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Construction of tissue-engineered cartilage: characteristics of different scaffolds

Abstract

BACKGROUND: Most scholars believe that the cartilage tissue engineering is a new direction for the treatment
of cartilage defects. It has made partial progress in the basic research, and to construct a scaffold is essential in
cartilage tissue engineering.

OBJECTIVE: To systematically review and summarize the application of different tissue-engineered scaffolds in
articular cartilage repair.
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METHODS: A computer-based search of CNKI, VIP and PubMed databases was performed for relevant basic
research literatures published from January 2005 to January 2015 using the keywords of “tissue engineering,
scaffold, cartilage” in Chinese and English, respectively. Meanwhile, references in the retrieved articles were

RESULTS AND CONCLUSION: For selection and preparation of tissue-engineered cartilage scaffolds, it is
necessary to fully take into account the advantages and disadvantages of natural hydrogel materials, synthetic

scaffolds, composite scaffolds, nano-scaffolds, and injectable scaffolds. Currently, there is still no normal

Subject headings: Cartilage;
Tissue Scaffolds; Tissue

Engineering

transition between all tissue-engineered cartilage scaffolds and the natural cartilage. Therefore, to develop
nano-multilayer integrated scaffolds with the calcified cartilage layer is expected to become one of the research
focuses of bone and cartilage tissue engineering.

Cite this article: Zheng Y, Dang JJ, Jin HB, Cheng HY, Li Q, Qi L, Wang L, Wang JW, Xin RC, Li HM.
Construction of tissue-engineered cartilage: characteristics of different scaffolds. Zhongguo Zuzhi Gongcheng

Yanjiu. 2016;20(3):423-429.

0 3IE Introduction

TR E SRS L, ERASE —
HERFHR BB EGERZ —., BATERNIIKR S HF
FiNh, BB IAZRIGTRFHBNFH 5 &, mik
BB ITAET X EMAMEREZX T ZNREZZ—.
LEFHE AR AR TAE P RE) R 6 M 22—
FAEMA LS, 8 B ATRE SIS I X B EE L
LR B R R BTSRRI T B,

1 &EFNAE  Data and methods
1.1 BWRSKE L AR TA. LB KE” AT LE
%135, vA “tissue engineering, scaffold, cartilage”
FEXMERE, WE—MHFEATEAE R T RN, $
& 7 7 #=PubMed#4£#% %£200541 A 2201541 A 494
B X AR, BB 3 LT F A LaRATA TR,
1.2 MASHBRITE

AN e RATAA L R AR . BB TAE X
RAMAR S AT NEREE K, R IE L0950
RIFAMMARR; XPREBEEL AR IR IERR
R R SRR AR,

HBREE: TR A, MNAEBARIE Bk,
KA AN RF LA FERRIE IR ETBLFE.
1.3 HUBIEEN HAkF| K87 E, L P L L Hk56%,
FEXXBK31E, HR AR B AR EZBR N SR8, &
H X k30K, DNSTEIFAAT MG I ARIATLRIE,
1.4 FESWMN FEANARENSTE kT, bk
[1-42]028 T R AR KERIR L RAFE, L aK[43-491048 T
AT ERAMA, LAK[BO-B7INE T A A L A4
AR IR,

2 Z5R  Results

21 FRRAKERZZEME RAKRRIEHHIZE
FEAORERSHEL, T ZRNTATRFTUELIEE,
£ xEn skt aed A RAFP A LB RHY
otk RO AP AL B R R A, 55 RAL G AL
DACFHT IR, BB, HALE, RAKBIRZER

