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Abstract: Non-biodegradable materials can basically meet the demand of clinical orthopaedics application. But, with the
development of orthopedics technology, there is a higher demand for orthopedics material performance in the clinical. Biode-
gradable materials gradually become one of research focuses in the clinical orthopaedics, because of their excellent mechani-
cal properties and biological properties. Recently, there are a wide variety of degradable orthopedics materials, which can
be mainly divided into four categories: degradable medical metal materials, degradable polymer materials, inorganic materi-
als and composite materials. Biodegradable medical metal material is an ideal internal fixation material. Biodegradable poly-
mer materials and inorganic materials are used for stitching, filling and scaffold materials. Composite material has the advan-
tages of other three materials, which is the focus of future research. By consulting a large number of overseas and domestic
research reports in recent years, new progress and problems demanding prompt solution in biodegradable materials are sum-
marized, through the above four categories. In addition, the trends of their development are discussed.

Key words : biodegradable materials; implant material; orthopaedics

Vol.36 No.3

—_

=]

RHE A T SOR R T E . SO e
FroBE. EURT, AT SO 7 I AR N A5 21046 36 HLH
FAURL HARAG r o B, MRAEEITi6 77 A0 s,
W B A e 20 - (D AT 1) 2y RE A B /0N 1) A 1 5
QRLAF Y AT FF 2 AN AT R A D (82 AR, AN 45 4

—
T

pul2

Wi BEH: 2015-12-01

FE—EE: WA, Y, 1990 44, WHFIEA

WIEE: XVKE, B, 1978 44, @lEd%, mit4 20,
E-mail ; liuxinchun@ 126. com

DOI: 10.7502/j. issn. 1674-3962.2017.03. 11

(IS0 5832-1), HA RAFMBUEMAE. BT, SR N
FES AR Sl A RE A T A I R R
EAS TS RITS SR A 21 26 R il mT 25 F 3 417 R il
i, G0 [ E BR8N 3 R A T AR I SR
o PHILBERS v A i 46 i s 9 A= ) AT gt 4 A BF 5
AR R S o R T R bR 32 240 55 nT A 2
SIEAEL . ATRERR AR TCAURE R RN 5 Rk
KLEAT R EA KA AR YA, RAF B HLARTERE, A
IS N T ANARAG 2, AR SO T R BRI S5 L I
PRWFFE RN BT 2554



232 Hh AR

%536 &

2 T"EmEREEMH

TR % 5 FH 45 J& #1 Bl ( Biodegradable Medical Metal
Materials) , E7E AR BHEREE T, 62 AT W0 43 )
BT E N, BB ERSEM RS .
G RO SR KA 4. BT, THRERSE
FERHE R 0 T N E
2.1 $RHAS

W E 245, Edward C Huse 1550 FIEE 223647 4
2541, 1907 4E Lambotte 55— FH 4liE 545 4 4T oF
FNBE AR ED . BB (4174 g - em ™ 24 Fl
PAVEARE (45 GPa) T B A HE (L4 1.8 g - em™) 5
SRR R (3 ~20 GPa) "7, W] AR S AR 4L 2
[0 /1 o Frank Feyerabend 45" Fi| 4R f6 A 35 R Go 046 &
G MU S PEREAT 20T, 45 30 R BUEE & 4 21 0% A IR TV
Ji, e g R R SeSb—9 R B Bt 2 1 ity
B L, XSS W UESG DS, BAME
RBEHES AT 1Y R AR G T 72 o I
FEREEAERT, JLREM - R B PR W . H T,
4B T S 282 dhfE AZ31 . ZEK100 Fl1 LAE442 45
o AEEA LAE442 15 1. 4441 LA 25 Wy b2 T i
FENTELAARAEAT O, 4559 LAE442 BAT o 0 g sk
BRI 40 E M B8 R R AT 1 A AR A
Waizy 2/ 4% ZEK100 2 % T 1 52 5 7 W 19 BF 5% 3 ]
ZEK100 ] LUAE Ay ] AR A RS B — R 2% . Windhagen
H 2 SR TR s A 1 30 BIF 5 R BBk M T 0 T o i
JRETX) T2 B AR BT (AR TR A [R] A T Bt
IRET FIRE LRI AT AP o (U, BETE A P9 R U1 ol
TR, R AR AR, I H A AR
MLV B A, BRE T BRI IR N o XTIt ok
B P A WA . DfEBER A IR 2 1
BRIV RS . WO AREN (SrP) B AL | BRIERE K 1
(HA) R | BRESIRIE | RIRE A TR A0
WE LR RERZ T A OB BRI R EES 4 I
EVERELE I IS 4, A TRFOR LA KT 7 22 e B oh
m, RIG6 A GERE R REWIE, FHEAE
ErIRERRITIED, I ELIE % R R A 0 1S B £ 4 % HLE
R BT

