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BREmCEREIL, IMESATMERIEE A 226, CotiziknThiEZ Y 55—
HRRE T D, ITFEOWEIC L D L, B Z T LR e A 28F D
61-67 %ITHUNT, 5 DBFHRENTRD T\ 5 ¥, E-BEEHREH Y &
P STIEBID 5 B, 8 DIEAD 50 %L EIZHEEAET S International Cartilage
Repair Society (ICRS) grade 3,4 DJEGIIE 17 %ITET % L SN TEY 3, Sl bitse
AZR—=Y NAD¥EI LTS T, EOICRERT EA LT &EPians,

BEEE L, MM E RS Z &, FEELMAEEZHETHZ 805, B
CUBTHREIZZ LW & STV 5 4 ZOMBICHT 2 RENIRREE LT, Sl
Wik SO BB . R AEEIRO DB AIGH LT A FRERE Bk O
R ENFF HND, ERERBIEIT. N S REEICE SR OBRETH Y | K
REETHECTH D Z & ZFHAE T 503, (EEMEBRIIAROM FHRkE L1382 0 | #
MERE & 725, BHEHRBEL, PEEORE SO|EEITH L, —HIRIZ e T
THDHN, IEFRRE RIS T2 L W To R E RO, B IEBEIL,
LERSHIR X 2 BB RS CE D03, #eElaE i DR LRI, R~ T %
EWV o T THIZIRIR DML L 70 5, EOIRRIEL —RE—ETHY . RIEZOHME
(2B % —ED BRI STV R 2082 FB 0> Quality Of Life (QOL) & [f)_E &4
H7=02iE, KIKREERTHIC LY | IEFEEERI T T O BEIEIRRIEOBIR
DRD BTN D,

WRCIE, EE T L U274 (Ultra-purified alginate gel. DL T UPAL gel) % BH%§&
L. WEEEICET D2 AmRTE - U, Zo~F U 7ud, HERER TR
HDRGER—ADT VR UEOFENEE 110000 DL FIE FE®7-260THS L, #<
DB, TAXUVERIZAF vV R E U CRIMEIR OIS b 2 et 5 Z L 23k 5
VT2 O UPAL gel IZPF3EN—AD b D & el U, ARAM BRI S50 2 iy
FERE, WRE o EEREREN L v R TV = (Figure 1,2), E-8ET MBI T S,
MBS Z 095 2 & TRIFRBEEMEON L, Z0O~T U T LD AFX ¥R
K& L TCoHAMEEHEBEATH D,

1.2

2 1 R
E:
g 0.8 /
E 06 - - 3
5 L]
f 04
2 4 ~o— purified alginate
= & comercisl grade alginate
1) . ’ 3
Yhour Tduy Sday Tday
culture tim :
T (Igarashi et al. 2010 X v 51/)



Figure 1. FflEED 10D & FEHER—ADT VX VR AT EHE XU MR OFEESIRE D,
ERRIRE T L R LT LR LT HIERED 5 AY, MBS BIC S o 7o 2 LD, -
JaHEsRRE 2 A3 5 Z L AVHI L7=,

- . Gdn?
%%: ; \ . . .B I
83
ii ] : L
ég ’ g ! . |
¥ | -_; — 1 R P
8} RRY) oA LR e COLMAY wan?
:é L L _— . ' o [
B3
:I
iz
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T, o . -l
= R
LT es

oun | cou coLem = (lgarashi etal. 2010 % ¥ 5| /)

Figure 2. EREET VX871 (A B) LRGER—ADT VX EEZ L (C, D) Ik~ TaEns
HIRE DK 53 LRED L,

UPAL gel #EIZF8W T, #eBHIRA AT D FEEIC B A Shvd 2 ila 7 —/47 %0 Aggrecan DFEELAY L Y
%< AL, oG irb~—0—To 5 Sox9 DFEBHIRRHNZ EH-LT\D Z &b, #Etiss
BEIZHEN TV D Z &V Lz,

Alal, BEHFORERRIGRORKEZM I~ ZO=T U 7 vz Wik EHEIC
X9 DH LWBRRIEDBIRICE R Z HTT, —#HOMTEA TR0, TR RFD
ET VARG, BHFOIRIRIEZ BN 5T COFRIRIEZRTE L. £ OAZME
Rt Lo, ZIVHOBIEIE, Fex D3LLRIT AT > TE T FERE) DERR ORI L
& LTOREIZH S HERMITETH Y . TORRE Z ZITIET 2,
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QOL
ROI
Saf-O
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Autologous chondrocyte implantation
Bone mineral density

Bone volume

Computed tomography
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Hematoxylin eosin

International Cartilage Repair Society
Quality of life

Region of interest
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Standard deviation

Stromal cell-derived factor-1
Standard error of the mean
Ultra-purified alginate gel
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FROEEEREICRT 5 UPAL gel ZHEH L7-SiisiE 0B
=

BB TS THRAMEDIREE TH Y 4, SESERIGHERBIRIN TV AN, #
DBEZMECEE L CTlE—E D RAEAE AT U 3880 il /el B 1aE kD —
OTH L ERIEL, BERFTOWE TE 2T 5 Z LIk > T, R~
SAVAIRDEAZAR L, 1BEA T 2 FETHY . ZOFHOMEES LIKEHEE %
Fr 9% B 2, BOAR—YBRFEOLL ST, TEEEITH L THEM
SNTWAFEERTHS 2, LoL, BEBRIT~OMBEANR 3 TH-720 ./
FTAMAT U bR B AU L 74Tl =, (G C& DHERROY A R/ &
L DONERE 720 | Z ORISR E 2 DR D, ZD7-0, (BN
W IHET B2 ENMOLN TR Y . EHFGEIZEOW O TIEA 22, ik
BHEDE_EDT=OI1Z1%, BAEHRE DASKDIE TH DA AR E I L AEEDILEEND,

