
����� ���	��� 
��
  ���� ������� �����9����� � 4 ���
 1392  329  

  

www.mui.ac.ir 

 ��� ���� �	
�	� �

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

)PORT-X-II(  

 ���! "#��� �$%�1 � �&'( �)*+
 �$%�2� ��&*&,�  ��
 -�#�
3 �  

�
�( .�#/� �$%�4 �����&� .�#���$%�*
  

  
 * ������	
	���� 
��� ������  ��

 
������ ���	� � �� � �!�

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

 ���� � �+,��� �'���	- (/�01# 2
0#) 

dr_shnikzad@yahoo.com 
 
1 :	
	���� 
��� ���������  � �� � �!� ��

 ���� 
������ ���	�  
�'���� ���()*

 � �+,��� �'���	- �"�� ��#$�� ��%&

 ����   

  

2 : 
������ �7��������� 
��� ���������

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

 ���� � �+,�� � �'���	-  

  

3 : ���� � �+,�� ��9	
	���� :�;(��<  

  

4 : ����  ���� � �+,�� ��()*  

  

  

  
  

 >���� �� ?
�@# A��17/7/91  ���� ?E


���� ?FG#�  >���� ��14/4/92  H$��

 >���� �� � 
�(31/4/92  
����� ���I�

.K��  

  
����� ���	��� 
��
 ������ �����  

1392 :9)4( :329  ��336  

��!'(  

:�"�*" ������ �	 ���
��	  �� �
� ���� ���� ���	 ���	 ����	���  ����� ��� ��
 �	 !"�#$. �	��� �&'('��	� �)	"* ��+)��) ,�	 �	 -./	 �����  �) 0"�* �� ���"12

3��4 �� 564"* �	"�� 7�+��� �+�#�.  8���	 ��(�1* 7"9��  ��+)	"� ���	 �	�:* ,::�4
 �
� ���� ��	��� �;	"$'��	� ������ 8	"<	PORT-XII �'� .  

+,� , �
�" �-:  ��(�1* ,�	 ��7��"=4 ��	��	  �� ���	 �>� �":$6  ������ 8	"<	  :��'*
PORT-XII 7 �	� 7,:��� 7@��)  >  B� 7CD 7'.E �.F�;1  .�� H�=�	 (������ �	 �"�*

��	��	 ���	 �>� �":$ 5�'4  "����
��;	"$'��	� . ;"$ H�=�	 "('*"���$  ������ �� ��
PORT-XII  &��(> '.:) ��60 "K*L �.:* 72  ��*� 5�'�* >3/0  �"� P.:; �	 ���
��	 �� �:��Q

  R"� �� ��*E �� �:S4 �>� "� ��) ,�	 715 ��� H�=�	 ��
: . �� U���� ��=* �>� "V)	��
��	� .���� �#��W* ��@�� H"� �� ��  �	�;	SPSS  �X#�18 � �Z� �����	> �:(��L �.:�>  �;"<

ANOVA  >t ��'
� Z4 �:.[4 > ���=4 �	 ) ����05/0  =α(.  

��
�� :�- ��	��	 ��B$"� ���	  �� 7��� �":$ :��'*  ].�X* ��� ������>  �.F�;1  �	 �"�*
) ��@�� ��=* �>� "V)	�� �	 "�
) ������50   B� �� ��B$"� ���	 .�'� (^�':� �.:*

� > "�
) ��:#� ^�SE �:W� �	 ������ � ,:���:* �'<3 -10  ×98/0  �	�	� > ^�':� �.:*

�+�* 8b�2	 ) �'� ^�SE "��� �� �	�001/0 < p value 8b�2	 P� �� ^�SE "��� �*	 7(
+�*� ) �+��	�� ��	�169/0 = p value��	��	 �>� ,:���:* (  �� ��� �":$ �>�=* ������

PORT-XII 7002/0  �.F�; �� > ^�':� �.:*1  �"�*04/0 �'� ,���>� �.:*.  

�.!�	  :/�!�  7��(�1* ,�	 U���� d��	 "���	��	 �>� ��� �":$  ������ �	 ���
��	 ��PORT-

XII "�
)  ��=* �	�:* �	�'�.  

�0
, �!1� :�- �;"� 3��4 7�':����	� �>� 7�	 ��+)	"� ���	  



�����	���� 
�'��� 
�;<��* ?L(�  �)�# A��L�  ���,M �;(�� ��<�  ����N! �  

330  ����� ���	��� 
��
  ���� ������� �����9 ������ 4 ���
 1392  

  

www.mui.ac.ir 

�"�*"  

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

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

	�� ! �! '�
- �.%� �� )!
/��� )��%��  ���� "���� !
��� "��#�

'�
0�� 	
��! � "1&* 2�� 
3�4�. �! 	* 5��� � )!%�  '
(

�
� � ���� 	
��! )6�� �� 	�� ! � 	
(! ,�� %�7�
 ]1[.  )
-��!

