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 �) �)�/�� ��
01 ���
� ��
 �) .���+
 2+ ��	� -�. 
 3�#���
 �+ �,�
�� )�+�� � 4�"+�&� �5
 ����+ �2/6�7� ��
 	
 8��

��� ���� ��)0+ 9:$� � �*�+)�* ;�< �+ � .  

2�� � �3+ 
-: �) ��
 �+�=  2/6�7� - ���?$���	�� 30 ���� 2*0,* ) �*�+)�* 46�: 3��A (
 �30 2#:� !�0D 2+ 2*0,* ) �
B.�� 2�(�� ( �� ;�< 	
 3
�  2+ 9:$� � �*�+)�* ���3 

 ��'E  F��G.��)�G 10  F��G �
0&1 2+ 2*0,*) ����A1 �B1( �10  F)	 4�"+�&� 2*0,*
 F��)A2 �B2 ( �10 �*�� 2�$I� ��* �,�
�� 2+ 4�"+�&� �+ F�"1 2*0,* )A3 �B3( JK� .
 ���2*0,* 3�,  �� 3�=*
 ��
LG ���� ����	� -�. 
 3�#���
 .  � ����'&�
 F�?��) �+ ���

F��=&� � F)
)  ��) � 0�* M'N �+N�0�	� 	
 F)�O��
 �+ � �� 4:5 (  ��� �����  

Two-way ANOVA  �Tukey ) 4��G �
�P ����+ )�0�05/0  =α(.  

��"
� :
- F)��� T�� 2� ��+ �&/� !��O  �	�� ) 4�
) )0�� ��
)001/0 < p value ��+ .(

) �*�+)�* ;�< �) 3�#���
 ��?*���N 24/207 ± 90/758) 9:$� � (N 83/216 ± 60/718 (
�&/� !��O  ) )0:* �
)133/0  =p value �,�
�� � 4�"+�&� T�� �) 3�#���
 ��?*��� .(  

)N 18/86 ± 38/947�&/� �0< 2+ ( ) 4�"+�&� T�� 	
 ��
)N 11/142 ± 50/749 ��$�+ (

)001/0 < p value�&/� �0< 2+ 4�"+�&� T�� � (  ���� F��G 	
 ��
)  

)N 09/164 ± 47/539) )0+ ��$�+ (001/0 < p value .( [�
��
 \1�+ ���]&  2+ 4�"+�&�
38  ��D�)T�� �  [�
��
 �,�
�� �+ F
�,� 4�"+�&�75  ��� 2+ ���� -�. 
 ��D�) 
�

4�
) F
�,� 2+.  

�4��,  :#��5 T��  � 4�"+�&� T�� 4�"+�&� �2^N"� �+�P �0< 2+ �,�
��  \1�+ �

�� ��� 2+ ���� -�. 
 3�#���
 [�
��
 �*0�. "+�&� -�,1
 \1�+ �,�
�� F
�,� 2+ 4�

�0P )�=�
  -�. 
 ���  ��	� �� �)�) �� ��� ���� ;�< )0�.  
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 ����� ���	
������ �� ���  ���� ����  ����� ��
��� ��

���� ��� � �� !�� ���� "# ���$�]2 �1[ )��*��+ ,+��- .

 �����  ��/ !01 )���2�3  ()��*��+���+ �)��*��+���+)

 ��� 6� ����)+ ���7 8��9
�� ���+ �*��/]4 -1[ ,+��- .

6�<3 ���3� 6� =��� )>��? ,+�3 )��*��+���+  ��)Mesh(  �

)*����* )Ladder(,�3 )@�+ �� A�B � �C�� )+  D-�� 6� ��3��

)+ ��� 6� ,���# )��*��+ ��/ ��E�� ��3]6 �5 �2.[  

��� 6� ���� ����� )��*��+���+ ,+��-�   !�H��I� ��

)+ ,J�> =��� KI�L�   )���2�3 M��J 6� =��� KI�L� .��3

)+ ��E*� )���2�3�
�B� �� ���$�]1[. 

!��N�� KI��*�� �� ��O� ��P )Bonding(  �)I���

Q�  �� ��� 6� )����# ���� =�R
S+ )���2�3 ����� ���� )��P

A�B �� 8��9
�� "�� .!�� 6
O�� ��2+  ��P06�<3 ���/   ��

,97 ��P )Lock(  )+ )��*��+ "��*� "���   )-�I�+ ��P

 ���� =��� 6� �� ()����# ����) 6UB !��� 8�II� ���V��1 ���1�

��� ,�
+ . )���2�3 ����� )-�* W��B# �2���� �� 8��9
��

)+ X�S	+ ��3]2[.  

