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2006 a 7 ^ Journal of Inorganic Materials Jul., 2006s�(D: 1000-324X(2006)04-0958-07|}YMP<`?mf6Z�I�V/ +�,&.�) *�0 1�'(-
(�����"� ��#���$�� ����#�%!��� 200237)� �� 1L;�U:d����:!��!�E>!���#d|!$T>M'*>℄wd�.<d�,tw�W 4MPa, !�E�W 70%, !X!yfF2`�Y!��:m!���e.<"N#�lnvk�6;�ZiR_+2	0.<dr|CwI!�Edkb>

Ca/P �drh~b%�|!wdQN6d�{r|�>�{����.<�LV!�*�{�L> pwd.<LV�{%E�� L 0�|!wdÆ>F�*>℄Æ�{r|�Æ�{���p:\D�TB383 sx)kd�A

1 ��f+�|&FAZ�Æ����+e�C{(���Yz-Be/=?n�{(exe�-z�R7<+Na?+Ta \�f0G?�O,j�tR&ÆÆ8eCD
?G�+?^ (Calcium phosphate cement, CPC) Sv%U?N( (hydroxyapatite,HA) +?^�2<-f�0^l����-I%�
�!C HA e<-�TQ��&+/=�r�P HA +?^�!�Ce HA, Y℄�+?N(R-Be�C{(�~��[E�3Y�?[��U�+�|�< [1,2]; YqP+�M"�/= (V$2 HA TQ) Æ�� HA +?^K�R xe�|Æ j�r���{e?G�/=K�R�|s} �f�[J�	�,�~7%���+�|O\[�S���;�[+??G��TQF~7s}8&hCe�-���ZTQ� HA <oy�~7e�o�FR9b;$5�eÆ5 [3,4]. H��TQ HA �RB<e�|Æ �+Na ?�|�s} 
\2XsOMe HA +?^-IE��C<�n"�}q�M/=�F�J�qs}?~7Dx�w�8�I��Ce�RI)a9 HA(Ca/P �q 1.67), qf[[��es}?~7Dx9uI [5]. �M+"�[f[[*1W*1ego�C?����|<��*B~��<F��7|?UFgQ CÆ
<�+����+(|�82�I)a9 (9v��#?N() e%U?N(��?�
(Ca/P) ~W 1.50∼1.67 zg
UW	�e���b+�<�0Æq�.�C<��e+"�/= — ��#%U?N(�r�?N(/=YI)a9%U?N(Æ��d+(|Æ$-B��R$ es}F�f[[$B�~7 [6]. !q+"�[�/=e}" 2�;Æ8e�}"{(�l/=e#OX�R1W?[:HÆwL�&/=s}�}" 9�q�~��X'uZem�O�R1W��m��%`%*1�|�[�<�d)qZl>jh� 2005–07–04, l2~;>jh�2005–10–26GS{e� �94n�W (02DZ11013)�
KR� u y (1968– ), Y�(1�q"	 a+4���D9!	 E-mail: changsheng liu@163.com
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4 n t x�f����r|�>*>℄|!wd/���r|�>*>℄|!wd/ 9599���~��<�ZÆL��jU�X'�) g�9R�W�~��I5tL?�|eJ [7,8].<�+��?G�+?^2gT�?GA� (Tetracalcium phosphate,TECP)?y??Gy� (Dicalcium phosphateanhydrous,DCPA)�H�CI)a9%U?N( (Ca10(PO4)6(OH)2,

Ca/P�q 1.67),{W-%U?N({(e?N(�Ca/P T��℄i�/=e�} ℄<
rt TECP ? DCPA eT����b8�H�C*d Ca/P �e-%U?N( (�I)a9� Ca/P �iW 1.67) e?G�. [9]. q;X CPC e�|s}?~7 ZR1��<���0Æb8rt CPC -I8|e Ca/P ��d)�<s9e�"_�-q\fS`�[eJ�?vx���KI�%�
�Iq*d Ca/P �e�I)a9%U?N(�%�Q��C}"�"�[�d)b8��h50Æq�|) \

