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�&� ����»��(� �&	�) «�� ���� �+��  �	� ,�-
� �� .�  .�0�
1�00� 12�3��0��� $�4���� ������ �� 5%�6 7
� ���8� �9� �:	�;� + ����� <= +>�  ��

 ��0�� + �3�� ��0����� 12�3��0��� .  

$�� � %�&� �':  <� �?@	���A �&3�B� �	� ��96  $��% �� �3�� �E�� #� �+2�:0	� ���
�
 1+� =F �� ����G�16  1+� <�
�F ��:;� �	��1 <2  +3 1+�  1+� + �3�� ��0�� �� 4 <

5  +6 1+� �
��
 .12�3��0��� ��0�� ��  1+�) ,+� 1+� �� ��   �� 4 <5  +6N ( ��
��4F 1+� PQ� .�
�F �����2�3��0��� ��� ���+ <��(� $�&	�) ����  �� 1  +4  ��  

CPP-ACFP )Casein phosphopeptide- Amorphous calcium fluoride phosphate( <
1+�  �� 2  +5  ��CPP-ACP )Casein phosphopeptide- Amorphous calcium phosphate( 

1+� +  �� 3  +6 �� � �� ���
� �?
� $�GR@� .�0��� ���S ����� ���� �	���T� �	�F  � 
 �� P� + 54S3 UV�F W��� ��) �������+���Q�� !��� ����� ��(   �� CIELAB �49 (

,�
 �� 5%�6 X	��
 .�	��  ��2��SPSS  �R:
16 ����A !��� +  �� P
�	��+ 2�3�
A �� 

 +� + ���Y #	 P
�	��+ 2�3�
A <������ $�� �@�) �F 5�T"� + �	2-� ���Y05/0  =α(.  

"()�	 :�' ) 7
� ���8� ��?
���∆E(  1�F 12�3��0��� 1+� �� ���� �����2�3��0��� �T6�� ��

21/4 ± 75/10  ^���� �� 1�F 12�3��0��� + �3�� 1+� +� ���� ����� �T6�� �� +  

53/7 ± 09/18  +35/4 ± 94/7 �0&� $+�(� .��A ��� ��  ��?
��� ��� ����∆E  1��� ��

) �F��
 ��N+ �
����05/0 > p value(.  

"*�(�  :���+ �	�+�"� �� �N�� �� �� �`
 �� <�)�6 �&3�B� ��   $�4���� �� 1��(��� ���
�� 1�00� 12�3��0��� ) 7
� ���8� �
���∆E 12�3��0��� + �3�� ���
� 7
� �� ��N�� 5��S (

�� + �	��
 ��-	� � �� �
����	��
 #�� ��(� �&	�) ��a� ���
� 5� ���� �	��
 � �b ��-	.  

�,�� ��-� :�' �+���Q��������� (�-0� ��
 c�Y) <�
��
� ������ <CPP-ACP  <  
�	���T� �	��  
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 ��

 4
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phosphopeptide-amorphous calcium phosphate (
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���

��	 �� �� ���]��� 4�/)� ������ 45	�! 4"3� '9 '�T .[

H�#� ?��Y� �"����-��#3 ��� )Ca10 (PO4) 6 F2(  ���� 4�
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 45/�=� ���� 4� O��T) �	� �� .'��De Vasconcelos  )

]�������19 �� (��A"�� 4> ��� ��Y
 [CPP-ACP  �� (����

 ���� �	� ��%%> ��A� �v� 8��> C$�� O(�%%> ��A� 6�J�>��

��
  �m	� ��� �� .��+Rocha Gomes ]������� )24 9�
 [

 �� �- 4�	�g� ) �	���#3 �v� p	�"��"3)�"�k�� ����� 4�

�	��  �	� .�%"_���� ��A� 6�5	�! �� (�
�+ (�"#�A%	� ���

� 6����U� r��9 4� 4>) 45/�=L*  �� �>�: ('�� (���
 (�%��

 8	�93�L* ����� �v� ��  �� .'�� �	���#3 �m"A� ) 4
��)� ���

 �v� O(��� �	� �� �)93��)� (��A"�� �� ) ��T) �	�CPP-ACP  4�

 ��%�� q
� �� �- �v� �	 ) �/�� ��%�� q
� �)� �� �	��%�

 ��A� 6�5	�! �%
��) (9�/��%������
�  �	� �� .'��
 y@Y� (��

 ����� �v� ����� O�!�: 45/�=� �� F�� )�CPP-ACP  ��

 ����� ���%$ 4� (�+ (9�/��%��� ��%�� ) �/�� ��%�� q
� �)�

����� �� �- �v� 4�	�g� ) 4
���mY��  ,���� ) H��5� ���

��� �	���#3.  

  

 � %�&�  $�� �'  

 O���mY	���- 45/�=� �	� ��96  ���
� ���$ �a�� p3 �)9��%	�

 ?	a� 4� 4> ����� ) ������ O���"_�� yg
 4
��� ��

 H�#�� �� ) 4��� O�
��� (�+ (��Y> H�"
��	��2/0  H���� �7��

]�+ �����m
 (�� p	 �� �"�> ���� W��� ���� ��25 ,�
 '3�� .[

�^�� ���/- ) ���� O(�
��  .���� ���� ���
� ��=� ���

� ) �+ 4"+����4
��
 �- �� M  �"�> 6�� 4� 8	���- ,�B
� �� ��

 ��3  �� �- H�#�� 4> �
�+ �����m
 ��/�� H���
 �� 4"A�

���
���)���� �+� �� ����#T '�T 4"A� .�	�� {	�5� ��  

���
� ����� H��J/  =� 9>�� ��  ��5� ?:��� �� 4>) ��

�� q
� ���5� �"����3)�"�k�� (�m"�� ����  �� (�+ �� (��A"��

(�B%� O���� 4� ,)�g� ��A� �_�
 la  �=^ 4� ��mm 4  �=^)

p&�> O�"����3)�"�k�� (�m"�� ��+ (�J�/�>  4S	�� �	��

USAV(���
� ����� '�7 �� �� �+ ��B	� (  ��%��G� ���

.��� ?7�:  