424

(2 LA B K0 ARE e 3B, BB AT A
M (BP LB AR SN IRBERE . IRmIe . AF T
Mefbh), R BFIR TRt tm it BE I 3G A A1k, 1R
LR BAE, LETRAEHYHERIR, EXTREE
A S G ATRAT R BT
211 @i EFe o TEMATRILE. T
B L m A SR i, AT R IR R LE M, AT AR
AR, BEEFE A R R )& B ARG )
WA LE G, ARG AT Y & AT RIS Tt B iR
18] R T b B s SR B A B F R, 45 R R S MR AT G
BB ARSI 3; KB BLR) R T e AR e e A A
TE2Hh. KAECRA Rl SEPLGALZE Al & A /K
BRI AR T el g o Rt 8 ARME SR AR
M, LERINA E d o R R G 3 AR LR I &
BAER. TR EQEETERES S, RAT. RP3T
D&, RS, RED, Lkh ahhi, BF
RAF6IAEMARSM, RBRFT, MR, $&TEFR
A& ATAT o8t 70 BATER A, AT S B HEF P A4 36 5
TR, R o kARG R, T REHREIER, A4
AW, WRAR =) 2, Rin, FHEEOFHEE
LRIE. Bk, AR RN,
212 Fh Ml FhoRa2iEid s osm
JE AR 0t AR GE A, i 45 B T At B AR, B
A SAEMF T O BRI SIS SR,
WA FMNEST, RBBHF . RERLE . QA
ER G, F At R RBR Y AR S IRE Y
EOR, ZEHBEIEAEEH A HERIK I REH.,
O F du o BAHE B, du R o B E KB4
KB F(dodu R A KE T SuE KB TR KRS
EFHAKEF. RFGE @A KR FARE N KE KA
T4, X ek A K F Pt dm e 78 R s R A AL B
TR, OGRS RALNBARERL TS
R, @TUAEZEN, LT 0EsHER, T4 8106
JR B LG AL 8RB AR B A A 10,

AkedaZ "1 410% F do B 32 . 10% o)
AR 3 AR AR5 10% 6 2F o 7 6 32 I Ao A 3% A Bk

P.O. Box 10002, Shenyang

110180 www.CRTER.org



AT A LFERAFIEA TG AT

@ﬁ? www.CRTER.org

Bempt, Hnming AR e g a BB L RRAE,
2k F IR g )N AR o RS A5 AR B 4K B 4w 3G 2E RO R
&G RAEFIR AR, PRI R ARG R ) BRI R G
RBABLRE A B3%, ParkF " BIE T RRRE(1%,
5%, 10%, 20%) | b in 3¢ Fode Fh o 18] it 458 40
Y78 BAR K AFAE LB (B A KB FB. ) RIBRMHA
KHFZHB. Sox-9. Fa . FHALALEG2.
FHELAZOT. e REAKRET. ChM-I)&ikey
Brh, 3ER24 hit, 5% fu ) R fe R AT A g A
L E I REA R ; 357296 hit, § o iR RORE
LRt miesgrhaeg e h EIEAR A, fEARR) g3 FRnt e,
Tt R KRR B AR AR R AR M R, RE
G ARt AR E AR R I, AR a5 AR e
JoAR ¥ A B 69 R A B X R KA U A 6g IE AR K M,
DepontiZ "B sk £ ¥ 5k B 3R IEK B tm it 55 A A 4 F
IRRHERG LB RO -IRRER, ERITHEROIK
JB B SR AR R AT HAT ARt R 6 IR R A A,
BRI B A e AR T RIFHIFH A IRBE.

213 KkEEYG IRBEZEmMICIN R E 2K REMLT
®ERE, RMRWILINEF TR, FRAALLR DM
eyl EEZ T, NAMA KR, LA 1 RKRE
EVEREARAT Z. RREEO W REEHT0%K
o LR ARBX T OPMRRE, BERFHE., AR
PEZ 1. NAIRBRLT %EOHTRAKE @m0, &
1, FHFHREBELL AR, 12 1 BB LR 0T 55
G ) A E S R 1) YY1 L ALY, 3
SRR L BAREG TR IRBEEG, VARH AL
B mins R WA AR e 2P ea R B G B
FEBE B AR TA2 5 A F 6 R K EFE L 2 AR,
XMEVARL R FRAZ R T BB OIS A, AARE A A 1 AR A
IR 694 KAEE 465.5 kPa, /& -T AKX 8K F 69 4 K AL
2223 Hirschmann P EBA 45T BB EA M
NG 7 OT B4 F A maidts &4, Miz145, PTA
BEIRED HRERRALERE, BRBEE, 2hX Y
A EER T, JUTF TR &4 04 IJRF A ARAS AN AT
I T BAFR, SR F A RS G AR T AR
AREAM, 2R TFABREEBRLZHRGHFIL.

