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

 

  

 ������ �	
� �� � ���� ��� ����
 �	
� �	��	� �� ���	�  
 

������� �	�
��     ���� �������     ����� ���� ������������!     �"�#� $���%  
�����  

��� � ���	
 :���� ����� 	
 ��� �� ������� �����	 ����� ������ ���
 � �����
� �� 	
���! "� ��#$% )
�&�� 
'�( (��+ ,-
 ����� .��#$% '���
 � /�0  1��2 ���-3 '�� /�$4�5%�� �- ��� 6� ���  '�� 0�
 ,+� � ,78 ��


,-
 �
�9- ���� .:% 1:;�<� 0�
 =������� ,78 0� ��#$%���� �� /���� � 1>� �?$� � ������ @	
��
 �� �3 ,+� 0
(��� ;
���� )���� (��.  

���� ��: �A�8�% B�� 	
 1:;�<�- 1>���� �� �
 .:��41 D��E!�  �
��$�FG-HI ��> 1;�-�  ��� ���-��$
J��
 ��-� K�LM)N (�� �
�:% 1O ��PPI Q�R��
 �;
��� '�� 1 �A� ����. 
�� ( @	
��
��� ���� ��#$%� 	
 /

 ��� ��
� 0S-
���% T�-���UVWV @	
��
 �
� �  ��� �;���&�� T�-��� 	
 ���O� ���� ���(XYZVWWUM �� @��A�-
 .  
�� �����: % ,>%� �:� ����3�[� 	
 ���O� ���� 0�\���� � ]^ � ,-
� _���#$% ���� 0�\���� =`��
 ��
� ��a� b�	� 

,-
 �
� )VVVc/VP< .(� =`��
�\���( @	
��
 �� ,-
� _���#$% ���� 0��� � � ��
 ���\���( @	
��
 0��� J�� �� 
)ceW/VP=(� =`��
 ��\���( @	
��
 �� ]^ _���#$% ���� 0��� ( @	
��
 � ��
���  J��)cVV/V P= (�?$� �� =`��
 0
��\������ 0� ��#$%�� � ,-
� /�\������ 0� ��#$%�]^ / )fVV/VP= (�:�� ����g� �
� . h�;��3"j0$�;3 � ��kj "��a�  1 ��
�

 ���O� ���� l-��� ��� ºCWY/V ���� 	
 D� ��#$%�@�� / -
,. � 0� �$O ���> =`��
�\���@	
��
 ���� 0 ���( 
;
���� ,-
� _���#$% ���� )ºCVm/n (]^ � )ºCVm/n( ,�
� ��4� . ���� � ���O� ���� 0� ��
� ��:� � o� �\�>g$�

,-
� _���#$% )eZ/V r=� VVVc/VP< (�?$� ��]^ _���#$% ���� � 0 )Zp/Vr=� VVVc/VP< (,�
� ��4� . 

� ��������: �kq  ���;� � ����3 r�7; 	
 �� 0�
 =`��
 �_���#$% ���� � ���O� ���� 0� o� �\�>g$� ��4� s2�
��:� �� �
�� �?$��-�>M 0� , 1 ����O��#$% '����\;��2 �� /� ���� �� �
� t% �
��$���� � 1>�  ��2 � 0���! �����

�� ��g+ ��+ .
���� 0���M �� 1�u��  �3 	
��O vS:�� o� "u
�% � 
� ���O� ���� ��
�% �$� _���#$% ���� 1O �� . 1 1�g;

�! ��<� � ��g+ ��+ ,+� ,kq����#$% '�� 	
 �
�% �� �0�
� /� ( @	
��
��� ����  ����4 �
��q 1 1� �
��$�h\� 0


�� ��$� @��A�-
 ����� '�� . 

  
���� 	! �"#�: �	� �������� ��	�� ���!"�� �#$�	 ��	� �  

  
����� &��':((/)(/*+ ,-��.0 &��': 12/)(/*+   

                                                                                                                                               
� � ���� 	
���
� 
����� ���
���� ��� ���
��� ����� ����!��"� �#$%��� �#$%��� )&' (*+'��+,(  
.  �%�'�/��0 � ��1�� �����
���� ������ � !��"� ��
'�� �����2% 3
'�1 � ����� ���� 
����� ��"
'
' �  
4 56'
0 7���2% ��� �%�'!��"� ��
'�� �����2% 3
'�1 � ����� ���� 
����� ��"
'
' � ��
���� ������ �  
8 !��"� ��
'�� �����2% 3
'�1 � ����� ���� 
����� ��
�� 9:;� � 7"�"�' ������ ��
'< ��� �%�'  



=>
% �� ?$�
@A= �
'� 7B� � 7CD ����%!�% ����' �
'� E
               !��
�AF � ��$�A� ��AC'  

GH    !��"� ��
���� 5'
��IJ                                      KF�>�� ��� / �
A�MN / �$"
�OPHG  

$
�%
  
    w��xy� 	
 �xS� �
�x�q 1 �����4��� �� ���� ����O
     Q�x>7� K���xz _x� �x�5 ,g+
�� ,54 ��
���-�!

