it A3 FICHE

BB, KROLRAES R 3 MBLHAT:

— RS TFHKAEH & R RIE

1 A5 LR — SR H 3t R Wl o 8 e S LR
AR (SAS) MIhl& B EARES FXEME, HFHAENR
100. 0~400. 0 Mm (276.0+87.2 pm), FLERZE HT5. 6%.

2 B RIS B FAREATRI, ELER D FHER
AL TR EMR TR RN AL,

3 FIERSTFIEMEEIEYRATERHNEELE,
FIEREEREZR, RENEY FHEXNIATE, F&RE4LE”

= BATREEBEYAEBER

BT RS FRAE (LDIG) AT A HM LR, WK,
HEERAVARBEAZR, FREY, SHMRTEE, TR,
FolREm R, BMARRRARRNAD, SWHEERE.
B FARATRL S B SR B R YR AT R

KERAEFHAREES LGS T RIRE E M. BT, ¥
R WAMMAER, BAEAE RIFKE A RAA .
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ABSTRACT

Tissue engineering emerge as the times require in 1980s of the 20th
century.One of its characteristics is that seed cells are planted on
scaffolds materials and the tissue engineering tissue is planted into the
bone defect area once it form. Nowadays,scaffolds research is the hotspot
in tissue engineering field.An ideal tissue engineering material should
meet the demands as follows:(l)right biocompatibility;(2)right
biodegradability or resorbablity;(3)its degradation speed corresponds with
the bone growth capability; (4)porous fabrication with aperture from
200um to 400pum;(5)very strong penetration power;(6)exact lacuna size
for growth of seed cells;(7)mechanical strength providing micro-stress
circumstance for cells; etc.

Scaffold materials in existence involve in natural and synthetic
materials. The scaffold materials which received considerable
investigation  include  collagen,PLA,PGAPMMAHA,TCP and
coral.Synthetic macromolecule materials have advantages such as
controllable capability,no immunogenicity and right biocompatibility.
PLA,PGA and PLGA are the biodegradable materials applied most
broadly.Their disadvantages include as following:low mechanical
strength, acid degradation outcomes unfavorable to cells growth, not

corresponding biodegradaton speed with bone growth, toxic organic
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solvents remained.

In this study, the obtained macromolecule material—LDIG polymer
was purified and nanometerized by means of SAS. A macromolecule
scaffold material with certain aperture and lacuna rate was acquired. The
experimental study was divided into 3 portions as follows:

1.Preparation and characteristics of polymeric scaffolds nano-
material

(1) The polymeric scaffolds material was measured by scanning
electron microscope as 100.0~400.0 pm (average 276.0+87.2 pm) ,
75.6% respectively.

(2) The macromolecule material was revealed as a potential tissue
engineering material by a series of characterization in physical capability.

(3) The obtained macromolecule material was pure and nontoxic due
to innoxious raw material and process which accorded with the viewpoint
of ‘green chemistry’ and elimination of organic solvent in the course of
preparation.

2. Biological evaluation of macromolecule nano-materials

According to the correlative regulations of Technical Evaluation
Standards of Biomedical Materials and Medical Instruments promulgated
by National Ministry of Health,the experiments of acute toxicity,pyrogen,
hemolysis and implantation into muscles were investigated to evaluate

the biocompatibility of the polymer.The results of experiments on acute
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toxicity,pyrogen,hemolysis,implantation into muscles met the regulatons
mentioned above.

3. Biocompatibility of macromolecule nano-material and marrow
osteoblast

(1) Mice osteoblasts sticked to the surface of the material and
proliferated in the course of nature normally since they were seeded on
the scaffolds.As the time of osteoblast culture extended,the density of
cells on the macromolecule material scaffolds increased and osteoblasts
secreted extracellular matrix.It was proved that the polymer material had
favourable biocompatibility of osteoblasts and was an ideal material in

bone tissue engineering.

KEY WORDS: tissue engineering, scaffold material, nanometer,

polymer, biodegradation, biocompatibility
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PRRR IR I Rk

#5 FEX LK 2R
ADA Association of Dental Academy EHirFRlES
ASTM American Society of Materail Testing EEMHLRES
BD bone defect FiRim

BMSC bone marrow stromal cell AN
ddH20  double-distilled water XK

EBC environmental benign chemistry HEEFHE
FDA Food and Drug Administration EERMEHREER
FDM fused deposition modeling yod Ly kiv)

GC green chemistry S

HA hydroxyapatite REBKA

HE hematoxylin and eosin HARR-FA

h hour /it

IS0 International Standardization Organization MHHFFREFHEILADR
LA lactic acid LB

LDI lysine diisocyanate BER_ AR
min minute 2B

m. w. molecular weight STER

NBT nitro-blue—terazolium P e W

NT nano-technology gkER

0B osteoblast eeii]

0D optical density KEE

PBS phosphate-buffered saline R R
PDLA poly-dextrogyr-lactic acid EhEAR
PDLLA  poly-dextrogyr, levogyr-lactic acid HIERAR

PGA polyglycolic acid FBoE®R
PHB poly- B -hydroxybutyrate EP-BRETN
PLA polylactic acid EAR
PLLA poly-levogyr-lactic acid REEAR

PMMA polymethylmethacrylate EREFRRTER
PPF propylene fumarate ERTHE _K%&
PU polyurethane ReEM



WL ¥R s TR &
RESS rapid expansion of supercritical solution Tt AEREMMHA
SAS supercritical anti-solvent precipitation MBISHFREHBNER
SCF supercritical fluid A A
SCFE supercritical fluid extraction A AR ZE L
SCFT super critical fluid technology His AR
SC/PL  solution casting/ particulate leaching TR/ Bk i i
SEM scanning electron microscopy E=E 1K
SE/SD  spontaneous emulsification/solvent B/ B B

diffusion
SO/ED  salting out/emulsification-difusion method #h#y/FAL-¥ HiE
SR-PLLA self-reinforced poly-L-lactic acid B ¥E R A e R
TIPS thermally induced phase separation HIAEEHEAR
V/v volume/volume /R
W/v weight/volume HE/{ER
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W B

20 B4 80 FEAR, BEEAMEME. HTFEYE. EPUHFSERNRER
EPREEHRGF RSN, MR THHATRE% (Tissue enigeering), X[1H
FRAARRBERTRUT —MHREE. L7 RN THRMET AR
WHE, EBALATEEAWH, IEARBENEEME, EAH A&L8H1E
A, FRBSE T REFRAZREGSRS. FAARHEERAARA RS
BESEEYW, MIEHER, TRICBAARAYHETERGUTEREN: &4
i+ ECMs (BMISMER) + X + {FESLTF=B8RY. HPXEHEEE4H
HTENRMES.

9OFR, ASTFHR TRAMSIRMEMB T KEHR, AWM R
. EYNEHSEYREFAEE. FLBRKPSILERE. ORI EHEREX
FRHR SEKTEBEERW, FRARENEFHRBHMAMEERER, B1LE
H124BFAR TELEHHNRENESG: OETFARBME: QRN KRI
HESEEHEHLE: QOMLUER; ORABESFERTHEDE: ORIEH
B #RE: MR ERIUR: OESEEK; @Ol LEREASARBEHY-B
AARTEK; OFHARLE200~400u nZ[@; W AEAREASREWN;: D
HELEAEW R OB~ YLE.

AEEXEMHEBBERAMALERFEL, IART ARABNERE

(collagen) . BILE (polylatic acid,PLA) . B EZE (polyglycolic
acid, PGA)  HERAMFE (polymethylmethacrylate, PMMA) . BREBER
F (HA) . B# =48 (tricalciumphosphate, TCP) . Hi#§ (coral) %&F. H
EREAMAGHRETE. TREHERFRNUEEMHEEEFEFHA, N 20 i
2 60 ERP R A HBBETBEHSE, PLA. PGA BLX PLGA RBHFTNARH
LR R R, HARZAET: HREARY, BEFYEREAHTH
LK, BREESREERE, EARTEHERE, REBEAHLHE
8, %%,

EF LA TREIEHEFENTE R, AM—EREHHARRHEF
BATEHRBH MM, HdmE& HERiRafERATE. ZHAD
BAEYMEE, 8RTEBEREREXRFASENMER, B TFHERAIHEX
PP MR T TITHERE. NERLW, ARESUHERAZIEMEE
FERHNOMALH SEFHTESE, FTRERENEHFSHEREMAH
TEXR, yEARGEKEHER=EZRMEFRHTE. B THAMX%
ZEAWERAA T BB RRPMRE.

i
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AFREFBER_ARRE-HHARY, XAGEFFENE&LE
(SAS) SHAKRF THELM, FRBAT —EARMARENE T TR
HE. REPHEIEMSEHEL ‘@E4%7 HEX, XARHAEIARST
MHIRGME TS, B REDEASE, BERB—HER. ALl4syk
R A EMFEENAR TRIERE, HHEERNFAATETSHE I
FRESREERRLRKE,
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-85 AATERASAFIRARNEESRIE

3NE

20t S2904EAR LI, AMM AL TR MSTIEM BT KBTS, WA
PR MR 54 YR AR, AU AN SRR, RERIMEHS I REN
FERARR S K EEEYM, HRARENARRRBAMBERR.

LY M RN RS TEARPNEEARTZ —. B4R
SRBERFRADNEKTNR, RARRAT —ERERDRNAARRT. B
FEXRHHEBERBAUATEEFEL AL A RBHEAHKIR (collagen) -
EH.# (polylatic acid,PLA) . EEEZM (polyglycolic acid,PGA) . B
FAETHTR (polymethylmethacrylate, PMMA) , %59, XERAMA
FHERTE., XafiFRMUREYIEEMFFMA, PLA, PGA LLR PLGA 2
HATR AR B LF T REEEN, EREATHRIEAMEEAEA XE
=, hikalk, BXE%E.

