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Title: An evaluation on microleakage and gap width of different dentin bonding agents in high copper 
amalgam restorations
Authors: Ghavam-Nasiri M. Associate Professor*, Malek-Nejad F. Assistant Professor*, Rohani A. 
Dentist, Akbari M. Dentist
Address: *Dept. of Operative Dentistry, Mashhad University of Medical Sciences 
Statement of Problem: A lot of efforts have been made to create a complete adaptation between tooth 
and amalgam restorations.
Purpose: The aim of this study was to evaluate microleakage and interfacial micromorphology of 
amalgam restorations lined with dentin adhesives, namely One Coat Bond, Syntac, Excite and Copalite, 
as liners.
Materials and Methods: 144 intact human canine teeth were selected. Then class V cavities, with 
enamel and dentinal margins, were prepared on each of them. Cavities were lined with different dentin 
bonding systems (Syntac, One Coat Bond and Excite) according to the manufacturer's instructions and 
restored with Oralloy and Cinalloy, non gamma 2 spherical amalgams and Aristaloy a non gamma 2
Admixed alloy. Copalite was used in the group, served as controls. After thirty days storage in synthetic 
saliva at 37ºc, the specimens were thermocycled in saliva (4000 cycles). The degree of microleakage was 
assessed by means of basic fushin dye penetration and recorded. The gap width was evaluated with 
Scanning Electron Microscope. Pearson and χ2 tests were used to analyze the results. 
Results: None of the systems, tested in this study, eliminated microleakage completely, Pearson's 
correlation coefficient showed a positive correlation between gap and microleakage (P<0/05).Statistical 
significant differences were revealed among the liners regarding gap and microleakage (P<0.05).
One Coat Bond and Syntac appeared to leak less than other groups. The gap width by One Coat Bond 
and Syntac were respectively 0.35 and 0.3 µm in dentine, 0.2 and 0.1 in enamel. Excite and copalite gap 
width in dentine and enamel were 1.3-1.36 µm and 0.3-0.6, respectively. The type of amalgam did not 
have any effect in the degree of microleakage and gap width (P>0/05). 
Conclusion: One Coat Bond and Syntac, comparing to Excite and Copalite, showed less microleakage 
and gap width.

Key words: Amalgam; Dentin adhesives; Microleakage; Gap
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 !��"#
�$%&� '��( :��� ��� �	
�� �	�� �	���� �	��	�� � ���� ��� ��	� ��	�� 	
��  !��� " .

*�+ :$��%�  &'	( � �)�*�" +�	��"� ,�- 	�  .�	�� ����	��	�� �	- +/	0 ��!123 �4� �� �	56�� 	� 
Syntac 7One Coat Bond � Excite�� �	
�� �	��	�� %�� " %!�8 ��4!0  � .

�,��( -��: ��.� 9::�%5; 	��� " <=� � >	?6�� $�	� +�	2�� ���	� ���� �0  @�� �	-A +/	0 � +�	!��  1� 	� 
 +/	0 ��!123 �4� �� B��  ���Syntac 7One Coat Bond � Excite �	56�� %!�8 ��4!0  � ����	�  �	C"	� "46� �1D 7

��%E .�	��	�� �� $��%� ��/ �	-Oralloy � Cinalloy 	�	E �	( ���� F � G	H�%5�� <�%I Aristaloy 	�	E �	( ���� F
Admixed��%E �	56��  . %!�8 ��Copalite�� �	56�� G%6!� ��%E "  . �� �.�JK�� ��"  " +04!L� M�*� " �"���JN

 �4O� 7�%��6�	�  /" ��*��  � 	-:KKK�� +�"�%; �H��  1�%�  . <=� +�	��"� ��	� ���4( P�" Q45� R�4� �)�*�" ��*��
 S1D�� ��!� .��%E +�"%� +��%6H�� T4H��%H�� 	�  &'	( ��*�� . � �4�%�I �"	�� �	��4��� �� U�	6� ��&V� ��%�χ2