214 ZEEME SREB(GERE, FARLTR. TR,
BT % E L CBAC T ) A RAF A A ARSI A
TR, RERKEREERFELBRLEBAANEELE
&, BIBFALE #E A 4F, LR A R EZ A MAATZ —.
Y h BRI B LY, RRAER—FFERFT AR T
BB % £ E 6 A R B R A
AR IR, FHMEARTalel mismAER, T
AR R T ARIF B AG AR, Ba A AR AL
B B T 7z A P2, moaPIR R & R
I B4 A8 W 18] 2R T tm et B R K P AR ER AR, 1T 4

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

# RABRREEE A TR TARFRELER S,
LAY A 45 64 08 1y 8] 7R T tmft, STAE A A IR 4R TAZ S
B e YT e )R B I8 SR T e Bk A i s
TRMERIR LR TARE, sTHAR LT RF
BA RIFHIS AR, L5 AR —HF 7 AL EAS
A H AR AEE & R AR B H A 8K AR T e
AL K R AR5 . RIS B A AR
AB KB 2 A BT IS B R K SRR AR AT R
B IR B R b LR A o TRME K B IR _E MG FA S ik 4w
FRSN T, AR RATFIRRF LG, MK TR
B A RAF0415 B A A (E1).

TRBRLGRZMAL T XPHRE T SRR
(BFERBRTE. ZRRRKR. TRRREG)HE K.
VA XA, BRI E AT AT AR T Y Eik
JUZ R, BT AR R AR 0 R R 4 b AT R A KA
AL, R E mitigia, A kAF AL
215 i EMEBEE@EERNNEE, S0
F AR R B A RAF A A AN S . TR, TR
RRFRNE, BT BRI AERITENZAE KL
oL, HATFARRKE®I, TR LM mies Ky
WYL, A AT @I 8 69 et Rt R 0 4k, A
AT mfeie 4945 5463, GiFmiee) kR R LR, £
Bl AL F AR P — A A G4 RAT T e X
AP, B W o E R R ER SR b I R ed BA M
#, ka5 m BP0 s B-Ah R
S4B AMHAE A BB AR L RRATME AR, AA
R A MM ARG B R T B A M E
R, ARAMMLEHATHE. St iety TEHLF)
ARAMEFRAR; IRV 6 2R 4w B i R AR SN AR Y8
J&, AT KRR EINE T TIARBTHBRIFT AR
¥, RIER T EMDBT AMEL, 2B H 5T
EAT BRI AR AE AR T @i ko L0385,
RO E AR T @i e RS R @NEH . BHAR
¥, kAR ERAS 5 ACE MR T ek A A
HEEAF
21.6 ZHWRAER EREBERR @RI R P AR
BB EZURY, BEEGFHBTYELEFS, | 2HE
FAURIE . FRARGHEIBRER T, cl@idEE. R
LEAOFRNE. RKFTEG S, LT RT @I AR
AR BEVESE A Bl RABE PR T BR ST A R s R & AR
KEORS, EREOFEIAE. BFAALERET AR
FrmAaEEEMA.

XV A EHERRBRATF YIS T AT K —F
ATZA B T ik, ARE R RS T R 7 6 S KA 4 77 2
REF REHER, KOTREEAXXMER, mEHH
F B EA XA ALY, F T BB G T 0 L
B ARAE IR R e b B S AR 1R B A S AR AT K

425



AT A LFERAFIEA TG AT

@]%2 WWW.CRTER.org

4 1 8 Ji 12 Ji

puplesath

2B AR AL

B HEERERRG SNBSS R X TRBRIR
Ve ik R e R S 4

HE4E R . SolchagaZ ek o i Be 4 R4k 2 22, AT
IR RREES. A AR BT @ AL AR B A R T
AT F UM, BRI E 5 KR 6985 R AT
BEAC R AL, STVA = Ak L& AR M AATAM. R
IR =B . —ReARBE IS, ST Ak R BRAG S BUME AR,
A% TR DT RIRE AR BRAT A4, X&ATA Y
TR R A FRE 695 R BROKERIR ., B AT ARA R R
REORAETEHENRBRAESANRET BRREE
Wik, P E YR BT B AR R B AL
H, #l4e T ARG T B, FRAAGRSE A HES, &
RIRB B T ARG Z 69 RN R BAHE, S A
HRRIL R G EA AR5, B w7 @24 3 R
HLI B B, R i R BROK B B R % A AR
FAGRY, 2B IRBEERY, FHRILEKRA REER
PR AS G AL B, AR 9 R BROR BRARAR A BB IS AL

