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100 0 10/46 ± 39/3  

99 1 54/49 ± 95/1  
97 3 95/50 ± 35/0  

95 5 56/65 ± 62/1  

93  7  64/3 ± 31/41  

  

 �� +���%� �&7(���� J��M ��($-� @7 ��� ��E� p��!�  

5 �����7 ��qr� ��
( �a��  ����� ���E- ]�"X!�� ���[	 �� ��

����� �	
��� ��� . 
� ��K�� ����[	 �� ���E- ]�"X!�� F��7

5  F��7 >�?� @� +���%� �&7(���� J��M ��
( �a��

 ����:% ( �"�	��� t$I ���	 ����� /�8�� ( ���
�% ���(���

+�� �	
��� ��� ����� . �&7(���� �I��= J��M bk�( ��

 ��$I� >	�7 /�8�� 
� ( ���7 >�G b��	 �� ������ +���%�

�	 +W���	 �	
��� ��� ����� ��7.  

  

 Q��  

 �	
��� ��� ��
% @7 ��� ��E� x"�� 
��% h��% �
	
� p��!�

��� ( s�
	� ��!=�� ��(M h(� @� ��# @!=� ���� >"# . ���

@E�# ��!=�� >�"E� 
� �7�N @Z�!�  ��� �� �9� ��
	 ��

+�� �	
��� . ( �?�!&��7 ��!=�� +���%� �&7(���� J��M

����� �
:P!	 . ��� ���!=�� �� J��M ��� �
I( >�?� ���� @�

��% �
YN �G�� 1�	
��� � ��!=�� @� O
��	 ��� �� +���%

�# ���
= h��% �
A?�.  

 *�7�� @7 ��� ��E� x"�� 
��% x����
:- �
	
� @Z�!�

 @� ��# @!=�� �	
��� ��� ����� �"�	��� t$I ������#

 ��9!�� ��
	 ��
( ����a�� @��E	 ��
= *��[� �� 1��(M h(�

�
� @�
�� �� .F�(.% �� @Z�!� ���  6�
� ��# ]�Z�� ���

Wilson  (McLean]11[ +#�� e��;�.  

4000 3000 2000 1000 400 
Wavenumber (cm-1) 



�����' %*� ��C;	 1���: D��E�	� � �!�/: A��+  ���F�G 4��H/� �����CI �  

����� ���	��� 
��
  ���� ������� �����8����� � 7 ����� � 

������   !�" �� #�!� $������� ����� 1391  601  

  

www.mui.ac.ir 

 ��(�!"?� �
"�(�"�	 ��7 @� ��# @!-�� ��(�8�

@E�# ��!=�� 
� �E�(�  �	
��� ��� @f��y"� ��) O
:,	

 ����:% b��	 �� �	
��� ��� ��
%]���� ��:��7� �:% ([ ��

 >"#)10 (+�� ��# ���� ��E� . 1��# @!=�� �"�	��� t$I

 �	
��� ��� @E�# ( �# O
:,	 ����:% b��	 �� ��
= @�

��7 ���% *���	 ]�"X!�� . @f��y"� ( +=�
�"� ��!P&� |;�

 ��7 @� ��# @!-�� ��(�8� �� ��
= @� 1�	
��� ���

�	 @9N�	 �E�(� ��(�!"?� �
"�(�"�	 �
# . �� p��!� ���

h��$� � 6�
� ��# @���� ��Lucas ����"�� (]13 [ (

Fruits ����"�� (]14 [+#�� e��;� . ������# �a��G

�� ��
( �a�� ( ��# ������#  b�

� �
	
� 6�
� @7 ��

 x"�� 
��% h��% �~���)EDXA ( /(�I �� 1�	� +�� @�

)3 (�	 @9N�	 �
# . O
��	 1����� �� ��# ������# ���7

�� �� �
I
	 ���7 @� ��:�&7
��7 ��) ����� ����:% t$I

�	
��� ��� (+�� . @� O
��	 $�� ��# ������# �a��G ����

+�� ��9!�� e��;	 ��	�7 ( ����� �"�	��� t$I . ��f��

 1�a��G ��� ���� h(� ��� 6�
� ��	� +�� @� ��
( �a��

+&�� ����
=�� ��K�� +k� 
� .  