�� �	56��.
����.�+:W�- $62�� �� ��������� �	)� �" �)�*�" ��	� ,X; 4�*-� �	- . ��� 4/� �1Y� Z	1�"� �)�*�" �  &'	( ���

)KA/KP<(+!.� ,�6C� �)�*�" �  &'	( ��*�� %^� �� 	-%!�8 ��� ��!_O- B ��� 4/� �"�)KA/KP< .(
One Coat Bond � Syntac �" �)�*�" ��*�� ��%6O� ��� �	)� 	�-�%E %��  � �12� . R�4�  &'	( `%0
One Coat Bond � Syntac a��%�  � JA/K � J/K � b	0 " ��%H�� F/K � 9/K4� 	!�� " ��%H��  . R�4�  &'	( `%0

Excite� Copalite a��%�  � J/9 � Jc/9 � b	0 " ��%H�� J/K � c/K4� 	!�� "  .&'	( � �)�*�" %� �	��	�� d4� %1ef�  
+!.� ����� �"�)KA/KP>.(
� ������/ :One Coat Bond �Syntac  � �12� �" �%6O�  &'	( � %6O� �)� ��*�� Excite � Copalite �	)� 
���.

!0�� �����+:  &'	( 7�)�*�" B+/	0 ��!123 �4� B�	��	�� 

��3��4# 	���5 
 �03 % &��� ��'���� �03 6����� ��2 ,4� ������ /��) ��
�9: , ���13; , <�"9AB; (

 ���1�
 ��� �"�%g%�(Seal)  � +O��%� �4�  1�  �;	�

�"�4� �	� d4� %- h�� +�84D ��S(4� ��%� �%5; �	-
��� "�"4C%� +'	C ��O-� �� +O��%� . " �2H�

 40 7$��%� �� <I �	-"  � %
!� �)�*�" �� �%�E4&/
 �  1� P�" %��i� 7+E���4I+� j�	I �k4�4�	I l8	O6;� 4�

)9 7F.(
 �� m��9KK �	� ��4!0  � �	��	�� ��  � ��� G	� 

+� �	56�� +O��%�4� .$��%� "  � ��� ��� n"�*E �	-
 �� m�� +�	�� �"� o� �� �.� �	��	��9p�)�*�" �	�  	
��

+� �4_O- +�	-%!�8 ��  � ��� G	� �!3 �� m�� B4�
m��"�� G	I4���� ��%�  ���� ��� �'	( �;  �;	� �4O�
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+� �	56�� 4�)A,:,J .(W�- �	��	��  � +E�!123  �4E
�"�4� "��� �%5; �	-)c( ��0 � ��	�	� ��	�� ���%�	!� B

a�	.�  &O/ �� ���� U2�  � +E�!123 +O��%� �	� ���
+� >42V� 4�)N( . %- ��S(4� ��%� ��	0 ��%6O��
� ��� 7$��%� 1 �� r�	� >4C ��� o� �%�� ��� �� ��

+� +E���4I 40 � j�	I >	�6��4� ." $��%� ��	; ���
+�+�84D %O0 ���4� ��	�  6�� �%�)p( . G	H�%5�� �	��	��

 ��� n"�*E 	�� B��� +�4C +H�*�( s�4C ��"� <�%I
 1� �)�*�"  � ��� ��� %6)�� �� ��)9979K7t .(

HO� �)�*�" m��*(� " m-	�  � Z4�%� ��� �
��	� �	��	�� �k�%� �� �'	; h84LV� . �� u�	�  �8 o�

 h84LV� ����" �� �	��	�� � ���� �	O6C	� ��� ���"
�	��	�� �'	( �;  �;	�  � �k�%�v+� �%�E4&/ ���� �!� .

