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� ' "� ��� 

)16 4��� �$� (47)�� ��� �� ���[ s3S ���S+  2�� 
� -���

10  C���� 4�@�A ���1 � E �;� �� 
���<  ?6� � ���

47)�� "� -��� > t��@ s3S� . �����[  �"' ��� 
�1�� ��

�> C���� 4S���� .���> ����� "� ���  �����[ 4���"�� "� -X[ �

&��� 4S���� 
$��� h;�* &�� 47)�� ���> &�� s3S �� 

~�� -)�� 
� 
$�=' "�S y� * �> &"��. 

 4���"�� &��������[  4S�������- ��& �@�A4  ^�� �� "�

�> ���i$�� . "� (� �� "�47)�� s3S  "� ��� � -X[ ��

�����[  �"' &��M�  y� * 4S�����"��*& ������$ �� �[� �� 
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C��,� C�S )E42S-B, Gibertini, Italy( �"���� S��& � �X< 

�>. 
� ��� � N!� +
� ;� ��& 7)��4 s3S �� ��& 
.� ������ �& 

�� �;7[ ,���& �"��* ���< ���> � ��	& 
� �"��* ��� 

�4 ��� �� ���" ���"4 20  �*60 ��<�
 ���� @ ��> � ��>���� 

��S�� � �� ���/� &��� 4���"�� �����[ S����4 p;	 ���>&�� 

����� ��> �� &�� 
X� 47)�� s3S �� y� * y@ Y� (� 

��� )���) ���$!� �� ��,�  �� g* 4��;�50  �����)Epiphot 

300, Nikon, Japan( �"���� S��& � �X< �> ) -)>4(.   

  

 
5�� 4 .�(��� 0��� F.�/���% ��, �� BCD  

  

 ,����' � 4�� �<� 4���� � N!� 
� 
��E �� ?������ ,����'

���S 
7��F� &��� 
��E (� ?������  �� � +
���a� �� � &��

�!$��S ���[ ���i$�� .4!�� z3$@� �S� ���S ��� �� &���  ��

4� ������   �"' "� +����STukey 3$@� ����* �/M ��� z

 ���i$�� ���S �� �>.  

  

�(%�� ��  

"� Y��� 2� L 
� 
���a� ��� 9��$� 47)�� s3S  "� ��� ��

 �� ^��*���- ��& �@�A4  D71 ��4- 10 C�S �  ���> p;	

47)�� �� �� ��> ����� �$���)�� D71 �� s3S  ��

���S 
� &��  
��S) -��> ���S ��20 
� ;� (����S 
����. 

L3@  9��$�  Y�!� � 4���� "� -L�1���[��  4S����

���- ��& �@�A4  "� Y��� � ���> p;	 Y�!� 
���� 
�

47)��  ���M �� ���S �� �� s3S1  �2 ��� �����S 
����. 

' "� 47)�� �� ��� "� -��� �� 
� 4��M  ���� � X	 s3S

 h��� 2���;	 �<� 4���� � N!� 
� 
��E �� ?������ ,����' � �

�����47)�� &��S���[ ���[ � +Y s3S  -��F$� �<� � ��

Y����� h��� 2���;	  "� Y��� � ���> p;	 �� ���[ � �

���S ���[ ���i$�� �� � ��> ����� .  

4!�� �<� Y����� h��� 2���;	 +s��� ��� ��  �� &���

� ���> p;	 "� Y���  ���� 4S���� �����[ 4�� � E 
� �

)001/0 < p value +022/0 = p value ( ���[ � 
� 4��1 ��

47)�� &��S���[  ��.$�� �� s3S)27/0  =p value +  

5/0  =p value (-��F* � � Y����� h��� 2���;	  ���[ �

47)�� s3S  ��)55/0  =p value +53/0  =p value ( �[��

4!�� �<� ���> p;	 �� ��� ��� � "� Y��� � .  

