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1. 1 MROEBF=

4R - BREE, BCAShOHEMAREZ I RN SEEL THD,
HEEMBRENET D E, TONFMEESHIRZRENICES S 58
HEAELTVNS. ZOXSKCERNEONENBEEOBCHELT S
CHSEEBRETEZ %Y ETY > (Remodeling) , &2 1 iZHEAR
¥ & (Functional adaptation) &) (Hayashi et al. (ed.), 1996) . #{KoD
HOEERED, COBEKOENTH D, FAEMKICIZR VIR > 2%
EWVNZD. ZOEIBEREBOVETY DT OBRE NFENREANS
HET L&, N1F AN A (Biomechanics) OFFITHBNVTHERD
BEELSEEO D THY, TOANZLAORBECET BETTRL, B
D THAQBABHENS.
ZOEIBVETY I OBEE, BIKOWTIEH < (18004 {K#%3%)
NEMESNTBY, BITENENREOEMICIHEL THRBECHE
AL XV THEERHERT 5 D TWolff kR (Wolff's. law  of bone
remodeling) | MHEHETH N AENTNSD (Wolff, 1986) . Z D
BANC kB &, B, (ERT 2 H¥NEARIMOTHIZRENMETL, ¥
CAMMEATIERENEAT S, TOBBICELTIE, HENARI
ST BHEEPY EFY IOV TREL OPIEMTbh T &,
ETAD, DHRMERE, BOWEREOEKKEBOY ETY IO
Bl C<REETHEVEHINT, FENARDHVBITHOHATHL
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ot LinL, NMFABZIARBOHDSELVRERCKD, £
IR DOU EFY > VOBHRI b ROBELAFTEENBE LI TE.
B 703, BT ERCRE X B 75 0 M BE O 1) 210K M & B iR % 3
RN RN H 2 (Matsumoto and Hayashi, 1994; 1996) . ZHhiC k5
E, BIMEE WD HENBEOSICH L TIERE, STES 2N
HTAMEN EZBEGEANICHRD XS CRIEL, MNah OREERZSS
MEEOHBEEZ(IEDI LK 0T, KDBEYRREAEBITTS.
ZOEITEMERE > TET 2MEROEEISMOMIEH (Wolinsky,
1971; 1972; Vaishnav et al., 1990) [CX-oTHMEETNTR D, EHT I
HOWRICE BN LNBHBIEEEBL, HENEEEERBELES =T
BETHD EHABND. KBRARAEICL > TLORONENB¥ICHE
X BOEBOELEEIEATIRAKN, BIOTOEX 2R/ MR
HITHbNTWS (Grossman et al., 1975) . Zhic ks &, ELEBEICER
T BBANEE R D ES I, EOEEORERENEhD. £,
BATOEER DMV, ZLEOHBEEERE A%, DHMROR
WIEHOBEXD/NELBBENIHEDH S (Nakamura et al., 1992) .
ZOXILERME DA T D BEBEREDNA F AN ZH )i
AT BT, EBINBTOREEROH THO TAMIKRHMAIN TN 3.
7, BRI TOBRGIE OBEC AR EAGE W REER
HUEFY ST OBRREFERICHETDOVTED, I - BEOHENRED
ALK ISR OV T MR ENTDbNVS. - ZO/RE,
OEARG & FBEIC I - BHDS, HFMBUEICHEIE LT, T OBEL %M
BHEEREEEDUETY L VORBRAEELTVNB I ENHLNCE ST
W% (Tipton et al., 1986; Woo et al., 1990; Hayashi, 1996) . L L7235,
B WECERT AN, ThoOBBBIOHSMEECRETEE
DWW TEBNICHANEZMEIZDPBNONHRTHS.



1. 1.1 B-HHFOBELHEE
(1) MESEORE - 88O HE

BEEIIAKO LN TR ZOKXLEHTHD, BIKEEZ X
BEVTREL, BHHEDNT AR LS TIES LRI, ELEHF DB
CEEASGHERZLTVS. COXSKEERBREE T IREGICHE
ET5HOWE L, BEOHELSNIENE, NAFANZY ZAOHE
CBWTEERFAENS ER> TWD, BEEHIZNMCK S LR OH
M ihiE 2 S DO KRRE (Femur) BIFE, HLBMFEHE7IEE (Tibia) B
W, PLOKER (Patcll) OFHEERE, MAMFERSE (Medial collateral
ligament) , #}EMEIEI$NE (Lateral collateral ligament) , ®ij =804
(Anterior  cruciate  ligament) , B X% +FE4 (Posterior cruciate
ligament) D489, X5 IZEFERE (Patellar tendon) ébil)‘&) &9 % BREI
B AT 2 3, BRUW - A ARE VRS h 5.

WM E ICHFET 54D OERHHOS 5, 20 OMEIFEIZEHasc, 2
OO FEEIIE SR TR SN BHANICEET S (Fig.1-1) (Dox
et al, 1993) . ZH5OMHIL, BROBEEHEETS25 A TEERRE %
HoTHD, TNENBFORRSEREELTNS. HLT, WEHE
FEBEGOBEONT, FWREHIEL, +FWEEEgsmoREZE=
HUEBIET D& Ebic, ARSHGEEREEGE MBI EE,
WOMNCHEIE, BHIRILICEETIRERALTNS. £22N5
OWMEEHEA S U THREH 0L EHCERL T B I TRal, WE
FERT2ARERROMENGE LROBEZHEAT BT E2RZLTY
5.

B IESaOMCEEL (Figll) , BEREIESEERKL, KRB
TR AT B R R IR ARER RS TS, B BEOH
THRHAEL, £ FOBE, BE50~60mm, W% E 35 T K30mm,
W7 T20~25mm, ¥ EXZH7mmTHS. (Bousquetetal., 1991) .
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Fig. 11 Anatomy of knee joint (Dox et al., 1993).

(2) Bt WHOBE

Fig.1-2|3 5y FOROBEOEEZEAWITRL TS (Kastelic et al.,
wﬁ).:@E@&ﬁﬁ%%@%m,yyﬂﬁgw—ﬁfﬁéﬂi—ﬁy
EERS ETIWEREEZE > THBY, 37— ViR (Fascicle) , O
T —7 R (Fibri) OMEICHMMEE S0, BRMICtoRaS -7
(Tropo-collagen) EIEIFN 25— A TFinizs (Kastelic et al,
1978; Amiel et al., 1984; Clark and Sidles, 1990) . I 55— 2 I3 EE O 4
R HICELBICEEL, BHBYTRES ORIV EDIA~1BE 5D 5.
ZUT, MEoBRBEREL, EHT2AMEXA 5L LD, EB)ZH
HT2EREE U CTEHERRIEZREZLTWS., BPBHICITaS 72D
iz, TIAF, TurFTUR, HIBESENEENDD, LREER
D ¥JB0% 3 25— 2T % (Frank et al., 1983a; 1983b; Amiel et al., 1984).
T - WETIEaT 7 URHEFIEETICESILTREZRLTHED,
A5 —FUBMERZHBRLTVNS. T OBHERORIBICITERMEE > 7
547U EORERIT Ny IR FFaS5—F R BEENT
W5,
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Fig. 1-2 Tendon architectural hierarchy (Kastelic et al., 1978).

Bagboas—r oxELR bR, I, I, HIBXOVET, i, T
HEVCEE, B WHCE<AsNBIEE, EARNOIS—F 2 DOK90%
EFHOTBOED BN THD. ZOIEIS—F 2T E E#280nm,
E&K1.50m, HTFEH0HOBROST T, 3HEORYRTF REHIPEE
EO3EBEHEEL-OT NS, ZRMETFEMBRICK2BERTAYNIK
6TMmO M EEEE O Z EBMENTHBY, Z0kD, TOHTFOREK
THDAT T UHFMEICB VW THREEE B SN 5 (Diamant et al.,
1972; Barenberget al., 1978) .

1. 1. 2 AEHREBEOE(RICHT IR - IFEDIRE
TN L DT, EREEIHFEHNREORMIIHL TEEL, £0
ez - #ET2, VETUJVORNEZET 3. BEABEETI,
COUETY VT OBSEEMRICHEE L TWRTNE, #EYREREDOH
FIZEDRW., £IT, B WHFONFHREOEITH T IS RISIT
DWTH, EREWE M IZHkL BIIESTHON TN .



(1) BAgiEE

HEBRROBHBEINLT, FTRAEZAVIEETENBETHNGNS.
BEEEEE, BEOMUBER B\ T, BEL - BEEGHEZBE AR,
SHRETHLEDICARARBUBTSHS. LHALEBNS—FTIE, B 9%
IREDHHBIIH LU TENWEBEZHEADILBEHINTNVNS. 207D
2, PAFBEEICE > TE LD HWFHNREREOLERE - 8HF O IFWREES
WRICKIZTERBIIONWT, Bx O0BMERTT IV EAWEMERTTON
TW2 (HZ1F, Laros et al., 1971; Noyes, 1977; Woo et al., 1982; 1987;
Akeson et al., 1987; Larsen et al., 1987) .

Woo5s (1982; 1987) X, RROKEHZIBEBEET 5L, KBE-WN

QIRE B — B RS AOBEMHED, BIHEEEEL THan R
(Controlt) D29%ICETHAL, THIRVTALRENF—ITHRBED
K16 TWATHEMEL TNVS. MOPEFITLDHEREGIFTIEFRET
b0, Lasen’s (1987) F4EBOBBEHIEEICX>T, v FOKRERE —
AT FHE - BEESEROBW R EERIMEN N BEDOTSRITIET I 5 &8
HLTW3. T5iCLlaross (1971) [ F6EMOBEEBEEICE > T, 1 X
D KBEE — A+ W5 — I B A RO REWT AT T A5 IR BE ORI60% I IE T g
% EW|E L TWS. FNoyes (1977) 12Xk % 838 [0 ik 8 i 4 528k T,
YV Ol E O BN EN R OK60%ITET T3 &S HEENE
H5NTNWS. INH6OMERR, BPHEBORBEICL ST, BEGEEIC
Lo TKRE -WH -BEEAARONZHNRENMETTAIE2RL TN
%,

(2) EE)

BRERE, BEHEEROR - HFOERNFNEEEKET 22T T
<, BEORSCWHEONEICOREBEZEAD DI, BEAREHEBICH
TRBEEPUNEY F—3 a VO, AR—VYABTORNL—Z
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THEDOBRBERER2EZZD L THOTEETHS. T AT, EHCXDA0
BADE - O N ERRECRETEBIIOWTI, By OERTNE
WIS A % < RN TWA (A1, Tipton et al., 1967; 1979: Laros
et al., 1971; Noyes, 1974; Cabaud etal., 1980) .

Laros5 (1971) 13K © BRI BN O S0k, B 00 35 5003
CRETEBRL A OBBEARTNS. TOKE, AETERLLERN
RIRIE DS O B, BHOL Ak TEEL, —BASWER
Lot DB BIE NS — SN TERCED SR 7 — T Tho fe & Wi
LTWa., £k, HEBEZENS, WIS —HNTEHL AN Z2ESIMA =
POV— 7T, PRREINE QRSB TR ORNAS - o7 EBART
Wb, E7, Tiptond (1979) ©Vailsss (1981) 4%, kLw K IV
FIEEBAE - B O N2 RIET ZEERML TV, Tiptons
(1979) 1200 M OEB AR IC &> T, H)L OO 21355 B 13 4926%
BT 7%, AR OSBRI A B B N o e E s LT
W%, Noyess (1974) W8 )V OETHUAN QBSOS TEF 7 X TSHAM
EEL, HFREVCERY y > 7 EBES €. TORKE, 5 HEH
SELLREON RS — B A ROWRMHENSEE S B0 Zh &
FRECETLAET &N, BHARICIIEEERICL2EEEE <
BN EEEL TS, 2 Viidik (1968) 13, 4058 MOES &I & -
T, KROKME — PR RIE B — I 8 A 0 WA 70 BT 28 R At
RBITHRTERICENT 5 LB RTNS.

ZOEDIZ, EEARMNE - WO N ZHHBEICRIZTEZEEIDODNTO
MIRREE< B, EHATHNE - WEONENREERMEES LS
BRENKEE DTN, EHEHICLIBENH NN ERE
LTOaHESH 5. COL> MG, ERByCHG, EHanos
BRENRRDIEDTHDEEZIOGND.



(3) ERMT AR O amHA
XTI 2%EHOEBGEECL ST, HHOBHEPR - WHCEATS
BRAEMDIRDCERAETHS. LHALERS, ThETORETI,
B A5 B W B VIR T BRI RBMEZI W TH 5T, RS0
ERADRDS LEOPEIFRTH 2. 22T, ERMWICARNEBREE
%}tk & LT, Yamamoto, N.5 (1993) i3, WEBSMiOE) =% 5 0 I Hk
FLAENS, BRERICERTLIENEERICBOBLS IEDTEIRA
(Stress shielding) OEBRETFINEZHFEL, ZOHELZEL ZRXEABZERD
HREMBEERRERTNS., Chick3 &, BERONE/EEIRET S
ZEREDEBOTRELERL, FAE, SEMOBRMCE->T, KSR
HERAER & BERMBIEI N BBORIBICETHA TS, T, MEEHER
E0, BRIk THEBRNORBEFMIRENKE WML, 35—
BHEROB AN EWELTWS. 512, Majimas (1996) 1%, [
BOBRMOFEE BV TERBRERICERT 2ENEEED30% & Lk
D HLHEE OB EFHRT NS, FOME, HE2HE Ok O 3R
BREOKOORETHEZITET LD, WEEINEAT S & THRFMER
SRR EFRETHD, BELTOBBIERINEZIBELTNS.
Fro, BHEEOHEGLEACIIK, BRI AMBAOZEEHN
IR TIE, B WEICERTSEANEORERNLZONIFHETH
57z, % ZTHayashi (1996) 13, 7N & IO W H% B M ICYBRTS 2
EWEoT, ATBEAEERHICHMSE2 HEEANTVS. A&
BICIE, WIS B E DT5% R INS0%Ic b = 1, BT 2 55 %2
NENI3BDBKRV200% ITHEMEBEZ2ERET> TS, ZhiZ&d &, i
J &S EOIBBITHEME 2GR, BOBH— 03 2R KOEIER
EEEAERMLANDIH LT, KH%E200%I1C 8IS 8725610,
SRR S IZF B OBERIRK, BIRREEZ LDV —T &, TN 5 NHR
BEDKRESETT DN —TD2D KM TED BB AENE EWMEL
8



T3,

COXRIBAEBNTEENICHENREZELIED I LDOTEDSER
7 % T, Hayashi 5 /38 ff B A K I 2 BBIFHiO It - #9%4
DN, BEEROCHEHBOLLZR X Z—HOMEZIT>TVDS
(Tohyama et al., 1992; Ohno et al., 1993; Yamamoto, N. et al., 1993; 1996;
Majima et al., 1994; 1996; Ishida et al., 1996; Keira etal., 1996) . ZHh 5 D
HFRICEXD, BOWMENNENREOLZMCICTIICSKIEL, HAEMNICHE
T BEAVD DL E, AT IAMENENREDOELOE BB K
WIS N> TET.

1. 2 ZAHMEOBW

TTIBRZEDIZ, BOWHONWZHNEBECUETTU > J (BEE)
BT AN EAIITRONE KSR D, BEAREBRICBIT2IHE
BORRE, AR—VIIBIFEIN —Z 7 BEOKE, NILYWHEHAME ORH
FEOHBICAZSEIRLODOH 5. BOBEOERNE, ¥ NV7ED
—HBTHHa7 -7 THD, 25— 2 (Fibril) 23 - §HO AR
i EEE P ICRALTED, $05 7 RfdsReaLTao—
7 URRMER (Fascicle) 12720, S HICINGNESLUTHR - MR L5,
CDEIBBEBHEELZ EIBCPPWHEONAFIAN I ANHEZTTOT
WL DI, a5—FURMEKR, 277 HRBEFEOMMBRERL N
in s OEBISHRNFARTHS.

T, BEEECEARBRCEDICLSAREKOREEWALT
NETOBPWERMAICKD, HFHREEOEITHT 2 HECHHE O KIS
RUEFY L OBENKECHSENCROTEL., LALANS, 0
EIRBENET AN A LRET PRI E LT EAEFDNTES

9



T, CNEMPTH L, EROABICHLIRETHY, EBEMFEC
—GERUDABENRET NS AT, —FH T, E2NBBEETOBERICK
WIZIRILDED D EEZHND.

T ITAMETIE, BOWHEOUETY D/ OANZXLRRYT B/
DOHE—EEELT, ANMOBITHTZ 57 2 BHER DN 2R
ODELEFARD ZEEEMNELE. CThiCkDBERE2 21 - B0
MMERCBIBZUETY S OBHEBBETE 2T Th<, BB
DHEMHERRLTOFA T ) I EOBERMENRY EFY >V Ik
T EBEH T B LN TEBEEALND. 2o TET, MUK
BT OFERRBRAS TR RS E 2R - SET AL b, 2hEAL
THRR OB MK O+ 5 88 & 0 il U 2BEEK300 pmD a5 —4 L
MROEAM D ENEEERDZ. A5 —FURERICERT AN EE
BHICBLE®DHEELT, T TRBRERMIRIEDH 2R RS
(IS LTz Ky (In vivo) SEBRETIEAEMSN (n vitro) FsgEBRTO
5— URHERICEN T2 ARE LS 2 Ak ER AL .

1. 3 ZEREXDEA

YW 2ETIE, HA300 u maTHRO M /NGB T O 513R A BRAY  5E 7 B
WLEZ2HRE - BHET D ELEBI, ThEH->-TERABERIOFEH LD
5 =7 URHER O SRR O BRI 23 R 7. BT, RBRAN O
ALY BB DSHRHE R D 1 R IR IE TR BIT DWW TR L.

WIETH, BREREIBARLLIRETH2HHANICHEET ZATHFH
i KOG L2 3 55— 5 2 B O 7 SRRt 2 N e

NFERRBOLADN, KRICKZHE, B, ROEFRAOLITX
SDTHAELDZ T ENS, BA4ETRAEBREICH 2XRORERD S it

10



U7 o—T7 U BERONFEHEEZ TN,

%5, 6%, TiE, RWOFHEEANT, HATLIANEZRECTO K
WERERL OB LAEQS =7 URERON FNEEEHERE. UET
DT BB OREEESMIT B0, MRNEFELTRDE
HOBEET TR, MEREECK s THIEEEEIEZBAICONT
H IRz,

B7ETIE, 35— VEHERBMORERRSY EFY > P RIETH)
RERNTZ2DIC, BHEEL ARRBEROES T (BN L TEA
H ) BUREMEZEN, ZOBRENKITTEEEMFNORAE L 2.

8, 9BETRUEFTU SV CHEEREFTHTFORENTETHD,
LW AFMNBEETRNCELIED L ENAE TH B ERNEEER
WEAOWT, FRBERIVMH LIS 7 D RERO N FHEECK
FTHOGEOFE, ROBNL BN AN OFBEERFLE.

BRICE 1 0 ETAPIE OMHEB RS,
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ERBEBZEZAWTHN ., FICEZRAOBASEIRAR O U9 % 30 B AR
MERDONFHRECRIZTEZEEEZRF L. =612, RABRHBRET D
:kﬁib,ﬁﬁﬁ@%%ﬁ%ﬁé%&t.

2. 2 REBAHE

2. 2.1 BRERONMEHER

(1) FzBridet

RAAFEAFER (M) 2ERICHERLE KFAZBERLLE, BB
KRN BREEMET, RERROCZOEADHBZSOT 2R
L., ZhedBaikctaBstsi—Y¥Tas, a5y 774
WATHER L T-32CORBERNICEELE. hERBREEFIRIC, KK
REL TPRVWETEZ HACORBEIB L, RLACHELE. 20K, B
B EERE HEE, BREL, BEBT-BER-REEAKEROHL
. BBWHICHIZ>T, BOEERSLBRLEIVWEIIC, BEEERE
KZERMTFLZ.
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(2) B&ERED 5] 55R 5

THORR (3.5£0.4kg) OLEMIDHL LEES - KER - RBEES
RZ2LRBRICH W (Table2-1) . WBERDERT, BHER2AZ HNTIERR
BRzEfTOE, REBEENID BDREF OBEMMEN DT, BHIEHEIC
BEBTEIZ ZENHSNIR> TS, £ T TilE D WE (Yamamoto,
N. etal., 1992; Ohno etal., 1993) 27255 T, BHEEEEL OB REMEZ
RKDBIEDIT, BEROAUKRONRKZD DL1Z, XX TYRRL, HRE3
4 DLIE & BIRABRIC AW (Fig.2-1) |

Table 2-1 Number of animals used for each experiment.

Experiment Number of animals (n)
Tensile test of bulk tendons 7
Tensile test of split tendons 6
Relaxation test of bulk tendons and collagen fascicles 6**
Tensile test of collagen fascicles (Locational dependence) 7
Tensile test of collagen fascicles (Strain rate effect) ©)*

% 6 animals were selected from the 7 animals used for the
experiment on locational dependence.

*x 5 out of 6 animals were used for bulk tendons.

%

- Patella

i o

Piitellat teridon

Fig. 2-1 A central-third patellar tendon specimen and
its cross-sectional shape.
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0SNOWEZEAS . BHEROEAIFig. 22103 TEBEIC L KA
BT DI, 37°C o Em Ak T ICEE U i o B o Eifg % [ H:CCD
A AT (WV-BDA00, NIV w7, KR) DHETFTAL A ParTr
I A4 — (VDA) (N—t7¥ A —FC3160, WK R=r R, EHR) I
WOA%, ZOHGEBELVBRBOERENELE. ZOB AFvE
PUE—FESETORBI®T, B OERECH M SHMELE. T
N 5365 M SME LB EOTIHMEMN S, BREOWERRE M &7
U THERERDE. ZOBE Z JRE Ol [ o Rk, Smmif ik,
P EOSmmBEIIC DOV TH Y, T8 530 770 EkE O 6% Bk s
AElOWmES L.

