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A Microarray Analysis of the Effects of Serum-free Medium on Gene Expression Changes in
Human Mesenchymal Stem Cells during the in Vitro Culture
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We examined the effects of serum-free medium on the gene expression changes in human mesenchymal stem cells
(hMSCs) during the in vitro culture using a DNA microarray analysis. In this study, we cultured hMSCs with two kinds
of medium; 1) MSCGM (contain 10% fetal bovine serum) or 2) STK2 (serum-free medium developed for mesechymal
stem cells multiplication), and compared hMSCs proliferation, cell morphology, and gene expression changes until 50
days culture. Expression analysis was performed with Affymetrix GeneChip Human Genome U133 Plus 2.0 Array.
hMSC proliferation was significantly higher in STK2 medium than in MSCGM medium. The cell morphology of hMSC
cultured with STK2 was not significantly changed in 50 days culture. The gene expression changes in hMSCs during the
in vitro culture were significantly higher in STK2 than in MSCGM. After 50 days culture, 1991 genes were significantly
changed the expression levels compared with 3 days in STK2 but not MSCGM. The expressions of genes related to cell
cycle, cancer, proliferation, and cell growth were significantly changed by STK2 for 50 days culture. It was also changed
by STK2 that the expressions of genes related to the signaling pathways contain various growth factors, such as IGF-1,
FGF, TGF-f, EGF, proliferation, and cell cycle. These results suggest that STK2 may be useful to obtain an enough
number of hMSC cells for tissue engineered medical devices in short-term, however, it should be recognized that STK2
would alter the expressions of genes related to a variety of signéling pathways in hMSC if the culture period would be ex-

tended to obtain a large number of cells.
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A b BMEINTBUEBEWEEEESFT
DFRABHF SN, ERLICRENT ZHFERENED
S5NTWa, BifE, B8 [BIFERE BEHmesko
MIIERBMEN, FOERBMN KT in vitro TOEE
BEMOELINTIY, MEEBEERSEOME
L THBETRLERIGEWD DD 1D THS &
ZAO5N5. ZRICHTEBREFEEBCRAETS 2
DITIIBMEEZ EEAN ST H LU T in vitro TH
ZELTHEESIES VWD TREZERTUT ARV
7o, in vitro TOEEHM P IR BRLS
DEZER> EHiIcE L LIaWwWZ 2381, &
BURINAMIEOREE#EET 5 HEFRELT
BZLERKREEETHSD.

in vitro T D#E 2 IR IE R E LM I HE R
OHEBICEERRITT D, AFETIIHMEOEE
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WRICEB U in vitro BEEICK 2HEOEITDNT
B L7z, MERSHEORER I — BRI nE
NIZHFEE MOESERICRININS A, FlEE
AREZHFEESETIANART U VR EDEADRE
BiERE MIEFERAOEDOEENOHRNEHES
DEBED 2D IEMEE#EH WS HEbREEN
THBD, MERBMAEOREERICHEL L EMFES
HHHEEBIN TS, 1D T I TAPETIE, M
ERRMOEEEER ICERINENFE#Z
AWT, b bEHERMERSME (WMSC) zil
JE R ERER OB E U THERIRE THHAINS
Z ERMEE L in vitro BEEKM (50 BEAA) #&
FLTEEL, 20X REHMTHEEHMFIC
HIICEENECZONEDNFAND =0T, HEHE
B, HWIfROREZRAT S EEDBIZ, WBENELRT
REBF 2T VWERTRREORITDOWTIREF L

= B H &

1. MRERUERE b MEHACRHMERSHR
(hMSC) (Lonza Walkersville, Inc.) %, 1) Mesen-
chymal Stem Cell Growth Medium (MSCGM) (Lon-
za Walkersville, Inc.) : Mesenchymal Stem Cell Basal
Medium (MSCBM) IZ Mesenchymal Cell Growth
Supplement (MCGS) ZMNA 7z (10% 4RRIZ1M
EEED) X2 STK2 (DS 77— NAF AT
4V HERSBMEAELERETEN TN
#FLU7- EMFEEHTHS STK21E, MERDME
DHEBEEERCHBINZEMTSH D, FGF,
PDGF iz EQRERFMRMENTNS, EEH
M, ERICHRERERERRZOMEE L THER
BRI E AW BEREE L Y RIERAYE (2
EDIZREL SO HLA) & L7

