
Fracture Toughness ������ � 	
��
���� ���� ����� ��� ����
� ���� �
� !���"�� �

14

Fracture Toughness ������ � 	
��
���� ���� ����� ��� 

������ �	
� �
��*������� ������ �
�� ** ����� ���� ����� �
�� *** 
*������� 	
��� 
 ����� ���� �
����� ���������� ������� ������ ���� ������ �
�  !
"�
�#� ,%���& ��
�!� 

**
'�&
�� ������ �
�  !
"�
�#� �'
� �
����� ���������� ������� ������ (
***)�������� 

Title: Fracture toughness of a resin composite-ceramic interface 
Authors: Hooshmand T. Assistant Professor*, Keshvad A. Assistant Professor **, Moharamzadeh K. 
Dentist*** 
Address: * Department of Dental Materials, Faculty of Dentistry, Tehran University of Medical Sciences 
** Department of Prosthodontics, Faculty of Dentistry, Shahed University  
Statement of Problem: In a previous study it was reported that a durable resin-ceramic tensile bond could be 
obtained by an appropriate silane application without the need for HF acid etching the ceramic surface. 
Evaluation of the appropriate application of silane by other test methods seems to be necessary. 
Purpose: The purpose of this study was to compare the interfacial fracture toughness of smooth and 
roughened ceramic surfaces bonded with a luting resin. 
Materials and Methods: Ceramic discs of 10 mm in diameter and 2 mm in thickness were prepared. Four 
different surface preparations (n=10) were carried out consisting of (1) ceramic surface polished to a 1µm
finish, (2) gritblasted with 50µm alumina, (3) etched with 10% HF for 2 min, and (4) gritblasted and etched. 
The ceramic discs were then embedded in PMMA resin. For the adhesive area, the discs were masked with 
Teflon tapes. A circular hole with diameter of 3 mm and chevron-shaped with a 90° angle was punched into a 
piece of Teflon tape. The exposed ceramic surfaces were treated by an optimised silane treatment followed by 
an unfilled resin and then a luting resin cylinder of 4mm in diameter and 11 mm in length was built. 
Specimens were stored in two different storage conditions: (A): Distilled water at 37°C for 24 hours and (B): 
Distilled water at 37°C for 30 days. The interfacial fracture toughness (GIC) was measured at a cross-head 
speed of 1 mm/min. The mode of failure was examined under a stereo-zoom microscope and fracture surfaces 
were examined under Scanning Electron Microscope. 
Results: The mean interfacial fracture toughness values were; Group A: 1) 317.1±114.8, 2) 304.5±109.2, 3) 
364.5±169.8, and 4) 379.4±127.8 J/m2±SD. Group B: 1) 255.6±134.4, 2) 648.0±185.1, 3) 629.3±182.6 and 4) 
639.9 ±489.0 J/m2±SD. One way Analysis of Variance showed that there was no statistically significant 
difference in the mean interfacial fracture toughness for groups A1-A4 (P>0.05). However, the mean 
interfacial fracture toughness for group B1 was significantly different from that for groups B2, B3 and B4 
(P<0.05). Independent-���Samples T-Test results showed that there was a significant increase in the GIC mean 
value for groups B2 and B3 after 30 days water storage (P<0.05). The modes of failure were predominantly 
interfacial or cohesive within the resin. 
Conclusions: The fracture toughness test method used in this study would be appropriate for analysis of the 
adhesive zone of resin-ceramic systems. From the results, it can be concluded that micro-mechanical retention 
by gritblasting the ceramic surfaces could be sufficient with no need for HF acid etching the ceramic surfaces 
when an appropriate silane application procedure is used. 
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  � NB&O 6D4� � G(���" 6(' ���5 .��2('  "��' 04���� Q *�+3%��%� ��  �D4�3�&
 6D4� F' G(���" �&M�� R(��� F' FS�� &'
T"&�� U&�%��4� &' 6.D&" C(AB U��'�&
 V�� � � �W% F' U���X �1D� ��"�.

&��:&' �X&O FY	&K� F�D&$� Z��Interfacial Fracture Toughness � Z&B  *(���" J�K" 62)&' 0���%&' C(AB V�� 
6.D&" ��'�&
 F'6D4� GD�� -&[%�.
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f(g�(`� �("� &'HF =]%c�� F'<F$(^� �i(Gritblast`� �g�( �� 0�&7�"�) .0��5 �� ��<]RI�5 ���^  "��' ���� F%��% (.
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 �K^f���(.(� FD��4 &';]�� m%&, ��.7� ���% U�� FS�� .K"� *(���" JExpose0�%&� ,V�� k"�� F�(�' 0��6.D&" ��'�&
 QTreat 
GD ��'�&
 4� �Y' � �%��Unfilled Resin,F%���"� 6D4� �K^ F' U�i��n �==�� U�� �' ���(.(��� F�)&"�F%��% o3" �� �� &�
�.�_� U����1% k(A�)0��5A:�K$� #�fp���1(�%&" FS�� c�� F' <i� R/&" 0��5 B:�K$� #� fp���1(�%&" FS�� c�� F'f]

4��(���I�5 ���^.(GIC) Interfacial Fracture Toughness&' R/�" mm/min=04��%� �� U�(5.R�*� 0�A%4� 0�&7�"� &' 
�D��"� R�*� J�K" � q�*"��*(� 4� 0�&7�"� &'  %���*	� q�*"��*(��%�D��5  "��' .0��� N(.A� ��W�� F' o%&D��� +(	&%� 4� &�
GD ���4� � FI�nIndependent-Samples t�� 0�&7�"� .
!
,�- ��:6(1%&(� ���$� Interfacial Fracture Toughness��' �D4 J�� F' :
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<(0��5B:±SD J/m2i\;±;/sf;)iQs/=\<±f/s<;)fQ=/=\e±si\)<Qi/=fi±s/<ee 
6(' ��+(� 6(1%&(�GIC U&����5 A1&�A4 �Y� Z!�)� S� U��� R���% ��)]e/]P> .( ��+(� 6(1%&(� &��GIC ��0��5 B1��n F' 
 �Y� U��� U&����5 &' B2QB3�B4R��� Z!�)�)]e/]P<(�6(�t��FWO!� N'&^ bD�+I� U���+(� �� GIC ��E� U&����5 � 0��

Gritblast 4� �Y' 0��f]�K$� #� �� U����1% 4�� fp���1(�%&" FS��R��� ��S�)]e/]P<(.' R�*� 0�A%F' T	&u ��nFc��B
Interfacial &D �Cohesive��' 6D4� �� .
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�&M�� �  %�Y� J�K" &' ���&'.
Coupling Agent Silane �  D&(�(� x��) U���� &�

  *D+(I0yD� U� �-&*A�"� bD�+I� z/&' &��� F% F
 ���&'
 �&M�� � G(���" F' 6D4� 4� F*.' �%�� �&M�� ��� ��S ��

Interface� 0�&� 6(' 	 � U�(5�.S  %�Y� �  ���
.
U���^�' 	&M���D&, 6D4� � G(���" 6(' 6{�K� � ��

 *�+3%��%� ��  �D4�3�&
,�� |("� 0�&7�"� R./ F' 
�(��� ���(" � 6D4� &' 0�%���%&' U&� 6."�, �(��� U&�

 �&(�'���� R(���.F.%�� F.�D� � &� ����
 Q *(���" U&� Q&�
b
�� 0�%&��`  �D4�3�&
 6D4� k"�� R(�(�} U&�
 � �%��6(�t�� �� &���� �(��� U��' U��Y�� ����

�(��� F��*�  *(���" U&� 0��  I�Y� 0�� �%� .
���~ &' 6.D&" �(��� F' ��'�� c!*2� NO �&*�� Q&�

F��*� G(���" 0������I �D��5.
�&M�� �� &' �}��Y�  �D4�3�&
 6D4� � G(���" 6(' 
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 *(���" J�K" &'
��(� �("��&D � GD��H�.IGritblast���
 
04��%� U�(5 -&*A�"��&M�� �D4�3�&
 6D4� F' G(���" 

0�� V��+5 c&Y	&K�  )�' ��F[(�% ���  ��&7�� U&�D�(5
� �������(�Surface Treatment R"� 0�D��5 NB&O 

)e�=(.�4�%�U&� ��' (Shear)� 22
 (Tensile)  4�
6D��	��������4� V��04��%� U�(5�&M�� -&*A�"� G(���" 
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 ���&'
 �������^AdhesiveQ� F%��% +(% J�n ��%���4� �&�O 
�����)s(.

04��%� U�(5Fracture Toughness   %��4� ����/ F'
���&' �04��%� �� V4�� R��&$� U�(5Interface �� 6(' 

R"� F�I�5 ���^ FS�� ���� R�*� �'��' �� 0�&�.
 .�^ c&Y	&K� ���&M�� ��'�.K�  22
 � G(���" 6('

 V�� GD U�(5�&*' &'  �D4�3�&
 6D4� F�(�'
U��'�&
Silane Coupling Agent �' � �D��5 NB&O

&��� 6(�� F
 �D��5 �&��2(, �("� &' g�(`� �1D�
��(��GD��H�.IR"�  
&%�K) �("� F
 ,4&(% ���� �% ��&' 

)p.(
C(AB  '&D4�� ��W�� F' ����2(' �&�(�n� ��MO �4�

�(��� U��'�&
 V��6.D&" RD�$� �� �&M��G(���" 6(' �
04��%�  �D4�3�&
 6D4� U�(5Fracture Toughness 6D� 

Interface � �W% F' U���X �D�.
Toughness Fracture �&M�� 6D4� � G(���" 6(' 

R"� F�I�1% ���^ |("�  '&D4�� ���� ���
&�  �D4�3�&
 &��� �
FY	&K� ��Della Bona �� V��+5 ���&*�� �&' F


 6D� 4� 0�&7�"����4��� F2(�� R�*� Q YX�� NA��$% 
���� Adhesive Interface U��  �N(	� 6(�� F' ����
6D� ���4�04��%� U��'  �"&�� V�� �� U�(5Toughness 
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 '&D4�� v($A� 6D� 4� Z��Fracture Toughness 
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 6D4� � G(���" 6(' 

�.�_� U&����Surface Treatment 4�  *(���" J�K" 
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F�"&A� U��'Critical Plane Strain Energy Release  

)GIc(Rate 04��%� �� U�(5)=](.4� ��$(^� �&(�' V�� 6D� 
��4�U&�% ���Y� �  ��'  22
 �R��&$� � ��&'
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 � QvD�n 6D� ��  	�A� ����Adhesive Dentistry �&[D� 
6D� c��K) 4� �� �&�(' � G�+3%��%� Q������'} 6(��*� � ���%

���% ��� �("�.
*+)�$ '() 

6D� ��FY	&K�  '�[� ,F'��W��F(�� G�D�  *(���" U&�
�,�� U+.I F%���"� GD 4� 0�&7�"� &' ���'�,�K^ F' 9:���(.(� �

U�(1�	&^ 0�&�Additional Silicon Regular Body1Q
GD�	��"�� F�)&��� �,�� U+.I F%���"� F
 T(��� 6D�'
����^  	&)��  *(�"!, �%���"� GD N)� RI�5 ��&� �

vD�+� �� 6D� 6(' U�(1�	&^�D��5 .4� �Y'R_"0�&� ��� ,
' U+.I �%���"� F���^ U�(1�	&^ 0�&� N)�� ����(, c��B
'&S &' � RI�5FGD Q�� ���
 &S�	�� �(�� R�S G�D� 