�� ��� . ����� �Ak�R� "���� 	
 ����4��� �� ����
�xx��� ��xx��� ���xx�� �1xx��{� �v|����xxu ���xx� ���xx��� �

 �	�
 � ������ 	
 }�� 
�x&� "�  '�x( ) ��x!�  ��x#$% (
( @	
�xx�
 �xx�+xx��� ,xx-
.)c( '�� 	
 J
�xx� �xx�  ��xx�

@	
��
  
~; �,-
 �g��:� � ,�h� �
�
� �� ���� ���(
      �x�� �3 @�x�
 ��x�( @	
�x�
 �x7� �� '�� Q�R��
 ��

@��A�-
 ���� 	
 �% �����O �o�
 1O ��O    �hx��� ��x��

� �� ,+� 1 v|:�� ��    ,q�x- 	
 �3 �x @�`xq � ��
@	
��
 �
����� ��o� ���(  ��$4�5%��2 ����
�5 �@��

     �x�� hx�� 1u�x8 1x ���x�� � ��>!��$�.)c-Y(   ��x��
   �hxO�� ��x�� ��`� ��
����-
 �
��q 1 ���� �����

�� 1�u�( �[� �� �� ����  @�� �$4�5% '�� 0�
 ��

�  ���( @	
��
 ,54�3   x�� ���x-� 1�k�   ,xg� 1x ��

�h��� ��%�� � �� �|�������$� K
����%   @�x� t��
 ���� ����� �� � ,-
 J	o  ���x> �
��$� �
� l�u

DR ��  @Ex�� ,g+
�� ���    � �x��5� ,x7% �
��x$� �
 ���%�#�� ,7%�� �
�+ @��A�-
 ���� ���(.)f-c(  '��

    �
�x�q 1x ���x�� ����� '�� � 1>���� �� h�� ���O�
 ��$O ���� �hO�� ���� h�� ��� 1O 64�� � �$4�5%

�� 1�u�( �[� �� ���� �� ��a� 
� �� ���)U(�   1x ��

    ��x�
�5��2 ��x ��x�	 ��$4�5% h�� '�� 0�
 ��M ��
   
� �3 ��
�xx� �xx{O
 �� hxx�� ���xx��� �
��xx$� � @��xx

�$� � ����~!     � J�x��� ��x� �xM
�4 �x{� ���
�� �� 
 �
��$� ������� ������A�
 ��^�    ��x� �x$��� vx�� �

�xxgk+   ��
� @��A�xx-
 ,xx�q��$� hxx��.)e(  �xx��4 '��
@	
��
    �x� _x���#$% '�� ���x ���� ���(    1xO �x��

 
� ���&� ��� ,u� � ��#$% @��! 	
 @�� 6��- ����(

    ,xxg� ,xx��5���u �xx� �
�\����xx- txx>M �xx � ,xxu����
�� ��O.)e-c(  

_���#$% ����  /�����    ��x �hx��� ��x�� 	
 �;�q 
@�� �5- � ���u�� ,-� �7� "��� 	
 �   �x � ��8�;


   �x� ,x-� @�x��� '��R� ��
�q 0���$�  �x�3.)Z(  	

��%��3 �[�� ��-� ����  ��x!�  � � ��x#$%�  ���o�x%�#

�� 1��� l-�%�� �� 	
�%���� ���4��� ��  
 1��x� �� 
�� 	
�%���� �� x� xk�
� ��   x� J�x&�
� ( x�  1x&��� �� ���


 � �o��-
�@	
��
 1� ,>�     ��x#$% ���x! ��x�� ���(
     �x�� ��x �hxO�� ��x�� ��x��� ��a� ���
�% ��.)Z( 

�� ��a� B���� K����7%     0x�
 ,x+� � ,7x8 1O ����
     x- ���x� ��x�?$� 6�x-� ���;�x @��A�-
 �� '��� �


,-
.)Z�U(  ���� �q���� K����7%  _x���#$% '�� 1 ��
    � ,x-
 @��x� 1x>���� �� �\�� ��� �7� ���� � 
�

,7xxx8 )(accuracy ,xxx+� � )repeatability ( 
� �3
,-
 @�
� �
�+ 1:;�<� ���� .  lx-�% 1� �
 1:;�<� ��

Staaij   �� _x���#$% ���� ,78 0��:% ,54 �
��S$� �
�� ���O� ���� � 1>���� �� J�&�
 ��O��O�  T���� ��a�

 1O �
� � ��o� �\�>g$� 	
 ]^ � ,-
� _���#$% ����
���
����� ���O� ���� )t�%�% 1F�/nr= � �P/nr= .(

   tx% wx��:% � �(E�� �,�-�>M ������ �-�� 0�
 ��
   ��xx�O� ��xx�� K��xx8 1xxxx�	
 DcºPF   txx�%�% 1xx

P/�P �8�� � �m �8�� ���� . �� 0�
 �\��� �kO T����
  �x� vS:�� 
� ���O� ���� ��-�� 1 _���#$% ���� 1O