!"?� �
"�(�"�	 ��7 @� ��# @!-�� ��(�8� �E�(� ��(�

 �� �	
��� ��� ����� ��
% 
�5  �&7(���� J��M ��
( �a��

 >"# �� +���%�)5 (�	 ����E	  +���%� �&7(���� J��M 1�
#

j�$� �� ( ���7��% J�
a @� �����  @��	
 �(� �� m:!,	 ���

@E�# +�� ����E	 >��k �	
��� ��� �� . �� p��!� ���

h��$� AE�(.% 6�
� ��# @���� ��� ��
= @� $�� @!#H� ���

+#�� e��;�]14 113 16 .[ /(�I ��)4 ( �� ��8�G $�?��� p��!�

 �� �	
��� ��� ����� ��
% �(�5  ��
% ��
( �a��

+�� ��# h��$� +���%� �&7(���� . ���&� ��&:7 ���[	

 �� +���%� *�7�� �
I( >�?� @� 1+�� ��# ������# @7 ����


+�� �	
��� ��� ��!=��.   

 @;��� �� �����!	 
� ]��7 �� ���HA��I ��)1( 6�
!	 ��G 1

 ��P��[� �	
��� ��� J��M �
����57/1 �# @P��X	 �(�"�	 .

 ��(M h(� @� ���?
� �	
��� ��� ��
% @!�&��� @P��X	 ����

@��I h(� 
�  b��	 ���I)����#�� (�# ��� !�� . J�P��X	 
� �W�

 �	
��� ��� ��
% �?�Af 1O
��	2/2 �:�	 �� ]��  @P��X	 �!�?

�# .M  (V ��!&� ��� �ZN ( ]�I *���� @�:  

gr/cc 2/2  =VGlass /MGlass  =ρ  

 <
8,	 �?�Af �� 1������ �	
��� ��� ��
% ��������

2/2 �:�	 �� ]��  J��M �
���� 6�
!	 ( �!�?57/1 �"�	 ( �(

 �.�( |;�73/1 �!	 @�
�� �� @7 �# @!=�� ]�� �� b��	 ���Z�

)Fuji, Japan (+#�� ��
= e��;�.  

@�
�� |;� 
� �E�(� ��(�!"?� �
"�(�"�	 p��!�  
� �W� ��

@L
c @�P# /
:X	 �� ��(  |;� 1��� ��E� ��� ��# �
��

@�
�� +=�
�"� ( s�a ��!P&� @L
c 
� x% 1��  @� ��P��[� ��(

+�� ��	� �� +=�
�"� ��c ( >,:,!	 J�
a . �� bk�( ��

J�	 +#H� @L
c ��	
 �
� 1��(  /
:X	 
� ��&:7 ���  

SBF �(�� ��  ���Si-OH-  (COOH-  ����� �� �
I
	

�	 ��
�% �	
��� ���  ����)�A���� �
:P� (x":y�7 (  ���

�	 >�"E� �� ��&:7 
� ��c ����. x":y�7 @Z�!� ��  ��

�
� @!&� >�"E� ���� �� J� &- ���  ���	� +���%� ���

�	 ���7 .7 ���	
@!&� @  ����� |;� �(� �� +���%� ���

�	 >�"E� @��
= �
L @� ��
# �
� s�8	 �� �
=  ( ��&:7 ���

 /
:X	 J� &-SBF �	 �#� ���7]15.[  

  
 P��Q3 .�= ��9� ���� � I��� !J-� K�-� $a-�� @�9!J �!
9= D�/ 
A ��� ���2�4� -��4" �= >?8 ���72 �� �� bO5 -A -
!4

��9� ����  

�;&D  R���   G����  S�&�%���   ���5��  �T�
  S��5�  

+9:c  358/11  756/35  656/15  883/25  941/5  410/5  

 
 P��Q4 . bO5-A 17J��= �O/���7� $���� -
!4�= >?8 ���72 �� I��� !J-� K�-� $a-�� @�9!J �!
9= D�/ 
A ��� ���2�4� -��4"

��9� ����  

�;&D   G����  S���  S�&�%���   ���5��  S��5�  

+9:c  594/37  915/0  121/13  982/18  387/29  

  