WRICBH¥E L7z UPALgel 1%, AF ¥ /L K& LT, ROMBHIRIZRk U T 7=l
BETERE, MRS REA RO Y B BEE BT T UCEWOT Y, B
TR 2 0P 5 2 & TRIGAHEEENMEON Y Zo~T U TIUIET
FEE 2 L D B A et A A v AL R e LT N5, —J7., HBEHRIT
~OMINE N ZARES 5 7 A L CTd 5 stromal cell-derived factor-1 (SDF-1) % Z®
~T VT ZEBE LT Lz & 2 A, —HIRIZ rRe 2 e O FHIZ L > T
RS TR IC L DIEEME DN D Z L 2R LIZ B 2 DO THIZEORERD D
Al HERFT~OMIILEA Z NS85 515 E U CTERIEZ Ay, £ 2~
UPAL gel BHEZFHT 25 Z & C, ASNTZRIMEHIEN ZO~T U 7V EgiG e L
THEERINTEE ML L, fEd L U CHE AR 1Z K D ASROFRRI 2R MEEDMS B
% L O AL T, AR BIIZE R BHE RIBTT V2 HWT, ZOIERED
IRZRETTHZ & THY, ZORREEL TICHET 5,



S Vites
THER FROBERIRERICRT 5 BEERERETE T L ORE

AWFGED =12 H i U 7= B IR0 T3~ CHOHRE R P BRI B3 2 BRI hE -
THER LTz, BFRHZBIT DHATIIETIE, FREMWICERERBET VE LT, K
B (15 im) DY AARHOFEROFIREEERZTHNL L T e, Ll ARk
POFROBHE B OEEEL, KA LEFREY IS NITENE ST G 73,
ZD1=8, AFEIOMFETITE hOREEHRE O B CAEEREE 2R LS 2l 572
O, BEN Lm0 B ARAGFR (36 @il P 2 ERICHEHT 52 & & L, BikE
BEDOVERGE & A XA&PET H 7=, Frishie H<° Hoemann HIZ L > TG SN T
V% manual curettage (= X 5 ARG ETE 2 BRas L72#eg k48 20, E£72, YURloerT
WP TR LTS EE) R UL M2 20 L72IR S 2 mm OF S KIBDVERL 23t
7o ZOVERR LT-KIBEROET N OFHNE L 42 E 28 L, KERCHERT T
NWERETHZ L LT,

WY NP A AR

AT T 2 FZ RO 2V T NA A RERET DT, EflET L
471 (Ultra-purified alginate gel. UAF UPALgel) % FHUNTHT7e o7 YRt 41 Fhfe 112
2B A2 aT7T ) IR A S LIS, BIESIHT (power analysis) &1T72 o7z, HE
2L [FREDTET )V CTER LT-RBRITRW 20, SbNn-T—X 25510, RKFEBRT
ERHTA2FZ ROV TP A ZERE LT,

ENEE T VX R DY

ARFZETIL, 47+ 1700 kDa OEflE 7 L k7 /L (Sea Matrix® ; Mochida
Pharmaceutical Co. Ltd., Tokyo, Japan) (0.102g,1 /31 7 /V) ZABREHEIK 4.998 cc Cin
i L, 1R iR U7, TR —TRlRRE L Ip o T Z & 28 L, 20 %D T
IV PRI & L CIREEIRAE CHEfi L 72,

FREN L T- B A BRI 5 BEEERET T LV OrER
8



7130 D 36 WERDOZETITHKT L, BHFRI FIT 2 em FREE O SRYIBA T, NGRS
BT 7 u—F 2, WEOBEFIEEH 2 6NN L, £OHPIERIZERE 4 mm
DFEE) U VA HWTRS 2 mm OFREREZER LT, RSICEL T Fie—
EERDINTHY VT ND RYNVARY —T %A Uiz, 1ERk L7251 60 {E B #E K
HE, BEEXKIBEOLTEINAREZ2 LO D # (Figure 3A) . BRiMEE LTRY Y
> 7B LT MS B (Figure 3B) ., ‘BfifilisiE% O KIEH~ UPAL gel = FtE L7-
MSG #¥ (Figure 3C) @ 3 REIZ 3T 7=, BRlgEE S LCIE, EL05mm D KU L
o, B LT B#E KB DIE TEEZE IR 4mm O RV Y 7 %177
o772, MSG BEZIUNTIL, JREERAE CHE(H L7= 7 L R & KA e L, 2

Z~K13 cc 0)15‘%"14573/1//‘7A{§4 ZIOIEEDR—ATHTTLHZ&I2L-T 7
MMES T, TR DOBAEIN IR 2 B 1R 5 72O OB ORES 72 13T > T
IR0, VR TEREEE D 7= 80 KAH; [575 DAL D Z LITMES | = RICIE, KE
PEOHERDT=DIZ, FAROT=DICER L TS AIE 2 S LIDIRIEIZRE L, o fi
& &2 10 IEI%’*ELV) WL, ZO=T U T RER L TN & ZEd LT, £ D14,
BAEHN 2 AR AIEOK CHRMICTes L, BIEIEL & BB T3 L&A WS Z1T700, Filiz
KT Ule, 714 2 RFRIRREEC, MIVREEZMER L, 2 0%IT — PN CH HiEsh 237
Al L7, %, 408, 16 MOREET, 25t L, WIRAY (n=10) ., ##k7AVFHE (n
=5). 715k (n=5). micro-computed tomography  (micro-CT) (2L D8k T E D&
BOFHN (h=5) %#1772->7= (Figure.4),

GroupD Group MS

i A

-l 5796 L.m g

Osteochondral Defect

Osteochondral Defect + Bone Mamrow Stimulation Technique

c Group MSG

UPAI. gel E ClCl; ’

Osteochondral Defect + Bone Marrow Stimulation Technique + Gel




Figure 3. R E#E KIBITKIT 2 TN FH, BIE KDL TIHEER LO D EE (A), KEFS~E BRI
EOLERIT LT MSEE (B). ‘BBEfRERE O /KEE~ UPAL gel # 8 L7= MSG B (C),

weeks

. 16
¢ 0 e
D
” 5 rabbits 5 rabbits
(10 defects) (10 defects)
7 A | Sdefects | 5 defects
MS
_IA_‘I 5 rabbits S rabbits
(10 defects) {10 defects)
I 7 § defocts | 5 defects 5 defects | 5 defects
MSG
W Soelects | 5 defects
a a : Macroscopic evaluation
b : Histological evaluation
u *&7 ¢ . Mechanical property and subchondral bone repair

Figure 4. EfEET VX UERZ L (A B) LRGEN—ADT VXUV (C, D) (2L > Cal i ui=#
R D#k B 53 VRED LR,

§ rabbits

(10 defects) {10 defects)