   ,x-
 ��$x�	�
 ��xO��O �� t% ���	�
 �� � ��O.)m(  

Leon  ��� �xx �xx-�� _xx� �� �
��xx|$� �In  ��xx$�
    1x>���� ��`�hx(3 ��x�� � 
� _���#$% ���� ��>(�h

1�u�� �����O     �\�x>g$� 1xO �
� ��xa� D��E! 0�
 ���
  ��`�hx(3 ���� � _���#$% ���� 0� ��g{� � �
� ��:�

��
� ��xx4� )FH/nr= �nnnG/nP<.(  �
�\xxa��E! 0xx�

#$% '�� �(E�� ,�-�>M/��� t% ��Ra% �
�  
� ��



!�% ����' �
'� E
=>
% �� ?$�
@A= �
'� 7B� � 7CD ����%              !��
�AF � ��$�A� ��AC' 

KF�>�� ��� / �
A�MN / �$"
�OPHG                                           !��"� ��
���� 5'
��IJGQ 

���� K��8 1 t% w��:% � � ��`�h(3 ���� � 1>���� 
�	
 D CºPF   tx�%�% 1�n  �x8�� � �G   �x8��  '�
hx(

����O.)I(   ���x\�� 1x:;�<� ��Bock   �   =`�x�
 �
��xS$�
 
� ���� ����� � _���#$% ���� 0�\����CºnF/n  '�
h(

����O .% 1 �(E�� � ,�-�>M ��� @���3 t�%�pc  �8�� 
 �ZY  �xx8�� ��xx.)X(  �xxu�� 	
Giuliano  ��
��xxS$� �

Akinyinka ��>��� �� ��A%
 1 �
��S$� � :  ��x#$% ����
       
� ��x �hxO�� ��x�� o�x ,x+� � ,7x8 � ��
�% �$�

vS:�� ��O.)cc�cV(  
   �,x-
 J	o _x���#$% '�� 	
 6�-� ���;� @��A�-
 �
�

~; ���� ����% �3 ���;� ����O�
 1>���� �
 1:;�<� 
- 
 _xx���#$% ��xx�� ,xx+� � ,7xx8 0�xx�:% ,xx54 �A�xx8�%

����( J�&�
 ]^ � ,-
�.  
  
� ����� &�  

 1:;�<� 0�
 B�� 	
 �
 1>����-   ,7x8 1O ��� �A�8�%
_���#$% ���� ,+� � 
�   �
� �
�x+ 1x:;�<� ���� .  �
hx


     T�x-��� � K�xq`�
 ���3 6x$4 1x(� ���� D��E!
��xx . @	
�xx�
 �
�xx T�xx-��� 	
 _xx���#$% ��xx�� ��xx�(

 �;���&����� ��
� Inmm   ��x�� ���( @	
��
 �
� �
   ��x� ���x>��- �;���&�� T�-��� 	
 ���O�XYZVWWU 

�� @��A�-
 .D��E! 1:��4 1�kO 
�   �� ���x> �
��$�
DR  ���wk�R� ��-� K�LM ���-��$� J�O
 )N(- 

HI  �%FG ��--   �x��
� �x� ��Sa% .  x�( 1x��$� '�� ��
�;
��� )Consecutive (  �x% �\a��E! 1O ���� 1 ���

 1xx �gxx8 ,A�xx� �� 	�� �xx� ��xx� 1xx��$� ��xx� �xx��O
  
� 1x:;�<� l�
�� h��M ��� 1��$� � 1:4
�� ���-��$�

���u K�q`�
 ,$>+ ��$S% 	
 v! � ���-��� �
��$�� 
�3 ����      @	
�x�
 ��x�O� � _x���#$% '�� 1x �x�   ��x�(

����( . D��E! 1��$� ����Hn�  � �	 ��4���mm� 
�xx��� ��xx� ��4��xx� . D��Exx! ���xx� ����xxM
� 	


�� ~�
 �g�O ,��z� .    1xO ��
��x$� �,x-
 �O� 1 J	o
  1x4�� �
�u
 �� t+
�� 	
 ����� �$O ,7% �� ��;3 Q
��

��3 �$q 1 �g�O ,��z� ���
 .    1x�kO D��Ex! 0x�
 ��
   �x�
 ��x� J�x&�
 �\a��E! l-�% ��� ��� ���( @	
��
 

        �x�
 ,xkq 1x �	 �
��x$� ��x�O� ��x�� ��x�( @	
��

    '	�x�3 �	 ���x-�! lx-�% D��E! �� �`�
 ,��q�
 lxx-�% ���xxa� ��xx��$�
 ,xx54 � ��xx�( @	
�xx�
 �@�xx��

����( ,g� � ,�
�+ h�� �\a��E!.   �x: ����� T�-���
   ���xM ,x��|���; �� � T�-��� ��� ���O 1�a23 	