FHREEMNADEBAREVEARE R LR EIFRFH —REa 48
— R R = RE ME-H RS (LI, B TR EHRATEANRY
2E, HMURELI T, BREENARTEIRYTTHE.
1 HES5F%

1.1 EERIBRIELE

111 #uagkH
HER_REME-HWmtEY (DI6) PABYKREVMHERERLRE
bk 425 KA AL B B RAFIF A
it B K EHBEE EBR AR S O
jt - 1R 3 R KEAL T B
REZIE EilwNAE—T
TKRZEE o g K R B AR
K] kT

1.1.2 {NFRE
ZHERE. BiEsem. &R KB EAN R AR R AT
BB WA THL KA BB AN AR A
RE-52 JEH RS TRFHPIENE
DSC2910 #3#r{X P AT R O

H-800 FE &t sp i 5 Hettich 227



B AR BB SL8TERARY FXERENHESRIE

AR P E Hettich A F

JBI0-D R43% Jy B AhimHHL th E AR AR G i
MR T IRE LiETHEBRERAR

¥ K WirR i E TSR

600 & = FAKH THEIET EENBHRAT
WRS-1A HFHE AKX lati2ybh et E T
5DXFT-IR £L4h % XK@ Nicolt AF)

& ekt it S T
Dataphysics 15 Zm MM X #H

BB RN LA

JEOL JSM-5600LV B{133#i ¥ B s BRI O
YA AR (SHIMADZU AG-20KNG)  HAS@RARIERLH
HiaAERERNEE EREHHFEEREAR
1.2 LWAE%
1.2.1 BaFEAXRMENE &
KA LEBAREDEARE R LR ZRAMBER - REBRE- ity
(LDIG) #4%l, LASC25-42K1 (A#25X2L, EH42WPa) BIEARAEEHIE .
BRIEFEN (E1-1) . ERITRFEESKE. S5l S3IRERER, ¥
COMABEZT, WIES NS 0~12.0 Mpa, BAEH35CT~38C, WHH g
BESVNEHBRAZBmERT, COLLMA, EHARMNENEE BFEH36
‘C, EA10.0Mpa, COZETO0 ke/n’, COSMATFAELLH36) , MABHI0 min
JEfELE, AREERIACO, 30 min, RETFEELSHE, HRCOZINMASE, F
MALKW L RBEEY.

WXEHERLREN TN T: RESEEP 3 MER, BT RSBHIRE,
BEyaEd, BRHAREH, REMEAH, LRE=[(WHEAR—BEEER) /
P ER] x100%,

1.2.2 B TEANRITEMEE
() #R (T MBHLEE (T,) BE™

FH WRS-1A BFE U E . MEBE: BEE 120°C, “RIBEE" &%
FEE10.8C. RUEFEERME: MTF 10%. BIEHE M. MT 20CHEEN:
+0.5C, 100~200C: £0.8C. HrEEAFERF: #1201 4m, AR o1 0mm.
FEREREA 3 m. LDICBAYERZR. REAMHTTEE, THTE4SRD
., RIER USA DSC 2910 BAF#HARTRMT,, AR SHEBLTI0C /nin
A FHE .
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() FKrERRHA

F#EH Dataphysics 15 RIEMANHN, MATLE 0~180° (R#<0.1
° ). BREYHSBTRN P, 78RBS LRERBE. HR3E A K FiEsd
AP E L, ASEENTEERARERLE L, R5RE T BEMA
p G\

O EY ¥R

F SHIMADZU AG-20KNG RYEH h# BB H (H A HE Rl o) MNE
YR (5X20 m BEE) HTHREREE. HREENA.

() LIAMR L He 3 E

BAME Fr il 5DXFT-IR ZL50 638 (M LDIG AWML ki A, URIES
SF RO R A '

6 BT ERHERE

HESTIEMHS LB RTIRKREE SABRERSTR, THRE
W&, JEOL JSM-5600LV B F BB MM B R, BT AN,
IEEE: 20 Kv, 9% :1024X 1024,

1.2.3 #it¥Eah :

A i BSIRSLIS ERRE ( 2£1) TR, G228l SPSS10. 0
BT ¢ 1050 HHEEBHT X RB. BUP.05 RREREFEELHEREN,
PO.0l RRERAREFRHBERLEHFREN.

2 &8 '
2.1 #Br (1) MWEELERE (T)

25 WRS-1A B4 AN IR HEAS (T.) 29 93.4°C, 7% 93.4~94.7C. LU
USA DSC 2910 SA-AfAE I+ HBRAYMBIHILERRE (T,) 4 88.67C.

2.2 FkiE

i Dataphysics 15 REEMA SRR SWEMA N 67.3°
2.3 hEtee

F SHIMADZU AG-20KNG H &4 ¥ RBH (A XSGR ARIHRLSH) HE
EWFER (5X20 om BARR) BATHENR, #5104, REBLFWHKESR
RAEN 4.2610. 78 Mpa. PIMTEIRE N 11.63 £2.30 Mpa.

2.4 MRS RIE

BUR K B LS EEZE 2260~2270 on™ A E A5 SR REHEX
S AEHEIS IR, 76 1107.3 o’ H-C-0-C- H|lltig, TF 1677 . 8em™ LE —RB
o (B 1-2), X~ SR BT R R 2 - -NHCOO- 2 B i A s e B
2262 oo L RWMEER (-NCO) HWIERM K.
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2.5 BFRWHENE

EXRMHLBEFRETENERTAR (SAS) BIWEREIME, &
AL ER—, HALBKANE 10 tp~2 mm, FHE 100~400 pvm, FLIE
EH 75.6%. EidHEBER SAS WIS H(T 32C, F 12.0 Mpa, (G
&E 0 600ke/n’, CO, S5HAFHAEL K 40), BAIFLEN 100~300 vm, FLEREE
F) 82. 6% FEBILBEXNYY, BHHEEETERREH (B 1-33,b).

F

B 1-1, CORBIARRENSERRR L AATED
1-CO A 2-4ufbB; -4REB; 4-HEN; 5-WAE;
-ERE; T-0BR; KB 9-HAW; 10, 11. 12-/1]

2. O0E+01
1. 50E+01
1. 00E+01
5. O0E+00

0. ODE+00

0.00E Z.00F 4.00E 6.00E
+00 +03 +03 403

Transmaftaree

Pavenunbers (em™)

B 1-2, H4-FERHH (LDIG) ¢hirshRiissiz X4
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B 1-3a (SEM x1500)

M 1-3b (SEM = 2000)
B 1-3a, b: BHELET, HIFLEHR
HBERPR—ELE, RLBAE
10 po~2 mom, F#)3% 100.0~400.0 pm
(276.0+87,2) um,
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I W ®
3.1 BIERABHBNERHAR®™ (SAS)

MR FEEER (SCFT) FIEBRYRNTERE, FEFBRF ARG
REPKEA (RESS) . BIsFAABHLEERAR (SAS) . BEAHFLE
BARF. RESSHOARZ G AR A ik, MG 7ERE [N ET—4
B R, AR IKEREEAER, FIREIPHMIESHEBIR M
WRAE, NFEERRS A NBamME. XTXAEMRE'RE, #E
RESSX #4317 & (55000 MEESYAEH, RERESYECOHHEFENRK.
BRI TR R R HOR ™ M ¥ W WA FH S [ 8 R ASCRIE I — AW 1T W R B
fic, it BB TR & A B BRI BR T S B ZIbT Y, BEREAR
s FE B G R T 0. 7R URL

AL KRR SAS FAR R BB CO. /0 REFERH, B &M 585 R Co,
H#, WA LDIGC 3LHY, FEBInSE Co. PHRIEMEIRD, X SCF @+
i, ERRAREE, MEROHE RS, RN R RERBRT
R, RS RIH, BRAER. R manansime, mesky
A EB BB RATLREAM R B 1 R R BB, BB D,
B, THRPER. TEERNAGER EERRR. KKRDTEIE
FIKHE, WO TXEHENES . 5 RESS BH:, SAS ANEELRBHREM, #
TERRRERIE STHXER: SHAEREMLL, WD T ARATERIL RS,
HZANELETE. BIERASNT BRETLUUSFRET MAKNAEHE
&%, iR FAATE R UHRES BB AERD, BT ERERBAGRE
FLT R LIEEEIR, IR R e A 2.

B Gallagher %"*'"F 1989 SR SAS LAk, AMIME4EFARFHE. 48
FH%E, REBARRRAZREERAVBENGRER, BFEAZHTEKA
IR, REC T REARENT RS RERBRE, MRRNER
EaW Bk, BRRENSEN, A TESYERERME: 55, E8KER
RETHAMERR CO.MERFEARTHTFREVML R, SAS ERBMHEBH™
PABERKRE. BEAR. SANE. RESER. REEENS. AR
HRRE A 36°C, K 10.0 Mpa, CO,Z S 700 kg/n’, CO, 5SEHEHN 36 A
40, BEKMBEER LEFREABRI .

ZFER, FHRHEES TR R RS, Wi, SRR
K=& BR LR E40E™™ (Green chemistry) MIER. SEMAE K
AR EEENLS (environmental benign chemistry, EBC), 2F|H{k23kphik
HRE—#%. BERE2BTFH— RN RE S F 2R MEEERHBRILE MR
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it BESMAHCEEYRAER SrE, RS R EUT R E R
Rif. ®EAEEEH A LREEN ALBRESHE>=ERELRALENE,
BAMARE.
3.2 ERTFHMBERIE

—RATHRIBMN RS THE, LRAEARTACEE (1), UFEE
AR SR OLER E O A5 HI3RIE . X LOIG SERYIA BB BRI R, BE (T)
MEBLRE (T,) 48k 93.4°C, 88.6C, HAFHRAKT 88.6CHEALER
A%, WERTAYE. & Dataphysics 15 REEf A HH{XEEESY
fEmAh 67.3° , XEYWARIBPNE ENEEEARESRE, 5
EFEHAR 6447 . TLAEBREZGHFANE, AFEREAARTHE
fil B A R B AR . BAENARTRMEN A& — AR, ATFRERG
R TFHNRESRRE S 4. 2610, 78 Mpa. FMTRIBEN 11.63 2. 30 Mpa,
BN RERATARATRARIRE A BRI E™ " e 2B .

