!"� *-��$� ("��!' /��- � �(�$!,!% �$'�)$�$� $�- ��*! )�� �� 

!(�"!�%$!#  ! $�� ��,�$!"� $")(�. �� (-!,'�) $ � � %-�!0#8!$�' � �,� ��' 0�"#� *'���(� 

("�� $� (��� ��' %0� �$#8��$�� $�� -(!"��$�%�!-� $�- ��*! )�� � �(�#� !2�($!$�' %$� 

��','��� $�'0. �$� ��' &�"� �() $� �."��� ��$�,�&��$�� ��$� �() $'�  �%0�,!�. 

 

�"��!' /��- �� !-����!# � (!"'&"�2� $�-,  (�"�� ! �� (�� ! (�,' (�� � ��*! )��� 

0�"#8!$�' %! $/%%!"'� !('2��!'!� � ��,�$!"� $/%%!"� $�'0. �$�: $� (")%�'�, $� �(#%�'� ��' 

$� *�� (,�&'� (*!5') ��' �"'%$!")). �� (")%�'� $�#0� � (!"',� +��!' $� ��$#%$�'0� 

(")%�'� $�#0� � $�- (-!,'��� $ � �$��, $� ��','��) $ � � ��' $� (")%�'� $ � � $�- 

�."���. �� ��.$!"� $ � � $�- 2$��!'  /0"' $� �1�� $�� ��"-2�� $�- %$/"��- �(’ )(�- 

%-�!0#8!$�' ("�� $� (���  ! /�� $)5� $� �(�#� (!"'+�,,!' $� %$���� (�- ("�+�,,!' 

(!"'%%)$!"� ("�� $� ! (")� ��' $� �(�#� !#��' �-$) (�- ��$'%$�'0!# %$� ��"��'�) � ' )"'� 

(�- !#��' ("�� $� ��#,� $�� %��,'�$'��� �� (�,��. � ��*! )��� �2��!' ���,-($� $� �,,� 

� ' )"'� $�- (")%�'�- ��"��'��� $�'0. �$�� (�- ��$'%$�'0!# %$� �-"$) $�� %��,'�$'��� 

�� (�,��.  

 

�� (,�&'� $�'0. �$� 2$���-�  /0"' ��$� �() $'�  �%0�,!� ��' %-�!0#8��$�'  ! $�5�!'*!#� 

("�!�$�%!'� ("�� $� ! (")� ��' (���, %0� �$#8��$�� $� (")%�'� (#!%$"� %$�� (!"'�0� $�� 

. ��.  ("�� $� (#%� %-�/0!'� $�� *�� (,�&'�� $�'0� �$�� %0� �$#8!' $� *�� (,�&'� 

� ' )"'� (*!5') ��' �"'%$!")), $�- �(#%�'�- $�'0. �$�� $�- ��*! )�� $� �(�#� ��' 

��,�($�-� $� ��" ) $�- �%�!���� �() $� �1�� $�-  /%�- (!"#(�- $�� &,�-$.�  /0"' ��' 

$�� (��� &��#� $�� � �(,�$�� ��' �() $'� *�� (,!-"/� $��. :$�� � ��*! )��� !#��' 
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%2'& /��� !(��� %$�� �%�!��, $� *�� (,�&'� � ' )"'� $�- �(#%�'�- $�'0. �$)� $�- *!� 

���- (��!  !$�5� $�-� �,,� �(/0�-� ��$� 3-5cm  !$�5� $�-�.  

 


-��,'�� � DDB (!"'+�,,!' $� (��� $ � � $�� ,!�����, $�� ��','� ��' $� �."���, /0��$�� 

*�� ���#& �$� &�"� �() $� %$��� $�- �%�!����, �() $� �(�#� �-$) (�- ��$'%$�'0!# %$� 

��#,� $�� %��,'�$'��� �� (�,�� !#��' �,!'%$) ("�� $� (��� ��' ('/8!' $� (")%�'� ��"��'�) 

$�#0� � !�. $� ��$#�!$� !#��'  !&�,�$!"� ��' ���'0$) ("�� $� (���. �� ���'& � �-$) (�- 

��$'%$�'0!# %$� � ' )"'� $�- �."��� )(�- -(�"0!' � �(#%�'�� (,!-"'�)� �+��, ("/(!' �� 

!#��' )%� $� *-��$)  !&�,�, 2$����$�� ��) � ��'  /0"' $� ��� )"'� $�� ��','��.� 

$�'0� �$�� /$%' .%$! �� �2��!' ���,-($� $� (")%�'� ��"��'�) $�#0� �  /0"' ��' $� ��$� 

)"'� $�� (,!-"'�.� $)5��. �-$) %- +�#�!' &'�$# � %$)0�� $�- DDB !#��' ��  �� �%����$�' 

���),�- ('/%!'� %! �-$) $� (")%�'� $�#0� � $�- �."���. �%�$!"'�� � ��*! )��� *!� 2/"!' 

��(�'� !(/�*-%� !�$)� $�� (!"'�0.� %$'� �(�#!� ! 2��#8��$�' �' (�"� �"2.%!'�. �! 

!(#�!�$"� $�� ��"-2� $�� �� (�,��, $�(��!$���$�' ��  �$'� �() !'*'�) �2".*!� -,'�) $� 

plastazote, (�- !#��' -(��,,!"&'�) ��' ����"#8!$�' !���,�. �� (�0�� $�- �2".*�-� -,'��� 

!#��' 6mm, $�  ���� $�- 10-24cm ��' $� (,�$�� $�- 9cm. ��  ���� $�- *'�2/"!' ���,�&� 

 ! $� !#*�� $�� ��"$�%��. �� �-$� !#��' �%2-4�� $)$! /0!' $� !,�0'%$�  ����, !�. �� !#��' 

��"��'�� � ��"���-�%2-4�� $)$! !#��'  !&�,�$!"� ��' /��  /&'%$�, ,)&� $��  !&�,�$!"�� 

/�$�%�� (�- ��$�,� +���-� �' �-"$.%!'� �-$�� $�- $�(�-. 
$� (!"#($�%� *'(,�� 

%��,#�%�� �2".*!� -,'�) $�(��!$!#$�' %! *�� *'�2�"!$'�� %� !#� ��' ��"'+.� %$'� 

��"-2/� $�� *�� �� (�,��, ) �'�  ! (�"�(���. �(#%��, !#��' *-��$) �� $�(��!$����� 

��  �$'� $�- �2".*�-� -,'��� ��' %! %� !#� � (!"'�0/� )(�- �(�'$!#$�' (")%�!$� (#!%� 

 !$� $�� ��$�%�!-� $�- ��*! )�� ,)&� *'�2�"�(�#�%�� $�� *"�%�� $�-  ! $�� (")�*� $�� 

�!"�(!#��, � ,)&� �,,�&�� $�� %� �$'�.� 0�"��$�"'%$'�.� $�- �%�!���� ��' ��$’ 
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!(/�$�%� $�� ���,�&'.� %$'� ��$'%$�'0#!�  !$�5� ��*! )�� ��' %. �$��. �/,��, plastazote 

$�(��!$!#$�' ��' %$�� !%�$!"'�� !('2��!'� $�� ('/%$"�� (�- +"#%���$�' %$� (#%� (,!-"� 

$�- ��*! )��. �� ��  �$'� �() plastazote 0"�%' �(�'���$�' &'� �� �*�&�%�-� *'�"��$'�/� 

*-�� !'� !�$)� $�- %-%$� �$�� $�- DDB. � +�%'�)� $�-� "),�� !#��' �� �%��%�-� '%0-"/� 

*-�� !'� ��"'+.� %$'� %��,'�$'�/� �� (�,!� ��' !('(,/�� *��� � �() $�� �*� �%��� !��, 

)(�- �-$) �"'�!# ���&��#�. �,)�,�"� � ��$�%�!-� $�- ��*! )�� !�'%0�!$�'  !  !$�,,'�/� 

 (�"!� �() �,�- #�'� ��' �-$/�. ��(��!$���$�' %$'� (!"'�0/� (�- */0��$�' $'�  !&�,�$!"!� 

('/%!'�  /%� $�� �%��� !��� *-�� !�� )(�� !#��' $� $)5� %$� (")%�'� ��"��'�) $�#0� � 

��' $� ��$��)"-2� ���'& � %$� (#%� !('2��!'� ��' �() $'� *�� (,!-"/� $�-. �(�"!# �� 

!#��' ��$�%�!-�% /�!� ��' �() PVC ��' *'�%$�%!�� %�� �-$/� $��  !$�,,'�.�  (�".�. 


$��  ("�%$'�� (,!-"� $�- ��*! )�� $�(��!$���$�' $"!'�  (�"!�: � �"'%$!"� ��' � *!5'� 

-(� �%0�,'� ��'  '� �!�$"'�� (61). � "),�� $�� �"'%$!"�� ��' $�� *!5'�� �,,�8!'  ! $� 

!#*�� $�� ��"$�%��. �'� (�"�*!'& �, %$�� (!"#($�%�  '�� *!5'�� ��"��'��� ��"$�%��, � 

*!5'�  (�"� !�$#�!$�'  /0"' $� $/,�� $�- ('/%$"�- %$�� (!"'�0� $�- . �- ��' � �"'%$!"� 

 (�"� $�(��!$!#$�' %$�� ��$#�!$� (,!-"� �() $�� �+�.  �!�$"'��  (�"� 5!�'��!' �() $� 

5'2�!'*/� ��' �'��� !�� (,�&'� �"'%$!"�, %-���$� $� �"'%$!"�  (�"�. :,!� /0�-� (,�$�� 

15mm ��' (�0�� 3,5mm (!"#(�-. 

 


$�� (#%� (,!-"� $�- ��*! )��, �'  (�"!� $�(��!$���$�' ��' �' *�� ��$�  ���� $�- 

$!,!'. �$�� $�� *�� � ' �"#�� $�-, 0�"#� �� *-%��,!��-� $� ���'& � $�- ��' $� �� 

2�"!�!# �-$)� 0�"#� '*'�#$!"� *-%��,#�. ?!�'���! �() $� �1�� $�� � �(,�$�� ��' 

��$�,�&�-� %$�� ,!���� $�- �%�!����. 70�-� (,�$�� 30mm ��' (�0�� 2,2mm (!"#(�-. �� 

(#!%$"�, (�- �(�$!,��� ��' $� +�%'�) 0�"��$�"'%$'�) $�- DDB, %$!"!.���$�' �() $� /�� 

��"� $�-� %$� �(#%�'� � ' )"'� (�- ��$'%$�'0!# %$�� %��,'�$'�) �+� ��' ��$�  ���� $�� 



 68 
 

 !$�,,'���  (�"�� (�- /0!' ("�%$!�!# !�!#. �� �,,� ��"� (�- !#��' !,!��!"�, /0!' -(�%$!# 

 '� �� (�,�%� ("��!' /��- �� ! 2��#8!'  '� � +,!#� &��#� ("�� $� /5�. �� ��$� ()%� �� 

!#��' /�$��� � &��#� �-$�, !5�"$�$�' ���,�&'�� �() $�  /&!��� $�� ��"$�%�� 0�"#� �%$)%� 

�� -(�"0!'  /0"' %� !"� %-&�!�"' /��� ���)��� (�- �� (�%�$'��(�'!# $�� ���,�&'�� �-$� 

%0/%�. �-$) %� �#�!' ("�� "-� #8!$�' ����"� ! (!'"'�� �() $�-� !5!'*'�!- /��-� 

$!0�'���� (�- ��$�%�!-�8�-� $� ��*! )��. ��$� $�� !2�" �&� $�- ��*! )��, $� !,!��!"� 

��"� $�- ���! !,�% �$�� !'%/"0!$�' ��$� �() $� �(/���$' �(#%�'� � ' )"'� $�- ��*! )��.  

�#��' *�%�� ($�  ! (�0�� 1,5mm, �1�� 7cm ��'  ���� (�- !5�"$�$�' �() $� %� �$'�� 

0�"��$�"'%$'�� $�- �%�!���� ��' #%�  ! 16-18cm. �#��' �() /�� /�� $"#� %$� (,����. 7�� 

!#��' )$�� (")�!'$�' &'�  ��� ��"$�%� ��' �%2-4�� ��' $�(��!$!#$�' %$�� ��"-2� $�- �+�-. 

	�� /�� $"#� !#��' )$�� (")�!'$�' &'� *'(,� ((.0. ��"��'�� *!5'� ��' �%2-4�� �"'%$!"�) 

��"$�%�. 
$�� *'(,� ��"$�%� *�� (#!%$"� $�(��!$���$�' %$'� ��"-2/� $�� *�� �+��, ��' 

%$�� (!"#($�%� $�� ��"��'��� �(�'$���$�' (�"�(��� $�- !�)� ('/%$"�- ("��!' /��- �� 

��,-2�!# $� %���,� $�� /�$�%�� $�� (�"� )"2�%��. 
! (!"#($�%�  ���� ��"��'��� � 

��"���-�%2-4��� ��"$�%��, $� (#!%$"� !#��' /�� � *�� ��' ���,�&�  ! $�� /�$�%� $�� 

(�"� )"2�%��. �(�"�� ! �� (�� ! (�� $� ���! (#!%$"� ��,�($!' (�"� )"2�%� (�- 

!�$!#�!$�' %!  /0"' (/�$! %(��*�,�-�.  !2�" �&� $�- ��*! )�� �,��,�".�!$�'  ! $� 

%2#5' � $�� $!%%�"�� �"'8)�$'�� ' ��$�� (�- !#��' %$!"!� /��' %$� (,�&'� ��' (#%� 

$�'0. �$� $� �(�#� �,!#��-�  ! �-$��),,�$!� $�'�#!� (�,,�(,.� 0"�%!��. �(#%��, ���’ 

),� $�� !('2��!'� $�- ��*! )�� ���#&��$�' $"�(!� *'� /$"�-  !"'�.� 0','�%$.�, 

("��!' /��- �� !#��' *-��$)� � �!"'% )� $�- %. �$�� $�- �%�!���� ��' � �(� ��"-�%� 

!&�,�+'% /��- �/"�  !$�5� $�- %. �$�� ��' $�� !%�$!"'��� !('2��!'�� $�- ��*! )�� ��$� 

$�� 0"�%� $�-,  ! %$)0� $�� ��,�$!"� !2�" �&� $�- !(��� %$� %. � $�- �%�!���� 

(�'�)�� 3.2). �� *'!-�"'�'%$!# (�� �' �,,�'.%!'� 0". �$�� �#$"'��- (�- 2�#���$�' %$'� 
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(�"���$� !'�)�!�, !#��' �,,�'.%!'� $�� �),,�� (�- 0"�%' �(�'����! ("��!' /��- �� 

%$!"!����� $� ��  �$'� plastazote %$'� (!"'�0/� !�*'�2/"��$��. �-$) %- +�#�!'  ! $� 

(�"�*� $�- 0")��- ��' &'� ),�-� $�-� ��*! )�!� ��!5�'"/$��.   
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�'�)�� 3.2: � (")%�'�, �(#%�'�, (,�&'� �"'%$!"� ��' *!5'� )1� ��' ��$�1� $�- DDB 
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� %0!*'�% )� $�� *'�2)"�� !'*.� $�- DDB %$�"#0$��! %$�� !-"/�� 0"�%' �(�'�� !�� 

��$�&�"'�(�#�%� $�� �� (�,�� %��,#�%��, %! ��"��'�/�, ��"���-�%2-4�/�, �%2-4�/� ��' 

*'(,/� (*'(,�# %-�*-�% �# ��"��'�.�, ��"���-�%2-4�.� ��' �%2-4�.�), (�'�)�� 3.3). 

 

 
�'�)�� 3.3: ��$�&�"'�(�#�%� $�� %��,'�$'�.� �-"$.%!�� (61) 

 
 

3.3 ���������	�
� �	���� 
�� ������ ������ 

� DDB 0�"#� $� ��$'%$"�2'�� !,�% �$� ((#!%$"�), ,!'$�-"&!# )(�� ��"'+.� /��� 

%-���'% /��� ��*! )��� Boston *'�"�.���$�� $�� %��,'�$'�� ��"$�%� $�� %(��*-,'��� 

%$�,�� $�- �%�!����  ! $'� (,�&'� �%��� !�!� ('/%!'� ��' +�%!' $�� �"0�� $�� $"'.� 

%� !#�� (�- /0!' (!"'&"�2!# %$� 2� �!2�,�'�.  $�(��/$�%� $�� ��$'%$"�2'�.� ('/%$"�� 

*� '�-"&!# (")%�!$� 8!�&� ��$'%$"�2'�.� *-�� !�� $� �(�#� *"�-� %$� �"'8)�$'� !(#(!*� 

("���,.�$�� %$"�2'�� (�"� )"2�%� $�- �."��� ��$#�!$�  ! �-$� (�- �*� /0!' 

("��,��!# �() $� %��,#�%� (2,41,47,61).  ('� /�$��� ��$'%$"�2'�� *"�%� !�$�(#8!$�' %$� 

(!"'�0� $�- �."��� )(�- -(�"0�-� ��'  !&�,�$!"� (!"'�."'� %$"�2'��� (�"� )"2�%�� 

$�- ��*! )��. �(�"�� ! �� (�� ! (�� /��� DDB /0!' $�-$)0"��� !�!"&�$'�) ��' 
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(���$'�) *'�"��$'�) "),�. � ��*! )��� (�"/0!'  �0��'�� %$�"'5� %$� %. � ((���$'�)� 

"),��) ��' $�-$)0"��� �%�!# *-�� !'� ��$#�!$!� ("�� $�� %��,'�$'�� (�"� )"2�%� 

(!�!"&�$'�)� "),��).  

 

 $�(��/$�%� $�- !,!��!"�- ��"�- $�� ��$'%$"�2'�.� !,�% �$�� ��$� �() $�� ���!$� 

 (�"� $�- ��$#�!$�- � ' �"#�-, *� '�-"&!# $� ("����2!") !�� 8!�&�� *-�� !�� (�- 

("���,!# /,5� $�- !�)� � ' )"'�- ("�� $� (#%� ��' (�"�,,�,� .��%� $�- �,,�-, %$� 

�(�#� !#��' %$!"!� /�� $� /,�% �, ("�� $�  ("��. �(�$/,!% � $�� ��$#�!$�� �-$�� 

�#��%�� $�� *�� � ' �"#�� $�- ��*! )�� !#��' � ��5�%� $�� ('/%!�� (�- �%����$�' (��� 

%$�� �+� �() (#%� ��' %$� (")%�'� $�#0� �, %$� ��$#�!$� � ' )"'�, !�. $�-$)0"��� 

!,�0'%$�(�'���$�' � ��'  �*!�#8��$�' �' ('/%!'� �() $�� ��*! )�� %$� (")%�'� $�#0� � 

��$#%$�'0�  ! $� � ' )"'� %$� �(�#� !#��' %$!"!� /�� $� ��$'%$"�2'�) /,�% � ��' %$� 

(#%� $�#0� �, %$� ��$#�!$� (,�&'�. �! �-$) $�� $")(� !('$-&0��!$�' (!"'%$"�2'�� �#��%� 

$�-  ! ��$!��-�%� ��$#�!$� ("�� $�� %$"�2'�� (�"� )"2�%� !5�'$#�� $�� %��,#�%��.  

%-�!0�� *"�%� �-$.� $�� ��$'%$"�2'�.� *-�� !�� ("���,!# $�� ("��*!-$'�� -(�0."�%� 

��' !5� �,-�%� $�- (,!-"'��� �+�- !�. $�-$)0"��� ("���!#$�' �,)�,�"� $� � ' )"'� $�- 

�."��� $�� #*'�� (,!-"�� $�- %. �$��, ("�� $� ! (")�. �� ��$#�!$� %- +�#�!' &'� $� �,,� 

� ' )"'� $�- �."���.  �,,�&� �-$� %$� %0� � $�- ��" �� $�- �%�!���� 2�#�!$�' (�� 

!(�"!�8!' ("��*!-$'�� ��' $'� (,�&'!� ('/%!'� (�- *'�0!$!���$�'  /%� �() $� (,!-"'�� $)5� 

("�� $� %(��*-,'�� %$�,� $�- �%�!����. �-$� � ��$'%$"�2'�� *"�%� $�- DDB /0!' %�� 

�(�$/,!% � $� �!� �$'�� *')"��%� ��"��'�.� (�"� �"2.%!�� %! %0/%�  ! $'� 

(�"� �"2.%!'� $�� %(��*-,'��� %$�,��, %! �%�!�!#�  (�- +"#%���$�' �,'�'��� ���$� %$� 

%�!,!$'�� �"# ��%� $�-�. �-$) %- +�#�!' ,)&� $��  !&�,�$!"�� !,�%$'�)$�$�� (�- 

! 2��#8�-� �' (,!-"/� %! %0/%�  ! $� %(��*-,'�� %$�,� ��' !('(,/�� %$� &!&��)� (�� �' 
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*-�� !'� %$� (!"#($�%� $�� %(��*-,'��� %$�,�� �%����$�' (��� $�� /  !%� ��' )0' 

�(!-�!#�� (2). �() �-$) ("���($!' (�� �' '%0-")$!"!� *-�� !'� �%����$�' �() $� 

��*! )�� %$� (!"'�0� (�- /0!' $�(��!$��!# $� ��  �$' �() plastazote %$�� !%�$!"'�� 

!('2��!'� $�- ��' ��"'+.� !(��� %$�� ��"-2� $�- !�)� � (!"'%%)$!"�� �+��. �-$/� �' 

*-�� !'� ��' ��$’ !(/�$�%� �' ('/%!'� (�- ("���,���, !#��' $� $ � � $�� ! +'� �0��'��� 

*"�%�� $�- DDB (�- /0!' $��  !&�,�$!"� �5#� *'!"!���%��.  

 

3.4 ����� ������.� 
�� ��.��� ��� DDB 

� DDB 0�"��$�"#8!$�' �() $�� �(,)$�$� ��' $�-$)0"��� (�,-(,��)$�$� $�� ��$�%�!-�� 

$�-.  �(,)$�$� /0!' �� ���!'  ! $� ��$�%�!-� $�- (,�%$'��� ��" �� (�- %0!$#8!$�'  ! $�� 

*')"��%� $�� (,�&'�� �-"$� �$�� $�- �5��'��� %�!,!$��.  (�,-(,��)$�$� $�- /0!' �� 

���!'  ! $�� $�-$)0"��� �(�"5� $�� ��$'%$"�2'�.�  �0��'% .� (�- �� *! $�(��!$����� 

%�%$� -(�"0!' � (!"#($�%� �� -(�+�� #%�-� %-��,'�� $�� �(�$!,!% �$'�)$�$� $�- 

��*! )��. 

 

� ��*! )��� ��,) !#��' �� 2�"'/$�' (��$�  )�� (��� �() 2��!,��'  !  ��#�'� ("��!' /��- 

��  �� /"0!$�' %! � !%� !(�2�  ! $� %. � $�- �%�!����. 
$� %-�/0!'� +!+�'.�!$�' ��$� 

$�� !2�" �&� $�- (�� !2�" )8!' ��,� (��� %$�� ,!���� $�- �%�!���� ��' (�� *!� -(�"0!' 

%$"�2'�� �%-  !$"#�. ��$� $� %2#5' � $�� ' ��$�� *'�%2�,#8!$�' � $�(��/$�%� ),�� $�� 

!,�% �$�� ��$� �() $� ��$#�!$� � ' )"'� $�- �(#%�'�- $�'0. �$�� $�- ��*! )�� ��' 0�"#� 

�� ("��,��!# ��$��)"-2�  !$�$)('%� $�- !�)� � ' �"#�- %! %0/%�  ! $� �,,�. �('(,/��, �' 

' ��$!� ("/(!' �� 2/"�-� !(��� $�-�  !$� $�� ��$�%�!-� $�- ��*! )��, 0�"��$�"'%$'�� 

%� �*'� (�- %� �$�*�$��� $� %� !#� &'� $� �(�#� $� %2#5' � $�-� !#��' $�  /&'%$� ��' 
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$�-$)0"��� !('�- �$) &'� $�� $!0�'�) ��$�%�!-�� $�- ��*! )�� ��' +�%!' $�� �*�&'.� $�- 

�!"�(��$� '�$"��. � ��*! )��� ("/(!' �� �2��!' /�� %0!$'�) +�� ) !,!-�!"#�� �'��%!�� 

$�- �%�!���� %$� $ � �$� $�- )(�- *!� 0"!'�8!$�' �� �%����$�' ('/%!'�, )(�� !#��' $� 

(")%�'� $�#0� � �() $�� (,!-"� (�- -(�"0!' � �+�� ��' $� �(#%�'� $�#0� � $�- �."��� 

�() $� ��$#�!$� (,�&'�. 

 

�'� $�� DDB %! %0/%�  ! $�-� -(),�'(�-� &��%$��� -(� �%0�,'�-� ��*! )�!�, -(�"0!' 

 '� !('(,/�� 0�"��$�"'%$'�� /�*!'5�: /0!' $�� '���)$�$� �� *'�"�.�!' $�� �,'�'�� !'�)�� 

(�- !#��' (�"� �"2� /�� ,)&� �(�"5�� (,!-"'��� �+�-.  0"�%� $�- ��*! )�� �!�"!#$�' 

�(�$!,!% �$'�� )$�� 0"�%' �(�'!#$�' &'� $�-,�0'%$�� 20 ."!� � !"�%#��  ! *'�,,!' � 4 

�".� $� (�,� ��' (�$/ %(�%$�, &'� ),� $� 0"��'�) *'�%$� � (�- !('+�,,!' � 

!5�$� '�!- /�� �!"�(!#�. �/,��, ��$� $� *'�"�!'� $�� �!"�(!#�� *!� �(�'$!#$�' � 

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

 

�!,/$!� /*!'5�� (�� !'*'�� $� ��  �$' $�� !5�$!"'��� ! 2��'%�� ��$� $� *'�"�!'� 0"�%�� 

$�- DDB, /0!' +!,$'��!# �'%��$� &'� $�-� �%�!�!#�, )(�� !(#%�� ��' $� ��  �$' $�� 

(�')$�$�� 8��� (62-64).  
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3.5 �
���� ��� ��.��-�� 


��()� $�� (�"��%�� !"&�%#�� �$�� � ���,-%� ��' ��$’ !(/�$�%� � !5�&�%� $�� 

! +'� �0��'��� %- (!"'2�"�� ��' *"�%�� $�- ('� *� �2',��� %$�� �,,�*� ��*! )�� 

%-�$�"�$'��� �!"�(!#�� %��,#�%�� $�- DDB, -() %-����!� (�- ("�%� �'�8�-� $� 

���� !"'�)$�$� $�� �%�!�.�. ��"),� (�- � ��$�%�!-� $�- DDB %$�"#0$��! %$� 

��*! )�� $�(�- Boston, �(�$!,!# ��$�%�!-� !,,��'��� !('�)�%�� ��' !5/,'5��.  

 


! %0/%�  ! $�� DDB *!� !#0! -(�"5!'  /0"' %� !"� �� '� �,��,�"� /�� �()(!'"� 

 !,/$�� $�� *'�"��$'��� %- (!"'2�"�� $�- �() ! +'� �0��'��� �(�1�� ��'  ! *!*� /�� $� 

 /$"�%� $�� �%��� !��� *-�� !�� ��' ���($-%%) !��� ('/%!�� �� �(�$/,!% � $�� 

*"�%�� $�� (".$��  !$�5� $�- %. �$�� $�- �%�!���� ��' $�- ��*! )��, ��"'+.� %$� 

%� !#� $�- �+�- (��"��'�� *!5'� – �* ��' ��"���-�%2-4�� *!5'� � �"'%$!"� – ��* � 

��� %��,#�%�) � $�� �+�� (��"��'�� *!5'� & �%2-4�� �"'%$!"� – �* & ��  %��,#�%�) 

��' %$� (!"'�0� &�"� $�-�. �('*#�5� ��' $!,'�� ("�5� �(�$/,!%! $� �� !(!�$����� �' 

 !$"�%!'� %! !(�"�/� (,���� �%�!�.� &'� ���!  '� �() $'� ��$�&�"#!� %��,#�%��: �*, ��* 

� ��� ��' �* & ��. 
��()� (�- !('$!�0���! �$�� !(#%�� �-$) $� (,���� $�� �%�!�.� �� 

!#��'  !&�,�$!"� �() ���! �,,� (�") �'� !"!-��$'�� ("�%(��!'� !,,��'�� � *'!��� 

��!5�"$�$�- $�- !#*�-� $�-  !,!$. !��- *'�"��$'��� ��*! )��  ���� � *'(,�� %��,#�%��.  

 

�2�� /&'�! ("�%!�$'�� !(',�&� $�- ��$�,,�,�- !5!'*'�!- /��-  !$"�$'��� !5�(,'% ��, 

("�& �$�(�'����! !(!5!"&�%#� $�� �"'� �$'�.� *!*� /���  ! $� +���!'� $�- %$�$'%$'��� 

,�&'% '��� (��/$�- SPSS 17.0. �! �-$) $� !"&�,!#� �$�� *-��$� � *'!"!���%� $�� )(�'�� 

%0/%�� -(�"0!  !$�5� *'�2)"�� ��$�%$�%!�� %$'� �(�#!� +"#%���$�� �' �%�!�!#� ��' 
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 !$�5� *'�2)"�� � �*�� %$'� �(�#!� 0�"#%$���� �-$�#, ���,�&�  ! $� '*'�#$!"� 

0�"��$�"'%$'�� $�-�.  

