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Research progress of preparation methods of hydroxyapatite/biopolymer composites

Du Jiang-hua'?

Abstract

BACKGROUND: The hydroxyapatite/biopolymer composites have attracted more attention since the composites can overcome
the limitations of conventional bioceramic as bone substitutes such as brittleness and difficulty in shaping.

OBJECTIVE: The current preparation methods of hydroxyapatite/biopolymer composites include mixing methods, in situ
compositing, fiber reinforced compound method, bionic mineralization method, and so on, this study aims to review the
advantages and disadvantages of the above described methods.

METHODS: Using key words of “hydroxyapatite (HA), composites, preparation” in English and “hydroxyapatite, composite
materials, preparation” in Chinese, a computer search was performed in Chinese Periodical Full-text Database (CNKI) and
Elsevier database between January 1996 and December 2009, the literatures addressing hydroxyapatite/biopolymer composites
were included, articles non-related to research aim and with repeated content were excluded. A total of 31 literatures were
involved in further analysis.

RESULTS AND CONCLUSION: At present, the hydroxyapatite/biopolymer composites is still not fully able to meet the
requirements for bone tissue engineering materials, thus needing further optimization for the preparation methods to reinforce the
interface between hydroxyapatite and biopolymer, and to improve the mechanical and processing performance of composite
materials; meanwhile, precise controlling the microstructure of the composite material structure similar to bone material structure
may make the materials have excellent mechanical properties and biological properties to achieve the requirements of clinical
use.
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=R E: & L Elsevier 4k 4% /& (http://iwww.
sciencedirect.com); ¥ X CNKI4 X 45 & (http://www.
cnki.net).
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FNHH 30% 89 RILBRI 2 A B R B AT g 5641
. BomAter ERE. HAPRE. BEMNEERT W
TR ILBR AR B S B R e R IR R A6 A
SHA S . BALE AR R R R KR SR
£ T P& B e S oA Rm e b, B mit s T L 0H
FrHag H e, BT, SmM AR e I EAA 3G T AVE YE
st R % F AT X R 89R AL
23 HHESE wiE LB RBHEABRL IR E R
HHBE, RESEAMZHTLEMHERELHBRE/
kW EaT A oMA. KRR AU L0074k, HhE&he
BABR B AW 30T AAMFH B S 00isAaLE .

Kasuga % P4 & A # R R A 09 F ik 45 A 2 o 2~
10 um, K& 440~150 uymeg#Z LB R B 4 4 5PLLA%I
EMRHAPLLAZ &-41HE. 4R KM, EH&idfd, o
NV B HRABR B A4, Prdl& 69 HAF/PLLA 24
AR AL E I B 5, T AR LT IEA K, L
IR YRI5 A 20%~60%0F, ML EIE S
iA5~10 GPa, {2MiAHZ AR G H Loyt —Fm K,
ARG TheB 2L,
24 IBEHLE AT kR R RAL R —F
EHRABR G IR GaT Lok, ZEEGT
B AR ARBTG5 LA, BREF LR T, AEMF
S~ F A A TR AR ITAR T SR a9 iEA2, 5 A AR
& BT EAARLLL N IR, Ry B AR
WE RN, TELA &Y EhastFE ot h®,
25 H AR tm ey S AP0

S SR A A B R & T R 2 B R T 1AL
M 4 e A, MESHAT T4 A A it 2 fdbam
B4 e fe B AR B 69 Ak, FHiB i SEM.
EDS. XRDst &£ AR & TR EmE LT E L 5
LIRARHATT RAE, HALT A9 REBER G B n T 4T 4
F AR A AR BRI T R, MAFEER G 6945
B A1.75, EBAHBABERE, HH V ERERRE,
ERERBR, AL R A B R R IRAF T — R A T g %

