
 

  

 *����� ���	 
���
 ��� 

�� � ���� � ���� �������� ����� 
� � 391301 "�� ��#$�� �%�&� '()* ��+,��� ��. 

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

2- �����	
 ���
�� ����� ���� ������	
 ��
�� �	 �&�'()	 �&�'()	 ��
�� *�+, ��-��	
 �&	��  

3- &	��	 �&�'()	 �&�'()	 
0�1 &� ���!�2 ���	�%��
	� 342 ����%�� 56�7�8���	  

4- �����	
 ���
�� ����� ���� ����
� �	 ��
�� �&	��	 �
���'
 �
���'
 ��
�� *�+, ��-��	
 � 

������� 	
��� 
: ������ 	��
�� ��
�  Email: shokrani@med.mui.ac.ir   

  

 ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392 1919 

www.mui.ac.ir  

������ �	
�� 
�	���� ����  ����� �����	 :12/7/1392  

��� ��  ���	/ 
���
262/ � �!"���# �$  
��1392  ����� ���
� :15/9/1392 

  

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

  
��� ����	 
��
1 ��
���� �
���� ���
2 � ���
�������� ������3 � ���

��!� "#�	4  

  
  

�����  

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

���� �789" 	
��
�� .	
��
�� ����� �:�;<� 6�� �� 0�=� >�8? #�' 3�@A B?�� �2�C
 �� � � !���� �" #�  #��?Monte Carlo ?��"� 1A.  

��� ��: 01.'� D�8A # E�8
�& ���F
�  �DG E�8
�&�9F%� 0�=� >�8? # �� H�)    #� E�8
�&�9F%� 0�=� >�8? # �� H�) 	
��
��   #�  #�'

3%��  #�1I B?��  #�' �"��IBEAMnrc   DOSXYZnrc 3�@A 1A �J.?��@85�   #��? .	
��
�� ���� ���  	�,+��   -./ �0��1
� ���K�   �'

	
��
�� 1A �?��" � � !���� �" �'. 

����� ��:  � � !���� 39��;�> 1"   �" 01.'� >�L
 �	
��
�� > �8FM� �� �A�
 � � N��$&� #  �� $%& OP? �� �8L)�" #�'5/5 3%Q�& ��   1Q��  #  

mm 4  $%& OP? ����" . E��
�8��� $%& �� �A�
 �S�,�� 6��8L�"9  1Q����" .3%Q�& N'�I �"  #3%�� 6�" 3%Q�& N'�I �"   S�,�� ��� N��$&� ��'  #

3%�� 1A 01'�L� 2�C
 �� � � N��$&� �2�C
 �� �' .3%�� �P+ N'�I 1A � � T����K� N'�I U@? �' .	
��
�� -./ ���K�    E��M�8�  3" E��
�8��� �� �'

 �V�8?�S�,��  >�$�� 3" ��2 ��� N��$&� �"��". 

����� ����:  � � �78WAG3��? �� 38&�) ���+ 2�C
 �� �	
��
�� �� �A�
  T��Q 3" �3%��  � 6�" 38&�) ���+ 2�C
 ��   N'�I T��Q 3" $%& #

X' X'   N��$&� ��" N'�I .0��1
� ��� # 3��? �� 2�C
 3I �
��� �-./ ���   >G �P+ >1A Y�$" �" 	
��
��  #�8L�" 	�
'� ���A !+�  	
��
�� #

�� 1"�� .I ��Z 3"	?� 	
��
�� #��)���+ 	�,+��   -./ �0��1
� �� �,"�� �2�C
 � � !���� �" 	
��
�� ����� ��% . 6�� #��" � � !���� �?��" 6���"�."

�� 3�Q�� >���
�" ��A.  

����� ������: 	
��
�� 0�=� >�8? #�' 0�=� ��8?�8� �
�������� �#� 3�@A �� � !���� ��'  #��?Monte Carlo  

  

 �!��: �%5 X��� ���P5 ��[��%5 #�1���
5 �3
� �� �
��FA �>�/�� ��\
. ��"#$�� %&�'�� (�)*+� ��,-� %.��/ 0�1� �2�. ���  �/ ��

 �*� 3�	 4�32� . >�=WQ� �FA$� 01FL
�� 3%J�1392 ]31 )262 :(1931-1919  

  

�����  

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

�
�� ���� �������     ��� � ������� ��� �� ��  !�� ��

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

�*��� !��+ (�,'�-� �
�� ���� � �� ��   .��-/�  *0��

�� 
�0 .     �	�
����
�� � ��$�
% &�'�
� �� ��� �/���

�� .�-/� �	�
���
�� �� 23" �$�
%  
�0 �
�4���  

'5

� �/���
��
	 �� �0�/ 6���7 (*0 �� ��   
��0 �����

	�!$'( )*�+� 



 

  

1920  ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392  

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� ��  ����	��� ���%&�' 
��
 ������( � 

)1( .       ��;7 ���� �/����
��
	 ���� 6����7 �� ���

�<��7  ��*=� �� ��>��� �? @�"� �� !�� ���	�A�'� �

 ��
    ��� �7��B/ C���D ��� �*'�� �E���   *�0��)2( .

      �����	�A�'� ��
��� ��
��� 2��� ���E��� ��
 ��*��=�  

cGy 4500  !��)3( . K��$ ��� ��   
�
�L� !'���>$  

�/���? �
 �#�� M=/ NO�B� �    ����� ��E��� 2#P�

����  *����)2(    ��
 �
 �? @���"� ���� �����D ���� Q  

cGy 3350  !���� �*��0 ���,��5 ,��'/)4( .  ���
������

   ���'�'O� MB� !��<� ����/ �
��? !�
 �� !�%

  
��%� �7�B/ C��D �� �E��� ��
 ��
� ��#�� ��*=�

 
��*/)6-5( .  �*���� !���+ (�,'�-� ��;$   ����� �

�
��      2����
	 ��
�� 
+T�� � ��#�� ��
 (�3��P�  ��

�� �*'U'	 �� ����#'� �/���
  *��)7(.  