��� Y�� + �� )�� )����# ��P� )+ ��� �� ���� "�3 ��1 �3��Z 

6� ��L �I<SL���� )/ !�� [� \ ��� 6� )����# ��P]7[ ��� .

)+ )/�3��1  )>��? 6�21 �� )9�
@+ ,+��- �^� �� �*���

 ���  ���� ��� �_� ��1  ��IN�*�� ��P��* �=��� Y��I+�*

 )>��? ()��*��+���+) )��*��+ 8�/��� �� .��3 ��E��  

)+ =��� 6�>�* �� ���� ���� )��� !+�@\ !S���   

Retentive framework   �,���# [� _� �� ���/��1 !01

 �� ���� ����0V*  8��9
�� ��> ��� ,�3 ���`�  �
S�3

�I� ��+a�]3 �2[ ��� ����  ��� ��� )�������+ 8�/��� �� .

  ��� ��� )��+�/ c�S<*� Y��\ M�9� 6� ���� ��1 )��_�

)+ ! � �� ��1�+ ��_� ��� ,���# �9* "# 6E�
* 6� �N@� d

8��O �)I���+ M�	3�� e2E�  )*�P� M� ��+   )��$f ��P

��1 ��
��� =��*#  �P )+ �P  �K*� ���`� Y1�+ ��O 6� �3��

 �g�S*� ���	�)/��B# ��� ��h*� �� ��� ���� �h*�  �� 

 ��� �� ���� "�3 ��1  ����� !S�3  ��� )RB !��0*

)+ ���/]8 �3 �2[  )��*��+���+ ,+��- . ��� ������ )���2�3

)+ jP�� ����� ��> �� �� ��1�+ ��_�  "# ��<*� 6� 6� �P�

��� )+ jP�� )*�P� M� ��+  ���+ e2E�  !N* ����]8 �3[.  

�����I� ������ ���	
��  ��P��
��� �� )�� ����  ��� ���

 )*�P� g�S*� !+H�  ���� !�R��+ �� )����  =0+

)+ �3��]9[��2�3 ����� . !+�R+ j����� D-�� ��� 6� ���� )�

)+ ���� �
N�� �2- ��?  ��� �� ���� )/�3 ��1 6� ��3]10[� 

6� ��L  �� 6� ���� l� =��� �� ,���# "��� ��1 !01Metal 

conditioner 8��+# ����  �8�3!�� ��m ��
N�� ���*   

]13 -10[.  

6 B�n+ ��  o��� 6� ��Khasawneh ]"����2P 14 �� [

����� ��� ����� ���	
�� 6S��R+ �   )B�2 + )����# ��P

 ���+ �� 6� )�+��- !��/ M��J !B�<� ��� W��B# 6� 8�I<SL

]!��/ ���7 )���� ���+ !�� �^p+ )���2�3 �*�� ��<0�14.[  

 ��V�� jPq� ��Kawaguchi ]"����2P 15 ��^a� [

� �� !B�<� ��� l� =��� rn� �� )��*��+���+ ,+��- �� �

.�*��� ���7 )���� ���+ ����� ���	
��  

Mohsin]8 s�* � ��� ����� ���	
�� �� �2���� ��^a� [

 6E�
*  ��� ���7 )���� ���+ �� !B�<�  ��� W��B#  )����# ����

 Y�f� l� =���  ���� ��� [� \ )���2�3 �*�� 6� !��/

)+ ����� ,	+ �� �*�� !S�3 6� �EI+  !N*��� Y1�+ .��3  

���� ����� ���	
�� �� �� ����� M� B�n+ "�I���  ��P

 t��
*  6
���$� ��E*� l� =��� [�
@+ ��PW��B#  )����#

 8�3 Q���/ ����  ��� ��� �*�� ��<0� �� 6n��� �� )9�
@+

]!��16 -8.[  

 ��P��
��� �� )�� ����  ��� ��� ����� ���	
�� "�L

 ���� !�R��+ �� )����  =0+ )+ )*�P� g�S*� !+H�  ��3��

 )�� ,���# s�* �� ����� ���	
�� )���� !01 �� 6 B�n+ ���

  )*����* [�
@+ u�? � �� !@��+�/ MH����
+ ,�
+

!��/ ���7 )���� ���+ �2����  !�H��I� �� 8��2P �<N+.  

