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% 3 F[25] TIX T-L IVDE Z i bt = Lo W e 2O R B W T TR &I 0 %h

REV R ZRGEET %22, FHESBIERTE KOV PRIRIE RIS L 0 ik, FhitkaEz
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FRIT, 4~7 HEDOABLE Uiz, fivAT & Hik U TN O R0 e BYE 2 E Z - T
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v = %D ROM EE), A2 41T KO IIRE Lz, RO RIZK LT
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BIEFNZRB VTR S 10~14 HENIZ, T OPRE1T O & & IR 21T

ST, EEOREREZIMET A7, 3~6 PADORIZ 1L A FHIE 2 hABXIcHRELHE

i U7z, JBBRFRAIR G (2005~2010 4F) (. FIC 1 EOBBE LTV, BiROKRED

12 P HZBA THHMRADN TE RS THEFIZ OV T, SV EX I3 mbE~ DO ERF

ICE D&Y 21T o7z,

2-2-8 fhfRERmiE (BEh) OERE

G3~5 OJERI TIXTREIR R OEIE, B IHERB KOS TRA[RRIC /e > 72 iRBEA . G2 TlX

EERRHOREN EBINICA THESN, Y77 L— R dE L D%, Gl TIXHRIFN

PR LT b DA EER LT,

2-2-9 HBITMHEEEIC2 B E TOHIM (time to ambulation: TTA)
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Oi-H (BHAHWITE) ZEWEICETHMGELTH B o7, TTAIZLLTFO X512 Lz ; 0~14

H. 15~30 H, 31—60 H, 2~6 AR L 6~12 7° A, 14 HLLNIZA B 72 L CHAT AT HE
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no, SMCHDRNCHICEDTICR DT, JFRDERISKRD > TORWIZ LD LI5S

o, BE LIS S T, 28) BXU Rl (REE 25T TCOYE, MEziiTE

TV, FMCHZFHZIR S 7, B L2 S 7. BHMENERITKE D> TWARWIZ Y

Bb o HBEhns, 2E) OFELERM L,
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2-2-11  FEEUEIER] O T
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TTA (B0 ICOWTIZERSA L o=, FIfElc X % Kruskal-Wallis 4 7E

% %tV T Steel-Dwass MiEZ 1T 77, & HIC TTA I35 %A & » T— ol E 8ot

1TV, Tukey-Kramer FiE 4T 72, TTA O 95%[SHEX FIde 4k X 25 & L72[42], TTA

DI & Z D 95%(E HE X i 1L Itk F~12 L 5 original data unit & L CHKE L7z, #EHA

BEATOMRETFH) 7 L— NICHES &, x “RREDH D WIET 1 v ¥ v — DO IEMEMERIRIEIC X

DS HBE 2TV, SVEHRIRRICIEE L7ER], FRHNCREIE 2 67 ERl R LU FIL U

R B IIEGIDOFIG 25l L7z, FERHFATIZ SAS ¥V 7 b U =7 Z v, AEAEKUER
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831 HHDO RSB ILHE A 7= L BRI o % 35 22 TH - 72 (1~123 22 H),
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9B 7938 (95.4%) MEEREBEMERFETHY ., TOWRE L TUILLTOEY THD « &

v I A7 K (n=671[80.7%)] ; 666 SHD I =F =27 « X v 7 A7 REBIXONSHHD A X

=R Xy AT U R), Uxbia s a—F— (25[3.0%]), 7L>F - 7Ky 7 (24
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[2.9%]). v —+ X— (18 [2.2%]) . B — 7L (17 [2.0%]) . = v H1—« A/3=x )L (12 [1.4%]) .

ANF=— X (11[13%]). hA - F— R (6[0.7%]). STy hAamr R (2[0.2%]) L0

HUE oM R OMERE (7 [0.8%]), 70 @ 38 BHIFFEME BEEMERFE THY . ZDOW

FUZLL T D#Y - e3> (n=10[1.2%]) . ~/LvF—X (6[0.7%]). FU U (5[0.6%)) .

YaFtuh— (4 [05%])., Yy hTU R —F Ky (3[04%]). >RUT L e NA

F— (2[02%]). ¥ NVT - FLTFy—L X+ A=) 2 [02%]). 77T K—L

VU A= (1[01%]), I=F =7 - vy — (1[0.1%]) . 737 (1[0.1%)]) I L OFEdk

B PR MR R O MERE (3 [0.4%)) . F-in D H I A1 X 6.0 7k (1~15 %) T v 500 §H (60.2%)

3 (133 §HANEZL) | 331 §H (39.8%) 23 (109 BHANEELT) CTd -7z, RE O JEIL 5.6kg

(12.321b ; 1.5~40.0 kg [3.3~88 Ib]) T - 7=,

2—3—2 WZREDIEIE

831 Bl H 5 126 il (15.2%) 723, W EITRIFHIBHE 2521, BB kKBE L2Eic b7 <

EH 1oL ED T-L IVDH [CRE T 2IERZ 2 L TR Y. 7 2% 4~37 7> H milcfth O BR ERf

12 X0 FAIHESWIBRTT 2 i S 70Tz, 780 D 698 #1 (84.0%) 1XiEZ=IZ T-L IVDH % /Rig

T2 80 IERITFRD DL TITW e d o7z, MREEE RO 5T LSBT snD

F COMMORRAEILX3 A (1.5 Kf~1022H) Tho7-,

14



2—3—3 {irAiOMREF 7 L —F

831 B DT DR 7 L — RIZLL T OEY TH 5 : G1 25 B (0.6%). G2 H 274 il

(33.0%) . G3 7% 180 fil (21.7%). Gda 7> 84 il (10.1%). G4b 728 77 f5] (9.3%). G5 7* 211

1l (25.4%) ., G4b D 77 D 5 5 BIRDOTEER T ORIED IS FRIE T H - 72 b DA 23 i,

MO RESHA LB CTIXIER Cho7le b DR 5 Th o7,

FHT B OFI I, BEHEZRRNC X 2B EZRAEIC LD Ei L= b 028 829 fl, MRI |

YA AT 72 b DN 8, D HH MRI BB EFRECHRELZIT72b DN 6

BT o7z, BTOEMEFFNITIBW T, FHEEBAORIENH LN TH T,

2—3—5 T-LIVDH DOIF&A4 454

HERIR A~V =T OFAERR HZ RO LD T12-13 (n=218[26.2%]) TH Y | Hil>

T T13-L1 (177 [21.3%)]). T11-12 (120 [14.4%]). L2-3 (108 [13.0%]). L1-2 (105 [12.6%]) .

L3-4 (49[5.9%]). L4-5 (15[1.8%]). T10-11 (11[1.3%]). L5-6 (2[0.2%]). T9-10 (1 [0.1%])

Tholz, 1461 (1.7%) THIEMEIHERBORDL2SZEO Dive, 11 B CTHERISA E 23 T AL

PUCIREPHIZFRD i, IEREZRHERIR O RBIERAL SRR T & 2o 7,

15



2—3—6 7 L — K 4b OEIE R OWRRED A7 FERFEBNZ DU T

T OFRE ) GAb B> 5 B TRER R ORI LA TH -T2 b D2 28 I TdH -

72o 2055 18 il (78.2%) TiL., R R ZHK L Tl OF B E R 2 0380

Hiv, —J7. BV D5 (21.8%) TIFREVIR R &5k L TV SO O 8612 18

EHRRD BT,

2—3—7 [ERFER (Figure 2-1, 2-2 Table 2-2)

831 %D 5 H 122 Bl (14.7%) TARKINFER & 72> 7=, 831 il 25 i (3.0%) XTIz

HEATHERBERILIE  (Progressive Hemorrhagic Myelomalacia : PHM) 1 KV 3E1E, & DWW E%

BIEZEAT o1, F7o. 76 (0.8%) LU FOIMEIC KV TEIZIET L7z « BRELREEEREIZFER

ik, A ZRAL. LB REIC & D E, RS A o & OHE & B bh 2 EREFELE,

B AL, SPERER I L ONBBEE OJRRA DI, PHM IX, (KepR i RS DR | %I

D LMN R DEIT & | AL RV 2 A o T2 U O R R R O R B L0 21 LTz,

HRTOMERFR) Gab TH o729 LD 1 HIB LGS D 5 b D 3 I fEE EE O EE 1L A

SN ODOBITHERENBIE T D £ TIZIXESL o7z, £72, 831 Bl H B, G5 THAE

L 7= DRSO EIE DSZD B o T2 b D78 TL ] (8.5%) . Gl—~4b Tilifs Drhf T

WENRBD LR, HAWVITE( L E DN 156 (1.8%) Thol-, b DIEFIEM
16



BOEIENPRD NN E DL EFR LT, D D 709 ] (85.3%) ([ZHBWTIIAEHERIZ X

DEENFRO bhiz L Lz,

G1~2 DIERFNL 2796 T o - 1=, LFIN B Tl 2 5 1 BRI EEE MO EFRERAIEZ FIE L,

ZD1HRICEL LIz, E6IZ1HIT, ARFMRICITRREL ol F72, 2O T =

JVya s A—=F—ZBWT, IR VEICIISENED LN b DD, A (TR 7R

KR H B, 14 2 H OIC Gda £ THEIT L7z, S 6T 5 6T, BN O EAEL AN SE S

Wipinodz, %0 @ 270 il (96.8%) IR RN L7z DL Lz, 270 fild 5 % 234

% (86.7%) % 14 HLINIZ, 23 f5l (85%) 1% 15~30 HOMIZ, 541 (1.9%) 1% 31~60 H

DRENCAITATRE L 7272, 8 B (3.0%) (At DFFRE ) 2B L3380 b vz t&, 61 HLL

BeIZHBITATRE & 72 o 72, TTA O (95%(EHHIXE]) 8 L OVl (5 1/4~3/4 5300 4%)

I, T EN 48 H (44~55H), 4H (1~10 H) TH-oT,

G3 DIEFNT 180 Bl TH -T2, Z DI B 4AGINHERNCIET Lz, Zhub 4 Bk, R

WX Db o, BUmSE, T OMHERIARE OmFEI 2B EIC K 5 & Bbitd PHM OFRIER IO

R~V =TI LB ZALIC K VBT Lic, 72, 2 B T ICIRER R O K558

WHI., 3HITIISHITHEEZRIET A Z LN TERhoT-, 520 O 171 ] (95.0%) (Z5+F

FRBEI LTS DE Li-, 17160 5 5 140 5 (81.9%) 1% 14 HLLPNIZ. 20 f31 (11.7%)
17



1% 15~30 H Oz, 74 (4.1%) 1% 31~60 H ORENCHATAIRE S 7o o7, 4 5] (2.3%) 1% 61
HUBRIZHBATRIRE L 7o 7=, TTA OFXME (9B5%IEFEXM) B L O R (55 1/4~3/4 45

¥ 1Z. FNFENTTH 66~90H). 7H (4~13 H) ThoT-,

Gda DIEGNL 84 I TH -T2, ZDHH LFITHIHZICHEETREOMHEPRBD b, 6
(2 1BIT, vt 1 FDORMIC Gda ~DEALDFEO b, 70 D 82 #i (97.6%) 1FSMFHF1fr
D LIZbDE Lz, 8261055 61 61 (74.4%) 1% 14 HLWNIC, 10 fi (12.2%) 1% 15
~30 HORNZ, 541 (6.1%) 1% 31~60 HDRIZAHITRREL 72> 72, 661 (7.3%) 1361 HLL
BEICHMTRIRE & Te o7z, TTA OIME (95%IEFXH]) d6 L OB (55 1/4~3/4 530 %0)

I, TN 105 H (84~132H), 10 H (6~16 H) Th o7z,

Gab DIEBNT TT Bl T o7z, ZD 9B LFNIAITHEEZEIE T 5 Z LR TE o Tz,
O D766 (98.7%) (IHBATHREL 2D | SBFIRBREI LTIz b D E Lz, 76 5D 5 % 53
5 (69.7%) 1% 14 HLANIZ, 841 (10.5%) I% 15~30 H DRI, 741 (9.2%) 1% 31~60 H
DNTATRIRE L 72 o7, 7 B (9.2%) 1% 61 HLARRICHMTRIGE L 72572, 1 FllCH W TIE
file7e TTA Mgk S nzin-oTz, TTA OFEE (95%(FHEXH) B L O sRfE (55 1/4~3/4

SAEED) X, FnFE 121 H (9.6~153H), 10H (6~21H) Th-oi-,

18



G5 DIEFNE 211 B T o7z, ZD 5 H 24 H] (11.4%) (LI PHM ICK VLT, HDHWITL

FIEAT o7, LHNISFHER S 6 ARIC, EPEERICI VT L, Ho 14T, 4

FHBE D 6 ARICHIBZILICIVIET Lz, 7200 1 F1TiE, BBt L TH bR <ET

L7z, JRENIARATH 5, A7 LT HRFINRUEEDNRD bR o2 b Dh 71 4

(33.6%) Th o7z, 3 FITIIMEKLDOFEEEBDEIENTRD TS, BHITAREL 13725

7o T, BV O 110 il (52.1%) (FFEER R & A THEREDRIE NFERD B, i IFSE

FRBELI=b e Lz, 110 Bld 95 H 40 5l (36.4%) 1% 14 HELANIZ, 28 f (25.5%)

1% 15~30 H DIz, 20 fFl (18.2%) 1% 31~60 H Oz, 12 #1 (10.9%) (X 2~6 HH DfH

W2, 361 (2.7%) 1X6~12 22 H ORINZHBATR[RE L 7o 7=, T 61 (6.4%) IRV CTIEME TTA

5
A/

SFERER SN o T, 103 BT HIT D TTA OFHE (95%(EHEIXK) 8 L OvdefiE (58 1/4

~3/4 S5HAiE) X, FRFER21 A (17.3—~255 H)., 21 A (10~45 H) Tho7-,

2—3—8 FERDOFE TS

Gl—~4b OIEF THEHEEIZ L v [B1iE L7- KROEIE (95.0~98.7%) 245 L. FHEND

JL— FEICHBEZITRD b o7z, G5 OIEF THRHEEIZ LV [E1E L7 ROEEG

(52.1%) 1%, oo 4 Z—F LR L CTHEIIEF LTz (P<0.001),

itg BN EE DA LN IEF OB &&= D & e G1~2 (86.7%) Th-o7=H DX

Gda (74.4%; P =0.008), G4b (69.7%; P <0.001) ¥ LTG5 (36.4%; P <0.001) DJEF]E H
19



WL CHEICHIM L TW=, £/, fiigio G3 (81.9%) Th-o7-bDi%., G4b (P = 0.03)

BLOG5 (P<0.001) DOIER] & LR L CTHREIZHEML Tz, 5T, G5 DJEFITIX, il

D4 TN—TLiig L THEIZIK T LTV (P<0.001),

TTA

ABHERIC LV EIE LIZIEFID 95 G1~2 THo7-b 0D TTA (PRl 1%, o7 L

—FObD LT DL, TNENTHERE TR O (P <0.001), fifiid G3 T

Hol=bdDiE, Gdb (P =0.014) BELUG5 (P <0.001) DOIEFE L THEIZHEMLT

Wz, EHIZ, Gh OFEFID TTA 1%, Gda (P<0.001) 3B3XLUVGab (P=0.002) & TTA &t

BT 2 EAEITET LTV,

2—3—9 EpHY A IREYR R O WA B BT A E S O R A R

75 JEBNZ I\ T, SRR Z2 I TR R © TREBR R O R R L7c, 20 9 5 20 SEFIE

WITRIRE L 2o Tz, S HIT 20610 5 6 6 Fili, Filli & %A il L THTT 2 Z L AvATEe

Ly BATHREBAIEAXL TR, ZO6HITIEZ—H UIRFI BN/ LN H DD,

HIENZRPERS L OYHENTRE L 2o Tz, 750 O 1A PIITHFRESTZ R T L2280, HE

M7 EPER 2B E L=, 15610 TTA Z5HAIL, ZOHRfEX 972 (2~28 72H) T

HoT,
20



2—3—10 MRFREALIESIC OV T DBELE

B (R=Fa7 - FyI7AT7RTH, Txlia s a—F=TH, U7
AF—1 ) THiZOMRFHELRIRBO LN, I=F a7 « Xy 7 A7 RTHIIE, 40
A (Pl 30~64 72 H) OEHRHIEZIT->7c, 2D 56 4 Bk, BERHE DK% DK
R OMBHBIR S 27 70 A1) TGh Th o7z, 461 2 filik, HERBWEIC & 5 IRH I EE
D B, 1 HITEBEE MR TN T R OFREEIE I & HINES o FhE

DFBEEBIRAE D
[OWINUEFED BTz, & D 1 Bl THIRBEEMIZAE O RN

BT IRHEPHIC I &5
OHEBIBGRILC Z 0 | #lit: FH]IZ G5 & 7p o7z, 80 @ 3FIDHTRTID 7 L— RZWndits 2
ThY, HTHRIIMER CE b0, BELEICESEHEEL TV RNWEDE LT,
ATD G N2 Tholey x /v a » a—F —1FIZBW T, SEHEER 2D 4 B %ISR M
W& 5 IBHERE AR DG A 58 5 X 5 i A3 b iz, &iRiR (40.1°C [104.1°F])
LRI & DR B RB B L ORI (PCV 23%) RO bz, 1REND 5 HIZIC
TR G5 IS E TEAL LT, B 7 7 U > (20 mglkg [9.0 mg/lb]. 1V, q8h) DK A B
B LT20s ) BRIRIEMRIZEGE Lo 7o, RED H MR R 2 A RIHE S BIBREALIZEE D &
. BAETRDIHM ZFRET D E 2 . AIDOFNA 6 9 HERICHEM Lz, MEREmA (4F

KMER L OMRKUER) (X2 TH -7z, MRRFERORAII R L2~ 7o, 2 ORERT 27 2

Ak L7 BERS THATATRE & 72 o 723, ARWFEDITE L L TR RS & L7z,
21



MmO T (V=ha s a=F—=60l, IXVT L NAFZ=1H]) [ TINEOMRETFH)

L— 22, 38X WM4aTHY, B T-LIVDH IZL Y | REFE D 5V MT R DU

TEONBHORER bR bR o7, T D DIERITIL, 6~24 7> A K SEMER 228t

1o 8D RNEME & HVMTRBE DGR O AL TW e, FREEEMRA TR O OB

DFREEILBRDFED DAL, BEDOHERROZHANBFIFPICHR S, 205 b 2

1T, BITHRRBITIR > T2 b D DR 2 (TR ORRE DS EAL L. 1 BNFSNEHRED 4 2 A &I, b

7 1B 4 FFERICFET L7 URERARID Ao 1 BT 7 221272 G5 ~D#ETTZ R L,

SAEHER D 15 N HRICIRERARBITRT Lz, & BITHI0D 2 B TIIAEMER) 7o A s o

TR AL, FMEHRED S 14 72 H LIRIC Gda ~ L AT L7z, F8 0 @ 2 B TILBHEE O

22 BN 24 A OEPETUEEDRD bR o T,

2—3—11 FeMI72 Ul B X OVFLIZ2WC (Figure 2-3)

SBHERRIC L A EIEDZRD H7- 709 SEF D 5 B, 92 fFl (13.0%) T Ul 23, 48 5] (6.8%)

TFI RO BT, 3561 (49%) TUI & FIOMERALNT, GLl~2 DOEIEER] 270

Do 5, 1541 (5.6%) T UI A, 941 (3.3%) TFIB@BOLNT, £z, 6 6] (22%) T

Ul & FIORGRA DI, 20 9 H LHNE 2 B4 5 FALES = 2 — o U MR S,

S 52 L5-6 D IVDH IZREHE L7, RATH 72BN H I 2 1 5 FHlfEE (B OB EE DIHE K

ENLFHEFI O EIROIHR) 12X D FI 3580 bz, 18 BliZE T DI DIEA A LU
22



Ty ThHDH :T11-12 (n=13), L2-3 (2), L34 (2), L5-6 (1), G3 DlalfEER] 171 i

Do B, 9 (5.3%) TUIA, 561 (29%) TFIBN@HHLNT, F/=, 34 (1.8%) TUI

EFIOM G NRHR LN AL BN T DIREDORAESARIILL T D@ Y TH 5 :T10-L.2(n=10) .

