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Title: A comparison of fluoride uptake by sound enamel following application of sodium fluoride 
mouthrinses and APF gels produced in Iran with standardized foreign samples
Authors: Mahmoodian J. Associate Professor*, Kowsari A. Assistant Professor*, Esmaeili B. 
Pediatrician Dentist
Address: * Dept. of Pediatric Dentistry. Faculty of Dentistry. Tehran University of Medical Sciences.
Abstract: The goal of this investigation is to compare the extent of fluoride uptake by sound enamel 
following application of two commercial mouthrinses containing sodium fluoride (0.2%) and a topical 
gel containing APF (1.23%) produced in Iran with those of foreign standardized ones. Sixty extracted 
premolars were used. Each tooth was divided into two lingual and buccal halves, one half as control, the 
other one as experimental. Enamel biopsy technique (two- step acid etching) was used to determine the 
concentration of fluoride and calcium in each sample. For data comparison and fluoride uptake 
estimation, the depths of layers with the use of linear regression analysis were standardized to 25 and 
50µm. The analysis showed that in Iranian mouthrinse no. 1, there is linear correlation between fluoride 
concentration and enamel depth, in both control and experimental group at the first and second layers, 
while, in other groups, this correlation was observed just at the first layer (superficial enamel layer). The 
greatest fluoride uptake was seen at Iranian mouthrinse no.2 and the least was seen at foreign mouthrinse 
no. 3. From among two APF gels, the greatest uptake was observed at gel no. 1 (Iranian). The results 
showed that all three Iranian products increase fluoride content of enamel, moreover the level of fluoride 
uptake, while applying Iranian products, in comparison with foreign ones, shows considerable increase.
Key words: Fluoride uptake- Enamel- Mouthrinse- APF gel
Journal of Dentistry. Tehran University of Medical Sciences (Vol. 14, No. 4, 2002)
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 CD 9��APF>E/F %� ����3 �������	� 
��% 9���� �� �G�H 
I��/ � 23�� �� ��  ��(�� #��*�� �� . 
�(�J ��� ��
K@ ��  ���%: �(��& +���� )B�������� +��� ��M= 
� ( ���O �����	� ����=���P . � �(�:�� 
Q�� �� 
� +���� �8

�  <�I/� �(��$=�( .'��P ���O C��=: ���P �� �$�� 
Q�� � R���H ���P �� 
Q�� B� . S�� �����: ��Enamel Biopsy


�,� ��B���:�& ��	� �� T=�U� #� ,�  ����� 
��Q� �8 ������� � <�I�: 'M�W . +�!� ��QX� � ��YZ-� 
I��/ 'G�
������� ,
� #�G/QY .QY �� 
� �J3 +��	�P� !�(��H �� �����	� �� ��H '	�[@ � >[���  �������	� ������  . \����

 ���Q  C��0 �� 
: ��� +�%�F) ������ (�=� �J3 
J��� R���H � C��=: ���P �� �� )�� � C�� 
�4 �� �8 �� ��� #���
��� ���� �=� .QY 
��& �� ������� 'M�W C�� 
�4 �� �G=� 
J��� ��� �G8��P ���	 �� 
: �(�,�� ]�)�=� �0J	 
�4 (

�  ��8�% . ���Q  C��0 �� ������� <��	 C��0 
	 ��� �� ������� ^_� ����%��> C��0 �� ����Q: � ������ 
 ���Q E�  ���� ����3  . CD ���P �� ��F � > ���Q  CD �� ^_� ����%�� F) ������ (8�%����P �� . ��� 
*���

� �=� �� ������� #���0 R��!�� `Y�� ������ 
��� ��: 
� ��� 
	 �8 
: ��� +�%� 
�(�J ^_� +�!� �Qa �� ]�� 
��� +�%� �� #��%�� R��!�� ����3 9���� �� 
I��/ �� ������ �4�50 �����: �� �������.