 


$� !'*'�)  /"�� $�� *'�$"'+�� (!"'&"�2��$�' ,!($� !".� ),!� �' ,!($� /"!'!� (�- 

�2�"��� %$� ("�!$�' �%#� $�� �%�!�.� ��' $�- !5�(,'% ��, %$�� ("�& �$�(�#�%� $�� 

 !$"�%!�� ��' $!,'�� %$�� !(!5!"&�%#� $�� *!*� /��� ("��!' /��- �� !5�0���� 0"�%' �  

%- (!"�% �$�.     
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$� �!2�,�'� �-$) &#�!$�'  '� (!"'&"�2� $�- �(�'$�� !��- !5�(,'% �� &'� $� 

("�& �$�(�#�%� $��  !$"�%!�� ��' ���,�%!�� $�� (�"��%��  !,/$��. �#�!$�' !�$!��� 

���2�"� %$'� �() �()1!�� !5�(,'% �� �(�'$�%!'� $��  !,/$�� ��' %$� �"'$�"'� ��' $� 

0�"��$�"'%$'�� $�- �(�'$�� !��- !5�(,'% �� (�- !(/+�,�� %-&�!�"' /�!� !(',�&/�.  

 

4.1 �� ����
�������
� ��� �8������� 

� �(�'$�� !��� !5�(,'% )� �-$)� (!"',� +��!' /�� 2�"�$) /� ��' /�� %�%$� � 

��#0�!-%��, ��$�&"�2�� ��' !(!5!"&�%#�� $�� �%��� !��� *-�� !�� ��' $�� 

���($-%%) !��� ('/%!��. �� %�%$� � �-$) �(�$!,!#$�' �() $� ��$�,,�,� ,�&'% '�) ��' 

$�� %-�!"&�8) !��  ! �-$) �'%��$�"� (#!%��. �� ,�&'% '�) !,/&0!' $�� ,!'$�-"&#� $�- 

�'%��$�"� ��' %-,,/&!' $'�  !$"�%!'� $�� *-�� !�� ��' ('/%!�� (�- �-$)� ��'0�!�!' (data 

acquisition). �� %�%$� � ,�&'% '�) – �'%��$�"��, ("/(!' �� !#��' %! �/%� �� ��'0�!�!', 

��$�&"�2!' ��' !(!5!"&�8!$�' $'� �%��� !�!� *-�� !'� ��' $'� ('/%!'� (�- ���($�%%��$�' 

 !$�5� $�- %. �$�� !�)� �%�!���� ��' $�- *'�"��$'��� ��*! )�� %��,#�%�� (65).   

 

� �'%��$�"�� (�- !#��' ��' $� ('� %� ��$'�) ��  �$' $�- !5�(,'% ��, ("/(!' �� (,�"�# 

$�-,�0'%$�� ��(�'!� !,�0'%$!� ("�*'�&"�2/� (�- !('+�,,��$�' �() $'� �(�'$�%!'� $�� 

(�"��%�� !"&�%#��. �' Ferguson-Pell et al (66), ("�%*')"'%�� $'� ("�*'�&"�2/� �-$/�, 

("��!' /��- /��� �'%��$�"�� �-$�� $�- !#*�-� �� !#��' ��$�,,�,�� &'� ! +'� �0��'�/� 

 !$"�%!'� !(# $�� !('2��!'�� $�- ���".('��- %. �$�� ,)&� �%��%�� !5�$!"'�.� *-�� !�� 

(�- ("���,��� $�� ���($-5� *'�"��$'�.� ('/%!��. � �'%��$�"�� ("/(!': 
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� �� �(�$!,!# %-%$�'0#� (array) �'%��$�"'�� %� !#�� (sensels) ("��!' /��- �� 

(�"/0!' $�� *-��$)$�$� 0�"$�&"�2�%�� $�� (#!%�� (pressure mapping) � �,,'.� 

��$�&"�2�� $�� *'�%(�"�� $�� (#!%�� 

� �� !#��' *'�%$�%!�� ��$�,,�,�� &'� $� (!"'�0� !�*'�2/"��$��  

� �� �'%��$�"'� %� !#� �� ��$�,� +���-� $� %���,� $�� !('2��!'�� $�- �'%��$�"�, 

("��!' /��- �� !#��' *-��$� � ,�1�  /$"�%�� �() �(�'�*�(�$! %� !#� $�� (!"'�0�� 

!�*'�2/"��$��  

� �� *���$�' �� ("�& �$�(�'!#  !$"�%!'� %! ("�& �$'�) 0")�� 

� �� !#��' !5�'"!$'�� ,!($)�  

� ��  �� !(�"!�8!$�' � �(�*�$'�)$�$� ��' � �5'�('%$#� $�- �() $�� �(�"5� 

�� (-,.%!�� !(# $�� !('2��!'�� !�*'�2/"��$�� 

� �� !(�"!�8!$�' $� !,�0'%$� *-��$) �() $��  !$�+�,� �!" ��"�%#�� ��' -&"�%#�� 

� �� ! 2��#8!' $�� !,�0'%$� *'��� ��%� $' .�, &'� %$��!"� �%��� !�� *��� � %! 

%-��"$�%�  ! $�� 0")�� 

� �� ! 2��#8!' $��  /&'%$� *-��$� !(���,�1' )$�$� ��' &"�  '�)$�$� %$�� 

�()�"'%� 

� �� ! 2��#8!' $�� !,�0'%$� -%$/"�%� ��' �,#%��%� %$'�  !$"�� !�!� $' /� 

� �� /0!' )%� $� *-��$)  !&�,�$!"� *'�"�!'� 8���, ��' 

� �� !#��' 0� �,�� �)%$�-� 

 

	'!-�"'�'%$'��, �� -%$/"�%� �"#8!$�' � *'�2�"� %$�� $' � !5)*�- $�- %-%$� �$�� &'� 

%-&�!�"' /�� $' � $�� �%��� !��� *��� ��, )$�� � *��� � �'�!#$�' �-5�$'�� ��' ($�$'�� 
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("�� �-$� $� $' �. �(#%��, �� �,#%��%�, �"#8!$�' � *'�2�"�  !$�5� $�� $' �� $�� !5)*�- 

��' $�� �%��� !��� *��� ��,  ! $� (�"�*� $�- 0")��-.  

 

4.2  �� �������� ���	��.-�� 

�(�"0�-� (�,,.� !'*.� �'%��$�"!� (�- *'�2/"�-� %$� +�%'�� �"0� ,!'$�-"&#�� $�-� ��' 

(�- �$�� -(�1�2'�' ("�� !(',�&� &'� �-$� $�� !2�" �&�. :,�' �' �'%��$�"!� /("!(! �� 

��$'*"��� %! 2�"$#� !(�2�� � �,,'.� �%��� !�!� *-�� !'� %$�� !('2��!'� $�-� ��' �� 

 !$�$"/(�-� �-$/� %!  !$"�%' � ���($-%%) !�� (#!%�. � -(�1�2'�� �'%��$�"�� 

 (�"��%! �� !#��' ('!8��,!�$"'�)�, (�!- �$'�)�, -*"�-,'�)�, � '�)� � 0�"�$'�)�.   

 

�� 2�"$#� (�- ���($�%%��$�' ��$� $� *'�"�!'�  '�� !2�" �&�� 0�"$�&"�2�%�� *-�� !�� 

��' ('/%!��, !#��' %$�$'�� ��' *-�� '��. 7��� ('!8��,!�$"'�)� �'%��$�"�� *!� !#��' 

��$�,,�,�� &'� $��  /$"�%� %$�$'�.� 2�"$#�� &'� (�"�$!$� /�� 0"��'�) *'�%$� �, *')$' � 

�()�"'%� $�- !,�$$.�!$�'  ! $�� (�"�*� $�- 0")��-,  /0"' (�-  �*!�#8!$�'. 7��� 

(�!- �$'�)� � -*"�-,'�)� �'%��$�"�� �(�'$!#  '� '*'�#$!"� %���!$� !&��$�%$�%� � �(�#� 

/0!' �� �(�$/,!% � $� �-5� /�� (�0�� $�� 0"�%' �(�'�� !��� *'�$�5��, ��$' (�- *!� 

!5-(�"!$!# !2�" �&/� (�- ! (,/��-� *'�"��$'�) ��*! )�� %��,#�%��. �' (�"�(��� ,)&�' 

(!"')"'%�� $'� !(',�&/� %! *�� !#*� �'%��$�"�. �� *�� �-$� !#*� !#��' �' � '��# ��' �' 

0�"�$'��# �'%��$�"!� (#!%�� (�- !#��' ��' $�  ���*'�� (�- /0�-� $�� *-��$)$�$� �� 

*.%�-� 0�"$�&"�2�%� $�� (#!%�� &'�  '� (!"'�0� !�*'�2/"��$�� %! ("�& �$'�) 0")��, ��$' 

(�- �$�� %� ��$'�) &'� $�� %-&�!�"' /�� !"&�%#�. �� -(),�'(� !#*� (/"� $�� 

 !'��!�$� �$�� (�- ("����2/"�����, !('(,/�� *!� /0�-� $�� *-��$)$�$� 0�"$�&"�2�%�� 

(#!%�� %!  '� (!"'�0� !�*'�2/"��$�� %! ("�& �$'�) 0")��, (�"�  )�� $�� ,�1�  !$"�%!�� 
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%! %-&�!�"' /�� %� !#� $�� (!"'�0�� �-$�� ��' %! *!�$!"� 0")�� �� -(�,�&#%�-� $�  /%� 

$' � �-$.� (67,68).  

 

 ,!'$�-"&#� !�)� � '��� �'%��$�"� %$�"#8!$�' %$��  !$�+�,� $�� ��$#%$�%�� !�)� !'*'�� 

��$�%�!-�% /��- ('!8�-� '��� %$". �$��, )$��  '� *��� � �%���!# %! �-$). 

�,!��/�$� � !�)� $/$�'�- �'%��$�"� !#��' � �(,)$�$� $�- �-�,. �$�� ��#0�!-%�� ��' 

 /$"�%�� $�� �%��� !��� *��� ��. ���,�&�  ! $� !#*�� $�� $!0��,�&#�� (�- 

0"�%' �(�'!#$�', -(�"0�-� ("�4)�$� !$�'"'.� )(�� � Interlink Electronics, CA, USA ��' � 

IEE, Luxemburg (�- *!� !#��' ��$�,,�,� &'� $��  /$"�%� �(),-$�� $' .� *��� �� � 

(#!%��,  '� ��' (�"/0�-�  )�� (�'�$'�� !�$# �%� �-$.�  /%� $�- -(�,�&'% �� $��  /%�� 

$' ��. �(�"0�-� +/+�'� ��' ("�4)�$� (�-  !$"��� !('(,/�� ��' $'� �(),-$!� $' /� $�� 

*��� �� � $�� (#!%�� )(�� $�� !$�'"#�� Tekscan Inc., MA, USA ��' (�- �$�� ��$�,,�,� 

&'� $�� (�"��%� !"&�%#�.  

 

 ,!'$�-"&#� !�)� 0�"�$'��� �'%��$�"� %$�"#8!$�' %$��  !$�+�,� $�� 0�"�$'�)$�$�� 

 !$�5� *�� (�"�,,�,�� (,��.�, )$�� !2�" �%$!#  #� *��� �.  �' 0�"�$'��# �'%��$�"!� 

! 2��#8�-� ��(�'� %-&�"'$'�� (,!��!�$� �$�: ! 2��#8�-� &!�'��  !&�,�$!"� ��"#+!'� �() 

$�-� � '���� �'%��$�"!�, ,)&� �-5� /��� &"�  '�)$�$�� %$�� �()�"'%� $�-�,  !'� /��� 

!-�'%��%#�� %!  !$�+�,/� $�� �!" ��"�%#�� ��' -&"�%#��,  !'� /��� -%$/"�%�� ��' 

*'��� ��%�� $��  /$"�%�� &'� %$��!") 2�"$#�, �-5� /��� ���!�$'�)$�$�� ��' �-5� /��� 

("�%�" �&�� %! !('2��!'!� (�- ! 2��#8�-� �� (-,.%!'�.  0�"�$'��  !$�+�,� (�- 

 !$"'/$�' !#��' $�� $�5�� $�- pF � ��'  '�")$!"�. �-$) ���'%$� $�� �(�#$�%� &'� 

%-%$� �$�  !&�,�� !-�'%��%#��, ��"#+!'�� ��' %$��!")$�$��, �-%'�%$'��� %� �%#��. 
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�"�4)�$� (�- ��$�(��"#���$�' %! ��$' $/$�'� !#��' �-$� $�� !$�'"'.�: Novel, MN, USA, 

Xsensor, Canada ��' Pressure Profile Systems Inc., CA, USA.  

 

4.3 ��.
���� ����8� ���
/	 
�� ������
/	 ���*�����	 
 
�' (!"'%%)$!"�' !"!-��$/� (�- /0�-� �� ��$'�!# !�� $��  /$"�%�  !$�+�,.� $�� 

�%��� !��� *��� �� � ���($-%%) !��� (#!%��, 0"�%' �(�'���  !$"�$'�� %-%$� �$� (�- 

(!"',� +���-� � '���� �'%��$�"!�. �-$) %- +�#�!' ,)&� $�� !5�'"!$'��� �(,)$�$�� 

�-$.� $�� %-%$� �$�� %! %�&�"'%�  ! $� %-%$� �$� (�- 0"�%' �(�'��� 0�"�$'���� 

�'%��$�"!�. �(#%�� �(�$!,��� %-%$� �$� -1�,�� $�0�$�$�� %$�� �()�"'%�, ��$' (�- !#��' 

%� ��$'�) &'�  !&�,!�, -1�,�� ���,-%�� %-%$�'0#!� �'%��$�"��,  ! !('(,/��  '�"� 

!-�'%��%#� %! �,!�$"� �&��$'�� (!*#�.  

 

��"� $� (�"�(��� (,!��!�$� �$� $�� � '�.� %-%$� �$��, -(�"0�-� (,!��!�$� �$� $�� 

0�"�$'�.� %-%$� �$�� (�- �5#8!' �� ���2!"����.  !$�'"#� Pressure Profile Systems /0!' 

��$�%�!-�%!' $� %�%$� � TactArray (�- �(�$!,!# 0�"�$'�) �'%��$�"� %!  �"2� 

%-%$�'0#��  !  /&!��� �'%��$�"#�� %� !#�� $� 2mm.  !$�'"#� -(�%$�"#8!' (�� �' 

�'%��$�"!� $�� !#��' ��$� (�,� ��"'+!#� %! %0/%�  ! $�-� � '���� �'%��$�"!� ��' 

!'*'�)$!"� $�� !$�'"#�� Tekscan, ,)&� $�- -,'��� �() $� �(�#� !#��' 2$'�& /��' ��' 

("�%�" )8��$�' ��,�$!"� %! �� (-,.%!'� $�� !('2��!'�� !�*'�2/"��$��. �� ��' �' 

�'%��$�"!� $�� !$�'"#�� !#��' ��$� (�,� ��"'+)$!"�', � #*'� -(�%$�"#8!' (�� !#��' 

 !&�,�$!"�� ��$�0�� ��' *'�"�!'��. 	-%$-0.� ) �� !"!-��$'�/� !"&�%#!� (�- �� 

0"�%' �(�#�%�� �'%��$�"!� �-$�� $�� !$�'"#�� %! '�$"'�/� !2�" �&/�, !#��' %0!*)� 

���(�"�$!�.  
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 !$�'"#� Novel /0!' ��$�%�!-�%!' $� %�%$� � Pliance $� �(�#� �(�$!,!# ��' �-$) 

0�"�$'�) �'%��$�"� %!  �"2� %-%$�'0#��. �#��' ��$� (�,� ��"'+)$!"� $�� %-%$� �$�� 

$�� Tekscan, ��' )(�� ��' � !$�'"#� PPS, /$%' ��' � Novel -(�%$�"#8!' (�� (�"/0!' 

 !&�,�$!"� ��"#+!'�, ,)&� $�- -,'��� ��$�%�!-�� $�� %-%$�'0#�� $�� �'%��$�"��.  

 

�/,��, � !$�'"#� Xsensor  ! $� %�%$� � X2 Medical Pressure Bandage Sensor, -(�%$�"#8!' 

(�� (")�!'$�' &'� /�� %�%$� �  !&�,�$!"�� ��"#+!'�� %! %0/%�  ! ),� $� -(),�'(�,  ! 

�)%$�� ) �� ��' �-$) '*'�#$!"� -1�,) (67). 

 


- (!"�% �$'��, $� %-%$� �$� (�- 0"�%' �(�'��� 0�"�$'���� �'%��$�"!� 2�#�!$�' �� 

(�"/0�-�  !&�,�$!"� ��"#+!'� �() �-$� $�� !$�'"#�� Tekscan. �%$)%�, 2�#�!$�' �� 

0"�%' �(�'���$�' ,'&)$!"� � ��' ���),�- %! '�$"'�/� !2�" �&/� %-&�"'�) !��  ! $� 

%-%$� �$� $�� !$�'"#�� Tekscan. 
#&�-"� %! !2�" �&/� %�� $� (�"��%�, $� %-%$� �$� $�� 

$!,!-$�#�� !#��' �-$� (�- 0"�%' �(�'���$�' %0!*)� �(��,!'%$'��. ��"��$�"'%$'�) 

(�"�*!'& � �  !,/$� $�� Pham et al (54), (�- �2�"��%! ) �� %! ��*! )�� Chêneau.  � 

+�%'�)� ,)&�� &'’ �-$) 2�#�!$�' �� !#��' $� �%�&�"'$�  '�")$!"� �)%$�� ��' � !�$!$� /�� 

+'+,'�&"�2#� (�- $� %-��*!�!'. 
$�� !() !�� (�"�&"�2� 2�#���$�' ���,-$'�� $� '*'�#$!"� 

0�"��$�"'%$'�� $�- �'%��$�"� (�- !#��' � ('� ��$�,,�,�� &'� $� (�"��%� !"&�%#�, ��'  ! 

(�'�-� $")(�-� (!"'�"#%$���� $� )(�'�  !'��!�$� �$� �-$�� $�- %-%$� �$��. 

 

4.4 ����.� ��� ���*����� 

70��$�� ��$�,�5!' %$�� !$�'"#� Tekscan ("�4)� $�� �(�#�� !#��' $� %�%$� � ,�&'% '�) – 

�'%��$�"�� (�- 0"�%' �(�'����! %$� (�"��%� !"&�%#�,  !&�,� %� �%#� !#0! � !(',�&� 
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(".$� $�- �'%��$�"� ��'  !$� $�- %-�!"&�8) !��-  ! �-$)� ,�&'% '��� �() $�-� 

��$�,)&�-� $�� !$�'"#��. 

 

� �'%��$�"�� �� /("!(! ��  !$"�!' $��  !$�+�,� $�� ��$#%$�%�� (�- ! 2��#8!$�' ,)&� $�� 

�%��� !��� *-�� !�� %$� �'%��$�"'� %� !#�, �� 1�2'�(�'!# $�  !$"�� !�� %� �$�, ��' �� 

 !$�2/"!' $� 1�2'��� *!*� /�� %$�� /� ("��!' /��- �� �(!'���'%$��� �� /�� *-�� '�� 

 !$�+�,,) !�� ("�2#, *-�� !�� ��' ('/%!�� (0�"$�&"�2�%�). �� +�%'�� �"'$�"'� 

!(',�&�� $�- �'%��$�"� �$�� $�  /&!���, $� %0� � $�- ��' $� !�"�� $�� $' .� $�� ('/%!�� 

(�-  (�"!# �� ��'0�!�%!' ��' ��  !$"�%!'  ! �5'�('%$#�. 
! ),!� $'� !2�" �&/� !#��' 

!('�- �$) � �'%��$�"�� �� /0!' $/$�'�  /&!��� ��' %0� � (�- �� ��,�($!' �� )0' �,)�,�"�, 

$�-,�0'%$�� $�  /&'%$� *-��$)  /"�� $�� (!"'�0�� !�*'�2/"��$�� ��' !2�" �&�� $�-. �� 

��$�,,�,� %0� � ��'  /&!��� $�- �'%��$�"� ("/(!' �� %-�*-�8��$�'  ! $��  /&'%$� *-��$� 

(-��)$�$� $�� �'%��$�"#�� %� !#�� !(# $�� !('2��!'�� $�-. :%� (!"'%%)$!"� !#��' $� 

�'%��$�"'� %� !#� %!  '� (!"'�0� %-&�!�"' /��� *'�%$�%!��, $)%�  !&�,�$!"� !#��' � 

��"#+!'� $��  !$"�%!�� ,)&� $�� -1�,)$!"�� ���,-%�� ��$� $�� 0�"$�&"�2�%� *-�� !�� 

��' ('/%!��. �-$) *#�!' ��' $�� *-��$)$�$�  !,/$�� (!"'�0.�  '�")$!"�� *'�%$�%!�� (�- 

) �� ! 2��#8�-� !�*'�2/"�� ��'  !$�+�,� %$'�  !$"�� !�!� $' /�. �'%��$�"!� (�- 

! 2��#8�-� �-5� /�� �"'� ) &"�  .� ��' %$�,.� �'%��$�"'�� %� !#�� ���  ���*� 

 /$"�%�� $�� �()%$�%��, ! 2��#8�-� ��' ��,�$!"� 0�"'�� ���,-%�.   

 

�' !('(,/�� (�"�&��$!� (�- %-�/+�,�� %$�� !(',�&� �'%��$�"�, �$��:  

�  ��$�0� $�- %! ��$�(���%!'� 

� �' !('*)%!'� $�-, (�- /0�-� �� ����-�  ! $�� ��"#+!'� ��' $�� �5'�('%$#� $�-,  
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�  *'�"�!'� 8��� $�-,  

� �� �)%$�� $�- ���! �'%��$�"�, ��'  

�  �(�"5� !-"!#�� +'+,'�&"�2#�� (�- �� ���2/"!$�' %! �-$)� ��' $� '*'�#$!"� 

0�"��$�"'%$'�� $�-, ���.� ��' %! '�$"'�/� !2�" �&/� (�- ����-� 0"�%� $�-. 

 

� �'%��$�"�� (�- !(',/0$��! �$�� � ProstheticTM 9801, (�- %$� !5�� �� ���2/"!$�' �(,� 

�� 9801 ��' ��$�$�%%!$�' %$�� ��$�&�"#� $�� �'%��$�"�� (#!%�� !"&��� '��� ��$�%�!-�� 

$�� !$�'"#�� TekScan. �")�!'$�' &'� /��� � '�) �'%��$�"� (�- /0!' $� �'%��$�"'� %� !#� 

$�- (!('!% /��  !$�5� *�� 2�,,�� (�,-!%$/"�. �' !2�" �&/� %$'� �(�#!� 0"�%' �(�'!#$�', 

(/"� �() $��  !,/$� $�� *-�� !�� ��' ('/%!��  !$�5� %. �$�� �%�!���� ��' *'�"��$'��� 

��*! )�� %��,#�%��, /0�-� �� ����-� ��'  ! $�  !,/$� +�*#% �$��. �")�!'$�' &'� /��� 

�'%��$�"� !5�'"!$'�� ,!($)  ! (�0�� 0,15mm ��$' (�- $� ��$�$�%%!' %$�� ��$�&�"#� $�� 

,!&) !��� “paper thin” �'%��$�"��. :�$�� $/$�'�� /0!' $�� !-,-&'%#�  '�� �(,�� %!,#*�� 

0�"$'�� ��' $�� *-��$)$�$� �� ,-&#8!' ���,�&�  ! $�� �� (-,)$�$� $�� (!"'�0�� %$�� 

�(�#� !2�" )8!$�'.  

 

�(�$!,!#$�' �()  '� %-%$�'0#� 96 �'%��$�"'�� %$�'0!#��  ! (-��)$�$� �'%��$�"'�� 

%� !#�� #%�  !  0,62/cm2 ��' %-��,'�� !�!"&� !('2��!'� 203,2 � 76,2mm. �� ���! /�� 

�'%��$�"'� %$�'0!#� �(�$!,!#  '�  !$�+,�$� ��$#%$�%� ��'  /"�� !�)� �,!�$"'��� 

�-�,. �$��, %$� �(�#� � %-��,'�� ��$#%$�%�  !'.�!$�' )%� � �%��� !�� *��� � 

�-5��!$�'.  !('2��!'� $�- 0�"#8!$�' %! /5' ��!5�"$�$!� ,�"#*!�  ! ���!  #� �� 

�(�$!,!#$�' �() 16 �'%��$�"'� %� !#�. ��  /&!��� $�� !�!"&�� !('2��!'�� $�- !#��' 

!,�2".�  !&�,�$!"� �-$�� $�� (!"'�0.� !�*'�2/"��$��, ��$'%$�'0.�$�� %$�� !('2��!'� 
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$�- $ � �$�� plastazote (�- $�(��!$!#$�' %$�� !%�$!"'�� !('2��!'� $�- ��*! )�� ��' 

��"'+.� %$� ��"-2� $�- %��,'�$'��� �+�-, )(�� (!"'&"�2!' $� 3� �!2�,�'�. �-$) 

%� �#�!' (�� �$�� *-��$� � �5'�(�#�%� ��' !�!"&�(�#�%� �(�'�-*�(�$! �() $� 96 

�'%��$�"'� %� !#� $�- �'%��$�"�, �,,� �-"#�� (�� �$�� *-��$� � ��$�&"�2� $�� 

(�"� '�"��  !$�+�,�� $�� *��� �� ��' (#!%�� %! �(�'�*�(�$! %� !#� $�� (!"'�0�� 

!2�" �&�� $�-. �� !�"�� $�� $' .� $�� (#!%�� (�- /0!' $� *-��$)$�$� �� ��$�&"�1!' � 

�'%��$�"�� +�%!' $�� 0�"��$�"'%$'�.� $�- (�- (�"/0!' � ��$�%�!-�%$"'� !$�'"#�, !#��' 1 

/�� 35 psi � 6,9 /�� 241,2 KPa (69).  �%$)%�, o 9801 ,)&� $�-  !$�%0� �$'%$� 8-bit A/D 

(�- 0"�%' �(�'��� ),�' �' �'%��$�"!� $�� Tekscan, /0!' $� *-��$)$�$� -(/"+�%�� $�- ��� 

�"#�- $�- !�"�-� $�� $' .� (�- ��$�&"�2!', ��$� 27,5%. �-$) %� �#�!' (�� $� 

("�& �$'�) !�"�� $�� $' .� $�� (#!%�� (�-  (�"!# �� ��$�&"�1!' � �'%��$�"�� 9801 !#��' 

1 /�� 44,6 psi � 6,9 /�� 307,5 KPa (70).  

 

��$� $� *'�*'��%#� !,/&0�- ��' *��' �� $�- +�%!' $�� �*�&'.� $�� ��$�%�!-�%$"'�� 

!$�'"#��, 0"�%' �(�'!#$�'  '� 2��%�� -() (#!%� �/"�, !-"'%�) !�� ��� !%� %! *�� (,��!� 

�() �$%�,' (70,71). � �'%��$�"��  (�"!# �� ! 2��#%!' *'�2�"!$'�� %- (!"'2�"� ��$� $�� 

!(�2� $�-  ! *'�2�"!$'�� -,'��. �-$) %� �#�!' (�� -() ("�& �$'�/� %-����!�, #%�� $� 

!�"�� �� !#��' �,,� �() �-$) (�- *#�!' � ��$�%�!-�%$��. �('(,/��, ("��!' /��- �� 

�(�2!-0�!# � ('���)$�$� -(!"2)"$�%�� $�- �'%��$�"� ��' �()$! � ! 2��'%� ,����% /��� 

 !$"�%!��, ("/(!' �� ,�2�!# -()1� ��' � !,�0'%$� ��'0�!-) !�� *'�2�"� $�� (#!%��. �'� 

$�� %-&�!�"' /�� �'%��$�"�, � $' � �-$� !#��' #%�  ! 1,53 KPa (70). �� &!&��)� (�� � 

!-�'%��%#� $�- �'%��$�"� !#��' �-5� !'�� !��  /%� $�- ,�&'% '���, %� �#�!' (�� $� 

!�"�� $�� ��� ��' ��$� $' �� $�� ��'0�!-) !��� (#!%��  (�"!# �� �,,�5!' %$�  /&'%$� ��$� 

/�� %-�$!,!%$� #%�  ! $� 4, %- (�"�%�"��$�� ��' $�� $' � $�� !,�0'%$�� ��'0�!-) !��� 
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 !$�+�,�� (#!%��. 
$�� %-&�!�"' /�� !2�" �&� !(',/0$��! � !-�'%��%#� «Mid» (�- 

%-�*-�8!' $�� '*��'�� '%�""�(#�  !$�5� ��"#+!'�� ��' !�"�-� $' .�. 
-��($'��, $� $!0�'�� 

0�"��$�"'%$'�� $�- 9801 2�#���$�' %$� �#���� 4.1. 

