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Abstract 
Pre-treatment simulation is an effective method to predict thermal damage of clinical therapy and can provide the best choice of 
input parameters. In this study, two methods of breast fibroadenoma thermotherapy including laser interstitial thermotherapy (LITT) 
and radiofrequency ablation (RFA), were simulated numerically. Both methods are based on irreversible necrosis due to heat 
generation in target tissue. In this paper, thermal analysis was performed based on finite element method to solve Pennes bioheat 
transfer equation. The power of 6.4 W during 125s was used in LITT. Three voltages of 15, 18 and 20 V were chosen for time of 600 
s in RFA method. Volumes of thermal damage were calculated in three thresholds of 43, 47 and 50 ˚C. The results show that tissue 
maximum temperature in LITT method is more than RFA method (92.6 ˚C and 86 ˚C respectively). However larger tissue necrosis 
volume in RFA method than LITT method makes this method more suitable for larger tumors. 
KeyWords: Fibroadenoma, Necrosis, Bioheat transfer, Thermal damage. 
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2 Radiofrequency ablation (RFA) 
3 Focused ultrasound 
4 Laser-induced thermal therapy (LITT) 
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 D�9 
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˚C 43 �45  �50  �, 
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I�� 5�� .
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*� 1�I�� �� ���h .�� "1�#RFA  *�
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1 Cylindrical Diffusing Fibers (CDF) 

2 -2-1- D�� *+� '����3
4 �5 �,�-./ ����(  
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,� ��&�� 1� �%�� @��	3 q�1�� 5
2�� �� 
#� �,

���� 6Ah 4�	[ � ��� n	� ��#�	, �� ��� �, @��	3 q�1�� �D�9 "

 ;3 "�h �, ���=� 5�� �� �@��#�G� "r�, 8 3 
F? �, .��� 
#�

 �� *� *��� �� �% ���<
#� ����	3 q��� /� 1� ��� q�1�� 8�=
��

 "&�	� ����
#�W4/6  &�	� 1� �F(�2 �, �h�� �, 	)�� w�=� �� � 
#�

 �� �, ��� +9�� ���E� @��( �, 6Ah 4�	[ 5
2	B 	]� �, �� �,��

 ����'�)2( �� ��	'�.��%  

 
)2(  Q�� � 6.4  e�"#$ �	 

  

 ����'� 5�� ��µa  � 6Ah 4�	[r  � "&�	� ����
#� 1� �F(�2Qin 

(W/mm3) �� *�!� �� 
2�� �� @��	3 �����.��9�  

 �, 5�!�� @�'��d� 1� �� *�
�� 
2�, "��� � ����	3 j��\

 I��h �� ���� ���� 
#�1 ��% .��&B ���]6[ � "��� j��\ .

�� *�
�� "�������	��2 ����	3 � �%�, *�
�� 
2�, 1� @��<
� �����

 �, � 5�!�� @�'��d� ��#�	, I�3 5�� �, .
#� �=�P� �,��1�� ���1���

 *�
�� 
2�, j��\ *�E9 1� �����1 5�� �� �=�P� �,��1�� *��=2 
F?

�#��9 ;� "�	,��<
#� �'��d� ���� " .
#� ��% � H�	2� �, 	B�)

8��� ���%� ���h �0� �
%�AB ��3g(� ;��2 �� ��  �� 8���), 8����
��

 
2�, ����	3 j��\ �, /��&� �F�\ �������	��2 ����	3 j��\

�#��9 ;� "�	, � ��� �� �� � 
#� ���� 
#� �, *�
�� �'��c "

(.8��	� ���<
#� *�
�� 
2�, j��\ *�E9 1� �'��d� ����  

 
 D+��1-  ����( D�� �( ��1� ��9 �5 '�0� + �,�-./ '�A.��-���

�3
4 �5 �,�-./  

	
�����  y�[��  ���=�  

μa 6Ah 4�	[  (1/mm)099/0 

C  �s�� ����	B 
�2	i  (J/Kg.K)3600  

ρ  
2�, ���)l  (Kg/m3)1050  

K  ����	3 
���9 4�	[  (W/m.K)5/0  

wb  *�\ *Q��2	� 4�	[  (L/Kg.s)0016/0  

Qmet  /���,�
� @��	3 �����  (W/m3)690  

Cb   �s�� ����	B 
�2	i

*�\  

(J/Kg.K)4180  

bρ  *�\ ���)l  (Kg/m3)1000  

  