���:�D���8 :+�8� c �=� ������� ^_�
��  CD c APF

����	
� ��	� � ����� ���� ������� �������	�� ���� , �� 
! ������) ����<= , ���%�= , &�'<>?@(


��!�
 ���������	 
������ �� ��� ������ ����� �������

�� ���� ��� ! "#! �� �$	 %&� '( "����� . * +�,�,#!
 '-	�,� .�� 
��!��/� '( "�� .��� ��$� ������	 
�� �	

�� �0 �� 1��2$�� 1����	���	 .
 .��3��� ������� �� 1��2$�� 1���*� �� ���

 �����-4 1*�5 �6�� +7�8#� ��)����'��� , ;<
 =����* * (... �� ?@� �� A�BC����� D��! '( "��

 �� ��4 D��! ;B�� �� .E�* 1���F���� +��G '	
�� ��( '	 H��( 
��I�*� .�� J��B� * �*� ��	��( '( "�

 B�� '�I*� 1��������� K��! LM�	 ��5 ���0 N�#G
����� .

 �����-4 OPQ ��B�� ����	 "�Q '( "�� �(R '	 S�7
����� �-���! T6* '	 'Q�! �	 , .��3��� ���� �����-4 ?�(�!

 �Q��U 
�,,#� D��! 1���� +�I�@� ��( S�V�� J*� *

"�� .�� S�V�� .
����� �� �6�5 ;�5 ������ '���;< * �� �����-4 1��

'�4�� ���� ��I�! DU �� �6�� ���( "��� '	 'Q�! �	 * ���
 '	 '( �Q��U '	�$� W���� �	 '&��,� �� +7�8#� 
��

����� ���� '��Q ��$�� '�� X���� �� ��5�� ,�� �� ���!
 ��B�� * ��( .��3��� ���* ��Y '	 +7�8#� 
��

'��B��G '�7�� '( 1��� .����� 1������� ����� Z��� ,
��� =��( �� .�6�� ��	��( '[ ������	 '�� 1��	 �����-4 

�� '�G�! ;�&��B	 '[ * H��(��� .
 �6�� ��	��( \������ ������� �*�	 �� %F�
 "�Q ��*� ����M '	 ��(��( �� ��������-4 +7�8#�

�� =�*� .��! 1������� 1���� �����-4 1���#� =��B4� '�4
 �*�	 �	��	 �� ������� "�*�,� LM�	 '( .�� '�G�!

�� ���������� .
 �� �����-4 OPQ ��B�� �	����� 'I�@� 
�� �� Z��
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 �����-4 1*�5 �6�� +7�8#� �� .��3��� �	 ]I�� 1����
 * �0 �Q��U '	�$� W���� �	 '&��,� * %U�� �� .�� ��I�!

 �-U�� .�� ��I�! +7�8#� �����( =V�������	.

��"�� #$"
'���� %��� ����	 ���� 1��^_ '( ��	 �I���� ����� 

����	 .�� .��$( A�����!�� 1������� "�Q . `-�� �������
 ����� ����! ��� ����4��aQ ',@�� �� '( ��	 1���4� '	

��b�� * ����( ������� �� A�����*�(�� c,� '���
������� .

� %��� .��3��� ���� �������� W�� ' ]��� '���
 �����-4)d/_ %NaF (���� *� '( ��	 '���g*d %U�� ��I�! 
���� * '���h ;< *� B�� * ��	 �0 �Q��U W�� dh/g %

APF .���� '( g .���� * %U�� ��I�! d �0 �Q��U '���� 
��	.

 * �	�V! +��G '	 'I�@� 
�� �� '�4� ��( '	 J*�
(In-vitro)�� ���	 .^_�����  '	 �4��8! ��Y '	 i .*�� 

gd j�4 ���� �� ��� .*�� �� �� �� ]�&,! ���! 
"4�� ���� .��3��� ���� . ��� �� ���$( �� k� �������

 ����	� ���� * ��U �� �! ���� B��! * '�&� O0 ���
 %�I� �� ��( S�V�� ���� �! kC� l���� .�*��m^ 'Q�� 

���� 1����2� j�!� +���5 �� . S�2�� �	 ������� ��( W*��
 k���� ���U * S�� 1���� �	 H��&� A� �� .��3���
 A&�� �� .��3��� �	 kC� l���� B��! �����-4 ���4
 �I�Y ��Y '	 �I��2��I�(�	 "�Q �� k����� * ����I�
 �I��B� '��� *� '( 1��Y '	 l���� ]�&,! ]�� *� '	

