
� .�����	 
	�� ����	
�����	��� ��	� � ���� ���� � �� ����
 � �!�"
	# .�����	 $%&'( )�*+ ����	
� ,-�. '/��( 01-

2.345� ,��� �6!�/ � ��7678/ '9�:�����	 �	- �	� 01���/�6;6: ��49< .�: �6;6*9 ���&�	��
=&'($

>?

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

*����@ �;&�� �49
(DDS)�–$*BC�- 
�&�� �49
 (DDS) #D
�� $�	�E� ���: F�;�: BS)(2D���6�	
 G"�: �49
 (DDS) <

*����� ��	�
�� :�����	�������� 
	�� $=&'H�	��
 �=��	
 �
	� 01- � �!�"

�6���4%!	 ,5( :Roshanakghaffari@yahoo.com
���� ���
�� �
���:��/�/����
�� �
���: !/""/��

��#$%
����:���&� '() �*�) �+�� ,-� ���
�� - �./ ,�0�1& �� 2��3� - 245	6 7/�	� - 8*�39� ,& :��#�/. �� ,�/�
� ,& &,���� 8�<#=�� ,& ���>4)&?&����@ - 2A�	3� :

 BC)�� :�@����:&�/ D��)��C� �#6�E ��F
& ��/ �G&�(/ H�)��.2
�F�I ,& J1-� �&��& ,& :��#�/ 1 :�@ ?&��� �K�� �
 - 2	C)���&� �� �G :& �L#M�& C��� B
& N��
B#�	O� - ���1 2)��/ &� ���>4)& ���� :�@���� 2<�� 2
&,���� �&���&� �&��&�/* :�@)��Q / =2� ��= �&�� B
& �/ H-&�� �		= ('#	1 ��SI ?I 2
&,���� �&��� ,&.

T�@ : ,& :�&�5� 2<�� 2
&,���� �&��� B##5�?&����@2�&��� BC)�� :�@���� - �@�K�� �� ���>4)& ���� 2A�	3� : .

�-� - �&���@:2@�M.
��,I 5��U� B
& ��V2/�F� �$�&�) 2�&��� BC)�� ���� ��W� JG ,& III �$�&�) NX�& III �$�&�) NB#4�� II �$�&�) NX�& II  NB#4��
 B#4�� =�4
���EX32C� D#/ �/ 2>CE - 2�&�Y 2A�	3� ?&��� ��W�  -� - =�4
��� �&L#��& N  ���>4)& ��G ���� 8��6 / N?�Z�� - :�(M��G ��G ,& H�S ) �-�[ - �

 �-�
 ?,�)�) ,�)��$GI ��F	� \/��� �� ��W� �@ ���WG �A�) X
 ?��, 8�� �� 2
&,���� ?&L#� - ���S �&�Y '
�)G�.L#� 	#�, 2
&,���� C[�� B
�	% 2Q
�,&��&�G :�#SN �&L�& H�� ,& Spss��&� \#C9� - 
LF� :&�/  ]-, 2� ?��,I ,& - �@(Paired t test)��W� 2
&,���� �
��� :&�/�G ���>4)& 	#�, 5G& �/ �@.
^
�4� :�  - _C4`� BC)�� :�@���� 2
&,���?&����@2	5� ��Q / ��G �=a 2A�	3� :	#�, 5G& ?&L#� ,& :�&���/ �4W= :&.

 �$�&�) ��W� / b�/�� 2
&,���� B
�4.#/III��/ ?�Z�� 2A�	3� ?&��� / b�/��NB
�4W= - X�& .
:�#S F#4�:��/ B#
�� �/ 2	<� \<Y 8�5��U� �/ :�#
�� 5��U� B
&��W� 2
&,���� ?	#�, 5G& / �<�� �@ ��&�� �
�A� 8��6 �� = �)& ���� B
& �M��.� - ���/ :&

B#�	$� :&�/ 2C$.� 2	W
&2W� ��F
& �&��&�/* :�@�
�W�.

�c&- �#C1�@:?&��� BC)�� /2A�	3� ?&��� /4
�#4=& �
�&�

 +*�( )'&%$ ��J6ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ����	
 3*K:� ��L& G���� ��
 MM��8�� �:>ND>?

����
3;6:� �" $O6PQ 0-�/ ���:	 3O&	 0-�/ G�� R"�4�6- ��	

$: S6%�/ 	���
)U2 .(%3;6:� 0-�/ X-�;: �	 $&�� �	

$C���)$;6:� � $���69 ��O�O�/($*�	
 �)������
	�


	�: ���� Y� � 	Z@ X*-�6"�*9���"
	� ( ��
 [C�:

 
��� �
 3�\�� ]��4: �.�:2$*6: ���6�) ��
 ��	�

 3^ �._:�	�-
�	
 
�-��^ ��5�	 �
 3O&	 �`� 3P��8:  (

$:
�&)�.( � $4O;� X-�;: � �\�a8: �	 ���65- �:	

 G6�� 3�\�� �.�: ��
 ,��"�
 � ��- ��H5^	 �
 $��a:

�;45�)2 (%[!�C 3^/ S-�b�6@ � R"�/ X-�;: R"�/��a 	�

S:�&$: �&��. $���� Y� S:�& ��� R"	 c�LK: �
 

)�d �/ ed���6���=6:  (,���$*65� ���)� �/ e

���6���=6: (R*��($�	��
 ���)�/d���6���=6:  (

���6�$��"��*/ ���) �	 �4L^�d���6���=6:  ( � ...

