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[15 508 BB BEETHCE 12T, A A= 2372<  HAE 0 24P O AR KRB R A3 Ao
Tz BRIBIIRE I FEH RO TD, SV RLRR P A IS L B A )
FIBREE I TR, RER T, BEOEWE RS DR Al R Thod, BxlZinE
T, BT RS LT R M (LB R REE A 357 VX R OAHEY A Rl
BEZR IRV HERR LU 7=, Bl 7 L & (Ultra-purified alginate: UPAL) 7 /L & BHFE L .
ZFOHAMERLTEZ, — 7, R ERLLC, B Hif3E R (Bone
marrow derived-mesenchymal stem cells: MSCs) I ZAfE /L REE - EFAKRIN CTD /T
DA N RET T DT RSB AR AT T D AR IR O 72D Ol R
FLTHEHEN TV, Fex X2 ET UPAL 7 /L MSCs EDFFHBIEIC LA H0E
AR SEBRIZ 3T, UPAL 7 /013 MSCs (2t U CREFRES S 3 KO [l ia 23 b 212
S BRI FAEZHET LI 2R LT, LInULRRD, +5 &7 MSCs =/
R 27-010%, RSN CRIBHE RS B A TOME RS DT . IR/ 2ia A 5
THEVORMERNE 2 HND,

ZORRESE RIS D728 T2 1T HICERR CE DB B 2 R M AL iR (Bone
marrow aspirate concentrate: BMAC) |27 H L7z, BMAC I3, ‘BB D Loy BfElZ X
DERE FRAIC BB B & 295 MSCs LM RR IR 725 A Lz it il iaik Cé
%o BMAC | 3B B D DEAEIZ T TIER T2 2L TED 72D AR RSN O Hfu R 2
ZILBELE LI | —HIRNIRIRIR I 322803 T& D, e 13, MSCs 123775
AT RE IS L O LB SR IS L7 UPAL 7 /L& BMAC Al G52
SN IO —HIR DR R BT E AL E CEL AR D 8B 2 T, ARAFFED
H A9 B #0E R IBIT%69% UPAL 7 /L& BMAC OGFHBAEIC L5800 K OWCE T
BORENRERGTTD2ETHD,

[l 7k 18 RABET LV EL T, AR B GRE, 24 B lm) ORI L
T KBE M HE I s K (B Smmx RS 2mm) 2R L72, BMAC [Zfii
WA DD ZERIER B L T2 B B iR A3z U A BEL TYERR L 72, &% SETR I HE (Defect
#E) . UPAL 7 /V R4 EE (UPAL #F) . UPAL 7 /L LR MSCs Of FH R AE R
(UPAL+MSC #f) ., UPAL 7 /v & H % BMAC (i Bl RE (UPAL+BMAC £f) O 4 #f
(ZHEVE L IRV Ay T T, #5438 L 16 IS BT D KIBEDIEE IOV TAIRAIEE
fili ICRS A=7, n=10) . L FH5E (Niederauer A7, n=10) . X5 T'& DL
IZ2U T Micro-CT #FAfl (BB 7B OB &, n=10) Z1To7, itk 16 MICHBWT, I
BT — 7 DRSS Ye (i} O HE YRk iR 2 O ORISR Ic L 5=
T =5 BRI ORI (n=10) SAEFEAARIZ 31T 2 ) 7R B DFEAT (n=6) 21T >72,
FEH AR ETIZI Steel —Dwass B E 4 FV =,

Ui R R IR HOEEA Tl 7% 4 BI2 BT, Defect BE TIXRIBDFFERD AT
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P2 RB W2 AR 23 5072, UPAL B, UPAL+MSC BECIE R ERIEHD
SRS W LR CIETR S A B O R i 1T TR E 72 Bia M0 2R3 i
5=, UPALABMAC Bl o0 72 4435 B 20l - 5B AR IE 1 ARHR Tl 7=
SN TV, EIRRR AT Y7 Tk UPALABMAC BEANEND =R ~NEEIC
BT, 175 16 I3\ T, Defect B CTIEER A HI72 A2 BAZ SR HERL AR 15 1E
X RO, UPAL BfE UPAL+MSC BE Tl &AM EE SN, FaEH R E
AR R 2 NSRRI 2 ST, — 5 C, UPAL+BMAC BECid & BH E
(g ki A ESEYEINWI U INDY VL JiTR A raS ik ANBNUF; ¥ o¥ SINIE N ER R T/ GE g ik G
EESN TV, 2R Aa 7Y 7 Tt 4 Bob o LRI UPALYBMAC
FEMERIZ A~ ARICEN TV,

LR RRHE I, 1514 4 8123\ TIX, Defect £ TlIZIE Safranin-O |24 A X
FUZRUERHENE O REE AL A% CIE#E &L, UPAL #f& UPAL+MSC BECILEEARRIC
Safranin-O [ Z YL EAI I il AR #HLk A — 8 2. 541, UPAL+BMAC B Tl
Safranin-O (ZY A SV iH T ARIRE R S 2 < b iz, JERBIZIB VT, Defect
BECIXEE AR O 5 7 SRIE IR M 25RO T 28T R 1 E0 0 =FETIHIRE
RIEFT RATBD T oTz, IR AT T 7Tt UPAL+BMAC #El3 it
I B EICTEIL T, T2 16 IC3U T, Defect B ClIETE LIRS T
FRECE AR X — 30 O AU7=28, 222y LU i Safranin-O [ZH a7y ERHERL AR <
BV RIS E PO IEF#CE B Safranin-O Gt B L TRV MENRIRS T,
UPAL #f& UPAL+MSC BEOAEE R Tld o0~ 57 LA_EIZ Safranin-O [ZH S
AT TARRECE 23 5 8D T e, AU T, UPAL+BMAC A Cld R B 0 JE P IE
I LIEE R UMEREESDH S Safranin-O 1 ZHRS YL S-S BB R <
BHOINTWe, FIPIRRGET RITB W T, BT, DR RIETT RARD -
72 WE T'B DEEIZIBV T, Defect BETIZIEIE ROIVTWR) 7205, UPAL E M
Y UPAL+MSC BETIE, 0 R0708kE T EOEEN o, — 5T,
UPAL+BMAC £ ClL, JAHIPRZRHCE T B OEEN Rz,

Micro-CT & HW -8B B OB EOFHIIZ IV T, UPAL+BMAC BETIXEE
SNT-HCE TB OB & T, itk 4 8L 16 & Defect #E& UPAL BEIZIHE R, &
(@M Tz, [AERIZH R 16 1235V T, UPAL+BMAC BEOEETIC BT 52T —
UBLAYE, SR E BB A BB T,

[ 52 ARHFZE CIZUPALY /L EBMACO BT 2281280, v FET L2 H
T, REREIE RIS LT RAFRECE K OE N EfkOEE R HLZ %
RUTZ, BMACIIMSCsh & 6D 58 & 72 M IE Al 7y S IR 1% A+, scaffold& 03
HZET R HE 0 LEEZ R T EME NS — 5T, IR 5 ORI F T I
TNV eDHELHDH0D, BMACKAEIZ i i 72 Scaffolda 585l A Z N EHELE
25T, 728, ilEORRHE RIZBUV T, UPALY /LIIMSCsD i FE hE
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OB ML REZEEE T D2 L3505, BMACEGEH T 524 T, BMACHIZE £
HEE7RMSCsIZx L CTHUE TE AR E T D2 N3 B 2 bl £72. BMACHIZE %
NHTGF-B, PDGF, BMP-2, BMP-77¢ & O MER -13 . MSCs %9~ 2B Hil i &
OB A~D 3 EFEEREL H D5, MSCs?D R #if73scaffolde 4 HUPALY /LN T,
AIRR IR MER - DR TN FNC LD | FIRFIZ BAF0diE L OMRE T B BRSO
RIS T, BRI 1RO H LB EMB B ELN LB 2 6T,

[#EaR JUPALYZ /L EBMACZ 922810 k0 . KRERFHEUE KIBISHTL TR
g K& OHRE TEOBENRENHHEE/R LT, BAELT-BMACHNIZE ENLEE
72MSCs3 B35 ThHUPALY /LN THUE-SORE R EIZ /0 kT 52 & THE 38 LUK
BREMEEL-EEZ LN, RiEZ WS THIIBIEL B 5 REE e
RABIZH U C— BTG IR CE D T REME A /R LTz, AREHT, fERIE IRl 4 52
EN KT I 7= B B FHRE FEE 5, Frie KR ERFRIEAIRE T 500
THY, ARFHERIT, EOEBLATREMZ T HKAETHH D ThD,
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AP RBIO P THHLZZIGEEILLL T DLEBYTHS.