2 +^E98

Ca(NO3) �:? (NH4)2HPO4 �:fi ^l�b8:Æ>q�Ci{�xe HA, o�� HA �VY=� CaCO3 � Ca/P=2 e�2HÆPA��EW 1500◦C ��H 10h, b
TECP. Ca(NO3)2 �:? (NH4)2HPO4 �:fG ^l�b8:Æ>q�C�??Gy�
(DCPD), o DCPD f 120◦C �M0 10h  DCPA. o TECP ? DCPA �K�Æ\��R*d3xe�V� TECP ? DCPA *dT��PA�_�[q�,380Æe�� CPC �
(*�*d8|oqh3�ÆÆ$�C 200∼ 300µm � 300∼ 400µm � 400∼ 500µm �
500∼ 600µme�3�M
o CPC �V�(*?-I:[�<s�2
�H"0'	r?�r?Eep[
�*#�S��S�f�W 37◦C � 100% %xJ�	-I 48h ~J�
�?P	 12h, L?PEdW 60◦C � 2h, ~J
f 100◦C C�	� 12h, .�E
�sC?	
 2∼5h, C� 50◦C �i�Eb}"xe/=
468y(1)�-ux�̀ �l\/=63W (AG–2000A�),$=Dxq 2mm/min,K�=���R 5 !k�,3�(2) n0{(�M Cambridge, S-250 MK ���Pp
06�
(3) 2M��4s}"/=e"�F� (4) -I8|e Ca/P �Mg/���4m (ICP)Æ}
o}"xe/=��S`[ (Simulated Body Fluids,SBF) �:	�Æ$f 1 � 3 � 5 �
7 � 9 �~JM�/�?z�� 120◦C �S� 2h, .�EAÆ�b8#Æ+0Æ/=es}
"� 500µm �"�F 60% � Ca/P �q 1.60 e}"��xe/=����h5
o
CPC � 6 "��h5�ej-Z���C\�Sj (}� 7mm, D 1mm), =�z�� v -�u�M
�Efy�^l�o CPC Sj
W 6 "�j-��=�zz��uEe&jq{p�K"���&: (5×104 ! / "). h5<s)gE~JMW06Zh4��
MÆ7
n
06���<ZY/=��{)�SjZ&j~JE PBS I��� 3% z��-s 4h, 50%∼100% ?PWxh?�TGEz&�f��iv�E�Pp
06

3 OCEn
3.1 [H�℄�[ub3AtSg 1 ���J�J� CPC �V / �"_M9�Fesi� CPC -I["�F�mlZ�9�2���"_eM9J�-I[e"�F�J��"_M9el�-I[e"
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960 x V . < ( � 21 ��Fl�℄ CPC �V / �"_M9�9�q 0.7 )� CPC -I["�F�Xb 70%. FR���b8$��"_M9+$�-I[e"�F�-}" CPC -I[XbO$8e"�F


f 1 �!^ /CPC �UL8�X,HZ!�Ed.�
Fig. 1 Relationship between CPC powers/

particulate ratio (C/P) and porosity of hardened

CPC

f 2 CPC ,HZd�,twXp!�Ed.�
Fig. 2 Relationship between porosity and com-

pressive strength of CPC

f 3 )!�|!.<d SEM oi
Fig. 3 SEM photographs of porous CPC with different porous diameter

(a) 200∼ 300µm; (b) 300∼ 400µm; (c) 400∼ 500µm; (d) 500∼ 600µm
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3.2 [ub�W�i43AtSg 2 ���J�J�}" CPC -I["�FelZ� CPC -I[e�-ux*zsi�℄ CPC -I["�Fq 30% )�q�-ux >4MPa, ℄ CPC -I["�F >50%)�q�-ux�su&
{7#Q�}" CPC -I[e"�FQ
J�qux
xe/=2�|&Fe/k℄<z<�Q*�rx�!M��G[R�|e����wKrbS�!M�q��X',�`E��<�ÆI?l�e:O�S�Ga9M�|ed�?$�d��|e{(
xeK�!qQ F�e[�Æ�<F� BMP-2 g [10].

3.3 *o[U37[ CPC �J,_3 SEM 	gg 3 2*d"�e CPC }"xee SEM pj�$��"_e}��r$"��-zXbO$8e"��"�Z�J���e<��"�Z�>�vQ2J��r*1�|[�<eÆ83=Z{��+�|<�[R�Æ8J��A3e"�q 100∼ 600µm, }�8�8Zq��*1W�� / �|e<�
Ne&A��}"xeBZ�C 200µm ��e�$"�{(�Z��v"�zgek�3b [11]. �0Æ�he�b���r,[�\)B<k}�"�Ne&AfC�}"��['e{(�OVfewY��#�-Me�"_}�+r$}" CPC "��-zXbO$8e"�
xe/="�D�_Æ+wÆG3b�R1W�|<�?I5|�a;�2���<e7<[


f 4 )!�Ed|! CPC d SEM oi
Fig. 4 SEM photographs of porous CPC with different porosities

(a) 40%; (b) 50%; (c) 60%; (d) 70%

3.4 *o[ub3 CPC �J,_3 SEM 	g
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962 x V . < ( � 21 �g 4 2*d"�Fe}" CPC xee SEM pj
$��"_eM9�r$"�F i�-zXbO$8e"�F�Sg 3 � 4 ���J�"�F℄ �}"/=e"Y"zg�℄5b�/="℄3b�q[�#OX�℄Z�℄R1W��m��<�*1?��<��UR1WI5CÆe��?[�8|eJ
{W��?G�+?^}"xe�q	e/k2�"_e'j�8|*�}W?�*J�+?^e-I��E8BBS-I[	��J+��_U*\RG (G �_{?G�+?^-I[*1).