22 b B — i R P,

217 WEHE WIEBR—AEESE, RE&MEZR
My, ARARLEM R, &L eB-D-F A1, 4i54 493,
6- M Bt -L—F FUbE XA E A R ey KAk, MERF @R/
FAGHELEM), T R RAFR AR OIS @ie s, @ie
RigH(QIEE KA TF). @b RGeS mA LT £
BB S ARAER b ey B 5. R RAP SRR el
ISR B LE M IE B R T ARE 8, T ARBEE A B
IR BB AR AT B I D 821 Ak
SNRCE IR, FIRA18 R AR IR LB A RASHEER,
3t RRLASAN KB IR AIFIEAE B B, 20 AN S B I EF
mie, AL 1, 2, AR IREF FRL R R E L,
FRETHAEKE @R, ERRI, FHRAEF 1, 2 AFH
ABE BB KIEANE, BE4RN, LRALAME
RESAH#—FHKR, EE2-4F 0 EREXTAR,;

426

xt B8 L AR B dm LT B AR SRR AT R . RASAESRE IR
PR RIE IR, EARRBUE AR, E i F R
AR S B ARSRE tm IRAR SN A ARAS B K T RE A BB
# AR HAT T RIANAEDL, A R A RF AR B R AR
AR TAZRFR 69FT 75 ).

22 ANIBEZEME ALGR&aT AR
FL A BBAG 5 5 T ik A ST AR R I o R 69
STWR, EEZREAMFRBRRZRAE, THRIES 2
SEEAGFE . MEBA Y FHEEHEATIRIE, (28R X EM
HHEG LR AR BAL B R LR, AR IR 22
BAE TG T AR AL o F AR KK,

221 ARG THA A TFHRELALR AT LM
TR EZ A BB =ZA5. B-AEEL =45 A RAFAI A
WA, MR M R, T P e bR 6 BRI TE R
W, BB ARV A X RMA AR e, Rm, ®
FreEMAARAA TN E, KA RHE, B AT
VFIRE . GouF Y KT mAnIEAT B B -BEER =45
FREHMALFREDBFHRE IR, 24 G AL F
BURSAIE LR

222 AMEHHTHA FZHHTIRMAPARL
B, REACBACNHGERNEH L. 1za1F %5
B8 AR T e i T A RILB X R £, AN AwK
FUBR FLAR VT A 2R M 18] R T gm e, AR e 4R AL
At st TR, GongH U R R #2k TR/ ALER
G0 AT e Rk, 28 B BN
WA B AZEILEF, 3, 64 A BRI F A
w A Bl F ABEIN, KT RAEY RIFeER,
BAT 5, B 4B A R R 44 T A2 F Al AR P oG8 B T A
I &5 5 B A 3 A ABARL, A2 A AN 3 A A5AR Fa
RRFABEZH LT, LA LR T aldiq i
AL B B ALEIAR 4 R L Kose 51O i B 4m 4
3 REARBRAS X RARINESR, @ EXREEHR
WFHRE A BB B e 45 F . RS AR R E K,
ISP RAR R A5, R IR A AL BRIE T AR A B 4R
TIAZZ B —FrikE, BELTEIBRE 2 —RAMAEY
PRt A ek, BETHAENMLT LB ZAENKR
RAMAAE, AT T REZ IS BB KAk 6y E b
REATRRBREFARELATRIRE LA 245004
ARG HARIR B Aol itk £ T 110 g 5
HMARBEATRABRBAFREELATRIKREZ
PhaP-RGD k&% & 1545 )& 44 7 K A 5 5 88 tm e
HLa AR, 4R 2% PhaP-RGDAR A& & 15449
RAEK TR TMREE S0 THAHEA ZA4F6 F KM AL
RAR B

2.3 SE5TZHEME RAMA L6 LR AT aMA
B L AT G mIn s R RAR G AR T X R, MR R AR
M Fe o AT A AT A, RAERIERLEMBAT A ATIR

P.O. Box 10002, Shenyang 110180 www.CRTER.org



AT A LFERAFIEA TG AT

@ﬁ? www.CRTER.org

T, BRI RAF RAT A9 ER B T VA RAF EAF 09 2 7%
MEAE., AMENMILEE ECHER. EHfT) a5
FEAGEL I, Biuatam TAZ R A0 R I 0
DB REZ S F @, REBRITEMATEA RAFE
LRAR S MALALUE M, R BB RATFAIAURE RS,
3R RN TAE R R R AR A E R B K G BT
H 4y, B SR B A . LA 08 6 Bk
B £ FH AR AR T, RFIFEA ERS
PEEY H — IR 4L LR TA2 X A,