Sdefects | 5defedts

PIERAY « AERRERIRHIR D 715

it 4 M & 16 MORR TS, BEBRF AN L, WIRRRHMTZ1 772
Stz Flz, MREFHIRHMEOZDIZ, KEEE AR TR L, 10 %/ X7 R VLT VT
b R CH 7V [EE, 10 % EDTA (pH 7.5) THUKMLEL L, /3T 7 4 AZEH, 5 um
JEDRT T 4 AR ZFVATEIOBANT 7 0 L, Tva—) VI KRV LT
#%. HE ¥&fa, Safranin-O  (Saf-O) Yoz L7z, fofgdetal LCid, 1 RIaF—~
v = Z—7 2% B HUA(FUji Pharm. Lab., Toyama, Japan)z fV >, & Dyetadt
AR UTe, ARG IR B g o LERELZ2 A T 2> RO R CERLL |
Bz 2a7 o W, 237 Y o 7021E. Niederauer & OHREEIE TN A =
7 (Table1,2) #ZHv, HIRAY (=10), MikFH9 (h=5) (FHEZIT/R2~72, 72
B. SEHAV= Niederauer S5DOA a7 Y 7 A5 AT, #EEEEFRO A a7 U
T ATF RE L TRBRFER S DO—>TiHh D O Driscoll HDEHD 3% 2tk L
HLOTH Y HIRE KT T VOB BT EE B OEEIZEET 27 i &

10



UPAL gel @ X 97e~7 U 7 VAN UTCBRICBIEE T~ AR SIERT 7 oA
R 2EHmAS B EN=bDTHD (Fig), 7=, EEHMFED Glycosaminoglycan

(GAG) D EZ T % 7=, Mohan HD A7 J v 7'y 25 5 ® 2y, Saf-0
X9 D Yetatt A 3 B TR L 7=,

TABLE I. Macroscopic Score”™

Edge Integration into Full 2

native cartilage Partial 1

None 0

Smoothness of the Smooth 2

cartilage surface Intermediate 1

Rough 0

Cartilage surface, degree Flush 2

of filling Slight depression 1

Depressed/overgrown 0

Color of cartilage, Transparent 2

opacity or Translucent 1

translucency of the Opaque 0
neocartilage

Tablel. PIIRAIEFRICKIG B A a7 ) o7 27 2 (Niederauer et al. 2000 45 X v 51 )
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TABLE Il. Histological Score™®

I. Nature of Predominant Tissue
Hyaline cartilage
Mostly hyaline cartilage
Mixed hyaline and fibrocartilage
Mostly fibrocartilage
Some fibrocartilage, mostly nonchondrocytic cells
Il. Structural Characteristics
A. Surface regularity
Smooth and intact
Superficial horizontal lamination
Fissures
Severe disruption, including fibrillation
B. Structural integrity, homogeneity
Normal
Slight disruption
Severe disintegration, disruptions 0
C. Thickness
100% of adjacent cartilage 2
50-100% of normal cartilage
0-50% of normal cartilage
D. Bonding to adjacent cartilage
Bonded at both ends of graft
Bonded at one end or partially at both ends
Not bonded 0
lll. Freedom from Cellular Changes of Degeneration
A. Hypocellularity
Normal cellularity
Slight hypocellularity
Moderate hypocellularity or hypercellularity 1}
B. Chondrocyte clustering
No clusters
<25% of the cells
25-100% of the cells
V. Freedom from degenerative changes in adjacent
cartilage
Normal cellularity, no clusters, normal staining
Normal cellularity, mild clusters, moderate staining
Mild or moderate hypo'hypercellularnty, slight staining
Sever hypocellularity, poor or no staining
V. Subchondral bone
A. Reconstruction of subchondral bone
Normal
Reduced subchondral bone reconstruction
Minimal subchondral bone reconstruction
No subchondral bone reconstruction
B. Inflammatory response in subchondral bone region
Noneg/mild
Moderate
Severe
VI. Safranin-O staining
Normal or near normal
Moderate
Slight
None

O - NWw e

(=T S ) o —-mn -~ -~ (= -~ Q=W

(=R T

Q=N

O =M w

Table2. FEGEFAIFTRICKTT A 227 Y 73 25 (Niederauer et al. 2000 4E X V) 2| )
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o — 4 O ORI

W, BB D = T — 57 OBLOED ) PR OHERFICEE Th 5 Z & 3
X ¥ FORMBAE T/ 2D 2L ICRS ICE > THHERIN TS ¥, a5—4
DOECEPEI LRI CBEMEE 2 D Z LIC k- T, HfEEIC B TRETH D = L3
HIVTEY AL i 16 D HE Yett S o 7V R EBRER (Fuji Pharm. Lab.,
Toyama, Japan) & MW THEIZLTZ (n=5), TN ENOBEEMROSALR 22T —7
OEEEZHEERT A T-DIC, AT — ORI 2 0° . 45° | 90° L[EinSH,
LOMEDTA LA BIER LT, 72, BIESHR2 E RN 572012, Changoor & #
DAAT Y TV AT KW (Table3),
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Table |
The PLM qualitative score

Score Description

0 Evidence of fibre organization, seen as sparse bright patches throughout
the specimen. These patches do nothave parallel alignment at the surface
of the specimen nor perpendicular alignment m the DZ but are randomly
oriented in the specimen.

1 Birefringent tissue of the expected orientation in the DZ with fibres
oriented mainly perpendicular (=307) to the crtlage-bone interface and
occupying less than approximately 50% of the thickness of the non-
calcified 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 speamen texture may be smooth,
patchy or granular.

2 Identical to a Score of 1 except that the DZ ocaupies more than
approximately 50% of the thickness of the non-calcified 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 less than 50% of
the thickness of the non-calcified tissue,

3 Zonal organization with birefringent issue in the DZ perpendicular to the
cartilage-bone interface (+307), and birefringent tissue at the articular
surface that is either aligned parallel to the surface or that has multple
orientations. These two zones are separated by a third non-birefringent
region that is appropriate to the spedes from which the specimen was
taken; for example, in human articular cartilage it may be a thin, non-
uniform region that is difficult to distinguish compared to 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 speamen. The specimen
texture may be smooth, patchy or granular,

4 Identical to a Score of 3 except that the orientation in the SZ must be
parallel to the surface, and the TZ must be appropriate to the species from
which the specimen was taken; for example, in human articular cartilage
it may be a thin, non-uniform region that is difficult to distinguish
compared to the consistent dark band observed in equine articular
cartilage. In addition to these charadenstics each zone should
approximate the zonal proportions for the species from which the
specimen was taken; for example, in human articular cartilage, the DZ
should be the largest, occupying greater than 50% of the total thickness of
non-calcified 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 superfiaal ad deep zones with uniform birefringence
indicating parallel and perpendicularly-oriented fibres respectively,
separated by an appropriate TZ Zonal thicknesses are appropriate for the
species and location from which the speamen was taken and are
relatively homogeneous across the lateral direction of the specimen,
Overall the speamen birefringence has a uniform, smooth texture and is
neither granular nor patchy.