)PORT-XII, Genoray, Germany( )
-��! =� 


%��>.  ,�?�
@ 
� '%A
� '���! 
��� 	��� 
B0C B�
@ '��!%�

) D��E��� �F��! 
� G
� !�H� D�
�2-01/0 D
�M� � �� 
N (kVp 

60 "� ��
� ) B��1 .( P
��H�! �����! =� �F 
� )
-��! ���

"� B0Q 
���� ��� �! � �F� "�  ���F� 
� � "M�0�� �?�$ �� 	��.

.!%� )!
/���  )
-��! ��� !��C3 !��! 	�� S%&�?��]2[ T%>� .

,�0(� � %��
>. =�F�?� �! "$�%&��!�� 	�� ! '
(  �! "��#�

,�� 5%��& P
C 
"M
C �! ���F�. ��  ���� )
-��! '
(

���� " �� ! � ��
� ��� %�  
� UV.%� '
(%WX Y%�� �! ��

�F��( 2�
.]2[.  

  

  
  

  
 2��1 .  ����4�5)67 ��8$9�PORT-XII ����$9� ��)
  

� ,�� "M
C �! ����  !��� �!%WX  
	�#� �� ���� �� )!
/���

,�� Z[�� 	* �� )!
/��� %WX %� 	* ">�4�. !��]3 .[ � 
X�
�

 )
-��! )� �
�PORT-XII  P
� �!2008 ��M
W�  '�� '� ���

�0�� �
VN� '�%� )
-��! ]�^_. ��� ]VA %� .!�! S
H � 	* 	!��
 

�� ��@ �� "�C )
-��! ��� ���� "&�F��%� ��- 
�� FDA 

)Food and Drug Administration( ��  ��- 
�� ��! %`���C

 �� �
H�100  �?�
$ �! ,Q
� �! �-� �� "?��1 "� '%�� � �! 

� #�  	��� ���� "&�F��%� %`���C � ,�� )!%� 5��#& %�0


_� 2���$ a10  �?�
$ �! ,Q
� �! �-� �� "?��1  � '%��

1/0 ��!%& �V�
_� a$
_� 2��� 
� ,Q
� �! �-� �� "?��]2[. 

 ��� .�� )!
/��� %M�� %-�
& %-��
0� �� %b
C ��M
W� �!

�
��* � !
�� "���
� %�c  '!
�� ���
���� '���! �
��M
� '�%  '
(

"� !
�� d
/.�� 
�  �� " 
�� .!���  �
�  )�FF� ,��^. ����� � ��
�

�
��* ��� �! ���� 2�
. "� �@��� �
�  "��%��M� 	
�%[ 
!��

"� '�
[ !�%��M� �! ���  
� %���%��M� =� �?��� �� �� !!%&

)��� � B�
@ U���� ,��
�C ],�� '%�&4.[  

Danforth 	��
�0( �]5[ %� ���� )�F�� �� )!
/��� S
-F(

 )
-��! �� ��.�%��Aribex NOMAD )��� �  !���. .� !%� '%�&

� �0   
(715  " �� ! "$�%&��!�� �200  .!�� P%�F� '�%� 2�
.

 
� �
QhA�%`���C �$%C ,�F�� '�%� � G
� P�V@ B�
@ ��!  '�

����  "(!MPD )Maxiimum permissive dose (  

)50  
� ����� "?��5000 � �H��  .�� ���
^� (S� "?�� � ,�!

)��*
 047/0  
� ����� "?��47/4  
� S� "?��09/0  ���!

MPD ���
� �
��� �H��  ��� .!�� �$%C 2�
. ,�!��_� �� %.  '�

 �
&�
� � 
X�
� )!�! 
� � ,�� )�� %��F�!��.  

Goren 	��
�0( �]6[  ��#?$ 	
�� �� ���� "M
0�C� ,� 

� )��j�� ��-F� )
-��! ���� ���� k��. T�%ANOMAD � 

 k��. '
1� � �� �� "�%� "?�%�* �?�� 	
�� �� )�F��%� ����

"� B>�� )��� � �� �
0�� 2�
. #�  � ��
� .� !%� '%�&  	
�  l�
� 

%WX �� !�!  �� )!
/���NOMAD  !��� 
��� 	�#�� �� %����

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

)��� � 
� �
��� )�� '%�&��� ,�� )�� 34�� 	�#�� �� %..  

Pittayapat � 	��
�0(]7 [)
-��! '�%�  B0C B�
@ '
(

Rextar 
MinRay  �NOMAD  )!
/��� ���F� �� �� " 
��

"� )��� � ��  ���� ��! '%�&)Dosimetry(  �� 
� !�! S
H �



�����	���� 
�'��� 
�;<��* ?L(�  �)�# A��L�  ���,M �;(�� ��<�  ����N! �  

����� ���	��� 
��
  ���� ������� �����9����� � 4 ���
 1392  331  

  

www.mui.ac.ir 

-��! �� )!
/��� S
-F( "$�%&��!�� ,�/�� ��%�1� )
NOMAD 

 ���F� �PSP !�� .	�#�� ��%�0�  ���� ��.�%�� ,�! �� m��%�

 
�� )!
/��� P%�F� ��0�� �� "�@� �� !�� "�n
/C �?�� )�%0(

) .!�� %�0� �
��� ��! ���1/0  :'%&�%���NOMAD( .Gray  �

]	��
�0(8 )
-��! '�� %� ��M
W� 
� [NOMAD  �� �F�$
��!