  
 $��-1. %��� �;�G%= D���;� �� ���D �H0 ��. 
I3�J �; K() LH�# �,�   

�$%0�� -�$� �����  ',�� )+,� ��4�(  ����5  �60��5  7�8����  ���9� :��;��  

"� Y���  

)4- 10 × C�S(  

���S ��� )��� �;	�2�(  5  16  82/10  54/2  

���S C�� )2���;	( 6  33  4/14  47/5  

���S C � )�;	�2� + ��"( 7  18  22/12  62/2  

  
 $��-2. %�;�G ���%D���; =� �� ���D �H0 ��. 
I3�J �; K() M�N �%��  

�$%0�� -�$� �����  ',�� )+,� ��4�(  ����5  �60��5  7�8����  ���9� :��;��  

p;	 >� ��)���$���)(  

 ��� ���S)2���;	 ���( 70 451 27/273 21/89 

 C�� ���S)2���;	( 77 880 77/368 35/151 

 C � ���S) 2���;	+ ��"( 169 439 27/296  73/69 
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 Y����� h��� 2���;	 p�[� �<� ��� _%�� � N!� 
�

����S ���i$�� 
��E (� ?������ ,����' "� +4S���� �����[ �� .

���S ��� ��  ���N� "� ���> p;	  &���' z3$@� "� Y��� �

4!�� �> ������ &��� �� �� &��� �  Y��� � ���> p;	 �� �

 "�)001/0 < p value (� �.  

���S 
A ��� �� 
� ��� 4���� &���  ���[�� +
���a� "� 4���

4!�� &���' z3$@�  4��;)*  �"' "� ���� � M� &���Tukey 

��' ��� 
� ��" 9��$� � �> ���i$��.  

"� Y��� �N� "� ���S ��� C�� ��  ���S���   

)001/0 < p value (�  C � ���S)03/0  =p value( 3$@�z 

4!�� �>�� � M� &���.  C � � ��� ���S �� ��� 
� 4��1 ��

z3$@� 4!�� �>��� � M� &��� . ���S �� "� Y��� 4!��

 ��> Y����� h��� 2���;	 �.�� ���S �� "� �$��� D*��� 
�

��� �� � .���S �� 
A�S� +�.�� & � "� C �  "� Y���

' z3$@� ��� � � ��� ���S "� �$��� �5� "� ��4!�� &���' v  ���

 � X�)23/0  =p value.(  

���> p;	 �N� "�  ,�� ��� ���S �� C�� ���S ���  

)001/0 < p value( �  C � ���S)01/0  =p value( z3$@� 

4!�� �>�� � M� &���.  C � ���S � ��� ���S ��� 
� 4��1 ��

z3$@� 4!��  �>��� � M� &���)061/0  =p value .( 9��$�

 "� -L�1 "� Y��� "� -L�1 9��$� 
���� ,�� ,����' ���

4�  �,�� 
� ��> ����� &�����> p;	 +C�� ���S �� � �>��

��� �$��� 4/M * -��[ . ��!!� ���u* +
��$� �� ��� 4*��X	 
�

4� ��N$��  A +��� �� � ��  ������"4 
�  �$��� ���> p;	

�>�� �$��� ,�� "� Y��� ���.  

  

 <;�  

 �"����&�M  ������ 
� ��� ����;� 4[�� 4��;S � (> x��

-)�� J���'- -��� � C ���$�*  �� 4� 5* "��� DX� 4�@�A &��

��� ��> 
��� ����.  -���� "� �,��"�� ���i$�� 
� 
M * ��

-)�� 4�@�A- ���� �� C ���$�*  
T�	 � (�$������� &��

-���  +���M &��^�� � 4����� � ��i�� � X/� 
� 4��� ��

-����  ��� �� Y��m� � �� � ��!!� (;� ����� ��X�� 
� ��

 
!��"4� �N� 
� &���T ���]4 .[ 

-)�� J���'-  &��� 
� �g5!� 2��L g@ &���� C ���$�*

��S�� �����[ ��N�  ����F� +
$�7�$�O� �� � +-)> &��P�

 &��S"�� � 4S�� @ ����� �� O����� 4��	 4�7�. ���  J���'