FIRT, PR LS IR ET . wh S s 84T S 5
b, R 2R Y T AR AR P AT R I
PRI B o HREEA & T AR 22 21 B AT s 7
BT R I RBFSE
2.2 HRHEAS

B R W R T2
A Kk & BA EEAE,

XRIBERGE ., WAERG
M 7L 393 R A A R mT

W A0 0 K B SR e e B O 52 W LA TR - 1 23 . Wang
Y A ST 3 A D T 5 AR A TR B AR 3 1 A A
%o BEEAMR I2EERE. SEEMIL, BB (Y
714 g-em” ) RTFHEMBE (L 1.74 g - em™), fHE
(43 GPa) 58k (45 GPa) Hzifr, {H H [ fif 28 5 1L 8618
Dambatta M S % A %f Zn-3Mg 4 4 (FRH40%0) 7E /K5
AT A M BT, S5 R T A 0.75 mg/ml (Zn,
0.49 ppm#l Mg, 0.75 ppm) /K- Zn-3Mg & 4= $2 By %f
NBCE M ICFEEVE HT . Qu Y 25 %) Mg—Zn-Ca-Y &
S HEATUR N IMLIBAR 25V A AE WA A PE IS, 45 R 3R W)
HEA RIFAEY A X R, X85
Ee sl Wk e Awa =t/ 5 VY I Y v p

HET, BFHAA S TR R AT A 1) R S A o
—J7 T, BERTHR ELE, UG RS 2 DL R T
W B—D i, SRS A S TR Y

3 TFEBEES T

] B = 4y 7 #1 B ( Degradable Polymer Materials ) J2&
&, TE—@ M E N, —ERRMET, REEY i
ikl Al 27 70 e it B A A3 B 4R AL Btk K Y A
B, AR R R T AR T A R 2 TR
3.1 RABHFHH
311 mRHE

FEIME ( Chitosan ) & FISE R & B BEAE =40, 1k
FRATR R E R (1-4) -2-2JL-B-D %0, 7271
AW (COHIINO4A) N, HH A BLAF i B A 28 v . 8
HYERPUHIE T . BRREARAE SN RAES T
FEREZ RS SO A 5 PR R 5 70 A 1 R Rk
U ST IRME AT ok 2% b A 5T 0 ) B (B Ao ) AL 2 (g
Wik At ) A FH SE A W A

TCRWEAR 2 5 AL PRAN 8 BRI . VB 20 FIK BRI
R A TS MR R m AR 25k
DL B LR AL o LRI A 380 2 24 40 L 0 e D
EE, WIS TR A ™ WA
WFFER B 7e BME AT A Dy SRR B L A0 i P Sk B,
FEE M) AR, &, B MZag™, hy7
RYCEHBU O 752 A B A AR N SR, 2
—FANRERE RIS B A A RT3, P R 7 20k
VZBEIAE ], MoeBEA RIS EM, IE
AU S35, XUROR) T A 36 HLSD ok
BHEAT L2 HEMR DIBR AR, W™ B BT A 2 ml W 2% |
3% F2 T RFTRBERW, RJG 6 JESZI0 2 K B I8 SRR
HABEWA PR, RUIXFH B RN —R T
FETE TRME I ELA 191 B R RS AR 3% AR

SRT, SCERNETE NN R A, 65 b BHERE
iR I iR BEAS SR ME LA R B SCHEME T, Do Ah AT RE SRR



F3H

PRI AE - ] A b AR ik PR P A R 233

JLFEHEARI M, LR FILHI IR R B, e )
BT et — 2D IS A
3.1.2 &R

JBE I ( Collagen ) J2 ) Ji 200 A #1356 ot fr) o B2 41 4 26 1 4
2 WEELEh I LR . R R SR ER A R R R
JERR A (2920 ~30 % )

