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Abstract: Posterior composite restorations, due to polymerization contr action, result in microleakage. 
Different methods have presented to reduce this phenomena. The aim of this study is to evaluate the 
effects of flowable and condensable composites to reduce microleakage. Seventy extracted human teeth 
were prepared with proximal class II cavities with gingival margin 1 mm below CEJ. The teeth randomly 
were divided into 7 groups. Groups I & II were restored with a dentin bonding (DB) agent plus a Prodigy 
condensable (Kerr Co.) composite, placing incremental or bulky, respectively. In groups II, IV, V a 
dentin bonding agent was applied and then cavities were restored with Tetric flow composite resin as a 
base plus either a hybrid composite (Tetric ceram, Vivadent Co.) or a Prodigy condensable composite 
(Cond), placing bulky or incremental. Groups VI and VII were restored with a resin modified glass 
ionomer (GI) (Fuji II Lc Co.) as a base plus either Prodigy condensable or Tetric ceram. Restorations 
were polished, thermocycled, and immersed in 0.3% basic fushin. After that samples were sectioned and 
studied under a stereomicroscope to evaluate dye penetration. Results showed that all restorations 
showed some degree of microleakage and according to kruskall- wallis statistical analysis, there were not 
any significant differences between all groups (P=0.051). Then fore pair comparison, between groups, 
Mann-Whitney analysis was used and no statistical difference was observed. However, GI+ DB+ Tetric 
group showed the least microleakage and DB+ Cond (bulk) the most one. Due to lack of any statistical 
difference among different materials methods, it is concluded that no method or restorative material have 
been able to eliminate microleakage in margins completely yet, and using a flowable composite resin, in 
place of resin modified glass ionomer or using a condensable composite, instead of conventional hybrid 
composites, do not have any effect on microleakage reduction.

Key Words: Microleakage- Posterior composite- Flowable composite- Condensable composite- Glass 
ionomer cements

Journal of Dentistry. Tehran University of Medical Sciences (Vol. 14, No. 4, 2002)

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

$�� .)�  /��� ��� 0�� 1(& .���%�& �� .�"+�� �2� �!���� 3��4� 0�� �� 5)($ '(Flowable � Condensable �� 

Archive of SID

www.SID.ir



��'
#(� )��#* � ��'�+ ,�-  ��%.&
� ��'��&
#&� /-0� ,                                         �
�(2 �&����) ����45 , ���!'5 , 6��4789(

��

�� ��	�
��	�� �����)�! ..�"6 78& '(II �� �
���9��� :;.)�<& ��)��  0�=��  & '�4�  ! �>�� �
� .)�
 �
���?�=@���� 0��� �+� �� ��CEJ �� -��)�� A%� B)� .)����� C���9 �+# :)D+E�9 ���F G�+,� .��9  . .��9 �� ��
�� �� )H!IJ�� ��K �� .�"+ $���%�& C�LK .)D(�Prodigy Condensable (Kerr Co.) �M N��O  ! .��� �  �M '�
(Bulky))D+E�9 ���F  . ��PIJ�� ��K �� .�"+�� �� )H! �Q�� .��9  $���%�& C�LK .)D(�Tetric Flow A�! ���DK  ! 

���( $���%�& R��� .�"6 �S6  ��! � $E�9 ���F )� Tetric Ceram (Vivadent Co.) �M N��O  ! R��� �  �M
Prodigy Condensable �M N��O  ! .��� �  �M)���9 ����� '� . ������ 789 )�"�)� 0��� �Q�� .��9 �� ��

Fuji II LC $�,T  ! U/@����  R��� ��)�� �S6  ��! � $E�9 ���F .�"6 G& �� �+�Prodigy Condensable  ! 
 �M N��O )����( $���%�&  ����  ! �  �MTetric Ceram)���9 �����  . � $#���� ����� �� )H! -��)�� W��

)�)� �	������ . 0���E I��4� �� 0+E�9 ���F �� )H!P/; %)���9  �-� YZ�� . [�	���	����+�� R���  �O6 YZ��
$E�9 ���F ����! ���� \�� ]�"� �^� �� .4� ��+������ W��  & ��� �<� 3��.��! ��	�
��	�� �� ��L�� '���� ( B)��

 '��_ ���4� �� A� 0�D`�(Kruskall- Wallis 0�! C:a�( ����! ���� .��9  ��	�
��	�� ����� �� '��_ N�"�  ��9
 )<� .)(<�);U@/;=P( ��
�_ �� -(��9 '��  ! ��  >��� '��! A%� B Mann-Whitney"+��)���9 .� . 0�� 3�e

 .��9  ��9� B)<� .)(<� '��_ N�"� CG�+,� '(��f+� !  H
Z� ���� '-(��9 0�! ��
�_GI+ DB+ Tetric 0��+�& 
 .��9 � ��	�
��	�� �����DB+ Cond. (bulk))���� �<� �� ��	�
��	�� 0��+<�!  . 0�! '��_ N�"� ��L� W)K ��

H
Z� 0�� G�+,� ���� � -�����   $��  +>���+� ������ .�� � g�� a�( ��D&�  & $E�9  S�+� 0�D� ����
0�=�� �� �� ��	�
��	�� $���%�& �� .�"+�� � )D& 5h6 ��& ��Z! ���� '( Flowable 789 )�"�)� 0��� 'L  !