L2-3 (1), Gda DEHEIER] 82 Filod 5 B, 12 451 (14.6%) T UI A, 6641 (7.3%) T FI 23380

bz, F72. 461 (48%) TUI & Fl OfENRA LT, 14 BIZIIT DIREDFRA A

IFLLTFOI@EY Th % :T11-L2 (n=13), L2-3 (1), G4b DEIESER] 76 1D 5 B 14 5] (18.4%)

T UL 2, 81 (105%) TFIARDLNTIZ, £z, 661 (7.9%) TUI & Fl ODWGHHRH

iz 16 Bl DIREDRRESHIZLLTO®mY T 5 : T10-L1 (n=15), L4-5 (1), G5

DEHEFERF] 110 D 5 5, 42 6 (38.2%) T UI A, 2045 (18.2%) TFIARD LI, F

7=. 16 f5] (145%) T Ul & Fl O JiNAH BT, 46 FlIZIIT DIREDIEESHILLL T D

WY THDH :TI0-L2 (n=39), L2-3 (4), L34 (2) HDHWETI0-11 & T12-13I2k175%

VR (D)

ANEFFIFIC I 0 EHE LI-ERO 9 B, Gl~2 OREFO Ul 2 23+ 5E4 (5.6%) 1%, Gda

(14.6%; P =0.006) , G4b (18.4%; P <0.001) 3 L TF G5 (38.2%; P =0.006) O % D & bz L

THEIZKETLTW:E, G3D Ul #ET 2JEFOEIE (5.3%) 1%, Gda (P = 0.011), G4b

(18.4%; P = 0.001) 3B3XLV'G5 (P <0.001) DLl L THEIZK T L TWe, G5 D

Ul 2 27 2EFOEIETX, Gda (P <0.001), G4b (P =0.003) D &g L THEIZHY

ML Tz, G1~2 OJEFID FI % 23 5|5 (3.3%) 1%, Gda (7.3%; P <0.001) , G4b (10.5%;
23



P=0.016) 33X UG5 (18.2%; P <0.001) @D &l L THEIZMK T L T\, G3 @ FI

2T AEMOEES (2.9%) 1X. Gib (P<0.001) BLUG5 (P<0.001) O DL #EL

THEIZETLTW:E, Gda D Fl # 29 HIEFOEE (P=0.029) 1. G5 DL D Lt L

THEIZIETLTWE,

HHEPINZ Ul Z2 L TCWOIERNIT 7T I ThH Tz, 7F—YDOPTRAZTRDS L2V | #7eys

FTCHEIRT 2 KV AN T LE 5 LW o TERDBFEO bz, £72. FI O—EROERF]T

3, EEIEESE L TV D N &S E SRS THHE T & AV ERIC, MR AR L TV

WIEFI b RE® b Te, Gl H R 2 02 L35 X9 OGN B/ h

7,

2—3—12 HCWY)

G5 DIEGID 5 H 5 HIT, &itk, B, B3, SM2EH 5 WITIEERIS T 522580 3 O

IS, it 1~12 MABICR D OND L9l oT-, 2055 16ITIE. AR RS 12

MABRICHEHEOREOAE DY | BREOW L REREVRNZIT) Z&LRolz, ZO

FEBN PR LSMIIT B SRR biieino7z, Bl 1 T, SAEFilon 8 Ak

DOFRIENAEZER D H Wi 258D 7= 7=, DRI E1T o712,

24



AKRIFFETOFRERIL, RE, (KE., FHB LOYREORAELSMICET 25 IVDH Ok

4[4-7,10-12,14,16,36] £ [AER DO & D & 7572, —BE L THE ST 5[57,10-12,16,38,41] &

DN, AWFFEIZBNWTH X v 7 27 RRRBBEE LT WRETH -7 (80.7%),

IR OFEFNC I W CREEEER S EE T 208 9 2%, S IRBRAICE D < R R o A 5

DIk EEREECH DL Z ENEL DIFEETE R SN TV H[13,14,20-22], LU,

R R DR FERIRTHE I — T OB D DMK & o 72 e A FES RO A 1L 45 5

SINTELT, FERIC, ROGEHRETOWRE SN S 0TV [13,22,31], AWF4E0 B

& LT, TR ORTERRIHED 2 WITEA IO b O 2 2 RIS IA L

T LD MR ZRRE DS BEBRZE BB D L VMER T ORR 7Rl & /MR & 975

O BT 7 L — ROPBRER AR LT,

AWFFETIZ. Gl~4b DIEHID 620 1D 5 606 B (97.7%) 725, G5 DIEFID 211 il 5

5 110 1] (52.1%) 23, AAEHBIFRIC L 0 R TRREE I o T, T D Z &Ik, ITET Gl~4b O

G TR ERDIZDDODRWTFRKR T LD 2L AR LTWD, iAIG2 ThHho7z ) bd

7 FITIE, AATHEREIXEIE L 72 b 0 OB RGO BAEE D3 UE Lo 772 SBHARRIC

L OARRFEHICEE L TWRNWEDE Lz, ZOLIICERT D Z & T, BT AIREZRJER]

ICEBWT AR FEH B ORBEMENH D Z L2 ZB L. AREEEIT Y 0 E D Moo

WTO XY BIENRERE S,
25



BB OIEFNTRT LTk, mitgikds L OVRIZIs 1T D IRal O R & O 3N 2 E B < AT

IRETHD, & bERZVEYTITTIE, WEFEOERISE R TFFHINE O RN X

OSGHAUREAN 2 T 6/ NI S O PRI~ TREAT L, FRERURIS 2 TER 9 5 [43,44], Z OFREIKIT

7] CREEE PN DRI D BRI K- Tl S, IKEE A~ EHEA LR E 72135l THBESLUR

BEHEELEMNO=a—a b AEET D, 20X, B CIIAFEAICIES

AR L O% v 7 AVEORRTASER 2 H L T 5 [43,44], & OJAHEHIC M S50 AR E 1

R HRmIIIELA ELLNOFRISER T PEESND Z LIFBEZITS VR, E

BROFEIRFITILZ O Vo TeFERARBDO LN TN D, Fox OMRFHINFETIT, ZL—F 4

DYLDZEYT 7 L— R da L 4b (2K L, ERMRA TOFEA RN EER G ORI OWRE. H

AT X EERIZRIETO TR L L CTHW TS, Gab OIERITIX. iDL & 3R

AL TWOAEIOREENZED S, 23 i 18 5l (78.3%) T—EH L TW=, DI &

G, TRESR R ORHENE S D TR EBIRZHIWT L 22 D08 REVRRE AL TH D42

R DSE B TG K D2 N EER G 6 . FRBIEALOREICAHTH D Z LIRS

niz,

AWFZETO IVDH OZWiIL, FICTHEMEEMREIC L VTR0, —HOER TIL, E%

A ORI ~DIFAUS & 0 FEM 227 AN EET D - 7223, ETOIERNIZ BV THBEOEE

WA IREST D Z N TE, IVDH I X 2F T EREOZEE L LTRSS a%)

Thd I ENFER SN, FHEXRERICEMED D WVITMRZR BB b
26



JEGIZS 6 Bldo 0 . 1 BPNIIEL, 2 Bl THREFAVE(LDOIER 255880 b, ERANT & 5 RIEK

SIS T2, HAHWITTHENEDTLEN H > 7272 & B 5[45,46], EEBREICLDE

OHEDIAERITENS DD, FNFEITH L TIIAEL S DY R 7 ZHANIHHTRE TH D,

ARHER D) LIEBNC BT 5 TTA O TRKF- & LT, ABFJETO 7 L — RHEHEN

WIS TE D E I & Lic, BHOEIE (TTA 28 14 HEN) 233 50D IEF OFIE X

K<, PR 7 L— RONEJEIZ 2 D125 T TTA OFHER Il EL eo Tz, 7

L— REOZEMREIZEL D, IETD 7 L— RGN TTA O THRIEEE L TRIHTE 2 &

PRSI,

AFRHRIRD 1 B ICHERE OFHME 21T 9 2 & T, [EHEAEN 2 "TREMED & 2 FEF] D

FHRIFE L 725 Z LS STV A[20], = D#E[20] & [FkE, ABFEICBWTEH, G5 T

& D AFHRIRIC L D EHED RO HIEFIDZ < (89.1%) (F. 1 A LIPIZIRERE R DR

RO BTz, FreAITIREE TN E L T 2IEF O EEIERE D MIEIZ >V T H R E

SINTEV[R0], ZOZ LIXHEE LBFRMOESRENESF LTV, &2 WIEERIA T E

TLZbDLEZ NS, FHATIIRFTNZRFREE TELLS LEX 6N TEY | iR

L7e R, M. To B THEMZ U L7-BRIC A DL 5[20,47-52], Fx OBFEIZEHB N TS,

FEHIMICOZ D R AEAZHER L TV Ho 6 FI THTHRREOIEITE, X UHIkE O

TR B OBEHNBD STz, ZD 6 FllE, MWEEZRD EREEAIRY . BIEMRYER

BERE B EITE LT ey, MIREYZRIREEDSGED DTz, B HIZ K SFH R 2 RERR 7 D
27



HEPRHDITHED L THITHEEDEIENR A DI, HOREDOHIREFENBOHNDL LD

D BN PEIREREZ BIE T 5 Z L SR TIXATREZR D22 h LRV [11,20,22], 2D Z &7

5. B2 R R O3 38D H 5 T-L IVDH OJEFICBWTIL, 72 & 2@ OFEIE

MDRIADR Lb BITHRELERVGL 2 ENEZOND, SITHREEDRIE 2T 5 72

WIZ, IANAEDT =23 D& ) BRI R IR 2 L b H %,

AFHBIRE RIS D2 WIFRORERREVERFEL TRBY . BWiRa/- L% LT

DICHEED BT 15 Bl TRBEHIZR MR O FRIE(EAGBD S, €D 9 6 1HlIL G3 TH

STEDRHBIZPHM Z23JE LAETE L, ZHHDELDFEKE L TEZBND DL, Hhbs

R, T~ OMEEAS OREE . HERIBORILE O “RAYE LR 2 1~ DR 5,

FHEMIRS . FREE T O/BE O RIS X2 FHRE, TR O@E LR TR OBRME, T

HIEZEIT DA OHE, & 2 WYL RIE, T, JE%, Z2VEMEFF#EE (Degenerative myelopathy:

DM) 72 &, ZWrT& Do I BAER R R EDMFE L T e AlRelkE © & £ [53,54],

WO LI HERIIR M E 2 PR BT D EROSBHIERIEIC L 0 | PR 2B L Z -

72 & B R BIDIEGIDS, ABFZETIL 3 FIRRD BTz, Hilt DA [S5INT K 5 & | 1M 72 T-L

IVDH (2%} L C lateral corpectomy %1757 15 BiliZ35U T, itk O — K72 B 23 22 < 5B

BRI T ENRENTEY | WOBEISOBERNR Y X7 $hiRp LS b%iEK

WREIZE BN s, £io. @RI O R VEERIED IR E H LINIZEED b

TIEGIDS 1618 Y [56], FREREDBRORRAEIHETH D LEZX DN D, ZD X D REIRIG
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I, WUEDE T F L AR VEBIE LZERICHIE Z 5 Z LA ME ST\ 5 [41], Bl

ikEAR DEE B A LRI T o o 723, SO F MR ML Z > TV 2 & 9 2E5Es

IR CE Ao T,

ARWFZE TRV BMERE 2 7R3 T-L IVDH Z238JE L 72 &S D 7 = /Ly = s 2 —FXF— 2BV,

firt O FREAL Y 27 Bmn ko IcBbihiz, vt a s a—F—86IlD 55 64 (9

Ll b Gl~4a) THOREEAEDLNT, IFRICSOR2FHOBRGEEZT L%

JAR B0 B Rno 7o, 6 MEFIETIZIHUWT DM 2589 IRERRIEIR 23 Y . DM D]

REPEIZ DWW TIIAMVEHRRE RN A\ & DFE LB WA 1T - 72[63,54], DM DI LERIRSELR

X B, TS HRE. HAWIECT. MRIIZ X V1T 9 2, FEE 2R A 72 54

DULETH 5, DM ORE 2 EEREOEIL. 6 °H & D WIEFNLL L@ MR el 27~ &

5 ISR ORI TH D, —HINSEXRA TIIIERITRTH Y . —EFBOMERF Tix

WL DOHERIR S RO B D b DD FAIER DO FEHRE TIERW & 2 5115[53,54]

ROIRSTHDE, 6FIOT =/ 2« 3—F—OFANRFIGED bV e HERR D22

X, BT TH ST w RN & 5.

& HHFFE38] Tl TRERIA T 2SFRAF L 72 AT AN AlRe 72 RISt L CHIHES BIBRIT 21T > 7=

FEE B O UL & Fl ORAERIZIZNFN 78%, 3.9% ThoT- Lt HESN TS, Fx D

WFRIZEB N T H, MEFR 7 L — 3 ES% (G3~4a) DIER TIXFERDOFE R & mo7 (£

LI 8.2%, 4.3%) [38], BUDHFFL[20] Tlk, HWEHR R ZEIE L, 7O TRHE & 72 > 7o hiE
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B 37 BITD Ul & FI OFAERBPREINTEBY, 212 61 (37%) & 15 B (41%)

Tholz, AWFFELLHEEL THD E, G5 DIEFNIIIT D Ul OFRARIIFEEEOFKERTH-

7= (38.2%. FI 1% 18.2%), AMFIE CTIL LV B i 2 1T-> T, ZEiE

JEFOMBOUI E FIOEWI 27 LEEL TS0 L Ebis,

PEEECHEIR 13, BRAUH Dt & SR OUE N RIRFICE Z 5 Z LIk » TITbi s, il

D ETPEEAT 213, AMILPIFERI Otk & . WG KO EBONGRE, & DIZKIMEE D

5OHNC L D ERORER OB LI - TR Z 5[57,58], £7=. HERITAIL. BEEOIL

i & FERIR O5hERIC KV Z 0 IMERC & D PEIR X OISR I 2 [59], FHERETE 2 2

DL IE OREEAILE S L. BEDE & JRIEDORTT O T L. RIERZRPEIR IR 0 P

ZEA M < [67,58,60], i DHERFARKIL, @E ORI LADEB) = =2 —m U HETH D |

PE~DERZZLIFDEHEL TNDLLEEZALNTND, Led-> T, FHEELH D

RTIIIEBE D Tt 0w IR DIER 3380 b D, FREBEAZE Z Lzt Mk 2

PEEHIE Tid, —EDRIEHHLZ FE > TRl A 22 HEIR 7 O IUHE AL B 22 8 2 £ 9 PSR

B DULHE & o 7o FEIRREIRY 22 FREFERIF OEESFEO 5 TR Y . ZORER, BRI

oo

FEWEDWDIIND Z L33 D> TUWAH[57,58],  HIZk b T, FHEENE Z 72550,

PRAEIEDE D B E LB O BE PR L TN D 2 b 0o Tnd, ZTDOXHREET

. ILMERO~ 2 A U —BREICL Y | FERIFHOTEE D BN ERE & FER O R 2 7R

T ERH L E 75 TV AH[57,58],
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EAEE) = 2 — 1 OARFERZBEG Fl 24 & T, B O EE L E O U

[EE DM, ERG~ORTEBIE AR T X DAL oshfz, SMLFFERIA O B #ERYe = > b

P —/UREREDIR T 72 E5F80 b1 5[60], FRERG A Z Lzt b Tk, B O i & 38k

TEP, PHERFZERNICE T 20N TERY, 2D, HRENEXR VNI

TEWI 22 24T > T 5[57,58], FHEEEGZE Z L2 RIZEBIT5 Ul & Fl OFKERS .

