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Cd dum phosphate porous ceramc scaff dds ra nforced by composite gd ati n coati ng
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(1. Schod of Meterids Science and Eng neering, Southeast Univerdty, Nanjing 211189, China;
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Abstract :  The ca d um phosphate porous ceramic scaff d ds with high parodty for t he bone ti ssue eng neering were
fabricated by the f oami mpregnation technd ogy , andt he conmposte scaff d ds conposed o ceramic and gdatin were
ga ned by coating t he porous ceramc sanmples with geainsdution. It was found that geatin coatings werefo med
onthe pore walls o porous scaff dd sanples successfuly wthou destroying ther parous characteristic, but t hese
coati ngs i mproved t he compresd ve strength and compressive moduus of the sanples. The scaffdds, coated wth
gdatin, were characterized by their nonlinear fracturd behavior under conpressve loadng. Especidly, the com
presd ve strength va ue and the conpr essive modu us va ue of porous sanples coated wth 5% geain sd uion were
improved from 1.04 MPa and 0.105 GPato 5.17 MPa and 0.325 GPa respectivdy with the high porosty

(82.8%) nantaned. The resuts indcae that the gdatin coatings on the surface of pores renforce the porous
ceramc scaffd ds effectivdy .

Keywards: poous ceramc scaffdd; conposite geatin coaing; compressve strength; conpressive modu us ;

porosty
( Tricdd um phosphate , TCP)
, : : 36 % 27%
1.4 MPa 2.7 MPa
[1] ’
, , Barr d et s
2 : (Cddum
phosphat e cenments, CPCs) 22 %
31% 2.93 MPa 0.6 el
MPa ; A nirdla "7 , :

: 2006 1030 ; : 2007 -03-30
: ( BG2001033) ;
E- mal : dongy @seu .edu .cn



- 85 -

( Hydroxyapatite , HA)/

glycolide, PLGA)

2%

FEI SRION

4
1
1.1
HsPO.
2h,
1.2
50
10 mn,
2.5%
3
1.3
(SEM)

Myazaki
(a- TCP)

My( Hz2POx) -
HA B-TCP

10 mn,

[10]

[11]

(TCP)

( Polyl actide- co-

[12 13] ,
1

N( H2 PO4) 3

1150

24 h

WD- 10 A

2
2.1

0
8.5 mm

1(a)

0.6% 1(b) 1(c)

2% 5%

10 %

1(a)

10%

10 %

2.2

(

S5 mm min
15 mm

(el

200 500 ym

1(d)

1( d)

12 MPa 0.3 GPa) """

3

85.9% +

SEM

80 %

[4.,5,15,16]



86

1

ACCY  SpOt MAan  DEt WO  fe] 200 im
238

10.0kV 4.0 100x

AccV  Spot Maagn
10.0kV 3.0 100x

FHg.l1 The porous structure of porous scaffold sanpes after coating wth different mass fractions of gelatin
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FHg.2 Porosity of porous scaffold samples as a function of

concentrati on of gelatin solution
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((a) Crack propagating through the ceranic and blocked by the
gelatin coating ; (b) The gelati rv ceramic i nterface separated due to
shearing stress and the crack propagating al ong theinterface ;
(c¢) Crack across the gelati n coati ng and causing rupture)

6
Hg .6 Crack- propagating node in the porous
scaff ol d sanples after coating wth gelati n

h w ; Er
; Ve
, , Ec  Eg
O O h v : (or)
(w 10%
: ( 5(c)) .,
( 1(d),

Mao ' PLGA HA
TCP 8.4 MPa 32
MPa , . Hgi ™

CPC
2.8 MPa 10.7 MPa,
59 % 60 % 306% 47%
, 5%
: ( 80 %)
: 1.04 MPazx0.15 MPa
5.17 MPax0 .17 MPa
[12 ,13]

0.4%,
MPa +0 .15 MPa
5.17 MPa+ 0.17 MPa

(1]

[2]

(3]

[4]

[5]

L 6]

[21]

5% 82 .8 +

1.04
0.105 GPa* 0.006 GPa
0.325 GPa+ 0.009 GPa

[J] . , 2005, 22(6) : 3236 .
Zuo Yi, Li Yubao, Zhang Xiang , et a . Structure and biologic
properties of nano - composite scaffold [ J] . Acta WMateriae
Conmpositae Snica, 2004 , 22(6) : 32 -36.
Barralet J E, Grover L, Gaunt T, et a . Preparation of macro-
porous calcium phosphate cement tissue engineering scaffold
[J] . Bo materiads , 2002, 23(15) : 30633072 .
A mrdla A, Larecqga G, Delgado J A. Fabrication of low
te mperature macroporous hydroxyapatite scaffolds by foaning
and hydrolysis of an o- TCP paste [ J] . Bo meterials , 2004 , 25
(17) : 3671 3680 .
Hng K A, Best S M, Bonefield W. Characterization of porous
hydroxyapatite [J] . J Mater Sci
135 7145 .

