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A+ 7441 X (Cranial cruciate ligament: CrCL)IFRERE-SMAIREDFER R DN ATH I KR
ERARI AR 5 & 9 (AT L. JEE OIEE MRl o DRI LT 280 T 5
(Arnoczky SP, 1977), FEEAMDAIZEERORITFIIPVRIEA OFISEEIATICHE L, 5 13MARE:
AROFIRCEEACH L T\ D, CrCL XA @ 5~ 5 D07 0 B e 2 mif PRI
(Craniomedial band: CrMB) & #44Mill#(Caudolateral band: CalLB) &9 2 DOfHER) DAL X
A, CrMB 3 CaLB (Tt LT CreL IZ b 5 FIEAVNE < CaCL IZ&EE (< Koz bk
IZEATL, IREDO X VETTIE LTS, CaCl ORMERITRBRE O X 0 MU
A& L TR Y BFIERN 2 EAIEIT L, B0 &0 &I 3 5 (Amoczky SP, 1977), #%1
FHH(Caudal cruciate ligament: CaCL)i% CrCL (ZHTh MR, @AV (Armoczky SP,
1977), A XIZF\ VT CaCL 1T H /31T D 2 & BHREECH 573, CaCL 1d 2 DOREkEFR & FFo
(Heffron LE, 1978),

TR IR EA S DI ORI ~DENL B 2B E 130 5, S HICZUTITRIT
72N DIRIFE S T ~DZENL b HllE 3 D81 & 238 5 (Amoczky SP, 1977), CrCL A%k 3% 2
OOBMERITFRMZ AT 501 TIER < | EICKEMEREEIR iRt O 2 ZH D BIROE SN
735872 % (Wingfield C, 2000), GRS BRI ZI TMIRRAERDS & HICEGR L, JEH KRS

K UCRIFIZENT D 2 & 23 5, REREHZS W TIRANANETEYE (Medial collateral
ligament: MCL)., #MANAIEI%8+(Lateral collateral ligament: LCL){X[RIiED T B hlEhEE & L T
REL. T BN 22 = 21T 5 (Vasseur PB, 1985), ABRISBIEI iR T+ 0B
SRIC LV i S 4L, CrCL VL2 7eilBideE & U CHRET %, " C% CaCL |3 it 2
& U TR E 2481 % 547-3(Amoczky SP, 1977),

CrCL I XHulas L E (Extracellular matrix: ECM) & &k 4 7ol HAERL ST D, 26 < ORI
D 60-80% 13K C i BT V) | Wtef BLod 70-80%0% = 77— 47 L Gk S T A (Flank CB,
1985), ¥ AT % 2T —7 2 D 90%A 1 Bl Z—7 2 (COL ) TH Y | V&S N Ha
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F—7A(CoLl), VIRIaZ—4r VIRIaZ—7 0 55T 5, FEEMERS THh D COL
| TSR O EEE/ RS 20> T D (Waggett AD, 1996), F7-ZnLIANOIE E LT T AT
V. 7aTA 7Y e EBEAR LTV A(Flank CB, 1985), #2351 2 Koo iial ke
HIRCTH O . ZAUSI TSI & BTN 2 (Vasseur PB, 1985), — 74 0 ~DIF AE Tl
HRHERC BRI MATE L TN D, SR ORMERIIRI L = T — 7 U RHEsR DI R < SATICRLE &
NTW5D, b MIBW TR (Anterior cruciate ligament: ACL) ORI EHEEAmiD
FITIMEAINL, Z L CERIZAIIEO 3 503 4 2 (Murray MM, 1999), #ASERZORRHEEE IO
JEIE = T — 7 URHERI B A TS L. SERDOBIFIZIR > T\ %, — MR JUERIED
PHESEHNAI T = T — 7 L RRE DRI & 2 BRIERS SR TATES 2. LA LR b2 b O
DOAGHFRAENF U T D 0NIH BT/ > TUVZRYY,

BN RAEE T DIEEEEMIIE b LI Y | A X TIHRMIRI L T D LV ) R
%449 %, Tibial Plateau Angle (TPA) (3= OICEEHROERE LRI TRECH Y | JA<H
WHILTUW D, TPA IFRRBIEI D X BEGEADFRIZICIRIE S 415 (Kowaleski MP, 2011), fig
BNROFR & itk & Z@dika EEEREHDZ A ) & L, WAMAIOSEMESE O HuLE &
ERRRBEIFI O DR & 28D 7 A v & TIEEHaER) &40, ERmEDZ7 1 v & T
BRI DR & AT AEN TPA & L CER S H(Fig. 1-1; Kowaleski MP, 2011), Slocum
S IIRIMA ERH A U D IEHIERERT R~ ES Z O TPA ICX WA S, IEE 2R~
Sl & TH B IERTTHERE S (Cranial Tibial Thrust: CrTT) 234E U % & 298 L T 5 (Fig.
1-2; Slocum B, 1983), - ERIENZIBW T CITT X CrCL IC L VB STV A Z LT
WD, A XTOIEFR TPA L1335 34°Th D LWV I HE I TN D,

A X ORI #Z4Cranial Cruciate Ligament Rupture: CrCLR)I L, /NEMWFEIE AV EMEIRI 2 5
W TR T2 275, b L <EETDHED 1 > Th 5 L8k STV 5 (Wilke VL, 2005),
CrCLR W RaE Tl ~ DA TR U 5 CrTT L BN 31T DI E DS 22 g2 il
95 2 EANTE T, IRANTA U 2 B BIEIR OHEST & IRNZ2 ARG E C 2 falitEns
&% (Marshall JL, 1971), FRBIEIZISI DAL EMOUSGE & “IRMEOBBIFIRFIE Y A 7 Ol

8



WMk A& Lok % IR THD B R SN TET2M, K2 OFHOFMMEC DN TR
i T D, 1993 4F Slocum 1T Lo THER S IE mRET KA BB D ffi(Tibial plateau
leveling osteotomy: TPLO)I, TPA ZZ8{k. &+ CrTT Zf#hd 5 Z & ¢, CrCLR FeAMEREEi %
EMDOEHES 5 Z ERAMRETH 5 &5 2 53TV D (Slocum B, 1993),
MZH1F D ACL iEdIIMEI T~ TEPEIZA L D DITx L, A X CrCLR %< 1 CrCL
(23T DAV I CeE L CTAE L D Z & A3 5TV D (Duval IM, 1999), D7 b A¥R
TR0 (Cranial cruciate ligament disease: CCLD; Duval JM, 1999; Bennett D, 1988) &
HIHIND, CCLD [T AT 5 ECM OZEMETH Y | HfdilIE IR ~ED &
ik T2 (Duerr FM, 2007, Bennett D, 1988), 281 L 7= #UHHZ IS T, BIHFHIRR O FEAK
TROBBHESR DBLA N DZEA Y., KA OENEHIROT D & IRECERTE ORI OGN & Vo 78
AR REIL OIS b & DRI A U 5 & ST DH(Hayashi K, 2003), #Hik
FHIREVEMEZRA L D—> & LC CrCL @ ECM #X D Z b(Muir P, 2005), RHIHREREHAE~D
ZEAEASFRD H1% (Comerfold EJ, 2006), Vasseur 513 5 sl ECIARED 15kg LA DA X2k
WT, HE Yot 2 THRE AR ORI WA R DRI S PR E IR F AR L7c A LT
%(Vasseur PB, 1985), B MIIUWNTIX, B AL S B CIL COL EED L, 1= Z—
7 ACOL ), COLIN, X =T —74 70 E OB FEEIZ ORI 5 Z L 235
LTS, ZD XD 7 ECM OZAUITS)FAVRHED REIZ K 0 BVEWEI TR £ ATaetE A N &
5 L#E 2 BTV D (Hasegawa H, 2013),

CrCL DZEMETHUNTITAEMORAR, ML O BRSO E DIHE IR S 4
7R MRS X T2 (Comerfold EJ, 2011), CrCL OZ8M st Z2 b ch v | 4Ll Lo
A XTI 4 TEHHEL T DA XAZEE LT 4 7%l L 0 il DA X CTHEIZ CrCLR DOFAZED E
& STV A (Witsherger TH, 2008), — %12 CrCLR I RMR & 7o 1 3B KR CLf 33 H1H
MIZdH Y . (KED 22kg 22 DA X TIXHEAE OEICRET 2 LG ST b
(Witsberger TH, 2008), Duval 53 CrCLR R T, FEMBERIC R U CTIREDMT EIS &l
ZR LT Z & Z3id LT 5 (Duval IM, 1999), = 512 Duval O 130EEE: A A3 L OESA X2k
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WORBETE A 236 KOSRESA 2 L0 A RICHEREEREW & #Hid S Tu % (Duval IM,
1999),

Slocum 51 3(1983)#& A FEREZAE U2 CrTT 23 CrCL (2 /15pry7sAfi 24 U, CrCLR DA
(2O D EHB LTS, FHCTHIEEIZEV TPA T 5 Excessive Tibial Plateau Angle (eTPA;
TPA=35°%) L% D TPA |ZHi L C, #IEABERFOEREAMZ L0 %< CTT IR 52 &
TCrCL AL DA ZIEIMNSEL ZENTHISN, CCLD DY R 77 7 Z—D—D>Tdh 5

LRIk E LTS, Duerr 5(2007)1% 35°LL_ETH AHIRIIIZ Y eTPA 47 % CrCLR JREKRT
IXTPA 23 30°LL F T 5 CrCLR FEEBRIZHR L CH EICHIEFMIME )~ 72 Lty LT 5,
F7- Read H(1982)I ICHEITNLOEAZ LV | EEEHID S BEN AL LTcA X 5 BED S H 4
JHC CrCLR 238 b L it LT\ 2,

ZD—J5TWilke HIHIFE A E DA KITF\ N TENFFO I E = 3G & T TH Y . £
72777 R—/Lb b U 8—"T CrCLR R & FEREER D TPA Z Ll L7 & Z AH BRI
HHIVT, £ CrCLR DI ARFETHDH T 77 R—/L L b U R—EFERDRNT LA T
¥ KT TPAIZZETRRD B o T L i LT Y (Wilke VL, 2002), 7= Reif &% CrCLR
FBR(42 BE) L RGO ER) D TPA ZLEIE LT- & Z A, 20D 2 BHCAH BRI b T=
LS L TR Y | TPA LSO BN ORI E-% > T A (Reif U, 2003), & 512 TPA & CrCLR
DOBFEMEAZ AT 2HME BV O SN TERY . RIZERD 2SN TNWDHEZATHD,
Fox DIMBIRY . ZIVET eTPA & CrCL IZd61T HZAEMMEZ b & DR 24 L 7o iRt 378
STV, Foxld eTPA 24 2IERIEIC I T CreL 2 MM bAMEtE S D &t
ZNLCT TR AT o 72,

ABFGED B ENTIEE A E Y 0 24TV €TPA DT VB A N AW/ T 5 2 L T,
CrCL OZEMMEZAbAMIEHE S D L BGRODTT, €TPAIZ XK D CrCL OZEMEMAA b~ DR B A iRIE
L. CrCLR DJRHERAED ik fflT 52 L ThDH, TDIDIE 2 FDHHF 5 BE TOHF
FeaAToT, B2 FTIL eTPA OFT /VEMNERIRAT IS A 80 0 fiva 59~ 25 BRI B
A 7T b RTRTOEERES %, CrCLR (WA LA BEER Y % —C TPLO

10



I LTI DA 7T v N FHWTEFIRE COTfTE TPA 1Z31T DB DOHER 23 Hl Lk
AlE L7z, 55 3 B CIINEETALE 8 0 ATl & 2 NA0972 TPA DZE(LAN eTPA E7 /VEAIC KT %
CrCL, MCL 35 L OV LCL ~DsZENRKRIZARHTH 5728, exvivo E7 /L% VY, BESEI D4R
17 ER AT O To IR BT Sl TAEIRBIE /7 Fseair R v b 27 A ) 2L
CHIEAERFOIR % 3% Z & T, CrCL, MCL 35 XUV LCL ~DFEEOF M & 3T,
4 FECIE eTPA E7 VEAD CrCL OZEMEZFHId 5 1 THEZE ECM kD2 b, & <IZHE
FEA~DZAORGEZ . CrCLR HEERD B TR G B 417228 CrCL T 7V, il CrCL &
AT o7z, F2 ZhvE TIREEE GO BIRIZ B W CHRed THERIER - Th 5
sry-type HMG box9 (SOXQ)DAFAEE A X CTHRE LTo i3 2\ 72D, IR IC 81T 5 SOX9
DFPERE TR BT o7, HEETITE 2 WO 4 HE TORREEE X T, e —
VRIS U CHEBITAE BB 0 1 S L C AR TPA Z | S B/ 7 VE a1 FRk L,

Z® CrCL IZBT AL LA iEEd 5 Z & TeTPA & CCLD & DB A faE L7~

11



Fig. 1-1 The determination of the tibial plateau angle. A line was drawn to connect the midpoint of the
tibial intercondylar tubercle proximally to the center of the talus distally (tibial axis; the red line). A
second line was drawn to connect the cranial margin of the medial tibial plateau and the caudal margin of
the medial tibial plateau (the yellow line). The angle between this second line and a line perpendicular to

the tibial axis (the blue line) was measured as the TPA.
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Normal TPA eTPA

Fig. 1-2 The scheme of the relationship between Tibial plateau Angle and Cranial tibial thrust. An increase

in TPAmay increase CrTT.
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W2 JEEE AL E S AR (TPLONC B W CEEH 7 L— R OEODMiF4 D TPA BX

ORI (mMMPTAN S M E 48

2-1 #65

RS BT D RNZEMOUE & “IRIEDIEMENMERARIETRSIE ) X 7 Dbz B L LTz
Bea RABHO TR S TE 2, K2 OFHOAIEHC OV TLRER#H T Th 5,
Slocum (1993) (2 & - THEME &4172 TPLO I3, TPA 22L& CrTT &% Z & T, CrCLR
LRI OZEMEDRIE S 5 Z L FRETH 5 &5 2 HAL TV 5 (Slocum B, 1993),

TPLO ®HMIE, TPA % 65°+0.9°F TIK F &, CrTT #Hf13 5 2 & CTAERAZ, R
ZHERERIIC 22 AT D Z & Td D (Warzee CC, 2001), L7278 > THAMEHIIZIBIE S 7z TPA 28
B0 E O AL TRFE CHERFT 2 2 L M8 TEHENZ /25, BEOHE i TPA 23 0~14°
DHITH D86, TPLO IR 4~17 » A B Offitk TPA & FEEIR /)(Peak vertical force: PVF)D
FZIE, FERHEIICH B2 223t S /e - 7-(Robinson DA, 2006), Z— OfEFiZiE, CrCLR
(218 S BIE R PERRHEED B > T D & 2 BHivd, Moeller ©5(2006)i%, 77 6.5 38 H IZH+
L7 TPA DNFITERLD TPA LR L TfEA R L2 Z &2y LT, LIe> THYID %
T 7REE &2 FEE LTV Th, TPLO B OTRIEORMIC TPA 1T 5 Z L VR S o,

TPLO 234k~ e RO 7 L— M AMEMATRE T D, HEKRD TPLO 7'L— KTt A2 U =
—ZE o TTL— M EBOMIIENDNAE LS, 7' L— b —H a4 U5 2 & T,
BRNZEILSIND &) E B> T /=(Koch D, 2005), D728 = OFFED T L— k
13, B OMER ARSI CAET 2 K OB OmINC RIS D LS a e by T =Y
DIMLEETH H(Koch D, 2005), LUy, IEFEAATE ORI TH 720, fiTfic
7 L— M BORENI SRR D XIS hy by 7= U7 H 2 LIFEENTIERL
7 L— N ORREIZER U IS E @O E OB A4 T D 2 & DVEIH LTS (Wheeler JL,
2003), Z DX D 7RRBOFEFICx L, 4 TPLO my ¥ 7 a7y a7 L—F
(Locking compression plate : LCP) & 2 & 7~y RAZ U a—DHNBATWD, ZbD

14



—MIn XU T AT Y a—NTL— hR—/LEREH Z LT, 7 L— b —ERoEfhic
A7 T 5 2 LI EMERDILD L D IZEREH STV D (Koch D, 2005), L7223> T/ 'L—
h BN TERITIR DR | T L— R TOE & T L— MBS T 0B LIZ, LCP I
ASCEEA AN @95 2 E 3 C& 5, S 512 LCP 1AM/ 2 AT &3 S - RRE <
FERTENEZ g 2 & 3 BN R 5 7= (Gardner MJ, 2006),