Computer
Stepping motor |

Video
dimension
—— analyzer

Fascicle
CCD camera

NN

— — ||
Thermostatic —

bath —
1 M/Iicroscope
Weight

Fig. 2-2  Apparatus for the measurement of cross-sectional area.
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EEROBEROBEERZZNTNILOT NI T LEON Y TOH
KRUAFNAS 7Y L—PTEELE. BEROREICRE (27D
) T, MISnmOEIRT2AD 1 > EFE, TNHEETFFTF 4 ALY
a >7F54%— (VDA) (HTV-C1170, MK h =7 X, I&H) O —h
— & U TBIERBR T O UT A OHEEICH A U7/ (Yamamoto, N. et al., 1992),
REOERET OB, WICEBREKERTL, BEAROLEZ
WL B BIERBRITEERICH|E X T B HETHT - 7 (Yamamoto,
N. ctal, 1992) . iz EREBOHMKK £Fig.2-31Rk7. EBROT IV
SUAEA Y TEMALT, EEMARRAEEEL THETICHL TR
BAASEICHE LD, HHUOBEEHAVTRE 23 EARE (F— 7
5 7AG-E5000, BEEUERT, ) ICROMTE. B E37CoEEAR
K& LR o EBE L 2 RBTRB 2T, 0.5NOFYn—
K (Preload) 2ERSHTREROMAZRL LER, DT HEEN
1.7%/secT, 0~FJ0.5%2D VDT HDHT, DB LAREI0EE5Z 57 O
54 a3 =% (Preconditioning) %f7o7. ZD%F U Y »#E TR
LSRR 2 E THIR - 7. -

Recorder
Load cell
i | g %
L ! Video timer
CCD camera Video 00-
endon analyzer I
Video
recorder TV monitor

Fig. 2-3 Experimental apparatus for tensile tesﬁng.
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(3) MEFIRITHBE L 7= RERE O 5] R B

6P DFEE (3.2+0.5kg) OEMMIDFHHIL LRFEROFRKZ> DL1ZE
BRICH W/ (Table2-1) . XBIO W % Lk 5 i CHIE L 21, iz
GBOTRAWEIRCERLERS, REROBHOTMIZH I XIITAXZE
FANTEZEKO pmDFERIRICHBEL /2. £T0%, LBOFETHRER
HEICY—h—28BAGL, ThZ2HVTEREFAKROFETETF T 2 A
>2arr7FoMYP-—LB0THEAHEToL. BB LBORER DS
B E AR B THBEICRE ZID 41, BUEHETIIRARZT- .
Fiz, BERRICOETBR1ICHE L ZBHAEZ HNTIRAOERZTT>
7z

(4) BEROE SRR
OPOMBMEAABFR (3.5£0.4kg) OEMIDMHHLZKRFERIZDON
T AIBRMERET o, ERICEBF R3S OLOEBZAY, RO D
WA ENTNKB3OLE, RITHBND T —7 VMR OISR ERIC
W/ (Table2-1) . ABlOWHEAEZLY Y <17 0O A —% (Yamamoto, N.
et al, 1992) ZHWTHELE. (2) TRNEZHELAROTIILF
A aZ vy EIToRE, OTABEELT%/secTR22DVT A (1.94
0.5%) 25z, COEWEMFELULEE, MEZSODEMAIELE. &,
B OIS /1136.7£2.9MPaT H - f2.

2. 2. 2 AT UBRHROHFEHER
(1) a5 —7 RO
BEHEBNOMEBEN DT —F URHERO T ENRFEICRETERIIDONT
FRBIzDIZ, THORBMEASAFERE (3.840.2kg) OLEMIDFHHLE
M2 H Wiz (Table2-1) . iz, OTAHABEEND T 7 VBRHEERO %
BRI ICRIETZEICONWTIE, BRERANOME OZEZHRNDERITH
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WETHOD BDOPIDORAMARBEAKE (3.8+£0.2kg) OEMEDFHL
EBREREEZHOWE. WIhb 2. 2. 1 (1) TBRXREHET, FAOTF
o, /E, RUOEZEE -RER -REESARORML 2T k.

B L7eE - RERESEORE M Z /NG HICRATEEL, Et
vy PTRHEEZES LU TRERICR RN ZEA S E2RET, RiEOR
FAICIHDORDICAAANERE S, a5 BHITENARLTNVEDIC
TOAERLERS, HEK300ym, REMHISmmO T — 5 2 HRHER
(Fig.2-4) Zfijii L7e. 7ad, RERANOMNE QX BIHET 2 EB T,
BEREZBEHATOSE L (Fig.2-5) , &EHMN 5T NZTNSEK DBRHMER 2
MHL, O THREOEZEICETIERTIIOADT S —7 VigikER 2
BEROMMICEBRESHLLE. WFNhOBEAd, B-REREAKK
QA5 =7 VHEHROREHOBICIE, BROFEARVEHELAZNE DT, B
HAMABEKEZH L.

Fig. 2-4 A collagen fascicle and its cross-sectional shape.
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Anterior Patellar

Tibial Posterior

Fig. 2-5 Sampling location of collagen fascicles in a whole
patellar tendon.

(2) a5 —7 2RO 8RR
Fig2-2IR L AKBEAWT, 35 —57 VHHERO 5 17120.0IN O #f
FEEASRERET. ZOEBEHE LA BERICLTEER TS
IROMNDT, HBHEROQE OB GZ EREME (SMZ2T, =12, Hi)
THA L THE Z1To 7.

35— VMR O N R E R B 010, ISR & 8
U7 (Fig.2-6) . MR OWmEEMEL L%, MEORMCST /7Y
U L— FREEHEHNT (Wilmink etal., 1992) 727 UL /MK 2D £
. TOMNFEFRALTRBEO—HEF— JVICEELEZD— R
(LSV-1KA,  JtRIBY, 30 K, eV 7EBHTIAF—Y
(LU09200AKL1-P5Z0, H#AK T, HE) IKRELAE 7L —ARERD [} 7.
R RV EXSFwE LS E—% (UPDS66TG30-A, FUL2¥JLE—4,
HE) 2MBADEATVFaI—FRLDAF—VEBBIET, 0~
20mm/min @ #EE O 5 IR HE TRBRET S ZENAETH S, OTHORFE
i, TTRRNZRERICHT S2HEEAKRIC, EFFT4 A Par
7F 54— (VDA) 2L, 25—~ Bdicgl (=/nvy)
THILZ2DOY—h—HOEBOZ{L & EMCEET 2 HEEH VR
(Haut, 1983; Yamamoto, N. et al., 1992) . /z 3, Fig.2-6 ThbhdXLSIZ,
BB E37TC OEBARKTICEEL TIHRRR & - 2.
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X-T recorder
Program \(/jii(rj'r(xegnsion
controller |

CCD camera

Pulse DR N

generator Q oad ce}
Fascicle

Linear stage | Thermostatic;
Ball screw W l bath

Stepping motor A —
\ == | I ———
! | TTN Test bath
L I !

Fig. 2-6 Micro tensile tester used to determine the mechanical properties
of collagen fascicles.

9, 0.0IN@® Sy o— R (Preload) Z{EMAEET, MHEROMAZR
L. ZOREBEZOTFAAEDEZDICAVIAHEE (OTAH0%) &L
2. Fnh5, REHCO~KR2%D V0 FTHOBT, BDERELAMKZI0E S
Z257Y3aYF 4 ¥a= (Preconditioning) %0OY HHEEK1L.7%/secT
Folk. TD%, BERANOMBOFEEHANDIERTRVTARER
1.7%/secTREIHNT 2 £ T3l . £, OFHEEOLEEEA
2 EBRTIH0.01, 0.1, 1%/sec@3BMED VT A iHE THBNHKE 2 X T
5lak-> 7z.

AEHCER LM ER O —h— oLz 2> Ea—5F (PC386-
GE, =7V >, EH) &X-TLa—% (3023, HAEE i) ICi&El .
HHRHEE W HETE > T, 07 AHII2D 0~ — h— [ OmEEEOE N
EEYHEETE S TENHLE. Zhs0F—FXD, K- 07 AR,
SRR E, RUOBWOT A ZRD 7.
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(3) a4 MR D i JRE R B

2. 2. 1 (4) TBRAELIK, BEROS IR ICE O hRK3
7 D1z N8, %at%@ﬁﬁﬂhﬁn&Dﬁmbtﬂ7 TR
DR NBEFBE G E TRz (Table2-1) . SAQIAT—7 UBRHERZBERO
AR OCRABS OINSELIC K 2 HEEZZEETICHMBLZ. 0~2%0
OTAHOMT, MOEBRLAMEZIOESAEADTY AT aZrTaST
ok, K2%D0VTH (2.1£0.4%) 20T HEENL.T%/secThH % 7=
COVTHIE, BEROBIBHHARIBWTEALVTALEZIERUT
HD. ZOVOTHTHBHIET 2N @SN 132.3+£0.5MPaTH o /.

DB 2 MR Uz E F, WEE3508 M#lE L %&.

2. 2. 3 #HEHABAE

B E $ERtH 2 DM R ICHE > THIMORARE L, TRTOF—5 &%
B+ iEHFZE (Mean+S.D.) THULAZ. a57—F UBHEROGE, £71
DORBROEWMMENS BT T VBHEROT —5 OFGEEZRD,
INEUERIIBITZEMBAULDOT—F 7. —mBE 2 H (One-way
ANOVA) 124k 5 T T —5 2 ##E 3 0 J1 2 09 M 12 B E 3 M 35 I 0 BR Az
OEEOFEZFMLUE. £/, A5 —F BHERONZHNREEICRIET
VDT HAEEOEEBIZIODVWTE, 7, —LEEIHIMICL>TEERSD
THREDIDDII—THOMEEZFMEL, INTHEENALD SN
BaEicid, %%L%“%’w)7“)1/——7°Fa'i'6‘0)$51‘§7&2g—22&t7@i (Unpaired t test)
WEoTHliLe. EERBRE DT T UBERORNIBNBEIROMHEE
OV TIR2EEARE TN L 2. —JTChL BA BOMT RO ARE L BIC,
FRAKHEZ0.05 (5%) &L
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2. 3 REBRER

2. 3. 1 et
BEREOBMEARICOBLAEARERICOVTIE, T XTORBREE
B THB Lz, £a5—F R oBa13, K70% (318/453) o
B2, OFHBRED 2 DITHRMRORIMICAIL 722D D — J— B THM L
. ZOEEROTHEEELLITTHRKTH- 2. thev—hH—
BT L ZR B ORICDONWT, F— Y OBHi % T- 7=,

2. 3. 2 RBRERRUSHRRICULBREROSIRISMN

T SR e OVRRHME AR I 0 BE U 7= IS8 B 0 i ) — O 9 AHR IR 2 Fig. 2- 710 7%
9. REROBEBREK, SUREE, WO TR, FhENT32+£200MPa,
40.5+4.3MPa, 6.1+1.0%TH D, ZHICH L THRERRICULEBZRD
RRIRE, SIRMRE, MW OT A, ZhEN552+£227MPa, 27.3+
5.4MPa, 8.4+3.6% TdH o7z, MHEHRICUZHEB OFIRREL, HOE
DFEERED SIRIBEDKIO6T% T &> /-
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— Patellar tendon (n=7)
(S
< 4o
~ Spiit pateltar tendon (n = 6)
© 30
17}
4
= 207
w

107 ++ Breaking point

OL' 1 I3 J
0 5 10 15
Strain € (%)

Fig. 2-7 Stress-strain curves of bulk patellar tendons
and patellar tendons split into collagen fascicles.
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2. 3. 3 A=Y VHBEHROFIEEECRIITERERADO
I DRZE

S — O T AR O TR IO HEDO B ITA 5 NT (Fig.2-8) , 0
~2%D T HOHE T, Fiohdtoe-regionSHi, T B2~5%TIHFIF
MET, CTNERADEBRTALOCRIOBEMOEBENETL, LIiZ
MOEIRE IR o . ERERRE, SIRBE, RO TaOoNTNG, B
ERNOFMICLZ2ERREVWEZAS NN (Fig2-9) . ZZTER
BREBIL, 2~520VTHOHBE TR - VT HBREBB EHEL, B/D
HRETKRODEEZZET. BERZOOIHQTZSRUNSHHL ZSE
DR 2, I LD HBEEZEZERT, 1D OBERD 530K ORHMERE
BHLZBDEL, ZN5OEHEEZUHEKD T —% & L TRDEBMHER D
B - 0T AR E, BUBOKRER EHERKICLEREROEZNS &
HHE TFig.2-10{2R 9. 27 —F ViRHR O BERBRR R OFIRBER, &
NEBOREREBHFRICLEREREI D NI, ZhITH LT, B
WO HZaT—7 UREROSFDVBEZERL DN REN > . T,
35— UREROBERBRE, SIRMRE, BT AR, Thth2let
68MPa, 17.24+4.1MPa, 10.9+1.6% T &> 7=.
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Fig. 2-9 Tensile properties of collagen fascicles obtained from
each location. One-way ANOVA indicated no significant
differences in each parameter among locations.
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Fig. 2-10 Stress-strain curves of bulk patellar tendons,
patellar tendons split into collagen fascicles, and
collagen fascicles.

2. 3. 4 AT URBRONZIEFEICRIEZTOT MEE
DEE

p- =
AT UHRHEROIE -0 F ARROBIRITIE, 0T HEEOXER
Zonigmpofe (Fig.2-11) . UL ULRAS, BEREREEFIRBREICDONT
W3DDOVTAHE (0.01, 0.1, 1%/sec) D) — T THEHFWREEE
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MO EICH BV AL Nz (Fig.2-12) | F7z, 0.1%/secff &1%/secHE D
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Fig. 2-11 Stress-strain relations of collagen fascicles
deformed at different strain rates.
= 4001 6 Mean=SD. , « p < 0.05) Aao (n=6,Mean=SD., xp<0.05 20
X
% * ' § % =~
~ 300 =3 E—— S1s
iy — 220 ,4* 1 .
E Hl - T 2
3 200 T B T <10
o 5 ©
1S = c
Pt B 10 8
100 o 3
o D 5
5 5 5
= il i
0" %01 od 1 " oo1  oq i 0
Strain rate (%/sec) Strain rate (%/sec)

(n=6, Mean = S.D.)

I =

Fig. 2-12 Strain rate effect on the tensile properties
of collagen fascicles.
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2. 3.5 A5 URMREBERO G NEMBE

BRER, 357 URMREDIT, PHMFHEZEASERERICENRE
WK ESEHN, FREAPRDICDONTERSNITR > 2. 3000 RITBIT5IH
L, 35— URMEROGE TR IS T U T29.7+£3.2% A L7
DIZHL T, BBROBGITIES1.6£9.9% 0 ANRD 51 (Fig.2-13)
M DRI B BEN LS N,
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207 (Mean = S.D.)
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Fig. 2-13 Relaxation curves of collagen fascicles
and patellar tendons.

CNETREROBHERIOBHLEZIS—F U BRHEERO 2T
FANIEHEIT RS, FHENRATHS. INSOFREBER, OT AHH
E1.7%/secT17.2+4. IMPaTH o7z, (LFNRBHEREEZHNTIZ, &
EANSHHHT 2T TMOUNELEL TN T—F > Oh¥HEE
D, ChETEXIY NORBORIOVHHLAEZIS—FIZDONWT
FHbNTEE., 205 O3EMEL, 10~110MPap & THD, HEHRK
DBEOUT BHEELEYOFRICE > TRES KRS (Haut, 1983; 1986;
Morein et al., 1978; Kato et al., 1989) . F7=, (b2l EE N THER
L 5—% VB0 NI DN T, KE< OREIEEN TS
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D, TN6 OFRBEITIE~IIMPaD #iff TH % (Kato et al., 1989; Law et
al., 1989; Dunn ct al., 1993; Wang ct al., 1994) . =5 OB EHEL, &
MOy FORDOBEOI ST VREELZEREBEETH 5. Katob

(1993) FERSO~100umD Ty b DRDED 35— U #H OFIRKME
2 OTHHEEL00%/min (1.7%/sec) THXTHBD, HEHFRGRE, 5IRME,
WO T, FHh2Eh478+130MPa, 32.6+12.0MPa, 6.7+3.1%TH»
e LWELTWVNS. ZOERMRE, BIRBER, AHROBRIDDBKRE
v, Katon (1993) OB L AMETIE, BIWOEE (Sy FEKR) ,
S (BOREBER) NEAZ-TWS. BoBENRLZNE, Tok
BOEBRRXBERZ L, FAMBMRERNE, TIRERATIARD
BizdZED, AMELHESOERBROHEDOEEELTEA SN S.
X5, 5 OWFE AL TIIMEREOME Ak (BEMEHICID A1) 7
BEDLETAT A A Da T F o4 —) BRE->THED, IhdHl
HORBRBROMBROFERIZ/Z> TWEEEZIEND.

Ty FORBOHIOMHLAED S —7 O 2R ICE T 2558
BEZFTHONTVWSHOITH LT, ARIMERT 5B HH OMMERD
J SRR B AR IR IE S A Ex <, Wilmink et al.  (1992) 2707
UXOERBEHBIOMLL 2055 VMR T 2RI
HENTWRY. Wilmink et al.  (1992) (2B &100~200 ym®D 35— >
MM OBERERE WEKEEVEBERDO2D 7N —TIZHTTHNTS
D, FHhEN135£18MPa, 1394+30MPaTH o= EWMEL TS, ZhbH
DOEERBOEIL, AMEOBEREROME D /M. ZORRELTY,
B ofEE (U EKRR) , Ak (BEMREHRER) RREDIEPEX
5N5.

BRERTHSI7 7 UHBRHERO N FRER, LMUBETH 5HFE
BEFIRESBARoTWwWE (Fig.2-10) . #IZE, 357 JHHERDFIR
MERL, REROBIRBEOKNNLSTHo. COMHEBDOFREKEE LTI,
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TaFF TV CEORMET Ny I AETS5 - URH#EROBICEH
TEEBENEONFHHEERAOZENEAONS. ChHDREREHS
MIZTBEDIZ, ARETIBRERRICOBLZBSERO I ENEEEZH
Nz, ZORE, SIRBEIIBLEBEORBROWNTIRTH D, BHERMD
HEFHHEERRBRO D ENBEICERL TV ZENRBINE. Lk
L7ai 5, MR OB ER O 5RME R T Do FHREE, a5
— X UBHEROBAE L TS TS, BHERRICERER 2 08T BRI,
BHEDPBEEOMBEHICHEEZEARWI EZ2EH LAY, EBICIZE
BR300 umOIHEFRICHBETE RN o7z, ZOX I BEMEAIRICH E R
EOHULERBEE2TENS WD KL AR E T, BEROBERNRE
o TR, DEELERMEROZARBICHENRD - 2T &2, RMEFRD
BHER LD S—7 VRMER O ENREOHBORRTHZ LEALSNS.

AT =T U BMERO MO T AT ERONIIBRTH - /2. MIERMD
MEERIZMAT, a5 UREOZ D 7 (FIR) BEDN, ZofE
KEBERILTNWEEEZLNS. BRERROOIS—F UHBMHER & HIT,
ZORMPITH B 57 UBHEREROZ VTR -2 2 HDOHEEL
TV, ZOWRBOEMCRBIIAEOMTERS. RBOEBIRIIY
CTRBEOEEERLZIRTVOT, A5 UHEREBREROMT
WWOTAICKERBNWRASNEEEZSNS. '

APFE T, BERE 2WE TOEMICO ), FhEh oM koL &
35— UBHERIC D W TBIRFIERZAREZD, MEROSEEECKIE
TEHMOHEBEOERIALNARAN >, ZNETICEESF300 L mO a5
— T VMR O T FH R I R TR O DI D W TH N A
FirbhTwiwn., LML, BYOWHZEDMNOBMERITHITIT, HhER
BR 27 o = WIgE 137 31T\ 5 (Butler et al., 1984; 1986; 1992, Hollis et al.,
1988) . Butlers (1984) i3t MEFEROFRK3ZDIENMMKBZHDOLID
MThHENERICERRERASNAEVERELTBY, AMEORREE
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—% L TWw3. Yamamoto, N.5 (1992) 1%, KROBRERD PR35 D1
935 D10 1 R R U TH 575, S35 010 3R,
FROHME DIIZKEZNEHREL TS, £, Chuns (1989) 1Tk
FOBBEREZERTOESULR SBELOHWZHRERZARLELEIAS, D
W6 DIDBIRBESMMOBIICHENTERIINAIVNEBEL TS,
IS ORI, AMFEOER LT —HL Tk, a7 —F UHHEIRIE
BRI 201, MEERNO O 5 —F VL, BERANOD DITHN
T, KVFTFIR, EVEBWIIEFILTNWS, I8, 377 VHRH#ED
BMNERTORMOFE —HOZEE, 3577 U B#EROBHEICIZERN
R, ZOEDRWEERANTOBRMEROKEFMIFHHLZZ ETELL T
5. INGOMBEIICED, NENREOMAMICKZHEEDR, 25 —F U ##
HREBNEREHBFLEEZTZORO—-FOBMERETIEIRB EER
b5, THIT, BERBONZENHEEERAPRBZEROBMICE > TER
STHY, TOZENROANFHNELEOBIICLZHBIIHEL TS
EBEZILNS.

