
دكتر فريدون سرگلزائي و همكاران ... القاشده سازي ارزيابي بافتي و هيستومورفومتري استخوان

30

سازي القاشده ارزيابي بافتي و هيستومورفومتري استخوان

اي استخوان با استفاده از تركيب اكتاكلسيم فسفات و ژلاتين ماده زمينه

در ضايعات استخوان پاريتال موش صحرايي

�������� 
���� ����* ������� ������ ���� **� ���� ����� ���� ���*** �
������� �� �!"� ��#* �$% &���� '�(�)**** ������� *���� ���� *****

*����� ��	
 ������ ������ ������� ������� ��	
 ������ ���� �������� ������ ������ ! "���# � $��%�� 

** ����� ��	
 ������ ������ ������� ������� ��	
 ������ ���� ��&����  ������ ������ ! "���# �$�� �

***��������  ����� ��	
 ������ ������ ������� ������� ��	
 ������ ����  ������ ������ ! "���# ����'�

**** ����� ��	
 ������ �!�� ������ ������ ! "���# �$��%��

*****�	&!��� ()�� ������ �*�����+ ������� ����� ��	
 ������ ���� �!�� 

Title: Histologic and histomorphometric evaluation of osteogenesis induced by octacalcium phosphate (OCP) 
combined with bone matrix gelatin (BMG) in rat skull defects
Authors: Sargolzaei F. Assistant Professor*, Sobhani Ag. Associate Professor**, Nik-Nafs B. Assistant 
Professor***, Sarani ShA. Assistant Professor *, Sargazi Gh. Instructor ****, Sobhani A. Instructor*****
Address: *Department of Anatomy, Faculty of Medicine, Zahedan University of Medical Sciences
**Department of Anatomy, Faculty of Medicine, Tehran University of Medical Sciences 
***Department of Anatomy, Faculty of Medicine, Tabriz University of Medical Sciences
**** Zahedan University of Medical Sciences
***** Department of Animal Science, Faculty of Agriculture, Mohaghegh-e-Ardabili University 
Statement of Problem: Several methods are used to enhance bone repair and new bone formation, and bone 
matrix gelatin (BMG) is recently introduced. 
Purpose: The purpose of this histologic and histomorphometric study was to assess the osteogenic potential 
and the quantity of new trabecular bone formation after implantation of OCP and BMG alone and in 
combination into the cranial defects in rat. 
Materials and Methods: In this experimental study, 100 young male Sprague Dawley rats (5-6 weeks age 
and 120-150gr weight) were divided into four groups randomly. A full thickness standard trephine defect
5mm in diameter was made in the rat’s parietal bone, and 5mg of OCP, BMG alone and in combination were 
implanted into the defects. No OCP and BMG particles were implanted in control group which was otherwise 
treated identically. On the 5th, 7th, 14th, 21st and 56th days after implantation, the rats were killed and bone 
samples collected. After processing the samples by routine histological procedures, 5µm thick sections of 
bone were cut and stained with Haematoxyline & Eosin (H&E) and Alcian Blue and studied histologically 
and histomorphometrically using light microscope and eyepiece graticule. The amount of newly formed bone 
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was quantitatively measured by the use of histomorphometric methods. Data were analyzed with SAS 
statistical package using ANOVA and Duncan tests.
Results: In the experimental groups, the new bone formation was initiated from the margin of defects during 
5-14 days after implantation. During 14-21 days after implantation, bone marrow cavities and bone marrow 
tissues in newly formed bone were seen. By the end of the study, the newly formed bone increased and was
relatively matured and almost all of the implanted materials were absorbed. In control group, at the end of the 
study, a few clusters of new bone were seen near to the defect margins and host bone. The histomorphometric 
analysis indicated statistical significant differences in the amount of newly formed bone between the 
experimental and control groups (P<0.05).
Conclusion: Implants of OCP/BMG appear to stimulate bone induction and new bone growth in bone defects 
greater than the other groups and these biomaterials could be used in the repair of cranial bone defects in 
clinical situations.
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)@�.(gEF Q��!b� 1� -��4��� �# -%( B��+�� B��� ��)R�

SAS B��� �,�1 � ANOVA �%U�R�2 ���& Y���� ��,� 
# ��m�� �N B��# G��0��� )���� �# -�!� DD��2�%F �,bZ

�K� M����� Z3�.���� Z��B�L$Q����m� V0�O � ���K�  )��
%0��2 D����� .-1�%�� 3�.���� 3�# D�0���# B�ND -%� S��

 -��2 �# � �.0%'0 �# �/0��1 B��N��2 �� %N�( 1� -��4��� �#
DU��� %Uk �,�1 B�Duncan nL� �� � >]/>%0��2 +�T��

)@;.(

.����3
����� ���	
 ����:

 ��-��2OCP Z ��/����,�� CTU* 1�� �� ���� B�N
 Q�KL& M��b� �� S(�� 1� G*OCP � �,# �,�/� 

��,A���# %0%F B1�� D�/p ���� Q�,W0 D# -%���k � �
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%( 1�p C�4N 1�� �� DK0�O D�(�P . Q�KL&OCPYA�A�� 
%(%��,�� ��� M��b� �� � {� B�ND��N��%� B� -%�/� � �

%U�R�0 gET� .�!� CN����k 1�� ����,A��� �# - %0%F B1��
# ZDK0�O D�(�P Q���T� �� DD�P�� Q�,W 1� ����� � B�

��,A��� )�� DK0�O D�(�PSR�2 Q�,W %0%F B1��. 1�� ��
S��# � )��� SE� D# %0%F ��,A��� B��/�* 3EO C'0�

�4P ZDK0�O ���� �*-B�N )m� SR�# �# -��EN ��,A��� )m� 
SR�2 Y'( )�� ��,A��� .1�� ��DK��L� -��� ���0�* Z

 � %( ����,$�# B��/�# Y��'� 1� %0%F ��,A�����/�#
 Q�KL&OCP %�%( "rF)Y'(<.(
 �� -��2BMG Z Q�KL& ZS(�� 1� G* CTU* 1�� ��
BMG# � �# �� ��,$ ���� � �,�� 1� �Up %U�EN SR�# 

%( D�R�2. Q�KL& 3�# �� �R���p SR�# �,�q �# C���� %���
BMG��,A��� � %( 1�p DK0�O D�(�P �� %0%F B1��. ��

�,�� DK0�O B)��� B���E�& �� CN����k 1�� B�N
 Q�KL& 3�# �� {�R������N �R���pBMG D� %( -%N�/� 

DU��1 -��� -%( D�4���� ��� B��,# .
�4P �# -��EN %0%F ��,A���-B�N��,A��� )m� Z

'#�����,�� S��,v��� B,��� ���,A��� B�NY�'/� D� ��� 

 ����� ������� ���� �
��
 OCP���� ��   ! "���
 �H,'#��� � %0%F ��,A���(TB)�� -%N�/� -�4P D� ���2 �%K�� B�N

�,$ ��,A��� )m� 1��(bmc)S�� -��� B�F �,$ �� ��  .S��,v��� �N
)-��,� ��'�* ( -%N�/� %0%F ��,A��� S��AO �� B��/�# Cd� �#

��%�,( .-�4P -��%F ��S�!#,v��� ��,A��� )m� B�N �N)%U�# ��'�* (
D�R�2 ���& �0�� � CdU� Q�,W D#D#H �� � %�� ��� BH

S�!�,v��� �N)��'�* �,� (�� -%N�/�%�,( . X�� D# B)�� f��
H&E�0�EU2�)# � <>>S�� �#��# .