XAy a7y a7 L— MDynamic compression plate: DCP)i%, 1969 423 A
SNTFme 7 L— bAR— VGRS E 95 7 L— b T H(Koch D, 2005), DCP Tl
fRCAEZA 7 Y 2 —ZF AT 5D Z &I Lo THORIGM~DHE ) & £ T 2 L DAl
725 Cu %, DCP I/ BHNRIITIA R SV TRY . %< OBREIEIARHE D MEH
REREA L CWDEEZBND, 7T TPLO IZiE, Bl 7 L— hETH-7-, b L
TPLOIZDCP Z WA Z LN TELDL, ZOFFHITE » —fi172 CrCLR (237 HIRkIE
2725 LB 2 HD, ETLIHING TPLO OA 7T 2 MIFE R LTAFFEIN K D dh - 7273,
DCP Z&TeifZEidd Tt T ey, AT CrCLR fEEKIZKT L, 2 fifHod TPLO 7'L— h
& DCP Z VT TPLO Z 3 i L, [EHIThBAmDT 74 A v Mafhll Lz, BRI3FE
7'L— Mz TPLO fIZEIT A% TPA & NAITAZE 1 #4 (mechanical Medial Proximal
Tibial Angle: MMPTA)DZ A bt L, TPA 228 LS E 5 BUIVICHBIT L2 oA 7T

N DR 2Rl 5 Z & & L,

3-2 MPEkE ik
2-2-1 x5 & LISty

2004 46 H ~2010 43 1T CrCLR DAMEITERE & LT TPLO % ki L 7242 T DA X (45 HH,
61 IRREEN) DA T & X BEEEA MM L, FEFIO A, (R, 7RT TPA, FiTa
MMPTA %5tk U 7= (Table.2-1), IS EHIE BI04 > 77 v MidE72 & OGHHEZ £ UI-ERNE
bRt L7z,

15



2-2-2 TPLO OF+%

Slocum 5(1993) D J{EZHE L, CrCLR M RIZ TPLO A 33 L7, HEIV %DOZEITIE
35 E721% 2.7mm @ LCP (anatomically locking TPLO plate; Depuy Synthes Japan, Tokyo, Japan).,
Slocum TPLO ~'L— K(Slocum Enterprises, Inc., Eugene, OR, USA), DCP & HREAY U = —
(narrow plate 11, small plate 11; MIZUHO Co., Tokyo, Japan) % f\ 7z, LCP OEEIZIL, 35 £7/-i%
2.7mm 2 ¥ 7~y KA 7 1) =—(Depuy Synthes Japan, Tokyo, Japan) % /7. 3 7XIZ, 3.5 £7=
X 27mm OFEEA Y Y a—% i 37U L7 (Leitner M, 2008), DCP i%, AO/ASIF i
LT3 Tl L7z, DCP SR & IMRIEENHT & HATIC e D Ko ICakE L. & 95—
FZZ QIR [EE L= (Fig. 2-5C), 7' L— hDHA R1E, BIEDOKE JIH U TRE LT,
A7V a—OWA X% Table.2-2 |29, 42T TPLO ALElL 1 AOFEARNEIZ XL - TiTh
iz,

FEEIHN 7 — RBIZ ERIZ LT o 3 BRZ/3E L7, ; Slocum ' L— k% HIV»C TPLO
W4T oT-RESP BE). LCP % W =RELCP Ef). 220 DCP % H\ \/=EHDCP Ef).

DCP % 2 Heflii L7c# I, JEH ORI 3 ADAY U a—& T CREMZGH T2

D THoTz, KFED TPA £7213 mMPTA D2 b, BYIY T4 » OFRE M 27 Hh L7,

2-2-3 I RIRB MR LLORHifi

R SIFHAMTI Net force; Advanced Mechanical Technology, Inc., Watertown, MA, USA) DfFHTIZ
Lo T, T 1. 2, 3. 6 » A HIZ CrCLR R R o> & Bl 2 2B SR L 7=,
D PVF % 10 [aRHAI L, 2 OFEIEZ SRR ORE TER L T 100 Z4Hh T 7o i RIRR IR E

LE(PVFIBW) % & EEASREDFEIE & U CRH L 7=,

2-2-4 TPA 1 L' mMPTA OFHAIG A, BiE E COMORHE
ERETBT D TPA OB LOFHIIZITIEE DT X #REEZ WV, fifar,. FlEg, BIO
IO TPA Z3HAI L7, X MREEI IR & PRGN 25 2, KERPNAMAMS HE N —Erd 2

16



LB Uiz, O OFMERTT-T X G EOHEZ T Lz, iR JOFHE
%O X BEEIT LR F O Li-, Boid, SRR L7 RRE TR LT-, ko
HEIZHE U C TPA OFHIIIAT - 72(Kowaleski MP, 2006),

TR, FARERR, 6 LOFZREO mMPTAs IEIZIX, B OIFEMIT X #REEZ A,

WBEOHREIZHEL T, &2TO X HRGEIZHOVT mMPTA ZHIE L7-(Dismukes DI, 2007), &4
B& 35095 2 SE MG, B E#EE B0 5 - OICTERE 5 e, I BEEimO 7 A >

13, BB RPN AN RDFAALE A VT W, Zh b OB D 7 1 o LS EE
R & D7 NI E A mMPTA & L CRHIIL 72,

AIEFIO TPA 33 LN mMPTA OFHIIIE, 1 AOBIIE DT o7z, BFEIIHBWT TPA £/
MMPTA % FITE O 2 21, 2.3 5 A B OO 575 LG Wiz JH L=,
BN OREZEZEIRET 5720, TPA & mMPTA 12 THR—OBHEEH 2 [BF2FHH L7-
(Vecchio NE, 2012),

BEIO T4 COMHIICE LTI 2 BiEalin & L, SEFIZHEWT X #REE LT L

77

2-2-5 e LB

SIEIHTIE SAS version 9.2 (SAS Institute Japan, Ltd., Tokyo, Japan)? repeated statement % FHU Y,
mixed procedure TfTo7-, &7 L — MIBIF HEMEOFEL | EEICLHEIT 4 M
HOLE UTRR LTz, 7' L— FOfEE, ELE LIZHHOR S, mi#E OMAE/ERIE—E
DHDE LTz, BT L— b OISR (H AT DN 31 (Least square mean:
LSM)DfH & 1 FEHO T L— h OH O R(H BAD)IZH1T 5 LSM DD Bk A
Tukey-Kramer i£% VT To7,

B S IR D713, SPSS version 16.0 (SPSS Japan, Inc., Tokyo, Japan) %{# F L Tukey's HSD test

IZE > TRHI L7, p<005 2 H > THEZD Y SHEL,

17



2-3 fEA
2-3-1 k5L LThEf]

PEBIOD/ARIE, BHEEME 21 BE(45.7%), FEAHE 12 E(26.1%)., M 7 §A(15.2%), /i 6 BE(13.0%) C
holo, BHETRNT, 4, (K, AT TPA, IRAT MMPTA I BT DR h - 72 (p

>0.05, Table.2-1).

2-3-2 A FEMEEDORREIIZA b
% 1. 2. 3 » H HO 3FHTIIT 5 PVFIBW EIZAEZTZED BV T (Fig. 2-1). BAEFIOHE

AEREREIT R 2l Y | B TIIdEE ST,

2-3-3 TPA Diffite 2k

WA D TPA O LSM % Table.2-3 (Rd, SP BECHWT, it 1, 2. 3 » HH
O TPA [T & Fols U CAEITHIIN LTV 7=(4% 4 p=0.0006, p <0.0001, p<0.0001), LCP
FECIR, B CONHERORITE 28 LT TPA OZ{KITERD e -7-, DCP REIHBWTIL,
2. 3 # HE® TPA NFHITER & il U CTHEITHI L T /(%4 p=0.0016, p=0.0357,
Table.2-3 33 L UV Fig. 2-2),

fite 1 » A HD TPA 1L, SP #ETLCP #tL bl L CH EIZEEZ R L7-(p=0.0052), ffif% 2
# H B TIE, SP #EL DCP BEIZHV T, LCP BT L CH EICEMEZ R LTo(ZEIL p=
0.0013, p=0.0357), ffift% 3 » HH TIiX, SP BT LCP #EL ik L CHRIZHEMEE R LTZ(p=

0.0024, Table.2- 3 35 XU Fig. 2-2),

2-3-4 mMMPTA DOt Zt

%5500 MMPTA 0 LSM % Table.2-4 [Z53, &Mz 351F % 3 BEORIC & Zh2ho

FEORIFR ORI B, ik mMPTA ICAH BFEITRMD b/l 7-(Table.2-4, Fig. 2-3),

18



2-2-5 FiA E COHHE
YO T A4 L OFRAICE LML, SP #ET39+1.2 » A, LCP #£T3I1+14 %» H. DCP

HETA1t14 » A ThoTo, BHEOMICHEZITRRD Hiv/ed -~ T-(Fig 2-4, Fig. 2-5A, B, C),

2-4 E5

SP #E& DCP #HEZHIT D TPA O kiE, LCP LV bEflEZ R LIz, ZDZ &N LCP
TlEa v X T~y RAZ Y 2 =37 b— MR—/VZEE SV THELZEENMS DD T2
LCP BEIZHIT DI TPA OEA LNV D iahoT= & 2 B (Koch D, 2005), —J7, DCP #fL
SP FETIE, 7'L— b — B CRAT DBEEOHIVE R OREICBE DD 720, T
NBRDOT Z74 2 Ay MNIEREARMOMELZTH LB 2 Hivd, Conkling ©(2010)1%, =
X T~y RAZ Y 2—LGEROEFEEAY U 2—% T CrCLR FEfEK 118 BHIZ TPLO %
FhiLlc, nwyF T~y FAY Y 2—TCEESNERES T 1ERkOA 7 U a—Z2 v
JEBEEN X 0 B TPA OB EBITEZ /R Lz, S DICARRETD X #aT 7. E Rl
TlE, myF Ty RAZ Y 2—Z2HWTCEEIC X0 IFFIC RAF 2Bl E 05780 bivic,

WBEOHREIZLD & 1 ADBRIE BT DREEDITH S X13+34°ThH D AEZATEED
RN T & A & Cu B (Caylor KB, 2001), A R0k Tl TPA % 2 [BlFHAI2 = & Taf
REZRPR Y TR S AR Lz,

AIEIORREST, SP BES° DCP BEC I 2% TPA IEINT DM & o 7o, AWFFETITFIA
FRAANCIZZTE S 7203~ 1278, BSEIThrE i & TPA N9 5 X ) Il sw 5 2 L TAEL 5
HEPHRERRD 2 b LA b U BRI A~ ORI R ARIRRK & 7o T, JEE S
OB MR EE~E - ClEliE T 5 B2 Hhb,

%D mMMPTA TiE, [F—HENOSHIMZE L7229, BROFGE A EEDRD bl
7273572, Vecchio H012) D T, BHEH A U 2 —&fkx 727 L— M & W2 TPLO F
TITE% D MMPTA 1%, 2 ORI & bl U P LA DINIIA LA Uiz L LD,
L/ L Vecchio H1E, MaHFHIAEZETID 72 b DD, ZOZUTERINITTFR TE 57125
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9 EBELTWD, ARFHIBWTHIICT L — N WS84, DCP 25ty L— FoOfl
FEDMITED MMPTA IZ5-Z 2B NITHETH D LEZ BND, N TEBGESD TPA D
B35, LCP MISHIEAE T DT 74 v A v MERHZBI L TR TV D Z L AVRE ST, &
BITABIZED TPA & mMMPTA DiERMND, JEBUTACE R OT 7 A > A v MERHZEI L T DCP
1% SP SHFFEOZEMEZ R Lz, AU, 280 DCP IZ L A IEITAE i O E DS EHT)
TIE72 <, SPRERICIR TH D Z LITIERT D,
BEY Z A L oBBEEHEIL. 7 L— MITEETERO biRh T, el LCP BRI

D ABIRIEE O &AL QU nfille 2 288 S R ST, AR CRUIRMIN TSR
Biginolz, L LR biEtlie 7 L— MEEZAT IRV | BEaBiiL7" v — FofEEc %

NEMEAF LW e E 2 b,

2-5 /MG

B0 %D TPA ZAHERFT 2 72Dl A v 7T v M ERET HT-012, 2 FEEED TPLO 7
L— k& DCP Z VT TPLO 5 L, IEEIREEfii D7 74 > A M agHl LTz, SP &
DCP % F - [EE TIINEE 2T, TFINER & Hole LT TPA 23842 ook LT, LCP
ZHWZEE T TPA OZERRBD DI oTe, E£oZnbO7 Lb— b AV
O MMPTA IZHEZRZUFTRD LT, G HIRI b A ERETRD bR oTe, 2D
&5 SP, DCP D7 L — h bEFKRANCFFA CTE 203, Hikd 2 & LCPIFEHEhE DT

FA LA NOHERRRO THEHATH L LS 2.5,
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Table.2-1 Number of dogs, age, body weight, preoperative TPA, and preoperative mMPTA

No differences (P> .05) were identified in age, body weight, preoperative TPA, or preoperative mMMPTA

among groups (Tukey’s HSD test).

SP group LCP group DCP group Total

Number of dogs 23 13 9 45

Number of TPLOs 28 19 14 61
Age (months) 79.4 (8-145) 69.8(10-114)  75.1(25-147) 75.8 (8-147)
Body weight (kg) 263(83-634)  296(11-67)  27.3(11.2-59.6)  27.4(8.3-67)
Preoperative TPA (deg)  25.4 (18-32) 26.4 (18-31) 27.9 (21-37) 26.3(18-37)
Preoperative mMMPTA 85.8 (81-92) 86.5 (72-95) 87.5 (71-99) 86.7 (71-99)

(deg)
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Table.2-2 Number of stifles that underwent TPLO classified by screw size.

SP group

y2.7 mm 10
y3.5 mm 27
Total 28

LCP group
y2.7 mm 4
y3.5 mm 12
3.5 mm (broad) 3
Total 19

DCP group
only y2.7 mm 7
y2.7 mm + y2.4 mm 4
y2.7 mm + 2.0 mm 1
only y2.4 mm 1
only y2.0 mm 1
Total 14
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Table.2-3 Least square means (LSM) of postoperative TPAs at each postoperative time point.

0 months 1 month 2 months 3 months
SP 8.68+0.672k 11.27+0.69°« 12.12+0.70°« 12.38+0.69°«
LCP 6.65+0.812k 6.98+0.81%' 7.38+0.82 7.68+0.87%!
DCP 8.35+0.95%k 10.26+0.95*P! 11.74+0.96°« 11.04+0.96°«!

Values are expressed as least square means + standard error.
a,b : Values with different superscripts are significantly different among postoperative time points within
each plate type (P < .05).
k.l : Values with different superscripts are significantly different between plate types at each postoperative

time point (P <.05).

SP: Slocum plate group

LCP: TPLO locking compression plate group

DCP: dynamic compression plate group
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the number of stifes | 19 | 13 |13 |18 |12 |13 | 14|12 |13 |16 |11 |13 |13 | 7 | 12

Fig. 2-1 Change in postoperative Peak Vertical Force / Body Weight ratio.
Postoperative ground reaction force / body weight (PVF/BW) ratio was not significantly different
among the three groups at 1, 2, 3, and 6 months after surgery. The numbers of stifles are shown in the

Table under the graph.
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Fig. 2-2 Change in postoperative TPA.

The TPA at 1, 2, and 3 months was significantly higher than that immediately after surgery in the SP
group (P = .0006, P <.0001, and P < .0001, respectively). There were no changes in postoperative TPA
over time in the LCP group. The TPA at 2 and 3 months was significantly higher than that immediately
after surgery in the DCP group (P =.0016 and P = .0357, respectively)

a,b : Values with different superscripts are significantly different among postoperative time

kI : Values with different superscripts are significantly different between plate types at each
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Fig. 2-3 Change in postoperative mMMPTA.

There were no differences among the three groups or at each time.
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Fig. 2-4 Duration required for osteotomy healing in each group.