Table 3. =5 —4 U EAAEDF D= DA =7 1) 27 (Changoor etal. 2011 4E X V) 5 [H)

Micro-CT % V=8B T B DIEEICEET 2 Ml iE

FARREBHE KA & U CHI S 728 B OIEEORRE 231§ 572012, itk 4
T, 16 FHDOWE ST, micro-CT (R_mCT2; Rigaku, Tokyo, Japan) % T, “BikE K48
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TERGEM 2 gz LTz (n = 5), FIEFHEE LT, EFBORRMICK L, FEkOR
BRaA1T70 o7 (n=5), i EweE K2 002, 10mmx 10 mmx 10 mm T
FREL.20um DA T A ATl L=, i LT2Eitg 0 5 B BLiElEk (Region of interest,
LU ROD) ZFARRA AR U 72 AR O #eg RA8ES (BAE 4 mm, RS 2mm) (2%
TE L. FOHPEATORE T EOEEE (repaired bone volume, LA T BV) (mm®) & Bone
Mineral Density (BMD) (mg/em®) % Image J software (National Institutes of Health,
Bethesda, MD) % H\\C, EEANIEHE L7=, BV ICBILTIL, e shni-a9 71
O CT BRIz L, —ED CT I CRIEZFRE L. Binaryimage (2 fiEifg) A 1ER L.
ZDEEREAZER(L L7z, BMD 2B LT, [FifCHRs L7 BMD BEHIO 7 7 > b LD
CT DR ER AR L. £NEHDERED CT EDOING | flx O 7 Ln
BMD A% L7z,

TEAHERRD R DRI T

R CHATHIE T2 IZBWT BT LTS Bk (AGS-H; Shimazu, Kyoto,
Japan) ZH, 1T 16 ORI 2 LiAZaER (n=5) Z2{772-o72, %
TCIEEREE LT, IERBEORRMLCK L, [FEROBRRZ{ T2 o7 (h = 5), KikF=
NSO RABVERGS 2 E_ Bl T o 7 V2 FEE L, B 2 mm OFRFRROET%
VT, 0.5 mm/min OBEEE CRIEEF I 28 LIAATS, 261, =il T ORIGA T
BRAATe o1, FROIEFHEOES1E 300 pm FETHH7-0 2, 1.0 mm P LIAA
FERERL S LI UMl LR CallR A& T & Lie, ARl B L7-ikE
DHZEFRH L, TR A1T72 9 Z LITAARETH U | BRI 2 LiA
HREREATIR 0T, EDTD, JESIROTHAERMNT D Z LIIRATREEHBIL, 20
B DR LNTE (N) —WAL (mm) HIFROEFROMEZ 205, MHEE (N/mm)
R, FHm L7,

BLRTHT

ETCOT—Z T VHIE EFEHE(R 7 (Standard Deviation, LA T SD) % & > CT&Kat L7z,
2 TOT—4% % Kruskal-Wallis D 7 > 73T 2 N v ZRREEATIR T2, 2B OT—4
D EL#E S unpaired t-test 2 VN, HIEIL p E<0.05 THEED Y & LT, ETORGT
FENTIXRER MR~ b IMPPro 11.0  (SAS Institute, Cary, NC) % AV CFr72 o7,
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ERFER

FHREROKER ~ BEEXETTNVE LT, BB NV EER LICESRMENEN
EFETNERATHZ L ZRE LT

Frishie 5= Hoemann 512 & 2564752 0% Cl3aeg kIEE5 /0 & LT, manual
curettage (= X AR LIRE T8 £ COBREZI T/ > T B (|E45 mm, ££3.5mm) &
WU R Z VB L Ty, FEBRICHIA T 5 & AKILIREEOREEZ Y —12479 2
EIXREETH Y (Figure 3A), F-Z2OERLGLARE LS TLEST-, —F, H
ZAammOBE) RV LEAY T LD RU LAY —T7%HNT 2 mm OFESOFFRR
DOFEKBEER L2 L 2 A, HEREOEWET LVEAERTRETH - 7= (Figure
3B-D), 4l L7z UPAL gel DZEEMEIZR LCid, R L7ZAl&#EA L, BBIED)H
i REI 21 T2 > Th, Z0O~T U 7/WIREEL TE L, EOCHESh T 5D
CHWT LTz, DT, AWETIEL, BEDOETNVETRMT 52 LITRE LT,

Manual curettagel<

FYRHHTHER ARROEBFYLEFERL-ER4mm, BE2mmOEFIL
LRBBEREL s s mmEET

| o K
45mm, §35mm) THKILIREEE TORELIZET L
ORIRAIFTR, (A, EBE) KU VAR L CHARRCE#RE KB 2Bk L7-EF L (B), &BICRY V>
JEBIML (©., TAXUEEkETREL, ZUbkLizbo D),

Fugure 3. manual curettage [Z & ¥ . E5E (it
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AHROEBHF)IILEER
Manual curettagelZ &Y B KL X B BERELI-ETIL L=E&E4mm. FX2mm
DETIL

Figure 4. manual curettage (& X 0 AR E & £ COBRE L2 ET /L (A B) Tl iBEAAHETHY (D),
F72 Saf-O ICYa S LD ARIIRETE DIRENA3 Th DEMIHAET D (B), HBE) N U V2
D&, DB CHBMEO RO KIBEMERARETH D ().