 ���5� ��16  ?��+) ()� �� �� 4
��
96  O(?> �� 4
��


80/0 �� (��� H��":� 4> �+  H��5� ��)�A�5/3 = d  ���

��m
���   =� �� q
� ���U� ���05/0  =α �%5�  .��� ���  

96  4� O�3��`� ���$� H)�T j��� �� ��"�� (�+ 4��� 4
��
6 

) �
�+ ���g� ()�16  =n()� .(  ���1 O2  )3  ���%$ 4�

()�  ���»�/�� «()� )  ���4 O5  )6 ()� ���%$ 4�  ���

»(9�/��%��� «���g� �� M� .�
�+ ���g� 4
��
 ��%�  �� ?J^ ) ��

8	���- ,�B
� 4
��
 4�#> 4�/)� q
� ���  (�m"�� ���� ��

) �"��"3)�"�k��Spactro Flash 600, Datacolor 

international, Switzerland( ()� .�	�� 'Jv ) ���5�  ���

A"�� �� h���� 4� ) �+ �
���� ��3 ���) ��g"�� ��G 4� �/�� �� (��

CPP-ACFP )Casein Phosphopeptide- Amorphous 

calcium fluoride phosphate /0.2%, MI PastePlus, 

GC Corporation, Tokyo, JapanO( CPP-ACP )Tooth 

Mousse/MI Paste, GC Corporation, Tokyo, Japan( 

) Fluoride )Sodium Fluoride 0.05% Mouth Rinse, 

Protect Fluoride Rinse, Jordan, Kiel, Germany ���� (

4
��
 H�: ��$ �� .�%"3� ���^ ����� ()� ���  ���4 O5  )6  4�

()� ���%$  ���»(9�/��%��� « 'Y� �� �����9�/��%��� ��3 ��"��

.�
�+ (��� )�3 �����9�/��%��� (��� �� ) �%"+�} ��  (���

9�/��%��������  �)�:M 05/0 Acetic Acid /mM 2/2 

KH2PO4 /mM 2/2 CaCl2 /M 1 KOH ���  4>pH -� � 4

 H�� p	 4#��)KOH  �)�4/4  �+ ��f%�) �J�>�� (��� �	�

�� ���� W�9� 4�J+4"+ ) �+ ����� �- 4��Y�(��� (]25[. 

���
�  �� r)� �� ~��=�Itthagarun ]������� )26 [6�� 4� 

96  '$��� ���^ H�#�� �	� ��"3 �% �%�/�� ���
 �� 6�5	�!

 .�%�� ��Y
 ��_ �� (�+ pY_ ���
� '/�: �� �� ��A�

4
��
  ) �����9�/��%��� 4#:�� �	� �� M� ()� 4� �	� ���

 �"��"3)�"�k�� (�m"�� �	� 4#7�3D� ��A� 45	�! ���
 ��B	�

�- q
� ) �%"3� ���^ .�	�� 'Jv �� ()� O�- �� M�  ���

�� ) �
�+ �
���� ��3 ���) (9�/��%��� 4� H)� ()� 4� �%
�

 �� (��A"�� �� h����CPP-ACFP OCPP-ACP  )Fluoride 

.�%"3� ���^ ����� ����  

()� ����� ���� �
���� ��3  �� ?��� �	��+ �� pH  

)pH cycling(  ?��� .�+ ,�B
�pH 4�J+ '�T  H�� ����

) 8	���- ���� 6�� �� ���� �� ?�+ 4� �
���3  4� (4"A�

 ?:��� 6��79�/��%�������� 9�/��%��� ) 4
��)� �����  

 .�	�� ��T�  

 ?��� �� ?��� �	��+ �� �
���� ��3pH  ?��+15  4g�^�



 "9 ��II� ���,�"I�*4 0�J��"3 "�KG3�I�* L�4 "��M3  ���"�� ���N"C "�� 4���� �  

����	 
�����	 ���  
��	 ������� �����9
���� � 4 ���� 1392  361  

  

www.mui.ac.ir 

 O(�Y	���- ()� j��� ��) 8	���- ���� �
���� (��� �����>

 O�=g� �- �� (��A"�� �� ���
� ��Y"�+3 4G�V '$�� �)  ����

 O(�%%> (9�/��%��� H�#�� �� ���
�15 4g�^�  �
���� �	.� '��

 O(�Y	���- ()� j��� ��) 8	���- ���� �
���� (��� �� (��A"�� ��

 O�=g� �- �� (��A"�� �� ���
� ��Y"�+2 4G�V '$�� �)  ����

 O(�$�%`� W�9�) (�%%> (9�/��%��� H�#�� �� ���
�15  4g�^�

 ��) 8	���- ���� �
���� (��� �� (��A"�� �� �
���� �	.� '��

� j��� O�=g� �- �� (��A"�� �� ���
� ��Y"�+ O(�Y	���- ()

3 4G�V '$�� �)  O(�%%> (9�/��%��� H�#�� �� ���
� ����  

15  ���� �
���� (��� �� (��A"�� �� �
���� �	.� '�� 4g�^�

 �� (��A"�� �� ���
� ��Y"�+ O(�Y	���- ()� j��� ��) 8	���-

4G�V ) �=g� �- �) � H�#�� �� ���
� ���� (�%%> (9�/��%��

]��� �5� �)� �� (�$�%`� W�9�)26 ) H���3 .[pH  H�#��

 H)�T �� (��A"�� ���� �����9�/��%��� ) �����9�/��%���1  ?��^

�� (���Y� .�+��  

4
��
 4�#> q
� ���	��� O�
���� ��3 ,���� �� M�  4#7�3D� ��

 H)�T) '3� ,�B
�2���U� ��)-�� .(  �"��� j��� �� q
�

CIELAB )Commission internationale de l'éclairage 

L* a* b* ) ���5� �"����3)�"�k�� (�m"�� �� (��A"�� �� ) (

 r��9 ���� 4� h/�^ �� �� q
� 4> �+b* Oa* OL*  �	�5�

��  O�"��� �	� �� .���
L*  ) ��� �	�%+)� (�%�� ��Y
a*  )b* 

) ,�3 ���$ ������� ���%$ 4� )� �� 9�
Hue .�
�+ 'Jv (

 y_�+ �� ��%S��∆E  FD"_� ��9�� �#> ���	��� ���%$ 4�

:�+ 4J���� �	� H���3 �� (��A"�� �� 4> �	�� (��A"�� q
�  
∆E = �∆L∗� + ∆α∗� + ∆b∗���⁄� 