BMAC Bone Marrow Aspirate Concentrate

BMS Bone Marrow Stimulate

BV Bone Volume

GAG Glycosaminoglycan

HE Hematoxylin and Eosin

MSCs Bone marrow derived-mesenchymal stem cells
OAT Osteochondral Autograft Transplantation
PLM Polarized Light Microscope

Saf-O Safranin - O

SD Standard deviation

UPAL gel Ultra-purified alginate gel
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BAEHRCE 2%, M 8T AR D32 | MR 43 SR O AR RE MR A3 D T 720N e
. HINBHIRE ) 03 FE R IZBRBA TS (Hunziker EB et al,, 2002) . BSTKEH5
N—HIEAET 5L, BRI T L OVETREBIEIE (OA) DFRIEIZ- DR DI DIEHKED
HRE R 22 2 [EEET 272012 BRI OE1E Kk O REDEITEZ H 5L T, SRR
PENFEARFI M ETHS (Hunter W et al., 1743; . Mankin HJ et al., 1982), BEEf#k
BEBRET LD, T 7V~ BN, BB L OMCE IR AR E DS ES &
PR BN S S fE S 7278 (Clarke HD et al., 2003; Steadman JR et al., 2001; Ritsila VA et
al., 1994) . THHDOHEIIZUITUITEE DBRAEKE 211D Z LD i & Su7z (Gobbi A
et al., 2006; Giannini S et al., 2004) ,

AR CE SIS T IRV T, BRI TR (ACT R0 HE R i
il (MSCs) B 72 & FIRRRAE R — ZADIRIRIENAATOIV T, BAFRIEFHE OfE
ERELNT-ZEEHREIN TS (Kon E et al., 2009; Wakitani S et al., 1994; Roberts
S et al., 2003; Peterson L et al., 2010) , L72>L . 1E 5 fLAR IR EEZ N 2 22T uid e b7
W2 THIM TN A E A Z L7 E O E AL H A STV D (Bekkers JE et
al.,2009; Henderson I et al.,2005; Peterson L et al.,2010) , ZAL5H D [ s & fE-35
72DV, 1 Gl BRI &M AR 0 i 55 % fd H L CIRAR B8~ DA 208 — IR0 7e15 9 D
BRI KRDBND,

R CIHMET U R o o @il 7 /L 127 )L (Ultra-purified alginate gel: UPAL
V) BBRFE L., W9t % B 42 CX 7= (Igarashi et al., 2010; Sukegawa et al., 2012), ZD~
FUT T, FERGER CRERD PR — DT XL BEOFFSHEMED 1 T5yD 1L
T E T F&E7260 (Endotoxin level: 5.76 EU/g) THY, HER DL DIZLE~T, AR
AL FEBRIZIY MSCs 12kt 5 @ Ol 5 K O o bah S RE 2 FF > 2 & A BB
IZLTW% (Igarashi et al., 2010) , E£7=, AENFEBRIZBNTH, VT BLOE—7
IV ROFE KBET /WVIZKL T UPAL 7 /VE B 523 AR IS TR A AR X
V-2 m WAL T D (Igarashi et al., 2010; Igarashi et al., 2012) , SHIZLOMTE
DI ER—arbL T, UPAL 7V EE#REIEZ 09528 T, Bl 50 R
R IEE S R RS NI EBHE L TV % (Baba et al., 2015) . ZALHD ALED
. MSCs 1% UPAL 7 VRSO -2 01258 LI MR L 7205 5 RIREME 23 5,

L, REZRKBITH L TR 7R A 2557201203, Z<OMnz B4
DUERDD, EDT8, ZIVETD MSC BAE TliE, MIaER I I AERIMI BN T
BOR M OMIEEE R EER LI THY | RIS L OBHED 2 [ENZ 3T T RS M1 T
ol Flo, AN BIT DB R EEITI . MR o (Eo7E e g | E i 237
AR, AANE TORBELIR SIS (Holtzer H et al., 1960; Abbott J et al., 1966;
Bekkers JE et al., 2009) ,



ZIBOMIAREAR O K A TR T D721 Frx 13 BE 2R AR AR (Bone
marrow aspirate concentrate; BMAC) (275 H L7, BMAC (&1iT Ty B 0o B Bk %
PRHR L Oy BlEL TR B C/RE R L 72 it Al I & L CL MSCs &1 60 5 B e i fd ik
4y EWRPEIR 1% #» (Fortier LA et al.,2011; Mariani E et al.,2014; Saltzman BM et
al.,2016) | FCEREOLNEIT R L T RAFRERIRRGEDFO 5L Scaffold LAJf
HAT5ZETRIFRRE S bREE R T ZENE STV 5 (Roberto B et al.,2010;
Gobbi A et al.,2014; Gobbi A et al.,2017) , BMAC I EREL 5B A Pl &2 TITHz e
DIATRETHY | ARSI TOMAETE WIS AN ER T | —HIRIRIE DN FEBL A gEL 7R
%o Eo| IR EAATO 2L TH M A AR P RE T D 2 &M D | B ELHE 1R
EHNTRIL TS W REL R D ATREME 2 A T D, ZNHDIREDHRE LI OF & DAY
Fin5, UPAL 7 /U BMAC Z0F 9228 C, BB G IC T 2B E A RET
XLO TRV EE LT, RBFFED I, ROF#ECE KIEIZxHL T UPAL 7L
& BMAC fFHBAHEIC L D8RE d6 L OIS T 5 OIE1E 0 R AR 709 M OVEIR T %
HINCHR R 9 2Z2& T D,



KB FE
1. FRRBTT VORI LETEEER

FEBRIZHWDRIL, 24 BEORED A AR A BFE A A AR(=WH77R, Japan) LOEE
ALTeo B DB DWW TR HEE K 7@ E5 B o8 1 1A, b
B KON IR m PR A OB E 2T T, ERaiT-o72,

ABFIETIL, UPAL 7 /v & BMAC OB ARE, UPAL 7L BB AR & ORI e
N T AR H 57280, UPAL 7 /L HMBAET I Cld+ 0 7eikE i A%
RBFEONRNWIORBEET NEAER T DM EDR DL EE T, EDOSMAwT-
eDIZIE, 1. BEEEICZ LW E R E AR 528, 2. R EENROBEL
NRWRGHIH DD WG 28I T 528, @ 2 £ITE-> T, UPAL 7/LHUH
B TII SRR R D BON R WEEREGET VARG L, £T . HT5
FROBEENZEAL TiX, B B BERE O Z LW EEE{R(Poole et al., 2010) 3L FEL
WEB 2T, Ll A% 1 FRIZB X TLEI LR E Iy 5 Cla L B fE
(0A) DEFE G A REMENH DL, ZIE TOMEOHCE 42 BH 95858
IZBNTHEEOTHFIZZLHNGILTORNIED D, I8 EOFELIFFE(Hou et
al., 2015; Maruyama et al., 2017; Hishimura et al., 2019)(ZiBHEL7- 6 1 H i ARt
TIEIRIR LT, I, B HE RKBOIHAL B L OHEIPHIZBIL T, RIS ZEED
A2 TS O FTREZR IR R Z 22 KRB OAER AR AT, M HNTERIR FIZRA
HIH M B T D KRG FEEIC KB OIER TIX, ZRETH CEENENTNES
N5 4 bl EORKRBZEVERR TN &0, T BEICL > CTRARE 122 %
KLU TLEATREMZ B E L, FEME T TIEHDHD, KRELRMEFED KBIMER FTHET
BORRE B HBIE AR T 22 &I ELTZ,

