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 "���  �#�$ ���%����� �� &�'( )*�� ��$ +(,�� ��� 
��

���]1[. ������� ��� ������  � 1�2� 3��4 �'5� ����� 

�2�* , 6�7� 8�� ���$	�� ���	 	� 9������(  �4�� 
�:  .���

�; 	�  ����<�2 �=�>2�� �?� "������� @��A� ��  ! ���B

����� ��B, &�������� " , �; �� �=�� C>������ , �������

��>=��# �D�, E� F��G  � ���H��� C��I���� 1�* &  ���!

 �� �>$�� 1��% ��7 F��?� 6J� �+B� C�� K��5( 9�* ,

�� ������� , ���H��� ]��:2.[ M����   � �� ������� ���

 ��N F��G  � �� ����� (����% E()  N��� E� F��G

 .����%M���� 
	,���  ! �������� ���  ��>���� 
�����  ���:

������� Q+B ,� 	� ��H��� ��  ! �>H�)�� ���% � , (���$ 

��� ��J*  R2 �#�� 	�  ! �>H�) ���(�� �� +(,�� , ��!  ����D

�� 
�: 1�=>( (��! ���]3[. �T�J(�  �� ��U� VW�  X5% ,� C��

��W#��  F�� ��8�A���� ������� �����]3[.  ,� C�� &�Y(�

������� ���%- �� C��[( \��  ���,  � ���(��� ]��:3[. 

M���� ������� ��� C��[( \�� K��A 	� �� ��4 ��$  ! �

�� &�� ���� ���!  ��!  � ��W#�� �8�� ��+�� �� 
���� ��

 �#� ]���3[ .M���� C��  M�  � ��������( \�� E� K��A 	� ��

�� 1G, ]���:3[. �?�  ! ����*  ���� ������� 9�,� �� ��]� ,

�� ������� ��* ����#� �54  � , 9�,� V��! )*��  "��:

]D������� 1G�, �D �� ^�U�2� ��- ���� ���(��]6-4[ .

������� &�Y(� 1'� �� �>�+��- ����(��" MU�  1��* C��(

��� ������� @��A� �� ���U�2� V�!�,]7[.  )*�� �>�+��

�������  *��b� @��A� �� ���!�� ��: ���!- � ���(��
�: 

 ���C�#� ��� 	� E�c�2��+�#�(�� ��,� d,�: �;  b���  ! 

� , ���H���  ��� ������� C�#� ��� 	� �; &�J��]10-8[. 

���!�� �������2,�� )*�� ���% ,� C��  �G�# ��"  , ^�U�2�

�� ������� �,� ���H��� C�#� ��� 	� ��:]12 "11 "5 .[

�������  *��b� @��A� �� ������!�� M��#���- � )*�� ���(��

c��� 1��'( , E�c�2��� h�* ����#� �54  � ���H��� C�

�� ��:" �� 1��'( 9�� �#�� C�c��� ���U� ��  �,�  ! �,�

� ���J�	i��� �?]14 "13[.  ������� ��+B� C�� T�J(�� �?�

������� �=���=� F�J? �� C��I��  �� �; ��,�W� ��+�� ,

,��� &��*� ����� ���  �#�$ ���% ����� ����]10[.   X2�5�

 ���W� M���� C�� �� �� ���� ��� C�� T�J(�� �?� j��H� ���

�������- � �� �<��4 9�='��� , ��=: 9�='��� �� ���(��

��� 
��� ���% ����� ����]15[.  &�Y(� 1'� �D��A C�������

�������- �9�� �#�� , ���H��� ���! ��k� �� ���(�� "

 ���� 14�� ���,��� ����� �� ������� ��,�W� C��I�� VW�

���� ��U�]17-15�� "[
l�, ����� 	� C�����  �����4�� ��

��  .�:��� �>�+�� ���� ��  X2�5� ��,�X� ���X(�&�=2  ���

������� C��  �G�# 	� EN�!- � m���� �� ���(���� �:��  

]9 "3 "1[.  ���� �>�+�� ��+�� ����� ���� �,� C���N

���% ����� ���  �#�$]28-18.[  

 �� �,�,��=����(�#���� �,� "�� V�8��F�X�]19 "[

�,� ������:,��=2� ���]20[  	� �<�� ��! �,� C���N ,

���!�� 
��! 
����� �>�+�� ����� ���� �� ���]22 "21[. 