2 -2-2- D�� *+� '��� 0:(-� ;-0�- �5 81�5 67/

����9.1 

 ��1�# "�9��	
��� 1� ���<
#� �, ���	
��� *��	h .�� 5�� ��

�� *� �, �
2�, �, ��% ���� "Q	�� ;���� .�#� �, ���c��o��	
���

�� ���F# C	� �, 	 �� ���� /�	G� 	-� �� @��	3 1� r�E'� .��%

�� *��1 89 ��c �, ��1�# ��	
��� ��l 5�� �� ��� �	� ���<
#� *���

 *�% 0	B �;�P 
��3 ����� .
#� ��% x�G� ��	
��� /� 	-� �$�� ���=�
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4 

�� 
�'�� H�� ����'� 1� ���	
��� *��	h 	-� �� 
2�, ��	
��� .���

;��� H�h 1� I�� 5�� �� ��% ���<
#�- 0����
��(Ni-Ti)  	dP �,

mm5/0  I�c �mm10  � ���	
��� 
���9 j��\ .�% 6�7
��

I��h �� 
2�, � ��	
��� ����	32  
#� ��% .��&B]9 ,17[ 	���=� .

 ��#�	, *�
�� 
2�, H������ � H���	2 �Q�
�� "�	, ��% 6�7
��

.�� �, m,�d� � 5�!�� @r�=� ���% 6�7
�� �����F� "�9]17[ ��
,� .

 ���	
��� *��	h I�Q�� 1� ���	
��� *��	h �� �� "�	,(EC)  ���<
#�

���% .�%����� �� *��	h "1�# H���	2 �, �����	2 "kHz200  �

 Q�
��18.15 �20  1� ���<
#� �, �F{�� 	, 8��3 @r��'� .�% 0� �� 
��

:
#� 	�1 ;�% �, I�Q *���P �F����	<�� 0	2  

  

)3(  

E � ��V 
J � σE 

Q�� �
dP
dv
� J. E 

 
 �@r��'� 5�� ��V Q�
��(V) �E  ���	
��� *����(V/m) �J 

 *��	h ���)l(A/m2) �σ  
���9 4�	[(S/m) �Qin  �3�� �� *���

 8 3(W/m3)  Q�
��  �����'� 5�� ;3 �� "1	� f��	% *���? �, .
#�

 Q�
�� � ;�d
�� 4'�� �h��\ ��d# �� 	<(15 �18  ��20  �� 
��

 ���	
��� +7, ;3 �, ��
,� . �% �
2	B 	]� �� ��	
��� ��d# ��

 ���=�J  �E �� 
#� �,�F3	� �� � ��� �, �� 5�� 6	[ ;(�3 �', "

���'� �� ����	3 q��� *���?��� ��	P H�� " �� ���h *� 1� .�	�B

 Q�
�� �� ��� ���!�,18  "��� ���!�, �, /��&� 
���&�� 1� ���<
#� �� 

 5�� 1� ��� q�1�� � ���� 4�#� 
2�, 8 3 ;�FG� "�	, ���� 
#� �,

.�% ���<
#� Q�
��  

  

 D+��2-  D�� �( ��1� ��9 �5 ��:.��4- + �,�-./ '�A.��-���

;-0�- �5 81�5 67/ ����9.10:(-�  

	
�����  y�[��  ���=�  
Ω 
2�, H������  Ω145 

σ  �����#� 4�	[  
2�,  (S/m)333/0  

eσ ��	
��� �����#� 4�	[  (S/m)108
 

Ke  ��	
��� ����	3 
���9 4�	[  (W/m.K)18  

eρ ��	
��� ���)l  (Kg/m3)6450 

Ce ��	
��� �s�� ����	B 
�2	i  (J/Kg.K)840 

V  "���� Q�
��  V20 -15  

ω  H���	2  kHz200  

  