 �;45�)� .(

   g�� �	�h#i    � )�6�	��	 S:�& 	��/�( ��P6^�/   �
 )�"�� 

�	��
��     
��4�	 j6:	�� ����
�( � $+�;a: �  �k&    �k/ 

�	�kk�
�kk� 3kk- 36Pkk& l��kk���*� ,6kk��� $+�;akk: �

�	��
�� �;&�- 34&	
 $O6PQ �)# .(

        k- l�����*� 
�K"	 �	�- )�6�	��	 �65^	 34&Z� �
3  ��k^

$:,�� .    �6��4�\ ����65^	 34P!	)  )�"�� �65^	 �;��:(  3k-

   ��/�( G^ �	'6: S6!
      34�� R"'�"�C ��m;: R"	 �	�-  �$"	

       )�6��^�"� � )�6��46/ �X*b ����65^	 ��	�-    ��kL� 
�K"	 

���& 3��E	 
	�: R"	 3- �(�	)2 .(

]��/ [*@	 
��4�	 
��: �	��
 j6:	�� ����
�( ���L!�



����@ �;&�� �49
D$*BC�- 
�&�� �49
  D
�� $�	�E� ���: F�;�:  D���6�	
 G"�: �49


K:�J6� $=&'( )�*+ ����	
 3* /G���� ��
 /��L& MM /��45-�/nopq>n

      ���
 3^ ���& $: 3E�+ �6�
 ����	��- 3- R(	  � �="�:�

      �
 )�� j" �	 �"�P� )�6�	��	 $���    ���K/ �="�:� �
 ��

 �;^)< .(

   g�� �
�hri         �k="�:� ,k&	��- ��	�� R6778: �	 $=" 

            )Jk+	 $��k�� ,6�6^ � s��:� 01- �	 ��5H:�/ )�� 3-

  R*��( �	 ���65- 
	�O/ 3^ 
�^   3k4�� ��k^ 3- $�	��
 ���

      �	 06k- �="�:� �
di/d      �k" �k��
 ppmidd   )�k6�	��	 

�K: �� �	 06- �� $"	��/�( 3^ �;4&	
,�	 �)< .(

        0^�� 
�� � ���
 Y� 3"\ 3t�� �	�k�
 �k�  �
 $O��k: 

     ��!� �	�u u��� S-�7:45��;   �:	 �       3k^ ,k�	 �k& 36��/

      �
�k^ ,;k���*� �	�- ���"
 �
�( �	 '/��( R6aa14:

�	��
��  �;;^ 
��4�	 .  �	 $=" 	�S�    ���;+ �	 
��4�	 ��

 $^�� �
��,�	���4�	�� ��65- 3^ )< .(

 	'6: $!��          	� �k4"� R*��( ����
�( �	 $C��� �4- �	�u �

�	��	           �� $"	��k/�( �	'k6: 3^ 
�L� ����: � 
�^ ��6�

    0^�� �	 3^ ���L6- �	�-        
��4k�	 ,k^	  R*k��( ��k�

$:           ��k^ R6� �
 3^ $;65;=/ �	�- �:	 34&	�� ��`� �;^

          $k: )�K�	 ��^ �� �- 3^ $��- ��6=: 3- �
�+   
�	
 �k�


 	��`�,�	)#.(

 �: g�� �
 vJ9�hr< ����
�( $"	��/�( �	'6: �

 � $�	��
 R*��(�	��
��- $+�;a: �3 �
 34�� ��9


�9 35"�7: 3;6:� $"	��/�( �- 	� ���w�
 . x678/ R"	 �
 �	

R65;%/ �	�- ��/\�- �5"� 39 �6�� 3K64� R"	 3- ���

R*��( R"	�- 39 �	�/	�-\$: ��9 �� $�	��L6- 3- ,P5� �;;9

�	 39�	��
����	�9 �" $+�;a: � 
��4�	 $;*��( ���

$:
�	
 
�C� �;;9)# .(

   g�� �$L6���hhU         �	 
��4k�	 �- $L/	 � ��	 ��:��� �
 

     �" \�- y�*� �- )�6��:�  �����%&�   3k��L� ��k�  ��k�

      $���- 	� $;*��(
�9 .           3k9 �6k�� 3kK64� Rk"	 3k- ��

 3��L� $"	��/�(       $"	��/�( �� �
 � R6"�( ��   ,k�	 3k;6:� .