 ���" l��	� +/	0 ��!123 �4� R�4� �	��	�� ��� 	
��
��� m��"�� �� h�	56� .	� �	� R�4� 4�*-� o�!H� 

��� +/	0 P!���	�+� 	
��  �k�%� h84LV�  � %E
 �	��	��)9F .(

�� �	)� +��	56� h	.�	��  � ���Amalgam bond

 ��%� %!�8 �	��	�� o� ��4!0  � "	�2� >4&�� ��� 	
��
 ��� %ew�)9c79A79:79J7F.(

Panaiva 	�� B��� ��!�	123 +!��" �	O�� o�  "
��� ��� �%� "	H� �	��	�� %!�8 ��4!0  � h	.�	�� �� +C%� .

Panavia�%��)�I "  2�	S� " �)�*�" ��m��"�� 	�
 ��� %�%ew�)9p79N79F7N .(�� �	)� h	.�	�� U�	6�  � ���

 �!62- %���H� �!�	O-  &'	( � �)�*�")9t79F7F.(
Mertz- Fairhurst � New Comer  .�	�� o� " 

SEM  � �	��	�� ��	�	� ��	�� � 	��	1;  � ��%� x?)� 
�"�4� y0	� �%5; �	- &'	( 	
�� ��; ��:9 ��%H�� 
+� 4�)FK.(

m��"��  � 	
�� ��+� �; +�	�� h�� �� �.� 	- � ��4�

�	H��$��%� %�� " 	��� %�"	� �� �.� �)�*�" 	
�� �	-
 ,�- 	�  .�	�� ��� 7"� 4/� �	��	�� �� +-	�)�	��� +�"%�

 " %!�8 ��4!0  � z&6?� +/	0 P!���	� �	� d4� �!3
$��%�  &'	( � �)�*�"�� �	
�� �	��	�� �	- .

�,��( -��
 ��.� 7+�%
�  .�	�� ��� "9:: ���	� ���� �0 

 ���	�%( G4&V� " � >	?6�� $�	� +�	2��F %�� �"����� .
� $&g o� 	� |�� �	���%� �� �.� � �%���%/ 7+6

<��	I "4I � j�%��" 	� �4O�*�O� 7�%5; "���	6�� �	-
 @��A " G	�	� |�� " CEJ��  ���  .

 �"	O� ��	�"	� �%( o� 	� �%5;  ���JF
(Mid west Dental Products Crop, Des plains IL, USA) 	� 

�� �	
�� �4- � >� � 	�� �0%� .�%5; G4D  � 	-A/J 7
 `%0A/F �O0 �A/9  1�  � +�	; " B����  ��� %6O�&�� 

 <=� B��  ��� �	O� " +��4�}�k  1� � 	!�� " +���4&��
 ��%E "	�3  � +(	L� h"4'  � %!�8 d4� @	�� %� 	�����

Jc �	56�� %�� +/	0 ��!123 �4� �� � ���� $�2S� +�	� 
��:

One Coat Bond (Colten, Whaledent, USA), 

Excite (Vivadent Est., Schaan, Liechtenstein), 

Syntac (Vivadent ETS, F199 Schaan, Liechtenstein 

Copalite (Coolley & Coolley LTD, Houston, Texas)

 �4O� " �	-Excite o�%52( ���� 	� b	0 � 	!�� 7JN %
 ��%�9A���� ��  ��	e  .�%5;  �4&E o� R�4� �  62� 	-

��� o)C 7 1!I� .  � @%� �� �	56�� 	� �	� ��� ��  �8 o�
 �� �.� � �� �� b	0 � 	!��cK u�	� $��� ��4- R�4�  ��	e 

 h��  � <=� � ��%EFK�� �?�  ��	e .
 �4O� " �	-One Coat Bond ���� 	� b	0 � 	!�� 7

 o�%52(JN %���� �� .���� o)C �  62� 	-%5; . �	�
b	0 �	O�  � +/	0 P!���	� �� �.� � �� �� 9A ��%�  ��	e 
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JK�� �?� "4� 	�  ��	e .
 �4O� " �	-Syntac l��	� �  62� �4�� �	O� 7
���� o)C . �.� � �� �� �4��  � @%� �� �	56�� 	� �	�

 ��FK ��	e 	� ��%� <=� � ����" $��� ��4-FK �?�  ��	e 
� �� h	(	��  &'	(�� � �� �� ��  �8 <=� B�� ��4- 	

 ��%� � �� ����" $���FK�� �?�  ��	e .
 �4O� " �	-Copalite G%6!� ��%E " �	� ��� �� 7
�� �	56�� � �4V�  �  ��  �8 o�  ��  �  1!I  �4&E R�4�

�� �� +/	0 � +�	!�� �4�� . ��  �8 ��� o)C �� �.�
�� "�%H� "	� ��O- *�� .

 ��%E %��  �  � ��%E %- <=�9F�  	� � $�2S� +�	
�	��	������ $��%� %�� �	-:

Aristaloy (Enagelhard. Claluk, LTD, England)��������,
Cinalloy (Shahid Faghihi, Iran) 

Oralloy (Coltene Whaledent, USA)

Cinalloy � Oralloy " B�!62- <�%I G	H�%5�� 
  � +�	;Aristaloy <�%I �	��	�� o� Admixed���  .

�.��%5; $��%� ��  �4O� �	O� 	- " +04!L� M�*� " 	-JN
 ��4D" " � �%��6�	�  /"9KK % ��%�JK �"����� ��"

�. <=�:KKK ���� �H�	�4�%� +04!L� M�*� " "� )F9 .(
 R�4� l�1g +04!L� M�*� G4�%(Boening  ��"� ��"	HO- � 

 4� ���)FF .( %- M�*� ��� %�Q  � ��89FKK �H�� 
�� ��4.�.

 23�4.� �(�.5��
 ��.�p��%� +(	L� "4D  � ��%E %- ��  �4O�  ��� 

���� >	?6�� ,�- . �	O� " �C	� u8  �8 � R�4� 	�����
 */ +;�4�9 B���� ���	�4I $��%�  1� ,�%D�  � ���	� %6O�&�� 

 ��	� ���4( " 	����� <=�A/K % h��  �F: " �0	� 
�/ M	�� h"�%;  /"  62� <=� B�!6(%E "�%g P�" Q45� �

����%E �4(�� ���" +2�4I� " � ���� o)C � . ���� %-
 $�2S� �O2g  �  � G�4�!��4�	� ��/ �� +(%D h"4'  �

��.�	�6� o� R�4� "	� ��� ���*�� (Buehler, USA)

�� �	
�� >� � $� �0%� 	� +�	O�� �"� 	� . ��� ���%� �4��
+�	�*� �O2g ��"�4� ���� %- +�	62� � +�	�� 7 .  �;	�

4�%6�� o� 	� G��4&�� � G�4�}�k " $��%�  1� �'	( �;v
 T4H�%H��(Olymus Co, Tokyo, Japan) +�	O!E"*� 	� 

9c�� ��-	)� %��%�  . 1� +�	��"� ��%� +�	62� � +�	�*� �	-
 ���� >	?6��)9F .( ���� @	O� �V� G4D " P�" Q45�
� �1D $��%� S1D %�� �	-"	�.�� ��!� .

%5' : P�" Q45� ����
9 :�"�4� G4D " R�46� P�" Q45�G�4�}�k � G��4&�� �	-
F :�"�4� G4D " ��	� P�" Q45�G�4�}�k � G��4&�� �	-
J : G	�*E� �"�4� G4D " P�" Q45�

 /"��!� 	� ��%E %- ��%� G�4�}�k � G��4&�� �	-
 �	��4��� �� �	56�� �4�%�I �"	��χ2 ��-	)� ��%� 

%� "	H�  ^;�� ��	g h	(�6C���.