   .�'/������ ���W�'A? *�/�� �4O�B� (�,OL �� ���
��

 .�'A����) .�'/*�3'A��  .�'��
�  !A�3� �3'�
� W�'A? ( �

    �*���� !���+ (�,�'�-� �����7 ��  X/� *< 
Y�L  �

�
�� ���� �� �
�4��� ��   
��0)8( .   ���E/ (��='=P�

!/[\#�� ��;$ �� !�� �
�
  �#�� 
*7 �� �,OL ���

     
�� ��]#���/ ^�� �����7 ��  �/���
 ���*O'L �
 Y��

�� 
'+_� ��
 `����  
��a5)12-9  2( .�
�� ��
�E'� � 

�� 2)�$ �/���  �	�
���
�� �0 .�Y (�P'Pc� �� 


�#� �� �*0 �
�
 K�=�/� ��a% ��
 ��
�  !�L�� �   ����

��d����� 
'e ��;$ ��  M��� !P� �� 
�0 �3��P� .

��d����� 
'e 
�%�   
��-�� ��
 `���� �
 ���
''f�  ��

��       ���*�� 2��0 ��� �? ��,�'� � �]/�]g �� *��

��d����� 
'e h�% ��5�� �� !3>/ �? !'i"��  ��  ��

�� � 
��
 �]�>� ��
	 !'4'� .    
�'e 
�+�  ��O� ��D ��

�� ��d����� �=3D ��
5 �
 �
 */��� 
�0 �*��:  

1.     ������
	 2��0 � ��'A�� �����
	 Ca% 
''f�

�*���
	 � �? ��
#� 

2. ��
��A� ��OL �
 
''f�  ���/�+ ���)13(. 

��'�� �
 �� ���iA�k� � !/[\#�� 
'+_�    �,�OL ����

   �� ��;"���� �����/  !�� ��L
5 (��) @�B/ ��
 
�

�� ��E/  *�
)11  7( .   �*���
 ���E/ (��iA�k� ��� � 

���*��/� (�,��'�-� !�
�*��P�  �����/��� .*��7 � �
��'5

����>'�   ��
 (�3����P� ��
��� ������
 ���$�
D �����  

)16-14(  l
�E� �
� �
)13(   (���4�� !L�� �
 �'�

!L�� �- �� ,OL *0�� .!�
�*P� �� �
���� �
   ����

  ���3�����P� ��� �� �
�4������  
��
 
����%� m����L  

Monte Carlo �� �')�� 
�0 .  ���� �� n*�  ���
����

   !�/[\#�� 
'+_�� ����
� o'=P�    �
��� ����� ����  ��

 @�B/ ��
 
� ��a5
'+_� 2���7 ������0 � ��
 `����
�

�'30 p���  ����Monte Carlo 
��.  

  

��� 	
  

�'30 *� ��  ����Monte Carlo EGSnrc  ���*�� �  

 �
������BEAMnrc )17( �'3��0 !���%  
��� ������

�*��
 C��0 ��]��
   � ��kd �DOSXYZnrc )18( 

�'30 !�% *0 �
�4��� .��/�L ����.  

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

�� ��	��
����  

�*��
 C��0 �iA�k� ��� �
   ���
	 ��
� ���/� �kd �

MV 6 �'30   *�0 ����� .    (��7[D� ��  ���q�� ��*��

��*�� � ���d�� �� r��
� !#>" �  
� NO�B� ���

�*��
 C��0  ��/�d��� p��� �� �kd �  �� ��*/��  �

�'A�� (�7[D� ����7 ��  
�� �*0 ����� ��]��
   
�� �

�*��
 C��0 *0 �
�4��� �kd �.  

�*��
 C��0 
�  !#>" ��    �#�Eg ���g �����  �

 
�O'L � �'A�� ����#'A��  X/Y�
�0� .
� n*�  ��
��A�

     ����/�+ �����#'A��  ����?  M/�� ^"���  �*��� sk>�



 

  

 ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392 1921 

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� �� ��� ����	  ���%&�' 
��
������( � 

 ��5
� *�g ����#'A��  �O�)�L � ��     
�� �'�� ������ �

�k=/ � ��]��
     ��� ��� !��� �*0 2'�E� ,�
� �� �

  K�*��� ���� &��'�
�  �����Slab  Flattening filter  

CHAMBER  MIRROR  JAWS  MLC  �Slab  

 p'P� �
Linux    
��'\���� p���� �Gb 4  =RAM  

CPU 520M  5i )TM (core )R (Intel   ����� �'30

*�

5.  

�W
/�  ��
��A� ��
� `k" ���)ECUT (  �����L �

)PCUT(MeV  7/0  �MeV 01/0  �UB���� 
�*i� �

)History/particles ( &���'�
� �����108  �108 × 5/3 

��*'� ��
�   M���� ���2cm 20 × 20 �2cm 10 × 10 

*��0 ����L
5 
��q/ �
 . �� 2��)�$ ����L ����;L 2����L ��

30'� ���� �*��
 C��0 ��]��
 
� � kd�     �����7 ���

�#Eg � E���� 

5 �
�4����* . !�%-����3�7��  K*�� 

30'� ���� �� C��0 �*��
  �P���  �=#7 ��
 *)�
�  �


cm 100 )SSD ����� Source-to-surface distance(  �

 ��*'�2cm 10 × 10 2��L�
	 �  ���#� �
 �� )SSD ( �

��*��'� ���� �2cm 10 × 10  �2cm 20 × 20  o��#7 �


cm 10  ���*�/� (�7[D� �� � *0 �3��P�    �*�0 �
�'5

*�

5 �>��=� .���*/�  �
�'5  ���     ^�'������ C? .��/��L

)Germany  PTW  mp3  mc2 Medphysto ( �������

 �����-$3cm 48 × 48 × 48 M/������ ^����"��� �
    

)3cm 12/0  PTW (    �
�]�
 � ��*�'� �����7 �� ���

*0 �
�4��� `%
� ����7 ��.  

 
�i�� �� C? .��/�L �
 (�3��P�3cm 20 × 40 × 40 

2>�'	 ��  ���)cm 1  cm 2/0  �cm 1 (  !��% �
x 

 �y ���'$�/ ���� ��
��� &��'�
� ����   *��O'L �� w����d �

�'$�/  �'�/ �   ��'$�/  �����    � *�O'L 2�d�
 �)cm 3/0    

cm 6/0  cm 1 ( ��P� !�% �
z �'$�/ �
  �� 23" �

 ���'$�/ � x?*��O'�    �$����/ �
 � x?*��O'� �� *��i� �

o'#7  
�.�-/� *0.  