BILRDEAE (LDIG) BILI4h i E7E1107. 3 oo b -C-0-C- i,
F1640 en 4 RC=0IE95 I, SStorey. KnolkerZF P ERiBENM—F, #
1720 cm™bfH-—-@EHH, R T R P-NHCOO- B 4 iR AL bE2262 cn
i RRERREE (NCO) MERM RN

PHAERI, WOTXEMBAREANARER—, HARKDE 10
Hu~2 mm, FIYEE 100. 0~400. 0 mo (276, 0187.2 mnd, FLEREEN 75. 6%, B8
T ERED 82, 6% IHRYNVMDRE R, BHKDATRABENABILER
{CHARAEKRS TEXRRE, 17 gl 508 B8 £ FE SRR =Y
Bz X—EWRERLUT L EYEERTRNA S A BT ERE ",
4 I
(1) ELRUGEM R RRNE-HaEYEL8hRFERLRHER (5AS)
R E NS HRES TFREM, K PHTE05100.0~400.0 Mn (276.0%
87.2 un), FLBEEHTS5. 6%.
Q) BE—RIHEXM B TFHHBTRE, FLEBFTHEATEAALT
BRI BRI,
Q) HERSFEEMBRLIENXATERVNLET S, AHERNERE
B, KBRS TFHEXNVGER, #F6 “G6M40%" WA
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B9 AATRASS TFIRMHNEDHBENRSR

Ell

i}

EMHAENRHAATEMBN— M EALH. BRER_RRRR-HHlLR
VAR ENAHTEST RO RN, ERNEFHARATEMN, 4R
BEXIETERAEE RN,

EWET IR EE R H S ARy RT3, 32
f—EEYFPNERF, BMEYER (BHER FEER (FAER)
PN ET BRI AR ANE SER, B EXRE S HEMEIRKR
FRNETZE., WAREEPHEHEZLERRRZIENNIERARMENR.
HTRERETBHERREANNZEF R, 1976 EXEREIE. R
SZGYMEER ( FDA) BEESTHRY, HETTEWEREE. A, EEFES
FARVAGR B R T BT S = &R M.

1979 EMEEFHEUENT T OB EDFIERET. 1982 £XH
HMELR%E A" (American Society of Material Testing, ASTM) #IiT 744
MR RIET M EWE RN T H B U BN T . RE. REBAHT
1997 £ 11 ASUAI T (DB RIEST SRAEDF P HARERY [P R(1997)
#81E].

A5 BRI LT E A S YR R E ST SR E RO R SR ER
ik, SHHEEES TFXEMNEITEWERY, b —PHARKERKIE.
1 HH5HE

1.1 ZEHERASReE
1.1.1 SR
75% P W R A SR BE B 2 R
2. %R EHZ8H W EETEIS—T
2R KEWREDHAFTRAR
10%FF B e T
HE 5% bl E—T
AT K AP g K ST EE R 25 )R
1.1.2 (&g
RE. BEE. S KT B AT A PR 4 &]
KRALR KA B A 23R PR 4 7]
0.2um4%-Fif K EREYH AR AT

HEI=EAK&EESR st = Halilne

12



[ OAT S B89 SASTERARS) TXEMENEDNEEHER

BB R KR R ST B
TGL~186G & & =X, A i ALV HL LiBESTRE
BRAER KBRS % IHeEHTEEUBETRAR
UW 26 RE 3 EETHRENERAH
HEBHE ot 2ybbie Ve T

1.2 ZRFZ*

1.2.1 HHRIBRENSE

WESTHEET TCKEHTRERAKELRE T2 h (0.1 g/ml), ¥
KBEAERREE 0.2 0 FFMETIE, CUEREAERRE, #2EY
XF. REBHTLER, BF 4CKEPEA.

1.2.2 BROER
(0 FEmMERDEHE

BRI L R (B, 2.2~2.5 keg) BHBKIL 5 ml, A 2% 38
#0.5ml, BULRN 4 ml ALK 5 nl HITHBNFE HFTERERMD.
#0.2ml RMARFIMA 10m] FEK, A UVERET (KD 540 o )
BB, HWIEREN 0. 67 MEFRFEER, MIRAERIRCE RN 0.8+0.5 7
EX.

@ ERTR

LA ¥R THEBIER 5 m K, 2% 34, 45 ¢ AHREK
M2 K, BIK 1 nin, REFRREF 3XE 10m £HEKNREN, 737
CARBPER 30 min, REMA 0.2 ol HBRM, B&RE, & 3TCKEFE
¥¥ 60 min.

Bt A 7 10 ml EREAKFMA 0.2 nl HRAM,

Ptk A . 25 10ml ZIEAPMA 0. 20l BRI, 2530, 2 100%
.

REARENREEE S ARE, HIfEREFASTREMA.

A 2000 rpmX5 min HATH KEH.C, W LR, B UV R ER
¥ (optical density, OD), 1k 540 nm, FAE 3 RXE D FWE. HMHE
BT ARG,

BILE = (LKA DM A 00) / (PSR4 op— B vt B4 oD
x 100%

(3) HEFRY: BOBESY, A BOEN, KK,
1.2.3 AFEITR
1 HEY

13



B 285 AATERARS FXRAENEDHERTR

BRAPRAKEERRZREERGYPOREOFH LRI A, KE2.2~2.5
kg, MEBEARRR, ZELRAT7 d FFAME, =@ 20~227C, HXHEE 75~80%.
MALRAWER. K2h, A2 5%5REHZHSEEIHIEHEE (Inl/kg) R
J&, BRETEBARIIIA, HEH 56 cn, 10 nin 5. S0 1K,
3t 4 K. RE7E 38.4~39. 6 C2 A, BMEARENEFE BN 0. 4CERESLR
R, FURSEH.

(2 ZRFHZ®

HRB/EET IVCERAKBEPER. B ERAFLHARKE, 530 nin J
1 ATR, 362k, UARKEENTFHENERER. MEEEAE 150in, §
HEHRKEREERNFHERRK, &N 10 ml/kg, FE5/55M 60 nin M
AL 1K, 33K, BREN 1 KKEEEER, YA RRER,

@ HERES

H43 R, SRARHEO.6CLLT, H3 ARILBFARBERE 1.4CLLTF,
iEtklaRs B4 3 H, 1 RERAE=0.6'Cek 3 H4i=1.4C, RIRZH
m2 REREXR: B43 R, 4BAH=0.6CHzBE LR, WREH.
1.2.4 AHEHTR
O WS HERLERITE

EAPHERFHEEZREZRHPPORULMBBEREIR 40 R, 4E
20~25g, HERER¥, BENLA ALRAMIRA, |4 20 R, LRAAHHRR
AT/ B R AR B IS (50 m1/kg), X FRU4E FH AL 38 K BB Bk 55 (50 ml /kg).
MEEEHES 24, 48, 72 WP EFRE. BHERIAAKTHEL.

@ HHBESZ (AE2-1)

21 PEEERE IR

BHER AR

x# AR R TR

REEN AREIER, BREFIRD. R EHEREHER

FEEE HEBRBAER, PHR A, B3P, IR TE,
RS, REHETHEE 15~17 ¢

HERE R, K4 REL EBRBREGER, WRIET E,
WP N, HETMZEOS g

- SR

@ LRHE: £ 72 h BEPALRARERAFRHEBL, IANFEER,
LR A0%FETER 60% i BB 2 B¢ R B b R B AT R E TR, T
WARNEEER; £ 72h ALRA 4082 EIER 20500 R HUH LW RIEE

14



B0 i3 BEHs ARATERRS TIXEHBHEPRTERRT

T, WAREEME EFLR.
1.2.5 MANEAEE
I BAFR

¥R A8 LDIG A PDLLA 1Rk E B 4 imX 4 mm, FEARBUIGEEE&, B
BEAZAR, BNRBHEEELEH. BATEAERBE LD O
ROLH SD KAR 24 H, BHEEARMR, 4E 200~250g. A 3%REHLZHESH &S
BRiESRBES (3nl/kg), KARBMERSE. HE. 60D, VI NRRBE
B, FEBEEN 2 MIAL, EEOER, BB BIA, BAZE
R, BEEHR 0.5~1.0cm, SEUBREK. ZMN0LKAE (B LDIG #HED),
AWAXTEA (A PDLLA #48D). RJ5 1. 7. 15, 30, 90, 180 d BU#t, &4
FAR 2R, VRESBROC.5~1.0 co WHEMAA, T 10%FREEFEE,
FEEAET A, YIFEERNS wn, HE BB, SMMFEH 2 KARETR, £
HETHETRE,
@) TRAEFUE""
@ K&z

BRENYABEARKORATES, EERRNRMESHRRRENTL.
@ ARETH. BREATEARKNSTAERR IR (AE2-2, £2-3),

% 2-2 RAEM MR B 7

5 % RIEM MR NFRE

14 R B E AR

N JE B BT L2 B B v 5. 40

M AR A D>t . e gREEnE
R B

V& JR B O] W CARE v AR R XA R R B TR

FHAM

#2-3 HERERN &

5 & R R AR

1% WEEFRTE<0.03 m, TH4EHRENE

4 HENREEBE, BEFEE LR

M BAEBAERERSKREAE, HERRAEEREEH
V& JAE AT B/ 54 4 40 A, o G s

R

15



BLFARX B_My AATERARS TXRHHNAYRENTR

® e (% 2-4)

24 HRFE PR
BARTE (d) R SR FRBERS R

7 S\Z x

15 <{IR <IV&
30 <H% <[4k
60 <14 <%
90 14 1
180 K14 <I1&

¥ BRAREASASOE REBRELTRE I ZNTARTBETEHN V4.

1.2.8 #itPaE

FE T REUE LR LRSS (52 ¢ ) /R, SiFE44H7390L SPSS 10.0
KAFRATEE . BLP0. 05 RAERBHEEFLWFERL, K0.01 RRERAF
EHRELITFE L.
2 4R
2.1 BO*XE

B LWL R AR 2-5. WIBHHEAR: BLE= (LRH D— N RA
oD) / (FR¥ERTHEA oD—FAEEXT A OD) X 100%=3. 83%. ik, MREPFEHITA
EAAE CEMFRIMEST B EWE R R ARER) RIHEXPERE, B
FAHXRMBR RS RPBMEDY, FEEDEFEKX.