  

 � �3+  2�� 
-  

)��E� 6 B�n+ �� 8�3 ��E*� 6 B�n+ -  6� �!�� )P�VN��+�# ��

 ��� � "#60 =��� �� 6*�2*  !B�<� ��� W��B# �I1 �� ���� ��P

�3 6�0��*.  

 ��
��60 ) )+�+ 6*�2*Polywax, Bilkim Chemical, 

Izmir, Turkey sH\� 6� ,�3 ) ��+ (cm 17/3  ��3 6
O��
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 �� �� 6� �V�� ��+ 6�m �� �C�cm 17/3  ��cm 2  6� 

 !+�@\mm 1/1 6*�2* ��� �� �� ��P "# ���+ ��  )+�+  �P

 ,�3) �3 8��� ���716*�2* ��� .(  �W 6��� 6� )+�+ ��P

) )*������ M������Dandiran, Iran 6� �C�  �*�3 WH�� (

) w/ 6���Zhermack, Badia Polesine Rovigo, Italy (

6*�2* �� �*�3 6
@�� ��+ �� )h/ ��P  .����� !�� 6� )+�+ ��P

 �� ��45 2* 6R�7�6*�  ��� .�*�3 g��O ��/# �� )h/ ��P

��+ )� 6�>�* 8�I��2* !R�R> �� )h/ ��P  �� !S� �� )*��*�

)� ��L� ��2�� 6
S1�� 6�>�*  ��� ,����� )*��*�  6��� 6� 6� ��

 6� )h/ ��+ �� �3 ��E�� �� 6�m �� �� ��+ 6�m ��+�

 jR* xH2- 6� ��3 M������ 6
S1�� ���� �� M��J [����

=��� !O�� �� ���* ���+ )+ �9�� �� ,����� ���� ��P  �� �� .���

) )+�+ ��P�VB� "#Wax up,����� l� =��� (   

)Dentaurum, Germanyu�? �� ( 6�<3  )*����* ��P  �� ��

��+ )*��+ 6
S1�� 6�>�* ��  �� ��  �3 ��E*� )h/ ��P

��+ ��* )*��+ ���� y��?� )>��* ��/ ���$/ �C� ���

��+  ,�3) �*�3 ���$/�C�� )+�+ ��P2.(    

  

  
 .��1. �01 2�� 3,4��� 5���  67 8%��
�� :
:�; <�� 5�: 

=>% :�4�:� /67 8%�� 
��@% �+ /:�AB <�� 67 8%�� 5�%��  

  

 .��2 .5��C1 ."�%7 D� 8� 5��# E"�# 3" 3,4��� �":F4  

  