B IS B A R Z IR 59, WA B iE
REVATIK, REREE ABBKAR, AR CH T2 07
Mo BEARRE S CHTEHSN, R, 1k
. FUBH A R R B SR A PR L IR R R 17
2R TR I U A A T M T 9 T R R A B T
FIRO S S R IRy, MR, RS
afi 7R AR 1 A I AL e 5t 2 A R A A Geistlich: Bio -
Gide® AT Wi A= W 55 7 i, B E WA T DL | 5 4 4
EEBT , [Elff McCarthy H S %w 5% 2 B 7 &4 46 Chon-
drogide® A W BE = it T LI 0E B 22 (0B TR R

AFTEENZE, RIEAGRERNL, EERNSIEL
GRE L, K e )R B — T A
3.2 NIEHEHTFHE
3.2.1 RiLm

B%LBR (Polylactic Acid, PLA) W FR N RN AR, &
FLIR IR A O Ji A5 21 1) 3R g G0 8 43 T M kL. AR 4% PLA
TECHERIATE, AT 43 RS e R LR (PDLLA) | /cfig R
FLER (PLLA) | 47 e FLIER (PDLA) = Fp 5 f {4,

Vergnol G % i} 5 2 W] PLA HAT RLAF (¥ A 9 1 2%
Ve AT A PE . Nagarajan V 45 % 8 PLA /E9)52 &k0kE
HAREF 0 I 2 P ge A o i 58 8 . Zhang K il Nagara-
jan VIR BUAE W A BT $ s PLA BBk, %
FLEE R BB R 4 ST DU e B et i
HAij, PLA ©40d FDA #bEH FFAR AT IREE G2, 24
PR ZRAREE T T, 2% 2% Bioretec 2\ A ActivaScrewTM Zf
FER AT IR ET . H AR Gunze 23 W) AR P B HIF (R)
AT RIS T SR s TS il R T WAL P [ e AR R G
AR AR S T A 7 (] WSO A L T W A o MR T 5
P [T 2 AL 2 E AR PLA R4 o

R, PLA BRI B AT Fs b, JLRRAR ™ A R )
TR 55 |G R S S 2 I, T B — A e
3.2.2 RUER

R LIERR (Polyglycolic Acid, PGA) WFKk AR ZACHE,
PR E YRR R IR TR R A LR A Y pl
P52 RO BRI AR BRI, i 2Bk R A Il K R — 8 Ak i HE
WA O RERR R PR CHE o

PGA FLA RAF I AE W AH AR M Fn n] B b, O ELRE R
PP, EEH T FARLEA LS4 (U1 DePuy Mitek (1)
PANACRYL #84% ), Hum] FICOE . BIZMLT 42,
Becher C 25 LB, HH Bt M 4 4 Al A\ 2R i WA

FRIRIGYT /& AT Y, R BE VTR E RO B el
[k, Siclari A 2657 Xt Jay kLR R Babt i & R F 2 B -
B RRE A, JEREVIIEE 5 47, RIEH A
FIRRLE I . AR X B AN T RO MV RS R
MRFLIR - C BRI/ FE Rk I A7 (Polylactic—Co-Gly-
colic Acid/ Hydroxyapatite, PLGA/HA) A] I it a3 .0y R 4T oF
i, SiREae RS mIREE g s
HFEARL, H PLGA/HA A RAF A WAk, 1A,
PGA A FNET4E 25 11 B A 170 1 0 7 M mT O 4 o6 I ke 463
B T SR R

{HJE PGA FPRI AR 2S | B KRS ™ L B HLA P
efee™ B — AR RN L L 2R S AR
3.2.3 B3 —_RILTE

BN A FFE W ( Poly ( p—dioxanone) , PP-DO) J&—
i 7 e SRR — Tk, AT AAE AR P 7K S K Fl — A Ak sk
HEiAsh, BA R A A AR R it . REFT)
FYEREAE S B, e AP AT A s L . ATk
AT [T TR [ A S5 5 T 20 22 70 AEAX, SEIE Ethi-
con A EPRF PP-DO T B T REE G2k, AR,
S I AT PP-DO R e ST R Fr, BV &
HORRTBA PO Bl . R IR R AE . R A A
ARG ARER . sk, PP-DO T BRI E W HI%
P AN LT LAY 327508 B T S BT D

