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 *0���� �������5 ���� 3%) �.=��)���  �� ?%�� .

*0���'�5�94  ��)� ��' 1��.@�� �%0���  ���:�0 ��� � � 

      �A ����B� C���� ��D�� �%�0�� ���<� 1�: ������5

*� *0���'�5�9 �' 1������� .%)��4   ��' ����'��E '�
�

  ���:�0 ����� '��� �   ���E�� � �������5    ��F= �' ����

3%��  �A��� )4( ��	
 �� *0��.G�� C�� �� *0���'�5�9 .

����' 1��5%�6�      �� ��������� ����� ��� ����  �� �

*EH�� ��	
 *� *0��.G�� C�� ���    *0��I	� ��� ���5

    ��� ���A J���� � ����5 �� J��5 ���� ��' K���5

�D��    3���)� �����5 �� �LM0 �.@�� N	O �' C��� ���

 '��)4(.  

  4�� �������� PQ�� �������5 *0���'�5�9 ����

'�%: �' ��)� ��' Gy 50 -45     .���� 3%�) '�R��@�9

  S�T�� ��������5 ���� �� ��� *��: �' 1��4   3�U�O

3%) ��V ��' ��4  '�%�: �' *D�W� ��' �� 3'�6.�� Gy 

25 *� ��&�5 *9��5 *���� �� 3'�6.�� ��  '�))7 -6(�� . 

��� ����M� ����T� ����' *9��5 *���� %�QZ  ����   1���

     3'�6.���� (���[ S�T�� ���������5 ����� *0����' \��

0�M�  � ��� ����	��4  �� S�T� �������5 1�� ����'

*� �
��� ��'�%]�  '�))8(  .  

��� 1��������� �     ��������5 �����' ��R
 ��G���

 *0�����'�5�9 \�� ���� ��� S�T���4  � %���6� �����M�

 �'�������� .��� ��'��=�� 3H�� ��	�� �� �  

  ��� ���.G�� C�� J�G	��� P�T�D 1.D�E �_0 �' ��

1�I�� `�T�D4 *� *��= ��   '���=�� �� �D���' ���5

���.G�� 1�I�� `�T�D a�F� �� ��4   ��� �@E�� bO��

�A 8O  ��*�  .'�) ��� ����	��4   T�
 3%��%9 1��c 

*� *0��.G�� C�� �� 3'�6.�� �d� `��e�  �A ���: .%)�� 

���.G�� 8O �� �@E�� 1�� �� ��4 *�  ����O �� %0��5

3%��' J��TD� (��O P� �  '��) 3'�6.�� ��' )9( �' .

N�8]5 1��4    *�G	� (���O P� ����O �� 3%�%9 1�� ��

*� 3'�6.�� ����5 ��' J��TD� �' .'�)  

 �: N��8]5 �� ?%� �W�4 ��� ��� �   � %��%
 \��

�'�����   �� 3'�6.��� �� � ���������� *0���'�5�9 �'

  �� *�0��.G�� C��� \�� 1��� �' .'4     ���� 1����� �����

 ��5�G��9�*0��' ;�<g� 3%��' J��TD�  � ��)� ��' 

)IDET  ����Internal dose enhancer tool ( ������

  *������� � *:��� � ����5   .%�)  %��Q ��� ��� ��� � 

\�� C.������I�� � �����  �' h�]���& � N����[' ������

*0���'�5�94  C�R� ��   ������D 1���5    �' �����@� ����

����� �   *�� ������ ����'  %�)��Z  ����     ��� *���
 ��5

%0��' /U�� ��88]�4 6.�� �� ����' \�� 1���� 1�� 3'�

 ����5���G��9�   ������' ����_�� ���� *0����' ;���<g�

���� ������� ���.  

��)���%�� *����� *0����' `%��� ����� ���� ���� �' 

*9��5��'�� i8D �� ��_�� �j�6: �� ��E�� ���  C���� 

3'�6.�� *� %0�) .��: �A �� �' 1�� 4N�8]5 3�UO �� 

?%� 4�j�6: ��  1���  %���)    �����O ��� P��   (���O

G	�* �TD� �'J�  ����5 ��'T�0 � 3'�6.��*   .'��)�' 

1�� 4N�8]5 ���� 1���� ��� %��) 0��'*   �����O �� �5�9

P� ��T�� �' 3��_�� ���� ���6: �� �D�� ���  C���� 

���' � T�0 �TD�J� '�0���'�5�9 �' �* ��������   ��

 ���.G�� �5�9 ���� ��� 3'�� %).  
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  N��8]5 1�� �'IDET      ���)� ��' J��T�D� ���_�� ���

  .%�) *:��� ���R� k�
 � ��%�� �� � ����5 ����

����� a�� ���� � ��5�G��9�  ���F[ �%�.�� 4 �     ��� l���

'���� 2m 5 × 5 ��n ��   ���g�W ��� ����.�� *�9 �� �� 

cm 5/0    l��� ���g�W .%�) 3%�)�94    �p��0� K���5
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���.G�� l�.) ���    �� �%�: ��� � 3%��'� ' ���   C���

 �5 �� *0��.G��95 %&�'   ������ ��%�8� �   q���d5 �A

   *E%�����9 J���� ��_�� �� ����.�� *�9 J)�9 .%��

���.G�� 8O ��     l��� ��� �'���=�� ���  '���)4( .