�-m �+ �:�� ����� �� ��� ����-   	
 vx! � �x� @�
� �

 ,g� 1���a-�! �� � ,�
�+ �@�� ,g� ���� �� �`q


����( . ���h$�    ���x��� ��x�� ��x�( @	
�x�
 �   ��x��
���	 1k8�u 1 � ��	 t�%�% 1 h�� _���#$%�  x�+� /�  1x�

 �x� ���( @	
��
. H(  ,x-
� _x���#$% �m(  ]x^ _x���#$%� 
P(,-
� _���#$%  ��(]^ _���#$% . ��x�( @	
��
 '�� 

      1�gx� Q��x! ��x� 1xO ��x �7� 0�
 1 _���#$% ����
 ��xx /xx� �|��xx-`! Dxx��! 0�xx�
~( 	
 �xx: ��|xx-�%

   � ,xu�(�
�+ ��
��x� �4��� ����O �
��- �� �=���
   �
�x� ����x% 	
 �% �� ��$q
 �3 ��� � ����R� ��au

��� ���(�k4 @�\�-� 17A8 ��� =
��
 .  @	
�x�
 0�M
��$� '�( �_���#$% ���� ���(  � ���� 1 ,$�`� 1

     K��x8 1x '�x( �4��x� �
�&� �% ��� @��a� t�q
   �x�� ��x:� �� 
� ��#$% @��! � @��3 �� s���>� l�

���(�
�+ T�-��� 1-��>M .  �T�x-��� ���$� ��:u 	
 �:
   � ,x�
�+ @�\�x-� 17A8 ��� ���>k- K��8 1 ���

�� ,g� 1���� J�u �� .  �x� �� 1O ,-
 �O� 1 J	o
��
 ���� ���:% Q��! �S��-`! D��! ���( @	
 . ��

��>� ���O� ���� K��8 1 t% D��E! 0�
� � x �� D
	
CºYZ �� w��:%)U( � 	
 D� ���� =`��
Cº P/n  h��

   �x� wx��:% ,x�$�
 � ���;� �[� 	
.)H(    � 1x�h&% �
�x
 ���x�3 �
hu
 J�� 	
 �� @�
� ��k7%SPSS   �MedCalc 



=>
% �� ?$�
@A= �
'� 7B� � 7CD ����%!�% ����' �
'� E
               !��
�AF � ��$�A� ��AC'  

RS    !��"� ��
���� 5'
��IJ                                      KF�>�� ��� / �
A�MN / �$"
�OPHG  

@��A�-
 ����( .g+: � ��� ���� ���( @	
��
 	
 � 	
 �
��3 �$q 1 ��
���+ D��E! ���� ����M
� 1�k�.  

  
	! $'(	)  

 1O �
� ��a� �� @�
� �xx�k7% � 1xx�h&%Z/Yc   �xx8 ��
   � ���xxx� �x� 1x��$�W/UZ      �O~x� �x� 1x��$� �x8��

���� . �+
�M �� 1��$�cU  �{O
�M �Zf  ��- 0�\���� �
 ��-fW/pY ��- ���� .
��$�DR 	
 �    ,xg+
�� ��x�

  @Exx�� ��xx�)p/cY�xx8��(��xx!�%�
 � )Z/WX�xx8��( �
�xxxM
�4 )Y/cp�xxx8��( ���xxx;�S��
 �)cc�xxx8��( �

 ���;����)W/cp(�  �k�
�)Y/ce�8�� (���� . 0�\����
    ��x�( @	
�x�
 ��x �� �� _���#$% ���� ���:� =
�7�
 �

 ��$x� ���4 �� ���O� ���� � �;
���@ c   @�
� D��x$�
@�� ,-
. � �
      �,x-
� _x���#$% ��x�� ,7x8 0�x�:%

 b�	 �% ,>%�� J�&�
 � �
� ��a� T����  0�\��x�� =`��

       ���x�3 �x[� 	
 ��x�O� ��x�� � ,x-
� _x���#$% ����

��:� ,-
 �
� )VVVc/VP< .(  ,x-
� _���#$% ���� 0�
    ,xx�
� ��xx4� ��o�xx �\�xx>g$� ��xx�O� � )FF/nr= �

VVVc/VP< .(� ��xxg%�
 ,xx54 lxx�u ��xx-��! ��xx�	3 

      ��x�� 0�x K��xA% ��xa� �x-�� ,54 
~; ��
� ��a�

 h�;�xx�3 ��xx�O� � ,xx-
� _xx���#$%"Bland & Altman "
�� J�&�
 .��$�  ��$x� �
��$� 1O ���@ )c(    �x� ��xa�

 �l-��� ��� 1 ����  ��x����#$% x�  ,x-
� /�CWY/V 
    =`�x�
 "u
�xxxxxxx% ���xM � @�� ���O� ���� 	
 D�

+2SD)fc/V ( �-2SD )XZ/V- ( "xu
�% ,:-� � )f/c (
�� ��� . �
�x 0��?$�      _x���#$% ��x�� ,7x8 0�x�:%