Park 55 5145 £ 46 % T H 8 L —B5-CTSA iz A
F R B AIMeGCHNAIK T, Z IR LIENE TR
Y MeGeA 1R 3t 3Kk B 2m f038 78 Ao 3R sm B S R I AR 6
R, BAGEHRE RS, He SN w i F mit s
FIAFATHAATR-BEAFRBOWIKE X R BAT
MR-ZEFHRBESMIRE L, SRR, ERERTH
JEGFEM . A &, BRATR-ZIRFRESMIER
SAMIEIRAELTR-BEFRROMISMF L
REHEY, RPLLTHR-ZLEFRESWIRIR LA
AL T mIbEA A, AR AR PR
AuB-BR B = 45 3F A A T ok A TR AR ERE a i
AR, —7% @ v AB TR B Z 4500 R R
B A AP IUIRE, SRR T 3 A G 69 E,
125 AMA AR B E T AST IR,
2.4 WKSZZMR ARMHRIBEZLZRFTESH
— 44k F oAk RESEE (1-100 nm)k & B 114E A A K
2 AMBRE A, TG AR A TR A ) R 4
AR Foe. BAFERESCEEZR, BT ZA4)
4K G 60 IR M 3T AR ol A AT B K 648 4R
IRKREFREETREL, WAL EMHE R Amipsth
AR MR A AR, AR R AL LRAD TN AU
MRS, FELLLR TR X R MR R BAE A T 433 T
FALT KaigPha it 45 £ 4R TR Bs R 4
%, FHESUTHIRY, #1& 7T HRG LREIR,
A0 Pl B b 04 B R R, LK R IR B AUAR M A8 A A IR b
1330 B RE.
2.5 TESERZEME  ARIE X RHEHENTR, 4
LR TAZERF T o A TR R A BB AT iR AR P R
A, R RE B A X T REHMGARIBTT 2
Fit, HIHN o LRI TG RIFBAFEIT T 3L,
f2 1l R L PR A7 A A AR K PR %), B8 B 158 R T 2 4t
Xtk B AR B X RS FHE AR T @ieis i
SARE B EAR, MANF12B R, FHAFHM LB,
BB TR AR B RATH L, FEshe T A e
FHERE, SRR PBEESETERHASRCARA, T
KEHAREFTAL. SR ART R, R EARHT
AMBERHGIA, THLMELEE, FHEARE,; 2t
B RPRZ2RE, AT AR, TEEY

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

BAKT EFFAR, FoFMERR, TILY ZHEHF
FRLT R, HHEMLEIA, EREATEHKARE

EERR G B A R A AR FR T sl T AR B AR
A, B 5§ T 24 R B AERH b B R =4
BIRIARIFY ARG AL 515 SR R R, A
AL BB AT xR B SR G915 B, RAAWELL TR AR
BE AT IRE SR P TaEARS) KA KR FEA.

3 R Prospects

L1 4R TAZALERE B T K0 4B R A b 515 2R
B AT2A 48 TAZ P e AR5 HGE. 4B 8 TARRER B 15 B 400
A A AR R BRI AR LR e AR S AT
RV WG, BAE RAF AR LB L, B
it - X R AR, WA SRBHEER TSI, M
£ X RAFHG BB IR, WM R EA B ERE
O LRLR, VALK RSB B AT 6 B 4,

HAHRBURIRGEEEFZ——RFIEH
B HI &, BATAAEIUREA: & ARG LR
LA SN EAR R Bk — A T @l WA, R
M. HEMF A A = ARSNGB LR A EARR
B LA LR GV ) F AR R T F B2 LR
) MR 5 )a RS AR vl 4o f], EAEdRds LR MM S
i E BT VAST LR TAZERE A R4 TS & L A
FEB| R R AKBI A, A TR M. S0 EM
B sk X RAPE. RSt LR AR ER S, EF
XPLEMOMR, LHERETRE. REBHEfTHE S
A, TR EMM R TR 4, 223881
Wk, BMZEEARRGRE, B MBI
A, R B TR TRKET LR E, 5AK
ARKEARBEFLE, ZHFRAZMERE,
HKEe. EA%Y. HEFBAESF—Z5FA, A EX
sk B ATIR F) 69 B AR, R R IREPARE A5 R 3T
AR &5 B H B S —, A B KRB RE
AR K T ERE KR E ) 64 ) B FE BT fn AR\ BRCR 69 4
A

TEZ A AT SWETE .. S EITERRIT, LIk
WA SR, SV R T S8, ORI
Wty Eal, TS0, R BT, AR
il

Fzs A SS: PR L RIA AT SO JCAH R 2 v 2

1EEE /&R O KA B S 2%

XEBEE LT ONKT 5 S5 SCHREIN R 28
AT 3 IR,

XESE: RTNEATIE MG, L E A /NFEATA
WERF, FERTIERRE.

