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Abstract

BACKGROUND: Articular cartilage is non-vascular, lymphatic and nerve tissue, cartilage cells usually can not perform mitosis,
resulting in limited ability to repair itself. Under physiological load, the articular cartilage often places in stress environments.
According to its structure and characteristics of cartilage, it should have good biomechanical properties as an artificial cartilage
replacement material.

OBJECTIVE: To summarize the application progress of repair materials for the exercise-induced articular cartilage injury and
biomechanical characteristics as an alternative biomaterial.

METHODS: Using “articular cartilage, biomaterials, biomechanics” in Chinese and “tissue engineering, articular cartilage,
scaffold material, biomechanics” in English as the key words, a computer-based retrieval of China Academic Journal Full-text
database and PubMed database was performed from January 1993 to October 2010. Articles related to exercise-induced
articular cartilage injury and repair, currently used biomaterials in the repair of articular cartilage injury and its biomechanical
characteristics as an alternative biomaterial; duplicated research or Meta analysis was eliminated. Twenty articles mainly focus
on the biomechanical characteristics of repair materials in the repair of exercise-induced articular cartilage defects.

RESULTS AND CONCLUSION: Articular cartilage is an anisotropic, heterogeneous, viscoelastic and permeable material that is
filled with liquid, it has unique mechanical properties. The biomechanics of injured articular cartilage are different from the original
cartilage, and easy to degenerate. Mechanical properties of osteochondral transplantation are the best for recent period; acellular
cartilage matrix and small intestine submucosa matrix have certain mechanical strength; the greatest drawback of ordinary
polyvinyl alcohol hydrogel is insufficient mechanical properties; polyvinyl alcohol has good flexibility and high elastic property,
and similar mechanical properties with human articular cartilage; n-HA slurry and polyamide 66 composite in a solvent, they are
similar to natural bone in terms of chemical composition and mechanical properties. Various alternative materials of articular
cartilage have different mechanical properties no matter it is synthetic materials, natural materials, or composite materials,
cartilage tissues with similar mechanical properties as natural generated cartilage are not currently recycled.

Wang HB, Liu DX, Ren ZJ, Yin SR.Selection and biomechanical features of repair materials for exercise-induced articular
cartilage injury. Zhongguo Zuzhi Gongcheng Yanjiu yu Linchuang Kangfu. 2011;15(12):2237-2240.
[http://www.crter.cn  http://en.zglckf.com]

HE
BE: RTRE RN, MO, BB TRTmEAsETaLsHd, XeSAGBERIaR. &
BRGSO AAE N D FREE . AR F S SRR B AR N DI RO R R B AT RF IR 2R ) 2
PEg.

BET: B E5E NI PR B B AR . R e B S A P AR AR ) ) SR

Tk LLCRATHCE, EMIARL AR b seoeiEiR], DL ¢ tissue enginneering, articular cartilage, scaffold material,
biomechanics” g 3e3CoCH A, R THENUS R BT SC8dE E . PubMed 8 1993-01/2010-10 AHIESCH . 44
NGIBFAE RN BOE S . B H TS 5 0BG 005 10 A L LS AR AR A ) ) A A S
HEBRE LWL Meta 28 T30 . LL 20 RSOk A 32 5 AR IS B PRSI S BUE SRR AEY) ) SRR T8
HEREER: XWRE R . B0 AT AR R E Y T, AT R . B
WA AR % T T S ORI RS AN, HWRSIRAE a2 M R AR St s AR R, Mg
BT HAT — 0 g s IR IR I K B (R BB R B AL J7 RIS AL s 2R IR AR L R 1 22 B R
BrkRe, BA S5 ASRE AR v Re: n-HA NS IR K 66 RIS, Tibd ¥ ket R A EA
HARE ML FERERZ T E BRI, LR AT AR KRR SEMRIAY &G AR, B
H i3 ok s 5 R AR A U iy R AR R) ) MERE I AR i 4 2L

KRR VIR WA WD SRR L B R

doi:10.3969/j.issn.1673-8225.2011.12.036

T, R, AREN, P83 M T S8 SRR I e S A ) AR V). P B AL TR ST S IR R
2011, 15(12):2237-2240. [http://www.crter.org http://cn.zglckf.com]

