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Title: An evaluation on shear strength of composite resin bonded to primary teeth dentin after Nd: YAG 
laser radiation
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Abstract: Due to the differences in the composite and morpholog y of dentin in primary and permanent 
teeth, it is necessary to make improvements in bonding techniques to promote the strength of composite 
resins bonded to the dentinal surface, in primary teeth. The use of lower radiation, to make structural and 
chemical changes in dentinal surfaces has been investigated. This research was conducted to evaluate the 
shear strength of the composite bonded to primary teeth dentin after Nd: YAG laser radiation and acid 
etching for conditioning. Peripheral dentin of the buccal and lingual surfaces of 60 extracted posterior 
primary teeth were exposed and polished with 600 grit with Sic paper. The teeth were divided randomly 
in 3 groups of 20 teeth. In group 1 etching gel, primer and adhesive of scotch bond multipurpose system 
(SMP), in group 2 laser at 1.6 w and 80 mj/pulse, and in group 3 laser at 2 s and 700 mj/pulse were used. 
Moreover, in groups 2 and 3, after laser radiation, acid etching, primer and adhesive of SMP system were 
applied. After necessary laboratory tests, the mean shear bond strength in MPa were 20.99±5.3 (group 1), 
23.82±6.31 (group 2) and 26.58±5.59 (group 3). ANOVA, scheffe, tukey statistical tests showed that the 
bond strengths of group 3 were statistically higher than group 1. The frequency of dentin cohesive 
failures were significantly higher in groups 2 and 3, compared to group 1 that indicates a higher bond 
strength in these groups. Scanning electron mirographs of laser radiated surfaces, show a porous and 
rough surface morphology that enhances the mechanical bond of the composite. 

Key words: Nd:YAG laser, shear bond strength , dentin, bonding, primary teeth.
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Mc Nemar ��2�#F �� ,��-��� �� ,�@4 '� T"
��W ���Z� 

Weibull�%�.�  �� '�
�J� �� "#�� ���+ :Shear 

Stress"+ ,��� !�<# .

#
'�(�!
 :�"5 �� ,��W '� �� "#�� 7��*��� �
��#C��� ,"�F  .
 ,��W �� "#�� 7��*��� e���� !���� �
��8��Q)  �*� ,��W

 !��� �� ���2 &���K H�#� � >�� C__:�H ����  ( �1c
 ����2�#F ����%� T"
��WMultiple Comparison

(Tukey, Scheffe) �/���W ��� '� "#��� !�<# C�Q
��Z� i@�M����� ��5� ���.

 �� ,��-��� �� q��k� �/���W �� "#�� 7��*��� �
��J�
Weibull Distribution � � �W ���6 ���F G��*� ���� 

 ��"J�Weibull Modulus ��%�4� �����6 !F �� �� '� 
(Reliability)<�E �����6 �
  �
�0(Predictability) "#�� 

�� ��"
��W '1��*� ���%# ���
��� !��� . :�"5 ��K
1 Ad: Adhesive Failure
TF: Tooth Fracture
CF: Composite Fracture

Weibull Modulus :�%�.� �/5 &�� �
��J� � \ % �
h_ % T��� ,"+ ,���F &
���F ���� ,��W �� ��� ���+

��
�E �
��Weibull Modulus (m) ,��W �� C) :���� (
 �� ��<�� >����b� �0#�
�%# '� "+ ,"
��� ,��W �
� � "+��

 �
��8��m ,��W �� Q"
��W ,"��<� .
 �
�;� �� ,��-��� ��C��  ���� �/���+ "A�� !���

�� �� ��M &�� ?
 �� '� �� ��)�#� �
�0<�E �"��
��%# . ,��W ����Q�� �0
� ,��W �� �� '�
�J� �� ��  !���

�� ��*� �� �� ,��W �
� ��*�� !��� ����5 '� '5�� �� &
��%# ,"��<� . ,��WC) :���� ( �0
� �/���W �� '�
�J� ��
��
�E ���M ����� �� ����J� �)# �� ��%� d#�+ ��# � ��

���� �� &�� ��
�E �
��J� �� ���+.
 !���Fλ2 9�4 �� ���+ ���� �)# �� '� ��� !�<# 

(TF) �/���W ��� ��# C � Q��Z� i@�M�  ,"
� ���
�� ��+)_CC/_P= �C=df �]`\/`=λ2.(

 !���FMcNemar��Z� i@�M�  �
��# ��� ���
'#�%# ����� �� '�
�J� �� u���������
���� �� ��SEM

 ��"# !�<#(λ2=3) .

