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W E A RABEATLT R AL — #0 L5 B Chitosan, CS) M X4 , B EBE K G (Hydroxyapatite, HA) 2 3 5} i)
FEAMEAHH ZHEHATHAEZEMNEAT RO NFHENRKENREN . CS/HA NEHRE N 67.8
(MPa), &5 BBt 3.3(GPa) , B HIE R 21.2(MPa) , ESH IR N 47.8(MPa) R AMARER2-3 5.2
EHETHENIEFABEH O NEBENER HANMAB S CSHA EEHHMBRKETRE AR TE

ZHENFBEEREINETRHEMR.

XA ROyl £ER, SEREKG, ATAEE

5¢ B 85 (Chitosan, CS) 2 — 7 K 1R i) 4 ¥y VT B
MER AREFYIEEEEE.F S0
HHAERHUAAXLE LE¥ . ERTAARRN
SWMEEENS ERAERRNAGYTEE DU B
HOHRER. SZREMKEEEHFHEHRE,
POl As REBOCSEE%X LA ENEYD
B ARG ER BN AYERE
WK EPRMETEN BAMR . FHARE
EMEET BRAXCS ZHES BHMBIRB
2 HERSEY e R AR, kA
BEA 43.3 MPa, BY U058 B 9 46 MPa, i Ho At ) %
HEERAH —FRE.

FH B K 4 (Hydroxyapatite, HA) & A & B &
BHREESRS (S 60% ~70%), AERETFHREY
EHERMBARAEKMTISH . CSHAE SR
BHRECEEM S EERTRBANERE HESEY
B CS/HA ESHAKWFLEHAASTEE T
BSEMEFCSHAR;M CS/HA A KK B &
FREEEE T CSHARK, XEPE CSYHA &
A EEFBEEEFERE KT CS HH . ek
&N HA B LR R WORT, B R 9 Ca®
MPO;” BTHEFEERSBPTRERA, X
FRREERHSER MAEHAN CSERPHE
BEAHEEHIT.CLUY HA REKEES
MEEEEME R, #EREBEREBRMLF
g4 MmN, AR EEEAP A HA 88
BE CSHA MBS FHAZAEEAZRN S

%4,

CS/HA HEMEABHABENMNC LA
HELHHa" " ARXEMAREERUHA S
Rk, 255 60 wt% ~90 wi% . £ HA B FE T A
CSHIEZE AR EMA HA B0k % &Y I M n) 8 £
HA 0B PN A ST RV, 46 HA TR R ] B8
RYFHRY, X HA R TLUBIEER X
MMERPREEREREAMEEREAEM.
BAMENERREAYE TG, PEEX. Sl
9 A .

HELL CS HREKK CS/HA B 4 B A Sk
BRAE AR, U FHAE KBRS
AM5BRLERGGEERINETHABEH
K OEARMEGHEFLAEN CS/HA BEM R ¥
BERE AXXRARCAFEMEZHLL CS HE
K HA HHEHMEASHE, RREMMART HA &
BEHZEAYRRANSHEERER Ky aE
REE BT YR B F A W A S ok R
igh-2 2
1 X
1.1 E#

EER(EHA. 58BILCEYIBARL
", M, =563x10", BZME =91%), BEBRK
A (HA) (B4, P EEH SR E AL,
HOSE) EERKA(HAL (ZREBH) . &

B, (3 wt% ~ 8 wt% )NaOH I #¥ . 100 Nikon (5
FMHL( A& Nikon 247)).
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1.2 HRd&E

B —eBNTRRERRKMAB 2%(V/V)
ZE{HAOBE R H IR 4 v TEBE M, 4 BIFF
Bt CS/HA { wi/wt) = 100/0, 100/5, 100/10, 100/15,
100/20 BB EB KA MAR FRBEBE S, B
BibE Bl — R BERE B R CY/HA B
REABEFERER —BAR BHERER, R
EHRABEEBE TR THE . 4h 5% CS/HA 8
BERAZBKPERZE P, A OCHRENR
HF.
1.3 XSHE&THNR

X 5148 17 5¢ (XRD) Rigaku D/Max-3B X-§14& fif
S & A& 8 4T (CuKa, 40 kV,40 mA ) .
1.4 HFEpER

CS/HA BB M 2B TR R
BRI BEERARMMILER TSR ERN
FEAT A AR, B E 4OCHE P 4,
LR BR K 3 3B # PERE R g
1.4.1 LB NESR TEhMl kA=A
2t B Wik, B PE 42 mm, LK EF 2 mm/min, 4
HHNSHERE . SHOBEMEER E, G§dX
(1) R (2)R*E:
8F...L

nd’
b = % X % x WIOO (2)