% 2-5 ¥ L 3L 50 A B OYE B
A H 1 2 3 SFEHE
LA 0. 0610 0. 0620 0. 0610 0.0614
PR A 0. 4510 0. 5060 0. 5580 0. 5050
BItERT A 0. 0480 0. 0390 0. 0440 0. 0437
2,2 HEXR

HEZRLRLRE 2-6. ATUFH, 8 RAKEAMHEA 0C, FohER
MER, B LDIG MR B EB AR
#*2-6 RRERER

x & HEAEER (C) AHEEMER (°C)
%8 1n 2h P 1h 2h 3p X

16



A B8 AL IERARS TIEHHNEDRELHIR

1 38.66 38.70 38.70 37.90 37.90 37.90 0
2 39.30 39.20 39.40 38. 30 38.20 38.20 0
3 39.50 39.50 39.50 38.90 38.80 38.80 0
4 39.40 39.30 39.35 36. 80 36.70 36.60 O
5 39.30 39.30 39.30 38. 50 38. 40 38.50 0
6 39.70  39.60 39.65 38. 30 37.20 38.20 0
7 39.20 39.30 39.25 38.80 38.70 38.70 0
8 39.50 39.50 39.50 38. 00 37. 50 3740 0
2.3 mEEHER

B EREARRZET, TREK. L. REE, Hi5. S3hebak
ETREFRRN. HRBEHNESE, LDICHITHHETEEL.
2.4 MARMETRE
2.4.1 XR{EWR

HARG, KR#ER. HIEADE, ROGOTH. HIERBERRIT, &
FAONHASRE. BREREAGEBENHTZR. Bk, WKA%.
2.4.2 HOSRE
O BEATd ZR4APF BRUAHREARRVEES TR (B2-1D, B
4+ 6 AMK, 2HINH & NREEHRK.
@ HA 14 d, ZRADH 20 kAP RIEMRRAERE N 14 (B 2-2), 4
KAUE: 19N MBBEREENIE, B 15N 1 H, 4 BERNEER
e
(3 HA 28 d, LRATH 22 kMR ERRENREECTE (B 2-3), 2
SkOV A I RAE R RN 1 R, AT BRI &.
) B 60 d. 90 d. 180 d, SEESLH 24 54 A6 A 40 M R SRR s R BE T
BT &.
G HEHEA 4R, KARLO. B . FSEERTAS AR NEEREY
x (E2-4, B 2-5, E2-6, B 2-T).

17



HE#riex B0 AL TEMES TIRMENEMHREETR

B 2-LAAEA 1R, XEmRA A
KA, AAXBYA (KB x40)

H2-2, #HHAZE, Kimps g
EHIR, KBHANIH (HE x40)

18



T2 B84 AFRIRARITFXEMHNERRENRR

B2-3, HAHA IR, EAmMRs
BEfEBY X< T4 (HE x200)

: £ ‘} F p j P
B 24, HHHEANIH, SMALHE XA

ek (HE x60)

19



WS E_Bs ALATEARSTIRMERERHEHTA

B 2-5, A 4B, Magtas
sk (HB x60)

H 2-6, HHHAN 4B, s iR
HERY (HE x60)



W E R S84 AR TRARS TIEMENEDHERHT

M2-7, A4 H, FTRALAR
FERE (HE x60)

3 e
31 EHNEBEFNNEX

AR Tl R A 2 U S BET S YA B VR A, 3B kA B B 3R SR AT
EHRAMREE R HiWER LR AR 2 SRR k. B
VI BRI R S TEN U A Bl — R R, TTRES B G 8B. ttea|ItE
RUER—FHIERREENEBETR, R 24 h A—KRERANEL TGS
ERNGESABENEERE, ATTFRHEX SRR EEER. XTR
KHREBKESRE, WEENEEREEEENMBTER, £ 53
VMR EENRREN—RHR. B ERENBIMERBHELTRNEE
I, BRI P RIEEA . ZLRMERE AR EA S T
HEEM, e a AT fa R oSV HRLR BN L RN THEERAH
BAAREM. YHEAEBENESDN, BRI ABSAREENE. &REHHEN
B FRHMBESSERTHEBF MY, TiHEEREYHEINEER. #
BRERE#H—EEHHBRESBRKIEARBA, FERAEHBANEL KRS
6, UHERRATARSBRETHAENGRAERN—FAE. GABEALR
FEATAERNBRATERFOEDIE N AL AR . B LR
AFPEPER (EYMERET E#HEYEFNOERER) (PAX (199D
% 81 B1THREER, MTERTH A RE P LDIC %7 Tk N
REMFER T ERRIEN.
3.2 MAFERVEGEEDR NG

2]



LAY S8 ALATERARS TXRHOEYHEEIA

ERMREREPN F RS RARRE " C R & B2, IS0, ASTH %
FREFETRANTEAFT0 BH, NFRAENRETERAE. BHEs
ek FEMERRR=ASE. FLRIGEBHT AT EHSRIES
FHRM R BT %R, FERERTEY. BENBARTEMS LA
FREFVEDEHYE, DERERARYE, X BEAATNRYE, FRESERMN,
GRS HE, BRI AR, B
HEALR. BIER. RELRENERBAZR, RNEREHELEHEE.
EHEE. Ao EBMRAN, 7EXRULHAFEEZRP BRI ZIRAE BN
R, BEARBREHAEREARSHRAVGRANE, RELRERFSP
ETAR (M B AETRHEDFEFMORAER) PRBXEAX, RBF
HEA TR R REFVEVDHEENE, ATRASTRRZLTIRM.

HTERELREKBT YRR EDHER™S, BkERESRT, %
SR AR KR, THREAGAR—ERERE; RifdTAES55%
MER, EEVEINT R EERGG, WFLEREHAZ LFETR R M.
RAFEERRFADHE—SRIE, URERATHBIGREANKZEE. R,
DBAMGFRE L= 5B R A YT R AT 41 DNA. RNA LU 40 BA B FRAREIR
HEANEREE A MORNAR R ZA R E . BT ERE&FRTR, XLkt
FRT R AR S SRR EENRE NS HHNER, BARMARH A
BANRSES TAKM BRI D) EREFF—HLHE.

4 G

BEAEATXEHE (LDIC) AT SHRHTR, W RN, #ELRA
MANEALR, SREN, ZHEXEE, THRES. FREMRN, BN
BRBARRND, EYHFERE.

SE T

[11. #®EE%. EVHMEEMARETHHALRED). £VEETREERE 2001,
18 (1) :123.

2. KEH. FRATZ S&MEMELERND. SVEEIRER
#5,2001,18 (1) 9.

(3]. Department of Health and Human Services Food and Drug Administration:
Premarket Notification 510 (k) ,Regulatory Requirements for Medical
Devices[P].Washington DC,Health and Human Services Publication,1995,
4158:1-1 to 44.

[4). Baver TWMuschler GFBone graft materials:An overview of the basic

22
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Res,2000,11 (4) :296-304.
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REE BT BWEMEFH D) P EHEF RS E,1999,5:349.

FE DA YR RET $HAENETFMEARERPLIEARTAY

R, 1997, B 4 -3 1 52 % . 502-505.

o E BAR AR EREST S EYFETINHERERPLIA T ARTAER

AL, 1997 B 475 3R SE 52 508-511.

MR RERBEE. W EDHR B IERNIERAXEBIR— &S A
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B DA A REST B EDEPREAERPLARARBAEH
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B B=85 AATEARS TIEHEEARBEERESHFLINRE

$=09 BATEAGS FIXRABSXRABAK
EAEFHNE

AR TBHHYEYHERRR RSN BAERBANERSAESANR
BHRET, SAEEEASTREREAREEROTZHE, TREARREY
PR SRR . TIS A 57O U B B A IR 5 £V
HEKBER, BWEEANES. F0, FLETFRARRLYRT ES Y
LRMES, KN EYREERAAEIHEAEENEETE. S5
BAREFER T UHERANSHERNER, BRHLREAN, HETRE. A
i, BEARENREABANEEDIRER, TTAHEERBAES
B E R« B AR S A R A SR L R R AR TR B ASMFRERE
FRAMEERY . ALREASLEERFTRBAREHEDERUENO X RAR G
M, SHEEESTIRMAE (LDI6) HAKSF, FLUNERIE (PDLLA) FPRHE
KA, NRREARFH SR e R, SdHEAZBMANAMESE
FEMESWRANE KSR, HHBEREANEATELAKATRRIE

BRI
1 #H5FZE
1.1 ERERIELE
1.1.1 #EEH
FFLE 43X %44 (LDIG)
T BEFE FLER (PDLLA)
F12 355
AL (FCS)
B | BREARESK
ABC 5385 &
DAB EfA.7
APEC ¥ Fr 3
BCIP/NBP &5 & 7
D-Hanks %
I, fn 7
REd AR
. HE%. HEX
1.1.2 {UERiR&

=k
KO WREDHATRAT
Sigma
Sigma
Boster
Boster
Boster
Sigma
Boster
PR MR B A L
Sigma
KPR EPHSAERAT
B RIRHIZ AN



¥R =85 AR TEARS TXEHESARARERESHFNE

0.2 rms}Fi% KR ERBERAR
MBS KOMKEDHARERAR
BEFFRSI (25 nl 5. BB, BOES) KUTNREDERERAR
96 FLEFFER KEWREDHRFTRAF
L2 B v R K EREDEBEERATR
RS E BRI, LA #E
HLIES IR LT &
SHEL~LAB2000 % CO. B4 RH
fEf AR R T ST
EREE TR LiETRRERAS
B =Eak#E R LEEBENE
AMARY-1000 8 F535% B M4 xH
B okA LR ETT R
BFRF B E ST B
A& HEHCOIE I Az
BaLER ML
BEMEEUHRBEBRE A #01ympus
. BN FERERBLOHN

1.2 BEFRE

1.2.1 #REE

() EA=ZEHDFIENOTE
@ ZRA. RACHENES TN, HILBKAN 100~300mm, FLERZE
A 82.6%, MR EMXS, BRRIEH.
@ HRA: BELR"RARNEE/ BRERE. FEREESTE—EH
FIMAERELR (PDLLA) (HFEISXINERED) « —H P& (i
£50~150 mm), BHHIS, BEZEH. BABEERES EEEN, REH
AWK RERR. BB EER, ARSI RTI00miy HEFHE48h
ER. BIREZEMEIMILBRHETESR, FL2100~200 m, FZEHNEHRE
85. 3%,
Q) XBHM. K

BEHEST THESERER 5. 0X5.0X1.5 m MIFE#EN, EHEETF
96 FLIEFFRAIILIE, T5%RZBER 2h, REA=#KME 15nin, RE 5 K,
BHZTHRA G0 BREKS, EHEPTHES LARMEMIES 1 b, K
JERI R RS th 4.