 $���%�& �� .�"+�� � ������ Condensable2i� C�
��H� )����( $���%�& 'L  !  +��)� ��	�
��	�� 1(& �� '��
$��.

���� ����	�:�"�# $���%�& ����� j $���%�& Flowablej��	�
��	�� j $���%�& Condensable

��'
#(� )��#* � ��'�+ ,�-  ��%.&
� ��'��&
#&� /-0� , �
�(2 �&����) ����;< , ���!'< , 6��;=>?(

 ��!�
�����	
 �� ������ ������� �����
 ���� �� ���	 ���

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

0��1 &'��2�� �(�/ &��*+� �� �*3*+�� � '
�	4 ����
*+�� �� '2��5� .���	
 6��5� 	$7���� ��! ��� '#() ��

 �� '3�+ 8�2�+� �� 9�2
� � ���$:�	�; �� ���$:� �< ��
'� �=+> ���%���	��(?*3�� . �@4 &���%���	��(? '< �

'� �! ���� ��! "�	$�! �! 'A�B�� �� ���� ��! � ��3
 ��� � 	�C)'����E+B "�B�� FG��5� ('� �*/ �@�$+ � I��3

'� ��@�� -A
 "�B�� "�� ���3 . ��J+ �� -A
 "�� 	C�
K�L��� � M�5��� �7+�� �N� "�B�� &��	O+ ��	2/ � ��

���'� ����	C.
��O�� ���� �� '(! �P� ��*�� � �A�� ���$)�% ����

 �� � ��A��<� ���Q �A�� �� K�R
� &�> � '/�1 M�5���
 S�1 �� K�2Q ���Q *+�� ��@�� ��� I�%� '���$%� ���Q ���=%

Archive of SID

www.SID.ir



�������	 �
 �����
 ��
 ����� ���Flowable � Condesable   ���������� �
��� �� ������ �� �!�
 ��	�   "�#!$� ��%& ��	� 

�T

)�% ���� �� M�5��� S�) �� � �!	4 � �> ��O���+ �$
 ��	�� '
UL7� �� �> '�> M�2�!	
 ���� 	$7�� � '/�1

�%� .
 '%	� �(�/ �� ��*5$� M�5��P� �Kemp-Scholte

 �Davidson"�B�� � �7+�� �! �*3 �*��  '��A�� ���
"�B�� �� 	$�! '=/�
 ���Q *4 � � '$4 � '����E+B ���

��� 	$7��"�B�� � V�L���	L�� � ���! �P� �A�� ���
 �%� �*��	C WX4)Y.(

 ���%���	��(? 8�2�+� �� '3�+ -A
 *+��$� �! '3� 	�
 I��� -�+ V�L���	L�� -��! � &*A! ��	2/ ��J+ �� �
 0(P� �< �� *+��$� �! 'Z�) [� \�� ��A! �
 *AN	�

"�B�� � � V�L���	L�� �L7� W	<	� '/�1 ��� &*A!
�%� �*7+ �]��.
 ��+�Q 02<Hook �*�� �� ���%���	��(? 8�2�+� -A
 &

 M�21 �� I�%� 9�2
� � ���� ^���*� _�$%G� � 8�2�+�
 �$3�� �	$7�� _�$%G� ��(��Q &���� ��! �N	� 	O��

'� 	$=� &*3��*�� -��! � 8�2�+� -A
 *+��
 . "��
���� ��!� 	$�! &	$7�� 	(�� ���4 ���'� `2�A *+�3

 -A
 &�=+> ^���*� _�$%G� ����	
G�� ���� �� '��
'� -����� ���%���	��(? 8�2�+� *���)�&a.(

Kemp-Scholte � Davidson �	Q �! *+��� ��7+ 
 	A�G _� �� ,A�*+�� ���1 �� 'A���A�� ��G _� ����

W�P5+� ���b� �� '$4 	�X?Y�c � ���� ��! "�� ��	L�� 
��*+� V:+'�  � '��=+ -A
 *+��
Yd �
 �c % *�� -��!