WEIZR Y YA OSSR

ABFFE RS 2 ZROTEEI22 Y T NAA ZOPGEDT=DIT, MBHIIIT 25T
Wt & EITHRTE 18T (power analysis) #1772 o7z, iBEIZ YT UPAL gel & E it
FIREEZOF U7 AR X8 | SE TR 31T 2 B iikE K EHE & UPAL gel FEAERE
DR A 2T 2 b L ITNER (effect size) ZHEH L, MEARY L T H A X et
T LTz, ZOoDFATHIRICEIT DR EIFZENZEH, 3.83, 5.33 (aerror=0.05, power =
008) THV, MEREFEOYV L TN A XIENEh, F8E3, 2 LRSI B
BEREORIZBE L AT TFRIREE CH - 72720, 2O OFERE b S ITAIFZEICE
T AREREEREMR O TN A R RREES LIRE LT,

PIBRAREABDRE SR

1tk 4 38, 16 WOWTHOREEIZ I TS FITEHNOMREG 2 58 5 K 5 IR
BN, BIEK OB FITE IGO0 o T2,

1iit% 4 WORESC, D BEO KIS O IR 258872 (Figure 5A), —J7, MS Bt
R MSG BEZBWTIE, YR EERRIERO 5 OO, EOFIEIIRTERETH -
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7= (Figure 5B, C), MS & (mean+SD; 1.70+0.95, p=0.0134) <> MSG #* (2.30+1.82,p
=0.0058) DWARAIA =27 1%, D B (0.40+0.70) D HD XV LA EIHEN T 7= (Figure
5G),

firt 16 WISV T, D FETIIRE 220, > MS BETI NS A2aM2s B H | JEDH
DIEHEE & ORE AR+ Th 7225 (Figure 5D, E) . MSG BED & DIIR A -G
TEFAOERE & Ot RS STz (Figure 5F), MSG B (5.60+1.17) DOHIHR
FA=7E, D#f (220+1.03,p=0.0005) <°MS #t (350+1.18,p=0.0057) DL DL
D L AREICEN QO (Figure 5H),

Group D Group MS Group MSG

®

o N b~ OO

4w

Macroscopic score

b o

16w
Macroscopicscore
o N A O ©

D MS MSG

Figure 5. #fit% 43 (AC) & 161 (D-F) 2B 25 HEOWIRIIFTRLE 227 U 7 OfER (G, H)

MR RHOREAR ORE SR

% 4 8, D BEOKIBERIHMEEHRN DT T, 24 B ITHRMEMEERRD & s> T
7= (Figure 6A), MS BEIZIS\WN T, B OILRBHIC T DN E MO & D%
DT, BHICHEHEEERR TBEbIL T (Figure 6B), —77. MSG BEDOIEIEHHAE
ITEHIZ GAG X° 2 Mo T — 5 v 2Bt e MBI £ T i FAERIRE Mliflu 2 3860 72

(Figure 6C) ., AHARKFHIA =17 Tl MSG B (7.20+1.92) ® & D%, D #* (5.40+2.88)
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RMSG #E (5.60+1.52) OHD LY b RBIFRMEMZFRDOTDN, AEZEITFED G720
~7= (Figure 6J),

Group D Group MS Group MSG

o B B c 3
¢ [/ . P o~ £
= : 57 - - S
o B o5 ,/_'_51_ "L;h e
j;g R (Nl = ff”{ ¥ i ® o

& M AN N ; 3 A T i
—~ B E F = l ‘ ( ‘
c I |
@
> _ D MS MSG
-8 y P 3
] A K

a -
o IS n I £ 2
c ” 7 ]
[
& 2 1 Aj
3 (4]
O
- us I

o

MS MSG

Figure 6. fi7{% 4 MOAREOF AT (A) 227 U 7 OfER (J,K), Scale bar: 1 mm

it 16 W TIX, D BEOKIEEIHRHEMEERR CEDIL. MRS L Tz

(Figure 7A), MS BED & DL, FaIIZH T T~ 7228, BRHEMSHRRIC X D EED K
oA DTz (Figure 7B), F72. 240D OREOIGHHEARICI T, ot T 1o
T =AY E DB B EITH LWz (Figure 7D,E), — 5. MSG BED KRR
ooy B OEEMRIC XL 0 b, Saf-0 ([JBYL T2 GAG 2 Bla T —7 2B
G AT A R O TR B RS G 50 % DT (Figure 7C, 1), FHARF) A =2
7 13 MSG #£(13.60 + 2.88) D &, D7 D ££(5.20 + 2.05, p = 0.0234)<° MS #¥(7.00 + 3.08, p =
0.0422)D LD L W HAEITEN TV = (Figure 7)), £7-. GAG D& A EZFHE L7-
Mohan 5D Z =17 Y 7" Tldk, MSG B (1.40+0.55,p=0.0370) DDA D # (0.20+
048) OHLO XV LAREITEN T (Figure 7K),
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Group D Group MS Group MSG I * )

o 2 ==l = J"
g _j’} ~ “; ~ "~§\ v ~ 8
= Lt R /% AR * S 9
(7)) Y A I " T

> J V g
5 -
5 MS MSG
3
S K

5 :
= G H I E 2
g ; 3 8 i
& <<
= ]
(O] ﬁ
MS MSG

Figure 7. fiif% 16 OSFHEORREFHIFT R, (A1) X277V 7 OfER (,K), Scalebar: 1 mm

BEERE D 2 T —4 v OB DB 2SS 2

EFEOaZ7—5 OfdmtEL, 3 BEENDEY . BRI, FREEE
IBAE L. IR AANCES| LD 2 ERb TS 04 S7- R e
BARDIEHRDORE % 5D, FREIFHREE LY bW (Figure 8), fRGBEMERIZ L -
THIZR SN 16 D D B2 MS FED HE e B IcBWWC, EEIRgDa 7 —
o OBCANIIABAITH Y (Figure 9B-D, F-H) . [EFRERRIZ R S5 X 5 Zefdmki
FELSN TV o T, —J5, MSG BEOEERIZEBW T, IEFHRIZED b b =8
i (B, PRE. WE) AEE SV (Figure9d-L), LasL., IEH#EE & B
195 &, MSG BEO b Ol E s FEE L0 H/EL AROMFREITESDANT R
MR Flo, BIRE L TOB b 5ERITIIRIZIV TR > 7=, Changoor 53
A a7 7 TlE, MSG BE2.00 + 1.00)0 & D73 D #£(0.20 + 0.45, p = 0.0315)<%° MS #f
(0.20+0.45,p=0.0315)D b D L 0 LA REITEIL TV (Figure 9Q),
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Bupefiow
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Traewitionn!
e

i Roaow
A0rw

Tidwmank
e N
Cakineg
Carilage
| )