 � 
M * -��[ z�a��� �����[ &���� ,� U�" �O � �� 
7��F� ��

��� Y:�� "� 4>�� �7)> ����� �� ����F�]2[ . ��1 ��� ��

-��� +(�$�O� 
X> ��L g@ ��	 
�  �5* ����� "� Y�� ����

�)i�� ��� �);� 
� ���.� ���[ &��)>��* 2���;	  &��

� Y��,�� �� -��� ����� `a� �� 45a� Y��� DM � � ���

� > ' 4S���� �����[ .-��� -)�� &��-  4$%�,�� C ���$�*

-��� 
� �X7� &�$;� ����� ,� U�" �O � &�� . D���*

-��� 4S���� �����[ �$;� 4$%�,�� � `a� Y���  &��

-)��- -��� ����� �� �� C ���$�*  Y��� ,� U�" �O � &��

4� ���]8[.  

^�� 
� 4S���� �����[ �� +��� 4���� -��[ 4i�$%� &

^�� ��� "� 4)� �"���� +��  ��A ��� 
$�� ��� "� "� &��S

�"���� 
� ��' "� 4)� "� &��S p�[� � ���* ^�� ���*  &��

��� 
$�� ��� "� ��1 4���"��]16[ . ��-��� �O L� 
� 4��� 

��> 41��E 4�@�A ���1 &���  4���� * ���-���  ��,� &���

� ��i1 ���^�� "� 4)� ,�� 
� ;� �� ��> ����  &��

�"����  &��S���[�� ��� 4S����]18[.  
$�� ��� "� "� �,��

47)�� �� ��> ����� ���> �a[ � �"���� s3S  �[� �* �> &��S


$��� ��� �*O�� 
���a� &�� .  

-��� 4S���� �����[ �,�� 4���� �/M 
���a� ��� ��  ��

47)�� "� > ���i$�� s3S� .47)�� �� ��� 
A�S  -)�� s3S

' 2�X���* � � �7)� ��	 
� ��� ���  -�� 	 �<� ��

 -[��1 
� ��$@�� �� � ��i�� �� 2��i* ��N� ��!!� ^��%�

���� �);� .-��� 
7��F� &��� ��> ����� ���� "� ���i$��  ��

4� ����� -)�� ���!A �!� .&�M  � X� �7)� +-)�� ���*

��$7!�� "�=' �� &J � �� �  A ��� 
aF� (� "� ���$!�

��� ��� 
� �g5!� �����+ �7�� �� ��!:;�  t�	 4$%�

���� ���� &���" 2����w* ��]19[ .  

-��� "� 4���S 
� ��� ��� Y��m� ��� 9��$�  
� ��

"� ��� 
�L��3�  Y���"' �� � Y����� h��� 2���;	 &��M�

� &�$/� 4S���� �����[ �!$��S ���[���� �.�� ���S �� 
� �X7 .

 ����� ���> p;	 �� �� � "� Y��� �,�� �� z3$@� ���

4!�� &���' �N� "� ��> � � ��� . ��� 
� 4���S ��.���� 
A�S
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"� 24  � � �.�� ���S "� �*O�� �!$��S ���[ Y���"' �5* �	��

$��.� ���[ 4*���;	 x�� �5* 
�+�! ���  v�5� "� z3$@� ���

� &���'!�4 � X� ���.   

"� ��� 4$%�,�� Y��,�� Y����� h��� 2���;	 &��M� 

_F� -��� &�� �� 45a� &��  Y��� � ���� Y��� �� ��

_F� 4� Y��,�� �� -��� 4S���� �����[ �� ���]16 +5[.  