 *(���"�� �&[D� .6�)&" U��'G�D� ���'�  *(���" 
���, 4� U���$� G(���"Mirage, Body D4

2#� &'
 ��._� �D��5�	�� N)�� �F`�I 4� 0�&7�"� &' �� &' F�2u� 

��� o3" �D���' ���, G(���" 0��D� � FI&X� �� F' �D��5 .
����, 4� o,�	�� ,F'0��� �&2I �D4 4� U+.I F%���"� ���

�% �� F[(G�D� 0���*� �&(�' F
 0�2% F�_,  *(���" 
 � ��&) �	�� 4� Q�&2I ���� ���� ���' Q��&'D��5�.6D�

G�D� U&� 6."�, R_, 0��
 ��  *(���" Vita v�n 
T(��� 6D�' � �%�� F�_, 0�%4&" F%&)�&
 N�Y	����"� 4� o, 

�&�$%�QR_, ��� �� &�*�D��K^ F'  *(���" U �D�$� =]
R�&_X �:���(.(� �%�� 0�&��.F%��% o3"  *(���" U&�

�%���"� N)�� &�%� 6�I�5 ���^ �&*�� &� �%�� 0��� ���^  .D�
� 
-&[%� U��' 0&1�"� ��bD&�4���� ����I .

"J�KG�D� �u&
 k"�� ���'� 0�� F(��  *(���" U&�
��*(.("��D&'�&
(SiC)Qi]] �s]] grit k"�� o3" �

�&�	� c��d s�=���*(� k"�� b(	&, 0&1�"� R)���, 
�%��.

�Y' F.O�� ��F%��% F' &��&�`  .B� 0��5 ):?F%��% 
1 President, USA 
2 Chameleon Dental- Product, USA 

0��5 ����(�%�� �(�$� :U&����5AQBQC�D.U�� �'
 &����5 6D� 4� GD �� ��  *(���" J�K"GD��% 

Surface Treatment �D4 J�� F'�D��5 -&[%�:
0��5A:0��5 �&�� Polished�, ���' 0�� R)��.
0��5B:U&�(��	� c��d &'  *(���" J�K" 
(Al2O3)e]���*(� Gritblast�%�� .
0��5C:G�D� J�K" �("� ��.A� &'  *(���" U&�

 GD��H�.I���(�9?%c�� F' :F$(^� E�#� &' o3" �
�%�� F��� �K$�.

0��5D:U&�(��	� c��d &' ���'�  *(���" J�K" e]
���*(� Gritblast�� �%�("� ��.A� &' �Y' �

GD��H�.I���(�9?%c�� F':F$(^� E�#� &' o3" �
�%�� F��� �K$� .

o3"F%��% &�&����5 F�� UF' G(%�"���	�� 0&1�"� �� 
c��9�J�K" &� �%�� 0��� �2��� ���"� �� F$(^� 

�%�� g�D�%&' ��&�� � +(�� �!�&
  *(���" .g�D�%&' F(O&%
 �K^ F' F
@N*� � ���(.(� Chevron FD��4 &' �?FS�� 

��' GD 4� 0�&7�"� &' m%&,�� �&[D� ��.7� ���% U�� .o3"
 ���^  *(���" G�D� U�� ���% 6D�RI�5 U�� �!�&
 �

4� &� �� b(%�' G�D���� ��&) ��&� Adhesive RY%&�� 
���5 .

�Y' F.O�� �� ��.A�6.D&"fF
N�&� �/:% �[O 
γ-MPTS +�/:%G(�"� �("�  �[O +��% �[O 

���%&���',F(��D��5+(	���(� 6�I�5 -&[%� ��W�� F' � �,:
-&[%� U��' F(�� 4� o, R/&"Surface Treatment ���� 

RI�5 ���^ 0�&7�"��o3"(O&% Fg�D�%&'��.A� k"�� 
6.D&"F(�� 0�� Q�D4 NO���  nTreat�� )p(:
9��&�/�6.D&" &' F`�I F' c��9F$(^� G2) �

c�� F' -�5 U��� &' �� ���
9�F(%&� 
:�c�� F' V�S #� �� F%��% ���� ���^9�� F(%&� 

3 γ-methacryloxypropyltrimethoxysilane,  
Sigma Chemical Co. USA 

 [
 D

ow
nl

oa
de

d 
fr

om
 jd

m
.tu

m
s.

ac
.ir

 o
n 

20
26

-0
6-

22
 ]

 

                             4 / 12

https://jdm.tums.ac.ir/article-1-365-en.html


Fracture Toughness ������ � 	
��
���� ���� ����� ��� ����
� ���� �
� !���"�� �

18

c�� F' -�5 U��� &' ���
 G2)@?F(%&� 
o3"F`�I 4� 0�&7�"� &' ,4�  
4&% FD} Unfilled Resin4

F(O&% U��g�D�%&' c�� F' ��% k"�� � �� 0��� ���^@?
F(%&�5 R_"��D�� o,�� 4� GDF2(� F	�	 U��K^ F'

  .)��>���(.(� �(O&% U�� g�D�%&' N�/ � �� 0��� ���^ 
g�D�%&'  �D4�3�&
 6D4� ���� ���^ &' Variolink II Dual-

Cure5�(O&% ��Adhesive �R_" ��% &' �� ���
 -&[%�
RI�5�o3" FD} FD}  �D�$� R�&_X &' RD4�3�&
 �/9�9

� ���(.(� N)�� �#�(� � FI&X� R_"�� �D�$� �&7��� F' &� 
99�"�' ���(.(� .