�� * ;���( .*�� �� ��� '( �� %G�5 �I��&�� * �2�� '�
"4�� ���� =����0 .*�� �� . �� 'I�@� S�V�� 1��	

 J*�Enamel Biopsy Technique, Window

 �� .��3���)g .(

A&�� .*�� *� �� �� '	 O0�6 1Pn�( .��F&[ 1��
 "5�&�mm2ogdi/m �� 

3
1 * ;��B� p�@� ����� 

 '��� *� �� '( 1��Y '	 l�� .���F&[ ;��&�� ����� A�
A&��'-G�4 ;���-(� N@� �� �� '( ����	 '���� 1*�&� 1�

�� cq$� �� �&���	 �#@� ',@�� '�5�� 
�� kC� l��(
 .������ ���� '	 S*�,� 
U�� H7 �	 '��� �� '�,	 k� l��

.�V�� * �� '�����	 .��F&[ 1������ �0 �� %G�5 1�
'���� '-5�� 
�� �� l�����r����� ���� �	 �� ���� X��! �

����( .����'��� ��B�� '	 ��i�-��  * '���� �� 1��	 ���I
"4�� ���� .��3��� ���� ',��� A� +�� '	 .

;< +�� '	 ��s ��B�� '	 * ',��� g�-��  1*� ���I
 �0 �4�6� .��� ���,� * "4� ��( '	 =����0 '���� N@�

� kC� l�� '�����	 ��� �	 ��	��( .�*� S��!� �� k�'��� ��
 +���5 ��ht����� 'Q��  +�� '	 ��!�	���� �� ����h �*� 

���� 1����2� �M��8� j�B	 �� .
 '���� �� 1��	 '�4� ��( '	 j�B	 ��B��g_�-�� ��	 ���I .

 p�� '	 ����	 
�� �� '�4� ��( '	 �M��8� j�B	 ?�(�!
 "�� ���)d:(

PO4 (0.003 M), Na OH Co3 (0.02 M)

Ca (0.001 M) at pH. 7 (relief 1983) 

v��U �� k��M��8� j�B	 �� ������� ��� , '��
'����;�8!� �	 �����-4 ZP5 1��	 =����0 .*�� 1��

 K�6 (Loosley Bound Fluoride) +�� '	 ds
;�-#� �� "M��(IM) KOH'�&�  ����)h('���� �	 l ��

'$�� �� 1*�5 1��g�-�� ���� A��-(�� ���I
(Hclo 0.5 M) \��	 .�� '�4�� ��w� H�� �	 '( �I�5�� 

�� .��	 *�4 .
 +�� '	 .�V�� �� �� �&���	h_ �� l"4�� S�V�� '���� 

 �� T��� �! �� .����� 
U�� =�I�� �	 ��w� H�� 
�6
 ]� �	 �� k�7�	 "�� 
��� '( ��w� H�� ���� %U��!
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��� ������� =�(�* LM�	 * ��� , ����)s .(
'������ "(�5 A[�( 1�����! �	 1���� ;�-#� �� 
�� .��� ����) ����$�� `	�@�Soyman ( "$��	 �� �!

��� ��� 1����-Q ���� '	 .�� ��Q �����-4 1��)s .( �� ��
 =����0 * ;���( .*�� *� �� �� �I���� �&���	 *� '����

�� '�4�� . �	 ���� N@� �&���	 �� S�V�� �� k�h�-��  ���I
KOH (0.2 M)�� '�&�  . '$�� A� �� ;��M� '��

 ��	��( �	 * "4�� S�V��d�-��  j�4 ;�-#� �� ���Ih
�-�� ��0 "�� '	 �&���	 ;�-#� ���I)s( .

.����� �� .��3��� �	 ;�-#� �� �����-4 1���
Ion Selective Electrode ?&5�	 ppm.����� *  1���

 1���#� ]�&-(�	Atomic Absorption 

Spectrophotometer�� S�V��  . 1���#� �� .��3��� �	
�� ;�-#� �� ]�&-( ���� 
��! �� �&���	 �� `�M ���!