��2�� �� �� Wax up 6*�2*  ��  8�3 ��1 w/ �� )+�+ ��P

 6+��� �� .�3 8��� ���7 "�S�� ���� �� )��
�H� ��P��I���

6*�2* !I2
��I�� w/ �� �P )Renfert, CRO-vest, Cobalt-

chrome investment, Germany(  �� ��  �*�3 6
@��

 M�+ 6� "�3 !@�45  M�+ 6� �P��I��� ��2� �6R�7�  

150  "�� 6R�7�8���   ��+� s�3 �� ��+ y$>400 61��  

)
*��   ���/�U���>  ��+�950 61��  )
*��  .�*�3 8��� ���7 ���/

6*�2* 6�>�+ ��� �� � �  ��� ��� �� ��3�+ KI�
S� 8�V
�� �� �P

!B�<� )Verapdn, CA94534 USA( )<���� !<S* ��   

5/63 :Co �27 :Cr� 5/5 :Mo �2 :Fe  99/0 :Ni  �J���� 6
@

�3.  �� ��40   8�3 6
S�3 )7�� j�L �� �P��I��� 6R�7�

��+ w/ y$> "# �� �� .�*�3 g��O ���� ��P� 6��� 6�  

 ���I�+�B# ��S�� M��d ��) !�H��I� �� 8�V
��µm 50 �� (

 6�J��15 )
*�� 6*�2* �P !�H��I� .!��/ ��E*� ��
+   ����

 �w/ "��� l�� ����5 �+�E*� ��? 6� 6R�7�6*�2* ��2� .�  6� �P

 M�+20 �
�B� 8�V
�� �� 6R�7�  ���7 ���� ,O�� ��  j�B��

6
��/ 6*�2* "# �� ��   .�*�3 6
S3 �nR+ X# �� �P40  �� ��-

6*�2*   8�3 !�H��I� 8���� �P20  ��
I� "��I- 6� 6*�2*

 .�*�3 "�+�# ��� ��E+ !�H��I� "��6*�2* 6+��� ��  �� �P6 

��7 8�/ ,+�3 8�/ �P 6� �I
��/ �10 )+ 6*�2*  :�3  

A-  u�?)*����*  

A1  8�/�P�3  !�H��I�  �2���� "��  

A2 �� 8�/  �2���� "��  !�H��I�  

A3  �2����  !�H��I� �� 8�/  

B -  u�?�<N+   

B1  8�/�P�3  !�H��I�  �2���� "��  

B2 �I� �� 8�/ �2���� "��  !�H�  

B3  �2����  !�H��I� �� 8�/ 

C�{{{/ �� �{{{ 8�A3  B3 ���� ��{{�B# �2{{ W�  

)Kuraray, Osaka, Japan(  �� �� .�3 8��9
��45   6R�7�

MH����
+ ,�
+ )�� ,���# ��2���� "�3 �NO  !@��+�/

) !*����+Meliodent-Bayer, Dental, Berkshire, UK( 

��� � )<���� !<S* �� �+�*�+ ��  c��@+ 6*�O��� y�? �� 8�3

��H� �� ,���#  6*�2* 6+��� �� .�3 �� �P  �� M�+ 6� �P

 ��N� 8�V
�� ��� !-��2b/in 1000  .�*�3 8��� ���7 61��

 �� ��45 ,9+ 6R�7�  6�  6
��/ ���7 |��@+ X��� �� �P

 M�+ 6� !@� 8�V
�� �� .�*�3 ,R
I+ !@� 8�V
��  

180 6*�2* 6R�7�  )���
�� ��+� }� + �� �P35  61��
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)
*��  ��+� �U���>  ���/85 )
*�� 61��  .�I
��/ ���7 ���/

 �~��� ��+� 6� �X# ��+� "���� �� ��  Q�+�O 8�V
��

6*�2* 6*�2* ��2� .�*�3 g��O X# �� �P  �� 6
9P �� M�+ 6� �P

 M���> �� �nR+ X#37 )
*�� 61�� �� ���7 ���/�3 8��*  

�C� 6*�2*  6��� �� ,�3 D�U+ ���� u�? �� �� �� �� �P

130  "�
SI�� 8�V
�� 6�  8��� ���7 ��� 6� !<S* 61��

)Zwick Roell Z020, Germany (.�*�3 ,R
I+  8�V
�� ���

 ���* ��Shear )+ ��� ,���# 6� ���2+ 6*�2* )+�2� .���  �P

 !��^ !-�� ��5 )��+ 6R�7� �� �
+ ��  �� �*�3 !S� �8�V
��

.�
9�� ~�9�� �*�� 6�>�* �� !S�3 6� )*�+�  !S�3 ���*

6*�2* .�3 !<^ ����* ���� �� �P 8��� )+�2� ��* �� �P  �����

SPSS  6@S*18 )version 18, SPSS Inc., Chicago, IL( 

 ���+# Q� �� two-way ANOVA  Tukey HSD 

�*�3 )����  ��B�*#. I + rn�) ���� 05/0 < p value  ��

�3 6
��/ ��*.  

  

���"
 
-  

��V*��+� �U���> ,7��>   ���	
�� ��P��*��  �<N+ 8�/ �

)*����*  (����* YS> ��)  ��1 ��1  ����2* 1  8��� "�N*

.!�� 8�3 ) ,��R
+ �^�Interaction effect)I + (  ��� ��� ����

) !3��* ��1 )>��? 697/0  =p value .( ��Ih2P  

)I + M�9�  )*����* u�? ���	
�� ��V*��+ ��	B �� ����  

)N 24/207 ± 90/758) �<N+  (N 83/216 ± 60/718 (

) �N* 8���133/0  =p value .(  

)I + M�9� �0I� 8��+# Q� 6� ��� ����  !3�� ��1 ����

)001/0 < p value ��1) (2 M�S��R+ "�+�# ���� �� .(

 6*�/�ILTukey � �2����  !�H��I� Q� �� ���	
�� ��V*��+

)N 18/86 ± 38/947)I + ��? 6� (  !�H��I� Q� �� ����

)N 11/142 ± 50/749) �
N�� (001/0 < p value Q�  (

)I + ��? 6� !�H��I� ) �P�3 8�/ �� ����N 09/164 ± 

47/539) ��� �
N�� (001/0 < p value(  ��1)3(.  