2. Total mRNA OFR =ML 3 B,
20 A, 50 BRIOMIEN 5 #3174 RNeasy Mini
Kit (QIAGEN) %\ T total RNA ZHHH L /=,

3. MEMNEBECTFRERBT 2BEEOEM
(MSCGM X & STK2) K TEFNFhOHEEEL
7= hMSC % & A8 U /= totalRNA & F \» T,
Affymetrix GeneChip Human Genome U133 Plus 2.0
Array 12T mRNA EE2M@ENICAEL 2. £1
Z# Technical replicate (Duplicate) 12 Tfro %%
EETRIEMENZ, GeneSpring GX 7.3.1 (Agilent
Technologies) # AW TITo /2. /NAY = A &I,

Ingenuity Pathway Analysis Software (Ingenuity
Systems) &AW TITo 7.

f& ®

t M EREHRMEREME (WMSC) %, 10%4
BRIRIMLVE 2 & OB (MSCGM) & % Ifn 7 52
(STK2) #NFNOREMTEEL ZBROEHEEg %
Fig. 1 177 9. hMSC @ #FE A3 STK2 @ 5 At
MSCGM IZEERTELL &M o7z, MSCGM T
50 AR D EEEE TH 14000 £ O 2 S 5 N5,
STK2 T1320 AR THESNTHEYD, STKR2 Z2HNn3
Z L2k MSCGM & Lh# LT 30 H R o1
BN TH o 2.

X 51z, hMSC D} 50 BN O EDZE
B DONTENTNOEMIC L 2 ZE R e L.
Figure 2 12 & B2 & i © hMSC DA B =B M E S
ERY. RN 28 HEE TR kU
WEAHEFEOERZIS DA ENRN /. B
%% 50 H#% O hMSC 1Z, STK2 TliigEHOFE
% B R > TW/=As, MSCGM TIZMfEMnAH L
EROBE L TWEONBERINE.

WIT, hMSC 2BV 5 in vitro 5538 50 HELA®
BEFREOELIZDWT, MSCGM & STK2 &
2HEEUZ. £33, BERBREL TENENE
E3IHIIBITS mRNAFEHRLN)LE 1 &L, 201,
50 Hic BV 5%k % Fig. 31RL7-. S0 HRE D&
EHETFOZENTNOEBRTFREIEDE(, STK2
DFHN MSCGM L D bIEFICREN > /=, EEI

1014
STK2
10131
1012t
e MSCGM

Cell No.

1010t
100 1
108 |
107 |
108,

0 10 20 30 40 50 60
days in culture

Fig. 1. Proliferation of Human Mesenchymal Stem Cells
(hMSCs)
hMSCs were cultured in MSCGM or STK2. They were seeded at a densi-
ty of 6000 cells/cm? and when they were just subconfluent, they were subcul-
tured and the number of cells was counted.



No. 10

1389

MSCGM

STK2

7d 14d

28d 50d

Fig. 2. Cell Morphology of hMSCs Cultured in MSCGM or STK2
They were observed in 7, 14, 28, and 50 days.

100

Normalized Intensity (log scaie)

o

Group

0.01

3d 20d
MSCGM

50d 3d 20d 50d
STK2

Fig. 3. Changes in Gene Expressions of hMSCs Cultured in MSCGM or STK2 during the in Vitro Culture
Each mRNA expression in hMSCs for 3 days culture is expressed as 1, and those for 20 and 50 days are expressed relative to that for 3 days.

EARMBR B THERE QEUEXIZ 1/2LF)
IZ mRNA BHENE( L =B T8 % Fig. 4 1TRL
7. EBE50EMERNWEZERETD, EERBES
th# L THEIZ mRNA BEBEL L =B R TEI
K23k HEICHREE L THIMN L 7=, hMSC #53% 20 H,

50 HENZNIZBNT, AEIZ mRNA BEHLN)L
WAL U - B TEIE STK2 DA A%<, 3% 50
H T 2000 2L EDBELETF ORI L X)L RS EF A
BB L THBIZEL TWi=. BEICEkLE
Bz FEIZ, MSCGM ToH:# 50 H & STK2 T?D

BEER20 HENFZREETHS .