(��� ���
 ���) ���,� 3����� ��9SPSS @�
�� 416   

)version 16, SPSS Inc., Chicago, IL ���� Mk� ) �+ (

 ?�#�� ) 4	9B� H���
 K	��� ��	[� �� M� .�%"3� ���^ ����-

(��� '�� ���T� '�T �� �%5�  =�) p	�"����� ���  ����

05/0 �� M
�	��) 9�/�
- ����- �� 45/�=� �� 4#:�� �	� �� (

) ������ 6����Y�Repeated Measure ANOVA '�T (

()� �m
� 6����U� ����� ���� �� ��  ����- �� O�#"@� ���

 �J�g5�LSD )Least significant difference '�T (

()� �� 6����U� ��9�� )� 4� )� �����  �� ��%S�� ) ��

����- ) 43�G p	 M
�	��) 9�/�
- ���One- way ANOVA (

) 43�G )� M
�	��) 9�/�
- )Two- way ANOVA '�T (

()� �� �m
� 6����U� 6)�A� �����  ) �/�� ) (9�/��%��� ���

����� �v� ���%5�  =� �� �#"@� �  ����05/0 �+ (��A"��.  

  
 1��21 � 13��$ .pH �3"+��"5��("�� � �3"+��"5��("�	 13�6�  

�����9�/��%��� H�#��  4/4  =pH  0.05M Acetic acid, 2.2mM KH2PO4, 2.2mM CaCl2, 1M KOH 
�����9�/��%��� H�#�� 0/7 = pH  1.5mM CaCl2, 0.9mM NaH2PO4, 0.15M KCl  

  
 1��22 78�� ��"9� :��6�� � ;"<��"� .∆E  ����	 #� =>? � 95�@� A���� #� =>? ����# B@C� �	 ;"D  

���+  ���+ ���12  "�&1� %����  3�4����  ����� 5��6��  

���
� �/�� ���  1 16 - - 

2 16 - - 

3 16 - - 

    48  -  -  

���
� (�+ (9�/��%��� ���  4 16 57/11 55/4 

5 16 42/9 19/4 

6 16 26/11 79/3 

  48 75/10 21/4 
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	"()� �'  

(��� ����� ��  O��∆E ()� �m
� 6����U� �#> ���	��� ����  ��

 4J�������
� �m
� 6����U� ��"�� �� .�	��  4#:�� �� ��

 (����� �� ?J^ 4#:�� �� 45/�=� ,�B
� �� 8�� ��) �����9�/��%���

 H)�T) �	�� ���	���2����- d	�"
 .( One way ANOVA 

 ()� 4� ���� ��� ��Y
4 O5  )6 (��
��} �� 4#:�� �	� 4>  O�
�

�%5� 6)�A� ) '�� 4"+��
 ��T) ����301/0  =p value.( 
(��� ���� ��  �� ?7�: ���∆E  H)�T) ����� �� M� ) ?J^

3) M
�	��) 43�G )� 9�/�
- ����- O(Two way ANOVA (

 (���� �� ��G 4� �	�%�� ()� ) �
���� (��� ��
 ����� ����)

 4> ��� ��Y
∆E ���
� ()� ��  ?�+ 4� (�+ (9�/��%��� ���

�%5� ()� �� �"�> ����  ������
� �� �/�� ���  �+��  

)001/0 < p value 4�� �� q
� ���U� �a�� ��9�� ��T) �� .(

()�  �
���� (��� ��
 4> ��� ��Y
 ��%S�� ����- �	� d	�"
 O��

�%5� ��v[�  ��9�� �� ����∆E ) ����
28/0  =p value  .(  

(��� ���� �� '	��
 ��  �� ?7�: ���∆E  ) 45/�=� �� ?J^

��� �� M� H)�T) ��4 ��� ��Y
 M
�	��) 43�G )� 9�/�
- ����- O(

 4>∆E ���
� ()� �� �%5� ?�+ 4� (�+ (9�/��%��� ���  ����

()� �� �"�> ���
� ��� �� �/�� ��� ) �+��001/0  =p value .(

�	� �� ()� 4�� �� q
� ���U� �a�� ��9�� ��T) �� 9�
 �T  O��

�� ��Y
 ��%S�� ����- �	� d	�"
 ��v[� �
���� (��� ��
 4> �

�%5�  ��9�� �� ����∆E ) ����
226/0  =p value.(  

���
� ()� )� ���� �m
� 6)�A� ����� '�T ��"
� ��  ���

���
� ) �/��  ��m
��� �� (��A"�� �� O(�+ (9�/��%��� ���

y_�+  ���L* Oa*  )b*  K=g� 4� �� ,��> �� �� ()� ��

 �	 45/�=� �)�+ �� ?J^) �
���Baseline 4� �	 ����� �� ?J^ O

()� �����9�/��%��� �� M� ����J$  ���4 O5  )6  '	��
 �� )

 �
���� (�)� �� M�3 4"A�  (��∆E  H)�T) �	�� 4J����5  )