 �<N+ u�? �� Y1�+ )��0I� 6� !�H��I� �� 8��9
��

 j�����35 �� 8��9
��  �3 ����� ���	
�� �� ��J�� 

 j����� Y1�+ �2���� 8��2P 6� !�H��I�69  ���	
�� ��J��

 ���������/.  

 8�P�N+ ��* )*����* ���� u�? 8�/ �� )N����� �*� ���

�3 )��0I� 6� !�H��I� )*����* u�? �� 6� M��J ���� .

+ ���	
�� j����� Y1��*��  "���+ 6�42  �� 8��9
��  �J��

 6� ����� ���	
�� j����� Y1�+ �2���� 8��2P 6� !�H��I�

 "���+80  �J���3.  

  
 2��H1� I,J��,� .  K�L �+ �	 I4:,� M>- �! 
��1 �+ N�� $B� 5��,� ��,O� P�� ��  

)1A  �1B  ��+�� 
��12A  �2B  �
	�:R =BS!�@B 
��13A  �3B (��"��� �! 
	�:R =BS!�@B 
��1  

��8�   9�:,
�+± (9�3�,) �
�8+ =��,  2��  >7"  

10  68/152 ± 00/574  1A )*����*  

10  00/86 ± 20/778  2A   

10  23/52 ± 30/988  3A    

30  42/207 ± 90/785  ,�    

10  72/181 ± 70/532  1B  �<N+  

10  78/182 ± 80/720  2B    

10  76/95 ± 30/902  3B    

30  83/216 ± 60/718  ,�    

20  09/164 ± 47/539  1B+1A  ,�  

20  11/142 ± 50/749  2B+2A   

20  18/86 ± 38/947  3B+3A    
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 ��	:��1 N�� $B� >"�V� .
��1 I,! 2�F4� I4:,� M>- �! K�L �+ 5�+  

  
 2��H2) �:�D7 W"�$� .Two-way ANOVA(  

  ) #�?� �@��df(   A
8��+ 9�:,
�+Mean Square  F  p value 

) ���Metal(  1  07/41343  32/2  133/0  

) Q�Method(  2  09/818018  98/45  000/0  

Metal × Method  2  00/6454  363/0  697/0  

 (�nO)Error 54  4/17790      

 (,�)Total 60        

 
 2��H3 ��1�@X �:�D7 W"�$� .Tukey  

 2��   =��B 9�:,
�+  �
�8+ =��,  p value 

 ��
I�  !�H��I�  

�2����  !�H��I�  

210-  

9/407 -  

73/42  

23/42  

001/0 < 

001/0 <  

 !�H��I�  ��
I�  

�2����  !�H��I�  

03/210  

88/197-  

73/42  

67/41  

001/0 <  

001/0 <   

�2����  !�H��I�  ��
I�  

!�H��I�  

91/407  

88/197  

23/42  

67/41  

001/0 < 

001/0 <  

  

 C��  

 6� �3 �P��O !N*��� "�+# ��1 6� D-�� ,���# �� ��� )���1

=S�*�/�����+  )��$f ���+ e2E� 6� �EI+  ����h*� ��� �� �P

)+  !+H� 6� ��3)+ 8�?�@+ 6� )*�P� g�S*�  !��0* ��  �
��

]��3 �h*� ��+#����* D-��15 �14 )���� �\�> jPq� .[

 l� =��� �� )*����*  �<N+ u�? ����� ���	
�� 6S��R+

)+ �P�3 8�/ �� �2����  !�H��I� ��2-� �� 8��2P ����  .�3��

6*�2*  6��� �� "�
SI�� ��3�+ 8�V
�� �� �P130 * 61�� 6� !<S

 ��P��* !01 ��V*��+ 6� ��L ��I
��/ ���7 8�V
�� )R�� "H�

"��*� �� ��� )*W����  �H� "W���� �� �PI  �
��� ��� ��

)+ ]�3��17 �3.[  

6
���  !�H��I� ��2-� 6� �*��� "�N* 6 B�n+ �� ,J�> ��P

6�>H+ ,��7 ��? 6� �2����   6� ,���� ����� ���	
�� �� ��

 �^� ���)+  ,���� ����� ���	
�� j����� ,+�3 �^� ��� .�*��$/

)+ ��� 6�  j����� D-�� )��0I� 6� !�H��I� ��2-� .�3��

 ����� ���	
��35  u�? �� �J��6�<3   ��42  u�? �� �J��

)+ )*����*  D-�� ��* �2���� 8��2P 6� !�H��I� ��2-� .��3

 ����� ���	
�� �� j����� ��E��69  �� ��J��6�<3 u�?  ��
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 80 )+ )*����* u�? �� ��J��  � 6S��R+  )���� .��3