�D�M� =F' 0�� �%&'  �D4�3�&
 ���.(" �  *(���" F%��% 
 � �&2% �� �� ��� ��� F' GD ��  .B� U&����5 o3"

0��5 �D4)=]F%��% (��%�� �(�$���U����1% k(A� ��
 �K$� #� �� c�&7��@����1(�%&" FS��  *D c�� F':>

� R/&"U�1D� @?4�� U����1%�%�� .F%��% &�4� 0�&7�"� &' 
0&1�"�Universal Testing Machine6GD R/�" &' 

F$(^� �� ���(.(�bD&�4��%�� .
�D�M�<' �� 0&1�"� �� F%��% 6�I�5 ���^ 0�A% FT(���
 � �&2% ���.� �D��5 R�� R�*� FK$% �� 0���� U��(%

&7�"� &' o3" ��"&A� ����I 4� 0�Fracture Toughness7

�D�&$�G1c �� F�"&A� F%��% �� U��' )=](.
R�*� J�K" F�I&D+(% &' ���'� �D��"� ���� q�*"��*(�

F
 ���I�5 ���^  "��' R�*� 0�A% 6((Y� F%��% �� U��'

 
4 Heliobond, Ivoclar-Vivadent, Liechtenstein 
5 Ivoclar-Vivadent, Liechtenstein 
6 Zwick/Roell, Germany 
7 (Critical plane strain energy release rate)  

G1c 6

32

ED
L104/5F

= 2m
J

F:R�*� FK$% �� ��(% )6��(%(
L:��(% �&�/� FK$% 4� F.B&I)���(.(�(
E: �D4�3�&
 ���.(" ��	��� G(�"}� (9.400 GPa) 
D: �D4�3�&
 ���.(" �K^ )>���(.(� (

�� .�� 4� o3"R�*� 0�A% ��% (Mode of Failure) 
&� �� #&_�%� F%��% GD�"� &'4� 0�&7 %���*	� q�*"��*(� 

(SEM) ���  "��' .�Y	&K� 4� N�^SEM R�*� J�K" Q
!n &' o3" � +(�� G(.(�� N*	� &' F�I&D0�(��, �%��

(Auto Sputter Coater) &' 0��&2� ��&�� T(��� 6D�' �
SEM�%�D��5 .
0��� |�S U&� 0�� U��� 4� 0�&7�"� &'-�% U�&�� ��+I�
SPSS V�� F' One-way ANOVA ����4� 

Tukey-HSD Post Hoc N(.A� 4� GD �� �� � �%�� 
&' &����5 �D4  .B� U&����5U�&�� ���4� 4� 0�&7�"� 

Independent-Samples t�%�� F�D&$� .

������	
�� �
�� ��������� ������ � ������� �
��
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����� 	
�!��" �" �
��
 #����$ 
Universal Testing Machine 

!
,�- ��

���S =6(1%&(� �D�&$� Fracture Toughness Q
0��5 �&�` U��' ����%&�"� U&K) � �&(Y� Z��A%�FY	&K� ���� 

�K$� #� U����1% k(A� ��@�FS�� ���1(�%&" c�� F' :>
 � �&2% �� R/&" ���.m(�  �Y� Z!�)� F%�5 �� U���
 6(1%&(� �D�&$�Fracture Toughness U&����5 

Polished,Gritblasted,Etched �Gritblasted & 

Etched �� 6D���% ��S� k(A� R�)]e/]P>.( 
���S <6(1%&(� Fracture Toughness Z��A%� Q

0��5 �&�` U��' ����%&�"� U&K) � �&(Y�FY	&K� ���� �� 
�K$� #� U����1% k(A�@�FS�� ���1(�%&" c�� F' @?

4�� � �&2% �� ���.6(1%&(�Fracture Toughness �� 
0��5PolishFWO!� N'&^ ��n F' U��1D� U&����5 &' 

�� Z!�)� R�)]e/]P<.( 
F�D&$� U��'  .B� U&����5 4� GD �� 

Surface Treatment U����1% k(A� �� ��)�K$� #�@�
FS�����1(�%&" c�� F' :>� R/&" @?4�� (���4� 4� +(%t

�� 0�&7�"�)���Sf.( � 0��&2� F
 ��K%&�� Z!�)� ���
 �Y� �&����5 U��' U����1% k(A� �� 6(' U���

Polished�Gritblasted & Etched ��% ��S���
)]e/]P>(�&O �� 	F� �Y� Z!�)� k(A� �� 6(' U���

 0��5 U��' U����1%Gritblasted�0��5 Etched  0��&2�
 �D��5)]e/]P< .( 

6D��2(' R�*� 0�A% 6D� ��F' bD&�4�c��B 
Mixed Interface/Resin c��B F' &D �Cohesive �� 
�� 0��&2�  �D4�3�&
 6D4� .�D�M�f,F%��% U�R�*� 4� 

' 0�� 0��&2� Fc��BMixed Interface/Resin 0��5 �� 
Polished � �&2% �� ��� . � 0��&2� F
 ��K%&�� ���

Crack 4� Interface �� � 0�� 4&u� 6D4�R"� F�I&D F���� �

���) 0�&� Adhesive 0��&2� N'&^  '�) F' Z��n� F' 
 � ��&' .F%��%  D&�0��&2� R�*� 4� ' 0�� Fc��B

Cohesive 0��5 �� 6D4� �� Gritblasted �
Mixed Ceramic/Resin 0��5 �� Polished �� T(��� F' 

U&��D�M�i�e0�� 0��� �&2% R"� .