 �����
1.(  

 j��� ��∆E ���
� ()� )� ���� ��� ) �/�� ��� (9�/��%

4�J+ )) �
��
� '3�� ��+ (9�/��%��� 4#:�� �� (�+  ����

 O(��A� 45	�!∆E  �)�:91/7  �� .�+ ?7�: ()� )� ����

 4� ����� O()� )� �	� ���� �m
� FD"_� (��$ 4#:�� �	�

 FD"_�L*  �� ����� ;�J	�g� 4>)76/4  FD"_� ) ('��b*  4>)

 �� ����� ;�J	�g�31/6 �� ('�� +�� ��	� 6����U� ��T) �� .�L* Oa* 

 )b*  O����� �v� �� (�
��
� �/�� '3�� (Z	) 4�) ���
�∆E  ����

 ����� ;�J	�g�) ���%
 ���m�Y& ���U� 4#:�� �	� �� M� ()� )�

 ��48/8~�^� (�m
 .( y_�+ 4� ��  �	�� 4/[�� �	� O��� ��Y
 ��

 FD"_� '/�: �	� �� 4> '�� ?�/�L* ���
� ��� ��� ) (9�/��%

 �)�: 4�) 4"3�	 8	�93� 4�/)� '/�: 4� 'J�
 �/��98/7  (����

 FD"_� ) ('��b* �-  �)�: 4�) '�� (�+ �> ��75/2  (����

()� �	� �)� �� ���� (�+ ���%$ 6����U� .('��  ��Y
 ��

��A� (�%��  8	�93�) ���
� ��+ ��L* ���� 8��> ) (

 8��>)b*�� ( �+��.  

  
 1��23 78�� ��"9� :��6�� � ;"<��"� .∆E  � ����	 #� =>? ����# B@C� �	 ;"D3 ����	 #� E� %�F  

���+  ���+ ���12  7����% �%��  "�&1� %����  3�4����  ����� 5��6��  

���
� �/�� ���  1 CPP-ACFP 16 62/16 36/7 

2 CPP-ACP 16 84/18 16/6 

3 Fluoride 16 97/18 82/8 

 Total 48 09/18 53/7 

���
� (�+ (9�/��%��� ���  4 CPP-ACFP 16 99/6 68/4 

5 CPP-ACP 16 69/9 50/4 

6 Fluoride 16 14/7 50/3 

 Total 48 94/7 35/4 

CPP-ACP: Casein phosphopeptide-amorphous calcium phosphate 
CPP-ACFP: Casein phosphopeptide-amorphous calcium fluoride phosphat 



 "9 ��II� ���,�"I�*4 0�J��"3 "�KG3�I�* L�4 "��M3  ���"�� ���N"C "�� 4���� �  

����	 
�����	 ���  
��	 ������� �����9
���� � 4 ���� 1392  363  

  

www.mui.ac.ir 

 1��24 78�� ��"9� :��6�� � ;"<��"� .∆E  � 95�@� #� =>? ����# B@C� �	 ;"D3  ����	 #� E� %�F  

���+  ���+ ���12  7����% �%��  "�&1� %����  3�4����  ����� 5��6��  

���
� �/�� ���  1 CPP-ACFP 16 62/16 36/7 

2 CPP-ACP 16 84/18 61/6 

3 Fluoride 16 97/18 82/8 

 Total 48 09/18 53/7 

���
� (�+ (9�/��%��� ���  4 CPP-ACFP 16 03/12 34/6 

5 CPP-ACP 16 52/15 33/4 

6 Fluoride 16 40/12 38/5 

 Total 48 32/13 53/5 

CPP-ACP: Casein phosphopeptide-amorphous calcium phosphate 
CPP-ACFP: Casein phosphopeptide-amorphous calcium fluoride phosphate 

 
 1��25����	 
��G �	 H�� :I%8� . ����	 � ,5�+ J�F  78�� K�+� �D 
�� 
�"5��("�	 J�F∆E E� �95�@� #� =>? ����# B@C� + �	 �

����	 #� E� � (����	 #� =>? �-) �3"+��"5��("�	 #�  

   8�9"��:� ;�  <���% ;� 8�9  <���% ;� => "(�' "�  

∆E (�+ (9�/��%��� ) �/�� ()� )� ����  60/1  91/7 48/8  

  
96 ���
�  

  

  

  

  

  

  

  

  

∆E   =09/18  

  

  

∆E   =0  

48 �/�� ���
�   48 �/�� ���
�  

  

  

  

  

 

  

  

75/10  =E∆  

  

  

  

  

  

∆E   =32/13  
  

  

  

∆E   =09/18  

48 �/�� ���
�   48 (�+ (9�/��%��� ���
�  

  

  

  

  

 

  

  

  

∆E  =94/7  

    48 (�+ ����� ���
�   48 (�+ ����� ���
�  

  

  

 

    

 ��	3��1 N��""OP ��& J��� .∆E 95�@� Q�%*� =R��� �S �	  

  

 ?6�  

�� ���+ 4� ��D�Y� 4#�T �� ��A� 45	�!  4> �)� �� ()D$

�	� �� (�	� ������ �5"�� ������� �� 4>  ����� �_�� �� O��+

����� �G �� ) h��%� '+���� �� ������� �� �":  �%
�� �	��

 (�	� 9�
 ����� �J
�T L���$ ���%$ 4� '��v ��
�����

�� ]��+27����� (�)��� .[  ���mY�� �� 4& (�%%> (9�/��%��� ���

]������ ��^) 8��> )28 4�/)� 6�5	�! ����� �� 4& ) [

]�
��� �����> ������29 (�+ 4	��� ���
� H��+� ) �	���#3 .[

∆E 60/1  =  

∆E 91/7  =  

∆E 48/8  =  
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K	�+ �� O�- 4g��� �� ) �	��  4=�: �	� �� (��A"�� ���� ���� �	��

�� ����� ��	 .�
�+  ��>)������#3 ?��Y� �� �	���#3 ���

�� �� 8g
 �	� O���
� ��"_�� �� '����- ��#3 ) '����-  (��$

]�
���30 ��_� ���/�� �� .[CPP-ACP  �- �� ~"Y� 6�J�>�� )