 �]^ T����    0�\��x�� =`�x�
 1xO �
� ��a� b�	 �% ,>%
     �
� �x�:� ���x�3 �x[� 	
 ��x�O� � ]^ _���#$% ����

 ,xxx-
)VVVc/VP< .(  ���xxx-��! �\�xxx>g$� t��xxxz
 ��a� ���O� � ]^ _���#$% ���� 0� 
� ��o� �\�>g$�

 �
�  
)F�/nr=�VVV/VP< .(   x K��xA% ��xa� �-�� ,54� 0

   h�;�x�3 ��x�O� � ]^ _���#$% ����"Bland&Altman "
 �xx� J�x&�
 . ��x$�  ��$xx� �
��x$� 1xxO ��xx�@ )W(  ��xxa�

��  ���O� ���� 0�\���� ����Cº WY/V   0�\��x�� 	
 D�
    
 "xu
�% ���xM � @��x ]x^ _���#$% ���� x�  =`�x�
 0  

+2SD )pc/V ( �-2SD )XY/V- (�   "xu
�% ,:-�Yp/c 
��� ��.  

 %��& ���'(-  ���� %
)��) ��	� ��*	 �)�+�) � ,�.���	
/��01 �2	 ")���� � %�&� ��� (345  

��*	 �)�+�) ,�.���	 ��2�� �)�*�=336  
GF/n PH/P� ,-
� _���#$% ���� )��
 ���( @	
��
(

In/n Pn/P� ,-
� _���#$% ���� )J�� ���( @	
��
(

Im/n mFn/P� ]^ _���#$% ���� )��
 ���( @	
��
(

G�/n PH/P� ]^ _���#$% ���� )J�� ���( @	
��
(

GI/n GH/P� ���O� ����

 
0�
 1 14�% �     ��x�� ,7x8 ��x� ,�8��� 	
 �S� 1O


�xx �xx(E�� �,�xx-�>M _xx���#$%� �\;�xx�2� � �
��xx$
t% �� t% ��� � �
��    ��x�� K��x8 1 t% w��:% �

 ���O��D  	
CºYZ    ]x^ � ,x-
� _���#$% ���� �
�
����( 1g-�7� 1��(
�4 ��� 1 .   ,x-
� _x���#$% ����

,�-�>M 	
 )eY �8��(�(E�� � )Xe  �x8�� (  �
���x��
�� .     1x ]x^ _x���#$% ��x�� �
� ������ 0�
 0��?$�

,�-�>M t�%�% )ef �8��(�(E�� � )XX �8�� (���� .
 �
� ��a� T���� 0��?$�1 ��� ���  �� lx-We   �x8��

���� =`��
 �
��$� ��#$%�  �x�� �x /�   x ��x���� 	
 D
ºCY/V± ��.  

  



!�% ����' �
'� E
=>
% �� ?$�
@A= �
'� 7B� � 7CD ����%              !��
�AF � ��$�A� ��AC' 

KF�>�� ��� / �
A�MN / �$"
�OPHG                                           !��"� ��
���� 5'
��IJRO 

  
 %��& )�2��(- ���$ ��	� �� 7�) ������� ��	� �8�9) /�$)�1 )�2��  

  
���O� � ,-
� _���#$% ���� 0�\����  

  
  

 %��& )�2��;- ���$ ��	� �� <= ������� ��	� �8�9) /�$)�1 )�2��  

  
���O� � ]^ _���#$% ���� 0�\����

 ���� ��  "x��� 	
 @�� ���( @	
��
 ���� ,+� 0��:%
 �,-
� /���#$%&���1     0�x 1xO �
� ��xa� b�	 �% ,>%

       _x���#$% "x��� 	
 @�x� ��x�( @	
�x�
 ��x�� 0�\����
   %��xA% ���x�3�[� 	
 J�� � ��
 ��x �� ,-
��   ��x4�

��
�� )ceW/VP=.(  
  

h�;��3"Bland & Altman  "   ��xa� 
� =`�x�
 ,:-� h��
�
� .  ��$x� �
��x$� 1� ��<��$� @)P(   x� ��xa��  �x��. 

      ��xx�� �� ,xx-
� _xx���#$% ��xx�� 0�\��xx�� =`�xx�

@	
��
 �;
��� ���(VW/V "xu
�% ���M � ±2SD �YX/V-

 �;
pW/V�� ��� .  
  

��
�O�

 �
���

 �
�5�

� ,
-
�

 _
���#

$% 
��

��
 

��
�O�

 �
���

 �
�5�

� ]
^ _

���#
$% 

��
��

 



=>
% �� ?$�
@A= �
'� 7B� � 7CD ����%!�% ����' �
'� E
               !��
�AF � ��$�A� ��AC'  

RT    !��"� ��
���� 5'
��IJ                                      KF�>�� ��� / �
A�MN / �$"
�OPHG  

  
 %��& )�2��3- ���� � 7�) ������� ��	� �8�9) /�$)�1 )�2��  %
)��)�>)2�	 ����  

  
,-
� _���#$% ���� J�� � ��
 ���( @	
��
 0�\���� 

 
 