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


�&�  � #��
�'
( �

  

)*� : �����       � ���,  �#��� ��
�% "#��
�$ ��
��

�&�  �� ��	��
���� � � #��
�'
( �

 :   ����� .��/��L

�
�� �/����� �� ��   
�k" �� ��mm 30   ��O	 h��% ��  

  �O'��������� ����������OL �
���������)PTFE  ���������

Polytetrafluoroethylene (    ��� ���O4� ����-� .�/ ��

 �A�]g3gr/cm 2/2    *�0 ��d��� ���B���� ����7 �� .

�/�����   
�k" �� ��mm 10     �O'��� ��O	 h��% ��   ���

 �A���]g3gr/cm 9/0  �
 � �7���B/ C����D ������7 ����

�O'�  �  ���'/������)Synthes, Switzerland (   
�k" ���

mm 6   �A�]g ��3gr/cm 5/4     ��'3i� y����� ��� �


�
�� ���� �
 �*0 *0 �
�
 ��
" �� .  �
  ��7�#-� ���

   
��i�� ��� C? .��/�L3cm 20 × 40 × 40    �����) ���

 o#7 �
 �? sk� �� !�� ��L
5 ��
"cm 5  ��
" C?

���� 

��'5 .���*��/�  ��
 (�3����P� � �
��'5 ��*��'� �
  
2cm 20 × 8  cm 95  =SSD   ��� �����L M��� !P�  

 �W
��/�MV 6  o��#7 �
 �cm 10 *��0 .���-/�.  ��
���

�3��P� �   ���*�/�  ��
 2���L�
	  � 2�>�'	    ��� �
 ���

�'$�/ �'$�/  *O'L �� w��d � �'/ �  ��'$�/ �
 � ����  �

 *��O'L 2��d�
!���% �
  �����x  �y  
����
� &��'�
� ����  

)cm 6/0  cm 2/0  �cm 1 (  ���P� !�% �
 �z  �


�'$�/ �'$�/ � x?*O'� �� 23" �  �
 � x?*O'� �� *i� �

o'#7 �$��/    
���
� &�'�
� �� 
�)cm 3/0  cm 6/0  �

cm 1( 
���� . �-������3�7� ��
 (�3����P� �
 �����

�7�#-� .��/�L �   �� �>��=�2��L�
	  ��� �3��P� �*0

 ����*/�  �
 �*0 �
'5 o#7cm 10 *0 .�-/�.  



 

  

1922  ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392  

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� ��  ����	��� ���%&�' 
��
 ������( � 

�'30 �-����3�7� �� h	  ���� ���$ .��/�L ����

�
���� ���O'� � ��  �
 ��
 (�3����P�  ���'/������� �����

�>�O	 .��/�L  z[5 �A�]g ��3gr/cm 101/1   ����$

�
�� ����   *�0 .��-/� !/[\#�� ��;$ ��*� � �� ��. 

 .��/�L��  �-$3cm 20 × 15 × 8/12 ��   2�>�� 
�i��
3cm 2/0 × 5/0 × 2/0 !���% (�3����P� ��
 
����� 

�
�4��� ��
" !L
5.  2�01   .��/��L �� ^'��#0 ���#/

�'3��0  .��/���L �����$ �*��0 �������
���� ������  � ��

�O'� �� ��E/ �� ���'/����� ��� *�
.  

  

  
 -.�1 .�1.&2 "#��
$ �� 3�(
4� �'
4� ���� 56!  ��� ��
�

��#4�  ��
% ��,  �#�� �  ��) ��8 �9 �#&:(mm 30  =�
> 

 ��8 �9 ?&�(� �&2 � ��#@���mm 10 A
@� =�
>  ( ���4
 �9

�&�   � #��
�'
( �

) ��8 �9mm 6�&D
$ �� E  �cm 4/1  ��

 H
4�� �� E��'�.'cm 8/3-2/3 (�>*
�  ?'� �� ��
:��� ��#   

 
� :����       � ���,  �#��� ��
�% "#��
�$ ��
��

�&�  �&�  L�>8#  ���M( � � #��
�'
( �

  

 �9 L�1�

 N��O�  "#��
��$ :    2��>�� 
���i�� ���� `��%
� .��/���L  
3cm 2/0 × 5/0 × 2/0  ��7�#-� �� 2�E��   ����� �

�
�� �O'� ��*� � �� ��   �'3�0 ���'/������ ���   � �����

 *�0 .�-/� @�B/ �
 ��
 (�3��P� h\� . ��O'�   �
 ���

�O)�L  �cm 4/1 o#7 �
 � 
]�*�� �� cm 8/3-2/3 

  o�#7 �
 @�B/ � *��0�
 ��
"cm 2/5-2/4   �'�� �
 �

�O'� �
 !�� �*0 `"�� .�'/����� � .�O$
� �
    *�i� �

�O'� !'i"�� 
''f� ��  !��% �
 ��   ����x  �y  ��,�'�  

�O'� �
'5��
" !'i"�� 
'+_�   
���� �E��� ��*'� �
 ��

!L
5 ��
" ���
� 
���  
q/.  

P :���� � ��
% "#��
$ ��
�  ����M( � ��,  �#�

������ �&�  �      N�O�  "#��
�$ ��9 L��1� 
�
 :  .��/��L

�'30       p��
�0 ����#� �
  ��O$
� ���� �
 �*�0 ����

�O'� 
k" p=L � 
�� `%
� .��/�L ���E�   .�'/������ ���

 ��mm 4  ��>��=� �� �� *0 �
�
 M��� �   ��
 `�����

   ���*�/� 
'+_�� ��,�'�  `%
� ��
 `���� �� �*0 
�-�� � 

�O'� 
�0 �'i� ��.  

� :����    ����M( � ���,  �#�� ��
% "#��
$ ��
�

�&�  Q	O    N�O�  "#��
�$ ��9 L�1� 

 : ��O'�    ��� ���

h�% �<��7 �� ����#'� ��
� (��4�� ��� �
�� ���  ��

�� �
�4��� 
�0 .     (�3���P�  ��iA�k� ���� �
 ���
�����

�O'� �� ��
 h�% �� ���    .��-/� .�'A����� � 2'��� ���

 �� � *0*/*0 �>��=� `%
� .��/�L (�3��P�.   