HJE, HHER PP-DO 5 S i I B4 & 1F i 1k
M, R A RIE AR, S oA, X— R
AT W it

4 TAUBHR

TEALFT £} (Tnorganic Materials ) 765 F} rp i H 9 32 %
SEME RS2 A W) B & ( Calcium Phosphate Ceramics) , 7EH
b FRAE IR BB 5 SRS AR X R RR TSR A
YIREARL, EE AR =5 . BRRRIUES . AR K
AR ENR G,

BRIRAG A W) M B b bR U2 HA B 1 A WA
YRR, H AR BEALBR AR 1, fLEBE T
 HTRTR RE T FRAIG, MEvESE I, Wrd @ vERRAR, (2
Pl G5 e eay VR I O AN A /A o /e e 7)) R
PR IRYE, RISEARIL 2 . SREETR ™ 2215
FUPH AL RE AR B R 515 B AT IR B AR, IR
5 W R ATV B A 1R AR ST AR

ARG S A ) Wi e A L TJC T T35 I s il W A2 AT AR
SRR R A, TR T
4.1 B- ZBEERSS

B—=HiiR%5 ( Beta Three Calcium Phosphate ) (8-TCP) ]
AN 2.86 g+ em”, HREE N 451, 11 ~676.66 MPa, 25
SREEN 137.29 ~156.91 MPa, HEA RAFIAYIAZNE, &



234 Hh AR

%536 &

BB R SRR . HAERN 3B =R
BAe: MRS . A R A L
BMSS EmC

B~ TCP 15 W R 55 2% 1= W) Wl 5 v o7 A 1 Bk 35
B-TCPHA] LASRAE I i 4% B T FIBR IR AR B 1, fe ik 4l
QU (S AR B-TCP MoRHE Z 5 T R 2 Y
PERT, BRI T FCI RS, BT LA B o 22 1 i ) B—
TCP (& Ak kE. MR ¥ Bin Liu %Y (9 F5c, it i
IEARR, A SR (B SREEE -2 (BMP-
2) . B M/IMEINSE (PRP) ) | R AR 58 5T 20 i A
HEE) . B (R C NS PCL FIEIERE K A7), LU
Fr—se 4 JR B TS, Zn HIBE SRR, R RHN B-TCP
AR, SRy R BPE R, HET, T A kE SBM
A7) Bio—Tecma ] W HSCEF M ] Fit - 28 F T R
4.2 REBKA

FRIEWE K AT (Hydroxyapatite, HAP) £ 1 5 8 JCHLIK
SRR T0% , HEL3.16 g - em”, HAP bR EA
BLIGH 9 4 ) 2 R 25 P FIAE 9005 k. HAP BERHE A A
Ja, ESRIEETE R 1 HAP MR R AR R, IR E
HAP BPEHK BB BB IR AT S

FEA BLIER) 04 75 1 45 0 S LR 2 e P/ ¥ il IR
11 (PLGA/HA) S5 bHRH B HAT 1 . B ™ R
IR LR KSR IR AT/ BRIRAS B2 78 ( Cage) BIFSE
TENLEREHEAE [ Bl B, BEFLSN K Cage 41(A 41) |
Bty 4r Cage 41(B 41) K AR EAL(C ), 416 H,
Ft18 ., ARJG 24 LU AT B SR A ZTHE )
A RAF, B YLE R, C AR LA KA Al
BRI, REBOTEYIEMEBESY, WRFLIR(PLA) 5
KRR, 5 HA RS RIZ BRA AR, BRI T 454
ORI . HUBRAO SE R VERN A M MERE . Artem B! 1| 1]
Sk % £ — W% (PEG) JE Ji PLA - PEG - PLA 3L 3R ¥)
(PELA) $%5 HA FERERGYIRRGR M. 455, PELA BfF
5 AT 4 S (PELA R A8 >200 % , HA-PLA B3
AF<40 % ) . B EK M (PELA KE:fil Ao 0, HA-PLA
100) , FEFRIH BN 8 fEEReRL &, 1M H HA-PELA
B T B M I 2R S 5 T 2 B 4 i
k. Aot ™ HFE a2 S JK 47 (Nano—HA ) /3
CLIBR(PCL) N B S48, it 64 HoBvh 2 Sl sl fiA
AY, FW Nano-HA/PCL B AR B HHUEE J7H IREST