�����' %*� ��C;	 1���: D��E�	� � �!�/: A��+  ���F�G 4��H/� �����CI �  

602  ����� ���	��� 
��
  ���� ������� �����8����� � 7 ����� � 

������   !�" �� #�!� $������� ����� 1391  

  

www.mui.ac.ir 

�� 
�  ��	���
�� �� ��
�G @� �	
��� ��� ����� @7 �I

 /�W- +&�
) ��7A (��� @!=��#  �7 ���&� C
�� 1�
#

 >"# +�� @�I
� >��k �� �(� �� +���%� J�P�7��)6- C .( ��

@I
� ��� @� ��	���
�� @:�I 
� +���%� �&7(���� 1@7  ���

@�P# /
:X	 �� /�W- +&�
 �	 ���# @� ��� ��# �
�� �(� . 
�

 +&�
 F��$-� �G�� �	
��� ��� �� ��
	 ��� �
I( (� ���

@�P# /
:X	 �� �	
��� ��� ����� �?�W-  ��� ��# �
��

 >"# �# ���
=)7 .( �����7 h�!&� �G�� ��.�( ���

�����  +-�� ��	�� ( ��%
��� s��8	 @� �	
��� ��� ���

�# ���
= $�� ���� *��� ��
,!�� ( +,�. 

 ��# $!�� �	
��� ��� ����� �?�W- +&�
 ����
�� @Z�!�

@L
c 
� �W� ( >Pk @�P# /
:X	 �� ��(  �� ��� ��# �
��

 >"#)8 (+�� ��# ���� ��E� . >"# �� @7 �
L ����  

)8- m?� (����E	 �	  J�#�W��� �� 6P��	 ��% @� 1�
#v1 1v3 

 (v4 �(�� 
�  >��k ��#(� @� +����%� *�7�� �� ��� &- ���

��!&� i�,E� .��%  J�#�W��� �� 6P��	 ���v1 1v3  (v4  @�

D
	 /
L �� *����  ���cm-1 465 1cm-1 974  (cm-1 1112 

��# ���� ��� .��% D
	 /
L �� ��# ��Z�� ���  ���  

cm-1 1398  (cm-1 1625  J�#�W��� @� O
��	 *���� @�

 ���[!	 ( ���[!	�� �EE7COO- )��� ��  ���� ���

��:�&7
��7 (+�� �	
��� ��� ��
%]16 115 .[ (� +���� ��

D
	 /
L �� ��# ����E	 ��%  ���cm-1 666  (cm-1 3434 

+�� �	
��� ��� ��!=�� �� ���!=�� C� @� O
��	 . ���

� �� p��!�h��$ 6�
� ��# +Pq ���  ( ���X	�
�

����"��]15 [+#�� e��;� . >"# ��)8- C (��% J�#  ���

 ��(�X	 �� ��� &-cm-1 594-465  (cm-1 1200-960 

+�� @!#�� �P&� F��$-� . �EE7 ��%C-O  D
	 /
L ��

cm-1 1461  >�"E� ��% ��� �
YN @7 +�� ����E	 >��k

 0
� +���%� J����7 @�KB � �� �� �	
��� ��� ��
% |;� �(

�	 ���r� ��7]17-15 .[��% ���}��  @[;�	 �� ��# ��Z�� ���

cm-1 1555  (cm-1 1631 �	 ��� ���
�  
� �=�� @7 �#��

��� @L
c ��
% �(� �� J��&7
��7 ���  >�"E� 1��# �(

+�� ��# .m�L �
	
� 
� ��	� +�� @� p��!�  >��P� �Z��

� �	
��� ��� ��
% ���(�-�	 ��E  ��� ��
% @7 ���

+�� ����
=�� �?
Pk >��k �?�W- +&�
 
� �	
��� .  