BiL#Ai =85 AATEARS FXEMESXRAR ARE SHFNNE

(3) 0. 25%F& 5 AR HIACHI

BMFRFRIBEEAR 0.1 g, A 2 nl D-Hanks WK BEE RS RABIIR,
imi& & D-Hanks #, FR TRABHE 3 RGHEMR, BREHBRESRHEL 0.2 Mo
ST R E ¥, -20C FEEA.
1.2.2 KBRS HRESEF
() G Fr R ERELEA

LR RBM (osteoblast, 0B) i I KFHITEER FEx MM LR AL,
£ SD KE BB AAM (bone marrow stromal cell, BUSC) &4rH. 33K
A, ERBE, EKERK, BETEEEK, E2ARR=AR. BEEHHH,
HRBGRE ARGAERES" . REAREEAKT s0%Cl Lod, MR,
PBS #HF¥G 2 3K, WA 0. 25% BB AR, BEME, ALY REHE 4~6min,
BESMETREDRKEEE, PHA 1, 2wl § 10% FCS FIEFHFELILHL,
FH AR 5 AT S R B A R, $% 1:3 A2NEEF T 25 ml 35570, BT 37°C.
5%C0,. AR T, MARM, BMBATREMMES. EAR=NREF
AR FER.
() R
@ F96 FLIBSFIR, WLk 100 nl B3R5, BEHRAME, FFEESE1 d4
3d.5d.7d.9d4, A3
@ HHMEREE N 2. 0X10°/ml FIARE 1ML EHK 100 11 BeFh TN B & F Pl
B, HET 37°C. 5%C0.. HAERE FHEsE 2 h, BULBEMHE, 5—En
100 Ml MR, FET 37°C. 5%C0,. MARETHESF 2 h, REMAERE
Bidh .
@ #kEHEE 1~14d, MBHRE 1 K, HEHEEMETRENEILEHER.
1.2.3 1REREQED
() @RS

BEMEFAETREERHOAMR, 07 LRFER F12 BREHEm 1X
10°/ml RIRBH, TR TREREHLERE A 6 FLEFEP, FARMESE,
BA PBS WiYEHK 2 K, 4°C RMIEE 20 nin, BATREAT REALAEIERER
Bt
@ 1 HER™" aEahRe

2 ABC A G RARESBRINT: @ 3%WEAEH 10 nin, HEAEHT
S EEEN: © HRIEKER, PBS #iRH 3 ninX3 /5, PLKARMETIE#
#HH, SRTHF 15 nin, MEMER: @ HWN—H (1:80), 4C L&, PBS
¥ 3ninX3; @ WhENEFCH IR, ZRTHHE 150in, PBSH 3min



#6023 BN ARTERES FIRMES KRR EERESHFOUR

X3; ©® WiNHIREHFCHMNAELER (S-A/HRP), BRTHEH 15 nin,
PBS ¥k 3 minX3; ® DAB Bfa, EMBTEHEAEE: @ BXRKMHE, B
K. EH, bieEE A @ A PBS BTN E.
Q) HRHE

FET, PR T 08 4 MR MR vy SR b o] AR (A 5000
1.2.4 BMINEET Y (ALP) 3B
() REARELEHEBRESRNT: © BEHRFKS, A PBS HdtHk 6 LIEF
|5 minx4; @ 7E1 ml PBS Wiy 20 1 BCIP/NBP BE&RAN, B @ &
ERTE, MECHERFE @ ZHBEER 20 nin; @ HERKHESE, B
BERERK, TR,
@ GRAE: HEREHEETR.
1.2.5 XRRABEFRERETE

MIESFRPHEESE | di 3 dv 5 d. 7 d F4RAERE, PBS #2hdk 3 &, M
A LO0ml #kH (& 0. 25%F 8, 0.02%EDTA) 4L 5 min, FGERKIT, M0
A 0.1 ml PBS #,bif4k, ARSI, BILER 3K, BUFHE.
1.2.6 ZitFEiR

FAEHRERS R RS () TR, 4% SPSS 10.0
BMHTEE. BLPO. 05 RERAFEEFRITERN, 0.0l RREFAF
ESATE 1h=9'8
2 #R
2.1 AERENBRSEERAGNE

BAUK BT A RO SRR, R 4 h FFIAREE A K, TIRERSEEIE BT AL
IR, B ER, B=AK. £HK, 1~3 ML, BEEEFW,
CART RAEERERAE (B 3-1a, b). ERMHFHRLEREF I~12d /R, o
BREARERAREEK, HNELFRR, FAPMSLLBR (B 3-2). X8
THREEHES THEOZREERAERK, LDIC A% POLLA 485£ (H3-3. &
3-4) . | RRR e {h st BoRPEYE, S8 F 0T MR 46 B 4 e A B 3% P Bl
B EHRETR, AN, XAAR— (B 3-5). BitwmmsRalRR
ARERABABRAHMEERELCTR, KAFRA—, LREE (B
3-6).
2.2 MRERMII EAERE

SRETHRHHIRE, REPRYEBRNE 3-1, B5-7. HEXRD
4R B 4 B B A B e SE G T I, AR B2 3 d RS, BRI
th, 581 dHlk, ERAFERELHER N (PK0.05). £5 dJ5, [ PDLLA



FLFARX =i AATEAAITIXERNEESXRARARAEHRANNR

ML, REMME LDIG X EMH T RHEEMR, ERAFEERITERX
(P<0.05), RH9dJE, FAZRAFAREENE N (K0.001),

% 3-1 BT R ER AR EER (x10°)
RARFEE (d)
A # 1 3 5 7 9

SCES4 1.1840.14 1.35+0.28 1.87+0.45 2.26+0.58 2.87+0.66
WEA  1,15+0,13 1.28+40.26 1.41+0.33 1.53+0.40 1.5810.47
PH >0, 05 0. 05 0. 05 <0. 05 <0. 001

M 3-1a, A F =M (OB 434 4 h Fm
B, REMNEERIAND RN,
HEARAE, =A%, $AT (x100)

B 3-1b, RF e (0B MMEER

FRH RN, AESELR, 1~3

Addz, REFE, Lo EIM%ER
s, (x100),
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WA R0 ARTERARS FAXEMESARAA AN SHRF XU

W 3-2, Ao TFEAELEAIAE,
TRART AR EATEL K, HHEH
R, BB EHR (x100),

B 3-3, #XA4% T TN PDLLA Mt ik &5
Mk, HERY (x40)
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L FRR F=ZB0 ARTEARY TIXEMHEARREARE S HFIRR

B 3-4, XHTFTTR LDIC HHask A%
tmpe sk, ¥4k PDLLA 2% % (x40),

B35, 1MBERAANLKELEM

B, KETTRRSBT @EGRRA

SR AR EBE, BETHAY,
AApFR— (x100),

n



B Ry F=85 ARTBARSTIXEHME S KRR T ARE SRR

B 3-6, MEMRBREME: KT
HEENERATANBEEAERER
#, KOEER—, DIEE (x100),

A A R F Bl AR

3

afad 2f

(x10000) |} [I B sLih 4l
D[I w3 A

1 3 5 7 9
HE R (A (d)

B 3-7, HAXR AT, 5% 1 ddak, 2R
AAR¥ERHFEL (P.05). £5 d &, F PILLA X R4gik,

AR mME LDIC sk e A B it te, 2R LA ¥t
FL(P0.05), £9¢E, AALRAAHRBEFEES (P<0.001)
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3 it
3.1 EATERSHAMNE

A/ TRFAANSRE S5 L2 ERBREMES BEFFHBR" . kA
BERBRBRAM-XEESPEEEANEABERREA. S/rEaR_EL
HERFOHFENAKERERARERREAREEFEAR. HEKIPRE:
AT ERFEM, H—ERNARMAEB AT —ETASHHN =R
L, REHBOR-TREABHEANMEASAERI SR, BdARZAMHAE
HH, EKEHE, SUARSER, BRAFT —EEHAENARRT. &
EE AR RRELEBANRRE, WER. W, EEHTF.

ARTBRERLHRRBE =5 TEHAR+REAR, XEHNEH-4£
KHEF, XRHH+-REBAR+EKET. PR —H s RIBE AT X8 H
B, NALBRRTERESMITLERYTHRBEL™HEE. ALRREH
FRHEILE S FHEHARERS. 0X5.0X 1. 5sml F MK, REBEFRETH
BEAERE. XETUTRAREKRER, FIBEER, A5~TKE), QKB
TETHAREMEEREZHREBGN, FUORRIERLETHREE.
3.2 ALEMALBE A BRI

LBHTLERE AR TR B NFHS EE-MEES, BREEMN
HBERET T HIRE. EFSBET, REARERYA20en , EENARER
#30um , —PEBERSBEOERAT00 , —RINHIARATI000D, R
FFFHEA. RobinsonZE™ A X I BZ200~300 e vERTFENT. FLEREER
EHERFR—ESENERT . ERTEETAH TARME, ¥AHRMESR
R A 75% A _E I FLER R ARt LA R Th .

Widmer Z e BRAMANRE THRMEIS BIH (& BF), Edmm
BHITR KD, BTN ER S SO P E, 82T FLREE 80 %
PLEA Rk . IR EMBAR, L0 POLLA M TS EH, =gk
EAWARKME Attawia E R =R AN S LR AR -Z BB REY (PLCA)
BB A, 12 h J5H 80 SHIZIMUNBHZE PLGA #PKLE, 24 h BHRCEEF
M.

ASZIS I 1 LDIG XAk BIAL2 % 100~300 vm, FLERZEIAF] 82. 6%, K/
FLERAHEEE: PDLLA H4EHBALEN 100~200 wm, FLERE 85%LL L. WFHH
KHARAILEREGET R FARNFEMEN, IREWEMA, 7L
TFHREH. HMERREBRIGERNZH. B4, BAVIXEPMHEES,
KILPREESEEHMM., BZHEILEHIAREK. BRYRANB>YHIE
. AAKKARNLEEREIET £ ZLRNEFEF TR SHER
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JRAEGSFETE REFHTEGRES, HEEFNRNEL, HRXRTREANR
WBERH W BN, ERREARESTRPHAT T IER AN, BT
4.
3.3 BTN ERERY

R A A T SORM B N R RIFRAEDIRAY, R AREMR
A EEAHREEREM, MESBREFHFNARBEEH. B4
RUARRAE LR T B AR TRV EYAR A BRI RN . 5 RS IE H
FE BBRE. £, ERERNEELT, RO ZH TR
Bt RESENSBRURFHERHES S, AR RHEEES
YR P RAGARENTR, WEMNENEE SARZ FMHLXR,
RiAE S RSB . FTLL, RITEAENSLMIIRAR—R B AR, B
RERBMEEA Y, NREEMH AR RMHEEER, NEREREN
PHEHRATMESHHE, SENFEE LT,

FALRALSFERSILAL, MEERORBHRTER. . RE
g MR EE bR R WIRIERE B (ALP) , A | B REMMS R, #
— R TR E AR, R A SR A B AR H e R B AERI B
B, AP RRBARSUMERGEM —, ALP BITRN, HORE
MR E ARSI E . EERTTHELN, R A
(ALP) ST, BTN, FHEURE, HiEhE—ERE LRI
THRARRMSHREADfRRE. | RDRREAASUERERYE, REHEF
RIARARERNE RIS, MEELRECRER.