AHFETH SN T 7 URHEROBERBREIX, 07 »HE0.01%/sec,
1%/sec TZFN 4183 £26MPa, 248+ 13MPaTH D, O A3k EE #1004 18
MT D LD ERREMNI6BIEM U 7z, B O EH R IR IE
TOTHBEEOEBIIDONTIE, BELOMENTHOHNTWS (Haut and
Little, 1969; Noyes et al., 1974; Danto and Woo, 1993) . Danto & Woo(1993)
BEROBHEROERBEIL, 0T HHEE0.02%/sec, 1.3%/secT, TNE
$1955MPa, 1637TMPaTH 1D, T HAEEN6SHEWIMNT 22 &2k 0 BE%
BOHTLIBHEM L EMELTVWS., ZhoOBRIE, 35 —7 iR
DI FEREER, BERBICHERTOTAEECH T EZENNEINI &
ERLULTWS., ZOHKEIBEZERID IS T VREESROED, MNERIH
JIFBRI &R L, K 0% BBz & S R & —F L T3 (Fig.2-13).

35— R OIS D ERIRERE D bhE oz, FIAE, 3008
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BORAE, AT—TURER, BREROEBES, ThThHIENDK
70% & 50%THD (Fig.2-13) , MFOMICABBRENH SN, | - BF
DO ¥EBMEITZ < OMFEHFIC L > THN SN T3 (Pradas and Calleja, 1990;
Kwan et al., 1993; Lam et al., 1993; Johnson et al., 1994) . Johnson %

(1994) 13, £ FOBHER OB HEMIIZ30DETRIOTHD EHEL T
B, ZOBEBAMAETORAROBREROBE LIZIEIRALCTHS. Lr
L, TNETIZ, 3T7—7 VRHETORME OIS N BRSO B 0
FEidiE . RO A A5 — 4 R & 0 B S AR R T R
ELTHE, BAOIS—FURHEOI ) D THRECRERMICELET S S
OFFTVAEDOI NI T ARSOEENEZ OGNS, 617, @#E
DFIR BT HRBEETEBEOL) OBVWNSETL S, HBNOKIEHE
DEANBRIE B L HBFERELTEALGNS. I 57 VMR, Bk
O AL, FhEh2.3+0.5MPa, 6.7+2.9MPaT, Z i 55|95 E
DENETNKL3.2%E11.8%THD, WEDOEDENIWMD T/hEaho7zl
ENS, ISHBEMBER IS OBEBNEEEEZRTT I LTz e
BEiohs.

57 UHHEOBRRBRET S0, AP TR0 1 mOMEET
MERDETD T ORISR BEEZRE - B/ELZ. TORKE
% AnT, 20mm/minE TOME 4 O 5I5RFEE THREBRPBITI ZENTES.
BEOHEIZBNWTIX, 737 UBR¥EOVT AL, BIRERICBITSY
JFarL—FDIOANY FOBBERIC X > TRESNTE 2 (Haut,
1986; Law etal., 1989) . LML, R#FFHETIE, ETFT4 A ParTF
FSAT—2HAN, BHERICAILEY——HEREOCERMLKLD, HBRFOF
Y IBAOEREDEEESERVRB O DO VT HEZREL 2.

AR O N 2NEEERETI2DIE, REBOMEEEREXS
HETAMRENDD. INETIT, B WHEOWMEFROIE I EI2DOD
HEPHWENTER., 123V 7170 A—F2HWi:zA1E (Noyes
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and Grood, 1976; Butler et al., 1984; 1986; Yamamoto, N. et al., 1992) , i
DIDRFL —H =1 70 A=F 2R N=HETHS (Lee and Woo, 1988;
Woo et al., 1990) . LU, TNHOHEER, A5 U BHEEICERT
BIIE, BHEOED THWAD ICBERNICIERS 22 & &, KDP0K
FEMECR T EGNORBEBET 2 Z EMMLWEDICRARETSH 5.
INSORMEERRT B ADI, EEAKKTICEBEIEAREBTI T~
FUBMROEREREMICHETI IO TELEBEEELE. 365
FAAGHELAEEOFEELD, BHERONERREABERKEL T,
Wi i &2 R 7. HautXLittle (1972) 1, KM FIEICL > THEEMIZ
Sy RNORBROBOIS 5 2 EHEROWTEMOHE 21T o722, #5114
A 5 WE U RO E R L D EMERD ZICBE RN, AR T,
365 MM SRELAEEN SWEREZRDTEY, k0 BEEMEOHVEE
ZiToTW5.

5 UBMRONERRE AR EILEL THEBERNET 320
U RN D BIDIT, T ORE R W CHERE HE L7 5 O R
WS, METERR EER UL, OB E AR AR ICBEE SR RE
T, HAWTE O2UE(CER (Fig.2-4) 2 BT EE (PIAS-IIL, E7 R, KK
THERL, ZOWHAMERELE. EXFF4 AS2a Y7 F5145—T
B5E U 7= SR O TR D 5 R 7= Wi A130. 114 0.02mm 2T & o 7= DI K
UT, BEROBKIIIOWTEGMITEELZ AW TEZNIZHIE L =8
FA120.1040.02mm2 TH Y, F LA ERUBENES N,

52, RATEREINSEIRGEE (Shape index, SI) (Cornhil et al.,
1980; Sakata et al., 1992) Z#H#H OBM HRB O2ELL ZEBEE LD
BHEL 7.

SI=47A/P? |
ALPIE, ZhThRBOWER, AEEEZET. b LUNERRKRNEEZH
BTHDEEE, SIEICRD. SKOBHERICONT, ZORKERD:=
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fER, 0.82+0.03THVD, MEROWHBHBITIENT &R0 0o k.
FRMER DG & L RARD FET, BERE I35 010 WH R E BT
HABELDOZEEERFNLUE. TORE, ESF T4 ADalTF5
AT —ZHANTHELUAAERNS RD 2B HE#1E6.03+1.09mm?2 TH - 7=
DIZH U T, BEREITIEEZ AW THEETEEB D SR /2 Wrim #£135.98+
0.71mm? TH v, FERUCHERNBSNE. £k, BIRFEE (SD 130.77
+0.03THD, ABEOWHEHBRAMIGENWI ERXaho%. T6OHE
EFERRIC, WHEBROBRNS D (Fig.2-1, 2-4) , 35— VEMERZWD
T, BERIRLBHLOLIZDN TS, WEEREICHT 3 ARELIC
RZUUENHDEEZX 5. |
KRBEED %95 X Yamamoto, N.5 (1992) IZXK > THRLENT
BO, EHRERE, SIREE, RUOBEBOTHIE, £NEn1390+198MPa,
57.1+9.4MPa, 5.3£0.7% T 5. T OEBIRKEBIRBREIIAME TR
DEFABRBROBRELI DO AZNVD, WBHOTAHICHEL TIEMEEI2IZE
[F CTdh o> /. Yamamoto, N.5 (1992) (FJtoWmEHEIccY 710
OA—FZHNWTWEOIIH LT, ®FAKETIE, ETFT4 ATV ary
F 54 P& AN EEEMOMERIE2T> Tn 3. FHERCBNT,
EFFTs AL T a s T F oA F— 500 THE LB SR OWNmRE,
ITUTRA7OA—FZHNWTHEELUZKHEEEID BHI0%KEN- .
ITUT7IAOA—F 2RV HEITE, BOMARIIETOHEERS
THEL, S5 A0y hOFIZHEBZMLADEDIT—EELIZNTD
oI, REENRVERESELNTVS. AR THNWEEFET 4 A
>2ar vy F oA —REo THIELZROMEREL, TUYTI170A
— Y EHWTHE LUAENEREID 40 KRE<RBZIELEZERL T,
Yamamoto,N. 5 (1992) OHETEFTFATA A PalTF o514 ¥ —%&H
WTHIHERZHE LUEERELERGIX, H5ICLos THEGEINZERE
B EBIIRAEIK992MPal 40.8MPalz 72 %. Z DOBIEREIXAMEDORKE R
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EEFIF-HTIHDOD, BERBEIEBAMEOERLIDKEN . O
SEEOMBOERIIRAOMAECLDbDOEELBNSD.

2. 5

]l

KRBERIVBHLUZOS 7 VEHEEOTIR R U MR 2, 3
ULSBRLAENBIEXBEROCHEARNTEEZAVWTHANE. TR
B, A5 UBRMEROIRBFECHRERNOMEBEICLSHEZASNT,
FTOEBFEK, BIRRE, BWOTHIE, FNEN216+68MPa, 17.2+
4.1MPa, 10.9+1.6%2Tho7. ZNHOFIRFEIIBRERETIRES B
STHY, FlATHRMEEDSIRRE, WO THIZ, ThEnEEROD
42%, 119%THo 7. Fiz, OTHEE1%/secTH S 7z KHME R O BER %
BEBIRBEX, OTHEEL%eccHDBEDENS X DFBS%REDN D
1=, ﬁﬁ%ﬁU@“&bd&U?“&ﬁfE@*ﬁi‘éb:J:é%é%bi%\B«hfmlo7“:. I
FBARRICBNT, 30080RICBIBEAE, 277 UHEROBAIC
RS DITH L T29.7£3.2% B L= 0Icd LT, BEROBEICE
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DEIWTAT—F UBHEROBIRKR KRR, BEREIIKREE
o Tz, ZNSOMHEDPEKE LT, a5 —F VHRHEEREB O %K
MEER, 7ard70 %0 Ny 7 X, RS -5 U
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RENTTOELURBHLAEIS 4
S ARHER D 115

3.1 #sS

AT t5804 (Anterior cruciate ligament: ACL) |3, AR — L35EFHKIT
Ko THREZZTL2HEOHEVHEBEO—DTHS. Ai+FHHEINEET D
E, BOREWEEZRD I EBFAGEICARDZVTRL, FARCHEETRE
C2RMIBEESIERIT. T 5T, fOBFEOH S LT E S THRENE
TR TR TFHHOREEBHT 52 L3R T, BRECMEK
HEOBHEE, HDH2VEATHHFZAVWCHHTERNSLETHS. 20D
EORHEHMNS, M TFPFIEREBO TEERINTBD, TONFE
fy%:PE (Noyes et al., 1974; Cabaud- et al., 1980; Woo et al., 1987; 1991;
Danto and Woo, 1993; Keira et al., 1996) 4 (Noyes et al., 1984;
Shino et al., 1984; Yoshiya et al., 1986; Jackson et al., 1988; Ballock et al.,
1989; Drez et al., 1991; Schindhelm etal., 1991) TR T2 HIZE %% <iFh
nTnh 3.

AT EHHEE, BRESANCH > TR I T IEE OB =5 E
TOHHEEAL TR, RIBBOBEORABHENGH L, EHA%OD
BEREEH TS (Butler etal., 1980) . DI S [EE, 15—
TURRME, MRS, BRI R v I AEMSRREN TS, L
L s, fi+FHHEERESORNCERETI I &S, BAHRE, X%

RERE, ROMRHMEZF ML O REED, KWHERSAAIRIRWHE SO E Tt
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H5E - WEEITRTS.

AiTFRHEOT -7 VRO, KBREMERH S KB AFEERIC
FMo TRNTBD, TOEMIBELROERE L OBFERITD W TON
2 13% W (213, Wang and Walker, 1973; Noyes and Grood, 1976) . %
7=, BITF8HED, BEMICER 22D R (Band) Mo ERENTWD
ZEIEBULT, KA MER TaNARE S @A a0, EREh
DOBREIZDWTHEF U MZEHH S (Kennedy et al., 1974b; Girgis et al.,
1975; Furman et al., 1976; Hughston ct al., 1976) . Z#5 ON > RIZAEN
CEESPERANEL > TR, ATAAIERORRME O RERIMMUEDO HD LD
E 2 & (Girgis et al., 1975; Hollis et al., 1988; Butler et al., 1989) %, ¥
B O EE TRINBE OBHEDOH D, BA B OBMITLETIDEAN
T&HbHZE (Wangand Walker, 1973) 2N 65N TW 5.

UERNTERLD I, MTFRHIBREHANICEET 272D, h
ERRT 235 -7 UHEHERONFRRER, BEaticssBEROD
T URERO NIRRT REENS D, 517, MiTFH
i, RERCARESH SRR KR BEICR-oTH 6T, FBFcK
STAS—T U RHERONENRMENRI->TND b FREND. T
CTHRETE, KAOMTF8HH 2 NAIRIBEAMEIR L T, £hE
NOWAEIDIT T HEHEREHEL, F O ENRIEEZFANT.

o

3. 2 REIE

3. 2. 1 ZBEM
ERITIE, PNORMBABRBRR (M) 2FEALE. FROMKEIT3.S
+0.2kg (Mean+S.D.) T#H-H7=.
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3. 2.2 AT UBHROBH

2. 2.1 (1) THRREHFETERLUEFAOETRERHL, #F
Liz. IN50OTFEED, KBE, fiT5F9%, BEUSOBEMELET
NTEBFEWMOBR L. FROF+FHEL, RENEEMSHR2D0
AT B ENTES. 2T, ETHFHE & ARE 20§
U, W80RNER< L 206, 1BEHEETHEDEOKES D s
TAICAREAN, BEORMAICIH > TAXEHA LT, AH KL
(Medial band) &4}fjs#R (Lateral band) 12431372, £ L T, FNEND
ERALA 5, ER200~500 um, EEH8mmOD T —4 M E R L.

3. 2. 3 HhEAR
2. 2. 2 (2) THRREEE, FIETIS—F > EHEROWEHEZH
FL, OTHBHEELT%/secTEIBERB 2175 /=,

3. 2. 4 EOEAE

2. 2. 3THNLEFELEAKICT—SIEEEZTToZ. 2B, fitFH
HRNOELITK 2 H#WEEOMEOREICIE, AR E (Paired t test)
ZHY, FREKEZ005E L.

3. 3 ZEER

3. 3. 1 ®BEES
SRR B 2T o 7R, K50% (60/125) OO F— 7 RN, 07
HRNEDTZOICHMERDOREICHIL TBWE2DOY — — M THE¥r L7z
COBEEITH+FHHERNORMICEAHEIA SN AN . ¥ —H—HH
THEW L2 ORI DNT, UTFTOT— 4 Tt &2it o7z,
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3. 3. 2 HITFPHFADOIMUDEEICLIEE

BEH - O T HRROBRICIE, BHHARBEOMEDZEIISRS NN
7z (Fig.3-1) . BS8E TRO T AEE THE B 5 1 Htoe-region | B 1T
FEREINT, BT EDPIROVTAETTHEA - O THERTIFTFE
P TH o/, Fig.3-2~Fig.3-4|ICZNFNOEMD T —F VBHEHE DN
R ZRT. O ZTFig 3-2I0 R TEBRBREIT, 2~8%0 0 7AH D HE
TR -V T HBREBRBEREL, RNEREETKRDEHEEET. #
MBEBUINARE OIS =7 U BRHERO S BAARILODO IV HFEITK
EL, HOTAHIINAIRBOBRMROADERITNE o /. BIEREHRE
BRI KB B BB ETE NN 2.

4001 (n =6, Mean=S.D.)
- +S.D. = ’
407 (n = 6, Mean = S.D.) 5 % P <0.05

= < =

] 3001
. 30 uf
= 3 l
0 0 3 200}
2 —o— Medial £
3 1 —e— Lateral g 100
B 0 r I
2 + Breaking point %

I—.
o , .

0 10 20 30 0 Vedial Lateral

Strain £ (%)
Fig. 3-2 Tangent modulus of collagen
Fig. 3-1 Stress-strain relation of fascicles form each band.
collagen fascicles form each band.

501 (n=6,Mean=S.D.) 4071 (n =6, Mean = S.D.)
g % P <0.05
S 40r :\; *
s | T 30/
© 30 -
-y pud
2 % 20 T
® 20+ b
173 ©
2 £
7] L © 10
g 10 &
}_

Medial Lateral 0 Medial Lateral

Fig. 3-3 Tensile strength of collagen Fig. 3-4 Strain at failure of collagen
fascicles form each band. fascicles form each band.
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MTFHELOMHLED T — T UBHERO N FRFEERTZER,
HALIC KD ABERHEENALNZ. JOKERIE, M TFPHERNOIRMICL
SO TRIPEATIAWNERD S0 DS RO FOEME (Kennedy
et al., 1974a; Girgis et al., 1975; Noewood and Cross, 1979; Amoczky, 1983)
WWERT2EEZSNS. FlZE, E NOBENEMT 2BICIE, fitFH
HOWNMRIBO A ICHBERELD bRERAFHOVEATL NS NT
W5 (Lewis et al., 1980; Takai etal., 1993) . Lewis& (1980) (d/Nw 7 )b
FOUAT2a—Y—2HWT, BEORAFEMIZE> T, & MITFHE
DO RBIHE EABIREICERTAMEZHEEL TWS. ZO/RKERE, Eihs
70" ORFIZEEMICHEICEMNERAT 50180 T, BliAD45 KU
90° DJFEIL, AAEERICHEMA T 280 OK4~5E O AR NN AIRERNZ/E
ATBEMEL TS, /=, Takais (1993) F6HMEDY >V #iE%
RAWT, EEMTE i TFRERNCTHERTIRAZEELE. Z0HKE
i, Lewis 5 (1980) O#REIFZERBRTH D, BRESHIATRITHELTY
ZREE (JEdhA0° ) T, #tF8E ONAIEEE & AMURER S B &I
DEIAFHEIZLLBEWEED. LirLans, BORBHANIS ZHAS
R FE S ICER T 2AMDOK0~95% % NN ZITHD EHEL
T3, AETHRNEERICIE, KERORMTFERHFEZFALTHED, £
NTHERAT28MOSMIE, EhOMTFEPIFOHGLRERLTLIDBDOLEE
AbNS. LaLAns, KAEOKEIZEE iU /ZREBIZHD, THDX
WCARBISRER D G INAHRE L D b RERATIMERATEIHD LR EIND
CDOEIITERABNTHERT 5 AW DT 58 5 O PURIETER & A JHE
TRZDIEMN, 77 VRO ERBE R OB O AN ERIC &
STRBHOTEREREEALNS.

BRBIEICH 4 OBEZ SR D AWNEEMASEZEE0, fitTF8HHED
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EXOBEFAREFENE ONH S (Trent et al., 1976; Lew and Lewis,
1978; Hollis et al., 1991) . Lew & Lewis (1978) ¥, b MREI&NEET
RO FHEONARE EAMERFOIS - UREORE DR E
ARTNG. ZOHR, ROBHEEBIZ, ABREO DT —7 V#H#ED
EIJEMIBML TW<DIZH LT, AMIERFODT—T VHEHEOES
WBREEATEEREL TWE. FERKOKEE  Holliss (1991) M
HELTBD, H5ICE 2 EEHAN n590° [THNT 2 &, WABRER
OBMEOEIIHEML, BYFRETEIAREETORMEN L, HEHREED
BHEORZRRATS. fitFHENOAROAE—HET TR, Z0
EOBATFHEANOIT T VEEOEIOEMDPEMITE> TRES
BigDIEN, AMETIS —F URHEROBERBE LB OT B, i
TEHENOEBMICE > THELEZRERES 2515,

EMRTEHRROMTFRHEDO DT —7 UREROERGER, BWOd
AITIIEBOL I K D B REABMEENASNLD, 5IREBEICITIIMUICKZER
HoNEMole. LR UZAT T FEHHICERT 28 PHHORESELD
FAg— L, BEOEFEICBIT 5 LB NS WAROHETET 5HET
HH. IOZEXD, HEABETHRATLIAWMOEMICKD2MHEED, 35
— T VMR OERBRRECEIEEEZRIEI LA OO, BIREEICIIREN
BENEMoEbDEELLND.

Yamamoto, N.& (1992) 1355 O Fi+ 5§04 % P fI 3 & AMA I 41,
ENENOF -NAR E LN ARES KOS ERARZT> TS, TO
R, NARKROAAERO BREFEHIT, TNENH315MPa, 850MPaT &
. INSEERT, SEOEHRLVBGOENLMTFERHEDOIT —F VR
HER DERBREIIMEAL E HIT/A TN, ZOEK & U TIE# R R o B
T 075F 7 U EOKRMMT MY v 7 ANWH O NFRREICKE
SHEBLTOVDHLEDTHDEELEND. SHITHMEE, AR EDS—
UMM TIIRMIC L DB BREOKNMREZ L. ZHEMTF@EED
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LERNICBITI2RERNOEES, BEONERIBITZ37 -7 U HHEOR
F ORI & BHE, WEICBT 2RERFOMAFEAOMEERE, Fi
DEBNPEMIIHESDOTZHREZAOBND.

3. 5 #

il

RREOHTFHHIOBU L5 -7 VBERONFMEEEZHFNE
R, ERGREGINAIREO DT — 5 VBRER O FNAAEREO D XD
BRICKREL, BWHOT AIHBIFIBOBMHROFBHERBIT/NE N 2.
— R D JE R I AR AR, R ICIEARIRENICRABIERT 5
EMHENTHBD, ESITEE O EMITK > THREIREED T 234
WEEDREDZAWMEAT A ERARENT NS, ZOLDRFITF
B ONEIRE AR TOERNICB T 5 ERREOHEITHE U
T, A= VRO IZNREEICHENOIM ONEICLD EZEN D
5 N7z

49



EIE BEXM

Amoczky, S. P., 1983, “Anatomy of the Anterior Cruciate Ligament,”
Clin. Orthop., Vol. 172, pp. 19-25.

Ballock, R. T., Woo, S. L-Y., Lyon, R. M., Hollis, J. M., and Akeson,
W. H., “Use of Patellar Tendon Autograft for Anterior Cruciate Ligament
Reconstruction in the Rabbit: A Long-Term Histologic and Biomechanical
Study,” J. Orthop. Res., Vol. 7, pp. 474-485.