# D�,�� D����-%( D�R�2 �# �� S�!# ,v��� B�N �,#  �
�,��)�� S�!�,v��� B�N# D D# ��� 3�# �� -%U���* Q�,W

�� C/k��,$ .Y'( %��� ���( D��/� ��� 30� �%T� B��2
 1�� 30� �� ��,A���,#� .S��# 1�� �� B���E�& �� C'0�

 SR�# Z�R���p SR�# 3�R� 3�# 1� � "rF �# DK0�O B)���
 Q�KL& � -%( 30).0�F %0%F ���,A���BMG D# ���( 

"rF(%���� �% . � Y��'� �# ZDK��L� -��� ���0�* 1�� ��
 -��� 1� ��%�� B�0��# � %( -��)R� %0%F ���,A��� SR�# C����

�(��D%0��2 -%N�/� -%( )Y'(@(.
 ��-��2OCP/BMGZS(�� 1� G* CTU* 1�� �� Z

�,�� gET��(�� ��,� M��b� �� ���� B�ND-%(Z# �,aA
 Q�KL& M��b� ��OCP-%N�/� %0��2  . �� DK0�O C���� %���

 Q�KL& ���� �� �%�� �R���p SR�# �,�q �# C�4N 1��
BMG%( 1�p ���� %0%F ���,A��� SR�# Y�'/�  �,O� D#

�,�� -%N�/� Y#�&.CN����k 1�� �� Z��,A��� ���(  B1��
��,A��� �# -�!� � �,# �,�/� }!��� %0%F �� %0%F B1��

��2 � DK0�O D�(�P Q���T�# Z)��� SE� D# � X� D
 �� ���,A��� �0�)F )�� DK0�O D�(�P 1� ��� � �F�� Q�,W

�(�� ��,� 3�#D%0��2 -%N�/� -%( .S��# 1�� �� -�!� C'0�
D�,E� V�p� �� Z%0%F ���,A��� SR�# l0�)R� �#�4P �N-B�N

 ��,A��� )m� B��P � SR�0 B��/�# X���2 ��,A��� )m�
�,$%( 1�� . Q�KL&BMG Q�KL& D# S��� OCP D# 

%( "rF B��/�# ��)��%� Q�KL& � OCP30� �# -�!�  D�
 ����,$�# B��E� "rF S��� 1� D# Z%��,# %U�EN SR�# D����

�,��� �I!� M���� � �,�� B,��� C�����%�%( Db�P� ��� .
-�TU* 1�� �� SR�# _�,� DK0�O Y�� ZS(�� 1� G* C/(�

� Y��'�� }��0��� ���,A����(�� ��,� � SR�0 C���D# Z-%( D )F
 }��%E� D� Q�KL& 1� B��%K�OCP�,## � "rF }!��� Z%� D

%�%( 30).0�F %0%F ��,A��� D����)Y'(�(.
�� -��2 Z%N�(-�TU* 1�� ��  �0�)F YE� 1� G* C/(�

 D�(�P D# -%���k � Q���T� �� %0%F ��,A��� 1� �'k,�
/� ��#)�� ��,A��� � DK0�O�%N -%( }��%E� DK0�O B��R � 

�# -%( ��m(� C����� %U�EN SR�# �,#)Y'(;.(
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 ���#� ������� ���� �
��
 BMG���� ��   !  "���
%0%F ���,A��� SR�#(nb) -�4P B,��� D�  ��,A��� )m� �%K�� B�N

�,$ 1��(BMC)�� %(�# , ��,A��� D# -%���k � Q���T� ��
��#)��(HB)  ��/� S�� -%( -��� .S��,v��� �N)-��,� ��'�* ( Cd� �#

 %0%F ��,A��� S��AO �� �W�$�� �,�/�S�!#,v��� � %U(�# �N
)%U�# ��'�* (�S�!�,v���  �N),���'�* � ( ���,A��� Q��4W B�� �#

D�R�2 ���& %0%F%��) X�� D# B)�� f��H&E�0�EU2�)# � <>>�#��# .(

 ���$��� �
��
  ������� ��OCP/BMG���� ��   ! "���
 D�R�0 Y��'� }����� ���,A��� SR�#(TB)�� -%N�/�  B,��� D� �,(

-�4P�,$ ��,A��� )m� �%K�� B�N1��(bmc)�� %(�# .S��,v��� �N
)-��,� ��'�* (D�R�2 ���& %0%F ��,A��� S��AO �� CdU� �,b D#%�� .