�-��� ���	��.-�� � '�)� �'%��$�"�� 

'�
� 
����
���� (�,-!%$/"��  

)���� 0,15 mm 

��	��
�� ���������� (% � )) 622,3 � 76,2 mm 

2������ ���������� (% � )) 203,2 X 76,2 mm 

 ��*��� ���*������	 ����-�	 96 

����
� �	���� 0,62 �'%��$�"'� %� !#� / cm2 

����� ��������	 �-���� 1 /�� 44,6 PSI � 6,9 /�� 307,5 KPa 

�#����� 4.1: �!0�'�� 0�"��$�"'%$'�� $�- 9801 (71) 

 

��"���$� ���,�-���� �' !(' /"�-� *'�%$�%!'� $�- (�#����� 4.2) ��' $� %0� �$'�) 

*'�&"�  � $�- (
0� � 4.1). 

0�	�
�� ���������� ���*����� 


-��,'�) 
 ����  

(L) (mm) 


-��,'�) 
(,�$��  

(W) (mm) 

����� +"�0#���  
(�) (mm) 

     

622,3 76,2 393,2      

!��������� �	��.�� �������� ���*����� 

�,�$�� 
(MW) 
(mm) 

@1�� 
(MH) 
(mm) 

�,�$�� 
%$�,.� 
(CW) 
(mm) 

	'��!�� 
%$�,.� 

(CS)  
(mm) 

��%)$�$� 

�,�$�� 
%$�,.� 
(RW) 
(mm) 

	'��!�� 
%$�,.� 

(RS) 
(mm) 

��%)$�$� 

76,2 203,2 6,4 12,7 6 7,9 12,7 16 

��	��
�� ���*��� ���*������	 ����-�	 96 

����
� �	���� ���*������� ����-��: 0,62 �'%��$�"'� %� !#�/cm2 

�#����� 4.2: �(' /"�-� *'�%$�%!'� $�- 9801 (72) 
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� 9801 (�"� $�� (�,� �(,� !2�" �&� $�- ��' $�� !-"!#� 0"�%� $�- %! '�$"'�/� !2�" �&/�, 

! 2��#8!' %� ��$'��  !'��!�$� �$�, !2)%�� � 0"�%� $�- *!� &#�!' +�%!' $�� �*�&'.� $�� 

!$�'"#�� ��' $�� �(�$!,!% �$�� ("�&!�/%$!"�� !"!-��$'�.� !"&�%'.� (�- !#0�� �� 

��$'�!# !�� $�� �5'�,)&�%� ��' +�� ��) �%� $�- (70).  !$�'"#� Tekscan  ! $�� /�*�%� 

�*�&'.� %0!$'��  ! $� 0�"��$�"'%$'�� ��' $�� �()*�%� $�- �'%��$�"�, *�,.�!' (�� �-$)�: 

� � 2��#8!' %-��,'�) ��'  /&'%$� %2�, � #%�  ! 10%, !5�"$. !�� (��$� �() $'� 

!�/"&!'!� $�- 0"�%$� $�- �'%��$�"� ��$� $�� *'�"�!'� $�� +�� ��) �%�� 

(calibration) $�- 

� �'� ���!  !$�+�,� $�� �!" ��"�%#�� ��$� (!"#(�- 0,5°C,  !$�5� %-����.� 

+�� ��) �%�� ��'  /$"�%��, $� %2�, � $�� /�*!'5�� $�- �'%��$�"� �-5��!$�' ��$� 

0,25%. 

� � 2��#8!' -%$/"�%� #%�  ! 5%, ��' «�,#%��%�» #%�  ! 3% 

� �)&� $%��#% �$)� $�- ��$�&"�2!' ��"�#!� ,����% /�!� $' /� (#!%�� (67,73,74). 
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0� � 4.1: 
0� �$'�) *'�&"�  � $�- 9801 (72) 
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�#��' %� ��$'�) �� (�� ! (�� �-$/� �' $' /� ("���($�-�  !$� $�� !2�" �&� 

%-&�!�"' /��� ("�$��),,�� !5'%�"")(�%�� (equilibration) ��' +�� ��) �%�� 

(calibration) $�- �'%��$�"�, 0�"#� �� ,� +����$�' -()1� �' '*'�#$!"!� %-����!� ���! 

 !,/$��. �' '*'�#$!"!� %-����!� $�� (�"��%��  !,/$�� /0�-� �� ����-�  ! $� 

("�& �$�(�#�%�  !$"�%!�� !(#  �,���� !('2��!'�� (���".('�� %. �) (�- ! 2��#8!' 

�� (-,)$�$!�.  !$�'"#� ("��!' /��- �� !,�0'%$�(�'���$�' $� %2�, �$�, ("�$!#�!' $� 

("�%�" �&� $�- (�"�(��� ("�$��),,�- %$'� '*'�#$!"!� %-����!� $�� ���!  !,/$�� 

(70,75).  

 

��$� $�� Sim (67), $� (!"'%%)$!"� �() $� (�"�(��� %2�, �$� �2!#,��$�' %$� 

("!%�"'% � $�- �'%��$�"� ��$� $� *'�*'��%#�  /$"�%��. �"��!' /��- �� ��$' !$�('%$!# � 

!(#*"�%� $��  !$�+�,�� $�� �!" ��"�%#�� �,,� ��' $�� -&"�%#�� ,)&� '*".$� $�- 

%. �$�� $�- �%�!����, ("�$!#�!' $�� 0"�%�  '�� �(,�� ��' ,!($�� 2��/,�� �() $�� 

�%�!��, ("�� �(�2-&� $�� �(!-�!#�� !(�2�� $�- �'%��$�"�  ! $� %. � $�- �%�!����. 

:�$�� ��,� $!� �"'� /�� %$� %0!$'�� +'+,'�&"�2#�,  !$"����! � ��"#+!'� $�- #*'�- 

�'%��$�"� 0"�%' �(�'.�$�� (")$-(� %$�$'�) 2�"$#� (76). �() �-$) $� 2�"$#� � 

�'%��$�"�� ! 2��'%! %2�, � 10% %$��  /$"�%� $�� (!"'�0�� !(�2��, �,,�  '�")$!"� $�- 

5% %$��  /$"�%� $�� �%��� !��� *��� ��.  %-&�!�"' /�� (!"#($�%� /0!' '*'�#$!"� 

!�*'�2/"��, &'�$# %$�� +�� ��) �%� $�- �'%��$�"� &'� $�� $"/0�-%� !"&�%#�, 

0"�%' �(�'������ (")$-(� %$�$'�� 2�"$#�.  *'�*'��%#� �� (!"'&"�2!# �"&)$!"�  ! 

,!($� /"!'�.  

 

�(#%�� �' Kirstukas et al (77)  ! $��  /$"�%� $�� ��"#+!'�� $�- �'%��$�"�, /*!'5�� (�� 

�-$� !#��' '*'�#$!"� -1�,� )$�� � �'%��$�"��  !$"� *-�� !'� !(�2�� ��' !#��' 
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+�� ��� � /��� ("�%!0$'��. �/+�'�, ��' �-$�# (�"�$�"�%�� %2�, � �,#%��%�� #%�  ! 5-

10% %! (!"'($.%!'� $%��#% �$�� $�- �'%��$�"�, 0"�%' �(�'.�$�� (�0'� -(�%$". �$� 

 !$�5� �'%��$�"� ��' %. �$�� �%�!���� ��' %! (!"'($.%!'� 0� �,.� $' .� *-�� !�� 

!(�2�� (67).   

 

4.4.1 �8���������� 
�� ��*��	����� ��� ���*����� 

�"'� �() $�� 0"�%� $�- �$�� �(�"�#$�$� � !2�" �&� *'�*'��%#�� !5'%�"")(�%�� ��' 

+�� ��) �%��, &'�$# (�"),� (�- � �'%��$�"�� 0�"��$�"#8!$�' �() !5�'"!$'�� �(,)$�$� 

%$�� 0"�%�, �-$� � 0"�%� ("��!' /��- �� !#��' -1�,�� ��"#+!'�� ��' !(���,�1' )$�$��, 

�� ("/(!' �� &#�!$�' %$�"'8) !�� %! �-%$�"/� ("�*'�&"�2/� ("�!$�' �%#�� $�-.  

 

�5'%�"")(�%� !#��' � *'�*'��%#� � �(�#� "-� #8!' $�� !-�'%��%#� $�� �'%��$�"'�� 

%� !#�� $�- ("��!' /��- �� !#��' � #*'� &'� ),� ��' *'�%2�,#8!' (�� &'� ("�!(',!& /�� 

$' � ���($-%%) !��� (#!%�� ��' %$� 96 �'%��$�"'� %� !#� $�-$)0"���, � /5�*)� $�- �� 

*.%!' $�� #*'�  !$"�� !�� $' �. �%$)%�, �-$� � $' � !5)*�- $�- %-%$� �$�� /0!' '%0� 

 )�� &'� $�� ("�!(',!& /�� $' � (#!%�� � &'� &!'$��'�/� �-$��. �� *!� ("��&��!# 

!5'%�"")(�%� $�- �'%��$�"� � /5�*�� !#��' *-��$) �� *'�2/"!'  /0"' ��' ��$� ±50% 

 !$�5� $�� �'%��$�"'�� %� !#��.  

 

��� ��) �%� !#��' � *'�*'��%#� ��$� $�� �(�#� &#�!$�' ��$'%$�#0�%�  !$�5� $�� (#!%�� 

(�- ���($�%%!$�' %$�� !('2��!'� $�- �� 2�"$#�, ��' $��  ���*��  /$"�%��, ("��!' /��- 

�� �(��$�%!' � /5�*�� $�- %-%$� �$��  '�  !$"�%' �  �"2�. �-%'�%$'�� �(�*#*!$�'  '� 

�"'� �$'�� $' � %! �-$) (�-  !$"��� $� �'%��$�"'� %� !#�. ��' %! �-$� $� (!"#($�%� 
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0"�%' �(�'!#$�'  '� ("�!(',!& /�� ���! 2�"� $' � ���($-%%) !��� (#!%��. �'� $�� 

!5'%�"")(�%� �,,� ��' $�� +�� ��) �%�, �-$� � ("�!(',!& /�� $' � $�� ���($-%%) !��� 

(#!%��, ��� �8!$�' %� !#� !5'%�"")(�%�� ��' %� !#� +�� ��) �%�� ��$#%$�'0�. ��'  ! $'� 

*�� *'�*'��%#!�, � $' � !5)*�- $�- %-%$� �$�� /0!' '%0� ��' �5'�('%$#�  )�� &'� $�� 

("�!(',!& /�� $' � (#!%�� � &'� &!'$��'�/� $' /� �-$��. 9"�, ("��!' /��- ),!� �' 

 !$"�� !�!� $' /� (#!%�� ��' *��� �� �� /0�-� �5'�('%$#�, �� ("/(!' $� %� !#� 

!5'%�"")(�%�� ��' +�� ��) �%�� �� !#��' )%� $� *-��$)� (!"'%%)$!"�, ("��!' /��- �� 

��,�($�-� $� !�"�� $�� ��� !�) !��� $' .�.   

 

�' Polliack et al (78) �5'�,�&.�$�� $�� �'%��$�"� 9811 (�- !#��' #*'�� ��$�%�!-��  ! $�� 

9801 (79) �,,� ("��"#8!$�' &'� 0"�%!'� (�- /0�-� ����-�  ! $�� /,!&0� $�- +�*#% �$��, 

�!�"��� ���&��#� $�� �(�"5� )%� $� *-��$) (!"'%%)$!"�� %� !#�� +�� ��) �%�� $�- 

�'%��$�"� ("��!' /��- �� ��,�($!$�' ),� $� !�"�� $�� ('���.� $' .� $��  !$"�� !��� 

(#!%��. 
$� #*'� %- (/"�% � ��$/,�5! ��' � Judnick (74) &'� $�� !5'%�"")(�%� $�- 

�'%��$�"� (�- ("��&!#$�' $�� +�� ��) �%��, �5'�,�&.�$�� $�� 9801. �'  Buis ��' Convery 

(80) !(#%��,  !,!$.�$�� $�� �'%��$�"� 9811 (�- !#��' #*'�� ��$�%�!-�� �,,� ("��"#8!$�' 

&'� �,,� 0"�%�, ��$/,�5�� %$�� ���&��')$�$� �(�"5�� )%� $� *-��$)� (!"'%%)$!"�� 

%� !#�� +�� ��) �%��.   

 

 Tekscan %-��*!�!' $� ("�4)�$� $��  ! ���,-$'�/� �*�&#!� !5'%�"")(�%�� ��' 

+�� ��) �%�� $�� �'%��$�"��. : ��, )(�� -(�%$�"#8�-� ��' �' Brimacombe et al (81,82) 

�,,� ��' �' Sim (67) ��' Bethke (73), (/"� �() $'� �*�&#!� ��' ��$!-���%!'� $�� Tekscan 

��,) !#��' �' !"!-��$/� � �(,� 0"�%$!�, �� %-��/$�-� $� *'�) $�-� ("�$)��,,� 

!5'%�"")(�%�� ��' +�� ��) �%�� $�- �'%��$�"�, ("��!' /��- �-$) �� !#��' 
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("�%�" �% /�� %$'� '*'�'$!")$�$!� $�� !��%$�$! !2�" �&��, �2�� �' �*�&#!� $�� !$�'"#�� 

*!� %-��*!��-� $�� �'%��$�"� �,,� $� %-�!"&�8) !�� ,�&'% '�).  

 


$�� $"/0�-%� !"&�%#� ��' ("��!' /��- �� ("�& �$�(�'����� � !5'%�"")(�%� ��' � 

+�� ��) �%� $�- �'%��$�"�, (".$� �(’ ),� ("�%*'�"#%$���� $� !('�- �$� (")$-(� 

2�"$#� %$� �(�#� �� /("!(! �� ("�& �$�(�'����� �' (�"�(��� *'�*'��%#!�. �-$� �$��: 50, 

60, 70, 80, 90, 100, 110, 130 ��' 150 N. �' $' /� �-$/� !(',/0$���� +�%!' $�� +'+,'�&"�2#�� 

��' $�� !-"� �$�� $�� !"!-�.� %0!$'��  ! $'� �%��� !�!� $' /� *��� �� ��$� $�� 

0�"$�&"�2�%� $�� ('/%!�� (44,83,84). :%� (!"'%%)$!"� %� !#� !5'%�"")(�%�� ��' 

+�� ��) �%�� !(',/&��$�', $)%� ('� ('���) !#��' �� -(�"0!' /�� �() �-$� &'� ���!  '� 

� �*� ��� !�) !���  !$"�%!��. �"��!' /��- $� !('�- �$) 2�"$#� �� !#��' %$��!"�� 

$' �� ���’ ),� $� *'�"�!'� $�� *'�*'��%#�� ��' $� #*'� &'� ),� $�� !('2��!'� $�- �'%��$�"�, 

0"�%' �(�'������ !��'� (")$-(� +�"�,  !$�,,'�� �"��&.�'� (�"�,,�,)&"�  �  ! +�"�� 

5, 6, 7, 8, 9, 10, 11, 13 ��' 15Kg, &'� ���! /�� �() $� ��$#%$�'0� !('�- �$� 2�"$#� (�'�)�� 

4.3). �' *'�%$�%!'� $�-� �$�� ,#&�  !&�,�$!"!� �() �-$/� $�� !�!"&�� (!"'�0�� $�- 

�'%��$�"� ��' #%!�  ! 204 � 77mm. 
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�'�)�� 4.3: �")$-(� 2�"$#� +�"�-� 15Kg 

 

�"'� $�� /��"5� $�� !5'%�"")(�%�� ��' $�� +�� ��) �%��, /&'�!  '� ("�!$�' �%#� $�- 

�'%��$�"�. �".$� �(’ ),� $"-(����! ���! �'%��$�"'� %� !#�  ! ("�%�0� ("��!' /��- �� 

 � ("��,��!# 8� '� %$� �,!�$"��'�) ���,� � (�- +"#%�!$�' ��$� �() $�� !('2��!'� $�- 

�'%��$�"� ��' ("��!' /��- �� !#��' *-��$) �� 2!�&!' $-0)� (�&'*!- /��� �/"�� (�- 

("���,!# 1!-*!#�  !$"�%!'� ��$� $�� (#!%� $�- �() $� 2�"$#�. �"��!' /��- �� �(�2!-0�!# 

$� $%��'% �, $� $%�,��� � ��' � *'�$ �$'�� (�"� )"2�%� $�� !('2��!'�� $�- �'%��$�"�, 

��,�2���! ��' %$'� *�� !('2��!'/� $�-  ! ,!($) 2�,,� ��',��. �� ��',�� ,!'$�-"&!# �� 

2"�& �  !$�5� 2�"$#�- ��' �'%��$�"�. �(#%��, %$��!"�(�'����! � �'%��$�"�� %$� 

!('�- �$) %� !#�, ��,,.�$�� $��  ! �(,� ��,,�$'�� $�'�#� %!  � !�!"&� (!"'�0� $�-. 

�/,��, /&'�! ("�2)"$�%� $�-  ! /�� �() $� (")$-(� 2�"$#� &'� $�-,�0'%$�� 30 sec $�� 

���! 2�"� ��' &'� $�-,�0'%$�� $"!'� 2�"/� (67,75). 
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 !5'%�"")(�%� /&'�! ��' &'� $� !��'� (")$-(� 2�"$#� (5, 6, 7, 8, 9, 10, 11, 13 ��' 15Kg).  

���! 2)"$�%� *'�"���%! $�� ("�+,!() !�� 0")�� �() $� ,�&'% '�), �,,� ("'� $�� /��"5� 

$�� / !�! � �'%��$�"�� &'� 60 sec %! ��$�%$�%� 2)"$�%�� ("��!' /��- �� %$��!"�(�'��!# 

��' �� !,�0'%$�(�'��!# � !(#*"�%� $�� -%$/"�%�� ��' $�� «�,#%��%��» (�- ! 2��#8!'. ��' 

$� !2$� �"0!#� !5'%�"")(�%�� (�- *� '�-"&���$��  ! �-$) $�� $")(�, �(����!���$�� 

%$�� -(�,�&'%$� ("��!' /��- ��  (�"��� �� 0"�%' �(�'����� %! (!"#($�%� !(���,�1�� 

$�� *'�*'��%#��. 

 

 +�� ��) �%�, /&'�! ��' �-$� ��' &'� $� !��'� (")$-(� 2�"$#�.  *'�"�!'� $�� ���! 

2)"$�%�� �$�� ��' %! �-$� $� (!"#($�%� ("�����"'% /�� �() $� ,�&'% '�), �,,� ("'� $�� 

/��"5� $�� / !�! (�,' � �'%��$�"�� %! ��$�%$�%� 2)"$�%�� &'� 120 sec &'� ,)&�-� 

%$��!"�(�#�%�� ��' !,�0'%$�(�#�%�� $�� !(#*"�%�� ��!('�� �$�� 2�'�) !���. ��' $� 

!2$� �"0!#� +�� ��) �%�� (�- *� '�-"&���$��  ! �-$) $�� $")(�, �(����!���$�� %$�� 

-(�,�&'%$� ("��!' /��- ��  (�"��� �� 0"�%' �(�'����� %! (!"#($�%� !(���,�1�� $�� 

*'�*'��%#��. 

 

 � Morin (85) ��' � Judnick (74), *'�(#%$�%�� (�� %� ��$'�) "),� %$�� ��"#+!'� $�� 

 !$"�%!�� (�#8!' $� !#*�� $�� !('2��!'.� ��' !'*'�)$!"� � %�,�")$�$� $�-�. :%� ('� 

%�,�"� !#��' � !('2��!'�, $)%� ('� -1�,/� !#��' �' $' /� $�� ���($-%%) !��� (#!%�� ��' 

)%� *'�2�"!$'�/� !#��' �' !('2��!'!� +�� ��) �%�� ��' ("�& �$�(�#�%�� $��  !$"�%!�� 

 !$�5� $�-�, $)%�  !&�,�$!"� !#��' $� %2�, � %! �-$/�. 7("!(! � %�,�")$�$� $�� 

!('2��!'�� !(# $�� �(�#�� /&'�! � +�� ��) �%� $�- �'%��$�"� �� !#��' #*'� � (�"�(,�%'� 

 ! �-$� $�� !('2��!'�� !(# $�� �(�#�� �� &#���$�� �'  !$"�%!'�. �!&�,�$!"� %� �%#� !#0! � 

%�,�")$�$� $�� !('2��!'�� (�- $�(��!$!#$�' %$�� (��� )1� $�- �'%��$�"� ��' ,'&)$!"� 
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�-$� %$�� ��$� )1� $�-. �/,��, � Luo (86), (�"�$�"�%! (�� )%� ('�  �,��� !#��' � 

!('2��!'� !(# $�� �(�#�� �%�!#$�' � (#!%�, $)%� ('� � �') �"2� !#��' � ��$��� � $�� (�- 

��$�&"�2!$�' �() /�� �'%��$�"� $�(�- F-scan.  

 

�' (�"�(��� (�"�$�"�%!'� !('+!+�'.�����  ! (!'"� �$'�/�  !$"�%!'� (�- /&'��� ��' &'� 

$�� 9801, ��$� $� *'�"�!'� $�� $"/0�-%�� !"&�%#��. :(�� ���2/"���! ��' %$� 3� 

�!2�,�'�, %$�� !%�$!"'�� $�- !('2��!'� � DDB ��' ��"'+.� %$�� (!"'�0� ! 2��'%�� $�� 

��"$�%��, 2/"!' /�� ��  �$' plastazote  ! *'�%$�%!'� (!"#(�- �-$/� $�- �'%��$�"� ��' %! 

!(�2�  ! $�� ��� !('2��!'� $�-. ��$� $�� *'�"�!'� $�� (!'"� �$'�.�  !$"�%!�� /&'�! 

+�� ��) �%� $�- �'%��$�"�  !$�+�,,��$�� ���! 2�"� $�� %�,�")$�$� $�� !('2��!'�� (�- 

!"0)$�� %! !(�2�  ! $�� ��� ��' ��$� )1� $�-. 	��' �8��$�� ),�-� $�-� %-�*-�% ��� 

-,'�.� ��' 0"�%' �(�'.�$�� plastazote, �!�("/�'� (neoprene) ��'  '� �(�,�$�� %�,�"� 

!('2��!'� &'� $�� ��$� !('2��!'� $�- �'%��$�"�, ��' plastazote, �!�("/�'� ��' �(!-�!#�� 

!(�2�  ! $�� !('2��!'� $�� (")$-(��  !$�,,'�.� 2�"$#�� &'� $�� ��� !('2��!'� $�-. � 

%-�*-�% )� $�� -,'�.� (�- /*'�! �(�$!,/% �$�  ! $��  !&�,�$!"� ��"#+!'�, �$�� �-$)� 

 ! plastazote %! !(�2�  ! $�� ��� ��' �!�("/�'� %! !(�2�  ! $�� ��$� !('2��!'� $�- 

�'%��$�"�. �*. ("/(!' �� %� !'��!# (�� $� �!�("/�'� %! !(�2�  ! $�� ��$� (,!-"� 

("�%� �'�8!' $�� !(�2� $�- ���".('��- %. �$��  ! �-$�,  '� ��' !#��' (�") �'�� 

%�,�")$�$��. �! �-$) $�� $")(� '����(�'����! � �(�#$�%� &'� #*'!� %-����!�  !$�5� 

!5'%�"")(�%��, +�� ��) �%�� ��' ,�1��  !$"�%!��. �� -,'�� �-$� 0"�%' �(�'������ ��' 

��$� $�� *'�"�!'� $��  !$"�%!�� (�- (!"'&"�2��$�' %$� !() !�� �!2�,�'� (87). 

 

 �(�*!#0$��! (�� �$�� '*��'�) �� !(���,� +����$�' � !5'%�"")(�%� ��' � +�� ��) �%� 

��� $��$� 0"��'�� *'�%$� �$�, ��' %-&�!�"' /�� !(',/0$��! � !(���,�1�  !$� �() $�� 
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,�1�  !$"�%!�� !(# $!%%�"�� �%�!�.�, ("��!' /��- �� *'�$�"��� ��' �' *�� *'�*'��%#!� 

$�� �5'�('%$#� $�-�. �(#%��, ("��!' /��- �� �(�2!-0�!# � !(#*"�%� $�� 2��"�� ,)&� 

0"�%�� $�- �'%��$�"� %$�� ��"#+!'� $��  !$"�%!��, -'��!$����! � ��$'��$�%$�%� $�- 

�'%��$�"�  !$� �() ���! �0$. �%�!�!#�.   

 

4.4.2 ��	��.�6���	� �.����
� 

�� ,�&'% '�) (software) (�- !(',/0$��! �$�� $� MatScan ��' %-&�!�"' /�� � /�*�%� 6.30 

Research �-$��. ��' �-$) !#��' ! (�"'�) ("�4)� $�� !$�'"#�� Tekscan.   

 

�#��' %- +�$)  ! (!"'+�,,�� Windows ��' ("��"#8!$�' &'� $�� 0�"$�&"�2�%� (mapping) 

�%��� !��� *-�� !�� ��' ���($-%%) !��� ('/%!��, %! '�$"'�/� !2�" �&/�. ��"/0!' $�� 

*-��$)$�$� ,�1�� ��' ���,-%�� *-�� '�.� � %$�$'�.� 2�"$#�� %! ("�& �$'�) � *!�$!"� 

0")��, %-�!"&�8) !��  ! �'%��$�"!� !(�2��. �#��' %! �/%� ��  !$"�%!' $�� (#!%� (�- 

���($�%%!$�'  !$�5� �%�!���� ��' !('2��!'�� !(�2�� %! �-$)�,  ! �(),-$� ��"#+!'� ��'  ! 

!,�0'%$!� (�"! +�,/� ),�� $�� !'*.� (65). 
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�'�)�� 4.4: �!"'+�,,�� ,!'$�-"&#�� $�- Matscan 
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-�!"&�8!$�' �(��,!'%$'��  ! !5�'"!$'�� ,!($��� ��' !��� ($�-� �'%��$�"!� (�- !#��' 

��$�,,�,�' &'� ),�� $�� !'*.� $'� !('2��!'!� !(# $�- ���".('��- %. �$��. ��"/0!' -1�,� 

��"#+!'�  /$"�%�� $�('�.� ('/%!�� ��' �' %-�!"&�8) !��'  ! �-$) $� ,�&'% '�) 

�'%��$�"!�, (�"/0�-� $��  /&'%$� 0�"'�� *'��"'$'�� '���)$�$� (�- !#��' �(�"�#$�$� &'� 

'�$"'�/� !2�" �&/�. �' �-"')$!"!�  !$�5� �-$.� $�� !2�" �&.� !#��': �"��$'�� !�$# �%�, 

 !,/$� +�*#% �$��  /%� (!, �$�&"�2� �$��, +!,$'%$�(�#�%� $�� �/%�� ���#% �$�� 

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

�,(.), %0!*'�% )� ��' (�"�&�&� !('2��!'.� (!"'�"'% �� ���($-%%� /��� ('/%!�� ��' 

/"!-�� &'� $�� ���($-5� �"��(�'*'�.� �"�".%!�� ��' %-�*/% ��.  

 

�� +�%'�� 0�"��$�"'%$'�� $�-, !#��': 

� �(!'�)�'%� %! *�� ��' $"!'� *'�%$�%!'� (2D & 3D) ("�& �$'��� 0")��- ��' 

�(����!- /��� *!*� /��� 

� �"�2'�� �(!'�)�'%� *��� �� ��' (#!%�� %! %-��"$�%�  ! $��   

    0")�� 

� ��-$)0"��� �(!'�)�'%� *'�2�"!$'�.� ��$�&"�2.�  ! %��() $�� %�&�"'%� 

� �(!'�)�'%� ��� %$'& ')$-(� � %-�*-�%$'�� �(!'�)�'%� (!"'%%�$/"�� $�- !�)� 

%$'& ')$-(�- 

� �(� )��%� ��' !(!5!"&�%#� (!"'�0.� !�*'�2/"��$��, ��' 

� �(!'�)�'%� $�- �/�$"�- $�� *��� �� (Centre of Force – COF) ��' $�� $"�0'�� 

(�- ���,�-�!#.   
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� 0�"��$�"'% )� “Research”, (�"�(/ (!' %! !('(,/�� *-��$)$�$/� $�- (�-  (�"��� �� 

!#��' 0"�%' !� ��$� $�� *'�"�!'� !"!-��$'�.� !"&�%'.�.  