TiX, ZOLDITin vitro R BETZFORBL
NIVISEE LU BRI, E0XS7aME (BEE)
ERDBLGTROEADIN? BlLI-BELRFEE
nENMHE L TY X ML, GeneSpring GX 7.3.1
TR LU EETHERROBEEZRE DB TH
BREFT S LTS T hMSC D in vitro 525358
BTEDLIBHEEEZFE DB TENELLZDOMN
R, 22 o T 20 H KU 50 0%
U7BRiC B aRs S LR U THRICEIL L -il(s
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2500

2000

1500 E MSCGM

B STK2

1000

500

20 50
days

Fig. 4. Number of Genes Whose mRNA Expressions in
hMSCs Were Significantly Different from Those for 3 Days
Culture

Table 1. The Similar Gene Lists to the Genes Whose mRNA
Expressions Significantly Changed during the in Vifro Cul-
ture of hMSCs

;‘;ﬁ‘gg Media Number  Similar over

(days) of Genes List2 lap * -value

MSCGM 174 — — —

Cell Cycle 73 5.35E-23

20 603 Cancer 121  5.26E-21
STK2 Proliferation 54 1.08E-08
(395) (Cancer) (69) (1.38E-08)

(Proliferation) (32) (9.56E-04)

Cell Cycle 101 8.15E-34

MSCGM 762  Proliferation 75 1.01E-14
Cancer 117  3.57E-11

Cancer 318 1.37E-23

Cell Cycle 152 3.92E-17

50 2329

Proliferation 151 2.60E-13
STK?2 Cell Growth 40 1.33E-02

(Cancer)  (259) (4.46E-16)
(1991) (Proliferation) (116) (4.52E-07)
(Cell Cycle)  (94) (2.90E-03)

2 The name of lists that resemble the selected list or contain a statistically
significant number of overlapping genes. The overlap is calculated using a
standard Fisher’s exact test and the p-value is adjusted with a Bonferroni
multiple testing correction.

FHE, TNTHOBRTRICEECEE T SER
F#E% Similar List & LT Table 1 iZ;xL7&. ()
ML, STKR2HEEIIDELLEEREFDD S,
MSCGM TREZEREII A S5NT STK2 TDH
BERELBASNEEBEFITDWTRLUZ.
STK2 53 Tid, 20 HOEEZEMS Cell Cycle, Can-
cer, Proliferation iZ#%i BT ORRICENS
53, 50 HTRERFROBIMNIHENE 51T Cell

Growth KL 2B EFREANZD SN,
STK2 O HTAEL EE LTI, 50 B TIE 2000 3T
<R E N7, MSCGM T3, 50 HEIT Cell
Cycle, Proliferation, Cancer {22 2@ =T DE(L
MH BN, KiIZ, MSCGM Tl 50 HEDigE R
IZZ O mRNA BRICEENLEN>ZEBEETFOD L
STK2 TlX in vitro EE T XV EEW L LB
FEIIDOWT, EQOLIBNRAT A IZHRD2ERE
FRELL TNWDSOMFAN. Ingenuity Pathway
Analysis 12 X D#E L, Table 212 £ 20 /S A T
A EFIIEENDERTFERLE. IGF-,
FGF, TGF-3, EGF, HGF, PDGF, MYC, JUN,
SMAD3, TP53 %, k& RlERTFOMEEERE X
MIEHEICROI2ERTFORRENEILLTRY,
L DI T FIVGERD STK2 BT L o TELT
B ENLMho T,