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

"Euro-American
College, Hebei
Normal University of
Science &
Technology,
Qinhuangdao
066004, Hebei
Province, China;
Department of
Physical Education,
Qinhuangdao
Vocational College,
Qinhuangdao
066100, Hebei
Province, China;
3Yanshan University,
Qinhuangdao
066004, Hebei
Province, China

Wang Hong-bo,
Lecturer,
Euro-American
College, Hebei
Normal University of
Science &
Technology,
Qinhuangdao
066004, Hebei
Province, China
capslock889@
163.com

Received: 2010-11-23
Accepted: 2011-01-04

VAL AR
2 gh £ b >

=
e
4
&

~ =,
066004; 2

ESIZFE 17
IRREI ]

+ 066100;
XF, A A
&7 06600

I, 4, 1
FA, TR

%‘v\w‘m
e - oo} B2 o

A
34 e

g
o B

1

b

BEA, i

w8
W€

>

mﬁ;ﬁ?
Hesy
o S
FEr be

=

L, T, EEh

capslock889@
163.com

hrJ645:R318
SCkBR B
S5 11673-8225
(2011)12-02237-04

AR B 0 2010-11-23

15 8 #: 2011-01-04
(20110104026/G-Y)

2237



@2 7&:2 Www.CRTER.org

FRIG, S EEYER TR B IS FI LRI ) AT

0 3l

i

2 R

EHBRXFTREBG L EIZRE LG TEHIN %%
AL, KPKEFHE., APRAMFIIRNG. XPRE
MG EELE XD B BSAEHAGE A A, Hg57
X, XV Ham g, BmtiEash Rol%4Egmik, ££
FHIEF R P AL 4.

BT X PRERLME  HEEFoAP R G207, B F
BT HE mIe R AT R 205, XFH A H15 548
Ak, Bk, M3 XPRERGOGE, KA RHRIE
HEFABARGELEFTOZ—, AP REETEREF
Wz ), L B2 — R AT E R R R R AT
FAG N, EBRFAT, KTREEFLLELNRZF,
ARIEER T B G g LMy Aats B, M H A TERF 0 R A
B RGO A e,

SR LALR TAZ G AR IR MAARIRI ) E 4L 4R,
F a5 B B ok, FREARSP AT 38,
ARG 5 7T I RRBOI6Y X R AHFHE — R BlRA, AR
A, AFHEHIEAR N R AR AR, AN BRI A
A Fa b I IR, BT RITE G ALRRBE, VA
RENGGIE S A e T B 4.

BATSRF AR TROGARAREZZEY AAT I
& OFfFait. QX RMH. Q@B T. @LRG
Mo RS A SRE S AT R R L A ) ) F A AR
it T,

1 FERINTTE

1.1 BBV SHEBRITE

MNIRAE: Q5B A X6 L T HEFHRGE A,
B AT A TA5 K 5RE 0 69 A A A A B A
R ¥ W) /) FAFIEFRR, . Qi FiF AR T4
HE AR XA e RIKIE 1B B X AR AR
HXFE, FREEHGFH, H5. BARX., OF
—ARIBGAAF L IR R RAERRIRE LE R E,

HRiRE: T AR A Metan £ L%,
1.2 HPHREGRE &% —1F4 4 & Pubmed#i ik &
(7 3k http://www.ncbi.nim.nih.gov/PubMed) & 4 £ %
1% E (http://lwww.cqvip.com/)1993-01/2010-10 49 48
KLAR, FXKRAEE: XVIRE, £WAHF, LM
¥ 3k L X 4k49: tissue enginneering, articular
cartilage, scaffold material, biomechanics.
1.3 XWHAERENEN 24 %3k F 5|48 % L k120
B. 208, #HE 22X edTmiE, HREA
FEH. Metas#r. R A 95 E X49100%,
b 6 LA N 20 S AR ZEATIF 1.