F7o. A RIOBAEFER O — B2 Rl L TiE, BMAC OFFRTF-E M OB O
PR C DWW T AR R ZAT o7, £7°, B BEROTREEBAZLIC DWW TGRS L7, ERD>
OE BRI 256 AT 2 5 IEDN — A Th D, Bt EERTIL, I5
B USMIRIRE O iR 2 2R 207 kb U S U72 (Ega LP et al.,2009) . i
TR LD B 2R M OV B ER B2 sk A T s L. 2R BV E D BE 5 o5 Bl D
SRR OBLE DI E ZRREZ SR LT, IRIC BMAC OFFEIZ SV TIE, BMAC
EfLZ e R L CTHLELES 40T % BioCUET™ Mini Platelet Concentration System
(Zimmer Biomet) D HARFIL 72, LU, YOI IR 5 0 B AR f &
T % 20ml 3F572N 2D . BMAC FRD B DML Fz, IE DR KN
ZAHZEEFHFEL ., Manual CO/EREDORES 2 B LT-, iR E BMAC {E#
Protocol (Chahla J et al., 2017) [ZH#EU T, ifEE A1 (pentobarbital % 0.05 mg/kg T
FiR$e 5-U72) | 0.5ml ~ U AV (Novo-heparin 5000 units/5 mL, Mochida Pharma.
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Co. Ltd., Tokyo, Japan) @ 18G #Hf+& V% FHWT, RO E DB Bk %
BREL . U CEREIR P OEEE A FR L9572 FLEE 200um O Strainer 21l L7,
I L7 B BEiE 25 Sml ZHWR L, 800g, Smin, 4°C T L HEL , By hFy 7%
FWT, W8 O BHERG L E (Buffy coat) 2 H1.0:2 < _E G o MRk ) (PRP) /0
LEH TTELMRYICT D RBC 2RV VA EL WIS SITIEREZ AN 5,
fai W LTz, Zhonh, fERLL 72 BMAC O SVE % 34572 Colony
Forming Unit assay (CFU assay) (¥ 1) [Z4->C, DMEM-High Glucose (044-29765,
WAKO) {Z 10% FBS (10828028SP, Gibco) EHTAM'E (penicillin G: 100 U/ml &
streptomycin: 0.1 mg/ml)Z ML, %L 7= MSC medium % AV T, 10 mm dish T
12 B3P HESE L, FEAL7- MSCs @ colony (Z%fLC crystal violet Yo L7=1% .
colony D% #HHIL7- (Zhao GH et al., 2013),

[X|1. Colony Forming Unit (CFU) assay DX

A. ROEPOFRIRAZSECT 5, B. SEUT2 B Bl A FLAE 200pum O strainer %
L CIEIH 9%, C.800g, 5 min, 4°CCiz.LBEL. BMAC ZF5#3%, D. MSC
medium Z VT, #9 12 H SEEER#E 35, E. PBS THa%, crystal violet 2 AL
A5,

2. UPAL gel OFF%, #EfE

ABFSETIX S B Oita O FELIAFSE (Baba et al., 2015 ; Hishimura et al., 2019)(ZB%¢
L. 5775 1700 kDa D &EHET /LXME%7 /L (Sea Matrix® ; Mochida
Pharmaceutical Co. Ltd., Tokyo, Japan) (Endotoxin level: 5.76 EU/g) |ZxfL CEILZ
MBI KIC I EMESE T, — Bt 4°CITREIC = L, 2%E 4% D7 L R YS
LTI IR RS TR AT LT,

10



3. BHE M (MSCs) X1 BMAC & UPAL DESBHEIR DR . #fE

M S MSCs (28 T, BT CFU assay &[alBE7 71 C, FE#LL7- BMAC %
MSC medium & VT, B IC XD | HIFEE R 21T 572, ZOMMEIE 2 Bk
JET% . BeAE ] MSCs (Passage 3) L C, fli & 417z, 2 MSCs Z UPAL+BMAC ##
D MSCs B ELFRIULH1Z UPAL HEH THEL (Ff& MSCs 21X 2x104cells/ml
I, B UPAL 2213 2%129°5) . UPAL+MSC BEOBAETTE LT, KIBEN I A
(W ZBAH) Lz,

FBAEH BMAC (Z8WWTC, EREHE 1. GRaoEy, FEHL 7= BMAC iRk & [F 2%
BD 4%D UPAL LR T (& UPAL R E 1L 2%I129%) . UPAL+BMAC HEO B HiE
RELTRBEICBAE (B ZBH) Lz,

4. REWRET NLVOERFIE

52 (104 ) o 24 @imD B AR EAZFERITKL, 25 FREE T (pentobarbital 2
0.05 mg/kg THHIRIE G- L7=1% . 23531 | isoflurane 1L ZJR AL, W A THRRELZN 5
FAERFLTZ) IS 3.0em O R FGUIBAT, WIS 7 7 o —F % A0 O 2 KRR
Hi M VKRR v B2 8 S 72, W B R I Z RS 5.0mm DOFEHERY /LT
&M 2.0mm (222D INTE DAY —7 % VR3S, A B K TREIL RS E
HE R IBEAVERR LT, &% BTG RE (Defect ) . UPAL BUMBSHERE (UPAL #¥) |
UPAL & MSCs i AE#E (UPAL+MSC #%) & UPAL & BMAC ff i AifE (UPAL
+BMAC ) D 4 FEZTZ DRV 4372 (K 2)

Defect Group UPAL Group UPAL+MSC Group UPAL+BMAC Group

2. BRERBFHET N EHOEANEAIRER

UPALFf, UPAL+MSCHE, UPAL+BMACHE TIE18GEH % AW T, Bl % K18
IR A JE PO HRE LR U R SR D IR E L - CHRIL , HE b o A
IR ZFEIT30— 400 R 52L T, TAXUBRORE AT ST, B4
BEAH K THITBEE L, 4-0 A sk CRAEIE., REaE & 2 A LTI TL
oo R BRAL X RRICHI PR — P N H BICEIK CEZFFR LT, 4B B L
163 Cpentobarbital D FE % 512 LD L HSES R 2 A H Lz, 41288V TEEEL0

11



BRIZ B W TRERAY, MR IR A T o7, FI2E T OBE &Moo 7290

micro-CT |ZXDWEZIT -T2, TR 168IZIVNT, 4l LRI CFHmICINZ T, KHEL0

BRI L Tl - R & =2 7 — 7 B M ORI 21T - 72, SHIZHTR 16181
BWT, BRI ISR L T Rt 217> 72,

5. RHERAY - KERRFE Y - e R F R D 5 1
Phrtza 8K N6 IZ BV TEHIEZ I, RERE 18 B 25 o A8 B 2810 H
L. 9(?@&[5%7‘/57/1/73%711%@/1, K REDOEE AR XA IRAYIZICRS A2 T U

(Brittberg M et al., 1998) (& 1) Z# H\ TRl L 72 (n=10) ,

# 1. ICRS Macroscopic Score (Brittberg M et al., 1998)

Degree of defect repair

In level with surrounding cartilage 4
75% repair of defect depth 3
50% repair of defect depth 2
25% repair of defect depth 1
0% repair of defect depth 0
Integration to border zone
Complete integration with surrounding cartilage 4
Demarcating border < 1mm 3
3/4th of graft integrated, 1/4th with a notable border > Imm width 2
1/2th of graft integrated, 1/2th with a notable border > Imm width 1
From no contact to 1/4th of graft integrated with surrounding cartilage 0
Macroscopic appearance
Intact smooth surface 4
Fibrillated surface 3
Small, scattered fissures or cracks 2
Several small or few, but large, fissures 1
Total degeneration of grafted area 0