= £

B2 TR EIC X BB BE OHIE R eIy
LTHEBEEIMEREZEHR L (BEEE)
OERMEHENFEINTBY, BEZTOMED 1D
ELUTHERRMROFRENHREN TV S, &
MO KRB EL T, E9{LEEREEDDIE
EHEEFR DR THD, ERICEAEEZERNLELT
SR AR AT 5082 ARN S H D H
L7, MWEMRRKE T in vitro THEL THEES
BRTNUIR SN, ZE2ECEI»SHRDBET
N30, nviro EEFOMBEONAILTH S.
INET, [EFHY VI EHEERY OMERSM
JE 45 B2 W ZEHMAEETLSI L
SO THBOMAMEBER I D ENSHRENH B —F
T, BHHRD THIEHERY TH hMSC D&M
BICXAWEEHRIEA SNV EO®REDREINT
W3, INSOWEDENE, MEDO RF—0ERF
EZbRELBrD2EDEASND. EFR, hMSC
DL MEVWD O TIT 5 HMEEOEEIM THlE
EOBESEZRT. WTNIZL A, invitro &R
AMENHERBADEDBIFEL <BWE{DOT]
BEMZLDEBTERLEATEINVNTHSD., £D
F-HOIRERATEIVSZ OMEEEZLRENDHD,
ZOHHMK A D EEBEFHREERRAFTH
%, A THWZEMESM (STK2) &, 4@
EEAICK B EREOER & FRICHERBFHR-RD
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Table 2. The Related Pathways to the Pathways that Contain Any of the Genes Whose mRNA Expressions Significantly Changed
during the in Vitro Culture of hMSCs

Ingenuity Canonical Pathways | p-value Molecules
. . IGFBP6, NRAS, CTGF, YWHAH, PIK3R1, IGFBP7, NEDD4, PIK3R3, JUN,
IGF-1 Signaling 1.38B-05 | koX03, MRAS, IGFBP3, IRS2, SEN
Hepatic Fibrosis/Hepatic Stel- CTGF, TGFBR1, FGF2, SMAD3, ACTA2, SMAD7, VEGFC, FAS, TGFBR2,
P Lo p 2.00E-05 | MYLY (includes EG:10398), VEGFA, CSF1, HGF, IGFBP3, PDGFRA, EDNRA,
late Cell Activation EGFR
. N DNAJBI12, NRAS, PIK3R1, ACTA2, MAP3K1, DNAJC13, GCLC, MAP3K5 (in-
RF2-mediated Oxidative Stress | » 63g.05 | cludes EG:4217), TXNRDI, PIK3R3, SOD2, JUN, ABCCI, MRAS, CCT7,
P MAP2K3, AOX1, SQSTM1, GCLM, PRKD1
IL6ST, TCF4, NRAS, CI1S8, PIK3R1, MAP3K1, SERPINFI1, BCL3, MAP3KS (in-
Acute Phase Response Signaling | 7.76E-05 | cludes EG:4217), NR3C1, CIR, PIK3R3, JUN, SOD2, NFKBIA, MRAS, MAP2K3,
SERPINE], SOCS5
Antigen Presentation Pathway 1.26E-04 | PSMB9, HLA-A, HLA-B, PSMBS8, HLA-G, HLA-C, HLA-F
Virus Entry vie Endocytic Path- 2.04E-04 PIK3R3, FLNB, NRAS, HLA-A, PIK3R1, ACTA2, MRAS, HLA-B, APIBI,
ways : PRKDI1, HLA-C, FOLRI
. . PIK3R3, JUN, GADD45B, THBS1, FASN, PIK3R1, PERP, C120RFS5, SFN,
p33 Signaling 2-82E-04| H1pK2, SERPINE2, TP5313 ;
. . NRAS, YWHAH, PIK3R1, BCL3, MAP3KS5 (includes EG:4217), EIF4EBPI,
PI3K/AKT Signaling 2.88E-04 | p1x3R3, NFKBIA, GABI, PPP2R3A, FOXO03, MRAS, HLA-E, SFN
. . . PIK3R3, JUN, NRAS, GABI1, BDNF, SPRY2, PIK3R1, MRAS, MAP2K3, MAP3K5
Neurotrophin/TRXK Signaling 3.72E-04 (includes EG:4217)
. . TGFBR2, JUN, NRAS, TGFBR1, SMAD3, SMAD7, MRAS, SMURF2, VDR, SER-
TGF-B Signaling 4.17E-04 PINEI, INHBA
Glutamate Metabolism 7.94E-04 | EARS2, GLS, CCDC92 (includes EG:80212), GLUL, GCLC, GCLM, GOT2
LPS-stimulated MAPK Signal- 8.51E-04 PIK3R3, JUN, NRAS, NFKBIA, PIK3R1, MRAS, BCL3, MAP2K3, MAP3K5 (in-
ing : cludes EG:4217), PRKD1
Biosynthesis of Steroids 9.33E-04 | FDPS, SQLE, FDFT]1, IDI1, LSS, SC5DL
Thrombopoietin Signaling 1.82E-03 | PIK3R3, MYC, JUN, NRAS, PIK3R1, MRAS, IRS2, PRKDI
. . . NRAS, PIK3R1, ACLY, EIF4EBPI1, PIK3R3, GABI1, PPPiR7, FOXO03, PTPNI,
Insulin Receptor Signaling 1.95E-03 MRAS, HLA-B, IRS2, STX4
CD27 Signaling in Lymphocytes | 2.00E-03 | JUN, NFKBIA, MAP3K1, BCL3, MAP2K3, TRAFS5, MAP3KS5 (includes EG:4217)
. N CALM3, NRAS, PIK3RI, MAP3K1, BCL3, MAP3KS5 (includes EG:4217), PIK3R3,
B Cell Receptor Signaling 2.24B-03 | N, NFKBIA, GABI, BCL10, MRAS, LYN, MAP2K3
Nucleotide Sugars Metabolism | 2.29E-03 | UGDH, UGP2, GLCE
NF-xB Activation by Viruses 3.16E-03 | PIK3R3, NRAS, NFKBIA, PIK3R1, MAP3Kl, ITGAV, MRAS, BCL3, PRKDI1
Neuregulin Signaling 3.31E-03 | PIK3R3, MYC, NRAS, PIK3R1, DCN, MRAS, HBEGF, ERRFI1, PRKD1, EGFR