�%�� U��. "�$
��! ��! 	�#�� )
-��! ��� �� )!
/��� S
-F( ��.

)
-��! "�$
��! ��! �� %�0� .!�� ����! �� )�� p>  '
(  

 
� )�F��%� ���� 	�#�� ����. 
%b
C ��M
W� S
H � �� T�(

 B�
@ "$�%&��!�� )
-��! T�%A� %M�� %-�
& %-��
0� �� )!
/���

 B0CPORT-XII pW� �! P�0�� ��A �� �� !��  '
(

	�� !  "��#�"� )!
/��� !��.  

  

 , �
�"  +,� �-  

 ���"/���. ��M
W�-  P
� P�� �0�  �! "?�?_.1390  '�� %�

15  ���� 	
��! � 'D�M��!�� 24� �� )�FF� ��[�%� �
0��

	�� ! )��� �! .�� S
H � 	
1/�� 	
-����X "��#�  �[�. 
�

�� ��� �� %b
C ��M
W� �! )
-��! T�%A� �! ()
-��! ��
H�) 

6 ,��@�� �$%& %c  �!�� � B� !���. � �0   �� 
(90   

.���� ,��@��  

� '!%$ %( '�%� ���� ���� �� 	�#�� %( �� ��� �� �[�. 


"� ,��  %WX]3
[ ���%�
F�  " 
��! q
_M �� �� " ��
0�� �� U^$

 �� �
� ��!���F���! "$�%&  �?�$ �� )!
/��� 
� � "�%� �^� ���� 
�

 ,Q%� 
�E )PRIMAX-Berlin, Germany � ( )
-��!

'��!%�%��>. PORT-XII ,�
� � P
���� '%� "$�%&��!�� 


 rF�� ��1. ��)��� � � ���� ��! '%�&  S
H �.,$%&  


� �
��� ,�/�� �� %HF� � 
X�
� '!
1F��� 2�
. 	
��� � ��

"� %��
>. 	�� )
��  	�� ! � �
0�� �`[ �� ���� ���%�
F� 
��

c  !��� ��� 2�
. 	
�� 
%4/0 -2/0 ) �� 
N  U����3/0  (�� 
N

k
4� �  
. ��,�/�� ���?� %c  �� � ��$
� !�V1� 
(  � 3�4�.

P�V@ B�
@ 	
��! !�� .  

 d�  �� "W�_� %�0���! )
-��! '�
& %-��
0� %M�� %-�
&

)USA ,)XSC (Graetz
( )��� � �F��! 
�  '%�&6/1  
. �����

20 Q
� �! ������%��� �
�  !��� 'D% � B@��C � ,60 �?�� 

 ,M�!�� 
. )
-��! ��� .3/1 "� �� ,M��%��M� 	��?��  B0_. � ��.

�F� )B�� 2.(  

  
2�� 2. ����$9� ��)
 �/)
�85�: �$�5.�� ��8$9�  

  

2�
. 
� 	
�#0(
  %-��
0�%M��%-�
&  !%$ U��.	���*  %&

)
-��! ��
H� !�� ���� "�%� �^� � 5���� ��  �� "�� �!5 

,�� ,��@��
  �?�
$ 
� ���
� � G
� 
,��� 
st1  ��%@ '%��

) �� )!�!B�� 3.(  

  

  
2�� 3 .�.����  �/)
�85�: �$�5.�� ��8$9� ;9)7 
*�� .��  �&:

 ��8$9� <	� ��PORT-XII  

  

 �?�
$ �!1 )
-��! �� '%��
 %�0���!  ����� 
�90  �[�!

'��!%�%��>. )
-��! �� ,V�  PORT-XII  .,$%& ��%@

��!��"$�%&  B��_. �
0�� �� � )�� %(
n "��! ���� �� 
(

� �� )!�! ���%�
F� 
75 )��� �  � )
-��! T�%A� '%�&15 

)��� �  �?�
$ �! '%�&1 � �0  
. �� S
H � ��/( �! "A '%��  
(

� ��!%& B�0�..  



�����	���� 
�'��� 
�;<��* ?L(�  �)�# A��L�  ���,M �;(�� ��<�  ����N! �  

332  ����� ���	��� 
��
  ���� ������� �����9 ������ 4 ���
 1392  

  

www.mui.ac.ir 

 %�0���! )
-��! U��. �� '!��Q� �C�� 
�� )� ��X

,��M =t �! �� !�� ������ 
  
� � ������%���  � �� ,VN 
(

 ��� uG��� �� �F��� ��! �92 -85 !�� ������ 
 
  !��Q� ��� ��

� !��Q� � �� %�� � 
� ���
^� '�%� )��* ,�!,�!��_�  ��!