EFTHLNDLBDLFERO LD THD, ZOXIREIHELY TZHIZ, RIZBWTH

BAERSER e (ILMIEE~ 2 A b U — BEMNERE, HEXRE) S8ETH D

LN A[57,58], Ul £720% FI & 5 10 EE, EICfVEORBI SO TRE L,

—ERILERSIC L DM E WMV IC L VITo72, & hOLGE LEER, PEIRISFAD 505 fEF] T

(T, IS~ U CEBIA R PRR 21T 5 2 & THEUIRPRE A IREL 22D, 2D

YO REBIChbE2EMEICOWTIE, KT VHEAED D Z & T, fAWVEIC L DRI

FHHOWMPAZAT) LW TEDLHDEEZX D,

W, MEREFOME L L TR Z 2BEMEDTERRINK LML B, BIEC

ARNLVAZE L TWOHEMCRO LNDFEIEITEITH H[61], Z DL 5 BRAPHEITH TH D

B HEWICHFRIZD, EREOBRELZFHET LFHVECIZZOY AZIZONTHHALE

HRETHD,

AWFZECIT T DHIRE LT, 7 —Z OUENFEREH T o 72 2 & A7 S IR A I

SLHEREEBEA 2 T[35,62] HNTWRaWZ ERFETF N D, S BITHBRFAN G2 EFIZ S
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WTEEBRZRFHE L 720 | FERICOWTHINATORE L T 5 2 & oo, D5

BHIED TR TH D Z LT L TV D2, VWEOBANL LT, BENLEEICK

SAREREOREZ XRS5 Z LI TEETH D & b5 [40], AFFZEIZHWZ7 L

— NPT, e [40, 271 TREH L TV D 28, BIEE B L OBIRE NI L 5BIRERE

FAMEDREEZTT > TV 722 [35,62], & B2, AWFIEIXEIEEIIIED 7=, 2 aiekiZiiH

L7-REROER EEARERDE AN L 32> TWRN[B3], 2 Vo7 EHRIZTKY, FIE

DOFLEE &Rl T DB, FFIZ G2 DIEFNZEBWTITEABNAEL D Z & L2015 5[63], AT

ARETH V| BN PEEO RN 2 23EFIT, 49 LHRMERMEREITE AR

MH LRV, AFETIXZOREZMEM Lz, AOFZED 1 SO HBYE, ARHEREIC

BATHREEZ [H1E. & D WITHERF CX72JERNZIIT 5 TTA & UL, Fl ORAEFROFHMITH 5,

F7m, —EBOFWTIIEREREICT T ALES T TR, IVDH OITE21IED 5, HDHWT

IVDH D5 %2 THiT o L nwolc itz L 52 bbb, 2D LD RENNEIL, ATREZRFR Y

IVDH O B3 DfEtk 2 e/ NNRICT 5 Z LN TE O THhIVUT, BN O PR O Rk

WH-oTHLTNETFRET LD LEEbh 5,

BERHEMR OIS S L Y | R RO IS8 2 ST LI TEERA B 2 6

N5, AHFZRICBT 5 EMFHES R OR/IMEIZ 12 728 Th A28, BEIHTOH CWrEIEo

HORERZFMT 2I2EIAR+0THY . SHRLEHTHAEICL D 205 OFARNEEM

L7=b LivZevy, 72, TTAIWCOW TR, BMTRIREE 72D £ CICEWIR (6 2ALLE) »
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Do T EFI TIEE N EOFLBICESEFHH L TV D72, — A ERERbDbH D, 2D

EORES X B R/NRIZT D72, TTA IIAMTRIRE L 725 £ TO BEOFFHIZ K 5 el

Z1T->TwW5 (0~14 H, 15~30 A, 31~60 H, 2~6 72H. 6~1222H), TTA2S 6 /7 HLL

L DSER (0.4%) OFEIGITD 720D, RIERMEZRFHMEIZ LY TTA OFEMEICREZ RIF L T

i

WHATREMENE 2 b D,
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2—5 /IR

%2 ETIIH S L— FOBIEICE SO TR LIEZHDIEFIFZ OV T, —EDHIETD

WL W, — NDOIBHEIZ L DF— i L E B, RELBBIA L 72 mTilRiz 2wy

BHIBRBGFO NI,

ABFFETIE, REVRREOMFAET 2 GL~Ab JEFIDIZ E AL (97.7%) HAATHERERIE 2 L

To A REN LT, AWFSEICH1T S T-L IVDH (9 2 Big 2 i L ORI O R S 2§

& & BT, FRZZNE THBR TH o I IREVR R O /M TOHKLH %L TOHKTRIZO

BPAFAET DIEGI 72 ETH->TH, HTHERIED FIRMENEWFIGEH She, it

AT OBATHRRE IR T 2 P& PHIAF & L CREVR R ORI O EE M2 ik S5 b o

T D, WBEDOHMIEHRE T IO I IRERR R AH IAEG DT RIS ORGSR — B L7220 EE

B L LT, RYED —E L TV R W ERERR R ORI 25 < PRRHE M T T o Refk

IR LT,

Gl~4bJERIFED 2T L — NiZB W T, BHITHEEEREIEFICU 1, F I EOAIHELZ Y

IBHBZ L HERLT, . 7L —FRBEOTTA, Ul, FIZOHEEDKEEBEDOUWL DH

THEZELZEW T Z &1E, EEVEEOAELS O R 7 L — B oA M2 7R

ThER LR oTe, THET, REIRR OGFET DBE~HEE D T-L IVDH JEFNIZEB VT,

TBRE SOV TR IR T S 7228, AWFZE T, LV BIE THRHRIR 2 £t 45

AUy NERF I ERTE, A%, Bix BRBES X UMK i & LR 2 B 5
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BB E D LB BND,

R TRER T D[RR 3588 B ZRWERNZ I £ KRR 2 A L 72 iH eIl =123
ENEROD L AT N T—E OIERNZAITHRBEDRIE2SF0 b D FEI R ST,
ZOREIFA %, FREZICHT 2B Y T — g 7 EOMBIRIESCT R AR
EDOWIFRDIREPIM BN 2D LB DD, S HITANIIE TRD b/ bkx 728l &
URME PHEOFLEKIT T-L IVDH OIRFEORERIZKNCEMRT 2 b DO TH L L E X b,
AWFFERRIL, LT O18 Y KEOFAEEC i S 417z, Aikawa T, et al. Long-term neurologic
outcome of hemilaminectomy and disk fenestration for treatment of dogs with thoracolumbar

intervertebral disk herniation: 831 cases (2000-2007). J Am Vet Med Assoc 2012; 41: 1617-1626.
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Sub Neurologic deficit
grade

1 T-L paraspinal pain without neurologic deficit

2 Mild Ambulatory paraparesis in which the dog can walk and run but clinician
can detect a slight to mild ataxia or conscious proprioceptive deficit

Moder Ambulatory paraparesis with ataxia
ate

Severe Ambulatory paraparesis with obvious ataxia and the dog has ability to
take several steps without support

3 Nonambulatory paraparesis
4 a Paraplegia with intact deep nociception in both pelvic limbs and tail
b Paraplegia with intact or decreased deep nociception in at least one of
the pelvic limbs or tail
5 Paraplegia with complete loss of deep nociception in both pelvic limbs
and tail

Table 2-1 Neurologic Grading
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b

® racover ‘ non rgcover

Grade 1-2 (279)

Grade 3 (180)

Grade 4a (84)

Grade 4b (77)

Grade 5 (211)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2-1 Proportion of dogs recovered
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1.7 22

1930 AP 6.173
T W T

Grade 1-2 (270) Grade 3 (171) Grade 4a (82) grade 4b (76) grade 5 (110)

8.5

Figure 2-2  Time to Ambulation (%)
a,b,c,d: Proportion of dogs displaying early recovery (0-14 days)
with different superscripts are significantly different (P<0.05).
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Gl-2 4.8 (4.2—55) a 4 1 10 a
G3 7.7 (6.6— 9.0) b 7 4 13 b
Gda 10.5 (84—13.2) be 10 6 16 be
G4b 12.1 (9.6—153) C 10 3] 21 c
G3s 21 (17.3—25.5) d 21 10 45 d

Table 2-2 Mean and Median TTA in recovered dogs
a,b,c,d: Mean or median with different superscripts are significantly different (P<0.05).
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®uUI " Fl ® UI&FI

b

14.6
BC
a
@ . AB

ez mzs Ale B

Grade 1-2(270)  Grade 3(171) Grade 4a(82)  Grade 4b(76)

Figure 2-3  Incidence of Ul and FI in recovered dogs

a,b,c,d: with different superscripts are significantly different (P<0.05).
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93 RS HERI BRI MR L7 il AR M RTE I 361 D P RERIE I O R

=i

i

3—1

i

i g ME RS ARG (Thoracolumbar Intervertebral Disc Extrusion; T-L IVDE) 1%, 8RS H o562

PERFE Tl BB A DN D ERIE R TH 5[1,3-6,11,12,14,21,64-68], HMEHAY 22 R BETUE T

&M U 7 HERIAE DR EFTIE<HEHA SN TV DIERIETH D, B RREMERIEICE

WU, HERIAR D ZENEIS & 0 HERIBR DR ANE Z 0 LW MEAICH D . LI LIS OHE

BRI, BRx 2RI TRAET 5, SMBRRTFRERIENTIC & 0 BIE L7ER O —FTid, #

DIRLEZ S T-LIVDEIZL Y, FsMEoFREtEE (Spinal Cord Injury; SCI) #EZ3 2 &

R H[11,12], T-L IVDE (2B U 7= B30 SCI I, BLRTOHMERIBGRI AT I 331F B 77E L

T~ BERE DO W72 DI X 5 6 Dy, & D WIEBIOHERIR O %ML (Second Disc Extrusion; SDE)

WX THRIET D HDEEDLID[1L], ZHETOWICE D &, BRI &2 5 T 7= K

Do b, FAFE LB G 2 Ot 4 BLINTH Y . —J7 T SDE 25 = 5 D1tk

FLIRE & s STV AH[11), B3 SCI O EAEFE 1L, B OFFEHER 2> D IR = DO

Lh PO SR E TRix Th D, B3N SClI DA, WIMORIER LV b EE(bT5H2 &

N \N[11,12,56], B E O FFENE SCI Z F4E L 7= R TiE 2 [0 B OSBGOS & 72 5 73,

—IOIEFTIL, TERETHSH. FI3WEOREL 22K (R EE ., e a )

ZED . ABRRRZZT DEEN G2 500, HDWVEREIL LD 2 L H D[12],
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FEFEMEOHERBOR & Z AU E S BFINE D7 < 75720, 18 B OSERIBERHZ T 51

15 751f (Prophylactic fenestration: PF) & S&fii 3~ 2% Z & 23SBHEIZHE STV 5[12,10,21,67-74],

PF 13, @ EDOHIZE THE ST DHERIBORIL DA AL EMfm S L, GOHEDIZL AL

F = 572\ \[67,69,10,16,75-77], PF Z4T 725 1= & D FREIL 2.7-41.7%, 1T -5 B D

PRI 0-24.4% & OHAENH H[10-12,21,26,56-72,75,78,79], LA>L., —HOMFZE CILERR

IEROFEHRZHRELER LI OO L HIUE, B L IHEFR OIS 2 R L ER L

2bDb b5, ABRE AR T2 TH U 2 TOHNBRIBIENTZ i L7z T-LAEFI[11]726

BTN ATRE & 72 o ToUE AR IE RAE[12]. & 2 WEBBRFHAIC K 0 BIE D3RR S AL e

72 E[68]. MAICE VR D, BT, PF 24T o -HERIM O EdH D\ TEML, ik, g

DEM; L~ BEE, ¥ T AVEDBEMRIC L VR TH S0, T 5 Z &N

HThbH, ZLDOWRTPEREMEINTITIND DD, ZOIFOHELE I 2 Hiffr, HELE

SNDHENL, APHED Y A 7 7o EWfEICHE T D H D1X 72\ [10,12,56,18,80,81],

AWFFE TR, S OCE BB ERFED T-L IVDE JEFNI T L, BEUER 72 FHaIHE S o151t &

PF % 1 AOAEE (FF) M7, 1JEBOARBIENR 23 T L 1L OB S

FRETdH - 72JEHITO T-L IVDE FFER % BRI FEAN L=, AAF%ED B, (1) kg%

KEMERFICBWT1IEREBIO2 EEHOARHREBME L 725 K 9 72 T-L IVDE OFEIERD

Mzl 2 2 L. (2) PF &3 L7 EAL & F2hi LR WERLO EH 6 THEE Z D 7

DPERHlid 5 2 & £ LTE) PFICHE D AR L ORI EOHEIC OV TREET © 2
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ETHD, FoxDIGRIT, PFIZLETHY ., FRREZY 5 DHEMBORG 2 L, 2 ER

DOABHIEE RN MLILL 705 K 9 72 T-LIVDE OFBERAZEK T I8 085D E0H DT

b5,

3—2 MEBIOHIE

3—2—1 JEH]

FHEZMEB LI ONEZIIMRIFAEICEL Y T-L IVDE 23HE L TEBY . F1IHES YR &

PF % 32 L 7= 883 JiEff (2000 4 8 H 726 2007 4F 12 H £ T) OREeRA 28 L7-, A0F

FTIE, U ORBRAEE - L7l RRBMERIE 2R & L« wamditiisk (v

TFNA b IR AT K OMITER OMRESERIRRER) . BE a2l (AT X R, MR

BLOTETZI MR, SAEHENR (MERIAR OBRBLERNL & FIIHES BIBRAT O SR AL . PF 2B

UG OHE, EMIIeRER., FRAED 2 VIV E, B ERERM~OE COM XY

(&% 1 FLLEOBERRENS, WERRBIERML, HERROEBE LM 2L U % KA,

B D WIHERIR OB = 0 oF W RFlE & EFE LT2[1,3,6,4,64,5,14,12,21,16], #FA72

FIEEZ 7 L — K (G) 1205 G5 IZ/0¥H L7-[40] (Table 2-1)
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3—2—2 FIHESBIBRITF X OVPF

SAEFFANIIF IS A ERICER L7, PF OEREZAGIZTLOHENE0OT 7 n—

FHATUY, T12-13 75 L1-2 (2T CTEA ORLAEER T H 5 BIFI 24 2 FIEE U 7=, MR ER

DRz FIZSE X 0 Ol L, 23 R U WIS &0 85 5MA R IHE S BIER iy 217 - 72[16,17,41,56,80].

PF X T11-12 725 L1-2 IZBWT A A& W= B X ViTo 7=, —EBOMER Tl L2-3 B &

W L3-4 O PF biT-o7-, B2 AW CHESRICA S L= 2240 2Bt L. BhErrt &

FHENIRZFERI~ZES| L7217, T11-12 B L O T12-13 TIEEIMAIN S, T13-L1 B L O L1-2

(L2-3. L3-4) TIH G SfHEG~D T a0 —F %47 - 1=, BZOF I CmiF T 11 B A

AT RV M A BIBE L7t BB DA Y —F 2Ly FEFRAL, MIAAELEZ R

WO LTZBAEEZAITV, TELRETEL< Ol ZRE LTz, BRI DN, K TR

k% 2-3mm OE B2 D K O ITHESYIFRERALIC AL L 7=,

3—2—3 BHAE

FHFDRLAIZ DN TIE, G3~5 DIERF TITEREMM L OMEIE, B PR F L OBT W REIC 72

SToRREZ | G2 TITEB KM ORI ZBIRIC A TEIE L2 b D&, GL TIIFHIR MK

LEboah Lz EE LT,

BIEHNZB W TEITNDS 10-14 HLUNIZ, 348 Z1T O & & B ITHRFERIMREE{T -7, A8

Dkt 2 7l 5720, 36 » HOMIT L » A £72132 » AR S ITHMRE LI L7z, 1B
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WY (2001-2010 4) 1%, A2 1 EOFBRAEZITV., AiEIOMHRENS 12 » A2 B2 TH

BRAEN TE RN TEFIC OV TIE, W EETITHEMIHEE~OEFIC L HHE I %

1To7c, BREICLD2MEIMY ONFIILUTOMEY Th D : MR FIEEPHZRICAHALND

P FTIIPER - BHERE IRV MR KB O EAE L L OFEE ), T-L IVDE %R

W35 K 9 2R3 B D WIS R B L O D 72 D),

RAFRYIRIRIC L 0 3 R EHEB O bivT, B ZEE D X O PRI (G2-5) D

ez R LIz RICx LT, FhiER A & AR 2 3205 L 7=, T-L IVDE (2 X 5 i3k

SCHIZX Y, FEANBNEE 252 - ROBEEEFI L=, AT, 1EBOFIC LV [FIE

L. 1 4R EoOIBERRA A ATRE Thx> PR SE M AL BARE 2B & FFRI R & Lz, 2 FEH

DIMBRTEN 22 50 L 72 BRICix, LT OIHE itk Lo ; FhOERRAAT A, v I

PO C & T HERIBORBIERAL, RO FI2: 6 ORGHEIFH, I5XL T2 R (bW 3 ER)

DT OFER, HERIROBRPLAS, BilElEAL L7250 SR = > 7200, D WILPF %

et U T-HERIBRICHEE Z o 72 07>, £ 721 PR 2 5206 U 7o HERIAR D B U 7o ERAL 70 B 72 EBAL

W Z ST DE D DERET D120, HERMR OGN 2 7/l L7z, SAFRHRRZ1T O 2

ERLKEE L0, HEOMHRFEHREBECHEFME R Z 7~ L, T-L IVDE IZ X 2 FRMED

SCI NEAERICEE DI D & 9 RIEFIIC BV TS RIZNEHHAZ I L, T ORAERY

A L 7=,
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3—2—4 PF EaHERIAAE (PFdisc) & MESEaHERIHEE (non-PF disc) o Ebi

1 B H OFMHRIC T11-L4 @ 6 HERIHRIZ I\ T PF 2 &0 U 7- HERIHRE (PF disc) & 320 L 72

Mo T-HEMIHEE (non-PF disc) @, SDE OREEREZ LG Lz, 15 B OFHRHZ T11-L4 T

D7p L b BHEETO PF 232 L, T OREIENFED HIER 2, HERIZE D, *

7=, PF % 0-1 MERIMIZ 320 L 7-RE & 3-7 MERIMICS20E L 7-REICB T 5. 1ER O RN G 2

EROFNZEM ST 5 E TOMMEZIE L, 22 TiE, BIOBREMIC IV A RHES DIk

WrfToA, PF 2566 L TV W 6 IEFIN G TV 5, PRICEE L 7= ATk L OEY

HIZ2 M1 DA OHIE, SEERALE T L OWE R ZRd L7,

3—2—5 HEHEMNT

PF % %Efii L 72 HERIA & F2hE L T2 W HERISIC F1) S B O FF S R OF I, x —SRME

LT 4 vy —DIEMEMERREIZ L V1T > 7= (SAS Software) . 1 JEH OFffind 2 EHOF

W LBE L 22 B F COMMOEE (PF % 0-1 HEFIHRICFNE L7-#E & 3-7 HERIARIC Ehi L 7=

BE) I~ Ay h=—REICLVIToT-, ABZEKMEIP<.05 L LT,
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3—3 fEE