8�/ �� u�?  �� ����� ���	
�� �� j����� �IL �P �P�3 ��P

6�<3 u�? 6� !<S* )*����* u�?  ���+# ��	B �� �+� ��� "�N* ��

)I + M�9� ��� .��<* ���   

)+ ����  ��� )����> c�S<*� Y��\ "��� M�9
+ � �*��� �

 !S�3 6�  �I� ��E�� ,�N+ l�	
+ ,����� ��#�� �HO

���� "�������2��� �^� �� 6� )\�<R*�  ��3 �EI+ �����  ��P

)+ ��B�� !@��+�/ ��
�� "�+# ��1 6� D-�� ��3  )��P

)+ 6���* 6� �I� .!�� ��$/��^a� ����� ���	
�� �� 6� ��3 

Ikeda ]"����2P 18 [ Suzuki ]"����2P 19 ���	
�� �[

"# "�������2��� }�<R*� 6� !@��+�/ ���� �� �����  ������ �P

 ����  ��� ����� ���	
�� ��<0� ���� .�3 �P��O �
2� �!��

 .�I
SP ,�O� )���2�3  )��*��+ [�
@+ ,+��-  

)��*��+���+ ,+��- )���� ���  6�>�* �� =��� )>��?��� 

)+ 6*�/ 6� !S��� _� D-�� 6� �3�� �� 6�>�* ��� �� ,���# [� 

u�? ���I+ ���� .��N*  �� �� ,���� �� )��� !+�@\ 6� )��P

)+ ��E�� 6�>�* ���  .�I
SP ���m�� ����� ���	
�� ����� �II�

u�? � ��� �� 6�<3 ����� ��P u�? 6� !<S* �
/��� ��P  ��P

6�<3 ����� �*��� !�	1�� �L�� )��O  �L�� ��P]20[ �� .

6 B�n+  ��o��� 6� Jacobson]12[  ,J�> 6E�
* ��� �3 ��E*�

u�? 6� !N/  ��P6�<3 ��  jP��  ,���� [� _� Y1�+

u�? 6� !<S* ����� ���	
�� u�? �7�� ��  ����� ��P  ��P

6�<3 �� )+  .�*�3Dunny  King]20 ��� 6� ��O )���� �� [

 ��3�� ����N/  ����� l� =��� u�? 6L �P 6� �*���� 6E�
*

 ����� ���	
�� �� 6E�
* �� .�3 �P��O �
N�� ���� !+�@\

)+ �����O�� ��
N��  .��36
��� �6I�+� ��� ��  �� ,J�> ��P

 �� "�L .!S�* 6��N+  �S2P t��
* ��� �� �\�> 6 B�n+

6 B�n+  ����� �\�>  u�?N+  )*����* �<6n��� I +)  ����

���* "�N*�N* 8 .� 6� �3�� ,�B� ��� 6� ���36�<3 �� �  ��� �� �P

.!�� 8��<* "�S�� 6 B�n+ 

 ���+ ���a  !�H��I� �� 8��9
�� )��*��+���+ ,+��- ��^

)+ ��� 6� ,���� �����  ��/ ��E�� Y1�+ KI�L� .��3 

 ��E�� ��� �� )	n� ���� )��*��+ M��J 6� !�H��I�

)+  6� �� �*�� ��<0�  8�3 ��� rn� "�3 ���� D-�� 6� �I�

��1 )+  �� )�� ���� 8�3 ��S�� rn� !���  Y���� .��#

)+ "��� !�H��I� =0+ ,+��- ��7 6� �EI+ 6� �3��  "�3 ��

)+ ���	
�� ����� ]��322 �21 .[6 B�n+ ��  o��� 6� ��

Zurasky  Duke]23 [ !N/ ,J�> 6E�
* ��� !��/ M��J

� !�H��I�  KI�L� 6� 66�>H+ ,��7 ��?  ���*�� ���	
�� 

 �� ,J�> )��*��+ ��/ 6� !<S* �� ��
N��Bead  �L�� ��P

)+ "�N* 8�3 !�H��I� 6
��� �� 6E�
* ��� .�P�  �� ,J�> ��P

 �� !�H��I� ��2-� �\�> 6 B�n+ �� .��� 6��N+ �\�> 6 B�n+

u�? �� ���� �P � �P 6 ���	
�� j����� Y1�+ )01�� ,��7 ��?