)s.(

�I&��� .QY ����� ��0� : ��Y '	 �&���	 `�M
 `�M ���*0 "�� '	 1��	 l"�� ;���( %	����n 1��a��

�� .��3��� ��� ;���4 �� �&���	 �� ���)s:(

�� D���� '��&��� ��gr/cm3mi/d"��  . �&���	 '�5��
 'I�@� 
�� �� '( "�� .��F&[ A&�� "5�&� ;���

 �� +��FMmm3ogdi/m�� ���	 . S��! �� cU�� *� 
��
'���� ��&�� ����	 . ���� '( 
�� O�&�5� �	 ���� .��!ht %

���� ]�&-( ���* ,�� 'F��#��� . ��B�� 'I�@� 
�� ��
 ?&5�	 ]�&-(ppm'F��#� "�� .�� .


�%���&
'�4�� �6��� +�F��#� S�V�� �� k� %�-#! ���� ��

���4�� ���� 1���0 . ;*�Qg �����-4 ��B�� (ppm) *� �� 
 �� �� �� =����0 * ;���( .*��i ;*� �&���	 �� k� .*�� 

Z�G'�7 `�M �� �r����� ��$� \���.
 B�I��0 S�V�� �� k�Paired t. test����0 .*�� 
�	  * =
 �� A� �� �� ;���(i ;�-#� �� '( �� .���$� .*�� 

 .����g��� Zw�U�  ;���( .*�� �����-4 ��B�� 
�	 1���
 ���� ��Q* =����0 *)__g/x=P .(;�-#� �� .����d

Zw�U�����$� .���$� 1��� . .���� ;�-#� ��h Zw�U� 
��� ��	 ���)_g/x=P .(

 .���� ;< ��g * d�� *� 
�	  ;���( * =����0 .*
��� Zw�U� 1���*�� '�� �� �I* �$� .���$� 1���
Z�G =����0`�M �� �r� .*�� '	 "F&� �����-4 OPQ \

�� .���$� ;���()  ;*�Qz .(
 B�I��0 S�V�� �� k�Paired t. test �����-4 "r-n 1��	 

 .���� ;�-#� =����0 * ;���( .*�� *� 
�	g Zw�U� 
����$� �� 1��� ��� �)__o/_=P .( ;�-#� ��d*h Zw�U� 
����$� .���$� 1��� .

 .���� ;< ��g��� Zw�U�  ��	 ���)_i/_=P .( ;< ��
 .����d��� Zw�U� �$� .���$� 1��� . '�� ��

 �����-4 OPQ B�� {��[� S*� '-5�� �� j�4 1���*��
�� .���$� ;���( .*�� '	 "F&�.

'	 �����-4 ��B��.��0 "�� �� �I���� �&���	 *� �� k� 
�� K-�q� 1��,�M �� '���� �� '( %�I� 
�� '	 l���	

 �� * "�� 1�2�� �� +*�3�� '���� �� �� '�7 �� `�M
��� �2$�*E� ;���( �� 1��	 +�MwY� '( 
�� 1��	 l���	

���� '&��,� %	�� '�7 , `�M *� '	 ��,�Mi_ * di
�� B�I��0 �� .��3��� �	 ���*���� ���� ��������� �@U �����

) 1��I*�Qh* s .(
 .���� ;�-#� ��g '@	�� S*� * ;*� '�7 *� �� �� 

��� �@U `�M '��� �	 �����-4 "r-n 
�	 1���

g|���� .��! 
 �&���	 '�5�� "5�&�(mm2)×  '��&���(gr/cm2)���� 

)=m| ( �&���	 `�M
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 '@	�� 
�� ���*�� ���� �� '( �I�5 �� l�� .���$� ����
�� .���$� ;*� '�7 �� ���! . �� �����-4 OPQ 
���$�	

4 ]��� ;�-#� '� 
�	 .���� ;�-#� �� �����-d 
����( * 

 .���� ;�-#� �� ��B��h�� .���$�  . .*�� *� ��
 ;<g * d ;< �� �����-4 OPQ ��B�� 
���$�	 g .���$� 
��.