  

4.4.3 ��	����
� Evolution Handle  
 
�� %-�*!$'�) Evolution Handle  !$�+'+�8!' %$�� /�  /%� !5)*�- $�(�- USB, $� 

*!*� /�� $��  !$"�%!�� (�- !,�2��%��  /%� $�- �'%��$�"� (#!%��. 3/"!' %$� !(��� 

 /"�� $�- /��  ��$�,�. 
$�� �/%� «UP», �-$) $�  ��$�,� �(�%�"!' $'� !(�2/� !%�$!"'�� 

$�- %-�*!$'��� ("��!' /��- �� !#��' !2'�$� � !'%�&�&� %! �-$), $�� ��"�� $�- �'%��$�"� 

(#!%��. 
$� (!"#($�%� �"��� !'%�&�&�� $�� ��"�� $�- �'%��$�"�, $� Evolution Handle 

!�� !".�!' $�� 0"�%$�  ! 2�$!'�� /�*!'5� «OK». 
$� %-�/0!'�,  /%� $�- ��,�*#�- ��' $�� 

!5)*�- $�(�- USB, $� *!*� /�� �*�&���$�' %$� /� ("�� �(!'�)�'%� ��' !(!5!"&�%#�.  
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�'�)�� 4.5: �� 
-�*!$'�) Evolution Handle  �8#  ! $�� 9801 
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�' $!0�'�/� ("�*'�&"�2/� $�- Evolution Handle, %-��1#8��$�' %$�� �#���� 4.3 (�- 

���,�-�!#: 

 

���
��	�	-� / &�9� ������	�	  
�"�$)��,,� !('��'���#�� USB 1.1 � 2.0, 12 Mps 

��0�$�$� %�"�%��  /0"' 100 Hz 

���,-%� 1�2'���� (#!%�� 8 bit 

  

$�
���
�  

��&� $"�2�*�%#��  /%� $�- /� 

��$���,�%� 200mA/5V 

  

%���	�
�  

(�/��� ����� USB  

����� (m) 4,57 

��"�� (Kg) 0,18 

  

!���������  

�/&!��� � � � � � (mm) 137,9 X 57,2 X 33,5 

��"�� (Kg) 0,305 

  

��	*�
�� ������.-��  

�!" ��"�%#� (°C) -10 /�� 55 

�&"�%#� (%) 0 /�� 90 

�#!%� (KPa) 11,6 /�� 101,3 

                    �#����� 4.3: �!0�'�� 0�"��$�"'%$'�� $�- Evolution Handle 
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�����
� 5�  

# ��& �&� ��%���� 
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5.1 ����
�������
� ��	 ��*�	/	 

�'� $'� ���&�!� $�� (�"��%�� !"&�%#��  !,!$����! � �*� �%�!�.�  ! 0�"��$�"'%$'��: 

� �&)"'� ��' ��"#$%'� 

� ,'�#�� ��� $�� */�� (10) !$.� 

� ��%0��$!� �() '*'�(��� !2�+'�� %��,#�%� $�� !'*.�: 

� ��"��'�� *!5'� (�*) 

� ��"���-�%2-4�� *!5'� (��*) � ��"���-�%2-4�� �"'%$!"� (���) 

� ��"��'�� *!5'� ��' �%2-4�� �"'%$!"� (�* & ��) 

�  &��#� ��"$�%�� �$�� �() 20 /�� 40° 

� � *!#�$�� Risser !#0! $' /� 0 /�� 4,  !  /%� $' � $� 3,5 

� �'� ),�-� $�-� �%�!�!#� -(�"0�� �' �(�"�#$�$!� ��$'��&"�2#!� (face ��' profile)  

� :,�' �' �%�!�!#� ���,�-���%�� %-�$�"�$'�� �!"�(!#�  ! 0"�%� �(��,!'%$'�� 

��*! )�� $�(�- DDB ��' (�"���,�-����$�� �() $�-� '�$"��� $�� #*'�� �,'�'��� 

� :,�' �' ��*! )�!� !#0�� ��$�%�!-�%$!# ��' %-�$�"��!# �() $� #*'� !"&�%$�"'� ��' 

$�-� #*'�-� $!0�'���� 

 

�(’ ),� $� !#*� $�� �-"$.%!�� !(',/0$���� �': �* &'�$# !#��' � ('� %-0�� ! 2��'8) !�� 

��"$�%� !2�+'��� '*'�(����� %��,#�%��, ��* � ��� ,)&� $�� /�$�%�� (�- ��$�,� +��!' 

�� ��"$�%� ��' � *'(,� �* & �� %��,#�%�  ,)&� $�� %�+�")$�$�� (�- $� 0�"��$�"#8!'.  

 ��� �� � �* %��,#�%� ,)&� $�� !,�%$'�)$�$�� (�- ! 2��#8!' � �%2-4��  �#"� $�� 

%(��*-,'��� %$�,�� !#��' ('� %(��'� ��' $�-$)0"��� '�%' � �()  )�� $�� (2).  
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�' �%�!�!#� %$� (,���� $�-� �$�� 81, ��' $� *� �&"�2'�� $�-� 0�"��$�"'%$'�� (2�,�, 

�,'�#�, �1�� ��' +�"��), 2�#���$�' %$�� �#���� �1.1 $�- ��"�"$� �$�� 1. 
$�� #*'� 

(#���� 2�#�!$�' ��' $� !#*�� $�� ��"$�%�� &'� $� ���! �%�!��. ��� ,�1� $��  !$"�%!�� 

&'� ),�-� $�-� �%�!�!#�, ("�& �$�(�#�%! $� #*'� �$� � ��' %-&�!�"' /�� � %-&&"�2/�� $�� 

*'�$"'+��. 3-%'��, !�$)� $�� 81, -(�"5�� ��' �%�!�!#� (�- *!� %- (!"',�2����� %$� 

*!#& �, *')$' *!� �!�"������ �5')('%$!� �'  !$"�%!'� $�-� � *!� �,��,�".����� (�$/ 

�-$/�. �(�"5�� �%�!�!#� �' �(�#�' *!� /*!'5�� $�� �(�'$�� !�� *'��!%� %-�!"&�%#�� ��' 

�(,� *!� �,��,�".���! � *'�*'��%#� ,�1��  !$"�%!�� &'’ �-$���. �(#%��, %! ���! 

(!"#($�%� (�- (�"�$�"����! � (�"� '�"� *-%2�"#� �() �%�!��, �(,� $!" �$'8)$�� � 

*'�*'��%#� ,�1��.  

 

�' �%�!�!#� $�- *!#& �$�� !('%�/2$���� $� !"&�%$�"'� &'� $"!'� ,)&�-�: 1) $�� %0!*'�% ) 

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

��*! )�� (�- 2�"�&��!  ! �/�, ,)&�  !$�+�,�� $�� %� �$'�.� $�-� 0�"��$�"'%$'�.� � 

$�� 0�"��$�"'%$'�.� $�� ��"$�%�� ��', 3) $�� ("�& �$�(�#�%� 0!'"����$'�.� 

*'�"��$'�.� !"&�%'.� !(# $�- ��*! )��, ("��!' /��- �� ("�%�" �%$!# %$'�  '�"/� 

%� �$'�/� $�-  !$�+�,/� ��' '*'�'$!")$�$!� � $�  !$�+�,� $�� (�"� )"2�%��, �2�� /0!' 

(!"�%!' /��  '�") 0"��'�) *'�%$� �  !$� $�� (".$� 0"�%� $�-. �-$/� �' $"!'� ,)&�' 

!(#%�!1�� %$� !"&�%$�"'�, *� '�-"&��� $"!'� ��$�&�"#!� �%�!�.� (�- ��  !,!$����� � 

���!  '� 5!0�"'%$� ("��!' /��- �� !�$�('%$��� *'�2�"�(�'�%!'�  !$�5� $�-�.  

   

��%!' $�- (#����, ��� !%� %$�-� �%�!�!#� +"#%���$�': 

� 13 �&)"'� (�) ��' 68 ��"#$%'� (�), 
0� � 5.1. 
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0� � 5.1: ��$��� � �%�!�.� ���,�&�  ! $� 2�,� $�-� 

 
 

�!: 
� ,'�#�: 13,7 ± 1,9 /$� 

� ��"��: 51,8 ± 10,1 Kg 

� @1��: 1,61 ± 0,09 m 

 

�� &!&��)� (�� $� (,���� $�� ��"'$%'.� !#��' $)%�  !&�,� %! %0/%�  ! $� ��$#%$�'0� $�� 

�&�"'.�, *!� /0!' �� ���!'  ! ��(�'� !(',�&� $�-�, �,,�  ! $� $-0�#� ("�%/,!-%� $�-� %$� 

!"&�%$�"'� ��$�%�!-�� $�� ��*! )���, %$� �(�#� ("�& �$�(�'������ �'  !$"�%!'�. 

9,,�%$! � *'�0"��'��  !,/$� $�� %��,#�%�� !('+!+�'.�!' �-$) $� (�%�%$), $�(��!$.�$�� 

$� (!"#(�- %$� 80% $�� �%�!�.�  ! !2�+'�� '*'�(��� %��,#�%�.  
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�(#%��, +�%!' $�- (#����: 

� 33 �%�!�!#� �����-� %$�� ��$�&�"#� � (�/�� ��*! )���) 

� 23 �%�!�!#� �����-� %$� ��$�&�"#� � (��$'��$�%$�%� ��*! )��) ��' 

� 25 %$�� ��$�&�"#� 	 (*')"��%� ��*! )��), (
0� � 5.2�) 

!�. $�-$)0"���: 

� 41 �%�!�!#� ! 2��#8�-� �*,  

� 23 ��* � ��� (12 ��* ��' 11 ���), ��'  

� 17 �%�!�!#� *'(,� (�* & ��) ��"$�%� (
0� � 5.2+). 
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0� �$� 5.2� ��' +: ��$��� � �%�!�.� ���,�&�  ! $�� ��$�&�"#� $�-� ��' $� !#*�� $�� ��"$�%�� 
��$#%$�'0� 
 

  /%� &��#� ��"$�%��  !$� �() %$"�&&-,�(�#�%� $�� $' .� ("�� $� (,�%'/%$!"� 

��/"�'� $' �, !#��': 

� 28 ± 6° &'� �* 

� 29 ± 5° &'� ��*   

� 28 ± 7° &'� ��� 

� 31 ± 6° ��' 31 ± 8° &'� �* ��' �� ��$#%$�'0�, &'� $'� *'(,/� %��,'.%!'� (�* & ��)  

 

:,�' �' �%�!�!#� %-  !$!#0�� %$�� ,�1� $��  !$"�%!�� !�!,��$'�� ��'  )�� �2�� (".$� 

!#0�� !�� !"��!# &'� $�-� %��(��� $�� /"!-���, $� $' ��"'+.� /("!(! �� ����-� ��' &'� $�� 

*'�"�!'� $��  !$"�%!��.  !(',�&� $�-� )(�� ���2/"���! ��' (�"�(���, /&'�!  ! $-0�#� 
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$")(� (�- !#0! �� ���!' �(,�  ! $� %!'"� ("�%/,!-%�� $�-� %$� !"&�%$�"'� ��'  )�� �2�� 

'����(�'��%�� $'� ("�=(��/%!'� (�- ���2/"����� (�"�(��� %$�� (�"�&"�2�.  

 

5.1.1 �������-��� ��	 ��*�	/	  

>$�� �() $�� �"0� ��$',�($) (�� -(�"0�� (�,,� 0�"��$�"'%$'�� $�� �%�!�.� (�- $�-� 

*'�2�"�(�'��%��  !$�5� $�-�. ��$' $/$�'� !(/+�,,! $�� *'�0�"'% ) $�-� %! � �*!� 

���,�&�  ! $� 0�"��$�"'%$'�� $�-� ��$�� .%$! �� ���*!'0�!# � ! +'� �0��'�� *"�%� $�- 

��*! )�� ��� ��$�&�"#� ��' � �*�. 

 

��%!' �-$�� $�� *'�(#%$�%��, �' (�"�&��$!� (�- ,�2����� -()1�, �$��: 

� �� 2�,�: �&)"' � ��"#$%' 

�  �,'�#�: A14 ��' >14 /$� 

� �� !#*�� $�� ��"$�%��: �*, ��* � ��� ��' �* & �� 

�  2�%� $�� �!"�(!#��: �, � ��' 	  

� � 0")��� 0"�%�� $�- ��*! )�� ��' 

�  &��#� ��"$�%�� (Cobb angle): 20-29° � 30-40° 

 

�'� ),!� $'� � �*!� �%�!�.� (�- *� '�-"&������ +�%!' $�� (�"�(��� 0�"��$�"'%$'�.�, 

 !$"����! �  /%� �%��� !�� *��� � ��' �  /%� ���($-%%) !�� (#!%� %$� (!"'�0� $�� 

!%�$!"'��� !('2��!'�� $�- ��*! )�� %$�� �(�#� /0!' $�(��!$��!# $� ��  �$' �() 

plastazote. �-$� � (!"'�0� ��$'%$�'0!# ��"'+.� %$�� �+� ��' %$� (!"'�0� &�"� �() �-$)�. 

�"'� �() $�� /��"5� ,�1�� $��  !$"�%!�� /&'�! !&��$�%$�%� $�- !5�(,'% �� ��' /,!&0�� 

$�� � �,�� ,!'$�-"&#�� $�-. �(#%��, &'� ���! �%�!�� !(',/0$��! $� ��$�,,�,� 2�"$#� 
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!5'%�"")(�%�� ��' +�� ��) �%�� $�- �'%��$�"�, ���,�&�  ! $'�  /%!� ��� !�) !�!� $' /� 

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

("��&����!  '� *��' �%$'��  /$"�%� &'� ���! �%�!�� ��'  ! �-$)� �� +"#%�!$�' %$� 

(".$� %$�%� $�- %. �$�� (�- 2�#�!$�' (�"���$� %$� ��"�&"�2� 5.2 ��'  ! (")$-(� 

2�"$#� !5'%�"")(�%�� ��' +�� ��) �%�� $� 9 Kg (�- �(�$!,!# ��' $�  /%� �() �-$� (�- 

!(',/0$���� �� 0"�%' �(�'�����.  (".$� %$�%� $�- %. �$�� �!�"����! ��' �� %$�%� 

���2�"�� &'� ),� $�� !(!5!"&�%#� $�� *!*� /��� (�- ���,�-�!#.  

 


$� %-�/0!'� ��' ("��!' /��- �� -(�"0!' �  /&'%$� *-��$� ��"#+!'� %$'�  !$"�%!'�,  !$� 

$� *��' �%$'��  /$"�%� ��' +�%!' �-$�� !(',/0$��! $� ��$�,,�,� (")$-(� 2�"$#� &'� ���! 

�%�!��.  «2)"$�%�» $�� �"0!#�� !5'%�"")(�%�� ��' +�� ��) �%�� /&'�! �(�"�#$�$� 

("'� �() ���! �%�!��. � �'%��$�"�� $�(��!$����!, %$��!"�(�'����! ��' %$!"!.���! 

 !$�5� $�- %. �$�� �%�!���� ��' $�- $ � �$�� �() plastazote (�- ("����2/"���! (�'�)�� 

5.3). 
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�'�)�� 5.3: ��(��/$�%� �'%��$�"� %$� (!"'�0� !�*'�2/"��$�� 

 

�(#%��,  !$"����! �  /%� $' � $�� !('2��!'�� $�- �'%��$�"� �"� ��' $�- $ � �$�� 

plastazote, !(# $�� �(�#�� ��$�&"�2���� �%��� !�!� *-�� !'� ��' ���($-%%) !�!� ('/%!'�. 

�/,��, �5'�,�&����! � �(�$!,!% �$'�)$�$� $�- DDB  /%� $�� !(#*"�%�� (�- !#0! � 0"�%� 

$�- ��� ��$�&�"#� �%�!�.� %$�  !$�+�,� �  � (+!,$#�%�, !('*!#��%� ��' %$��!"�(�#�%�) 

$�� &��#�� ��"$�%��. 3-%'�� ��$' $/$�'� �$�� *-��$) �� �5'�,�&��!#  )�� %! �%�!�!#� (�- 

������ %$'� � �*!� � ��' 	. �' �%�!�!#� �-$�# �$�� 48 �() $� %���,� $�� 81 ��' � 

�5'�,)&�%� !#0! �� ���!'  ! $� %�&�"'%� $�� &��#�� ��"$�%��  !$�5� $�� �"0'��� 

*'�&��%�� $�- �%�!���� ��' $�� %$'& �� ,�1�� $��  !$"�%!�� *-�� !�� ��' ('/%!��  ! $� 

0"�%� $�- ��*! )��.         
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5.2 )���������-� ��*�	/	 
�� �8������� 

:,!� �'  !$"�%!'� ("�& �$�(�'������ %$�� #*'� 0."�, %$�� �(�#� -(�"0! � �(�"�#$�$�� 

,�'()� !5�(,'% )� (���'% � ��' !5!$�%$'�) �"!+�$') ���.� ��' �"�!$)� 0."�� &'� �� 

(!"(�$�%!' !,!��!"� � �%�!���.   !�!"&� !('2��!'� $�- �'%��$�"� �,,� ��' �-$� $�- 

��',�� (�- (!"'+�,,!' $�� �'%��$�"�, ("'� �() $�� 0"�%� $�- %! ���! �%�!��, ����"'8)$�� 

!(' !,.�  ! �'�)(�!- � &'� ,)&�-� -&'!'��� ��' ("��!' /��- �� �(� ��"-����� 

�����"%#!� (�- ��  (�"��%�� �� !(�"!�%�-� $�� �5'�('%$#� $��  !$"�%!��.   

 

:(�� ���2/"���! ��' %$� 2� �!2�,�'�, 8�$����! �() $�-� �%�!�!#� �� 2�"��� ,!($) 

2��!,��' ("��!' /��- ��  �� !(�"!�%$!# � �'%��$�"�� �() $�� '*".$� $�- %. �$�� ��' 

$�� ��5�%� $�� �!" ��"�%#��  !$� �()  !&�,� *'�"�!'� !(�2��  !$�5� �'%��$�"� ��' 

%. �$�� �%�!����. 

 

�� +����$�� -()1� $� %��() $�� (�"��%��  !,/$�� ��' ("��!' /��- �� *'!"!-���!# � 

! +'� �0��'�� %- (!"'2�"� $�- DDB %$'� %-����!� $�� ���� !"'�)$�$�� $�� �%�!�.�, 

!('0!'"����! � ("�%� �#�%� �-$.� $�� %-����.� %! !"&�%$�"'��) (!"'+�,,��. ��$� 

�-$� $� ("�%(��!'� �' �%�!�!#� -(�+,������ %!  '� %!'"� �%��%!�� ��' %$�%!�� %. �$�� 

(�- ("�%� �#�8�� ),!� $'� ('���/� %$�%!'� $�- %. �$)� $�-� %$� ���� !"'�)$�$�. �!$� 

��' �()  !,/$� %0!$'��� +'+,'�&"�2#�� (54,83,88), !(',/0$���� �' (�"���$� 9 %$�%!'� $�- 

%. �$��: 

1. :"�'��/� 

2. ���'� !'%(���  ! ��$��"�$�%� $�- �/"� %! )"�'� %$�%� 

3. ���'� !�(���  ! �"&) ��' %$��!") "-� ) %! )"�'� %$�%� 
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4. ���'%$)�/� %! ��"/�,� &"�2!#�-  ! $� &)��$� %! &��#� 90° ��' $� (/, �$� %! ),� 

$�� /�$�%� $�-�, %! !(�2�  ! $� /*�2�� 

5. �,!��!"� (!"(�$� � 

6. ?�(,� /���/�  ("�� -$� %$� !5!$�%$'�) �"!+�$' 

7. ?�(,� /���/� %! �($'� %$�%� %$� !5!$�%$'�) �"!+�$' 

8. ?�(,� /���/� (,�&'� *!5'� %$� !5!$�%$'�) �"!+�$' 

9. ?�(,� /���/� (,�&'� �"'%$!"� %$� !5!$�%$'�) �"!+�$'  

 

�' %$�%!'� �-$/� ("�& �$�(�'������ *�� 2�"/� &'� ���! �%�!��: $� (".$� 2�"�  ! $�� 

��*! )�� %2'& /�� %$�  /&'%$� +�� ) ��' $� *!�$!"� %2'& /�� %$�� !,�0'%$� +�� ) (�- 

$�� �"�$� %$�� �/%� $�- !(��� %$�� ��" ) $�- �%�!����. �(,� ,�'()� �() �-$) $� %� !#� 

�� &#�!$�' ���2�"� &'�  /&'%$� ��' !,�0'%$� %2#5' � $�� ' ��$�� ��' ��$’ !(/�$�%� $�- 

��*! )�� !(��� %$�� �%�!��. �! $�� !�$/,!%� $�� (�"�(��� ��,�($!$�' ),� � &�� � 

$�� ('���.� %$�%!�� %. �$�� � ��$�%$�%!�� %$'� �(�#!� �� +"!�!# ���� !"'�� /��� 

�%�!��� !�$)� $�- �,'�'���� !�"�-� (�- ���2/"���! (�"�(���. �-$) /0!' '*'�#$!"� 

%� �%#� &'�$# � ��*! )��� 0"�%' �(�'!#$�' �() $�� (,!'�1�2#� $�� �%�!�.� &'� $� 

 !&�,�$!"�  /"�� $�� � /"�� ($�-,�0'%$�� 20 ."!�) ��' !#��' !('�- �$) �-$)� �� 

,!'$�-"&!# �!"�(!-$'�� ���’ ),� $�� � /"� ��' '%�*��� � &'� ),!� $'� ."!� �-$��. 

 

�/%� $�- ,�&'% '��� �"#%$���� �� *'�"�!'� ,�1�� $�� ���!  /$"�%�� $� 15 sec ��' � 

�"'� )� $�� %$'& ')$-(�� (frames) #%��  ! 200,  ! %-0�)$�$� 13 Hz. �-$) %� �#�!' (�� 

���! 0,075 sec &#�!$�' ,�1�  /$"�%��. � 0")��� $�� 15 sec �!�"����! '*��'�)� &'� $�� 

("�%�" �&� $�- �'%��$�"� %$� �%��� !�� 2�"$#�, �,,� $�-$)0"��� *!� !#��' (�,� 

 !&�,�� .%$! � �%�!��� �� �'%����!# *-%2�"#� ,)&� $�� *'�"�!'�� $�� �%��%��.  
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%-��,'�� *'�"�!'� ,�1�� $��  !$"�%!�� �$�� (!"#(�- 20 min &'�  ��/� ��' (!"#(�- 35 min 

&'� *'(,/� %��,'.%!'�. � 0")��� *!� �$�� � *'(,)� &'� $'� *'(,/� %��,'.%!'� &'�$# �' 

�%�!�!#� !#0�� (,/�� !5�'�!'��!#  ! $�� *'�*'��%#� ��' �-$� �,��,�"��)$�� ('� &"�&�"�.   

 

�"'� $�� /��"5� $��  !$"�%!�� �$�� �(�"�#$�$� � !5�'�!#�%� $�� �%�!�.�  ! $�� 

!5�(,'% ) ��' $'� �%��%!'� (�- /("!(! �� !�$!,/%�-�. �'’ �-$), �2�� *)����� �' 

�(�"�#$�$!� ���,-$'�/� �*�&#!� &'� $�� *'�*'��%#�, $�-� !('$"�(��! �� (!"'!"&�%$��� $�� 

!5�(,'% ) ��' $�-� 8�$����! �� !�$!,/%�-� *��' �%$'�� $�-,�0'%$�� *�� 2�"/� $�� ���! 

�%��%� ("'� $�� ,�1�  /$"�%��. �(#%��, � ),� *'�*'��%#� ("�& �$�(�'����! (�"�-%#� 

%-��*�� $�-�. �"'� $�� ,�1� $�� ���!  '�� �() �-$/�, ("��&����! 0")��� *'�"�!'�� 120 

sec &'� ("�2)"$�%� $�- �'%��$�"� ("��!' /��- �� !('$!-0�!# !,�0'%$�(�#�%� $�� 

%2�, �$�� $�� -%$/"�%�� ��' �,#%��%�� $�� $' .� (#!%�� ��' *��� �� (�- ��$/&"�2!. 

�/,��, ("��!' /��- �� !,�0'%$�(�'��!# � ('���)$�$�  !$��#��%�� $�- �'%��$�"� �() $�� 

�/%� (�- �"0'�� $�(��!$����!, %$��!"�(�'���$�� ���! 2�"�  ! ��,,�$'�� $�'�#� !(��� 

%$� $ � � plastazote ��' 0�"#� �� ��,�($!$�'  /"�� $�� !�!"&�� !('2��!'�� $�-.  

 

5.3 )���.���� ��	 ������	 ��� �/����� 

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

�(�,�$�� �(�"�#$�$!� �'��%!'�  )��. 
$�� *!�$!"� %$�%� � �%�!��� (�#"�!'  '� +��'� 

!'%(��� �() $� %$) � ��' %$�  /&'%$� /�$�%� (�- $�- !('$"/(!' � ��*! )��� (�- 2�"�!'.  

!�(��� &#�!$�'  !$� $�� �,��,�"�%� $��  /$"�%��. 
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$�� $"#$� %$�%�, ("�& �$�(�'!#$�'  '� +��'� !'%(��� )(�� ��' %$�� *!�$!"�, ��' � ,�1� 

$��  /$"�%�� &#�!$�' ��$� $�� !�(��� $�- �/"� �() $� %$) �  ! %$��!") ��' �"&) "-� ). 


$�� $/$�"$� %$�%�, � �%�!��� ���!$�' %! /�� %-���'% /�� ���'% � %�� ��' �-$� (�- 

0"�%' �(�'!# &'� (�"�*!'& � ���� !"'�� %$� %0�,!#� /0��$�� &)��$� ��' (,�$� %! &��#� 

90° ��' 0�"#� �� ���- (� %$�� (,�$� $�- ���#% �$��. ��' %! �-$� $� %$�%�, !('$"/(��$�' 

 )�� �' 2-%'�,�&'�/� ��' �(�"�#$�$!� �'��%!'� ((.0. ���(�!-%$'�/� �'��%!'�).  

 


$�� (/ ($� %$�%�, � �%�!��� ��,!#$�' �� (!"(�$�%!' !,!��!"� ���’ ),� $� *'�"�!'� $�� 

,�1��. 
$�� /�$� ��' /+*� � %$�%� $�- %. �$��, � �%�!��� +"#%�!$�' 5�(,� /��� 

���%�!,� ��'  ("�� -$� ��$#%$�'0�,  ! $� ()*'� �(,� /�� ��' $� 0/"'� %$� (,�'. �/,��, 

%$�� )&*�� ��' /��$� %$�%� � �%�!��� +"#%�!$�' 5�(,� /��� (,�&'� *!5'� ��' �"'%$!"� 

��$#%$�'0�. �� ()*'� $�- !#��' !,�2".� ,-&'% /�� ("��!' /��- �� !5�%2�,#8!$�' � 

'%�""�(#� $�- %. �$��.  
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6.1 %���� ��	 ��
����	�	 ��	����	 

�2�� ("�& �$�(�'����! �"0'�� � ("�2)"$�%� ��' %$� %-�/0!'� �' *'�*'��%#!� $�� 

!5'%�"")(�%�� ��' +�� ��) �%�� $�- 0"�%' �(�'�� !��- ���! 2�"� �'%��$�"�, 

!,�2��%�� �'  !$"�%!'� $�� �%��� !��� *-�� !�� ���’ ),� $�� !('2��!'� $�- �'%��$�"� 

(�- !2�" �8! %$� ��  �$' �() plastazote !(# $�� ��"-2�� $�- �+�- ��' %$� (!"'�0� &�"� 

�() �-$��. :(�� /0!' ���2!"�!# %! ("��&�� !�!� (�"�&"�2�-�, � �'%��$�"�� ��' $� 

��  �$' �() plastazote /0�-� (!"#(�- $'� #*'!� *'�%$�%!'� (!,�2".�  !&�,�$!"�� � 

�'%��$�"��), ("�& � (�- %� �#�!' (�� �%��� !�!� *-�� !'� %! ),� $�� !('2��!'� $�- 

$ � �$�� plastazote ��  (�"��%�� �� ��$�&"�2���. 

 

�� MatScan *#�!' $� *-��$)$�$�  /$"�%�� $�� �(),-$�� ��' $��  /%�� $' �� $�� 

�%��� !��� *��� ��. 
$� ("��!' /�� (!"#($�%� -(�,�&#%$��! �  /%� $' � $�� *��� ��, 

�2�� (".$�  !$"����! � �(),-$� $' � $�� &'� ���! /�� �() $� 200 %$'& ')$-(� (frames) 

(�- ��$'%$�'0��� %$� %-��,'�� *'�"�!'� $�� 15 sec $��  /$"�%��, )(�� 2�#�!$�' %$�� 

�'�)�� 6.1. �� MatScan *#�!' !(#%�� $� *-��$)$�$� �� %-&�!�$"����� %! /�� $!,'�) 

%$'& ')$-(� ),!� �'  /%!� $' /� $�� *��� �� &'� ���! /�� pixel $�� !�!"&�� (!"'�0�� $�- 

�'%��$�"� (�- */0$��! �%��� !�� *��� �.  