����� %	&'�� Mixed Interface/Resin �
��
 
Polished (Mag. x20) 

����� (	&'�� Cohesive Resin  �
��
 �" 
Gritblasted)(Mag. x20 
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�����*	&'�� Mixed Ceramic/Resin 
�
��
 �"edPolish+,� -:Ceramic.���/:Interface �

����0 :Resin (Mag. x20) 

1��2 �	
"�" �34� 5$ 6���7!
 8�9� 6��� �:%;<�� �� �2�"  (&=�� 

>? %A�!
��� 6��� B����C� D��E�F���0 GH��0
Upper Bound Lower Bound

���I� 6�3J ���I� K��9
� � A�!
��� "��I� �7:��L 

9>/>�9
9�/�>�
:�/8?�
�8/���
:�/8?�

��/9?8
@:/9��
��/98?
8@/9@8
��/9?8

::@/@�@
8�8/@�:
��@/>��
�@8/>�?
@��/@�@

�8:/:@>
>9@/::8
?�:/:>@
?:�/:��
>@>/:��

@?89/@8
�>?�/@>
8���/�@
>?�>/>?
�>��/:?

�9?9/99>±?�@?/@9� 
::�8/9?�±��??/@?> 
����/98�±�>@?/@8> 
��@?/9:�±>@@?/@�� 
:@@@/9@9±>?>�/@>9

9? 
9? 
9? 
9? 
>? 

Polished 
Gritblasted 
Etched 
Gritblasted & Etched 
Total 

1��2 	
"�" �34� 5$ 6���7!
 8�9� 6��� �:%;<�� �� �2�" %M��� 

>? %A�!
��� 6��� B����C� D��E �7:��L "��I����I� K��9
� � A�!
������I� 6�3J
Lower BoundUpper Bound

GH��0�F���0 

Polished 
Gritblasted 
Etched 
Gritblasted & etched 
Total 

9? 
9? 
9? 
9? 
>? 

@��:/9@>±��@?/:�� 
?���/9��±????/8>� 
����/9�:±:��?/8:� 
??9>/>��±�8�?/8@� 
@89�/@:9±:9:�/�>@

>���/>:
�:�>/��
�@?>/��
8@��/9�> 
�99�/�?

>�:/9�� 
8?9/�9� 
8�:/>�� 
9��/:�? 
>@8/>>? 

�@@/@�9
@��/��?
��@/���
���/���
���/8>�

@?/9??
9�/>:9
9@/@�9
88/98�
@?/9??

9?/�?:
@@/9??>
8:/��9
�@/9�:>
�@/9�:>

1��2N	
"�" A�!
��� �'��4� B���$ �� 
"�O��� �� �7:��L 6�:Paired Samples T-Test 

Paired Differences 

�'��4� 6�7:��L ���I� K��9
� � A�!
������I� 6�3J
A�!
��� 6���

6"��$ �2�"��I� P3� 6��"B���$ �Q��
t

Pair1:Polish24h-Polish30D ���/9>?±�??/89�>�/>>�:?9/?@�9/9
Pair2:GB24h-GB30D @?�/::�±>�?/@>@ ��9/�9�??9/?���/>�
Pair3:Etch24h-Etch30D 88:/:>�±�>�/:8> 8@>/���??�/?@@8/@�
Pair4:GB&Etch24h- GB&Etch30D�9�/>��±�@8/:8? �8:/9�>�9:�/?8�:/9�

!.�
/ ( 4�$ 0��1 
F
 ��K%&��F��$� ��	&K� 6D� �� �
d F���� �� FY

 �Y	&K�  .�^)�(4� NB&O �D&�% &� �� -&[%�bD&�4� 
Fracture Toughness��(5 ���^  "��' ���� +(% �6(�� F'

��W��F%��% F(�� U��' 0�� #&_�%� ���� &��+(% NO��� -&�� 
0�&�� � F(�� F%��% U4&" &�b(	&, ��A% 4� �/�,�2��� �

��.A� �&�/� 0�A%6.D&"T(
�� ���.A� �B�� 6.D&" 
��' F'&2� N�^ �Y	&K� &' �&$(^� .

��� F.O�� ��6�I�5���^ &'F%��% &��K$� #� k(A� ��
fp c�� F' ���1(�%&" FS�� <iR/&" ,Z!�)� m(�

 �Y� ��+(� �� U���Fracture Toughness U&����5 6(' 
Polished QGritblasted Q0�� Etched� 0�� Etched 

�GritblastedR���% ��S� )]e/]P>.( FY	&K� &' F�I&D 6D� 
 .�^)�(F'&2� ���&'.

R�*� 0�A% 0��5 �� T	&uPolished ��% 4� 
Mixed Resin/ Interface 0��5 �� �Gritblasted 0�� 
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��% 4�Cohesive6D4� �� �1D� 0��5 �� �� ��D&" 
0�A% �� 0��&2� R�*� U&�.

R"� �
d F' -4}��5 �� �� F
 &' F
  �HF 0�� E� 
�%��'QU&���*� Cohesive � G(���" �� +(% 

Mixed Ceramic/Interface 0��&2� ���� 	&O �� F

0��5 �� ��Gritblasted �Polished &��� �� R�*� GD 

�� 0��&2� G(���" .
 � 6D��'&�' F[(�% 6(�` ���� ��
 U�(5E� �D&� F
 ���


 &' G(���" CK"HF�� z/&'  � G(���" �(Y F' � ���
 � U�� G(���" �� R�*� F
 R"� N(	� 6D� ����&��� �5� 

��' ���^-&*A�"��'&D bD�+I� ���
 E� N(	� F' �%&' , ��D&' 
U&���*�Cohesive �� 6D4�b(' G(���" 4�  ����)&'
� F' FS��D6���" -&�A�"� F�(� �� 0�� 0�&7�"� �D6
' FY	&K�(6D4� 4� ��2�&
  �D4�3��' (.