2 -3- '(�) E/  

I�� "�	, ���G� *�E�� .�� 1� �'��d� 5�� �� I�=
�� "1�#

 *��	h � �&�� +,�� 1� �%�� "��� q�1�� *���� 
#�, � @��	3

���% 0� �� � �#��9 I�� 
\�# .
#� ��% ���<
#� ���	
��� -

"1�# ��&2� 0	� 1� ���<
#� �, �9COMSOL Multiphysics V4.4 

 .
2	�A� @��( *�E�� m�	c 1� ����� "1�# �
��B �$h� ��$l "�9

 .
2	�A� @��( �',	� "s��	Br ;�% q,�� �, � (I���9�	
�) ���%

����� �� �% 0� �� 
\����� 	�v ��c �, "��, �� 	]� ���� ����#�G� "

 &��# .�9� +%�� �,�\ �,*�E�� mm2/0  �� "��� 	��2 ����&� ��

� �� �� ��	
��� n� *�% 0	B �c �� "	
B�&, ����� *����	B *

�� �� �3��� "�	, �� ���3 �� ��% ���<
#� �9�� 1� 	�*�E��  &��# �,

mm6/0   .�% ���<
#��?�E � @�=
!� �, ;����	<�� @r��'� 1� "�

�F{�� ;3 .�% ;��� �c�,	� "1	� f��	% �, ��&h �, ���	
��� "

������� .��1  ����� ;3 /� ���� " .�� .�% 0� �� 
#� /�	
���
2BDF �F{�� ;3 "�	, .
2	B ��	P ���<
#� ���� @��	3 q�1�� " ��

I�� .�� "1�#�&�� 1� ���<
#� ���% *��1 "1�#s125  ����1 0�B �, �

s1  .�% �
2	B 	]� ��  �������	2 ����� >���� �, *����  1� r�E'�

*��1 �, 
��� "	� ��r�c "�9�&�� �, *���� �� ���<
#� *��1 � ��%

 ���$�s600  ����1 0�B �,s1 � *� "�	,6�7
�  .�%�E9.�� " "�9

�� 	]� �� mFd� H����F� *���? �, �� �d\ 1� "�3 "��? �� ��	�B

�� 6��3 �, ���	)E9 ���'������ ;3 .���H����F� �F
7� "�9 "�9

F� 1� ���=� 5�� �� ���<
#� ���� I�� �� .����� �<F
7� ���	)E9 H����
3 -10 .�% ���<
#�  

*�E�� ���'� 6�7
�� �, .�� �� 	9 �� ���% 1� Ig=
#� @�h�� � �9

 .
2	B ��	P �#�	, ���� ��� ���!�, @�	��o� ��#�	, � �F
7� "��1�

 �� ���% 1� Ig=
#� �#�	, V��
� I��h3  .
#� ��% .��&B

���%  ���$� "1�#�&�� 1� ���<
#� ��  �,20285  � *�E��48606  �h��

���% � "��1� ���$� "1�#�����	2 ����� >���� 1� ���<
#� ��  �,

20285  � *�E��67027 .�% 0� �� "��1� �h��  

  

  

2 -4 - �&��"��,�-./ M
�< '  

5�{��	� �����	3 4�#� "��� �� �'��c ;�% I�F# �F\�� "�9

���� 
#� 1� �� ��\ �� 4�	7� I�F# �!v �� �
� �� ��% *� "

��#�G� "�	, .
#� 
2�, 	�A��� 
!B1�, 4�	7� 4�#� *�&�� "

���
#� �3 5���l �����	3��% �2	'� ����� " "��� r�E'� .���

°C43 �d=� *���? �,�� n� 
2�, �, 4�#� �� "��� x�G� ��9� ��%

 "Q	�� q��� a�� �, ��� 5�� �F� ��c �, ��� ��% ���� *�!� .���� �)
�,

 "��� �&�� 1� ���<
#� �� �� 
#�°C50  ����� >���� 1� ���<
#� �� �

 "��� �����	2°C47 �� �� �� �� �
2�, C	� ����]6 ,21 ,22[ �� .