 )*�
 �/5 "
"5 H�2���� ?
 !���4 '� �����2 ������

Dentin Conditioning��� ,"+ a�P�  . �%�6 ���2
�� !F �#"Z� �%�6 � &��� �� 9�4 �2F�� &
�� �  "��

)g( ,"+ N���W ���2 &��� �� dE ��# ?
H�2� �� >����b� T
��� .�k� ���2 &��� �� dE �5�4 OP� '� �1�# � ��

�� �����J� "�����+.
 >�Z2�P� ��SEM:���� G����E G��  �� ,��%� ��

 ��� ,"+ ,��� !�<# �L��6 "Y��� G��<�)C .( [�J*�
 �� '�2�� 'Z2�P� �� �n�.SEM �
� '� ��� !�<# ��#

 ��%� � ���� Gk�k�� � �)���# ��2�. ��*P� H�2� ��
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S��P� ���#��� "#�� �/5 �� ���"+�� �� .
 ���2 e��� �/��<� 'Z2�P� !�����Nd:YAG �� �� 

��� ,"<# 7�	#� ��+ �/#�"#� 9�4 . '� '5�� ��
 �
��# � ��+ �/#�"#� �� 9�4 ��%� ��k� � �<
��2�����

�M��,��%# !���4 '� >�J�J*�  �-�  � ����� �)�I �"#�
 ��� ��%� �/#�"#� �
� ��)]( ����2 �� !���� ��� ��%� �

 � ��� &
�� � �/#�"#� �
� �� �� 9�4 !������2����� � ��k�
 ���� ������ �� "#�� 7��*��� &
�� � z4�� [
�= �
� ��

 9�4 '� ,"#�+"#��(Dentin Bonding Agents) �� �� 
"+ ��+ �/#�"#� .

 �� '� �
 ���b� 9�4 � ����� ?
 ��� �%��E� "#�� 7��*���
 '� $�
"#�� ����� ��
�� ��5� ��<�#� '� '����� �"���

�� �
�
� Gk�k�� � ,��2������ 9�4 !��� �
������ T"+��
��� �!H@� �� ��I '�.�# >�"6 �� ��%� ��J��� �c� '#�W

� T���"# :���� ���
� "#�� ' !H@� �� ��I '
8 �W� '� ��=
 '�.�# ?
 ��# ��+ '�+���� ��#H@� e��� 9�4 �� ��

:���� !��� '� �
�� ��<�#� ,"
� �8�������
� 9�4 � ��
����+ . ��  !��� ���#�������� ��W ��%�� �� ��� �
�

 ��<�#� "#�� �
� �0
� >��14 '� T���� "��3� 9�4 �#"Z�
 ��� ��2�. "�#���� ,"
� ���� �� '� ��+)C\( �
������ T

 �Y�� ��c3� 9�4 �2F ��5� �� �
��J� ij. � ���2 &���
�+�� "���k# "#�� 7��*��� !���� �� .

 H���We%< �7" ���" =��> %� �� ���) �,./�
 _&�/� 

 :
���;� #&�f(%)  -�I���"±���<" c
�.�
  =��>
K\ Qh/\±hh/K_ C
K` QC/`±fK/KQ K
KC \h/\±\f/K` Q

 H���Te 1� ��[ Weibull%< �7" ���" =��> %� �� 

Stress for 90 %
Probability of Failure 

{ })(9.0 MPaσ

Stress for 5 %
Probability Failure
{ })(05.0 MPaσ

Correlation
Coefficient

(r2)

Wiebull Modulus
(m) Normalising Parameter ( 0σ ) =��>

CK/Kg ]K/CC hg/_ ]_/] ]]/KK C
_]/Q_ KQ/CQ hf/_ `]/] C_/K\ K
fC/QC g]/C` h]/_ hQ/\ `]/Kg Q

��
�+

 :
�%�

.�

 ,��WQ
 ,��WK
 ,��WC
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 �&�B�We=��> %� �� ���) �"��D"  �)
�) �� �N,� H��/�
 @�` 

Kantola�� ���2 ������ '� ��� !�<#  �*P� "#���
 �� '��<� "�� ��	
� 9�4 �� ����)f ( >@�<� ��� ��%� �

 9�4 �� $�
"#��)�5�4 � �� !��� !H���� !���� ( ��
�� &��� �� ��<�� SF ��5� G�2� '� �0
� i�= �� T"��

 ���� ������� �%4 :�= ��� ��%� ���� '� �1�# 9�4
 "+�1# ��
� �5�4 $�
"#��)C` .(:���� ". �� ���2 �� ��

�� G�� � "���� [
�= �
� �� �� �5�4 R�-# �����6 "#���
"�� &
�� � �� $�
"#�� ���� �%4 :�= � &��� ".��.

