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�/�� ��  

 +�� �����@%)XRD � �X-ray diffraction(  

 >"# ��)3 ( ��� ��% @��� (� 
� x"�� ��% h��% �A?�

 �(�N �	��� ��� ��% ( �	���5  J��M ��
( �a��

 ����:% b��	 �� ��# *�7�� 
� x% �&7(����) ��:��7� �:%

���� (+�� ��# ���� ��E� . >"# �� @7 �L ����3-  1m?�

�	 ����E	 h��% �A?� �� �#  ��� �	��� ��� ��% @���

�E� @9N�	 ���"#� ��% . ��P��[� ����� ��E� 1+�Wk�( ���

 s�	�)�� >"# (�	 �	��� ��� ��% ��!=�� ��� �#�� . ���

 ��� @��� 
� ��	� +�� @� h��% �A?� �� @7 +�� �?�N��

 �(�N �	���5  �W�PL +���%� �&7(���� J��M ��
( �a��

) >"#3- C (� ��(�X	 �� +���%� ��!=�� @� O��	 ��% O�[

35-20  =θ2 �# ����E	 . ��# h��$� p��!� �� p��!� ���

 6��Milne ����"�� (]7 [+#�� e��;�.  
  

  
 ;��3 .G7H I��� !J-� K�-� �7L��= $�� :GL� (N �-!4�= >?8 ��!� ( �A -!4�= >?8 ��!�5 17J��= �O/���7� ��9� ����  
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 P��Q1 .-!4�= >?8 ��!� R�S7/-J ��9� ����  

�����  SiO2  Al2O3  AlPO4  CaF2  SrF  

��
( �a��  39 �a��  5/25 �a��  5/16 �a��  12 �a��  7 �a��  

  

  
 ;��4 .T��A �� -!4�= >?8 ���72 ��7�-2 U�Q 9� �	A�� ���-.�L� V!�2�-�7 -���+J ����� G�.W $��  

  

 C��� ���� C�����5 2	� /� +�;&D "�����

)XRF  ��X-ray fluorescence ( 

 ��% �(� �� x"�� ��% x����:- h(� @� ��8�G $�?���

 *�7�� �� ����&7� �YN ���r� �9�	 @� ( �	��� ���

+-�� ]�Z�� 1�9� ��	 ��
( �a�� e��;	 . ��	� +�� @� p��!�

 �� ��# @P��X	 ��
( ����a�� @��E	 �?Pk >��k *��[� ��

 �� @���) /(�I1 .(  


�	����� E���	���%  �%��  
,�	�)SEM  ��

Scanning electron microscopy ( +4��� F���� "����� 	

 C��� ����)Energy-dispersive X-ray analysis, 

EDXA( 

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

 >"# �� 1��# @!=�� �	��� ��� ����� �"�	��� t$I J��M

)4 (j�$� �� ( ����� ��E� m:!,	 ��� +�� ��# ���� .��  @f

�	 +-���� ��(�8� ��� 
� @7  �!�7 �
���� ( �9�	�� >"# 1�#

 
�100 +�� @E�# J��M ��!	(�"�	 . 
� �!�7 �
����  

100  1��(M h(� @� ��# ��?� @E�# J��M ���� �!	(�"�	

+�� ��# h��$� $�� ���AE�(.% ���� 6��]12 18 .[ �
����

�� ��":�G �� 1@E�# J��M ��  b��	 �� ��# O:,	 
� x%

 ����:%)���� ��:��7� �:% (���� ���$&� +���� .  

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

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

 >"# �� +���%�)5 (�	 ����E	 �# . J��M 1��(�8� ��� ��

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

@E�# @��	
 �(� �� +�� ����E	 >��k �	��� ��� ��.  