 �����"$� 6	",��"�� �( �(�.5��(SEM)

 7+��%6H�� T4H��%H�� R�4�  &'	( `%0 +�	��"� ��%�
 ��.�: ��%E %- ��  �4O� 9F >	?6�� +(	L� "4D  � +�	� 
���� . �� +�%� +��4�!��4�	� h"4'  � $��%� %- *�%� ��

  � 	��%� �� +H� <=� B%E $�2S� $�� �  � ���� 	� ��
 ��	�"	� �4H�&�� X�	� R�4� +��"�cKK�� m��	I ��%E  .

�%� >� 	� <=���%E ,X; |�� �	- .������ �4O�
 o�&�%�� +&I ���� 	�  �4O�9K % �	
�� %�O��  �8 ,X; ��%�

�� o)C $��� ��4- 	� �  62� %�S� >� 	� <=� B��. �� 
 �	2�4&�	� +&I ��!�� �	� �� �	56�� 	� +���� h	.�g

(Extrude, Kerr Co. CA, USA) <=� � �� �%��1�	g 
 ���" +2�4I� R�4�(Buehler. Lake, Bluff, IL USA)
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�?� B��  6?�" ���" +2�4I� ���A���	
�� G4D  � ��"  .
 	� +�	��"� �� �1g ���� ���� �	H�&I" � h	.�g �	O�SEM

 o� "Sample Dry Keeper (Samplatec, Japan)

 ��%�:p�D �� +)�4I <=� B�(%E "�%g �0	� v �4�8	I 
 �	�6� R�4� �� ��" "E500 (Commerical Assens 

Llofrin SA, Barcelona, Spain)B�(%E "�%g  ��� Z	1�"�
 +��%6H�� T4H�%H�� �� �	56�� 	� �)�*�" � �"

Zeiss (Mode, DSM-950,Germany) %�ef� � 
 �4��� R�4� �" � �)�*�" " %!�8 � �	��	�� d4�
 �(%E "�%g +�"%� "4� <���� G	H��%� �%6��"	I	�

)KA/KP=.(

23�4.� 7.���
 1� " �)�*�" � �" %�i6� ��� +�	!�� �	-

 ��� 4/� +61Y� Z	1�"� b	0 �)KA/KP<( � �	��	�� ��� B
!.� ,�6C� �)�*�"  /"+ �)� ��-	)� 	�-�%E ��� �"�

)KA/KP>(��*�� " �%�ef� �	��	�� ���%�	!� B�)�*�""��� .

 /"��%� �)�*�" ��!� G��/ " 	-%!�89��� ����  .
�"�4� "G��4&�� � G�4�}�k �	-,�6C��"	�� ���

	�-�%E �� ��-	)�)KA/KP<( +!.� BOne Coat Bond � 
Syntac" �%6O� �)�*�"  �	)� 	�-�%E %�	�  � �12� �

 ���) G��/F.(
 �	-%!�8 	� RS( %5'  /" P�" Q45� 7b	0 "

One Coat Bond � Syntac  /" +!.� B�� ��-	)� 
 " �)�*�"N9 % �4O� ��" B4� %5' 	- 1�  *�� +�	!�� �	-

%!�8 	� %5'  /" P�" Q45� +����%( ��%6)�� �	-
One Coat Bond) :K (% �Syntac) :t (% �� ��-	)�
 "4� � %- "  �) 1� � b	0+�	!�� �	- (Syntac %6�� 

 %� �O0.

 7.���SEM: 
 1� " �	- 	-%!�8 �	�-�%E ��� G�4�}�k � G��4&��

+!.� ,�6C� ��	g %�ef� %!�8 d4� ���%�	!� B��� 4/� "�
$��%�  &'	( "  ^;�� ���  6�� 	-)KA/KP< .(

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