 ��� -�+ V�L���	L�� -��! � �� �*�� "��� �� �)Y .(
���� ��! �� ���#$%� ��A2� 	�� "�� ���Flowable �� 

*��	C f�� ���A1.
g�@+� ��=�%	� 02< ��	2/ ��=3� �� 'L� �*3

W�P5+� &���%���	��(? 8�2�+�� I�%� '���	
 ���� �	�X? �
���� ��! �hA� "��� ���Flowable �]�� ���� �� F�	�)� 

�*3*+� .���� ��! "�� �! �%� �*3 �1�� "�AN ��/� �� ��
W�P5+� ���� �� &	$7�� 8�2�+� "�� �� ��+ � ���� 	
	�X?

'� i�<	� 	$=� � jP% �! ���� 0��P
 ��2=� � &*AA!
 *+�� -�+ K�A�B��)�.(
���� ��! F�	�)��'�� M��Z�R) ��Condensable ��=
 

�*3'� �!�	$� �	#4 � &g�O���> *A+��� �! *+�*+�3 . ��
���� ��! "�� 6�!	
 � �! '
�	��k
 &�%� �*3 ���� ��

'� �1�� �*+��% M�@+�)�! "�� ���%���	��(? 8�2�+� *AA!
�� I�%� 	$�! ��������� �� '��)'� 0��P
 �	#4 ��� *���

�U1 �� � �
 �=+> ,A���! 0�1 ��'(�� '� 	$� I*3��
'� "��	��A����	
 �l� � �=+> ���
��G g�O���> ��� ��G

���+ ��! �+ �*+���
 �� ��2L� � �	! �!�	$�.
 � V�L���	L�� ����� "��5
 &0��J
 "�� �� W*�

"�B�� ���� ��! �� ���#$%� M�Z � '����E+B ���
Flowable�� M�Z ��  �� gm�
 ���#$%� 	n� '����� &f

���� ��!���Flowable � Condensable���	
 �  o��
���� ��! �� ���	
 � V�L���	L�� �:���� � '#()

Condensable���
 [� �� ��G �� �� �:���� � ��G
'� \��*+�% '��*Q _�AL
 �� �> V�L���	L��*3��.

"�����# 
'�	@
 M�Z �� '%	� "��(In vitro) *��	C g�@+�  .

 �! "�� ��	�pc �! '+�:+� ���% 	���	? �� 	��� ��*+� �*1 
���+ �� ��	? ����� &':+*
� ��G� �� ��� �� � 'O$#=+

 �+�C	� �� ��1 �	��q 	h+ �� � *+��� �*3 �*�7! �$3XC
r�/ &*+��� '����(!� -��% �� ���	
 &'C*�%�?*��	C ��> .

*5� �=+�*+� "���*�7! ��  i> ��� � �$:3 FU��! �*3
*+*3 ��*=O+ s�
� ���� � 	P�� . ��*5
 "��5
 ��	�

�+��+ ^�%� 	� ��ISO 11405*��	C ��1  . *5� �(4	� �
 � '���R
 �P� �=+�*+�p�� ��	C *A$�	C �	Q '��
 . _� �

Archive of SID

www.SID.ir



��'
#(� )��#* � ��'�+ ,�-  ��%.&
� ��'��&
#&� /-0� ,                                         �
�(2 �&����) ����45 , ���!'5 , 6��4789(

�p

 � G�� �� �� f�?*A� t%�
 ��*+� 	� �� '�����C�	? jP%
� i> �	 %� ���3 �	� � ��� �p ��=
 f!�� &'%���� 

*��	C . � '���OA���!�� 	h+ �� �*3 �*�3�	
 f!�� ��5��
 K���E+B ��%�/�'(��  ��*4 K���(!� � � 	$��'(��  	$�

'(�� _� '����E+B v! � ���"���? 	$� �� 	
CEJ �	Q 
�3�� . K���E+B � �	#4 0�1a'(�� ��� 	$� .\�� �+�C

� � '���"�B� � �=+�*+� f % I*7+ ���� �	#4 ���
 *+*3 ���	
 	�� w	3 �� v($b� ��=��	C) ��� ����

 K�*/ � �=+> M�2�!	
 � ���#$%�Y�%� �*�> .
I�� .��9: _�	#:� *�%� �� �*$�� �p) %����! �!	3 (

 M*� �� x��@� � '/�1 � '��A�� w�P%Y� y� ��+�n 
 *+*��	C(Total Etch) f % Iac�n  �� � *+*3 �$:3 ��+

 _� f % I*3 �$3��	� i> M����� ��� ��U� ��:� �7�
K�R
� ���1 �� ��G '/�1 �*A��Excite (Vivadent)

 � *3 ��� �	#4 ��5�� g��
 �� ��) z�Rb� �
�L�(?� t%�

 M*� ��Yc ��1 �
�L�(?� �� ��+�n Rubbing*��	C g�@+�  .