There were no differences among the three groups in duration required for osteotomy healing.
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©

Fig. 2-5 Typical radiographs after surgery over time in each group.
(A) SP group, (B) LCP group, and (C) DCP group.
In each group, bone union progressed with time.
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3 A XRBEISEIEGIC IS8T % Tibial Plateau Angle B4 S LB AN BT PR - RIF 58

31 s

A IIBRE 3 D IS E OB ~D A A HIBT 28 & 23 5, S HICEIUTIE
R A LT 2 S & F ORIFEST R ~D AN & i3 2 @) & 3% % (Amoczky SP, 1977), CrCL ZA#hk 7
% CrMB & CalB &9 2 SOfHEAI I RBIE BRI - RF D2 M E T D EBRRDE GV IR 5,
SAPNAIAR ORI RS HhREL 301 2 BRI M D T B2 2 e v 25 & U TR L, EAMIIHY
VIS BRI B RF Z R T T~ D22 k2 E & U THERET 5 2 & 31 BTV 4 (Wingfield
C, 2000), AIRRAEBEE I I LMRHERDS & HIZBR L, IEE DR E L5 L CERA A
BT 5 2 & A5, EEHCIOTIE MCL, LCL [XEIFEO R A HIldER & L CihE
L. 8 3B 2 BN 21T 5 (Vasseur PB, 1985), BRI BIE oo {1 30 O BE
(2L 0 Pl S AL, CrCL I3 EEami@hiiEE & U -Ciie g%, T CaCL | E &
L CR & 2p%E % BL7-3 (Armoczky SP, 1977),

Slocum & (1983) F B Bl 7 [~ & TPAIZ L W B S /AET 5 CrTT Ik Y CrCLR
AU 5 EHEME L7z (Slocum B, 1983), L7>L—JC TPA & CrCLR DOBEIRMIZEER 2 &3 2
HH I TED (Reif U, 2003; Wilke VL, 2002), KICiEmmN 72 SV TCWAH EZATH D, Duerr
©(2007)i% 35°LL | TH 5 eTPA ZH 3 5 CrCLR FEFE K TIL TPA 23 30°LL FCd 5 CrCLR itk
RIZHI U THBICRIEFHRIME ) T L E LT D, ZOZ LD eTPAZHTH A X T
IE 30°LL T D TPA T 5 A XIZEe U TR CrCLR Z/E U D ATREMEAS EV &V D T &3
RIS,

CrCL OZMMZA LA RRET 2 7= O TET VBN E A CTH D L EZ LD, BUEE T
(Z TPA DR E 73 CrCL 24 U D 5RINZ MIT T 5B OV TIRGRE L 7o 3D 720y, £ 7
IVEIOVERUZEE U C, 2 DREEARRGE LTt O 1372\ N AT BB R & A2
(ZVERK L 7= eTPA B /L ORI ZI51T 5 CreL S IRIEHTICA U AR 2511 L TPA HE Sl
B ORI RITTHELZHENCT H 2 & ThH D,
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3-2 #PBkE ik
3-2-1 iA@Y & SREUTIE

ARFEHIIAN D B B TLHIEASy S TBEAVEL 2 & NS U FRIC B O3 &
VR & — 7V ERCK 16 BHOBBIE 2 L=, Zhbomikz ez 8 B, 2
OORHI T T2, T B TPA 22 L S e - - (normal BE) & (2)TPA ZHIN X H-7-#%
(eTPA BH T D, MIRD Allm, MR, RE, 35KV TPA Aftdk L7=(Table.3-1), 723 normal #%
& eTPA FEDI T I D OFIHTHERZTGE0 Div/eh - 1=, BRI L 7-EBEE IR e &
O 217 U CRBRIUEf 722 & ofkiiRk 2 TR L, Y v 7 ViRISR LIc i —E T
A TIBRICAET 5 F TOM-20°C TIRIE LTz, IREBIZ OV TIIEREIRE & RRRIUSHT O
(RO O L, PIRTELC A ST £l Uiz, Mahcid 288213 4°C 1Tt
R ZAT > 72,

3-2-2 TPA HEELE

FARIED TPA FHIUNZ DWW CIILART O IZ0E S T T 7= (Kowaleski MP, 2011), TPA HiEL
ElE TPLO IZFHV % 30 mm @ TPLO Y —=7 L— K(Depuy Synthes Inc., West Chester, PA, USA.)
EARENSRI RS LT L, $£72 TPLO ¥ (Depuy Synthes Inc., West Chester, PA, USA.)  [FIRE
([ZHWe, TPLO Y —7 L— NIIEEALOTFREZ AL SE D T2 DIV e, #8013 TPLO
V=T L= RDT A »OHUNI S K USMAIDE RIS D & 51T o7, EHEE 24 mm
DFVy v aF—fliRa T 7 e L UTIEE B2 5 5 mm 70 MCL DERAIC T,
[ A BE T & IS RS0 U CHTIZR D X ITHIA LTz, P 7 DY 7 e AR E
L. 24 mm OF /by ¥ at—filia o 7@ 7 — LD R—/L a2 @ LT, DT T e
(AT D K OTHIA LTz, V=T b— RO T 7 & AT T, JEE OIEH SRIRETIH
(2% U CHEELIC 72 5 & 9 IR L 7=(Slocum B, 1993), 7' L— RO IS B Ot L TR
(2, AR SIS RO BB 1T L CHRELC 72 5 K 9 ITRRE LB YD 21T o7z, B0 1%,
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TPA 73 40°1272 5 & 5 \CHS B R o i A FfE S 7, Tallat H(2006)12 8% & 34° L0
KE W TPA TR @ & i ST A3, Moeller 5(2006)12 1% & TPA IZB BV #
ICBET 2 L S TERY | 34°% HELCHEEZAT D LI TPA 238 L, eTPA Tldza<
725> CLE D AREMED B D, E DT O AR ClIAlTes TPA D HAREZ 40° L 3E LTz, [FHAR(R)
[ZoOWTC, IFOARIC LW HEH L=,

R =2x30(radius of the saw blade) XMF
360
A
[FJHR SH72FH 13 1.0 mm OF )Ly o = i A B OB B RSB £ THIAT 5
W2 VAREE LTz,
ARG TR E BTV IZ LY TPA 28k E5 2 LT, TPA Zinsd7=2 LSO
REERE ~ DR e/ NRIZ U7z, B X BRSNS C TPA D3I 40° TR L 722 & A ffsd L.

BY)0#% 2.7 mm TPLO = v %7 7' L— K (Depuy Synthes Inc., West Chester, PA, USA.) % >

THEEH, B X AREIC X 2L 3872 TPA OFHIIZ1T > 7= (Fig. 3-1),

3-2-3 EARBARI I HERERBR 2 R > bR T A

AFTCHWZrR Y F 2T ATt MEREEIOAERT 58 21T 5 T OIRINZ BT &
H7=(Fujie H, 2004; Fujie H, 2011), 3 = L—4 X 6 &l H F1 (6 degrees of freedom: 6-DOF)f#1#%
AHETH~v=t =L —%<& 6DOF universal force/moment sensor (UFS; UFS-IFS-40E
15A100-163-EX, JR3 Inc., Woodland, CA, USA))»HAERK AL TH Y (Fig. 3-2A), = L—# (%
Grood & Suntay 2375 L 7= BIETE A A R ZH S0 TV 5 (Grood ES, Suntay WA, 1983), RS

BRI ISR O IR & JLH I TER SN D, 6-DOF OENEIIEBIHTCLUF DRRIC
1Thohd, 7755 %2 OB L CJE b Ji2 77 17 (Flexion-Extension: FE), PNSMAI 5[]
(Medial-Lateral: ML), PNAM HTA)(Varus-Valgus: VV), #iif% /71n)(Cranial-Caudal: CrCa), WNAMES
ml(Internal-External: IE), & L Tz 7 al~D 2z (Proximal-Distal: PD) C & 5 (Fig. 3-3), 6-DOF
AR T O~= 2 =232 DO DEENE (LTS & TEHE) (2 X > Tk s T
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B, LEOEAE I JIEE) 2 fh & [BIES 3 ihS, FHEBEERSICIRIEDE 1 i) FEE T S (Fig. 3-2B),

3-2-4 R TIE

RSB A~ DEEZAT O 720012 RO KR ETAE KON E NG RN U AF R LT
1 L— k(Polymethyl methacrylate: PMMA; OSTRONZ, GC Corporation, Tokyo, Japan.)(Z[EE L 7=,

AR CHW-aR Y h AT A UFS 12 L » TRELIZT—F & JTiC BAJENE R CTA A
AT, KEMSBEENZAE U B & = ZITEH S e — A v NEENT 2 Z L NATEET
& 5 (Fujie H, 1996), = D AT AT HRLBEIHI OB & 2 FFR LI IRIE CIEMEICHBIT 5 Z &
ARETH D (Fujie H, 2004), Z DT AT AT FE -, EUHFOAMNR, #E D X 9 72 BEERR O ER
IR RSRE A T2 = & b TRE T A (Fujie H, 2004; Fujie H, 2011; Mae T, 2008a; Mae T,
2008h).

BEPEOIEINT Fujie HIZX Y BREINZERA DI X DHIEHTEE FAVCER L7 (Fujie
H, 1995), F£98h& & %A L2\, SR & 70 D8 2 U9~ 2 RilD
UFS D 3 1D 1% (X, Ty, f) & L CRtek L7z, & L TSRO 28k L ClRtko®Eh & & %
FHOSEA L, 0RO UFS O 3 o 1% (K 5 )& L CRtek LTz, TSR ORI AE T

BHIENF)NIEZLL FDARZE W TEH L7-(Fujie H, 1995)

Fo(f= 00+ (= )+ (=)D

AMFZE CIIRBIEN AR AR NE U7 BROMRIEA BT 5 72912, Kanno & OEIZHEL T
JIilfEI X % PD J5161~0D 30N F 721 60N O 8 %1 A L 7-(Kanno N, 2014), SH{AIZE
i BFRBRTINE LT O Y T 5 (Fig. 3-4).

1. Intact PD #ABR(BON £ 7-1% 60N fifE )

2. CrMB Gt PD #RB#%(30N & 7213 60N fiEE )
3. CalLB % PD #ABR(30N £ 721% 60N FiHE )
4.  MCL Yl PD #5R(30N & 7-1% 60N fifE )
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5 LCL Ul PD #ABR(30N 7213 60N fif i T)

9 UFS O TOHII% 012 LT, JIflEIZ THIESSIZ 05Nm OF— 2 > h&iH 3 %
OB A RS Y, ZoREE DR LER LTz, ZORIBORRBIFO 2 5 HI
L., REEREERZ EFE L (Kanno N, 2014), #HfEkD7 UV —AC K 5B Z[H T8, 1B
il 3 AR O BER A S 55°12 72 5 & Clmrh R EEB) 21 Tt 7=, M@ X v i
R A e e R 5 1) A TIRBIR C 51T % stance FHOO IS AT dh % 135° (Kanno N, 2014) | SHERE
L7z, 30N 7213 60N OB/ 1 8 2 B ORI el A TI2 72 5 KX 9 1A Lz, ML
711, WV J51A), CrCa J7lf], % LT IE JFENZ DWW T ATHIENC TH % DH 725 ON % LT ONm
(272D X OITHIE L. BHEED )7 OB SN % Z & T, PD Jila~dD
FIEEIHIANHRZ2 I U D O % [H5kE L 7=(Fig. 3-3), UFS @ 3 11D, fy, f2) 25tk L7,

CrMB Z Ui L. Gl & FkEOBIE %2 CrMB U TR L7, AL 7. £ LT

£ OHI1% UFS itk L, AR(B) & AWV CTUIWmiOBIEICIIT 5 CriMB DR D& H H Lz,
CrMB DOEIWHILL T DI 0 14T o7z, MAMEROBCBIEIBA 2 i L, CrMB & CalB #if
DOESFHUZI > CHMEYIBI 21T o 72, A v &R &YW DT=bD 4 K& LT CrMB &
CrCL &fRIZHNT 7=(Fig. 3-4), #EA-R &N T =14, BIfiZ#&S L 7=, CaLB b [FIERIZEIT L . CrMB,
CaLB BIEERES 26t L C PD Fa~Ofi B & ] L7z, UFS 12 THIJ &Rtk LT CrMB BT
JEEER & CrMIB, CaLB BRI D H D74 ZHESNT CalB I LB &R LiZ, £D

% MCL, LCL {Zxf L ClRHERD#BEZELT - 7= (Fig. 3-4),

3-2-5 Hratast

B DIE S DFEIT tukey’s honest significant difference (HSD) 8R4 FHV V=, JAERSEOHili7 1)
TIEEDOZAUITLE > $EE DIE D OZAL DO LRI 21X paired t test & AV =, normal BE& eTPA FER
DFERHRA U B3RSO Hel 213 Two samples ttest %V /=, p<0.05 &6 > THEZEDH Y &)

L, A% meansstandard deviation (SD) T L 7=,
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3-3 fEid
3-3-1 ‘B %0 TPA

eTPA BEDETIV R & BEIV %D TPA Z5HAI L7 & 2 A, BV RO TPA 73 31.24¢1.8°Th
V. BEIV D TPA D 411+1.7°Th -7, BV ANZHE L THEIY 2T TPA 3A B S E

ZRLT,

3-3-2 normal #EZIIT HHES

normal BEZ35U VT 30N fafEE F COFENEANAE U 2R Lz & 2 A, CrMB: 8.0+4.5N,
CaLB: 8.4+4.8N, MCL: 2.8+2.7N, LCL: 10.7+114N Td V) . I CIRNCA B2 ZITRED &
727> 7-(Fig.3-5), 60N fifE F COFEMHA U DIENZRH LI L 25, CrMB: 10.7+4.9N,
CalB: 15.6£9.7N, MCL: 2.9+2.1N, LCL: 145+7.8N T, MCL |2k LT CalB 33 L TN LCL
IZRBWCIRAIDA BICEEZ 7R LTz, £7- CrMB & CalLB R CIEIENCA B8 Hi/s
Mo7=bdD, CrMB L LT CalB [ZHB W TR EE 27~ I3 2 & - 7-(Fig. 3-5),

Normal FEDAAE FE COBIHAZI51T 28R % thigehiat L 7= & Z A MCL, LCL TIE30N
L & 60N fif B I3V CIRNNCH B/ ED GO bivien -7, —F4 T, CrMB & CaLB {2

F3U VT 30N fifEE FIZHE#R LC 60N ff B N COIRIINA B @A 7~ L7z (Fig. 3-5),

3-3-3eTPA FEIZIIT D8R

eTPA FETIZ 30N fif B F COFENHIA LU D3N ZR I L7z & Z A, CrMB: 7.7+2.9N, CaLB:
10.0+6.4N, MCL: 1.2+15N, LCL: 11.9+95N T&H ¥, MCL (ki L C CalB #5 L ONLCL 2\
TR ARIZEAEZ 7R LT-(Fig.3-6), 60N fiffE F CORIEIAE L HIENEH M LI E 2 A,
CrMB: 16.4+7.6N, CaLB: 20.8+12.3N, MCL: 1.2+0.8N, LCL: 16.9+11.0N T& ¥, MCL (Zt#: LT
CrMB, CalLB ¥ LU LCL TR A EIZEMEZ R LT2(Fig.3-6), eTPA FEDAME FHTOR
BT IR 2 et L 7= & 2 A, MCL, LCL T 30N faf# | & 60N fif & FIZ&W T
SRINCH B/ ZEZN RO DT, —J7C CrMB & CalB {23V C 30N fif i M2k LC
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60N fif B [ CORRI DA BT iz 7~ L7 (Fig.3-6)

3-3-4normal #£E eTPA B COIES DLk

30N fifE FIZH\ C normal FE& eTPA BERIDIR N & L= & Z A, AERAETRD B
A=Y
60 N faf B8 NZ33U C normal #f & eTPA B ORI Z i L7 L = A, CrMB @777 normal
FEIZ L L C eTPA BRIZB W CHEICHEEA R LTz, S 51 CalB diE/123 normal AR bl
L TeTPA BEZRW TRlEZ R~ AN o 72, E72MCLIZIU N Tnormal FEZHE#E L TeTPA

TORNPA RN EZ R LT,

3-4 H52

s RIZIB T DRIEOEER NI NTE LEKED 60-70%Th 5 & HiE T2 (Lascelles
BD, 2006), AMFFEIZF5\ VT 60N Ol [Fiar (I ADIKRE D 60% T V) TEIK ) & R TH
% LEZ HND)IMEEFEHENI T L THTRADAATH L7200, KA LIZSDTHY |
CrMB & CaLB (2331 24E )13 normal BEIZHU T CrMB & CalB (238 T4 10.7N & 156N
Tholz, LIeH->TIORHZ CrCLIZA U 59T L% 25-30N(normal BEDIRE OIS L%
25-30%FRFED 1)) T 5 Z & AR SH17=, Shahar ©(2006)i% 22°0 TPA A4 H1EHF 7oA XD
EBEEIOBIRET LA W CTIR N Z FFHL L A TR TIREE D 25% D AV U2 & s
LT\ %, Adfa & 1372 0 80 S AU A B SOV N THIEN o6 U CHEELZR )58 S
TRV EELT 5 Z LIFREETH D05, CrCL (24 U ARSI OFERI I EEL U 7= pE R
BonicbnEL 6N,

AIRIORETTC normal #£36 J UM eTPA FEDMIFEIZISUVTH CrMB & CalB (Z/E L 5 3EAI,
HIS TR EOHEIN & & I 2 Z LB B L Ap o7z, —F5C Z Ol AR TIEE
DO DT, TDZ & BRI HEE U CRIH TR A3 2 ATRetED e
STz, EHITIZ Duval 5(1999)i% CrCLR FEEKR TIL, FEMRERRICHEE L CHRENH BEICEE
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ERULIZZ EEHE LTS, T ORISR S L 0 BSR4 U DI o5 1)
IEOENNE, CrCL OIES) & 78N S8 5 ATREMED S RIE Sz,

60N faf FE N "C CrMB [ZHis L C CalB OsE N3 EfE A R fHmIZ &> 7=, Amoczky ©(1977)
EEREEIANE T 5 1223 T CalB OKBRE 36 LUK E O BV NIIE-5< 2 & CREHER
P3tE L, RS D &APEEBIF L% S0 BHERERE T 5 Ll LT D, il CrvB
1% CrCL DFFAFAIREE 33V VT CalB (2 bbfs L CHRIA 2/ NSV (Armoczky SP, 1977), 2D Z &
2 135° &0 JRBARO AT CalB (TSR LTV, CrMB LV b CalB 12 L W K& et
PELTELDEZZBND,

