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Abstract: Recently, inductive materials have been used for accelerating pulp cells and differentiation of 
odontoblast cells for regenerating secondary dentin. Bone Morphogenic Protein (BMP) is one of these 
materials. Endochondral Bone Matrix Gelatin (Ec BMG) has been used less than others. This study was 
designed to evaluate dentin formation by Ec BMG in rabbit. Ec BMG was prepared from tibia and femur of 4
Deutsche-Poland rabbits with average ages of 4-6 months. In this research, 12 rabbits were divided randomly 
to two groups (8 and 4 rabbits, respectively). In the first group, incisive tooth in one side was considered as 
experimental group and in other side as control group. In experimental group, pulp was exposed and Ec BMG 
was put in it. But, in control group, after exposing the pulp, tooth was dressed. In the second group, the rabbits 
were kept like the first group. They were killed in 28 and 60 days period time and their natural dentin was 
used for comparison of their calcium and phosphor with the first group. The light microscope and scanning 
electron microscopic study were performed on days of 28 and 60 after operation. Also, new secreted matrix 
was analyzed for measuring calcium and phosphor on all groups. The histological results on day 28 showed 
secondary dentin and osteodentin formation in experimental group. The scanning electron microscopic 
observation on 60th days after operation in experimental group showed mineralized mass on site of Ec BMG 
implantation. In contrast, in control and second groups, no mineralized mass was observed. Analyzing of new 
secreted matrix in experimental group showed the high deposition of calcium and phosphate on Ec BMG 
implantation site. But, the amount of calcium and phosphate in experimental group was the same as the 
second group. Results of present investigation indicated that, implantation of Ec BMG in pulp cavity could 
induce pulp cells, secondary dentin and osteodentin in rabbit. So, Ec BMG can be effective in repairing of 
dentin related defects.

Key Words: Secondary dentin formation- Osteodentin- BMG 
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�� �� ?�7!� ���� @"�� �;%<��� . 34� �A �%B 1 C�
9��;� �
�� � :;� .�# C ���� .0�# � 0��� �� �#��A

�� � �# � $%&  /�) ��� �� 01 (�D" EFG .#��
�� �*� 0��� H�� �� ��I�� �;" ����	� 9%� ���� J���K�
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 �
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M� #�%����� N� ����I 0���� �� �C" #�%��� 9%� � #��
�� ����� �	A 0�O�� �� #4�� C� =� 0���� �� ��54� �A #�%

P�"1 M� /�A '���� �� ��)��� #���!  �#%�)R.S( �� �K4 J
 � �A ������ 9��� 9�� C� ��U  � �# � 2;%< � $%& 

 ���� C� ����	� .'���� �I��� 0�# � 34� ��
!� � M�
�� ��F�"� �;%< /,� 0��A�� ��U�� �� �V�7!����� .

 0��!�"� '���� (�I ����� 9��% ���� WD� ��"�� ��
�#%#� ��� �� 9�&&,� C� ����� .M� � #�A+� �%&4� ��

���A # �)X.Y.Z.[ ( ����� �A �F
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 #��� M� �%&4� (�V�)S ( 0�# � 0��A�� ��U�� ��
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A 2&��� �� 0��� M� ��
 �O�4������)»DBM«(Dentin Bone Matrix /���� � 
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Urist) SY ( 0�# �r  �
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�A �� ��C� �� ���40#� 0C� ( 9���A �
)S�
�� 0#� 0C� l���
�A �� ��C� �� ���4 (# #� W���� .

  C�>�A� ��U�� ��	 �k4 (�� C� �A# � �#��� .0�# � 34� 0��
 ������� 0�# � ��� C� #� � �5�� ��� @"�� 01 �O%� �� �
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#� �#���� D� ]A��#  (�I � SEM# #� ���1  . ����
������f�� ���� ��SEM� .�%�	�� O�4 1 � �� �	  ��

 C��Xb. �r�"� C� XL-30=>�
�� ���A (�"  #�
� 
 �\#%� m%�� C� � � �	  �� 0���f4� 6��� � �A #� ��F�"�

(�%��.#� �����5�f� 9��}	� J� �	  9%� ��  @"�� �
 '���"EDX��� �� �%�	��O�4 1 . �V��� 25�A��

/�f��� �	  l	� �� 0�# � 34� /��� (�� �#��� lB � �
#�.