1.4.2 HRERERER FH 20 mm KK A
BARAE, LB HEE S om/min. iC R B K EREH
Fr BMEXC)AX(4)RBERRE o MR
Ec

(1)

g, =

. 4F_, 3)

2
nd
&
£

E, = (4)

1.4.3 WYmE  RARSEARNAE
1 BY 47) 38 ¥ ( Double shear strength). ik # K &
22 mm, LR EF 5 mm/min, NLRFBIR KR
#rL, B - A (5)KRH\

2F
— e 5
nd* (5)

AA F o RKEBN(N) ; LB (mm) s d:FE
B Cmm) s 30 - 5 30 6 SR - %0 W & 1 L%

T =

%ﬁﬂ@%&%:ﬂ‘sﬁﬁﬁwﬁﬁ-ﬁj%ﬁfﬂiéﬁ*ME&

WM.
1.5 HESAR
AR L i T, B 2 AL T J 7E A SE S-570
B EDAX {3 2% I #1iL .
1.6 BAENZE
BREOCATHATIH I6h GHE W,
HHRA BCHEBEBKPER—FREIRLE, A
WERTFRENKGHRE W, ,BIEAKE w, 8l
A(6)HE.
W% = u

W, * 100% (6)

2 &R 5iE

2.1 FAudtaHae

CS(H R-NH, XR)TELMEH'PAE CS )i
FHRM(R 7).

HAc + R-NH, s R-NH," + Ac” (7

LML AGR R P, BB E
BEHWNK CS/HA BREFEHN, B LA ST
L, CS 1 HA AR MR RA
CSHARGYSEANEBERRIT, A TR
OH ™ K K FHEW K, BT LL OH B Py 38 % B
ETFIMEREEERETM(RASR).

OH™ + R-NH; —H,0 + R-NH, (8)
SRR, Ac” A EE, Na' B TFRENE
E HFIBEANNE TREHSE.

RS 3 pH HALHEER HHEN
pHEAT 6.0 0, TEHE > TRICAL X" A
B OiM e d &M E, R RB S THRIARF
ARTH B RE E W ® OH EEm BN 2
ERLEEEBSN O HH A L HAM; LR
HRTHARBLNEEERFLEFAER
P A EHMAMTEREERS OH WL, &
ARSI MEAT ERB THEBESREHE
BAEMILENFENAR, KTRBE S TN
e FR iR ERE ENY CYHARSYTE
AT MR T B A ST o B R, X
HRERTE—-RB. 48 ERERERTH HA
thAEZREBRETH TR FEHTETE(WE
1).f%F C/HA # NaOH B, LA THE B . %
CEFF(AE 2 ETHHAIR T (RE
2b), T LIS B R A - A BMER L HE Tk,
HRHERe b -k, RARREHRET
155 RS R IR R AT
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CS/HA mixture CS/HA mixture  First layer Ac
]
R NHAc{}— OH’ § s RN, L e—on
1"._"‘1|. HRNH;AC OH ) 1!';-““. "("‘RNHZ 'i-_ OH"
“‘wi R-NHjAc—H =% OH R NH3Ac . «—OH
g |e—oOH -
{ RNHIAG H ;’” R-NH!AC "J ~—OH

w CS -

Ac”

Fig.1 Mechanism of preparation CS/HA composite by in-situ precipitation

Fig.2 Photos of CS/HA (100/10){a) (wet} and (b) (dry,after bending test}

HENTHEREERBL .0 BERER
ORI HEEOBESEK, I TRIERREHN
OH ¥E . EdLRBH NaOH EX T 3% 48R
EHEHESRLHBER EHAE" B
TUbT B & G B B 2 28 0 048 1k 5% [ 5k B A T 5
RTREESTESER EZER AFmis, Mo
AP EEES FEME LA —E B .

ETRSE D, BRESENRESE (Fist
layer) FF i T 4% , W H.5% S8 6F T 4R B 80 B BUK
REBLSHEL, BNENEEUESENE
BB —EMRED K hEEMETRD
BRERR LEAHBRNER.

2.2 HANSRENEWL

M 3 31 (a) (b) B (c) AT W HA BB
BEEPAREFETHEROS KW, TN
HA B9 P 1~ 7 1iE & 25 25.94 (3.4320), 31.86
(2.8065) A+ IR F CS/HA EA B H 25.90
(3.4372),31.94(2.7997) 15 4 . HA B4 1, &% 4 #01
RAREHAEEN RN ERATh, XM RFH
AYEHARER.