 C���Fd ������� +�!� (ppm)C�� �I&��� �� ;& R���H � C��=: ���P �� �� 
dFC��=: dFR���H 

 ���� 7��0��±±±±��$���  ���� 7��0��±±±±��$��� 

��Q� ����� ���P

g^/do±ti/gg^ ss/^i±oh/gmt gd  �����-4 ]��� ;�-#�g
^^/^m±io/gto o/i_±mg/gm_ gd  �����-4 ]��� ;�-#�d
tt/dg±g^/gdt hh/s^±hh/g^m gd  �����-4 ]��� ;�-#�h
tm/ii±_o/gs_ od/sh±io/gtg gd  ;<APFg
h/mi/±_o/gii dg^/gsh±di/gos gd  ;<APFd

 C���>d ������� +�!� (ppm))�� �I&��� �� ;& R���H � C��=: ���P �� �� 
dFC��=: dFR���H 

 ���� 7��0��±±±±��$���  ���� 7��0��±±±±��$��� 

��Q� ����� ���P

i_±di/ghm g^g/sm±_o/gmm gd  �����-4 ]��� ;�-#�g
ih±_o/gs_ gd/ii±mg/gto gd  �����-4 ]��� ;�-#�d

d^/s_±mg/ghm dt/ih±_o/g^o gd  �����-4 ]��� ;�-#�h
hm±di/gho mg/ho±hh/g^h gd  ;<APFg
^/dhi/±g_s d^/i^±i/gis gd  ;<APFd

 C���Ed ���Q  ������� <��	 C��0 �� +��	�P� !�(��H \���� F 1> � E .QY �� �� >[ � [@������ 

R���H:C��=
���P.QY ?&5�	 �����-4 ��B��ppmY= a+bx

    a            b                  p
 ?&5�	 �����-4 ��B��ppmY= a+bx

      a            b                  p
Fsm/mo(s) ____g/_P< ^h/_it/dm^/td(s) _d/_=Pso/_ti/d

 C��0F
>ms/g_m(s) _g/_P= sm/_tm/dsg/ig(s) __s/_=Pg^/gim/_~
Fg_t(s) __h/_P< ih/_mo/do^/do(s) _g/_P= gg/gh/_

 C��0>
>(n.s) gi/_P= g_^(s) __g/_P< s/go/_~
Fso/o^(s) _h/_^o/_do/dd^/od(s) __m/_i/_og/d

 C��0E
>(n.s) ^i/_(n.s) go/_

 C���ed\����  CD �� +��	�P� !�(��H APF ���Q  F� > .QY �� �� >[ � [@������ 

R���HC��=:
���P.QY ?&5�	 �����-4 ��B��ppmY= a+bx

     a               b                    p
 ?&5�	 �����-4 ��B��ppmY= a+bx

      a             b                 p
 CDFF_s/tm(s) ___m/_^o/_gm/dis(s) __h/_o^/_dh/g
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>(n.s) gh/_(n.s) gd/_
F^ho/_(s) _i/_^d^d(s) _g/_og/_ih/g

 CD>
>(n.s) td/_i^/h_i^/h_(s) __^/_is/g^/d~

'��
'�4�� ��( '	 J*� �!�I�@� '��� �	 'I�@� 
�� �� .��
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)g�*����  ( Z��ds '	 %�M 
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 �����-4d/_ % �� 1��$�	 OPQ LM�	 ����� �� .�� ��I�!
 W�� *� 
�	 �2�� Z�Y �� * ���� �Q��U W�� �	 '&��,�

���� .���� ;�-#� ������ '���d "F&� �� 1��$�	 OPQ 
 .���� ;�-#� '	g��� ��$�  . *� ������ ;< W��APF

�Q��U * ������ , ;<g) ������ ( �� 1��$�	 �����-4 OPQ
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�� '	 'Q�! �	
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���� ������ X����'����� '( �� ���	pH '���� ���U 
���	 ,���� W�� *� '( ��	 
�� 1���� �-U�� '���pH

?�(�! ����� �Y�U '	 �7���5� '( ����	 1���� , ���� 
��
pH '( �I�5�� l����	 .�� ��I�! 1���� pH����  '���

��	 ���U �5�� �Q��U .

7�8#� '( ��� ��$� ����� LM�	 �2�� %U�� ��I�! +
�� ]I�� 1���� �� �����-4 O��� +��G 
�� �� '( ����
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