Butler, D. L., Noyes, F. R., and Grood, E. S., 1980, “Ligamentous
Restraints to Anterior-Posterior Drawer in the Human Knee,” J. Bone Joint
Surg., Vol. 62A, pp. 259-270.

Butler, D. L., 1989, «The Anterior Cruciate Ligament: Its Normal
Response and Replacement,” J. Orthop. Res., Vol. 7, pp. 910-921. _

Cabaud, H. E., Chatty, A., Gildengorin, V., Feltman, R. J., 1980,
“Exercise Effects on the Strength of the Rat Anterior Cruciate Ligament,” Am.
J. Sports Med., Vol. 8, pp. 79-86.

Danto, M. I., and Woo, S. L-Y., 1993, “The Mechanical Properties of
Skeletally Mature Rabbit Anterior Cruciate Ligament and Patellar Tendon over a
Range of Strain Rate,” J. Orthop. Res., Vol. 11, pp. 58-67.

Drez, D. J., Delee, J., Holden, J. P., Amnoczky, S., Noyes, F. R., and
Roberts, T. S., 1991, “Anterior Cruciate Ligament Reconstruction Using Bone-
Patellar Tendon-Bone Allografts: A Biological and Biomechanical Evaluation in
Goats,” Am. J. Sports Med., Vol. 19, pp. 256-263.

Furman, W., Marshall, J. L., and Girgis, F. G., 1976, “The Anterior
Cruciate Ligament: A Functional Analysis Based on Postmortem Studies,” J.
Bone Joint Surg., Vol. 58A, pp. 179-185.

Girgis, F. G., Marshall, J. L., and Al Monagjem, A. R. S., 1975, «“The
50



Cruciate Ligaments of the Knee Joint: Anatomical, Functional, and
Experimental Analysis,” Clin. Orthop., Vol. 106, pp. 216-231.

Hollis, J. M., Marcin, J. P., Horibe, S., and Woo, S. L-Y., 1988, «Load
Determination in ACL Fiber Bundles Under Knee Loading,” Trans. Orthop.
Res. Soc., Vol. 13, pp. 58.

Hollis, J. M., Takai, S., Adams, D. J., Horibe, S., and Woo, S. L-Y.,
1991, «“The Effects of Knee Motion and External Loading on the Length of the
Anterior Cruciate Ligament (ACL): A Kinematic Study,” J. Biomech. Eng.,
Vol. 113, pp. 208-214.

Hughston, J. C., Andrews, J. R., Cross, M. J., and Moschi, A., 1976,
“Classification of Knee Ligament Instabilities: The Medial Compartment and
Cruciate Ligaments,” J. Bone Joint Surg., Vol. 58, pp. 159-172.

Jackson, D. W., Grood, E. S., Wilcox, P., Butler, D. L., Simon, T. M.,
and Holden, J. P., 1988, «The Effects of Processing Techniques on the
Mechanical Properties of Bone-Anterior Cruciate Ligament-Bone allografts. An
Experimental Study in Goat,” Am. J. Sports Med., Vol. 16, pp. 101-105.

Keira, M., Yasuda, K., Kaneda, K., Yamamoto, N., and Hayashi, K.,
1996, “Mechanical Properties of the Anterior Cruciate Ligament Chronically
Relaxed by Elevation of the Tibial Insertion,” J. Orthop. Res., Vol. 14, pp.
157-166.

Kennedy, J., Hawkins, R. J., Willis, R. B., Danylchuk, XK. D., 1974a,
“Tension Studies of Human Knee Ligaments: Yield Point, Ultimate Failure, and
Disruption of the Cruciate and Tibial Collateral Ligaments,” J. Bone Joint
Surg., Vol. 58, pp. 350-355.

Kennedy, J., Weinburg, H. W., and Wilson, A. S., 1974, “The Anatomy
and Function of the Anterior Cruciate Ligament,” J. Bone Joint Surg., Vol.
S6A, pp. 350-355.

51



Lew, W. D., and Lewis, J. L., 1978, “Technique for Calculating In Vivo
Ligament Lengths with Application to the Human Knee Joint,” J. Biomech.,
Vol. 11, pp. 365-377.

Lewis, J. L., Jasty, M., Schafer, M., and Wixson, R., 1980, “Functional
Load Directions for the Two Bands of the Anterior Cruciate Ligament,” Trans.
Orthop. Res. Soc., Vol. 5, pp. 307.

Norwood, L. A., and Cross, M. J., 1979, “Anterior Cruciate Ligament:
Functional Anatomy of Its Bundles in Rotatory Instabilities,” Am. J. Sports
Med. Vol. 7, pp. 23-26.

Noyes, F. R., Delucas, J. L., and Torvik, P. J., 1974b, “Biomechanics
of Anterior Cruciate Ligament Failure: An Analysis of Strain Rate Sensitivity
and Mechanism of Failure in Primates,” J. Bone Joint Surg., Vol. 56A, pp.
236-253.

Noyes, F. R., and Grood, E. S., 1976, “The Strength of the Anterior
Cruciate Ligament: Age and Species-Related Changes,” J. Bone Joint Surg.,
Vol. 58A, pp. 1074-1082.

Noyes, F. R., Butler, D. L., Grood, E. S., Zernicke, R. F., Hefzy, M.
S., 1984, “Biomechanical Analysis of Human Ligament Grafts Used in Knee-
Ligament Repairs and Reconstructions,” J. Bone Joint Surg., Vol. 66A, pp.
344-352.

Schindhelm, K., Rogers, G. J., Milthorpe, B. K., Hall, P. J., Howlett,
C. R., Sekel, R., Goldberg, J., and Viglione, W., 1991, “Autograft and Leeds-
Keio Reconstruction of the Ovine Anterior Cruciate Ligament,” Clin. Orthop.,
Vol. 267, pp. 278-293.

Shino, K., Kawasaki, T., Hirose, H., Gotoh, I., Inoue, M., and Ono,
K., 1984, “Replacement of the Anterior Cruciate Ligament by an allogeneic
Tendon Graft: An Experimental Study in the Dog,” J. Bone Joint Surg., Vol

52



66B, pp. 672-681.

Takai, S., Woo, S. L-Y., Livesay, G. A., Adams, D. J., and Fu, F. H.,
1993, “Determination of the In Situ Loads on the Human Anterior Cruciate
Ligament,” J. Orthop. Res., Vol. 11, pp. 686-695.

Trent, P. S., Walker, P. S., and Wolf, B., 1976, “Ligament Length
Patterns, ‘Strength, and Rotational Axes of the Knee Joint,” Clin. Orthop., Vol.
117, pp. 263-270.

Yamamoto, N., Hayashi, F., and Hayashi, K., 1992, “Mechanical
Response of Rabbit Anterior Cruciate Ligament to Overloading,” Proc. 7th Int.
Conf. Biomed. Eng. pp. 110-112.

Yoshiya, S., Andrish, J. T., Manley, M. T., and Kurosaka, M., 1986,
«Augmentation of Anterior Cruciate Ligament Reconstruction in Dogs with
Prostheses of Different Stiffnesses,” J. Orthop. Res., Vol. 4, pp. 475-485.

Wang, C. J., and Walker, J. E., 1973, «The Effects of Flexion and
Rotation on the Length Patterns of the Ligaments on the Knee,” J. Biomech.,
Vol. 6, pp. 587-596.

Woo, S. L-Y., Hollis, J. M., Roux, R. D., Gomez, M. A., Inoue, M.,
Kleiner, J. B., and Akeson, W. H., 1987, «Effects of Knee Flexion on the
Structural Properties of the Rabbit Femur-Anterior Cruciate Ligament-Tibia
Complex (FATC),” J. Biomech., Vol. 20, pp. 557-567.

Woo, S. L-Y., Hollis, J. M., Adams, D. J., Lyon, R. M., and Takai, S.,
1991, “Tensile Properties of Human Femur-Anterior Cruciate Ligament-Tibia
Complex; the Effects of Specimen Age and Orientation,” Am. J. Sports Med.,

Vol. 19, pp. 217-225.

53



‘1-4==

=] B3

.
55

-'7‘
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4. 1 %S

ERERIINFNREORLIIH LT, ToREBESHFHRFEZRLE
BETHEIGT DI ENHENTNDS. REICE>TH, NENREREOR(LI
IO, KRESEMLZD, BROBENZELICED, HBUTIERT 2
BROREINVEE >TSS, EREICHY, EFEHEXPLEL L TEE)
BOREMT D EONENREELELIED. RERICIXDAFOHERITE
5T, BYPHHEONFNREDBERTILEEALND. Z0LDORIRE
EEMICHEEL TR ZEE, REOANZXLAORAL, REBEIZS
T 2BECHEOBEGEOIERTEED= D OEBEPZIEE L Tl TEET
H5.

BRI 1T K 2 S8 O 1 FR R OB ICHE T T RITIB R ICE
plmEEsnN TV, A, b MTFHETIE, KRBRE -WF - IBEHE
GHROBWATE & BIMESNE ITHENEADT 2 ERESN TS (Noyes and
Grood, 1976; Woo et al., 1991) . &7z, b b OREERO B BTN i<

DLW, BIEICRESEOBICHNAOHENH W O®RE
MN&H5 (Blevins etal, 1994) | —7, A X OB TITBW I E N T
ZALL /R0, BIEEEINd 5 (Haut et al, 1992) . KR NAEEE
DERBEIL, 6V AMETOREMTIIHEMT 22, RBARITIFHET
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BRBERIBNEREGEIN TS (Woo et al,, 1986; 1990) . T v
N OREEIEIE S OREIFIAGRE TOREM TCIIRMITHEMNT S, £
DEDUEEHE TR ONITHEINT A XD THS (Tipton et al., 1978) . Fi&
XKREOBREROFIEBEIILL Al 560 Al £ TOREIITH2MEITHEX
T5 (A& (F) 5, 1997) . 2oL DI, RABOMEIC KD hFEHEE
DEMIE, BAEPEBYOBRNICE S THRAPERS. LALERS, BRE
BETIE, CZOMRIBNTHHFEMNBEIIREEEDITHERL TS,

INETIK, REBBICH2EBYORMEGHOR - BHIOHHLEZDS
— T VBRSO T - VRO N FHEETERS N TYRN., £I2T
AETIE, REBBIHIZFEROBZFRIOMEL 25 —F VBHERD
SIRABRZ T, REICHE D DEMHEOE(LE RN,

4. 2 FHEAHZE

4. 2. 1 SKREFY

ERICIEL, 2, RUCHABMOHAABRER () 22nThsSP 9 OH
Wiz, HABBFERREZBLEIL ABTHEL L, £0%2, 37 ADMITKE
WRFITEMNT 2R REHICAZ. 0%, REFISPESPNIERD, 64
ARMICET 2HEHICIIHEMICHERBMICTHMAT S, ERICEALIEZERD
WEIXL, 2, 6 HBT, FNFEN0.6+0.1, 1.9+0.3, 3.5+0.6kg. (Mean
+S.D.) THholz.

4. 2. 2 AT UEMROBEE
B, RRERBEMMNSKEERMET, RERZAJEEIEIImMOHL
T, THRORE, BREF-REE-BEFESAKOHLIE, 2. 2. 1 (1)
THRRNEHETIT-. 5612, 2. 2. 2 (1) TRXNEZHET, B
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H-REE -REESHANSEELBO umD IS —7 VHMERZRHLLLZ
ZO, BERNOBUOHRBICXLIZEOFEZFND DI, 2. 2
2 (2) THBNZXLD CEZERZEEATOMICHY, SEMIN535—
TUBMMER AR L.

4. 2. 3 BlEHR
2. 2. 2 (2) TRRNEEBEFBETHBLAEIT —F L EHEROW
mREAE L, BIERBRET .

4. 2. 4 $FEAOERFRE

2. 2. 3THBREFEEAHERAETT—FBEET N, BHrICKD
BRORECR—TEBESEOMZ, &8 (1, 2, 60 ABE) OH¥ENE
Y ORI E D AR I3 2B AR E & A L. — i 85 B R U2 E AR
FEbic, BEKEZ005E L.

4. 3 ZEBER

4. 3. 1 HwEER

SR BRZIToMHE, 1, 2, 61 B@EED, Theni80% (90/112)
75% (150/199) , 73% (150/205) D 5—4 V#BH#EED, 0T ABED =
DITHRHEROEIICEHN L TR V2D —H—BTHEMH L. Z0#HEEFIX
BRERANORMTIZEAEE DS/, 1AW TIIEHMU3IATD, 2
671 A TIEEEMSEAKT OO ——RTHE L2 B0 T, T
T — & R RfT o T,
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4. 3. 2 AT—TUBRHEROSIREN

1, 2, 6HABBEEDIT, TT—T URHEERDIEH - 0T RER ORI
i, B OHEBICLDZEEIIAONRMNo = (Fig.4-1~Fig.4-3) . &7,
aAT5—7 UBEHEROERERK (Fig.4-4) |, BI5R#®E (Fig.4-5) , BEOT
A (Fig.4-6) TH, —LERESBIMICEI2BEOHE, BERBRNOIBAL
LR B BEREOEB LN AN . ©C CHEREE, 1ABETIROT
B2~4%, 2, 671 ABEETIRIOT H2~5%QHET, mh— 0T HERE
BMELIREL TR/NEBRETRKRDZEESZEHT. T, ST EITARB
M T2EAMREEZT D &, EHREBERII DV TIETXRTOIRMLTLL Bmat &
2, T ABMBHEOMICTHERENAS N, REETIE, BM3ICBITBHIH
ABMBHEI2ABBOMZEZERVNT, TXRTOHMIZBWTIABE L2, 65
BBBOMICEEERA LN, Fi, 2H AR ECH AmBORICIE, &
DEALITBNTHERFRE, IERRESDITERLRERTASNEN D .
—75, BHOTAHICEL TREDHMUICBNTH ABRICEERERSS
Nigm-7z. —TTEEDBITICELIBREOHE, BEBNOIIIZL D
BRBEVWZASNANEOT, BERE6DITH T &AM 5 HHI L
MR EZIDOBRERENSHH LB ERE L TELD, TNEL2TOHK
RO EZ IEHEOT —F E L TRODEEABBOIRST -V T AEK
(Fig.4-7) , ##4% (Fig.4-8) , BlR®E (Fig.4-9) , MO T 4
(Figd-10) ZRD7=. TOXDIC U TRDZEBRBRESEREEX, 1
AEE L2, 6 ARMBOMTEREZEND - 7=
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BEITBIT D5 —F UBMEERONEREEICH T 2REORZEE, 2
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NELN, BICEGAREEISEBRERARICHALTRESEMLEZ. &
NED, BHEHOBREOHMIAGBLD BREICKDEEDHEN EEREIT
BELTWDZEbMna. Ak (FB) 5 (1997) &, Xy Z)IF7X
Fa—HYZEZANWTREREORXRBEERICIERT S EMNENZFTHLZ.
Fhicks&, E—7%MNIE, 20 A E TN Al THR245ITHBRT
B, 2, CHABEDICREOK2METHD, KRELRBICEMRT RN
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THERCEBRT A EAVERL, TR LTIT—7 2 BHEDPEIR
UL THREZEMEIEZEEZEAIE6ND.

3001 301 O =130 +275W
= Er = 1224 + 24.3W = r =0.726)
< r=07rs) g o B g P<oot
= ., 0 28 P<001 = 4%
ui 200t 2% a 5 20}
g A o N = a =]
= a B 2 8
° c
o @D [so)
€ i % o 1month 5 | ©
‘g 100 A 2 months o 10 o 1 month
=4 o 6 months 2 & 2months
< 2 o & months
}_.
00 1 2 3 4 5 00 1 2 3 4 5
Body weight W (kg) Body weight W (kg)
Fig. 4-11 Relation between body weight Fig. 4-12 Relation between body weight
and tangent modulus of collagen fascicles. and tensile strength of collagen fascicles.

2071

£g = 104 + 0.516W
{r = 0.547)

I

o

° w P <0.05
=1 (= e]

E ad a

10 o

_; o 1 month

I & 2 months

2] a & months

0 . ,
0 1 2 3 4 5
Body weight W (kg)

Fig. 4-13 Relation between body weight
and strain at failure of collagen fascicles.

59



Vogel (1991) &, v FOEDOBETIZL T A &2 Higs O THI9E&E
MEBITHBRL, 12HABTIRLINAGKDO3FZIZERSD, T0%IE300 A
ETHERICHEAL, 05— EBRAKLRELERLELBREL TNDS.
Gigante 5 (1994) 13, RROBIZZTENDIL I ATFUEHO M EF T
W3, TNICEDE, B I<SOBTIIIIAFURENEET, EHC
BRGSO THET B, RBLEEROBRERRBICAT S AF > BIERS
5N7xy. Nakagawas (1994) 1d, RROTY FLUAREHKRT 5357
VEARMEOEBERIIIEMITH T, 8~104 A, 4~SEBTIIHERICKEN
ERELTND., ZOXIREMENRTECFNREMCED ST
RO NENEBEESREICHE S TEELEEEZGNS.

REICHE D RARER O 2RI OEICE T2 ILE (B 5 (1997)
DHFEICELD &, BEROSIE®RER, 1, 2, 61A®BT, TNEN29.9+
3.0, 40.7+5.3, 58.6+8.4MPaTdH 5. ZNITHL T, AP TOIF—
TUBMEROBIERME, 1, 2, 6HHA®BT, TNEFNI3.5+1.8, 19.8+
3.6, 22.34+33MPaTH-o7=. COMEBZLETSE, WTFNOABTH O
T UBRHROBEOENBEEBOBREID /NS N, ELERERTD
FERDOBEMNASEND. INIETHRHEREO NFWHEEERSTOTF 7Y
HEORERBIT R U v I AN, WTNOREBREIIBNTS, BERED
TR HEICEEERITL TS IEERBLTNS.

X/, AT UHHEROESIE, 2B E671 B O THIEMEIC
FEIGHENAZSNTTVOIZH LT, BERTIZIZ OWIRMTH5I5REEN
ARICEMLTWS., kD, REOHHER TI S —7 VH#EROR
BEWEINL, T OBOKER QM ERMITIE, SRR O £ A 1A
PTOFF TN CEORHBT L) v I AN RERETHDDEE X
55, Scotts (1981) FBIEHN S RBAEAETOREREDO T Y FORE
DROTOTAT I ETT—7 2 OELE KBS R A ERNITH
NRTW3B. K5, FBAETRALETOTFTT T Y A ORBEEZEHA
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ﬂﬁ?%ﬁ%fﬁ%bfﬁé NICEBE, TurFTUAYIRaT—
TURMEOBRBICT 4 AL FORBETEELTHD, BEVEKRTIRIAD
MEDEHBIZ T A A IFBIDEELNEE LR NDIIH LT, REALL
EARTIIREBLITEF LU TELSEFETS. THITHELHI, REITHENT
T VERRBMICEMNITZ2OIIHLT, JarF U hrETeRRED
DM ZERL, JORMIMEENKRAT SE, DEDHENFENLZET
SRHICITIFZEAERLNTNEHREL TS, £k, Lamb (1992) X
REBRBICHDFRONAFERNEORAIBLCHNENBIRBREZT -
el A, BEORADOLTNRALUERALD, BERICHENEHEZZRU
EEBRELTWS., 7O0FF 7YV EOREBIT MY v 7 AZB1F >
2ol EDSMEEZRSE, KEOKERNTH20IZ, HEBOMEEICK
ERREEEZXD. BORAIBRNMBEZRPREICI> TELL TS (Lam
et al., 1992) Z&EnbH b, REICLDBONENREORLITHEER <
Uy ANBEERREEZEH > Th2D TN EEZISNS.

4. 5 5

il

R I@AR 1T RROBRBRIDBHL =05 —F VRO N80 %
RNz, TO/RR, 2 ABHOERFRER, SIRBENLINABRLD
HBARICKREP LD, 2HABEN BBORMICIE, AEBEVWRALN
iaolz. VI RES 52 B, Hen1lhABICEENKZFEIC
XCTHINTL2REERMTHY, ZOKREORBITHED hENRROLE
CHEINT DRI AT T UHHMEOBREDHMLAEDDOLEELEND.
T, BHEROERBE, SIRBESARORICE, FEAERBKNS
S5, KREICHA U THERFRE, sIRBENRKE<HEMMLE. INLD,
FEOEMEFBECHRTIRICERTZ2RIOEMICHLT, 35—
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PRiTIRFEzRLUCRRBREEZRKL Y EH
L7225 =T V#RERDONFFE

5. 1 %=

B B O 1A YRR 1T RO R B i F 1T K D B B 0 & (Noyes,
1977; Amiel et al., 1982; Woo et al., 1987; Muneta ct al., 1993) %, EFH<
L —Z DIk A afiEkDOEZE (Tipton et al., 1970; Laros et al., 1971;
Woo et al., 1980) [ZDWNWTHEL < ODIFENTHOHN TS, s QPRI
HFEAGEOEALICH T HRENBREAGORE - BB TH, HEMIC
ToONTHBY, EHRREMTH2E - BENVETY 2 TORIZHELT
WBZEERFHLTNWED, ZOUETUITOANZALZELHFHS
NTHRN.