2.3 HA/CS MEHRB IR

Maria X'V RERHEEN CYHA R AY
BASHNOH M BB HRWAN CSHAESY
PHATRHLABE K #HEER 1. TRA
BRANER LN CSHA E S8 H NN h ¥ HeE

2500 -

CPs

Fig.3 X-ray diffraction patterns of pure HA (a),pure CS (b)
and CS/HA = 100/5(c)

BB RSk E & CS/HA SR M 1 ik
% .5 Maria F & 00 R4 1L, BB DR G 6T L 0l &
BCSHAM B R H%HE B NERERST
7%5% EHEENSHERIIIRET 2.6 H
I RAMENIFHRBZANERTFER
HEFHIBR A ENAE . FRFERERR
HhfE CS/HA R AWM P s YL 81 ; o [ 4 0L
WEMEBREVA —ENERME. 28 . ZEHIR,
MM ETRIBTAAHEHE AR 1M
F2EALUE N, R T AT W & CS/HA #8
MOFHEAK ANBRRHEHES KPS
g THER HBRENEREE S EH
RER3.1.2.42.7M2.81%.
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Table 1 Mechanical properties of CS/HA composite and natural bone of

human being
ay E, T a,
Semples (MPa) (GPa) (MPa) (MPa)
Natural bone'#*] n 1.4 8 17.0
Maria! "1 (CS/HA = 30770) 19 1.0 14.4 -
CS/HA({CS/HA = 100/5) 68 3.3 21.2  471.82
CS/HAp (CS/HA = 100/5) 101 3.5 36.5 -

® Femur of human being {20 ~ 30 ages)

Table 2 Bending strength and modulus of natural of bone human being
(20 - 30 ages)

Bone o,(MPa)  E,(GPa)  o,(MPa) E,(GFa)
Femur 21.2 1.87 - -
Shin 21.7 1.22 21.85 1.42
Carple 21.5 102 - -
Ulna 23.0 1.57 - -

24 HAZBRY CSHA S AHB hEHEDHY
L]

241 HAZRMNESHBERERY®R b &
HAZ BN HEHARESRTRHIESR, T
MESLASTHMEEHENTHLAES (RE
4) . 55E HA SBAMM, ES5H P T HEREMN
CS/HA = 100/0 K9 80.08 MPa F& K 3| CS/HA = 100/
15 1) 59.31 MPa, BE{RWE B 5 26% , R B R B 1
M 3.2GPat P 4.38 GPa, HINIEAE N 37% A
T E 4 A BB B AT AR UEE A H R T
B XTLUEREAHESEHAZRSGS M
feit FARERESHHBEEEKR CS/HA ZH
BEM LA .

o 100 6 o
[- Ay
= soF 1’ e
e
43 3
w40 3 E
Z 1" £
z 11
m 0 OCﬂ

0 5 10 15 20
Content of HA (g)

Fig.4 Influence of HA content on bending strength and
modulus of CS/HA composite

PENMMTERER HAMBER O HR, RE
A, FHR 2% 26.01 pm, B2/PDTF 10 pm #
BFMN&E17.02%;HA, MBS AR NERK
NEEIRRN N 7.48 um, KB/DTF 10 pm 9 5
75.57% M3 3 18, HA BORR 45 Ho 8 /e, Xt
RE R R 25 . CS/HA,, S 3R

WURE L CSYHAREBET 49% M 72% , T i
EERARE IRENERNEEE/)D, HERE
BEAX, ZHERKE HAS CSZRMATES
HE®.

Table 3 Effect of size of particle on mechanical properties of CS/HA

composite
Diameter ay E, T
Sampl
i (pm)  (MPa)  (GPa)  (MPa)
CS/HA( 10045} 26.01 68 3.3 21.2
CS/HA,, (100/5) 7.48 101 3.5 36.5

242 EHFREREE HA X458
BHEmBEEEER.MEH HA 58 in, cs/
HAWERBREREBHAEREMR. 4 CS/HA =
100/10 0 ,CS/HA A LB K M B4 3R B 7 [E 4 4%
B (NE5). Zhang HUY BT A B-BEBR T (B-
TCP)¥3% CS,Bi#E TCP IS B, EHEEE
BRE HE HAMACGEERAHBREFHEWE
BESHANESRE XTRHATHA S S8
%2 F i R A A e BEss Ll B HA £ CS/HA
At e BN R

T T T T T T
1
[ )
Compress modulus (GPa)

Compress strength (MPa)
cs288383d

0 5 10 15 20
Content of HA {(g)

Fig.5 Influence of HA content on compress sirength and
modulus of CS/HA composite

2.4.3 BUUIRE  HAMAZ cSHERES M s/
HARAGHHNNETERESER /D REEER
E42% BREE HA NS EAOMNM, BB FEE
HEFAT (B 6) EREEMEENDEARENG
1.65 5 (3% 1), %551 CS/HA,, E &+ a8 3%
EHERBEET 3.56 (& 3).