[ AR AR AR P R L N 728D L 10 %/ STV AT LT BR T 7 L% [
EL. 10%EDTA THIKALEE#E T, KABEROD H 2185 KRB CIESSum D /37
74 Y Z2ER LT, Yl 1ZHematoxylin Eosin (HE) %&£ & (¥Safranin-O (Saf-O)
etz fin L, AR OBEE R R 1) 2 Niederauer A2 7Y 7 (Niederauer et al.,
2000) (F2) ZHWWCERHiL 7= (n=10),

12



Wiz 163 1 Z B3 TR RARR IRl T3l =7 —4" btk (FujiPharma Co.,
Ltd., Toyama, Japan) & FV N CH AL 7=,

3% 2. Histological Score (Niederauer GG et al., 2000)

Nature of the predominant tissue

Hyaline cartilage 4
Mostly hyaline cartilage 3
Mixed hyaline and fibrocartilage 2
Mostly fibrocartilage 1
Some fibrocartilage, mostly nonchondrocytic cells 0
Structural characteristic
Surface regularity
Smooth and intact 3
Superficial horizontal lamination 2
Fissures 1
Severe disruption, including fibrillation 0
Structural integrity, homogeneity
Normal 2
Slight disruption 1
Severe disintegration, disruption 0
Thickness
100% of adjacent cartilage 2
50 — 100% of normal cartilage
0 — 50% of normal cartilage 0
Bonding to adjacent cartilage
Bonded at both ends of graft 2
Bonded at one end or partially at both ends
Not bonded 0
Freedom from cellular changes of degeneration
Hypocellularity
Normal cellularity 2
Slight hypocellularity
Moderate hypocellularity or hypocellularity 0
Chondrocyte clustering
No clusters 2
< 25% of the cells 1
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25 —100% of the cells 0
Freedom from degenerative changes in adjacent cartilage
Normal cellularity, no clusters, normal staining

Normal cellularity, mild clusters, moderate staining

Mild or moderate hypo/hypercellularity, slight staining

S = N W

Severe hypocellularity, poor or no staining
Subchondral bone
Reconstruction of subchondral bone
Normal
Reduced subchondral bone reconstruction

Minimal subchondral bone reconstruction

S = N W

No subchondral bone reconstruction
Inflammatory response in subchondral bone region

None/mild

Moderate 1

Severe 0

\9)

Safranin-O staining
Normal or near normal
Moderate
Slight

None

S = N W

5. RETEMSEC L DaT—4 U ER M) D PRl 5 1

{2 16181233V CHEY A B 7 %R ' BEAER (polarized light microscope: PLM) %
FAWTEIZEL  EBEMEk D27 —7 Bl 2R L 7= (Roberts et al.,2009; Ross et
al,, 2013), 27— EdmMEIE, BIERHCE O 7550 I BE 95 #5575 (Rieppo
etal., 2003), (EEINZE KO =T —F7 VRAPEZIER T 272012 SRE LT
MU B ARZ00, 450, 90°L[RIEASH TRMIZARZE AL BB LTz, 7 V20 A7 (DS-
5M-L1; Nikon) THROIVIZIHGIIH LT, TNLEIIIPLM EPEATT VTV AT I
(Changoor et al., 2011) (F&3) Z W TR L7 (n=10) .

3%3. The Polarized Light Microscopy Qualitative Score (Changoor et al., 2011)

Score  Description

0 Evidence of fiber organization, seen as sparse bright patches throughout the

14



specimen. These patches do not have parallel alignment at the surface of the
specimen nor perpendicular alignment in the deep zone (DZ), but are

randomly oriented in the specimen.

Birefringent tissue of the expected orientation in the DZ with fibers oriented
mainly perpendicular (+£30) to the cartilage—bone interface and occupying
less than ~50% of the thickness of the noncalcified tissue on average. Little
additional evidence of birefringent tissue is apparent, other than randomly
oriented patches. Birefringent tissue may have inconsistent thickness and
intensity of birefringence across the lateral direction of the specimen. The

specimen texture may be smooth, patchy, or granular.

Identical to a score of 1 except that the DZ occupies more than ~50% of the
thickness of the noncalcified tissue. Alternatively, a second region of
birefringent tissue may be present above the DZ that may have any
orientation (parallel to the articular surface, obliquely oriented to the
articular surface, or multiple orientations) except for vertical. In this case, the

DZ may then occupy <50% of the thickness of the noncalcified tissue.

Zonal organization with birefringent tissue in the DZ perpendicular to the
cartilage—bone interface (+£30), and birefringent tissue at the articular surface
that is either aligned parallel to the surface or that has multiple orientations.
These two zones are separated by a third nonbirefringent region that is
appropriate to the species from which the specimen was taken; for example,
in human articular cartilage, it may be a thin nonuniform region that is
difficult to distinguish compared with the consistent dark band observed in
equine articular cartilage. Alternatively, the two birefringent zones are
separated by a birefringent region with orientation that is neither parallel nor
perpendicular. Zonal thicknesses are heterogeneous across the lateral
direction of the specimen. The specimen texture may be smooth, patchy, or

granular.

Identical to a score of 3 except that the orientation in the superficial zone
(SZ) must be parallel to the surface and the transitional zone (TZ) must be
appropriate to the species from which the specimen was taken; for example,
in human articular cartilage, it may be a thin nonuniform region that is
difficult to distinguish compared with the consistent dark band observed in
equine articular cartilage. In addition to these characteristics, each zone
should approximate the zonal proportions for the species from which the

specimen was taken; for example, in human articular cartilage, the DZ
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should be the largest, occupying >50% of the total thickness of noncalcified
tissue. The transitional and SZs are smaller and the TZ may be larger than
the SZ.

5 Displays birefringence patterns of young adult hyaline articular cartilage
with distinct, superficial, and deep zones with uniform birefringence,
indicating parallel and perpendicularly oriented fibers, respectively,
separated by an appropriate TZ. Zonal thicknesses are appropriate for the
species and location from which the specimen was taken and are relatively
homogeneous across the lateral direction of the specimen. Overall, the
specimen birefringence has a uniform smooth texture and is neither granular

nor patchy.

6. Micro-CT L8 N BEEEOFAMN 5L

FREOYIV > 7= B SampleZ FL5D pﬂiﬂ/ﬁi? A EEE’J Pl A L7t E1E 40
kOE T EEE IR Z R 9572012, %410 £ 1601235V > Tmicro-CT
(R_mCT2; Rigaku, Tokyo, Japan) { J:@éﬁk”ﬂ’ TEHOERICHL CTEEMIIEHILE
(n=10) . & ESamplelZ DOV THRIRDCTIRE 21T o7, TR TESCRMIT Y RO
{THF5E (Baba et al., 2015; Hishimura et al., 2019) [ZH#EUC TIT o7, £ 72 HEIER DS
B EERISER U 72 KRB (EAESmm, EE2mm O [FRR) OB #kE KEBE 25—
> MEIIZEREL . £ QRPN A KA E OB B2 8CE T E OfE1E & (Bone
Volume, LA FBV) (mms3) &L, Image J software (National Institutes of Health,
Bethesda, MD) # FHWCHEH L7,

8. J1FR DR E G i

W% 1638 (233U T Sample K I DIEEALHR D ) FHRHE DR E T 572D, 24
WFgElitax 3 Ff o /) kB gs (Autograph AG-X, Shimadzu Co., Tokyo, Japan) & F >
CHIZE L7=(Sadia et al, 2016), % #ESamplelZiAIE 2L 7 (EE2mm O F-ERIR) 12
XU CHELIZ T DI H B IR EAL Y (PMMA) Z /2L THEE (Wada
etal.,2016) L, Z DIREETHEFNLIE F20.5mm/ 73 DAL —R THILIAT T AT
AE LTz (11 A) o IEEBALE L TIEAZ AR O TR IN 2 T RE D L EfEE L
TORBELOIALOIEFHEEHEHRE L (K11 B), RSz T B — AT il
MraeplotL . I 7E#AAK % i D NETE 2 I 42 Z D ISR D S NS TR R L 72 RS
PR L 7230 5 OfE X 1 X Stiffness (N/mm) &L TR L7z, & SamplelZ 3T, FHL
Stiffness| L1 #UHE A FEHEL L7 B 4y BRFLITHR LB L CEEHE{EStiffness& L T
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BT,
9. WEEHEMT