Yamamoto, N.5 (1993) 13, BREBERICHEAT 2RV ZTRITWORLZ
EDTED, B (Stress shielding) OFMLTEZMBICHAEL, ZhzH
WTBRRAICE > TRROBEROBENBMD TRRAI, FLREEST
LIEEHONMILTVNS. ZCTEARETHEH, BOHWEOUETU X ID
ANZZXLERATIE—BREELT, BRELEAFERERIOBHLEZ
OS5 =T VHHMERONFRREEZFR, TOBRTEUBORERI DA
U727 —7 VB ORE, R EMRGETH 2BBER 0N ZEME
DIFEIT L DEL ST 5.
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5. 2 ZREFE

5. 2.1 REBR#Y

fk#3.5+0.3kg (Mean=S.D.) DORFAHEABERKRE (M) 21P &R O
EBRICAWE. ENS5ETHTD, BREOHME 1, 2, 338) T3IDOH ) —
TR T, FTINV—TEBIZ, THOS B6PEHEFHBRITHL, D01
PEHEGBERICAVWE., EEMNOMOALBOITHRVEPOFRRAE (3.8%
0.2kg) ZXRFE L THWE.

5. 2. 2 KREEHEEOARE
R ENIVES =AW T S MEz B L7 KB T, Yamamoto, N.5
(1993) IZko THRESNAEHELRAKORMEBEELTTo2 7. AT 21X
MEOEY (EFEImm) A7 a— (M3X16mm) ZZ2NENHKEE S
CHIA L7 (Fig.s-1) . $72A0R5 > L A0 E > (0. 7mm)
Z, X—A—LUTHEEFREBEMHEHRICEBEBICHAL, ZOY—
7 —HOEREE /T ATRELE. 0%, BEFELREBICHLTHDE
PEARTVa—OMICAT YV AEFB YA v — (EZ0.97mm) Znit, Z
NEAVWTESEEZREAICEEE THEREESEE. ZLT, &I
HELTBNWEY —A—RHOEREZHmmEHR I ELRETTI vV — 2
ELE. ZO%, BOH505FMIAETORERINMEL TWEIL%
WL, WENBEEZRITE T, 8 r — N TERIIESHSET, 1

2, B EAMMELIEOEBE UK.
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Fig. 5-1 Method for stress shielding.

5. 2. 3 BEROBERVEEZERORSE, MAADAZE

2. 2. 1 (1) THRREFETERLEFROTREREL, BEE
-RER-BBESKERL LE.

it,Ymmmamng (1993) ME|EL TWBFIET, 0.12MPad —3E
ENEERESELRETITU I 7 0A Y EHNTHEROMEEZ
Bl Lk, ZOFENE, BEROSREE, FREBNSEEAEEES AN
ENENSmmOEA IR, EAEBDOFE3HTITY, TNEOEEEZFE
U, BRMNGESERBOWHE L.

BEBOREMBWH? CBREROIENERORAMEE TOREMZKHE
BOEZEL, BEBICHALEE ICEDER D TT THEER OIS M
IZOSNO —~EWEEZEH IR /ZRET, /FATHEELZ.

5. 2. 4 A7 UHREROBEERVEERAE
2. 2. 2 (1) THBNEZFET, BHEF-RER -BAESENrOE
EHK300um, REHISmmO IS -7 2RHEREZHL L. T I THRWI
K257 VRHERDONERNRIEOLACIT, BFERANOIMAIT X 2 HE
MBHDNEIMERNDLDIT, T TR KD IR 2 W7 5 AT 6
fir (Fig.2-5) 23V, SWENS IS5 — T 3R ZMB L.
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BWHLEIS T U HEMEROEEZ 2. 2. 2 (2) THNEEE,
FIETHEELZ.

5. 2. 5 BI3REHAR
BRASEEICHTZ VA T4 a2 TOEEHUAE, 2.2.2(2)
THRAZDOEAKOEEEMAY, FUFIETIERBRET-~. U
DF 4 ey LTEERICEAERDBELOTAOMET, R
RO LE, 2B TIE0~2%THo /2. L LANS, REIERTIE,
F R TR O T B IS BUTOBERN B 7= DT, I5— 7 LB
BEERIT DI, TUISTFA a2 TRERICHZAZ2HBDIEL
VDFBOHEEEO~1%E L. SHROOTHOEHRS, 2. 2. 2 (2)
TN HETH, RIASATD OREHOR I — 0T a2, 51ER
B, ROBEWIO T 2% R 7=

5. 2. 6 mHEMNHR

BEBANOIAMICEGERASHEHLEZDS T VEHEE, LHENR R
TRV, EROFETHEEEEELER SUIACFa i 0
SUHRRHIICERICEA 20 THOMIZ, 2. 2. 2 (3) T~k
HEERBOFIETIHEABMEABRZIT >/, 2TOFHITHLT, 0~1%0
0T HOHPAT, BOBRLOTHERHERICIORIEZ ST T3
ZyUEfToE, K2%009 A CHEEE, BRAELE, 208, 3@ TENE
$2.5+0.2, 2.2+0.5, 2.4+0.3, 2.1+0.5%) ZHHEFRITE5Z, Z0OLE
R L7a NS, 6008 i B2 R AYICHIE L /2.
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5. 2. 7T iHHEH=

WL S -l - R AN 5, E3mmo BEHEH %
BTN L, SEEEAOREE L. B0HLEREE, SR
10%7 )V ) DRI TARMEBEE Lzig, BMIKL, XT3 T4 >T70vy
CEAEL, BEiumoBEEGD LA, BAS T 4> BHERE
(Hematoxylin and eosin stain) %15 7. Y23 SMEET A L = M kn 4
DEEEERLEES (PIASIL, 72, AR CROAZS, HAEHY
0 DEEF M E FR O6HEIL 7= SIE T TS (4200 1 mX
200 um) THIEL, Fh 50T ERDE.

5. 2. 8 ®EHAEAE

2. 2. STHRNEAHBELAKRICT - IRBEAREREERT >, B
HROEMIC K D HEEORE I —JulcE 08 Tz My, BALICBIfRT:
SEHUIERER, BIRRE, BWHOTAORMICEK2E{E, MHRE
EBRFBE OIS NN ROMEE Z2BEARETHM L 2. — Il &0 /o
FROUZEARREE BIT, AERKEZ0.05L L.

5. 3 EEER

5. 3.1 BREROHEBHEEUVERE

Brmr Lz EEBOBMMMEL, BRearLE, 28, 3 BEET, #+n18.9%
0.9, 32.8+3.4, 31.7+3.5mm2 Thorz. FEBRHMLE, 20, 3PHOKE
BEOE S, FREN19.4+09, 18.4+0.6, 15.1+1.4mmTH-7. - h
CHU THBHEORZEREOWERMEE S, #hENn141+1.7mm?, 19.2
+0.2mmTH-H 7=.
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5. 3. 2

SRR AT o AR, XMEE, KURBMLA, 28, 3@EHD, i
#70% (210/306) , 75% (180/241) , 77% (180/234) . 90% (180/200)
DT — 7 VREHERR, OF BHEE DD ITRMEROREITHL THN2
DO —N—HTHHLE ZOHSGICEZEENORMICLDIHEELAS
Niamokz., TNEX—A—MTHNLEABSOAIIDNT, T—F DR
rzefrork.

5. 3. 3 AT UBHROIIESE

AT UBHEROE - O T ARKOBRITIE, HBEE, BREREED
o, B OMBICLZEEIR NN (Figs52) . a5 4
MR OEREE (Fig.5-3) , BI%EME (Fig.5-4) , WO T & (Fig.5-5)
CBNTS, —REBEIESTICEOREOKE, BRERANOIMBLICLS
BIEVWR B SNAMo . T THERGRIE, MR, ROBRALE,
2CEBEOBETVTH2~5%OHEAT, EEBREEAROBARVTHI~
2.5%DFEET, BH-VTHRREH SREL, BAERETRDOEME
EEET. 37— URHEROBERRK, SIERE, WO THICBIIC
L BMBENALNREN DT, ZREROETOUMITDONTIFELT
RS- OTHBK (Fig.5-6) RU¥MEEE (Fig.5-7) 2R 7=, HEHRE
BiZ, B OHMMNETICONTETL, BW2E, 3ER S IREOMIC
AR ERENA SN, BIERER, BERERID DREBETMN
B 5N, BREHLE, 28, JEHOBEREL, ThThHBEOHT4, 44,
19%E THBICET L. BV THOETIE, ERFEROBEREICH
NBENET NN, BRE2E, 3ER MBI ORISR YA BENAS
nr.
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Fig. 5-2  Stress-strain relations of control Fig. 5-3 Tangent modulus of collagen
and stress-shielded collagen fascicles fascicles obtained from each location. One-
obtained from different locations. way ANOVA indicated no significant
difference among locations for each period.
[ Control{n=7) O Control {n=7)
71 Stress-shielded for 1 wk (n = 6) 20 Stress-shielded for 1 wk (n = 6)
. 301 21 Stress-shielded for 2 wks (n = 6) = = Stress—sh!elded for 2 wks (n = 6)
Qﬂj & Stress-shielded for 3 wks (n = 6) s B Stress-shielded for 3 wks (n = 6)
= (Mean = S.D.) @ (Mean = S.D.)
et w 157
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O 20t o)
= 3
= © ’H i
@ c gs H
© 10f S |l gz
2 % 5[/ g2
S o ||IH b
) c '- 'R
= o | gz
UIN{1/: RIL RIG: Riss Ris: M1
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Fig. 5-4 Tensile strength of _ collagen Fig. 5-5 Elongation at failure of collagen
fascicles obtained from each location. One- fascicles obtained from each location. One-
way ANOVA indicated no significant way ANOVA indicated no significant
difference among locations for each period. difference among locations for each period.
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—— Control (n=7)

Stress ¢ (MPa)

—o-— Stress-shielded for 1wk (n = 6)

O Control (n=7}

25 _a_ Stress-shielded for 2wks {n=8) g g:ress-sgfellgeg ;Of ;x ('(‘ = 525)
ot - ress-shielded for s (n= « P < 0.05, vs Control
Stress-shielded for 3wks (n = 6) B Stress-shielded for 3wks (n = §) (Mean = S.D.)
20( 3007 257 <18
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18} = 220 i S |
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Fig. 5-7 Mechanical properties of
Fig. 5-6  Stress-strain relations of control and stress-shielded collagen

control and stress-shielded collagen

fascicles (Averaged for all locations).

5. 3. 4

fascicles (Averaged for all locations).

a5 =T AZEERD SN iR

SR, BEHIDICOT -7 CBHEROISNBENIEANRE S, FH

MEDITONTESNIZE- /= (Fig.5-8) .
DREBISHEMBEFZRL 2.

F7=,
xf BEE D300 0 it S H) HR - 061.2

BRITRE O 7 25 X B A K

+79%ZwA Uiz, —75, BELA, SSEBOEEIE, TNETN51.7+2.2%,
48.0+4. 9% F TORWAPERLTHD, MEEEERHLA KO3 AR OMITHK
L, BELA, 258, 3EEEOMICIIAS T

RHERITRAREDN A SN,

EZdAHoNho 7.

Relaxation (%)

—e— Control

—o— Stress-shielded for 1wk
—0— Stress-shielded for 2wks
—a— Stress-shielded for 3wks

——

(n =6, Mean = S.D.)

—

s

0
0

Time T (sec)

100 200 300 400 500 600 700

Fig. 5-8 Relaxation curves of control and stress-shielded

collagen fascicles.
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5. 3. 5 iAgiER=R

5046 SR O B0 R AT OSR 0 BATIT PE L, BB AL, Ll
SRR, ROWTNOBMOBHEE b, HEENOMLEICESMEK D
FIEIR IS AT M o7 (Tables-1) .

Table 5S-1 Number of fibroblasts per mm? in each location of control
and stress-shielded patellar tendons (Mean = S.D. for 5 areas).

Groups
Stress-shielded
Location
number Control 1wk 2 wks 3 wks
1 275 £ 50 382178 2122 + 610 1756 = 371
2 283 =110 382+95 1977 = 765 1884 = 545
3 198 £ 55 641 = 190 1366 = 456 2456 = 575
4 275 =121 412+ 145 1534 = 318 2366 = 611
S 229 =50 366 =139 1420 = 404 2122 = 616
6 25295 443 =85 2061 = 659 2114 =411
5. 4 ZEE8

B L7z WA B OWT AT K OF =13, Yamamoto, N.& (1993) DB
BLY<—HUTHY, AEREFN RO TEEMEICENS T & 2R
SN, COBWEBRROESE, ¥TRAREEMNEEEEICL DA
W TREBRRARTHD, FREICERT2AMERD BN TNS T
EITERL TWhwbEEZLND.

B B 1T S, B BRI O ) S M OB LI Y BRI
2. LLENSG, 055 BEREEDR - BEEERT 2EXD
1) 2 MR DL B S BB I TE R DT AL, AR TIR, B
Ui R ER L DRH U7 09— M O S BB % SR 7 2,
AT o THMER O BRI, BURRE, ROBWOT 338 B0 HD
U7 (Fig.5-7) . Yamamoto, N.5 (1993) |25 Tk Skt 0D 2% (%5 16 12 K
FTRMOEEII OV TR LTED, TORE, KEEOBHIREKE 3
IR L > TP TAE<ETFTBEHELT NS, LnLas
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5, BERBIIBISZI0EDEHBEESREREOK NOEIGE, A4
ETOAT—F VRHEEOBAEEIIREERS. fIAE, 257 2%
HEER OBIRIEEL, BRaLA, 28, 3BT, TN TNHRBREONT4%,
44%, 19%IZHAHTHOITH LT, BER T, TNTNMRBEHDOKIS50%,
13%, 9%IZWALTHBD, BMAOEERFBEOHNDIEDEMNITKEN. #E
BREHIERE S FERKOEREZRLEZ. £237—F UBHEROB
g A, BRAT2E, BERTHBEBECENTHRICEAD UED, RERD
BUWrO g AIIBRMICE o TiIEEAEEL RN,

Bk B DR OB, 15— EERLD, BERTE D
RELHBNEZFREERELTIE, 357 U HEHERBEROBERKTET TR,
BMHERBOHEERICEENECZZIENEZ OGNS, BHEEIKES T,
B - BEoksefaYs ) adv s/ 7y A Uiz D (Akeson et al.,
1973) , B0 S 7 28E (JOAU ) REINT2 (Akeson et
al., 1977) 2%, A5 —4 > D% A 7 (Amiel et al., 1980) ®a5—4 &

(Akeson et al., 1968) [FEDLSRVNEREINT NS, TN5 DRI,
MR RN 7 A%, 277 URHERBOKESSCSHERERD, BOW
HOUETY TN OEEREEZEHS TWDH I EZ2RBLTNSD.
SHEBIE, BEOHHIIBIIRMWOEEIIDONT, FZEHHEKRTL
DMHI7SEREZDOL )V TOMEPBETHS.

BEBNOEMEREY 20 OKHEF M OBIE, RmlE, 28, 3@HT
FNETNMBEOKL.8, 7.0, 8.6EFTHD, MELAMNS 2EITHIT TR
(N9 5 (Table5-1) . Z OFERIT, BEZEROEHFFNEREHT DWW TH
~N7JzYamamoto, N.5 (1993) O#RE—EHT 5. HHEFMAEEOEMIZL,
AEBERANCHEEL TWEMBOME S, BREROINE, BICBRETE
itk (Fat pad) MHOMORAIEDERBEINTNS (LA (B) 5,
1995) . REBOABHREN — K TRWVWEDIZ, BAT SMIZENERAIZ
o T—HTH<, o T, BERANOMBARE—ICa/mLT, 37—
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TUBMER O N EHEEICHEMICL D HESAS NS I ERHE I N
ULt s, B U7z I o BRI T O BRMESF f IR O 2 1 12, SR ic
LK BHBIEASNSMN o (Table5-1) . ZODbBHoTH, A5—T
MR O BN HHAICX 2HEITA NN o,
BOSEOMBEEICDNTERES OMENHA2OIZHLT, UETFTY >
TEIEHBOHEEREICDOWTIRFBEEHAXRSEN TR, Yamamoto,
N.5 (1993) oWz TH, B UIZRER OIS NEBMZEHIIANS N TN
. AR T, BREEOIT -7 URHEROIRIERMIE, HRELD
HbRENO ., TOFFTUACEORKHEMT N vy XIE, BREHEO
KE AR E S B0 RIfRA Y H D (Frank and Shrive, 1994) DT, BRffIC &
O THHEET N v 7 AORESLENEL, COZERBOYETY >
TWICRKELDZZEEZRILEDDEEZZ OGNS,

5. 5 #

il

B L ERIOFBELAZ DT — 7 VBHEROBIRE M SR B
B 25X, Yamamoto, N.5 (1993) RHFR THLBER IR LE. £0O
FER, BRWICKD5REBELEFREOETIEIRMEROFVESZSEL D /N
<, BEROGSITIEIAS NN o IR T B O A IS ERHE R THIZR
SNz, —F, BREICEDAT =T UBHEROR BN RE 2B L
INgMolz. TIN5 EEDTOFF T EORBERITN ) v I X
B, NFENRREOBICHT 2 - WHEOVETY VJICREEZ5X2D
DEEZLENS.
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BEMTFHEE2ERETLIADI, HEBBENTOND N, BOKRME
FHIEEERICERICHRD, TOHWFNHRENMET I L0860
T3 (Clancy et al., 1981; Amoczky et al., 1982) . =Dk dsEEEME
EHNS, HIEOEENE - FE O EARECKRETERBIIOVWTRE
< OWHFEMZENTNS. # A, Sabitions (1990) ®Kings (1995) IF
MR T 2 EEOMTFPHHEBREIAMLAEZETTINELT, RRON
BIRIEER IR L EZEL T, fillzE RS LB OBE O ENRME
ZIANTNDS. F/-[E4kICBush-Joseph s (1996) & EfEUEEZH W T
XORITFHHEONFNFE IR I THREROEEERFLTNS. &
5iZJackson 5 (1993) WEAHEUE ULZILEORBREZBEHEZEL T, £
BRICHEREMTFREOBRBRFMEZTo> TS, INSOBERIE-HLT
B, FERELEZBELZR - B ROEHEBOBKWATE, BIMEIHRICE
FU, #MEREL /=5 OMEES b/ E b,

CNICHLT, RRARBROMIHFAOMEBIZEATICHBLE OB ETT
o 7zGraf 5 (1992) OEHRTIE, BOWEEEMIASNDZDOD, WM
FMELHIEOE TIEA NN, I RERBEROFERIE, Jacksons (1991)
L2 IEDORT+FWHOMBIZEERT TICHBUEO L Z L 72 EBRN
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S5H/ENTHD, BOHHFTHDPLAMNPEEOERNDOEE LERIT
—FH L TN, FRELBICL2HMEROLEE, B WHEOMHE
PRIEICERENZNWENDRBEDHSD. COLORKBEROUETY VS
CEEFTHROEE I DWTIE, Bx DEMEMNBIUHFENZER TN
BHICEELTHBD, FEL-HULEARFZENTHRN. ZNSH/HLOD
KFOMENERICEFEINRTNIE, BEROUTTY T OKREITM
BATE Y, O TIXEERNEREMN OIS D A3,

ZIT, COMBEEMBRT DD, HEBERBRETT I Th2 HELE
EHULERBZERZHWT, TCERATAENEZEENITHDBRNWE
BOBOHFHNFRFEDOEMITET M AN THLINL TS (Ohno etal., 1993;
Ishida et al., 1996; Yasuda and Hayashi, 1996) . Ohno% (1993) I1f, BZ
BRICHBENEEL R WREZEICBN TS, BMWERELZANINERS
BN EIDRBOERKRE, SIRREPAFRIESBLIERZHETVD.
CNEHEOFEE LSNWVKETHUET Y IBREIBZEERLTNS
Ishidas (1996) WHRARERE EFHUEL 2%, P O ERE ORERIZ
LThG, BUBEEEOAMEEAIEEZBONFNEEEFRTHS
TORE, HMENBHNICRALHEDZ2RATOBARIL, BOMEZRHE
EELIHRENEND, RHBBROBAMIIPENNENERRTND. &
NEOFENS, EENBHFHNREOEOLZBDOHENREDOLEL
CFHIBEEDEBER N DDHD. I0XIBMEEYETY S TOMG
EHOMNITAHZERUETY D TOANZALEBATLDICHETD
LHOHIEET, BRIKITBITZ2UNEY TF—2a VIKOBBHFIILZWITHRIL
DHDEZEALND.

T ITAMATIE, FARZERZHELEBEL THEZEIREEE, €51
INIERAT2ERAZZRICRORE, I¥FHNREZRCSELRID O
T UBMEERUL, TONFRREEZRENR, MHIERERL IO
HER R OB ICRIFTHIEO L EE2R T L.
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6. 2 REAA

6. 2. 1 KB

EERITIE, fRE3.2+0.2kg (Mean+S.D.) ORBHAHEBRRE () %
3TPRWE. INSEZ2DDTIN—TIZmV, —HOT I — I EELE
DHETN (FrE) , AT —TICIEHEBEUEZT > 2R ITHRAOF
Mizfro /= (FUSSE) . oM EHNMEZ2, 3, 6HBEL, EH OGP D
DESPZ HFRBRICAHY, ROOIPZHAMBERICEALEZ. £Ihb
DHRREFHNIC, HFELBICIDHIROEIREZHERT 2ERICIPOXRR %
iR RVl

6. 2. 2 FWAE

(1) 7REEUEE

RYMNIVESY =NV EANTERRCE MM ER L 728, A FRICEE
WICFRzfro/k. TTHREFLEEFCER).T MmO AT > VAFHEOE
CEX—A—EUTRUNTHEDAAK (Fig.6-1) . RIZ, BEROEAH
CHDEEMENK (Fat pad) ZzBFRASHAL THICY a2 —
FEBALRE. 2d, BETENGKROEGEZHE<ZDIZ, »Ua>y—©
ERETEHAROBICAREZZLAAL. 4AXO#HFEMHE > THALEY
U2 —bTHEZED, TOFTRAEAZERZD D EHULAA, M1
FREREZRE S S, RESRVT LR, ABAEHEKEHTL THE
EREMBEL, U —MERFERODERD, HEEZHEGLT.
FIROFRRIZIDWTI, ZO®REEZBLEDS, Fy— VRN THRIED
=8, e OWBAE LZ. £k, MOUBLHEIRNEMORERE =Xt
BirE L.
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Fig. 6-1 Shematic diagram of in situ freezing technique.