���X(�  , ������ �<�� ���� �54 ����	�� m��� �� F�X2�5� 	�

o�(,+������� ����" 
��! ����� �� �>�+�� ��]�9 "3 "1 .[���X(� 

�J(�� ��,�W� F�X2�5� 	�������� C�� T- � ����� �� �� ���(��


��! ����� C��!�(,��� p�� ���]11 "7[.   X2�5� ��

 ���<>���	;Coelho ]����=�� ,18[  �$���! 1�� ������(

( q�� ���� ���% �� j��H� ������� M����  �� �� ��� ���r�2

 , �#�$ ���% ����� ���� M���� ����H��� 14�� ���%

���  � �� �: sH>��:�� �>�+�� M���.   X2�5� ��

Lorenzoni ]����=�� ,1 d�� ,� �$���! 1�� ������( [

 ������� M����SIN  ,Osseotite   � t���� , �: �����

=�,�=�� ��,�Y( 	� 
��; ���� ,� ��  ! ��! sH>� ��

 .����� �>�+�� ����� M����M���� 
	,���  ������� ���

����� m���� �� j��H� .M���� �� ��u��  � ������� �

���! V��+#� "
	���� ��" 1=: ", �'5� ����4�� �� ... 

 X2�5� m��� 
�: �(����v( ��N� ���* ��� ���]23[.  C���N

������� C�� �>�+�� V��! ���� j��H� w�A- � ���(�� ,

�; ��U�  N�� K��5(  �� �#�$ ���% ����� ���� ���" ���  ��W#��

� ��!   �:�� &�J�� ���]18[.   X2�5�Lee ]����=�� ,24 [

��W#��  �$���! 1��������� �A,�H� ��4�� ��� 

)Internal-conical (.��� ��>� ��  F�X2�5� ��Rimondini  ,

]����=��25 , [Lie  ,Jemt]26 "�: sH>� "[����b�$ 
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F�X5% ������ ������� C��- � �� ������!�� ��: ���! ���(��

V��! ���
  ����� C�� 	�� ���  X2�5� �� .Gross  ,

]����=��27 [, q�����( V��+#� 	� 
����� ��$ \�� ��,�D �( 

������� C�� K��5( V��+#� )*��- �.�: ���(��   X2�5� ��

Harder ]����=�� ,7 [������� �A,�H� ��4�� T�J(��- 

�F�J? �� ���(��  	� �(Flat-to-flat  ,Tube-in-tube ���. 

� �!�D ��+�� V��!   K�%� �=�+�# M='� T�J(��  ���,

��� MU� �>�+�� 	� ���$��B �����,� ��B, �� .  ���

  �#�$ ���% 
����� ���� �>�+�� &���! ����  ! ���H�

M���� C�� �� MU� V2�N E� �>�+�� M� 	��� "���  ���

]��� j��H� �������26-24 "18  X2�5� �� .[Scarano  ,

]����=��28M���� �: sH>� [  ����% ,� ������� ���

.�����  X5% ,� C�� �>�+�� ����� 
���: \�� �� 
���: ����  

C��  � �u� �������  !  ���BioHorizons  &�Y(� �����

) ��$ V: ��4��Internal hexagon������� , (  ���  

Swiss plus  9�# ��� ��8/4 ����  �>� ��4�� &�Y(� ����� "���

) ��$Internal octagon ( ,Implantium  ��4�� &�Y(� �����

) ��$ V:Tapered conical hex connection�� (  "��:��

@��  "�y�D  X2�5� 	���+�� C��X(  C�� �� �>�+��  ����� M

������� ��� 
�: ��� �( �   ��+�� C����! �� M���� �;  ���,

 ��8�A ��W#�� ����� �; �����! �� , ���$ C��X( �>�+��

���� �������� V��+#� �� ���.  

  

 � ���  "�� �*  

  � �� 	� ���(��� �� ������� ��* t�� "���b(  X2�5� C�� ��

) j��H� M����  � 	� 
,�$Zimmer, CA, Carlsbad, USA( 

Swissplus) "Dentium, Seoul, Korea (Implantium" 