2238

21 XPRBRIMDRTINBIENISIRE A6 KT 3k
BEBTERKE, SO ERFELSE Y, REAVEN
IR 4, BIRAZEPRIR. 7 RFRAT Bom 78 IR
KPR @A SR TR, R —FPiE a4
g, RER@AE, BAEH2~Tmm, ELHMELE, BEHERA
ol RE BME S PR BT ERE TR FENYHE
4. XHHEMA BN KA. ST @@Lyt Ea %
e RR 5 KT RN AR T ) F e eg sk
B AERTPIRE M A MM, A BRI R,
KTV HRENEEG SHERERT RZ AT F), 2 R EesT 40
KA, MIRRA L A REEARR, REEXTIUE 7], f24Ext
Wik, AHFEAGL, AP REL T TIHEFH.
X T BB F . AER . B RS S AR
OIS EM R, LA IRAFe) g, BATRIAT, X
FHE R AT fop WA, BN A -H T AELK MR
B

RIEA e RAF R A, KT REAF B, Ko
AHY B BE R R SR T AR AL AT AL, FAKRE TR
Fatk B, Rifn, PTFANTHRRT RS EAMFH @, &
RAEEM N FFH@ALRENKE TR, BRHiRE
2.2 RRMPUBERTRSOVEMNIIE R R EWHH
ERAHER. PR, RS RRAR. TR MBS
BE R BT ). RRE. Rekd. L
TR AREETER. B R%E, RREDHARE
FAMKRKY , LA UEATNRST, B, BHIEE,
L&A = My By AR AR T 7= 2 K IE R S48, 5., T v
JER 4R TAZ P AR A R T RE 9B AR A A R AT
FHAT R Eb AL eG4,

WA 54500 R AT T 2 b AR T AR A,
16 T A LA SRR oy SRS SR B AR, 15 H 248 A B —F
AR, A3 AH NAKRREHERAZTOLLY, T8
LHARE B AL AL IR, FIRAR RAMEAH BT, KE
128 B4 A& 553 mm. K5 mm. 0.5 mmégEkiRiF
AT R B J ARG FERRMERE R Aednfeikge, et AR
RERRAAA, BRI RAA  R R &
K AEFEO B AWM ikt KRB AR RAFME A
R, BIRFESALIERRE, M IRERRETHEL
AFOQIOMERTZ, EAEEREmAREETREH
.

RABLIR QIEBLm IR T AT . DNAFEIE T AR
&, AFEFZERANARARFABEIAR, ZiTMm
. FFRA R A 1RAF B B an B R AR, AR A
mILIN IR RS, H RIFAY LS Fatk AR ok, A AT
R EEN . 38T Aes L, R — R FIRE,
110004

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



FRIG, SF EEYER TR A I IS FI L IR I ) 4T

@E@? WWW.CRTER.org

i) 4k 4T VB R B - B R BB R R, 4

RERIZ A X BRABGRAOFAKM, SRF mIek LR Y
AN RAT, Faik KEFH 6 tmlesN R, tRIFHRA 693k
Famiet s, BIAEAFA 6 TR BRMCER. RPN
21 dOA KB AL ET R, HIKETEF.
2.3 AIBRMRHES AT REBNEMIHHE A TER
BT A SR MY . MR B A B AR 4 P i B 18] 55 R
STATRL R T A iRdE,  QIEA AE A LS R AT
. AT BAFRZ KBRS, B TRF, T
BT REME., vF. AW F SRR, A KET
Fo o, — b 25 4 R B T AR T R L@ AR e e
HATIE I A oA, (2R AEE ] FARILT Vs &, it
FRMEREG, 3Tl AEM A5, R~ BB T 3
AKIER S, FEHA— R IE R,

R CHhBT R oy B BR M B 7K AR o R 89 — P K
Rt 5 AR RIFIA AN AW E 35 @KIFT
# %64, f2-EaE T OB KB IR A T K AR TA 2
By R, B ITE B e RAE AT A BUIR H A F
ft. 38 AINPVAKIEIR L I3 RAF AT A Z LKA, XAF
89k ah B8, ILIREIR G, MRS LIRS, RAf
HAa ST RIERY, 455 BB, BB ER G, BT
R& . EHLRAAFY 4 5 B Ae IRAR B AT AT ) Ak
Ko, R LR T ASIAF AL RATFe A, 1 £
s AT, RO A S IR, o T R
W FIIMEA G, HACE R TR, BREEE A
ol Bb, R OHBEKER B A58 AB0A A — X7 RE
RAF e BRAHE. R T ERATE AL R0 R Ao 38
MEEEAS IRV 3T B B fm e et S G MR R, B b £ Ak
B ARG R-E ARG, BA 5AXT AL S
g,

Z e SO i B R 613 04 3K B IR AN TR AL
A LB BRI IR B IL= 4 R R HATAR
SN2 BRALRAEE L AR R EGA S TR E
b, XEREARRIR BT tafiee3) 4 QL3R Fa g AR A .