WHEEEICEL ML THBINZDHDTH
5., TILTEMETIE, ZDOSTK2 2HAWNT,
hMSC ZEZBRICHIEMMEEREBOMBE S L TH
WAIGEEEE U 2N RN (50 BEIA)
THEEL, Z0XDREHM TS hMSC ITE{LA
HETCDONEDIMIRARD DI, HBHERE #LoR
BE, BTRBICOWTHRE L.

hMSC DIEFEREIZ DU TIE STK2 DA MSCGM
ICHERTEL <&Mo/ (Fig. 1). MSCGM TlZ

50 HRETH 14000 f& OMifid 2% 5317253, STK2 T
120 HETH SN TS D, STK2 13 MSCGM 78 50
HHOEETHE SN MERE | » FEEEVEE
HMTESNB Z&ntbhofz. £2, bhbihud
ZHNE TIZ MSCGM LIS D4 [ {5 FE 52 3 (DMEM)
LU TH STK2 @52 hMSC D BEFEEE NS &
DR IEEMAEL TS, D ilaFEOE/LITDN
TV, B53% 50 A% @ hMSClE, STK2 Tii MSCGM
LihE L TR OB & LB p R > Tzt
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MSCGM TRMEADULENVBEELTWE D
MEmINE (Fig. 2). —7, 50 HE® hMSC ¥
EHMBPOZFNTNOBEATEREOELIX, STK2
DN MSCGM & D BIEFITREN >z (Figs. 3
and4). ZNETIbhbhIZAFETHWE
hMSC &0 #EZDOO Yy hEHFAWNWTMSCGM T
DEBTBTHECTRERAOEMTDONVWTIRAELT
WaeE Fooy MO hMSC HARMEICBIT S
MSCGM & AR ELOBETH o/, £k
EL5DEMERVWEESTD, BERIBR &R
L THEEIZ mRNA BEIE L EBEFRIESE
Aok EL THEIL /- (Figs. 3and4). ZOX
ST STK2 12 &5 50 B in vitro & T, #M
g DR EEIZ MSCGM & Hig U T— REILN A 51
Rhob00, BEEFHREITEERBRICILNT
RELELLTHY, 20 AEEELUEEL TDHE
(LU EEFEIIN 4 EI ML Tz, E5IT,