  

���
	 	
  

��	
� �
�� �� ��	��
���� ��� �  

  �'3�0 K*�� �-����3�7�      ���  �*���
 C���0 �� �����

�>��=�  ���P�� �     ��=#7 ��
 *�)�
 ����)PDD   ���

Percentage depth dose (2�����L�
	 �  ��
 ������

 ��� �� �*0 �3��P�Monte Carlo  
{���� 
�
�=� ��

���*/� *0 .�-/�  �*0 �
'5 . ��>��=� �� r��
� ����/  �

�����P��  ������PDD   M������ ��*���'� ����� r�����
�  
2cm 10 × 10 2�����L�
	 �   ����� r�����
� ��
 ������

��*��'�  M����� �����2cm 20 × 20  2cm 10 × 10  �


 2�02   !��� �*��?.      N�c/ ������L � ���
	 �W
�/�

  ��O� 6
7 
|��*$)Full width at half maximum 



 

  

 ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392 1923 

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� �� ��� ����	  ���%&�' 
��
������( � 

 ��FWHM (    &�'�
� ��� ��kd � ����? ��� ��MV 

7/6  �18/0 *���? !���
 ���� .  
�
���=� �'��� n[���d�

���*/� � �*0 �3��P�  �� 
�#� �*0 �
'52 
�� *)�
. 

  ���#4�  ��
�% �� "#��
$ ��	��
����   �#��� �

��,  ��  

�'30 .��/�L K*� �-����3�7�   ��>��=� ��� �*0 ����  �

 �3��P� 2��L�
	 ��7�#-� ���$ C? .��/�L �� �*0  �

 �
��� ����   ��O'� ��� ��      2���L�
	 ���  ���'/������ ����

���*/�  �
 �*0 �
'5cm 95  =SSD  ����*/�   ��*�'� �
2cm 20 × 8  ����P� !���% �
y  o��#7 �
 �cm 10 

!��L
5 (����) . 2���03 2����L�
	  �� 2��)�$ �����

���*/� �'30 � �
'5  ��� ��E/ �� ����  *��
 .  n[��d�

� �'����*/� � �*0 �3��P� 
�
�=    �� 
��#�  �*�0 �
'5 

2 
�� *)�
.  

���
�      �� "#��
��'
( R�&$ �� ���
� ��� S����M( �

�1.&2 "#��
$ NO�  56!  

 ��
 `�����7�#-� ���$ .��/�L �
  �
��� ���� �  ��

�O'� ��*� � ��  *�0 �3��P� .�'/����� ��� .  ��
 `�����

 2��0 �O�)�L �
 2��L�
	  �=#7 ��
 *)�
 ��P��  �

mm 1  ��2��L�
	 n[�d� *)�
 � ,OL   ���  2�d�
 �


 @�B/2�0 �
  ���4  �5 !�� �*0 �
�
 ��E/ .  ��
��

  2��0 �
 
��� 
�4     r��=/ �
 ��
 n[��d� *�)�


 �
 ���E�!�� �*0 �
�
 ��E/ 2�0 2d�
. ��#�  ��D

 2���0 �
 ����a4 ���� �*����E� ��
����A�  
���0 ����� 

 
|��*��$ ��
 M��,��L� }��7�� ,��OL sk��� �� ����E5
� 

5/5  */*0 !L�� �� ,OL l
�E� 2cL ��*��� �
 *)�


��  ,OL sk� �� ��L
5 �O)�L �� �? ��*=�) �O�)�L ��  �

mm 4 ,OL sk� ��( �� !L�� M��� �� . �? 
� ��[7 

  �����
	 N'i;� !O7 �� ,OL ��'� �� ��
	 ��37 
+� �


 �
 ��
  ,OL p���    ��� ,�OL �����/�8   M���� *�)�
 

     2��0 �
 �'��U#�  M���� ���� � !L��b4   2�� �


�=k��  ��
��E'� � !�� �*0 �
�
 ��E/ ,OL �Pk� � 

 ,OL �� �0�/ M��� ��*=�9    *�0 �3���P� *�)�
 . �


,OL �
�-    ������
  ,�OL �� ���
	 �%�
d �
 ���B���  

  

 
 -.�2) .a( ���� T�#( ��� ���
�  �U4� ��� �D�� �	�	   ��
�Monte Carlo ������ �  T�#( ��� ���! V�#' 38
(� �� �� "#��
$

 W�% �9 3�(
 #(�3cm 48 × 48  ×48  V9
( L�( �#(#$MV 6  V9
( ����  ��2cm 10 × 10. )b (-'
$��2  T�#( ��� ���
�  �



����  ��
�Monte Carlo ������ �  T�#( ��� ���! V�#' 38
(���  W�% �9 3�(
 #(� �� "#��
$3cm 48 × 48 × 48  V9
( L�( �#(#$

MV 6 ����  ��  V9
( �

2cm 10 × 10  �2cm 20 × 20. 



 

  

1924  ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392  

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� ��  ����	��� ���%&�' 
��
 ������( � 

��
��A�   ����/�+ ����      }�7�� ,�OL sk�� �� 2�)�$ �

�� ��
 M��,L�   Ca�% �� �0�/ ��
 M��� ��� Q*/

5

������L �
���� p����� ����  Y���� �A���]g ����
 �) ,��OL

.�'/�����(
�� ��
 M��,L� ��� 
� &A�e 2��7   .  

  

  
 -.�3. -'
$��2 ������ �

 ��� ���
�  � ��� ���!  "#��
$ �

��#4�  ��
% ��,  �#�� �  ��)��
   ��8 �9 ��#@��� =�
>  �30 

 ��8 �9 A
@� �10 �&�  ��  (�&�  ��
%  ��8 �9 � #��
�'
( �



mm 6  Y4� ��cm 5 ��
  [�� ��  L�( ��#@��� =�
>  �

 �#(#$ V9
(MV 6  V9
( ����  ��2cm 20 × 8 Ecm 95 = 

SSD Y4� �� Ecm 10  �#�  L,O �� �y .��#4�   �#�� �

��,  �&�  ��
% �� W
 � ����  T�� �� "#��
�'
( �

  �#�  �
����

x �  �	�
9 .�&�  �&D
$ �� 

  �cm 4/1 ����� ���8 ��'�.' ��. 

  

 2�05 2>�'	 �
 ��
 (�
''f� 
]/���#/    2�d�
 ����

2��L�
	 2<�4� �� 2)�$ @�B/    ���;$ ��*�� � �� ��

�O'� �� .�'/����� ���  *�0�� . ���#�     2��0 �
 ��� ���D

�� �*��E�   �O'�  
�0 ���B��� 
�� �
 ��    �3/��% ����

!�� �*0 �'3i� @�B/ n�
D� .    }�7�� (�,�OL ���;$

�=k�� �
 ��
 M���  � ���D �� �� ��   �? 
��� �
 2���

�]�40?  n�
D� oD��� 
��� �
 ��� Q*0  
��
 ��
"   ���

      ���� �
 ��� Q
��� ��
 M���� ��� M��,L� (��) ��

   �'��� �����
''f� ���iA�k�3-2  *��)�
   �']/���'� ���� 

35/1  *��0 �3����P� @���B/ �
 *��)�
 . ���B����� �


   ����� �
 2���� ���D �� �� @�B/ n�
D�    ��
�" ,�OL �

�� �
''f� ��
�E'�  

'5( 7/5- 
�� *)�
.  