3—3—1 JEH]

WO SRR TH 5 793 BHO RAVABRIEMEZ 72 L7z, REDOHFRIZLLTOEY TH

LBy AT7 R (67T1HH ; 84.6%, 666 DI =F o7 « X 7 A7 REBLXO5HEHD

AR =R e By J AT R), el o« a—F— (258:3.2%), 7L F « TR

v 7 (24 85; 3.0%), >— - A— (18HH; 2.3%), B —7/v (1784, 21%), ==y — + AN

=x)L (129H;15%), XF%F=—X (119H4:14%), bAoA + 77— K/ (6UH;0.8%). "t k

N R (28H0.3%)) d6 K UMRE SRR OMERE (7 87 0.9%) . Flio KL 5

% (1.5-14 5%, F¥J555%) THY ., 47288 (59.5%) MM (122 FH2 K2 . 321 88 (40.5%)

23 (107 BHANEEGE) T o7z, REOFRAEIT 5.6kg (2.4-34.0kg. 1) 6.2kg) ThH -7z,

WIZREOIERE L LT, 121 5] (15.0%) 25 ENCARIEITEE 252 1T . Ml kb L= Bsicb

< LB 1OULED T-LIVDH ICBE T S0ER 2 2 L TR Y, 6 4235, 7, 12, 16, 36 B &

O 37 7 HENCHLOBRIERTIC X 5 A RIMES GIBRIr OIERIE S & > 7=, T b DREFITIX PR

ITFEmEIN T\ oT-, 58D D 666 ] (84.0%) 1. @ZEIZ T-L IVDH ZRE4 5 L 57

JERITFED BTV o7z, MRRBEE RO HTH B YBEICHRIT S D £ TOMIRMIL,

1.5 17256 10 » A Th o 7=, TRTOMRRFH 7 L— FiX, G1 28541 (0.6%). G2 23 256

B (32.3%). G3 7% 174 {5 (21.9%) . G4 7% 152 5l (19.2%). G5 7% 206 3] (26.0%) T&H -

77
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3—3—2 FIHESBIBRIF X OVPF

P o T HERT IR B OB RS AR & 2 =08 23 TP SR8 D IV B a2, HES UIBR O

HPHZ LR Lz, FREEADAFHIC LS, &2 WIERRIEROBEHRE L 2> T D X

D T2 ZFEMEDHERI BRI ANTR D & T H B 1T iT . A& FT C A AIHES BIBR T 2 Sk L 72,

7] — DOHERRI B THIMRAPEDOFHEIB 2O b HEIIE, FhEemEIC L a0

FEFEDNELE T o 1o D 7D A RAIHES BIBRTT 2 5Eh U 72, W18 o> J-AUHE = BIBR AT 4 32kt L

TIEBNE 72 0y o 72, T11-12 725 L1-2 (27 CTHEEE T T PF 23t L, —3#OER| TILiB

A9 L2-3 E£721% L34 I2biTo 7=, @HE D PF FEHuENLA & B TR 2 - 72 HERI %

(L4-5 L v BMITD IVDE) . PF ®EfiZ 851 25 X 5 72 BEE OMERIR OBl £ 721X H

ST M ORIEE= > b v— s BAF TGS T PR332 L7 dr > 72[12],

1 H OFHRFIZ BT 5 793 D IVDE O34T LA RO Y T 5 :T9-10:1 41 (0.1%) .

T10-11 : 10 1 (1.3%). T11-12 : 117 fi| (14.8%). T12-13 : 205 fi (25.9%). T13-L1 : 167

f (21.1%). L1-2 : 100 5l (12.6%). L2-3 : 103 f31 (13.0%). L3-4 : 48 5 (6.1%). L4-5:

15 fl (1.9%). L5-6 : 2 f5il (0.2%), 14 {5 (1.8%) THIRMEITHERIBORIFRD b7z, 11

Bl (1.4%) THERIBRE 2N FHEE PICIRFEEPHICRR D B, IEMEZR HERIAR 0D i i AL 23 e

T& 7o lz, R MEOMERIBOR IO IAF T K SHEFIBORNLIL, L3-4 & L5-6 (ZA BT

2B &RE, TIL 25 L3 £ CTOMEMIICH A L7z, (Figure 3-1)

PF o 32 fii i AT U ST, A RUIHES BIBRIT 2247 - 72 HER] 1 G228 4 61, 2 & AT 8 il
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3 [&FT 49 B, 4 fEPT 491 f1). 5 f&FT 201 3. 6 &P 17 B, 7 AT 1 Bl TH o7z, 22 f T,

FrAIHE S BIBRAT 22 St U 7 SN LA D IERE 72 PR SN GE AT 23 Rk S AL 7R o Tz, LSO

771 BNz 31T 5 PF Efifafr O %03, 42 @i Cdh - 7=,

3—3—3 AFHRIEIZ LV [EIHE L7z 662 fFillZd51F % T-L IVDE O3 (Table 3-1)

FAHER BIBRIT & PFIC XL 2 1 EEHOFIFIC LY B8 L7 662 fil 27 M DXt 4 & Lz, BEHf

FAENEIL, 75 BITIIHERAEICL D, 587 Bl TIIHEMAE L B CTO/MET I ICL R L

7o (12-123 7 ., ‘447 7 H), Z0O 5B BREDBFED O 2 FER OFWN 25210 I AERIE

15 51 (2.3%) T. 5 b 1HIE 2 EOHENRBD BNz (EF 8), Z D 15 Bl RFEDHFR

3. >— e X—18H, NF=—X2FH, VL F + TN Ry T2, I=FaT - Xy IR

7 RI0BTH o7z, FEGT 111, 1 H OFHFT T12-13 12383 1F 2 A A IHES GBI & 4

@pT (T11-12-13-L1-2) TO PF 2% L CH Y., 15 » A%IZAHMIO T11-12 & T10-11 TD

BHRPBO LI, JEF 8 TiE, EEHICLD 1 EHOFI T T12-13-L1 (23T 2 A 18 1 IHE

SYIBRIN & 4 &P (T11-12-13-L1-2) TOPF 2 FEjE L TE Y, 17 » A#IZ L3-4 TOHIFEMN

BOBNTZ, ZORERNT, BIOERERRC LV L2-3-4 (231 5 A0 A AIHES BRI 2 52 1

BY., PRI STV 7203, I OBEIENED L TWe, EFICLD2HBD

P TIE L1-2-3-4-5 (2810 DA A RHES BIERIT & L1-2-3-4-5 TO PF =5 L. =D 12

i A2 L4-5 HERRIC 31T 2 3 B H OMEMIBGRI 580 bivlz, ZoMo 13 filicisi) 5 PF
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OEMEEFTEL, 1 EAT (60D, 3&EET (6. 4@ @), 5T BH)) Thoiz,

Z O 15 BT OMERISOREL O FEAERALIL, PR EhEEAT2s 1 41, PR Sk & Tl Bz L 7 HER]

BTN 8 B, PF &5 2 HEFMBEAL T HERIR TOIEED 6§l I LU PR it

i b 3 HERBEILT-HERIAR TOFEN 1 I T > 72, 18 B OB Z > T HERIRIZ 7R A

L 7o Rtz s, AT 5 & O e Hflide o7, 1EROFMING 2 FEHOFINZ Fhid

HETOHMIZ. 2 > AND 61 » ADO#PFHTH 7=, =D 15 FilZ RV NT- 647 B (97.7%)

T, wEOBHIHER S 50T PF EBIEMEDO R WFERIC &L » THLET D E T (EFEK

600 ; SEL-H 47 ; VHIBHRAIN 44.7 » 1) 2 FEH OFIR 2 42 & B FITBTHEE 2l

Fo9oZenTET,

IBBRRAE ORI TIL, 66 f1 (10.0%) 2AEFEZEEOE D L O REHRIERZ 2L T\ (GL:

36 51, G2:29 %1, G3:1%1), Zd 66 %X, PRAFAIIAHRE GEENHIRE/E7ZIT 7L =y

1-2mg/kg O#5) 12X 0 2 BELWIC Ho R EHERGEO biv, PIg, BARIEIRDSHHET S

Z &Femolz,

3—3—4 PFSEfaMEfIHEE (PFdisc) & MESZhaMERIHAE (non-PF disc) DLtk (Figure 3-2)

T11-L4 ® 5 5 PF % 3 f@EFTLL T3S L7z 654 il C, PF % 3406 L 72 5307 & S0 L TV 720

B COFIE R L Ll L=, 654 il 3924 tEFFOMERI D 5 H. 1 H OF4FC PF & FEii

L7-Di% 2757 t&ph (T11-12 : 527 &, T12-13 : 647 {4, T13-L1 : 652 f&pf, L1-2 : 639
50



&P, L2-3 : 236 AT, L3-4 : 56 f&AT) . FEhi L7202 -> =D 1167 T Th - 72, HHENR

Do HD 12 B, T11-L4 TORIETH o7, PF %% L 7= 2757 & T SDE 73

O HNT=DIE 1 EPT (0.036%) . PF %3 L7270y > 7= 1167 f&FTC SDE 28D H 72D

11 & (0.943%) ThH -7 (Fig 2), PF 2 %0 L TWZRWENL Tid, Fh L 72EBAL & ik

L T SDE OFALRMN262ETH Y . HEIZE -T2 (95%[ZHEX [ : 3.4,203.4; P <.001),

3—3—5 FIRIEF| DO IRFEE R

ARFZE TR, AR L7z 15 BNz, @ EIZMOBRERIC & 0 AVEHER 25215 T (PF AR )

B L2 6 FlIZHOWT ORI 21T o7z, 2O 21 FlICERT 2 1L EROFRNG 2 RO

FiFECOMMIL, 3-7 EFTCTO PF Z2Efi L7- 14 HlTlx5-61 » 7 (283 » A ; i

19 » H). O-1 5T T PF &#3E L7 7 B TIiL 2-37 » H (164 » A ; i 12 »

H) THY., ZO2HMICABRZEITRO N -o7- (P = .141), 21 # 19 11X SDE I

45 2 EHOFNC LV REIE L7z (ER 8 D 2 EDFRIEET),

3—3—6 PFIZESHE L 7-A0HE

T IZiB® b7z PRICBE T 2 G 0HE & L CiE, EIRMEOHERBREEEZ O FHE ~D i T

Y FMESUIBRZ i L 7~ D @BLSEE0 bz, T OEGNIINATOMRE SR 7

— RIX G4 THY, T12-13 THAMESTIFRIT A2, T11-L2 CPF 2 FEE L., Filins 2 Hi%
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IZ G5 ~EMA L7z, 2 EHOFMEEHREL L OFMEENRICXL Y, T12-13 (1 EH DA

&

FEEBAL) D, 1 FEH OFAM 2 Ehii U 7250 O HACHEIR O i 2338 Hav, T OFBALIE

PF 2 %M L7-BT b o 7=, BREOWITE D 7= 8 M YIBRERNT 2 BRI 2> D5 HE R L,

SHAIDOBFIZEEITIRAF Lz, FRREENRO bNRNoT2b DD, FiFnd 9 » HiIZ

(TTRERIR R 2 R 7 W ABTRERE D[RR & PRIR 3388 Bz,

B 3FEGITIE, A RIHESYIFRI KON PR SEHEEBALIC 35 1T 2 HERHNEL T & 2 W ITHER AR 2272

JENELTZ, 209 HbO 1HNE, Filiab 17 Hi%IZ 50cm D S bR O THEA T

Hafe 2 L7c/od, PR (G4) NEUTL, L Mol JOFRGEEMRAIC

0 HERHER A X2 FREEAAT A0 bivlic, ZOERNE, 27mm U2 A FT 7

varZlb—he27mm BEEA 7Y 2— 2 HWTCHERBEENNIC & EIE L7z, ftho 2 61

1T, Tl 5 35 » AR I N88 » Hiki, FAMESUIFRES K OV PF S I 3517 2 MEIR

REEIEIC L0, PRFRRIE (G3) NEUT-, ZOZWHNITER A ML A IREICED

1Tolze ZO26%, 2.0R2.7Tmm B v Z 7/ F L — k& 2.7mm EE A7 U 2—% -

REENICEZVEIE L, 20 3 EFITMHRETFIICIEE THY | BEGEDO L N7

BETIIA 7T FOBAMITRO LR o Tz,
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AWFIETORMRIT, R, KRE, Fink LWL REICHET 2BEORE L RO LD L

7257-[10,12,16,18,21,36], —E L THEZINTWVDH LI, X v 7 A7 KRR LBE L

TWRFETH D Z L RAFFRICHBNTH RSN (84.7%) [12,16,18,21,36,56,78,79,81], 1

TOREITM LY $ %<, ZTREORE & —FH L T (MR, 1:1.51)[12,78], K&

I%. 2.4-34.0kg T, 10kg RN ZEaE HH T, 2L, AFETI=F a7 - v 7 A

TR EREEDTNLZEEMMLT0DS b0 L Ebhb,

NEHER L O T-L IVDE OFFITEE 2B TH Y  PF 21T > TRV VER TIXZE DOFRR

D3 ALT%IZ R SEDIRE STV DH[12], —EBOHFEIZ K Y . PFIZ IVDE i3 D U A 7 &8

D EEDH LSS TE72[10,12,16,18,56,69,78,]. L7 L7273 5, T-L IVDE DI &P

% PF O EMER A NEITRENRENTE LT, —EOERERTIL PF O EhE I Z{HME TH

5. PF Db AN THC, PF RRICED D U A7 12OV TORFHRIE, +olZiBEn <

RN, BRREIRUE & S BIN &2 FEiE U 72 s o 721210, #RREARY RHEIC L Y TL-IVDE #

FERHER ST RIL, 23-41.7% THDH Z L B3HE SHTUWA[18,69,70,], FREFBIEN 21T

T, HERIBGR AT T 3 LTIl BT D 2 24T - 7214, 0-24.4% T 5[10,67-69], & 5 i

JECIE, BRI EITOh > 724)E T-L IVDE Ttz iz, 33 il 2 61(7.7%) T H T

WRMIET I o T2 & ST 5 CBIRFRA I o Ftik 72 L)[18],

Hox OWFFERER TIE, AIMESYIER & PR 2 520 Uit A0 e M THERERITE 2338 & 7o ik
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KARMERFED 2.3% T SDE 334 L. 2 £ B OF 24T - 7o GEBRFAA IR 12-123 # A |

) 447 ), Boa NI ORBREALUELZ HO 20, PIEIFN S REEZICHE T-L

IDVE O TS E L 72 5 FHFEFER, L EHNT, MOWEORKELELZNLTH D,

Dhupa 513 15 4276 L7z T-L IVDE JEFID 5 5 6.4% (467 5117 30 $i)23 2 [8] B O FF i

JEMT T -7z & it Lz [11],

A OB BEREN OBRICE BT 21T 9 Z L1 X D T-L IVDE OFRERIK T ORE 25 L 7=

W DOWFIEN 8 5, Black 13, T10-11 7> 5 L4-5 D ¥EZE4 & SMAIFFBEIRTE T 24T - 7= 13 i T,

B LZBORMPoTo L MG L72[18], L LR, ZOMZEISEHRRENFIIR ST

7o Tz, Levine HIE, HEI S L < ITHAMESBIFRITICOFE T A7 < &b T11-12 705 L1-2

D 4 HERNZEAMANE BT 24T o TIEBI O 5 6 4 FELL_ O BB A F PRt R KR &

BRI & U COR LI RIERIIX, 16.6% (24 il 4 fil) Th -7z L& L72[69], Brisson

S, HUF RSN RFEO T11-L4 1281 5 T-L IVDE (25 L CHRIMES B & PF 2 320 L

T B RREN 2 LT2IEBID 5 6 4.4% (252 i1 11 )23 2 Bl H OF 24T - 72 & il LTz,

Z O TIME S HL72 PF O FNRIE JEFNC LV Bkx Th o 72(1-7 7T 2 BIH O FffiE TO

BIENIWIE FHr 25 3.5-33 7 ), 1BEetR DL TORM & BV (2 K 2 BHRRA Tid, HEigo

ENTZIERID 9 B 15.8%(18/115) THFR P D B 4~ L (RAERE, 2RfE), <o 18

SR 8 BH TP 2 B (S L HEAE ST S 03I U 7o (CPAAB BRI 4 4F) [12],

WED 2 DO TIX, ¥ v 7 A7 RIIMRREE g U CREENE < (4 v X 9.710;
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3.711), BIEIZEY 2 EHOFIREIT S T2DITHAKT 10%I2H L5 ERRESNTND

[11,12], 2@ 2 SDOWFFEDZ I E N OFERF AFLNEZ ARF5E T H LT, SDE (Zxf LT 2

JE B O FAf & I L 7= SE B OIS % £-BFSE(Dhupa [6.4%)]; Brisson [4.4%]) & thiged 25 & L AHF

B AERERITEN L S5 ICEDbID (FRTH 1LT% & 20%), ¥ v 27 NZEh

2 JEH D FZAT o 12EIA 1% L.5% Toh o 7=, Dhupa H OFSETIL PF X170 T, 5 4

THRADOFMN D 4 WL FHTERAL & [7] CHER THAF LI BEZ O F 72 5 28 D380 5

AU LD 25 BT & IR 4 8 [A] LUK (S REER HERI Ao & (IVDD) D F-FE 23588 5 4172 [11], 70%

LU EDREGIT, & HIEIFR R SIS B A HELE S TV D EMLIC B W THRBERIEIC LV

FEDMERR STV D [11], Brisson 5 DHFZETIL, 85% DIER] CTHIEI TR 3 HEMLL LI

X LT PE 2MTONTZ[12], —TJ7. Fx OBFFETITAINE] TR HE RO AL X2 E 5]