TEZ A B U5 — AR S FURI B 'S 118 S0 A

427



AT A LFERAFIEA TG AT

@]%2 www.CRTER.org

SATJRANTEAE. 30T KIRARR T . B (LA ST
BB ) B A LA S AT « AR, T
ZH.

XA SN A SR R B B T L
B

4 BHEH References

[11  Zeng L,Yao Y,Wang D,et al.Effect of microcavitary alginate
hydrogel with different pore sizes on chondrocyte culture for
cartilage tissue engineering. Mater Sci Eng C Mater Biol Appl.
2014;34:168-175

[2] Dahlin RL,Kinard LA,et al.Articular chondrocytes and
mesenchymal stem cells seeded on biodegradable scaffolds
for the repair of cartilage in a rat osteochondral defect model.
Biomaterials.2014;35:7460-7469.

[3] HuX,Ma L,Wang C,et al.Gelatin Hydrogel Prepared by
Photo-initiated Polymerization and Loaded with TGF-31 for
Cartilage Tissue Engineering. Macromol Biosci. 2009;9(12):
1194-1201.

[4] Zhu S,Zhang B,Man C,et al.Combined Effects of Connective
Tissue Growth Factor-Modified Bone Marrow-Derived
Mesenchymal Stem Cells and NaOH-Treated PLGA Scaffolds
on the Repair of Articular Cartilage Defect in Rabbits.Cell
Transplant.2014;23:715-727.

[5] Fan W,Wu C,Miao X,et al.Biomaterial scaffolds in
cartilage—subchondral bone defects influencing the repair of
autologous articular cartilage transplants. J Biomater Appl.
2013;27:979-989.

[6] Zhao Q,Wang S,Tian J,et al.Combination of bone marrow
concentrate and PGA scaffolds enhance bone marrow
stimulation in rabbit articular cartilage repair. J Mater Sci
Mater Med.2013;24:793-801.

[71 2R 7E, B bR A5 /AR 2 4 2 10 i i ) 7 o
A0 BB R[] IR 7 2t e, 2014, 14(8):
1407-1410.

[8]  kK¥E AR ZPLGAS ARG 8 A 1A 1 10 70 BT 40 e 5
LN L2 PR 535 ARG 53 ey A 1 S 3 5 [D]. e B R
K#%,2013.

[9] Naik B,Karunakar P,Jayadev M,et al.Role of Platelet rich fibrin
in wound healing: A critical review.J Conserv Dent. 2013;
16(4):284-293.

[10] =F 2a%k AN R AP BT SRS SR B AR B VP[]
Hp E 4R T RERF 9T 5 IR PR B, 2011,15(25):4723-4725.

[11] Kim HY,Park JH,Han YS, et al.The effect of platelet-rich
plasma on flap survival in random extension of an axial
Pattern flap in rabbits. Plast Reconstr Surg.2013;132:85-92.

[12] Browning SR,Weiser AM,Woolf N,et al.Platelet-rich plasma
increases matrix metalloproteinases in cultures of human
synovial fibroblasts.J Bone Joint Surg Am. 2012;94: e1721-
1727.

[13] Yuan T,Guo SC,Han P,et al.Applications of leukocyte- and
platelet-rich plasma(L-PRP) in trauma surgery.Curr Pharm
Biotechnol.2012;13:1173-1184.

[14] Lenza M,Ferraz Sde B,Viola DC,et al.Platelet-rich plasma for
long bone healing. Einstein (Sao Paulo).2013;11:122-127.

[15] Sommeling CE,Heyneman A,Hoeksema H,et al.The use of
platelet-rich plasma in plastic surgery: a systematic review.J
Plast Reconstr Aesthet Surg.2013;66:301-311.

428

[16]

(7]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

(25]

[26]

(27]

(28]

[29]

[30]

[31]

Akeda K,An HS,Okuma M, et al.Platelet-rich plasma
stimulates porcine articular chondrocyte proliferation and
matrix biosynthesis.Osteoarthritis Cartilage. 2006;14(12):
1272-1280.