(�+ 43�!� (�%%> (9�/��%��� ���� �� 4"�� �	� 4� 9�
  ��i��> .�
�

) ��"k��A�3CPP��"k� �� ��)� 4� ;�:D=7� ( �� WDG� ��  ��+

 ) ��	.�/��� ?�+ 4� �- H�g"
� ) ���#> '�JI� �	�
��� 4>

���� ���� 4� OH�#�� ]�%"�� ���� ��32 O31 6�5/�=� .[

'f#V ���- ����3 ���
�  4� )) ���#> ) 6�A�3 �a�� ���

 �� M�#k�> �	� 4� �	���#3 �)�) �": ����CPP-ACFP �� (

�� ��	[� �� (��� �	� �� (��A"�� �v� ]�%	��
32 O10 �� �_�� �� .[

 �"Y�� �	���> ) b�A
 ~�$ �� 9�
 6�5/�=�CPP-ACP  )  

CPP-ACFP ����� �m	� �� 4�	�g� ��  (�%%> (9�/��%��� ���

 �	����+ ��"_�� h#V� Oh#=� �	� 4�T�� �� 4> '�� (�+ (��+�

M�#k�>�
�
 ) h�>�� )� �	� �- �� ��T�� ���  �	� ?�/� ��

]'�� (�+ ���%$ h#=�35 -33 O10.[  

 q
� �"��� �� �!�: 45/�=� ��CIE  q
� ���5� '�T

4
��
 �+ (��A"�� �� ��5� 4� ���� �� �� q
� K^�) �� 4> O

�� ��7�� ) ,�3 �� �J�>�� �m
��� �"��� �	� .�	��
Hue O9J�) (

�� (�+)� ) (���) �	�%+)� ) ((��V ) ��� O��- O9��^  �� .�+��

 y_�+ O����� 4� �"��� �	�L*  �	�%+)� ��9�� �m
�Y


)Lightness� �"Y�� �	�%+)� �m
��� ��a�� ���$� ) '�� ( '3�

 y_�+ �%5	 ,)� ���� .�%"��a*  �m
���) �A%� ���$� �� 9�


q
� q
� �m
���) 'JI� ���$� �� (9J� 4� ?	��"� ���  ?	��"� ���

�� ��U"� (9��^ 4�  y_�+ O,�� ���� .�+��b* ,�
  (�+ ���}

q
� �m
�Y
) �A%� ���$� �� 4> '��  �� (��- 4� ?	��"� ���

q
� �m
�Y
) 'JI� 	��"� ����� ��U"� (��� 4� ? ]�+��21 ?��^ .[

 �� ������ ���%�#> (��A"�� 4� 4T�� �� 4> '�� �>b

���
� '� �� ���+9� ����� �� q
� ��@"
� ���  �� OK	�+ ���

'� �� 9�
 ��Y�� 6�5/�=� �_��  (�+ (��A"�� q
� ���5� ���

'	�)��� (�+ �3�5� r)� 4� 'J�
 4> '��  .���� ���	� ���

45/�=�  ���� ��Y
 4%	�5� ~3��� ��9�� ���  q
� ���� �� ���

�� ���
�  4� �": ��� �
���60 ]���� 9�
 �7��36 .[  

 4� 4T�� �� �#> (�m
 ��∆E ()� ����� ���� (�+ r��9  ��

�� �f
 4�  ����� 4B�"
 �� ��T�� ?��^ �m
� 6����U� ���

�����  �� �	���f
 FD"_� 4&� .'�� 4"3�	}� 6��7 �� 4=���

 ��9�� ��∆E ���
� ) ���$ (�%%�� ���� 4>  ?��^ p+9�

]���� ��T) O'�� y�@Y�37 ?��^ �� ���mY�)Z� h#V� ��� [

 ���� y�@Y�∆E  �)�: �� 8��3/3 ]�
��� �f
 ~3���37.[  

 ���� ��v[� ��9�� ���� �� �� ��)�A"� d	�"
 ���
� 6�5/�=�

(��> r��9 ��A� 6�5	�! �� �#"@� �� .�
� ?��^ 4"�
 ��%S

r)� C�� �	� �� 4T��  ���� �	� ��v[� ���	��� �#"@� ���

�� ����- ����  .�+��Akin  )Basciftci]35(��� ��Y
 [  �
�

 ��v[� �%�/�� '�g3�� ��9��CPP-ACP   =� (���
� 8��> ��

 ���+ ()� ) �	���#3 �� ����� �� 4�	�g� �� ��A� 6�5	�!

