BAEERREGOFRET LHABTEDOHF L EA

BHETTIfTbNLTW5, B, BR EFHEE BrifkoMERBMEDS, € ORI
BECinvitro TOREEEWMOMBILINTEY, FNENOBEEKICE - Tt ECHEOE
EOBEVWZELRENTETWAY, BlIIS it ARICECERELZHoOMaTH 2
7o%, EFMIATS ) 2L HEERI LD, Bl BERFEMICARAT 5201242, #ifg
REEAPOTMYH LT vitro THEELTHES €, LV TREZEIHEVSE . L L,
Z D in vitro BEEF O HUEREE (MEMER) FPEFICHE I T2V EDPALD L) 2E
FHVEALISEE SR D BETE 2\, EBE, 2005F I ZBRIFMAsHR O b M HIERRMEE
B (4~578) invitro TEET S L BRICHEESR (AL vrMEsHERI ML
VS EED A S BICIREE S, 20102 FOHEIIY TIFohTwa, Lal
HBRL—HT, FIOT V=TI k> CEMBSEHMERSRRIC OV TAKOREY b ShTwd
720, BT AV -BAEREEGOERLICHET T, BHIED i vitro BESOHEEOEILIC
DWTERL, FORFETHAIZLIIEETHS I,

FAZINFT T, b EHEREERBME (WMSC) BT in viro BEHHFOEAL
IZ2oWT, HIZEEFREROBICER L THRIT%1To T & /2o hMSC % i vitro TSRS
B Tw s, BEIEIERAICEOBIEREIMET LT, B1i27 F+—%520 hMSC DH¥EjE
HEER L. ZREFND FF—IC L A BIERICEVIZRONEZ D00, Z0I13E A CHEEL
B0 H R CHERIMET L5, 100HZMZ 5L ITLALHE L < %>T{ %, /K2
WCRT LI, MAOEEIIEEHE2SEEEZ TEd T H BT AL RS, 50020 T
AL LEFPVRFEL TV EOFEE I N, & 512, BHEREMET L7z hMSC 124,
Senescence associated B-galactosidase (SA-$-Gal) staining {2 & » TEIL L T 2 ifah & F
NTWABZELIHRELTWEY, T k)2, hMSCIIEEEPAMBEO X ) (CEREEEE A
THDITTIR R, movtro TEELE A &L ZOEIEREIZET LEMLZHED BIPFEL 5,
FOBOBEFRBEDEAMERAE A, hMSC % in vitro TOEEZHRITALZ LICLoT,
TGFB ¥ 7 IVzmER, pleZ EOMBEHFEEFOEBEEFREHEOEL (LF) 2o Tille
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7 14 28 50

EEHRE)
2 in vitro EFEHICH 1T B hMSC OFEDZEL

BEDMEIET 2 FIRANELT 2 2 L 8B L7219, hMSC O in vitro B89 D pl6BIZFRED
EALIZEE b D TH o720 512, FGF-27% in vitro BEREIZ hMSC @ TGFA2%° plé7z £ D
MIEHRHHEFORREWAAILIIE) TCFB Y 7/ F MEER 2N L2 E R %
LB L T AR E R LY,

4.3 in vitro EEHBEPOEERRMEOSEFTEICOVT

BAREERE BERATLIIBAPLOHMEE/IIEBEN B LEELZ EOMT 2T
P, BEIERASNABOMERZ E0ZEeE R BRI A2FEORIEIREERED | 2TH b,
Bk & 512, hMSC i3 in vitro BeEFIZEAL 2 EOBALE R TS, BEFNBZE TOMBOEIZ
DWTIELCIBRL, BEEREEME LTOFERICELIE) DICDWTHE L 2 d %2 6%
Vo
4.3.1 in vitro BEROEEGETEREOL{E

hMSC @ in vitro BB O pl6BEETHEOLIIEZE L2 LD TH Y, EREHERTFOVA
FRTIRIZE A EEBEIFTOLN W0, PALD 1 OORIEELEZVEFBLIOTIIEEE L
LosLzedts, SAMBEOSICIEE N FEEABRELEIRTS 5 Hela S300 & 5 |- R
JEEE A B L A0 b plOABER L T2 ERET 5720, pleBEMTORERMBITICL o T
B0 BREREA (DAL RHETT A EIIERERH S EF 2 B, —F, Shibata 5712
L0, pl6BEEFHThMSC DEMICKECEDY, 20T OE—F —FBHOAF VLIZL 5T
OERE (BRI X 24 PR SNTHEZZbHELNICENTWnE,