CrCL 3B DRI A~ D22 E M A HERF T~ 214551 2415 T S (Amoczky SP, 1977),
TPA O¥EINIIEE I DB~ O W ) OINT 72730 | CrCL ~O B A NS w5 &
# Z HIL TV 5 (Slocum B, 1993), 30N 1 E T eTPA EEICHSIT 5 CalB & LCL M3 /13 MCL
(ZE U CHBICEEZ R Uiz, RHRAOIZ normal BEICIBWNCIRIFFER FICBUW T 2B OflE:
(A U DRINCEATZED Bivrino7-, 60N i | T eTPA FEIZISIT 5 CrMB 38 L UM CaLB 1
AL Z8E1F normal BEE Hi L THEICEEZ R LTz, 2D OFEHRNG eTPA FHZIRWT
[ DBRIAT TR ~D BT /1238012 Z & T, CrCL {1242 U 2 A 2335 rTREMED VRIS X
iz, X512 30N i [ CeTPA BHIEVT MCL IZHHE LT CrCL ORI B Sl 7
L7z, DX HIZeTPA ZHF 5 CrCL Tl normal BEHZ & > THEODRNAMTEH, K&/
FOBE T D ATREMEDVRIZ S T,

Slocum ©(1993)i% TPA DOHENINIL CrCL D& &2 H L, CrCLR IZE S LB LT\ 5, Duerr
5(2007)1% 35°LL ECTH DRI E Y TPA (€TPA) &2 A3 5 CrCLR MM CIE TPA 23 30°LA R C
&% CrCLR PRECRICI L CTHBICRIEFRIMEN - T LA L TR, 2O b eTPA
BT DA XTI 30°LL D TPA 279 54 XIZHlE U CTHRINC CrCLR 42 U % Alfetns
WEWD ZENIBN TS, ARFHIFT normal FEIZH#EE L C eTPA #£C CrCL (2817
DDA 5 Z EAVRENT, ZIUTENASE ORI RIEI OB ORI\
THETHY ., eTPA L CrCL (TR HAMAE L NS, CrCLR IZE % AlREM A4 L
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T5, > T eTPA ZH T HA X TILFERIOIZ CrCLR IS 5 U A7 RV EB X B
L7, EEROCPORBIESNE ChHD LB Z BiLd,

ARFHIRIT DHIPRA E LTIE ex vivo BTV TH D728, RGO KA L T D sz
FTHND, ; > Tinvivo IZBIT2HPHHRINTE ST, Hi ORI T8~
IG5 2 E N TEARD T2, Shahar 5(2002)iF 2 B o —4 BT &2 G OTIRIETHEL L
T REBASI IS T AR Tl S AU/l i L Bl L TR E VY, (KE D 1.05 725 1.08
FEORE SOBFNKIPAET TS LG LT 5, O/ EA Bl CIEs L7
OFFENETR Y | BRI 5 2 L sk DS, AR OREHZES T D7 A s 5RO
MEID B/NSWAREMED S H EEZ biId, S HIZ CrCLR DA IR IR TH 573,
AFNHBWTHEBREMW & LTS 2 2 & O D KEEN ©— VDB Tlo 72, ARG
TIEE—=7 N Z2 AW Tz, 135° DAz aH il L7223, Fox 13587 2B I 1T 2 R
TFRBRC DD DRI R < 720 | BIEHERR O 1A HIRHED A S5 Z L A fatll L2 72 Th 5,
REHHE LT (A Do 2 & bifilfREO—2Th %, ; LILARNOAERIFHTLZ L0
sk D ARz e BRIV T ThodL 7z, eTPA BETIE TPABSRAUEIZ L 0 | $UFOfEEE & I8E

ITNLDTEREN AL L TN D RIREMEDE 2 DAL, EAL DRI L 5-2 TS ATREMES 28T
HID, WMEDHIFET K D LIS SRS & IR ORI/ EE L SIS 5 LIRS C T
HE—AL NT—LNE/REL720 | CreL IZBWTREDARHE L, CreL OZMEMEZ L,
DMIEHE XD &S X3 CU B (Schwandt CS, 2006), A EIOFZE TR RRITSET I 25804 D
SRS TRV, invivo B VB CIREEEVH OME SO X 0 IEEIEN B

ST AL S D FTREMEDS B Z B D,

35 /M

ARRRTCHV O TPA BYEMALEIZ L W MCL R LCL IS K& 7% 5.2 5 Z L 7e< CrCL I
B DEININT 5 Z EB LN oTz, ZOFHEERW-E7 VEMERIE CrCL (24
CoAmAEiNst, ZHUlfto CrCL O&MZFHMET 2 ECTEHTH S Z & s,
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F7-eTPAIZ LY CrCLIZA U A AN LT-Z L, WIS E OIZRED RIS D847 D
FEINTBWTEETH Y, eTPA L CrCL IZRBIT AAMAZE L <HINEE, CrCLR IZE 5 AlEE

PEAVRIR ST,
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Fig. 3-1 Radiographic images of specimens. Left panel: the specimen in the normal group. Right panel:

the specimen in the e TPA group
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Fig. 3-2 (A) The testing system used in this study consisted of a 6 degree of freedom (6-DOF)
manipulator with a 6-DOF universal force/moment sensor. (Fujie H, in Proceedings. ASME Summer

Bioengineering Conference SBC 2011.)
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| Upper

mechanism
B O .
Lower UFS
mechaniSs (Tibial clamp
was fixed)

(Femoral clamp was fix)

Fig. 3-2 (B) Schematic view of the manipulator. This robotic simulator was developed to test the
biomechanical behaviour of the stifle, which has three translational (X, Y, Z) and three rotational (U, V,
W) axes. Therefore, this manipulator has six degrees of freedom. The universal force-moment sensor
(UFS) is used to measure load, moment, and torque, and to define the load applied to the joint. (Fujie H,

in Proceedings. ASME Summer Bioengineering Conference SBC 2011.)
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M-L: force control
(ON)

Cr-Ca: force control
(ON)

I-E: force control
(ONm)

oral coordinate system

P-D: force control
(up to 30N or 60N)

V-V: force control F-E: displacement control
(ONm) (135" of the joint angle)

The tibial coordinate system

Fig. 3-3 Schematic of the stifle coordinate system and the control in each direction. The 6 degree of

freedom (6-DOF) stifle motions are as follows: Cr-Ca, cranial-caudal (i.e., anterior-posterior) translation;

F-E, flexion-extension rotation; I-E, internal-external rotation; M-L, medial-lateral translation; P-D,

proximal-distal translation; and V -V, varus-valgus rotation about each respective axis. The stifle position

was fixed, and FE rotation was maintained at 135° in the displacement control. A30 N or 60 N

compressive force was applied parallel to the tibial anatomic axis in the force control (in PD transration).

ML translation, VVV rotation, CrCa translation, and IE rotation were controlled to maintain the outputs of

these directions at 0 N and 0 Nm of force control, which prevented the generation of unnatural forces

during compressive force was applied in PD translation by the displacement in the direction detected

deviation from the target force.
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Tibial Side Nylon hooked on the CrMB

CrMB transection

Femoral Side ?313 I:ez - -
& the output of UFS was recorded. 2(3;‘: 60N)was coctided.

LCL transection MCL transection CalLB transection

}

PD test
(30N or 60N)
& the output was recorded.

PD test
(30N or 60N)
& the output was recorded.

F| (30N or 60N)
& the output was recorded. |

Fig. 3-4 The scheme of the testing procedure. During sample preparation, nylon sutures were hooked on
the craniomedial band (CrMB) and the whole cranial cruciate ligament (CrCL) as a guide for transection.
The CrMB, caudolateral band (CaLB), medial collateral ligament (MCL), and lateral collateral ligament
(LCL) were sequentially transected and the protocol was repeated. Orthogonal force components were
measured and the ligament forces calculated after repeated force measurements as ligament contributions

were subtracted by transection.
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30N 8.0+4.5 8.4+48 2.8+2.7 10.7+11.4
60N 10.7+4.9 15.6+9.7 2:9%21 14.5+7.8

Fig. 3-5 The in situ force within each ligament in the normal group at 30 N and at 60 N of compressive
force. The in situ forces were significantly higher in the CaLLB and LCL than in the MCL. The CaLB in
situ force was generally higher than the CrMB in situ force. that of the CrMB. CaLB = caudolateral band;
CrMB =craniomedial band; LCL = lateral collateral ligament; MCL = medial collateral ligament.

* Indicates P < 0.05, based on the paired t test. The in situ forces in the CrMB and CalLB in the normal
group are significantly higher at the 60 N compressive force than at 30 N compressive force. ** Indicates
P <0.05, based on Tukey’s honest significant difference (HSD) test versus the

medial collateral ligament (MCL) at 60 N.
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CrMB CalB MCL LCL

30N 7.7+29 10.0+6.4 1:24+1.5 11.9+95
60N 16.4+7.6 20.8+12.3 1.2+0.8 16.9+11.0

Fig. 3-6 The in situ force in each ligament of the eTPA group at 30 N and 60 N of compressive force. The
in situ forces in the CaLB and LCL are significantly higher than in the MCL.

* Indicates P < 0.05, based on the paired t test. The in situ forces at the 60 N compressive force were
significantly higher than the forces at 30 N in the CrMB and CaLB in the eTPA group. In contrast, there
was no significant difference between the 30 N and 60 N forces in the MCL and LCL.

** Indicates P < 0.05, based on Tukey’s HSD test versus the MCL at 60 N.

*** Indicates P < 0.05, based on Tukey’s honest significant difference (HSD) test versus the MCL at 30

N. The CrMB, CaLB, and LCL in situ forces were significantly higher than that of the MCL.
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BAT HHPITE I B B A B B At

41 s

b MZBIT 5 ACL Wi IIMEIZ > TRMEIZAE T A DITHR L, A XD CrCLR ™% < X CrCL
(21T DA e L CAE U A (Duval IM, 1999), % 0D 7= SO A BRI IRl 40 R
(CCLD; Duval JM, 1999; Bennett D, 1988) & &’ 41TV 5, CCLD 1% CrCL (Z331F % ECM D%
PRI o TR T B, BRI 0O —IRAY72 non contact injury (282 LRdik STV D
(Duval JM, 1999; Bennett D, 1988), Z5: L 7o EJHHZ I3 NT, AR A A RO D ORHE AR
OESNDOZEAL, SFHIADORBI DD K o ki P2 (b E L L L s SN TV D
(Hayashi K, 2003),

RNV EMEZS b D—> & U TR D ECM ZEPE(Muir P, 2005), R 2R B HfHEAK
~OEALHFRD B D (Comerfold EJ, 2006), Vasseur 513 5 A B CIAEN 15kg LA EDA X
(2B, HE Yefal s CHCE LA ORARIT 7 A RF DR S R DI T 2R LTz i L
TV D (Vasseur PB, 1985), #4470 ECM ORMAL COL HZ L VRSN TR Y | BlFoOFER
PlUiE 1 %455 T D (Waggett AD, 1985), b MZEBWTIE, #ELAEZ0E D S ClZ COL | 1%
JB L. COLI, COL I, XFlaZ—/47p EOWREIKE DR DN 5 Z & AH BT
WD, 2O H 7 ECM OZAUIT I FHIRED KB L 0 BRI B 2 rReE 2 s %
£B % BTV S (Hasegawa H, 2013), L7 LA X CrCL 2O DI\ Tl I Bifig X
TRV, S O (TN DR E T~ S L OB DWWl I c B i S T
IRODORBIRTH D,

E DS CIRFRIZ 35U T SOX9 | B MR Tl ARG 7 & LT, FEERH
fiw(Mesenchymal Stem Cells: MSCs)D#KE 53k 2 HRE L, COL N =27 27 1 2 72 & O E i &
L COIMbZFHET DRERN 72 B(E T OIRG 2 1M b 2 %% H 5 5 (Akiyama H, 2002; Lui
PP, 2009; Lefebvre V, 1998), L7 L7275 54 X DZEME CrCL OBUHIIAICISIT % SOX9 FHIC
DOWTHRT L7 i 32 STV, AR O HB9IE CrCLR e RoikEbAEz 4 T

46



CrCL (Z81F % ECM # Rtk 53 & SOX9 DFBUZIIT HEMLZ A HINNTTH 2 & ThH D,

4-2 Bk J71E
4-2-1 i) & EREOT1E

BRI E CrCLR (ZHEAR L 7= 21 5A 26 BN HEREL L 72(CrCLR #%), CrCLR IZE{RHAHFD
ERAEI R E A RS Z LI X VB L. AVRHFIRIRLC CreL OFe Wi a fegs Uiz, Xt
HR& L7z CrCL I, oo BT/ VL EY L— b ORI 512 TLEFE STl DR e —
7 VK 12 SACRIBHEE O BH, ARFEEUE - 3 5H)2> HEHER L7=(control #f), Z2%SEI% A AEREA:
MRHFERFEDOTA T A L (EGEES 260-2NNHEC T T o 70, ZD T N—T DA KTl
ELTHWE, xtgl LIIEBIORFE, A, MR, (RE, BARERAREBLL THLFIFET
DHIE. 35 LOTPA &304k L7-(Tabled-1), control FEDFEI(REIL 9.6+ 05kg, T4/ 152
+4.9 # A, B TPA293 +3.9°Th o7z, & HIZ CrCLR MEENER TIIAMEFFIRRFZIRIRH

BRI ORI ZATV ), HIIERZIC K D M7 es i 21T - 7=,

4-2-2 FRARR DO IERIT 15 & ABRR AT

CrCLR FFTIIAT IR DIBA M L, WA L7z CrCL DI 2 KR & IS8 DA A H
YR L, BREHZIIASE G SR ORI 2 IV /2, control BEOEIHHEA DU TITZEAE
BIE BT, KERE I LONEE O AEHD DR A2 U Uz, BiARIE 4% /T 7381 A
TAT b RCHEEL IR L, RIS REAF 2D X 9INRT 7 ¢ aiila o7, Z1L T
FARR O RER I 2 3292 7212, ~~ FF TV o« =4 (Haematoxylin-Eosin)4sta, 7 /L

7 7 —(Alcian Blue) ¥t (pH 2.5) % it L 7=,

4-2-3 SRR LY
ATOMATCOLI, COL I, COL Il # LT SOX9 OfaysiutaZFhE LT-, £I/377 4
A INERRES Lt ) — VBN NT 7 ¢ AR AT T, 30 45T 3% HL0;
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A Z ) — U TR VA F o 24— BB AT o 7o, U TRiRE R /K (Phosphate buffered
saline: PBS)IC CHEMr & Fhifits, 27 = /N> 7 7 —(0.01 M, pH 6.0)NC 60°C 60 Z3fHRRIE L.
PURIRIE 2T 7= BIKIZAR 2 1T EI L PBS "o % F0i L 7=, $. COL I, COL 11, COL Il
SOX9 HUA & DRISIZHESL D, @I % BlockAce (BlockAce, DS Pharma Biomedical Co. Ltd.,
Osaka, Japan.)% FIVNCERIR 30 o cOlric 7 e v o V%17~ 7=, BIHIZ COL 1(1:5000
dilution; Polyclonal antibody against human-bovine COL |, LSL Co. Ltd., Tokyo, Japan.), COL I
(1:5000 dilution; Polyclonal antibody against human-bovine COL I, LSL Co. Ltd., Tokyo, Japan.).
COL 11 (1:5000 dilution; Polyclonal antibody against human-bovine COL I, LSL Co. Ltd., Tokyo,
Japan.), % LT SOX9(0.25 ug/ml; Polyclonal antibody against human SOX9, Acris Antibodies Inc.,
San Diego, CA, USA)Zxd 2 HifAZ A L, 4°C T—#if v F=2~— kL7, COLI & SOX9
(R 2 —URBUARITA X ORI 2 2B E AR ST D b D& v,

S DI —RPURDZERUSNE A RS 5 72012, #EI72faMd O E= o b e— L%
Qe B—UGURO 7 v ha—/LTEMi L7z, COL I, COL I, % LT SOX9 (Txt L Tidbds
R R—YLv s By —ETAERDL » Bl OE R KOE MM Z Bt s b r—r e LT
Mz, COL NNTHE L TR 72 B — 27 VRO FHY izt = hr— & LTH
Uz, PBS THEF%. 30 IR THR—RATT 1 v a~YbdF v 4 —B(HRP) 55k ht
U XE 7 v 7 ) U HUAR(HRP-labelled goat anti-rabbit immunoglobulin antibody, Dako Japan Inc.,
Tokyo, Japan.) & ¥k e UGl L7z, Hf41Z LSAB2 kit/HRP (LSAB2 kit/HRP, Dako Japan
Inc., Tokyo, Japan.) % 2 3 L7z, D%~~~ Fx U AZTRY @M%, BEf L TR A%