C,���)� 4� �� #�$%� &��  4$%�,�� Y��,�� ��j7� � *

�7��� Y����� h��� 2���;	 &��M� "� ��� :  

-  ����*� � J��$�� ��� Y!  &�� ���$�� ����� � C ���$�*


�O +`a� &�� �� C ���$�* ���%T 
� &� 1 �* 7  �$���)��

4� ����� �!� 
� ���1 �� 45a� 4$%� VHN 2200  ��

� > �	��]20 +8.[  

- �*� n ��  
)X> ��� 4!���!�� &�Z� �� J��$�� &��

-)�� J���'- )X> -)> ���w* �	�� 
� C ���$�* J���' 


4� � >]21.[  

- -��� 
��5$��  �* "��-)�� J���' 4$�,!*���- C ���$�*]22.[  

- 
)X> ���*�� �� ������ ,�� 2��o n �� ��$7���]23.[  

' "� -)�� J���' �� 4!��� �*� x�� 
� 4��M-  � M� C ���$�*

���)� �����,4� zP1 C��/A C � >. "� ?�  2���;	 &��M�

Y����� h���  � )� � x�� 9��$� �� 4� ���$�* ���$���� ,����' 

?)��  *�� ^��� )X-ray diffraction analysis(  ������

��� ����]14.[   

Kim ���);� �]14[  
� 4���S �� 4$%�,�� Y��,��

�� � � 
$��S ���[ 2���;	 �5*  
)X> ��� -)> ���w* ��	 
�

 
� 4;*���X�� 4� 4!���!�� &�Z� �� J��$�� o i� �!���.  �;� ��


���a�+ ,����' �g!	#�E y� * 
� &   *�� &J��� h�" * 4�!�

 ?)��)Energy- dispersive X- ray spectroscopy(  C����

 "� ��� J��$�� 
� ��� ��� �>Y����� h��� 2���;	 &��M� 

 4���� 4T�	 haF� ���*�� &��7� 2� L 
�
����  Y%�

��� ��>. 4� ��� ���  &�Z� DX� 
� ��� * ��� 4��@ 4!���!��

-)�� J���'-  
� 
� �� � ��,� 4��� ��[ 
� 
� �>�� C ���$�*

�*� y� * �� /� � > ��w>� J��$�� &��]24 +14.[  

Kim ���);� �]14[ -��� 
��5$�� 
� ���F$�� "�� �* 

4;� 4$�,!*��� -)�� J���' �� 4$%�,�� Y��,�� -��	 ��� *- 

�>�� C ���$�*+ 
� ��A �� 2��i* J���' �,� U�" �O � -)�� �- 

 C ���$�* ��' 4$�,!*��� &��� �� ��  � 
$7��� -��X* &���

 J���' 4$�,!*���,� U�" �O �  �� y�5� &��� "� �*O��4�  ����

-)�� J���' 4$�,!*��� -��X* &��� 
� 4��1 ��-  C ���$�* ��

�����  y�5� &��� "� �*4� �N� �� ���S.  

 �N� z3@ ��Kim ���);� �]14 [ �George  �

���);�]17[  4.$7@ ����� �� ����F� � X/� ��	
@�A  �� &�

-)�� J���' - -��� 
��5$�� �� C ���$�* 4� J���' ��� 4$�,!*��� �* �!���.  

 +��" +' 4���;�> D���* 
� J���' 4$�,!*��� 
��$�'

Y!* 4M��@ &��  �... ����� 4$��< �,�� � �� � 
$7���]13[. 

���1 �� C ���$�* � -)�� "� &��7� �X7� &��� ��� ��� 50 

4$��� 
M�� �� � ���S  "�� -�;)* �* ��� ��� "� 4� S�S� �

4� 
���� �iL ��" &��� �� 4$�,!*��� ����]25.[  

���);� � 4!���]26[ ���� l�> � @ 
���a� ��  � M� 
� ���

4[�� 4$�!$�' "��  Y��� �� 4$%� J���' �� ����� �;T �� � ����

4� �� �� ��,�� 4���� ����F� �!� . 
� ����F� Y��,�� ������!�

Y!* Y��� � Y���  "� ���i$�� �/� &��"��$�� "� 4���� &��

Y����� h��� 2���;	 &��M� ���. 4� �N� 
�  
� ���

Y����� h��� 2���;	  haF� 4��;* `a� �� ��3	 p�;	