6(�t��U��S� &' F
 O��n ���4� F'&2� ���4�
 ��' �%&' -&*A�"�F%��% T	&u R�*� 0�A% Q��' &�'F

c��BCohesive �� Substrate 6D��2(' � ���%  *(���" 
' R�*� 0�A% Fc��BMixed &D Cohesive �� 6D4� 

�I&D F'&2� F�I&D 6D� F
 ��'  �D4�3�&
FTantbirojn �
&*�� ��� ���&')=].(

�� 0�&�� +(% �!�^ F
 ��K%&��,�&2�%� Crack �� �� 
 � �&7�� F.O�� ��I�:

9�Stable Crack Growth 
:�Unstable Crack Growth 

 �&1�� F
 � 4&u� ��(% �&�/� ���,�.O�� �� Stable 
���� ���^��("� &' �Crack��)  %��A' ��n F' ,F' ��(% 

��+(� 6D��2(') � �� �"�(Fmax)6D� ���
��O U��' ��(% 
��"&A�GIC � �&*' ����o3" ��(% �.O�� ���� Unstable 

 � ��� .0�A% R�*� �.�_� U&�,�.O�� �� �}��Y� 
Unstable Crack Growth � l� ����. KD��� 6(�` �� 

���$�GIC �(��� RA� R�*� 0�A% �% ���^ ��(5�c�&�/ F' 

�1D� 0�A% U&�_��.� � ���D� ��D�, GD R�*� ���&'
4� o, �  %��A' R�*� ���� U�� 4� o, F
 

Stable Crack Growth � �&7�� ���I���� R"� 6*�� 
6('  ��S ��Interface ���� 4� F(O&% F" ��n �� &D �2�%&�

��'&D )=].(
#� k(A� �� U����1% 4� o, F
 FY	&K� -�� F.O��

 �K$�@��1(�%&" FS�� ��c�� F' @?RI�5 -&[%� 4�� Q�D&�% 
R���  ��&7��.0��5Polished�W% 4� ��+(� 

Fracture Toughness 0��5 F" &' FWO!� N'&^ ��n F' 
�� c�&7� �1D� R�)]e/]P<(���$� �G1C 0��5 F" U��' 

0��5 4� ��}&' �1D� Polished ��' .
���� ��S� �&��O� �� R	&O 6D� �� :

=�U����1% #� ��0��5 �� �%&' �(Y�� z/&' 
PolishedR"� 0�� .

<�#� �� U����1% �1D� 0��5 F" �� �%&' RD�$� z/&'
R"� 0��.

#� U����1% k(A� �� �� &����5 G� F' G� ��D&$� 
fp ���1(�%&" FS�� c�� F':>� R/&" @?��� �&2% Q4�� 

��+(� F
Fracture Toughness ���� �� b(	&, 0��5
k(A� Z!�)� U����1%  �Y� R���% U���)]e/]P>(�&��

 �Y� Z!�)� � 0�� E� U&����5 �� U���Gritblasted 0��
R��� ��S�)]e/]P<.(0��� 6D� 4�  � &� ����6(�` 

F[(�% F
 ��
 U�(5 #� �� U����1% 6(' �%&' RD�$� z/&'
 U&����5 �� G(���" � 6D4�Gritblasted � 0��

Etched�D��5 Q0��R"� 0�-�&�` 0��5 F��	� )Gritblasted 
�Etched0��(�K$� #� �� U����1% 4� �Y' 6(1%&(� �W% 4� 

c�� F'@?F'  	� ��' 0�� �'��' �� �����O 4�� Z��A%� N(	�
 �&(Y�R��� ��S� 0��5 6D� �� -�� F.O�� �� F
 }&',Z!�)� 

FWO!� N'&^ U�R���% ��S� )]e/]P>.( 
�&(Y� Z��A%�&'6D� �� }���4� � �� ���� FB!) ��K'

R�%�� ��'�� �D4 N���/ F':
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��[O 4� ��Y�� U&��D���A� N(	� F' FY	&K� 6D� ��
 F%��%�
�� 0�&7�"� )0�&7�"� F%��% �[O N^��O 4� �&�D�$�
��(�F%��% �[O b�&
 &'�&(Y� Z��A%� bD�+I� ��'&D.

�F%��%  �Y' �� R"� 6*�� &�&'Defect Driven 

Failure� FS��� �D� F
 ��F(O&% �� R"� 6*�� U�Ql�
�D&�% U�� U�&D4 �(��� � ���'����1.

��&
 ���$� U�� FY	&K� 6D� �� F
  .�&/ 6D����� � D
Adhesion04��%� R"� ���5�(��� 0�� U�(5QF(O&% �&M�� 

 � ��&' .F
 R"� 0�� V��+5��� ��&) �R2% +D� 0�&� 
Adhesive F(O&% 4� �&M�� bD�+I� z/&' QU��/ ���$�

 �%&' -&*A�"� ���� )==.(FY	&K� ��4� �X&O ��.7� ���% 
F(O&% ����
 U��'Adhesive �� 0�&7�"�.R"�' U��' ���% 

����N(" N�&
 �' 	� ��  "��' R^� �W% 4� �!�&
 � b(%
c&���^� 6D� ��S� &',CK" ��  ,�*"��*(� �D&$% U���Y� 

2��&' F����5 �(��� �D&�% U�� R"� 6*�� F
 �� 0��&��.
 � �&W�%� N�&/ 6D� �(��� 6D����� ���,Z��A%� 6�I� }&' 

 %��A' U��%� �&(Y�G1C��&' .F%��% 4� U���Y� �� &�F
+D�
R2%FWO!� N'&^  � 0��&2� U� 04��%� 4� b(' �� �D&�% � ��

F%��% Q��' 0��� ���^ �(��� RA� &���0�&�� 0�&' �%�� �����
���4� ���I�5 ���^.