 

  

  
 -.�4) .a (�	�	   � �U4� ��� �D�� �

)b (-'
$��2  �� 



�&D
$  �mm 1  R&$ ����
% "#��
$ �� ��� ���
�  ��#4�   �

�,  �#�� �  ��) ��8 �9 �#&:(30  �9 ?&�(� �&2 � ��#@��� =�
> 

 ��8mm 10 A
@� =�
>  �&�  ��  (�&�  
9  � #��
�'
( �

) ��8 �9

mm 6 �&D
$ ��  �cm 4/1  H
4�� �� E��'�.' ��cm 8/3-

2/3 (�&�  ���9 � E

  �#(#$ V9
( L�(MV 6  V9
( ����  ��
2cm 10 × 10 ."#��
$ �� ?�^ T� ���
�  ��1  

 L�� ��� � .

 �U4� ��� �D�� �	�	  �� _6��� �D��) �#`% ���9 � 
9

�&�  � #��
�'
( �

 (-.� �� L�� �� � 

.  



 

  

 ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392 1925 

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� �� ��� ����	  ���%&�' 
��
������( � 

  
 -.�5 .-'
$��2 _6��� �D��  ��� ���
�  �

A
@� �� "#��
$ �� �1.&2  56!��
% ��#4�  ��,  �#�� �  ��  

) ��8 �9 �#&:(mm 30  ��8 �9 ?&�(� �&2 � ��#@��� =�
> mm 10 A
@� =�
>  (�&�  
9  � #��
�'
( �

  

) �
>9� �9mm 6�&D
$ �� E  �cm 4/1  H
4�� �� E��'�.' ��cm 8/3-2/3( �&�  ���9 �  �#(#$ V9
( L�(E

MV 6   

 V9
( ����  �� �2cm 10 × 10. 

  

�&�  ���!���8 L�>8#  ��ab( A
@� �9 � #��
�'
( �

  

  !�'i"�� ��� ���
+� ���
� ��q�� ��    �
�'5��
" ����

�O'� �� @�B/ 
� ���'/����� ��� �O'� !'i"��  
��a5  ��

!�% �
  ���x  �y *0 �
�
 
''f� .  �
 ��� ����) ��

�O$
� �O)�L K�� � �O'� �  
]�*�� �� �� 
��#�   */*�0

) !�% �
 (�
''f�x( �O$
� �
 � �O'�  .�
 �  �D ��

  ��B/ ��� �O$
� �
 ̂ ��
,/ @    */*�0 
��)  �
 (�
�''f�  

 !�%y(.  

 2�0a6  �b6    �*�0 �3���P� ��
 (�
''f� ��,'�

�O)�L �
 (�,OL �� ����) �
 �� @�B/ �
  �cm 1  �

cm 6/0   ���� ����E/  *��/��
 ��
��" 
]�*���� �� *���
 .

�
�*P� �? �
 ��
 (�
''f� �  &'�
� �� ��5-   *�)�


 ����5/3  *��)�
 �6-  ���� *��)�
5/1  
���� *��)�
 .

2�0  ���a7  �b7    �*�0 �3���P� ��
 (�
''f� ��,'�

  �
 &��'�
� ���� (�,��OL ���� ������) �
 �� @���B/ �


o��#7  �����cm 4-4/3  �cm 5-4/4 )�O��)�L �
  �

^�
,/ @�B/ �� !3>/ �
� (�� ��E/  */��
 ��
"  *��
 .

�
�*��P�   p��
��0 ����� �
 @���B/ �
 ��
 (�
��''f� �  

2-  ����� *���)�
3  � *���)�
4-  ����� *���)�
5/4   

 *)�
�� *0��.  

������ ��ab( �&�  � A
@� �9 � #��
�'
( �

  

 2�08    �� @��B/ �
 �*�0 �3��P� ��
 (�
''f� ��,'�

�O'� �� �/��� �'30 ���   �*�0 ����mm 4  ���    *�0��

�� ��E/  *��
 .  ���*�/� M����  ��O'� �   �
�*�P� ���  �

  �� @��B/ ��
 (�
''f�7/1-    ��� *�)�
75/2   *�)�



�
 ��E/.  

�&�  ��ab(  

Q	O 
9 A
@� �9 )&�@  �

  

�O'� h�% �� �� �
�� ���� !'3|� ��
� (��4�� ���  ��



 

  

1926  ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392  

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� ��  ����	��� ���%&�' 
��
 ������( � 

�� �
�4��� */�0 .  ��>��=� ��
��  !�% ��*�   
'+_�� �

 ���O'� @���/     .���]�� �
 @���B/ 
��� �
�4����� 
����� �

�O'� ��  �/���
��
	 h�% �� ��    .�'A����� � 2'���� ���

0 �
�4��� `%
� .��/�L p��
0 �� ����/�L �
 ��,'� � *

�O'� h�% �� ���
+� �� @�B/ 
� ��    �3���P�  !�0�a5

*�

5 . 2�09    (�,�OL �� ��0�/ ��
 (�
''f� *)�


 ��� ��E/ �� @�B/ 
� .�'A���� � 2'���  *��
 .  (�
�''f�

 
�*$ @�B/ �
 ��
3-  �� *)�
3     
�� ��
�� *�)�


�O'� �
 
�� .�'A���� � 2'��� � .   ��
 M���� ��
��E'�


��D� ���B����� �
������ �
 ���� @���B/ n�  � 2'����� �

���� ��
��" .�'A������  
�*��$ ,��OL �
 
��� ��
���  

��'5 

10 
�� *)�
.  
  

  
 -.�6 .-'
$��2 _6��� �D��  ��� ���
�  �

 A
@� ��) H
4�� ��cm 2/5 -2/4 ( "#��
�'
( R&$ �#`% �� ��
�"#��
$ ��   

�1.&2  56!��
% ��#4�  ��,  �#�� �  ��) ��8 �9 �#&:(mm 30  ��8 �9 ?&�(� �&2 � ��#@��� =�
> mm 10 A
@� =�
>  (  

�&�  
9  � #��
�'
( �

) �
>9� �9mm 6 H
4�� �� Ecm 8/3 -2/3 (�&�  ���9 �  �#(#$ V9
( L�( E

MV 6 V9
( ����  �� � 2cm 10 × 10.   