W E IS B CUPAL gel ZFIH U738 {LAMF 9T (Igarashi et al., 2010; Sukegawa et al.,
2012)& BHEIZL T, BRI NP A RN E LT, T —H T FE AT AE(R 7
(Standard Deviation, LA FSD) &L CHEGL LTz, 4 BERIDT —F LL#k 2L Steel-Dwass
FRiE% ., 2 B ClEdMann-Whitney U FREZ FH\\ 2, S#HTISHEEHENTY Z FIMP Pro
14.1 (SAS Institute, Cary, NC) & A TITV, A E /K HEIL0.05 K0 & L=,
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KBER
1. PREBROKER

LEOREETT VA FHWTZUPALY VIZ B3 280 E B4 O SeA TAF4E (Hishimura et
al., 2019; Baba et al., 2015; Igarashi et al.,2010; Sukegawa et al., 2012) Tix, K& ¥F
HEIZIBWTHEZR4~Smm O MTEOFEE RBZAFML TS, B iRE RIB AL
&L TULERIRAIIZ 3T B T o KR E FEE S —HHARR) TH o703, JeATHFIEDO KR
AR IR S OVFERR D JER 45 0D i K D IS S (BEE DO IE 1X3~4mm THY | JiFH
HOMRIZ6mmM T >72) 12BN T, A REES, FEHRETL TR0 VB EETRED
TER DM FE T o7z (RI3) , A EIOMFFED B B EHRE KRBT D A 0
DR DT | FRA I EIZ LD VDR BEZ IR ET HIEHE D T, i EHE
ThHHRBREEEET VT, RIREHEEHS BT VAL,

BMACOD {E 88 i OV %) E T 57280 T EBR AT o7, B B O RN
DWTC, BARBEAZE ROV (12/8) 2 W T, IE (n=6) L KERE (n=6) 2>LE Bl D
ZERIER I R LTz, KRR E 2D OERIE$2.23£1.20mlI TH 722 b~ T, Eh»
5137.324£0.60ml Ch-7= (K4) . EFRIZERW T, BRI OBRBUESSZ E M & OERIE
DR DN, FRIEBALIIR B TR E LT,

A;! g % - —_
iy . : |
. > ’ l % 44
(AT -
2 3 | g o Femur Ilium
3. SRR D EALDNE 4. B BEROTRBEALIZ I T DR A

ES

X|3. J B IE(a) &M TEEREb, o) & Rd
X4, KRG ERGE OB 725 #6 K £ 2532 P ME SRR 22 Th 5,
1T P<0.01%5R~1,
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RSB OFEHEHOMEY | iR EBMACTERProtocol (Chahla J et al., 2017) {ZHEL
T, 100E H AR A EaF az HW T, E MY A%, W E DA FH6~TmlD B4
REBEL, FLE200um Strainer i@ L7-#4 . SmlZHW& L, 800g, Smin, 4°C Ciz
DBEL ., By MRy 7 2 VT, F1fEE O BERHIEE (Buffy coat) 2102 3< k
F O MHAERSY (PRP) b4 LE 8 TTEARVIZ T ORBCEWR VAERNIINZ+5
ICHEBRZ N5, 5S0ul0BMACHIAR AR LT (BIS A) . ZOBMACH 2%}
L TC. CFU-assay% U T, BMACH' [ Zactivity D d&>HMSCs D 4 2+l L7~ (K5 B-
D), fEREL T ImIE BEER H OMSCsD L & 13411+109 MSCs/mLTHY | SmIDFH
BEIR D HS0ulDOBMACEERK L 7e Z e B H -5 L ImIDOBMACHIAE K H 1 ZMSCs
OHIFOENTHKI4%104TH 7=,

B 5. BRI HBMACDE LSS (RCFU-assay D5

A. EDBER . Xy Ny 7 A VT, BMACIK AW 3, B. CFU-assay (2360
T, EEE 10 H TR YA DMSC colony D BAIESEAT A7~ 9, C. CFU-assaylZ33\ T,
55410 H |ZCrystal Violet4 2. ™OMSC colony D BEM ST 7.4 7~ 9, D. CFU-assaylZ
BWTC, B2 10H HIZAIRAFT A (10mm-dish) 2759, Scale bariX500 um T2,

EREHES. OFLHE DY | M FE AL FIMSCs% Passage 3F Thk(E 2 L7- (K6) .

6. BHEFMSCsIZI317 2 HE5E 52 DR SERT R
A. CFU-assay(Z35V T, Dayl0IZMSCsPDcolony A3 k95, B. Dayl5F CTHi#E L
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22 #180% ConfluentiZ72>7-fRHEA 7R F (x20) , Scale bar{X500 um TH 2, C. &
FHE IO REFT A 7R § (x50) . Scale bari3200 um Th 5,

2. PERARHAIE ORGSR

43, 1618 1BV THERED Sample T4 A 7 RIE T AT LR 220>
77

Ptz IZF V> CTDefect FED KIBERILMEIMIL TIY, Fif A TRIGEHZBRHERR
B CRERITE LN TWE (H7A), UPALEELUPAL+MSCRED KA TR0 41,
(2273, R XL JE FAR AR B0/ A28 L 2 2 05 B 7k kTt 70 1Y
2O T (K7 B, C) . UPAL+BMACHE Tl KIEENTIT EHTHY , Rl
R 7R BN T2 DR FE 72 s W7ol B R Coe BT (7
D)., &ER72AIRAI AT VU2 (ICRS score) Tl Defecthf: (meantSD: 1.7 + 1.06, P
<0.01), UPAL#E (5.1 £1.45, P<0.05) ELUPAL+MSCH (5.5 £ 1.35, P<0.05) {2k
C. UPAL+BMACHE (8.0 = 1.83) THEIZHEE TH-7- (KT E).

216 WHIZIBUNTDefect FED RIAFRITOCNAHNZ 22 o723, K UL B S
IR E B ASCMAIM S L 2 D R B Zeki ik ciEE S 7= (R7 F) , UPALEEE
UPAL+MSCHRED R TIZIT TR0 | RiI/INAEIS /N M L2 5 -
IR CERIZE DLW (K7 G, H) . UPALABMACHE TII KRB E AN ZIEE
IEHEHCE ERERZRIZIRITAR0 | R & e i E Bk o elic b T
W= (E71) . SRR A= 7Y 7 (ICRS score) Tld4EDFELC LA
UPAL+BMACHE (11.20 + 0.63) I<Defectf: (4.30 = 1.42, P<0.01) , UPAL #£(7.9 +
1.29, P<0.01) LUPAL+MSCE£ (9.2 £ 1.03, P< 0.01) [T T, AEICEM THH-T-
(X7,
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T

» 3
s

Macroscopic score

3{

Macroscopic score

o N &2 O o

X|7. #7# 438 (A-D) L1638 (F-1) (BT AL RBORFRHZZRIRAIFT ALK& OICRS
scoreDFER (E, J) AaT 25U CHEBED L SELEHERF 25 THD, * 1L P<0.05,
kX P<0.01. 5k k kT P<0.001%77,