Bhattaraj2 "% A Jat — Ao /LR AL R L =B

S Y| PR AR RE 4 RIZ T A R EA RIFH AT
#4380 nm). FEILIA(B pm). FLIEE(80%)EAUI %
(1.4 MPa).
24 SEMPBEXATRBNEWHIIHE L oHA 2R
WA R B S, BPAE R A B AT A LA T AMFAEG) A4
AR T I FRATRE, de— R bt Foy R s, Tikiths
15 P RRARALEY Z e AR, DARANE A LA RRARA
WGBTS . B AN & T 48R — K A 4 AH#t
54, T AIERR KA AP 0 LA

2 FI 10 R RAEH B 2 RAER £ 5 AR
A S SR AN N A IR SR A TS L4
4, sHMBARE @V At IR, 5B IRAR Ak A EFER,

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

RUE 12 BA ] R AR IR AT 3 8 S R B FE TR sE
T Aanieike, 2RI, S HARANFHRERTEE
4, {2 EFARTIRE £, ZREADEFBIL(P <
0.05). = RiEy, NARRFHERXLAEOSSL
WysE & B AR B RAFEE BAR A, A2ARE AR R K
£,

n-HAJ K 5 B BLE66 a7 F 24, 1337584
B eEAARAL, 3% JE FeAB B AR IE B 69 n-HA+ TR BEE66 40 K A7
A B AL A 14 0 SAksE A, B3 —,
A ARGRE) ) F kb, BT EAL S AR, R
B AY G A A R ) F AR R AL F LR LS A
KB AR,

3008 VBt 5 R S R R ARG TR B R
IR E A R AL IEAR—B . LoMAME AR E B o
B B AR, TRRINA 2 BTAY. MESE
Bt ) A B ACE TR T B AR B B R BN RAR
ANARTD . AR KA R S RS B0

5 s SRRk BLAT O Bk Ik 25 AR 649 F B2 AR
LAARI, GEREREARR, ¥EHSIRR-FL
R A G REHBREB R, FRARIZIASIRE
H RGO AR A . FERKM, BURRA LA iRy /%
ETN
25 AUTERSNEDHSMEE KEAL Ti694A
KR IL R MBARIRIR Y F B AL, W42 A UL 2R o 5
Bk, FFERINATIRR. T8, R THEMERIE
IR M — R BIRE, AR, AR
P B8 AR Ao B, AN 2B JRLAEAR P9 38 Fh Fm i 2l Lo | 2k
TR, RETRITE R REE, ARBQGIE LAt
FTHEME .

Klein% "% it 5 Bk My s 4R 48 TALMUARE, FHT R
N FEI R A KR R REE 0 %R KR

EELB IS A M A F kARSI SR B S R
B AR A 3% A0 IR B 4R R R M R LR TARALAR R 2
AR, 48 R BFARINE IR B SF REEHEEETIKTIR
W 3 IR A IR B4 R R A A SRR TARAERE WAk A 32
TR ERERT R AR B A R RIRE 69 R — K F A,
(2R T RAKE RGN, ZA £ AT he5 ) F A
%. BSbMAEY HF R ER, WR AR IR INE R
Ik AR ARG,

Haisch % P44k b i 49 40 40 T ALK B AR &,
K T2 G T SMLE AR LR, 3R K3 T wminsh
B AR, RKIEMIEF GG R F 5 R RS AD
WL, A7 AR RN R R E 2.