(2) BRTBAETR

Fr/SSEEOFRRITIE, LR ORBUEZRE L 2%, BICIEMAT S ERIZ%
EIXWOR<SIZDIZ, 5. 2. 2 TRXREZRFEOFRZIT> 2. WEEM
BEEzBTEY, y—PATHAKESGSERNSHMEDCHMEFL &,
Tk, MOALEbRETNEHORERESBIEEL .

6. 2. 3 HRENEBICLIGBHIMEBEOIERDHEDR

(1) BERORHW

ARE3kgDRAHALARRE ) UNIC2HmMEE LR AHORK
FRCERORBUEEKE L. TOREBIL, FREEHRL, REROD
FEEMSZTREHBELZER, BEMEE» SKREGEZ CTRERZHH
L7z, INZ2XTH )/ —)VIRIC30OPERL THEL, —ENCIT AR
(Hanks' balanced salt solution) T %L 28, ¥ZICHBELENS AR
FIC—FICRELE.

(2) #2401 DE I

BB OB F I AT 22010, 055 F— €% RN E

Wik > THEROMBRRA TH D15 — 72 ehnL, BEFHEES

BT B HEERNE. £, NI ARICEE LTV EBEEN 5254
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DEFEM30 mO a5 =7 VMR ZRHE L. chsE2MiEE 55 F
—E 2139 (KHEL) OFEETREREUEBERICEL, 37T7COA > F a2 X —
SWICKBRHKRE L. coas75F—FABIck->T, a7 -7 22K
L, MHEFMEZERL 2%, =ik (1500rpm, 5473) & - CHlfgZ2 =
U=,

(3) EXMEEKOHTY NRUKRIZL 2 EMBOEEOER

B U7zfiiaz, PUNTI—REL, MEKGFERZHNTAHEEHR
WMETHE - M@K E I MU, NUNXRY T —BKEIZFET L=/
OEDHEETEBRICRDDHDT, MEOEFLEHERTES. NUNTI—
REIZILGMBOEFEHNE > T, 2 TOMEMNEREL THWEEHETE
L5EEZBZONDED, INZEZIDHENZDBDOITT DI, EINLZHED
— & & 55 (DMEM) DA vy —LIZBL, 37COA1 >FaN—FH
THMEE T > %, MHEEWME TS v — L NOMEEEOA 2 H

=21L7kx.

6. 2. 4 BREROWMERVEREREEEORNE

2. 2. 1 (1) THREHETHES -KRER-EBEKRORHLZ
fTof. £, 5. 2. 3THNELIK, TUTIA7OA-FEHL
THEROWEMENEL .

6. 2. 5 A5—TUBREROBLRVEH®EFANE
BER-RER - MBEAKN S EEQ0 M, EXHLSmmDT S5 —
BOUBBEERI L. TOW, BSEEN OBMAIC & > TSR T
BB BNEINERAD O, BER TN & %I 02804010 5 1
(Fig.6-2) , TR ENOMAN SR ERHH L. TN 5 05 H ol
MR 2. 2. 2 (2) THRALER, FIETHELE.
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Fig. 6-2 Sampling locations of collagen fascicles.

6. 2. 6 B3RS
2. 2. 2 (2) THRREEBEIFETIS—FUHEHEROSEHRZ

fro7=.

6. 2. 7 iARGER=R
5. 2. 7 THMAZFETHER ORI & BIBE O T TR
FHIIL O ORI U, 1mm?23 7= D OBHESE M a2k 7=

6. 2. 8 HEUEFE

2. 2. 3THREFETT— I EBEMEITo/z. BRERNOMAMIZE D
MEICDWTIZ VARG E (Paired t test) AV, ZFOMOE IV — T
DFENIZTD WTIE2UHEAURE (Unpaired t test) TFHMGL 2. WBE LHIT
B EKLEEZ0.05& L.
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6. 3 EERER

6. 3. 1 RENE(CLDEMIFHEIOE RO ET

~YU /\"‘/7“)1/“—?"%@bf:%ﬁ%ﬁ%ﬁ‘%{ﬂﬂ@Efﬁﬁ%@%ﬁ%?ﬁ%bf:%%, %
e AL EIZ K > THIIE R L TEN TV DRTHAEE TE . KR
FHAIEITANTRUNRZ TN —TEHERICRES TR EHEOFEEITHER
SNz 7.

K2 TORBEFMPANETLEL ThDNEHERATDHZDIT2HE, 37CD
A 2FarXR—FRNTEELEZE, MHEEMEICISBRZT LN, B
MEIFHI D BIEIT A 5 Nz o 7.

6. 3. 2 KHEEROHERE

X RRBEIC X TFr/SS2iERE, Fr3@ae, Fr/SS3iHRE, Fref#f, Fr/SS6i
BOBRSROWEEIIAZICHEMLE (Fig.6-3) . Fiif, FUSSEOWLTN
HHTEIEN S6GB I T TWERAAE I L. E-ig2HE, 358, 6
BOWTNTD, Filf LFU/SSHOM THREROMEMICEBERENRS N

7=
% p<0.05
# p<0.05, vs. Control

£  (n=5, Mean=S.D)
E

~— r
z 35

< [

@ 30

@ sk

5 25 0 | I
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Control Fr2w Fr/SS2w Fraw Fr/SSSw Frew Fr/SSéw

Fig. 6-3 Change in the cross sectional area of
patellar tendons.
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6. 3. 3 HmBEEHEX

SRR EIT o 2R, MBEOIT T VRERDOKTI% (50/70) 77,
OTHBEDZDITHEMEROREICHL TBWE2DDOY —— ] THEN L
7o X—A—REITHE Lk 0% a1, FriFTid2f, 38, 68T, Th
FNH66% (50/76) , 72% (50/69) , 66% (50/76) Tad vV, Fr/SSETIZ
20, 3, 6ETENZNKS8% (50/57) , 76% (50/66) , 66% (50/76)
Tholz. £, TORNEGIREBERNOBAICLLHEIXA NN L.
INEXY—N—MTHEMLEZRBOAIIDODNWT, T—FEMEToZ.

6. 3. 4 AT—T UEHROIRENH

R, Frf, ROFUSSEDD S —7 U HHEROIEHN — 0T 2R %,
M ORTERE, BERENCA VT, FhENFig.6-4 LFig.6-5175R79. T
NORBH-OTHHER S LEHRBEOZWERERLTBD, BLOH
EDUET -~ OTBEROBRICKTTEEBIILE AN .
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—O0— Fr2w —®— F1/SS2w Control
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(48] QuE (8V]
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Fig. 6-4 Stress-strain curves of collagen

Fig. 6-5 Stress-strain curves of collagen
fascicles from anterior parts.

fascicles from posterior parts.
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Fig.6-6~Fig.6-8{Z 05 — 7 U BHER D EEHR I, 5IREE, HEo T4
Z, BUEM S BEEICVTCRT. I TERRRE, SRS VDT
H2~5TDEFH DS — VT HAREERNEREICL > TEHFALL TH
SENEEROEEZET. FUSSEHOEBRHRELFERMER, WERNMOHE
IZPENEAD T BEAN A 53, #FlAE, FrSS3E, 6EFO5REE T,
ATERE, A& HITHBEICHNTHEERENSE SN, THUTEXRT,
Frf QBB HRE &R E O OZEIID 7 <, Fro##E 0 3% 50 o R4t
ROGIRBEDHPHBBICHEXNTHRICE N> 2. T, BREOEEZ
ZIRMEIC BT BFf EFUSSHEE O TIE, 2 O%IFE, KO3
W, OEDEEML DFIRMEE, MO OBERERIIBNTEH
BEDAESNZ. TLBEERANOFEM & ZRA O TIE, BEREHET
RRE CDITF/SSIEFIIBNTOARAFHITHERENEN, FIEMEIO
HWBHRR IO KREN 2. —F, BHOTHITE, TXRTOTIV— T
THRERERFASNEMMND Tz,

Anteriorpart = p<0.05 Anterior part
- B# Posterior part  # p < 0.05, vs. Control 25y B4 Posterior part
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La0 n=SD) . S ¢ ean = S.0.)
= 20
Ly 250 5 }' I
® .
2 200 215
o = 2
2 150 = 10
£ [}
= 100 £
g g
2 50 %]
[
= o9

o s e o - S0 | s
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Fig. 6-6 Change in the tangent modulus of Fig. 6-7 Change in the tensile strength of

2w Fr/SS2w Fraw Fr/SS3w Fréw Fr/SSew

collagen fascicles. collagen fascicles.
* p<0.05

Anterior part # p <0.05, vs. Conirol

H Posterior part | —
—_ (n=5Mean=5D) T - |
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s . p
= [—:1 | ——
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e
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Fig. 6-8 Change in the strain at failure of
collagen fascicles. '
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Fig.6-9IC AT A% /= D DM S, MER OB & BB T T
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MM RERANICE I W T 2MWE@oE TIE, gEEl, #EEE I,
Frff CF/SSHOMTOS — 7 VBHERO I REBECERREN A 5NT.
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WE2E OFrEE, Fr/SSHEIIBWTHIROFEIRRE I N>, £k,
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BAEF B OBRADNEE > FHBOWEIAT, 277 VBREROER
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HDLEMRBEIND.
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FEURVWRETHIT 7 VBHEROS|REEIKRMAICK > TIRTL, #
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5, MHEERIIBIT 2 ZORMCIEBERICHERTELINITHAENVWDHDTH -
7o, MRS E CHIEAHE L2 RETIE, MBESEELZVEEICHT
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Fig. 7-4 Locational dependence of tensile prbperties of
control patellar tendons in the transverse direction.
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Fig. 7-5 Locational dependence of tensile properties of 3-day
stress-shielded patellar tendons in the transverse direction.
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Fig. 7-6 Locational dependence of tensile properties of 1-week
stress-shielded patellar tendons in the transverse direction.
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Fig. 7-7 Stress-strain curves of patellar
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B LRI O 5 A OB R S SRR, HBBOKB0%E T
EFLAE ChicH U THEROEMH R OESGRENUBIEREDET
X, XFHBEDLS0%THY (Yamamoto et al., 1993) , HAM DMRELT O
BEOHPKEN o). BEBRELA<IE, SRFMACLsa5—7
DIH - BHREORO RS EOHENEECEEERTTHTOEEL
DH, TOFFT A EOBEBT MY v 7 AOELPRERBMORS
HOETFRELEDIE, COXIRBERENMELNEbDEELZLND.
TOFAT VNV EOBERT N v I AR FRICABREEZE ST O
T, KACBREORBICKZARREERELD1ED, KEHEALTF IR
FRL, SEOKBIMEICA XY EE 525 (Frank and Shrive, 1994) .
BRTHOH D RBELD S, BOEAFAOBRNBEHNRENEETH-> 22
ENBH, BREWICEZHEHERT MY v 7 ZAOENYETY S F 5 M
DEEZRIFTT I ENEZLLNE.

CTNETE - B ORMA A GEEORAGIR) ORRNEE T
FARENTWD. BICKESHICH 2EEE (#1A1E, Yamamoto et al,
1992) | ®i+=F84% (@ %1, Butler et al., 1986) |, NAMEI G (F] X
i, Woo ct al., 1983) ICBITHWIZEIE, B MO TEETH B0 K
ZATHbNTVS. LaLans, - oA (EicdL TEES
[[]) DA T, B - O3 RITHE R OB D N BB ET
BBZHANDET, FEAEFHRSITNAL, Quapp & Weiss (1997)
3 e N ORBIBIE RS QRS M QBRI ER, I F O & B L
TWw5. Zhick s s, WRERRIEYE O AR OEHGR, EERE,
Wrovd s, FRENHE11.0MPa, 1.7MPa, 11.7%Tés 2. TN 5T
B OBREK, BIERE, WMWOTHO, FREN3.3%, 4.3%, 68%

THS. INIKHUTEARARATHANERRORER CHRE) OMARO
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BRR, BIBEREE, MMIOTAIE, THENK1.1MPa, 0.3MPa, 40%
BHor. TECNLIRE2ETHALBSEROM S [ OERIEK, 3ER
B, BWOT a0, FhEN0.1%, 0.7%, 650%TH 5. APFEOHEE L
Quapp &Weiss (1997) OEBRERIIF CHMZRL THBD, & bic#m
DEGEER, BIEREICHATHAROZNSBED TAE N, L,
FREONE S QHERANECH - EAREROANKEN ST, B
EREIBEEEEEEEEL, KRNEHTEETAHHEEEICEEL
THD, TTCREEE BOEES ) OAMAEALTAS. Thic
5 UT, PAMEIE S R E S O, RO, WO RO
BHETTRLS, BERLVDEMARMERTS. COXDITEAEKNT
£ R ORI DM, Quapp & Weiss (1997) 12k o THA 5 1= Py Bl ]
WO R OERBREBLUOBIRREDN, AMATOREROETNS &
Hiro mEEEEXLND.
BEBOKEEM, BHRE, KEAOESEONENEES, —TE
BABMIC L > THRE LERE, THEONENEEITT RTORTE
BLRAONBEOHBICL BB IR SNAN- . BEROBE OHEER
i, BOKMI, GHKEN, GRIGRGERKED, §HEERL ICENH
BALBALTBYD, HERTORAETERIEE BB TN,
KB TIE, BEEMD SHE R L, T O 5 ORI E I~
e O MERA OBAIC LB HER RS NN S EE R bND. HEE
EEGD LW — BEARORUHE SN E A A TELET T3 -
B 55 TS (Woo et al., 1987) . & ORWITH & OE FiE, B
EEEMDONFHEOIE FE TR, WHEE OSB3 HE
B OEMLIC E D BRI E > THAET T EARRENTNS. Z0
EDI, AERICBVWTHDRMERT I EICE > THER EDOAFEFRICE
(b Ul AR b+ EZ BN 5. SHILE M5BT 0N SR
DEEFNRD ZEICL D, BEBOMEBORENEEESE BIET
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MY bUy 7 ALHEBONENHEFERBEOMBUNORTFNEET
5. VETY Y CRETHECSZOMOERFOEEEZ X DFMICHZ L
DI, BT OREN TR LRI, (In vito) TOEEERICISH
NPEHTHLEEZA LN D.

BB NIC » 2B Mg (Fibroblast) B SICH 2 MO TR
D EORBEMENHET, BEREIZ20~30umTHd. ZOMBITEHD
mERPIComL, EEANTERICMSPDONENREODET, 37—
TR EOHEAT MY v I AESWT D, EBENEET S EIRE < O
FHREPEGRUABELTHEBEL, KEOMBAST I I AEEST
BGHEMZ AL, BE %8175 (Franketal, 1983; 1985) .

MM ARITEEICESE L THETZ20T, EEHZ0L THIZICHhZER
RBZ2HEX DI ENTES. INZRALTHMEFHICHENREZ S
A, TORMPHERICKITITEZEZEI IOV TRF UICEEMAERICK2E
BITSENH B (Buck, 1980; Terracio et al., 1988; Bishop, 1993) . # LT,
MAEFARIARERASREEEEOSAICER L, REOREIZE> T
MEVWBRICES ERESNTNS. ZOXDITHFENFNEITK U THAHE

SF M BRI RS 5.
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Fhe—FTiE, HBEZERTHENRREOLRIMICIHTIHEMONEZE
FANBEENT DN TS (Manske and Lesker, 1984; Manske etal., 1984;
Slack et al., 1984; Tanaka et al., 1995) . @] 23, Slack5 (1984) 13, 0%
CORFEENFENREORLUAMEIERAS SRV oBELEER, 07
= rRJYUIYI ) TUNEOMANAST MY Yy 7 ADOEEREML -
EWELTNS. £72, Tanakas (1995) 13, H00 445 EA B I 84607
BRESGARVOEELULHER, EERORETEZELZDDITHNTH
HEFMBEOBGHRMLNOBHCHEMNAL SN EHEL THD. Wind,
NENERICH U THRMEFMBEA RIS LB RELZDBDOEEZL LS.
I 5 OMEITMILIEE Z IR CEFRITRN LEZ DD TH 20,
ERAOEEER TOMMOISENE - B0 N ¥HERCRET RS
ST RZE B OM BB (Greenwald et al., 1991; Mass et al., 1993; Salti et
al., 1993; Hannafin et al., 1995) . #( 213, Hannafin®s (1995) i3, AT
RUOEMABHO T TEEL LI X ORHEBO FEHEFREE, BHE2EBRTHE
HLIDETT 22, 4EBRTIIEAWH TOAMETINETTL, BRANRNEZE
A BEHETIIHEREOBANASNZEHZEFEL TS, LML, #5
DOWHFETS, BONWFEHNFECKITHECOZEZE S W ENANOEENZ
BRI AHTH B,

FIT, ZNNSDOETE, BAOHFNRETTITI— Y UBRHERZ
BEL, BERICERT L HFHAR SHEMERO N FHREOEFKRIIDON
TR LE. ETAETIE, FRORERBRIOWMODH LI S—F i
WE, MiasEFS B AEF TERELLE, BLXUOMBEZERS T KE
THBE L%, BIERRETE. COERICIE- T, EHI5—F UK
HRNEATIKEBICE 5 EIND 2 L0k 5 ¥ OB R IF T
FHEOEBORFNTRS.
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8. 2 EEAHX

8. 2. 1 ZEER#Y
OO HAHAFRERHE (M) ZERICHAWE. N6 OFKEID
3.1+0.2kg (Mean+S.D.) T&H-o7=.

8. 2. 2 BERBRUIS—TUVBHROBL

(1) BERORFL

RKREZEHRUECBESCETRORBOKE ZEANICURL, BKER
CERALTRWEDICERLADORETZRBUEGLOSEEL 2. £
RREBAITIE, BEROAZEMEZID RV, KBS ICERL Omm
DE>E, FUNTERIE, GEVWTEERMNBTEEZIML, K& -8
ERE-HEFHEEAEZHALL. HHIIBAEENICT >, HEED
BAZZRIS/EDIC, BEKZ2I0TY ) —)VIRIC30EEREL T
#Z L%, /N> AW (Hanks' balanced salt solution) Tz L, 5l
DAC DN 7 AR — BRI REF LTz,

(2) 257 2BRHERO T

WM SIEBHURNIC, RELEZRS-BER -BEFESKLS 7 U -2
ROFANTAT—T UBHMRERHL 7= (Fig.8-1) . BHICHBEIEALY
CERBWTT ZYNEOBEERICEDATEE, E2Ey PTRERZH
FLUTBIIRSENZERAIELZRET, I7 -7 VBRHECENIAS RN
IO TDITERBLANS, BECREMICHIEIDICAREZBH I ET,
B EK300pm, EXH1SmmO MR E324, BOFRIENSED H UK.
2B, FMHEOBICIIREELENELE LR NEDIZ, 4CONY T ARIIEE
=Lk,
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-~
T Collagen
fascicle -~
P
15 mm < // Patella
i g
e
e
—] |-—
~ 300 um

Fig. 8-1 Resection of collagen fascicles from
arabbit patellar tendon.

8. 2. 3 AT —T UBHROEERE

VAL AD S —FUBBRDS B, 12ARBEFLOE —H— I A
N, TORCHEKEREE VN TIOMRENE 27> /2. RAEENER
BRELTHNG, 4CONY Y ABRERWTRELE. T OB LEE T -
e U — TR MIREIER (CNB) & L7 B8 0204 O JIC 13 ik 1L 1
DT, MEEER (CLE) &Lk, ZhOMERE R (L0%FCSHE
SIDMEM) % AN7-MEHEEM S v — LNICHEL, CO,{ >Far—2%
—T37C TUE MR D2 R L. 7B, S RN TR, ON
BT T NEN4A, CLETIR T TNSA & L. SIfOFE % 5T 3
e IS A 2 B ITIT o /2. E7- CNEE, CLEEE ©IC B I % ffi &
RNENENAAORMERENBREL, HERBICHNDETOR (1~4
AR —32°C OB HENICREL 7.

8. 2. 4 HREFEDOH R
FIE DHIRIE RS F TEL I E2MRT 27201, MgEAFH (CLE)
DAT =T URERANOMBOETREZH N7, BER TR, ESIT4IHROR
HHE ST F—EBERICBL, 3TCTHIKMS > Fa—FLTIT—
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TUESMRUL. BERDTNTHRESNL I CEARMITHERL THS
MR R cE BaD r BE (15001pm, Smin) U THIlEZEIRL 2. EIR L7
Mz PUN T —ERTREALT, £HEE, HBE T KRR
EHWTAD ML, &P OEMBROF GNP o MlEFREZRD
. MHEROAADI S = VFHERICDOWTHRKROFET, Mzt
FRERN, InzWRBOEFRELE.

8. 2. 5 AU URHEROHEHAEZRVUNEHR

FiE ORI, B LS — 2 L REEONERE, 2. 2. 2 (2)
CHRANEFETHE L. Z0%, 2. 2. 2 (2) THRNFEE, FIE
CHERHRERV, HEHARVOTHEEN L.

8. 2. 6 ImEAUEBAHE

2. 2. 3TRANLFETT—FRE LT/, BRHMICE 2 H%ER
KO I OB T ICIT2E A MR E (Unpaired t  test) ZAV, HE/KEEZE
0.05& L.