TPF A3 L., 95.7% T 3 HEMILA . 89.5% T 4 HERILL B2 PF 2566 L7=, T-L IVDD @

9 HHI 65-83% 7% T11-12 v L1-2 THAL D L W IHREOHREZ I, AFETIIZE ALY

DIERFITZ D 4 HERIZ Kk L T PF 247 572[10,16,21,69,76,77], = AUI3HE R HGG B AR R ERAL I

% LT PF 21T 9 ML 2 0 1T PR AT S5 ARt 2R LT %, ABFJE T

L.2-3(13.0%). L3-4(6.1%)(2331F % T-L IVDE OFRAENLENIZ S B biz, £ D=, i

RITHE ST 5[12,56,69,80] & 91T T11-12 725 L2-3 £ T, HHVMF L34 £ TPF %17

DI oT, HEOWRENE XV R/NRICTE 2 AREEDR S 5,

HERIARZE PRI, BERL DR ML & MEIEZ RIS D, KE T, E RREMER
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T, BFICH v 7 A7 FTEL BN TWDHELRT, AKIL LIZHERIR & L CT—%AIZER

D HID, WUE R R TIR, HERR O AIRKIIT RS THEEZR S » H LV RO HNLD D,

% 3% 1824 r A B — 7 IO HNLH[66], HliL v b7 UREICBIT D X figiEdk

PMET LIZHERIAR ORI, BRRLARICHENSEERAFTHY . BFEOY 27 %

14 fEHINE D EHEINTWDH[T78], Z DFERICIS &, ABFZE Tl HEMIC PF 21T-

TWHEML (T11-12 725 L1-2)DfhiZ, AKLZRD T EALITK L TH PF 24T 272, 2D

Z EMIVDE FIREEDOIK TIZHEG LTV LivZewy,

SDE O34 H % T11-L4 £ TO 6 HEE] T PF 21T o 7258 & PF 24T/ =8 & Tt

W L7, 26D 6 HER A RN L~ # I, T-L IVDE 23 X W &4 Lot WMEMICH Y | Fhx

DHFZETIE, ZOHPAN TREE(96.5%) 1 FEAEL TWe/ed TH D, AL TIEZ OHH

W CHEEETT PF 2179 Z L ZEHERTFIEE L-720, ZO&MENT 3 @bl - PF 247 -

TG A B 5 & Lo, Fox OBFSETIE, PF 2175 TWRWHERIRIZ. PF %247 - 72 HERH]

WU %L C 26.2 (%, SDE J&/4= AN E o 72 (95%(E HE X [1]:3.4, 203.4; P < .001), = DfEHIC

XD PF AR Z 0 9 DHEFIBGEIL O TEHICIB W CIHEFITHIENTH D Z & NRIB I

2o %% OHERISUT, HERBORBIC K2 Z N ETNERRSTEFIEY A7 2 H L T0D 20,

SDE J¢/:3 % PF FEht kR, & PF R IRHERBE Tl I 2 HiEI2I3, 2D DORADDH

%o T11-L4A @ 6 HEMIZHT LT PR Z2ATo7cfif & < PF 24T > TR WIFOIEGIEL %[5

AL, TNENOHERIB CHEOBIEY A7 2T 2 Z E AN TH 5, Yhsk Tldd
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H L RERICHER LR WHERIRIZ R L CTHREUERT PF 21T - T z/ow | ABFJET 2 Dbk

X TE o T,

PF % S5 L 7= ¥\ T SDEs DFEAEIL . PF O FHMER Z L IS4 ThH - 720F9E T 2 #i[12]

WE S, AR TIE LIS o7z, T OBREDA 5370856, PF & 320 L 72

THSDEEEZ Y 95 Z L AR LTWD,

HERIR DL AT T 53 2 BAEM L SRMETE AR 2 RAE T 2 BPED RIERIE A, ERIFIZ LY

FlEEZ ENDNTHER ST BN TWARW12,77,82], T D=8, EEM O BT TICHEEE

DREEIKFT D L SN TVD[80], AWFZETOERNVEFIERICHLE L TV LMOE 2155

HRE LT, 2TOFMPHFREABR O ZZ T2, BEBROH L5 — NDOIFHEIZ L VR

BALSNIZFIETITONZER HIT B D,

IEHEIZATONIZ PF TH R T ORI A RETE RV, 547 L HERBRE N A+ 5 2 &

TRERBPAGIESEHZ L OB 2D LD, ZLOMEERICLV RINTNSH[82), HE

ARG O FFFE-CRIERAL T D 2 B OHEFIBGRML 2 BN RANCBIIE T 57201, ENZT O

HERIBUDE 2 BRET 2 BN B 5 D ZFLIl L2 E 1R 72V, HER ORI FHAREIZ L 0 |

HEFE~DT 7 a—=F R LD INEEE 720 | BRET DO BEIIMHERBRIC LY Bnd, RE

SO L0, HFE S L<ILSDE D FHRET & L TAMMNS LIV,

AWFFE TR L 727> 72,

B R R AR ERRE C OB & B0 12 &V IBBRAA 21T - 7ot R 66 B1(10%) THEMIBGRML O 5
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DEEDI D BFRIRTEIR 238D T2 DMRAFHTEREIZ L 0 26 THIE L7z, SDE &V FifixiT-

ToIER 2 & 8 2 & IVDE B3 DGR % 7~ U 72 JE B30 662 451 81 41(12.2%) T > 7=,

Fx DBAMEHREOFRFEEZEZ X 5 & FRICERWEICKT 2 EEEREIC L > TEH O

e L a, BRI ORRR s 208/ NGl LT L% O ArRetED %, Fx DR

FED 1 DORRFSIL, B R EEALHA L TTIER<, MNnEIZE > T 2 EHOF i E

ERELZZETHD, L0 EIELENE L (G2-HE:3 B, G3:4 5], G4:7 #l, G5:2 fi), &

FAHIRIE CIRIE 2380 72» > THERIAS 2 FEH OFINZ 2T 2BMICH -7z, RIS, &

FEINEED T DIEEIRIE IR DN E T H o 725EF] (G1:36 I, G2-HR i & 7= 13 & E:29 5], G3:1

B2 TIE, 1-14 HEWIZF 21 ToFImE 2380 2, Zh b OREF OHERI R B ERAL

ARET D LIXTE TP, E/o. PR FEMEN CHERBORIL O BRENE E 2Rt b E 2 5

N, PF EMtRIZIAF LIoHERIRDSRBL L, 72 & A HERIBGRBSFEZE L7 & LT HAERY

IRFEBEEIN 2 L & L W R R R 2 5 S 2 L et d 5, Ll

DD ZINEHEND D ITIEZIR N7,

W EDOWFIEIZ RN T, GRS FE b S 7 HERIBR O BREEETNL T ELHRE = O AR3E R (50-58%)

BOoRTZ LB HERENZ[11,12,78], L L7e B, PF & Eii L 7= HERIAR O BEEEERAL T H%

WAL DTN ETDIIE S D 5H[21], Fex OHFFETIZ, PF 250 L 72 HERIHR D B

HRALC SDE 23E U 7= 1% 16 #irh 8 5l Td - 72 (T11-12:1 #i; L2-3: 3 f51]; L3-4: 4 i), Zh % &

SIS 1. ZR OB CO SDE R4S 4, B Rt RFREEC o HERIR
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B SRFEAER & T D MERH H0h LV, O 19 IRl XA ZE TILEM T

X o T,

BREEETIC PR 2095 2 L IT & 0 (PR & 530t L 7= it OHERIBRIT 6 U CRE AT

FIMER MBI x| @A 5 < 2Rt & 5[12], A DFEMMLTWD L DI, HEZH

PEISRIEE L/ NROIBH 21T 5 Z & . B2 U 7-HERIAR D SDE %z 5| &k 2 LS 51l

DARLEEZVIT 2 WD & %, S FR OB HED AR T AN ZELICET 5 S 6725

FENLEEND,

KIFFED 55 41T, It 50 7 ALL B> THENRBO LN Z E0E, mEDZEL S O

FZ BT DIBHRRERIEL, 20 & O RBEREOBREERET DI AR+ Th oI AHE

MWD %, T ZIZEDOFEFEREZFET 21T —EEORIBBENLEND Ly,

AL T, T-L IVDE OFFRZ 5\ 2 EH O T2 Ehi L. i T-L IVDE &R L7z 21

SO H B 19 BHI., RO THRIZBH TH -T2,

FICBE LA PHE

—HEOAEEIL., BOHED FTREM 2 FEHIC PF O EMilZ IR THh 5, PFIZEEHL AU 27 &

LTy IRWARAOERARC & 2 R OSERP, FFfiehis, R, KRER, £ oMo m

B OEFPEBEGR S STV 5 [56,80], T11-12 BEMI~D PF & F2fi4 2 BRI, KMa=<hti

WIUEICIEE T HMENH H[12], F7-. L4-5-6 ([TEEMNZ2 M 2B, AR 04815
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WCHEET2LERNH D[76], ZH 6 OHRFHAZBE L 7B OREIE, SVFRHE D3 R B 2 24

MWD LTIV RRESNDTHAD EERD, MRRIBOBEEDS L ATMBIED L 5 G

PHEDRARIZOWTRERL L D ERATN, 20X H /NS RlEE RO 5 2 L3R

T, ZLDEFTEO LD REIT RN LD TH T,

BRAEFTIC PR & 503 2 BRO AL Z 2 i R EIBH 2 i/ NIRIC 5 726012, FHIRIHES DI BRI &

1T o T DB T HERIC PR &2 22063 2 Wi, BIERZSE Lo SR ORME 2 iRF 15

LTIz, LA, BEEFZMEH L CHERRE L 0 R4 FIEE L, SMASSMA O

RHEERIC AR LTIl BDO AR E/NERA Y —F 2Ly FOFANATRE L 72 HFLE DO/ X 7k

Pic7 7r—F Lic, ZORbBNTZEETH, A v —=F =2 by bOSHERBRIZHRA TR T

B UTZBEMT 20T, B OBREZZRANICAT ) ZLIAETH TH 72, B HEH

B L TR NI TY e —F 925 2 &0k v HEEITICH LT PF 21727285

AETH, IORDMBAEENRHT 200H Livn,

BRUEFT T ORRMER O R 2t O HERIBR O ZMEE, UIZ UIFRE R TR b1

%, IR OEME CAKNEL TV LHE., BRIFICL Y BEOTHEN~ORN % 5|

ST AREND D, MEIE, MOaHE 2 LR L2 WA~ OBIEIC X0 Bk & B

FTLHBITE, FREEOHMISE L T2 LS 2V L D ICRICERETRE TH 5,

PE FHite X, FIHE S BRI AT CHRAEE NI 2 A L. BFRS INICBERE A 720 2 &

EMERTRETH D, ZOREIFMUMESUIRZIT > TOZRWEBAL TIIAAETH 5, I
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UHE S BIBRIN 2 F2 ki L 72 OO F AR ISR A LB L T L E -7 hma b £, BN

DOHEFIR 2 HeRS 3 2 DIINEETH 5, HEFRWE ZHBE L0 b ROl OB ERITH L

HUTLESTIERD 1 BlbooTe, ZHBABIETHE—D, HEOFHBGEZSISEIL

72 PF BT O EIHETH 5(0.1%), S HIZ, HEZFHIC UIE LIFEED D 20710

AL BIRPEOHEFIRA~V =TI LD b DONE R0 5 Z LITNETH 5,

AWFFE TR LIVIZRWIW LA OHE L LTI, HRIDZO FRIHESBIERT & PF 21T - 7of

KIDFHTEBRLIZISNT, 3 B THEARHE 1 £ 7o I THEIR R L EREN L Uz, B~ OFERD
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1st 2nd (3rd) Follow-up

hemilaminectormy hemilaminectormy Recurent Interval after

Signalment  1st site 2nd (3rd) site site previous  1st

at 1st preoperative  (Herniated site: PF  preoperative (Herniated site: from surgery  surgery
Dog surgery grade underlined) 1st PF site sites grade underlined) PF site (mio) (ma)
1 PEM3yr  GZsev L34 Lt L3-4 1 G4 L1-2 Rt 2 2 89
2 MDMGByr GZmod L1-2 Rt T12-13-L12-3 4 G4 T10-11 Lt 2 57 116
3 MDMC 4yr G3 T13-L1-23 Rt T12-113-L12-3 4 G4 T10-11-12113 Rt 1 59 88
4 MDMByr GZsev T1213 Lt T11-12-13-L1-2 4 G3 L2-3 Lt 1 53 2]
5 MDMByr GZmod T12-13 Lt T11-12-13-L1-2 4 G4 L2-3 Rt 1 12 86
[} MD F B yr GB T13-L1-2-3 Lt T11-12-13-L123 b G6 L34t 1 13 2]
7 MDM4ayr G4 T13-L1 Rt T11-12-13-L1-2 4 G4 L3-4-5 Rt 3 81 7
8 FEM1Eyr G4 T12-13-L1 Rt T11-12-13-L1-2 4 G4 L2-3-4 Lt 2 17 a7

- G3 L1-2-3-4-5 Rt 3 12

9 PE M 2yr G2Z-mod L1-23 Lt T12-13-L12-3 4 G2-zev L34t 1 25 50
10 MDM4ayr G3 T1213 Lt T11-12-13-L1-2 4 G4 L2-3-4 Rt 2 17 43
1 MD F & yr G4 T12-13 Rt T11-12113-L1-2 4 G5 T10-11Rt [4] 15 38

- T11-12, T13-L1Lt,
T12-13 dorsal

12 MDM4ayr G3 L1-2-3 Lt T12-13-L1-2-3 4 G3 L34t 1 9 39

13 MDFS7yr G4 Ti112 Lt Ti-12-13-L1-2 4 G2-sev L34 Rt 2 5 28

14 SZIM11yr GZsev Tizaalilt Tiz-13-L1-2 3 G3 Laalt 1 32 33
T11-12 Rt

16 FEMZyr G4 Tiza3L1 Rt T11-12-13-L123 6 G2-sev L2-3-4 Rt 1 21 28

*By other veterinarian; PF, prophylactic fanestration; G, grade; mo, months; yr, year(s); MD, Miniature Dachshund; FB, French bulldog; SZ, Shih Tzu;
PK, Pekinase; M, rmale; MC, rmale castrated; F, female; F5, female spayed; sev, severe; mod, moderate, Sx, surgery.

Table 3-1 Surgically confirmed SDEs in 15 dogs (2.3 %) : mean follow up (44.7 months)
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Figure 3-2 Number of PF discs and non-PF discs within the T11 to L4 intervertebral discs in 654
dogs.

The non-PF disc was significantly associated with SDE when compared with PF disc. The
prevalence of SDE in non-PF discs was found to be 26.2 times higher than that of PF discs (95% CI:
3.4, 203.4; P <.001).

*k Indicate SDE within group.
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Figure 4-1

Dog 7: A) Midsagittal T2-weighted magnetic resonance image(MRI). The thoracic (T)12-13
intervertebral disc (arrow) showed hypointensity suggesting decreased water content of the
intervertebral disc due to degenerative changes. A slight attenuation of the T12-13 spinal cord
ventral subarachnoid space and a slight spinal cord hyperintensity is present. B) Neutral myelogram,
right lateral projection, and C) stress myelogram on dorsal extension showing marked T12-13 spinal
cord compression due to bulging of the intervertebral disc. A reduction in spinal cord height (19.2%)

was noted.
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Figure 4-2

Dog 5: A) Neutral myelogram, right lateral projection, and B) stress myelogram on dorsal extension
showing marked spinal cord compression due to bulging of the intervertebral disc. A reduction in
spinal cord height (27.2%) was noted. C) Postoperative right lateral projections. The vertebral
segment contributing to disc-associated dynamic compression was stabilized after the
hemilaminectomy. Four pins and polymethylmethacrylate were used for unilateral spinal

stabilization.
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Figure 4-3

Dog 8: A) Neutral myelogram, right lateral projection, and B) Stress myelogram on dorsal extension
showing marked spinal cord compression due to bulging of the intervertebral disc and infolding of

the ligamentum flavum. A reduction in spinal cord height (24.5%) was noted.
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b Lam Lz, HEFEICEE 2BIREA O, BIRYEIE O#iPHF ] OMEAE E

DR v a V2T 57 OOFHIEEL A P L AR OEEEZ R L, 2L DN

REOIRIRIE & L CTHES BIRRINT S X OHEIREEN SR TH D Z L 2R LT,

ARWFFENEIE. LU O 0 M E O FEEICH S T,

Aikawa T, et al. Vertebral stabilization using positively threaded profile pins and

polymethylmethacrylate, with or without laminectomy, for spinal canal stenosis and vertebral

instability caused by congenital thoracic vertebral anomalies. Vet Surg. 2007 Jul;36(5):432-41.
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Cobb Angle

Figure 5-1. Schematic illustration of Cobb angle. The degree of vertebral deformity was determined
by the modified Cobb method, by measuring the angle formed between 2 lines extended from the
cranial end plate of the most cranial vertebra (A) and the caudal end plate of the most caudal

vertebra (B) of the kyphotic/scoliotic vertebral segment.
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Figure 5-2

Dog 6. Intraoperative view of the spinal cord after hemilaminectomy and pin insertion. The head is
toward the left.
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Figure 5-3. Dog 2. Myelogram: (A) right lateral and (B) ventrodorsal projections. Marked vertebral canal
stenosis because of severe kyphoscoliosis. Vertebral column had a 3-dimensional spiral conformation.
Postoperative radiographs: (C) right lateral and (D) ventrodorsal projections. Three pins are inserted into
the vertebral body on each side for bilateral spinal stabilization. Dorsal laminectomy was performed

before spinal stabilization.
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Figure 5-4. Dog 6. (A) Myelogram, right lateral projection. Marked spinal canal stenosis because of
severe kyphosis. (B) Right lateral projection, postoperatively; 7 pins and polymethylmethacrylate were

used for unilateral spinal stabilization.
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Figure 5-5. Dog 9. (A) Stress myelogram, right lateral projection, dorsal extension and (B) flexion
showing marked spinal canal stenaosis because of severe kyphosis with dynamic compression worsened in
the flex position. (C) Postoperative right lateral projection. The entire segment contributing to spinal

instability was stabilized after the hemilaminectomy.