 


$�-� (�"���$� �#���!� 6.1 ��' 6.2, 2�#���$�' �'  /%!� $' /� &'� ���!  #� �() $'� !��'� 

!(',!& /�!� %$�%!'� $�- %. �$�� ��' $�-$)0"��� &'� $� !,�0'%$� ��'  /&'%$� %2#5' � $�� 

' ��$�� $�- ��*! )�� %$� (#%� (,!-"� $�-, &'� $�-� �%�!�!#� 0�"'% /��-� %! � �*!� 

���,�&�  ! $� $�(� $�� ��"$�%�� $�-� (�*, ��* � ��� ��' �* & ��). 
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�'�)�� 6.1: 
0� �$'�� ��' 0"� �$'�� �(!'�)�'%� $�� �%��� !���   
 /%�� *-�� !��, %$� (!"'+�,,�� $�- MatScan,  
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�(#%��, %$�� �'�)�� 6.1 2�#�!$�' &"�2'�� � *'�2�"�  !$�5� $��  /%�� $' .� $�� *��� �� 

&'� ),!� $'� %$�%!'� $�- %. �$��  ! $�-� ' ��$!�  /&'%$� %2'& /��-� ��' &'� ),� $� !#*� 

%��,#�%�� (�-  !,!$.�$�'. �' $' /� (�- ��$�&"�2��$�' %$�-� (�"���$� *�� (#���!� !#��' 

%$"�&&-,�(�'� /�!� %$� (,�%'/%$!"� ��/"�'� $' �. �"'� �() �(�'�*�(�$! %�&�"'%� 

 !$�5� $�-� ("�& �$�(�'����! /,!&0�� $�� �����'�)$�$�� $�� ��$��� �� $�-�. �)&� $�� 

�����'��� ��$��� �� (�- *'�('%$.���! &'� ),!� $'�  !$�+,�$/�, !(',/0$���� (�"� !$"'�� 

�"'$�"'� %$�$'%$'��� !(!5!"&�%#��.           

 

4� 4�� � 4�� 
�/%� �%��� !�� *��� � (�) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� �/� �,�0'%$�  


2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 72 ± 29 92 ± 39 1 66 ± 22 83 ± 33 

2 89 ± 38 119 ± 56 2 86 ± 23 107 ± 33 

3 76 ± 29 94 ± 40 3 69 ± 22 81 ± 28 

4 73 ± 30 93 ± 40 4 71 ± 20 87 ± 28 

5 75 ± 30 92 ± 39 5 67 ± 21 81 ± 29 

6 81 ± 33 92 ± 39 6 73 ± 23 84 ± 29 

7 68 ± 27 80 ± 34 7 66 ± 24 79 ± 27 

8 73 ± 28 83 ± 34 8 65 ± 32 75 ± 34 

9 66 ± 27 77 ± 33 9 64 ± 19 74 ± 18 

                     �#����� 6.1: �/%� �%��� !�� *��� � &'� �%�!�!#�  ! �* ��' ��* � ��� 
 

�'� ),�-� $�-� �%�!�!#� ��' %$'� 9 %$�%!'� $�- %. �$��, !2�" )8��$�� /,!&0� t test 

!5�"$� /��� *!'& �$��, �$�� 2��!") (�� �  /%� �%��� !�� *��� � )$�� �' ' ��$!� !#0�� 

$�  /&'%$� %2#5' �, �$�� (��$�  !&�,�$!"� %! %0/%�  ! $� (!"#($�%� (�- �' ' ��$!� !#0�� 

$� !,�0'%$� %2#5' �. �-$� � *'�2�"� $��  /%�� �%��� !��� *��� �� !#��' ��' %$�$'%$'�� 
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%� ��$'��. 
$� (!"#($�%� $�� �%�!�.�  ! �* ��' ��* � ��� � *'�2�"� �-$� �$�� '%0-"� 

%$�$'%$'�� (p<0,005). 
$� (!"#($�%� $�� �%�!�.�  ! �* & �� %��,#�%�, �$�� p<0,05. 

 

� !() !��� /,!&0�� !#0! �� ���!'  ! $�� %�&�"'%� $�� $' �� $��  /%�� �%��� !��� *��� �� 

 !$�5� $�� 9 %$�%!�� $�- %. �$�� &'� $�-� ' ��$!� %$�  /&'%$� %2'& /��-�. �2�" )%$��! 

� /,!&0�� $�� *'��� ��%�� !(���,� +��) !���  !$"�%!�� (Repeated measures ANOVA). 

�'� $�-� �%�!�!#�  ! �* ��' !,/&0��$�� $�� %2�'"'�)$�$� 2����! (�� �-$� (�"�+'�8!$�', 

*�,�*� � -()�!%� (�� � *'��� ��%�  !$�5� $��  !$"�%!�� ��' $�� 9  !$�+,�$.� (�- 

%-&�"#���$�' !#��' ) �'�. ��%!' $�- %-�$!,!%$� Greenhouse-Geisser �$�� p=,000 ("�& � 

(�- %� �#�!' (�� � $' � $��  /%�� �%��� !��� *��� �� �,,�8!'  ! $� %$�%� $�- %. �$��. 

� +�� )� �(� ��"-�%�� �() $� %2�'"'�)$�$� ("���($!' �() $� %-�$!,!%$� Epsilon=0,392, 

$�- �(�#�- �  !&�,�$!"� $' � ��  (�"��%! �� !#��' #%�  ! 1 ( � (�"�+#�%� $�� 

%2�'"'�)$�$��) ��' �  '�")$!"� #%�  ! 1/(9-1)=0,125. :%� � $' � $�- Epsilon 

�(� ��"��!$�'  !'�� !�� �() $� 1, $)%� ('�  !&�,� !#��' � (�"�+#�%� $�� %-������ 

%2�'"'�)$�$��. �'� �� *'�('%$��!# &'� (�'� 8!�&� %$�%!�� � *'�2�"� �$�� %$�$'%$'�� 

%� ��$'�� !2�" )%$��! /,!&0�� t test !5�"$� /��� *!'& �$��  !$�5� ),�� $�� %$�%!��, 

*� '�-"&.�$�� %-��,'�� 36 %-&�"'�) !�� 8!�&� $' .�. �2�" )8��$�� *')"��%� 

Bonferroni, $� !(#(!*� %$�$'%$'��� %� ��$'�)$�$�� *'� �"2.���! %! 0,005/36=0,0014. 

��%!' �-$�� $�� *')"��%��, ("�/�-1! (�� %$�$'%$'�� %� ��$'�� *'�2�"�  ! $� %$�%� 1 

$�- %. �$��, ! 2��#8�-� �' %$�%!'� 2 ��' 9 (p=,000). 
$�$'%$'�� %� ��$'�� *'�2�"� 

-(�"0!' ��' &'� $� 8!�&�� 6 – 7 (p=0,001).  

 

�'� $�-� �%�!�!#�  ! ��* � ��� ��' !2�" )8��$�� $�� #*'� /,!&0� (p=,000 ��' 

Epsilon=0,441) ("�/�-1! (�� � %$�%� 1 *'�2/"!' %$�$'%$'�� %� ��$'��  )��  ! $� %$�%� 
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2 (p=,000). ��$'�/$��,  ! $�� %$�%� 9 �$�� p=0,006 ��' &'� $� 8!-&�"'� $�� %$�%!�� 6 – 7 

��' 8 – 9 �$�� p=0,104 ��' p=0,936 ��$#%$�'0�. �'� $�-� �%�!�!#�  ! �* & ��, &'� $� �,�*� 

�* $�� ��"$�%�� ��' $�� #*'� %$�$'%$'�) /,!&0� �$�� &'� $�� %-�$!,!%$� Greenhouse-

Geisser p=0,003 ��' Epsilon=0,276. �,/&0��$�� ),!� $'� %$�%!'� $�- %. �$��  !$�5� $�-�, 

("�/�-1! %$�$'%$'�� %� ��$'�� *'�2�"�  !$�5� $�� %$�%!�� 1 ��' 2 (p=0,001)  )��. �'� 

$�-� %-�*-�% ��� 6 – 7, 8 – 9 ��' 4 – 5 �$�� p=0,664, p=0,005 ��'  p=0,120 ��$#%$�'0�. 

: �'� &'� $� �,�*� �� $�� ��"$�%�� �$�� &'� $�� %-�$!,!%$� Greenhouse-Geisser p=0,000 

��' Epsilon=0,282. � /,!&0�� $�� %-�*-�% .� $�� %$�%!��  !$�5� $�-� /*!'5! (�� �' 

%$�%!'� 1 – 2 !#0�� %$�$'%$'�� %� ��$'�� *'�2�"�  !$�5� $�-� (p=0,000), %! ��$#�!%�  ! 

$�-� %-�*-�% ��� 6 – 7, 8 – 9 ��' 4 – 5 &'� $�-� �(�#�-� �$�� p=0,006, p=0,034 ��' 

p=0,064 ��$#%$�'0�. 

 

4� & �� 
4� �� 

�/%� �%��� !�� *��� � (�) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 56 ± 12 72 ± 29 1 47 ± 13 63 ± 24 

2 76 ± 20 95 ± 45 2 59 ± 19 76 ± 27 

3 60 ± 12 68 ± 24 3 47 ± 15 63 ± 21 

4 61 ± 14 71 ± 30 4 55 ± 20 70 ± 27 

5 58 ± 12 68 ± 24 5 49 ± 15 63 ± 22 

6 61 ± 13 65 ± 17 6 49 ± 13 59 ± 17 

7 56 ± 12 63 ± 21 7 46 ± 12 51 ± 15 

8 59 ± 17 71 ± 20 8 43 ± 12 52 ± 16 

9 48 ± 12 56 ± 13 9 51 ± 12 57 ± 17 

                     �#����� 6.2: �/%� �%��� !�� *��� � &'� �%�!�!#�  ! �* & �� 
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$� %-�/0!'� � �*�(�'������ �' �%�!�!#� ���,�&�  ! $�  /&!��� $�� &��#�� ��"$�%�� (20-

29° ��' 30-40°) ��' ���,�&�  ! $� �� �$�� �%�!�!#� $�� ��$�&�"'.� �, 	 � �. 

��!5�"$�$�- $�(�- ��"$�%��, �  /%� �%��� !�� *��� � !#0!  !&�,�$!"�  /%� $' � &'� 

),!� $'� %$�%!'� $�- %. �$��  !  /&'%$� %2#5' � ' ��$�� ��' ��!5�"$�$� �() $� $�(� $�� 

��"$�%��, )$�� � &��#� ��"$�%�� �$�� 30-40° %! %0/%�  ! $�-� �%�!�!#�  ! &��#� 

��"$�%�� 20-29° (�#���!� �2.1, �2.3 ��' �2.5 %$� ��"�"$� � 2). 

 

 
         �'�)�� 6.1: �/%� �%��� !�� *��� � (N) &'� ),!� $'� %$�%!'� $�- %. �$��, ��� $�(� ��"$�%��  
          ! $�-� ' ��$!�  /&'%$� %2'& /��-� 

 

�� %� !'��!# (�� %$� (!"#($�%� $�� �%�!�.�  ! �* & ��, �  /%� $' � $�� *��� �� �$�� 

 !&�,�$!"� %! ),!� $'� %$�%!'� &'� $� �* ��"$�%� 30-40°. �(#%��, &'� $�-� �%�!�!#�  ! �* 

��' ��* � ���, �  /%� �%��� !�� *��� � ! 2��#8!' $�  !&�,�$!"� $' � $�� %$'� 

(!"'($.%!'� (�- � ��*! )��� /0!' -(�%$!# 0!'"����$'�/� *'�"�.%!'� �() $�-� $!0�'����, 
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*�,�*� %$� ��$�&�"#� 	 ��'  �,'%$� � *'�2�"� !#��' %$�$'%$'�� %� ��$'�� (p<0,001)  ! 

$'� -(),�'(!� � �*!� (� ��' �), )(�� 2�#�!$�' ��' %$�-� �#���!� �2.2�,+ ��' �2.4�,+. 


$�-� �%�!�!#�  ! �* & ��, *!� -(�"0!' %�2� !'�)�� &'� $�  /&!��� $��  /%�� $' �� $�� 

�%��� !��� *��� �� ��' &'� $�-� *�� �,�*�-� $�� %��,#�%��,  !$�5� $�� ��$�&�"'.� �, 	 

��' � (�#����� �2.6�,+). �%$)%�, ��' &'� $'� $"!'� ��$�&�"#!� �%�!�.� *! *'�('%$.���! 

'%0-"� %-%0/$'%�  !$�5� $�� $' �� $��  /%�� *��� �� $�� �* ��' �� �-"$.%!�� (�: 

r=0,478 & p=0,338, 	: r=0,156 & p=0,844 ��' �: r=0,092 & p=0,908). ��' �' $"!'� /,!&0�' 

/&'��� ��$� Pearson ��' %-%0!$#8��$�� $��  /$"�%� $�� �%��� !��� *��� �� %$� (".$� 

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

("�& �$�(�'������ ��$� $� *'�"�!'� $�� !"&�%#�� �-$��.   

 


$� �#���� 6.3, 2�#�!$�' � (�%�%$'�#�  !$�+�,� $��  /%�� *��� �� ��' &'� $'� !��'� 

%$�%!'� $�- %. �$�� ��'  !$�5� !,�0'%$�- ��'  /&'%$�- %2'5# �$�� $�� ' ��$�� $�- 

��*! )��. ��"�$�"!#$�'  !#�%� $�� *'�2�"�� %$� $' � $��  /%�� *��� �� %! %0/%�  ! $� 

(".$� %$�%� $�- %. �$��, )(�- � �%�!��� !#��' )"�'�� ��' ��#��$�� ("�& �$�(�'.�$�� 

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

*!�$!"� %$�%� $�� +��!'�� !'%(���� ! 2��#8!' ��5�%� $�- (�%�%$��.  

 


$� �#���� 6.4 2�#�!$�' � (�%�%$'�#�  !$�+�,� (+!,$#�%�, !('*!#��%� � %$��!"�(�#�%�) 

$�� ��"$�%�� 2�".�$�� $� ��*! )��, ��� $�(� ��"$�%�� ��' $� %$'& � (�- 

("�& �$�(�'����! �  /$"�%�.   !$�+�,� �-$� -(�,�&#%$��!  ! $� ,�1� $�� 

�(�"�#$�$�� ��$'��&"�2'.�, )(�� 2�#�!$�' %$� ��"�&"�2� 1.4, ��'  !$� �() 24  ��!� (3-

100  ��!�) 0"�%�� $�- ��*! )�� ��$�  /%� )"�. 3-%'�� �-$� $� %$�'0!#� �2�"��� %$�-� 

�%�!�!#� (�- �����-� %$'� ��$�&�"#!� 	 ��' �, *�,�*� 48 �%�!�!#�. �"��!' /��- �� 
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�!�"��!# (��  '� ��"$�%� !#0!  !$�+,��!#, �� /("!(! � &��#� Cobb �� /0!' �,,�5!' $� 

!,�0'%$� ��$� 5°, �!�".�$�� �-$� %�� $�� !,�0'%$� ��'0�!-) !��  !$�+�,� $��. 

 

 %������ ��� ����� ��	���� ����8� �������� 
�� ��.����� ���8-����� ���	��	 (%) 
4� & �� 

�/� 4� 4�� � 4�� 
4� �� 

1 27,8 25,6 28,6 34,0 

2 33,7 24,4 25,0 28,8 

3 23,7 17,4 13,3 34,0 

4 27,4 22,5 16,4 27,2 

5 22,7 20,9 17,2 28,6 

6 13,6 15,1 6,6 20,4 

7 26,5 19,7 12,5 10,9 

8 13,7 15,4 20,3 20,9 

9 16,7 15,6 16,7 11,8 

            �#����� 6.3: �!$�+�,� $��  /%�� �%��� !��� *��� ��,  !$�5�  /&'%$�- ��' !,�0'%$�- %2'5# �$��  
            ' ��$�� &'� ),�� $�� !'*.� $'� �-"$.%!'� 
 

 

)������ ��*�	/	 ��� ����	-6��	 ������� ��� 
������� (%) 
 4� 4�� � 4�� 4� & �� �'+�&�(  
   �* ��  
�!,$#�%� 79 84 50 100 86 

�('*!#��%� 7 8 0 0 7 


$��!"�(�#�%� 14 8 50 0 7 

              �#����� 6.4: ��%�%$'�#�  !$�+�,� $�� ��"$�%�� ���,�&�  ! $� $�(� $�� ��"$�%�� ��' %-��,'��   
 

�'� ���,-$'�� &'� $�-� �%�!�!#�  ! �* & ��, $� %���,� �-$.� (�- ! 2��'%�� +!,$#�%� 

$�� ��"$�%��, ! 2��'%�� $�-$)0"��� +!,$#�%� ��' %$� ��"$�%� $�(�- ��. ��$'�/$��, 
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 )�� $� 50% �-$.� $�� �%�!�.� ! 2��'%�� +!,$#�%� $�-$)0"��� ��' %$� ��"$�%� $�(�- 

�*.  

 

 +!,$#�%� $�� �%�!�.�  ! �* !#0!  /&!��� 34 ± 14% ( ! !�"�� 18 – 53%), !�. &'� $�-� 

�%�!�!#�  ! ��* � ��� �-$) $� (�%�%$) �$�� 50 ± 14% ( ! !�"�� 27 – 74%). �' �%�!�!#� 

 ! �* & �� ! 2��'%�� ��$#%$�'0�, &'� $� �* ��"$�%� 46 ± 6% ( ! !�"�� 42 – 50%) ��' &'� 

$� �� 44 ± 17% ( ! !�"�� 19 – 57%).  

 

�(#%��, !5!$�8��$�� $� %���,� $�� �%�!�.� (�- ! 2��#8�-� +!,$#�%� %$� ��"$�%� $�-� 

*! ("���($!' '%0-"� %-%0/$'%�  !$�5� $�- 0")��- 0"�%�� $�- ��*! )�� ��' $�- (�%�%$�� 

+!,$#�%�� $�� ��$�%$�%�� $�-� ��' %-&�!�"' /�� ��$� Pearson !#��' r=0,276 ��' p=0,361. 

�%$)%�, ,)&� $�� �!$'��� $' �� $�- %-�$!,!%$� r, 2�#�!$�' (�� )$�� �-5��!$�' � 0")��� 

0"�%�� $�- ��*! )��, �-5��!$�' ��' $� (�%�%$) +!,$#�%�� $�� ��"$�%��. �'� $�� #*'� 

� �*� �%�!�.� *! ("���($!' %-%0/$'%� ��$� Pearson (r=0,104 ��' p=0,747)  !$�5� $�- 

(�%�%$�� +!,$#�%�� ��' $'�  /%�� �%��� !��� *��� ��  ! $�-� ' ��$!� %$�  /&'%$� 

%2'& /��-� ��' &'� $� (".$� %$�%� $�- %. �$�� (�- �(�$!,!# ��' %$�%� ���2�"��. ��' %! 

�-$� $� (!"#($�%� ) ��, � ��5�%� $��  /%�� �%��� !��� *��� �� %- +�,!' %$�� ��5�%� 

$�- (�%�%$�� +!,$#�%�� $�� ��"$�%��.  

 

�/,��, !2�" )8��$�� %$�$'%$'�) /,!&0� $�(�- Pearson chi-square, ("���($!' (�� *!� 

-(�"0!' %$�$'%$'�� %� ��$'�� %0/%�  !$�5� $�(�- ��"$�%�� ��' $!,'��� ��$�,�5�� �-$�� 

(+!,$#�%�, %$��!"�(�#�%� � !('*!#��%�)  !$� $� 0"��'�) *'�%$� � $�� 24  ��.� 0"�%�� 

$�- ��*! )�� (p=0,840). �! $� +���!'� $�- #*'�- %$�$'%$'��� !,/&0�-, ("���($!' (�� *!� 

-(�"0!' %$�$'%$'�� %� ��$'�� %0/%�  !$�5� $�- 2�,�- $�- �%�!���� ��' $�� ��$�,�5�� 
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(�- �� /0!' � ��"$�%� $�- (+!,$#�%�, %$��!"�(�#�%� � !('*!#��%�),  !$� $� 0"��'�) 

*'�%$� � $�� 24  ��.� ��$�  /%� )"� 0"�%�� $�- ��*! )�� (p=0,905). 

 

70��$�� �� *!*� /�� (�� 43 �%�!�!#� !#0�� �,'�#�  !&�,�$!"� �() $� 14 /$� ��' �' 

-(),�'(�' 38 !#0�� �,'�#�  '�")$!"� � #%�  ! $� 14 /$�, /&'�! %�&�"'%� $��  /%�� $' �� $�� 

�%��� !��� *��� �� &'� $'� (�"�(��� *�� �,'�'��/� ��$�&�"#!� �%�!�.�. 
$� �#���� 6.5 

2�#���$�' �'  /%!� $' /� ��� ��$�&�"#� ��"$�%�� ��' �,'�#� �%�!�.�.  

 

%��� ���� ��� ��
����	�� ��	���� (+) 
4� &��  

4� 
�� 4�� � 4�� 
4� �� 

$�
��
� 
���.��-�  
: 14 ��� 100 ± 40 59 ± 22  60 ± 10 

> 14 ��� 81 ± 31 54 ± 22 58 ± 10 

   �#����� 6.5: �/%� $' � �%��� !��� *��� �� ��� �,'�'��� ��$�&�"#� $�� �%�!�.� 

 

6.2 %���� ��	 �	���������	�	 ������	  

�' ���($-%%) !�!� ('/%!'� !#��' �-$/� (�- ("���,��� $� *')"��%� %$� ��"$�%� !�)� 

�%�!����  ! %��,#�%�. :(�� ��' %$� ("��&�� !�� ��"�&"�2� (�- �2�"��%! $�  !,/$� 

$�� �%��� !��� *-�� !��, /$%' ��' &'� $'� ('/%!'� � ("�2)"$�%� ��' �' *'�*'��%#!� 

!5'%�"")(�%�� ��' +�� ��) �%�� /0�-� ("�& �$�(�'��!# ��' �,��,�"��!# ("'� $� ,�1� 

�(�'�%*�(�$!  /$"�%��. �' ���($-%%) !�!� ('/%!'�  !$�5� ��*! )�� ��' %. �$�� 

�%�!���� %$� (!"'�0� $�� ��"$�%��, !#��' �(�$/,!% � $�� �%��� !��� *-�� !�� �() $� 

��  �$' plastazote !(# $�� ��"-2�� $�- �+�- ��' $�� (!"'�0�� &�"� �() �-$��.  
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�� MatScan *#�!' $� *-��$)$�$�  /$"�%�� $�� �(),-$�� ��' -(�,�&'% �� $��  /%�� $' �� 

$�� ���($-%%) !��� (#!%��, )(�� ��"'+.� ��'  ! $'�  !$"�%!'� $�� *��� �� (�- !#*� ! %$� 

("��&�� !�� ��"�&"�2�. 
$� ("��!' /�� (!"#($�%� -(�,�&#%$��! �  /%� $' � $�� (#!%��, 

�2�� (".$�  !$"����! � �(),-$� $' � $�� &'� ���! /�� �() $� 200 %$'& ')$-(� (frames) 

(�- ��$'%$�'0��� %$� %-��,'�� *'�"�!'� $�� 15 sec $��  /$"�%��.  
$�-� (�"���$� 

�#���!� 6.6 ��' 6.7, 2�#���$�' �'  /%!� $' /� $�� ���($-%%) !��� (#!%�� &'� ���!  #� �() 

$'� !��'� !(',!& /�!� %$�%!'� $�- %. �$�� ��' $�-$)0"��� &'� $� !,�0'%$� ��'  /&'%$� 

%2#5' � $�� ' ��$�� $�- ��*! )�� %$� (#%� (,!-"� $�-, &'� $�-� �%�!�!#� 0�"'% /��-� %! 

� �*!� ���,�&�  ! $� $�(� $�� ��"$�%�� $�-� (�*, ��* � ��� ��' �* & ��), )(�� 

��"'+.� /&'�! %$� ("��&�� !�� ��"�&"�2� &'� $'� *-�� !'�. �(#%��, %$�� �'�)�� 6.2 

2�#�!$�' &"�2'�� � *'�2�"�  !$�5� $��  /%�� $' .� $�� (#!%�� &'� ),!� $'� %$�%!'� $�- 

%. �$�� (�-  !,!$.�$�' ��' &'� $�-� ' ��$!�  /&'%$� %2'& /��-� ��' &'� ),� $� !#*� 

%��,#�%�� (�-  !,!$.�$�'.          

 

4� 4�� � 4�� 
�/%� ���($-%%) !�� (#!%� (KPa) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 14,6 ± 6,4 16,1 ± 6,7 1 12,6 ± 4,2 13,6 ± 4,8 

2 16,2 ± 6,2 19,0 ± 8,8 2 15,4 ± 5,1 17,1 ± 5,0 

3 14,9 ± 6,0 16,4 ± 6,9 3 13,0 ± 4,1 13,6 ± 4,5 

4 14,2 ± 5,5 16,6 ± 7,5 4 12,8 ± 4,1 13,8 ± 4,3 

5 14,9 ± 6,2 16,8 ± 7,6 5 12,6 ± 4,3 13,6 ± 4,4 

6 15,4 ± 6,2 15,8 ± 6,6 6 13,2 ± 4,4 14,9 ± 5,3 

7 12,7 ± 4,9 14,3 ± 6,9 7 12,4 ± 3,7 13,8 ± 4,5 

8 13,9 ± 5,4 15,0 ± 6,2 8 12,0 ± 4,5 13,0 ± 4,6 

9 13,2 ± 5,9 14,9 ± 6,4 9 11,8 ± 3,5 12,7 ± 3,0 

                      �#����� 6.6: �/%� ���($-%%) !�� (#!%� &'� �%�!�!#�  ! �* ��' ��* � ��� 
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: �'�  ! $'� *-�� !'�, %$�� (!"#($�%� $�� ('/%!�� 0"�%' �(�'������ �' #*'�' %$�$'%$'��# 

/,!&0�'. 7$%', &'� ),�-� $�-� �%�!�!#� ��' %$'� 9 %$�%!'� $�- %. �$��, !#��' 2��!") (�� � 

 /%� ���($-%%) !�� (#!%� )$�� �' ' ��$!� !#0�� $�  /&'%$� %2#5' �, �$�� (��$� 

 !&�,�$!"� %! %0/%�  ! $� (!"#($�%� (�- �' ' ��$!� !#0�� $� !,�0'%$� %2#5' �. �-$� � 

*'�2�"� !#��' %$�$'%$'�� %� ��$'�� (p<0,05) !2�" )8��$�� /,!&0� t test !5�"$� /��� 

*!'& �$��.  

 

� !() !��� /,!&0��, )(�� ��' %$� ("��&�� !�� ��"�&"�2�, !#0! �� ���!'  ! $�� %�&�"'%� 

$��  /%�� $' ��  !$�5� ��' $�� 9 %$�%!�� $�- %. �$�� &'� $�-� ' ��$!� %$�  /&'%$� 

%2'& /��-�. �2�" )%$��! � /,!&0�� $�� *'��� ��%�� !(���,� +��) !���  !$"�%!�� 

(Repeated measures ANOVA).  �'� $�-� �%�!�!#�  ! �* ��' !,/&0��$�� $�� %2�'"'�)$�$� 

2����! (�� �-$� (�"�+'�8!$�' ��' +�%!' $�- %-�$!,!%$� Greenhouse-Geisser �$�� p=0,001 

(Epsilon=0,327) ("�& � (�- %� �#�!' (�� � $' � $��  /%�� ���($-%%) !��� (#!%�� �,,�8!' 

��' �-$� )(�� ��' � *��� �,  ! $� %$�%� $�- %. �$��. �'� �� *'�('%$��!#  !$�5� (�'�� 

%$�%!�� � *'�2�"� �$�� %$�$'%$'�� %� ��$'�� !2�" )%$��! /,!&0�� t test !5�"$� /��� 

*!'& �$��  !$�5� ),�� $�� %$�%!��, *� '�-"&.�$�� %-��,'�� 36 %-&�"'�) !�� 8!-&�"'� 

$' .�. �2�" )8��$�� *')"��%� Bonferroni, $� !(#(!*� %$�$'%$'��� %� ��$'�)$�$�� 

*'� �"2.���! %! 0,005/36=0,0014. ��%!' �-$�� $�� *')"��%��, ("�/�-1! (�� %$�$'%$'�� 

%� ��$'�� *'�2�"�  ! $� %$�%� 1 $�- %. �$�� ! 2��#8!'  )�� � %$�%� 2 (p=,000).  

 

�'� $�-� �%�!�!#�  ! ��* � ���  ! *!*� /�� $� (�"�+#�%� $�� %2�'"'�)$�$�� ��' +�%!' 

$�- %-�$!,!%$� Greenhouse-Geisser �� !#��' p=,000 (Epsilon=0,490), !2�" )8��$�� $�� 

#*'� /,!&0� ("�/�-1! (�� � %$�%� 1 *'�2/"!' %$�$'%$'�� %� ��$'�� (�,'  )��  ! $� %$�%� 

2 (p=,000). ��$'�/$��,  ! $'� %$�%!'� 8 ��' 9 �$�� (p=0,336 ��' p=0,285 ��$#%$�'0�) ��' &'� 
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$� 8!-&�"'� $�� %$�%!�� 4 – 5, 6 – 7 ��' 8 – 9 �$�� p=0,404, p=0,018 ��' p=0,665 

��$#%$�'0�. �'� $�-� �%�!�!#�  ! �* & �� ��' $� �,�*� �* $�� ��"$�%�� ��' $�� #*'� 

%$�$'%$'�) /,!&0� &'� $�� %-�$!,!%$� Greenhouse-Geisser �$�� p=0,016 ��' Epsilon=0,259. 