    
�	�: )�L/ �
)    G6��4( 3- z�-�: 3*b �	 �6@<d {\�L4�	 39 

     
�- ���"�:�� ]68: $�
�!� �	 $&��,�	 (s��L&  �k�

��
�- G9 ��65-)< .(

 $"	��/�( �- 3`-	� �
 SPb ��7678/ [*@	 3%;"	 3- 3C�/ �-

R*��( ,��� �
 
��4�	 
��: 
	�:��� '6!��� 3- z�-�: 

 �	�- ��a;+ �
 )�6�	��	 ��P69�/ |�a: �	�7: R66O/

g�� �
 ��7678/ R"	 3%;"	 3- �m� � 
�- R*��( ���

�$L"�b ����
�( ��� 06( 34��� )�K�	�K�� �	 � 3^

0^�� �	�	
 
	��	 �	 ���65- �w�
 �" $;*��( ���

45� ��;R"	�-�;-'6��	 3*}5: R"	  $"	��/�( �	�7: �/ �& �	

 
��: ����
�( $P5� � 
�^ $���- 	� 
��4�	

R65;=/ $"	��/�( �	�7: �	 	� �	�/	�-\ ���) �- 35"�7: �


3;6:� $"	��/�( (G6;^ ��� 
	�:. 3O!�`: R"	 |�� �- R66O/

 �	 �
	�O/ $P5� $"	��/�( �	�7:�	��
�� $+�;a: �

 �
 3^ $�	��
 R*��( ����
�( � ���w�
 �
 
��4�	 
��:

��
 �=��	
 �	�/	�-\ 
��4�	 
��: ����	��� $=&'H�	

$: �	�b ����6��& )�K�	 .

�-� - �&���@
$L/	 � ��	 ��:��� �	 ��K: [59 �	 l( �	�-  35k"�7: 

 3��L� $"	��/�(       ,L5kb 3k- 3k;6:� 3Ok&	 �k- ��M.N.S.R

 ( Miniature Neutron source Reactor) 3OC	�:   �k& .	 �

   �	��	 ��%:	 39 �K��     � 3k;6:� ��k��/�( ��6�  ��k��
�(

� 
�kk- �	�kk&
 ��65kk- ��kk9 xkk*`: ��kkQ 3kk- R*kk���(

       �k6w6( {�4P5k� ��P��8: � ~"� ��������%&��;:��6� �	

,�	 � R"	�-�;-�	��	��6����& )�K�	 $P5� ��Q 3- ��.

      �"� ��& 3- ��9 S�	�: ,�	:     $k-�K/ 3kO!�`: R"	 �
 D

�$����"�:��           � �%:	�k� � 3k9�4"��� R*k��( ��k��
�( 

�	��
��              3k- �kL6*( l6k- �k- $k�*� � $:	�b $+�;a: �

)��   �;:�k& ��k�      ��kC�: � �k�)   �	�k"	 ,��k�(   �
 3k9







3;6:� $�	��/�( �- $+�;a: ����	��
 � $�	��
 R*��( ����
�( $�	��/�( 35"�7:�	

K:�J6� $=&'( )�*+ ����	
 3* /G���� ��
 /��L& MM /��45-�/nopq>�

�	��	 $: ��6�^�; .    3��L� $"	��/�( �P��8: �	�- R"	�-�;-

        �& 
��4�	 �"� g�:�� �	 )�� �� F��	 �- .   F��	 R"	 �-

  3��L� $"	��/�( R6���6:       �k- $�	�k�
 R*��( ����
�( ���

�& 35"�7: 3;6:� $"	��/�( R6���6:.

)3;6:� s��L&D3;6:� �- 3��L� s��L& (

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk = )�� �� s��L&� 3��L

��3��L� �

g��C�: R6���6: 35"�7: s��L&���)s��L& �- G6745: ,P5� ��

 '6� $"	��/�( �	'6: �&�- �4�6- s��L& 
	�O/ 3t�� 
�	
 $"	��/�(

,�	 �4�6- ( � $�	��
 R*��( ����
�( )�� ��  $"	��/�( 3- z�-�: 

�	��
��3;6:� $"	��/�( �-  $+�;a: �

	#�,)s��L& 
	�O/(

hr

��W�)
	�O/&s��L(

Gr.hr
</#ee< a r/�de ±r/2��   b ± �/#e�%:	��IIIR64�
 

</#r�i� a #/h2 ± #/<�#  b d/<h± �%:	��II�(	 

i/#r�di  a rU±</#hr  b e/2r±  R64�
 39�4"���3EX

</#r�ri  a r/�ed ±e/i�r  b i/<<± �%:	��III�(	 

e/#eU��  a #/er ± r/#er  b </�r±39�4"��� g	'65�	

</#eeih  a e/er ± 2/#UU  b #/#i± �%:	��IIR64�
 

U/#eir2  a #/r< ± </��r  b �/<d ± ������&

e/#errr  a r/2h ± 2/hi  b 2/#d± ��C�:

3-��: �6@ |��� �"
� �� �
)a,b ($;O: ����/R6���6: R6- �	
 ��

 �`� �
� 	� ���
 $: ������
.

 g��C# :s��L& R6���6: ���
3��L� $"	��/�( 3- z�-�: ��� ��

3;6:� 0-�/ 3- ,P5� )�� �� F��	�-

 ��W� 2
&,���� �6��
 d�)&�/ / �<�� H�S �@

	#�, J/��

?,-��W�
)H�S(

�r#/�h2U</#�%:	��IIIR64�
 

i#�/�UUe</#�%:	��II�(	 

�dd/�heri/# 39�4"��� R64�
3EX

hdh/�2r2i/2�%:	��III�(	 

hhh/d<UdU/#39�4"��� g	'65�	

dU#/�iri#/#�%:	��IIR64�
 

<<#/dhi2</�������&

2ie/d�2i2/#��C�:

��L�     g��C �
 39 ��Q�      $"	��k/�( �	'6: ,�	 �1�: 

   3��L� �	 )�� ��     $�	�k�
 R*��( ���   �%:	�k�III   �R6k4�
 

�%:	��II�� ��(	  R64�
 39�4"�3EX �%:	�k� �III  ��k(	

   �%:	�� � 39�4"��� g	'65�	II R64�
 )  �-�  ��:��   $k/ ���k:

��� (-3 $;O: ��Q     3;6:� $"	��/�( R6���6: �	 �4L9 ��	
-


�kk- �	)d�/d<P .(  $"	��kk/�( R6kk;wL��	�kk�
�kk� �

    $+�;a:)    ��C�: � ������& ( k-  '6�3  $k;O: ��kQ ��	


   $"	��/�( R6���6: �	 �4L93;6:�
�- �	)d�/d<P.(  �5"�7: 

R6���6:  3��L� $"	��/�( ������    $�	�k�
 R*��( ����
�( 

     �`� �
 ��"�%" �-> %    $: ���� R%�	
 ��:�� �-   3k9 ��


3��L�           $k;O: ���k�/ $"	��k/�( R6���k6: �km� �	 ���	
�

	
���)di/d<P.(           3k��L� 3k- z�k-�: $"	��k/�( R"�4�6- 

�%:	��III       k-�: R"�k4L9 � �k(	        g	'65k�	 3k��L� 3k- z�

 
�- 39�4"��� .   �%:	�� $"	��/�( R6���6: R6;wL�III  R64�
 

    �%:	�k� $"	��/�( R6���6: �-II        R6k4�
 3k9�4"��� � �k(	 

3EX$;O: ����/ �  ���:� �	
,&	��)di/d>P.( 

  3��L� $"	��/�( R6���6: R64�
 39�4"��� ���3EX�%:	�� �

II kk6� 3kk9�4"��� g	'65kk�	 � R6kk4�
 $kk;O: ���kk�/ ' �	


���:��;4&	��)di/d>P(  �R6;wL�     R6���k6: ���k:��m� �	

  3��L� R"	 $"	��/�(     �%:	�k� $"	��k/�( R6���k6: �k- ��III

$;O: ����/ R64�
,&	�� ���:� �	
)di/d>P.( 

-3      $: �"�4� 3- 3C�/ �- $*9 ��Q      
�k9 z�P;4k�	 R6;t �	�/

 - 393   3��L� 'C�%:	��III  3k��L� �67- �
 �(	    ���k�/ �k�

3��L� R6- $"	��/�(;t ���$L� �m� 3- ��b �	�"�.

 R6���6: �5"�7:     3k��L� $"	��k/�( ��� �k�� �	�k�
 �k� �

$+�;a:)  ��C�: � ������&(  �`k� �
 ��"�%" �- > % �k-

  ��:��t S745:      3k��L� 39 
	
 ����        R6���k6: �km� �	 �k�

$;O: ����/ $"	��/�(�;4&	�� �	
)eri/d=P.( 

            )�k� �k� F�k�	�- 3k��L� $"	��/�( ���
 �P��8: �	�-

�& 
��4�	 �"� g�:�� �	 3;6:� 0-�/ 3- ,P5�:



����@ �;&�� �49
D$*BC�- 
�&�� �49
  D
�� $�	�E� ���: F�;�:  D���6�	
 G"�: �49


K:�J6� $=&'( )�*+ ����	
 3* /G���� ��
 /��L& MM /��45-�/nopq>>

           0-�k/ 3- ,P5� )�� �� F��	�- 3��L� $"	��/�( ��8! �	

    R"�4�k6- 3;6:�   �k��
      �%:	�k�  3k- z�k-�:III    � �k(	 

 R"�4L9 ���

�- ��C�: 3- z�-�:.