104



W6 = HE ORI LT L TF TN Ry S I =F 2T Ay I AT RO

Jifg B2 05 ME ) B 3% i (T-L IVDE) 1Z80E SRR BMRECLIC AONL2FMERTH D

[1-5,12,14,16,40,56,59,71,135,136], 7 L' > F 7 /L K> 7 (FB) (X IVDE OFIEY A 7 3

U R EME RO —>TH 5[1,2,14,136], FB [T KMEHET AR DR ARG E, e Kk

HE AT IIHER DA IERS & ATERA IR L TV D ENRE <, HEESCHMEIEN S N

%[56,24,137-140], FB DY RKMMER HIEOIE & A EILBIEAIIC B0 5 73[56,137,138], &

PESABIED T-L FREEDFIK & 70 D FHAE KSR RLERENELLZLHHD

[24,141], FALEIRASOHER AR L EIEIC K D T-L FHEIE DO RFHFIER L, T-L IVDE S L T

W5, T-L FREEEIRZ R L CWDHEEATE O R T, FIRIZ L0 A7 FIFFER 22 5

72, FHRETE O ZE RN OMEZENITEZ TH 5,

BFRBIEDRICIE W THEMEAOMEZKNITEM TH L5, RERDL, Z ORRZIREITHE

(g T BEEE & 52 IRl 5 F N EE L W B O O LA & o 7o 22 A

BRERL, —RTTOBEFERIZREL I 237026 Th D [24], HEF Ao BE T FBE OB E

BORRKTH HHEERZEIE L HER L TWD S LIven[24],

EaRIENR . 2T ESCTE B oORBE LR LT\ FB @ T-L IVDE O3/, HEF &
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TEDHERIBGRIL DO ZIR TH 2 00> TE LT, FB 2B 5% KIUEHEE A7 F & T-L IVDE

EDOBEME B LT > Tnwy, Fox i ZzWr, Fifrk L OBEHAE 2 —E O FIHIC &

DTV, Z<DFB LI=FaT7 Xy 7 X7 K (MD) OB BIET AL -7-,

TRTO T — NOAREDMT-T-, AKUFFE0 BEYIX T-L IVDE O Ffi% L7 FB & MD

DT —H & T5H L, FB IR 2 RIUHEE A7 & T-L IVDE @ B & 5Ll 4~ % =

Th b, Foxr ORI FB 21T 5 IVDE 1Z MD @ T-L IVDE L L LTl | FBIZEBIT

% IVDE 13 RMEMEFATE LR L T2 WS D TH D,

6-2 FEFE J1E

6-2-1 JEBI, FHAANIUIEHE

FHEE A H DT MRIRE 2521 TN EMEE > # —IZ ABE L, FH (TA)D 1l

HEF BIBRIT & PRAMIE R 217V, &EHIIC T-L IVDE & 2 #r L 72 FB(2003-2010) &

MD(2000-2007) D2 sk & sl L 7=,

SEIR, FINFFOMRE, JGHRE, Lo MU R, FHEERART RS LU b L2 RE

AT, MRIFTR, FIEFIE, FkEE 05, 1. 2. 6 # AR OFMRERFOMKRFEAIIREE L L

Y NPV R SRR D Lo, RIIRZRRERIE, T L OFRA 2 F i L,

—ELL LA T ERVER TNV ERR— L R X —~OEFE TOME I 1T LV FF

fili L7ze FID O Heftt OIBBIHA £ TOMM 25 L7,
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6-2-2 RN AR EIERE &2 G1 D G5 IT50%H L 72 (Table 2-1)

6-2-3 H{E 2 W

FHED Lo N7 R 2 BRI T TITO, MR SR JIHER . WOEHER) 2 50l L 7o, BIE

HABREIRZE D &> 2 KT, EEIMBTN 2T 2 FHEOK E T ORm A LM L7z, &

ZHEMAIZE O FEIEFE 1L, Modified Cobb method % FVTHIE L72[24], HERIZHEZ KT L

TWHAMEAL, IEF, BRAE(5-15 &), S (16-60 ), HE(>60 ) & FHM L 7=[24], M

DEFMIEL R 2 BRZR O —BIRE Lz, MRI BERITHEI KRBT L7ZAER S W 223,

MRI Eifg %224 L CHLETHIVUTIBINTEMEEME LT 7-, TSR EIL. BHEY

\

A R TP CHEEREBREICLVITo o, EEAI( A~F Y —, A h=,3—7 240, F—H

#) 2 IR HER(0.3-0.5mI/kg) HEfi L. MBEBHHED < b TIERMENELA Tz S D £ T,

EELTEMLE, $TECAIZEAL TOLRIAIGIRE 21T o 72, Fhigt 2k 7%

<o, BB, 30 EERMIE. 60 BRI 2R Lz, FEZmAORT 4 T IVDE ©

HEERZWI A DN TR WEBIEDRERF] T, BIEMLTHFISTHER 2 iR, JHih S T ERy

\

7T 2R U7, BEERERAEOM T8 T IVDE OB NSOV TV DIERTIX, A b

L ARREIIAT DR o T,

IVDE 52 5l L 7=, WEIEIRE D H HIER]TIX IVDE NEBEIIHEE > TWDH 0 E 9 0Ek
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fifi L7=. IVDE BB EBHEIZ AR VERNE, BB O RIAMEARD b IRMBLEAL E TOHER %K

%Rl U7z, IVDE $BOL & SEMIER(T1-11), AR (T11-L3), JBAIER(L3-7) & EF L1z,

6-2-4 7 AIHE = BIBRNT & & 2810

TRTOIEFNIBNT, BHEEREZ T IC, WESEHEOYH T Y e—Ficky, &

SMALARIHE S BIBR T 21T - 72[16,17,56), THIRIEZEM 2~ THORT, ~L=7 4 FEEBAL

AT 572, 1T EAEDORITTIL-12 205 L2-3 HEMM C T RARNERIN 217> 72, #&E RIS Al

HESBIBRINT 247 - 72¥ALIC T (2-3mm) B TR 2 | L 72,

6-2-5 £ HE & B

—RER, ERk L VL IEEME & B EBIR T D720, TR TN TORER & 4-7 ARRIARE S

Wi, INATOIREER & i 5 72012, itk i3t B APkt IR e 2 5 FAfh L 7=,

G3-5 DIERITIZIEERME. B IR CHITORIEDEZD ST Eh & L, G2 OIEf|T

(TEBRROEIELZ DI 7 7 L — D7 &b —o08ERRBD bITk I & LT,

Gl OJEFI CIXEFERmATE R TIUER T & Uiz, T 10-14 H % ORI HRE L-, I

# 36 AL 12 o AAHIZ AT T, ORISR FHIT LT, 2 ORIHE—F0 B

BT, BIEIOMAEDND 12 » A DL ERERRHR TOZRWERNT, ST ERERTNIC

EARIC K DRIEEY 21T\, FEE OB L Lz,
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6-2-6 HEtFHIIHT

i RFE & b IS FITRFOFERI T ER DM A IS o Toled 7 — 2 X RAE(E 1/4~3/4 5y

ME) TR S, lkETWwb Y 7 b7 = 7 (SAS Software ver9.1,SAS Institute Inc.

Cary,NC)% Fi\ T Mann-Whitney U fREIZ & > CTRFEEM O PR OER O A B2 Z2 R L

Too PERI, MEE A, SEREASERE, IVDE (A T11-L3, RAREE:L3-7), G5 DIk

[EIE 3, G5 COMEITHEFFREHRALIE D FIE R 2 RFEH] CHE L7z, FB 123\ THEHE(LL-LS)

TO IVDE O3AR%A | WEEMIEREDOH TR U, #iFmoHTiX, SAS @ FREQ

Procedure(SAS2004) % W T x “IRRIER T 4 v ¥ v — D IEMEMERRE TITo 72, 4 v Akt

(OR) & 95%(E#EXH(Cls) =44 DIHHE CTHH L7z, P<0.05 Z#HEZH Y & HE LTz,

6-3 FE R

6-3-1 JEH

671 FHD MD(5 BEHD A X B — KK v 7 A7 v Raate)WakBRIEE A 72 LT, JEFITF

$) 5 1R (2~14 %) T o 7=, 386 HH(57.5%)A3 4 A T(90 BT LB A %), 285 HH(42.5%) 7% A A

(84 HHITRELT A R), KE D)L 5.6kg(2.4kg~14.0kg) TIH > 7=, 47 HHD FB 2SikBRILUE A

7= Uiz, JEBNEEY) 3 75%(1~5 7#%)(Table 6-2) Td> > 7=, 35 HH(74.5%) 73 A A T(14 FHIL =5

AR, 12 BH(25.5%) 7% A A (4 BHIZORERE 2 R), ARE DL 10.4kg(6.9kg~15.4kg) Tdh > 72,
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6-3-2 fHRFE T L — K

671 55D MD O FTETO MR FATIREE T G1 23 1 FH(0.1%). G2 7% 213 §H(31.7%). G3 7’ 209

9A(31.2%). G4 7% 67 8H(10.0%), G5 7% 181 FH(27.0%) T -7, 47 BHD FB O FAiraiD ik

SEHRREEIE G2 2% 15 FH(31.9%). G3 7% 14 HE(29.8%). G4 7% 3 §H(6.4%). G5 7% 15 5£(31.9%)

T o7 (Table 6-2), EBHFFRA THIMOFEIE MD 23 14 » A (1~123 » A), FB 28 135 »

A@1~48 » A) T o1,

6-3-3 g 2T

MRI #2512 L > T T-L IVDE L FEEZIK L7= 2 BHD MD # < 2 THORICBW T, FhfiEiR

7 JEHEZR AN K 2 Rl E R A Rl L7z, 11 BHO R (8 o> MD & 3 BHD FB)ITAR/TEkE

&

A LD MRIBESTONTEY , QB TENOFHEEMAEZIT o7z, 38D FB TIEH

I ERAL OFFH), BREREEIR Z23-li 3 5 72012, 15D MD TIXZHMEHEREERED F

BRE 2 RE T H 72 DIZ 2 BHD MD Tl MRI AR IR LA EL NG B T- 72012,

39HMD MD TiE MRI K& 225 —HLL FERGE L TV 72 DB O FREE AN LE Th -

776

6-3-4 T-L IVDE D434

671 860> MD T® T-L IVDE ®4347i1%, T10-11 7% 10 8H(1.5%), T11-12 7% 110 55(16.4%),T12-13
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A3 174 F(25.9%). T13-L1 7% 139 §£(20.7%). L1-2 % 85 HA(12.7%). L2-3 A% 83 HH(12.4%). L3-4

7% 40 HH(6.0%), L4-5 7% 9 §A(1.3%). L5-6 2% 2 §A(0.3%), WliEME<CL 3k 19 A (2.8%) TH

577, L34 7> L5-6 IZFETETAL DS 8> D L 36D IVDE D 2 BEA [ < & TREME0% 34D IVDE

DT XTOIEFIN TIL-L3 ITIREN H -T2, HEFHTERH -T2 18O MD 1L, HEE DL

JiE(T3-10 Tl 4’ T6-7) T IVDE #BAL1E L3-4 Th - 7= (WEHEAL L 0 6 HERIEEIL TV D),

A7 BHO FB(32 BHITEBIESH V) TD T-L IVDE D434 1% T11-12 73 1 8H(2.1%), T12-13 73 7 58

(14.9%)(FBIEIT 2 §H), T13-L1 A% 11 8A(23.4%) (I¥ZAEIL 6 98) . L1-2 2% 7 §AH(14.9%) (5%

FEIL 7 8H), L2-3 7% 8 BH(17.0%)(T5 BYElL 7 87). L3-4 7% 6 BH(12.8%) (15 BUEIT 4 BH), L4-5 28

9H(14.9%) (A5 ZEIT 6 50) T o 7=, 47 FH(89%) D FB IIHMEF A IHE(R , WEEHEIR 72 &)

NV, 16 5D FB (3072 < &b —2DHIKAL LTZHERIR D B > 72, T4-LLICTHBIERH -

7= FB(WRE 8 HH, FH45 & 24 §H)32 HH(68%) 2B\ T, B ER O A D434 1, T4-5 1% 1 58,

T5-6 /X 254, T6-7 (£ 288, T7-8 (X 654, T8-9 L 8EH, T9-10 /X 1 ¥4, T10-11 /X 4 ¥4, T11-12

IX58H, T12-13 1% 250, T13-L1IZ 1B ChH o7, BRERGBIED 150 & P /pA5BIED

11 56D FB 1%, BERMBEL H -T2, EAED 32 BHD FB THEENLIZ IVDE 23 FIE L

TIEBNI N2 v o 72, IVDE OFEMLITE BHALA B 2~10 MERTBEIL TU 7= (2 HER;7 88, 3 HE

fi];3 B, 4 #Ef];7 86, 5 HMEfD;5 A, 6 MEfH;5 8, 7 MEfH;2 88, 8 ME[H;0. 9 HEMT;1 86, 10 HEf;2

9H), A N U AFBIEEMRE CHER R L EIE 4 A L7 12 30 FB O ¢, EhHF #1855

BN o T JEBNIN 72 H> o 7= (Table 6-3),
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6-3-5 JR¥ERLIE

G1-4 0 483 Hi(99%) > MD & 32 HE(100%)?> FB [X[El{E L 7=, G5 ¢ 96 HE(53%)?> MD & 5 5

(33%) 7> FB I Z[AIH L 7=, G5 0 21 Hi(11.6%) MD & 5 HH(33%) D FB ASHEF TR Bl (L E %

FIE LT, HEITHEB R IE 2 380E L7- 21 550> MD @ IVDE HBA0i%, SR (18 BH).

L3-4(1 ). L4-5(1 §f) & L5-6(1 Bf) T > > 7=, WA TPEAF BRI LIE & J6JE L 7= 580> FB @ IVDE

ERAL IR R (4 BH) & L3-4(1L BH) Th o 7,

6-3-6 LRl T

FIEFHRE O RIT FB TIL 3k, MD TIL 5 ThH W FEZN & - 72(P=0.00001), # ADE|

& 7% MD 12T FB CILA B E 05 72(P=0.02)(OR:2.15,95%C1:1.10,4.22), FB TOHER

T DOFAFRIT MD 2R CHEICE A - 72 (P<0.00001) (OR:5628.0,95%C1:642.9,49271.4),

FB TOHBIREORKAFET, MD IZH X TH EIZE D - 7= (P<0.00001)

(OR:1429.3,95%CI:183.1,11159.8), SH{I TOHERIHR~/L =7 OIEARITRFEIZFER R0 o T,

SAIERAL T OMERM A~V =7 DFAHRIT MD IZH~_T FB TidA EI2K)> - 72(P=0.0004)

(OR:0.27,95%C1:0.13,0.53), 2 TOHERI i~ =7 DIEHRIT MD ITHAT FB TIEAE

\Z 7o 72(P=0.0001) (OR:4.48,95%CI:2.23,9.01), 15 ZHE/AS I EHE D & % FB OIEHEET(L1-L5)

TOB®RBOBEERT, EEE/EMEBEOR N FB LIEXTHEICLE» -T2
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(P=0.003)(OR:8.25,95%Cl:2.04,33.33) ., G5 @ FE bl 1§ = | f &H 7= 1T & »» - 7=

(P=0.18)(OR:2.26,95%CI:0.74,6.87)73. G5 TOHEFTHEZFBEHAVIE DFIEZR T FB TiL MD &

0 45 B2 55 12 (P=0.03)(OR:3.81,95%Cl:1.19,12.22).

6-4 Z4%

AW CREAM U7 Fx, BARTIZHRE F e M R O AF4E(2000-2007)(MD(671 5H) & FB(24

GH) & LTS LT 5[25], 23 HHO FB(2008-2010)% BN L 7= 5k 5, Wi KFEM CHR72 -~ 72

BEREM & 7o 7z, M REIZBWTHRD LD A A TOREM I, AFFEIZBWT

MD (2T FB XA EICE Do T2, MRNC X B RIEMA O ZIIMMOFHm L Tli—& LAt

DHHY . KM &> THERRD RN S 5[12,68,71],

Hansen (X, #itZDOE T F L HEot 7 U VE~OETHZEIZ, MD & FB TIZRBI(FI 2 »

HB)PDIRE > TV D EFE KA LE[1-8], HE S AIT B O FZEMIL OB Hil g~ &

HanfE-> TRV, g REEMERFEIL 1 5 E TIZ 75%~90% DY 7 F L EOREENE T U

VEIZEE L T 5[2,3,136], MD TIHEEOHEEIR DO FIKALN L R U BEE TR bR

LEPHRESNTEY . ZOFTRITANED FB THLH 6N TH o7, AR TIL, FIEF

B35 MD IZEERT FB TIZABEICE ) >7-. MD & FB I & & ICHE BB RIS

D05, EMEOHEITHEE I RFEIC L > THEICR R H[1-3,97,142], & 62, RFEIZ X HHEE

& MERIAR ORI 2 RE O (BRIETR O TR & 82, it O e £) b EIA S Liv7Zg 0 [143],
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MD % IVDE Z#RIET DD KR RKETHY . KETIIMORFEL D HRIEY 27N

10~12 fEE &l STV A[4,5], MD T IVDE OAIFRERIT 19% & HER S5 H3[144].