�,/&0��$�� ),!� $'� %$�%!'� $�- %. �$��  !$�5� $�-�, ("�/�-1! %$�$'%$'�� %� ��$'�� 

*'�2�"�  )�� &'� $� 8!�&�� 1 – 2 (p=0,001). �'� $� 8!�&� 1 – 8, ��' 8 – 9 �$�� p=0,630 ��' 

p=0,011. : �'�, &'� $� �,�*� �� $�� ��"$�%�� �$�� &'� $�� %-�$!,!%$� Greenhouse-

Geisser p=,000 ��' Epsilon=0,446. � /,!&0�� $�� %-�*-�% .� $�� %$�%!��  !$�5� $�-� 

/*!'5! (�� -(�"0! %$�$'%$'�� %� ��$'�� *'�2�"� $�� $' .� &'� $� 8!�&�� %�&�"'%�� 1 – 2 

(p=0,001), !�. &'� $� 8!�&� 1 – 9, 4 – 5 ��' 6 – 7 �$�� p=0,033, p=0,641 ��' p=0,009 

��$#%$�'0�. 

 

4� & �� 
4� �� 

�/%� ���($-%%) !�� (#!%� (KPa) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 10,5 ± 2,6 11,8 ± 4,2 1 7,6 ± 2,3 9,7 ± 2,3 

2 12,3 ± 3,2 13,9 ± 5,5 2 9,3 ± 2,8 11,3 ± 2,8 

3 11,2 ± 2,7 12,0 ± 4,0 3 7,8 ± 2,3 10,0 ± 2,6 

4 10,7 ± 3,1 12,3 ± 4,7 4 7,9 ± 2,3 9,7 ± 2,1 

5 10,6 ± 2,5 12,0 ± 4,2 5 7,8 ± 2,4 9,5 ± 2,6 

6 10,8 ± 2,7 11,0 ± 2,7 6 8,2 ± 2,8 9,3 ± 1,9 

7 9,0 ± 2,2 10,0 ± 2,8 7 7,7 ± 2,3 8,0 ± 1,8 

8 9,5 ± 2,7 11,1 ± 3,5 8 7,6 ± 2,3 8,4 ± 2,2 

9 8,9 ± 2,3 9,4 ± 2,5  9 8,0 ± 2,4 8,3 ± 1,7 

                     �#����� 6.7: �/%� ���($-%%) !�� (#!%� &'� �%�!�!#�  ! �* & �� 
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                     �'�)�� 6.2: �/%� ���($-%%) !�� (#!%� (KPa) &'� ),!� $'� %$�%!'� $�- %. �$��, ��� $�(�   
                     ��"$�%��  ! $�-� ' ��$!�  /&'%$� %2'& /��-� 

 


$� %-�/0!'� � �*�(�'������ �' �%�!�!#� ���,�&�  ! $�  /&!��� $�� &��#�� ��"$�%�� (20-

29° ��' 30-40°) ��' ���,�&�  ! $� �� �$�� �%�!�!#� $�� ��$�&�"'.� �, 	 � �. 

��!5�"$�$�- $�(�- ��"$�%��, �  /%� ���($-%%) !�� (#!%� !#0!  !&�,�$!"�  /%� $' � &'� 

),!� $'� %$�%!'� $�- %. �$��  !  /&'%$� %2#5' � ' ��$�� ��' ��!5�"$�$� �() $� $�(� $�� 

��"$�%��, )$�� � &��#� ��"$�%�� �$�� 30-40° %! %0/%�  ! $�-� �%�!�!#�  ! &��#� 

��"$�%�� 20-29° (�#���!� �3.1, �3.3 ��' �3.5 %$� ��"�"$� � 3). �� %� !'��!# (�� %$� 

(!"#($�%� $�� �%�!�.�  ! *'(,� %��,#�%�, �  /%� $' � $�� (#!%�� �$��  !&�,�$!"� %! 

),!� $'� %$�%!'� &'� $�� �* �,�*� �-$��,  ! ��"$�%� 30-40°. �(#%��, &'� $�-� �%�!�!#�  ! 

�* ��' ��* � ���, �  /%� ���($-%%) !�� (#!%� ! 2��#8!' $�  !&�,�$!"� $' � $�� %$'� 

(!"'($.%!'� (�- � ��*! )��� /0!' -(�%$!# 0!'"����$'�/� *'�"�.%!'� �() $�-� $!0�'����, 

*�,�*� %$� ��$�&�"#� 	 ��'  �,'%$� � *'�2�"� !#��' %$�$'%$'�� %� ��$'�� (p<0,05) )(�� 
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2�#�!$�' ��' %$�-� �#���!� �3.2�,+ ��' �3.4�,+. 
$�-� �%�!�!#�  ! �* & ��, *!� -(�"0!' 

%�2� !'�)�� &'� $�  /&!��� $��  /%�� $' �� $�� ���($-%%) !��� (#!%�� &'� $�� �* 

��"$�%� &'� ),!� $'� %$�%!'� $�- %. �$��, !�. &'� $�� �� ��"$�%� %! ),!� $'� (!"'($.%!'� 

� ��$�&�"#� 	 ! 2��#8!' $�  /&'%$�  /%� $' � (#!%�� &'� ),!� $'� %$�%!'�  !$�5� $�� 

��$�&�"'.� �, 	 ��' � (�#����� �3.6�,+).  

 

�'� �� '� �() $'� ��$�&�"#!� �%�!�.� �, 	 ��' �, *! (�"�$�"����! '%0-"� %-%0/$'%� 

 !$�5� $�� $' �� $��  /%�� (#!%�� $�� �* ��' �� �,�*�� $�� �%�!�.�  ! *'(,� %��,#�%� 

(r=0,350 ��' p=0,496, r=0,400 ��' p=0,259, r=-0,112 ��' p=0,888) ��$#%$�'0�, &'� $� (".$� 

%$�%� ���2�"��. ��' �' $"!'� /,!&0�' /&'��� ��$� Pearson.   

 


$� �#���� 6.8, 2�#�!$�' � (�%�%$'�#�  !$�+�,� $��  /%�� (#!%�� ��' &'� $'� !��'� %$�%!'� 

$�- %. �$�� ��'  !$�5� !,�0'%$�- ��'  /&'%$�- %2'5# �$�� $�� ' ��$�� $�- ��*! )��. �'� 

),�-� $�-� �%�!�!#�, *! (�"�$�"!#$�' %�2� $�%� $�- (�%�%$��  !$�+�,��  !$�5� 

!,�0'%$�- ��'  /&'%$�- %2'5# �$�� $�� ' ��$�� $�- ��*! )��, &'� ),!� $'� %$�%!'� $�- 

%. �$�� %! %0/%�  ! $� (".$� %$�%� $�- %. �$��. �'*'�� &'� $�-� �%�!�!#�  ! *'(,� 

%��,#�%� ��' %-&�!�"' /�� $�� �� ��"$�%� �-$.�, (�"�$�"!#$�' �  !&�,�$!"� *'�2�"� 

$' .�  !$�5� !,�0'%$�- ��'  /&'%$�- %2'5# �$�� $�� ' ��$��, �,,� ��' ("��*!-$'�� 

 !#�%� $�� *'�2�"�� �-$�� %! %0/%�  ! $� (".$� %$�%� ���2�"��.  

 

�('(,/��,  !$� $�� /,!&0� %-%0/$'%�� ��$� Pearson  !$�5� �%��� !��� *��� �� ��' 

���($-%%) !��� (#!%��, ("�/�-1! (�� &'� �%�!�!#�  ! �* (r=0,893, p=,000), ��* � ��� 

(r=0,898, p=,000) ��'  ! �* & �� (r=0,910, p=,000 ��' r=0,710, p=0,008 ��$#%$�'0�) 

-(�"0!' '%0-"� %-%0/$'%�. � (�"�(��� /,!&0�� %-%0/$'%�� /&'�! %! %0/%�  ! $� %$�%� 
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���2�"�� $�- %. �$�� (1� %$�%�) ��'  ! $�-� ' ��$!� %$�  /&'%$� %2'& /��-�. 70��$�� 

-()1� $�  � %-%0/$'%�  !$�5� �%��� !��� *��� �� ��' (�%�%$�� +!,$#�%�� $�� ��"$�%�� 

)(�� ("�/�-1! %$� ("��&�� !�� (�"�&"�2�, �,,� ��' $�� '%0-"� %-%0/$'%� ���,�&�  ! 

$� $�(� $�� ��"$�%��  !$�5� *��� �� ��' (#!%��, !#0! �5#� �� !5!$�%$!# � (!"#($�%� 

%-%0/$'%��  !$�5� (#!%�� ��' (�%�%$�� +!,$#�%�� $�� ��"$�%��. 7$%' ,�'()�, ��$� 

Pearson �$�� r=0,316 (�- %� �#�!' (�� -(�"0!'  '� �"'���  /%� %-%0/$'%� 0�"#� �%$)%� 

�� !#��' %$�$'%$'�� %� ��$'�� (p=0,318). ��' %! �-$� $� (!"#($�%� � /,!&0�� $�� 

%-%0/$'%�� /&'�! %! %0/%�  ! $� %$�%� ���2�"�� $�- %. �$��, *�,�*� $� 1� %$�%�. 

 

 %������ ��� ����� �-���� ����8� �������� 
�� ��.����� ���8-����� ���	��	 (%) 
4� & �� 

�/� 4� 4�� � 4�� 
4� �� 

1 10,3 7,9 12,4 27,6 

2 17,3 11,0 13,0 21,5 

3 10,0 4,6 7,1 28,2 

4 16,9 7,8 15,0 22,8 

5 12,8 7,9 13,2 21,8 

6 2,6 12,9 1,9 13,4 

7 12,6 11,3 11,1 3,9 

8 7,9 8,3 16,8 10,5 

9 12,9 7,6 5,6 3,8 

    �#����� 6.8: �!$�+�,� $��  /%�� ���($-%%) !��� (#!%��,  !$�5�  /&'%$�- ��' !,�0'%$�-   
    %2'5# �$�� ' ��$�� &'� ),�� $�� !'*.� $'� �-"$.%!'� 

 
 

�%$)%�,  !$�5� $�- 0")��- 0"�%�� $�- ��*! )�� �() $�� ���! �%�!�� (�- ! 2��'%! 

+!,$#�%� %$� ��"$�%� $�- ��' $�� ���($-%%) !�� (#!%�, ��$� Pearson, *!� (�"�$�"����! 

���!�)� !#*�-� %-%0/$'%� (r=-0,035, p=0,914). �(#%��, !2�" )8��$�� $�� #*'� %$�$'%$'�) 

/,!&0� %$� *!#& � $�� �%�!�.�, *!� ("�/�-1! '%0-"� %-%0/$'%�  !$�5� �,'�#�� �%�!���� 
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��'  /%�� $' �� �%��� !��� *��� �� (r=-0,245, p=0,443) �  /%�� $' �� ���($-%%) !��� 

(#!%�� (r=-0,185, p=0,563). ��$� $� ("�%(��!'� %�&�"'%�� $�- (�%�%$�� +!,$#�%�� $�� 

��"$�%�� ��� !%� %! ),�-� $�-� $�(�-� %��,#�%��, !2�" )%$��! *'�*'��%#� ���,-%�� 

 ���� *'��� ��%�� (One-Way ANOVA) ��' ("�/�-1! (�� $� (�%�%$) +!,$#�%�� *!� /0!' 

%$�$'%$'�� %� ��$'�� %0/%�  ! $� $�(� ��"$�%�� (p=0,388). �(#%��,  /%� $�- #*'�- 

!,/&0�- *! ("���($!' %$�$'%$'�� %� ��$'�� %0/%�  !$�5� $�- $�(�- $�� ��"$�%�� ��' $�- 

 !&/��-� $�� �%��� !��� *��� �� (p=0,274) ��' $�� ���($-%%) !��� (#!%�� (p=0,085). 

: �'�  ! $�  /%� $' � $�� �%��� !��� *��� ��, �  /%� $' � $�� ���($-%%) !��� (#!%�� 

��� �,'�'��� � �*� $�� �%�!�.�, 2�#�!$�' %$� �#���� 6.9.   

 

%��� ���� ��� �	���������	�� �-���� (KPa) 
4� &��  

4� 
�� 4�� � 4�� 
4� �� 

$�
��
� 
���.��-�  
: 14 ��� 16,9 ± 6,9 10,0 ± 1,1  9,0 ± 2,0 

> 14 ��� 14,2 ± 5,4 9,9 ± 1,0 8,9 ± 1,0 

        �#����� 6.9: �/%� $' � ���($-%%) !��� (#!%�� ��� �,'�'��� ��$�&�"#� $�� �%�!�.� 

 
�/,��, !2�" )8��$�� /,!&0� %-%0/$'%�� ��$� Pearson  !$�5� (�%�%$�� +!,$#�%�� $�� 

��"$�%�� &'� ),� $� !#*� %��,#�%�� (�-  !,!$������  ! $�� �,'�'��� ��$�&�"#� $�� 

�%�!�.� �-$.�, ("���($!' (�� *!� -(�"0!' '%0-"� %$�$'%$'�� %� ��$'�� %-%0/$'%� (r=-

0,256 ��' p=0,399). 
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6.3 %���� ��� ��.�*��� ��� �����	���� ��
����   
           ��	���� 
�� �	����8�� �-���� 
 

�-%'�%$'�� %! �-$� $� (�"�&"�2� (!"'&"�2!$�' �  !,/$� $�-  !&/��-� $�� (!"'�0�� $�- 

$ � �$�� �() plastazote (�- +"#%�!$�' $�(��!$� /�� !%�$!"'�� $�- ��*! )�� !(# $�� 

��"-2�� $�- �+�- ��' &�"� �() �-$�� ��' ��$'%$�'0!# %$� (!"'�0� $�- %. �$�� $�- 

�%�!���� (�- */0!$�' (#!%�  ! %��() $� *')"��%� $�� %��,'�$'��� ��"$�%��. ��  /&!��� 

$�� (!"'�0�� �-$�� �-5� !'.�!$�' ���,�&�  ! $�� ���($-%%) !�� (#!%� ��' �  !,/$� $�� 

/0!' �5#� ,)&� $�� %0/%�� (�-  (�"!# �� -(�"0!'  !$�5� $�-  !&/��-� $�� ��' $�- 

(�%�%$�� *')"��%�� $�� ��"$�%��. 
$�-� �#���!� 6.10 ��' 6.11 2�#�!$�' $�  /&!��� $�� 

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

!,�0'%$� ��'  /&'%$� %2'& /��-�. ��' �() $�-� *�� �#���!� !#��' 2��!") (�� $�  /&!��� 

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

%. �$��,  !&�,�$!"�  ! $�-� ' ��$!�  /&'%$� %2'& /��-�. �%$)%�, &'� $�-� �%�!�!#�  ! �* 

*!� �$�� %$�$'%$'�� %� ��$'�� � *'�2�"� &'� $'� %$�%!'� 7 (p=0,200) ��' 9 (p=0,061),  ! 

��* � ��� &'� $'� %$�%!'� 5 (p=0,197), 6 (p=0,533), 7 (p=0,074) ��' 8 (p=0,177). �'� $�-� 

�%�!�!#�  ! �* & �� ��' &'� $� �,�*� �*, &'� $'� %$�%!'� 2 (p=0,120), 6 (p=0,088), 7 

(p=0,260) ��' 8 (p=0,518) ��' &'� $�� �,�*� ��  )�� &'� $� %$�%� 9 �$�� %$�$'%$'�� 

%� ��$'�� � *'�2�"� (p=0,08)  !$�5�  /&'%$�- ��' !,�0'%$�- %2'5# �$�� $�� ' ��$��. 

�(#%��, �5'�%� !#�$� !#��' $� &!&��)� (�� %! ),!� $'� (!"'($.%!'�, �  /%� $' � $�� 

!('2��!'�� !#��'  !&�,�$!"� &'� $�� �� ��"$�%� $�� �%�!�.�  ! *'(,� %��,#�%�. 
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4� 4�� � 4�� 
�/%�  /&!��� !('2��!'�� !(�2�� (cm2) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 58,5 ± 8,1 64,3 ± 9,6 1 58,2 ± 8,7 64,2 ± 10,3 

2 62,7 ± 11,2 70,8 ± 10,8 2 60,4 ± 10,2 66,9 ± 13,0 

3 64,9 ± 11,2 72,0 ± 11,7 3 64,6 ± 9,7 69,4 ± 11,8 

4 59,7 ± 9,2 65,7 ± 12,8 4 61,6 ± 10,3 69,1 ± 15,3 

5 63,1 ± 10,4 69,0 ± 11,9 5 62,8 ± 9,8 68,0 ± 15,7 

6 60,6 ± 9,4 64,7 ± 10,4 6 60,2 ± 10,4 63,8 ± 11,9 

7 61,1 ± 12,3 64,7 ± 11,1 7 58,4 ± 9,4 63,8 ± 9,5 

8 60,8 ± 12,6 65,3 ± 11,5 8 60,2 ± 15,2 63,8 ± 15,5 

9 58,5 ± 11,7 63,0 ± 10,3 9 60,2 ± 7,7 63,8 ± 8,6 

                     �#����� 6.10: �/%�  /&!��� !('2��!'�� !(�2�� (cm2) &'� �%�!�!#�  ! �� ��' ��* � ��� 
 
 
 

4� & �� 
4� �� 

�/%�  /&!��� !('2��!'�� !(�2�� (cm2) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 55,2 ± 8,7 66,7 ± 14,1  1 67,2 ± 16,3 71,1 ± 13,4 

2 65,1 ± 12,9 73,8 ± 11,3 2 67,0 ± 17,3 74,1 ± 11,0 

3 68,8 ± 9,4 73,0 ± 8,1 3 69,6 ± 17,3 73,1 ± 16,9 

4 60,4 ± 7,7 66,8 ± 11,1 4 71,3 ± 17,7 75,8 ± 16,0 

5 60,2 ± 7,3 64,7 ± 10,2 5 71,4 ± 15,5 74,9 ± 13,8 

6 59,5 ± 12,1 63,6 ± 11,0 6 62,7 ± 11,9 67,4 ± 15,1 

7 62,4 ± 11,3 66,1 ± 11,0 7 61,9 ± 12,2 66,8 ± 13,7 

8 65,2 ± 14,0  69,2 ± 11,6 8 64,5 ± 14,6 69,5 ± 13,6 

9 60,0 ± 10,6 64,9 ± 9,1 9 67,2 ± 12,5 72,6 ± 14,1 

                     �#����� 6.11: �/%�  /&!��� !('2��!'�� !(�2�� (cm2) &'� �%�!�!#�  ! �* & �� 
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(���	��� ��� �	���������	�� �-���� (KPa/cm2) 
 4� 4�� � 4��  4� & �� 

�/�  �/� 4� �� 

1 0,25 0,21 1 0,18 0,14 

2 0,27 0,26 2 0,19 0,15 

3 0,23 0,20 3 0,16 0,14 

4 0,25 0,20 4 0,18 0,13 

5 0,24 0,20 5 0,19 0,13 

6 0,24 0,23 6 0,17 0,14 

7 0,22 0,21 7 0,15 0,12 

8 0,23 0,20 8 0,16 0,12 

9 0,24 0,20 9 0,14 0,11 

                     �#����� 6.12: ��$��� � $�� ���($-%%) !��� (#!%�� ���  ���*� !('2��!'�� (KPa/cm2) 
 

�() $�� �#���� 6.12, ("���($!' (�� ��!5�"$�$�- %$�%�� %. �$��, � ��$��� � $�� (#!%�� 

%$�� !('2��!'� $�� (!"'�0�� !�*'�2/"��$�� $�- %. �$��, !#��':  

� �'� �*: 0,24 ± 0,02 KPa/cm2 

� �'� ��* � ���: 0,21 ± 0,02 KPa/cm2 

� �'� �* & ��: 

� �*: 0,17 ± 0,02 KPa/cm2 

� ��: 0,13 ± 0,01 KPa/cm2 

 

�/,��, *!� ��'0�!�$��! %-%0/$'%� $�� ��$��� �� (#!%�� ���  ���*� !('2��!'��  ! $� 

(�%�%$) *')"��%�� $�� ��"$�%�� (r=0,292, p=0,208) ��' $�- 0")��- 0"�%�� $�- ��*! )�� 

(r=-0,165, p=0,609) ��$� Pearson.  
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7.1 0�	�
� 

:(�� ���2/"���! ��' %$� ��"�&"�2� 3.5, *!� !#0! -(�"5!'  /0"' $� (�"��%� !"&�%#� 

��(�'� (�") �'� ("�%(��!'� !" ��!#�� $�� ! +'� �0��'��� %- (!"'2�"�� ��' 

*'�"��$'��� *"�%�� $�- ��*! )�� DDB, +�%!' $�� �%��� !��� *-�� !�� ��' 

���($-%%) !��� ('/%!��  !$�5� %. �$�� �%�!���� ��' ��*! )��. �%$)%�,  !$� �() 

 !,/$� $�� *'!����� +'+,'�&"�2#�� +"/���! �� -(�"0�-� !,�0'%$!� (�") �'!� 

!"!-��$'�/� ("�%(��!'!� %$� (�"!,�)� (�- ) �� !#0�� �� ��$'�!# !�� ��*! )�!� �,,�� 

$�(�� �() $�� DDB (44,54,83,84). :,!� �-$/� �' !"!-��$'�/� ("�%(��!'!� !#0�� ��'�)  ! 

$� (�"��%� !"&�%#� $� &!&��)� (��  !,/$�%�� $�� ! +'� �0��'�� %- (!"'2�"� $�- 

��*! )��  ! *'�2�"!$'�/� (�"� /$"�-�. �%$)%�, ! 2��'%��  !&�,!� *'�2�"/� %$� 

�(�$!,/% �$� *')$' �� ��' !#0�� (�") �'�  !��*�,�&#�, *'/2!"�� %$� !#*� $�- ��*! )�� 

��' $�� %��,#�%�� (�-  !,!$��%��, %$'�  !�)*�-�  /$"�%�� ��' %$��  !$"�$'�) 

!5�(,'% ) (�- 0"�%' �(�'��%��.    

 

�'� %-&�!�"' /��, �' Wong & Evans (44) !5/$�%�� ��*! )�� $�(�- Milwaukee  /%� $�� 

�%��� !��� *-�� !��, ���($-%%) !��� ('/%!�� ��' $�- $!�$. �$�� $�� ' ��$�� $�- 

��*! )��, %!  '� � �*� 9  )�� �%�!�.� (��"#$%'�) ��'  )�� %! (!"'%$�$'�� *'(,�� 

%��,#�%�� (�* & ��) 0"�%' �(�'.�$�� /�� �,!�$"�--*"�-,'�)  !$"�$'�) %�%$� � $� 

DPM 2000C. �' Pham et al (54) (�- /����� ��' $� ('� (")%2�$� ("�%(��!'�,  !,/$�%�� 

��*! )�� $�(�- Chêneau  /%� $�� ���($-%%) !��� ('/%!�� %! 32 (30 ��"#$%'� ��' 2 

�&)"'�) �%�!�!#� ��'  )�� &'�  ��/� %��,'.%!'� (18 �* ��' 14 ��*) 0"�%' �(�'.�$�� 

�'%��$�"� $�� !$�'"#�� TekScan )(�� ��' � (�"��%� !"&�%#� ��' %-&�!�"' /�� $�� 

ClinSeat 5315. �' van den Hout et al (83)  !,/$�%�� $�� ��*! )�� $�(�- Boston  /%� 
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$�� �%��� !��� *-�� !�� %! 16 �%�!�!#� (14 ��"#$%'� ��' 2 �&)"'�)  ! ��"��'��, 

��"���-�%2-4�� ��' *'(,� %��,#�%� *�� $�(�� (�* & �� ��' �* & ��) 

0"�%' �(�'.�$�� $� PEDAR (�- (")�!'$�' &'� �,!�$"��'�) %�%$� �  /$"�%�� 

�%��� !��� *-�� !��. �/,��, �' Aubin et al (84)  !,/$�%�� *�� !#*� ��*! )�� (Boston 

��' modified Boston) !5!$�8��$�� ) �� $� %2#5' � $�� ' ��$�� %! (!"'%%)$!"!� �() *�� 

�/%!'� ��' 0"�%' �(�'.�$�� ��  !$"�$'�) %�%$� � $� SM50. �� ��'�) ),�� $�� 

(�"�(���  !,!$.� �$�� �  !$�+�,� $�� %$�%�� $�- %. �$�� &'� $�-� �%�!�!#� 0�"#� �� 

-(�"0!' ) �� ��$�&�"'�(�#�%� $�-� +�%!' �,'�#��, $�(�- ��$�%$�%�� $�- ��*! )�� (�, 

�, � 	), &��#�� ��"$�%�� � 2�,�- $�-�. �'� $�� (�"��%� !"&�%#� �� !('0!'"��!# 

(�"���$� %! �-$) $� �!2�,�'�  '� !" ��!#� $�� %$�$'%$'�.� !-"� �$��  !$� $�� 

 !,/$� $�� �&*)�$� !�)� (81) �%�!�.�, ("��!' /��- �-$� �� %-�*!����  ! $�� 

! +'� �0��'�� *"�%� $�- DDB. 

 

7.2 ��������� �����������	  

�".$� �(’ ),�, � �'%��$�"�� (#!%�� ��' $�(�- Prosthetic 9801 (�- 0"�%' �(�'����! 

��$� $� *'�"�!'� $��  !$"�%!�� �(�*!#0$��! '*��'�.� *'�%$�%!��, (�0�-� ��' 

!-�� 1#�� &'� $'� ���&�!� $�� !"&�%#��. ��!5�"$�$� �() $� $�(� $�� ��"$�%�� �,,� ��' 

$� -(),�'(� �"'$�"'� ��$�&�"'�(�#�%�� $�- 5�- �!2�,�#�-, ("���($!' (�� � *'�"��$'�� 

*"�%� $�- DDB !(# $�� ��"-2�� $�- �+�- ��' &�"� �() �-$��  /%� $�- $ � �$�� �() 

plastazote, !#��' �(�$/,!% �  '�� %!'"�� !�!"&!'.�: �' �%��� !�!� *-�� !'�  /%� $�� 

%�%2'5�� $�� ' ��$��, ("���,��� $�� ���($-5� *'�"��$'��� (#!%�� %$� (!"'�0� $�- 

�+�-,  ! %$)0� �-$� � (#!%� �� ���($�%%!$�'  ! )%� $� *-��$) !(�"�� ��' %$��!") 

$")(� %$�� (!"'�0� !�*'�2/"��$��, ��!5�"$�$� �() $'� ���� !"'�/� *"�%$�"')$�$!� $�- 
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�%�!����.  %0/%�  !$�5� $' �� �%��� !��� *��� �� ��' ���($-%%) !��� (#!%�� 

! 2��#8!'  '� (�,� '%0-"� %-%0/$'%�, ��$' (�- !#��' !('�- �$) �,,� ��' ,�&'�) ,)&� 

2-%'��� $�-  �0��'% �� $�� *'�"��$'��� *"�%�� $�- DDB. �� &!&��)� (�� +�%!' $�� 

�(�$!,!% �$�� � (#!%� �-$� ���  ���*�  /$"�%�� $�� !('2��!'�� !�*'�2/"��$�� 

! 2��#8!' &'� ),� $� !#*� $�� %��,#�%�� (�-  !,!$������  '� %$�$'%$'�� !5�'"!$'�� 

%$��!"� $' � ( !  /&'%$� $-('�� �()�,'%� #%�  ! 0,02), 2�#�!$�' �� '����(�'!# �-$) $� 

%$)0� &'� $�� *'�"��$'�� *"�%� $�- DDB. �%$)%�, $� &!&��)� (�� �' $' /� $��  /%�� 

*��� �� ! 2��#8�-� !5�'"!$'��  !&�,� $-('�� �()�,'%� %� �#�!' (�� *!� -(�"0!' 

 ! ��� /�� $' � �,,� !�"�� $' .� �-$�� (�- �� ("/(!' �� �%���!# .%$! �� /0�- ! $� 

!('�- �$) �(�$/,!% �. �-$� $�� !" ��!#� !�'%0�!' ��' $� &!&��)� (�� $�  /&!��� $�� 

!('2��!'�� !(# $�� �(�#�� ! 2��#8!$�' *'�"��$'�� *"�%�, ! 2��#8!' &'� ),!� $'� %$�%!'� 

(!"'�"'% /�� $-('�� �()�,'%�. �� !�"�� !#��'  !&�,� ��' &'� $� $"#� !#*� %��,#�%�� (�- 

 !,!$������ ��' �'  /&'%$� $' � �-$�� �$��  !&�,�$!"� &'� (�"� �"2.%!'� $�(�- �*, 

��* � ��� ��' �* & �� ��$� %!'"�.  %!'"� �-$� !('+!+�'.�!' ��' $�� �,'�'�� 

*'�(#%$�%� (�� � $�(�- �* !#��' � ('� *�%��,� ��$' !$�(#%' � %��,#�%�, ��'  �8#  ! 