FxiZ&512, BHEHD FF—HFED hMSC = FH\W T i vitro BREHEF O BETFRIBEOEIC
DWTHRBH R ZITo TE TV, BEMHE L LT, EBICEEREREFZOMELLT
hWMSC T VA&7 BEL, ZELHHN (ZOEDICEELOEREE) THRET L7z, bidk
12, MERBME L invibo THETH L BRIIBERR (SA[L) TrMBEI ERINZLN
IHEPIIBNT Y, FOREERIILSTEENAULOEHB CHRISN TV S, BEHH 3
H, 208, SOHCRELANNVIIELITED N zho BETFZHEL, EH5IC&THFF—T
DIBUP KD AATZE 25, BHlE0 B CHEEREMRLEZNAHEICES T % c-myc, Bmi-1,
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(%]
0.1 0.1
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HEEHR(R) EEARE)
®3 hMSC ® invitro BBERIZH TS c-myc, Bmi-1, KLF4, ATM, PTEN, STAT5B
DEEFRROEL

SHMEEET 1 LT

KLF4, ATM, PTEN, STATS5B % &R SNz, EEMY TIVF 4 A PCRICTEHRL NV
ZEEL/ZEZA, WTNOEHD P — 3B L CHREHMOENORER L NVITIZEALE
BB EDPHRENT (M3)e 2D LR, EROEETO mRNA FBHL L5008
FMOBREOMBICBVWTEEREELREMSRONZVEEZ LN, b LIBEFMBICBNTE
BLAVICRERENR S NIZHE M OBEREPITMAEIIHE T - L TREITRE S
bo U EDIERDS, invitro BEEMEICBIT 2 LEETFORELHERT LI LIE, BEFO
MRBOEERSL 1 DOHWER L 2 VB2 Lk, BHBORERRICBIT2EE&EIC
oW, BIEFEREOHERLZ CHEICHECE 2RO 20 S LT, BED 52 2R
FTw5,
4.3.2 FISH &3 REBHEEEF

hMSC @ in vitro TOEBEPIZBIT 2 REERFEHETICOVWTRETT574012, cmyc &4 —
o b LTEGTFRBEBMEABICPISHICL 5 I —BEERIT21To72%, @425 F
F—H%D hMSC (hMSC-A~E) #HWT c-myc ® mRNA BHL )V ELEBEL NV TOE
Bz DWW THRET L7 R %2R L7ze hMSC-A~D Ti, #3508 A BT 5 c-myc ® mRNA
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E6r = & HEEER)
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HEZEHARS (H)
K4 hMSC D in vitro ¥EHRIZH T 5 c-myc OBIEFREL AL & REBEL NI TOE(LD
5 <001, *p <0.05: 3 ARIEERLEELT

BRELANNVEEaE-HIZIBEELRELRRO SN2 o720 —7F, hMSC-E 2B\ T,
c-myc I ¥ —HEFHBREIEEDHOLBICHENAEEICHEM L TWe2, mRNA LVIZD
WCIHEMMEMSR SN b OOFKETFEMICIIFEELZERRED N ole 2O EDL, B
BNV TOREMENILYEE (0F ) EFMABRBELHE L CIEEMIE LD D
P DELEINTWAIRE) OMBTIE, mRNARBRL WICBWIEELRE{L2 KRBT
DB L WA EEMASRE N B —F T, hMSC DEEFOELIZOWTOEBENFIE L LT FISH
2 & DRk REREITORBEITR SN,

4.3.3 BaLBEBEEHIHERICEZIHE

in vitro TOR %2 MR BRLE L, BHBOERICEELRITT, AVIERBEOEEDL £
D1IDTHAH. BEERETZICHV S0 OMERBMIEOER T —BMNICFIEE 2138
Fo FMAEFERISEMENDD, FMEFERICIZFEETA VAR T v 2 EORADRE
BrER e MMEEROLODBENDZENEELR EORBO D ICEMBFEEZ H W5 ED
BRETENTHE Y, HERBRMAOMEELERICE L EMESHIFEERIATVEY, 22
TH41Z, HERBHBOEEEERICHAESNEMESH STK2E AT hMSC 1252 5
EEIIOWTHRE LA, FREBMET BV ER0REM2E & B L T STK2% v 725
2L o ThMSC DEFEREDE T 5 2 L 2R LY, 510, BES0H LIAO hMSC D#EfE
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EERHE(E)
5 hMSC @ in vitro IZERARICS T2 EEFRRLAN
WERR L TEBICEEL ABEFH
MSCGM : R ITE % 10% & T hMSC #5E AR
STK2 : hMSC 5 Mg 5