��:�0 kr�     ����[ ��� ����.��� *�9 �� �� '���  �� ��'

%�' J��TD�4  �.)�'��%) ���� K��5 ��:�0 1�� '���� .

 � ��� �� ����5'�� (G) .1   ������ a��� � IDET 

*� ��@0 ��  1�� .%�'��5�G��9�  ��� ��  ��@9 �' N�['

*� ���[ � �E�D ��:�0 �������5 �5 �   �� �� �@9

 %�� ����' (G))2(.  

 *������ ����IDET 3%) *:���4  ��L�) ��   �����

   *5�L���]� %�� �� 3'�6.�� �� ����� �0��BEAMnrc 

)2.3.1r-4.Version ( %) 3'�6.��)10( . ��_�� �� �%.��

 �' 3'�6.����� '������ �������5�9 `����<g@� 1������5

��L��) 3%����' l�.��) ���� 4*0�����'�5�9   .%��) ������

��L)  %) ��B0� ��:�� ��RQ �' ����)11(.  

 

 
 ��	1���� ��� . � IDET )Internal dose enhancer tool( 

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

�� ��	   �$�%�� �&' (	�' (��) *+� ��)  ���� �� �� ��

�� ���� ���� ���#. ��,�+  �&' )� �� �� )� ��� ���� ��  �$�%��

-!� ($�./�0 �� �%	���� .��	 

 

  
 ��	2) ���#���� �2� .Internal dose enhancer tool (

IDET  3-	 �,����� ��,�+ � "� �4'  

  

����:�� �' �	��@Q ��� �  ���.��D 4?%��� 4J����5 �

 43%��� ���	������G)A ��L) ����� ��5�	���� �   �����

����:�� �' � %0%��)  4��' � `���OU�� �� 3'�6.���� ����

�dD-  ���:�� �' 3%) 3��=V ��D   ��L�) 4(�L[ �   �����

.%) ��B0� ���0�e ��5�	���� C.M��  

 3%0���� '��� � '���� �� s���� `�OU��   ��T�
� �

  3%0���� �� 43%���' l�.) ��     .%�) ��.D�E 3�I.��' �

     � ����[�� 4�p��0� 43�V /��0 (���) �5�9 `�<g@�

����� �A �� �� 3�V �� � ��dD `�OU�� �-    ��.6E ���D

*�   1��� .'�� 3%) 3��=V ���0�e ��5�	���� �� (L[ 4'�)

 ��%��� ��	5 ���� 3�I.�' �� �� �	M[    *0����' ����

  .��� ���e  

��:�� �' kr�      `��OU�� �� 3'�6.��� ��� ���� �

�dD-  ���:�� �' 3%) 3��=V ��D   `��V ���8.0� 4��' �

  hF�� �5 3%��' l�.) �� �� lA ��.0��D  ��L�)   �����

��L) *B����L.O� ��_�� �� .%) ����  43%) ��B0� ���

3%) *:��� �%�      *B�����L.O� 3%���' l�.�) ��� �
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     43%�) *�:��� �%�� �� 3'�6.��� �� ��� 1�� ���� .%)

*�]��) �T��� ��]� '�%.�� �' ��' K���5  %&�' ���

  (���D��9) �T���� ��]� �� '�	O � (*8	O ��'   ����

N��	O �' C���� .g� ����� ��'���8� ���� � �L����]� (q���

3��%0�      ��M��8� ���MG� i����) �' lA �' 3%�) ���E

   �L���]� ��'��8� 1�� ��L[ (��[ N��F5 `��& �' .%)

3��%0� �  �� � ��� �L.�� 3%) *:��� �%� 43%) ���E

�dD `�OU��-  *�� 43%) 3��=V ��D    (�:��� �' ����5

.'�� 3'�6.�� %��  

  ����.G�� ����5�9 �� 4N�8]5 1�� �'MeV 6  �8 

 3%���' l�.)   *�F= �PC10Neptun   ��.����	�� �'

��R6���&� (/) �%R���@��%�� ������� .%���) 3'�6.����� � 

3��%0� ���E �� �� 3'�6.�� �� �.	���'  �]6�& �  ������ 

NACP � T����0 ��������G)A ����	�0 �'����� p-type 

*0�G���� ��B0� %) )12( .��:�� �'  4���RQ �IDET 

  ��L�) 43%�) *B����L.O� %� �'    .%�) �����  *�������

IDET ��  ��� ��� ��' J��TD� ��T�� t���  ���:�0  �

������5 � ���gW �� q�.g� ��� '��.  