?�^ T�  �

��1  ��>.  "#��
$ �� 

���
�  L�� ��� �) .a (�&�  �&D
$ �� � #��
�'
( �

  �cm 1 ����� ���8 ��'�.' ��) .b (�&�   �



�&D
$ �� � #��
�'
(  �cm 6/0 ����� ���8 ��'�.' ��. 



 

  

 ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392 1927 

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� �� ��� ����	  ���%&�' 
��
������( � 

  
 -.�7 .-'
$��2 _6��� �D��  ��� ���
�  �

 A
@� ��) H
4�� ��cm 2/5 -2/4 ( "#��
�'
( R&$ �#`% �� ��
�"#��
$ ��   

�1.&2  56!��
% ��#4�  ��,  �#�� �  ��) ��8 �9 �#&:(mm 30  ��8 �9 ?&�(� �&2 � ��#@��� =�
> mm 10 A
@� =�
>  (  
�&�  
9  � #��
�'
( �

) ��8 �9mm 6�&D
$ �� E  �cm 4/1 ��'�.' �� (�&�  ���9 �  �#(#$ V9
( L�( E

MV 6 V9
( ����  �� �   

2cm 10 × 10. ?�^ T� ���
�  �

��1  ��>.  "#��
$ �� 

 L�� ��� �. )a (�&�   Y4� �� � #��
�'
( �

cm 5-4/4 �&D
$ �� �  �  
cm 4/1 ����� ���8 ��'�.' ��) .b (�&�  �&D
$ �� � A
@� _�d �� �� � #��
�'
( �

  �cm 4/1 ����� ���8 ��'�.' ��.  

  

  
 -.�8. -'
$��2 _6��� �D��  ��� ���
�  �

 A
@� ��) H
4�� ��cm 2/5 -2/4 ( "#��
�'
( R&$ �#`% �� ��
���  

"#��
$ �1.&2  56!��
% ��#4�  ��,  �#�� �  ��) ��8 �9 �#&:(mm 30  ��8 �9 ?&�(� �&2 � ��#@��� =�
> mm 10 A
@� =�
>  (  
�&�  
9  � #��
�'
( �

) ��8 �9mm 4 Y4� �� Ecm 8/3-2/3 �&D
$ �� �  �cm 4/1 ��'�.' �� (�&�  ���9 �  V9
( L�( E

  

 �#(#$MV 6 V9
( ����  �� � 2cm 10 × 10. ���
�  �

��1  ��>.  "#��
$ �� ?�^ T� L�� ��� �. 



 

  

1928  ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392  

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� ��  ����	��� ���%&�' 
��
 ������( � 

 
 -.�9 .-'
$��2 _6��� �D��  ��� ���
�  �

 A
@� ��) H
4�� ��cm 2/5 -2/4 ( "#��
$ �� ��
���
% ��#4�  ��,  �#�� �  ��  

) ��8 �9 �#&:(mm 30  ��8 �9 ?&�(� �&2 � ��#@��� =�
> mm 10 A
@� =�
>  (�&�  
9  � #��
�'
( �

) ��8 �9mm 4 �� E  

 Y4�cm 8/3 -2/3 �&D
$ �� �  �cm4/1 ��'�.' ��( �&�  ���9 �  �#(#$ V9
( L�( E

MV 6 ����  �� � V9
( 2cm 10 × 10.   

?�^ T� ���
�  �

��1  ��>.  "#��
$ �� 

 L�� ��� �) .a (�&�  -���� �) .b (�&�  "#�*
�'� �  

  

���  

!/[\#�� 
'+_�  �iA�k� ��� �
   �
��� ����� ���   
�� ��

   ��� ���� �
���� ������ �/�����
��
	 �
 ��
 `������

Monte Carlo *0 ���
� .   o�'=P� ���� ����/ �
�
�

o'=P� �� !3>/    ���*�/� ��� ��� ����E� ���    ��� �
�'5

!��/[\#�� 
'+_��� �����
� ����d�

	 �7���B/ �����   *��/�

�3����P� ��
����A� �� ���0�/ ��
 M��,��L� 
��+� �  �����

�� �/���L �5*���
	 � ��E5
� *0��.  

�>��=�  �O� ��D ��  ���� .��/�L �
 ��
 `���� �  �

��� ���$�
�� �  �� 
�� ����/ !/[\#�� ��*� � �� ��


�
 ��E/:  

1-  
�*��$ ���� ��
 M�����9  �� ���0�/  *��)�


�'$�/ �
 ,OL p��� ��
	 N'i;�  ��O'� !E	 �   ���) ��

��
	 *�
 (   ���� ��� *0 2)�$ ,OL !E	 ���B��� �


�iA�k� �
  N'i;� 
+�  �Pekmezci   ������#� �)7( 

  M���� (��) �� !/�>�'��A��
� 
�#��
 p���7-5 

 !�/[\#�� �� 2)�$ @�B/ ��
 �
 *)�
    ����� ����

�
��  ��
" NOd !�% �� @�B/ ��O% �
 �� �/��� ��

�� (��) NOd �� M��� � */��
  *�0 ���,5  

'5 .

 N'i;� 
+� �'�U#�4 �O'� !E	 �
 ��
	 *)�
   ����



 

  

 ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392 1929 

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� �� ��� ����	  ���%&�' 
��
������( � 

 o#7 �
 ���'/��'�cm 7 �O)�L �
 ��  �cm 5   ,�OL ��

 !�� �*0 ���,5  
��
 ��
")11(. 

2-  M��,L�5/5    � ��O'� �'�� �
� �
 ��
 *)�


� ���B�����  �� ���0�/  ,��OL ���� ����
	 �
��� �
 �
���

��
��A�       ���� ��� *�0 2�)�$  ��O'� �� ��E5
� ���

�O)�L �
  ��
 M��,L�  �mm 4 !L�� M��� �O'� �� .

�iA�k� �
  M��,L� ,'/ ��15 �O'� �
� �
 ��
 *)�
  �

2'���-       �*�0 ���,�5 ��]A �/����
 ��*�'� �
 !L��

 !��)9( .      !�O7 ���  �*�0 ���,�5 �����/ �
 (��4�

  �W
�/� � ,OL �
'5��
" o#7  h�%  ���*/� �
 (��4�

�� ��
	 *0��.  