 D��( SA� ��,A��� M�b {0 ��(D)�  %U�EN SR�# Y#��� SE� �� 
(ct)D�(�� ��,� 1� �0�0��# B,���  -%/� "rF -%()٭ ( -%N�/� Y#�&
S�� . X�� D# B)�� f��H&E�0�EU2�)# � <>>S�� �#��# .

%�&�	��� ���	'() ���	
 :
 B��N��2 �� -%( D�$�� ��,A��� CTP%N�( � ��,� �� 

-�TU* 1�� 1� -��4��� �# S(�� 1� G* C/(�X�� X��E( 
DL��# �0���� 3�.���� � %( D����� B�D# -%� S�� D Q�,W

 �ETP %W �� � B��� DW!$ D� %( ���# ��/�� C&� �� ��
 ���,E� ��<S�� -%( Dh��� .

 ���*��	����(�+,�� "�� � ���� ��   ! -)�� ���� �
��
 
C����� %U�EN SR�# D���� D# }��%E� DK0�O Y��(CT)  ���� B��P 

 {k,� ��,$(bv)��m(�  ���,A��� SR�# 1� �'k,� Q�KL& � -%(
 %0%F(nb) ��#)�� ��,A��� D# -%���k �0 � Q���T� �� (HB) -%N�/�
���,( . X�� D# B)�� f��H&E � �0�EU2�)#<:>�#��# S��.

 �/0��1 -��2 �� -%( D�$�� ��,A��� CTP 3�.����
OCP/BMG�,# ��%�� 30��/�# �# G�� D-��2 V���� B�N

 �/0��1OCP � BMG ��,A��� CTP 30��/�# B���� 
D�$��-%(%��,# Z. -��2 B���� %N�( ��,A��� CTP 30��E� 
D�$�� -%(�,# .30��E���)��  Q����m� V0�O D# u,#�� -��2 

OCP/BMG�,## �  D B��N��2 V����OCPZC� BMG

 Q����m� V0�O 30��E� B������,#%.� 30� Q����m� �.��/� ��
D�$�� ��,A��� CTP �� ��E�D�,E� 3�# �� -%( -��2 B�N

OCP/BMGS��  . CTP G��0��� )���� 1� YW�P t0���
D�$�� ��,A��� -��2 ���k B��# -%(��,� � %N�( ��%F �� 

@ Dh��� (S�� -%.
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%P nL� �� -��2 �� 3�# Y&�>>></>) >>></>P< (
M!�$��UK� �� �,F� B��� ����S( 3��K� B��# 30��#�U# 
 s�&�M!�$��UK�  D# 3�.���� D�0��� Z��N��2 3�# B��� ���
 X��Duncan nL� �� � >]/>) >]/>P< (SR�2 +�T�� .

D�$�� ��,A��� CTP 3�.���� D�0��� 3�# -%(
 B��N��2��L� ��,�ZDK ��%F �� �Dh���S�� -%(  . 30� ��

D�$�� ��,A��� CTP 3�.���� ��%F D� �0��N��2 �� -%(
 D#�/� M�P {0 B���� Y&�%P�,#�UK� Z%�� ����,� . CTP

D�$�� ��,A��� -��2 �� -%( %N�( ��%�� 30��E�,#� D# �
 Y��� 3�EN B���� �/0��1 B��N��2 +�E� �# -��2 30�

M!�$��UK� � ��� B���,#) >]/>P< .( CTP 30��/�#
D�$�� ��,A���-%(Z -��2 D# s�K�� OCP/BMG,#� . CTP
D�$�� ��,A��� -��2 30� �� -%(M!�$��UK�  �# B��� ���

 -��2OCPS(�%� ��� Z -��2 �# BMG B���� M!�$�
�UK� B��� ����,#) >]/>P<(. �/0��1 -��2 �� OCP � 
BMG�� ��,A��� CTP �� )�� D�$-%(M!�$� �UK�  ���

%���%� ��/� �,$ 1� B���)  ��%F�(.