) ����Dose limit � G
� ���� �� �� (50  � ����� "?��

 "-�/(1 "� ����� "?�� ���
]9[  B��V. ����� "?�� �C�� ��

.� �� ��� �� �[�. 
� ���%�
F� �$%C 34� =� ��  ��/( �! '�

"�  � ��.1  �� )���� ���� 	�#�� 
�F� ,$
��! ���� ����� "?��

2�
. !���. � )
-��! ,�� 	�� ! �� "�
( "� =�#�  ��� 
� � ��.

 �
H� �C �� �� "�$
��! ��! � �(! S
H � )
-��!1 ?�� ����� "

2�
. !���. ��Fj0( � �� �V�
_� �F�  ��
H.  P
� �! �� "�
(

"�  �� �� ��! � �F� ,$
��! � ��.50  
!��  %���� ����� "?��

 .�� !��*%�  

 �?�
$ �! ���� �
H� 	�#�� 
� ���
^� '�%� ��Fj0(1  '%��

 U��. ��FDA 
100  
,�� )�� 	��FQ ,Q
� �! �-� �� "?��

�
$ �! �� '!��Q� �?1  �-� �� "?�� �C�� �� ��* ,�! �� '%��

� �� B��V.]2[.  

S%  U��. '�
�* B�?_. '�%� �
QhA� ��� ��#$� SPSS 

 �4� 18 )version 18, SPSS Inc., Chicago, IL (  

=� � 
���� 	���* �� )!
/��� 
� � � �� B^�F� %.��E�
� �� 

 	���* #�  � �$%At � �0  =. �'
  "��%� � B�?_. !���  

�F�$%& ��%@.  

  

���
� �-  

��� �� ���� �?�4� 	��
0�� �! ��M
W� ��� �!  �Ft �� ���?� ��

 %( 
� �F���! �
�  " 
��! q
_M �V.%�)
-��! �! 2�
.
 

)��� � ���� ��! '%�&  ,$%& S
H � 
���
� 
G
�) ,��@�� %( �� ��

 �?�
$ #�  � )
-��! ,�� � st 
,���1  ('%��15 � !�Q �

 ,�! ��*� �0  !���. d�0H� �! ��  
(90 !�Q .!�� 
	* �� "�
[  "� )�^M
� �� ,�� '%�v�� 	
�� ��  �! ,� ��.

�?X��� %b
C ��M
W� l�
�  	
�� ���
^� 
� 
��
� %&  2�
. '
(

=� � 
���� #�M
 * 	���* U��.  P��[ ]VA �$%A1  34��

�
1[ �! 2�
. 	
�� ��- 
�� �� ��  
� )
-��! ��
H� �?�4�

"F�� Th�X� �(  ,�� �����  '��!)472/0  =p value.(   

�?�4� "C��  �! )�F��%� ���� 	�#�� ���
^�  ��
H� )
-��!

 P��[ �!2 =� � 
���� #�M
 * 	���* ]VA %� �� ,�� )��* 

 �$%AANOVA  "V�^�. 	���* 	* P
V ! �� �Duncan 


�� )���� )�F��%� ���� ��- 
��  ��A �� )
-��! ,�� �! ��.�%��

F��" %-�! �
1[ �� '��!  %�0� !��)001/0 < p value 
�� 
(

F�� ��
/. �( 
� %-�! �
1[ �! )�F��%� ���� ��- 
��"  '��!

�� ,� )169/0  =p value.(  

 !���. ��- 
�� ���
^��V.%�  U��. ��/( �! 2�
. �
H�

 )
-��!PORT-XII  P��[ �!3 %� �� ,�� )��*  	���* ]VA

=� � 
���� #�M
 *  "V�^�. 	���* 	* P
V ! �� � �$%ADuncan 


 !���. ��- 
���V.%� ,�� ,1[ �! ��/( �! 2�
. �
H� )
-��! 

F�� ��A ��" %���� �
1[ ��^� �� '��! !�� )001/0 < p value 
(

�
1[ %�
� �� %�0� )
-��! ,�� �! )���� ���� �%��  .!��

 !���. ��- 
���V.%�  �( 
� %-�! �
1[ �! ��/( �! 2�
. �
H�

F�� ��
/." ��  '��!,� )215/0  =p value 	���* ��Fj0( .(

t � �0  =. '� )One sample t ( !���. ��- 
�� �� !�! 	
� 

�V.%�  )
-��! U��. 2�
. �
H�PORT-XII  "-�/( ���� ��

F�� ��A ��"  � 
X�
� '!
1F��� �
H� �C �� %���� '��! !��

)001/0 < p value.(  

!���. ��- 
�� ���
^� �V.%�  U��. P
� �! 2�
. �
H�

 )
-��!PORT-XII  P��[ �!4  	���* ]VA %� �� ,�� )��*

=� � 
���� #�M
 *  	���* 	* P
V ! �� � �$%ADuncan  ��- 
��

 !���.�V.%� F�� ��A �� ,�� ,1[ �! � G
� 2�
. �
H�"   '��!