 �	
��� ��� ����� �?�W- +&�
 ����
�� @Z�!� ���}��

 �����3 @L
c 
� �W� ( >Pk +���%� �&7(���� ��
( �a��  ��(

@�P# /
:X	 ��  >"# �� ��� ��# �
��)9 ( ��# ���� ��E�

+�� . >"# �� @7 @�
� ����)9- m?� (�	 ����E	  1�
#

��% D
	 /
L �� ��# ��Z�� ���  ���cm-1 611-566  (  

cm-1 1095-1056  >��P� m�L �� ��� &- ������� @� O
��	

+�� �	
��� ��� ����� ���(�- @��
-]16 115 .[��%  ���

 ��(�X	 �� ��# ��Z��cm-1 1650-1500  h�W��� @� O
��	

 ���[!	�� �EE7coo- )��� �� ���  ����� ��:�&7
��7 ����

�	
��� ��� ( (cm-1 1440-1335  �EE7 h�W��� @� O
��	

 ���[!	coo- )��� ��  ��� ����� ��:�&7
��7 ���� ���

�	
��� (�	 �#��]16 .[D
	 /
L �� ��# ��"#� ��%  ���  

cm-1 1725-1700  >�&7
��7 �(�� �EE7 h�W���COOH 

 ����:% b��	 �� �
I
	) ��:��7� �:%���� ( ��E� ��

�	 ���]18 .[ ������7 �������)C-O (D
	 /
L ��  ���  

cm-1 830  (cm-1 1462 +�� ����E	 >��k >"# �� . ��

��% 1+���� D
	 /
L �� ��	� ��
I( @� ���  ���cm-1 650 

 (cm-1 3473  >a�N +�

y	�7 �� ���!=�� C� @� O
��	

�	 �#��]16 115 .[ �&7(���� J��M �
I( @!P?� @��	
 �� +���%�

��% e��;� 
� �	
��� ��� �����  ( ������7 ( ��� &- ���

 D
	 /
L �� ���!=�� C� �.�( @�cm-1 650 +�� ���r� >��k .  

 >"# ��)9- C (��% J�#  ��(�X	 �� ��� &- ���  

cm-1 611-566  (cm-1 1095-1056  @!#�� �P&� F��$-�

+�� . �EE7 ��%C-O  D
	 /
L ��cm-1 1415  >��k

+�� ����E	 .�	 ���� >"# �� @7 �
L ���� ��% �
#  ���

 ( @!-�� F��7 ����:% b��	 �� �
I
	 >�&7
��7 �(�� �EE7

 ��(�X	 ��1650-1577 +�� ����E	 >��k ��% ��% �� . 
�

�	 >a�N @Z�!� ��� �
7H	 >"# (� @&��[	  �
I( @7 �
#

��% D
	 /
L �� ���
�% ���  ���cm-1 830  (cm-1 1462 

 ��
�% @� @7C-O  *�7�� 
�CO3
-2  ��� �A��E� 1��!&� O
��	

 1�	
��� ��� ����� �(� �� ��# >�"E� +���%� @7 +��

 +���%� J����7 �&7(����)HCA (+�� . �
	
� @Z�!�

@L
c �	 ��E� ��(  +���%� �&7(���� J��M ��($-� @7 ���

 ����� �!E�� �?�W- +&�
 @� �Z�	 1�	
��� ��� ����� @�

+�� ��# �	
��� ��� . �
I( >�?� @� 1�!&�
 +�?�W- ���



�����' %*� ��C;	 1���: D��E�	� � �!�/: A��+  ���F�G 4��H/� �����CI �  

����� ���	��� 
��
  ���� ������� �����8����� � 7 ����� � 

������   !�" �� #�!� $������� ����� 1391  603  

  

www.mui.ac.ir 

+�� ��!=�� ��� �� +���%� ��� &- ��&:7 *�7�� . �� ��

�
	
� ����� p��!� �:7 ������  ���SEM  (FTIR  ��E�

 �	
��� ��� ����� �� +���%� �&7(���� �
YN @7 �����

���� F�7�(-  F��7 ����� ��# +,� �����- /
L �� �� 
��

�	 �
� @Z�!� �� 1���  �� ����� |;� 
� ��!E�� ��&:7 ���

@L
c @�?(� @:N�	 �	 ��� 1��( �
� /�X�� @7 1��
#  ���

� �:% ������
�� �q� 1��&:7 +���%� >�"E� ���� �� ���� ��:��7

����7 mk
!	 .�(�� �� +���%� �A���� �
:P� ��������  ���

��� �� ����� >�&7
��7 ( �
?��� . ��# $!�� +�

y	�7 ���#

+#�7 �(�� ��	�� ����  �% ( ��
,!�� s��L� �� ��%
��� ���

�� N ���7 �� 	 ���
,!�� ��� �	  ]�Z�� @� 
��� @7 �#��

�W?�;	���� �!E�� J.  