3.5 [ub5,_NQ3�zg 5 2 CPC xee"�F?s} \e/��q	 CPC 2-IE�?�q 1.67 ?"�q 450µm e}"/=
Sg 5 ��J (m<�q�M), J� CPC "�FelZ (�"_ /

CPC �9�q 2.7 � 3.0 � 3.5 � 4.0 � 4.5), /=es}Dx (#Æ) Q
&
"�?"�F{/=es}tRBZeJ��<�O/=J�"�?"�FelZ�qYS`[:wLe#OX9J�lZ�r2R1W/=s}e�B<�O��J�/="�?"�FelZ�"?"zge5b <�R1WS`[:���S�X qs} 
;6�!e CPC n"Fq 10%∼30%, ��U+[�eZ"�~78F2�5��e�FR~7FBi
 Ooms g [12] �� CPC ~�E 24 �0~7; 10%. <�	qZ"�R1W��<��+[�?=~|e-s�FRl"�FR1WU� CPC ~7
�?/=f[:	�}-/=�oe��?/�dx  �9R1W�+e�<?�C


f 5 )!�Ed CPC dr|E (Ca/P=1.67)

Fig. 5 Relationship between porosity and degra-

dation ratio of CPC(Ca/P=1.67)

f 6 )�>�d|! CPC dr|E
Fig. 6 Relationship between Ca/P ratio and

degradation ratio of CPC

3.6 =a'5,_NQ3�zg 6 2*d Ca/P e}" CPC {qs} eJ�/��q	/=e"�q 500µm �"�Fq 60%, {7#QJ�xe Ca/P esi�/=s}DxQ
&
<��1� CPCfS`[:	R<se�} �\�?�q 1.67 e HA +?^/=es}%*&Æ0��FRb8�!�?�+X q�} �f[[e�|s} 
 CPC +?^f��S`[:E�9S`[:ex*��}!M� Ca � P ���}��}e Ca � P ��o�|~7�{7-?G��Y}Z�C
?G��R*deCÆ?{(�{H�*d�?� (Ca/P),�R Ca10−x(HPO4)x(PO4)6−x-

(OH)2−x (0< x <1) eI)/
℄ x=0, {HeI)/q Ca10(PO4)6(OH)2, [I)a9e%U?N( (HA), Ca/P=1.67;℄ x=1, {HeI)/q Ca3(PO4)2·H2O [I)a9e?G��
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(TCP), Ca/P=1.50; ℄ 0< x <1, {HeI)/q Ca10−x(HPO4)x(PO4)6−x(OH)2−x, [�I)a9e HA, 1.50<Ca/P<1.67zg
 HA s}RI��?G��s}R&��*1W!q+"�/= [13,14]. FR�b8�$�/=e Ca/P +r$�?/=es} ��I)a9e
HA ��$<es} �f�[[��u&es}�r6/=�oO�Yu}e�?/��R1Wf/=#O?"�	�C�+

3.7 SEMFy/1ÆvqTB.g 7(a) ? (b) Æ$2}" CPC �eC+��h5ep
 (SEM) ?_�
n
gpj�S SEM �J���JC+��Y CPC /=#Om��C+���Su;�C+���Js�Y/=�MÆ_�C+���<7<�Æ7_�
n
06�QC+��C<N���Su;
{7#Q/=�ROEe�|Æ 


f 7 |! CPC �g4dB*��d SEM oi (a) >^�	m	foi (b)

Fig. 7 SEM photo (a) and optical microscope photo (b) of cultural cells

4 O��?� RW/=�3!�"_�2M3���e�����"��"�F?���$e}" HA +?^xe
/=eux�X 4MPa, "�F�X 70%, Z"zg2GÆ3be��wZ" KR 1∼ 5µm en"
J� CPC /=�
�I8| HA e"�Fel?
Ca/P �esi�/=es} ℄<
r��|Æ O7e}"/=�~��<F��7|?UFgQ CÆ�MW"�?Æn+�|�M�9�!qxe/=MW�|&F
-Xrw
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Novel Biodegradable Scaffold of Calcium Phosphate Cement

WEI Jie, LIU Chang-Sheng, HONG Hua, YUAN Yuan, CHEN Fang-Ping

(Engineering Research Center for Biomedical Materials of Ministry of Education Institute of Biomaterials,

East China University of Science and Technology, Shanghai 200237, China)

Abstract: A novel porous scaffold of calcium phosphate cement with porosity-controllable,

pore size-controllable and morphology-controllable was prepared and cell culture with scaffold was

studied, also, the biodegradation of the porous scaffold in SBF was investigated. The results

reveal that the compressive strength of the porous bone cement can reach 4MPa, the porosity of

the scaffold can reach 70%, abundant micropores are on the wall of the macroposes and the pores

are interconnected with each other, the cultural cell are attached, dispersed and preferentially

proliferated on the surface of the scaffolds materials. The biodegradation ratio increases with the

increasing of porosity and decreasing of Ca/P ratio of the calcium phosphate cement. The scaffolds

not only have good biocompatibility but also biodegradation. The novel new type of biodegradable

Ca-P materials can be used as scaffolds for bone defect repair and tissue engineering.

Key words porous scaffold; calcium phosphate cement; biodegradation; biocompatibility