 %���� �
1[ ��^� �� !��)001/0 < p value !���. ��- 
�� 
�� 
(

�V.%� F�� ��
/. �( 
� %-�! �
1[ �! � G
� 2�
. �
H�"  '��!

�� ,� )215/0  =p value.(  

 �! 2�
. 	
�� ��- 
�� ��Fj0( � )�F��%� ���� ��- 
��

 �?�
$1  P��[ �! '%��5  	���* ]VA %� �� ,�� )��*t  =.

� �0  '�
  �?�
$ �! )�F��%� ���� ��- 
��1  ��A �� '%��

F��"  �
H� 	�#�� �� %�0� '��!FDA )100  �! �-� �� "?��

 !�� (,Q
�)001/0 < p value(.   

	
�� ��Fj0(  �?�
$ �! 2�
. '
(1  #�M
 * 	���* ]VA '%��

"F�� Th�X� �( 
� �$%A =� � 
����  ,���  '��!  

)452/0  =p value(.  

  



�����	���� 
�'��� 
�;<��* ?L(�  �)�# A��L�  ���,M �;(�� ��<�  ����N! �  

����� ���	��� 
��
  ���� ������� �����9����� � 4 ���
 1392  333  

  

www.mui.ac.ir 

=��> 1 . ?�$@
 A��> �� B4�7 ��
. C&8��&
����
 ��8$9�  

472/0  =p value  

������ 81�9" ��
�	  81�9" ��
�	 �� :��$ ��"; �,�." �!	�< =>� �� ������    

  �?�
��  ��
��  ��!�" �
�@	
  #!�	�!"  

,��  40/0  25/0  06/0  33/0  

st  40/0  25/0  05/0  35/0  

G
�  40/0  25/0  06/0  31/0  

���
�  40/0  25/0  07/0  31/0  

,���  40/0  25/0  06/0  32/0  

  
=��> 2 . ?�$@
 �D�)� �� ��#%��� 
*�� C&8��&
 
+5�E
����
 ��8$9�  F+D �4A�)&9 ��&
 �D��  

001/0 < p value   

������ 81�9" ��
�	  B��!� �1!" ��
, �� ������ �
��
 �� ����
�� ���
 �
 !"  

  �?�
��  ��
��  ��!�" �
�@	
  #!�	�!"  

,��  3- 10  ×33/1  3- 10  ×67/0  3- 10  ×17/0  3- 10  ×98/0  

st  3- 10  ×38/4  3- 10  ×39/1  3- 10  ×75/0  3- 10  ×65/2  

G
�  3- 10  ×15/4  3- 10  ×15/2  3- 10  ×51/0  3- 10  ×73/2  

���
�  3- 10  ×03/4  3- 10  ×22/2  3- 10  ×50/0  3- 10  ×0067/3  

,���  3- 10  ×21/4  3- 10  ×28/1  3- 10  ×90/0  3- 10  ×0065/3  

  
=��> 3 . ���*7 C&8��&
 
'7�
�8$�G B4�7 .��
 ���&
 
4 
>)7 �4 
$�G �� B4�7 .��
 1 A�)&9 ��&
  

 81�9" ��
�	������  �?�
�� ��
��  ��!�" �
�@	
  #!�	�!"  

,��  1475  746  207  1014  

st  719  228  135  376  

G
�  465  241  60  365  

���
�  450  248  59  333  

,���  779  237  143  332  

  
 =��>4.  ���*7 C&8��&
 
'7�
 ��8$9� ;9)7 
�H�9 B4�7 .��
PORT-XII  .�� ������$9� ���&
 
4 
>)7 �4 ?�$@
 A��> ��  

 
�H�9 .��
50 A�)&9 ��&
  

B�CD  ��
��  �?�
��  #!�	�!"  ��!�" �
�@	
  

,��  37341  73746  50716  10394  

st  11415  35945  18817  6769  

G
�  12048  23255  18275  2995  

���
�  12406  22522  16663  2994  

,���  11786  38940  16630  7151  

  
��> =5 .
���, �� ��#%��� 
*�� C&8��&
 1  �$
 B4�7 ��
. C&8��&
 � <J�9 �� C8$��� ��&
 F+D�4 �� 
���, C5�   


&��K F+D�4  

  ���
�  �?�
��  #!�	�!"  ��!�" �
�@	
  

)�F��%� ���� 	�#��  019/0  119/0  044/0  024/0  

2�
. 	
��  200/0  400/0  300/0  058/0  



)�# A��L������	���� 
�'��� 
�;<��* ?L(�  �  ���,M �;(�� ��<�  ����N! �  

334  ����� ���	��� 
��
  ���� ������� �����9����� � 4 ���
 1392  

  