Park Sl,Lee HR,Kim S,et al.Time-sequential modulation in
expression of growth factors from platelet-richplasma
(PRP)on the chondrocyte cultures.Mol Cell Biochem. 2012;
361(1-2):9-17.

Deponti D,di Giancamillo A,Gervaso F,et al.Collagen scaffold
for cartilage tissue engineering:the benefit of fibrin glue and
the proper culture time in an infant cartilage model.Tissue
Eng Part A.2014;20(56):1113-1126.

Fukui N,Sato T,Kuboki Y,et al.Bone tissue reaction of nano
—hydroxyapatite /collagen composite at the early stage of
implantation.Bio-Med Mater Eng. 2008;18:25-33.

Zhang L,Yuan T,Guo L,et al.An in vitro study of collagen
hydrogel to induce the chondrogenic differentiation of
mesenchymal stem cells.J Biomed Mater Res A. 2012;
100(10):2717-2725.

Freyria AM,Ronziere MC,Cortial D,et al. Comparative
phenotypic analysis of articular chondrocytes cultured within
type | or type Il collagen scaffolds. Tissue Eng Part A. 2009;
15:1233-1245.

Rutherford RB,Gu K,Racenis P,et al.Early events: the in vitro
conversion of BMP transduced fibroblasts to chondroblasts.
Connect Tissue Res.2003;44:117-123.

Yamaoka H,Asato H,Ogasawara T,et al.Cartilage tissue
engineering using human auricular chondrocytes embedded
in different hydrogel materials.J Biomed Mater Res A. 2006;
78(1):1-11.

TG, TH AR S SR S e 52 5 A ) 78 o+ 40 18 5 4
TN HCE BRI R A AR I P E LR R S IR KRR,
2010,14(25):4581-4584.

Hirschmann MT,Keller L,Hirschmann A,et al.One-year
clinical and MR imaging outcome after partial meniscal
replacement in stabilized knees using a collagen meniscus
implant. Knee Surg Sports Traumatol Arthrosc. 2013;21(3):
740-747.

Qi BW,Yu AX,Zhu SB, et al.Chitosan/poly (vinyl alcohol)
hydrogel combined with Ad-hTGF-f1 transfected
mesenchymal stem cells to re-pair rabbit articular cartilage
defects.Exp Biol Med (Maywood).2013;238(1):23-30.

Eroglu E,Tiwari PM,Waffo AB,et al.A nonviral pHEMA+
chitosan nanosphere-mediated high-efficiency gene delivery
system.Int J Nano-medicine.2013;8:1403-1415.

Hagiwara K,Kishimoto S,Ishihara M, et al.In vivo gene transfer
us-ing pDNA/chitosan/chondroitin sulfate ternary complexes:
influence of chondroitin sulfate on the stabil ity of freeze-dried
complexes and transgene expression in vivo. J Gene Med.
2013;15(2):83-92.

R STERBE K B 5245 I 13 1) 78 0040 18 55 e DG 3
P SRS [D] A S 2 B, 2015.

Zhao M,Chen Z,Liu K,et al.Repair of articular cartilage defects
in rabbits through tissue-engineered cartilage constructed
with  chitosan hydrogel and chondrocytes. Journal of
Zhejiang University-Science B(Biomedicine & Biotechnology).
2015;16(11):914-923.

Di Martino A,Sittinger M,Risbud MV.Chitosan: A versatile
biopolymer for orthopaedic tissue-engineering. Biomaterials.
2005;26:5983-5990.

P.O. Box 10002, Shenyang 110180 www.CRTER.org



A

A LFER A FIE A AT L I

@ﬁ? www.CRTER.org

(32]

(33]

[34]

(39]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

[44]

TR AR Mo, Ty AT S R h = 2 2 M SRR T S AR N
MR FERERE[I]. AP AR 41,2007,23(6):62-66.

Oju J, Bouhadir Kamal H,Mansour Joseph M,et al.
Photocross1inked alginatehydroge1s with tunable

biodegradation rates and mechanical properties. Biomaterials.

2009;30(14):2724.

N3 IR B - — 4% S S AR E i 2L 2 R SR H)
AWFFU[D]. T R BEAFR 42,2008,

VERE D) 24k A8 B S, A T R h SR S N\ B 4
HIARSME A RRFRI]. T E 42U TR, 2012,16(21): 3895-3898.
Campo GM,Avenoso A,Nastasi G,et al.Hyaluronan reduces
inflammation in experimental arthritis by modulating TLR-2
and TLR-4 cartilage expression. Biochim Biophys Acta.
2011;1812(9):1170-1181.