��� ��U� �7� �� M*� "�� �� *5� 	�b2
 ,A�*+�� KU4 &
 M*� �� f % I*3acK�R
� ���1 ��+�n  ��! '/�1 �*A��

*��	C . �� � *3 �$:� ��*+� �� �� W�#3 fL�	
�� *5�
 I*3 ���� ��L
 ��*+� �� FU��! �> '����E+B ��:Q �7O+�

 ���� ��! f %Prodigy Condensable (Kerr)

��G t%�
 ��GInjector �	#4 ��� �<��	�  � ��	C �	Q
*��	C �!�	$� ��(� �:+�*A! t%�
 FU��! . �*3 	? �� *5�

 M*� �� &{�����C�	? f!�� �@4 �!�c &K���(!� �� ��+�n 
�c � K�!�� �� ��+�n �c*��	C ��! K��OA�� �� ��+�n  . ��N

'� � ���� "�� �%� '1*� �*+��% �+�)�! �� '$4 ���

 ���b��'(��  � &���+ ��! 	$� f!�� x�#
� �! �����

 �� -�� '�����C�	?�'(��  ��G �� � ���� ��! &��� 	$�
��	C �	Q.

W�� .��9:y� �4�	� '< �� *5�  ,A�*+�� � ��	!

 ���� ��! &W�#3 fL�	
�� "$:� � K�� ��	C 0��P�
Prodigy Condensable��G �  	$�! ���b� �� '���

 ��a'(�� ���� �	Q �	#4 ��� 	$� �:+�*A! t%�
 I*3 
 ��G 	� � *��	C �!�	$� ��(��c*3 ��! K���(!� �� ��+�n  .

 &'�����C�	? �	#4 �@4 �! �*3	? �� *5��c K�!�� �� ��+�n 
 ��c*3 �*+���
 �+ K��OA�� �� ��+�n  .

W�� .��9:y� �4�	� '< �� *5�  ,A�*+�� � ��	!
 �� �� W�#3 fL�	
�� "$:� � K�� ��	C 0��P� &��*+�

 ���� ��!Tetric Flow (Vivadent) ���b� �� Y|�/Y
'(�� M*� �� � ��	C �	Q �	#4 v! � 	$��c ��! ��+�n 

 *�	2�� ���� ��! f % I*��	CTetric Ceram M�Z �� 
��G M*� �� ��G 	� � *3 ���� �	Q ��G�c �b% ��+�n 

*��	C . &'�����C�	? �	#4 �@4 �! �*3 	? �� *5��c ��+�n
 � K�!�� ���c*3 �*+���
 �+ K��OA�� �� ��+�n .

W�-� .��9:y� �4�	� '< �� *5�  ,A�*+�� � ��	!
 &��*+� �� �� W�#3 fL�	
�� "$:� � K�� ��	C 0��P�

 ���� ��!Tetric Flow f!�� v! � g�% ��	C 0��P� 
���� ��! f % I*��	C ��! � ��	C �	QProdigy 

Condensable��G  t%�
 ��GInjector ��� �<��	� 
*��	C �!�	$� ��(� �:+�*A! t%�
 � ��	C �	Q �	#4 . *5�

 M*� �� &'�����C�	? �	#4 �@4 �! �*3 	? ���c �� ��+�n 
 &K���(!��c � K�!�� �� ��+�n �c*��	C ��! K��OA�� �� ��+�n .

�SD� .��9: � ,A�*+�� � ,A�N� �4�	� g�@+� �� *5� 
	
�� "$:� &K�� ��	C 0��P� ��*+� �� �� W�#3 fL�
 ���� ��!Tetric Flow �	#4 v! � g�% ��	C ���7� 

 � ��	C �	Q�c ���� ��! f % I*��	C ��! ��+�n 
Prodigy Condensable��G  I��	C �	Q �	#4 � ��G

*��	C ��! � �!�	$�.
�<� .��9: *�%� �� �	#4 ��	! "7�*+�! �� *5� 

'(?&_�(�	!> ��+ 	��+�� ^UC Fuji II LC 02< 

Archive of SID

www.SID.ir



�������	 �
 �����
 ��
 ����� ���Flowable � Condesable   ���������� �
��� �� ������ �� �!�
 ��	�   "�#!$� ��%& ��	� 

�d

 f!�� v! � � *��	C 9�(b� �*+��% �+�)�! ��5���$%�
'(�� _� ���b� �� {�����C�	? ��*4 �
 'A5� 	$�CEJ

 � *3 ���� �	Q�c��G ��O$%� �� K���(!� �� ��+�n  �+ &��!
����� ���� f % I*3 �*+���
 *��	C y� '/�1 � '��A�� ���

_� *5� � ,A�*+�� ���1 ��G Excite M*� �� Yc ��+�n 
 M*� �� � *3 	�b2
 ,A�*+�� KU4 &��� ��U� �7�ac