   P"�7/ 3O!�`: R"	 �
       ,k�� 3k�	��� $!	�k4: �k: �" $Q {�

��-)   ��- �" ,+�� �� (        � �k& 3Pk��8: 3;6:� �O&	 �	'6:

 s��L& R6���6:       �k� g�kQ �
 3k;6:� �O&	 3- z�-�: ���

   ,P. ���&            3Pk��8: �k: �k" $Q 3;6:� �� �	�66B/ � �

�& .     3;6:� 0-�/ R6���6: ��9	��
    �: �" �##/#r<Uh  � 

   �� Sb	��U/#e<#2  R"	�-�;- �
�-       �"� ��6*L+ 3- 3C�/ �- 

 �/ �: �" $Q 3;6:� �O&	 �	�66B/< %
�- �6B4:.

 Sb	�� � ��9	�� ����/<#/�dei=U/#e<#2D##/#r<Uh

  �: �" $Q �
 3;6:� �O&	 �	�66B/ ���
03/4100
8/26423

42/1065
=×

            ��k��
�( �	 �4�k6- 3k;6:� �Ok&	 �	�66B/ �	'6: R"	�-�;-

*��(,�	 
�- R .

F#4� - e9/:�#S
 3O!�`: �
�: 39 �	�- �	 3��L� �
 $"	��/�( 35"�7: 

�	��
��- $+�;a: �3 3��L� 0& � ���w�
 �
 34�� ��9

 �%��	
 '/��( �	�/	�-\ �
 
��4�	 
��: ����
�(


�- ����	��� $%&'H�	��
� �"� 39 R"	 $-�"��	 3- 

 ��� �
 
	�: R"	 $"	��/�(,�	9  R65;%/ �	�- 3

�& 34�	
�( �&�- 	��`� �	�/	�-\.

34��"*��( ����
�( $"	��/�( 39 
	
 ���� ���:� ���k R

3;6:� 3O&	 �	'6: �	$;O: ��Q 3- �	 �4L9 ��	
,�	.

 �	 
��4�	 �- 39 ���: $L/	 � ��	 ��:��� �
 '6� $L6��

)�6��:�  �����%&�) �- 35"�7: �
 �4L9 
��- �	�	


����� 3O!�`: ��E���4�6- � ��	 �6%�/ ���b �  (

 S6*8/ � 3"'K/ 
��: 	� �"��
 � �4"� R*��( ����
�(

3��L� $"	��/�( � 
	
 �	�b $"	��/�( �� �
 � R6"�( 	� ��


�9 �	�;+ 3;6:�)�.(34��" 3O!�`: ����: 3O!�`: 3-��: 

 vJ9 �: R6;wL� � $L6��,�	.

3��L� R6- ���:� '6!��� �
( ��� R"�4�6- �R*��( ����
�

�%:	�� 3- z�-�: $"	��/�(III �%:	�� �� �	 �O- � �(	 

II � 
�- �(	  g	'65�	 3- z�-�: $"	��/�( R"�4L9

3��L� R6- �	 � �39�4"��� �L6*( l6- �- $+�;a: �	��
 ���

 ��C�: �	 �4�6- R6t ,��� ������& $"	��/�() 3��L�

$�	�"	(
�-  .

�: 3O!�`: �
9� vJ 3O!�`: 3-��: '6�: � R"�4�6-

 �- 35"�7: �
 ��
�4"� c�� �	 �(	 �
�( 3- z�-�: $"	��/�(

3��L�
�- �$;64�
 ���)� .( �	'6: $t���� 3O!�`: �
 �:	

 0&�( �	�- 39 �& ����: $"���
�( �
 )�6�	��	 �\�-

,L5b$: 
��4�	 R*��( $8`� ���& G9 �	'6: � �

,L5b �
 )�6�	��	 ��: ��� � 345� �
 $;O" ��: 3L6� �

�& ����: 0&�( �"�)>.( 3O!�`: �
 39 $/��� �
�:

 �:� ,�
 3- �"�4� ,�	 �� ����6- $"	��/�( R"�4�6- 39

�%:	�� 3- z�-�: �R*��( ����
�( �
III �(	  ,�	 39

$: ��9 3- �	��
 R"�"� 3"\ �
 $"	��/�( R"�4L9 � 
��

- 39 39�4"��� g	'65�	 3- z�-�: �	��
 $8`� 0&�( �	�

×
 F��	�- 3��L� $"	��/�( ���


3;6:� 0-�/ 3- ,P5� )�� ��

)s��L& R6���6:3;6:� $"	��/�( 3- z�-�: ���Ds��L& R6���6: 3��L� $"	��/�( 3- z�-�: ���(

3��L� ���

3;6:� $"	��/�( R6���6:

١٠٠=



3;6:� $�	��/�( �- $+�;a: ����	��
 � $�	��
 R*��( ����
�( $�	��/�( 35"�7:�	

K:�J6� $=&'( )�*+ ����	
 3* /G���� ��
 /��L& MM /��45-�/nopq>M

$: ��9 3- 
��,�	 ��"�B: $t���� �"�4� �- 3K64� R"	 � 


�	
. �	 )�� �� $"	��/�( ���
 x678/ R"	 �
 R6;wL�

3��L�3;6:� 0-�/ 3- ,P5� ���	)vJ9 �: x678/ 3-��: (

�& 3P��8:.