 8�/ �� 6S��R+ �� ������P�3  "�2P.�3 u�? 

jPq� ������ )���2�3 ,+��- ��^a� ��  M��J ����� ��P

!��N�� .!�� 6
��/ Q� )I��� KI��*�� �� ��O� ��P  )��P

 6� �!�� 6
O�� ��2+ �� ��� 6� ���� =�R
S+ ����� ����

A�B �� 8��9
�� "�� )
> 6� ���? 6�<3 ���/ ��P  ���

,97 ) ��PLock)+ )��*��+ ( )����� ���� "���  ,�
+ ��� 6� ��

Q� ��� 6�21 �� .��� )+ W��B# �2���� �� 8��9
�� �P  �� .�3��

6 B�n+  o��� 6� ��Ohkubo ]"����2P 24 ���	
�� �� �� [

�*�� l� =���  MH����
+ ,�
+ )��  ��PW��B# �� ,J�> ��P

��� -   ���*�
��  !B�<�5  ��IL 6E�
* �!��/ ��E*� �2���� s�*

� �3 ,J�>6�>H+ ,��7 ��? 6� �2���� ��2-� 6  ���	
�� ��

)+ j����� �� ���  ,���# �*�� 6 B�n+ �� ��Ih2P .�P�  6� ��

 o���Kim ]"����2P 25 �� �2���� ��^a� �� [  

Bond strength ��� W��B#  �h*� ��� !@��+�/ ���� ��� - 

�2���� 6� �3 ,J�> 6E�
* ��� !��/ ��E*� ���*�
��  !B�<�  6�

6�>H+ ,��7 ��? )+ ����� ���* j����� Y1�+ ��  �� .��3

 o��� 6� ��V�� 6 B�n+Kawaguchi ]"����2P 15 �� �� [

8��+# ��^a� �+�/ ���� ��� �*�� ���	
�� �� rn� ���� -   !@�

��� W��B# -  ���	
�� ��2���� 6� �3 �@N+ ��3 ��E*� !B�<�

)+ j����� �� �*��  t��
* ��� .�P� 6 B�n+ 6E�
* �� ��*�\�>  =P

 8��2P 6� W��B# �2���� �� �\�> 6 B�n+ �� .��� 6��N+  �
���

 8��9
�� ��� 6� ,���# ����� ���	
�� jEI� !01 !�H��I�

 8��9
�� ���+ �2���� .�3Kuraray  ��P�
�� 8�/ ��1 6� ���

)+ �+�*�+ M�9S� ) ��1 ����� 6� ��L �3��MDP (10-

Methacyloxydecyl Dihyrogen Phosphate monomer 
 6� )��P�2���� .!��MDP  )/�I<SL ����� ��I
SP ����

=�� 6� ��L �I
SP ����  ��� ����� ���� ����^p+  ��� ��P
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����+ �� 8��+  "�������+ )���� ��B�� ����h*� ���� ��P