{HE 1 T HAP bR B A s, PR 7 it —
ORI L RE

5 % I

AWy RT SR ARHEAT 0 F5 19 1 2 PR RE RN A= W 2 PR BE
[ IS A7 FEAR 22 o i R (9 TR, (FL B 5 90 KPR 55 v
PO MR ZS 10 2 A ) B2 25 U, m] i — AP fe v

WaT Wi fig B OBER R 4R 5 L . BEBE L B0 KA W) AR A
PE o LA AR, R T A T R A b
BHEIRFZ AL, 1A LR RE, i A2 ) n] R fige #1
A Bl PR BT SO BAT 23 R B RS

SECHE References

[1] Ruedi, Buckley, Moran. AQ Principle of Fracture Management (‘&4
VAT AO JFI) [M]. Translated by Wei Jie (f&@ 7%), Liu Fan (X
BE), Wu Xinbao( %75 ), et al. Shanghai: Shanghai Scientific &
Technical Publishers, 2010 25-34.

[2] Hu Ping(#] *¥). China Medical Device Information ([ BEY7 #3H
fHE)[I], 2006, 12(7) ; 13-21.

[3] National Science and Technology Commission ( F}243 A 4% 18] 7 /E 2%
B14%). Chinese Terms in Materials Science and Technology (¥Rl
FiAR417)) [M]. Science Press, 2011 474-476.

[4] Witte F. Acta Biomaterialia [J], 2015, 23(5): 1680-1692.

[5] Wang Fuyong (&5 ), Tao Hairong (FdiF2). Orthopedic Jour-
nal of China( FIEFFIEIMEIE) [J], 2015, 23(4). 322-324.

[6] Ma Wenhui( &3C#%), Zhang Yingze (5K ). Chinese Journal of
Tissue Engineering Research (" E4 4 TR#EWF5Y) [J], 2014, 18
(3): 432-439.

[7] Wang Jianli( E&A]) , Ma Bin( % &) , Zhang Nan(5K #if) , et al.
Hot Working Technology(#Jn_L T2 ) [J], 2015, 44(10) . 5-11.

[8] Feyerabend F, Wendel H P, Mihailova B, et al. Acta Biomaterialia
[J], 2015, 25. 384-394.

[9] Farraro KF, Kim K E, Woo S L, et al. Journal of Biomechanics [J],
2014, 47(9) . 1979-1986.

[10] Iglesias C, Bodelon O G, Montoya R, et al. Biomed Mater[J], 2015
L 10(2) ; 025008.

[11] Windhagen H, Radtke K, Weizbauer A, et al. BioMedical Engineer-
ing OnLine [1], 2013, 12(1); 1-10.

[12] Hazibullah W, Andreas W, Christian M, et al. BioMedical Engineer-
ing OnLine [J], 2012, 11(1) . 1-14.

[13] Raessig C, Angrisani N, Helmecke P, et al. Acta Biomaterialia [J],
2015, 25, 369-383.

[14] Chen X B, Nisbet D R, Li R W, et al. Acta Biomaterialia [J], 2014,
10(3): 1463-1474.

[15] Kim SM, JoJ H, Lee SM, et al. Journal of Biomedical Materials Re-
search Part A [J], 2014, 102(2) ; 429-441.

[16] Dorozhkin S V. Acta Biomater [J], 2014, 10(7) : 2919-2934.

[17] Kunjukunju S, Roy A, Ramanathan M, et al. Acta Biomater []],
2013, 9(10): 8690-8703.

[18] Tan L, Wang Q, Lin X, et al. Acta Biomater [J], 2014, 10(5):
2333-2340.