7��.5��� � &���
# Dk Z��,Ua� ���A� ��,� ����� D Dk � B���4�� Q�,W

 �� -%(��T0� Q�K0�O C���� �� Z�.0%'0 �# V���� S��P ��
+,����� D�P��Z �#�01�� � DK��L� ��,� B����# Q������ �� 

S�� D�R�2 ���&) <]Z<�Z<@Z@ Z<? @> Z@:Z@]( . 30� ��
��,A��� S�R�q lN�`* V���� B1��OCP � BMG D# 

 S(�� 1� G* �.0%'0 �# V���� S��P �� �0 � B���4�� Q�,W
���W X,� ���0��* ��,A��� �� -%(��T0� Q�K0�O ��0 �

%0��2 �#�01�� �� ��,Ua� -��� �� 30� ���)EN ����� � 
��,A��� %��� ���/�* � S0�%N�� 1� -��4��� �# B1

 � B�,� i,'���'��X�� 1� B���,R�,�,���N �d� � �4�� 
�E�SR�2 ���& ����# � DK��L� ��,� �� 30� �� �.0� ���# D# 

 �K� lN�`*%( -%UU����� Q��W,a$ V���� �# 
��,A��� B1��BMG������ � -%UU����� �  -%UN�
��,A��� B1��OCP S��#�& 1� -��4��� � �.0%'0 �# 

����,A�-��� �� 30� ����� B1�� , �,dU� D# �.0� ���2
 �U0).0�F S�F V��U� ������ D# �#�����B�N%�,�*

 D�P�� �� -%(��T0� wh��� C���� g0��� � ���,A���DETEF
�,( D�(���#.

D�R�0 -��2 �� lN�`* 30� 1� YW�P B�NOCP ��� ��/� 
 -��� 30� D�1� G*�(�� DT0� Q�K0�O Y�� �� �%( -%(��

���� ���# Z���0��* ��,A��� ��B��,A���  D�0�b D# B1��
�/p ����0�� ����2.�(�� -��� -��2 30� ��D ���# -%(

���� B�,�� )0�E� D# DK0�O Y�� �� �,F,� -%/�)0�E�� B�N
�,���� � S�!#,v��� B�N��,A��� 1�p DT���# B1�� D

���� s0�b�/p0�� �� �1S(�� 1� G* C�4N Z%( �  -%N�/�
 �� D� %0��2�b%K# B�����1 Z1� G*  D���� �# -�!� ZS(��

��,A��� B)��� B���E�& �� ZDK0�O Q���T� �� B1��
��,A��� YE� )�� DK0�O# B1�� D Q�KL& B�� �# � �F�� �,b

OCP +�T�� %(.�� 30��D�R�0 1� D� lN�`* 30� C�� B�N
�,#c�N �� D� # ���& Q�K��L� 1� +�%�S�� -%/� -��(� � D.