*��	C ��! ��+�n . �� �� W�#3 fL�	
�� "$:� �� *5�
 ���� ��! ��*+�Prodigy Condensable��G �  '���

 �� 	$�! ���b� ��a'(��  I��	C �	Q �	#4 ��� 	$�
G 	� � *3 �!�	$� ���c �@4 �! "�� �
 *��	C ��! ��+�n 

*3 	? �	#4 . �� ���=+ ��c � K�!�� �� ��+�n �c �� ��+�n 
*��	C ��! K��OA��.
�+"( .��9: ^UC ���� �	Q � ��	! "7�*+�! �� *5� 

 ��+ "$:� � ,A�*+�� �*���� � ,A�N� ��1 � ��+ 	��+��
 &�73 ��	C 0��P� ��*+� �� �� W�#3 fL�	
�� ���� ��!

Tetric Ceram��G M�Z ��  �	Q f!�� ��� ��G
 ��G 	� � ��	C�c*��	C ��! K���(!� �� ��+�n  . �� *5�

 ���=+ � �	#4 �@4 �! �*3	?�c � K�!�� �� ��+�n �c
*3 �*+���
 �+ K��OA�� �� ��+�n . ���	
 �� *5�pc � ��*+� 

�+��+ '���
 &�=+> �)��	?	P�� i> ��� �� s�
� ���� � 
*+*3 ��*=O+ .T�+��+ &�! �4�	� x�	3 �� *5� ��  ��

��23 rQ�� � �
 *A$�	C �	Q ,A�(L�%��	
 �J
 �� ���%
�+��+ �hA� "�*� I��	C g�@+� ���� t�J� i��A$� �P� ��

�h#J� �)�� � ���� �� g	C i> ���a±�� �/� 
'$+�% �	% i> � ��	Ca±�'$+�% �/� Q ��	C*A$�	C �	 .

M*��<�; �����+��+ �*3 � �h#J� 	� � ���c
 &���! �L�% _� ���� �! � ��+�nY � ���Q� �c �� ��+�n 

*���@+� K�< . ��1 "���cc fL?> *5� I*��	C �	L
 �� 
 w�P% g��
 � *3 ��% U��! 6:N g�� t%�
 �=+�*+�

 �(Z�� �
 �=+�*+�Y'(�� G �� �� ���	
 "�B�� �	$� ~G ��

"�B�� �� �=A
 ,+ ��#+ �
 *3 �*+�3�? ")�+ ��*J� ��
��3 . "�3�� K�(J� ���4 �+�C�*/ W�	q � �=��	C *5�

 �����/c % M�	4 ��p'$+�% �/�  �
���L+� ��� ��	C
 M*� ���d*+*3 ��*��O+ �1�%  . �=+�*+� M*� "�� �� *5�

	� � I*+*��	C _7) � �$:3 f % � *+*3 S�) *5� �(4
 ��	� � *A$�	C �	Q �b%��) W�#3 ��	!> �)�� �=+�*+�

*+*3 ����> [	� .�+��+����> ��� _:�� t%�
 �*3
 ���b� �� '%�����/c'(��  ��C�! _� � ��/ i> � 	$�

 [	� '��$:������ �=/ � '��< M�Z �� ��L3�	

 {���AC�� �� ��L%�	L���	$%� t%�
 f % � *+��)�

� 	��	� ����� � ,+ ��#+ 0�1 � *A$�	C �	Q '����� ��
�/� 02< {����E+B*3 "��5
 &	�� �*A�:

)c :(,+ ��#+ g*1
)Y :([�	
 0�1 vR+ �
 �� 	$�! ,+ ��#+
)a :( �� 	$�! '�� �	#4 0�1 vR+ �� -�� ,+ ��#+

K���C> �����
)� :(���! � ����� "�� '�� K���C> ����� �
 ,+ ��#+

'�+ 	� ��	�C.
)� :(�	�O� 	� � � K���C> ����� �! �*4 �
 ,+ ��#+.

r�/ �� *5����� ��� � M�1U<� ��>g	+ �� �� ����
 ���>SPSS10 �	$���?	�; ��=+���> 0�	< �� &

Kruskal-Wallis � Mann-Whitney ����� 
��	C �	Q �:���� ��� V�L���	L�� .'A5� *4 �*3 ��

P-value �� 	$�! �/c %*3 �$�	C 	h+ �.
 I�)L@.�"+�� ���� N��&�� � ���� l

.)���  �#�&
$#� .��� � I�J4� m�� .��

GC 
120341

Resin Modified glass 
Ionomer

Fuji II LC
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Vivadent 
A05871

Hybrid composite Tetric Ceram

Kerr 
003B16

Condensable 
composite

Prodigy 
condensable

Vivadent 
B32019

Dentin bonding Agent Excite

 �$	�	�
 ��� ��=��	C V�L���	L�� M�/� '+���	� r���


 K�*/ � '%	�a�%� �*3 ���>  . ���> ��(J

Kruskal-Wallis'A5� M��#
  ����� � � ���

�� "�� V�L���	Lp ��*+ ��7+ '+��� ��	C )c�Y/c=P .(
 V��$+K�*/ 02< ����> "�� �� �Z�4���7+  �� �! ���

'A5� M��#
 g*1 ��/� K�� ��	C &��DB+Cond(bulk)

����� "�	$7�� �$#� ��	C � V�L���	L��GI+DB+Tetric

�$3�� � V�L���	L�� ����� "�	$�! �:���� ��	� f % I*+�
����� ���> ����+> �� & �=/ �=��	C ��Mann-Whitney

*3 ���#$%� . "�� �! ��� ��7+ ����> "�� �� �Z�4 V��$+
'A5� M��#
 �=��	C��*+ ��/� ��.

 I�)Lnj ��	�
��	�� NL�� ������E Y���� : ����� .��9 
N�"+�

����_
.��9

;@nPoY�L

 ��	CYcYcYdYc
 ��	Ca�ccY�Yc
 ��	C��cca�Yc
 ��	C��cYcTYc
 ��	C�accaTYc
 ��	CT�Yc�aYc
 ��	CpTaccaYc

 I�)LPj �� ��	�
��	�� ����� :N�"+� ����� .��9 

 .��9@��)H�Mean Rank

 ��	CYYcc�/��
 ��	CaYcYc/��
 ��	C�Yccc/��

 ��	C�Ycdc/�d
 ��	C�Yc�c/�Y
 ��	CTYcc�/ad
 ��	CpYcYc/a�
Y�L:;

 ����>Kruskal- Wallis &pTa/Ya =Chi Square &c�Y/c=P-value

 I�)Loj >���  R��� ����� G�+,� '-(��9 0�! '(
 ����_Mann-Whitney ����! �� In-vitro

 >���ZP S�+�
 ��	CY ��	C �� �:���� � aY�c/Y|c��/cN.S 
 ��	CY ��	C �� �:���� � �aY�/Y|aa�/cN.S 
 ��	Ca ��	C �� �:���� � �Tp�/c|�cc/cN.S 
 ��	C� ��	C �� �:���� � �a��/c|p�T/cN.S 
 ��	C� ��	C �� �:���� � �TT�/c|�cd/cN.S 
 ��	C� ��	C �� �:���� � ��d�/c|�a�/cN.S 
 ��	CT ��	C �� �:���� � pd��/c|�pY/cN.S 
 ��	C� ��	C �� �:���� � pY��/Y|a�c/cN.S 
 ��	Ca ��	C �� �:���� � TpTa/c��T/cN.S 

%�#
���� ��! "�� �� '#() ��=+�*+� ���	
 �����% '< ��

0��1 &��*+� �� �=+> ,+ 0��P
 ���� �� 	�)� &'
�	4 ����
��� ���/ �� ��1 � ��*+� V:+ �� K�R
� ����2J� &�

�$��� ��������� ��! ��� I*+� ��) �	��(? �$)�% ���� �� ��
'� 8�2�+� �N� ���%���	��(? '? �*+�	C . �� '���	
 	C�

����� ������ 8�2�+� 	��	� � &*3�� �*3 �R$� �	#4 ���
'� &���%���	��(? �� '3�+ '��2�+� ����	�+ �@�$+ � � *A!

'� ��@�� -A
 ��*+� ���3 .'� 	�� "�� �� 	@A� *+��

����� �� ���	
 �*3�*/ �> K�2+� �� � �	#4 ���

 'C*�%�? ��1 � ��%�:4 �(�/ �� �> 6Q��1 � V�L���	L��
���	
 �:L3 �(1 "�	$�=� �� �! ��	C ���� ��! ���

'� ��3 �� '#() ��)�.(
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 ����� ���Flowable � Condesable   ���������� �
��� �� ������ �� �!�
 ��	�   "�#!$� ��%& ��	� 

�c

 '%	� ���Q v($b� ��=3� �� �7+�� �� V�L���	L��
N	� I�%� M�5��P� �! �%� "�� 	� '���1 ���$1� *A

 f+����	? 	O+����+ ���! �P� V�L���	L�� ���
�	�G
'�+ ���	
 'L�A�(!*3�� .�%� �� V��$+ ����4 � � �*�>

 � V�L���	L�� �*�� 	l!�*4 	O+����+ ���
�	�G t��	3
�%� ��5Q��.