STKR2 IC X B HEBEICLVE(L EEBEETIE Cel
cycle, Proliferation, Cancer 2% 2B LT HIE<
(Table 1), F7=, FGF, TGF-f, EGF 73 E# & 7358
ERFIBRDLEILTFINVEERBE{LL TV
(Table 2). Zh 5 @AEIE, STK2 TiZ MSCGM
EEE: LT hMSC RS LR U= Z S ICREET
ZEATHAS. STK2 TD 20 HHEEERF &
MSCGM @ 50 AfEER TR EBEL DAL L
(# 14000 £%) oMEMNELSNTHD (Fig. 1) »
DEEGTRBAEOELOEEDRL NN TH
(Fig. 4) Z&Mo5HEE D, £ LT, MSCGM &
e LT STK2 TR OBELRNIHED H 5N
IRNEEHRICB W THHIROEENELL TNS
TR B R I N, MREBEEEEOM R &L
THERBHARZ AV ZDICRFOLEMERZ
BAEFDIEARSHIIEERY B L 2O in vitro
TOEBEERERE 2RI 5. invitro
TOEEL, MECESTHIBBOAN LA ERD
ZEWEBLMNT, TOHEMNEWERINWTHAD
TEWEAEBIEGTED, FO&A, STR2ZEEICX
D MSCGM & & L TEMMTE < ofild =&

TEMNTEDLDORRERBFATHLEEDNS. &
HEETRE UMK EESNS T &3, BEDKE
BUREAZETHREECRIBCEEND I LTH
L. LinLiahs, L0 ofil@zEs/z0Ii
STK2 TORZEHMEZEIL TV EFIUTHENE

GEFREZEOEANEIDRELRATEDAHTN
ETHAD.

FHEOERENS, HERBHRSERENERE
# STK2 13, in vitro DEEMEZEM T 20ICH
MTHBN, FHOBCHEESRHMEZERT S I LI
EVHEOEENET HHEEDTETERNL
Ehhol, ERRMSED L TE M S MiE
HSEEREOME S L THAWSNSBOMBEOE
BRI ETHLLTHRWI ENERTIIS S0, H
EBITIE, invitro BEBREBICBWTHREIZEDOX
SHEPEI > TVWEONZRHBTHIENEE
THU, TOLT, TOEERIZRLIMAZITIX
EDLIBEELZGETHIONINONEEZBRET
NETHAD. MERBMEALZVT TR IPSHIR
LEDEEAEESTFICBWT, OEZ2EETRVEK
BEWBERNEERERED 1 DER>TNS, 5%
1, BARBWEEEICL VBRI NELESZ
AWsZ o TENHBOREESCEERE
NEOENEREDRE L NIAEHONS I &IT/
577355,

BIEE ABIZEIE, NEDO THEBIFZEM SR
FEADEE U RERMERE, MERBMEZHV
FEAEAEEREHEARLOZDOBEL SO Y
b CTERINEZWFEO—HLTH 2.
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Fundamental study of fractography of ultra-high molecular weight
polyethylene for artificial joints.

Hideyuki SAKODA, PhD,, Itaru ISHIKAWA, PhD. Shigeyuki WAKITANI MD,
Keiji TENSHO, MD., Michio SATO, PhD., Atsuko MATSUOKA, PhD.

Abstract

Application of fractography to ultra-high molecular weight polyethylene (UHMWPE) for
joint prostheses would facilitate a better understanding of the mechanics of failure and long-term
evolution of th‘e microstructure of the material in vivo. Fundamental information on fractography
is, however, still limited. In this study, two materials, virgin and retrieved UHMWPE, were frac-
tured under three controlled conditions, fracture in liquid nitrogen (LN,), under tensile loading
and under tensile fatigue. The fracture surfaces were observed by scanning electron microscope
(SEM).

The fracture surface of virgin UHMWPE fractured in LN, was always normal to the applied
load with a relatively flat appearance, indicating a homogeneous microstructure, while that of
retrieved UHMWPE tilted and showed a river pattern, indicating heterogeneity of the micro-
structure.

Differences in fracture surfaces between virgin and retrieved UHMWPE were obvious under
both tensile loading and tensile fatigue. Change in material property such as elongation to break
due to oxidative degradation in vivo was considered the major reason.

Differences in fracture surfaces between tensile loading and tensile fatigue were not clear in
either virgin or retrieved UHWMPE. It was considered that the cracks grew by mode I loading
under these two conditions, resulting in similar fracture surfaces.

Key words : fractography, joint prosthesis, UHMWPE, fracture, microstructure.
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Fracture surface of virgink UHMWPE frac-

tured in LN,. Original magnification X 150.