 ��
( �a�� F��$-� �� @7 ��� ��E� ���E- ]�"X!�� p��!�

 �� +���%� �&7(���� J��M5  ���E- ]�"X!�� 1��
( �a��

�	 F��$-�  �?($� ��(� ���E- ]�"X!�� ��K�� ����[	 �� �	� ����

�	 ���% ��7 . J��M ��($-� �� ���E- ]�"X!�� F��$-�

>�"E� >�?� @� +���%� �&7(����  @��	
 �� �?�!&��7 ���
�-

�	 �	
��� ��� s�
	� �#�� . �� ���E- ]�"X!�� F��7

 
� ��K�� ����[	5  >�?� @� +���%� �&7(���� J��M ��
( �a��

 ( �"�	��� t$I ���	 ����� /�8�� ( ���
�% ���(��� F��7

+�� �	
��� ��� ����� ����:% . �I��= J��M bk�( ��

����� +���%� �&7(���� /�8�� 
� ( ���7 >�G b��	 �� �

�	 +W���	 �	
��� ��� ����� ��$I� >	�7 ��7 . ��E� p��!�

 �� +���%� �&7(���� J��M (�"�	 ��($-� @7 ���5  ��
( �a��

�����7 ��qr�  �	
��� ��� ����� ���E- ]�"X!�� ���[	 �� ��

����� . ��� ����� �� ���E- ]�"X!�� F��7 1(� ��� 
�

 �	
��� 
� �!E�� ��
( ����a�� �����5  �&7(���� �a��

+�� @�I
� >��k +���%� .�
���� �
	
� 
� @7 �:7 @Z�!�  ����

�	 ���E- ]�"X!��  �&7(���� J��M @7 +�� ��� +-�� ��
�

���� F�7�( �� +���%�-  �� ( ����� �
YN �	
��� ��� 
��

� e��L 
� �	
��� ��� @"P# �?� ��c ( �?� J�P�7���
  ���

�	 F�7�( J� &- ( ��&:7 ���� . ���7 ���( �� ��������

��� ���
% *�7�� �� +���%� �&7(���� ��	���
��   1�	
���

 ���� �
�(�% @:�N 
� x%)����:% b��	) (H+ ( J��M @�

 ��&:7 �
� 1�"�	���)Ca+2 ( ����� >�"E� ���� ��!E��

)�Q�G ��
�% ( ��� �:% >�"E� (���
= ��!�� ��  @7 �
�

�	 +�
[� �� �	
��� ��� @��	
 >	�
G ��� ��7 . �# �(��

�
k �����
�% >�"E�  ����� �?� ��c ( �?� @"P# ��� ��

�	 ����� ����� �"���"	 ]�"X!�� F��$-� @� �Z�	 ����.  ���

h��$� �� p��!� ����"�� ( ����(�E	 6�
� ��# @���� ���]6 [

+#�� e��;�.  

  

/3��� +��)  

% ��� ���	
��� ��� ����� +�

y	�7 
��� 1F�(. /

 �� �"���"	 ( �!&�
 <�
= ( @!=�� +���%� �&7(����

�# ����
�� . ��($-� @7 ��� ��E� F�(.% ��� ����� p��!�

 *I
	 �	
��� ��� ����� @� +���%� �&7(���� ��	���
��

@�P# b��	 �� �� �?�W- +&�
 �
P�� �	 ��� ��# �
�� �
# .

$-� ���}�� 
� �!�7 ����[	 �� +���%� �&7(���� J��M ��(  

7  ���E- ]�"X!�� �!-� +�� 
� ( F��7 �G�� ��
( �a��

�# ���
,� ��� ����� .�	 �9� @�  +�

y	�7 
��� ���

+#�7 �(�� ��	�� ���� ��# @!=��  s��L� �� ��%
��� ���

�� N ���7 �% ( ��
,!�� �� 	 ���
,!�� ���  ]�Z�� @7 �#��

W?�;	�	 ����E�% @��	
 ��� �� J� �
# . F�(.% ��� p��!�

�	 ����� <�
= ��[��� ( @W�
� �� ���	 ]�� ���
�  ���

�#�� ��
	 ��� ��
� J�P�7�� �-�W	 ( �	
��� ���.  
 
 
References 

1. Hench LL, Polak JM. Third-generation biomedical materials. Science 2002; 295(5557): 1014-7. 
2. Mount GJ, Hume WR. Preservation and Restoration of Tooth Structure. Philadelphia, PA: Mosby; 1998. 
3. McCaghren RA, Retief DH, Bradley EL, Denys FR. Shear bond strength of light-cured glass ionomer to enamel 

and dentin. J Dent Res 1990; 69(1): 40-5. 
4. Phillips R W. The glass ionomer cement. Journal of the American Dental Association 1990; 19(1). 
5. Swift EJ, Jr, Dogan AU. Analysis of glass ionomer cement with use of scanning electron microscopy. J Prosthet 

Dent 1990; 64(2): 167-74. 



�����' %*� ��C;	 1���: D��E�	� � �!�/: A��+  ���F�G 4��H/� �����CI �  

604  ����� ���	��� 
��
  ���� ������� �����8����� � 7 ����� � 

������   !�" �� #�!� $������� ����� 1391  

  

www.mui.ac.ir 

6. Moshaverinia A, Ansari S, Moshaverinia M, Roohpour N, Darr JA, Rehman I. Effects of incorporation of 
hydroxyapatite and fluoroapatite nanobioceramics into conventional glass ionomer cements (GIC). Acta Biomater 
2008; 4(2): 432-40. 