3. AEREFRYRHE O R

W12 41233\ VT, Defectff CIE R B ERITHHEMERBE AL N AL T (X8
A), UPALHEELUPAL+MSCHE CIT KRB ER 57 #IZ Safranin-OlZ L (A X AU 72 fi 1
FRICE #H 2N R 5N 7- (K8 B, C), — 5 C, UPAL+BMACHEE CIE R IEIIJE LY
RREZD & D Safranin-OD YL a3 BAF72 A ERIE AR Loz (K8 D) , 4k
K (x100) FT RAZFUNT, Defectlif TIFAETE MR PIIT HR 25 B 72 2% i Ml A 1= 2 50
D= LT UPALEE, UPAL+MSCHE, UPAL+BMACHEE Tl RIAEH) RZIZITFR
703> 7- (K7 E-H) . Niederauer score ClZ, UPAL+BMACHE (16.70 = 1.83) 1%
Defectfif (4.70 + 1.89, P < 0.001), UPAL#¥ (10.0 + 3.33, P < 0.01) S UPAL+MSCH#¥
(12.2+£2.90, P<0.05) 1T~ AREICEETH-72 (K8 1),

WA #4 161233\ T, Defectif Tl #4418 IV AT RLRR Al 7B KR
WX RO, 2 PL Bl Safranin-Ol 2 GL (o A2 WO RRHERLRE THY . KA EDE FHO
IEHE#E H O Safranin-O 4 b Ji b L CROV A /RIS 7z (K8 J) , UPALEEE
UPAL+MSCREDEE /A Tl 0 ~ 43 LL_EIZSafranin-OlZ Ge A X U7 fil 1 RR K

21



BB ED T (K8 K, L), FAUTH LT, UPAL+BMACHEE Tl K H8 0 & PH 1E 8k
B LIFIF R UM L E X ChDSafranin-Ol 2 R Y B X7~ il FREIVE JLEE CEb i
TV (K8 M) . F7- 95K (x100) FF IC IS T, BEETIR. BAB R RIERT A3
D77 o7z, Defectlf, UPALEE, UPAL+MSCREDIEMEHARR Tl &5 fE ~ R FE I
TR P T AR SO MR 7 T A S — DT RS b 7= Z Ei2 ke UPAL+BMAC
FECITIESR % EOM ML T 7S T, filad s 7242 —1 XX ooz,
ZDIIH, BE FBIEEIZB T, Defectht TIXIEIT OV TR T2703,
UPAL#E K NUPAL+AMSCHE Tl A+ 0728KE T ORI AR AIZedk g/
U N OSSR E A O TEHY . UPAL+BMACHEE TIX. JREIFR R #E /i
T B OSSR m ARG T OBEED o T (KI8 N-Q) , Niederauer
score Cl&, UPAL+BMACHY: (24.40+1.65) {XDefectff (9.00 + 3.65, P < 0.001), UPAL
A (14.20+3.88, P<0.01) X TNUPAL+MSCH (16.30 £ 3.62, P< 0.01) (2L, A&
IZEETdho7- (M8 R) ., MLk FH 227 O IE A RIGE BaRr LI (F4).,

% 4. Mean Histological Scores

4 weeks 16 weeks

Histological score by Niederauer
DefectUPAL U+M  U+B DefectUPAL U+M  U+B

Nature of the predominant tissue 03 13 1.7a 2.7abe 1.0 12 1.7 33abe
Surface regularity 06 14 18a 2.0ab 14 19 21a 24a
Structural integrity, homogeneity 0.0 0.6a 06a 13a 03 07 038 1.7 abe
Thickness 02 06 1.0 1.7a 04 1.0 1.0 1.9abec
Bonding to adjacent cartilage 0.0 04 02 1.0ac 04 08 1.1 1.8 abe
Hypocellularity 00 00 00 0.0 03 1.0 1.1a 2.0abe
Chondrocyte clustering 0.0 00 02 0.0 02 08a 09a 12a
Adjacent cartilage degeneration .6 18 19 1.9 14 19 20 3.0abe
Reconstruction of subchondral bone 0.7 0.6 14v 1.6ab 09 1.7 21a 27ab
Inflammatory response 1.0 1.7 17 1.9a 19 20 20 2.0
Safranin-O staining 03 12 1.7a 2.7abe 0.8 12 15 2.4 abe
Total score 4.7 10.0a 12.2a 16.9ab« 9.0 142a 1632 244abc

UPAL+MSC: U+M; UPAL+BMAC: U+B

a P <0.05 vs Defect group at the same time.

b P <0.05 vs UPAL group at the same time.

¢ P <0.05 vs UPAL+MSC group at the same time.
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Defect UPAL UPAL+MSC UPAL+BMAC

' Sagittal section
Proximal — Distal

-
3
Fa—

Histological Score
=

XI8. #7438 & 161812331 DHRRERIFT R & Niederauer scorefs 3,

T4 438 O BEFRBEAT L (x20) (A-D) J OME R T L (x100) (E-H) &7~ 3, 7741638
DBAPIBIT FL (x20) (J-M) B OERAG T L (x100) (N-Q) Z7~7, #frtk 4 (1) L1638

(R) PRI AT TR U TR I SAR R 22 TRl kI P<0.05, * k|
P<0.01, k% k(¥ P<0.001%Z759, Scalebarix Imm Z/~7,

4. a7—5 ELE PO R R

Wit 161812 BT, B REDEE MR LTI ERR J71ES. | D@ IZPLM E Mscore®
FAWCEEI L 7=, Defectif CIXIRE DO TE S| LI D2BAEHNITIZFEA L RbN7R
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3o7= (K9 E, I, M), UPALEESUPAL+MSCHE Tl TR O ELACHIITHER 45 IS
S AFND2EH D LALNTA, FEOESIIARABIC AL (K9 F, J, N
and G, K, O), ZD— 5T, UPAL+BMACHEETIE, &8 DO EIRL0R AN THD
TEEADOTRIE ERATH M OUK RS0 R B R 572 (K9 H, L, P), A7)
7 G, UPAL+BMACHE (2.00 + 0.82) IZDefecti*: (0.20 + 0.63, P < 0.01) *UPALE¥
(0.70 £ 0.67, P<0.01) IZH~T, AEIZHEIETH -7, UPAL+MSCHE (1.40 + 1.07,
P=0.73) LGB ZEN2-T2 (K9 Q)

Defect UPAL UPAL + MSC UPAL + BMAC

AT ——

C .
= rT \ o 4O /,/r

HE-stained Sections Viewed with PLM

w
N

N
h

e

. - =]

' Sagittal section 3
Proximal — Distal =

a

o> N O

O

L

[X19. #7168 2331 BEEMARRD =T —5 B mPE D FHE

A-D. HilR 2T — g Geta STk B /i CdhD, Scale barld 1mm#% <9, E-
PIZHEY: /AR Y) i ZPLMC, O, 45/ 90| [RIEAL THREL7=H D ThH D, Q.

I ZMER AR D EMEZAIT KT DK BEDO LA LA R ETH D, * kT P<0.01%

R,
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5. KB TREEEORKR

Wt4RIZB T, #UE T E OEE IEDefectf TIRITIE ST, UPALREE
UPAL+MSCHE CITENE IR I LD BB ieh -7, UPAL+BMACEETIIA L
BANEDFRE Z RIS ITIEE SN (K10 A-D) , Micro-CT#% FVWC, E &MY

\HIE LTZHE T OB Cld, UPAL+BMACEE (6.28+1.98 mms) I Defectfif
(2.68+0.89 mms, P < 0.01) LUPALE¥ (3.59+0.88 mms, P < 0.05) L:tt&‘?ﬁi ZEHo
77o UPAL+MSCHF: (4.59+1.56 mms, P = 0.387) MIZHB W THON 2 21338 727>
7o 2FEOE NEOBERERITIEFH (B10 E) L~ L0722 2278072 (IEH
#¥:18.17+0.17 mms, £%$P < 0.01) (K10 F),