���_ �� (��A"��) �#3 ���
��	�� �%5� ?�+ 4� (���  �"Y�� ���

��  �� ���� �	� ��v[� ��9�� ���	��� '�T 45/�=� �	� �� .�+��

  =� (���
� 8��> �- �� 4> �+ (��A"�� ��	�T r)�

�� 4�	�g� �#"@� ?:��� �� ��A� 6�5	�! ]�+32 45/�=� �� .[

]������� ) h�
 ��	�>38 (��� 4� [CPP-ACP O  

CPP-ACFP ���� )  4	�+ O�	���#305/0  ��v[� �f
 �� �7��

 (��� 4� �� 4&� '	��
 �� 4> �
�+ ����� ��A� 6�5	�! ��

 ��� �
��� ��Y
 ��"�> ��A� 6�5	�! ���+ ()� 4� 'J�


���� ()� ()� 4�� �� �	���#3 4	�+  6�5	�! 8��> �� ��

.�+ 4"_�%+ ���v�� ��A�  

 8	���- �#"@� �
���� (��� 4� 4� �#> (�m
 �� �	� �� (�+

�� �f
 4� O45/�=� �� ��f"
� 4> ��G ���� ���  (��� )� �)�

CPP-ACP  )CPP-ACFP (��� ��Y
 �� ����Y� ��"3�  4> �
�

�� l�� ?��^ )� �	� p	�9
 ;�"J�
 h�>�� 4� 4T�� ��  �� .�+��

4"3�	 4� 4T��  )� �	� O�i9T ����� �� 9T 4� �!�: 45/�=� ���

/� ����< �f
 �� h�>������� �� ����Y� ;�"J�
 ��v[� ��m  ���

d	�� �� ��Y
 �	���#3 ��  6�5/�=� �� ���� 4/[�� �	� .�%��

 �����9�/��%��� ) ����� 4� ,)�g� '���� �� ���>[� ��Y��

�� �	�%�� ��A� 6�5	�! ]�+��23 O2 .[  

4/[�� ���� �	� �� �� 4> ��  ���%�#> �f
 �� (Z	) 4� �
���

 ��T�� ?��^ '��������� �	� ��v[� �+�� 4"+��  '3�� �� ��

 (9�/��%��� ���� �����> �� F�� 45/�=� �	� �� .'�� �
��
� �/��

���
� �)� �� (�%%> 4�J+ O�/�� ���  �� ���� �	� ��v[� ����

 ���� ���� �� ����� ,�m%� �� 4>) 45	�! F��G� �/�� '3��

�� 4"YV- ���� �	� 4� ���9�� 6��7 4�  .��� (��+ 4� 4T�� ��



 "9 ��II� ���,�"I�*4 0�J��"3 "�KG3�I�* L�4 "��M3  ���"�� ���N"C "�� 4���� �  

����	 
�����	 ���  
��	 ������� �����9
���� � 4 ���� 1392  365  

  

www.mui.ac.ir 

�� ��!�� �	� O���� �	� (�+ r��9 '����: �! �v�  �
���

 (�%%> (9�/��%��� ���� �	� �� �_�� ���9�� (��A"�� ��	[� ��

]�)� ��> 4� (�%%> ��A� ���� �� (����20 O19 �� H�: ��$ �� .[

�- ��A� 6�5	�! ����  9	�: ���%�#> �	�J	� �f
 �� ��"
� �� 4&

6)�A� O'�� '����  �/�� �
��
� '3�� �� ��A� 6�5	�! �m
�

 ��+ y@Y� ) '���"%> ��B	� C$�� 4> '�� 45	�! F��G�

�� 45	�!  q
� ���U� ��B	� C$�� ����� 4� �	� ����� .���

4f:D� ?��^  '3�� �� 4& ) �/�� �
��
� '3�� �� 4& ��

�- ��� O�
�+ (9�/��%���  4T�� ���� ����< �	�J	� �f
 �� 4&

 ���^��  �#�+ 4�) '�� 6����U� �	� ���� ���) �	 ��m�� O���

 ��%> '3�� )� �	� q
� FD"_� ��+ ��	� �	 ��+ �> C$�� 4>

�� ��  j��� �� .(��+∆E ���
� ()� )� ����  ) �/�� ���

 )) �
��
� '3�� ��+ (9�/��%��� 4#:�� �� (�+ (9�/��%���

4�J+  ��	�+ q
� FD"_� O(��A� 45	�! ���� ���� ��"�� ��

 FD"_� (��$ 4#:�� �	� �� .���� ��T) 45	�! ) �/�� '3��

 FD"_� 4� ����� ()� )� �	� ���� �m
�L*  ����� ;�J	�g� 4>)

 ��76/4  FD"_� ) ('��b*  �� ����� ;�J	�g� 4>)31/6  ('��

�� �- .�+��  ��	� ;�"J�
 6����U� '�� 4T�� ?��^ 4&L* Oa*  )b* 

 �� 4& ���
� ���� 4> '�� (9�/��%��� ()� �� 4& ) �/�� ()�

()� �	� )� �� ��A� (�%�� ��Y
 ��  8	�93�) ���
� ��+ ��

L* 8��>) ���� 8��> ) (b*�� ( 4
��
 ����J$ 4� ��+��  ��

 4%���) �%"�� ��"�> �m
� ��%>��� ����� ����� �� M�

 ���$b*  �>�"Y� '�T �� 6����U� ,��� ) ('�� (�+ �>

) �� �_�� FD_�� 4/[�� �	� 4&� .'�� (��+ ��A�

r��9  �� M� 45	�! ���< 'Y�� ,�$ �� 4> ��Y�� ���

����� ]�
��� '/a� (�%%> (9�/��%��� ���24 O9�� [  �� O�+��

�- ��+ p	�9
 ) ��)�> ) ,�3 6����U� �m	� ���  '3�� �� ��

�� F��G� �/�� ) 45	�!  �� ��Y�� 6��f
 �	�� �
��� �� 4=���

�� '/�: ) q
� K3� �+�� ����� �� M� ��A� 6�5	�! s)�   

]23 O22�� �#> ��G 4� .[  4#:�� �� �� 6����U� 4> 'A ����

 �� ) (��� ��	� ;�"J�
 ����� 4#:�� �� �� ) �����9�/��%���

�� �f
 4� '	��
  ���∆E  ���U� F��G� '3�� ) 45	�! ����

�- �� ��� O'�� (���%
 �
��%&  �� 6����U� 4�� '>�: 4> �	�T

 �	��
 ���< ���
� '�#> O'�� (��+ ��A�) �>�"Y� '�T

���� ����� �� ?J^ 4�/)� '/�: 4� 'J�
 ��"��.  