sb 4R TARAER G /) F ARG AR R 4R
IAMCEKRE BT 5425 4 Be X &, ABIA
PR 3SR AIRINIE IR T iR PRI R B A M ) 5+
84, A FRE—F RN,

2239



@2 7&:2 Www.CRTER.org

FRIG, S EEYER TR B IS FI LRI ) AT

3 itig

BB mia bty B G 4. IRBRT RS RST AR
RBRRF e, 2RFITERTOHF
M EZ T ERAREG SEKERARSEL ).
A FREI, SF mIaF AL R K, S EKE 64 26 AL
BE, WG ARIR . B WS AR R SR
BY, RLAEAPALG)—EXAT R MR AR, AR T AR
mLFEBEA. BIANE Rk AE S R RA AR E
A AR 69 /) F AR E LR, A TREMGE AR
AP AR Y S HL K A LA R R AT e 3 F, eAP4a LR b
Z BB F TGS EG AR, HFr
£, BHRIR. KA RSWAEMMH IS LB ET
REBB BRI ARSI ETELE N FHERPTRS,
fo47 A T RE, VEREATTHRERKE,
FHAAN TR S R ARIKF AL,

TRAPTREGCLBEAMPMFG AN ) F
T RACLL LR TARMAR B M EAL T, AR TRARE
AHEZEL., ARAL TAMKT R BN LT AN
FLALFE . D FRAA GAHF IR RR A E, A
A HE A R T AT 6 KT SOF R A A A A

4 Sk

[1]  Curl WW, Krome J, Gordon ES, et al. Cartilage injuries: a
review of 31,516 knee arthroscopies. Arthroscopy. 1997;13(4):
456-460.

[2]  FRAE AW B 3FP TG S T Ol S ) A TS J).
I B Rk % 5,2006,9(3):263-268.

[B]1 #HwE, B, $REkD7, 5. AREAREE. BRI T

Hﬁéﬂlgﬁjﬁ)ﬁi;’éﬂ@}\T%%EEﬁ[J]. T E KRR, 2005, 9(2):

Fox DB, Cook JL, Amoczky SP, et al. Fibrochondrogenesis of
free intraarticular small intestinal submucosa scaffolds. Tissue

AIGRLL, XIFSHE, Zeopig, A5 RE—@E W TR — iR E £ L
’J:‘é&iié’éﬂi%ff@ﬁéﬁéﬁazioi’ﬁﬁsﬂﬁigﬁﬁﬁﬁm o A
VF 2 A K 52590 2K, 55 QKR L A 1R 0 526 KB I
HIE P[] M R TR, 2005, 24(7): 15-18.

Kobayashi M, Toguchida J, Oka M. Development of an artificial
meniscus using polyvinyl alcohol-hydrogel for early return to,
and continuance of athletic life in sportspersons with severe
meniscus injury. Il: animal experiments. Knee. 2003;10(1): 53.
Soltz MA, Ateshian GA. Experimental verification and
theoretical prediction of cartilage interstitial fluid pressurization
at all impermeable contact interface in confined compression. J

Spiller KL, Laurencin SJ, Chadton D, et al. Superporous
hydrogels for cartilage repair: Evaluation of the morphological
and mechanical properties. Acta Biomater. 2008;4(11): 17-25.
A R0 B, R O %, A5 IR T gt e B 0 i 5 TR W9 TR S 4T 4/
ZETE R IR ST e AR RS RS 5 G O W BB U] TR A SR AR
266-268.

Bhattarai SR,Bhattarai N,Yi HK,et al. Novel biodegradable
electrospun membrane: scaffold for tissue engineering.
Biomaterials. 2004;25(13): 2595-2602.

A, B R S TT YK 5t BMP &3 45 M8 52 56 4 3 et 1) R 40)
15T R 5 R4 R, 2006,14(2):5-9.

Huang M, Li YB. Study on Iniectable Bioactive Bone Repairing
Material of Nano. hydroxyapatite and Polyamide-66
Composite. J Mater Sci: Mater Med. 2003;14:655.

a2, 2Pt WY, A RFLGORERILEE A IR B N L
& 5 BB B[] B Al 44 &, 2005, 21(3): 187-191.

RV MR, 258 B R0 53 MR SR 204 B 120 KR o e
A+ O TR O TS S O O B B SR A4 ) AT
FE[I] EA TRERS IR K HE5,2008, 12(6): 1051-1054.
Wei J, Li YB. Tissue engineering seaffold material of
nano-Apatite crystals and polyamide composite. Eur Polym J.