 34�
 3� $"	��/�( �	'6: vJ9 �:�	��
�� $+�;a: �

$*( l6- �-��:�	��
 �� ����
�( � $;*��( $+�;a: �


	
 �	�b 35"�7: 
��: 3;6:� $"	��/�( �- 	� $;*��(.

R*��( 39 ,��� 3K64� ��g�O� �"�- � ��	�9 ��� R"�/

 
�- 0"�:�� 
��: ���) 3O!�`: x-�`:�: ( ]��4: �

 ���� 0-�/?n/o3;6:� 0-�/ ���
,�	 �	)�( �
 �:	 �

$"	��/�( ���
 R6���6: �E�� 3O!�`: R*��( ����
�( 

3;6:� 0-�/ 3- ,P5� �	�N/n % 
�- �- 35"�7: �
 3^

?n/o %�: 3O!�`: �
 �4L9 ��65- vJ9,�	 . ,*+ �"�&

�: 3O!�`: �
 $"	��/�( ���
 �
�-\�- �	 
��4�	 vJ9

 $L"�b ����
�() �
 �/�"�C ����
�( �- 35"�7: �


�: 3O!�`: (s��L& ��4�
 �	 
��4�	 � ��"�� �� �!�:

�: ]��/R6"�( ,b
 �	�	
 39 
�- vJ9 3- ,�	 ��/

 3��L� �� $"	��/�( s��L& �	�- �	 S6!
 R6L��� ,+��

 x678/ �
 39 $!�� �
 
�9 |�� ��:��: �	 
��4�	 �- 

 ��:� �,�	 ��/\�- ,b
 �	�	
 39 ������ �����%&�

�	��	 �	�- )�\ ,+�� �" 3- 3��L� �� $"	��/�( ��6�

 0��9,�	 34��".

�: 3O!�`: �
 vJ9�	��
��'6� $;*��( $+�;a: �

q�/n3;6:� 0-�/ 3- ,P5� ���
  S65� 3O&	 
�� �	 �	

$: $"	��/�( 39 $/��� �
 ��
�9�	��
�� �- $+�;a: �

 �	 3;6:� 3O&	 �	 �4L9 ��65- �L6*( l6-)NN/? ( 3P��8:

�&)�.(

3��L� ��� �E�� ��7678/ �"�4� � ��C�: ��� ������&

34��" 3- 3-��: '6��: ���,�	 vJ9 . $"	��/�( �"�&

 �4L9�	��
��$*( l6- �- $+�;a: � �&�- S6!
 R"	 3- �:

 39�	��
��- $+�;a: �3 ,L5b 39 ���w�
 �
 34�� ��9

09�� �- 35"�7: �
 	� ���
 �	 �
�"�$:�- �
 �� ���6�

- �	�- 	��/�( ��P69�/ ��4L9 �	�7: 3- ��6�3 �
��� ,�


 ��:
 $��Q �	 � �;&�- 34&	
 l�����*� ,6��� ��L�

 R6"�(�	�- 36�/ �	��
�� 	� �6�����	��*� ��L6*( l6- �- �

 �
 ��& g�O��6@ �" ��& $%�� ���- 39 
��� $: �
�b

 ��P69�/ �
�9 
�	� 3- ��6� R"	�-�;- ����& 
�	� ��P69�/

$: 0��9 l�����*��-�")� .(

!�`: �
 R6;wL� g�� �
 l��� �	 ��"�C 3O�??M �	'6: 

R*��( �
 ��4- ��
 06- FJ� �6:	�� � $/�H��*� ���


�- $;"�� l6- �- 
	�: �	,�	)M  .(

3;6:� 3O&	 �	�66B/ ���
 R6;wL� �: �" $Q �	

�	��	�
�( $"	��/�( �	�66B/ ���
 �- � ��6�� 35"�7: �

&66B/ ���
 39 
	
 ���� ��P��8: R"	 39 � 3O&	 �	�

3;6:� $"	��/�( �	 �4�6- �1�: �	'6: 3- �: �" �
 �	


�- R*��( ����
�( ��R65;%/ ��O: �
 �4�6-

3;6:� 3O&	 �	�66B/$: �	�b �	
�6�.$: R"	�-�;- �	�/

3��L� $"	��/�( 39 ,��� 3K64�� ��� �
 ��,56 39 

�&�- 	��`� �	�/	�-\ R65;%/ �	�- .R65;%/ 3- �"�- �:	 ��

 �"�� � �: G*b �6m� ,-�Q� Yu�C S"��� 39 
	
 �	���

v���`� ��8! R"	  �	 ��	Z��
�( S"���
�-  XP;: �" � 

$: Y�58: $�
�!����& . �: G*b �
�- �	 R"	�-�;- 3-


�& ��	

�� �"�- ���
 S�	
.