8. 3 EERER

8. 3. 1 #MRE4LHEHE

WHEZOD S —5 U HME CIHER) OHBETRIISISTH> .
£, MEOHMEEET oA IT—7 VMR (CLB) OHfaEFERIE
BOBIRETH Y, MBHEIFIER U THo = (Table8-1) |
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Table 8-1 Ratio of the number of living cells to that of all cells
in each cultured collagen fascicle (CL group).

Specimen
Culture period 1 2 3 4 5 6  Mean=S.D.
1wk 076 075 085 082 087 090 083=+0.06
2 wks 088 081 085 083 081 078 0.83=x0.04
Control =0.81 (n=1)

8. 3. 2 ¥EEIS—Y UVEHRONIENEE

6 — 0T AKX EFig.8-217, INLDESNLE FENEMEEFig.8-3~
Fig. 8-5i12m7. = O CHEGREII2~5%D V0 THOHMETHESA — 0 Fh
MEBREEIREL, RANEEETKDEMHEEZET. HBHEOH MM
ICi3, CLEESCNBEORIEBRERIA5NT, BELEEKLEZIS—27 >
BMERONFHREREB LU CWHEEREFALTH- L. BEOS—T >
BRI OB RMEL, CLE, CNE LI, EBEHMOBMIIENET TS
ERNH D, EHE2AMTHEE D ICTBBICENTERERS-> -, BE
REIIBIERE S AROBAREZR LED, B0 TRV Tho S —
THEIICOARZERZAS NN/, Tz, BEE2ERO, BHEHOBEHRBE
ROGIERMEICE, CLELCNEOBMTAERRENHD, MEBOEEFET S
CLEOE DM Z LR E-CNE LD bEEZ R L.

30r —o— Control (CL}
0 —0— No load 1 wk (CL)
—n— Noload 2 wks (CL)

{n =6, Mean = S.D.) —e— Contro! (CN)

. . —m— Noload 1 wk (CN)
+ Breaking point —A— Noload 2 wks (CN)

Stress O (MPa)

Strain € (%)

Fig. 8-2 Stress-strain curves of cultured
and incubated collagen fascicles.
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3 CL group (n=6)

2 CN group (n=6) O Ct group (n=6)

(Mean=S.D)) *p <005 O CN group (n=6)
*

(Mean = S.D.) * p<0.05
A

w
=]

r *

:

w
s

-

*

n

8
n
o

Tangent modulus E+ (MPa)
g
L —]*
-
Tensile strength O {MPa)
5
JJ
*
jﬁﬂ k

0 Contral 1wk 2 wks 0 Control 1wk 2 wks
Fig. 8-3 Tangent modulus of collagen Fig. 8-4 Tensile strength of collagen
fascicles cultured and incubated under fascicles cultured and incubated under
n(_)n-loaded condition. non-loaded condition.

1 CL group (n=6)
O CN group (n=6)
20{ (Mean = S.D.)

X
@
[43)
5 T
=2
= 10
kS
o
8
17
0
Control 1wk 2 wks

Fig. 8-5 Strain at failure of collagen
fascicles cultured and incubated
under non-loaded condition.

8. 4 ZEE

HREETIE, CLEEECNH OB THEMFRICEREZRZAONT, BAZ
BICXDHEBUEZ, 25— UBRERONENFEICREEZR TS0
o> 7z, Ohnos (1993; 1996) WRHRADKZERICEAANTHRELHE (In situ
freezing) L, TOEBIIFERZEHRL T, BRERONDFHREMEZHFN
T, ZTOFKRE, BRELENEONENEEICRETEET TN ERE
LTHBD, XK ICBT23 57— UHEMERICETOMRE L -ET 2.

57 MR ORI OS] R, 1A TIECLE SCNE
ORI BERMEEIEIASNAN oA, EE#E2E TIEHCLE O GNCNEE LD
BEITNE o7z, ZOEFR2BICPBITHCLELCNHEOROENE, 35

— 7 UBMERO N FHNREORLICHANREEZ RIEL L EERT . K
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ETFOWATWRBICOS 7 VEHREBIEICED, 357 L EH
DIBAICE > TERBERESIRRERIRROICE T T 24, Mgl
bz X 0REHICEDTHBD, —BOUET) > VESEISEILED
DEEALND.

CNBEDQEHIRH, BIFRET, 154 VREERNICHESERFL TH
BNIZTHENNHET, BARREBIHEITHIIEICIDARICETLE.
ST OBMEIITIE, T5 5 B OB O ILN % OB SN B
BERITELTHBY, TRCIDEREK, JRBENMETLEEEAS
N5, £EBELE TR, CLEFECNEEO A% MM A SaMER 55 h
T, WTNOBTHLRLIS A5 —F P EHORMOELN M S S
Nnr.

5 ETHENEEDIC, EER Un vivo) TREOFF 2L KRR
HREDEH LD S U BEROBIERIER, KBl 28T, ThE
NABBEOLKT%, 44%ICHS LTz (Fig5-7) . ChIcH U THEZEDEMA
S (In vitro) OEBEEBT, BHEKEEEHIREICEWECLE (WL R
B) OEEIIEEL, 28T, TNENARBEOKN6E%, 32%IZH AU
(Fig.8-4) . 20X > IAKAEREROHN, AHNOHE LD 25—
5 OUBHER DBIEREDEENETREL Ao TV5. ZOMEDEREE
LT, MARBECSSLEODPKRERSETH DY, SEL ZHHER
THEPDRNAEZSND. EFN THREREEEATTREBTERT S &,
KR OBE EE R T, BT 5HMRE X5 EED 5 OMENT
WD, BECHEINWETS. COLSCREUBRARKKET S, B
HOLHEBRENRED T EN, RS & EENOERREEOBICEE &£
CEernmiElrss. LALENSs, EEAOERERIIBN TS, £
EAIC BT DRAICHT 2 RS E FROBEENE LD CENRREN.

—F, BOETHRAIED T, 4 KK T HE LI R O FH 25 L 7
SRAMERIOFEE L5 —7 U RMEROBRREE, MRt E 7S B
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IZHFEE U W2 T, BREDKNIO%E TUMNMET Lizty (Fig.6-7) .
CHICH LT, AEQLERADEEERT, MANKEICEECNE (4
FOEEFERE) DOFMHEROMEIIEE2HET, FHREOHNSZHITETHAL &

(Fig.8-4) . 20X, MENEELRZWGEEDIAT —T VHEEFRD T
FHREORE, EAANEEERNOEROBTRESEZ>TWVWS. Lk
BUREESIT, EEAEERATIR, EAFRBEICSSINE#S,
NENBEREIS T URHERTERD, o THABRENED LD
WARKBICB I 2HMBEORENERD CENERELTELZSNS. L
M UIRS, CNEOENCLELD DN 50EBENA S <BEINBLERITK
BHTHD. ZOXDRHEETDZDHD, EERALERNOMEREDIT,
WA EF LWVRETHEARNREICEIST &, IS5 UEERON
FHRHREEZERICETLTEY, UETU T IZEEE KITTHBELS O
AN DORFREETIHDEEZLND.

FRBERICHSEUEZRNOFRZEUZERT, BASICHEAE
FELRRWRIBTS, BRITICE> TRBONFHORFRENELTHIEHEEINT
VW3 (Ohno et al., 1993) . ARZEERIZHBWTCNE (Mfg#EEH) O35 —
TUBMRONENREED, BEARRRICESTIETEMELEBRE—
BTD. cnsdkb, HEANEELRWRETHRIZVEFTY TS
EWhMN5.

BB, WHEZEOI ST URHER IR No#Midz, 2557 —
FPUEICLDEEE L TEEREZFAXREETA, 81 ThH-o7/z. HHFEWVWAE
HETH>EEEO—DEL TR, AN SOBERBHEOLY /—)
HWENERELEOHMBEZZDMEE LU ZRIEMENE L oND. £/, HHEER
DERWEFITIZI Y T UHREEDOH 2BEFOAFY N <, MaE
HOENWIASTFF—EEHlEE2zEATHEAL, U dDUE A OMEENZHE
FFT2DICMERTE FTTHMET>/2hy, UHEHFRNFBRHE &N &
TZeIT, MIIZZbOEEZ G AR EE TER WL, Table8-11TRL
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7o & 5 CLBEORIN 4 4 RIT 381, 2AMETE bICS0RRETSH D, 3t
RO AERREFRETH o, TOCELDT S5 L RER DEET
VMR E N LB A BB,

Bl b 7 M OB FEA AT BT OB T 5 — 7 L B 0 )
BRI T B RN ERL D, CRETEARSNT NS EERO
BRI 3B I B F 020 Ol Ic L - TER T8 0 TR nm & B4
BB, 1D AT S BRATE L, BAERE D 2 U S THE OB,
05— R OB T © &I & B MR AR OB AT
BEETHD, HIIDRMAAGELTIS— /o Tar4 s %
DRI - BRRETOBEETHS. IN62D0070CRA%E b THED %
MRS BB EEABNS. MFI, BEIS—7 L RERDSE,
MO BT M b FERLEE TR ECK D, 20RIET OBLOES
PBRMICTR D, HELELE I ML B KA BT LT &5 X
sns.

8. 5 %

il

- BE0)ET) > IICEEERITTRTORENTIEET H 5 £
DEBREREZAVWT, BEAFRKBIIBWEEZEID S -7 VRO
MEEORMMICRETHEFMBOZEZANT. TORKER, BEAMNRE
TTHERELZOS—7 UHMERO HENRER, BRLETIMEO A EIC
BOSTETLE., TNEIEATWNRREICBREINZZDICRIZZHNLRE
EThoeEZOND. LML, HEVETEIMEFEROMRED, HiE
FERICHNTARITEL<S 2D, MIRICXK235 T D4R - 7 REDEE
PRBEEPEZIL2DDEEL NS, TNOORKRID, B BWHEDOY
EFY T, MBORENEETHD Z EHRS N,
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FOE

IZBEOS —T RO IFZEIEMEIC
RIZTHEHEFROREE

9. 1 #=S

RIETIE, BRI T UHRERDEET LV NEMREICESEN

ERXE->TEDOAEHMEZE{LEED I EERLE, %L_’GZKET
&, EENBANFWNEREZERSERPCHBIEEVEREBEZHNVT,
RROBRERIOEOE LA S =7 UHHERIC—ELELM, HHEH, K
OEMAREZEASELRETEREL, BEKRTRITSRERZT > T,
HHERITHERT 2T FHNARNE ONFNRFEICRIZTRZEZRETL 2.

9. 2 EEIAS—ITUVEHEHEONFENEMICK
T —EEFEDFLE

9. 2. 1 ZEEF=E

(1) RBRBYET5—7 VREEORL

TS — 2 LR R T B 2010, KE3.140.1kg (Mean£S.D.) @
REBAABAFRE (M) 10058 LE. 2056 E5HTD, BEME (1
23H) T2OD T N— T, £, 8. 2. 2 (1) RO (2) T
NEFET, BEREDEENIC TS — 7 D HHR R 16ARML LTERIC

s,
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(2) AT =7 ¥R B &L

AEBRTHEALEBEARNRBRIERE 2Fig9-LITRT. L7 -75
CHBMEREND D ABEWTHRSICHEELLR, TOMmEZY 7UIIVEOTF
Y THEEL, —FZo—FEIVIZ, MAZY 77 7FaT—FITH
DT BEF Yy ON—RBT7I7VINEO_E#HLIZ->THED, SAHERAIC
ERE L D37TCORKEBE I B THERANOI0%FCSEIMDMEME; i O i
EE—FIIRDEIDIERFINTNS. FEBERVE#OPHZRERDED
U= N—HTINE, IHRENZ5%CO,, I5SBATRET A 2ERRNED
AEICHiE L. BMERICO.00SNOYHIREZEA T B TilA Z D RN
2, Vo777 FaT—FITko THMERIC0.2mm (F v v JEEEEO
€2%) OEMESA, CORETILUEN, TNENIADIS—7 >
MMERZEEREL, INOOHFMERE —FLHH (Constant deformationff)
E L. BEHMTIE, BHKBRE2AFICITOEEDIT, FHERITEAT
HEMEOD— RV TRFPICEIE L. —FH, TO—EELHRSEBRT
57017, ARMEEASETICIRU2ER, TNEIUVROFRMEREIBET
LEROHDODETITY, AWM (Non-loadedff) L LU7A&. A&, fHL
RICEEBEER I RN S TARDBEMR M RBE L L, TEABRZT D
FTOM (1~4fR]) —-32COmEENICHREL Z.

—

QEE Reservoir
Controller
il / Thermostatic

bath Puise

Strai = | generator
Bomb train Cuiture chamber

amplifier
5%C02 %
+ —=———=11p - :::L:!

95%air

b Linear actuator

s

Load cell

Collagen fascicle

Fig. 9-1 Apparatus for the culture of collaoen fascicles
under various mechanical condition:
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(3) #Hfe4seH 5]

BEOEBERRATHEDIC, —EERIERNOBEREUILRMERLA
— QP TR, EAWMRKEBTESL L4LORMEREZHNT, 8. 2.
4 TR R7= 5 TR AT B EF N

(4) 15— GO W ER B RO R B

R OHIE, BELEIS—FVEREONERE, 2. 2. 2 (2)
CHRANAEHETHEELE. 0%, 2. 2. 2 (2) THNZERE, FIE
TERB AT, BARVOTHEEH U,

(5) #MEHLETT &
2. 2. 3TRRNEHETT Y EEEIT> . BEMMICXSTFH
# M D2 DA B ERTICIIEARE (Unpaired t test) ZH Wz, 2B,
BKEEZ0.05& L.

9. 2. 2 ZRBHER

(1) MlnEEHE

BB OMBEEFE R ERH N HER, Tabled-1IZRT L D ICLETYEIT6%,
23 T80% T H o J=.

Table 9-1 Ratio of the number of living cells to that of all cells
in collagen fascicles cultured under non-loaded condition.

Specimen
Culture period 1 2 3 4 5 Mean = S.D.
1wk 069 081 079 072 079 0.76+0.05
2 wks 0.86 0.82 075 077 078 0.80=x0.04

Control = 0.81 (n=1)
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(2) BEMET OO T—5 VRHER OIS T
BEPORD T 7 UHBHERICEF v v VHERICL TR2%DEM &R
EOHIMFE XD, TN TETBRNIE, BHEBHEHRIZED
Fig. 9-2IZR T XD ITRIEMICE L L. T TRADFEICE, Fie o
MR, SIRABRORNICHEE LEWHEEZH WL, BERIIEREEX
&, BAREBBITETULEDY, HEORBASLELITEZOETEHESMNITKR
D, BEEFEBR,S4H LRI, 0.3~0.5MPall R L 7.
2
o 1wk group

e 2 wks group
(Mean = S.D., n=5)

T

Stress 0 (MPa)

Fig. 9-2 Relaxation curves of the collagen
fascicles cultured for 1 and 2 weeks.

(3) TAT—7 HEHERD 1 FHRE

SUREBRICK DB o Nk, HEHGRR, 5IRBE, BEWO T 5 %EFig9-3~
Fig.9-5IZ7R9. T TERGRIIZ~5200THOHE TIRN — 0T HE
MEBRBEREL, BRANBRETROLEEEERT. BHE2ET, BAWNH
DERFE EFIRBEIT, IBBCERTERICEN 2D, —ELHE
TIHAERGHERA NN >/, IHITEE2ET, —ELBHOBERR
RIS EMEIEANHIDARICREN . it%%1<® E R
DOEIERER, RELIDARICE N> LD, BAWHEIOMICIIARE
Bahol. METOTHIIOWTE, WTNOZIL-THIKOARZER
Rofnimhork.
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M Control (n = 6)

B Control (n= 6) 71 Constant defo
[2 Constant deformation (n = 5) O Non-loaded (nfmzt)lon (n=5)
O Non-loaded (n = 6) (Mean = S.D.)
{Mean = S.D.) % p<0.05
__300p ¥P< 0.05 — = 307 #p<0.05, vs. Controf £
o~ # p < 0.05, vs. Control &
Z b=
= 2
- o
U!;', 200 D 20
3 5
3
g &
B 10
%_:; 100 # o
w
g 5
@ -
o 0
Contral 2 wks Control 2 wks

Fig. 9-3 Tangent ‘modulus of the cultured Fig. 9-4 Tensile strength of the cultured

collagen fascicles under constant deformation  collagen fascicles under constant deformation
and non-loaded conditions. and non-loaded conditions.

W Control (n=6)
@ Constant deformation (n=5)
1 Non-loaded (n = 8)

2071 (Mean=S.D))

i

Control 2 wks
Flg 9.5 Strain at failure of the cultured

collagen fascicles under constant deformation
and non-loaded conditions.

Strain at failure Eg (%)

EEEAI0.2mm (F+ v 7 MEBOK2%) OFEME, TRTOREHCSE
Zle. LhLians, REORKSROTF v v/ BEBESRELIZE — TR
iz, SRBICERATIRNIEZENENRRD, £, & TRNEE
MBEHERLD. COLIRMEDEDIC, —EEEHONENBHDOL
EZ2LDEENICHEBET L2012, LRLE—EERHEOLETOREIC
DWTHEE T L7 —YBEBHOLFETEARATSTHS. £2T, TNTHO
RENCER T2 12 EBRIICET /ST A—4 & LT, Accumulated stress
% /2. Accumulated  stress & (I FEHEIRIC T —F B ARICER L
TR OBEFTH D, Fig9-210R LI BOBEMERO, i &
WETHENLMPOEM TERE NS, J DAccumulated  stress & FHHEHRD
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IR E & DR % Fig. 9-6iC7RY. & 5ITFig.9-7&Fig.9-8iZ, TN ENH
MRIC-ELEBEEAERICECEDHIES, ROEERTEMOGN
&, MHEROBIRBELOEFERT. TNSDORNOFHEICD, HEK
T#, SIREBROMICHELZWMEEBEZHAWZ. BB, INSOKDOER
W, 1D OREREN SR LABRMER (1~44K) OARILT & BIRME OF
BHzeRT. WInONRITA—F bRHEROFERBE & OMITITRETENIC
AEGHERA NN o7z, THRIREREE, B0 THICH L THHE
BRTH-o7.

50 A Control . 50r A Control
O Constant deformation (1 wk) O Constant deformation (1 wk)
® . ® Constant deformation (2 wks) ® Constant deformation (2 wks)
3 4 0 Non-loaded (1 wk) % 401 0O Non-loaded (1 wk)
= m Non-loaded (2 wks) = m Non-loaded (2 wks)
© 30} S a0
F=t - = ——
g 2
£ 20 I £ 20f
= =
o +~ o Llall |
g 10 z’ 10 T I
— i e 8 »_*%-"r
0 + — 0 * * * —- —_
0 10000 20000 0 1 2 3 4 5 6
Accumulated stress @G, (MPaesmin) Initial stress O, (MPa)
Fig. 9-6 Relatlf)n between accumulated Fig. 9-7 Relation between initial stress
stress and t‘?HSﬂC strength of cultured and tensile strength of cultured collagen
collagen fascicles. fascicles.
50 A Control
{ O Constant deformation (1 wk)
= ® Constant deformation (2 wks)
< 40r 0O Non-loaded (1 wk)
= m Non-loaded (2 wks)
5 3ot .
=
=)
o
%’ 20
2 ! %
y: 1
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[t .
o N . _
0 0.5 1.0 1.5

Final stress ¢y (MPa)

Fig. 9-8 Relation between final stress
and tensile strength of cultured collagen
fascicles.
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9. 2. 3 EE

AERT—EEHEEARETEELEHEERLA—-OEENLNT,
FRFICEAFIKIEE THE L ABRHEROMBAELFRILZ, 70~80%THD, %t
BBEIRERUCTHo . Ko T, HEFEF LEE (Fig.9-1) Tk D2H#
1357 VRO ERPHER TELEEALNS.

TRHETIC, B - BHORBEEREZAND ED IR IBENRRET -
R Z < fThNTWws (A, Kwan etal,, 1993; Lam et al., 1993;
Johnson etal., 1994) . LML 7iadis6, BEIT—F VEHERICET 2, &
R O BRI S 2 N2k idix . Fig9-2ITRmLzL DI, 37—
TUBMERIZ, K1SMPaDBHRYMAR E SATHEEL LSS, BERIT
S NI RBBITHA T B, K4HBRITITHE T O30%A5EICINRT 35 Z &
Mamoiz. BYOWHELR TGS, HERII S -7 EoH M
BRDICEZS. 0%, KHMOKRBIZHEY, 07350 5O ER
SIMESLHED T, PR THNIE—EEICNET 3 E—RPITEALENT
W5, AEBROBHEDOIRABIMBARIZE, 0D MBEILTOZH
ITRREE VT T <, MRS AH¥HREZENL TEC RN BELD
EENETENDIDOEEZLEND. FE2ETENZLDITHANEEF LR
WIREED O — 7 VIBRME O ISR T, RBRMBS S B0 13
HIEHDHT0RITET L, FORIEFIEAER/ELRY. MBZ2EFIES

SIZEERLZABEOERTIE, I6HIXS5 BTN OK85% KT
L7=72S, FOBBETHEMIE N, Chs0MEICE, #MicksUE
TUITNEZEL TWAAEESH 2N, MER THEMERITEALOHIR
1, BEREBREIBEBRENRERS. 5%, BABMBRAKICKRITTHE
WCEBVETUTORELHOSNITH2DI1IC1E, A—0FHTERE
TORENRDS.