TEARVEIRIB O 72 O F R CRIES T2 0 5732 5[1,3,145], Ball 13 = OFHRIEGREIL, £

IRBAG T E RN T O RMBEOREL G AVTTBIRTT VIS LB LT 5 [144],

RO RIZHIL, FGFR3 AR TIZBARERNH 5 LA STV D &~ ORFEAIE

SCHCE I R AIE[147,148] & HElE STV D [146], HiE DB DFIRE RN, ROEE

B L BhE L TV D 0T allidb o TEW 720, Runx2 ORHBLIL, E— 7 B\ T

MRI K2 CTREM U 72 MERIAR ORRAEZEA L OFRE EFHBABMR N B D & Il sy S 472 [149],

HOE SRR R 5, FREOBIE T OZ 5 & B O HERI D 2N EMEZE L O B E |2

I, SHRDMREPBETH D,

AWFZE T, HEB A & BEASIBREIT T-L IVDE @ FB (23 THERITERD H LD HA R

Shic, MHERTIZ 38 % FBICH W\ T, FHERROBIE 2 W CH S O L8225 K 2 /e

T D FEITRRARLE DT DI EART R T D, HEFAEERERSIOL - M7 T

X, FHERAECEIREREEE & FICEE L TV DI TRy, — 5T, BiiEHER

RNVDE (XL N URE TIERE O/ WEHEIC D (E LG5, FHEPNIR A OBIZIZE L C

W5 72 MRIRASEGZET & LTRSS 23, — OBV T MRI A TIRIRE

RN Lo d Ly, iU, HEARBENBEICS O T, FEN PR T
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FREEE 2 e ISR OIS LD = o e 2 LTz b | B O FREEE S

FAEL TN T 2720 Th 5[24), HRBREDRERTIE, FFHEEIRZE O LA IR

9~ 2 7260 FHED HFLOBR(TOLE) 2 B O e L 7o TRE P HE X 2 £ - 72 MRI PR CT Mk

D ZIRTTHERBG AL L BN s, WamAHEER TIERWS, MR 3FE B 5 OfiH 2

W RFHE S DD D & R DR S D720 b FHAET £[149,150], flOWFZETIE, K

DFRITLIEREDZENZIB T, MRI DMEI5IE & BEEVEORHE & BhE L TW S HB/RE 1

7-[151], B O AR & R ERSIRCE M IVDE WA N & HIEFIZ BT, MRI IXHE

ST B AR H D, S HIZ, MRIIZEBW THERRZ O RN 72 IBVER R B9

ZRETE UL, PR T 2 F OB LB OMEEBZWEITEE L\ 2 & 235 5[152],

IVDE & 2l S L TOR W IBIE DLEFIZ BN T HMIEE AL T OMEARA L ERE D

AREME A RIS Z L ITEETH 5, AWFETIE, HEF ar P O 2IEF] 2 F G A TRF

S

fili L7z 751 T IVDE & REERZE S TWVIZRWESI TIE, A b L AFMIERE 21T o7,

I DIERI T, FREEE A b L A2 L 0 HHBREEAL TOMEARRN L EAE 2 B4 L,

M58 & RUARIC K > T IVDE Z 8 L7, T 1 3BIOMIE T, HEE AT D720 T-L FHEIC

BT T-L HEFARDOZEMEN R A THEA R L EIER B Z 5 & DGz E LTz, == — h T b

ERFEA b L ABEBNZBW CTEBEFEN LW RICHFHIEE A L RREEZITV, BHEOHE)

WEIE & e ERs e LT RIMES YIBRIN & HEIRIE EIT 21T > 72 [162), 2 & o ez 4

%

[ DHFFED BERIN L T D, FFH ORBRIZE W T, TG MRA TIEH B D RO
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BIROBIERO, LM IVDE O EEIRE OMETEZWIN TE . A MU ARE 21T 2L, HEAR

SERE DRI B0 CBIA B OFF{liA T & 2[24],

MD T® T-L IVDE ORIEFBNMIT L < F X I N TV H[12,71,56,59], 4 £ TOMIEDO@EY | A

W22 T & KER4SY D MD(90.7%) 7% T11-L3 12 T-L IVDE 235 V) . % Z % SRR B ERAL & 7%

L7z, Fex X FB TO IVDE A2 MD & 1Z 8720 | BUBIRERAL 2 & EARIEHE £ T4 L C

WAHZIFH L=, HEBATE0 5 FB ¢, T10-11 7> SFEMIOD IVDE FEFIA N2 WL, il

DRETHE SN TWDERIZ, W EEREN 23 HER O 2 25 5 — K Td % IRtk 27w

LT\ 5[59,136],

HEB B TEEALIZ I 1 D IVDE O AEICEIT 2 ERIFB SN TV D, AIFFEIZEW T, HEE

[ERBERED 32 BHD FB T BE MIBLEEBALIZ HERACR A3 - 72 REBI L 72 < | HER DA

IERCHI & HEFRIRR R EAL IS IERER 2R BIFR DN & o TIER b 7R o 72, Z O, HERDOARIE

Ao RIZHE H K1 IVDE OFRIE U A 7 Z @b 0 FH 2R LTV 5, HERIHO T A RIHEARSS

WETHENR & 5 > ToHEF SR TIRIE R IS HEE LR W ATREVESS, A3 2 W HER & v IVDE

DIIEY 27 IRV FTREME D & 5, HRBFOMEAAD ) FH) A b L 2%, HERIBOGR D O JR

L7200 X0 BHEERNZEIEDIRIK & 72 2 WREMD 8 5

E 52, FHEDOTSZIED 3 5 FB O 75%(24/32) & . HHEDIFZSIED 72U FB D 27%(4/15)
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\ZBWT, EHEEN(LL-L5)IC IVDE 23384k Lz, Ziud, WHEOEMBIED & 5 FB I, IEHE

® IVDE FAELNE N Z & &8 LTV 5 (P=0.003),

T-L FREIESER OFEEIZ )30 &3, thilin b @D FB 2B\ T, T RIZBIESAL D2 T

FHIED A DN D ENDH D, HERIEE ORER, BiE L7 HERIR A~ OB 22 AR T 2R A b

LABIID LARASLTHND (R BE), LnLAasE, SEIEASHEED FB O

IVDE SIS BIEAS B IESRAL & 2 225 10 HEREEIL TR0 . Z OIS n-o

Teo WEDEIMRITENZT 2T 2 THD, NOERBIERLHIBIED BE DO RLEIZB N T

(X, BRBIESCHIBAED LTI A ISRt W TEMET 5[26], Ziud, BB R a4

KPR A b LR 2 B LI T2 O < L B HERRICRIE LT 2 L 2R L TL

%, ZOFE, FB THER I 72 IVDE OMEK 72 504 O—[KIZ/2 > T D0 s LV,

D Ol 2 IS 2 7201213, BRERMEEIC & 2 HEAI S 1263 2 Wik e AL e 2

AT, K0 ZOFBICX DL FHECK T 2 BRI FAHIM RN LETH S O,

A F TOMIE & RIS, AW TR R DO H 5 FB & MD Ol FIZB W TRIERITE ) -

Too ZRZHE LV D BRELTIE, IREVR R NHA LT b O IEMEZRRFE O PARITEE LV [153],

Thwwz, Fx OUFETIITRIEIEL LT, 2 OB TFHE L7220 o 72, G5 DER TiZ

RIEFDOEHERICAEZEZI R 21203, FB TIIAE VEFFREIRAIE & FEIE LT o

7o L L72235, G5 @ FB OfER#IT AV 72< . MD & FB OREIEFRDE L, EIAL % 1
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RUBMGET 20 ERH D, FBITEIE, D F VKA RFEREFHRECHET IR BRI UIE 2 %8

IET DA R FRHES ZE A2 A5 2 EnELbND5, Fx DHFFETIE, FB

I ZIEHE T O IVDE 384 RN E WFD R S 7228, EHE RIS IVDE 23 EAE U TR

BRAVIE 2 360E LT JEBIZN 2 Dy o -0 FB @ IVDE 13, i 2Bt O &ENEL D - 1~ V) it

DRSS T2 T HDICEHERFWEELZSISEZToNL Ly, 72 FBIZEED

FREFEEND ORIE MRV E b HEER SN D,

T[] H OHERIBGRBLOFEAE Y 27 ZW ST, LD U 27 3 EOHERT R (T11-L3) DT

B3 )58 28T S HESE XL 5 [12,25], ABFITICIUNT 2 BHOD FB(3 [BIDFAE)A 2 [FIH (B L < 1L 3

=] B ) OHE IR O JE T 252 1 72, 2 [|] B OHERIBRGR M 0D 58 A2 3R 2 5l 3~ % 72 601213,

FB DA A HL L. L0 REIBOBHRHENSLETH D, HERBORBLERAL OBR 23 MD

LIFRR D720, FB 2RI 5 THIRNE RN OHELEEALIT MD L3570 5, MD IZBT HHE

INARZERECHEIE T 2 MEMHEFTIE, PRIRERIN & BE L T2 & s ST 5[152),

T HIRE IR DML ERE DR AERIT, &L REIFOBHFHAIC & 0 3l 2 420

Ho,

ZOWFFEIE, BFEEIZL D T-L IVDE O Fi2%21F 72 FB & MD DU < DO FHE 5 % FEH

L7z, A A TOIRIEMIA & RBIEFEROAEZZT, g B RFERTY IVDE OJNRENE

DFARIE L TWD, I OMHEROHMITIE, HEFBROZEMEMEZ(L O EREE OEV, HE
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(RPHERIR DR AR IE DB NLE R BIED BN T END, T b OFEM AT 2

ZWIZiE, S HRDMENPBETH D,

6-5 /&

¥ 6 FETILT-L IVDE Z b Z L0 MD & T-L IVDE Ofth, HEE AR IC B4 2 4

FEE 2 2 97 FB (22U C T-L IVDE FRJE DO FHE S & 5l L 72, FB 1% MD (2L L CTHENLIZ

RIEFMPE N LPFEH SN, SOITHERATRORIENZ <. F B TOMBEHS & 1EH

TD IVDE D45 1L MD & 1B » Ti=, F B CIIHEE ZEENAL TO IVDE D34 1T

72, HICHMIBIETRWE B XV HHIZSEDF BITAESS IVDE 2 RIE LT 2o 72, FB

1% MD (2 Ebifg: U CTHEAZIC T-L IVDE OFRIEN 5 T, METE <. G5 IZBIT DI TIERRBETK

AEIEDFEIER DS @72 > 7o ZAUTHE SRR VERTER TH IVDE OFFRENSIE O F 2R LT

W5, ZHHOMEOBMIZIE, HERARKDEVEMEZRL O BERERE O HEARCHERI R DR

FIFREOEVWRLHUZIEDOREN G END, TN DDOFMNEZTMT 572DI121F, 56

IRDMFENLE T D, ANTENEIL, LUT O 0 KEOFINEEIZ B S 7,

Aikawa T, et al. A comparison of thoracolumbar intervertebral disc extrusion in French bulldogs and

dachshunds and association with congenital vertebral anomalies.Vet Surg. 2014 Mar;43(3):301-7.
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MD" FB'

Age(year) Number (%) Number (%)
<1 0 (0) 0
1 0 (0) 3(6.4)
2 12 (1.8) 16 (34.0)
3 85 (12.7) 14 (29.8)
4 146 (21.8) 12 (25.5)
5 169 (25.2) 2(4.3)
6 99 (14.7) 0
7 63 (9.4) 0
8 36 (5.4) 0
9 25 (3.7) 0
10 19 (2.8) 0
11 7 (1.0) 0
>12 10 (1.5) 0
Total 671 47

“Miniature Dachshund  "French Bulldog

Table 6-1. Distribution of age at surgery
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Grade MD" (%) FB' (%)
1 1(0.1) 0(0)
2 213 (31.7) 15 (31.9)
3 209 (31.2) 14 (29.8)
4 67 (10.0) 3(6.4)
5 181 (27.0) 15 (31.9)
Total 671 47

“Miniature Dachshund

Table 6-2. Preoperative neurologic status
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affected disc

MD” (n=671)

FB' (n=47)
IVDE site [dog with kyphosis] (%)

Peaks of kyphosis

T3-4
T4-5
T5-6
T6-7
T7-8
T8-9
T9-10
T10-11
T11-12
T12-13
T13-L1
L1-2
L2-3
L3-4
L4-5
L5-6
Diffuse/Multiple

0
0
0
0
0
0

0
10 (1.5%)
110 (16.4%)
174 (25.9%)
139 (20.7%)
85 (12.7%)
83 (12.4%)
40 (6.0%)
9 (1.3%)
2 (0.3%)
19 (2.8%)

0
0
0
0
0
0
0

0
1[0] (2.1%)
7 [2] (14.9%)

11 [6] (23.4%)
7 [7] (14.9%)
8 [7] (17.0%)
6 [4] (12.8%)
7 [6] (14.9%)

0
0

0

O O O O O P N Ol A P 00O OO N DN P

“Miniature Dachshund  "French Bulldog

Table 6-3. Distribution of T-L IVDE sites and Peak of kyphosis
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W7 I HERI R R RE LT L TF TN Ry T I 2T a T Xy I AT R

BB L 7 S MEME IR O 53 T AW 7 AHE A

\'
|—\
=
i

HERIRRZEME ISR 2 53R B L TS T, ESEESLIOREREEZHE I 20, ©

DI R I E S L OBEZERIC B W THEER S TWD, HERREMEZ T 0747

U 71 2% L O Type 2 collagen (Col2AL) DIR/D & R & L, AUV KR EH EOWRD D3

Z 5[154,155], RlAZRARRIT, AR & e AR O 2 FE O Ml CREE S L. 2D

iy

D2 ORI TH Y | EMie & EEl Lo E 2L, s & MR ME -

E

NS B DT T A2 =% TR L T 5[156], F R s (AW~ 5208, 8

DESWVIIEIREIC L > TRRY | S 5ITIFARMIAORD NEMEOMEST & AR 2 A4

5[264], FlAE, 7R YF T v ML OIERE REEMERIEOME TI3aFRmia L

AVEF(ET H[157,158], L2rL, B b, FEBILOHCEELEMERTE (CDBs) TILFHIZIH

U, BRHERCE AR I ST A dsde L C L 9 [64,155],

CDBs OHEMMBERZI T PN EVED BRI D03, Atk L 25723 L TEMENETL TV D

ZLbHD[2,64,158], ZD XD AREH NG, CDBs OHEMMEIEZITIZE A &~ DOHEREEEZ

LERIL TR Y, REDOFHEMBHAOZDETLVEME LTHEL TS LEERXLNLDLN
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[160,161], HERIARZEVEIZISUT 253 FAEWFHIZR A T = X LIIRIEARI R 0,

CDBs T, FHNUCHEEZOZEMENE Z 0 | HEfH~L =7 OFIEFIRIL 7.4-8.2 gl & W45

TV 5H[163,164,165], L 2> LI~ OMRFHZI L V| AL CDBs T&h > T bR~ =7

DHNBHEIR & T T2 EERIEFR R 7 L o F 7N Ry 7 (FB) IZBWTIE3 e I=F =

TH A7 R (MD) D5 & il LA B CTH D Z &3 50 & 72 - 72(P=0.00001)

[28].

t b OB & TR DT L T % CDBs ORI T, RFEIZ IS 1 2 MERIMR A M3 2E D

SFEMSFEER ZRAT 5 2 &3, HHICKAE O BIn P BER ZFHT 540 L 72

HAREMEDE A BN D,

PLEDZ EnD, Foxid MD 38 KOV FB OHMERIMRZAVEIZ 1 2 50 F-EW) Sy 7 A& s & A

5%, MEFRIIRT I K OB s T RBUENT 2 VT Ef LT,

7.2 MERE DA

7.2.1 R EY

ST HREE & 4 2 HERIHOBEAZ A% (Non-degenerated nucleus pulposus ; NNP) 1 A I fil i 72

K12 W AwOE— 27V R 68 VEER LT,

F7o, EMEUTHERIRBERZ L LT, MRS V=T IR LI =F a7 - Xy 7 AT
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F (MD), BEOZ LU F TN Ry 7 (FB) LV FHFICHH S 7-HEMBAE (Herniated

nucleus pulposus ; HNP) ZARFHIfEH L7z, HEfR~ V=7 ICfE L7 MD I34: 8 8H T

B EHEEIL 6.7 ThoT-, FBIZESHTH Y | EWEEIT 46 ThH -T2, & TDIE

PHI A2 S L < i3eemiz 2L, H)IEYERYE 7 — Tk JOBRB Th

TebDTHD,

BRI SN 7T MEEIRITICE WS S DIX 4% /37 /v A7 V7 & R(Invitrogen,

Carlshad, CA, USA)AIZiZTE L, 4°C TH7FE L7z, %7z Real-time RT PCR f##fric AV 5 & D

I% TRIZOL (Invitrogen, Carlsbad, CA, USA)IZiz{E L. -80°C THTFE L 7=,

7.2.2 FARRSFAIAERT

ZNENDRIRIL, 4%Paraformaldehyde (Invitrogen, Carlsbad, CA, USA) % FIVN TEE 24TV,

TN A= RINB L OF T L RINITHK - B 27k, N7 7 4 iz LT,

BRI T 7 v TmayZid, 278 h—2% 0T oum OEX|ZHEY L, #Eith %

VESI%. AC T TIRAE LT, ERLLZ-UIRIZR S L TN T 7 ¢ v 2TV, T a— L%

Hll & VTR, JEREBIZ: 2 A ) & L 7= Haematoxylin-Eosin Yo L OV /'Y a3 ) 7Y

71 VOB FSE O A BB & L7z Safranin-O/Fastgreen Yt 217 - 7=,
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7.2.3 TUNEL 41

TUNEL %13 Terminal nucleotidyl transferase (TdT) % T, 7R h— A% 2 L7zl

DOWr it DNA OfERE 3-OH KiglZ 7 VA LA - dUTP ZRERIICHE & S EiEak L7

%, BOCEAMEE TRt T A FETH S, TR P Aot A2 B E LT Insitu

Apoptosis Detection Kit (Takara Bio Inc., Shiga, Japan) % FV >, TUNEL %8 % 17> 7=,

TERLU 7280 R 1387 7 ¢ %, Milli-Q Z2 VW CKBE L., 20 ug/ml O FED Proteinase K %

MW BT COBREE T T 15 IS S W72, T D% PBS THIF 2 L. 7~V > 7 RS 50

ul (TdT Enzyme 5 pl + Labeling Safe Buffer 45 pl) % T, @4+ T 37°C T T 90 43

BOR ST, PBS T 5 43 3 EIEH L ChUSZFIL ST, D%, HOLBEME THl%

L. 7R b= Az RE L,

7.2.4 Real-time PCR % Fl\ /=18 s+ BT

BRI S 7= & B #LR 2> 5 TRIZOL (Invitrogen, Carlshbad, CA, USA)# L OF RNeasy Mini Kit