REMRELFARNERNRAN, RDEFNHEEMNIRTIE, HTH
HAYREMNERSTFIRL UHERILEESIREL, TRIEH, HEH
SFXEME AR RIFAEARMAEE. EEPOLLAMEAXE, —HHERENZ
MEE YT AR TRTUEHFANNA ZHEAMEREY. H—AaRE)
R RR RN T EENEHNTEG. 8x 1058 /R0, RKEAARIE
HHEEDHEH CEABFRTTHIEL. ALRERER, RFHRELDIC
) I B3 T 5 B TPDLLA, 158 BALDIGRS 43 F 61 kB -# 4 e AR A 440 T PDLLA
4 M

KRB EHARGELILAS TR RMIERNEN, T, MR
RasMER, WEAZRELRS REFAR A RAEA .
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1. AFFRLBE R — R FURR- H St R s RIS RER (SAS)
BIE & HBIRE S FRENE, IR H100.0~400.0 um (276.0
+87. 2mm), FLERENTS. 6%; BEH—RIHEN B FHEREATRIE, WX
RO THHREEAARTIEX M REN R, HEFITFX
EHHPAIEYRALEENNEET Y, FHLENREEXR, RENR
A THEXHGELE, FE “GELE” WA,

2. @t W F MR (LDIG) #TaMHHLR. BMRA. REERM
MARBALR, dREH, ZHEXEHE, THEME. A5RBE0LRAM,
HARREBARRRN D, EYHEERT.

3. ARBAARBESI RS FXEMEETERRM, RIT. MBI HHR
MuAhESR, RN E AR RIFH B ARMEEE.
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SR THRATEVHNERARR

FHRFLE  KAEEE

BWE: A THREARTIBESESMHABLZRN, TER. SR
RS SCRITE T ARAE KRS FT EEE X, B4 TXRARNERFH
FHEARRARTENXR. FGE T HRTERER H RS TN R Pt
.

XA B THE AATE; SRR BIEER

Progress of application of polymeric materials
for tissue engineering

QI Gui-xin, ZHANG Yang-de

Abstract: Research of polymeric materials in the tissue engineering
field is increasingly extensive and profound, porous biodegradable
polymeric materials provide a scaffold and for cell proliferation and play
an important role in regulating cell growth and functional
differentiation. To choose and prepare available polymeric materials is
crucial to constructing tissue—engineered bone successfully.In this
article, polymeric materials usually employed in tissue engineering,

the latest progress are systematically reviewed.

Key words: polymeric materials; tissue engineering;porous scaffolds;

preparative methods

1 3§
HATRENABERZ —R S LT RIFEDHAEEY RS EDH
2R AERERRAMELSWN =22 AR B @RI ERE D) .

40



WAL & B

HATEFREAEGF S TREENFREANEXRET. S8, G A4
ALK, DHRIRGHAARBENIRAEAG—TIHNEN Y ®
EAFERB RIS RIREOIIRARNFHSA R Y, ET—#4Ey
HEERL. TEENKASATARNARIEL L, RERENXABHAITT
&AL, EHGCRA RS SENETE, MEYXREAZETRER. B, SRR
FEOADRNARRE, AMEHEEEN. REDEBZEN. BOTEY
PRRARTEBAANERENE, HPEAR LEIRHRRHR S8 S0
MRz
2 HATEL/ATIEMNESTFHN
2.1 RRETHH

BERANMRRES TEVHR T ERELRANEARHNAL. WEFHE
E. FRE. BRREER. BHARS: SEIERSWEOSMRRATEE
H%. RRBATHRRREETEEMER, FRIEFNEYHAERE, LHE#k
HAEME RIS REDBTREE. RESHRRNEFNE, BARKFEFR.
SE AR A
2.1.1 BRER

BWH R (hyaluronic acid, HA ) B—FEBEAMNEERE. FLET
HHIMOEEAR, XVWBRAKED, HEBHEL. SKESAERFNE
THMATEREHE, TEMRBARERIMEFOER. BIABAYN =%
T EHE A R R T A RER S AR, e S EREH TR
. K. RARES.
2.1.2 H4R

YR (cellulose) ZEBBENANRS TYER, REAVERENIE
By FERRFRFARAYE, FERTOILE, £REHTHEFZES
.
2.1.3 RER

F5ER (chitin) BR—WRBETHEHUNARALHE. ¥E5RARLSNE
HETAHE, EWH PR BB RER (chitosan) . RRFHEWHELL R
i, HIRSTERERHE, WEETREREHE, FHTBAAE"", HEH
. RE. TRALRMHER.
2.1.4 KBEEH (collagen)

KR, 25MEASERFEENESHR, ASAKEARIREMIN U
., HEREHBAR MISRBEARK=RBIEEH"Y ., EHARFFF, RE
BE(LEE MAMMEER., M. ERARH. RERSEEHKANFHR=G%K
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PRESHH, TTRTAtBRAGRERRT. RECERKEHARATE PR
REARME S, Wkitanis EAGETREERTHRFARGTERE
REVTRBOHR. BKEMSSEINREDN. FERAR.
2.1.5 H4#EA

AEFRACAIRRABSTER, FHRENFAREESESRIAEELER
RItERE. Haisch £ HAREARRAS—HESOHEHER—FHEAEAT
BREMOHERY, BREERSAREARTRSE DA RIS
W ITRERFI R B ENREE LY. AR B AR B REREAREROE
FRARAES,
2.2 ATIERE2THH

AT AHKES THE b TAE RFOYEIMRIEEE, 7T LUSH b IS
FE, #HirEEEETEEAFSHERTEN, ENIRFRANERE
®amERESYHE. SRR TFHREARTEPHNATS A AN
W, —REARRAARTE, ERAAREDIRNATRE: —2EAMRRA
REES, B FRENXENER, FAREKIRTEL MR,
2.2.1 RREIERE

ARIFMEMHENE, EEDEARER, HFHEEDARRHERTENNX.
EROEEAM (polyletic, PLA ). BZEE (polyglycolic acid, PGA ) Al
BEETRS. B0 TROPLAERHR BRTHNTHRESRHIE" ., PLAFAE
BHRNEERAAEEME. REAREFIERATIES ., PLASER
LR AT E AR, SEEMZH (PEO) BHIETEMMEMPLA £,
A", BRZMRE(PCA) LR —RARRENEYREME, 5PLA BEHES
B4 ( PGA-PLA )™, LURES TN 40 MRS 7
2.2.2 EREEECPY

PURRRRE . W, B, BB, WS, £OHAH.
amIteStirg, EEE ZRTFEIHE, LREOEEMA R RART
BReRss, CUESERMASNEE. KRB AIAHE5 8 (TIPS) H:HlZPU
WILE, FENBRE@ETEAFERNECEYEES T, ERAEEL. B
ik, BREA. BERAKABEFCRERED, FREREAS RITHKHE
Ei3: ) R
2.2.3 BREXR

R—AFHELY, RERIFGEVHENE, HKERPHEATRE.
HAl S = BEENERR Y TREREERNES i, FHEFNAZERG.
2.2.4 BEPREE
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HERR T E XA, YirEERATHEALE. ERRAFRS
E¥MERteE: ORFNEDENE: ORBNSEIHAESERE: OR4E
wELl:, OXREHELERY: ©) FRFHImetss; @ THAEKE.
2.2.5 REXEFREEZHE(PHEMA) '

PHEMAAN S KA LB —#, R—HENTEMER, aIsaisn
T, BKEERERTERREMAKRER. ZHEFK, BR, AEREMNE
VoA, ARSI . PHEMA TTRfEM RO R PEITECEL, &R T R BRI,
IVER.

HERTHATEMEI THRETRURZE. KL RLEBRS.

3 HATEIENHE
31 AATEIRMPEER

FRARTEY, SAXEENARPERIAER, BYARSERNLEH
MBS . BT FAATENIEHE— SN E U TS ORMF
fIEYHREE, BEHBKMRERN. REHAEREY: Q4ENEY T RERE
t, BIEMAK. AREKEEHENPEEREGEE: @&EMTLE(200~400
» m) AR FLERE (O90%) LU RAERFLE W, @RABRBHABERS: ORTREF
H A RS HEME AT @R BEENRESH LSRR
bt ORBEMMEIMWABIEFRNES; @RLFSITHERRFHIEE,
@S THRMERDE: OFTHE. HEIEREWIEREITEE.

FARTEMXBREAZ —BEFEDW B R AR E RIS
M=SXE. XTEAXENHETECHEADRES =7, dRATBRELIYE
ALEHMRFRTHE: BRSAERR ST (~cm) » KILRF(~102pm) . FLER
F(~pm. ALEAMALEHER T (M, A, 50~500m . AFIEAFEL
H, KR FLBRS, BN BASHWIR R TR, mlssem R~
WERT RE G . B, SRATEXEHH&EEE > ABRILAAEREFHE
K, ZHUBARA D, HEEESAHASHEERNTE. BN, d8TEEAX
Rkl FEERAN TR EEEER, PREHENEILEUREENS
.

3.2 AATRIENHER%
3.2.1 AR

AL TEPBE AR R UPCALT 4 4F 28k . Mikos S RS
B EE R ARGPCAL R ABIPLLA R AP, HRERE. PAASEMN
A BPLLAF . SH—HhEREEBILERES TR RERTHRE™ .