  

"*�(� ���+  

- �  6)�A� O'�� '���� 9	�: ���%�#> �	�J	� �f
 �� ��"
� �� 4&

 '�� 45	�! F��G� �/�� �
��
� '3�� �� ��A� 6�5	�! �m
�

	� C$�� 4>�� 45	�! ��+ y@Y� ) '���"%> ��B  �� .���

�	� ��T)  ?��^ q
� ���U� ��B	� C$�� ����� 4� �	� ����� 4>

4f:D�  (9�/��%��� '3�� �� 4& ) �/�� �
��
� '3�� �� 4& ��

�- ��� O�
�+ �� ���^ 4T�� ���� ����< �	�J	� �f
 �� 4&  ���

�+ 4�) '�� 6����U� �	� ���� ���) �	 ��m�� �> C$�� 4> �#

�� �� ��%> '3�� )� �	� q
� FD"_� ��+ ��	� �	 ��+  .(��+

4f:D� ?��^ q
� ���U� ��B	� C$�� ����� 4� �	� �����  ��

 4� 4> �
�+ (9�/��%��� '3�� �� 4& ) �/�� �
��
� '3�� �� 4&

 ) ��+ ��A� '�� 4� '>�:) 6����U� �	� ���� ��m�� ?�/�

> (�"�> �m
� ��%>��� 'J�
 ��"�� �	��
 ���< ���
� '�#

���� ����� �� ?J^ 4�/)� '/�: 4�.  
 
 
References 

1. Selwitz RH, Ismail AI, Pitts NB. Dental caries. Lancet 2007; 369(9555): 51-9. 
2. Paris S, Meyer-Lueckel H. Masking of labial enamel white spot lesions by resin infiltration--a clinical report. 

Quintessence Int 2009; 40(9): 713-8. 
3. Gorelick L, Geiger AM, Gwinnett AJ. Incidence of white spot formation after bonding and banding. Am J Orthod 

1982; 81(2): 93-8. 
4. Artun J, Brobakken BO. Prevalence of carious white spots after orthodontic treatment with multibonded 

appliances. Eur J Orthod 1986; 8(4): 229-34. 
5. Cury JA, Tenuta LM. Enamel remineralization: controlling the caries disease or treating early caries lesions? Braz 

Oral Res 2009; 23(Suppl 1): 23-30. 
6. Zantner C, Martus P, Kielbassa AM. Clinical monitoring of the effect of fluorides on long-existing white spot 

lesions. Acta Odontol Scand 2006; 64(2): 115-22. 
7. Karlsson L, Lindgren LE, Trollsas K, Angmar-Mansson B, Tranaeus S. Effect of supplementary amine fluoride 

gel in caries-active adolescents. A clinical QLF study. Acta Odontol Scand 2007; 65(5): 284-91. 



�I�* L�4 "��M3 "9 ��II� ���,�"I�*4 0�J��"3 "�KG3  ���"�� ���N"C "�� 4���� �  

366  ����	 
�����	 ���  
��	 ������� �����9
���� � 4 ���� 1392  

  

www.mui.ac.ir 

8. Gonzalez-Cabezas C. The chemistry of caries: remineralization and demineralization events with direct clinical 
relevance. Dent Clin North Am 2010; 54(3): 469-78. 

9. Artun J, Thylstrup A. A 3-year clinical and SEM study of surface changes of carious enamel lesions after 
inactivation. Am J Orthod Dentofacial Orthop 1989; 95(4): 327-33. 

10. Reynolds EC. Casein phosphopeptide-amorphous calcium phosphate: the scientific evidence. Adv Dent Res 2009; 
21(1): 25-9. 

11. Sasaki RT, Arcanjo AJ, Florio FM, Basting RT. Micromorphology and microhardness of enamel after treatment 
with home-use bleaching agents containing 10% carbamide peroxide and 7.5% hydrogen peroxide. J Appl Oral 
Sci 2009; 17(6): 611-6. 

12. Alkhatib MN, Holt R, Bedi R. Prevalence of self-assessed tooth discolouration in the United Kingdom. J Dent 
2004; 32(7): 561-6. 

13. Weinstein AR. Esthetic applications of restorative materials and techniques in the anterior dentition. Dent Clin 
North Am 1993; 37(3): 391-409. 

14. Mangani F, Cerutti A, Putignano A, Bollero R, Madini L. Clinical approach to anterior adhesive restorations using 
resin composite veneers. Eur J Esthet Dent 2007; 2(2): 188-209. 

15. Faraoni-Romano JJ, Da Silveira AG, Turssi CP, Serra MC. Bleaching agents with varying concentrations of 
carbamide and/or hydrogen peroxides: effect on dental microhardness and roughness. J Esthet Restor Dent 2008; 
20(6): 395-402. 

16. Giniger M, Macdonald J, Ziemba S, Felix H. The clinical performance of professionally dispensed bleaching gel 
with added amorphous calcium phosphate. J Am Dent Assoc 2005; 136(3): 383-92. 

17. Arends J, Jongebloed WL, Goldberg M, Schuthof J. Interaction of urea and human enamel. Caries Res 1984; 
18(1): 17-24. 

18. Cavalli V, Rodrigues LK, Paes-Leme AF, Brancalion ML, Arruda MA, Berger SB, et al. Effects of bleaching 
agents containing fluoride and calcium on human enamel. Quintessence Int 2010; 41(8): e157-e165. 

19. de Vasconcelos AA, Cunha AG, Borges BC, Machado CT, dos Santos AJ. Tooth whitening with 
hydrogen/carbamide peroxides in association with a CPP-ACP paste at different proportions. Aust Dent J 2012; 
57(2): 213-9. 

20. Cunha AG, de Vasconcelos AA, Borges BC, Vitoriano JO, Alves-Junior C, Machado CT, et al. Efficacy of in-
office bleaching techniques combined with the application of a casein phosphopeptide-amorphous calcium 
phosphate paste at different moments and its influence on enamel surface properties. Microsc Res Tech 2012; 
75(8): 1019-25. 

21. Grobler SR, Majeed A, Moola MH, Rossouw RJ, van Wyk KT. In vivo Spectrophotometric Assessment of the 
Tooth Whitening Effectiveness of Nite White 10% with Amorphous Calcium Phosphate, Potassium Nitrate and 
Fluoride, Over a 6-month Period. Open Dent J 2011; 518-23. 

22. Milnar FJ. Considering biomodification and remineralization techniques as adjuncts to vital tooth-bleaching 
regimens. Compend Contin Educ Dent 2007; 28(5): 234-40. 