Solchaga LA, Yoo JU,Lundberg M,et al.Hyaluronan-based
polymers in the treatment of osteochondral defects.J Orthop
Res.2000;18:773-780.

Nettles DL, Vail TP,Morgan MT,et al.Photocrosslinkable
hyaluronan as a scaffold for articular cartilage repair.Ann
Biomed Eng.2004;32:391-397.

Leach JB,Bivens KA,Collins CN, et al.Development of
photocrosslinkable hyaluronic acid-polyethylene
glycol-peptide composite hydrogels for soft tissue
engineering.J Biomed Mater Res A.2004;70A:74-82.

Leach JB,Schmidt CE.Characterization of protein release
from photocrosslinkable hyaluronic acid-polyethylene glycol
hydrogel tissue engineering scaffolds. Biomaterials. 2005;
26:125-135.

Burdick JA,Chung C,Jia X,et al.Controlled Degradation and
Mechanical Behavior of Photopolymerized Hyaluronic
AcidNetworks.Biomacromolecules.2004;6:386-391.

SR, e R A, A A TR S S R (R A AL
FI[J]. A B 2023 AR 5Y,2014,18(27):4324-4329.

Guo X,Wang C,Duan C,et al.Repair of osteochondral defects
with autologous chondrocytes seeded onto bioceramic
scaffold in sheep.Tissue Eng.2004;10(11-12):1830-1840.

Izla I,Aranda P,Sanz-Ramos P,et al.Culture of human bone
marrow-derived mesenchymal cells on of poly(l-lactic acid)
scaffolds:potential application for the tissue engineering of
cartilage.Knee Surg Sports Traumatol Arthrose. 2013;
21(8):1737-1750.

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

(48]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Gong L,Zhou X,Wu Y,et al.Proteomic analysis profile of
engineered articular cartilage with chondrogenic differentiated
adipose tissue derived stem cells loaded polyglycolic acid
mesh for weight bearing area defect repair. 2014;20(3-4):
575-587.

Kose GT,Korkusuz F,Korkusuz P,et al.Bone generation on
PHBYV matrices: an invitro study. Biomaterials. 2003;24:
4999-5007.

Sudesh K.Potential Appl ications of PHA//
Polyhydroxyalkanoates from palm oil: biodegradable
plastics.Berlin: Springer.2013:79-100.

He Y,Hu Z,Ren M, et al.Evaluation of PHBHHx and PHBV/PLA
fi-Bers used as medical sutures.J Mater Sci Mater Med. 2014;
25(2):561-571.

TR S VRO, A SRR IR I R R () A B 1 S A
FHZRTEDEIUJ]. 5 5 E g SR %, 2014,28(8):1018-1024.
Park H,Choi B,Hu J,er al.Injectable chitosan hyaluronic acid
hydrogels for cartilage tissue engineering.Acta Biomater.
2013;9(1):4779-4786.

Bl X BROK AL, 25 e AR R T TR IR B IR IR A IR SR i 2
T AR SR A M S R[] o I 4 2R TR 9T, 2014,18(12):
1895-1900.

SRR FETRME-HA IS B -1 IR =85 52 5 A S A 2R TR S 4
MEHR SEIG I T [J]. 2R T A2 5 g ARk, 2010, 6(6):
319-322.

Kai D,Prabhakaran MP,Stahl B,et al.Mechanical proper-ties
and in vitro behavior of nanofiber-hydrogel composites for
tissue engineering applications. Nanotechnology. 2012;23(9):
095705.

Schlichting KE,Copeland JTM,Goodman M,et al.Synthe-sis of
a novel photopolymerized nanocomposite hydrogel for
treatment of acute mechanical damage to cartilage.Acta
Biomater.2011;7(8):3094-3100.

7 S AT R SR SRR IR T ik 52 ) SR BT A A S O
PR R A T AT T (D). 28 = 4 5 K 2%,2007.

B T, 22 W, 2 T SRR R B A A S S T
)78 5T A0 S e e i At [J]. v T L8 T REWFSE, 2015,
19(3):378-383.

L {8 N ) W S IR M B G v o oa R Y ) g SR
[F S AT A A 2 SRR DG B e g R A P TR
P EZHZ TR SRR, 2010, 14(16): 2864-2869.

429