%��& )�2��?-  ������� ��	� �8�9) /�$)�1 )�2�� <=�>)2�	 ���� %
)��) ���� �  

  
J�� � ��
 ���( @	
��
 0�\���� ]^ _���#$% ����  

���( @	
��
 ���� ,+� ���3� �
��    _x���#$% ��x��
 �� �� �� ]^  J�x&�
 b�	 �% ,>% �;
��� ���( @	
��


�� .      @	
�x�
 ��x�� 0�\��x�� =`�x�
 1xO �
� ��a� T����
   �
� �x�:� ���x�3 �[� 	
 J�� � ��
 �� �� @�� ���(

��,xx> . h�;�xx�3"Bland & Altman " 0�xx�:% �
�xx hxx��
  �x� J�x&�
 =`��
 ,:-� . ��x$�     �
��x$� �� 1xO ��x�

��$�@ )p( ��� @�� ���� =`��
 ���� _���#$% ���� 0�\

��xx�( @	
�xx�
 ��xx�� �� ]xx^ )VW/V( ��xx�:� =
�xx7�
 �
=`�xx�
 )W/V( "xxu
�% �xxM � ±2SD �pc/V-  �xx;
YU/V 

�� ���.  
 

���* $+�'� � ,�-�  
,78 D��E! 0�
 �� )    ��x�O� ��x�� �x 1x>���� �� ( �

,+� )�;
��� ���( @	
��
 ����( ,-
� _���#$% ���� �
� ���� 1��(
�4 ��� 1 ]^ �,u�( �
�+ �-�.  

��

 �

��
( @

	
�
�


 
��

�( 
@	


��

 �

�5�
�

 
J�

�
 

��

 �

��
( @

	
�
�


 
��

�( 
@	


��

 �

�5�
�

 
 J�

�
 



!�% ����' �
'� E
=>
% �� ?$�
@A= �
'� 7B� � 7CD ����%              !��
�AF � ��$�A� ��AC' 

KF�>�� ��� / �
A�MN / �$"
�OPHG                                           !��"� ��
���� 5'
��IJRP 

�kq ��
� ��a� �� 1�u��      0�x o�x �\�x>g$� ��x4� s2�
     r�x7; 	
 �� 0x�
 =`�x�
 �_x���#$% ���� � ���O� ����

  �x�:� ���;�x � ����3   x�?$� � ,x-
 �
�� x-�>M 0� ,
���� ��#$%��\;��2 �� /� ���� �� �
� t% �
��$�  1x>

��� ��   ��x �x�$� ����� .     ��x�� ��x�( @	
�x�
 ,x+�
#$%�� ��g+ ��+ ���;� � ����3 �[� 	
 _���. 

     1x��$� �x � wxk�R� K�x:;�<� �� _���#$% ���� ,78
 ,x-
 1�u�( �
�+ 1:;�<� ���� B���� .   1xO �x���7% ��

Bock   �x�� =�x� � �
��S$� ��v�     �x _x���#$% ��x��
���� ���� �����  ����
� J�&�
WU  ��$�Zc-pZ   1;�x-

   x� 	�x txk+ �M
�4 ���%�#�� ,7%   �
�x+ 1x:;�<� ���
(���u�.)X( ��g���% @��3 ,-� T����  ,-� T���� w;�R�

�� �z�M D��E! �� @��3 . =`��
 ��z�M D��E! ��
  ��x�O� ���� � _���#$% ���� 0�\�����CWY/V   �� ���x

  "xx��7% �� 1xxO �;�xxMBock   =`�xx�
 0xx�
 �
��xxS$� �
ºCVZ/V    @�x�3 ,x-� �
��� 	
��$O ��
��� 1O ���

E! ��,-
 �z�M D�� .      �� 1xO ��xO 1x4�% �x�� 1x�g;

  ��x�� ����� ���� ��4 1 ���O� ���� �z�M D��E!

 ,xx-
 @�xx� 1xx>���� _xx���#$% ��xx�� �xx . �� 0�xx�?$�
1:;�<�  1O �
Varney ���
� J�&�
 �
��S$� �� Xf  ��$�


�
�� �	
 DUV        DxR 1x @�x��O 1x:4
�� 0x- ��x-
   �x��u�( �
�x+ 1x:;�<� ,7% v�
���
 . ��   �x-�� 0x�


���O� � _���#$% ���� )�hO�� ���� �
��q 1 ( �x   sx�
���� 1>���� .�3   	
 @��A�x-
 � ,-
 0S$� ����u���� ��

  �x�k% t% ��� ��
� t% �
��$� 	
 �L: _���#$% '��
����.)Y(      ,x-� �5�xa� T��x�� hx�� �z�M D��E! ��

��3� 1 �o�
 1O ����   _x���#$% ��x�� 0�\���� ºC WY/V 
�� ���O� ���� 	
 ��$O .   ��x�� ,�x-�>M �3 � @�`q

       lx-��� ��x� 1x ��x�O� ��x�� �x 1>���� �� _���#$%
ep  �8�� ��� �� �q� 0�;� �� 1O ��WU  �x8��  	


    tx% ���x ����x>� �
� t% ���O� '�� 1 1O �
��$�

���� ��k% .  0�x�
� ,��Aq ��Ra% ���:� 0�;� �� �(

a� 1;�>� 0�
 ���� t%��O �� 
��! ,�$�
 ��.  

