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Abstract: Macroporous calcium phosphate cement (CPC) scaffold was prepared by a salt-leaching

method using water-dissoluble rod-shaped monosodium glutamate crystals as poregen. The relationship

between the porosity and the amount of poregen was investigated. The results indicate that the porosity

of CPC scaffold come up to (79.8±2.3)% with a pore size range of 100–600µm. Chitin fibers was

incorporated to reinforce CPC scaffold. The compressive strength of the Chitin fibers reinforced CPC

scaffold increases 3 to 4 times higher than that of the CPC scaffold without fibers and the strain of

fracture increases remarkably. The scaffold material may be applied in the bone tissue engineering for

repair of non-load bearing bone defects.
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1 ��Z`)>V{ (Calcium phosphate cement,

CPC) (dNRqA�#25X>\l5y	y<.X^/X&Be	tNVe�℄APg,>�sP�#[q6��/pZjG	
5qvb6,���R	NP��B%q>*�7R��CV�*�7R��CV/;(d7�Æ8�;	8#K�d 200∼500µm. �Sa CPC ;	~��;	q�Ja�Æq��NH$1Ys8�	wq>V{�q�~5f(Ojq615�q1H	3}j�NaHCO3 �Na2HPO
[1]
4 �+^^ [2], q>V{Beb�eVn|�h1z�
�q1H1Y	[

�8�	omf8#Æ8��CV�H$1Ys8�7U�h	WF-	g1Pq8�(dNRqMt5�N$Jaqs8H$P��N�11Hnt� �q	;sMt8q+Mm�<3� �q�q�a=s8q� �q�KN+^^�q [2], iN+^^�q:K���mo	7U#o	�����by<a=s8q�qK`℄u	gT	d/KifP�-/q��hWoq� �qs8H$=�+f8#Æ8*�7R��CV�_z	8�`X����qa�P	N9*Z`)>V{>*�7R��CV℄aq
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1008  q A T ? $ 22 *{�2'5	Tm/������u�NP��hW2q��	y�mNRqu�+M	i�e<vq��<v��q>V{	��u�q+M'd℄fqJZ�-7->a� ��`s�q-�s8H$	tNH$1Y7U�+7�MtqZ`)>V{f8#Æ8��	9�~5A�#25NRq�4℄��='<Æ8��qKA5y�F&Ss8H$QQXÆ8��8�`��qE�	Tu#[���b��CVqKA5y�
2 y�CB
2.1 �hF&gaZ`)>V{�q!:�VZ`�)
(H#�=� 0.2∼20µm, ��H# 2.8µm, =OQZ\�e7d :Y) X����Z`) (H#�=�
0.2 ∼15µm, ��H# 2.4µm). ����Z`)EaDeA�[P	tNOjqb�ZB�o�
�|��Q. 1: 1 q.Fl[oZ`)>V{�q�>a 0.24mol/L qZ`��s (Na2HPO4) 1N-�V{}XN�JaV15��`s (C5H8NO4Na

·H2O, I�x) �q-�s8H$���`s�q(d{�q� ��1b	��5	�MO[-�615s8H$�a�4℄�� (�kO*A�7Rd :Y) =u�Z`)>V{Æ8����4℄��(dNRqA�#25Xv$5�>aq�4℄��"h� 1.2∼3.0dtex, 	#l 10µm, 
X�� ≥ 1.5 ∼2.0cN/dtex.

2.2 j�IN}rA%Y5h>(1yP*J���{ 0% � 10% � 20% � 30% �
40%�50%q�Q��.q>V{�q�~5��`s�q1H	l[+n�)b�{N /B. 1:3~5 Na2HPO4 1N	Æ�l[bmo>V{0q�aC�
0qC5 φ6mm×18mm qk�/<8-n(�P/	ynb
J��5 37◦C � 97% D�q^	^D$�"U 12h, #Yb
J���q$A$V�	d 8h iVP`	�� 72h b#Y_*gH�y�*J���{gyP*J�q#v.Fq>V{�q�~5��`s1Hl[	a}XN}X�0qb	
0q+��P~qt�	�{ 2%q�Q��.~5O�l� 50mm q�4℄���7+nl[	P/ynbZBv=�
2.3 ��E	
�� 72h bqJ�_*	qF:�FP�q	a X >"G>Q (/S X’Pert PRO, V> PAN-

alytical :Y) ��q�2�#���
2.4 �k7?

Ea~V�HQÆ8��q8�`�
2.5 %Y℄L��p>4#a:k|$�~! (/S H-800,/- Hitachi:Y) GI��CVqv��~�;k�	GI��CV6i�2S��ZB��+ φ6mm×12mm qk�1J�	a|yCVQHs (/S Instron 5567,eK Instron :Y) HQ��CVq0C���
3 \PR�l
3.1 %Y5h>�+8x 1NBebqZ`)>V{��CVX�r~s8H$q>V{J�q X >"G>xÆ	tNg4!�oG>T',� (JCPDS ,�0S�
026205) �{	CVq�K�#+N/pZjG
(Ca10(PO4)6(OH)2), aG>�q�1.	��R��J	O|�m�JZ�~6m��`s�q{%1Y	Z`)>V{BeAP/pZjGqNRdSs8H$��`s1�q_&�
3.2 %Y>Æ�℄LS>�nx 2NZ`)>V{Æ8��<v�f)T�q:k|!{�	ax 2(a) � 2(b) �6T.Y	� ��`s�q1�b[�q8n1b��1O8	8�	#l� 100∼600µm, f��q8�NMtq�x 2(c) N/)T���q:k|!{�	6T.md<ÆyEtgÆy�tgq~8bq	~,~8N>V{VeNRKAq8��f8X~8;PÆx8#�;	fQ~8qbq2^I��qim9Stn [7]. �e8#�fqÆ8��	h6��8�v��27P	F3	q��sVpd� n|AO[$qV}�n|6��/�$CVt [8,9].