ST, HBE2ET, —EEBHO5I5RME RO HERFEIIM AR & X
THRIZKRELS, MREOMEMNHER N, o THFMHREDEWNEE
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35—5>&%§@ﬁ#%%%t%%%&&?:&ﬁb@jt<Hg9
5,Fig.9-6) . MAMBETIIHEIEANREICETZ2XDIC, 35—
BHOKEE, BONMEEALD, RARAOIS—7 22 T0FF 5 Y
NYDERER S QI LT, —ELTRCIRERIUER L 727 12 M
&> TaS—5 Y ORENE ZHEEERSNEOTEANNEE A BN
3. BEFMIEIZ S EOMBNAT N v J A ESRT BT TR
<, BWLEDS—F L ORAEELSHREEE > TND T LM BRI
BoTETNS. Bells (1979) Ea5—7 2L aE AR EROTTH
e SR B3R TTA I B T B &, MIIZ TS — 7 S BB L, T
Sl LR ORI E R 5 EHEL TS, 72, Bellowss (1981) i
XoT, A5y NTRESHAEEE LSS, 05— Lk
DEENENT 5T b HBENTVS. CO&>Ic, BEFMEE, T
S VERERT BRI TR, ERUE DS =7 L D H MR RE
TERICLEERBELES. ALRTCEBETIE, EHNERT S
B ERE N DT — 7 RN k> THREEE TS L5 15k
BICEAEL, 0o i R E A B MO KIEAE D DIC < LA
WRE DO EREK, ERESAE <A LLDEEABND.

E7- R TIE, —E TR O B IR S RRREIZ X THEICE T L
. AS— B REERAETICES Tl o T, MRS
DL B, ERUATRMEICESChs OEENTAT, HE2IETC
AT AR EEIC 5 5 7- b O % & 515, Schechtmand Bader (1997) 13
b ROREHHEICH LTENRB AT, AENE FREOR NS (8
WOKEEL@OELK) TETBROPIIL, BAET 2BMENICE
STHBEENBREDO LD TH S EHELT NS, T 0L ICHE AR
NIZBWNTHENDIBOLILEEEONT VANEND E—BHIZBO®RE
METFTBM, EORCHRESHERORBITRS > &7 555 AIS
PAFIEDERTHENE S DS HBEh 5.
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Fh, —EEEEEATRETERZEL LIS T VEERONFHRE
EEBNICEITREDONITIA—F ELT, BEPICRERICEALEZRD
O FFE Y72 58F0 T & 5 Accumulated  stress, RUOER Z 5 A 2B ORI G,
BREISNIERD T, HERONFNRELOBERIIDVWTHANE. LML,
NWTHNDONRTA—F—TH, BHEKROBEREEOMICIIEFEMICHE
mHEBEIZALNANo . SRIT, BHEEENREBZHERST 22 E0FTH
BRREDIZIT> Ty, BEZT O UAMICHREROMEHEFE 27D &
EOTEREBEBEZHEL, SHMEROEEFOWHEMEZANRT, 500
DERELENEEREEEBAOERZTOLEN DB EEZIBND.
INLOBSNERREAMETO-ELROBE BT DI EICLD,
MIRZM S H 0SS bE L D MBI, %R HEH T Y
BERFL T SONDH LMD EHBIEN 5.

9. 3 BEBEIAS—YTUEHERONENEEICR
XTI AROEE

9. 3. 1 REBAFHX

(1) EREWM EDS—F VHRHEROFHH

A= UHBHMEREHET572011, K&E3.120.3kg (MeanS.D.) O
RAHABBRRAE () M4PEZLEALEZ. 0605 B8P 2R LA
DEBIC, ZROONZERAM2BOERICEALZ. /2, 8. 2. 2
(1) R (2) THENEFET, 1DORZBRIDERFHNIC24EK0DT 5 —

TUMMRERHE U TERICHN .
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(2) BHAREE

FRL-HNAMNEEEEZ2FIg9-9CRT. MELEIS -4/ BitR
ENZIABRBRTHRSEFRLEE, MGEzRY I —FRX—FOF v v
THFEL, TO—WITHEDZHD TT D LCLDBRHERIC—EERNE S
AV, FIDTTHEDOES EHMERICTERTLI2WEOEBKRETOMANRT
BE, INELECRERCEASEAHELZERICRDE. COEBI
AR DEMERZ RIRFICIHOMIT 6ND2 LD TR THBD, HEREREL
DL, WIEIT10%FCSEMDMEMES I ZEA L, SI&EHMNTA >F axX—
SRHNICHELT, 2HEBICEHMEZITT VRN S D37°C, 5%CO,0&H4T
TIRU2ERERLZ (BEAME) - SERIFHATE 2w EIES, 10,
156 LT, TNTIURDOBHRICINSORMELZERA 2. AFEE
AEETICEAMMIAOHMEREERETLERDDHDETTY, IN50K
MREZEAWBEELE., £, BHLERICEEREZRI AN - 24K 0D
MHEREZWRBEEL, NFEHBRET O ETOM (1~4EM) —32Co®mHE
FEENIZfRTE LTz

Wi

DMEM (+10%FCS) Collagen fascicle

N

Y

Q 3| e \
] | &=

N '
\l N
Grip Weight

Fig.9-9 Apparatus for the culture of collagen
fascicles under static load condition.

125



(3) HMufaAZEH B
BEOENFERAT 272010, BHAREER S AN SEE L LEHE
REFA—OFEMP THREN, BEAWRETEELLEHERZHNT, 8.
2. ATHERNEZHEBECXDMlaEFERZH N

(4) a5 —7 VHEEROWHAEEE RN Fil R

FEDHE, BELEIS -7 UHMEROEEZ, 2. 2. 2 (2)
THRNEHFETHELZ. 208, 2. 2. 2 (2) THNEEE, FIE
THlRAERZTo .

(5) MEFHLE T ¥k

2. 2. 3THNRNZHELAROT Y EEZTo . BEEIBICKS
HFERNRE OEC OB BEREITII2EABE (Unpaired t test) ZH W/,
ERMERONFRRME EEEDITEMT 28RS L OMEOHEMIZ
DWTH, RirHBREOBEGEOEFELLZL2EHBAREICIOBELL. &
B, 2BAE S EEBGRRICK 28 E OF BKHER0.05& L.

9. 3. 2 RHEHR

(1) Mg EEHE

AT—T UHEMHEREHLER TR OMEHFRIL, FH82%TH- .
X BBE T o HHEROMBEEER TN TNOHBTHHIBPTHD,
MHH EAETH o (Tabled-2) .

Table 9-2 Ratio of the number of living cells to that of all cells
in collagen fascicles cultured under non-loaded condition.

Specimen
Culture period 1 2 3 4 5 Mean=S.D.
1wk 0.75 0.83 0.81 0.80 0.89 082=0.05
2 wks 0.80 0.83 0.87 0.8t 0.81 0.82=0.03

Control = 0.82 = 0.02 (n = 4)
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(2) BWARNEE IS -7 UHEHERO N FNREEIIRIZITESE

BEIAS T VBHERONFHNREZRTI/NTIA—FELT, BEFIC,
BRERICERT2AMIGHEAWE., BRIGHITEHERICERASEAWE
MWE, BEHEERRBICHELZNMEREZHNWTHELE. INE5IEKBRX
DS NIAMEROBERRE, SIRBE, WO g & & DB fR%EFig.9-10~
Fig.9-12{77r7. B INSOROF{ R, F—OKZ=RMN S HH U &M
WT, BEPICA-RENMEH LU TOWEBHER (1~4K) TBELUTESHL
Z, BRSARTEHENFEEZEL TS, LML, INS5OHERD
LZDICHANERHEROERIZTNENRE > TWS. ZE, EEHMP
HELTWEF Yy v NS0T EZRENS 22D TH 2. EBREE,
BRI E A5 O RIIT 12T BN R R B TR T E B A
BHEBENAENT. INGHLUMBOEREZRT ARSI EEREE, &
CERFIGH EBIERER, N EFN1.3MPalt186.9MPa, 1.3MPack
18.2MPa ThHo/z. ZOHRIIH LB IRKABEIEDIT, MRE
DENHEEFERUCETH--. T, BT HEARIGHDOEITIE,
BOHEZLDERRERERNE SN, AL O\BINITENEROT
B AU Tz,

400 o 5
o 10g
1 (1.3,186.9) '**%| & 15g
| O noload
—e 5g
® 10g
HL 2weeks| A 159
.| | M noload

€ Control

W
o
(o]
T
_—
—

200

L)
D

-} L —

100m ° PﬂlH

E;=108.0 + 122.80, - 47.70"2
(R"2 = 0.439, p < 0.01)
! L

Tangent modulus E; (MPa)

O —_—
0 1 2 3

Applied stress O, (MPa)

Fig. 9-10 Relation between applied stress and tangent
modulus of collagen fascicles cultured under static load.

127



1.3, 18.2 ° 5g
30 ( ) o 10g
1 week A 15g
o L3 noload
o L é =] e 59
\2« I a 10g
2weeks| A 15g
m
° 2 = B - . | B no load
= Ll " I € Control
2 A
2 ¢ s A
1)
o 10
‘»
c
|9 Og=12.3+9.30,-3.60,"2
(R*2 = 0.263, p < 0.01)
0 1 1 J
0 1 2 3

Applied stress O, (MPa)

Fig. 9-11 Relation between applied stress and tensile
strength of collagen fascicles cultured under static load.

30 o 5g
1 week = 10g
A 15g
:\o‘ L0 no load
~—— e 59
cg) 20 2 weeks * 1%
o A 15g
5 _ B no load
& @ Control
©
£
E u
=
[42] A 4
£g=138-230,
(R"2=0.308, p < 0.01)
0 1 1 J
0 1 2 3

Applied stress g, (MPa)

Fig. 9-12 Relation between applied stress and strain at
failure of collagen fascicles cultured under static load.

9. 3. 3 &=
WMEAMTEZELEREROMMAEFRIIEEL 2HTE DK% TH
D, ARETHEONEEFEREFAMBTHo 2 (Tabled-2) ZENS, KER
TOEZIIRBEMEHI N bOEEZ SND.
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%%@%%%Kﬁﬁﬁ%N@E~7%ﬁﬁE%ﬁ%bTﬁD,%@ﬁ%
R EIZHBONTHD (A5, 1992) . ZhiIZx U TAER THEBHO T
ST UBMEERONFRNEEEF R, BHEROEMAEIZHL.NT
Hole. TITRBEERELIT T UBHEROBW M EDLD, mE Q4K
NIEADIICEL L, BHEEPUINCES L TEERICARZERET S &,
H % ETE THRERIARICIZ83X1.6/800=0.1TNOHEIMEA L TWAZ &I
125, TOTENSAMETED LT BNETRSe, 10g, 1sgidenehn
ERRE— 7B OKI30%, 60%, 0% 5 am LERETEEINTWES
EiZ7E5. EHIT L0 17N ZBHER (EAE300um) OMEETHRL T
SAHCHETD EERNTHRRABEROI T — 7 HHERIAITIEYN
2.4MPa® E— 2 HAMEAT B2 & 17 B '

EEPICHERICERASE AWML EBREROBERRE RO 5IREBE
EDOBIZHE, 2REZETEUTELZ2ARTHEERAL N, INSaLEI#R
DERZRT, ARG EERRERVEMIEH LSRRED, ThTh
1.3MPa X 186.9MPafy TX1.3MPat 18.2MPa TH -~ 7=. ZDESLITH B
e, BIEREREDIC, ¥BRBELFIEIECETH-> 2. ZOARILT
1.3MPaid, LD XD ICHEARNTHRERICHEHRT 2 EFAEINDIE—TIG
H2.4MPaDRIL2E 72> TBYD, TORNEEMEIEL LD LOERBREE
FIRBENHIF NG I IR D. T, EHOT A EARISHORIZIE,
HOBEEEZDLDFERERERNE SN, ARSI OBINCENEEOT
AW LUTe. REVHNARMERALKEIT 2 &, RO U > THE
WEAL, BMOTAICEEEZRITZTENEZLGNS. ZOXDRTY
DTHEOEMAN N FNEEICEEERFETIEE, MBIESI Ty bD
ORI > THEEDE({E R~ J=Diamant 5 (1972) Ik -> THEEN
TWa., ZOXDICEED T —F7 URHERO N FHRETENIS I ITKE
LT’E{ETZ)C&%?WEJB#KKOE.'
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9. 4 BEIAS—ITUVHRHERONZENEHEICK
XTI ETRTORE

9. 4. 1 EEAX

(1) EZBREYEDT—F GO M™E

Ao—TF UHBMRERE T 27291, KH3.0+0.4kg (Mean£+S.D.) O
RBAAAGFER (M) 10PzEALE. Th525HTD, HEHME O
2) T2ODIIN— TSI, F, 8. 2. 2 (1) RU (2) T
REFET, BERIVERNICOS —7 VRERE 16K L TERIC
A=,

(2) BianEE

9. 2. 1 (2) THELLER (Fig9-1) 2ANT, KOLSEHD
BUARE, 1HENEEAF LTI B HEA S €015, 15 X028
TSR EEEL . T, BRI 0.01 N OMHIEE 2 (Em X
BTHBERS 2%, VST T/ FaL—8 EHOTRALEMO.2mm (F
v v 2 EIRERE OHI2%) & /N 5 Omm 0 BT B KA H D 0 B L BB A 1
BEG A 7. 2O EKIE OB DIE LA £ T0.0IN O E 2 MR B &
BREEEICLTBOE. COLS RANEER S BEMNSEEL LikOR
RO ELAME (Cyclic loadB) & Uie. %72, BIVEMEEERD
PO AR EATR, & OHBEOTNENAAORERIC D NT bER
110 7z

(3) #ifwAzEH 5]
BEOHRZHRAT LD, BORLAWZER S ELEEEREF
MMEAW THELLHRHERZANVT, 8. 2. 4 TRXREAETHEE

FRERANL.
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(4) 357 UHEMEROBERBEE RO FH R
2. 2. 2 (2) THRNEHAETIST T RHEROWEREHEL

sl BEfTo 7z,

(5) et ik

2. 2. 3THRREFETT—YOEEETTo /. EHONENEHED
MEOHREEBRE IT2EARERE (Unpaired t test) ZHWe. REICBITD
A EKLEZ0.05E L=,

9. 4. 2 REER

(1) MfaEEHE

A= URMERFHER CHR¥E) OMREFEZRIZ, KN82%THo &
(Table9-3) . F/z, FAEDHIBIREEZTT o I HHE IR OM fg £ 5 213484 %
THD, HRBRELIFAEETH~.

Table 9-3 Ratio of the number of living cells to that of all cells in
collagen fascicles cultured under non-loaded condition.

Specimen
Culture period 1 2 3 4 S Mean = S.D.
1wk 082 086 0.79 087 0.88 0.84=0.04
2 wks 088 0.82 083 0.80 085 0.84=0.03

Control = 0.82 = 0.02 (n=4)

(2) 25— ZHRHERD N1 FH Rk

Fig. 913 IT1 H1EAMFAMERICHE L ¥ — 7 IS ORRHIZELZE R
T. ZITHRAOEHITE, TNETNORBOERNRKT L, 5IERARIC
BoRICHELZHEEEZ AW, BIFBOE—JEhE, HEZLE
B LO2E G T RAER T T NEN1.3020.28, 1.26:0.33MPaT Ho /27,
RrF O & 3LITRBITET U, BREFERMICETNTNNHIEHO
#163%, 56% (KT L7,
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2.0r o 1 wk group

o 2 wks group
(Mean=S.D.,n=5)

b,

0 7 14
Culture period T (day)

Peak stress O, (MPa)
P tn

o
&)

0

Fig. 9-1737 Change in peak stress in collagen fascicles
cultured under cyclic load condition.

SEREBRMN S HE SN — O T AR ZFig.9-1417o87 . BARHE T
0~2%D VT AOHPH TP FICMOFIRE /25 Toe region/iH & 41, 2~
5%DHPETIFEFRBIC, THNERZTSHE EITHMOBKRTH - 7208, WA
DR AR B TIIWARE 72 Toe regionid 45 N T WM ITW=2 X TIEIFHE
MR BRERLE., OFTH2~52QHE OGN -~ 0T HEGRER/NEE
BICEDEHRAELL, TOESEZHERBREIL, INZ2TO THMERDOS
PR £ Fig 9-15~Fig. 9-17I0 R . #HAEL, EAWHTIIEELE
M T BB DK66%, 25EBBICITH0D ICHEZICEKTLAED, #DRLE
RBTITIEEAEE T Loz, FEEE2ET, BARHEIBOVERLEA
RFEOMICERRENRD Nz, FIRBETERARREBHKOHERA ZR
L7z, BEIETHORARH LBV RUANBEOBICEERERENRD 5
N7, WHOTHICIZERRE, SERUBATARREREN G- .
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—=— Control {(n=10)
-—o—— (Cyclic-loaded (1 wk,n=35)
— —e-— Cyclic-loaded (2 wks,n=5)

30( —a— Non-loaded {1 wk, n = 5)
- —a— - Non-loaded (2 wks, n =5}
{Mean + S.D.)
& 207
2
@
7]
«\ ke
S 1o I
2]
~—JF—  Breaking poirt
0 10 20

Strain € (%)

ﬁFig‘9—14 Stress-strain curves of collagen
fascicles cultured under cyclic loaded and
non-loaded conditions.

(Mean = S.D.) ~ Non-loaded
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3001 0.05 i 201 (Mean = S.D. -
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Fig. 9-15 Tangent modulus of collagen  Fig. 9-16 Tensile strength of collagen
fascicles cultured under cyclic loaded  fascicles cultured under cyclic loaded
and non-loaded conditions. and non-loaded conditions.

Non-loaded
{] Cyclic-loaded

*

(Mean = S.D )
30( % p<0.05
# P <0.05, vs Cont.

ﬁ 1

Ny
(=]

pors
[=]

Tensile strength s (MPa)

Cont. 1 wk ‘ 2 ka
(n=10) (n=5) (n=5)

Fig. 9-17 Strain at failure of collagen
fascicles cultured under cyclic loaded
and non-loaded conditions.
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9. 4. 3 E®8

HHEBOBMERNOBEH AR Z ISy F—EHEMFEICI D EELT
MIEEGFREZRNE LA, K82% THo /=, Table9-3|TRL &k 5 ITHE
1, 2HBBOMBAEFERITEBICKSADTHH> I ENE, REROKEE
B2EBMEINEDDEEL S NS.

IHIRM O DR LA EZ S AR5, 2EMEEL 20557 28
HOBERERE, SIEBERVENRVOT AL, TNETNHRFLRABZETH
D (Fig.9-15~Fig.9-17) , F£7, &I — 07 AR OB IR b BB 1T 1T
FETHD (Fig.9-14) , BHERITARTMICE > TETONENFEZHME L.
FIHBOBEVR UAMMEERICHE L AL —IB0IE, BELERF, 28
FEDIZTKLIMPaTHD, 9. 3. 3 TBEXREXDIITINITEMKRRN THME
WIERT A E—JRNOMIRIZHEE TS, ZOIENSG, FITHRREH
RAERMOBE TRODISBREEZHRFHRLAREST, #VERLAREZ
EASEZGEICORBERONENREDNHERT I NS LTS,

Hannafin 5 (1995) 13, MR RO EGEEICEEKSN TE — 27 fiESOgD &
DIRUEFSIET, 1H2EHE, LAMCSHMERSE T, 2AMBBIU4HE
MEEL, HEERTRICEAREZT > T ORERKOE(IZRARTN
5. TORE, EAWTHMMEZELEDOITERTEVERLAWEZ X
TEHELZHDIZZOHFMEFREOBETHER N, FRELFIEEDLR
WEERLE. /2, BAKOBATIEAS T OGRENMETL, A
MEERESEEZGSICE3 IS COGRENBMUEI ENS, RHEF
MRENBRIIEE L THEO REMEFOLZD ITHENZMBZTT>ZOT
F7anhEBRRTNS., AFFEOBETH, EERNITHEVWEDRLAROD
REDN, BHERANOBMFMIOEZRELT, HEROBREEZHETDHIED
WZEWEbDEEZSND.

Hm%(N%)ﬁ,%@Wﬁ@@%%tﬁ%é%ié?ﬁ&%bt%
BEMICAREORELBR2EBEVRLUANZRACERLETEXA DS EITXD,
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MOBRLEMOBEEBEEPEGEHREOWENFHICKEITERZRFLT
WD, ZOHE, SVABROKRDIRUARE G X A O B ENE
BIZEL<RZD, BEEECRSVWARKOBOERLAWNAY TH 5 &K
HFLTWD. APIERTIE, KABFRICHEMFEAL T2 AR (4Hz)
T 2R LN TORNSTED, #BOERLAROEBEE DA NI FH
FMICKRERZEZRIFTOIOLEEZZOND. - T, AWORESPH
REOFEESRFAL<BATILEND 5.

EBRIZE DI, BEIS -7 VEHERONZNFEICE N ENER
WREREZEEBZRITTIENHSNIRSZ. ThbL, FANE—JR
HOKINLZOHHERZER S BRP S BET 5 EHMRIT O R
DHEFF SN, TEEERBEROMNIIE S & UTERRE — 750 OKIL2
DEDERLARZEHASET, TORBHAGEBEVELANZEAZE S
ZEWX KD NEMNREEDPHE SN, #NAWOSGREENE T EITH
HERICEMZEA S EZOITHLT, #VELAFOBHSEILIAIRHO A
AR EZGAETTRERORTEZHFTE L. RERBEFATHDIER
LEWAMERT2HBETHD720I1C, EENTHRERDBMNTVDHF
FRBEICKDIEWEDRLAWORIBUCHL T, XDEEICKIEL, Ek
MOARTOEEEZHF T2 ENTEEDDEEASND.
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