FRBDOEIZDO W THRBEIFNT L7z, BB L HE L T20H % L5008 BOBRETFREES
FEICEL L7 BETHIE, BB0HB L US0H & 12 STR2OH D%, E#50H Tlk2,000
DEDBETFORERBRL NVIEEBBEL B L CREICE/LL: (H5). BEICERIEL
L7z B EFIZDOWTHT L2 & 2%, IGF-1, FGF, TGF-8, EGF, HGF, PDGF, MYC, JUN,
SMADS3, TP537% &, #k+ ZBEE T MEE 721 dMBER 2 &8 b 2 BETOREEN
ZALLTBY, BLDYTFVEERM STK2ERIZ L o TELL TP, EIFRE# STK2
i, FHETECOMSC 2 BONE LV FEIEHED, LVEOMREBLIOITEE
PR ZER L 5A ISR OME LT 2 TEEHIC OV T A EE L) LEV D 5,
MR ELEFED 1 DL LT, BEREIOEE L. BEOEEEHFTIIREFPOBZRE
FREIC20% TH HA, EERIZBIT ABEREZ2~5%THLEEDNTVA, F0OLD, &
FEOEBEHTIEIBIEA NV AZZT T AT REIBEETE T, 20EBTEENEIE R
BIZONTHEBEENMET LARIEILT 2000 Lk, £2 T, hMSC 2 BE 0¥ ELEHG
(20% Op) T ELEMARNREIEVEESG (5% 0,) TTENEFNOHEEREL, BESCE
ﬂ:z‘o’; CHEB B ER I B A BIETFOEBH L NNV 7 &% B L 72, hMSC D358, DNA 3
, BALIZoWwTIE, S0BREOEBIIMSICBVTEETOBREREICL 2EELEVIIED
%h&#oto~ﬁf,ﬂ%@%ﬂﬂk%b%DM,MLTEquT@WQ@EM?%ﬁVN
WiE, 20% O & TIicBWTIE, BEPIH & EXCO0EERERICIVTND LR L2225 5%
O FIZB VT p2l, TGF AL, TGFA2OFEFELAVEEICHZ SN, pleb RN ERHS
Bons: (6), £72, Jin 5P hMSC % 1 % 04T TEIRE®E L20% 0,54 T &
L7z#E 8, 20% O, &M T Tix100H B E o cMiaR b @ b/as, 1% 0,&64T Tl
plODBIEFHEAD EAFMZ O NMBEENLEHCILEFRELTWE, T/, EFRTTAD
iPS MRS DB I DB 5% O, T T ZE TEOHERIUBENL Z EDFESL T
W, Tz Epb, BEROBREREIIMEL ZEBEHEOREICEELRIZTEELREZN 1D
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BELMA) BEHEE)
6 hMSC ®Dpl6, p21, TGFB1, TGFE2D mRANA RIRICRIZTBMIEEEDTE
ThHreEzZ LS,

oM, BT BEERERL LTHCADITIERL L TEERENSEITONS,
WHEfRD N Y 2 b Ex BIETIGE TR, € ORBRFEAT 0% IR0 BT B D B
EELZREL > TL b HER, FERFARZIZBIT HMEOEFRICLLEHEF—EBTH
B, SRIIEIERERL LR Ce G0 MBOMEIC DO W TRERICEHME T & 2 EBCROHE
WLBELLR-TLBTHA Do

4.4 RETLEYERVEEEEHBAORYES

BEEGERBEOTA F5 4 & LT, ICH-QSD (EWEMREEAMBEMOBHR, FHEB L
CEHEEBTICOWVWTOHT A FT A ) 2 WHO-TRSST8HFEE &L SN D FENFEL WIS
WHO-TRS878M20104F 7 A DIIERTIZ, BEIIBHET 2B HREMIT S &L UHE - ABF
AEmMOBERE 26/ [WHRI] Thsesh, BRETIE, BEEREGTHRE L2E
EEHBROTA FIA VIEEFELZVEEZOND, TNELERILET, HADVINET
WRIEAEFY 2 AV TIT o R TRERRIZ OV TUTIZENT 5,
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4,41 X—FvJX&HVENIMSC FTRiEHER

HEDOX — N 2% B TEEE TIZ hMSC % 3x 10°HIfaHE L, BHESMOBEERMIC
DWTIGHEMEBIE L. RYF4T7aryba— Ve LT PFEENABRED Hela S3% Hw
THEMRE Lz #NEFNOMBBE B L T 1EMEIC, Hela S3ETIHETOYY RIEEHE
BLASERD 5728, hMSC B TIREBERIZED b d o7z, E51216:BM % E ThMSC #
B TOEBERIIERD bR ho T, ‘
4.4.2 3EEORBREYYAERVEETBEICL 3EEHROLED