W 16BN T, U T B DEHE 1T Defectit CFUPALRE Tl R KR F/-i13 2%
Kiaﬁ%*%é*ﬁ STHTETR TR &57‘_0 UPAL+MSCHE ClI#RE ?“E'* i/J VR DR
DB ITRD T, ZNHITHRTL T, UPAL+BMACHED#RE TFEAEEES
AL, JE B ORE T E LoD Eﬁ%f;ﬁéﬂ%L%a WO TR U“E"F ALV \é&%z
bz, ETORKIZIBW T, BFOBEIERILRO -7 (B10 G-J) . #F
DAEE B & BJIE Tl 45 B SRR uUPAL+BMACE$ (17.28+0.77 mrm) &zc
Defectff (11.37 + 1.20 mms, P < 0.01) LUPALEF (12.92 + 1.50 mm3, P < 0.01) (ZH~
HEIZED 1=, UPAL+MSCEE (15.24 £ 2.67 mms, P =0.579) kv, F¥H EDO B 5
A FRD TN, WREFIZ B W CHHO 2 A B ZTRD o T, o, EF R
(18.17 £ 0.17 mm3) &t Defecthf (P <0.01) . UPALﬁ“f (P<0.01) . UPAL+MSCH
(P <0.05) T34 ss REFRRCA B IR 7225, UPAL+BMAC group
(17.28 +0.77 mms, P=0.12) EFFEOBEMAE ZMHA LT (K10 K) .
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Defect UPAL+MSC UPAL+BMAC Normal

] 7%

\

b ik 4 e

o

F
25+
o —_
£ 20+ )
£
~§‘15 £
o 154
g - § 154
o * o
t 10 —_— g 104
2 2
8 5 8 5]
0- 0-
AR TR S L L
(X4 \'a 9 \gl & (X2 \'e & \gl
KN & TN s
¥ & R o4
N R

[X110. #5#16181Z351F D micro-CTZ H W2 8CE T B OEHE B

A-D [IIFTR4EIZIIT DB BEO LSS 722D (Axial) £3D-CTH Hitg Th D, G-J
Iz 1610812 fé%%i@ﬁ%%éhtm(mlan9:3D CTE AL THD, F. fiith4s
BEK. 16181231 2B BEDEE SN HCE T E & (BV) O fE S AF e R 2=

ThD, kL P<0.05, % %L P<0.01, *k % %L P<0.001Z/~7,

6. F1ZRE DRI R

it 1682 R\ T, BEMRR D 11 ZRAEZ R 35720 | FILIA ZakBRigz Hu
T, WEFRBREAT T, ZREOEEMRICB T AR FREA—LR R E R L
(K11 C), % % ORIPEAE (stiffness: N/mm) 132 D HIFRIZ W TEOHAEZ RN —
BN T2 72583k (0-0.08 mm) 2>HFE L, AR D ITFEHE(L L 7= (Defectfif R2=
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0.986 + 0.018, UPAL#{ R2=0.995 + 0.004, UPAL+MSC#f R2=0.996 = 0.001,
UPAL+BMACHE R2=0.987 +0.018) , #EHEL AL/ MIPEAE (stiffness%) TldDefect
£ (20.70% £ 3.71%, P < 0.05) . UPAL#¥ (34.19% + 4.63%, P < 0.05) . UPAL+MSC##
(42.89% + 7.43%, P < 0.05) |2 b X CUPAL+BMACHE (70.69% + 5.75%) CTH &%
fETH-7= (K11 D),

| ¢ . DA 100+
2 4- Normal =

; e UPAL+BMAC & 80-
o < UPAL+MSC 2
S 3- £

== o  |— vear £ 60
A 2 2_— Defect _:

= 2 3 40,
2 k|

s 1 E 204
£ 5

> Smm 8 0 z ol

= 1 T 1
X
0 _0.05 0.1 0.15 & va @‘" ‘}V'
Displacement (mm) * ¥ K \,"0

K11, #i# 168I1Z331F 5 1 28D FEAE

A. I HFHT ARORAK, Jediii2mmo FERIR O IR E L TD, B, FILIAAR
B OB CH D, C. X FE DR S NEEMBRIC BT ARENREAN —E
TEHIHRE Ch D, D. IFMEEMD 31T 2K HEDO LS AL RMIMEE O i LA vE
RZTHD, k1L P<0.05 &7,
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BE

ARFFED FE2 B AT E #CE KR I2 L CUPALY L EBMACDO B HE L= 1R
FEDOA I DONWTRET MIBWTHLNNITHZETH-T-, BWIRA, kT
1. 507278 Tk, UPAL B, UPALZ L EMSCsHF BRI L~ UPALYZ /L
EBMACO O HEED BRI I A BICUESIL T, 2B DR RNBUPALY /L
EBMACOARESNRACLD , OB L35 A 1210 B A7 fl - RREkE M O%RE T
FIZIAEEIMEESNDZ L RIBI N,

UPALZ /VIZBHL 7= & WFZEIZ 33U T, Igarashit> (Igarashi et al.2012a; Igarashi et
al.2012b) IZUPALY /L L@ IR E/2MSCs DO HBAEIZED . KRIPAXRIBOTHF K
ORETNVEZHNT, BU7RE THE OBEN LN ZEEREL TWD, 2O
R, UPALY /v &4 E7eMSCs D I AT REE TIX . R A XD F#E KIRIZ
KU CRARIBIFEDEN S D A REMEZ R L TN D, T TAFETIL, EiREMSCs
DRV K EZ2MSCsZ— IR H AT EEZeBMAC D i &5 A 72, BMACHIZ
G AT T RTO B D BAHEMSCsIHERWE & THHZ ENFHESIN TN D
(Martin et al.,2002) . L72>L—J7C. Zhao® (Zhao et al.,2013) | X EENTAKFEN T,
BMACHIZE ATEMSCsDEDE BEHIL (BMS) # 2B S A7 B i OMSCs D 3K
DFIN00E THHTZEEHEL TD, £z, Zhaobld, BAFIIE OIEHEEEIZRIL
T, BMACE B REEMSCs (1x106) 123V T URIXFREDTER NN G LN T2 &5
HL TS, ARBFFEDRE RIZBWOTH, BMACH OMSCs#l1#£14x10sMSCs/mlTdH
. BALRTE DO B ORI LT B i - OMSCsE DI 10015 Tho70, T,
ZhaoHDFERLIFIE L TEY, BMACHIZE FNDEF 7 a3 4 B o Of %
FEICB W T RIFHBE AN SN —REE LN,

F7o, AWFZERE R TIE, SRR FHIZ2 A2 712868\ T, UPAL+BMACHE X
UPALEE7Z1F CTlid7Ze< . UPAL+MSCREIZ L R THE N fE B4~ L=, ZIUIBMAC
DOHFNZE ENDORBI LN IRYER 1 T HE & E A R T2 L WD AT REMEZ R L
72o BMACIZIX, TGF-B, PDGF, BMP-2, BMP-772X D E R 1N EENTEY, =
NHITHCE 43V i5E HE (Felicia et al.,2008; Indrawattana et al.,2004) . 4= {&PNanabolic
TER B L OHRIELEN (McCarrel et al.,2009; Schnabel et al.,2007) ZEF->Z &8 < A
HIVTCND, FI2T VT UBEIZH, MSCsOE /b HRECHIRIEE 2B 3528
D3RS SHL TS (Igarashi et al.,2010) . ABFFEIZISVNT, UPALY /L EBMACO ]
B CIL, UPALY /L EBMACHIZE ENARKE R - EOF R RIZLD , B2 K
BEETZ T TR AR FRICE DM BICFHELIZZENB 2D,

BMACOD I BIL T, LRTOFZE Cld, BAEHCE R E I DI58IEEL
THZEBMACO BEiNTES OA Zh DR S 41T 7228 (Kristin et al.,2018; Kim et
al.,2014; Shapiro et al.,2017) | IR THLBMACILIRENMEN B | KB EBEC
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Bl ChEAE T, BFOEB) LB IR TLEIZENE X bz, BMACKHE
FTOIERIZEAL T, KBTI BAF2RAT 5 K O EMEZ KO D728 BMACE 4%
FEDAEEMEL O AE DT RL BRI, ZNoDPFHBAEIZEYD, Bk
BEENMESN TS 55 (Gobbi et al.,2011; Cavallo et al.,2013), LA>L, BMAC
EOFRBMELIZGA . AR EHT T P CHUE KB ORI A DR D20 DO IRGH
S RABEA~DE ERE D T RPMETHD, Liznd->T, —HMIiik ThHo
BMACL OO IR 2 FZES T 5720 | SN AR NI O S E A
PSR D BID,