1T-7,

4-2-4 HARAODTRE & BRI S K OYEIE, M B DR

100 & CIEAEZICEIR L7zb72< & b 3 BRI T, HE Yett CITimlus & Mo g
%, COLII, COL Il & LT SOX9 Do Yeta, Tl Ol 21T > 72, S HIZ SOX9 D
TSR TIL, ZEFEOMIE DOYER T 5 halo 249 HHIEOFHi 21T - 7= (Narama 1,
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1996), BlZE 1 NDOBIEEEHIC L > Tz, JIEFWNRRAEE i NRIZT 5 72 OISHifa Oz
WL 2 BTV, ZOPEEEEZ R LTz, 7232 CORMAKIE CrCL OH LT CRHAT ATV,
CrCLR HEDENHE TIIWiids K OV ~DATH % control FEDENHF Tl B ~DAAEHT 2 bR < 17
LR TR S 1Y A

EUEARIRIEE OTZREI L UC, ERZHIaS L OSHEEFZARAEIZ 7958 L 7= (Kumagai K, 2012), ; #f
el o> Rl MR A SR 72\ R SERTE MR & L. 2 DM IHSEARNG & 26 LTz, sk
M OEAIILL T O L 9 IZHH L=, : (positive cells number/total cell number) x 100, FGEDHS5
I & 72 1 3B Ia OFIE I LA T O X 5 IZHH L7z, : (number of positive spindle or round
cells/total number of positive cells) x 100, HHE D% I TISRIN S V7= R O Mk A ks CHI D
ZETHEH L, BVEORE ZFHEd 57212, Vasseur scoring system % VN CTLL FORRIZEE
i %47~ 7=(Vasseur PB, 1985), ;
Grade 0: i RITHA 52322503588 B ARV Y,
Grade 1: A IRHIPHIIE > TERLHZRZMEMEZ L3 A U TV IRRE TLL T IR & G e, (1)
MRHELERANE DN R LT fE N 6 V) | BT DRI CIIZ AR bhvavy, (2) =29 —
U BAER ORI NTIER T 2705, BHEEFMIaMAE LRV B 2, (3) BRHEEFMiaorE
SHOD R, S VRWEERIISRIEANGAE L, = T —5 > DO—IREHER O IEH Z2RLA D ER S 41T 72
VY, (4) FRAT LT/ s D B O BN 2 R il & BRI RIE L, 29— v D —
UHRHER D IEH 7R DERF S AU TORYY, (5) SERIQREIR & 77 L 7o HEE R ook B
~ORIADAVAED TS DT & EIFEENEE L TR Y . 27— O—RIHERDO LS
TRECBIASHER ST TR,
Grade 2: HDEL 7p o722 T =7 LARHERDOI S 72 BRI 35880 DR, BHERDERD
H57 F TOIRHIPHIC FHREEE DZEMEMZAATED DL OB TLL T DINE 2 G e, (1) TRFEFHD
FE CRRAEHIIIROD AR & 7817 L 7o E IO S AED TR LD, (2) KRB EDAIK
b LT BRR DFEID TR H AL D IR 72 BB il & =1 7 — 7" R SHERF S AL TURuy,
Grade 3: ¥HHFHRAER DEAEDH 3 LN HIZHEOZMEHZ LR b, BOEL IolcaF—
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T RRHERDOWIER G ERD DIV HIRRE TLL F O A Z & ie, (1) AR IE e & D4
T LT B LTI DD, (2) BN = T —7 U RHER O 5E 272 Wik

RO BND,

42512 F =57 B IO A 2 T —5 o O SRR O FHR

RIKIZISIT 5 COL I 35 U8 COL NNITHI3 2 StV R 2 R il % 728DIs, St
% 9kt L 7-Y) )7 % microscope digital camera (DP72, Olympus Co. Ltd., Tokyo, Japan.) & Fv C., 10
OB Tl & 5506 LT, IEEAITHRE 21T\ ), Aperiosoftware (Aperio imagescope software,
Leica Microsystems Inc., Tokyo, Japan.) & VN Cakli 21T > 7=, Aperio software |34 % DR S 1
TAREAZ 361 T DI YRR Lo TERIERI /08 L, S Y ta b ERiaioD & SR A
ZRIREICT D L ATV A (Chen J, 2010), S e alG M EOREIROMAIIIL RGB 1 7 —€7
NOEFIERZ VT, ORITEME A B 24 C 5 5ik(hue valug) 2RI L=, A7 a2/ 7 AT
EAHBRD 0° 7135 360° £ TH 07225 1 DM THISSETHRET 2 2 LRARETH D72, 4
[E T EOWEIZHE Y hue value Z FEAHERD 36° ITFHY 5 0.1 LR E L, BitEE T 5 a0
i T % hue width (305 LFRIE L7z, %% COL |35 LT COL I Seiseapfitt: v 7 £ 1o

B IO B 7 VAR S 7 VRIS T 100 A EN T CEH LT,

4-2-6 it

s e RS K ONIRIRE,  BAMERINEL, % LC COL I 33 LU COL NI Safieeta o :aeEtakic
VT control #£ & CrCLR B Off], #iSEEAIR & EKIEHIRE & DOFF T He#ZIZ 13 two samples t test
F LD welch’s t test 2V 7=, CrCLR #E& control #ED COL NI, 111, SOX9 DR PEHfakL & 4
SEGIO A, R, FRAERFEBIN, BLOTPA & OFBIBIRIC W TOFHBIZ OV TIE
HEARBIRE & V2, p<0.05 24 E7EH 0 LHIE L, #5513 mean + standard deviation (SD) T3¢

L7z,
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4-3 g
4-3-1 fEEREd L OIS & LT SEf)

CrCLR £ 26 BEBHEOOMN, 18 MEBIHIZ do\ T A IR R S 417z, BRI ORI
R C B HRER OORE L7~ & FRAEEE ORISR B, BV 72 B BIEIR OPT R2ST80 HiTz,
S BT 15 EBAT TTARA I S AV RBEEAIEARE . W EIC L o TR MR )

AT TWD Lz,

432~ RV v ATV UYE

HE 44t4{Z330 T control FEIZISV N TEIHE ORMEFRDSBHIRICRRD DL, ISR ORGEEI M
DOEFFED B, BT D EEED HiT-(Figd-1A), —F CrCLR HECIIAMAA 72BN
R DD & ERTEHIRADHININANTRD DTz, F B OBGERI IR T - 7=(Fig.3-1B), il
N LT control T 719.4 + 212.6 {E/mm?, CrCLR FEZ35V T 338.9+£186.0 fEH/mm? TH V) |
control FE(ZEL#R LT CrCLR BEICBWTAH BRI E AR LT-(Fig.4-1C), £ 7= #0565 ER
TR OE G 1T control 7T 1.3+1.9%, CrCLR AEIZIS\ T 355+ 23.3% C control #HIZLHHE L
T CrCLR HCHEIZHEEA R LT-(Fig4-1D),

Vasseur scoring system [ZFE-5% control #EZISUNT 7 BB grade 0 12 438E S 41, 5 BRI
grade 1 (253 S 4172, CrCLR FEIZISV T 2 IRRas, 9 BRaEN, 15 MRS £ 241 gradel, 2,

3ITHMEE =, control BEIZELER LC CrCLR BEIZIS\TC grade 23EV MEAINC o 72,

4-33 TNV T T —Yuh,
control #Cl% AB Yeta Gtk 2 E & A LD b iv7en - 7-(Figd-2A), —J7 CrCLR BEIZE

UNTIIGL G E O RIS AP 38D H L7 (Fig.4-2B),

4-3-4 SRR b Y DR

o= > b — LTl COL | DS RUGHEI T B BB SIS TRESD BV, —IRERRDAIK



(L ENT-HE FEE Tl SN - 7= (Fig. 4-3A), COL I B SEI Jsk B B 2\ TR
DB, BHREAROFER TR0 Hia) - 7= (Fig. 4-3B), COL NI BEPEDRERG L FEEY o/ Eid
MAFERZ BT D iEEHRE TOHERD BIV=(Fig. 4-3C), HT SOX9 HUARD S T B HIHE D
(2788 HAL7=(Fig. 4-3D), 2 CrCLR #E & control #EDEM:= k1 —/L CIIBHMHRUGN T8
HAVRD > T2 (Fig. 4-3E,F), ZAUH DOPF RUF—IREUAD A X DOFHFKC W TR EZ AT 5
ZEamRL TV,
COL | fazuta) 3 control F TN ORMERIZ I\ N CIAREFHI Z YL a5 E D RE ) TR B
(2R LT, EIPRIIROMIE TIXIE & A SR HivZe i > 7= (Fig. 4-4A), CrCLR Ff
CIIRRHERIC 1T D Yl OIS control FEICHER LT, 12 A ERD LN -T2, £
D— 7 CEIFHITR O E L Z 31T HHBUTZ < 78 BT (Fig. 4-4B), CrCLR f (‘P4 COL
| Bt &2 &L DEE 14.8 + 14.5%)IZ s LT, control #f (47.0 + 20.6%)IZ35\ T ECM TDHL
GO Y7 BV OEIGE EICEEA 7R LT (Fig. 4-4C),

COL Il 1% control FEZFBWTUEOMBIZERD HID DI TIH 728 (Fig. 4-5A), CrCLR #
(2B TN DI B B 7= (Fig. 4-5B), AN 5 5 COL I BiH
JaoEE X control FEZISVNT12.8+9.1% T W CrCLR FHIZIS T 404 + 25.2% T - 7= (Fig.
4-5C), control FEIZHEEE LT CrCLR BEZIWCHEIZEMZ R L7z, control #£T COL Il B
DFGFEFZAIN(11.9 + 8.7%) & bz LT ERIEAMANE(62.5 + 35.9%) DEIE A EIZ MfEZ 7~ L7=(Fig.
4-5D), [FAIFEIZ CrCLR #£T COL Il B DRBSERZANG(23.0 £ 16.3 %) & kil LT, ERFEARAE(71.8
+ 25.0%) DEIG A Bl & EA 7R L7-(Fig. 4-5D),

COL Il iZ control #EZHIUNTIX & A EFELNFED B h > 7= DITxf L(Fig. 4-6A), CrCLR
FECBUN T I OENEAHII I\ TRELDSERD HAVIZ(Fig. 4-6B), & 512 COL I BRI
AR TR DN DTEI B FED BV, E ORI ORIHHRHERI TR T > 7= (Fig. 4-6C),
S 5825 COL N BEMHEHladEE T control BEZH5V T 14.92105% CTH W, CrCLR #EIZ
FBUNT 34.74275% CTd - 7=, control FEIZHE#E LC CrCLR AHCIWTHEICEE A /R~ L7 (Fig.
4-6D), control A% C COL Il B DRGSERAMIE(14.0 £ 9.7%) & Fhli L €. EREHIIN(74.3 + 34.2%)
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BIEAEICEEZ /R L7 (Fig. 4-6E), [FIEEIZ CrCLR #ET COL I B OB BEAIN(19.0 +
16.9 %) & Ll LC. EREAINE1.3 + 30.4%)DEIA A BICEE A~ LZ(Fig. 4-6E), S5HIZ
COLNI Sy ta btk DRl 21T > 72 & T A, CrCLR #f (*Fo COL I Btk 7 &/1d

HIA; 14.8 £ 145%)ICH#E LT, control Bf (47.0 £ 20.6%)i2350 T ECM TOR@EEDE 7 &
JVEINA BAZ i %7~ L 7= (Fig. 4-6F),

SOX9 BRI control HEIZ W T DAIIIZ I ED bNDH DA ThH T, £
control FEDERHHERE ClIAEEE AL CRZEPHICA U D22 Ch 5 halo Z2H 7 2Hlasy I EGE
DB, TDZL 7 SOX9 BN T~ 7= (Fig. 4-TA), CrCLR FHZB W TTE A LTRTD
BRI SOX9 BAPERUEAN 8D VT3  RESEIZAIIELS & SULAE8 BTz, £7- CrCLR Ff
DOEVHHARE CIIHEEEZAIN CHEZHIIECH halo 269 /a2 <R Hil, DN
SOX9 BEH:AAlE T do - 7=(Fig. 4-7B), HIEIZ (58 5 SOX9 BatstladEIE 13 control BEIZISU
T129+101%TH Y, CrCLR BHII T 435223.9% T~ 7=, control FHZH#R LT CrCLR
TR\ CHBEICEEA 1 LIZ(Fig. 4-7C), control #HIZL#E: L C CrCLR BHIBWTARICE
fitiz7~ Lz, control #ET SOX9 BHEDRSEIZMINN(12.2 + 9.7%) & bt LC, ERFEMINN(60.3 +
38.8%) DEIE A EIZEEA R LT=(Fig. 4-7D), [FAKIZ CrCLR #ET SOX9 BhtEDfh SRR Al
(235+16.1 %) & ki LT, ERIGAHING(73.6 + 21.69%) DEIA A I Sl 2o L= (Fig. 4-7D), &
512 halo 243 DR TZRERNC/3HEd 5 & control #ECIIEHEEAIIND 122+ 9.6%7%, ER
TR0 85.5+ 25.9%7% halo 247 L C#Y . F7- CrCLR #ECIIAHSEZ AN 25.2+ 16.4%73,
ERIZAIIEGD 91.9+ 9.8%73 halo 24 L TV /=(Fig. 4-7E), control #£& CrCLR A& OFEIT halo %
A4 HOHBEEAROBE A EICEEEZ R LTZ, %72 halo 287 2HI1C SOX9 BEnEIS
I%., control FEDFHEERZABIECIL 86.6 +24.1%, ERFZMIN Tl 75.6 £+ 245% CTdh -7z, CrCLR Ff
OFFEEIFAIECTIE 88.9 + 23.4%, ERFEANECIE 833+ 205% Th o7,

COLIl, COL I, SOX9 DG EIA & AREFIDH i, A, EEAEREESIM, X

NTPA & OFEBEERR Z e L7223, WAL BAHBIREERIFEED Hav/e > 7= (Fig. 4-8A-E),
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4-4 5%

ARRFHZINTENE L TUvieuy CrCL ks LT, 25 CrCLIZ368W T SOX9 A F8HL§ 5 ¥y
FRAASEEA ZHIIN LTV, Bi H(1999)13~ 7 A& VMR TSOX9 &/ v 7 77 bk S8
HUEMIILCIE COLN ZEd e Bl BN 7p~ — 1 — DFEBLSTED BRI o T L iE L T
FY ., SOX9 DHKEMPELA~D IR E TR & > TRIPERWVIEFR - Th D Z LRSI
T, & BHITZEME CrCL IR\ THESEFAIIIC I\ T halo 24 2 HIASAEICHIIN L Tk
D, E5IC halo AT HHIEOIZE A EDY SOX9 23 L T\ /=, Narama ©5(1996)i ZHRHER
Rl EEEFAD halo TERLE 1 2 BEORALDSHIIOIRAE CTheb L ADMDZETH Y |
halo %453 2RI M LAEDNE I L Sl 2 L i L5, 15388 Sz ACL Hisk
ORI EFHERF I T, SOX9 DFEBUT L » THEMInOZRBAIA~ L IEIRRT 5 =
EMENBHACE Y (Furumatsu T, 2010), & 5 (2 Takimoto ©(2012)i: in vitro (233 T, SOX9 Dit
RFEHUT L0 BEOBHER & 8RB~ O EI A GRS L7 Ll LT\, LT
b FTIT ACL (Z381T 2 FHEFHAE AR O B AR DT RIS $UHITEA % D ECM 24tk
ERGE LT D Z LI B AL TV D (Murray MM, 1999; Murray MM, 2000), PA_EO %16 AT
TORFHIWZGL ORI 2 7280, THUTHE D RNV AE U T D RIREMDSE 2 6
MDD, 22V CrCL ClIITEME L S 7R ORHEIL T oD SOX9 FEEL DU HRHERTe D8k
Hf~OTE Az FHE L, COL N 72 & DR E FEREA 2t L T 5 ATREMEDS B 2 BTz,

AFRECIIAE CreL 23 T, A BPHED A EZ NS 25 AB Yeta b EREI) S L FHiPHIC
O BT, S HITAEM: CrCL 1238V T COL Il DEIMAHES S iz, A X ORIEAZIS T e
FHROEAED 2, 1FAD 2, 3 DA XbED THIZAI D715 Z ERFIHILTND
(Comerford EJ, 2006, Vasseur PB, 1985, Narama I, 1996), Narama ©(1996)i3#2d CrCL (235U T
AB ZLtalSiD ECM OFEISANAHFIFHICERD B, M A AT 52 < OBl 815
STz L LD (Narama |, 1996), L2 L—J5C Comerford HIXIER 727 7T R—/L
L RUNR=L T LA NI RTT AT 7 —il 3 O# v 7Y SR 2 BE L= L =
AR EREO PTG Hiiz & #i LTV % (Comerford EJ, 2006), #1132 OZ&NE
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PEEAITIRAI CTld7e < . RAEARAIR 2 AR EIGRUG Th H EEZ L TWD, B M T
ACL (T35 F D ¥ HHES I O B HIlaER DT BRI | B4 D ECM 2 & BRiE L T
WD T E DB LTS (Murray MM, 1999; Murray MM, 2000), L7» L7278 S8R ERSREARI X EH
RIEI IR L TH XD L3 < e d &by S Cunvd (Waggett AD, 1996), S HIZ
Vasseur ©(1985)(% 5 mibl DA X & L CIRER 15kg LA EDA XIZH\W T HE Y2 C Tk
R OFARFOET AT D, R Lo T CreL Oy BREE N gD 95 L LT
%o LAl 0 ARTECORGTCIINERS O8I & IV 27230, ZAUTHE D ZIRI7eZbAVE LT
WD RTREMEDN S 2 D AVEEDIRRE  E A NI T 5 O TIHARWOAS, IS ORI
(TWFEIA A TR < Ly BHIZEE) FICIW T b HEDIHEE 4 U3 < 5 AT RS
S,