���� ��! K�� �:+ ���Flowable 	)��� � Y��T �� 
�*��	C �]�� ��� .���� ��! "�� �$���L:�� �� 	$�! ��

���� ��!�%� '���5� ��� . ��*4 � �=+> 	(�� M�� ���*+�
p/c �=+> 	(�� �*�� � ��	L�� �c �
 pc % _�$%G� � '+��

 *4 � �=+> ^���*��GPa�%�  . "�� ���
 	h+ ��
���� ��!W�P5+� ��N �% _� �� ���) �� &*A$:� 	�X? '�

'� ���> � ���%���	��(? 8�2�+� -A
 	O�� ��% �� � *AA!
 ��2=� � K�A�B�� 0��P
 &*+�� �	$�! �$���L:�� ��N

'� *A7b�)�.(
Ferdianakis�	#4 � V�L���	L�� �	! �*��7�  �� ��

���	
 '��A�� "�B�� ���� ��! �� �*3Flowable �� 	$�! 
�	#4���	
 ����� ���� ��! �� �*3 *�	2�� � ����	L
'����	
 � ��U1 �� I*3�� ���Flowable � �b(b
 

 *3 �*�� �	$�! i�24)T.(
 ���� ��! �� ��	C �% � 	��4 �5��P� � ^�%� "�� 	�

Flowable {�����C�	? �	#4 v! � 	A�G ���A1 �� 
 ���� ��! ���� �	Q �� *��	C �*��7� � ���#$%�

Flowablek
 V�L���	L�� �����'A5� 	�� �*�? ���
'�+*A! .

 t%�
 '=��7� �5��P� �Leevailoj ���L�� � 
���� ��! �� ���#$%� �! �%� �*3 [��C ���Flowable

���� ��! 	�� � 	A�G ���A1 �� ���Condensable �� 
'A5� �<"�B�� � � V�L���	L�� ���S�1 ���| ���% 

'� -��!� -��! ��/� �� *AN	� I*�� ��A� &V�L���	L�

 ��� *�*3 �
 t%�$� *4 � �*3 �*��7� �7+��)p.(
Chuang��	! 	!� ���L�� �  	A�G �� ���#$%� �! *+�

 ���� ��!Flowable ���� ��! ���	
 K���E+B v! � 
 ^U!II'�+ ��@�� '
��#
 "�B�� V�L���	L�� � & I*A!

 i�24 � �b(b
 ����� *AN	�(Void) �Z�� *4 � 
�'� -��! �*3*+� *���)d .(

Beznos �! �%� ��	! �*��7� ��) '%	� � ��+ 
 ���� ��! �� 	��+�� ^UC *��#�*� "�� ���% �� ���#$%�

Flowable�	#4 � f�� ���A1 ��  '$Q� &'�����C�	? ���
 � V�L���	L�� &�%� �$�	C �	Q �A�� � '����E+B "�B��

'� WX4+B "�B�� '$Q� '�� *A! rQ�� ���% � '����E
 �*3 �*�� *�*3 �
 t%�$� V�L���	L�� [� �� 	� �� &�%�

 �%�)� ( 	��4 �5��P� �� 	�)� [��C �� "�� �@�$+ �!
��� �=��7�.

���	
 V�L���	L�� -��! ��	� 	O�� �L�� ���
 v! � 	��+�� ^UC ��G _� �� ���#$%� '#() ���� ��!

 �%� �	#4)\��*+�% _�AL
 .(� ^UC �! '��@+> �
'� *+�� ��*+� �� {�����3�L���� M�Z �� ��	��+�� � *+�3

 � V�L���	L�� &*+�� ��*+� ���7� '
�	4 9�:2+� 6�	�
'� -��! ^UC ���% "$�	C �	Q �� "�A��� I*A��

 � �*3 	$�! �� ���� ��! �@4 	A�G ���A1 �� 	��+��
C-Factor'� 	��k
 �	#4 *��� .

Davidson � Kemp-Scholt���� ��7+  ���� �	Q *+�
 ���b� �� 	��+�� ^UC *��#�*� "�� ��G _�Y�/c

'(������ ��! 	�� � 	$� -A
 &�b%��) ���
 ����� �� � ���%���	��(?�c %'� -��! *��)Y.(

Sidhu"�B�� �7+�� ��� ��7+ ��  � '/�1 ���
���	
^U! ���V \��*+�% [� �� 'A5� �< ��& ���

���	
 �� 	$=� �%� '���5� ���� ��! ���)Yc( ITolidis � 
����+ *���
 � 	�� "�� ��) '%	� � ��+ ���L�� *+�)YY.(
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���� ��! 	�� � ��C	� *3 �*�� 	��4 �5��P� � ���
 �� *�	2��Condensable ^UC *��#�*� "�� 	A�G �� 

L���	L�� &��3 ���#$%� 	��+��'� -��! V� *AN 	� I*���
'A5� 	��k
 "��'�+ �� *��#�*� "�� ���% '$4 I*3��

 ���� ��! �� -�� 	��+�� ^UCFlowable -��! � 
'A5� M��#
 "�� *AN	� I��� -�+ V�L���	L���:�+ �� .