. 2. Fracture surface of retrieved UHMWPE frac-
tured in LN,. Original magnification X 75.
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R 3. Fracture surface of virgin UHMWPE frac-
tured by tensile loading. Arrows indicate
direction of crack growth. (A) Whole area.
Original magnification X 55. a : initial point,
b : slow growth region, ¢ : fast growth re-
gion. Squares indicate approximate posi-
tions of figures 3B and 3C. (B) Close-up of
slow growth region. Original magnification
x 500. (C) Close-up of fast growth region.
Original magnification X 500.

4. Fracture surface of virgin UHMWPE frac-
tured by tensile fatigue. Original magnifica-
tion X 500. Arrows indicate direction of

crack growth.
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743 ALY, 25 i)

B 5. Fracture surface of retrieved UHMWPE
fractured by tensile loading. (A) Whole
area Original magnification X 50. Arrows

e

indicate direction of crack growth. a : ini-
tial point, b : slow growth region, ¢ : fast
growth region, d : fibrillated region. Square
indicates approximate position of figure 5B.
(B) Close-up of fibrillated region. Original
magnification X 150.
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X 6. Fracture surface of retrieved UHMWPE
fractured by tensile fatigue. Arrows indi-
cate direction of crack growth. (A) Whole

area. a : initial point, b : fast growth region,
c : fibrillated region, d : striation. Original
magnification X 50. (B) Another sample. a :
initial point, b : fibrillated region. Original
magnification X 55.
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Wear Measurement of Retrieved UHMWPE Acetabular Liner Using Optical
Three-Dimensional Digitizer.

Itaru ISHIKAWA, PhD., Hideyuki SAKODA, PhD. Nobuhiko SUGANO, MD.,
Atsuko MATSUOKA, PhD,, Toshie TSUCHIYA, PhD.

Abstract

Wear measurement of retrieved acetabular liners is necessary to elucidate the mechanisms
of arthroplasty failure. This study evaluated the wear volume of retrieved acetabular liners using
an optical 3D digitizer. In order to calculate the wear volume from measured geometry, informa-
tion on the unworn geometry of the liner is needed, but the lack of this information becomes a
problem. In this study, we introduced a novel calculation method to identify the unworn geome-
try of retrieved liners. This method assumes that the geometry of the unworn sliding surface
was a sphere and the center of the sphere was on the central axis of the liner. As a result of the
verification test using test data, this method could identify the unworn geometry correctly. We
applied this method to the geometry data of the retrieved liner measured by optical 3D digitizer,
so that the unworn geometry of the sliding surface was estimated. It seemed that the unworn
part of the sliding surface which is estimated by this method was consistent with visual examina-
tion of the liner. Using this estimated unworn geometry, the wear volume of the retrieved ace-
tabular liner could be calculated. It is thought that the unworn surface estimation method pro-
posed in this study can be applied to similar geometric data measured by other devices, such as
a contact-type coordinate measurement machine or micro-CT.

Key words : Retrieved acetabular liner, Wear measurement, Optical 3D digitizer, Unworn surface estimation.
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estimation method.
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2. Cross-section of worn acetabular liner model.
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4. Result of unworn surface estimation for retrieved acetabular liner.
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Abstract. Ultra-high molecular weight polyethylene (UHMWPE) has been widely used as a bearing surface of joint implants.
Since wear of UHMWPE component has been the primal cause of implant failure, crosslinking of UHMWPE is now widely
used to improve its wear property. On the other hand, crosslinking degrades its fatigue property and increase of fatigue related
failure, such as delamination, is possible. However, the relationship between degraded fatigue property and implant failure is
not clear, primarily because the fatigue properties of failed and retrieved UHMWPE components are not known. In this study,
we propose a new test method to evaluate the fatigue property of retrieved UHMWPE components or final products using small
specimens.

First, the effects of test conditions were investigated using virgin UHMWPE. Then, tests were repeated using specimens
from UHMWPE components of retrieved knee implants. The fatigue properties of virgin and retrieved UHMWPE were suc-
cessfully evaluated by the new test method and a relationship was found among the extent of oxidation, the fatigue property,
and occurrence of delamination. This result suggested that evaluation of fatigue property of UHMWPE component can predict
the occurrence of fatigue related implant failure during operation in vivo.
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