AlElDORETT COL I DFBLA control #EIZHAK L C CrCLR A CBAZITHIIN L TV /e, 1%
COL Il DEA EIFIER 72 CrCL 123\ TIEK < (Waggett AD, 1996), AJRAL S AL TV Rl Wik
W ORI CEICIHET 5 2 & AR ST D (Kumagai J, 1994), 4 E0 CrCLR 4>
HEEE LTV U U T a4 U etk IR 2 7e b D2t LT D, -
CARBEDRER B ITA AR S T MM LS RIS A 79 2 NI Ch D8, 25tk
L7z CrCL 2R\ CRMEI LA AMEE S 4L, COL Nl DFIGMEML T D &5 % B,
X 512 control FEIZEE#EZ L C CrCLR A£C COL N S SUGHED FEI OHINAS, & < ITHHER
DRIARRLFEIRI B CTARED BTz, COL INNZANGIEm O YA CREEIN L, <008
TCOL | E@HASND Z LTS (William IF, 1984), L7=23>TED X 5 2 ¢l
TRAER DWW B TAF(E L, COL NI DFEMEREEA S EE L CHEGR ST L HEZR ST,
LU EOFER X 0 ARFEORETD D 1A B S V7= N LS BRI T3 2 3R
ThHh5HH, COL N DRERS 27— 2y FU—2(X COL NZHH L CTHIK ifegs Th 57
D(Riley GP, 1994), Z @ & 5 ZHifas M E DR DOZAKIZ L 0 . ZEME U720 CIRiest-4
DIRFEEDME T LT D TR RIE S,

ARRFHTINT, 20 U7 Fi-HF0 CIIER 7280 b U CEMI#ERIC 3817 % COL |
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DIV DR BTz, BT T2 ORI E D 70-80%% 21 77— L )3 (5 D(Frank C, 1985), 2 7 90%
25 COL | CHER S AL, BHFHCIIT DIRIAMR 2521 T 2 FEZRMHER & 72> T2 (Waggett AD,
1996), =D 7= OENHKIZL L DOEBEOREEHRITH ST, 21 L7 CrCL Iz W TR
HERIZIT COLI DEH RN T2 = L1 L0 | BRI B3R DML 95 ATHE
PEAVTRIE ST, & BITZEME L7z CrOL (38U T IE R A0 BlHA Z ol L CRIARHIa ORI 235
WCIIZBIEEIN L T 0 . BI-HIlICIsT 5 COL | OFEARINAGE® Hiviz, Comerfold &
(2004)1 It 72 CrCL ALl LT WL L7= CrCLIZEBWW T o T —4 o ORI
LT S5 LT Y M LI IZIN T ECM & — L A — =D)L CreL A D
HERRFEIRIC DR | SERRHER OIS I D723 5 Z & L LT D, b Z &h
B2 CrCL CIISNHHHRHER D COL | DF — 2 A — "—DEINZ X > T, KRR EEEEED
HIINZ &0 B OFRELR T 2MEIT LT D ATREMEDMHER STz,

HIRRAR & U T4 IR S AT BV EMEZ I 3ErE% ORI Z I W THER STl 0 | 2210
& EEMGEET 2 b DO TIIRNE W) JHiThD, L LR bAEIORGEHIHE L7 CrCLR
FEOREGI CIIREASERIEHITINS 4-300 I TH Y . Z OIS HAEER CIRIE T3 572
D, K~ — TR DRELE OB Do T2 2 & DB O R ki
KBTI VIR ATREMENE 2 B, AN D EMDEIT L Qe VR S e, ZALET
DL EZEDED L R X ER 2RI L CTHIEThH 0 | Wia £ 90
EBZHIVTND T, ZE LTI 51T DB VAR OSREER FIZD7203 0 | IR
IR EEE S EE T HRO—DTh DL AREMNE 2 iz, F7o CrCLR XA RAR Cild
Z D RFUNE ZHTU A 23 (Witsberger TH, 2008), i FREEICAHS CHE—S8@ & L CRIE S
TWHE—=Z NV RERANZZ EBHRATH D, S HIZATENRG O it S CrCLR B
BEVD DD Z EBHIRAE LTHIT b D, ARETTIIACK eTPA AT 2RI C
CrCLR %L U7-SER & 1@ H D TPA 243 D BIEI T CrCLR &4 UTEf & i § 5 ~& Th
ST, ATERRFHAE L7EF]C eTPA 24 L CWO RSB LB B3, ZOREE1TH
HRHPRA D T2,

56



4-5 /)&

Wi L7 CrCL CIX B/l B TH 5D COL | AN L, SEiE ;g ¢ 5 coL I
2 COL I 2L THERY . ECM DR DEAESFED Tz, & BITAMEHTTld SOX9
DFBBETREI TR Y | SR T COL I 72 & O IWE OpEAMEE S, #E{bA
IMEE SV TV D ATHEMEAVRIB ST, Lo L7ens HARRGHIAE L7221 CrCL 13 CrCLR
SBIERID DIFTC R LTI T 5720, 2L b OB I ZIRIEDOZ L D b FA T T
% AJREMED VR S 472, SOX9 DOFEELA PN S 5 BRI DWW TII S B2 AREDMETH H
EFEZ BT,
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Table. 4-1 Dogs with ruptured cranial cruciate ligament

Tibial
Affected Body Period from onset
Case Age Plateau
sideof  Sex Weight Bleed of clinical sign to
No. (months) Angle
limb (kg) operation (days)
(deg)
1 Right nf 118 334 Golden Retriever 28 30
2 Left nf 120 33.35 Labrador Retriever 25 36
3 Right nf 64 385 Bernese Mountain Dog 31 14
4 Right nf 75 32 Bernese Mountain Dog 32 17
5 Right nf 101 344 Bernese Mountain Dog 285 62
6 Left nf 87 212 Siberian Husky 25 27
7 Right nm 78 345 Golden Retriever 25 120
8 Left m 43 35 Bernese Mountain Dog 22 112
9 Left m 124 20.35 Beagle 33 40
10 Left nm 72 78 Pyrenean Mastiff 34 38
11 Left nm 39 39.3 Golden Retriever 335 70
12 Right nf 75 30.1 Siberian Husky 26 300
13 Right m 93 18.18 Shiba Inu 22 48
14 Right m 120 132 Shiba Inu 24 32
15 Left nm 121 153 Beagle 30.5 75
16 Right nm 68 16.5 Pembroke Welsh Corgi 36 29
Left 85 31.05 26 82
17 nf Labrador Retriever
Right 85 31.05 26 82
18 Left nf 58 26.5 Siberian Husky 28 119
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Table. 4-2 Correlation between COL II, COL IIT and SOX9 expression and various factors.
No significant correlation was observed between COL II, COL III and SOX9 expressions

and demographic and clinical parameters in the CCLR group. Differences were considered

significant at P < 0.05.
P-value Age Body weight Period from onset of clinical sign TPA
to operation
COLII 0.053 0.582 0.582 0.463
COLIII 0.217 0.810 0.390 0.879
SOX9 0.068 0.823 0.065 0.607

60



Fig. 4-1A Cell density and percentage of round cells in CrCL specimens. In control CrCL specimens, cell

density is high and many spindle cells (arrows) are observed. HE staining; bar = 50 pm.
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Fig. 4-1B Cell density and percentage of round cells in CrCL specimens. In CrCLR, cell density is low

and spindle cells(arrows) and round cells (arrowheads) are observed. HE staining; bar = 50 pm.
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Fig. 4-1C Cell density and percentage of round cells in CrCL specimens. Cell density in control and

CrCLR groups. * P < 0.05 by two-sample t-test. Each columns and bars represent the mean +SD.
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Fig. 4-1D Cell density and percentage of round cells in CrCL specimens. Percentage of round cells in

control and CrCLR groups. T P < 0.05 by Welch’s t-test. Each columns and bars represent the mean £SD.
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Fig. 4-2A AB staining of CrCL specimens. No AB-reactivity was detected in the ligament fibers in all

control animals. ; bar =20 pm.
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Fig. 4-2B AB staining of CrCL specimens. The reactivity was seen in the ECM in ligaments of all

CrCLR animals; bar =20 um.
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Fig. 4-3A Positive immunoreactivity for primary antibodies. Normal canine embryonic bone. COL |

immunoreactivity was detected in the bone matrix (arrows), but not in the calcified cartilage matrix in the

primary bone traveculae (asterisks). ; bar =50 um.
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Fig. 4-3B Positive immunoreactivity for primary antibodies. Normal canine embryonic bone. This image

shows the border region between the bone and the cartilage. COL Il-positive areas are seen in the

cartilage matrix (arrows) but not in the bone area (arrowheads). ; bar = 50 um.
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Fig. 4-3C Positive immunoreactivity for primary antibodies. Normal canine mandibular lymph node.
COL Illl-positive areas are seen in the connective tissues around the blood vessels of the mandibular

lymph node (arrows). ; bar = 50 pm.

69



Fig. 4-3D Positive immunoreactivity for primary antibodies. Normal canine embryonic cartilage. Only

chondrocytes show positive reaction against SOX9 antibody. ; bar = 50 pm.
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Fig. 4-3E Negative immunoreactivity for primary antibodies. Negative control of the control group. No

positive stained areas are seen. ; bar = 50 pm.
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Fig. 4-3F. Negative immunoreactivity for primary antibodies. Negative control of the CrCLR group. No

positive stained areas are seen; bar = 50 pm.
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Fig. 4-4A. Immunostaining for COL 1. Extensive COL I-positive areas are seen in the ligament fibers of a

control CrCL. The expression of COL 1 is low in the cytoplasm of the ligament cells (arrows). ; bar = 50

pm.
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Fig. 4-4B Immunostaining for COL I. COL I-positive areas are fewer in the fibers in the ligament and

many of the ligament cells express COL I in the cytoplasm (arrows) ; bar = 50 pm.
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Fig. 4-4C Immunostaining for COL I. The percentage of COL I-positive pixels. The ECM s stained

stronger in the control group than in the CrCLR group. 1 P <0.05 by Welch’s t-test. Each columns and

bars represent the mean +SD.
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Fig. 4-5A Immunostaining for COL 11. Control group specimen. Only a few spindle COL I1-positive cells

(arrows) are observed. ; bar =50 pm.
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Fig. 4-5B Immunostaining for COL II. CrCLR group specimen. Many COL II-positive cells, spindle cells

(arrows) and round cells (arrowheads) are observed; bar = 50 pum.
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Fig. 4-5C Immunostaining for COL 1. Comparison of the percentage of COL Il-positive cells between

control and CrCLR groups. T P < 0.05 by Welch’s t-test. Each columns and bars represent the mean £SD.
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Fig. 4-5D Immunostaining for COL Il. Comparison of the percentage of positive cells between spindle

and round cells in each group. T P < 0.05 by Welch’s t-test. Each columns and bars represent the mean

+SD.
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Fig. 4-6A Immunostaining for COL 111. Control group specimen. Few COL Il1-positive cells are

observed; bar =50 pm.
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Fig. 4-6B Immunostaining for COL III. CrCLR group specimen. Many spindle (arrows) and especially

round (arrowheads) COL Ill-positive cells are observed; bar = 50 pm.
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Fig. 4-6C Immunostaining for COL 1. Some COL IlI-positive areas are seen in the ligament fibers of the

CrCLR group; bar =20 pm.
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Fig. 4-6D Immunostaining for COL I11. Comparison of the percentage of COL Il1-positive cells between
control and CrCLR groups. T P <0.05 by Welch’s t-test.  Each columns and bars represent the mean

+SD.
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Fig. 4-6E Immunostaining for COL I1l. Comparison of the percentage of COL Il1-positive cells between

spindle and round cells in each group. 1 P < 0.05 by Welch’s t-test. Each columns and bars represent the

mean £SD.
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Fig. 4-6F Immunostaining for COL 111. The percentage of COL IlI -positive pixels. The ECM was
stained stronger in the CrCLR group than in the control group. 1 P < 0.05 by Welch’s t-test. Each

columns and bars represent the mean +SD.
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Fig. 4-7A Immunostaining for SOX9. Control group specimen. Only a few spindle SOX9-positive cells

with perinuclear halo (arrows) and many spindle cells without perinuclear halo (white arrow head) are

observed.; bar =50 um.
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Fig. 4-7B Immunostaining for SOX9. CrCLR group specimen. Many spindle (arrow) and round (arrow

heads) SOX9-positive cells with perinuclear halo are observed.; bar = 50 pm.
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Fig. 4-7C Immunostaining for SOX9. Comparison of the percentage of SOX9-positive cells between

control and CrCLR groups. T P < 0.05 by Welch’s t-test. Each columns and bars represent the mean £SD.

88



120 T

100 -

0
()

122 |60.3
40 - + | =+
9.7 |38.8

S
o

% of positive spindle or round
cells to total positive cells
N
S

, -

Control - =12

23.5 |73:6
+ |+
16.1 |[21.6
CrCLR n =26

® spindle
Oround

Fig. 4-7D Immunostaining for SOX9. Comparison of the percentage of SOX9-positive cells between
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mean £SD.
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Fig. 4-8A The correlation between the percentage of positive cells or positive pixels following

immunostaining and the various demographic and clinical parameters. The correlation

between the percentage of positive cells following immunostaining for COL Il and the various

demographic and clinical parameters, (1) versus age, (2) versus body weight, (3) versus

tibial plateau angle, and (4) versus period from onset of clinical sign to operation.
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Fig. 4-8B The correlation between the percentage of positive cells or positive pixels following

immunostaining and the various demographic and clinical parameters. The correlation

between the percentage of positive cells following immunostaining for COL Il and the various

demographic and clinical parameters, (1) versus age, (2) versus body weight, (3) versus

tibial plateau angle, and (4) versus period from onset of clinical sign to operation.
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Fig. 4-8C The correlation between the percentage of positive cells or positive pixels following
immunostaining and the various demographic and clinical parameters. The correlation
between the percentage of positive cells following immunostaining for SOX9 and the various
demographic and clinical parameters, (1) versus age, (2) versus body weight, (3) versus

tibial plateau angle, and (4) versus period from onset of clinical sign to operation.
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5% 5% Excessive Tibial Plateau Angle &7 /UZ331F B Rl-H 4 2 MO TIZ B3 2Rk

G

5-1 %65

CCLD TIINMEoRFE, PEAS/E RO E 7 SRk~ 70 B2 KD CrCL DM EZARdET 5 L1278
LT (Comerfold EJ, 2011), eTPAIXCCLD DY A7 7 7 7 X —D—>Th D LS
TV % (Duerr FM, 2007), Slocum ©(1983)I X2k A ERF A U 2 IS B FEREil 7 -~ i E)S TPA
IC & 0B ESNFEAT D CrTT 23 CrCL A U B8R ZHIINEH, CrCLR OFIKIC 72735 &
FEL TV D, FTHIBEICE TPA T 5 (eTPA; TPA=35°)iLifH > TPA |2k L T CrCL
A CDEMAHEINT 5728, CCLD DU RS 77 7 Z—D—2>Th D LR SN T 5,
Duerr ©(2007)1% 35°LL ETH HIRANZEV e TPA 2459 % CrCLR MR R CIZ TPA 23 30°LL FC
&5 CrCLR FEFERIZHES L CHEITIIEAFRIMED > 72 &35 LT %, £72 Read ©(1982)
RO LY | EBIEID T ABREEA AL Lo A X 5 HHD 9 B 4 AT CrCLR 2333
DO EHE LTS, £D—J7TTPA & CrCLR OBHEMEIZEER 2 2928 H U< Db
RENTRY, RIZERD2ENTND L ZATHS(Reif U, 2003, Wilke VL, 2002),

Fox DHDIRY [ €TPA & CrCL DZMEMAA LD BHEME DU TG L 72 I3 E L7RU Y,
S 5T CrCL DML ZRRGET D= OIITET VBN G TH D EBZbNDHD, 20D
KO T VI KD MREZAT - Tl bAHE L7V, AREETIIH 2 B DS 4 TEE TORE
RAEWEE 2T, CrCL OIRTAM AR S EL2F4 B E LT, @ B — 27 LRIkt LT
UENEE G 0 T4 Sl L C AR TPA AR S W7o e7 VA 1ER L, 20 CrCL IZ81) %
MM LA RRGET 5 2 & C eTPA & CCLD & OB#EMEZ G L7, AEDOBEMIT, eTPA O

T VEM VB L eTPA Z2H 9 51 XITBIT 5 CrCL OB LA 7Mid 5 = & & L,

5-2 #4kkE ik
5-2-1 R E
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7 SEEOARHTHE DR ©— 7 VR R 2R it U7, SEBRBAGAIRFIZ 2 CDA X131 11~14 7 A
W Chot-, BTOAXOAE (KE, TPA. MMPTA, MRIZEEE LT, A X DOIEHALE
EILE BRI H ABRE ARl KB S E (RGRE B 13-43)I2HE U T TV, 3T 5EER