23. Manton DJ, Bhide R, Hopcraft MS, Reynolds EC. Effect of ozone and Tooth Mousse on the efficacy of peroxide 
bleaching. Aust Dent J 2008; 53(2): 128-32. 

24. Rocha Gomes TC, Borges AB, Torres LM, Gomes IS, de Oliveira RS. Effect of caries infiltration technique and 
fluoride therapy on the colour masking of white spot lesions. J Dent 2011; 39(3): 202-7. 

25. Moura JS, Rodrigues LK, Del Bel Cury AA, Lima EM, Garcia RM. Influence of storage solution on enamel 
demineralization submitted to pH cycling. J Appl Oral Sci 2004; 12(3): 205-8. 

26. Itthagarun A, Wei SH, Wefel JS. The effect of different commercial dentifrices on enamel lesion progression: an 
in vitro pH-cycling study. Int Dent J 2000; 50(1): 21-8. 

27. Li S, Hobson RS, Bai Y, Yan Z, Carrick TE, McCabe JF. A method for producing controlled fluoride release from 
an orthodontic bracket. Eur J Orthod 2007; 29(6): 550-4. 

28. Marinho VC, Higgins JP, Logan S, Sheiham A. Fluoride gels for preventing dental caries in children and 
adolescents. Cochrane Database Syst Rev 2002; (2): CD002280. 

29. Gonzalez-Cabezas C, Jiang H, Fontana M, Eckert G. Effect of low pH on surface rehardening efficacy of high 
concentration fluoride treatments on non-cavitated lesions. J Dent 2012; 40(6): 522-6. 

30. Lussi A, Hellwig E, Klimek J. Fluorides- mode of action and recommendations for use. Schweiz Monatsschr 
Zahnmed 2012; 122(11): 1030-42. 

31. Gupta R, Prakash V. CPP-ACP complex as a new adjunctive agent for remineralisation: a review. Oral Health 
Prev Dent 2011; 9(2): 151-65. 



 "9 ��II� ���,�"I�*4 0�J��"3 "�KG3�I�* L�4 "��M3  ���"�� ���N"C "�� 4���� �  

����	 
�����	 ���  
��	 ������� �����9
���� � 4 ���� 1392  367  

  

www.mui.ac.ir 

32. Llena C, Forner L, Baca P. Anticariogenicity of casein phosphopeptide-amorphous calcium phosphate: a review 
of the literature. J Contemp Dent Pract 2009; 10(3): 1-9. 

33. Kargul B, Altinok B, Welbury R. The effect of casein phosphopeptide-amorphous calcium phosphate on enamel 
surface rehardening. An in vitro study. Eur J Paediatr Dent 2012; 13(2): 123-7. 

34. Mayne RJ, Cochrane NJ, Cai F, Woods MG, Reynolds EC. In-vitro study of the effect of casein phosphopeptide 
amorphous calcium fluoride phosphate on iatrogenic damage to enamel during orthodontic adhesive removal. Am 
J Orthod Dentofacial Orthop 2011; 139(6): e543-e551. 

35. Akin M, Basciftci FA. Can white spot lesions be treated effectively? Angle Orthod 2012; 82(5): 770-5. 
36. Horn DJ, Bulan-Brady J, Hicks ML. Sphere spectrophotometer versus human evaluation of tooth shade. J Endod 

1998; 24(12): 786-90. 
37. Dietschi D, Abdelaziz M, Krejci I, Di BE, Ardu S. A novel evaluation method for optical integration of class IV 

composite restorations. Aust Dent J 2012; 57(4): 446-52. 
38. Karimi Nasab N, Davalloo R, Nasser Alavi F. The effect of NaF mouthrinse, GC tooth mousse and GC MI paste 

plus on white spot inhibition: An invitro study. J Dentomaxillofacial Radiology Pathology Surgery 2012; 1(1):  
19-25. 
 

 



�I�* L�4 "��M3 "9 ��II� ���,�"I�*4 0�J��"3 "�KG3  ���"�� ���N"C "�� 4���� �  

368  ����	 
�����	 ���  
��	 ������� �����9
���� � 4 ���� 1392  

  

www.mui.ac.ir 

Effect of remineralizing agents on the color change of sound enamel 
and white spot lesions 

 
 

Farzaneh Shirani, Maryam Sakhaiemanesh* 
 
Abstract 
 
Introduction: Dental caries is one of the most important oral cavity diseases, which initially 
appears as a “white spot lesion” due to the loss of mineral content. The aim of the current study 
was to evaluate and compare color changes in sound and demineralized enamel after treatment 
with remineralizing agents. 
Materials and Methods: In this in vitro study, 96 sound maxillary incisors were randomly divided 
into 6 groups (n = 16). Groups 1, 2 and 3 were designated as sound enamel, with groups 4, 5 and 6 
as demineralized enamel. The teeth in groups 4, 5, and 6 were demineralized to simulate white spot 
lesions. Subsequently, Groups 1 and 4 were treated with CPP-ACFP (Casein Phosphopeptide-
Amorphous Calcium Fluoride Phosphate), Groups 2 and 5 with CPP-ACP (Casein 
Phosphopeptide-Amorphous Calcium Phosphate), and Groups 3 and 6 with a fluoride mouthwash. 
All the specimens’ color coordinates were recorded by means of spectrophotometry (based on 
CIELAB criteria) before and 3 weeks after treatment. Data were analyzed with SPSS 16.0 using 
one-way, two-way, and repeated measures ANOVA (α = 0.05). 
Results: The mean ∆E for the demineralized groups was 10.75 ± 4.21. In the treatment phase, the 
means of ∆E were 18.09 ± 7.53 and 7.94 ± 4.35 for the demineralized and sound enamel groups, 
respectively, with no significant differences between the three treatment agents (p value > 0.05). 
Conclusion: Within the limitations of the present study, it seems that treatment with remineralizing 
agents can cause a significant color change in sound and demineralized enamel, finally resulting in 
a more acceptable overall esthetic appearance of teeth with white spot lesions. 
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