3EEORERAEY VA X— Fwy X (T MEKE), NOD/Shi~scid (SCID) ¥7 & (T
B LU BMFARIE), NOD/Shi-scid ILsRg™ (NOG) =¥ 2 (T, BB XU NKHifaRIE) #h
ZIHEMS L, MEMES T, FHO0LE AT, HEMETIC Hela S3% 22 1x10% 10° 10%
I°AEL, 1x10° 10° 1O°RHEEEI22AM, Ix10°BIEEIIEEBRE L. TOKEEER]
2R MEEBHE2ARZIIBNT, X— FxvRiE, Ix10°BHEETOAEEBHRISTD 5N
72hs, FOFEEITIOCHYIET0% Th o720 F7z, SCID v Ak, 1x10'BHEETOEER
BASED 5 N20% TH Y, 1xX10°BHEETIO TH o7z —F, NOG T AT 1x10*8
HEEETIZI0% T, 1X10PBEHETL60% THolze £ LT, BHEBLBHBET TIC, 1X10°BIHE
BETL60%DY Y A TEBEESRO LNz, 612, 10'BHEETL78HEE TIZ5/10 (50%)
DEEFRIHERINTVAED, 20 k512, NOG <Y REBSAMBEOR TRIEI & 2EEY
B DOV THORERETY A L) bBEEUIE NI L0520, L) Dhvilllaly, SRM

%1 X—K%9X, SCID, NOG ¥ X - Hela S3 %4 L ~IENEE
BEconwT®
*p <0.05:SCID v AL HEBELT, **p<0.0l: X—Fwo2&
HEELT, p<0.05: X—Fv ABLUSCID w7 R & B
<, F*p <001 X—FYw 2B LUSCID vy A EHELT

EEREAFRD Ol 2% (%)

MRRE M
X—Fwy X SCID NOG
i3 — 0/5 ( 0%) 3/5 ( 60%)
1x10° g — 0/5 ( 0%) 3/ 5 ( 60%)
& — 0710 ( 0%) 6/10 ( 60%)*
#®0/5( 0% 0/5( 0%) 3/ 5 ( 60%)
1x10° ¥  0/5(C 0%) 0/5 ( 0%) 3/ 5 ( 60%)
% 0/10 ( 0%)  0/10 ( 0%) 6/10 ( 60%)*
w0/ 5( 0%  2/5 (40%) 5/ 5 (100%) **
1x10° M 0/5( 0%) 0/5( 0%) 5/ 5 (100%)*#
& 0/10 ( 0%)  2/10 ( 20%)  10/10 (100%)**
#  5/5 (100%) 5/ 5 (100%) —
1x10° M 3/5(60%) 4/ 5 (80%) —
& 8/10 (80%)  9/10 ( 90%) —
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Reproduction of delamination and observation of internal cracks.

Hideyuki SAKODA, PhD. Atsuko MATSUOKA, PhD.

Abstract

Delamination of ultra-high molecular weight polyethylene (UHMWPE) components, which is
often found at the articulating surface of artificial knee joints and the rim of artificial hip joints, is
one of the major causes of failure of artificial joints. Although we have reported the successful
development of a new method to reproduce delamination, the mechanism generating delamination
has not been fully understood. In this study, delamination tests were carried out and specimens
were analyzed using an optical microscope and 3D measuring laser microscope in order to lead
to more comprehensive understanding of the mechanism.

Virgin UHMWPE and aged UHMWPE, which had been gamma-irradiated at 25 kGy in air
followed by artificial ageing, were prepared. Delamination tests were carried out using a simple
reciprocating motion, sliding a distance of 10 mm, or U-shaped motion, sliding a distance of 10X 1
mm against hemi-spherical pins with a radius of 3 mm under the load of 5 to 20 kg in deionized
water as a lubricant at 37°C. Observation by an optical microscope, observation by a laser micro-
scope and 3D measurement by a laser microscope were carried out periodically during the tests.

Virgin UHMWPE was delaminated by 160,000 cycles under the load of 20 kg with U-shaped
motion. With simple reciprocating motion, however, there was no delamination even at the end of
1 million cycles. Aged specimens were delaminated by 100 cycles, except for one tested under a
load of 5 kg with simple reciprocating motion, which had bright white spots on the articulating
surface. Ordinary 3D measurement of this specimen, scanning the full range, revealed a smooth
surface. These spots were internal cracks which could be observed only when the scan range was
limited so that the specimen surface was not included in the scan range. From the 3D measure-
ment, it was confirmed that the internal crack was located 70 um beneath the articulating surface
and had a width of 200 ym.

This study provides a method to know the location and size of internal cracks from direct
observation and will lead to more comprehensive understanding of the mechanism generating

delamination.
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