3.2.2 RARLE/NTHE
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B/ R FHEEAR™ MR ERTERLGHLRETENR SUE
R, LHER: BREVBVENG P, REBERBBEDFRBEAN EHD
RIS IHESEI b, WRIERSE, #WRAWEKPIEESR XN, BEOILR
FHFMBNHERES, ANHROERRNA M E. SENERR IR
Ao, A5AZEMEHITEE. BRAX-HAHENRIHEN
BFAFRAMRNERE, FRARIMBIFALOEREETSRMEM.,
A, HEABRBESZTPOIMEES LEBEEFLBHBMEE, NHHS
BHARANEE, SRAGZHEATEHERFHER, —HF4E2 m BUF,
3.2.3 BRAD

ERTHEAN, FMERABANER. HER: BPLGA BRSHKRRNFRES
YRENRZRERP, SHEAMMKEBIPLOAM K BILEAR (Te), MEMF
PLGA MUK TEAHE—R. BHBEHESWRAKSD, BRETHEREHEE
PLGAR 2. Bl & B3R TS HE - F IR, o g e =
3 g
324 SR8

PASRTE N BN FEER: EMABATE BERE $I4PCA. PLLA
PLGA BlkFtt, #EEHHET BECO(515MPa) EHIK, REFENRET
BEKAE, #RAWPERIN. FAXROIEEREI , FLERK100
pm. RRARATEER, FEBENHEN™, BARZAASHEEEE
B,
325 HANER/AL

BAIEFLAL/ BT RAB-HAIE™ . HEL: PLGA WTCHCLE, in
KIERARM, pe#REAT, BETHREPES, BAEHILT-565CTFALT
. SEMOXRILBRERLSS , EARRD (13~35pm) . FRENALER
BARPDEERRTHSTER/KOHLURAREDOSE, FHAXESHNERA
ZHWTEEARKGREY. @ik, MELS2EHTHE, TERBELART.
BRAREHREMA, OIATERNEER/EER, EFNRNNERRS
THRPEWEHEY FHEIA: RAERIAEHARBIGOLR TS %9
XA B AR TR KN EEERRE.
3.2.6 ARMRL

HRBAREFHR SRR E BBEERAL. BT BRI KT RIESH
£5, RERREBTN A RREW; KERUREGIIMRA KL
H. MEBIR MR ERIAS. 5%, FLEBAES0~500u mEE N . HKET%
ERORE/ ARERAGRAHRARNELG FRAY R - AR & Kk
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HiH2~3 MRE. X—HEAREENEESANEHEEET EYTRERRS
WA BRI GK EHTTER U TRRAMSIET, FH, FRRAAMR
FIRG P R ThEE AR Gt — AN B AT 3R
.27 BSPNBRREL

MR m FRERIMAE RS, MHEHBMLEE (To) Ll L, RF—En
[EEAH. BB AT B P TR 4R . AT AT BBR A B i A i T HEE 3T
G, AHEZTRRZEHWEEE TR, BNA3SAMSEHERIR. M
BREHEAHF LR LR IR, ARTEE%3T~150prm , SHERRS
FRIEEL, FLBREMIBERER RTEKuEH#8Mm, H31~39 % , FLHEMRE. X
RIEMEER241~349 Mpa , BETERRTWUMTIER. SR NARE SR
BPARSE GO WHE, HEEERSHRAREY, BREARREEERN
“fi” B, BRERBILHBIRAAR, BEVMRTIERERIRRE
. EERRETFIAESRT, ARTRBEE, HERER, RSUETFA
RHwd, FLBREBIME.
3.2.8 HERHE “H” XX

BXKBHBAETWATRESHN=% “f” X8, “A” XREKEK
REERREL, RERBESYERNEE ‘A7 XRLE, BWHERGYEBRR
1, RAKBRHBEAE, REAGTRIEREN, BANEAIRAKREREIS
Bk, HAFKTEILREH™ . “B” XROUBFTTELTER, HTH
RE AR BARER B3ME. HGE¥NORERMERIAMR, HEBRHER
KWMEAIRN “H” FHR. BXEOHETRABEHEANTILAME
SRR, RGRAF RSN A F T AMBRE P .
3.3 HATEZAXENMBUBRAR

BEZPEERHE SN TFRUEFBIFEHRES, HRAY/BANREY
ERSYHBILERE (Te) U ETEE, KARSHIILNRT, THi&tERER
B=SZAER. HRABKNERTGIEERE, NETENNAE/NTE
HEMHBE/RTEHED . WEHAS O RENNTRERS T/BILNESY
EZHETOTERARTRER. FEFARATRERESY/ BILAREYET:
BALERRTEHMTe UTFMRTRENE, 238NI BREFERE, RE
ERUBILRETF, NRRENSEER. LREFTINNESA L. XFHHE
Mg AT RENSIEER, BRES. FHIENA RS, ABES. AL
635, LEMMHERSTRA.

MRV BE TR O PO B B vk (rapid  prototyping manufacturing, RPM)
FAlHEFHATR=EL AT, =4ITEN(3-dimensional printing, 3-DP)
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FrEREIR MR (fused deposition modeling, FOM) REFATFEAIRH &
HEAEENERE . =497 (3-dimensional printing , 3-DP) Hl
YRR BUR A (fused deposition modeling , FDM) RHMATFEAZLHE
BIFAEENRERY . SETOHAEEHMIT FRED, FRIRATA
ATEBSATRNGE™. ZRTEEHEEATEN, THRLER “4TH”
HEFFRENLESH, HeERElaR—8, EtHERT, iei
FZENH, ITEE=4%8R. —STaEsR TH#T, BRE8XENART
Wi, S RREREENE S TRA.

4 WBHFHESFREAR

4.1 BRTHRBTFHHE

4.1.1 SH5E

BEBNERE. BAML/ENY#E: (spontaneous emulsification/
solvent difusion method ) . E¥T/RAfL-F #ik (salting out/
emulsification—difusion method) ™, @ BWHERE: REWEBETHN
B, REMAKS, BERAKESHAAE BHENENER. KESHETHE
BHNRITAKKT. @ BAMN/FRTE: RASKLENBEHER (uR
M) S5KERTH, BFERREREDETE. SKERRARBENE-RE
W, BRls, KATE. @ Sf/AA-TBEEY: R2ERALlenannER FR
Rk, ARENER.

4.1.2 BE%

BEGE (B4 RETUERADATERREMER S THRER. ZREBE
fFERE TATRERS, i T &R Wik,
4.2 BISFFEHA
4.2.1 HRABKREEEREEHKET
1) BEFAAPRERREAR™ (RESS)

RESSHIAR B e B AR AT, REERERHEA (10°~10"s)
T — AW (25~60um) PREREMRERKIEESEEER, FHEN
RIBFLBRENIE DR B 0 R (10°) FISHBEEG, ATIFERR R
BTN ERKEZKERBARRL. Ton S FHBIERCOMET AR
MG AR, Turk™ R AR I FRC07E FUBZRK I ) 7 13~30 WPa, TURZHKR RE
H1350~420K, HHEERH50 u ket T HI&E TREN100~150 m MIKRERHA
HKHL.

(2 BiRRAATERNERHEAR (SAS)

FEYRHETHNENENE TRIER A, RS8R REEFESTIE
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PR, CISCEARMBNSHEBMRE, MEREKERMATE, 88
et E AR R R, BRESETY, BRNESDS 0 R AR,
SASHARBZEYRELR. KAV B R H &S FEAN Z MK
H.
Q) BaFHFAREHEASEHKKE

Tom¥%“{A JySASH FI FHIE B S POk, MRESSEZEAHMBR M LB,
HRHRERG B RG R ASCRE — MRV T E ik, B PHIZR
FOTRBZ K F {25 125 1l 4 B A T8 0] A B 5 WL » 0 B 90U E 40 FURLAY Hd S5 B
ZFTH, SRETEATRARLSREAMNRY QR TR.
5 FEARA

B4 THEEARATRPHEAFRCRE T RARE, A, ZEHO0X
RAFTF ERAFITFHRERIZAHE S, YHRE—HTaREL&H. K
ERENFARTIREMN, ARATEEEHEENN. 45, HSEME
Rt Redt T B, CASEBEMTI. MR RRALETHESR T BE
. ATCURARESE . £PETFEENETR, REATEROES FHRE
KAEYMEHRERX, UHEHA-ERANFEME, XRERFENF
& HNFRELAA. BEOEA, R SERFEEYHY, ATHSEHANE
HATEIE, BRESTHATEMHEBHEE N —. HAEERSEN
AR RBEAZERMHLSE, BENAATEELENLRIAEAERN
H.

&R

[1]. Langer R, Vacanti JP. Tissue Engineering[J]. Science, 1993,260(8):920.

f2]. Langer R. Tissue Engineering[J].Scienes,1993,260(5110):529.

[3]. Crane GM, Lshaug SL, Mikos AG, et al. Bone tissue engineening[J].Nature
Medicine,1995,1(12):1322.

[4]. Vacanti CA, Upton J, Tissue engineered morphogenesis of cartiloge and bone
by means of cell transplantation using synthetic biodegradable polymer
matrices[J]. Clin Plast Surg,1994,27(3):445.

{5). LisaE. Freed, Gordana Vunjak-Novakovic. Tissue engineering of cartilage[M].
The Biomedical Engineering Handbook, CRC press, 1995:1788.

[6 K@M, Hid, KRRAF REETEHEREREREFHTRHADN. &
ME¥ TS E, 1998, 15 (2):179.

(7). &M, HE, %% REFEHNASHEERZSEFND. £

47



BLEAEX & &

(8]-

91

[10].

[11).

[12].

[13).

[14].

{15].

[16].

[17].

[(18].

{19]

EFTEERE, 1996, 13 (4):293.

Bateman JF, L amande SR, Ram shaw JAM. Collagen superfamily, in
extracellular matrix, Vol2:Molecular components and interactions[M]. Edited
by Comper W.D.,Overseas Publishers Association, Amsterdam B.V., 1996:22-
67.

Kimura T,Yasai N, Chsawa S, et al. Chondrocytes embedded in collagen gels
maintain cartilage phenotype during long term cultures[J]. Clin Orthop Rel Res,
1984:186(3):231.

Haisch A,Schultz O, Perka C,et al.Tissue enginecring of human cartilage tissue
for reconstructive surgery using biocompatible resorbable fibrin gel and
polymer carries{J].HNO,1996,44(11):624.

Sittinger M,Braunling J,.Dauner M,et al. Resorable polyesters in cartilage
engineering:affinity and biocompatibility of polymer fiber structure to
chondrocytes[J].Laryngorhinootologie, 1997,76(2):96.