www.mui.ac.ir 

 E@�  

��M
W� ��� �! ��  	�#�� ����. "$�%&��!�� )
-��! )�F��%� ����

" �� !  B0C B�
@PORT-X II�� 
  �� ��� �� 	* �� )!
/���

 ,�� 2��#$� ��X�!%��� ��.  �! )�F��%� ����5  T�%A� ,1[

 �� =�!#  �?�
$ �! )
-��!	* ,1[  )�F��%� ���� �V�
_�

 �?�
$ �! #�  � ��.�%�� �� )����1  ���� �V�
_� '�%� '%��

	
�$�%A� �� )���� )�F��%�
 )��� � '%�& .��  

��� B�M! �� ��  	���� '�%� �
0�� �� )�� ��M�. )�F��%� ����

)
-��! ,�� ��
 " G�A %���  "A �� '%."� �F� 
���%�
F� 

 ��Fj0( .!�� �(��X %�0� )
-��! ,�� �! ���� ��! 	�#��

 k7[ )
-��! !�X �! )�� ��V�. k%� U��. ���� �� " �#��

"� .!�� �! 2�
. 	
�� ��- 
��  �( 
� )
-��! �?�4� �
1[

F�� Th�X�" ,���  '��! .��M
W� �! '�  � 
X�
� U��. ��

 )
-��! )� �
�PORT-XII )Genoray P
� �! (2008]2[ %� 


�� S
H � )
-��! "F0�� '��  ��M
W� 	
�� �� %���� 2�
. 	
��

"$�%&��!�� 
"?�$ ��M
W� �! �� �%t .!�� %b
C  
� )�� ��1. '
(

	
��  
�F���! ���
� ,�/�� � )%�. 
)� �
� � 
X�
� '!
1F��� '
(

 2�
. 	
�� ���%�
F�4/0 -2/0  	
�� U���� 
�) �� 
N3/0  (�� 
N

?� ��1. ,1[���  ��$%&%c  �! 
">�4�. %c  �� k�?W� '
(

 �?�4� �
1[ �! 2�
. 	
�� ��- 
�� #�  B�M! ��0( �� .��

"F�� Th�X� �( 
� )
-��!  .,���  ��!  

 )� �
� � 
X�
� ��M
W� �! ��Fj0(PORT-XII  P
� �!

2008  )
-��! ��� "F0�� "��%� ,1[ ���� S
H �
  !���.

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

 �?�
$ �! )�F��%� ���� 	�#�� ��Fj0( � �F� )!
/���1 '%��
 

�� �V�
_� . !�! 	
�  l�
�  �� 2�� ��.�%�� ��250  ��/( �! �
�

"�  �! )�F��%� ���� 	�#�� #�  � �F� )!
/��� )
-��! ��� �� � ��.

 �?�
$1  '%��
�  a$
_� 2���1/0 � �! �-� �� "?�� ,Q


!��]2 [�F��� ��� �! l�
�  #�  %b
C ��M
W� �! ��  
( q
_M ��

 ���� "&�F��%� "F0��.!�� �
&�
� � 
X�
� ��M
W� 
�  

��� �� �[�. 
�  ���$%C !�%$� "-�/( 2�
. �
H� 	�#��  '�1 

"� ����� "?�� ��
�]9
[  ��- 
�� ��A �� )
-��! ,�� �!

1014 �V.%� "� ��/( �! 
-��! �� 	��. �
1[ �! � !%� )!
/��� )

 st ,0� p�.%. �� %-�!376  �V.%� 'G
� ,0� 
��/( �!

 )
-��!365 �V.%�  )
-��! ���
� 
��/( �!333 �V.%�  � ��/( �!

 ,��� ,0�332  �V.%�"� ��/( �!  .!%� ��1. "$�%&��!�� 	��.

"F�� ��A �� ��/( �! 2�
. �
H� �V.%� !���. ��- 
��  �� '��!


W� �H�� ) !�� %���� � 
X�
� ��M001/0 < p value( ��VM� �� 


��
� 2�
. 	
�� �! ��
/. ,?Q �� ��
� ��
/. ���.   

�$%C !�%$� '�%� �
H� � G
� 2�
. 	�#��  '�50  ����� "?��

"� ��
�]9[ !���. ��- 
�� �
�� ��� %� . �V.%� U��. 2�
. �
H�

 )
-��! ,�� �! )
-��! ���50716 �V.%� ,0� 
 st18817 

�V.%� )
-��! 'G
� 
18274 �V.%�  )
-��! ���
� �! �16663 

�V.%�  ,��� ,0� �! �16630 �V.%� "� P
� �! .��
�  

	���*  !���. ��- 
�� �� !�! 	
�  '�
�* '
(�V.%�  �
H�

F�� ��A �� )
-��! ,�� �! � G
� #�  � ��/( �! 2�
."  �� '��!