 ���( @	
��
 1O �
� ��a� �z�M D��E! ��� 1�u�� 1�g;

_���#$% ���� )]^ � ,-
� ( 	
 �;
��� ���( @	
��
 ��

 ,x-
 �
����� ���! sa^ ��+ ��<� � o� ,+� . ��
l-�% 1O ����7%  Childs    0�x�:% =�x� �x �
��xS$� � 

( @	
��
 ,+����  ��� J�&�
 _���#$% ����UW   ���xO
 �xx��u�( �
�xx+ 1xx:;�<� ���xx� ���xx-��$� �� ���xx> .

1&���      �x�+ ��x<� 1xO ��x 0�
 0���7� 0�
 �kO ���(
     _xx���#$% ��xx�� �;
�xx�� ��xx�( @	
�xx�
 �
�xx ��xxg+  

ºC W/V-c/V �� ��� .   =`�x�
 0�\��x�� D��E! 0�
 ��
  �
�x�q 1 �;
��� ���( @	
��
 ���� �
� @��3 ,-�

�:% ���( @	
��
 ,+� ��x @�� w� .    �
�x �
�x�� 0x�

   ]x^ _x���#$% ����ºC cX/V     ,x-
� _x���#$% �
�x �

ºCcc/V ��xx.)cW(  =`�xx�
 0�\��xx�� �xxz�M D��Exx! �� 
)@	
��
 ��<� ���( (    ��x�� �;
�x�� ��x�( @	
��
 �
�

 ]^ � ,-
� _���#$%VW/V   T��x�� � 1>���� �� 1O ���
Childs ,-
 �$O �
��� �
��S$� � .u�� 0��?$�1�  ���

 � ,-
� _���#$% ���� 0� 1O �
� ��a� �z�M D��E!
��
�� ��4� �%��A% ]^.  


����� �� �� 0� �� �
�%� ( 1x& x���     ��x�� 1xO ��x�
    o�xx "xxu
�% �xx 
� ��xx�O� ��xx�� �xx�
�% �xx$� _xx���#$%

vS:�� ��O . 
h� � ��xg+ ��+ ,+� ,kq 1 x����   �x����
2�$4�xx5%���xx- ��xx� ���xx ��xx-3 � 6� � 	
 �
�xx% '�

��#$%�
� /� ( @	
��
��� ����  ��� �
��$ 6+
�� ��
��O @��A�-
 ����z .  

  ��x�� ���( @	
��
 �
� _���#$% '�� 	
 0�;� �� �(

      ����3 ,x-� �
�x �,x-
 �x�5 ���x� @��A�-
 ��
 ���� � '�( _� "��� 	
 ���( @	
��
 ��% "�+� ����

���( J�&�
 .���7��k8
 ,� 
 �z�M D��E!� 0 1� ��
( @	
��
��� ���� ���� �� x���   ̀ � ��
����x-
 1x� �x� 



=>
% �� ?$�
@A= �
'� 7B� � 7CD ����%!�% ����' �
'� E
               !��
�AF � ��$�A� ��AC'  

RM    !��"� ��
���� 5'
��IJ                                      KF�>�� ��� / �
A�MN / �$"
�OPHG  

~!�
� @�� 1�u�� ���� h���� � ���    �x�+ ��x��
( @	
��
��� ��g� .
���� x8�% 0� x� 1�   xa��E! ��x�� 

M
���  ��� �3 �� 1� ���� ��#$%� �x�� � /�  �x�� ��
���� ����1>  ��� .  

  
��.� � �)�%�  

��xx� ��O�xx- K�xx$M	 	
 1k�xx-� 0��xx ����Sxx-
 �xx�O� s
 ,xx���:� ������#��xx� s��xx� ��O�xx- � J�xx�7� ,xx-���
  s�����O�xxxxx- 0�xxxxx�?$� � �xxxxxa��E! J�xxxxx�7�

��O�       ��Sxa�
� �xk�$S% K`�x�7% ��9x>� ��$��u��x-
   � �Sxa% �
�x�
 �S�h! J�kq @�\a�
� ������ � ����-�!

�� ��
���+ ���(.  
  

 /�	0
 ���1( 
1- Hooper VD, Andrews JO. Accuracy of 

Noninvasive Core Temperature Measurement in 
Actualy ill Adults: The State of the Science. Biol Res 
Nurs; 2006. 8(1): 24-33. 
 

2- Staaij BKV, Rovers MM, Schilder AG, Hoes AW. 
Accuracy and feasibility of daily infrared tympanic 
membrane temperature measurement in the 
identification of fever in children. In J of Ped 
Otorhinolaryngology; 2003. 67:1091-97. 
 