 4T�	-��� � �L�!	 �� ���w* ��� �� J���' ��$7��� ���"�

* �5*u4� ���[ ��< ���]17.[ 

 
���a� "� -L�1 9��$� �� 
���a� ��� 9��$�Vinothkumar 

���);� �]16[ �� �>�� 4�� @. 
���a� �� 
� 4��1 ��  
� &�

y� * Kim ���);� �]14[  �> C���� h��� 2���;	 &��M�

Y�����  ��� Y��,�� 4g%�� � E 
� �� 4$%�,����� � �� &�

�����[ * 4S����u!�� ��<4 �>��� &���. 


� ;�  
���a� &��Vinothkumar ���);� �]16[  
����


� ;� 2�� 
� 
���a� ��� &�� 24 �5* �	��  2���;	 &��M�

 Y����� h������[ 4E � �!$��S 6  y�5� &��� 
� �	��

���> ������S�� .�
� ;� 
� 4��1 � 
���a� &�� Kim  �

���);�]14[ /!*2�� 
� � 10  J��$�� &��1 ,%� �� 
F�[�

 � ���> ���� ���[ h��� 4E10 ������ y�5� &��� 
� 
F�[�. 

 
� 4/���� 
���a� ���<�  Y����� h��� 2���;	 &��M� ��

���� 4.$7@ ����� �� ����F� &��  &�-��� 4�@�A &�� 

-)��- �> 4���� C ���$�*. 
� ;� 2�� 
� �� 2 � �	��   

18  
F�[�*�!$��S ���[ Y����� h��� 2���;	 �5 2�� �� � 
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3 � �	�� 30 ������ y�5� &��� 
� 
F�[�.  ��� 9��$�

* ��!��u � � ��PS��< Y����� h��� 2���;	 &��M� &�� ��

-��� ����F� ���� 4.$7@ ����� �� ��  &�� �]17.[  

4� �N� 
�  � C�� ���S "� -L�1 9��$� 4�� %;� ���

 
���a�Vinothkumar ���);� �]16[  
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Abstract 
 
Introduction: Many efforts have been made to improve Ni-Ti alloy for endodontic use and it has 
been shown that surface properties and thus cutting efficiency of the rotary files can be improved by 
processes such as electro-polishing, ion implantation and surface coating. The aim of this study 
was to evaluate the effect of cryogenic treatment on cutting efficiency of Ni-Ti rotary files. 
Materials and Methods: In this in vitro study, 60 Ni-Ti rotary instruments (Hero 642, #25, 0.04 
taper) were selected and divided into 3 groups of 20. In group I no treatment was used. In group II 
the instruments were subjected to a deep cryogenic treatment in liquid nitrogen pool (-196°C) for 
24 hours and after treatment were immediately tested for cutting efficiency. In group III after 
cryogenic treatment the temperature of the samples was raised slowly to room temperature for 24 
hours. A new piece of test equipment was designed and used. The instruments were attached to the 
testing machine and rotated in Plexiglas samples for 10 seconds in a working length of 16 mm. The 
depth of grooves and weight loss of Plexiglas were measured after instrumentation. One-way and 
two-way ANOVA were used to compare the means of cutting efficacy between the three groups at 
95% confidence interval. 
Results: The instruments which were immediately tested for cutting efficiency had significantly 
more weight loss and deeper grooves (pweight < 0.001; pgroove = 0.022), indicating better cutting 
efficiency. However, there was no significant differences between group I and group III in cutting 
efficacy (p weight = 0.23; p groove = 0.61). 
Conclusion: The results of this study showed that the surface properties of Ni-Ti alloy could be 
improved by the cryogenic treatment for a limited period of time after treatment, increasing the 
cutting efficiency of Ni-Ti rotary instruments. 
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