Culbagan fiten atrangeenon i Sene

Figure 8. 1EF#KE D 21 T — 47 L DR EWED Y = —~  (Mansfield & *2008 4E L v 51/)

o
&
(=]
3
Q
: N
o 4 |_|'
- | *
e "
0} §3
@
3 =>
= o
ch ' 1
& P I g
D MS MSG

Normal

Collagen I

Figure 9. 7% 16 OB BEORCERISEIZ & > TBIZL L 7= HE YU o R (B-D, F-H, J-L,N-P), 2%
T — U OYREAR (AE LM) 227 U T OFER (Q), Scale bar: 250 um

BE TEDOBEEICEL T

itk 4 HWOFF R TIE, EORHIBWTHEE MEOBERITDbT N THoT-, EF
FH#5(13.52 + 0.82 mm)TI31T B RIEMEOME T O L il 25 L. EORHIBWT
HAEITIE T EOREIT DD o7 (DEE 1.32 £0.69 mm® p = 0.0447, MS #f; 1.31 +
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1.49 mm® p = 0.0447, MSG #¥; 1.36 = 0.66 mm®p=0.0447) (Figure 10E), BMD (2B L
Th. EFERE (567.04 +7.12 mglem®) & LHlEd % & ORIV T HAEITE) -

7= (D #¥; 483.43 + 6.24 mg/lcm® p = 0.0447, MS #¥; 475.57 + 5.31 mg/cm® p = 0.0447, MSG
#¥: 489.73 + 11.37 mg/cm® p = 0.0447)  (Figure 10G) ,

1% 16 MORHETIZ, MSEE (953 +1.92mm®) & MSG £ (9.74 + 3.97mm°) ik
BFEOBEREIID R (833 £ 1.52mm°) ObHD LV HEUMHIZR LIZ2N, IEFH
e e LT, KO IREBICI T 2H0E M E OBEOAR 7 SITARHC IR L Tk
v (Figure 10A-D) ., FBREEM COBEEICARZAITRD Hived ->7= (Figure 10F),
BMD (2B L TlE, X CORETIEFRE L FREOMA R L7z (D B 551.74 + 28.09
mg/cm®, MS #¥; 555.46 + 29.16 mg/cm®, MSG £¥; 571.28 + 24.16 mg/cm®)  (Figure 10H).,

Group D Group MS Group MSG Normal

16 w

2]
o
o
*]

BMD (mg/icm3) @
P (03] 3]
Ul o (¥}
o o o
|
o
|
|
i

600

550 -

- - 500 -
T/ -
D MS

MSG Normal

MS MSG Normal

Figure 10. #i#% 4 (E,G) & 1638 (F H) @ micro-CT T L A8 N B DIEE ORI S, 1i7i% 16 D
FHEL IEFEIRORRLO 3D-CT Hifg (A-D) %777
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IR DFHRRE R

% 16 WY 7 & EFERRRR O D T ) R 2 3 2 720, LA
BRAITV, MIEEZ B L=, D BV 7Tkt A4 LiABR BRI, Bk
BRI THY, EFDREIZHRE TE~YTeoTLE I e, NFARORSRE L
TIEAREY L& % (Figure 11) . MS B, MSG #f, 72 IERW ORI 28k (n
=5) &{172->7= (Figure 12A-C), 35 7= far BN HIFRD 5 5., 0.125-0.200 mm [P
BRI O = 2 e & U TR L7, #55%. MS #f (17.3 £5.8 N/mm) . MSG #f (214
+9.2 N/mm) ORIPEEIL, ZNEIVIEFEE (23.5+2.6 N/mm) O 74 %, 91 %IZiELT-
N, BRI EZATRD b/eh 7= (Figure 12D) ,

D

Compressive load (M)

[1] .05 0.1 015 L1 ]
Displacerment {mm)
Figure 11. D BEICET D4 LiAZili 15 SR, BIEHRRSEECH 0, # LA

ERDD, KE FEOBOERLZ A LT D7), BHEBRREeEEEZ R LZLEZ LN, D7
D, D REARAI SN BRI LT,
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>

Group MS

Group MSG

=
s

w
[

Compressive load (N)

Compressive load (N)

=

0.05% 01 0.15 0.2
Displacement (mm)

0.05 0.1 0.15 0.2
Displacement (mm)

0

\ Normal D

z Group Stiffness (N/mm)
QT =
@
i=] MS 173+ 5.8
o
=
% MSG 214+ 9.2
'5_ 1
g Normal 235+ 286
Qo

0 0.05% 0.1 0.15 0.2 mean j: SD

Displacement (mm)

Figure 12.  fiiri% 16 I DA HEDAEKRYLATERALMHR (AC) LHIMEAE (D)
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% £

ARFFEO HEE, FROBEE KBET MIBWNT, FHE% UPAL gel T
augmentation U7-{ARIEDZIMRZ G2 2 & TH o7z, ‘BHERNEEMEE & el L
T, UPAL gel DOFHBEIZF T, AR, AR A RAFREEER DG DAL TV,
T, TFERHEOEND B XY IEFIGDVE TOBEN SN EEZTND, Zh
HOFERMNS B BEfIE%Z UPAL gel TC augmentation L7-1a0EIL. #EEME 2 et
95 L OfSImIcE -T2,

W, FIRTFHORKRELZHIE L, A% v REOHH Licilahes gt s L
720 1 AR ATREZRHEHEIETAREE S BRE S, BAF R EHEEIEE R 2 7R T
% 20 UL, AXRy AL RE LTHWE~T U 7L OREHBE R ST COZEE M
EREIGT D201, EEHMEI 2 ML T 5 L ONRZN P, ZoEE S E LT,
T CRAEZET A LD P, FTRIMEOE 2T D Y b, SE8FTH
%o ZIVH DOREERMERSIEF RS, S E AR B2 KT TREMD
FERIHRETE T M, CENTHER BTN LD TH D, —F7. EEAMEE
FHEFIC, IBREADETCT LA T 4 NTBETA L 9 ~T U T AP YL
FEENTNDA, MR, ERIEOITEN & L 2R e 570, FAHROBICEY)
Y 7T HMENRD D, HECEI%E L7- UPAL gel 13, IR OIREE ClRFT~HE
LAV T DERIR E R S5 Z ST Lo TR Z L TREZ 2 B Th 5,
TG ORIRHZZEME DRSNS FRE Ch DR, EAEEE AT @V RIX UPAL gel
DIRKROFETH Y RIS T 2EEEEIERIZB N TH A R 7 L7 <
HRp~T VT L ThbHEEZBND,