)+ ��7 ����� ���	
�� 6� �EI+ 6� �I� )+ ��� ]��329 -26 .[

\�> jPq� �� ,��7 �^� �2����  !�H��I� �� 8��9
�� ��

 �� j����� ��� 6� !3�� ����� ���	
�� j����� �� )01��

)I + ���+# ��	B  .��� ���  

 ��O M��\�� �� "# 6S��R+  8�+# !�� 6� t��
* 6� 61�� ��

 M�9� )*����*  �<N+ u�? ��� 6� �3 �@N+ ��IL

)I + .!3��* ��1 �*�� ���	
�� �� ����  �� �V�� ��� ��

 �� ����� ���* ���� 6
��/ ���7 !�H��I� !	� 6� )P�/

6�>H+ ,��7 ��? 6� �P�3 8�/ �� 6S��R+  .��� �
N�� ��

 8�3 8��9
�� �2���� 8��2P 6� !�H��I� 6� )P�/ �� ��Ih2P

 )01�� ,��7 j����� �P�3 8�/ �� 6S��R+ �� �*�� ���	
�� ���

�
N�� !��0* �� .!3��  �<N+ u�? �� ��1 �*�� ���	
�� ��

 8��9
�� �2���� 8��2P 6� !�H��I� �� 6� ��� )P�/ �� �)*����*

 .��� 8�3  

!���	+ �� 6*�2* 6� ��� ��� jPq� ��� ��P  �� �P

 ���7 )��W�B��� o���3 ��  �*�3 )���� )P�VN��+�# o�	+

 �I*�+ )���2�3 ,+��- �� �I
3��*pH  )��*��+ ,+��-  ~���

)+ ��0IN�� .��3 6
��/ ��* �� "W���� ��P��* �I*�+  6� ��3

 o�	+ �� 6 B�n+ ���in vivo  ��P�
+���� ��2� �� ��3 ��E*�

 =��� u�? ���
0� "��
� !��0* �� �� �3�� ��0+ ) 7� o�	+

 ���� ����� ���	
�� j����� �� ,+�- ������$/��^a�  l�

 l� =��� 6�"��*� 6� �� !B�<� ��� ��SI��  "��3��  ��P

"��*� �������m ��� 6���� ����.  

  

�4��, #��5  

 !�H��I� �� 8��9
�� 6� ��� "�N* 6 B�n+ ��� �� ,J�> 6E�
*

 j����� D-�� )��0I� 6�38  8��2P !�H��I� ��2-�  ��J��

 j����� D-�� �2���� ��75 )+ ����� ���	
�� ��J��  6� ���3

��� )+ 6E�
*  ,����� ���� MH�N+ �� )�� ,> 6� �*���

 !�� ���� l� =��� �� )����# ���� "�3 ��1 6� l�	
+

 .�I� �2�  

  

�,���D � ��*�  

 ����3 )�3�� ���- 8�VN*�� )NPq� ��
	+ !*� + �� ��N� ��

"��*� 8��N*�� )*��*� ���+ M�R�R	� j@�   8�VN*�� )�3��

��� .����3 )�3�� ���- "���� �� 6B�R+ r
� 6+�*   )-��� 6B�

 8��23 6� )
2P �\���2>1350  )N��� �\� �
�� )��2IP�� 6�

!�� 8�3 g��@
�� )*��	� 8���� �
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Comparison of the effect of sandblasting and use of primer on bond 
strength of acrylic resin to partial denture cobalt-chromium 

framework in ladder and mesh design 
 
 

Farideh Bahrani, Reza Derafshi*, Fathollah Mazarei, Hamidreza Hemati 
 
Abstract 
 
Introduction:  One of the complications of removable partial dentures is debonding of the acrylic 
resin from the cobalt-chromium framework. Several factors are involved in this chemical and 
physical bond. The aim of this study was to investigate the effect of applying primers and 
sandblasting on bond strength between the metal and the acrylic resin in mesh and ladder-like 
frameworks. 
Materials and Methods: In this in vitro study, 30 frameworks with ladder-like design (A) and 30 
frameworks with mesh-like design (B) were fabricated. The mesh-like and ladder-like frameworks 
were each subdivided into three subgroups: 10 specimens in each subgroup were un-treated as the 
control group (A1 and B1); 10 specimens were sandblasted (A2 and B2), and 10 were both primed 
and sandblasted (A3 and B3). Then the acrylic resin base was bonded to metal surfaces and the 
metal�resin bond strength was examined by an Instron testing machine and recorded in Newton. 
Data were analyzed using two-way ANOVA and Tukey test (α = 0.05). 
Results: There were significant differences between the three preparation techniques  
(p value < 0.001). There were no significant differences between the mean bond strength values of 
ladder (785.90 ± 207.24N) and mesh type (718.60 ± 216.83N) frameworks (p value = 0.133). Mean 
bond strength values of sandblasting and primer (947.38 ± 86.18 N) were significantly higher than 
those of sandblasting (749.5 ± 142.11 N) (p value < 0.001). Sandblasting resulted in a significantly 
higher bond strength values compared to the control group (539.47 ± 164.09 N) (p value < 0.001). 
Sandblasting alone resulted in a 38% increase in bond strength whereas applying primers with 
sandblasting increased bond strength by 75%. 
Conclusion: Sandblasting and primer significantly influence resin�metal bond strength. 
Subjecting frameworks to a combination of priming and sandblasting produces the highest bond 
strength. 
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