PUESE, BT, Y, S RN I BRI R A B
ARG A RSN R SR I]. T EE E SRR, 2006,
Klein TJ, Chaudhry M, Bae WC, et al. Depth-dependent

biomechanieal and biochemical properties of fetal, newborn,
and tissue-engineered articular cartihge. J Biomech. 2007;

R R W A R A AL TR A B 1 N g - AR S [J]. A
= 2f TR % %% 4,2001,18(2):181-184.

[4]
Eng. 2004;10(1-2):129-137.
[8]
SRR, 2006, 20(1):
[6]
[7]
[8]
Biomech. 1998;31(10): 927-934.
[l
[10]
43K, 2005,22(3):
[11]
[12]
[13]
[14]
[15]
[16]
2004;40:509-515.
171
20(2): 144-147.
[18]
40(1): 182-190.
[19]
[20]

Haisch A, Duda GN, Sehroeder D, et al. The morphology and
biomechanical characteristics of subcutaneously implanted
tissueengineered human septal cartilage. Eur Arch
Otorhinolaryngol. 2005;262(12):993-997.

@2}’&? ISSN 1673-8225 CN 21-1539/R 2011 #HeUI (H1[HAIL TFHIF Gl RRER) Gty

MRED TR EHDIEFIRBERLERE: KHEARRH

E AR IR B 2R I 3 3G A % i AR AT A
LA R 98 $e )36 55 7 @ 64 B VA B R gl R

FE: BKISETFATT R AR BRI
5%Rui%

YA ERAE

KA M, RAEE SRR, ARG
BT, BRI ST

A BRI SR ABR LI O73)it R % 8h
7 B (No.2005CB723400-G); EH R S#H AL
JE (863)# X £ £ 31 B (No.2007AA022004);
X B R #H F A & F 8 @ A
(No.30771075;N0.30672147)

& &AHA]: 2008.15(05): 401-405

8% A4 AL 4 R AR A IS
BWAs 7 ok T A8 B iE AR AT R, i
R AT RN T 69T BT A7 B AR s e
PR, FHRHE SIS TFHEHR. ATFHK
o RGO 69 20 K BAGIE 7T — ALK
NARZHER . R WEE B ORRAT
PR ERSE, 122, i TARMT AR
AR 69 %ot 5 R A 4R 06 9T MR AR s SR L
FE @ s AR, ARG K A 5T
AR BRI R, SR ZARIRA) KT

2240

B SR E I S RS i A0t 97 AR A Pk &
Fe.

R RN RAR TR TR AT
B4R A R R

A TRAL REL

R SARARE, Ao AR SkEALD;

ik, A7, MEYees T, R, R

x4 XARMFEEAELAEA
(N0.30872970); E X 863 R A ¥ & T #2
(No.2007AA022007); &% At + 5 A++ M4t
HF4(No.20070286042)

KRB 2010.29(01): 125-128

5% AR B RRUE & T R R
BT R A F Rt RO oA B A
ZE AN K, CAE LD F R EFF ah il
FE R R AL 6 R Rk KR, S,
22338 Bk @GS4 09 Ak sk ol K U B R BT
BRANY, LR 2B A T AL kA i
PERL IR, o B IR M, LS B S
A WP ARHI S A, iRt EHITEUAR
iy B . AL E BRI Rk R

P.O. Box 1200, Shenyang

SRk K I K SR B s 09 BRI BT e KR AT .

EH. BHSKEATT IR
Wk M, RR, JREE
FAI: BB KA 5 6

R HIEAARBREL E AR TR R
Fii i

e KAk, K, HEE

KAL) PR ITT, BRI, R

I RIS ATT R AR
A KRR, AR

KAE): MREBHMBAR, IPHE; Fem; Ld UK
Agr BR G AHFE4(30670599)

E5H: RGDIBELPAMAMB L 4 F—E A AKIEIR
SR AR MR RB AL R AN HGETT

e B4, RFE, EREF

*435: 2475, RGD % Ik, W4T, £
KA, RBEST

110004  cn.zglckf.com