-�����  �%��  -G�	 H@� +��) 
 ��7 @� @7 1��# ��?� �	��� ��� J��M �.�( |;� ���[	

 h(�)BET (�
����  1�# ����73/0 �� ]�� �� b��	�!	 . ��

 ��� �
���� �� ( �(�7 z�- J��M �
���� 6�!	 1J��M ]���

 @;��� e��L 
� �	��� ���)1 (+�� @P��X	 >��k]10 .[  

D =  
6

S × p
 

1@;��� ��� �� D 6�!	  1�(�"�	 *&N �� J��M �
����S 

�
���� ��G  ��A!�� 6�� ��# ����)BET) (<8,	 |;� (

 (ρ �	 ��% J��M �?�Af �#��.  

 '()  �*�� 
��� ���� ���� /���@% �! �%�&��

/�8I :�5�%   �� -�I +���)SBF  ��  

Simulated body fluid ( 

@��E� 
� �"� ���G @�  >�"E� ������ 1�?�W- +&�
 ���

@�P# /:X	 �� +���%�  ����� |;� �(� �� ��� ��# �
��

 ����� �	��� ��� ����� ( �	��� ���5  ��
( �a��
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# @&��[	 ( ����� +���%� �&7(���� J��M� .����� ���  @� ��

�# ]�Z�� e��L (�:  

J�� ( E���	���% K*� /� 
��� ���� 
������

 
,�	� 
�	�����)SEM(  

 �E�(� ��(�!"?� �"�(�"�	 ��7 @�)SEM( +���%� ��$�	 1

@��� |;� �(� �� ���7 C�� +-�� ���k ����� ��	 �� .

@Lc 
� F�% �	��� ��� ����� @��� |;� /:X	 �� ��( 

@�P#  >"# �� 1��� ��# �
��)6- m?� (+�� ��# ���� ��E� .

 >"#)6- C( 
� x% �� @��� ���� |;� 128 @Lc 
(�  ��(

�	 ��E� 1/:X	 �� ��� . >��k `Q( @� @7 @�� ����

 
� x% 1����� +=��"� ( s�a ��!P&� |;� 1+�� ����E	

@Lc � �� +=��"� ��c ( >,:,!	 J�a @� ��P��[� ��( ��	

+�� .�#(� )�� �� ���7��% J��M  +���%� J��M 1@��	
 
� ��

@�P# /:X	 
� @7 ��!&�  ����� |;� �(� �� ��� ��# �
��

���7 C�� ��� . >"#)7 ( ��7 @� ��# @!-�� ��(�8�

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

 ����� �	���5 +���%� �&7(���� J��M ��
( �a�� 
� x% 1

28 @Lc 
(� @�P# /:X	 �� ��(  ��E� ��� ��# �
��

�	 ��� .�	 ��9!�� @7 @�� ����  ��� �� +���%� C�� 1�(�

+�� �!E�� *���	 @� @��� .  

  

 
 ;��5 . �A -!4�= >?8 ��!� 9� �	A�� ���-.�L� V!�2�-�7 -���+J5  !��� ��9� ����17J��= �O/���7� R��X 

  

  
 ;��6 .
H!Y 9� �7� -!4�= >?8 ���72 
�!�� Z[2  $��)GL� (
H!Y 9� I� �  $��)N (
7S� P!�0 �� ��A ��� $9�2  
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 1�# ]�Z�� ���(�- @��- >��P� �	
� 6�� @7 ��(M h(�

+�� ��# ���� ��E� . >"#)8- m?� ( @� O��	

 /:X	 �� �������k 
� >Pk �	��� ��� ����� ���% @���

 ��� ��# �
��)SBF ( >"# ()8- C ( @��� @� O��	

@Lc 
� �W� �	��� ��� ����� ���%  J�	 @� ��(28  
(�

�!��� @I�� @�P# /:X	 �� ���� ��� ��# �
�� 

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

 >"# �� +���%� �&7(���� ��
( �a��)9 ( ��# ���� ��E�

m?� (@Lc 
� >Pk @��� @� O��	  /:X	 �� ��(

 ��� ��# �
��)SBF ( >"# ()9 - C ( �W� @��� @� O��	

 /:X	 �� ��(@�P#  ��� ��# �
��)SBF (�	 �#�� .  