[19] Kong Xiangdong( fL#£74<), Hao Yonggiang(#f7k5ik), Wang Lei( F
%), et al. Journal of Tissue Engineering and Reconstructive Surgery
(HATRGEEIMIGER) [1], 2015, 11(3): 124-127.

[20] Liu Yan(X|] #t). China Nonferrous Metals News ( 7 [E7H (4.4 @)
[J7, 2015, 7. 1-2.

[21] Wang Y, Me X, Zhang L, et al. Medical Hypotheses [J], 2011, 77



F3H

PRI AE - ] A b AR ik PR P A R

235

[22]

[23]

[24]

[26]

(27

[

[32

[

[33]

[34]

[36

[

[37]

[41]

[42]

[43]

(4): 589-590.

Dambatta M S, Murni N S, Izman S, et al. Proceedings of the Institu-
tion of Mechanical Engineers Part H Journal of Engineering in Medicine
[J], 2015, 229(5) . 335-342.

Qu Y, Kang M, Dong R, et al. Journal of Materials Science ; Materials
in Medicine [J], 2015, 26(1); 1-7

Hong D, Saha P, Chou D T, et al. Acta Biomaterialia [J],
(10) . 8534-8547.

Zhang Taohong (5KBELL) , Xin Ruiwu (S£Hia) , Zhang Ying (5K
), et al. Polymer Materials Science & Engineering ( =51 EH R}
25THY[J], 2011, 27(12) ; 167-171.

Qiao Rui (7% %) , Wang Dong( £ 7%), Sun Haiyu(FMEEE) ,
Chinese Journal of Orthopaedic Trauma ( PRI B RHZE) [J],
2014, 16(8): 710-714.

Peng Zhaoxiang (#2Jk4) , Zheng Kang (%S {ift) , Shen Yandong(J4E
%%), et al. Chinese Journal of Joint Surgery( Electronic Edition) ( Hi4g
KAHMRZRE (RO ) 1], 2014, 8(1): 52-55.

Shi Xiaowen (Jifil%3C) , Li Xiaoxia(ZEREEZ), Du Yumin (T ).
Acta Polymerica Sinica(\F5)¥2F4) [J], 2011(1); 1-11.
Romanova O A, GrigorEv T E, Goncharov M E, et al. Bulletin of Ex-
perimental Biology and Medicine [J], 2015, 159(4) ; 557-566.

2013, 9

et al.

Rodriguezvazquez M, Vegaruiz B, Ramosziiiiga R, et al. Biomed Re-
search International [J], 2014, 2015.

Raftery R, O'Brien F J, Cryan S A. Molecules [J],
5611-5647.

Necas A, Planka L, Smec R, et al. Physiological Research [J],
2009, 59(4) . 605-614.

Liu Shuangli (XI|%F]) , Hou Chunlin(f#7#), Wei Changzheng (%
KAE), et al. Chinese Journal of Spine and Spinal Cord ( F A+
Bz [J], 2009, 19(10): 769-773.

Tan M L, Shao P, Friedhuber A M, et al. Biomaterials [J], 2014, 35
(27) . 7828-7838.

Chen Zhennan ([54ERG) , Zhou Zhong(J& H.). Orthopedic Journal of
China( REBHESMIAE) (1], 2014, 22(6): 528-531.
Chaudhary S, Sen R K, Saini U C, et al. Chinese Journal of Trauma-
tology [J], 2011, 14(4) ; 209-214.

Li Jing(Z= %). Chinese Journal of Sports Medicine ( FR[Eiz Bl BE2F 2%
i) [J], 2015, 34(9): 910-913.

Mccarthy H S, Roberts S. Osteoarthritis & Cartilage [J], 2013, 21
(12); 2048-2057.

Lei Jing( 7§ #+), Li Yiheng(Z%251H), Liu Xuzhao (X|JHME), et
al. Chinese Journal of Tissue Engineering Research( " [E|2H 21 T Fwff
3%) [J], 2015(34); 5506-5512.

Vergnol G, Ginsac N, Rivory P, et al. Journal of Biomedical Materials
Research Part B Applied Biomaterials [J], 2015, 104(1); 180-191.
Nagarajan V, Zhang K, Misra M, et al. ACS Applied Materials & In-
terfaces [J], 2015, 7(21).