  

���	 	
  

(G) 3 ���.0 (&�: �� �� *B����L.O� l�.) 3%��' 

����  �p�0�MeV 8 �� ��@0 *� %�' .�'  1���  4(G�) 

K���5 ��' 3��%0� ���E 3%) ��  3'�6.��� ��  ��.	���' � 

��' �L��]� 3%) �� 3'�6.�� �� `�L��]� �0��  ������ 

�' '�%.�� ��]� �T���  (G))3- q�� (�  '��	O  ��� 

��]� �T���  (G))3- l (�M��8� 3%) ���.  

  

(5��)     

(6)      

��	 3. 8$�%+ �9�, )� �� �:;���<%=� 6�%	 3-;!� ��  �>�+�MeV 8 ���� @$)�A )� 3)�-+� ���# 3-	 �� 3��B%�� )� �%C$)�  )� �<��2� 3-	 

�� 3��B%�� )� D�<��2� �+�� ����� �� ��-%�� ��2� �.���  ��	)3- 5�� ( ��C= �� ��2� �.���  ��	)3 - 6.(  
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    ��� '�' ���@0 N��8]5 ���.0  ���  �� 3'�6.���IDET 

 *:���3%)��:�0 �' ��)� ��' 4 �   �� �������5  ��� 

���g��W ����� cm 5/1  �2  '�%��: ���5160 %��&�' 

 *���� J��T���D� %������(G���) .  ������4 � 5 DVH   

)Dose volume histogram ���g�W �� ����5 (   ����

 q�.g�� ��� ��  �� 3'�6.�� �e� �'IDET   ���@0 ��

*� %�'.       �� 3'�6.��� ��� ��� '�' ���@0 ����.0 1��u	�

IDET4 ��:�0 �' ����5 ����' CB:   v�.�@� hF� �

��5���G��9� ������  ���5 ������5 �mm 12  ?���� ���� ��

 J��TD��D��  (G))6.(  

  

  
��	 4 .DVH )Dose volume histogram��!( ��,�+ � G�����A �� ���HI ��! 5&%H� �� �� "� �� ���HI cm 5/1  

  

  
 ��	5 .DVH )Dose volume histogram(��! ��,�+ � G�����A �� ���HI ��! 5&%H� �� �� "� �� ���HI cm 2  

2
�

#
 )

�4
��

(
 

2
�

#
 )

�4
��
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&�� )�4��( 

&�� )�4��( 
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��	 6 .($�./� M:,  ���� ����A �� 3��B%�� )� IDET   

)Dose volume histogram( �� ��,�+ � N�� O�%4�  ��� 

��A���&'�  ����A  

  

���  

 �� �
�5 ����'�%]�     S�T�� ��������5 �����' ���
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A Suitably Designed Lip Applicator for Radiation Therapy of Lips Carcinoma 

 
Parvaneh Shokrani PhD1, Milad Baradaran-Ghahfarokhi MSc2, Maryam Khoramizadeh MSc3 

 
Abstract 
Background: The aim of this study was to evaluate a novel boosting technique in radiation therapy of 
lip carcinoma using a suitably designed lip applicator, called (in this study) internal dose enhancer tool.  

Methods: The internal dose enhancer tool was designed with proper thickness of lead for reducing 
transmission to tissues located beyond the lips. A 0.5 cm thickness of polystyrene was used to cover 
the lead and reduce the backscattered electron dose, while an opening in the polystyrene layer allowed 
electrons to reach the target. Monte-Carlo models of 6 and 8 MeV electron beams were developed 
using BEAMnrc code and were validated against experimental measurements. Using the developed 
models, dose distributions in a lip phantom were calculated and the effect of an internal dose enhancer 
tool on target dose enhancement was evaluated. 

Findings: Using the internal dose enhancer tool, the maximum dose enhancement as a percentage of 
dose at dmax of the unshielded field were 57.6% and 36.1% for 6 and 8 MeV beams, respectively. The 
best outcome was achieved for lip thickness of less than 1.5 cm and target thickness of less than 1 cm. 
For lateral dose coverage of planning target volume (PTV), the 80% isodose curve at the lip-internal 
dose enhancer tool interface showed a 12 mm expansion, compared to the unshielded field. 

Conclusion: This study showed that a conformal external beam radiation therapy (EBRT) of lip is 
possible by using an internal dose enhancer tool. This boosting method is especially applicable to cases 
in which other treatment modalities, such as brachytherapy, faces limitations. 

Keywords: Electron beam radiation therapy, Lip carcinoma, Monte Carlo simulation 
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