4719



@'27.2 cxrrong

FLILIESEREBERAN LAY i 20 T I T LI ) 25 72 e

EX TR S S E T
BRI 5 AR T R T ORI RBRAR

;a&ﬁﬁﬁﬁﬂ%am%ﬁ% MR BZIEBER G IR
B A B A R B B B R AR B Ry &

ﬁb#%wi EHA B Y B A50%, VAR A S K
BARM ARG, 4 b BAK, R T AWK ER. 5

WAa L iArte 1 BRRREG AR L.
25 EBSHTIRE R E { RAREIER T ARABER
EE5AME TR R ARSI E L LRI G AW
BT AL B AR, T F PR A B F B bR
IR E RSSO R L H & H IR B IR I AR E.
SEMAXPSH XA BA: B AREZHFILA F Mk
SRS UM, T A B RBER T AR R AU
WE A, 4G BRI 4m 069 35 5 2 B WL AT AL T R B A4k
Y IR B A KA, B e EiRARe B AR E
A W sh 32 B R B R AR T BI04 4 dAa au

M ik 2008 % T A AR B R A RA AR K
AR B 0B E T ik R SR BB R B R A
SRR, R L m e R ARARE . 2R, |
75 kb b ok R R R B R A AR, R

Ao H(53.943.2)%, FHEAAAGILR. 5HF . HRE
AARFTEFT—K, RLAKRLEMAT.

3 Wit

BARRG £ Ao BERRAS K B AT &R
JRE6960%~70%. AL &HHREBRE AWM S
T 6945 £ 2| 40% B A 69 A 5% B Ao o kb sk T
XA THES, ;AR SHELRRE S ERNA T
BORMA ) R, FBIRBH L2 R E S
*&mmﬁﬂﬁﬁﬁﬁﬁ@é%%k JL it — A &
A B & R R AR AR A L LS LM 5 F
AR, A A RAE A B R,

4 SEH

[11  Suchanek W, Yoshimura M. Processing and properties of
hydroxyapatite-based biomaterials for use as hard tissue
replacement implants. J Mater Res.1998; 13(1):94-117.

[2] Ambrosio AM, Sahota JS, Khan Y, et al. A novel amorphous
calcium phosphate polymer ceramic for bone repair:
|.Synthesis and characterization. J Biomed Mater Res.2001;
58:295-301.

[3] Marra KG, Szem JW, Kumta PN, et al. In vitro analysis of
biodegradable polymer blend/hydroxyapatite composites for
bone tissue engineering. J Biomed Mater Res 1999;47:
324-335.

[4] Burg KJL, Porter S, Kellam JF. Biomaterial developments for
bone tissue engineeing. Biomaterials. 2000; 21:2347-2359.

[B] %5, 3804 )5 I TG L. A ) e i e 3 1 RS W AT S B P L
FUBE R[] n\?Lﬂx 2009,4:58-63.

[6] Shikinami Y, Okuno M. Bioresorbable devices made of forged
composites of hydroxyapatite (HA) particles and poly L-lactide
(PLLA). Part Il. Practical properties of miniscrews and
miniplates. Biomaterials.2001;22:3197-3211.

[71 Choi D,Marra KG, Kumta PN.Chemical synthesis of
hydroxyapatite/poly (e-caprolactone) composites. Mater Res
Bull.2004;39:417-432.

4720

8]

[10]

(1]
[12]

[13]
[14]
[19]

[16]
[17]

(18]
[19]
[20]

[21]

[22]

(23]
[24]

[25]
[26]
[27]
(28]
[29]
[30]

Khan AS, Ahmed Z, Edirisinghe MJ,et al. Rehman. Preparation
and characterization of a novel bioactive restorative composite
based on covalently coupled polyurethane—nanohydroxyapatite
fibres, Acta Biomaterialia.2008;4: 1276.

Liu Q, de Wijn JR, Bakker D,et al.Surface modification of
hydroxyapatite to introduce interfacial bonding with polyactive
70/30 in a biodegradable composite. J Mater Sci: Mater Med.
1996;7:551-557.

Hong Z, Peibiao Z, Chaoliang H,et al.Nano-composite of
poly(L-lactide) and surface grafted hydroxyapatite:mechanical
properties and biocompatibility. Biomaterials.2005; 26:
6296-6304.

EVB, KK B ARSI SR R L2 ML B
H Ak, 2007.