AWFFEUAEH U2 UPALY WV IX RIBERIZ I HITIEA TE, 7L O R HITCaClai D
Pl K0T AL ZTE R L . £ D% RIBEAIZL o020 & [EE S HMERED &
%, ZOREERREIC LY . UPALY L EBMACORAEHHEIL, IR OBMACH W
NAHZERL KEOIRICED T, fEIZE AR OEE T&D, Liz23> T, UPAL
TAT R K OVE #RE KRS T ARV T, BMACOAE R R BHE L T
JEEL VB EE 2T,

VAR O Tld, UPALY /L EF BERITMTE (BMS) O 0F AT EEE R EL
723, R T HOBEICEL T3A BRI ERN R FRD IR0~ 7~ (Baba et
al.,2015), — T AHFFE Tl UPALY /L EBMACOHF FRRIE DR 721F TldZe< | #K
B FEOBELREL, ZOMEARLIZFEKO— 2L T, BMACHIZE AT
MSCsD D BMSIZ L > TEAZNAMAIE LV KI00/5 2 W2 EnFE 2 b, ik
DHETH, =R EDOMSCsHAR TILIE NE OFRAENELNDLIENRII TN
(Igarashi et al.,2010; Shimomura et al.,2014), —-> B ®JF[K LT, UPAL+BMACHE
TUE, E T B ~O B O SIEMAREE NI S 7= Z e iE M OFAZIRL
ToR[REMEDN B X BT, ZHUL, TV VBB PIRIEE 2> 8%°, BMACIZE
FENDF AN AANTOTRIENRZH T 550 TN ENDHTEDNFRIK THD ATREMED
b, ZNHDOFEFENFICL ST, #F FE~ORIEMIBOREZZIHIL, #E T E
DOFAEZ R U A REMENE 2 B2, =2 HDOJFREL T, BMACIZIE, BMP-2%°
BMP-772EMSCsD' B/ b B EREZ L DOV AR IA L D E ENTNDIENE Z LI
720 ZNHDO BN AL > THCE N B OERNEIRIeESh =& 2 b
(McCarrel et al.,2009; Schnabel et al.,2007) , L 125D, UPALAEFFDMSCsiZxtd4%
FEFERE K OV EREIZINZ T, BMACIZ & END B B2V AN A NZLDE K OHE
SHEFEBEREOM A B OIS EY | $RE T H L 78S O G O [A] IR F A 23 7]
HEL/RoTz B X BT,

UPALZ VO REDOE) — 2L L TE, BRI R AT N T vk, 7 /v ONES
IFRIROEFETHLZENZE T HIND, ZOFMEIZLY UPALY VINEROIR IR EREED
FZ, BMACH O3 X TOMALE B R K713, BRI BEIR A 213 T 70
T IRER G ERDMBIE  MSCsAN XV @I #les & OME Rk, @
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WY BAFEEMBR NSO, ZD72D  UPALYZ /L EBMACO G A
LB RIBIZRB T 280E LECE B O T OBEZREL, EOREERELT, &
DB W) FRHE RS S BIEAER NSO N8B 2 5T,

AR OEGIRIEFRIL, BN R A EEREEZ D DBMACE R U EN - HE
IMEFHEREE R RATICEAD TRER AW BN CHLUPAL Y VAT 5281
IV, KRE72BEETECE 2B e G L TaER R, —BIRIREO FTREMEZ R L
722 EThD, Fho, RIBEIEL, A CIEEE OEE HH T EEE KEICKTT 5
F72IB L THD H Z 5 MBI (ACD 7213 B Z 5 #E HEHENT (AOT)
DORDOYELT, BIEIEEA T —HIRFINDS Al RE7 T 7o 2R IB AL 7R H 5,

AWFFEUTITN< DD Dlimitation3 D, £5°, AMFICOFHMIL, 7 FREOB#E
KIBET VIO RICE SN T T2 T, ZOET /LTI, BRAICE
BRI U7 BRI RABIR IO BB T 7o, AJREIEIX A RIS IS S
HHITIE, KEEWET VA H U RS LB LB 2 5, I, BRAEL
JRND | WRE R I B AL T A KRR E FEEIC LB E 503 (Curlet
al.,1997) . IR\NT, ARHFZE T, AL > THIX R IS NDIRE 2 M D A i/
FRIZT D721, FEREIA ChORE B I EIICRBAERLIZZENZE T O
%o TPEEBALIC RABZAERR LI 508, EEEOBHEICEILIZTT /L THHN., EERDIE
PR Gl far B BR <0 PT B (R & 5% D Z E M ATRE TH A0 FEMFEERRIBET L
b7 A AR HLHEE 2 TD, k. BMACIZE NI DE L A& K+
DOIRFET AT 20 BRSO, BEOMR]SC, Flal itk T
5 ATHEMED & D (Chahla et al.,2016) , ZZE7R50E o N — B2 3hHe2H DBMACZE 135
7oL, FRVED W RO BELYED I R OBND, ARFHIZNO D[RR
BT DHHDOD, HERETITIBHINEE Th - 7= B EB SR =I5, #-2 K
RIERIFIEZIRE T 20D THY | RRFHERIL, D FEBLATREMA FE /7 12T
HHDEE 2 BT,
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WIS K O R

UPALZ /L EBMACOPFHBAE T A2 L1c L K& BHUE KIBIZ LT, BAT
7o EE DIEE RO BT,

UPALZ /L EBMACO BT HZ LI LD RERFECE RIBICKHTL T, BATF
7PHE TR OEEBRO LI,

\

EERE IZBWTRIFR=T =7 RAPEN ST,

BAF72WCE M O T i OIEEIC I B D /) 2R BT,

AWFIEDORRIZEY RERFREREITGL T, —BIISH DR IBREE ST
THAREVE RSN,

ARREHE PERIE TR T A2 EN N EE T o7 B B FE R E 1T x5,
BT AR BEARIE AR R T DL O THY , AREHGE R, DL TREM%Z F
FCFEFET DB D THD,

L%, REWWE O Rl R R, BLOERIRERAZ S22 T, RiRE
BRI OB IR IS FZ8l2 Hfs 7,
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A FEO % T2 S o T ALHEE KPR PP E W Ee e = 7 R ER P RE
PR AV P2 A B R BB RO R A R AW LET,

AWFIEEATONCDHTZ0 T VX7 L O N E IR 357
B S 2 THE LU F R A S O TR B REZIIC D | Z<OIRE O
T RITRNEH OB ERLET,

o, FRBRICEAL CTHRE L OEEE O HFF a2 W oW i iihE K5
RFPedeim A B 7Ebe S im il & B A28 Y 7 h & U =y v Z— 45T
2 - Jian Ping Gong Z#%. [F]- %5 % (L B/ TRHMEBI BRI LA L BT E T,

AWFIE RN DT T B A 150 £ U7 ALHEE KRB E e Pe B
A 7 R R PR RE 3 AR 2 5200 By B AN B 7 20 - /NI <SR s A R W BT &
FRLFET. £z, BEOTRELZ TS U ALHEE KPR FBEE A Fehe B X
RS PR RE A2 [ 700 BP RE I AR 7 202 - I R B 2 & oo ARl KRB
2= AR T B P 15 77 R S PR RE 2R [ 22 0 BP B IR AN B - s - ZEM e T R B
XU E LI BTN RL 2 B DFE Se A 5 BFEICZ B D TEE F LI AR T IY
DEHE R L BT ET,
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