Kaiser HW,Stark GB,Kopp J,et al.Cultured autologous keratinocytes in fibrin
glue suspension, exclusively and combined with STS allograft preliminary
clinical and histological report of a new technique{J]. J Burns,1998,20(1):23.
Kricheldorf HR,Boettcher C.Polylactones 26:lithium - alkoxide-initiated
polymerizations of L-lactidefJ]. Makromo 1 Chem,1993,194(6):1665.
Kricheldorf HR,Lee Soo-Ran. Polylactones 32:high molecular weight po
lylactides by ring opening polymerization with dibutyl magnesium or
butylmagnesium chloride[J]. Polymer,1995,36(15):2995.

FH#0 RWREERSERAREEARYNGE ZAEEYEF LN
D). B4 FiBR,1999,(1):24.

Hansborogh JF,Cooper ML,Cohen R. Evaluation of a biodegradable matrix
containing cultured human fibroblasts as a dermal replacement beneath meshed
skin grafts on athymic mice{J].J Surgery,1992,111(4):438.

H iltunen K. Synthesis and characterization of lactic acid based poly
(ester-urethanes)[J]. Acta Polytechnica Scandinavica,Chemical Technology
Series, 1997,251 (1):48.

Tsuji H,Smith R,Bonfield W, et alPorous biodegradable polyesters:
preparation of porous poly(L-lactide) films by extraction of poly (ethylene
oxide) from their blends. J Appl Polym Sci,2000,75(5):629.

Sittinger M, Reitzel D,Dauner, et al.Resorbable polyesters in cartilage

48



B%A83X & B

[20).

[21].

[22].

[23].

[24].

(251

[26].

[27].

[28].

[291.

[30}.

[31].

[32].

[33]

enginecring. J Biomed Mater Res,1996,33(1):57.

Guan JJ, Gao CY, Feng LX, et al. Surface photografting of polyurethane with
22 hydroxyethyl acrylate for promotion of human endothelial cell adhesion and
growth.] Biomater Sci:Polymer Edn,2000,11(5):523.

Guan JJ , Gao CY, Feng LX, et al. Functionalizing of polyurethane surfaces by
photografting with hydrophilic monomers. J Appl Polym Sci,2000,77(11):2505.
Kim BSMooney DJ. Development of biocompatible synthetic extracellular
matrices for tissue engineering[J].Trends in Biotechnology,1998,16:224-230.
Dietmar WH.Scaffolds in tissue engineering bone and cartilage[J]. B
iomaterials, 2000,21:2529-2543.

Grande DA Halberstadt C,Naughton G,et al.Evaluation of matrix scaffolds for
tissue engincering of articular cartilage grafis[J].J Biomed Mater Res,1997,34:
211-220.

Agrwal CM,Ray RB. Biodegradable polymer scaffolds for musculoskeletal
tissue engineering{J]. J Biomed Mater Res,2001,55:141-150.

P, 5 R, A AT RS EY TR TR R0ESFE
#,2000,(4):89-95.

FRA,FEABRATRAREL LAY TR ENHED.BHEEE
YR ¥ T2 5 H,2001,24(4):154-158.

Mooney DJMazzoni CL,B reuer Cet al.Stabilized polyglycolic acid
fiber-based tubes for tissue engineering{J]. Biomaterials,1996,17:115-124.
Ishaug SL,Crane GM Miller MJ et al.Bone for mation by three-dimensional
stromal osteoblast culture in biodegradable polymer scaffolds[J].J Biomed
Mater Res, 1997,36:17-28.

Shastri VP Martin LLanger R.Macroporous polymer foams by hydrocarbon
templat ing[M]. Proceedings of the National Academy of Science,USA.
2000,97:1970-1975. '

Nam YS,Yoon JJ,Park TG.A novel fabrication method of macroporous
biodegradable polymer scaffolds using gas foaming salt as a porogen
additive{J]. J Biomed Mater Res,2000,53:127,

Mooney DJ,Baldwin DF,Suh NP,et al.Novel approach to fabricate porous
sponges of poly (D,L-lactic coglycolic acid)without the use of organic solvents
[7].Biomaterials,1996,17:1417-1422.

 Nam YS,Park TG.Porous biodegradable polymeric scaffolds prepared by



HLFARX F &

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41).

[42]).

{43].

[44].

[45].

[46].

[47].

thermally phase separation{J].J Biomed Mater Res,1999,47:8217.

Nam YS,Park TG.Biodegradabie polymeric microcellular foams by modified
thermally induced phase separation methods{J}.Biomaterials,1999,20:1783-
1790.

Ma PX Zhang R.Synthetic nano-scale fibrous extracellular matrix {J].J Biomed
Mater Res,1999,46(1):60-72.

Zhang RYMa PXSynthetic nano-fibrillar extracellular matrix with
predesigned macroporous architectures(J]. J Biomed Mater Res,2000,52:
430-438.

RN ZRYEF A TARTENERB I FIRHHCLE=Z B2
HAATEZFRSWER —BPEESAHATER IR %, &
#K,2002:451-453.

Park A,Wu BGriffith LG. Integration of surface modification and 3-D
fabrication techniques to prepare patterned poly(L-lactide)substrates allowing
regionally selective cell adhesion[J].J Biomater Sci Polym Ed,1998,9(2):
89-110.

BRRFERGARARERES THEALLSRE. BT THEE
M]ALE A E E 25815 1A 4,2000:81-134, -

Jaeghere FD,Allemann E[Leroux JC.et al. Formulation and lyoprotection of
poly (lactic acid-co-ethylene oxide) nanoparticles:influence on the physical
stability and in vitro cell uptake[J].Pharm Res,1999,16:859.

K B 38 78I R A BOR—E R N B (M) AE 540 2 Tk AR 4E,2000:517.
WBF, TR, & HRESSTEKEATHMARREEHANLT#
12,2002,21 (1) :29-33.

Bustami RT,Chan HK,Dehghani F,et al.Recent applications of supercritical
fluid technology to pharmaceutical powder systems(J].2001,19:57-69.

B2 E, AR T B AT 6 & 0 B AR R R N A D) Tt
R%,1996,6:53-59.

f£ B, 7R, 5 85 RAERATEAUETHETHMAPAT
HERE,2001,9:30-32.

Matson DW Fulton JL Petersen RC,et al.Rapid expansion of supercritical fluid
solutions:solute formation of powders,thin films and fibers[J].Ind Eng Chem
Res, 1987,26 (11) :2298-2306.

Tom JW ,Debenedetti PG.Formation of bioerodible polymeric microspheres and



W AR & B

[48].

[49].

[501.

[51].

[52].

microparticles by rapid expansion of supercritical solutions[J].Biotechnol Prog,
1991,7:403-411.

Tirk M.Formation of small organic particles by RESS:Experimental and

theoretical investigations[J].Journal of Supercritical Fluids,1999,15:79-89.

Tark M, Hils P,Helfgen B,et al.Micronization of pharmaceutical substances by

the rapid expansion of supercritical solutions (RESS) :a promising method to

improve bioavailability of poorly solute pharmaceutical agents{J]}.Journal of

Supercritical Fluids,2002,22,75-84,

HEE, AR ER A i 57 0 5 R PR B3 N R B R (9. 46 T34 @, 2002,21
(2) :127-130.

Shekunov BY,Baldyga J,York P.Particle from by mixing with supercritical

antisolvent at high reynolds numbers{Jj.Chemical Engineering Science,2001,

56:2421-2433.

Thies C,Ribeiro D, Richard Jet al.A supercritical fluid-based coating

technology:Process considerations[J].Journal of Microencapsulation 2003,20
(1) :87-96.

51



HEAR L 3 o

B OM

FRBHARE MR EERZ OB ORI TR EERELBEK
B REIEEF, UREFL LHHT, EFERRFPRR KT . KEMDR
W mEmE, RAERER. XNIE. ERMELAE, UERTRS. &
FRA EEREGAALHEEU, RAZEBREIMMNY . £RETRLRE
PHREMA T ARAOM, FEERBIEUEFTRGFER, H#KTAD
RMRRAAE. £, REAKEFRRRERNDRENZONBH.

ERTI R LB BAT FEEEM, H—RLZWOKS IR HHREE
AMFERELAELRARTRBES F TRAMBE, ERRFIEOBH.

B AREHREER 3 FRMRAKTE, BN ERT AR
Brsihl, BRBPABAREVERE S LR EUEMME T REL LI,
BHENEREMEERR, SNRIEH2.

52



e QU Bk hr e ERFTFLTIE

HUg i e = ERIE

— FEBFRWIEX

1 FHF,KkHE. &L THEHHAITEMMMNNHEERBRUL. YEE% T
5, 2006, 4 (4) :65-70.

2 ZF B FFHEA KARE S ERERE AT YESRNENE TR EAEL].
F BB E 24, 2004, 14(12) :83-85.

= EESMAREEEER

I fEABARRR, Z2mTER “+1” 863 ttRIEE “arkmEakiasr k&
PR EER” () RIS .

2 (ERBER RSN TEF A “863” HHRREE  “4HLN T RSP EME
BT RIS . ZHE TECHBEEREDERMNRIVERTIREF, #HiF
LFE: 01126182,

53



	封面
	文摘
	英文文摘
	论文说明；缩略词英汉对照表
	前言
	第一部分组织工程用高分子支架材料的制备及表征
	引言
	1材料与方法
	1.1实验材料和仪器设备
	1.2实验方法

	2结果
	2.1熔点(Tm)和玻璃化温度(Tg)
	2.2亲水性
	2.3力学性能
	2.4红外吸收光谱检测
	2.5电子显微镜观察

	3讨论
	4小结
	参考文献

	第二部分组织工程用高分子支架材料的生物相容性研究
	引言
	1材料与方法
	1.1实验材料和仪器设备
	1.2实验方法

	2结果
	2.1溶血实验
	2.2热原实验
	2.3急性毒性实验
	2.4肌肉内植入实验

	3讨论
	3.1生物相容性评价的意义
	3.2高分子支架材料符合生物学评价标准

	4小结
	参考文献

	第三部分组织工程用高分子支架材料与大鼠成骨细胞复合培养的观察
	引言
	1材料与方法
	1.1实验材料和仪器设备
	1.2实验方法

	2结果
	2.1成骨细胞的联合鉴定及光镜观察
	2.2细胞在两种支架上的增殖

	3讨论
	3.1组织工程组织的构建
	3.2孔径和孔隙率对成骨细胞的影响

	4小结
	参考文献

	全文结论
	综述高分子组织工程材料的应用进展
	致谢
	攻读学位期间主要的研究工作