$�� ��* � ��� ,)&� $�-  !&�,�$!"�- !�"�-� $�� ��"$�%�� $�-� �(�'$���  !&�,�$!"!� 

*-�� !'� ��' ('/%!'� ("��!' /��- �� !('$!-0�!# � !('�- �$� *'�%(�"� $�� *'�"��$'��� 

*"�%�� $�- ��*! )��, %$� (!"'�0� $�- �+�-. �#��' 0�"��$�"'%$'�) (�� $� ��$� )"'� (74 

– 77 �) $�� �(�'$�� !��� *��� �� &'� $� *�� (".$� !#*� %��,#�%��, %0!*)� %- (#($!'  ! 

$� ��� )"'� �-$�� &'� $� *'(,� %��,#�%� (72 – 76 �) !5�'".�$�� $� 2� %$�%� $�- 

%. �$�� (�- �(�$!,!#  '� ��$�%$�%� %$�� �(�#� � �%�!��� �� +"!�!# !,�0'%$!� 2�"/� 

 /%� %$�� ���� !"'�)$�$� $�- ��'  ! (�,�  '�"� *'�"�!'� (�- �� %- +�,,!' *'�"��$'��. 

: �'� &'� $'�  !$"�� !�!� $' /� $�� (#!%��, �$�� 12,7 – 14,3 KPa ��' 8,3 – 9,4 KPa 

��$#%$�'0�. �/,��, � *'(,� %��,#�%� ,)&� $�- )$' �(�$!,!#$�' �() *�� «��!5�"$�$�» 
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 !$�5� $�-� $ � �$�, /0!'  '�")$!"� !�"�� (�"� )"2�%�� &'� ���! /�� �() �-$�, �,,� 

�-$� � '*'�'$!")$�$� $�� ���'%$� �()  )�� $�� 5!0�"'%$� (!"#($�%� (�- %! (�,,� 

�(�$!,/% �$�  )(�� �� 2��!# ��' (�"���$� %! �-$) $� �!2�,�'�, *'�2�"�(�'!#$�' $�� 

-(�,�#(�� !'*.�.      

 

�"0'��, �(�*!#0$��! (�� $� %2#5' � $�� ' ��$�� ("/(!' �� !#��' (��$� %$�  /&'%$�.  

%$�$'%$'�� %�&�"'%� $��  /%�� $' .� $�� *��� �� ��' $�� (#!%��  !$�5� !,�0'%$�- ��' 

 /&'%$�- %2'5# �$�� $�� ' ��$��, /*�%! %! ),!� $'� (!"'($.%!'� ��' &'� ),!� $'� %$�%!'� 

$�- %. �$�� $�� �%�!�.� *'�2�"/� %$�$'%$'�� %� ��$'�/� ��' -(/" $�� ��$�%$�%�� $�- 

 /&'%$�- %2'5# �$��. �!$� �() �-$� $�� (�"�$�"�%�, *!� �"#���! �(�"�#$�$� � )(�'� 

 !,/$� $�� $' .� *��� �� ��' (#!%�� (�- �2�"��%�� %! ��$�%$�%!'� !,�0'%$�- 

%2'5# �$�� ' ��$��. �%$)%�, +�%!' $�- �#���� 6.3 -(�"0�-�  !'.%!'� %$� (�%�%$) 

 !$�+�,�� $��  /%�� $' �� *��� �� ��' (#!%�� ("��*!-$'�� �() $� 1�  /0"' $�� 9� %$�%� 

$�- %. �$�� &'� ),� $� !#*� %��,#�%��. �-$) %0!$#8!$�'  ! $� $�%� (�- 0�"��$�"#8!' 

$�� DDB ��  !$��'�!#$�' ("�� $� (��� !(# $�- %. �$��,  ! '*��'�� �/%� $�- ��*! )�� 

�� !#��' � (�,� ��,� %$�"'5� %$� ,!���� $�- �%�!����. �-$) %� �#�!' (�� !#��' 

�(�"�#$�$� ��$� $� *'�"�!'� $�� � /"�� �� &#�!$�' /,!&0�� $�� %�%$�� !2�" �&�� $�- 

��' %-&�!�"' /�� �� ,��!$�' ��' �� 5���*/�!$�' ("��!' /��- �� �&��,'�8!' $� ,!���� 

$�- �%�!����. �(#%�� � (�"�(��� (�"�$�"�%� %0!$#8!$�'  ! $� &!&��)� (�� ("��*!-$'�� 

��'  ! $�� (�"�*� $�� *'�*�0'�.� %$�%!�� $�- %. �$��, � (�"� )"2�%� �!"*#8!' %! 

!,�%$'�)$�$�  ! �(�$/,!% � ��  !'.�!$�' � ���($-%%) !�� (#!%�. �)�� �' Pham et al 

(54) (�"�$�"�%�� ��"'+.� $� #*'� &'� $� ��*! )�� $�(�- Chêneau. 
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�(#%��, %! ),!� $'� %-&�"#%!'�  !$�5� $�� 1�� %$�%�� ���2�"�� ��' $�� 2�� %$�%�� $�- 

%. �$�� ( /&'%$� !'%(���), -(�"0! %$�$'%$'�� %� ��$'�� *'�2�"� -(/" $�� 2�� %$�%��, 

%-&�"#���$��  /%!� $' /� *��� �� ��' (#!%��. ��' �' *�� (�"�(��� %$�$'%$'�� 

%� ��$'�/� *'�('%$.%!'� !('+!+�'.��-� $�� !�!"&�$'�) *'�"��$'�) "),� $�- DDB, � 

�(�#�� �%�!# ��$#�!$!� *-�� !'� ("�� $� %��,'�$'�� (�"� )"2�%�, $�-$)0"���  ! $� 

 �0��'�� %$�"'5� $�- %. �$�� ((���$'�)� "),��) (�- (�"/0!', )(�� �,,�%$! 2����! 

���,-$'�� %$� 3� �!2�,�'�. �-$) !('+!+�'.�!' ��' $�� �%-  !$"#� ��$�%�!-�� $�- DDB 

��' $�� �(�"5� ��$#""�(�� �%��� !��� *-�� !�� �() ��' ("�� $� (#%�  /"�� $�- 

��*! )��. �(#%��, $� &!&��)� (�� � 1� %$�%� ! 2��'%! %$�$'%$'�� %� ��$'�� *'�2�"� 

 )��  ! $� 2� %$�%� $�- %. �$�� – !�$)� �() $� (!"#($�%� (�- &'� �* �%�!�!#� -(�"0! 

%$�$'%$'�� %� ��$'�� *'�2�"� ��'  ! $� %$�%� 9, �(�*!'���!' ��' $�� �,�� !"� 

*'�"��$'�� *"�%� $�- DDB, �2�� *!� -(�"0!' %$�%� %. �$�� � *"�%$�"')$�$� 

�%�!���� (�- �� !-��!# %! %0/%�  ! $'� -(),�'(!� $� *'�"��$'�� *"�%� $�- ��*! )��. 

	!� %-�#%$�$�' /$%' � 0"�%� $�- &'� ��(�'�  )�� 0"��'�) *'�%$� � $�� � /"��, �,,� &'� 

),!� $'� ."!� ��' *"�%$�"')$�$!� $�- �%�!����. �-$) /"0!$�' %! %- 2��#�  ! $� %-���� 

�&�&� $�� �!"�()�$�� '�$".� (�- %-%$��!' %$�-� �%�!�!#� 0"�%� $�- ��*! )�� &'� 

$�-,�0'%$�� 20 ."!� � !"�%#��.  %$�$'%$'�� %� ��$'�� *'�2�"�  !$�5� 1 – 9 %$�%!�� 

!(!'*� �(�$!,!#  ! ��� /�� &!&��)� ��' *!� (�"�$�"!#$�'  !$� $� %�&�"'%� $' .� 

(#!%��, ��  (�"��%! �� 0�"��$�"'%$!# ��' $-0�#� � ��!- %� �%#�� !�"� �.  

 

�' Pham et al (54) (�"�$�"�%�� %$�$'%$'�� %� ��$'�� *'�2�"�  !$�5� $�� (".$�� 

%$�%�� ��' $�� %$�%!�� 2, 3, 6, 8 ��' 9, 0�"#� �� !5!$�%!' $� %$�%� 7 $�- %. �$��. 

	'�(#%$�%�� %$�$'%$'�� %� ��$'�� !(#*"�%� $�- %2'5# �$�� $�� ' ��$�� %$�� 

���($-%%) !�� (#!%� �,,� )0' &'� ),�-� $�-� $�(�-� %��,#�%�� (�-  !,/$�%��, 
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�(�*#*��$�� �-$) %$�  '�") (,��-% ) �%�!�.� (�- 0"�%' �(�#�%!. �(#%��, ��' �' Aubin 

et al (84) (�"�$�"�%�� ��5�%� $�� �%��� !��� *��� ��  ! $� %2#5' � $�� ' ��$�� $�- 

��*! )�� (�-  !,!$��%��. 

 

�"�0�".�$�� %$�  !$"�$'�� !-"� �$� $�� (�"��%�� !"&�%#��, �' �%�!�!#�  ! �* 

! 2��'%�� $'�  /&'%$!�  /%!� $' /� *��� �� ��' (#!%��. �'� %-&�!�"' /�� �$�� ��$� 

%!'"�: �*, ��* � ��� ��' �* & �� )(�� 2�#�!$�' %$'� �'�)�!� 6.1 ��' 6.2. �-$) 

�!�"!#$�' 2-%'�,�&'�) ��' ��� !�) !�� *')$' �' ��"��'�/� (�*) (�"� �"2.%!'� 

�(�'$��� (#!%� %$� (,!-"� ��' -(!"(�*�%� $�� !,�%$'�)$�$�� $�� �"�".%!�� ��' $�� 

(,!-".�  /0"' �-$� � (#!%� �� 2$�%!' %$�� ����-$� !,�%$'�� (�"� )"2�%� $�� 

%(��*-,'��� %$�,��. �-$� � ���($-5� (#!%�� /0!' �� �(�$/,!% � $� (!"'�"'% ) $�� 

(�"� )"2�%�� ��' !'*'�� $�� %$"�2�� $�� %(��*-,'��� %$�,�� ("��!' /��- �� -(�"0!' 

 !$�+�%� %$�  !#�%� $�� &��#�� Cobb ��' $�- �+�-. ��$'�/$��, o ��*! )��� $�(�- 

Boston  /%� $�� � !%�� (,!-"'��� (#!%��, !('$-&0��!'  !#�%� $�� &��#�� Cobb �,,� 

$�-$)0"��� ��5�%� $�- �+�- ,)&� $�� (,�&'�� *'�"��$'��� *��� �� (�- �%�!#$�'  ! 

�(�$/,!% � � �%��� !�� *��� � $�- ��*! )�� �� «��$���,.�!$�'» ��' %$� (,�%$'�� 

(�"� )"2�%� $��  �"#�� �-$.�.  �%2-4�� (��) (�"� )"2�%� ��$'�/$��, ,)&� $�� 

���($-5�� ('/%!�� �(!-�!#�� %$�-�  �!� $�� %(��*-,'��� %$�,��, ! 2��#8�-� ��,�$!"!� 

*'�"�.%!'� ��' 2-%'��  '�")$!"!� �(�'$�%!'� �%��� !��� *-�� !�� ��' 

���($-%%) !��� ('/%!�� ��' &'’ �-$) $� $ � � $�� �� (�"� )"2�%�� $�� (!"'%$�$'�.� 

*'(,�� %��,#�%�� ! 2��#8!' ��' $'�  '�")$!"!�  /%!� $' /� *��� �� ��' (#!%�� &'� ),!� 

$'� %$�%!'� $�- %. �$��. �' ��"���-�%2-4�/� (��* � ���) (�"� �"2.%!'� ,)&� $�� 

!�*'� !%�� ��$�%$�%��  !$�5� ��"��'��� ��' �%2-4��� (�"� )"2�%�� ! 2��#8�-� ��' 

 /%!� �(�'$�%!'� %! *'�"��$'�� (#!%�. �� ,�2�!# -()1� (�� � ��"���-�%2-4�� (!"'�0� 
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$�� %(��*-,'��� %$�,�� !#��' ('� !��� ($� �() $'� �,,!� (!"'�0/� $��. �/,��, $� $ � � 

�* $�� *'(,.� %��,'.%!�� (�"� $� 2�%�� $��, )(�� ���2/"���! %$�� �"0� �-$�� $�� 

(�"�&"�2�-, ! 2��#8!'  '�")$!"�  /%� $' � �() $��  ���"� �* (�"� )"2�%� *')$' � 

/�$�%� $�� !#��'  '�")$!"� ��' )�$�� %-�*!*! /�� � !%�  ! $�� �%2-4�� (��) $�� *'(,�� 

%��,#�%��, �� ("/(!' �� -(�"0!'  '� %0!$'�� '%�""�(#�  !$�5� $�-� )%�� �2�"� $�� 

���($-%%) !�� *'�"��$'�� (#!%�. ��' �' Pham et al (54) /*!'5�� (�� �' ��"��'�/� 

(�"� �"2.%!'� ! 2��#8�-� $'�  !&�,�$!"!� ���&�!� *'�"��$'��� (#!%��.  

 


$� %-�/0!'�,  ! $� ��$�&�"'�(�#�%� $�� �%�!�.� ���,�&�  ! $� &��#� Cobb ��' $� 

��$�%$�%� %$�� �(�#� +"'%�)$�� � ��*! )��� $�-� (��$�&�"#!� (�, 	, ��' �), ("�/�-1! 

(�� �' �%�!�!#� ),�� $�� ��$�&�"'.�  ! &��#� ��"$�%�� 30 – 40° ��' �' �%�!�!#� $�� 

��$�&�"'.� �* ��' ��* � ���  ! ��*! )�� $�(�- 	 ! 2��'%�� $'�  !&�,�$!"!�  /%!� 

$' /� *��� �� ��' (#!%�� &'� ),!� $'� %$�%!'� $�- %. �$��, %! %0/%�  ! �-$��� $�� 

��$�&�"'.� 20 – 29° ��' � ��' � ��$#%$�'0�. �' �%�!�!#�  ! *'(,� %��,#�%�, *!� 

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

�� ��'  ! ��� /�� $� $ � � �� �-$.� ! 2��'%! &'� ),!� $'� %$�%!'� $�- %. �$�� $'� 

 !&�,�$!"!� $' /� (#!%�� &'� $�-� �%�!�!#�  ! ��*! )�� 	. �-$� � *'�2�"�(�#�%� 

!(�,��!�!' %! /�� +�� ) ��' $'� '*'�'$!")$�$!� (�- 0�"��$�"#8�-� $'� *'(,/� %��,'.%!'� 

%! %0/%�  ! $'� -(),�'(!� (�-  !,!$������.  &��#� Cobb 30 – 40º ,)&� �-5� /��� 

���&�.� *')"��%�� �,,� ��' ,)&� 2-%'�,�&#�� $�� ��"$�%��, �(�'$!# �-5� /�� 

���($-5� *'�"��$'��� (#!%�� �"� ��' �%��%�  !&�,�$!"�� *��� �� %$� (!"'�0� $�- 

�+�-, �()$! ��$' $/$�'� !('+!+�'.�!$�' ��' �() $� !-"� �$� $�� (�"��%�� !"&�%#��. 

�(#%��, !#��' �(�,�$�� ,�&'�) ��' ��� !�) !�� �' �%�!�!#� $�� ��$�&�"#�� 	 ��*! )�� 

�� ! 2��#8�-�  !&�,�$!"!� $' /� *'�"��$'��� (#!%�� %! ),!� $'� %$�%!'� $�- %. �$��, 
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*')$' � ��$�&�"#� 	 (!"',� +��!' 0!'"����$'�/� *'�"��$'�/� !(! +�%!'� %$� ��*! )�� 

�() $�-� $!0�'���� ��$�%�!-�� $�-,  ! %��() $�� ��,�$!"� !2�" �&� $�- %$� %. � $�- 

�%�!����. �' *'�"��$'�/� �-$/� !(! +�%!'� (!"',� +���-� !�*!0� /��� ("�%���� 

��$�,,�,)$!"�- � !('(,/�� $ � �$�� plastazote %$� (!"'�0� $�- �+�-, ��$'��$�%$�%� 

2��" /��� ' ��$�� %�%2'5��, $�(��/$�%� ' ��$�� %$�� ��$#�!$� 2�"�, ("�%���� 

!('(,/�� ('/%$"�- ���,�&�  ! $� $�(� $�� %��,#�%�� )(�� ��'  !$��#��%� ('/%$"�� ��' 

$ � �$�� plastazote ,)&� $�� �,,�&��  �"2�� $�- �+�- (�- ("��,����! �() $� 

*')"��%�. �-$/� �' !�/"&!'!� !('�!�$".��-� $� !�*'�2/"�� �(��,!'%$'�� %$� (!"'�0� $�- 

�+�- ��' !#��' '���/� �� �-5�%�-� $� *'�"��$'�� (#!%� !�!#. �� &!&��)� (�� *! 

(�"�$�"����! '%0-"� %-%0/$'%�  !$�5� $�� $' .� *��� �� ��' (#!%�� &'� $� *�� 

$ � �$� $�� *'(,�� %��,#�%�� ��' &'� $'� $"!'� ��$�&�"#!� �, 	, ��' �, !('+!+�'.�!' $� 

*'�2�"!$'�� 2-%'�,�&#� $�� *�� �-$.� $�(�� %��,#�%��. �%$)%�, $� &!&��)� (�� $� rho 

/0!' �!$'�� $' � &'� $'� *-�� !'� ��' $'� ('/%!'�, !�$)� �() $� (!"#($�%� $�� ('/%!�� &'� 

��*! )�� $�(�- �, %� �#�!' (�� � ��5�%� $�� $' �� &'� $� �* ("���,!# ��5�%� ��' &'� 

$� $' � $�� �� ��' ��$#%$"�2�. �/,��, �5#8!' �� ���2!"�!# (�� �� '� �() $'� �,,!� 

!"!-��$'�/�  !,/$!� (44,54,83,84) *!� !2�" �%! *'�0�"'% )  !$�5� $�� �%�!�.� +�%!' 

$�� 0�"��$�"'%$'�.� $�- ��*! )�� ��' $� &��#� Cobb. 

 

�() $� �#���� 6.4 2�#�!$�' $� (�%�%$) $�� �%�!�.� (�- !#*�� +!,$#�%�  !$� �() 

%-&�!�"' /�� 0"��'�) *'�%$� � !2�" �&�� $�- ��*! )�� &'� ),� $� !#*� %��,#�%��. 

�(#%��, %$�� #*'� (�"�&"�2� 2�#�!$�' $� (�%�%$) +!,$#�%�� $�� ��"$�%�� &'� ���! $�(� 

%��,#�%��. �() �-$� $� %$�'0!#� !('+!+�'.�!$�' (�� %��,#�%� $�(�- ��* � ��� 

! 2��#8!' $� ��,�$!"� (")&��%� )(�� ��' $� ��,�$!"� (�%�%$) +!,$#�%�� %! %0/%�  ! 

$� �,,� !#*�.  �* %��,#�%� ! 2��#8!' $� 0!'")$!"� (�%�%$�, �� � (,/�� *�%��,� %$�� 
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��$' !$.('%� ,)&� ���$� #��.  *'(,� %��,#�%�, �� ��' &'� $� �,�*� �� ! 2��#8!' 

+!,$#�%� &'� $� 100% $�� �%�!�.�, &'� $� �* �,�*� �-$) $� (�%�%$)  !'.�!$�' %$� 

50%. ��' %! �-$� $� (!"#($�%� !('+!+�'.�!$�' � *-%��,#� %$�� ��$' !$.('%� %! 

(!"'($.%!'� ��"��'��� %��,#�%��  ���� � $ � �$�� *'(,��. �(#%��, ("/(!' �� %� !'��!# 

(�� %! ),!� $'� (!"'($.%!'� $� (�%�%$) +!,$#�%�� $�� &��#�� Cobb ! 2��#8!' %0!$'�� 

-1�,� $-('�� �()�,'%� $��  /%�� $' .�. �-$) �2!#,!$�' %$� &!&��)� (�� $� !�"�� $�- 

0"��'��� *'�%$� �$�� 0"�%�� $�- ��*! )�� !#��'  !&�,� ��' � 0")��� !2�" �&�� $�- 

��*! )�� !#��' /��� �() $�-� (�"�&��$!� (�- !(�"!�8�-� $� (�%�%$) +!,$#�%�� $�� 

&��#�� Cobb. �%$)%�, *!� (�"�$�"����! %-%0/$'%�  !$�5� 0")��- !2�" �&�� $�- 

��*! )�� ��' (�%�%$�� +!,$#�%�� $�� ��"$�%��, )(�� ��'  !$�5�  /%�� $' �� *��� �� 

��' (#!%��  ! $� (�%�%$) +!,$#�%��. �� #*'� (�"�$�"����! ��'  !$�5� ��$��� �� (#!%�� 

!(# $�� !('2��!#��  ! $� (�%�%$) *')"��%�� $�� ��"$�%�� ��' $�- 0")��- 0"�%�� $�- 

��*! )��. �-$) �2!#,!$�' %$� &!&��)� (�� � +!,$#�%� �,,� ��' $� (�%�%$) �-$��, 

!(�"!�8��$�' !�$)� �() $� 0")�� !2�" �&�� $�- ��*! )�� ��' �() $� %�%$� !2�" �&� 

$�-, $� *!#�$� Risser, $� %2#5' � $�� ' ��$��, $�� �,'�#� $�- �%�!����, $� 

(�"���,����%� $�� *'�"��$'��� *"�%�� $�- ��*! )�� ��$� $� *'�"�!'� $�� �!"�(!#�� 

�,,� ��' �() $� !#*�� $�� %��,#�%��. ��) � (�,�  !&�,� %� �%#� (�#8!' ��' � 

!,�%$'�)$�$� $�� � $�� �� (�,�� (�- ��' �-$� !(�"!�8!$�' �() �"�!$��� �,,�-� 

(�"�&��$!�. �()$!, �(�$!,!#  '� %���!$� *'�*'��%#� (�- *! ��  (�"��%! $� �(�$/,!% � 

$�� �� !5�"$�$�'  )�� �()  '� (�"� !$"�. 

 


$�$'%$'�� %� ��$'�� %0/%� *! ("�/�-1! ��'  !$�5� $�(�- ��"$�%�� ��' ��$�,�5�� 

(+!,$#�%�, !('*!#��%� � %$��!"�(�#�%�) (�- !#0! � %��,#�%�. �� #*'� (�"�$�"����! ��' 

 !$�5� 2�,�- �%�!���� ��' ��$�,�5�� %��,#�%��. �-$) !#��' ,�&'�) &'�$# &'� ���/�� 



 147 
 

!#*�� ��*! )�� *!� -(�"0!' /"!-�� (�- �� ("��"#�!' /�� �() $� *�� 2�,� %! %0/%�  ! $� 

��$�,�5� $�� ��"$�%��, )(�� ��' !#*�� %��,#�%��. �%$)%� %$�$'%$'��, $� ��"#$%'� 

(�"� /��-� � %-�$"'($'�� (,!'�1�2#� $�� �%�!�.� ��' � �* � ('� %-0�� ��' ('� 

*�%��,� ��$' !$�(#%' � %��,#�%�. 

 

��"#8��$�� $�-� �%�!�!#� %! *�� �,'�'��/� ��$�&�"#!� (A 14 ��' > 14 /$�) �() $�-� 

�#���!� 6.5 ��' 6.9 ("���($!' (�� &'� ),� $� !#*� %��,#�%��, � (".$� ��$�&�"#� 

�%�!�.� ! 2��#8!'  !&�,�$!"�  /%� $' � *��� �� ��' (#!%��. �'*'�� &'� �%�!�!#�  ! �* 

��' ��* � ��� �-$) !#��' (�,� 0�"��$�"'%$'�). �-$) �2!#,!$�' %$� &!&��)� (�� �' 

 !&�,�$!"!� *'�"��$'�/� ('/%!'� %! %-�*-�% )  ! $�� !,�%$'�)$�$� $�- %�!,!$�� �-$.� 

$�� �%�!�.� %- +�,,�-� .%$! �� !('$!-0�!# �  /&'%$� *-��$� *')"��%�  /0"' $�� 

�,'�#� $�� 14 !$.� ��' $�� (,�"� !5�,!'1� $�- %-�),�- $�� !,�%$'�.� 

(�"� �"2.%!��. �%$)%�, !5���,�-�!# � �-%'�%$'�� *')"��%� �� /0!' �� ���!'  ! $� 

*')"��%�  /"�-� $�� (,�%$'�.� (�"� �"2.%!��. ��"#� �� -(�"0!' %-%0/$'%�  !$�5� 

�,'�'���� ��$�&�"#�� $�� �%�!�.� ��' (�%�%$�� +!,$#�%��, � �"��$'�� $' � $�- rho, 

�(�*!'���!' (�� � ��5�%� $�� �,'�#�� %� �#�!' ��'  !#�%� $�- (�%�%$�� +!,$#�%�� $�� 

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

$�- $")(�- *"�%�� $�� %��,#�%��. 

 

7.3 ������������ 

  !,/$� $�� �%��� !��� *-�� !�� ��' $�� ���($-%%) !��� ('/%!�� �() $�� DDB 

("�� $� %. � $�- �%�!����, �(�$!,!#  '�  /��*� !" ��!#�� $�� *'�"��$'��� 

%- (!"'2�"�� $�- ��*! )��. �"��!' /��- �' ���($-%%) !�!� ('/%!'� �� %- +�,,�-� 
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*'�"��$'��, �� ("/(!' �' ' ��$!� $�- ��*! )�� �� !#��' %$�  /&'%$� %2'& /��'  '� ��' 

/  !%� ("�/�-1! '%0-"� %-%0/$'%�  !$�5� $!�$. �$�� ' ��$�� ��'  /%�� $' �� $�� 

���($-%%) !��� *'�"��$'��� (#!%�� &'� ),!� $'� %$�%!'� $�- %. �$�� (�-  !,!$������. 

�%$)%�, � ("�5� /*!'5! (�� &'� �� !('$!-0�!# � ��,�$!"� !2�" �&� $�- �� ("/(!' ��' 

��$� $� *'�"�!'� $�� � /"�� �� !(���$�(��!$!#$�' ("��!' /��- �� %$�"#8!$�' %$� +�%� 

$�� ,!����� $�- �%�!����  '� ��' ! 2��#8!' $� $�%� �� �'�!#$�' ���*'��  ! $� 0"�%� !(# 

$�- ��" �� $�- �%�!���� ��' !(#%�� �� ("/(!' $� (#!%$"� �� +"#%���$�' $�(��!$� /�� %! 

��$�,,�,� �/%� !(# $�� ��"-2�� $�- � $�� �+��. 

 

�(#%��, �' *'�"��$'�/� ('/%!'� *! ("/(!' �� ���($�%%��$�'  )�� !(��� %$�� ��"-2� $�- 

�+�- �,,� ��' %$� (!"'�0� &�"� �() �-$��  '� ��' � (�"� )"2�%� !'*'�� %$� �* ��' 

%$� ��* � ��� %��,#�%� !#��' ('� !�$!$� /�� 0�"'��.  *'�"��$'�� �!"�(!#� �� ("/(!' 

�� !#��' ('� !�$�$'�� ��' �-%$�"� %! �,'�#!�  /0"' $� 14 /$� )(�� 2�#�!$�' ��' %$�$'%$'�� 

("��!' /��- �� !� !$�,,!-$!# � �!"�(��$�� '�$")� %$�  /&'%$� $�� !,�%$'�)$�$� $�- 

%�!,!$�� $�� �%�!�.� %! �-$� $�� �,'�#� ��' �� !('$�0!' $�  /&'%$� *-��$� *')"��%� 

$�� !,�%$'�.� (�"� �"2.%!��. 

 


-��,'��  (�"�� ! �� (�� ! (�� � ("�%*'�"'% )� $�- ��"'+���  !&/��-� $�� 

�%��� !��� *-�� !�� ��' ��$’ !(/�$�%� $�� ���($-%%) !��� ('/%!�� (�- !#��' 

�(�"�#$�$!� &'� �� !�!"&!# � ��*! )��� *'�"��$'��, �,,� ��' $�  /&!��� $�� (!"'�0�� !(# 

$�� �(�#�� ("/(!' �� ��$��/ !$�' � �') �"2� � (#!%�, �� %- +�,,�-�  ! ��$!��-�%� $� 

$!,'�) �(�$/,!% � $�� *')"��%�� �� !#��' $� ��,�$!"� *-��$) ��' !('$!�5' � %! 

 '�")$!"� 0"��'�) *'�%$� �. �%$)%�,  '� ��' � *')"��%� !#��' �(�$/,!% � $�� 

%- +�,�� (�,,.� (�"�&)�$�� *!� �"�!#  )�� �-$).  %�%$� $�(��/$�%� ��' !2�" �&� 
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$�- ��*! )��, � %-0�)� ���� !"'�)� �,,� ��' !"&�%$�"'��) /,!&0)� $�- %! %-�*-�% ) 

 ! $�� ('%$� !2�" �&� $�� �!"�(!-$'��� �&�&�� �-5���-� ��$� (�,� $'� ('���)$�$!� 

*')"��%�� /�� ��' !5 �,��,�"�- �!"�(!#�� $�� %��,#�%��  !$� $� $/,�� $�� �!"�(!#��. 