                                                      
1 Damped newton method 
2 Backward Differentiation Method (BDF) 

 D+��3- ���4- (-�L, .N- ���.5 O-0� '+� .5 '(-�< J���( + �A

�:�
�  

              "��1� �h�� ���'�  ��� ���!�,(°C)  

 ���'�

*�E��  
LITT RFA LITT RFA  

1198  3085  5587  84  1/81  

2655  6580  9420  1/90  84  

10157  24651  38341  8/91  9/84  

20285  48606  67027  6/92  9/85  

66264  157987  187450  8/92  2/86  
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 "��� �# 	9 �'��d� 5��°C50 �47 �43  
2�, 8 3 � �% x�G�

���% *���� �� ��]�� 5�� �, .�% ��#�G� ��� 	9 �� ���� 4�#� "1�#

 1� 	
!�, "��� �, 
2�, 1� �E 3°C50 �47 �43  *� 1� .�% ��#�G�

���% 0�E� �� 8 3 5�� �� ���h"1�#���, /� �9 ���� ;��!� �� *�B

�d,�� 1���#�G� "�	, ���, 8 3 " .�% ���<
#� *� " 

  

3 - P"5 + Q:���  

3 -1-  *+� �( ��( R:�0, �5 S05.� Q:��� �5 �,�-./ ����(

�3
4 

 ;�% ��2 *��1 "�$
�� �� ��� q�1�� �s125  ��% ���� +��E�

 
2�, ����� "��� .
#�°C37 % .
#� ��% 6�7
�� /� ���$� ;3 ;�

���,�� "��� 	��2 I�c �, 4#��
� *� �F(� ��G� �� 
#� *�B .�%�,

 ��% ��1 5�E7� "��� ���!�,°C6/92 ��;�% �� .�%�,3 ����E� �

 r�, �'�	# ���  .
#� ��% 8#� *��1 �c �� 	��2 ��� "��� @�	��o�

�� "���� "��� /� �, �� ���°C6/92  *��1 1� ���	=� .�#	,90 - �����

 ;�% .
#� ��	�� �����l 	��o� ��� 5��4 �� ���� 4�#� ��3�� 8 3 �

 "��� �� 
2�,°C50 �47 �43 �� *�!� 4��	� �, �� �9�cm3 52/0 �

84/0 �1/1 ���
#� �3 �l	9 �� 
#� e7!� .��� 
#� �, "��� "

5���� 4�#��� 4�#� "	
!�, 
2�, 8 3 ��%�, 	� .���, 

 

  
 E��2- �4(�L� E/ �5 �,�-./ ����( *+� �( J�-./ R:�0, '

 ���� + �3
4s125  

  

  
 E��3- �
&� D0T �( .&
1 U0� '��( J-.

V, *+� '���

 ���� J�� �( �3
4 �5 �,�-./ ����(s125    

  
 E��4-  �5 �,�-./ ����( *+� �5 81�5 �( �,�-./ M
�< I�/

 �:��( �����< �� W�1.X .Y� �( �5 �3
4°C50 �47 �43  

  

3 -2-  *+� �( ��( R:�0, �5 S05.� Q:��� �5 81�5 67/

����9.10:(-� ;-0�-  

 ;�%5  Q�
�� I�E?� �, 
2�, �� �� Q�
�� q�1�� �18  *��	h �� 
��

6���
� �� *�!� �� �� 
#� ���E?� Q�
�� �, 	,�	, Q�
�� ���!�, .�9�

�� ��9�!� &�	� Q�
�� �� "�	, ;�2�	� 5�� �,�!� .��%15  �20  
��

��!� ���� *�!� V��
�) 
#� ���� 
#� �, 89 "��� @�	��o� .(���

;�% �� Q�
�� �# 5�� �, w�,	� 6  5�, 1� �� 
#� ��% ���� +��E�

*� Q�
�� �918  .�� �, /��&� "��� ���!�, �
���&�� 1� ���<
#�  ��

 5�� ���� �� �� ���� 4�#� 
2�, 8 3 �,��1�� ��� 5�� 1� .��� � �
�


�� 8 3 � �% 0� �� 	]� ���� ����� �3 �# �� Q�cm3 12/1 �3/1 �

6/1  "�9��� �, 4#��
�°C50 �47 �43  ;�% �� �� ��� 
#� �,7 

 �, ����=� ��  .
#� ��% ���� *�!��&�� 1� ���<
#�  >���� 1� ���<
#� ��

 .
#� ��% 4�#� ��l� 
2�, 1� "	
!�, 8 3 �����	2�����  

  