"� %���� �
1[ ��^� � 
�� 
��
� !���. ��- 
��V.%�  �! 2�
. �
H�

F�� ��
/. �( 
� %-�! �
1[ �! � G
� � ��/("  '��!.,���   

 �?�
$ �! 2�
. �
H� 	�#��1 '%��
 100  �! �-� �� "?��

,�� )�� ShQ� ,Q
�]9[ )��� � ��! ��- 
�� ��  �� )�� '%�&

F�� ��A"  ��M
W� �H��  #�  � !��� 
��� �
H� 	�#�� �� '��!

�
�.!�� %�0� � 
X  

� ���� ��- 
�� � �?�
$ �! )��* ,�!1 '%��
 04/0  "?��

,Q
� �! �-� ��  !��C �!)5/2 �F��� ���� %��%�  ('� �� !��

 �� )� �
� � 
X�
� �H��  �� ,V� 1/0  ,Q
� �! �-� �� "?��

"� �>  u
V�%^. � %�0� �
��� !��  %�0� 	
�� 	* ��[�. �� .��
�


C ��M
W� �! 2�
."� %b 	
0( 
��
�  =�!#  �?�
$ �! �� ��A

)��� � �( ���� ��! '%�&  �� ,V�  �� '%�0� )�F��%� ���� 

(

.!�! 	
�  )� �
� � 
X�
�  

Danforth � 	��
�0(]5[  '�� �� )�F��%� ���� "F0��

 )
-��!Aribex NOMAD  �� ,V�  ��NOMAD %.���[ 


!�� � �H��  �� � !%� "��%� �)��* ,�!
 047/0  ����� "?��

 
�09/0  ���!MPD ���
� �
��� 	�#�� ��� �� !��  �� %.

�$%C 2�
. ,�!��_� "� '�  )
-��! )�F��%� ���� 	�#�� 
��
�

PORT-XII  %�0� �
��� �( ���^� ��� ��!��  P
`� ��A ��)

002/0 ()
-��! st ,0� �! ����� "?��.  

Hermsen 	��
�0( �]10[ ���� "&�F��%� 	�#��  )
-��!

 " � 
@ "��#�NOMAD )��� � ��  
� � '%�&MPD  ���
^�

 )�F��%� ���� %`���C 	�#�� �� !�! 	
�  �H��  
� !%�523/0 

 � ��/( �! ��� '�%� ����� "?��506/0 � "?��� '�%� ���4 



�����	���� 
�'��� 
�;<��* ?L(�  �)�# A��L�  ���,M �;(�� ��<�  ����N! �  

����� ���	��� 
��
  ���� ������� �����9����� � 4 ���
 1392  335  

  

www.mui.ac.ir 

 �� 	�#�� ��� �� �� �H��  � !�� ��/(MPD ,�� %�0� �
���.  

 )
-��! �!PORT-XII �F��%� ���� %( '�%� )�V.%�  2�
.

 �! !��C002/0  �� !�� ����� "?�� �! P!
�� !��C260/1 

 '�%� ���� "&�F��%�2  )
-��! �� )!
/��� ��/(NOMAD 

"� ��
� ."� �
�� ��� %� )
-��! �� ,/& 	��.  

PORT-XII ,�� �0�� �( �
�M
W� l�
�  ��Fj0( .Gray  �

]	��
�0(8 � [McGiff ]	��
�0( �11 %( �� [ P
� �! �!

2012 )
-��! 	!�� �0�� %b
C ��M
W� �F 
� �� S
H �  '
(

%��>. "� ���y. �� B0C B�
@ '��!%�  .�FF��� ��VM�  ��� �� ,?Q

"� �� �
��� '
(��! �! ���� ����  ��%N� ��%� p[�� � ��.

 �F 
� "M
0�C� 21[!�� 	
A%� �]3[  ��� �� �%�� )!
/���

"0  ����. )
-��! .!��  

 
	��.
  !�%$� �� '��!%�%��>. �F 
� z
X !���� �! ���%�
F�

'%��� 	��
0�� 
� 
X  � �D��� 	
��! {@��� �! � ,���1� '
(

"� )
-��! ��� �� 	��. !%� )!
/��� |%_�� '
(	* �� .  �� "�
[

 	
�  �� "W�_� )�F��%� ���� ���� %M�� %-�
& )
-��!

"� "� ����. 
!�! �� �
�M
W� �! !�� � 
�F���M��%. �� '�

 
)�@%. 
�F�� ��/@ 
��.�%�� ,�- � "�7[ ��! 2HF� ,1[

!�� )!
/��� ����%�. )�} � ��t.  

  

�.!�	 /�!�  

 |%_�� )
-��! �� )!
/��� S
-F( )�F��%� ���� 	�#��  

PORT-XII � !�%$� � G
� 2�
. �
H� 	�#�� �� %�0� �
��

�$%C ) '�50 "-�/( �
H� 2�
. 
(����� "?�� �$%C !�%$�  '�  

)1 2�
. �
H� 	�#�� �� %�0� �
��� � (����� "?��  �?�
$ �!  