 C� /VG ^%� SEM � EDM M� � �;�5� M� 
# #� ��%&� �r%#f% � ����� l	� �� �%� *.

$�� �(
^%�  C� �#�1 ("� �� SEM H�� �� �%C�� #��:
 C��Rd : 2;j) .���B� ���� �� C�� 9%� ��BMG �� 

������#� 6KI �D�A �&  ��� 6KI /,� �� � . z�&� 
D�f�� 9��}	� � � �� 8���2 �� ���� ���� 

 �#��� 9�� ��h�"��� ��,  �� J#�:�
" �A � �
�#��� /�) H�<� �� 01 �� ��I�� �� �An��� # J

� 9��}	M� :G �� OA�� (	" �� @�,� C� �C"
 W������� . ��FG �� C�� 9%� �� #%#I �,��� =f%���

/f� �� �� 34��%C � �#%�  #) �%�7�S( :
S ( �%C �G�� M� C� ����  @"�� ��4�� M� �%� * 

 0	��" C��� �A ��� �#� :���M��	  C��� �� ��4�� ���J
34� ��FG �OA�� �G��  ��� �#� ��G� ��f%��� @"�� 

�� 0�  �� 9�� ��h�"� 0	��" �A �� �An 01 �� � ���
�� �#��� ��#;��#%���)S .( C� �p;� �� C�� 9%� ��

� �	  (�� @"�� O�  34� 0��"��>�1 /,� ��G �
��� �#� :��� 9�� ��h�"�)�%�7�R.(

� �	  ��~�� 34� /��� �� .:���A ���� C� ��*� � 
:�
" O%	� 0��"��>�1 /,� � #�  �#��� �	�� �O� ��

 (�� /�f�� C� ��*� � �� ~�� � ��� C� �D�A O�  34�
#%��r  �#��� 01 �� �	����)�%�7�[.(

 C��Xb : �;4j�SEM� �	  �� C�� 9%� ��  .���B� ��
 �A ��� 0�  �#�C�>�A� 34� �� �� �,��� =f%���

��"(��� ��r	�  � (����f% ��q 0	 . �� 0	��" 9%�
� �	 ���� ���,� ���B� �� �� �A ��� /f� ���A ��

�� �U #�"�. ���� �O�4����� =f%��� 2;j) �%" 0��� 
#��J��#;�� 2&5� 0�� �� 9��}	� .���� 9%� C�  ��

�4�4 .�O�4����� �f%�� ��)T ( /f� �� �A #����� ��I�
������	�� �� ���� 9%� (�!< l	� �%�# ���  @"�� � 

�� C� �j" �� �%�����" ���i 0	��" 9%� �A # #�
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 0�}	�M�(��� �;�5� )�%�7�Z .(
� �	  ������ 0	��" .:���A �� ��)FS ( ��i �A

(��� �	U�� � (����f%. �%C /V��� � �A #%��� �#��� 
� z)�� �r%#f% �� (5�  # ��� �#)�%�7�Y .(

���X
Om 7�:H
 %�& )�$.��d$�� � ��0�J �J��. �� ���.�? 
 ��� �� ���(
 �.��. �� ���� �=�� ��PQ / no, Y�MN] ����

 "'H.BMG*�� *��� 7��]  �=�� �J��. �� ��.  . p.�
 ���I :)���W=�
��!m)���q� /����F���  :C__����� 

���X
P m 7�:H
 %�& ���.�? )SD ( ����� ��0�J ��%�&
i�. 7	� 1'0 �� � �M�B`)Defect ( *4�� �� "'0 ��(��

�.��. �� )�$.��d$�� ���(
  �!PQ7�& �� 'M� ��� /
 ���I p.� :)���W=�
��!m)���q� / ����F��� C__����� 

���X
r m i�. 7	� 1'.�� ��� )Defect ( *4�� 7�:H
 U'& �
%�&��.�?  �)SD ( �.��. �� )�$.��d$�� � ��$=  �!PQ ��� 

7�& �� 'M�/ ���I p.�  :)���W=�
��!m)���q� / ����F��� 
O__����� 

���X
Cm�e�
 �� ):�� �.��$:�� a�:���:�� ���X
 !  �
����
 \���$W��= V���.  �!)���
  �+.�:�� ( )�b�! �

"��
W4 � V�W�=  ��J 7:0  ��=  �!�.��. �� �#  �!
���(
��� ^_ ����F��� /O___����� 

���X
sm�.��. �� ):�� �.��$:�� a�:���:�� ���X
   �!
 ��� �� ��$=^_/�$0� t'.� 1�����������  �� "���! 7:0  �

1�'.� ���� �� "������� ��6 u���  �!�54 ����F��� /s__
�����

 2��V �� �A �%�	�� O�4 1�j&  =f%��� ��� �� ��
���� �	  34� 0��� #%#I �, 34� .���B� ��

� �	 ����%� ��� O�  � :���A ��I� 34� � �;�5�
)l�� ����( � '��
A � C� #V�� �A ��� 0�  .#� lB � 

 2F��)(���1 ��A��#�� �# C" �
V� �V�� ( 9%� ��
�� 9�	� � C� #V�� �� _%�O  ���� =f%��� �� �V
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����%� 0	��"M� �;�5� 34� )l�� ���� (��#��J �� 
� �	  34� �� �V�� 9%� � C� #V�� �A �4G :���A ��

9�%� ���� � ���r	�| 2�F� � ��� ��M� � �;�5� 
� �	 �� ���B� ��J(��� 9%� 2�\OI +� �4 9%# H��
("�:
Sw� �	  �� #%#I �,��� =f%��� ��B� �� .���

 9�� '��
A � C� #V��Yd � eb%9%� �A ���  �� 0�O��
M� 9�� �;�5� XS � eX%� �	  �� �  9�� :���A ��RY
 �[[%�� #��J��;� 2�F� ^%�  9%�  ���� 9�� �� ����

 ��� 0�  :���A � ���B�) :�#IS() bY/bP<(.
Rw#%#I �,��� =f%��� �� 2F�� � C� #V ��.

 34� 0���� �	  9�� ���B� ��Sd � RZ%. �� M�
 9�� �;�5�S[ � RY%� �	  �� �  9�� :���A ��SY� 

RY%��;� 2�F� �A ��� ������  � ���B� ������ 9�� 
 ��#  0�  :���A) :�#IS.(

 ��',Om �#W4 � V�W�= �.�� 'Z�� )�G.��� �W���� 
u�(
 ��. � ��$= \���(
  �+!��F �� �$4��

�&���� "����� �� �M�B` %

�M�B` %�& ��$= "��F ���(
 "��F �Z�&
ZS/X±e/Xe X[/[±db/Rd SY/Y±cc/X[ '��
A
bY/Y±R/Sc [S/Y±e[/Se [e/Sb±Sc/RR �F��

)��
 (�A �A ��� 0�  �
5) 2;4j� ^%� Ec BMG �� 

W���� ��r�%�C1 0���G 0�# � 34�. _%�,� �� �B�� 
:�
"� � �>4� ��:�
" �� � 1 O%	 ("D��� �� �5� ��

� C��RS�� /	� C� #;� ����) SX (� � '���� # �� ����� 
 (�AEc BMG ��C�� �� Rd � Xb /�f�� �� �B�� 

M��� 34� 9�� ��h�"� � ��� . � �#� lB � 2�#���
 � ���  ��f"��f�� C� ��F�"�SEM 0�  �;4j� 9%� �� 

�� (�A �A �Ec BMG #�
� �� ��!�"� C� /VG

(Femur, Tibia)&4� �% ��� �M� �� _�������� �C"
���� (�A /,� �� .
Moullec :" �� Sced:�
" �A ��	  W��O�  ��

 (�A �B��  �� 0�# � 34� �	�� �O���A�M� �O�4������ 
(DDM):�
" �� O%	� 9	<  ("D��� �� �5� ��

���" 2������ ��" _% /	,���� �f%o�4��� J
9%#�:�
" �A P����� ���"� � ����O� ��� � 1 ���� � ��

�#�) ����� ���� uv� �� �	"D����" �#\�C _% 
:�
"�� /�f�� ����)e(J9%� � O�  �;4j� 9%� ^%�   �A

�#��A&4� ���.Ec BMG��� .���% �  ��Moullec

(��� (����J��;% C� ��" _% ����:�
"  34� ��
� ���"�:�
" 2��V �� � ����� ���) �#�) �� .�#� �� ��

# ��� ���% O%	� :;� �# C".
�%�U  u"� ��Schroder  :" �� ScdY � �r 	� .

 �A ��("D��� �� .����I 0���� C� 0��I �5j) ��
:�
" O%	� � oDA (����� _% �� ��f� � � 34� ��

�� �� .#��%M�:�
" O�  �%� * �C" ��U�� �� �>4� ��
 �j" �%C �� 2�I��M� C�  � oDA (����� _% �� 

# ���J�� �U  �� 9%����� :�
" ���&�"� ���� #"� �>4� ��
 � oDA (����� 9%� ("� lCn)�� �A ��� ���� C� # ���

:�
"#�� �>4� �� ( 0��"�O�4����� � � ���� '����
DA ��5�� % � 9�� ��h�"� (�� .8�� 0oM�#%1 ��I� �� 

)Sd .( C�� �� �;4j� 9%� ��Rd (	�) #%#I =f%��� 
���� _�fF� �� � ��� ���A�� �� �>4� �p� 'U�� ��

� /f�� � ���% ���� �C� =f%��� C� 0oDAv���� l.
 :" ��ScdcNakashima �A ��A W��O�  (�K� �

������ 0�C�%&4� ��� 9���K� �A � �G��I C� . ��#&� 
A �,��� 9�� ��h�"� =f%����� ]�J#�%:�
"  ��

 #%#�  9�� ��h�"���# ��� O�  �An �C�# � � 0�O�� C�   ��
�� ��"A 01 �� ��I�����J �� �� ��� 9%� (
�
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 9�� ��h�"� =f%��� 0��"�O�4����� ("� ���A �A{)Sd .(
 �� �"����� O�  �<G C�� Rd�;4j� . =f%��� 

2;j) 9%Or%I 9�� ��h�"�Ec BMGJ��� �#� �� �� 
 ��B� �G�� M� L�  C� #%#I �,��� =f%��� .34� M�

����  2��V �� ���kA� �A ���.�43 ���" 9�� ��h�"� � 
 �� �#�34� ����� ���A ��V,� . �� �;4j� 9%� 2�#���

 �����O� �D�Nakashima �� �#��� 0	� C� �A ��� 
�� #�A+� 9�� ��h�"� /�f����	 J ��54� ����� #&�;� O�  

0�C (�K� � �A. 9�� ��h�"� (�� 'A��� ]�A 0�O�� � 
M��� ]%�O��'�� � l�" ���� � #�% � 

/�A 0��"�O�4�����. @"�� 34� l	� M��4�4  �� ��
������)Rb.Sc.(

�;4j�������f��  ��SEM =f%��� C� �#� ���� 
� �	  �� �O�4����� �,��� C�� �� ���B� ��Rd C� =� 

@"�� �G��ITziafas �Kolokuris :" �� SccR
�� 0�  0	��" _% �O�4����� =f%��� 9%� �A #��

0o�	�("� �A ������" �A# � ��#;� 'U�� �� 
�j":��%�A������ ��� )RS(J O�  �;4j� 9%� ��

������f�� ��SEM C� �O�4����� =f%��� C� �#� ���� 
� �	  C�� ���B� ��Xb.�G��I C� =� . ��I� C� �AG 
���� (����f% ��q ���� �j" �� ��I�� ������" �A �

:��%�A��#;� �U  C� 01 ��./f� �U  C� � �%C . 'U��  
���# J� ��� 9%� �� 2�F� (
� � n�� #% 0�C 0���

 m�&,� 9%� �� �;4j�)Xb�G��I C� =� C��  ( �� (5� 
�� P5" �A #�� /5) W��O� 2#� �� �A ����R =� �� 

�G��I C�. =f%��� 0	��" �� ������ 0��"�O�4����� 
 �4��%�A 2;j) 9��}	� � #%1 #%#� #%#I �,���

���I��# ��� ��.
 W��O� u"� ��Alliot-Licht :" �� 0��f	� �

SccZ:��%�A . =f%��� �� (���1 ��A��#�� ��

���� 2��V �� ����	� �O�4����� �#I �%�� 2;j) �%" C
�� �#%� �O�4������� #� � 65G % ���A ��i �A # ��# �

�� � 1 H�j" ���FG # ���#�� �V % ���)Sb(J �� 
�;4j��<G ��f�� C� ����� �� O�  ���� ��SEM ���� 

� �	  C� �#����� 9��| ���B� ��� �#%� �%�# �A # 
 H�<� �� �O�4����� 2;j) �%" �� (5�  � 1 0��� ���I��

 $�!�� /�)��� .:��%�A 9%� � �V ���i �
���� ("#f%#���� ��FG #)� � # ���� 2��V �� �  ��

� �O�4����� =f%��� 0�� �� ������ ��  z�"� 2��FG 
 �#��� =f%����# # .�V (
� 9%� H�j" 0���

#�� � 1 ����� 0��"�O�4����� #%� 2;j) #� ��� �A
�FG l	���� �� � #;� 2��"� @"�� � 1 �� ��I�� 

����.
Alliot-Licht � Nakashima C� ��F�"� � 

 � (���1 ��A��#��BMP�I '���� (M���	  l�#)� #  .
�0�% � �"F�������f�� C� �� ��SEM C� �#� ���� 

� �	  C�� �� ���B� ��Rd.�4�4 �� 	��"  ���� ��
M� �#��� �%� *  ��A�4�4 9%� �A # ������" @"�� �

�� C� =f%��� H�j" �� �	U�� �## J0�%� 9��}	� 
 /�f�� �A # ��A lD��M��4�4 ����� �� �#��� �%� * � � N

��#��)R[(J�;4j� �� �<G W��O� #� 	� O�  9%� 
9�&&,�.�4�4 �� 	��"  �#��� ��� (�!< �A # #

���A �� �� �4��%�A �%n# ���  C� =f%��� H�j" �� � 
���## J 9%�  ����� �  # ���� /�f�� ��M� �%� * 

#�� .�4�4 9%� �I��� � ���. ��I�� ������" 0	�  ��
�� �O�4����� =f%��� H�j" ����� � ��� 9%� �A #��

 �� ��I�� �4��%�AM��� (&�j� �;�5�  ��G � #%	 
 �A 2;j) 9�� �G��  C� � ������� ���	A 0��"�O�4������

���� ���� �D�A .#���� ��M��� �;�5� #��� . �n�V�
��%�A �j" �� ��I�� 'U��  � �%C ������": �� �
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�4�4 ���	� L�  �r �� .�4��%�A 2&5� �� ��I�� ��
 _�>��M��4�4 ��I� ��� � ("� �%� *  ������" � �

 0	��" C� �\OI �� � 1 �,j"M��4�4  �� .'� �#� ��
� �	 ��5  /�4� �� �4���A ��0 .�%� 	��" 9��| M�

�4�4 /�f�� ���	 ��� �� 0��"�O�4����� �  9%� 34� /���
� �	 ��� 2��V �� ��� ��� N� �f%�� �����  � � #��

 � �#�| �r��I�� 01 ������� �A# ��#  ��p� � 
 �� ���������� � 	��" 9%� 9��� �#��� ����� #.

Nakashima :" �� SccZ�	A /�
,� � �%OB� � �.
 0�O��M� �%&4� ��� ����� �� �#� /�f��  01 ��%&� �

� �	  ��� �� :���A �� CXb. 0�O�� �A ��	  lD�� M�
� �	  �� �#� /�f�����B� ��db� dR% �� � 

� �	  :���A ��ZR%�� #��)RR .(
@"�� �#� &4� 0��"f�F��
A �� � #;� ���� O�4 1

Ec BMG �;�� ������� � �A � Dp� (�� �� =f%� � 
��� 0���f4� @"�� �Yamashita  :" �� SccR lB � 

 ����� �� ���A ��F��
A 2��"� �A ��� 0�  .(���
 2;j)BMG :��%�A ��G  � C�" ��("� � 

 .2F�� .'��
A ��#&� �kA�#G �A ��� 0�  � 1 O�4 1��f��
���� ��I� 2��"� 9%� �� '�"�� � ��F4�" .0�f�
�"J

��
A ��G �� 	��" 9��}	� ����� 2F�� � '

 0o��#�� 2F�� � (���1 ��A��#�� C� ���O� ��# �
��� '��
A��# )RZ.R[(J �,��� =f%��� �%�	�� O�4 1 

 2;j) ����� ��Ec BMG �;4j� ��  �<G ��I� �r � 
 C�>�A� ��FG �� 2F�� � '��
A �7�� �� C� � ����� �%�&�

34� �#�.� �	  �� ��� ���B� �� . �� lCn��1�%� ("�
� �	  �� �V�� 9%� � C� #V�� �A ���� ���B� ��

 �� _%�O M�� �	  � �C�� 2�F� � ��� �;�5�  ��
 9%� �A (��� �4���A ������ H�� (�&��� �r � .

$*
�+�
,
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