�� QFY	&K� 6D� �� ��S�� U&��D���A� &' Q�&O 6D� &'
 ���$�Interfacial Fracture ToughnessU��' ��5 0

Gritblasted Z!�)� �Y� U&����5 &' U���Etched�
Gritblasted �Etched#� U����1% k(A� �� �� �� @�
���1(�%&" FS��� F' c�:>� R/&" @?�2% 0��&2� 4�� 

)]e/]P>(� � 6D��'&�' &' F
 RI�5 F[(�% ����
Gritblasted ����% 6(' 6{�K� �%&' g�(`� �("� ���' &���

 � RD4�3�&
 6D4� � G(���" %������� �&[D� .
R�*� 0�A% �&�D�$� FY	&K� -�� F.O�� �� &����5 U��'

��� F.O�� &' F'&2� �%��'.� 0�A% R�* 0��5 �� T	&u
Polished ��% 4� Mixed Resin/Interface 0��5 �� � ��' 

Gritblasted ��% 4� 0�� Cohesive6D4� �� �
Mixed Resin/Interface�1D� 0��5 �� �� ��D&" ���%� 

R�*�0��&2���.F%��% R�*� 0�A% F' FS�� &' Q&� 
���4�04��%� U�(5Interfacial Fracture Toughness 
0�&7�"� FY	&K� 6D� �� 0��, ��%��� U��'  �"&�� V��

��&'  %��%� G(���" �  �D4�3�&
 6D4� 6(' �%&'  "��'.
 .�^ �Y	&K� &' FY	&K� 6D� �� 0��� C(X�� F
 ��K%&�� 

)�(4� F
 ���4� TBS8��' 0�� 0�&7�"� ,� ���2� c&*% 
���� ���2��(u .c�&7� 6D�����'(6FY	&K� �� 6D� ,RD�$� 

�&M��6D4� �o, G(���" 4� #� �� U����1%��'���` ��
 bD�+I� ��+(�  	� �� 0��&2� F�I&D 6D� +(%  .�^ FY	&K� ��

�&M�� -&*A�"�,FWO!� N'&^ R"� 6*�� F��	� ����% ���4� 
TBS 04��%� F' ���4� Fracture Toughness ��&^ %��&� 
RD�$��&M����� �&2% �� .�FY	&K� �k(A� �' 0�!/  .�^ 

�K$� #� U����1%@����1(�%&" FS�� U����1% k(A� �� 4� 
�1D�)g�(.*D&"������+(� F' f]]]N*(" 6(' ����

�K$� #� �� U����1% � FS��9??' ���1(�%&" FS�� Fc��
:>R/&" (�� 0�&7�"� +(%�m(� ��  2�&
 F%�5TBS 

"���� 4� �Y' &����5&g�(.*D�% ��S��R�� �� TBSF%��% &�
#� �� U����1% 4� �Y'9??FS�� ���1(�%&" N'&^ b�&
 

FWO!� U�6D� F' FS�� &'  	� �� 0��&2� F
0�A% R�*� 
'Fc��BCohesive��' 6D4� �� QF[(�% U�(5 ���� F
 

b�&
TBS �%&' � ��' 6D4� �(Y�� N(	� F' 6.D&" F' 
� G(�(	���(� F.�O N'&$� �� G(���" 6D4� 4� ����&$

 � ��&'.
4� NB&O �D&�%FY	&K� Pilliar +(% ���&*�� ���� �&2%

 #� �� U����1% F
@����1(�%&" FS�� ,��+(� 
Fracture ToughnessRD4�3�&
 bD�+I� �� &� ���� F


 ����  %��_�� �X&O FY	&K� &')9<.(
bD�+I�-&*A�"� 4� o, �%&' #� �� U����1% 6*��

 
8 TBS: Tensile Bond Strength 
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R"�F'��&' �D4 ND}� :
9�bD�+I� Fracture Toughness N(	� F' 6D4� 

Plastisizing#� k"��  �D4� o*D��&� 
:�F�	 �� 6D4� ��	��� G(�"}� b�&
 &�N(	� F'

 +
��� 0�D�, 6D� F
 #� d�7%b��6D��&� Z��n� �� �� &�
 � b�&
 ���.

@���� Post-Curing}&' U&�&�� ��  �D4�3�&
 6D4� 
)� F' FS�� &'D6�� F�RD4�3�&
 &��Dual-Cure b���� 
,.(��D"�+(F���� �%}�n c�� &� �� �D�'&.(

Della BonaFY	&K� �� ���&*�� �U�
Fracture Toughness 6D4� � G(���" 6(' �&M�� 

04��%� ��  �D4�3�&
 �%��
 U�(5)\.(��% F" 4� &�%� 
Surface Treatment" J�K" U��' �D4 0�&7�"�  *(���

m(� � �%��
  �Y� Z!�)� F%�5 �� U��� 6(1%&(� ���$�
Interface Toughness 0��5 �� 6(' =�<0��&2�

%%��*�:
=�HF s/;%c�� F'<F$(^� 
<�Silane 
f�Silane +HF 

6(1%&(� ���$� 6(�t��Interface Toughness U��' 
0��5fFWO!� N'&^ ��n F' 4� ��}&' U� 0��5=��' .�� �D&�%

�&2% � ����  %��_�� �X&O v($A� &' +(% FY	&K� b$% 0����
  �D4�3�&
 6D4� � G(���" 6(' �&M�� RD�$� �� 6.D&" ���

 � ��&' .
Della Bona���&*�� �Y	&K� FU�1D� ���� �� +(% 

�&M��G(���" �-&[%� 6D4�� �%��� �(��� 
Surface TreatmentG(���" �'TBS 'F6D4� RD4�3�&


 �� �%���%  "��');.(U&����Treatment �� 0�&7�"� ����
�&2D� v($A�4� ��' c�&�/ :

9�-�(%��� 4� 0�&7�"� ���' �D���.I 9?%c�� F'9
F$(^� 

:�HF 8/�%c�� F':F$(^� 
@�APF9>%c�� F':F$(^� 
>�4� 0�&7�"� Silane Coupling Agent 

�%� FY	&K� �D&�% ��+(� &TBS ��  D}&' ��J�K" 
Treat &' 0��6.D&" �1D� 0��5 F" F' R��% 4� F
 ��� �&2%

 �W% �Y� U�&�� ��' �������  %��_�� �X&O FY	&K� &' ����D4 
�� 6D� C(AB ��'�&
 &' +(% FY	&K�6.D&" �&M��  �"&�� 6(' 

6D4� � G(���" �D��3�&
 ���
 E� F' U4&(% � �� �&[D� 
" CK" G(���R"� 0���%.