�'$�/ �
 �� �/���#'� �
 ����
	 6���7 
q/ ��  �

�
�� ���� �� �/���
��
	 ��  ���'$ �;7 @�B/  */�0

�� C�>P� 
�0 . 2���7  
<�$ o'=P� �
  �� ��� ��

��a5
'+_�  !�/[\#�� ��;$ �� �0�/  ��
 `���� 
�   ���

   
���� @��B/ ��
 �
 �]�40? 
q/ �� �/���
 ��*'� �


!L
5 ��
" ���
� .�O'� �
'5��
" !'i"��   ��
 
�� ��

�O)�L �� ���]��  @�B/ �O'� �'� �3/�% �    M���� ���

    Q*�0 2�)�$ @��B/ �
 ��
 M��� (��) �� Q!L��

/ �� �
�E'� !#>"  ���� ��� �
 �
�� ����� �
 @�B  �

�� ��
" ,OL     @��B/ ��� �*'��� ��
 M��� &3�� 

'5

�� 


5 .�O'� !'i"�� 
''f�    ̂ ��
,/ ��� ���    �

�� 
��

�O'�      ��� �? ��
 M��,�L� }�7��  @��B/ ��� ��  


�5 .

�O'� `k=� sk� M��,L�   �
 �]�4�0? M��,L� }7�� ��

*0 @�B/ ��
 `���� .��� ��       ^�g�� 2�'A
 ���  K��$

�O'� �
��   ��    
��E'� �
 ��3�
=� ���D �� �]�40? ���

2>�'	 �
�*P� �
 ��    ���i� ��kd ��-� �2±   *�)�



�� .�'30 �O'� ���� h�% �� ��   
�
 ���E/ (��4�� ���

�? �� ����) �
 ��   @��B/ ��O% �
 2��� ��D �� ��

�O'� h�%  */
']/ ��
"      ��
 
�� �
']#�Eg 
'+_�� ���

�O'� �� �/��� ��� Q
��*/ @�B/  �
 ��  ��
�" @�B/ ��O%

�O'� ��
� ��
	 N'i;� 
+�  *�0�� ��0�
   .�'A����� ���

�O'� 
��
� �
 2'��� � 
�� .�'/����� �.  

��L�� �� �>��=� �
 ��  �Pekmezci  �����#� �)7( 

!/[\#�� �� �0�/ @�B/ �
 ��
 M��� ��   !��� ����

        @��B/ ��� ���
	 z��#� �� `/��� @��B/ ���O% �
 ��

�� */�0 *0 2)�$ 
�� ����/  :  

    *��
 �� ,�OL !�E	 �
 2��� ��D �� �� �=D��� �


�� ��
" ��
	 �� �*��E� ��
 M���  

'5 
�0 . �
 ���

     ��� ��� �����) ��� Q
��
 
�%� �]�40? oD��� 
���

^�
,/    �
 ��
 M��,�L� &3�� 
�E'�  @�B/ �� �*0 
�

�� @�B/ 


5 .  
�� ,OL �� ����L ��
	 �*0 �*���
	 
+�

  ��
 M��,�L� }7��  @�B/  ��� @��B/  
��0 .  ��
��E'�

    2���� ���D ��� @�B/ �� 
�
 y� ���]�� ��
 M��,L�

!L
5 ��
" ,OL �
 �'� .     �
 �� ,�OL !�'i"�� 
�''f� ���

   �O�)�L ��� @��B/ n
D  �mm 4   ��
 M��,�L�  �? ��

 �� @�B/5/4  �� *)�
3 *'�� *)�
.  

  

����� ����  

!/[\#�� ��;$ �O� ��D �� ��*'� �
 �,OL ���  ���

��
��
	!L�� �
 ��
 �]�40? &3�  �/�    n�
�D� ����

�� !/[\#�� 
�0 .!/[\#�� 
��� �� �>��=� �
  
'+_�  ��

!/[\#�� �
�� ���      sk�� �
��� ^�g�� !�O7 �� ��

�� 
�-�� �
�#� �]�40?  `k=� *�� .��� ��     ���  K��$

     ����'$ ���5�� ��� !��O\#�� ��L
5 ��
" ^�
,/ !O7

� !�O\#�� @�/ ��� 
'+_�  @�B/  !�'#�� �� ��
 `���� 


!�� ��
��d
� �
�E'�.  

  sk��  h�% �� ��
 �E��� 
+� (*0  �O� ��D ��

  
��
 �]��>� �? !�'i"�� � !�O\#�� `k=� .  �����) �


 ����� �
 @�B/ ��      �
 � ��
 M����  

�'5 ��
�" ,�OL �



 

  

1930  ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392  

www.mui.ac.ir  

������� 	
��
 �	�� ���� ��� ���� �� ��� ����
 	� ��  ����	��� ���%&�' 
��
 ������( � 

  ��� �� �]�40?  

'5 ��
" �O'� �
 �'� @�B/ �� ����)

   ����d y� M���� ��� � M��,L� (��)
�
 * .  !�'#��

  *�0 *���d ��� @�B/ ��
� ����) �
 ��
 �]�40? ���

�7�#-� �� ��  ���*�/� �� � !/[\#�� �   ~�,�� ����   �
��


�0 �
�4��� .    �/����  �
�4���� 
���� !/[\#�� h�% 
+�

�� ��� @�B/ ��
� ���� �
 @�B/ �� *0��   ��� !/[\#�� �

�O)�L �
 
�0 `"�� �? �� ^�
,/ ��'>� � .�
����  
�q/  ��

      `����  @��B/ �
 ��
 `����� 
�� !��O\#�� 
'+_� �� ��� ��

�*'U'	   !��O\#�� �
'5��
" !'i"�� � h�%  ���*/� �� ��

�� �')��  !��  �/�5�*% ��D ��  ��#'� 
� ��
� �� 
�0



'5 (��) ��
 `���� ���
�.  

  

������� � ����  

���#���� �� �A�=� ��� ��5*�>��/ �*/��� ���  ���
� �

  ��4-/ ���
�/ 
��
 �/�d     z*���� ���"? C���% � �
��

�� �/�
�*" � 
�E� �
��� .�
�0 *���#/. 

  

References 

1. Ghogawala Z, Mansfield FL, Borges LF. Spinal 
radiation before surgical decompression 
adversely affects outcomes of surgery for 
symptomatic metastatic spinal cord 
compression. Spine (Phila Pa 1976) 2001; 
26(7): 818-24. 