7. Milne KA, Calos NJ, O'Donnell JH, Kennard CH, Vega S, Marks D. Glass-ionomer dental restorative: part I: a 
structural study. J Mater Sci Mater Med 1997; 8(6): 349-56. 

8. Mount GJ. Glass ionomers: a review of their current status. Oper Dent 1999; 24(2): 115-24. 
9. Kokubo T, Takadama H. How useful is SBF in predicting in vivo bone bioactivity? Biomaterials 2006; 27(15): 

2907-15. 
10. Doostmohammadi A, Monshi A, Salehi R, Fathi MH, Karbasi S, Pieles U, et al. Preparation, chemistry and 

physical properties of bone-derived hydroxyapatite particles having a negative zeta potential. Materials Chemistry 
and Physics 2012; 132(2-3): 446-52. 

11. Wilson AD, McLean JW. Glass-ionomer cement. New York, NY: Quintessence Pub. Co; 1998. 
12. Todo A, Hirasawa M, Kato S. Glass powder for dental glass ionomer cement. 2000 [cited 2000 Oct 24]; Available 

from: URL:http://www.google.com/patents?id=-9cFAAAAEBAJ&printsec=abstract&zoom=4#v=onepage&q&f=false   
13. Lucas ME, Arita K, Nishino M. Toughness, bonding and fluoride-release properties of hydroxyapatite-added glass 

ionomer cement. Biomaterials 2003; 24(21): 3787-94. 
14. Fruits TJ, Duncanson MG, Jr., Miller RC. Bond strengths of fluoride-releasing restorative materials. Am J Dent 

1996; 9(5): 219-22. 
15. Nourmohammadi J, Sadrnezhaad SK, Behnamghader A. In vitro bioactivity of novel cured ionomer cement based 

on iron oxide. Ceramics International 2010; 36: 1645-51. 
16. Xu G, Aksay IA, Groves JT. Continuous Crystalline Carbonate Apatite Thin Films. A Biomimetic Approach. 

Journal of the American Chemical Society 2001; 123(10): 2196-203. 
17. Li Y, Wiliana T, Tam KC. Synthesis of amorphous calcium phosphate using various types of cyclodextrins. 

Materials Research Bulletin 2007; 42(5): 820-7. 
18. Socrates G. Infrared and Raman Characteristic Group Frequencies: Tables and Charts. 3rd ed. New York, NY: 

John Wiley & Sons; 2001. 
 

 



�����' %*� ��C;	 1���: D��E�	� � �!�/: A��+  ���F�G 4��H/� �����CI �  

����� ���	��� 
��
  ���� ������� �����8����� � 7 ����� � 

������   !�" �� #�!� $������� ����� 1391  605  

  

www.mui.ac.ir 

Effect of incorporating nano-particles of hydroxyapatite on bioactivity 
and compressive strength of dental glass-ionomer cements 

 
 

Masoomeh Khaghani, Ali Doostmohammadi*, Ahmad Monshi, Zahra Golnia 
 
Abstract 
 
Introduction: Glass-ionomer cements (GICs) are one of the most important restorative materials 
in dentistry. Similarly, hydroxyapatite (HA) is of the most well known bioceramics. The aim of this 
study was to prepare a type of glass-ionomer cement with nano-particles of hydroxyapatite to 
improve GIC bioactivity and compressive strength. 
Materials and Methods: Natural HA particles were extracted from animal bone. The ceramic 
component of GIC was produced by melting and characterized. HA particles were incorporated 
into the cement component of GI at 1, 3, 5 and 7 weight percentages. Bioactivity and compressive 
strength of GIC\HA composite were evaluated in a simulated body fluid (SBF). One-way ANOVA 
was used for data analysis (n = 3). 
Results: The results of characterization tests confirmed the production of GIC using the melting 
technique. Amorphous and glassy structure of GIC powder and its proper chemical composition 
were verified by characterization tests. The results of soaking test in SBF showed increased 
bioactivity of GIC/HA composite. Finally, the results of compressive tests showed that 
incorporating HA up to 5 wt% would not decrease the compressive strength of GIC. 
Conclusion: GIC/HA nano-composite with 5 wt% of HA was the most appropriate sample 
regarding its bioactivity and mechanical properties for dental applications. Introducing this novel 
nano-composite can play an important role in improving the properties of glass-ionomer cements. 
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