HAMAS CS EHEPRTHEMT CS/HA B
EVHMEHERS EREIZEHERTRE N
7 HE9 o F1 b 8, HA B0 A S B T il 7 i
EHRFENHR AR, BHEE HA 508 5
B/ANEREE BT CS k5 HA BB Z B ) R @ #
BHES, HHAORAREEREE HA BN FE .
2.5 HAZ CS'HA S AHEBAENER

MTCSR—FMRBRKERTTHE, SKE
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Fig.6 Influence of HA content on double shear strength of
CS/HA composite

Fig.7 SEM photographs of pure chitosan (a, x 400) , CS/HA = 100/
5(b, x 400}

M CSHMMAEHEEREHBAX RE G HEN
FABEHDEERATREOBERER ECSHER
FMA HA FRLLE—EBE LR CSYHA E &

HRABKE ECSEEPMAHA, HBERE
BHEHHATUER —-EHILKFAAZHYE
el A 8 T LIS ,CS/HA E A MR R AR
FIET CS WK . g # CS/HA = 100/10 B,
HVPmKER /. FEE KOG HBERIE CS/HA
W, KEREHEK XHEKREGTREE
MBHAZRZEAEFREFE.INBEKAXNZ
RO BRIE N ARHER, ATTREFHAR
EHREERBRAL MIEBKEZNBITAEE
PHEHEAZHEMNEARRRRET. ZHAY
5FHAZAMHEERR TN F mRE B &£
PX.EZER MAEPXABNOEENEL
BG4  FREFTEANEERE A ER
—REH.
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Fig.8 Dependence of water absorption on time

AR EATINT AR E T UL CS A&, HA
HERNE SR HTREN I FEREITFH L
BHMT &R (1) AEAMCTHT®EH &8 CS/HA
EEMHEENZBMERIEMAMEHRT TE
BATHEERLZER B P, & bR
o FrEMm EA —E /R (2) HE T &
HENC/HA EA MR e aREW
R2~-3G. MESTHMFIRER CSHA E&#
B h SR ; G)HA KB REESH
RO T MR B TR E A A5 (4)HA 7T LUE BUKG
WA H KRB, LR CS/HA B &M R B 2¢3m
AEBAFRRTHES.
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BIOABSORBABLE CHITOSAN/HYDROXYAPATITE COMPOSITE ROD PREPARED
BY in-situ PRECIPITATION FOR INTERNAL FIXATION OF
BONE FRACTURE

LI Baogiang, HU Qiaoling, QIAN Xiuzhen, FANG Zhengping, SHEN Jiacong
( Institute of Polymer Composite, Zhejiang University , Hangshou 310027)

Abstract Chitosan (CS), an N-deacetylation product of chitin, consists of glucosamine and N-acetylglucosamine
units linked through 1 ~ 4 glycosidic bonds. CS rod is selected as a potential material for bone fracture intemal
fixation of human being due to its biodegradability and inherent wound healing. Incorporation of hydroxyapatite
(HA) ,the mineral component of bone, could improve the bicactivity and the bone-bonding ability. A HA filled CS
rod was prepared by in-situ precipitation. The mechanical properties were characterized and evaluated for suitability
as a bone graft substitute . X-Ray Diffraction { XRD) was performed to determine the change of the structure of HA in
the before and after processing. Scanning electron microscopy ( SEM } was carried out lo investigale the
microstructure of CS/HA composite . Effect of HA content on the mechanical properties and water absorption of CS/
HA composite were also investigated. It was observed that the mechanical properiies of the composite in the dry
condition improved as the percentage of CS content increased . Mechanical properties of such C$/HA composite rod
are much better than that prepared via traditional method . Bending strength , bending modulus, double shear strength
and compress strength of CS/HA composite‘are 67.8 MPa,3.3 GPa,21.2 MPa and 47.8 MPa, respectively. All of
these material properties are twice or three times stronger compared with that of nature bone of human beiﬁg,
indicating that such a novel bicabsorbable CS/HA composite could be used as intemal fixation of bone fracture.
Furthermore , the water absorption of CS/HA composite decreased when addition of HA powders into CS matrix, which
contributes lo postponing the attenuation of mechanical properties of CS/HA composite under moisture condition .

Key words in-site Precipitation, Chitosan, Hydroxyapatite, Internal fixation