Carmen A, Arquimedes K, Rosestela P, et al. HDPE/HA
composites obtained in solution: Effect of the gamma radiation,
Nuclear Instruments and Methods in Physics Research B.2006;
247: 331 - 341.

ThE, X, F5E, S AOR RS KA IPLGAK & 4 EHE ] %
T W], *”*ft«éﬂ%fféfﬂ& 2009,30(7): 1439-1444.
VRl . S, AOKBIEREK A IR & R e [] AL
TH M KL, 2007,35: 80-81.

Forman S, Ka' s J, Fini F, et al. The effect of different solvents
on the ATP/ADP content and growth properties of HeLacells. J
Biochem Mol Toxicol.1999;13(1):11-15.

Cooper Al. Polymer synthesis and processing using
supercritical carbon dioxide. J Mater Chem.2000;10:207-234.
L.M. Mathieu, P.-E. Bourban,J.-A.E. Manson.Processing of
homogeneous ceramic/polymer blends for bioresorbable
composites.Composites Science and Technology.2006;66:
1606-1614.

ORI T3 % VR, A TR 52 5 R 6 S IR A 1 e SR R
WA T AR BHJ]. 5 55 4 B AL 2 24, 2004,25(10):1949-1952,
I, AR, H AR R AR OO R TR A M
BHE I 5 RIS MR 2R, 2009,26(1): 24-29.
Calandrelli L,Immirzi B,Malinconice M,et al,Preparation and
characterisation of composites based on biodegradable
polymers “in vivo” applications.Polymer.2000; 41:8027-8033.
Shikinami Y,Okuno M.Bioresorable devices made of forged
composites of hydroxyapatite(HA) particles and
poly(L-lactide).partIl :practical propoties of miniscrews and
miniplates.Biomaterials.2001; 22:3197-3211.

Petricca SE, Marra KG, Kumta PN.Chemical synthesis of
poly(lactic-co-glycolic acid)/hydroxyapatite composites for
orthopaedic applications, Acta Biomaterialia.2006;(2): 277-286.
IR, A5, S8R, S5 R AR A PLA/ HA S5 1 RHE Mk AR
FE[J]. 28R Tk, 2006, 34(2): 23-26.

Kasuga T ,Ota Y,Nogami M ,et al. Preparation and mechanical
properties of polylactic acid composites containing
hydroxyapatite fibers.Biomaterials.2001;22 (1) :19-23.

BRI 25, KUK 35, 15 75 e e LI A 0802 010 P 0 7 1 i

xmtw
%$$
EL‘

o
i
B

L

[J].EERS £l ), 2005;24(1):71-75.
R 3 AT/ 2 T AS R A S 4 R RIS
] lBrDJLI’%%t 2008,35(2):207-209.
L, B, 25 AR bV A T R S BRI A A 4
?[J] ’Eﬁir/j *},2008,25(6):7-11

oCEY B O P, KRS IE BRI S SRR, h B
EUAE I 24],2002,24(2):124-128.

GRAT, MR, HKAEHE, 5 L TR HA IR 5 A AR 2
ijw BRI AL 22 [J]. 2007, 13(3):238-241.
MRrik, FRts8, 58 A5 ARIRIERE A IR S & R Rk %
JIERRSE]. m%@%m 2001, 17 (4):778- 684.

E2FL:. Aoy Rk Kk F K N IRH(2007Y042).,

KFEZ: H—HAMITHEITAGR, F—EER
HARRRIE, H—MEHTALATR.

ETEHE L Toif BRACIR M R R 2.

AR B A8 ZIABR G AW & 5T 44

T VA TGRS — 64 2 4 14 FoAE Ay B AR AL R 64 B 1 B e
TR A EES,

AEAEMAIFEE: A AR ERABR AN
o F AR & T AL R M —45E, F Bt

HET R RLTRE.

IEEZ R ENX: #t—FRABEEFER B IE ST A
AR B, AR L A AR s 5 B
MATE AR, ik 26 RAE A B RA BRZ 6 E L.

P.O. Box 1200, Shenyang 110004  cn.zglckf.com



