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()�
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 .�	��
 '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
��
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 ���  ���4 O5  )6  4�

()�
 ���%$  ���»(9�/��%��� « 'Y� �� �����9�/��%��� ��3 ��"��
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 ��  (���
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���� (��� �� (��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 
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 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  
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 ��"�> ��A� 6�5	�! ���+ ()�
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���� ()�
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 4�� �� �	���#3 4	�+  6�5	�! 8��> �� ��

.�+ 4"_�%+ ���v�� ��A�  

 8	���- �#"@� �
���� (��� 4� 4� �#> (�m
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�� �f
 4� O45/�=� �� ��f"
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CPP-ACP  )CPP-ACFP (��� ��Y
 �� ����Y� ��"3�  4> �
�

�� l�� ?��^ )� �	� p	�9
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 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 .[  
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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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