�$��� "��g�@+� �5��P� V��$+ �� �� �*�J� "��	+ t%�
 �*3
)Y�pd (��7� �� I��� '+��b�� "�� �� ���#$%� ���+ �*

 ����1 �� ��	�� 	A�G ���A1 �� 	��+�� ^UC *��#�*�
K�R
�'A5� �< �� '/�1 �*A�� -��! � V�L���	L�� ���

'� *��)Ya.(
'� 	h+ �� V��$+ "�� �1��@� �� �/�
 �� � *%

�	#4 �� ���C-Factor "�� ��G _� �� �%� 	$=� &G�� 
	��+�� ^UC *��#�*�K�R
� ����1 �� ��	��  '/�1 �*A��

���� ��! 	�� ���3 ���#$%� �� . 	�)� K�% *AN �
���� ��! "�� �]�� �=/ � '��=3U
 ��	!�! �! '���

 ^�%� "��� 	� � �$�	C M�Z &*3�� g�O���> ���7� �=+> ��
���� ��! ���Packable�%� �*3 �]�� ���� ��  .

� ���#$%� ��� ���� ��! 	��4 �5��P� Prodigy 

Condensable (Kerr) ���� ��! "�� g�� �:+ �� �! ��� 
'� i�:J���3 . �� "�� � '
�	��k
 ���� ��! "�� �

�%� �*�> ��1 . ��/ �� ������HEMACLP١ � RCA٢

 � r�@
 r+�� "�� ��Coagulation'� 	(�� M��  � ��3
'� -����� �� ���� ^���*� _�$%G� �! ��J+ �� I*���

'����+ �!�	$� � �> ���
 . � �*�> ��1 �� M�	��k
 ��
 �
 	(�� *Z� "��dc %'� -����� '�@4*���.

	��4 �5��P� � �� �	A�G �� 	� �! '��=��	C "�� 

١ HEMACLP =Metacryol- Oxyethyl Polycapro Lactone 
Phsphate)M�#:� ��$!G � 	?�! ��
� ':!� K��	!�$�(

٢ RCA =Rheological Control Additive

 ���� ��! �� 	��+�� ^UC *��#�*� "�� ���%Flowable

 �� *�	2�� ���� ��! ��Condensable &��� �*3 ���#$%� 
'A5� M��#
 � V�L���	L�� *AN	� I*7+ �*��7� ���

'��=��	C���� ��! �� �!���#$%� *�	2����� 	$�! &��� �*3 .
Leevailoj� �  *+�	! �*��7� ��) 0��J
 '< ���L�

�	#4 {/�1 "�B�� V�L���	L�� �! ^U! ���II

���	
���� ��! �� �*3 ���Packable �� 	$7�� 
���� ��! �%� *�	2�� ���)d.(

 �(�/ �� "���J� '�5�Crim &Saunders � 
Murihead���� ��! ���� �	Q *+*�$5� ��G � '#() ���

$�! ���b� �� ��@� �� 	a'(��  V�L���	L�� -��! �� 	$�
'� _�! *A!)Y�&Y� .(��G [� �� ���#$%� "�AN ��G
'� ��/�
 &���� ��! �@4 �*3	$�! ���� �� �! ��3

'� -��! '(! 8�2�+� ���%���	��(? �� ��U1 �� � *���
'� �Z�4 ��A��<� ���� ��! "�� ���!��3 .

 M�5��P� 	O�� ��% ��Finite Element���� ��7+  *+�
��G _�AL
 �!���
 _�AL
 �� -�� ��G ��(Bulky)

'� 8�2�+� -A
 �� 	@A� ��3)Y� .(
Kemp-Scholte� Davidson  ���
�	�G '%	� � 

���
 ��	!	? [� �� 	� *+�	! �*��7� ��)��G � �� ��G
'� '/�1 *+�� 'O$b�:C �� 	@A���G [� � *+�3 �� ��G

5PQ �4 �:�+ K�A�B�� V�L�� ')YT.(
���� ��! �*+��% M�@+�)�! ���Condensable �1�� 

��	!'� �! *+����
 M�Z �� � �=+> ���
 0�1 �
 ���
'(�� M*� �� �+ �*+���
 �� _� �� � 	$��c I�	! ��! ��+�n 

\�� � �! *3 �*�� 	��4 �5��P� � *AN	� �� �� _�
FU��! V�L���	L�� &[� 	$�! ��/� �� � *��	O+ WX4 

��G [� � V�L�� ����'A5� M��#
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