 �	 $%" 3���: ��Q����.� )�6�	��	 �- ,6:�L5: � $�
�!� 

�,�	�	 �	 
��4�	 3t��  g�� �	 ���
�( �
 )�6�	�nNqN

 
	�: �- $�\�Q F�L/ � YZC 3��� �� �:	 �& c�;L:

$: 	��/�(���L6- ���- �O45: 	� �1& ��	�/ G6��- ���

 ��;9 R"	�-�;-$:F�L/ R6;t �	 ,5"�- ��& 3- $"��

R65;%/ 3- 	� 
	�: R"	 �	�`� � 
�L� Y�;4C	 )�L/ ���


�9 ����
�" ,b�)q .(0-�/ R"	� �	��: �	��L6- �	�- �



����@ �;&�� �49
D$*BC�- 
�&�� �49
  D
�� $�	�E� ���: F�;�:  D���6�	
 G"�: �49


K:�J6� $=&'( )�*+ ����	
 3* /G���� ��
 /��L& MM /��45-�/nopq>q

��	�9 �
 ���
�( R"	 ��& 
�	� 	�"� 
�	�� $�	�;t � ��

- 
�� ��'*� G"�� ��� $;*��( 
�/ 
�K"	3 Yu�C �	�;+

$: SL+ 3O&	 �& S65� 3O&	 39 $��:� {���a� �;9

�4�6-- �4- c�� �	 &� $��/�9 
�- �	�	
 39 ��,�	

$: 0��9 ���
 z�1: $-ZC ��
 R"	�-�;--�"�)� .( �


 $K��"�� 3O!�`:(Sairenji) 	��/�( 
	�: $"	��/�( �	�7: 

3��L� �- 35"�7: �
 R*��( �& 341( ����
�( �
 ���

,�	 
�- �4L9 ��65- )�� .
�C� �- �:	 R"	  �"
�7: 39

�	��	 �& ��6� �	 �4L9 �& 36��/ ��K: �	�7:,�	�

5� '/��( �- �	��L6- 39 
	
 ���� �*41: �"�4� 3- ,P

�
 �	 ��/\�- �`� ,6OLC ��"
 
	��	� ���� 	� $-ZC 

$:�;�
)p .(

 � $%&'( �
 
	�: R"	 $��:�
 �" $a61�/ 
�-��9

�$%&'H�	��
 $!� 
�	�� $!�%&	 ���� 
��8: ��
 ,*+ 3-

 � $!�L4�	 �	�`� �	'6: R6- Y�14�	 $`"	�& �� ,8/


�	
 $�45- �&'( �m� 3- ���� �	 
��4�	 X��;:. �:

$L�3- 39 G6;9 �+
	 G6�	�/ 	��/�( ,�����*� 
	�: ��6���9

,�	 $a61�/ �" $��:�
 ���C 3- R*��( �
 � ��
 l(

 �
 39 ,�	 ��	�7: 
	�: R"	 �	 [��;: � 
��8:

 
	��	 �	 
�� �" )	��	 �� �	�- $%&'( )�m� �	��7:

,�	 �& 36��/ 3O:�C ]��4: ��Q 3- $/��P+ 3- �" 

>?$*6:
 ���6�)	��	 �� �	�- g�� �� �. �- 
�+ R"	

R6- ��65L9 
��;�6( F��	 �-	�- �
 ,m��8: $**L!	

3O&	� �!�"
	� ���)ICRP (����	 �	�-,��- � �� ���

,�	 �& 3P��8: $��a4�	�6@)n.(

��L� ����: x678/ R"	 �
 39 ��Q��& $"	��/�( 

�	��
��- $+�;a: �3 ����
�( � ���w�
 �
 34�� ��9

 
��: $%&'H�	��
 �%��	
 '/��( �	�/	�-\ �
 39 $;*��(

$: �	�b 
��4�	$;O: ���� 3- 
�6� 3O&	 �	 ��	


3;6:� 39 ,�	 3!�5: R"	 ����6- 3K64� R"	 � 
�- �4L9 �	

3��L� $"	��/�(- ���� �
 ��3 $;L"	 
�	�: ��6���9

$L� ��L6- � �	�/	�-\ R65;%/ 3C�4: 	� ��`��;9.

�/�( $"	��	��
��l6- �- $+�;a: �$*( ���� 3- �:

$;O: $�	��
 R*��( ����
�( $"	��/�( �	 �4L9 ��	


,�	3��L� R6- �
 �  R"�4�6- $�	��
 R*��( �
�( ���

�%:	�� 3- z�-�: $"	��/�(III �(	 ,�	 . ���
 R6;wL�

3;6:� 3O&	 �	�66B/ �4�6- �1�: �	'6: 3- �: �" �
 �	

�( $"	��/�( �	 
�- R*��( ����
� �- ��6"�/ 3O!�`: R"	 

 $*Pb ��O!�`:,�	.