Dm�� �,�q ZDK��L� 30� �.0� C�� D�R�0 ���,A��� B�N
�4P �# -��EN-B�N�,�� � ��,A��� )m� CdU���  B�N

�,pD��N%Uk �'�*B�) ��� 1� B��%K� D� B���� Q��W,a$
�,��S�!�,v��� B�N%��,#(Z � %0%F ��,A��� Q���T� �� 

�(�� -���DCN����k 1�� �� -%( �,# S(�� 1� G* � 3�Uk 
S��# 1�� �� �����KRS(�� 1� G* C'0�Z X��)2 � �,�P D# 

Y��,���,A��� DU��1 -��� �� 1��-��� S��� ��,A��� B�
 S�� -%()@?.(��,A��� g0�� l0�)R� ���( )�� � B1��

 Q�KL& +�.UN��1 "rFOCP ��,�# %0�( �� DK��L� 30� �� 
��( SA� ����� � S��� l�� D#�,�� )0�E� �� D B�N

 ��� S��� S�!#,v���)@�.(
 �/0��1 -��2 1� YW�P t0���BMGD� ��� ��/� 

BMGD��� /U� B���� D� 1��� B����,A��� 1� -%(�
������ D���� �R���p D�P�� �� D� ���,W �� Z%U(�#
D�%W B����,A��� -%0�DETEFD� #  D s0�b 1� �K��b �,b

�/p ����0�� D�$�� �(%�,Z�(�� D�� Z�,(  ���# %��,�
����B��,A���  �,EK� s0�b �� �N D# %0%F B1�� �# �
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�/p ���� S��F��0�Z���2 �30� 1�  30� 1� YW�P t0��� ��
�� �,U��� D� S�� �T0��� M!$ �# lN�`* -��4��� +�.UN

DU��1 -��� 1� ��,A��� ��%K� ��,� ��%# B�(DBM) �0 � 
BMG#   D���� D������S�� -%0��2 Dh��� �.0�  . 30�
�������,A��� %��� �+�T�� B1�� 30� S(�� 1� G* -%(

 X��)2 �R���p ���� }!��� �� +,����� D�P�� Q�K0�O�� ��,�
-���%��) ]Z@ Z@= �<.(
�#D�R�0 
��� -��2 �� lN�`* 30� 1� YW�P B�N

 �/0��1OCP/BMG���� YP��� D� %0��2 wA/� B
��,A��� B1��D�$�� � �� �# D�0��� �� %0%F ��,A��� �%(

� �# ���& �/0��1 -��2��,# -��EN ��$��� � -��� ��0�* �� 
DK��L�)-�TU* 1��S(�� 1� G* C/(� ( ��,A��� CTP

 ����,$�# ��F,� Y#�& l0�)R� 1� -��2 30� �� -%( D�$��,#�.
 V���� 1� -��4��� D� ��� ��/� DK��L� 30�OCP/BMG

� ���#���B��,A��� # B1��D�/p ���� s0�b0S�� -%( � �
�,�� �,�q �# C���� %��� ���( %Uk �N 1�p �R���p B�N

%(��� ZD�$�� M���p CTP -%(Z�E� � �,# �%�� ��,�S�
��,A��� %��� �� B�����%(�# D�(�� B1��. u����� 30� ��

X��)2 -%( ��T0� �R���p SR�# �%�� �0���� D� S�� -%( 
�� 1� Y�& �0��,��� Q�K0�O Y�� � %��� �� B����� D�

��,A���%(�# D�(�� ��,A��� CTP l0�)R� � B1�� ,# D
�,�� D�����,p B�ND��N%Uk �'�* S(���# � "rF B�

���,()@:.(
D�R�0 DK��L� 30� �� D�0��� � B���,R�,�,���N B�N

D�$�� ��,A��� CTP 3�.���� B��N��2 3�# �� -%(,� � ��
 %N�(D�$�� ��,A��� CTP D� ��� ��/� +�E� �� -%(

 -��2 D# S��� �/0��1 B��N��2%N�(�UK� l0�)R� 1�  ���
 ����,$�# B����,#)>]/>P< (� �.��/� D�� ��,� S��� ���

�(��DD�$�� � ���� �� -%( Y�� �� %0%F ��,A��� �%(

�� DK0�O%(�#�3�U|EN�/0��1 B��N��2 3�# �� Z#  30��/�
D�$�� ��,A��� CTP -��2 D# u,#�� -%(OCP/BMG � 

CTP 30��E�-��2 D# u,#�� BMG ��,#-��2
OCP/BMGD�$�� ��,A��� CTP �d� 1� -��2 �# -%(

BMG�UK� M!�$� B��� �d� 1� %U�(�� B���)>]/>P<(.
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