 

:,� $� (�"�(��� ("���($�-�  ! *!*� /�� $� 0"�%� $�- ��*! )�� &'� $�-,�0'%$�� 20 

."!� � !"�%#��. �� �$�� '*��'�) �� � �!"�(!#� %-�*-�8)$��  ! ��(�'� $")(� !�$# �%�� 

� ��,�$!"�  /$"�%�� $�- ��"'+��� 0")��- 0"�%�� $�- ��*! )�� �() $�� �%�!�� &'� $� 

0"��'�) *'�%$� � (�- !('+�,,!' � �!"�(!-$'�� �&�&�.   

 

�� ��$��,!#*' ("/(!' �� ("�%$!�!# (�� � %�%$� ��' �"�� �!"�(!#�  ! $�� ��*! )��, 

!5�"$�$�' �() �"�!$��� (�"�&��$!�, �-"')$!"�' $�� �(�#�� !#��' �-$�# (�- � ���/��� 

6�0�"#�- %-�!0.� ���2/"!': 

� � %�%$)� ��*! )��� &'� ���! (�'*# (�- !5�"$�$�' �() $'� &�.%!'� $�- �!"�(��$� 

'�$"�� 

� �� %�%$) �"�"'� 0"�%�� $�- ��*! )�� (�- !5�"$�$�' �() $� #*'� $� (�'*#, ��' 

� �� %�%$) %2#5' � $�- ��*! )�� (�- !5�"$�$�' �() $� �'��&!�!'��) (!"'+�,,�� 

$�- (�'*'�� ((�$/"�� ��'  �$/"�). 
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)�"�&$7$ 

�' ('/%!'� (�- ���($�%%��$�' ��"'+.� %$�� ��"-2� $�- %��,'�$'��� �+�- ��' %$�� 

(!"'�0� &�"� �() �-$��, %- +�,,�-� %$� *'�"��$'�� *"�%� !�)� ��*! )�� $�(�- DDB. � 

%��()� �-$�� $��  !,/$�� �$�� � ���,-%� $�� ! +'� �0��'��� *"�%�� $�- DDB  /%� $�� 

 /$"�%�� ��' !�$# �%�� �-$.� $�� *'�"��$'�.� ('/%!�� �,,� ��' $�� �%��� !��� 

*-�� !�� (�- $'� ("���,���, &'� !��/� (9) *'�2�"!$'�/� %$�%!'� $�- %. �$�� 

("�%� �'�8��$�� $'� ���� !"'�/� *"�%$�"')$�$!� $�� �%�!�.�  ! %��,#�%�. �'’ �-$) $� 

%��() 0"�%' �(�'����! $� ,�&'% '�) MatScan %! %-�*-�% )  ! $�� (�,� !��� ($� ��' 

,!($) �'%��$�"� (#!%�� $�(�- Prosthetic 9801 $�� !$�'"#�� Tekscan. �2�� $�(��!$����! � 

�'%��$�"�� %$� (!"'�0� !�*'�2/"��$��,  !,!$������ �&*)�$� /��� (81) �%�!�!#�, �&)"'� 

��' ��"#$%'�,  ! ��"��'�� *!5'� (�*), ��"���-�%2-4�� *!5'� � �"'%$!"� (��* � ���) ��' 

*'(,� ��"��'�� *!5'� ��' �%2-4�� �"'%$!"� (�* & ��) %��,#�%�. �� �(�$!,/% �$� 

/*!'5�� (�� $� %2#5' � $�� ' ��$�� $�- ��*! )�� %$�  /&'%$� !#��' �(�"�#$�$� &'� ),�-� 

$�-� (�"�(��� $�(�-� %��,#�%�� ��' �(�*!'���!$�' �-$)  ! $�� %$�$'%$'�� %� ��$'�� 

��5�%� %$'� $' /� $�� *��� �� ��' $�� (#!%�� (�- ("���,!# ��$' $/$�'�. 	!� -(�"5! 

%$�$'%$'�� %� ��$'�� *'�2�"�  !$�5� $��  !$"�� !��� $' .� *��� �� ��' (#!%�� $�� 

!��/� (9) %$�%!�� $�- %. �$��  ! $�-� ' ��$!� %$�  /&'%$� %2'& /��-�, ��$' (�- %� �#�!' 

(�� � ��*! )��� ,!'$�-"&!#  ! $�� #*'� $")(� ���’ ),� $�� � /"�. �(#%��, 0�"#� �%$)%� �� 

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

 ! $� %2#5' � $�� ' ��$�� �-5��!' ��' $�  /&!��� $�� (!"'�0�� !(# $�� �(�#�� ��$��/ !$�' � 

*'�"��$'�� (#!%�,  ! !5�'"!$'�� %$��!")$�$�. ��"),�, (�- *!� ��'0�!�$��! %$�$'%$'�� 

%� ��$'�� %-%0/$'%�  !$�5�  /%�� *'�"��$'��� (#!%�� ��' (�%�%$�� *')"��%�� �,,� ��' 

0")��- 0"�%�� $�- ��*! )��, ("�/�-1! !(#*"�%� �-$�� !(# $�- $!,'��� *'�"��$'��� 
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�(�$!,/% �$��. �� $!,'�) *'�"��$'�) �(�$/,!% � �(�$!,!# %- +�,� (�"�&)�$�� )(�� $� 

%2#5' � $�� ' ��$��, � %�%$� !(���$�(��/$�%� $�- ��*! )�� ��$� $� *'�"�!'� $�� 

� /"��, � �,'�#� $�- �%�!����, � $�(�� $�� %��,#�%��, � *!#�$�� Risser ��' � !,�%$'�)$�$� 

$��  ���� � *'(,�� �� (�,��. 
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SUMMARY 

The pressure developed exactly on the top of the scoliotic hump and the area around it, 

contributes to the corrective action of the Dynamic Derotration Brace (DDB). The purpose of 

this study was the analysis of the bioengineering action of DDB, measuring and evaluating 

the corrective pressures and the applied forces which cause them, for nine (9) different body 

postures simulating the everyday activities of the scoliotic patients. For this purpose the 

MatScan software in combination with the very flexible and thin pressure sensor Prosthetic 

9801 of Tekscan were used. After positioning the sensor on the area of interest, eighty one 

(81) patients were studied, boys and girls, with thoracic right, thoraco-lumbar right or left and 

double (thoracic right and lumbar left) scoliosis. The results showed that tightening the 

brace’s straps at the maximum tension is necessary for all the above types of scoliosis and 

this is proved by the statistical significant increase of the force and pressure values which was 

caused by that. There was not a statistical significant difference between the measured force 

and pressure of the nine (9) body postures with the straps’ tense at the maximum, which 

means that the DDB works in the same way the whole day. Also, without being statistical 

significant the difference which was noticed for all the body postures, the tightening of the 

straps to the maximum tension causes increase of the area’s magnitude on which the pressure 

is distributed, with extreme stability. Although there was not noticed statistical significant 

correlation between the mean corrective pressure and the percentage of correction and the 

period of time of brace’s usage, there was effect of it on the total correction. The final and 

total correction is the result of many factors contribution, such as the straps’ tension, the 

correct repositioning of the brace during the day, the patient’s age, the type of curve, the 

Risser sign and the elasticity of the single or double curve.    
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) " "�$%  1 
 

�/� 1�� $�
-� 
(���) 

;9�� 
(m) 

#���� 
(Kg) 

�	������/	��� 
 �*�	� 

(������ 
(°) 

      4� 4�� 4�� 4� & �� 
1 K 14,2 1,64 49 ��   38   

2 K 10,2 1,52 46 �� 23     

3 K 10,2 1,41 48 �� 23     

4 K 16,7 1,62 58 �� 22     

5 K 12,5 1,62 53 �� 38     

6 K 12,5 1,60 50 ��  27    

7 K 12,4 1,60 46 
� 20     

8 K 15,0 1,72 58 		  35    

9 A 12,6 1,70 46 	� 30     

10 K 12,5 1,55 38 ��6 22     

11 K 15,2 1,59 37 �� 30     

12 K 15,0 1,50 46 �� 25     

13 A 12,3 1,53 53 �� 25     

14 K 15,3 1,6 40 ��  30    

15 A 16,4 1,80 64 �
   22   

16 K 15,6 1,61 55 	�  22    

17 K 15,2 1,67 48 �� 35     

18 K 15,3 1,63 80 �� 25     

19 A 14,8 1,67 70 �
 24     

20 K 15,8 1,54 45 �3   25   

21 K 10,5 1,50 36 ��   22   

22 A 15,1 1,77 61 ��   39   

23 K 10,2 1,60 48 	�   23   

24 K 12,4 1,56 45 �� 25     

25 K 14,8 1,58 49 �� 22     

26 K 11,4 1,61 46 �� 20     

27 K 13,2 1,58 54 ��   25   

28 K 11,9 1,51 47 �
 36     

29 K 11,6 1,58 54 ��   22   

30 K 14,5 1,68 60 �	 35     

31 � 11,3 1,42 38 �
 20     

32 � 13,3 1,58 40 �� 30     

33 � 14,4 1,60 45 ��  33    

34 � 16,2 1,62 48 	� 40     

35 � 13,9 1,76 72 �	  30    
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36 � 14,2 1,68 60 �� 30     
37 � 14,3 1,67 55 

  22    

38 � 11,2 1,48 47 �
 26     

39 � 14,2 1,65 67 �
  34    

40 � 14,1 1,74 49 
� 40     

41 � 12,9 1,54 49 
� 22     

42 � 13,0 1,68 70 	� 32     

43 � 12,3 1,55 45 �� 28     

44 � 14,4 1,61 48 ��   25   

45 � 17,2 1,60 60 �� 25     

46 � 12,9 1,52 40 �� 30     

47 � 12,8 1,66 58 ��  32    

48 � 14,5 1,63 48 �� 40     

49 � 12,3 1,67 50 ��   35   

50 � 15,0 1,52 46 �� 35     

51 � 16,4 1,79 71 �� 24     

52 � 13,3 1,60 44 
�    20 20 

53 � 13,8 1,63 66 �� 27     

54 � 14,7 1,66 46 ��    27 20 

55 � 15,7 1,56 40 ��  35    

56 � 15,8 1,62 46 ��    32 37 

57 � 14,9 1,67 45 ��   35   

58 � 15,5 1,56 54 	�    34 30 

59 � 15,2 1,68 45 D	 32     

60 � 14,5 1,63 48 ��    40 37 

61 � 15,1 1,70 50 �
    32 25 

62 � 15,7 1,57 48 ��    35 40 

63 � 16,1 1,69 45 ?� 24     

64 � 14,7 1,66 58 ��    40 40 

65 � 16,2 1,71 60 ��    26 20 

66 � 17,2 1,73 63 �
    20 30 

67 � 14,3 1,67 43 
�  20    

68 � 13,9 1,56 39 ��  22    

69 � 15,5 1,77 85 ��    35 35 

70 � 11,4 1,53 50 ��    28 20 

71 � 11,0 1,52 60 ��    35 35 

72 � 12,5 1,5 37 ��    35 32 

73 � 12,8 1,50 42 ��    30 40 

74 � 12,3 1,55 49 �	 26     

75 � 12,1 1,67 67 ��    25 22 
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76 � 10,0 1,41 43 ��
 40     
77 � 10,0 1,52 50 �� 20     

78 � 10,0 1,76 53 ��    40 40 

79 � 17,1 1,52 65 �� 20     

80 � 15,1 1,76 67 �� 25     

81 � 10,3 1,53 48 ��   29   

  �#����� �1.1: ��"��$�"'%$'�� $�� �%�!�.� 
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) " "�$%  2 
 

4� 
0�	-� Cobb: 20-29° 0�	-� Cobb: 30-40° 

�/%� �%��� !�� *��� � (�) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 74 ± 33 91 ± 40 1 69 ± 23 94 ± 38 

2 86 ± 38 114 ± 56 2 92 ± 40 125 ± 59 

3 77 ± 32 92 ± 39 3 75 ± 26 97 ± 43 

4 74 ± 33 91 ± 43 4 73 ± 27 97 ± 37 

5 78 ± 34 91 ± 42 5 73 ± 25 92 ± 36 

6 83 ± 36 91 ± 42 6 78 ± 29 92 ± 36 

7 69 ± 29 75 ± 35 7 66 ± 25 82 ± 33 

8 71 ± 26 79 ± 32 8 76 ± 32 89 ± 37 

9 66 ± 30 77 ± 30 9 65 ± 25 78 ± 38 

              �#����� �2.1: �/%� �%��� !�� *��� � (�) &'� �%�!�!#�  ! �* ��' &��#� Cobb 20-29° ��'  
              30-40° 

 

 

4� 
(���.��-� + (���.��-� ! 

�/%� �%��� !�� *��� � (�) 

�/� �,�0'%$� 
%2#5' � ' ��$�� 

�/&'%$� 
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 75 ± 33 87 ± 40 1 72 ± 33 98 ± 45 

2 87 ± 38  108 ± 53 2 95 ± 46  124 ± 59 

3 76 ± 31 91 ± 42 3 75 ± 33 97 ± 50 

4 77 ± 34 94 ± 48 4 72 ± 33 95 ± 44 

5 74 ± 33 91 ± 45 5 75 ± 34 95 ± 43 

6 80 ± 35 92 ± 43 6 84 ± 38 97 ± 46 

7 67 ± 26 71 ± 34 7 71 ± 36 84 ± 45  

8 73 ± 28 82 ± 34 8 75 ± 35 91 ± 43 

9 64 ± 29 77 ± 31 9 66 ± 33 84 ± 43 
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4� 
(���.��-�   

�/%� �%��� !�� *��� � (�) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� 

1 68 ± 19 89 ± 33 

2 81 ± 30 118 ± 61 

3 76 ± 25 91 ± 30 

4 70 ± 24 87 ± 29 

5 75 ± 25 87 ± 30 

6 77 ± 26 84 ± 27 

7 63 ± 14 76 ± 20 

8 69 ± 23 74 ± 22 

9 65 ± 21 68 ± 21 

�#���!� �2.2� ��' +: �/%� �%��� !�� *��� � (�) &'� �%�!�!#�  ! �* ��' $'� ��$�&�"#!� �, 	 ��' � 
 
 

 

4�� � 4�� 
0�	-� Cobb: 20-29° 0�	-� Cobb: 30-40° 

�/%� �%��� !�� *��� � (�) 

�/� �/&'%$�  
%2#5' � ' ��$�� �/� �/&'%$�  

%2#5' � ' ��$�� 

1 78 ± 40  1 79 ± 31 

2 100 ± 38 2 105 ± 37 

3 74 ± 32 3 76 ± 27 

4 81 ± 33 4 82 ± 29 

5 76 ± 31 5 79 ± 31 

6 78 ± 38 6 80 ± 28 

7 76 ± 32 7 77 ± 27 

8 68 ± 44 8 69 ± 29 

9 71 ± 23 9 74 ± 18 

�#����� �2.3: �/%� �%��� !�� *��� � (�) &'� �%�!�!#�  ! ��* � ��� ��' &��#� Cobb 20-29° ��' 30-40° 
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4�� � 4�� 
(���.��-� + (���.��-� ! 

�/%� �%��� !�� *��� � (�) 

�/� �/&'%$� 
%2#5' � ' ��$�� 

�/� �/&'%$�  
%2#5' � ' ��$�� 

1 95 ± 15 1 101 ± 29  

2 122 ± 18 2 127 ± 31 

3 93 ± 11 3 100 ± 28 

4 96 ± 16 4 107 ± 29 

5 92 ± 13 5 102 ± 33 

6 93 ± 16 6 101 ± 26 

7 90 ± 18 7 92 ± 22 

8 79 ± 23 8 86 ± 22 

9 81 ± 15 9 83 ± 14 

 

 

4�� � 4�� 
(���.��-�   

�/%� �%��� !�� *��� � (�) 
�/� �/&'%$� %2#5' � ' ��$�� 

1 59 ± 26 

2 85 ± 33 

3 61 ± 27 

4 70 ± 28 

5 62 ± 27 

6 63 ± 27 

7 60 ± 31 

8 55 ± 31 

9 66 ± 25 

�#���!� �2.4� ��' +: �/%� �%��� !�� *��� � (�) &'� �%�!�!#�  ! ��* � ��� ��' $'� ��$�&�"#!� �, 	 ��' � 
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4� & �� 
0�	-� Cobb: 20-29° 0�	-� Cobb: 30-40° 

�/%� �%��� !�� *��� � (�) 
�/&'%$� %2#5' � ' ��$�� 

�/� �* �� �/� �* �� 

1 57 ± 17 68 ± 34 1 81 ± 38 60 ± 19 

2 85 ± 27 82 ± 37 2 101 ± 54 72 ± 21 

3 61 ± 14 67 ± 30 3 72 ± 29 61 ± 16 

4 58 ± 13 75 ± 38 4 79 ± 34 67 ± 22 

5 57 ± 12 67 ± 31 5 74 ± 27 61 ± 16 

6 62 ± 20 61 ± 21 6 67 ± 16 57 ± 15 

7 59 ± 11 53 ± 18 7 65 ± 26 49 ± 15 

8 79 ± 26 55 ±  22 8 66 ± 17 51 ± 13 

9 55 ± 10 61 ± 18 9 57 ± 16 55 ± 17 

      �#����� �2.5: �/%� �%��� !�� *��� � (�) &'� �%�!�!#�  ! �* & �� ��' &��#� Cobb 20-29° ��' 30-40° 
 

 
4� & �� 

(���.��-� + (���.��-� ! 
�/%� �%��� !�� *��� � (�) 

�/&'%$� %2#5' � ' ��$�� 

�/� �* �� �/� �* �� 

1 59 ± 22 58 ± 12 1 82 ± 31 47 ± 13 

2 71 ± 15 68 ± 14 2 108 ± 42 64 ± 23 

3 59 ± 12 60 ± 15 3 75 ± 18 52 ± 14 

4 59 ± 14 58 ± 9 4 77 ± 30 59 ± 15 

5 58 ± 12 58 ± 16 5 76 ± 25 52 ± 12 

6 55 ± 9 58 ± 11 6 77 ± 22 50 ± 13 

7 46 ± 5 48 ± 12 7 77 ± 12 48 ± 17 

8 57 ± 7 47 ± 9  8 85 ± 27 52 ± 16  

9 44 ± 5 53 ± 12 9 63 ± 8 52 ± 14 
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4� & �� 
(���.��-�   

�/%� �%��� !�� *��� � (�) 
�/&'%$� %2#5' � ' ��$�� 

�/� �* �/� �� 

1 81 ± 51 1 86 ± 32 

2 119 ± 68 2 99 ± 34 

3 76 ± 41 3 80 ± 28 

4 84 ± 45 4 98 ± 36 

5 76 ± 35 5 81 ± 29 

6 67 ± 13 6 69 ± 24 

7 74 ± 28 7 59 ± 19 

8 78 ± 16 8 61 ± 24 

9 66 ± 14 9 69 ± 23 

�#���!� �2.6� ��' +: �/%� �%��� !�� *��� � (�) &'� �%�!�!#�  ! �* & �� ��' $'� ��$�&�"#!� �, 	 ��' � 
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) " "�$%  3 
 

4� 
0�	-� Cobb: 20-29° 0�	-� Cobb: 30-40° 

�/%� ���($-%%) !�� (#!%� (KPa) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 15,4 ± 7,4 16,3 ± 7,0  1 14,2 ± 5,0 16,5 ± 6,7 

2 16,1 ± 6,3 18,0 ± 7,8 2 16,7 ± 6,4 20,5 ± 10,1 

3 15,7 ± 6,9 16,4 ± 7,0 3 14,3 ± 4,6 17,0 ± 7,1 

4 14,9 ± 6,3 16,1 ± 6,7 4 13,7 ± 4,3 17,7 ± 8,5 

5 15,9 ± 7,2 16,8 ± 7,8 5 14,2 ± 4,6 17,4 ± 7,6 

6 16,1 ± 6,8 15,8 ± 6,2 6 14,9 ± 5,5 16,2 ± 7,2 

7 13,2 ± 5,5 14,0 ± 6,4 7 12,3 ± 4,2 15,0 ± 7,8 

8 14,1 ± 5,7 14,7 ± 6,2 8 14,1 ± 5,2 15,9 ± 6,4 

9 14,0 ± 6,8 15,3 ± 6,1 9 12,5 ± 4,5 15,4 ± 7,0 

�#����� �3.1: �/%� ���($-%%) !�� (#!%� (KPa) &'� �%�!�!#�  ! �* ��' &��#� Cobb 20-29° ��' 30-40° 
 

 

4� 
(���.��-� + (���.��-� ! 

�/%� ���($-%%) !�� (#!%� (KPa) 

�/� �,�0'%$� 
%2#5' � ' ��$�� 

�/&'%$� 
%2#5' � ' ��$�� �/� �,�0'%$�  

%2#5' � ' ��$�� 
�/&'%$�  

%2#5' � ' ��$�� 

1 14,9 ± 6,7 15,6 ± 6,3 1 14,6 ± 6,0 17,3 ± 7,5 

2 16,5 ± 6,8 18,0 ± 8,6 2 16,6 ± 6,4 20,3 ± 9,6 

3 14,8 ± 6,2 16,0 ± 7,2 3 14,7 ± 5,6 17,2 ± 7,2 

4 14,3 ± 6,3 16,0 ± 7,1 4 14,2 ± 5,4 18,4 ± 9,3 

5 14,8 ± 6,5 16,2 ± 6,9 5 14,7 ± 5,5 18,2 ± 8,3 

6 15,0 ± 5,8 15,8 ± 5,9 6 16,2 ± 6,5 17,4 ± 8,1 

7 12,0 ± 3,8 12,6 ± 5,0 7 13,5 ± 5,9 15,6 ± 9,5 

8 13,7 ± 4,8 13,9 ± 4,6 8 14,5 ± 5,9  17,6 ± 7,9 

9 13,0 ± 5,4 14,6 ± 5,4 9 13,2 ± 5,2 16,2 ± 7,6 
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4� 
(���.��-�   

�/%� ���($-%%) !�� (#!%� (KPa) 

�/� �,�0'%$�  
%2#5' � ' ��$�� 

�/&'%$�  
%2#5' � ' ��$�� 

1 14,6 ± 6,8 15,6 ± 6,8 

2 15,4 ± 5,8 18,5 ± 8,9 

3 15,4 ± 6,6 16,2 ± 7,0 

4 14,4 ± 5,0 15,5 ± 5,8 

5 15,6 ± 6,9 16,2 ± 7,9 

6 15,0 ± 6,7 15,1 ± 5,4 

7 12,6 ± 5,1 14,6 ± 5,6 

8 13,6 ± 5,9 13,7 ± 5,4 

9 13,4 ± 7,4 13,7 ± 6,4 

�#���!� �3.2� ��' +: �/%� ���($-%%) !�� (#!%� (KPa) &'� �%�!�!#�  ! �* ��' $'� ��$�&�"#!� �, 	 ��' � 
 
 

 

4�� � 4�� 
0�	-� Cobb: 20-29° 0�	-� Cobb: 30-40° 

�/%� ���($-%%) !�� (#!%� (KPa) 

�/� �/&'%$�  
%2#5' � ' ��$�� �/� �/&'%$�  

%2#5' � ' ��$�� 

1 13,0 ± 5,2 1 13,6 ± 4,8 

2 15,9 ± 5,2 2 17,4 ± 5,7 

3 12,8 ± 4,6 3 13,5 ± 4,6 

4 13,5 ± 4,3 4 13,7 ± 4,7 

5 12,7 ± 4,3 5 13,8 ± 4,8 

6 14,5 ± 5,6 6 15,4 ± 6,1 

7 13,7 ± 5,3 7 14,1 ± 5,1 

8 13,2 ± 5,5  8 13,3 ± 4,9 

9 12,1 ± 3,3 9 13,1 ± 3,4 

�#����� �3.3: �/%� ���($-%%) !�� (#!%� (KPa) &'� �%�!�!#�  ! ��* � ��� ��' &��#� Cobb 20-29° ��' 30-
40° 
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4�� � 4�� 
(���.��-� + (���.��-� ! 
�/%� ���($-%%) !�� (#!%� (KPa) 

�/� �/&'%$� 
%2#5' � ' ��$�� 

�/� �/&'%$�  
%2#5' � ' ��$�� 

1 14,3 ± 2,3  1 13,8 ± 4,9 

2 18,5 ± 3,3 2 17,4 ± 5,8 

3 14,2 ± 2,6 3 14,1 ± 4,9 

4 15,2 ± 2,3 4 14,4 ± 5,4 

5 14,9 ± 2,5 5 13,9 ± 5,4 

6 16,6 ± 5,0 6 14,8 ± 6,4 

7 15,9 ± 4,2 7 13,7 ± 4,5 

8 14,8 ± 4,6 8 12,2 ± 3,2 

9 13,9 ± 2,7 9 12,7 ± 3,4 

 

4�� � 4�� 
(���.��-�   

�/%� ���($-%%) !�� (#!%� (KPa) 
�/� �/&'%$� %2#5' � ' ��$�� 

1 10,7 ± 5,3 

2 14,3 ± 6,2 

3 10,9 ± 5,1 

4 10,6 ± 3,7 

5 10,5 ± 4,5 

6 11,8 ± 4,2 

7 10,8 ± 4,2 

8 10,3 ± 4,7 

9 11,4 ± 3,1 

�#���!� �3.4� ��' +: �/%� ���($-%%) !�� (#!%� (KPa) &'� �%�!�!#�  ! ��* � ��� ��' $'� ��$�&�"#!� �, 	 ��' � 
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4� & �� 
0�	-� Cobb: 20-29° 0�	-� Cobb: 30-40° 

�/%� ���($-%%) !�� (#!%� (KPa) 
�/&'%$� %2#5' � ' ��$�� 

�/� �* �� �/� �* �� 

1 10,3 ± 2,7  9,6 ± 2,4 1 12,6 ± 4,8 9,7 ± 2,3 

2 12,8 ± 4,1 11,3 ± 4,1 2 14,5 ± 6,3 11,4 ± 2,2 

3 11,7 ± 3,6 9,8 ± 2,9 3 12,2 ± 4,3 10,0 ± 2,6 

4 11,3 ± 3,8 10,3 ± 2,9 4 12,9 ± 5,2 10,4 ± 1,6  

5 11,1 ± 3,0 9,5 ± 2,7 5 12,5 ± 4,8 9,6 ± 2,6 

6 11,2 ± 3,9 8,8 ± 1,7 6 11,3 ± 2,0  9,5 ± 2,1 

7 9,2 ± 3,1 7,9 ± 1,4 7 10,4 ± 2,6 8,1 ± 2,1 

8 10,4 ± 5,3 8,4 ± 2,5 8 10,5 ± 2,0  8,5 ± 2,2 

9 9,0 ± 3,7  8,5 ± 1,8 9 9,3 ± 1,6 8,6 ± 1,7 

     �#����� �3.5: �/%� ���($-%%) !�� (#!%� (KPa) &'� �%�!�!#�  ! �* & �� ��' &��#� Cobb 20-29° ��' 30-40° 
 

4� & �� 
(���.��-� + (���.��-� ! 

�/%� ���($-%%) !�� (#!%� (KPa) 
�/&'%$� %2#5' � ' ��$�� 

�/� �* �� �/� �* �� 

1 10,2 ± 1,2 9,0 ± 1,8 1 14,1 ± 5,3 10,7 ± 3,1 

2 10,7 ± 1,2 11,2 ± 2,3 2 17,1 ± 7,0 12,1 ± 4,4 

3 9,7 ± 1,1 10,1 ± 2,8 3 15,3 ± 4,7 10,8 ± 3,2 

4 9,3 ± 1,3 8,8 ± 0,6 4 15,2 ± 6,3 10,8 ± 2,9 

5 9,5 ± 1,2 9,4 ± 2,9 5 15,3 ± 5,8 10,5 ± 2,9 

6 9,4 ± 1,3 9,2 ± 1,3 6 13,0 ± 3,9 10,2 ± 3,1 

7 7,7 ± 1,0 7,5 ± 1,6 7 10,6 ± 1,7 9,3 ± 2,5 

8 8,7 ± 1,2 7,6 ± 1,5 8 13,1 ± 5,0 10,2 ± 3,1 

9 7,3 ± 0,8 7,6 ± 1,3 9 10,5 ± 1,5 8,9 ± 2,5 
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4� & �� 
(���.��-�   

�/%� ���($-%%) !�� (#!%� (KPa) 
�/&'%$� %2#5' � ' ��$�� 

�/� �* �/� �� 

1 11,8 ± 5,7 1 9,6 ± 2,1 

2 15,5 ± 6,6 2 10,8 ±2,5 

3 12,4 ± 4,3 3 8,9 ± 1,7 

4 13,9 ± 4,4 4 10,0 ± 2,6 

5 12,5 ± 3,6 5 8,6 ± 1,8 

6 11,3 ± 1,4 6 8,4 ± 1,3 

7 12,7 ± 2,8 7 7,5 ± 0,7 

8 12,9 ± 1,9 8 7,7 ± 1,1 

9 11,7 ± 2,3 9 8,8 ± 1,2 

�#���!� �3.6� ��' +: �/%� ���($-%%) !�� (#!%� (KPa) &'� �%�!�!#�  ! �* & �� ��' $'� ��$�&�"#!� �, 	  
��' � 
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