1 ) '%��100 (,Q
� �! �-� �� "?�� "� ��
�. 
P
C ��� 
�  ��

���� "M
0�C� �
N* ��%� B�M! "�C  
�� '
(��! �! ��  

)
-��! ��� !%��
� 
� "�C "F0�� ����10. ��?� '%�&�
�  
(  

"� !
1F��� !��.  

 
 
References 

1. Poorshakibaie P. Comparision of self-developing film and conventional film for dermination distance between file 
tip to radiographic apex in root canal terapy (invitro). [Thesis]. Isfahan, Iran: School of Dentistry, Islamic Azad 
University, Khorasgan Branch; 2008. 

2. Dong-Hun L, Overseas S, Genoray Co. L. Leakage radiation and superiority of port-X II. [online]. Available 
from: URL: http://www.forum-roev.de/download/Genoray%20-%20Port-X%20II.pdf  

3. White SC, Pharoah MJ. Oral radiology: Principles and interpretation. 6th ed. Philadelphia, PA: Elsevier Health 
Sciences; 2008. p. 22-8, 48-60, 176-8. 

4. Aghapur M, Khadem H. Geiger muller detector. [online]. 2006 [cited 2006 Aug 01]; Available from: URL: 
http://daneshnameh.roshd.ir/mavara/mavara-pagehistory.php 

5. Danforth RA, Herschaft EE, Leonowich JA. Operator exposure to scatter radiation from a portable hand-held 
dental radiation emitting device (Aribex NOMAD) while making 915 intraoral dental radiographs. J Forensic Sci 
2009; 54(2): 415-21. 

6. Goren AD, Bonvento M, Biernacki J, Colosi DC. Radiation exposure with the NOMAD portable X-ray system. 
Dentomaxillofac Radiol 2008; 37(2): 109-12. 

7. Pittayapat P, Oliveira-Santos C, Thevissen P, Michielsen K, Bergans N, Willems G, et al. Image quality 
assessment and medical physics evaluation of different portable dental X-ray units. Forensic Sci Int 2010; 201(1-
3): 112-7. 

8. Gray JE, Bailey ED, Ludlow JB. Dental staff doses with handheld dental intraoral x-ray units. Health Phys 2012; 
102(2): 137-42. 

9. Bushong SC. Radiologic science for technologists. 8th ed. Philadelphia, PA: Elsevier Science Health Science 
Division; 2008. p. 580-1, 616-7. 

10. Hermsen KP, Jaeger SS, Jaeger MA. Radiation safety for the NOMAD portable X-ray system in a temporary 
morgue setting. J Forensic Sci 2008; 53(4): 917-21. 

11. McGiff TJ, Danforth RA, Herschaft EE. Maintaining radiation exposures as low as reasonably achievable 
(ALARA) for dental personnel operating portable hand-held x-ray equipment. Health Phys 2012; 103(2 Suppl 2): 
S179-S185. 
 

 



�����	���� 
�'��� 
�;<��* ?L(�  �)�# A��L�  ���,M �;(�� ��<�  ����N! �  

336  ����� ���	��� 
��
  ���� ������� �����9 ������ 4 ���
 1392  

  

www.mui.ac.ir 

Determination of scattered radiation around PORT-XII portable 
dental radiography unit 

 
 

Roshanak Ghafari, Masoud Khabiri, Mahdi Rafieian,  
Elnaz Khorrami, Shahnaz Nikzad* 

 
Abstract 
 
Introduction: The use of hand-held portable x-ray units is on the rise in dentistry. X-ray equipment 
operators are worried about being exposed to radiation-induced risks. The aim of this study was to 
determine the amount of scattered radiation around PORT-XII portable dental radiography device. 
Materials and Methods: In this descriptive study radiation dose measurement was carried out at 6 
positions around the PORT-XII radiography unit (over, under, right, left, behind and front at a 
distance of 1 meter from the unit). Dosimetry was carried out by the Geiger-Muller counter. The 
setting for all the exposures consisted of 60 kVp, 2 mA, and 0.3 s and Primax (class E) films.  In the 
current study 15 patients were evaluated. Study data was compared to the annual maximum 
permissible dose. Data were analyzed by paired t-test and one-way ANOVA using SPSS 18 (α = 
0.05). 
Results: The measured backscattered radiation at 6 positions around the PORT-XII unit at a 
distance of 1 meter far from the equipment was below the annual maximum permissible dose of 50 
msv. The backscattered radiation behind the PORT-XII unit was less than other sides and the mean 
was 0.98 ×10-3 msv, demonstrating a significant difference from other sides (p value < 0.001). 
However, other sides were not significantly different from each other (p value = 0.169). The mean 
of the measured dose was 0.002 msv near the unit and 0.004 mR 1 meter away from the unit. 
Conclusion: Based on the results of the present study, the measured dose around PORT-XII unit 
was well below MPD. 
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