+��, ������� +��) 

 @!=�� �	��� ��� ����� ���E- ]�"X!�� ����
�� p��!�

 +���%� �&7(���� J��M m:!,	 ��
( ����a�� �� ��#

�	��� ��� +�
y	�7 /+���%� �&7(����( /(�I �� 1)2 ( (

1 (+�� ��# @����.  

  
Fourier transform infrared (-!4�= >?8 ���72:  


H!Y 9�� 
7S� P!�0 �� $�� ��A ��� $9�2 

�����' %*� ��C;	 1���: D��E�	� � �!�/: A��+  

 ���� ������� �����8����� � 7 ����� � 
������   !�" �� #�!� $�������
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 $���� -!4�= >?8 ���72 
�!�� Z[25  ��9� ����

 9� I� �17J��= �O/���7� !���28  9��
H!Y  P!�0 �� $��

��A ��� $9�2  

  �%�� K*� /� 
��� ���� 
������

 M��	� /��� N��8� 
3&�)FTIR  ��

Fourier transform infrared(  

 @� ��# ��?� �	��� ��� ��% �?�W- +&�
 ����
�� p��!�

 1�# ]�Z�� ���(�- @��- >��P� �	
� 6�� @7 ��(M h(�

 >"# ��)8( +�� ��# ���� ��E�

 /:X	 �� �������k 
� >Pk �	��� ��� ����� ���% @���

@�P#  ��� ��# �
��

@Lc 
� �W� �	��� ��� ����� ���%

 ��	� ��37 �!��� @I��

)SBF (+�� .  

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

5  >"# �� +���%� �&7(���� ��
( �a��

+�� . >"#)9 - m?�

@�P#  ��� ��# �
��

@Lc 
�  /:X	 �� ��(

-�����  �%�� +��, ������� +��)
 @!=�� �	��� ��� ����� ���E- ]�"X!�� ����
�� p��!�

 +���%� �&7(���� J��M m:!,	 ��
( ����a�� �� ��#

)�	��� ��� +�
y	�7

 ����� ���}��)1

 \-2�-] 
��!] ;��SJ ��42 G7H)FTIR  ��Fourier transform infrared


7S� P!�0 �� $�� N ���A ��� $9�2 ( 9� �,A -!4�= >?828 
H!Y 9��

�����' %*� ��C;	 1���: D��E�	� � �!�/: A��+

����� ���	��� 
��  ���� ������� �����

  

 ;��7 . $���� -!4�= >?8 ���72 
�!�� Z[2

 9� I� �17J��= �O/���7� !���


7S� ��A ��� $9�2

  

O (  �%�� K*� /� 
��� ���� 
������

J�9  M��	� /��� N��8� 
3&�

Fourier transform infrared

 @� ��# ��?� �	��� ��� ��% �?�W- +&�
 ����
�� p��!�

  

 ;��8 . \-2�-] 
��!] ;��SJ ��42 G7H

GL� (
H!Y 9� ;S) 
7S� P!�0 �� $��
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 ;��9 .G7H  \-2�-] 
��!] ;��SJ ��42)FTIR  ��Fourier transform infrared ( ���728 �A -!4�= >?5  ����  

17J��= �O/���7� ��9� :GL� (N � ;S) (
H!Y 9� �,A 
7S� P!�0 �� $��  ��A ��� $9�2)SBF  ��Simulated body fluid(  

  
 P��Q2 . 17J��= �O/���7� R��X ��9� G�.W $������ $���� -!4�= >?8 ���72 $��	]  ��0.2� #7_��7)3  =n (  

�%�&�� '() )�P�!(  ������ 
��	����)�P�!(  +��, �������)MPa( 

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) 
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 ��(�!"?� �"�(�"�	 ��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  
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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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