$�	
��b � �%�/: �=���~( ����;� ,���O: �	 �%�/ �- 

 �
 	� �: 39 �����	 '^�: �����4^	� 3O��/ � ��7678/

 �	�C	 ���" x678/ R"	��
�L�.

 7/�	�
1.White SC, Pharaoh MG(ed).Oral Radiology 
Principles and Interpretation. 5th Edition. St. Louis; 
Mosby, 2000: 53-8. 

2. Mac Culloch WT, Moore JE. The Inclusion of 
Radioactive Compounds in Dental Porcelains. Brit 
Dent J 1974; 136: 101-106. 

2D)	 $C �����( ��� ��"�9  : $L6:�/ $%&'H�	��
 
	�: .

R6LC�4: :� c �R649�- )�6 .�	��/� ��"�& �	���4�	 

 ��	
�L��2U#�� � :rD<de .

<D�!	 ����OC �| ) �$L6�� : �"��	��
�� $+�;a: �

 �649	�"
	�)	��/�( ( ��;45� . $%&'H�	��
 �%��	
 3*K:

 ����:�2rr ��
 �## ��L& � � #�� �  :#UD#� .

5. Noguchi K, Shimizu M, Sairenji E, Ikeda N. [Non-
destructive Neutron Activation Analysis Of Dental 
Porcelain Powders (author’s transl)]. Radioisotopes 
1980; 29(6):261-5. 

6. Veronese I, Guzzi G, Gissani A, Cantone MC, 
Ripamonti D. Determination of Dose Rates from 



3;6:� $�	��/�( �- $+�;a: ����	��
 � $�	��
 R*��( ����
�( $�	��/�( 35"�7:�	

K:�J6� $=&'( )�*+ ����	
 3* /G���� ��
 /��L& MM /��45-�/nopq>p

Natural Radionuclides In Dental Materials. 
Environmental Radioactivity 2006; 91(1,2): 15-26. 

rD�6*-
 $C �R6%:: ��� R*��( 
�-��9 $��P: � g��	 

$%&'H�	��
 .$!��� � ������� � R6LC�4: .g�	 �*C .

 �3"JQ ��	��/�2r<�� � :<# D2r �  rD�<i.

8. Sairenji E, Soremark R, Noguchi K, Shimizu M, 
Morberg LE. Uranium Content in Porcelain Denture 
Teeth and Porcelain Powders for Ceramic Crowns. 
Acta Odentol Scand 1982; 40(5): 333-9.



����@ �;&�� �49
D$*BC�- 
�&�� �49
  D
�� $�	�E� ���: F�;�:  D���6�	
 G"�: �49


K:�J6� $=&'( )�*+ ����	
 3* /G���� ��
 /��L& MM /��45-�/nopq>N

Comparison between Radioactivity of Porcelain Powders and 

Artificial Teeth with Background Radiation
Ghafari R.(D.D.S.)1- Bajgholi F.(D.D.S.)2- Rezvani fard M.(B.S.)3- Danyari M.(D.D.S.)4

* Corresponding Author: Maxillofacial Radiology Dental Department Khoorasgan Azad University, Isfahan, IRAN
E- mail: Roshanakghaffari@yahoo.com

Received: 14/ Sep/ 2007   Accepted: 11/Feb/ 2008

Abstract
Introduction: A lot of industrial products and consumer resources have important role in human exposure and 

receiving yearly radiation dose limit.

Radioactive products have been used in denture teeth and Porcelain powders for flourescence properties for long 

time in dentistry. Because of the most of the people used Porcelain powder and denture, this became an emotion to 

survey the rate of relative reactivity of powders and inform the laboratory personals.  

Objective: Determine the relative radioactivity of artificial teeth used in dentures and in porcelain powders.

Materials and Methods: In this laboratovary-experimental study six samples of porcelain powders (ceramcoIII 

opaque,ceramcoIII dentin,ceramcoII opaque,ceramcoII dentin, noritake dentin EX3 and noritake incisal)and two 

samples of anterior and posterior artificial teeth with polymer base(marjan and shanghy)were used and about 3gr of 

each sample was placed in front of the scintillator detector NaI(ti)s' window.

The number of emission in one houre was measured during each stage.Back ground radiation was measured in 

several stages.Samples and background radiations ratio were measured by means of paired t test. Data were analyzed 

by SPSS soft ware.   

Results: Radioactive properties of different porcelain powders and mentioned denture teeth were significantly lower 

than back ground radiation.

CeramcoIII opaque porcelain powder showed the most radioactive properties and marjan denture teeth showed the 

least.

Conclusion:This study confirmed previous studies about low rate of radioactivity properties of samples relative to 

back ground radiation and indicated if safety precautionse are observed no problem should rise for dental 

technicians.
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