Della Bona ���&*�� �Fracture Toughness 
�&M����  �D4�3�&
 6D4� +(% G(���" ��% �� F' 

Lithium Disilicate-Based �Leucite-Based 
04��%� �%��
 U�(5 .�D&�%6D� FY	&K� �1%&2% Z!�)�
 �Y� 6(1%&(� ��+(� �� U���KIC ��0��5 ���� ���' 6(�t

 ���$�KIC ��G(���"  ,�*"��*(� �&�)&" �(��� RA� -!/�
�%��
)9@(6D��'&�' � ���% �� �((w� F
 ���% �&(' 6(�` ����

��+(� R"� 6*�� G(���"Fracture Toughness �&M�� 
��� ���^ �(��� RA� ��  �D4�3�&
 6D4� � G(���" 6(' .��

6(��FY	&K� �� �&���� Hooshmand���&*�� �,CK" 
�"G(�� U&�Leucite ReinforcedR(YX� T(
�� �W% 4� 

F'  D&(�(� V��X-ray Photoelectron Spectroscopy 
N(.A��D��5 �F[(�% 6D� �D��5 NB&O R(YX� � T(
�� F


 G(���" ��% ��, U��' CK"  D&(�(� 
Leucite Reinforced Feldespathic � F'&2� � ��&'

 -&*A�"��&M�� k"��  %&�*D "6.D&  �D4�3�&
 6D4� F' 
G(���" ��% 6D� U��' b(, &�  �('��.v($A� 6D� �� ,-&[%�

U&�("��'  D&(�(� R(YX� � T(
��  "��' U��' U��2(' 
G(���" �1D� ���%� CK" �&��D�
 �1D� ���%� U�&O F
 &� &�

 � Q���&'�D��5 �&��2(,)9>.(
���[� ��� c&Y	&K�  )�' �� F
  ��&7�� �D&�% ���� �

9 Acidulated Phosphate Fluoride 
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Fracture Toughness �&M�� 6D4� � G(���" 6(' 
6*�� Q�� 0��&2� �X&O FY	&K� &' F�D&$� ��  �D4�3�&

 c&Y	&K� 4� GD m(� �� ���
&� F
 ��&' N(	� 6D� F' R"�

 V�� 4�  .�^F�(�' ��'�&
 0�� 6.D&" � R"� 0�2% 0�&7�"� 
FY	&K� 6(	�� �X&O FY	&K� F
 R"� U� 

Fracture Toughness �&M��  �D4�3�&
 6D4� F' G(���" 
V�� 4� 0�&7�"� &' ��F�(�' ��'�&
 0�� 6.D&"  "��' ���� 

R"� 0��� ���^.
F%��% R�*� 0�A% F' FS�� &' F
 &��T.u 

Mixed Interface/Resin &D �CohesiveQ�%��' 6D4� �� 
���4�04��%� U�(5Interfacial Fracture Toughness 
����7�"�FY	&K� 6D� �� 0�&, ��%��� U��'  �"&�� V��

  "��'�&M����&'  %��%� G(���" �  �D4�3�&
 6D4� 6(' .
��'�&
 T"&�� V�� 4� 0�&7�"� &'6.D&" 6D� �� F


FY	&K��� 4� &' 0���� �� 0�&7�"� Gritblasting CK" 
QG(���"�&M��K��{�6D4� � G(���" 6('   �D4�3�&
 
�&[D� ������1D� F
 U��n F' J�K" ���
 E� F' U4&(% 

k"��  *(���"HFR"�  
&%�K) �("� F
 % Q ���&'.
 *(���" 62D���"� ���
 �&�" U��' ���'� R"� ���'

  *(���" J�K"Gritblast�� %k"�� o3" � �6.D&" &'
V��F�(�' 0��Treat� �D4�3�&
 6D4� &' o3" NM�� 

�%�� .���" J�K" �(��� U��' � Q0�� F��*�  *( &' ����
 ���(" 4� 0�&7�"�Intra-Oral Gritblasting)0���� F'

-��'�� ( *(���" CK"NM�� �� 6D4� F' 0�%��Gritblast 
o3" � ���%6.D&"��' �&*' �� .

 � �&��2(, ��� �&M�� 6(' k"�� 6D4� � G(���"
 �&�/�6.D&"'F+(% c��  %}�n �� �  *(�(.
 c��B
Y	&K� R(.'&^ � R(7(
 &� ��� F�&M�� k(A� ��  Y^�� ��K' 

��(5 ���^  '&D4�� ����  w�� U&���(% RA� � �&�� �
6(�t�� �(��� R"� ���' #� �� U����1% ���&M�� 6(' 

U�� 6D4� � G(���"Surface Treatment c�&7�� U&�
 ��.A� ���'�&*' &'6.D&" +(%  D&(�(� vD�n F' N(.A� ���5 

��� F' &�F�I&D 0� 4� F
  *D+(I U&�%��4�04��%� U&� U�(5
 �&M�� -&*A�"�'F � R"� F[(�% F' �[�� ��D�  YK^ U�(5

 �(��� ���� �� #� �� U����1% U���&M�� ��+(���� .

*/��)�5 ( ���� 
� -�./ c&$($A� +
�� -��A� 6(	���� 4� F��&) ��

�+, -�./ 0&12%�� F' F��'��  *�+, �� U��	��*� �����  *
 �� v($A� 6D� F' ��'�� U&�2D&�4� R�S -4} c&%&*�� F


�%��
 ����I , �  %����^ � �*2� ���5 .
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