)Riverchase center, AL, Birmingham, USA( 

BioHorizons  .�:  �U(	� ;� �B F,�(  ! ���  M����  ���

�������  �� j��H��5% &�A , �;  "��� ����X��  
����� ����

�� ������� �� ���� �5%  �,�D5/4 ���� &�A , ���   

10 ���� ��� .�:  �U( ��������� � ����   ��'�� ���,; ���

����� ������J�2�! 	� 
����� �� s2�4 �5W� ^; �u�7  ���

 j��H�( q��2��r��� ��� .����$  �U(  ��  ! F��G C��  �

 14��11  �,�D V���	;  2�2 ��*2 ����  s2�4 �5W� ^; ���2

 �� , �>�  �H�� ��� ���r�2�( &��'�  2�2 C�2,� �� 6�(�(  �

 ���W�  2�2 C��,�1/0 ����  C���� �� "��� ���r�2�( &��'� ���2

  2�22/0   2�2 C����UN �� "���2,�=��3/0 ,�=�� C��I�� �� "���2

  2�24/0  C��>: "���2,�=��5/0  C���� "���2,�=��  

6/0  C���>� "���2,�=��7/0  C��U� "���2,�=��8/0  "���2,�=��

 C����9/0  �,�D V���	;  2�2 C����	�� �� , ���2,�=��2 

����  "s2�4 �5W� ^; ���21   #�y� ��� ���r�2�( &��'� ���2,�=��

	� 
����� �� .�: � �����#,��=��� 
�<��)Shimadzu, Japan (

�u�7 	� E� �� ���� ^�B ��+��  z�� &�A �� ��630  �������

, �: sH>� A���� �54  2��X� , ������J�2�! ��'�� ��  

9�� 	� 
�����  ��+#�Excel �   �����;.  

000/0  +x319/0  =Y  ���  � ��  ! ��� �54  2��X�

�� 	� E� �� ���� ^�B ���,; ��   A���� ��* ���� ���% , ��

 ��B  �y  ��+��x �� ���  � ��� q�� �u�7 �<����  ! .��;  

R2 ��+�� �%� V���	; �� ��>� �� ���  !  N�� C�� ��*  � 1 

E��+� �( �:�� V���	; �%� ��>�� ���  ������)1(.   

 ���X(5 M���� 	� E� �� 	� �������  ����  ���

Implantium "BioHorizons  ,Swiss plus  ^�H���

 ��!��4 &���! ����,�=�� }��( ~�� .����$  

)Gilson, France "(1  �� ��� C���r�2�( &��'� ���2,�=��

 �u�71/0 K��* �,�� �G��  ��4��  u'� VH� C��(

M���� ������� ���   ! ���,�=�� E���� ���) �: 
��� ���% ��

���� j��H� ������� M���� K�*  � ��D��  � ���� ��

��  ��! ,�� ��! 1�U�( 6B�� ���(��� �; 	� ~� .(��:  ���

������� �,� ��  A����  ��������� ���(  �  B�( �� ��30  C(���

����� ��  T���� �N� }��( "
��	��  ��4��! 
�:  �G�() ���

 �� .������$ M='� "(������� M���� ��15  �� �������  ����

 2�2 14��  �=���k� ��������  ���5 ����  ����2  

)Maxwell, France �,�D (2 ��  �5W� ^; &��'� ��

 �5W� ^; ��8�� �5�  ! ��'�  � "���: 
��� ���% s2�4

C���� ���(��� ���%�#  J2 	� �(  1=:) �:�� ��1 14��  � , (

 ���� �� ��(���=��37 �����  B��  �� ~�� .���#�$ ���% ���$10 

1G��#  � ����	 
�,�  ����	1 "3 "6 "24 "48 "72 "96 "144 "192 

 ,240  ���W� "�*��1 ��  �� 	� ��15   ��$��B ��A  �  ����

) F�! 14��  � , �:  �:����Gilson, France ���%  A���� (  
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 ���0��1 .:0% � �.- �;��<� � �05(� 15;�' �=2=� >?@ ��  A&B� 3�CD E���5F0;0� 0%  

  

�� &�A �� , �#�$ z630  
�<��� }��( �������

 M���� �� �� ��� C���r�2�( q�� �>�+�� ��+�� ����(�#,��=���


	���� ������� 
��� .�: ���$ 9�� }��( ��  ��+#�SPSS   H��5/11 

)version 11.5, SPSS Inc., Chicago, IL +�2��; ���	; �� , (

)  #�A E� ~�����,ANOVA.�#�$ ���% ����	�� ���� (  

  

�+,�� �*  

 ������� d��  � �>�+�� ��+�� �y�D  X2�5� ��

Implantium "BioHorizons  ,Swiss plus  ����� ����

) &,�B .�#�$ ���%1������� �>�+�� ��+�� (   X2�5� ���� ���

�� ��>� �� .���  

 "������� M���� d��  � �� �>�+�� ��+�� ����� ��

 ! ��� ��>�  #�A E� ~�����, +�2��; ���	; �*�� �� }W# 

) &,�01/0  =p value) 9�� �*�� "(011/0  =p value , (

) M>: �*��001/0 < p value��X� �>�+�� ��+�� (  ��� ���

��X� �<�� F�*�� �� , .��J� ���  

������� ,�  � ,� �>�+�� ��+�� ����� ��  +�2��; ���	; "��

�  ! ��� ��>�  X2�5� &,�  �D��  � ��  #�A E� ~�����, C�

�������  ���BioHorizons  ,Swiss plus  "&,� F�*�� ��

��X� @k�4� M>: , 9��  ������� )016/0  =p value �� .(

������� C��  ���Implantium  ,Swiss plus  F�*�� ��

��X� @k�4� M>: , 9�� "&,� ) ��� ���002/0  =p Value .(

������� C�� @k�4� ���  ���Implantium  ,BioHorizons 

��X� F�*�� C�� �� ) ��J� ���247/0  =p value.(  
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Implantium  *0018/0 ± 0012/0   *001/0 ± 0012/0 *001/0 ± 0014/0  002/0 ± 009/0  001924/0 ± 0092/0  002/0 ± 01/0  001/0 ± 0096/0  002/0 ± 0096/0  003/0 ± 0104/0  003/0 ± 011/0  