Mater Med, 1999, 10(3) :

De JiveriraJd F, De Aguar P F, Rossi A M, et a . Effect of
process parameters on the characteristics of porous calcium
phosphate ceranics for bone tissue scaffolds [J] . Int Soc Art
Org, 2003, 27(3) : 406 411.

Zhang Yu, Hockin H K X. Effects of synergistic reirforce
ment and absorbable fiber strength on hydroxyapatite bone



[7]

L8]

[9]

[10]

[11]

[12]

cement [J] .J Bomed Mater Res, 2005, 75 A(4) : 832 =840.
) ) , . CPF PLLA
[J . , 2002, 19(6) : 97 ~100 .

Shi Zongli , Wang Yanping, Dai Gang, et a . CPP/ PLLAco m
posites of scaffolds for tissue engineering [J] . Acta Materiae
Co npodtae Snica, 2002, 19(6) : 97 -100.
Ramay H R R, Zhang M. Bphasic cacium phosphate nano-
composite porous scaffolds for load bearing bone tissue engi-
neering [ J] . Bomatenals, 2004, 25(21) : 5171 —5180.
Suyama S, Kaneda T, Itoh Y. Effect of structure of i nterfa-
cial coating layer on mecharical properties of conti nuous fiber
reinforced reaction sintered silicon carbide matrix conposite
[J] . Journa of Materiads Science, 2002 , 37(6) : 1101 1106 .

iyazak T, Ohtsuki C, Ilwasak H, et a . Organic nodfication of
porous o- tricaldum phosphate to i mprove che mical durahility [J] .
Meterias Science Forum, 2003 , 426( 4) : 3201 -3206 .

iao X, Lim W K, Huang X, et a . Preparation and charac-
terization of interpenetrating phased TCP/ HA/ PLGA conpo
sites [J] . Materials Letters, 2005, 59(29/ 30) : 4000 4005 .

[J]. , 2005 , 22

(5) : 985 -989 .
Dong Yinsheng, Zhang Qngguo, Liu Bn, et a . Study on
hydroxyapatite porous scaffold bonded by phosphates and its
bi oco mpatibility [J] . Journal
2005, 22(5) : 985989 .

of Bonedca Engineering,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

: , .- B-
[J . , 2003, 34(5) : 665 668 .
Liu Chaohong, Dong Yinshen, Liu Bin, et a . Preparati on and
bi oco mpatibility of porous 3- Caz( PO4) , scaffold [J] . Journd
of Southeast Univerdgty, 2003, 34(5) : 665 —668 .

ngin N Ozgir , Tas A Cuneyt . Manufacture of nmacroporous
calcium hydroxyapatite bioceramics [J] . Journa of the Euro-
pean Ceramic Sodety, 1999, 19(13/14) : 2569 —2572 .

inter mantel E, Mayer J, BumJ, et al . Tissue engineering
scaffol ds us ng superstructures [ J] . Boneterials, 1996, 17
(2) : 83-91.

i Syu, Chang Jdang, Chou Lee. A novel bioactive porous
CaSi O3 scaffold for bone tissue engineering [J] . J Bomed
Mater Res, 2006 , 76 A(1) : 196 205 .
yishro Y, Takahash K, Sato T. Preparation and co npres-
sive strength of a-tricalcium phosphate/ gelatin gel conposite
cement [J] .J Bomed Mater Res, 2001, 54(4) : 525 530.

: : (M.
, 2003 : 49 -83.

: : [M .
, 2005: 76 ~109.

ig A, Bracci B, Panzavolta S. Effect of added gelatin onthe
properties of cacium phosphate cenment [ J] . Bonmatenads,
2004, 25(14) : 2893 2899 .

[ M. 1 :
2006: 28 =30.