RUE & B OEFE T AABRE BRI PR T T T

5-2-2 TPA B ELE

BRI D TPA B L O MMPTA IZ DWW TIHEBEDHEIZYE L Tf T 7= (Kowaleski MP,
2011; Dismukes DI, 2007), = TDA XIZ Rr~Y F—/1(0.25 mglkg, IM) L IEfE~7 7'V /v 7 ¢
(0.02 mg/kg, IM)ZRiALE & L CTHRE LT-, 7 0R7 5+ —/(7 mglkg, IV) CHEEEA L, %%
PR ATV, BRESHERFI A Y 7L L EISE TIT o7, FERTFINIIL BRI FTaT oA
NHEFET TV ) VT 4 A5 nglkg) EHRFET BN A L (Img/kg) CRENRSMEF 21T > 72,

MR A BEE AL L. /e E P A B S 7o, 35 3 MO RAREE 2.
TPLO Y —7 L— R(Depuy Synthes Inc., West Chester, PA, USA.) & VT, B ITREDFAIR 28
SR, B0 IR & AMUIDERPSE O F 5% TPLO YV —7 L— ROHFUNIEE L T (I8
EHRERNZ 2L SR 0OID) 1To7, BYIY LTSN & R OPWIMAT A ~D 2L 2B
192 BT TPLO <7 (Depuy Synthes Inc., West Chester, PA, USA) 2 fEH L7-, 2.4mm O
Kirschner 71 Y —% 7' v & L CBAfIHEA> 5 5mm (70> MCL OJ2fAliz, B &8s o
AL ATICAR D £ 912, & L ORI O LCREIC 8 2 KO ITHIA L7z, £ LT 24mm
O Kirschner VA ¥ —% V07— LDV 7 E A=)Vl L CIMNO Y 7 e A TIC 25 &
INIFEE LTz, VY —7 L— RITINLDO Y 7 E AT T, BE OIEF M 3 L CHREC
725 £ 9 IZEE L7=(Slocum B, 1993), 7' L — ROSAMRIGIIISERE 6 L CHRELS, BRI
HRMOBE B LTI D K O ITRE LB YV 217> 7-(Fig. 5-1), AWFEIZHV TR
B ~OREE FNRMZ LT TPA 2L E 5 Z L 2 B E L CISEENLOBE) Y 217572,

B0 %, TPA 25 40°0272 % K O WIS E @ Rl oD E A % [ElR < 72 (Fig. 5-1), Tallat £(2006)
2k e 3L B ARX U TPA B EHE SILTU D28, Moeller £(2006)1 L5 &
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TPA B IEFYI D #ICBbT 2 LESNTEY . 34°% AAEIZEEZTT O M4 TPA 25
DL, eTPA TIiH/R< 72> T LE D et & D, DT OARMRCTIIIE TPA O HAZZ 40°
ERE LTz, EHEERICOWT, IFOARICE VR L,

R =2x30(radius of the saw blade) x%ﬁ "

B0 EITE 2 EORRAEEE 2 BUEHWOILTWAH A 7T o hCREREOEN T
%27 mmTPLO = v 77" L— [(Depuy Synthes Inc., West Chester, PA, USA.)Z L CH » &2/
7~ KA 2 1 =—(Depuy Synthes Inc., West Chester, PA, USA.) & FV N CEE %17 - 7=(Fig. 5-1),
FARREE & 2 & [FRRIZEE1 0 2170, TPA 228 b S PICEE A L7z, DR, ZZRsE
# eTPA BE, AUIEE 2 control #E&ERE L7z, HiM X #iird 2 38t LATEZ D TPA B XU
MMPTA D&+ %47 > 7= (Fig. 5-2),

itz OSEREI L U CHEEA T NIV (BUY E#O 4 HIFIZ0.01mgkg, IV, gl2h THEE)
CHEFET TV VT 4 (EYID EAO 3 BEIE 0.02mglkg, IV, g12h, Yo 11 A i 0.02mg/kg,

IM, q12h T ) DR 5 24T 572, 2THA RIZIBWTE T A 2 —/LF kU &7 A(25mglkg, IV

qr2hyd»$e 5% 14 HiEHT -7,

5-2-3 iEHE faf D3
Wit 3 n AMB 12 s HEE TR Ly RINEZRAWCGERAMZEH LZ, 72 ha—uZ

LIT DY) Tl o, ; LIARICSE A#.1 A 2[5]20 23f#, RpE 7 km T3 L 72 (Slater MR., 1995),

5-2-4 s KRS MA L DOFFAM

RT3 HAMTI Net force; Advanced Mechanical Technology, Inc., Watertown, MA, USA)DFRATIZ
Lo T, iR LU 2 5 AEOWEA ICRERREOI 21T 72, 4510 PVF £ 10 A5t
ML, ZOPEEZEERRAEOUETER LT 100 28772 PVFBW ZAEHREOTEIE & L CRE
i L7ze A THRENILL T DY Th D, ; VAR TFE 1.2-1.8m Th o7z,
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5-2-5 PR OBREIS L OWRNT (RIS KO Interleukin-1B #REEDREA)

WTRAFS L O 2 » A EOAET IC8EE TREEEA T NI VY Sugkgiv+ AR ML 7
/—v 0.2mglkg iv)iZ CHREBEHET & 0 BIER A BRI U7, BRBAERSAAIE D53 2B 21 TV,
IVALERY TN (AW %), A Y T a N ) — W CHR A S LT, 21G TR
FICE B BIRI OIS OA E 123N D B #HE AT, BIRIROBREUA St L7z,

PR U 7 BRI JE DI AEAZERL L, 7RV IZE BT 10 431#] 4°C, 6000G Tilyoy
BEL. Walcitd 5 £ T-80°C ORHIENIC CHfERIEEIT 72,

AREECIEA ITRCRIFHRE OSURE L OVEIRO RIEDOFHITT 5 B AW B2 B~
—1—"T&% % Interleukin-1p (IL-1B, Carter SD, 1999; Venn G, 1993), 3 L X OA DFFIE L 70 % Bk
FIRAL AR AR U7, BIEIREIAZ 400 123U C 5 AREPREE L, MIRROORESE - 20> F
B)a L DRI L=, CHIENE Pedersen 5(1978) D EIIIES T,

RAEGHE T o> IL-1P BEEEORIE RIS IL-1p OHIEIL. Dog IL-1p ELISA Kit (E44-800, Bethyl
Laboratories, Inc., TX, USA)Z FHV N T T o 7, JIEICER L CTIEFEI—o4 2 7L % Duplicate THIE

(ZHEL, RICEDEZ T,

5-2-6 SEikaL

itk 12 » H BIZETOA RS LTIV EY b— R &R S92 2 Lo L 0 2538 %
Fhii LTz, ZERFE%ATAT CrCL 35 KX OV7 BHH 6 B C CaCL AARZEREL L, WAL 4% /3T 78
VAT AT e RCREEZ I L, EUmARMTmICR 5 K21 T 7 ¢ aat o7, %
D% HE Yett Ze 32 L 7=, 2 COMIART COLI, COLII, COL I Z LC SOX9 Mgtz 2 4

B & [FRROFBZ VT3 L7,

5-2-7 A L L TRE, Sk AR A

N
Re

[aryy

100 fE CEEEAITEIR L7270 < & 3 BT T, HE Yt CITHINER B L o

=
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Z. COL I, COL Il & LT SOX9 Dbzt Tl It O 21T > 7~ BIZ21L 1 A
BHIZ L > TUThIT -, MIEENREZEZ o/ NRIZT D 72 DISHEO L 2 [BH TV, Z D)

2R Uz, SEERORHIAIZ OV TR 4 7 L [RRROFH & VT L7z,

5-2-8 faHLER

control Ff& eTPA HEDLES, J5 L UEREAIEES K USSHSER MO HuikI 2 I3 two-sample t-test
Z LT Weleh’s ttest 2 2N LHL T A MY w7 Z LT T A M) w7 OF =2V,
control #fL eTPA BEMIZIST 5 BARIEF OMIRELE L OV IL-1p DOREEOZERIZE L TIX two
samples ttest, welch’s ttest 2 FHV /2, p<0.05 %6 > THERATH D &HIE LTz, FEFIE mean

+ SD CHitl7,

5-3 fiti
5-3-1 @

A RN U 7oA X OFEBRBALARED A il 123 £0.8 » A, (AEIZ105+1.1kg, MEHIIE
A CRBETME T do > 72, HiRATD TPA 13 eTPA HET 31.3 £ 1.6° control #C308+21°Th -7z,
AT MMPTA 12 eTPA B T94.1+1.7°, control #£T92.8+2.1° T~ 7=, fifHiD TPA,mMMPTA

L eTPA #E L control BEDMTHEZRZEITRD Hi7en - 72(p=0.67, p=0.24, respectively),

5-3-2 i D TPA B L U'mMPTA

%D TPA I X control #£C 31.4+2.3°, eTPA BETIL414+£23°TH Y | control FEIZEHKE LT
eTPA T CHEIZEMEZ 7R LT2(Fig. 5-3A), — 1% mMPTA X control F£T 93.1+1.9° eTPA
BECIZ 942 £ 21°TH Y | control L eTPA FECTHEZRZTIRD Hen -7 (Fig. 5-3B), F

T2 TORIZIBWN T 3 # A £ TITEEID 7 A  OIHEKD R B (Fig. 5-4),

5-3-3 A ERERE DT
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fiTAlo> PVFIBW 1Z control L eTPA FHZBWTHEZRZITZRD b d - 7-(Fig. 5-5), &
HIZZE D% D PVFIBW Tl control #EL eTPA FEL ORICHERZAITRO Lo T2, £72

PVF JITERFDOFERHEE I ITFDIE 1.620.3 m Th o7z,

5-3-4 B 1 o BAZHIEE O FHANKS KON Interleukin-1B J2E ORE

S, eTPA FHIZISVT 2 BIEMR P O BB L control #f & LUk L CTH 7220338
DO T, S BB O TOEAICKIT 5 Bl TEF AN Th -7z
(Fig. 5-6, A-C), = 512 eTPA HEIZHIT D IL-1B AT control #F & il U CH B 2RO i

Feino7= (Fig. 5-7),

5-3-5 RiiH T DO PIHRAT .

7 5HH 6 BHOO CrCL BREURAZ eTPA #E, control #f & 12l FEHRAAG MO RLENE RO
ST, AR E CrCL OBt IR H /e > 7=(Fig. 5-8A), L L7235 7§AH 196 C
itz 12 » A BIZEAREBIATAED bivlz, fili2 ERHETM~ORNLZEMEDNTRO DL, 25
TS5 R UIB 21T > 72 & 25, CrCL OWIEAET RN Sz, — T
ZD X 5 AT RITERD B b o 7= (Fig. 5-8B), = OERITIKIZL S D _IRANRBUSSEED B

D ENTRISNTZT20, ARRETDITERA LT,

5-3-6 Ak FHIfET

control FEIZFS\UN TR OFMMESRIIEZ < OSBRI & DO BRI IAORS ) MBIEL S du
72(Fig5-9A), —J7. eTPA FHZIWTIFRIHMIIROED A L, ERIGMIOEFIE 280 L Tk
D BHERDROORIE Cdh - 72 (Fig.5-9B),

HfRAEEE T control AEIZISVNT 697.2 + 237.0 cells/mm? TH Y, eTPA B Cid 525.1 + 183.8
cellsimm? T -7z, FIEEL control FEZHER L T eTPA BEHZBW AR Z R LTZ
(Fig.5-9C), EREAMIEOEIG X control BEIZISUNT 1.6 +2.3%, eTPA ECIE 189+ 175% T >
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7oo ERIEHIIAOEIATE control AEIZEEEE LT eTPA BHICRB W CHEICEEZ 7~ L7z (Fig.5-9D),

5-3-7 SufE et

COL | Sl control BECITENHHIEHERIZIS WV CIRHIPHIZ COL | Bt IR Bt
2o O CHIHIIROMIVE NI COL | OFHILIT E A L8 Hi720 > 7-(Fig. 5-10A),
control HEIZLEEZ LT, eTPA BETIX COL | FEMERER OIS 23588 BTz, —5T% < O
FROFFVE 233\ T COL | DIEHAFRD 5417~ (Fig. 5-10B), control £ (340 COL | Bt
BLOEE 81.1 +10.1%)IZ L LT, eTPA #£(58.9 + 16.9%) C ECM CTOYAFED v 7 &L
DOFNEDA EIAKAE 2 7~ L7-(Fig. 5-10C),

COL Il #6244 Cld control FEDERHT T, 1F L A EOBFFHINEIZ COL Il OFBIAFED Hiie
U —J7C(Fig. 5-11A). e TPA BETIEZ < DFMEIZ COL Il DFEBLNTED 5417~ (Fig. 5-11B), control
FEIZEERE L C eTPA HEIZ38U VT COL I P/ 0E A 23 Bl @i 4 7 L7z, : control #£ Tl
138+20.1%TH V. eTPA BETIZ51.3+24.1% T - 7=(Fig. 5-11C), HHEEMIMUIZISIT S COL
I B DA control B (12.7 + 19.2%) i LT eTPA BE (409 + 20.2%) TH Bl
%7 L7=(Fig. 5-9D), ERFEAIINC & IEARIC COL N FG MR El A1 control 7 (54.7 + 37.5%)(C
bz LC eTPA B (88.5+ 10.9%) TH EIZ A% 7~ L7=(Fig. 5-11D),

COL Il S Yeta, i control BT, 450> COL NI BEHAMIRASERD BV D DI TEH D DITXT
LC(Fig. 5-12A), eTPA BETIIZAL O TR BTz, S HIZ COL NI B
DSARER PIZERD DAL, COL NI BEMERUS DS EIARIAEAR C R DAL D 58Ik B FRD HALTZA3,

DFEIE OENAARHERI IR CTd - 7-(Fig. 5-12B), control BEICEL#E: LT eTPA BT COL I
BRI OEI S DA BEIEEE R LT, control BETIL 75 £55%ChH Y, eTPA BETIL375 +
10.9% Cd - 7-(Fig. 5-12C), HFEMAMIEIZF1T 5D COL 1N Ml EIA1E control #f (7.2 +
4.8%)IZ ki LT eTPA Bf (31.9 £10.3%) TH EIZE A 7~ L7 (Fig. 5-12D), ERFZAlAE T & [FIEk
(= COL I BRI EIA 1T control # (43.3 +£30.6%)( 2k LT eTPA Bf (85.5 = 7.3%) THE
(2R % 7k L7=(Fig. 5-12D),
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SOX9 FfE Yt Tl control FEDERHHZVELD SOX9 BEHFEIRTED HALD DA TIH - T3
(Fig. 5-13A). eTPA BETIXZ < DAl SOX9 BEMERILTE 5417~ (Fig. 5-13B), control #EIC
P LT eTPA #£ T SOX9 Mt DRI & 3 B EfEZ R L7, @ control #£TIE 8.1+ 9.3%
THY ., eTPA BETIL 459 + 109% CToH - 7=(Fig. 5-13C), FEEFZHIIZISIT D SOX9 FoPEH
DOEIEIE control BE(7.7 + 9.0%)IZHER LT eTPA #£(33.3 + 11.0%) CH = &%~ L7=(Fig.
5-13D), ERFEZHIIEC $ [AlkRIZ SOX9 BEEHIlaoE A1 control #(41.6 + 31.5%)Z ki LT eTPA
(88.1 £ 8.9%) THEIZAMEA /R L7-(Fig. 5-11D), & 51T halo 243 HHlifa & TRERNZ/3%E9
% & control FETIIHHEZHIALD 7.9+ 8.9%75, EKIZAIIND 47.9+ 32.4%7)5 halo Z2H L TH Y |
£7- eTPA BETIIRHEIZAINECD 34,1+ 10.5%7%, ERTEAIIAO 88.1+ 10.1%75 halo 24 L T 7= (Fig.
5-13E), control #£& CrCLR #f & Dt Thalo 2 A3 A8 HIIOEIE A Bl &L =~ LT,
F 7= halo 27 2HIa T SOX9 FHEDEIE L, control BEDOFGSEZAIINTIE 92.6 + 14.0%, EKE
AL TIL 833 +326% T o7z, CrCLR HEDHHEEIZANIG TIE 97.3+3.9%, EKZHIILTIZ 984 +

27% TH o7,

5-3-8 %N DA

COL I5a4sta Clcontrol #f X eTPA B CIXECM DG SUGEMERRIRI Z 22038 BV h»
7z, :control BEDEGMEE 7 BV DEIA: 395+ 17.3% vs eTPA BEDGEE 7 B/L0E|A: 408 +
25.9% (Fig. 5-14A, B), CaCL TOCOL IIDFEHLIZEI LT beontrol B (MBI EIS D45 2.5
+0.5%, Fig. 5-14C) © eTPA #f (3.3 +1.2%, Fig. 5-14D) MDA EZTED b/ -7, CaCLT
DCOL MDFEBUZRI LT Heontrol #E (3.2 +2.5%, Fig. 5-14E) L eTPA #¥ (3.9 + 2.0%, Fig. 5-14F)
HOHEZETED bk -7, CaCLNOSOXIFEIUZRY LT Heontrol A (6.0+4.1%, Fig.