  
 E��5- 
V, E
1+.��	�-( E/ �5 S05.� @��4+ J-.
 ��:.��4- '

 @��4+ �518 84+  
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>  

 E��6-  ;-0�- �5 81�5 67/ D�� �( J�-./ R:�0, �4(�L� E/

 ���� �( ����9.1 0:(-�s600  (]4-) @��4+ �� '-.515 (O)�18  (;) +

20 84+  

  

  
 E��7-  0:(-� ;-0�- �- �(�#��- �( 81�5 �( �,�-./ M
�< I�/

 �:��( �����< �� W�1.X .Y� �( �5 ����9.1°C50 �47 �43  

  

 �� ��	
��� ��� "��� @�	��o������	2 ����� >���� 1� ���<
#�  &��

 ;�% �� �� ��� 
#� �, �F�P .�� �,�!�8  ��l	9 .
#� ���� *�!�

) 
#� 	
E� �&�� 1� ���<
#� �, 
��� ��� ���!�, ��°C86  ����=� ��

 �,°C6/92 � 
#� ��% 0� �� "	
E� 
?	# �, ��� 5�� �, *��#� ��� (

  *��1 1� ���	=�s300 .
#� ����� 
,�- 	��2 ��� "���  

  

  
 E��8- �
&� D0T �( (+.��4- U0� '��( J-.

V, *+� '���

����9.1 0:(-� ;-0�- �5 81�5 67/  

  

 ��� ���!�, � �&�� 1� ;(�3 ����� ;�2�	� �� ���=� 5�� V��
�

I�� �, �� �,�\ "��B1�# .�� "1�#LITT  "�9����� *���� ��

 *�!� �
#� ��% 0� �� *����E9 � ����� f#�� 5�� 1� +�� �� *�
��

�� �9�]6[ "��� ���!�, .˚C 90 �'��d� �� *��� �� ��	, 0�� "W 

4/7  .��� 
#� �, *��� 6�7
�� �, m�=G� 5�� ��W 4/6  "���

���!�, "˚C 92 �� �� Dg
\� 5�� .�% ;(�3 ;3 1� �%�� *���

���=� �� ��� ��!
�� ����'� 8�=
�� �� �� ���3 �� .
���� ����� "

�'��d� ����	3 q��� /� 1� ��� ����'� 8�=
�� ;3 "�h �, �	[�3 "

 1� ���<
#� �� .�% ���<
#� I�� �� � z�	E�9 &�� �����	2 ����� >����

���% �� *����E9 6�7
�� �, ��� *�c	# *���� �� /���� 5�� "1�#

 Q�
��V22 ���!�, "��� �, "°C90  ���	=� *��1 @�� ��10  �=�P�

  ��
2�� 
#�]9[*� . �
2�, C	� 8 3 	�r�, "�9Q�
�� 6�7
�� �, �9

 .������ 
#� �, �� "	
B�&,  


����G� 1� ������=� 5�� "�9  *�	� I�� ��LITT  1� ���<
#�

 *��1 89 ;3 "�h �, ����	3 ;3 �� e7!� *��� �, ����	3 q���

89 .
#� @��	3 � ��� @r��'� *��, 5)E9 }	2 �'��d� 5�� �� 5��l

 *� �, 
,�- ���	
��� � ����	3 �"��� j��\ *��� 
��� � 
2�,

�� ����� �� �� ;���? �����%�, 
�'P�� 1� "��� � �d\ " j�k\ �, .�

�F{�� /� .
#� @��<
� 	)�� �	2 �, "�	2 1� 	���=� 5�� �� 8$� "

 �� ����	3 *���� �� �� 
#� 5�� �	�B ��	P �h�� ���� ���, �� 	)��

 *��l 89 
2�, �� @��	3 ��!
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