Zhang K, Nagarajan V, Mista M, et al. ACS Applied Materials & In-
terfaces [J], 2014, 6(15) ; 12436-12448.

Lin Yanhuan(#JHExK) , Li Na(Z= §F), Zeng Qinghui (B KE), e

2013, 18(18) :

[44

[

[45]

[47]

(48

[

[49]

[50]

[51]

[53]

[54]

—
wn
%)

[

[56]

[57]

[58]
[59]

[60

[t

[61]

[62]

al. Acta Materiae Compositae Sinica( Z-EMEEAR) (1], 2015, 32
(1) 61-67.

Sun Wanju(#pJ55), Ni Ming ({5 ), Wang Yubin ( EF3).
Orthopedic Journal of China ( W1 [E S IEAMELZ%35) [J], 2010, 18
(22). 1877-1879.

Félix Lanao R P, Jonker A M, Wolke J G, et al.
Part B Reviews [J], 2013, 19(4) . 380-390.
Becher C, Ettinger M, Ezechieli M, et al. Archives of Orthopaedic and
Trauma Surgery [J], 2015, 135(7): 1-8

Siclari A, Mascaro G, Kaps C, et al. Open Orthopaedics Journal [J],
2014, 8(8) : 346-654.

Zheng Guo( ¥ ) , Liu Dong(X] %) , Tang Xin(JF ) , et al.
Chinese Journal of Reparative and Reconstructive Surgery( H [E{&52 T
WHMERRR) (1], 2013, 27(6) : 680-685.

Tsuji Y, Ohata K, Gunji T, et al. Gastrointestinal Endoscopy [J],
2013, 79(1) . 151-155.

Rokutanda S, Yanamoto S, Yamada S, et al. Journal of the American
Association of Oral & Maxillofacial Surgeons [J], 2015, 73(5): 1-
Li J M, Wang X, Marinmuller C, et al. Expert Review of Molecular
Diagnostics [J], 2014, 9(4); 325-341.

Tissue Engineering

Gentile P, Chiono V, Carmagnola I, et al. International Journal of

Molecular Sciences [J], 2014, 15(3) ; 3640-3659.

Bassuener S R, Mullis B H, Harrison R K, et al. Journal of Orthopae-

dic Trauma [J], 2012, 26(10) ; 607-610.

Huang K, Ding X, Lv B, et al. World Journal of Surgical Oncology

[J], 2014, 12(1); 595-601.

Guo Jiayong (35fE5 ), Yin Zongsheng (F524:), Wang Wei ( £

1), et al. Chinese Journal of Spine and Spinal Cord( ¥ [EH 44
&) [J7, 2013, 23(4): 335-340.

He Chenguang(fi[j25%:), Zhao Li(G% #]), Lin Liulan(H#)22), et

al. Chinese Journal of Reparative and Reconstructive Surgery (" [E {5

SAEIMIZRE) [J], 2010(7) : 792-796.

Cao Yang (& FH).
(HALMBE GEAEME) [M]. China;

-15.

Liu B, Lun D X. Orthopaedic Surgery [J], 2012, 4(3); 139-144.

Xue Youdi (F4 #b), Song Yueming (ZZEKM) , Liu Limin (X157

%), et al. Chinese Journal of Reparative and Reconstructive Surgery

(FEEZERIMELE) (1], 2015, 29(8): 972-977.

Kutikov A B, Song J. Acta Biomaterialia [J], 2013, 9(9). 8354

-8364.

Jin Guanghui (4:68%) , Zhang Xinwen(5K285) , Sun Xiaofei ( #)5E

®),

tronic Edition) (WAL S ZLECRTRR) ) (1],

-40.

Ma Dechun( Hf## ), Liu Li (X)) #j), Ma Xinli ( i F]), et al

Chinese Journal of Tissue Engineering Research( W [E|2H 2R T FEHF5Y)

[J], 2015, 19(47) : 7698-7702.

Bone Tissue Repair and Reconstruction Materials

2010; 12

Science Press,

et al. Chinese Journal of Injury Repair and Wound Healing ( Elec-
2015(1): 36

JR)

I3

(H% & K