 ?
 !���4 '� "#�� 7��*��� ���Z� ��1�4� � ��%�4� �����6
 ��� � �
�0<�E � "#�� �
���� ���
��� �/5 �1
�J� �M�+

�� '� �W �)# �� ���������+ . !��� ��"
�E � �6 ��"#��
 ���� � :���#��� �/5 �� �� �#�"#� ������� � �%����

 "���� ���n ?����� � ?
H�2��� �/5 �� ��)Cg.(
Retief �
��J� � "#�� 7��*��� !��� 'P��� !����%� � 

"#��%# ����� �� ����2����� ��%� . !F �0#��� �/#F �
��#
 l�1
�J� ". �� "#�� �+�� 7��*��� ��5� >��A �� '� ���

KC�E�0�  :��� �-A ". '� ����2����� ��� ��%� :���
 "��
)Cf('� ����%� T :��
H��� ��1P#� ��	
� �/5 ,�@4 

 !���� '� G6�". "#�� �+�� 7��*��� �9�4 '� :�16 G��6Cg
 p�1J#� e��� ,"+ ��	
� &�� �� ��� 7�8 :����E�0�
 "�� !��15 ��
������ �
�� ?
 �� �� !�����
�%��E �� �+�#

)Cg.( [�J*� �
� �� ,"�F ��� '� "#�� �
��J� �� ����� 
�� ��". �
� �� ����  ,��W �� ��;k� T"+��Q �� dE 

 !��� �� ���2 ������K ��� �
��"#�� �>�� C_/Ch �2� ]_/]C
�� �
������ T�+�� ��5� :����E�0� '� �+�� ��)�#� !���

"�+�� '�+�� ���M ������� ����%4 ��"#�� �
�.
�
� �� ��2�#F 'Z2�P� Weibull"+ 7�	#� ��#  .��
�E �
��

Weibull Modulus ,��W �� C �0#�<# � "�F ��� '� 
�� ,��W �
� �� ��
� >����b� ,��W '� �2�. �� T"+��Q

���c �
��# �0
� ,��W �� '� �1�# >�"6 �/5 �� �� ��
��� !�<# "#�� . !���� �� "#�� ���+ �W�\ % �)# ��

��6 ������� ,��W �� ,"�F ��� '� ��"#�� �"+�� :�16 GQ
 ���+ �/5 ,��W �
� �� ��
� T��� "���M :�16 G��6\ %

&�� '� �5�4 ��"#�� �� �� ��8�� �
��g]/C` :����E�0� 
 ��� ���#) :�"5K .(

 �� 'Z2�P� �
� �� ,"+ N���W ���+ ����� ��<��
 >��A '� ���2 &��� �*� �/���WDentin Cohesive

 �/���W ��� '� �*# '� T��� t�K � Q ,��W '� �1�# 
�+�� ��5� ��
� i@�M� ���� �
� �� :���� . ,��W ��K �

\\ % ,��W �� �Q �`\ % ,��� t� 9�4 !��� ���+ ����� ��
 G��+ ���+ v�# �
� :���� ,��W �� '� �2�. �� T���

K\ %��� ����� �� . �/���+Cohesive ��"#�� ���� �� 
�� S��*� �
��"#�+ . ��8�� !���� '� ��# 'Z2�P� �
� ��

 �/���+ !���� �� �"#�� >�"6 !���Cohesive !��� 
 G%4 �= �� 9�4Debonding�� ,"
� &
�� � "+.

White � Goodis ���2 &��� �� dE ��M 'Z2�P� �� 
Nd:YAG��%Y�� �/#�"#� �� Shear Bond Failure �� 

"#��� ����� .�� �/#F �� ���+ ����� ��<�� ��M 'Z2�P� 
 "#��� ,"��<� �
������ �
 �
�� !��� ���2 &��� �� dE

)h\ (% �� �/�� �\ % >��A '� ���+ ������Adhesive

 ��� ,��� t�)Ch( >��-�� �n�. [�J*� �� 'Z2�P� �
� �
��# T
��� . �/#�"#� �� �����# 9�4 ��5� G�2� '� ��� ��%�

 �
���� ���+ ���+ !���� '� �/#�"#� �
� �� 9�4 ��
��
�E �
��J� �� ��. ��<�� ��+ N���W "#�� ��)K_.(

 &��):����E�0�(
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'�2�� 'Z2�P� �� �� '� �SEM H�2� �� ���� �� 
 �/���W �� 9�4 �*P�K � Q�� �)# '� �"+ 7�	#�  "���

 !��� �� ���2 &��� �� dE '�K �� ��1���� OP� >�� 
�J� �� :���#�������� ��W �/5 !��� �� '�
`/C '� >�� 

�� ��� >��-� "#�� >�"6 �)# �� OP� �� �
� ��� T"
F
��Z� �� ��"#�� ��0#��� '� "�L �� T"#��"# !�<# �� ���
 ,��WQ��� ��<�� .

White � Goodis !��� �� ��M 'Z2�P� �� ��# K � >�� 
 H�#�C__ d#���  � :�H ���� K_ �� '	��# �
��/� ����� 

� ���� �� "#���F ��� '� �%Y�� �/#�"#)h( '� :�. �� '� T
 �/1��F ��	
� :�%�.� �/5 �� ���8�� �/#��� !��� ���
 ���� ��%� �k� ��# �� �
�/�0���+ ��	
� � ��2�E

"+�1# ���� .'���#�� �� ,�@4 '� ���2 H�#� ���8�� ��
 !���� �� v�1+� �4�#Ablation�� ,"
� �W"�� �
  � ��+

��%� �� �<
�� � H�#� '���#�� �� &
�� � �� ��� 
 ��<# ,"
� ���E ����%4)KC.(

 &��� �� dE ,"�F ��� '� a�P� �� �'Z2�P� �
� ��
:���� '#��� ���2�%# ��� �5�4 ��"+ . G�2� ��%� '�

 �)# '� ���n ���2 ������ �� ,��%� "��� �� $��L� 7�	#�
��"��� . �Z2�P�White � Adams� ��  �

Microhardness ���2 ������ �� dE 9�4 Nd:YAG � 
 e��� 9�4 �� ��  �� "���SEM ���
��� � Knoop 

Microhardness 9�4 �� �� ���2 &��� '� ��� !�<# 
�� &
�� � �� 9�4 ��k� �"��� ������ �� "Z� �
 G16"�� . ��

 ������ '� �1�# ���2 &��� �� dE "��� ������ �!��� �
�
6 "��� ��k� �
�/�� '� "��� ������ �
 ���2 &��� �� G1

 ��� !�<# ��<��)KK( �� G16 ���2 ������ �
������ T
�� 'Z2�P� �
� �� $��L� "��� &
�� � �� 9�4 ��k� "#���

"��.
 �� dE �a�P� �� ���+ �0#�0L 'Z2�P� �
� ��

Debonding"+ ����� u���������
���� ��  . ��"Z�QK
��W �� '#�%# �� q��k� ���+ �/�SEM ����� ��# 

"+ . �� ��"Z� �
� ��Q �� ,"+ ,"��<� �%# '#�%# SEM �� 
��1# !���
 u���������
���� �%# .

 �� ���+ v�# u���������
���� ����� �
� ��
Adhesive�2�. �� T��� � �Z�  ���
��� '�SEM !�<# 

 >��A '� ���+ '� ���Cohesive�� "+�� .. �
� �� :�
 ���F !���FMcNemar!�<#  !��� ��%�4� G��6 ,"���

�� ���+ v�# ���Z� �/5 u���������
����"+�� . ��
 �k� �/� �� �� ���2 ������ ���� �� �
�/�#��0# :�. �
�

���� ��5� �#�"#� . z4�� '� ��� ����c� G��+ ����� �
�
�� �#�"#� ��������� �
��%�+ �
 ��
��  >����b� ��+

��� ' '�%5 !F �� T"#��"#� �PM '� �� !�"#� ����� "�#���
�� �
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�

{�+ �c� �� 8�%�.� ��	
� � �� �� �� �����. ��
���%# :�16 G��6 ������� ��� �� ��� �
� � "#�+ � "+��

�� �PM '� ���#��� ���M �/5 �� �� a�P� '� T���"#�
@4 ���� �� ��"#�� �
� ��"
�E � �%4 :�= ���� �� "
�� ,�
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���
�� ��+ �/#�"#���+ . �)# �� ,"�F ��� '� "#�� �
��J�

�� :�16 ���� ������� ��� ��%� N�� �
� � "�+��
"�� G%4 ���M '� ?����� �� . '� '5�� �� ,�@4 '�
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