BioHorizons  *002/0 ± 0024/0  *003/0 ± 0028/0   *003/0 ± 0034/0  004/0 ± 0134/0  004382/0 ± 0138/0  002/0 ± 0136/0  004/0 ± 0142/0  004/0 ± 0138/0  004/0 ± 0146/0  004/0 ± 015/0  

Swiss plus  *003/0 ± 0066/0   *003/0 ± 0102/0  *003/0 ± 0106/0  001/0 ± 0108/0  002775/0 ± 0108/0  003/0 ± 0112/0  004/0 ± 0104/0  003/0 ± 0114/0   002/0 ± 0128/0  003/0 ± 0132/0  
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 ���� .���#�$ ���% �5W� ^; ��  ��5  " W�%�24  "�*��  

72  , �*��168  ^; 	� �X� �*�� ��+�� ,  �>$ z��4 �5W�
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  X2�5�Rimondini ]����=�� ,25 �:,�  ! [in vivo 

��  ,� �� �� �>�+��  ! ���  2[�� C�� 	� �!�D ,� �� �:��

 �,�in vitro  ,in vivo  ��B,���� }���:  ! ��N �� "

�=� 
�: 9�b�� F�X2�5�.����J� ��  

  X2�5� ��Gross ]����=�� ,27 �5� �� �>�+�� ��+�� [

�������-  ���(���5  ������� M����Branemark "Sulzer "

Calcitek "3i  ,ITI  ����� \�� C��� j��H� ���,��� �'(

 	� \�� C��� ��># V��+#� �� ��� ��>�  X2�5� C�� t���� .�:  

10 ����� �� C(���   � ���20 C(��� ����� ��  }��(  ! ���
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]�:�� ��B, M����  � �� �� �>�+�� ��+�� ���	18.[  

M���� 	� �y�D  X2�5� ��  ������� ���Implantium  ��

 &�Y(�Taperal conical connection "BioHorizons  ��

 &�Y(�Internal hexagon  ������� ,Swiss plus &�Y(� �� 

Internal octagon   � ��  ! ��� ��>� t���� .�: 
�����
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]����=��18.���� ����H�� [  

���,�'�  ��B 	�  C�<����  ���W� 9�* "��X#  X2�5� ���
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In vitro evaluation of microleakage at implant– abutment interface in 
three different implant systems using dye penetration technique 

 
 

Farshad Bajoghli, Ehsan Ghasemi*, Mostafa Khani, Mahmoud Sabouhi,  
Majid Boozari, Sayed Mahdi Ghasemi 

 
Abstract 
 
Introduction:  Precise fit between implant components is an important factor for successful implant 
treatment. The aim of this study was to determine microleakage of Biohorizons, Implantium and 
Swiss Plus implant systems. 
Materials and Methods: In this experimental study, 5 implant fixtures from 3 implant systems were 
subjected to dye penetration test. One µL of 0.1% Toluidine blue solution was injected into implant 
fixtures using an electronic pipette. The corresponding abutments were subsequently screwed onto 
the implants with a torque of 30 N. Implant‒abutment complexes were placed in 2 mL of distilled 
water. The amount of leakage of Toluidine blue (TB) was measured by a spectrophotometer at 630 
nm at 1-, 3-, 6-, 24-, 48-, 72-, 96-, 144-, 192- and 240-hour intervals after incubation.  Calibration 
curve and a linear equation were obtained by Excel software. Data were analyzed with SPSS 11.5 
using ANOVA (α = 0.05). 
Results: In the three implant systems evaluated microleakage was only statistically significant at 
hours 1 (p value = 0.01), 3 (p value = 0.011) and 6 (p value = 0.000). Two-by-two comparisons 
between the implant systems during the first three hours showed the highest microleakage with 
Swiss Plus and the least microleakage with Implantium systems. However, after the first three hours 
the differences were not statistically significant between the three implant systems. 
Conclusion: Among the three implant systems evaluated the least and highest microleakage scores 
at 1-, 3- and 6-hour intervals were observed with the Implantium and Swiss Plus systems, 
respectively. All the implant systems exhibited microleakage with time. 
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