T (XIATHIZECTRRIC, S O~T U 7OV TR SV B AR 2 B i S o
FNHEATE 2 Z L AMRLTWD 2, 2070, A, BBERIIEIC L > TEA X
NeE W2 Oflan, Zo~7 ) 7vE s UTERINCHGE, gk L7
R LT, BHRHEEEMEONELDOLEEZTND,

—J7. ZO~T U T MIR GBI 2 AR EFERE - /M LS RE & FF 078,
FIUTE > T, B TEOBEZIET SO TIIARVNEEHR LT, BT 2/
NETEDZ LT, BIENTORERREED L Vol P R0 5NTBY, %
NS DEEEDA L MiET 572 D12, micro-CT 2 W THE ME OBEEIZ R+ 5 EE
MZ1T72 o7, FEFE LTIE, i 16 OIS T UPAL gel DDA HEZ L Sk
BN OBEEOENTEED T, BEREACSCEATEORE L2 & HIFE L o T,
BMD (TR L T, KB COZEITR L, AR LEER &Ll b o7z,
7B, B ) FIREE L, UPAL gel JFHIREC L 0 EFMRHICITL . il PR OE
WEMETHZ L7, BB OEEZZER CX 722 ERFKEE X b,
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A RIORFFEZF5 1T DAEEFARR ORI A 2 713, A2 0 L7224 R code
TR & DI D 2 27 1 10 HENTH > TV, IR E T L OFGE
WS 2DT, B HEIITE RV, TOHEKXE LT, AW TITE R OZFE RE
AW Z ERFRE LTEZ BN, FATHIE TR L QU RAEA R ZRIL, BHR
BHREO B CEERENE WV E SNTWATZD, AIFFETIRE MOk X0 EE LV BREE
AT 2 T2 IR L= Bl DR A V=, AFZE ORGSR S, BRIV T
ICRS grade 4 D X 5 721RWRE FEOEE &ED OITiE, BEROHR L BEHRO
YA XaBRE LT, UPALgel DB T < Al HEO N2 & 28 EICHRG
RETHD,

AHFGEDIRA & LT, FROTT VAT D Z & F72 UPAL gel DIRNIEHHE
BRI SV TNRNWZ ENET B D, RIEICE LTI, BRREERICAT T, &Y
REREDEHNTZOFEORFAMEHRT 20 ENH D, HBHEITELTL, AT
BIFZE CREWCAIT 4 38 DR s CEMY O ERIEN ZFEHE L 7= UPAL gel 2MER9 2 = & 2
LTWD B3, A, L 0Bk b s,

AR TIE, ZROBEE KEETT VBT, BHRIEIE%Z UPAL gel T
augmentation 3% Z & T, BROMBUERINEE & Bl L, BAFREEEIES BT,
BREREIC K> CEA I N L < < OMIfEAS, UPALgel % /e & L CoRAITHE
JabgE, gk TE, fRE L TR 2T —7 V% & o IR B CiEE
EN-EBEZ LT, TR T 1 I ATREZeAR THI T, BhEOfE S &
A RNRT = ADEBSZHERFLTE £, L0 BFRHERE 72 O3 "REEN S
Do

Z OFER A E 2 ARFINRTHOBERICHIZANT T, L K& @8 (B —27 1K)
ZMNTZOFMFEROAEE T2 & & L,
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B_E

V=NV ROBEREREBETT MK 5, BRRIEEES UPAL gel T augmentation L
TIRERE OB ME DR

&

il

BB L CASERENZ LS 4 TOREIXERNEEOIREE TH 572, G
DY A ZARBEE UL - T, WU FINFHZEIRT 20BN H 5, gy S 72
K (<20em?) Sk LTI ERIESE HTHD B, UL, ARofyE & it
B2 0 B I L AEETH Y . BHIMICAHS LS LT LE S 2% | Z20FK
& LT, BESRITCHRSEOMBEABEAIIRNT & EORFTLT L bk
(O LTS TR NWZ LR ERBET LTS B, ZOREEMOREE LT, B
FREARCEAMAAETS  (Autologous chondrocyte implantation, LA T ACI) 27Ty
%00 UL, “HIFIRIEHE ThH U REERK X FHIR X 724 A R (4 cmP<)
Tt LT T TS B 2o A X (2-4cm?) ICEIL T, ARG,
JyERE, BB CERODIND E ZATH D, EOFHICHL—E—EH1HD
. TOAZMECE L TIE—ED ARG S TR0 2889 TherefR v (K25
R FHRIC L DRI S D,

BRI L2 L 91T, Fx it FROFWERBET VBT, EHEIEIC
K DIAREE M VERIEORE & L CET b2 BHlE & UPAL gel OfHE A (FH
THZ LT, BB EENMEOND Z L2 Lz, ZOFMFEEIL. ik
NS 7oA XH DITIR BV T BRERIE DO FITEIC A IR L 9 5D L& X T,
T ZCAMZE TR, £ KEMIZHRW T HARFIN TR g B8 2 et 32 & DG
ZNLTCT, AFEHOBKRIGCHNRITTZ N7 A b—y a ) —F EST, B
— T IVROEE KETT NV E HWT, ZOEMEE R L0 T LA FIZ#E T 5,
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ES YRt

EREE T VX R DN

ARFZETIL, 4y FH& 1700 kDa OFEfE T V¥ 7L (Sea Matrix® ; Mochida
Pharmaceutical Co. Ltd., Tokyo, Japan) (0.102g,/1 /31 7 /V) ZARREHEIK 4.998 cc CiE
i L, 9 1R IR LT, IR —TRIRRE L Ip o T2 Z & 2 fEad L, 20 %D T
IV PRI & L CIREIRAE CTHEfi L 7=,