3.3 %Y>�kx 3N��CVq8�`gs8H$��`sQQqE�!"�8�`tN~V�H~ (a	+� ± 4!�J6L	 n=6, �v), q��`s�q

w 1 Y_(=UzATr7�ap XRD w
Fig. 1 XRD patterns of CPC scaffold and CPC control
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5 � � T�rY_(=Uze7"7)�5Q��p�*t���t� 1009QQ�7� 0X 50%H	Æ8��q8�`�7�
(46±2.1)% X (79.8±2.3)%. -�s8H$q��`s� �qO�� 2∼3mm, 	#� 100∼600µm, �q1�b[�q8�℄f�[_	��`s�qQQ� 30%H	Æ8��q8�`S�dm (72±1.6)%.

3.4 %Y>f��p
3.4.1 j�IN}r%Y>f��p*�7R��CVK(dORqKA5y	CVqKA5y℄%gg7#q*��Fqg�#��	J�qqvA�KA~g��"U�;�~5X{�5	9�
5� m9[Oq~℄Kg��*�7R��CVbqqP1�35�nN/8�`gKA��<'qa��KA��q/8�`Hv)��	�e�s�*�7R��CVb�3_ [10]. x 4 NZ`)>V{Æ8��q0C��g8�`qE�!"�x6�	b"CV8�

w 2 ;u�e(_�Y_(=Uz7��p9j{ z�
Fig. 2 SEM images of CPC scaffold with different

magnifications

`qu~	Z`)>V{Æ8��q��v)��	#.dr~s8H$q CPC, r~qs8H$QQ� 50%( 8�`� (79.8±2.3)%) H	Æ8��qCe��a (12.62±0.2)MPa �umd
(0.09±0.02)MPa.�e��u�CV	CVq��g��qQQ����	#XO�tdE�-7->aO�l� 50mmq�4℄��	q>V{pq�r~ 2%q�4℄��b	Æ8��q��omSP~R�qm/�ax 46T.Y	�eds8qZ`)>V{CV	#[���bCVq��2e<f�#[��b	js8H$QQ� 10%(8�` (65±1.9)%)X 50%(8�` (79.8±2.3)%)H	Æ8��q0C���7� (3.58±0.11)MPaX (0.47±0.023)MPa,N#[�������q 3 )X 4 )	6�	�4℄��� CPC qu�Nd+q�x 5 Na|yCVQHs	�moqZ`)>V{��CVSCNRq℄K - 12Q!"�ax�6T.Y	#[��bq��CVTSq12Q.�#[��q��CVfoÆ (17 )T=), 6m��CVv012�

w 3 Y_(=Uz7��p7�_fr7G#PPpD� !
Fig. 3 Porosity of CPC scaffold as a function of

monosodium glutamate mass fraction

w 4 Y_(=Uz7��p/B��f7�_D� !
Fig. 4 Compressive strength of CPC scaffolds as a

function of porosity
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1010  q A T ? $ 22 *<�A�fqyK��m/	X�"CV-5�0�?5yu�d�%5d℄fq'<�
3.4.2 j�IN}r / �FT%Y>�vVeZ`)>V{ / ��#[��CV�	��qu�-a�Kq�qT�71�i��X
;wNR�	X
��im��H<y�W[Nn+N{=;w	
�A��	JX
;w�'�Ag℄K℄	q�'	�(SX
;wq"�K	V�SX
1PH[�1pqq	�
Xi��qX
;wNR���gpq�A9,�Y	�RX
;wqyQ	�(X
;wq"�K	(�X
;w������L-a	��X
qOG	(�X
qy-X;w [11,12]. x 6(a) NZ`)>V{ / ��#[��
iqu):k|!{�	8��=q#[S��qpq�	6���yYj�,�Yb[�qP��x 6(b) Npq�p3&^q��q:k
w 5 Y_(=Uz7��p\I - 01P !
Fig. 5 Compressive stress of CPC scaffolds with and

without fibers as a function of compressive extension

w 6 ��t�Y_(=Uz7��p9j{ z�
Fig. 6 SEM images of CPC-fiber scaffolds

|!{�	6���q6i.$d/pZjG	Wm��gZ`)pq��(dNRq#25X�[�i�pqg����NRq�[dEe
pqgTSqpVtN�i\z2��	TV��k�u�-a	vHdEeqSK12NR�tN������q{�5�a)-F&�r~�4℄��mZ`)>V{�9df �m/��CVq��	iNtN~���J��CVq���-5X0�?5ytomSP~R�q'<	NZ`)>V{*�7R��CVu�F&qP1dYqif�#.tN�P>if+O[q��O�X��QQTu4Rq+n�8�K
6TmoNRqu�+M�
4 \lEaH$1Ys8�	a��`s� �q-�s8H$	�+SZ`)>V{Æ8*�7R��CV	��q8�`dm (79.8±2.3)%, 8�	#q 100∼600 µm. F&6m	Z`)>V{Æ8��q��b"8�`qufv)���F&StN~5�4℄��gZ`)>V{#[q��=m/��CVq��	�M6m	#[ 2wt% q�4℄��6m/��CVq0C�� 3∼4)	
X℄2��m/�~�#[��CVO[-��T���>7#q>*�7R��Ja�6a��
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