2. Carolan M, Dao P, Fox C, Metcalfe P. Effect of 
hip prostheses on radiotherapy dose. Australas 
Radiol 2000; 44(3): 290-5. 

3. Maranzano E, Trippa F, Chirico L, Basagni ML, 
Rossi R. Management of metastatic spinal cord 
compression. Tumori 2003; 89(5): 469-75. 

4. Dische S, Warburton MF, Saunders MI. 
Radiation myelitis and survival in the 
radiotherapy of lung cancer. Int J Radiat Oncol 
Biol Phys 1988; 15(1): 75-81. 

5. Ang KK, van der Kogel AJ, van der Schueren 
E. Lack of evidence for increased tolerance of 
rat spinal cord with decreasing fraction doses 
below 2 Gy. Int J Radiat Oncol Biol Phys 1985; 
11(1): 105-10. 

6. Wara WM, Phillips TL, Sheline GE, Schwade 
JG. Radiation tolerance of the spinal cord. 
Cancer 1975; 35(6): 1558-62. 

7. Pekmezci M, Dirican B, Yapici B, Yazici M, 
Alanay A, Gurdalli S. Spinal implants and 
radiation therapy: the effect of various 
configurations of titanium implant systems in a 
single-level vertebral metastasis model. J Bone 
Joint Surg Am 2006; 88(5): 1093-100. 

8. Hunter TB, Yoshino MT, Dzioba RB, Light RA, 
Berger WG. Medical devices of the head, neck, 
and spine. Radiographics 2004; 24(1): 257-85. 

9. Ding GX, Yu CW. A study on beams passing 
through hip prosthesis for pelvic radiation 
treatment. Int J Radiat Oncol Biol Phys 2001; 
51(4): 1167-75. 

10. Erlanson M, Franzen L, Henriksson R, Littbrand 
B, Lofroth PO. Planning of radiotherapy for 
patients with hip prosthesis. Int J Radiat Oncol 
Biol Phys 1991; 20(5): 1093-8. 

11. Liebross RH, Starkschall G, Wong PF, Horton 
J, Gokaslan ZL, Komaki R. The effect of 
titanium stabilization rods on spinal cord 
radiation dose. Med Dosim 2002; 27(1): 21-4. 

12. Ozen J, Dirican B, Oysul K, Beyzadeoglu M, 
Ucok O, Beydemir B. Dosimetric evaluation of 
the effect of dental implants in head and neck 
radiotherapy. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 2005; 99(6): 743-7. 

13. Papanikolaou N, Battista JJ, Boyer AL, Kappas 
C, Klein E, Mackie TR, et al. Tissue 
inhomogeneity corrections for megavoltage 
photon beams. Madison, WI: Medical Physics 
Publishing; 2004. p. 1-142. 

14. Kairn T, Crowe SB, Kenny J, Mitchell J, Burke 
M, Schlect D, et al. Dosimetric effects of a 
high-density spinal implant. J Phys: Conf Ser 
2013; 44(1): 1-4. 

15. Keall PJ, Chock LB, Jeraj R, Siebers JV, Mohan 
R. Image reconstruction and the effect on dose 
calculation for hip prostheses. Med Dosim 
2003; 28(2): 113-7. 

16. Roberts R. How accurate is a CT-based dose 
calculation on a pencil beam TPS for a patient 
with a metallic prosthesis? Phys Med Biol 2001; 
46(9): N227-N234. 

17. Rogers DW, Faddegon BA, Ding GX, Ma CM, 
We J, Mackie TR. BEAM: a Monte Carlo code 
to simulate radiotherapy treatment units. Med 
Phys 1995; 22(5): 503-24. 

18. Walters B, Kawrakow I, Rogers DWO. 
OSXYZnrc users manual. NRCC Report PIRS-
794revB; 2011. 



 

 

* This paper is derived from a MSc thesis No. 391301 in Isfahan University of Medical Sciences. 
1- MSc Student, Department of Medical Physics, School of Medicine AND Student Research Committee, Isfahan University of 
Medical Sciences, Isfahan, Iran 
2- Associate Professor, Department of Medical Physics, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran 
3- Radiation Oncologist, Department of Radiation Oncology, Milad Hospital, Isfahan, Iran 
4- Assistant Professor, Department of Medical Physics, School of Medicine, Shahrekord University of Medical Sciences, 
Shahrekord, Iran 
Corresponding Author: Parvaneh Shokrani PhD, Email: shokrani@med.mui.ac.ir 
 

 ������ �	
�� 
�	���� ����–  ���31  / 
���
262 / ��� !� "���# 1392 1931 

www.mui.ac.ir  

Journal of Isfahan Medical School Received: 04.10.2013 
 

Vol. 31, No. 262, 4th Week, January 2014 Accepted: 06.12.2013 
 

 
The Effect of Physical Characteristics of Spinal Implants on  

Spinal Cord Dose Distribution 
 

Marjan Alinejad1, Parvaneh Shokrani PhD2, Alireza Amouheidari PhD3,  
Maryam Atarod PhD4 

 
Abstract 
Background: In radiotherapy, the presence of metallic implants affects the dose distribution, 
depending on beam energy and type, size, material and position of the implant. In this study, the effect 
of spinal implants on dose distribution was evaluated by Monte Carlo simulation.  

Methods: Oncor accelerator and water phantom, Plexiglas phantom containing spine and Plexiglas 
phantom containing spine and rod implants were simulated using BEAMnrc and DOSXYZnrc user 
codes and were validated. The effect of the implant presence, its size material, and location on dose 
distribution was investigated. 

Findings: Comparison of dose distributions with and without implants showed an increase of 5.5% in 
dose up to 4 mm from metal surface, due to the back scattering of electrons. Maximum attenuation in 
titanium rods was 9%. When the rods were positioned closer to each other, an increase in attenuation 
was observed. However, dose in spine was increased, when the distance between rods and spine was 
reduced. Rods with smaller cross section had less effect on dose. Attenuation in vitallium and stainless 
steel implants were 2 times greater than titanium implants. 

Conclusion: Depending on the location of implant with respect to spine, dose perturbation due to 
implants can either increase or decrease the dose in spine. The effect of size and material of implant 
was more important when spine was located under the implant. Generally, the effect of spinal implant 
on dose distribution is a function of size, material and position of the implant. Therefore, it is 
recommended to evaluate the dose distribution for such patients individually. 
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