B — 7 NVRITBIT 5 BB BRI T T LV OVER

AT TEMWERAAGRRIE ] [ZiE- T,

G271 O B VRIS L, EH IR T 4 om B O R EYIBAC, IR E
T7a—F &RV, BEOBEBREZ O/ Lz, JATgE % THuv o
TWD EDIZLIEIZHE 2 fHoEikE K2 ER L7z (Figure 13A), JARTERUE A
—ET D72, AR B OEEZFHHI L, 10 mm ORFETELSmm, S 2mm
DOFFRR O EHE RIBZEE U VIR LTz, IRSICEL TR, Flo—ELRD &
NZAV PFAD RV LAY —T %2 Uiz, 1Bk L7531 108 o E#kE KB4, &
U KAEDH CIENINIA#E 2 LD control B (Figure 13B) . “BHEfiiEE LCTRY U v
7 Z BN L7z Drilling #  (Figure 13C) . "H#ffillEER D RIFHE~ UPAL gel A FetE L7-
combined #£ (Figure 13D) ™ 3 BEIZ T & LA T=, BBERSE L LT, BEE2 10
mm @ KU VZERW, B LT BHE K HIE TEEEL LIRS 3 mm o K
UV > 7 %LT72 7=, combined BEIZISUNTIE, BREIRBE T L7- 7 /L% U ERIRIR %
RABERICFIE L, # 2~ 5cc DH LIS T MIRIR LB S ¢ 5 2 Lz k> T, A&
e ETe, ZIE OB IR E B 13 5 72 D OBIORES 72 E13 7> T
720N, TWRITEREEE DT D K A DIidiUH D Z L1 | 127 U BRIIE, ZF
PEDREERD =012, FHFOT=OITRBE L TV D AR 2 S LIIREBIZRE L, o
JiE LA 10 [EHED KL, Z0~T U 7ML L TN Z & 2R Uiz, Dk,
BEEIN 2 AR TR L, BEEIE & BEIox L&A S 217700, Filiz
T LT, Ttk 2 RERIRREE ©, MIMREEZ MR L, T 0% — PN TH HIEEh &5
Al L7e, I8 27 MODORERT, LHIEL L, AL - T, a— Mesnizy 7
2K L, PIERAY, HERRFROREM, 1SR, micro-CT IZ &L A4 T OIEE ORI %
1T78o7=,

28



A B D
. B Control group Drullmg group Combined group
A o i
/50~ ie - e
': t:! | |
l:\ \ ‘1 .‘ f‘b" ¢ ‘ ““ .b“ ,"v /
TN TN No trealmont + drllllng + drilling

4+ UPAL gel

5 mm

r\: _,'—\] . e 12 - Q I 2 mm f
=] T — g X
(OF I S

Figure 13. B — 27 /L RITKS 5B E RIBVERL & FIFHL, MRS BB 2 ST D0 FikE KA1
i (A, BICEKIEOA TIHRE 72 Lo control £ (B) . KIEE~ drilling DA i T L 7= drilling # (C) .
drilling £ Dk #E#5~ UPAL gel % F51E L 7= combined # (D).

PIHREY - ERRFHORHI D715

1% 27 FOWREH CEESE S, EHETIRESZTE L, WIRARHME 21772 o 7=,
F7-. FEREAORHE S O T TR o T, 2 T — 4 U ORREHE DRI 72 DI TR EEER
Bix TR OBIZR 1T o 72,

Micro-CT Z f\V Ve BRE B DEEIC B S RHili7 14

FANERHSHRE KA L L THI 72808 M OBEORE 2Rl 5 72012, itk 27
HOREE T, micro-CT (R_mCT2; Rigaku, Tokyo, Japan) % FVNC, B#kE KIRVERGH
frafws L, BEEICBT DRI Z T2~ 72,
TEAERERRD /IR DRI 715

WRCCHATIIE 2 2BV T B LTS kB (AGS-H; Shimazu, Kyoto,
Japan) % F it 27 ORI KT 280 LiIABSRR 21170 o 72,
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BT

ETCOT — X I =A% (standard error of the mean, UL T SEM) &% ->C
FiiL7o, &2 TOT—X X Bartlett OJFETESHMEZMER L., B8 EU I 0BT
(analysis of valiance: ANOVA) & Z U Zfi< Tukey-Kramer D2 B HEHRE CH B DR
ExEATIR o7z, HIEIXp <005 THEADH D & LIz, & TORE NIRRT~
7 FJMPPro11.0 (SAS Institute, Cary, NC) % F\C1T72>7=,
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ERFER

PRRRAEHRDRER

firte 27 HOKEEIZIBW T, FIREMLOIRIEGLZ % O K 5 238 R 0ER, BAfK
DIEFHTREIIZRO 2o T2,

control ﬁi’( IEERNZ, drilling BECIIRER D DARBIAZ kI L > T, bt
7= (Figure 14A, B), —J7. combined FED & D3 F oy D B/ K-> TEDI
TW /= (Figure 14C), combined FEDPIRRAIA =713, control #ED D L0 HAEIZE
Tz,

Control Drilling Combined

Figure 14. 7% 27 (A C) 1ZH\T 2B FEDHIRAIFT R

REREHIREAR ORE R

fiFt% 27 3., control FEDKAEEIEMEMNAS BNL D, EHTRH IHRHEMSHARD DRk - T
V7= (Figure 15A, D), drilling #EZ3UW) T 38 B ICHRMEMHRE T LT e (Figure
15B,E), —7/. combined FEDEEHARKI TR E 72 GAG R0 2 M= 7 — 7 U A BT EIC
FH S VT AR M 2> B k> Tz (Figure 15C, F), MR 227 Tl
combined #£D H DI, control BESR drilling D H D L 0 LA EITEN TV,

F 72, control #:° drilling #Z3BWTIE, =27 —7 U ORAHDSABAITH 720 |
@ CAEH T -7-73. combined BEZIW T, IEFIVEICERD HILD L 9 7ol
J& DB R OEFIDFHEL S ATV (Figure 16),
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Control Drilling Combined

A “F‘— 4
g ﬂ A= - ¥
E b einR M %\ '
3 (o Ui s
B AL 3T 3
:‘:J = ,’Y
: | q

Figure 15. #7#% 27 B OEBEOMMEFAIFT R, Saf-0 (Al), 2#1=5—%4"> (D-F), Scalebar:1mm

Control Drilling Combined

Figure 16. S REDIRIETAPENC X > THIER L= HE Yl OFT L (A-C), Scale bar: 250 um

HETEOEEICEL T

TEHHAME & bl U, FRC KO IS8T 280G T OBEEOA 4y SIXSHE

IZHEE L THRY  (Figure 17A-D) . EOFEBREHZB W T HIRE MEORIL, IEFHRC

B DIRFNLOME T EORE T 5 &, BRI 0 -7, 728, FEREERTo
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