3- Varney SM, Manthey DE, Culpepper VE, 
Creedon JF. A comparison of oral, tympanic, and rectal 
measurement in the elderly. J Emerg Med; 2002. 
22(2):135-57. 
 

4- Gilbert M, Barton AJ, Counsell CM. Comparison 
of Oral and Tympanic Temperatures in Adult Surgical 
Patients. Appl Nurs Res; 2002. 15(1): 42-47. 
 

5- Kocoglu H, Goksu S, Isik M, Akturk Z, Yildirim 
AB. Infrared tympanic thermometer can accurately 
measure the body temperature in children in an 
emergency room setting. In J of ped 
otorhinolaryngology; 2002. 65:39-43. 

6- Leon C, Rodriguez A, Fernandez A, Flores L. 
Infrared ear thermometry in the Critically ill patient: An 
alternative to axillary thermometry. J Crit Care; 2005. 
20:106-10. 
 

7- Sharon JB, Gaffney R, Chase T, Kay MR, 
Piyabanditkul L. Pediatric Temperature Measurement 
and Child/Parent/Nurse Preference Using Three 
Temperature Measurement Instruments. J Pediatr Nurs, 
2003. 18(5): 314-19. 
 

8- Wilshaw  R, Waid D. A Comparison of the use of 
Tympanic, Axillary and Rectal Thermometers in 
Infants. J Pediatr Nurs; 1999. 14(2):88-93. 
 

9- Bock M, Hohlfeld U, Engeln KV, Meier PA, 
Motsch J, Tasman AJ. Can J Anesth; 2005. 52(10): 
1083-87. 
 

10- Giuliano k, Giuliano A,  Elliot S, Scott S, 
MacLachlan E, Pysznik E, et al. Temperture 
Measurement in Critically ill adults. Am J Crit Care; 
2000. 9(4): 254-61. 
 
11- Akinyinka OO, Omokhodion SI, Oolawuyi JF, 

Olumese PE, Brown BJ. Tympanic thermometery in 
Nigerian children. Trop Paediatr; 2001. 21:169-74. 
 

12- Childs C, Harrison R, Hodkinson C. Tympanic 
Membrane Temperature as measure of core 
temperature. Arch Dis Child; 1999. 80: 262-66. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 



!�% ����' �
'� E
=>
% �� ?$�
@A= �
'� 7B� � 7CD ����%              !��
�AF � ��$�A� ��AC' 

KF�>�� ��� / �
A�MN / �$"
�OPHG                                           !��"� ��
���� 5'
��IJRG 

Accuracy  and  Precision  of  Tympanic  Temperature  in  the  Reflection  of  
Core  Temperature 

�M. Shamshiri, MS1    D. Masroor, MS2    E. Haji kazemy, MS3    H. Haghani, MS4

Abstract
Background & Aim: Monitoring of patients' temperature is an important nursing clinical 

procedure. Body temperature is usually taken at different sites including pulmonary artery, rectal, 
oral, and axillary areas. Currently, infrared tympanic temperature measurement method is 
increasingly used as a convenient, noninvasive and rapid method. However, accuracy and precision 
of this method has been questioned. The aims of this study were (a) to determine accuracy and 
comparing tympanic temperature with rectal temperature as a gold standard and (b) to determire 
Precision (Repeatability) of tympanic temperature with single measurement. 

Material & Method: This was a descriptive-comparative study with the sample size of 336 
subjects, executively selected from the patients who admitted to Rasool Akram Hospital in Tehran. 
The patients were 16-85 years old. The tympanic temperatures were measured using the Braun 
ThermoScan type 6020 and the rectal temperatures were measured using the type M9380226 that 
both thermometers had 0.1 ºC internal error. The tympanic temperatures were measured twice per 
side with 1 minute of cooling off in each subject. 

Result: Paired t-test showed that there was statistical difference between right and left tympanic 
temperature with rectal temperature (P<0.0001), however, no differences between the second 
measurement of right tympanic temperature (P=0.172), twine measurements of left tympanic 
temperature (P=0.100) and also between right and left tympanic temperatures (P=0.500) were 
found. The Bland-Altman analysis showed that the mean rectal temperatures were 0.23ºC more than 
the mean of tympanic temperatures, with ranges of agreement between 0.98ºC to 0.51ºC for right 
tympanic temperatures and the limits of agreement between -0.88ºC to 0.41ºC for left tympanic 
temperatures. Rectal temperatures showed that there was good correlation between right and left 
tympanic temperatures (r=0.78, P<0.0001 and r= 0.84, P<0.0001) respectively.  

Conclusion: Despite high correlation between the variables (rectal and tympanic temperature), 
there were clinically and statstically significant differences between them. Also the sensitivity of 
tympanic temperature was unacceptably low with the number of patients with fever. Therefore, it is 
concluded that tympanic temperature can’t exactly reflect rectal temperature. Due to acceptable 
precision and ignorable bias, the tympanic method for temperature measurement can be used, 
though it is not perfect alternative for rectal route.  

Key Words: Tympanic temperature, Rectal temperature, Core’s body temperature 
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