5-14G) L eTPA #f (35+1.5%, Fig. 5-14H) RCA ESEIER0 B o7z,

5-4 %2
Slocum 5(1993)i TPA DHINNIAY CrCL ~DAfZHINN S, CrCLR DOJFRIZ/2 2 LHEL
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TW%,Duerr 5(2007)iLFE 72 €TPA ZH 7T 5 A X TIL TPA 23 30°Ami DA X Z kb LC CrCLR
EFRIET DFMDIA BRI EEZ R L, ZDZ & LV eTPA ZH T H A XTI TPA 73 30°A D
A XZHHE U THRIC CrCLR 2405 U A7 BENWZ EVRIES LD EHIE LTS, &5
IZ Read ©(1982)IIMEEINOETAZ LY . MBI O/ FHIBREE S E L LT A X 5 BAD O H 4
BAC CrCLR 253880 bz L i L Cuvd, AREHZISWT eTPA D CrCL (23U T, control
BRIl U TR AP E 273 2 FT A3 B, F72 LB Tldd 2% eTPA BEOIRRIH
IR TR E 72IMEIRRDFED HAL72V Y CrCL OWERAT AT Hivlz, Lizid > CHEE OUEL
JERE, HFIZ €TPA IX CrCL OZEMEMZ A ST SH, CrCLR FIED—IK & 72 5 ATREMED S RS S
iz,

55 3 EDOMET CARGT & ARk B Y)Y 292045 Z & T TPA ZHNEE7- & 25, CCL I
A= U DIRITAMPEEITIEINT 5 2 & 2 fsE Uiz, E7-ARIORECIE PVEBW Z 3R 8]
2L TR, eTPAREL control #EE DFITTENTRD BN L AR L TV 5 BT Al
CrCL O TEMMPHER STz, & HIZZ 0 eTPA BHIEIT D ZPEMZA T CaCLIZITRED B
T, CrCL DA TRD BTz, F7o CaCL THIAMRE TR L 72~ — 7 —IZ oW CRERHFEIIC
BB TZRD bR )s- T, Furumatsu 5 (2013)1 Zff sl B AR 22k /A A s Uiz &
25 SOX9 DFEBIAHGIN L 72 L E LT D, SOX9 [THRE Il ~D Lo TERI S & - T
RIFIRNRHIOERER 1T D Z EDVRIILTNH(BIW, 1999), = HIZH 4 BT HAER I
7= halo %43 2¥0HHIIES eTPA 2 A9 % CrCL THhfERShiz, Lol ->CeTPAZHET S
FEBIECIMARTEA RO CTT 238K Z & I2 X > T CreLISHT 2/ L, & 5128
A NEME L5 2 & T SOX9 FELA M S, FAU B E FE Tdh 5 COLIN AR
M, B CAEIMBE ST 2 E DR ST, FEIHE AR A AR U7 UMK 95 2
&AM BT Y (Comerford EJ, 2006, Vasseur PB, 1985, Narama |, 1996), eTPA Z A4 5 ERIER©
X2 D XD 287291 LT CrCL Ok EA A 2R 2 LI K et DR 5D U 2 7 K+
EIRD T LRSI,

ARIOREHIE T, eTPA £ CrCL C control FEZIH#E: L C COL I 0 ECM (2331 2[5k
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FOSOAR T 3F88 B, & HITEHBROMBLE 31T DFBLOHENINA RO Hiv7-, Breshears
(2010135528 LTo A X O/l L CH—Hm~OiR AR Z#EH Lo L 24, m0A
i M2 25BN, X oI iR ChH~ b v 7 A A X a7 a7 7 —E(Matrix
Metalloproteinase: MMP)3 OFSELZMENN L, & 72 COL I OFHNEM L7z 85 LD, &5
(2 COL | THNHFIZ I DRI 52T B T/ & 72> T 5 (Waggett AD, 1996), L7=
3> T eTPA 2 2B CrCL Tid, sRAARIMEINT 2 Z &I2 X 0 Ml EE O 5
DMEINY 5 Z & T, AESMEZICERIT S COL | 23 L, IEARICST 572912 COL |
FEELSENNT 2 FTREMEDV R S 17z, S 512 COL I OFEBIBENNT HIZ O TRAGA 2 7 —

BEREED I D 2 & NS TR Y (Comerford EJ, 2004), EUAHARRIZRIT S COL T @
FEBIAENT 2 2 & TE LICEIE O FAEI T 2 ATREM MR Sz, Lizas>TZh
SOFIFEND eTPA 243 2B CrCL Tl COL | D& — 1 A —/S—OEIMNZ X 0 78
27— U HEREE O L WVHHRRHERR D TSR AR FIZ- D723 2 ATREMEA VIR ST,

AlEIORETT COL 1 DFBLAS control FEIZLHE#E LT eTPA FECEEIZHIML T, J@%
COL Il DEARIFIEF 72 CrCL 123V TR < (Waggett AD, 1996), AJRAL SALTUVRw e
HE OFIBIZ W T EIAIET 5 2 L D3R STV 5 (Kumagai J, 1994), S 512 control #iZ
H#E LT CrCLR AT COL I SfE RS B EOSER OB, & < ATHHERO AR AERIC
FBIWTHRED ALz, COL NTANGIBO VIS RIS L, 3T COL | & {EHS
N5 Z ERHBILTOD(William IF, 1984), L7213 > CED X 9 728 ClIiER OG22
FDE FAAHEL . COL NI DRSHEREAHIE L TR Sz LHEZ S vz, PLEX Y eTPA %
A DRI CreL (23 CRERICELAEDEI 7975 2 & ¢ COL Il OFIGE L, COLI
(ZHEHR LT COL NI | Masa7aiE R 2 B ERIT 202 T — 7 Uk y U —7 2T %
72 D(Riley GP, 1994), $HH DRI NTxT 20EIME T L, AFRRZR BRI L > THIR LT
7D A[REMMN B 5 LHEER ST,

ARl control BEIZER#E L C, eTPA BRI 2 BN C IL-1p F2EE R L OB I D
HENDSTRD LR T2, IL-1B 1THE Y E & /i3 2RO GRES LU K 0 | K
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BEETHL a7 A7) 1 BLO COL I OF5E, Tissue inhibitor of metalloproteinases
(TIMPS)DFEAFS K OMREMIILIC L DA IE, 27— Bl vT 47U I A%
F9%(Lavigne P, 2002), Bleedorn ©(2009)i3 A {HIlZ CrCLR A4 U= A X 5 B CALEM DR
BAVRWSKRHAIRIC 31T D X MR 5E & BFiSHRA A1 TV WER L CreL DRz Ffi L7z & 2 A,
& DIRFE DVEIFEZR OG5 i, CrCL [ZHREEDER 22 Wi i s L b avic L LT
W5 EHEDIZZOFANS OA I 9 ¥BIEZRIE CrCL DIERWEEORBIfM DN ZEME S
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Fig. 5-1 The appearance of TPA increasing procedure. The cranial blade edge is positioned perpendicular

to the tibial crest, the caudal edge is placed perpendicular to the tibial caudal cortex, and the osteotomy is
performed. After the osteotomy, the tibial plateau segment is rotated until the TPA is 40°. The osteotomy

is stabilized with a 2.7-mm locking TPLO plate.
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Fig. 5-2 Representative postoperative radiography. Left panels: right limbs in the control group. Right

panels: left limbs in the excessive tibial plateau angle (€TPA) group.
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Fig. 5-3A Postoperative joint alignment. The TPA is significantly higher in the eTPA group than in the

control group. * P < 0.05 by the two-sample t-test. Each columns and bars represent the mean £SD.
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Fig. 5-3B Postoperative joint alignment. There is no difference in the mMPTA between the control and

the eTPA groups. Each columns and bars represent the mean +SD.
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Fig. 5-4 Representative radiography performed 3 months postoperatively. Left panels: right limbs in the

control group. Right panels: left limbs in the eTPA group. The osteatomy lines were absent 3 months

postoperatively in all hind limbs.
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Fig. 5-5 Changes in the ground reaction force / body weight (GRF/BW) over time. There is no significant

difference in the GRF/BW between the control and eTPA group before surgery and throughout the

observation period. Each columns and bars represent the mean +SD.
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Fig. 5-6A Changes in the number of the mononuclear cells (/high per field) over time. There is no
significant difference in the number of the mononuclear cells between the control and eTPA group before

surgery and throughout the observation period. Each columns and bars represent the mean £SD.
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Fig. 5-6B The microscopic finding of the synovial fluid in the eTPA group. There is neither increase of the

mononuclear cells (arrow) nor decrease of mucin (). Bar =20 um.
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Fig. 5-6C The microscopic finding of the synovial fluid in the control group. There is neither increase of

the mononuclear cells (arrow) nor decrease of mucin (). Bar =20 pm.
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Fig. 5-7 Changes in the concentration of the IL-1pB (ng/ml) over time.There is no significant difference in
the concentration of the IL-1p between the control and eTPA group before surgery and throughout the

observation period. Each columns and bars represent the mean +SD.
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eTPA group (L stifle joint) control group (R stifle join

Fig. 5-8A Macroscopic intraoperative examination of the cranial cruciate ligaments (CrCLs). In 6 of 7

dogs, there is no macroscopic injury in the CrCLs.
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eTPA group (L stifle joint) control group (R stifle joint)

Fig. 5-8B Macroscopic intraoperative examination of the cranial cruciate ligaments (CrCLs). One dog
exhibited lameness of the left hind limb within 12 months postoperatively. The macroscopic CrCL injury
is confirmed by joint incision after euthanasia. There is no macroscopic CrCL injury in the right stifle of

this dog.
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Fig. 5-9A Cell density and percentage of round cells in CrCL specimens. In control CrCL specimens, the

cell density is high, and many spindle cells (arrows) are observed. Haematoxylin and eosin (HE) staining.

Bar =20 pm.
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Fig. 5-9B Cell density and percentage of round cells in CrCL specimens. However, in eTPA specimens,

the cell density is low, and both spindle cells (arrow) and round cells (arrowhead) are observed.

Haematoxylin and eosin (HE) staining. Bar =20 pum.
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Fig. 5-9C Cell density and percentage of round cells in CrCL specimens. Cell density in the control and

eTPA groups. Each columns and bars represent the mean £SD.
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Fig. 5-9D Cell density and percentage of round cells in CrCL specimens. Percentage of round cells in the

control and eTPA groups. * P < 0.05 by the two-sample t-test. Each columns and bars represent the mean

+SD.
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Fig. 5-10A Immunostaining for collagen I (COL [) expression. Representative control group specimen.

Extensive COL I-positive areas are seen in the ligament fibres of a control CrCL. The COL | expression

is low in the cytoplasm of the ligament cells. Bar = 50 um.
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Fig. 5-10B Immunostaining for collagen | (COL 1) expression. Representative eTPA group specimen.

COL I positive areas are comparatively fewer in the ligament fibres, and many of the ligament cells

express COL I in the cytoplasm (arrows). Bar = 50 pm.
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Fig.5-10C Immunostaining for collagen I (COL 1) expression. Percentage of COL I-positive pixels. The

ECM stains stronger in the control group than in the eTPA group. * P < 0.05 by the two-sample t-test.

Each columns and bars represent the mean +SD.
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Fig. 5-11A Immunostaining for COL 11 expression. Representative control group specimen. Only a few

spindle COL Il-positive cells (arrows) are observed. Bar = 50 pm.
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Fig. 5-11B Immunostaining for COL Il expression. Representative eTPA group specimen. Many COL

lIpositive cells, spindle cells (arrows), and round cells (arrowheads) are observed. Bar = 50 pm.
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Fig. 5-11C Immunostaining for COL Il expression. Comparison of the percentage of COL II-positive

cells between the control and CrCLR groups. Each columns and bars represent the mean +SD.
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Fig. 5-11D Immunostaining for COL Il expression. Comparison of the percentage of positive cells
between spindle and round cells in each group. * P < 0.05 by the two-sample t-test. Each columns and

bars represent the mean +SD.
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Fig. 5-12A Immunostaining for COL 111 expression. Representative control group specimen. Few COL

Ilpositive cells (arrows) are observed; bar = 50 um. Bar = 50 pm.
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Fig. 5-12B Immunostaining for COL I11 expression. Representative eTPA group specimen. Numerous

spindle (arrows) and especially round (arrowheads) COL IlI-positive cells are observed. Some COL 111

positive areas (asterisk) are seen in the ligament fibres of the eTPA group. Bar = 50 um.
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Fig. 5-12C Immunostaining for COL I11 expression. Comparison of the percentage of COL Ill-positive

cells between the control and e TPA groups. * P < 0.05 by the two-sample t-test. Each columns and bars

represent the mean +SD.
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Fig. 5-12D Immunostaining for COL 11 expression. Comparison of the percentage of COL IlI-positive
cells between spindle and round cells in each group. T P < 0.05 by Welch’s t-test. Each columns and bars

represent the mean +SD.
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Fig. 5-13A Immunostaining for SOX9 expression. Representative control group specimen. Very few

spindle SOX9-positive cells (arrows) are observed. Bar = 50 pm.
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Fig. 5-13B Immunostaining for SOX9 expression. Representative eTPA group specimen. Numerous

spindle (arrow) and round (arrowheads) SOX9-positive cells are observed. Bar = 50 pm.
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Fig. 5-13C Immunostaining for SOX9 expression. Comparison of the percentage of SOX9-positive cells

between the control and eTPA groups. Each columns and bars represent the mean £SD.
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Fig. 5-13D Immunostaining for SOX9 expression. Comparison of the percentage of SOX9-positive cells
between spindle and round cells in each group. * P < 0.05 by the two-sample t-test. Each columns and

bars represent the mean +SD.
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Fig. 5-13E Immunostaining for SOX9 expression. Percentage of spindle or round cells with perinulear

halo in control and eTPA groups. T P < 0.05 by Welch’s t-test. Each columns and bars represent the mean

+SD.
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Fig. 5-14A Immunostaining in the caudal cruciate ligament (CaCL). COL | immunostaining in the

50 pm.

control group specimens. Bar
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Fig. 5-14B Immunostaining in the caudal cruciate ligament (CaCL). COL | immunostaining in the eTPA

group specimens. Bar = 50 pm.
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Fig. 5-14C Immunostaining in the caudal cruciate ligament (CaCL). COL Il immunostaining in the

control group specimens. Bar = 50 pm.
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Fig.5-14D Immunostaining in the caudal cruciate ligament (CaCL). COL Il immunostaining in the eTPA

group specimens. Bar = 50 pm.
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Fig. 5-14E Immunostaining in the caudal cruciate ligament (CaCL). COL 11l immunostaining in the

control group specimens. Bar = 50 pm.
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Fig. 5-14F Immunostaining in the caudal cruciate ligament (CaCL). COL Il immunostaining in the

eTPA group specimens. Bar = 50 pm.
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Fig. 5-14G Immunostaining in the caudal cruciate ligament (CaCL). SOX9 Immunostaining in the

control group specimens. Bar = 50 pm.
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Fig. 5-14H Immunostaining in the caudal cruciate ligament (CaCL). SOX9 Immunostaining in the eTPA

group specimens. Bar = 50 pum.
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AB: Alcian Blue

ACL: Anterior Cruciate Ligament
CaCL: Caudal Cruciate Ligament
CaLB: Caudolateral Band

CCLD: Cranial Cruciate Ligament Disease

Collagen I: COL |
Collagen II: COL 1l
Collagen I1I: COL 1l

CrCa: Cranial-Caudal

CrCL: Cranial Cruciate Ligament
CrCLR: Cranial Cruciate Ligament Rupture
CrMB: Craniomedial Band

CrTT: Cranial Tibial Thrust

DCP: Dynamic Compression Plate
ECM: Extracellular Matrix

FE: Flexion-Extension

eTPA: Excessive Tibial Plateau Angle
HE: Haematoxylin-Eosin

HSD: Honest Significant Difference
IE: Internal-External

IL-1B: Interleukin-1

LCL: Lateral Collateral Ligament

LCP: Locking Compression Plate
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LSM: Least Square Mean

MCL.: Medial Collateral Ligament

ML: Medial-Lateral

MMP: Matrix Metalloproteinase

MMPTA: mechanical Medial Proximal Tibial Angle
MSC: Mesenchymal Stem Cell

PBS: Phosphate Buffered Saline

PD: Proximal-Distal

PMMA: Polymethyl Methacrylate

PVF: Peak Vertical Force

SD: Standard Deviation

SOX9: sry-type HMG box9

SP: Slocum Plate

TIMPS: Tissue Inhibitor of Metalloproteinases
TPA: Tibial Plateau Angle

TPLO: Tibial Plateau Leveling Osteotomy
UFS: Universal Force/moment Sensor

VV: Varus-Valgus

6-DOF: 6 Degrees of Freedom
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