(Qiagen, Valencia, CA, USA)Z I\ T RNA Zfififti L. Super Script VILO cDNA Synthesis Kit

(Invitrogen, Carlsbad, CA) % A2 R G S IZ 0 cDNA 25k L 7=,

WHR ST I 0 A L72 cDNA (3 Kapa Sybr Fast gPCR Kits (Kapa Biosystems, Inc., Boston,

USA)Z VT, Bz O Ml E O~ — 1 —Td % Type 2 collagen (Col2Al), B LW

Aggrecan (ACAN) DR s B Z . E B D LMD~ — I — T % Type 1 collagen
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(Col1Al), Matrix metalloproteinase 2 (MMP2), Matrix metalloproteinase 3 (MMP3),

Matrix metalloproteinase 9 (MMP9) 33 2 U Matrix metalloproteinase 13 (MMP13) DI {1 F 5l

%, Stratagene Mx3000p System (Agilent Technologies Japan, Ltd.)Z %] /] L 7= Real-time PCR

FOSZRALTHE L, o RiTAACHEE2 S H W TIRIT LT,

7.25 HEEHFEIMENT

AT IX Tukey-Kramer method % VY, p<0.05 2 > CTHEZEA D L HE LT,

7.3 FER

7.3.1 HEMRIBRBERZ O BRI A R

BRIR B S 72 B/ — 7 0V RI6 L OMERI~L =7 FRiER] (MD B8 X TOVFD) K W L7z

HERIARI N DN T, HERTHRZE M DR 8 A S BEARRR 72RO 3E4M L 7=, Haematoxylin-Eosin %%

EBCIE, R K VA L7z NNP & Bl LT, HERIAR A~V =7 REEBES] X 0 HiH L 72 HNP

(ZRW T, MR DR MRS OMEE S EPEOEIT RS S 7228 MD & FB O]

TOEITFED LAV - 7= (Figure 1),

—J7 Safranin-O/Fastgreen 444, (2331 Tl MD @ HNP (235 T 7o Y Atk O K T 23R

AL7Z23, FB @ HNP Tl Safranin-O DY ta k2 4R L T2 I3 < B b/ (Figure

2),
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7.3.2 HMEIMRBERZ BT B T R b — Z M O A
i v — 7 L RE D NNP (2B W T GMERIIERED S 720> 7223, MD @ HNP Tl
PRI DI HEZR S 7=, LA L FB @ HNP 2B W TIZME MBI IR S e v o 7=

(Figure 7-3),

7.3.3 HEMIBGHHAR T OS B s FRBLE

fie B — 7V RE3ED NNP & MD 36 L O FB H13£0 HNP 12351 %5 mRNA OF&BLE OAH
R P57, Realtime RT-PCR i£% Ao, BB 73BT 41T > 7=, FB ® HNP T
IZ MD @ HNP & Fbilgs U CREAEMEZE (L OFREE Td % Col1Al O mRNA OFEBUEAINIIN A, #

BHE T 5 Col2A1 X° ACAN 72 £ D mRNA OFRBUK F 2358 b7z (Figure 7-4),  £72

324

iz DRI AR T D MMPI 35 L T MMP13 @ mRNA O FEHLES MD & Hiik

o]

L FBIZBWTIKfEZ R L7=, L2>L MMP2 3 XX MMP3 (2 L TiZ mRNA O3B EIZH

BEEITEO N> T7- (Figure 5),

7.4 E52

ARFE T R E— 2710 NNP & MD 3 X TOVFB H 3D HNP DR F AR E S8 L OV

FAEYFRIRE ROV TR 21T > 7,
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KRR NNP CIERBLOFF R AIIEIS L OV ORCE RIBARIL I & > TR S DAl
faod 2w =—23 B X5 28, MD 3 L ONFB 2k HNP CTIdfifasnssid L, MRS
HHBEIETIE & A EECE N T~ 7=, Safranin-O Y22 TiE MD & HE# L. FB @ HNP
BV TR Z S MEFF S TR Y | BiIRZIEE O3, MD O HNP 2T L Ty
WZ DR SN, EHICT AR b= Afla a5 TUNEL 44 Tik, MD Hko
HNP TEEPEMIL 3 RS S 72 b DD, FB H12kdD HNP T3 S 3, FB @ HNP Tid MD
RN FHE SN TORW T LRS-,

—J7, BB THBUENTCIEIMD L L, FB 2R HNP IZB W CHRHEZLORIE CTH
% Col1Al ® mRNA DR EOHMA ML S, & BT oM EED~——Th
% Col2A1 35 KUY ACAN[161,162] > mRNA FELE DX F23lEsd S 417z, UL, BEEZEE O
EEESR & L CHE TV D MMPY 5 X O 13[166-169]1> mRNA OFEBLEIL MD & Fhifik
LFBIZBWTUIRMEZ R L TWe, DF 0D 26 DRERIE, FB OBEEZEMTIL MD O£
& Bl LT mRNA Lo L CORHEMEZITEIT L TS OO, MMP BENMEIEZ R L,
OIS EE O3RN Z SRV LTk - T, EF MBI N ®IRE LIEFELTY
DN E N, AEIORFTIE, BB T MR O, Thbb X
>3 & LTO CollAl DPEAIEINIIMER TE TV W25, mRNA OIEELE) FB @ HNP
IZBWTMD OENLD BEIMLTWAEZ b, BELL X 37 & LTO CollAl D

AMBEZ > TWD LRBREND, DFED, AR THIVUTEMEE OIS NLITT O
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Jex ORIZE ORI E S . FB OB Tl MMP BN L oW =12, RS 105k

FL, ZROMA TRRHEMMBROEA LB Z 2 2 L ICX VEiE L L CORBEOERNE Z
STWD ERBEI NG, JEIFEZ e CHEI. Bk 2 AR TR E /- BAHZEMIIC R

TET 2 BERARRIC BV T BRSO RO RNE Z 5 & L7e b, £ Z 5720 MD

oML D RAR & S U CTHERI A~V =T SIE DR 2 500 5 O & DO R & 70 5 ATREMED 7R

i,

7.5 /R

MD & FB OHMEMIMREMICB T 20 FAMFH M ESOMEZ B E LT,

Haematoxylin-Eosin Y4433 J. 0% Safranin-O/Fastgreen Yo% FIlf L 7= f#% 27T, TUNEL

Yt 33 LN Real-time RT-PCR VEA2FIH U728 {6 73BT 21T - 72, MESFRFETIZ B W)

TlX, MD L Lbfg L FB (2B W CHIEE SVE OFRF MR S 7=, TUNEL J2 a2V Cid T

Wb =AM DOHINA MD @ HNP THER S NLIZb DD, FB TIdfEGE SN oTz, &

SIE B IBENT TIL, FB @ HNP IZB W TEM~—H—T&H 5 CollAl ® mRNA DF

BN MR S, BZIVE D~ —7—ToH 5 Col2A1 3 X TN ACAN @ mRNA DFEHL & D

IR TR SN, —J7. DfEEEZ TH D MMP #:D mRNA OFBEIL FB 1288\ T MD

LD LPLLTEBY, ZOZEBRREEOERAFDRKE > TWDHZ ENRBEINT, Uk

OFERE D MD & ik U THE D/ ROBREENE FB OB Tlx, WHDEFITMA T
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ZEVEITAE O BRAEMERERR D AE SR Z 2 & BEA OND 2 & D BERGHER B IRORFE 1IN

L. HERIBRA~ V=T SIEICM S D28 e 52 T\ Z L NB bz,
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MD HNP FB HNP

Figurel Histlogical analysis of NNP and HNP using Haematoxylin-Eosin staining.
While clusters of notocordal cells and chondrocyte-like cells were evident in NNP, no clusters

detected in HNP. Note the decrease of cell number in HNP.

132



B

NNP MD HNP FB HNP

Figure.2 Histlogical analysis of NNP and HNP using Safranin-O/Fast green staining.
Proteoglycan content was diminished in HNP of MD compared with NNP. However, Safranin-O

positive area was remained in HNP of FB.
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NNP MD HNP FB HNP

BF

Figure.3 Analysis of apoptosis in TUNEL-stained NNP and HNP.
The number of TUNEL-positive cells was increased in HNP of MD compared with NNP and HNP of
FB.
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Col1A1 Col2A1
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NNP MDHNP  FB HNP

Figure.4

Levels of mMRNA expression of Col1Al, Col2A1 and ACAN.

The results show that mMRNA expression of Col1Al increased in HNP of FB compared with HNP of
MD. By contrast, the levels of Col2A1l and ACAN, a marker of NP, decreased in HNP of FB
compared with HNP of MD.
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Figure.5

Levels of mMRNA expression of catabolic cytokines in NNP and HNP.

In HNP of MD, MMP9 and MMP13 mRNA expression levels were elevated compared with NNP
and HNP of FB.

However, no significant difference in MMP2 and MMP3 mRNA expression levels was found

between MD and FB.
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SUMMARY

Thoracolumbar intervertebral disc herniation (IVDH) is a common disorder of the vertebral
column mainly seen in chondrodystrophic dogs. Surgical decompression and removal of the
extruded disk material is a widely accepted treatment modality, especially for disk extrusion.
Disk protrusion typically occurs in nonchondrodystrophic larger breeds at older ages with
chronic onset, but either type of disk herniation can occur in any breed of dog. Although
thoracolumbar IVDH in dogs is one of the extensively documented diseases in veterinary
neurology, information regarding long-term outcome is still insufficient. The goal of the study
reported here was to evaluate a long-term clinical outcome, precise diagnostic evaluation

methods and surgical procedures for Thoracolumbar IVDH.

1. Long-term neurologic outcome of hemilaminectomy and disk fenestration for treatment

of dogs with thoracolumbar intervertebral disk herniation.

Objective—To determine the proportion of dogs with thoracolumbar intervertebral disk
herniation (IVDH) that successfully recovered following hemilaminectomy and fenestration,
the time to ambulation (TTA) in affected dogs after surgery, and the frequency of urinary and
fecal incontinence in recovered dogs and to document long-term complications.
Design—~Retrospective case series.

Animals—=831 dogs with thoracolumbar IVDH treated by hemilaminectomy and concomitant
disk fenestration by the same surgeon.

Procedures—For all dogs, neurologic deficits before surgery had been assessed with a
modified grading system. Dogs were reexamined after surgery over a period of 3 to 6

months, and follow-up evaluation was performed at > 12 months. The proportion of dogs

that neurologically improved after surgery, TTA, and incidence of fecal or urinary incontinence
in recovered dogs were compared among dogs with various grades of neurologic

dysfunction before surgery.

Results—Of 831 dogs, 122 had unsuccessful outcomes and 709 had successful outcomes.

Of 620 dogs with intact deep nociception before surgery, 606 (97.7%) were ambulatory
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after surgery. Despite maintaining the ability to walk, 7 dogs were judged to have an
unsuccessful outcome because the severity of ataxia did not improve. Of 211 paraplegic
dogs with loss of deep nociception, 110 (52.1%) dogs became ambulatory after surgery.
Long-term complications included incontinence, permanent neurologic deterioration, and
self-mutilation. Dogs with paraplegia before surgery had a higher frequency of urinary or
fecal incontinence, compared with dogs that were ambulatory.

Conclusions and Clinical Relevance—Prognosis for dogs with thoracolumbar 1VDH that

retain deep nociception in at least 1 of the pelvic limbs or tail before surgery was good.

2. Effectiveness of Prophylactic Fenestration with Hemilaminectomy for Thoraco-lumbar

Intervertebral Disc Extrusion.

Objectives- To determine the incidence and the location of recurrent thoraco-lumber
intervertebral disc extrusion (T-L IVDE) in chondrodystrophic dogs after hemilaminectomy
with prophylactic fenestration (PF) and to document PF related complications.

Study Design- Retrospective study.

Sample population- 793 chondrodystrophic dogs.

Methods- Medical records of dogs that recovered from first hemilaminectomy and concomitant
PF with >12 months follow-up were reviewed. The rate of recurrent T-L IVDE in dogs that
underwent a second surgery and dogs with clinical signs that improved without surgery were
evaluated. The rate of second disc extrusion (SDE) within T11-L4 intervertebral discs was
compared between the PF discs and non PF discs.

Results- T-L SDE were surgically confirmed in 15 dogs (2.3 %), 2-61 months after the first
surgery. No dog had recurrence due to further extrusion at the initial extrusion site. Sixty-one
dogs had neurological deficits that improved without surgery (mean follow-up: 43.1 months).
The SDE occurred at a PF disc (n=1), adjacent to the PF discs (n=8), non-adjacent to the PF
discs (n=6). The risk of SDE in non PF discs was 26.2 times higher than that in PF discs (95%
Cls 3.4 to 203.4; P <0.001). Major PF related complications included iatrogenic introduction of
the disc material into the spinal canal (n=1), and vertebral subluxation or instability (n=3) at
1-88 months postoperatively.

Conclusion and clinical relevance- Performing PF at spaces predisposed to disc extrusion
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significantly decreases the incidence of T-L IVDE recurrences. PF is a safe and effective

treatment to prevent SDE in chondrodystrophic dogs.

3. Diagnostic Techniques and Surgical treatment for Thoracolumbar Intervertebral Disc

Associated Dynamic Compression.

Objective: To describe the diagnostic findings, surgical technique and outcome in dogs with
thoracolumbar intervertebral disc-associated dynamic compression.

Study Design: Retrospective case series.

Animals: Client owned dogs (n=11).

Methods: Medical records (2005-2010) of dogs with a stress myelographic diagnosis of spinal
cord injury due to thoracolumbar intervertebral disc-associated dynamic compression with
inconclusive compression in the neutral position that had hemilaminectomy and vertebral
stabilisation were reviewed. Data on pre- and postoperative neurologic status, diagnostic
findings, surgical techniques and outcomes were retrieved. Follow up clinical and radiographic
evaluations were performed immediately, and approximately 1, 2, 6 months postoperatively, and
at annual follow-up examinations.

Results: The stress myelography demonstrated distinct ventral dynamic compression due to
bulging of the disc and additional dorsal compression due to infolding of the ligamentum
flavum in some cases. The median percentage of post stress reduction in spinal cord height on
lateral view was 18.0% (9.8-27.2%). All dogs recovered after surgery and remained ambulatory
at follow up (median: 45 months, range: 7 to 94 months).

Conclusions and clinical Relevance: Thoracolumbar intervertebral disc degeneration may
result in disc-associated dynamic compression. Stress myelography was an effective means of
diagnosing this condition and hemilaminectomy with vertebral stabilisation was an effective

treatment resulting in long term neurological improvement in all dogs.

4. Diagnostic Techniques and Surgical treatment for Spinal Canal Stenosis and Vertebral

Instability caused by Congenital Thoracic Vertebral Anomalies.

Objective- To describe diagnostic findings, surgical technique and outcome in dogs with
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thoracic spinal canal stenosis and vertebral instability secondary to congenital vertebral
anomalies.

Study Design: Retrospective clinical study

Animals: Dogs (n=9) with thoracic spinal canal stenosis.

Methods: Medical records (1995 — 1996; 2000 - 2006 ) of 9 dogs with a myelographic
diagnosis of spinal canal stenosis and/or vertebral instability secondary to congenital vertebral
anomaly that were surgically managed by vertebral stabilization with or without laminectomy
were reviewed. Data on pre- and postoperative neurologic status, diagnostic findings, surgical
techniques and outcomes were retrieved. Follow up evaluations were performed at 1, 2, and 6
months. Long term outcome was assessed by means of clinical examination or owner telephone
interviews.

Results- Spinal cord compression was confirmed by myelography and in 2 dogs, dynamic
compression by stress myelography. Eight dogs regained the ability to ambulate postoperatively.
One dog with a partial recovery regained voluntary movement but did not become ambulatory.
Conclusions: Spinal cord injury secondary to congenital vertebral anomaly may have a good
outcome when treated by vertebral stabilization with or without laminectomy. Adequate
stabilization of the vertebrae and improved neurologic outcome was achieved in most dogs.
Clinical Relevance: Vertebral stabilization using positively threaded profile pins and
polymethylmethacrylate with or without laminectomy is an effective treatment for spinal canal

stenosis and vertebral instability secondary to congenital thoracic vertebral anomalies.

5. A Comparison of Thoracolumbar Intervertebral Disc Extrusion in French Bulldogs and

Dachshunds and Association with Congenital Vertebral Anomalies.

Objectives- To compare data for French Bulldogs and Dachshunds that had hemilaminectomy
for thoracolumbar intervertebral disc extrusion (T-L IVDE) by 1 surgeon and to evaluate the
association between IVDE and congenital vertebral anomalies.

Design- Retrospective case series

Animals- French Bulldogs (n=47) and 671 Dachshunds.

Methods- Age, gender, vertebral anomaly, kyphosis/kyphoscoliosis, IVDE site, non-recovery

and progressive hemorrhagic myelomalacia development from grade 5 (paraplegia without deep
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nociception) were compared between the 2 breeds.

Results-French Bulldogs were significantly younger (P=.00001), more likely to be male (P
=.023), and more likely to have a congenital vertebral anomaly and kyphosis/kyphoscoliosis
(P<.00001) than Dachshunds. The frequencies of French Bulldogs with IVDE within typical
sites (T11-L3) were significantly lower (P=.0005) and within caudal sites (L3-L7) significantly
higher (P=.0001) compared with Dachshunds. None of the French Bulldogs had IVDE within
the kyphotic/kyphoscoliotic segment. The frequency of lumbar IVDE (L1-L5) in French
Bulldogs with kyphosis/kyphoscoliosis was significantly higher (P=.003) compared with French
Bulldogs without kyphosis/kyphoscoliosis. In grade 5 dogs, the risk of developing progressive
hemorrhagic myelomalacia in French Bulldogs was significantly higher (P=.03) than in
Dachshunds.

Conclusion - The distribution of IVDE site in French Bulldogs within the thoracolumbar and
lumbar spine was different from Dachshunds. IVDE sites were not located at the sites of
vertebral anomaly. French Bulldogs appeared to have T-L IVDE at younger ages, with higher
male predisposition and higher risk of developing progressive hemorrhagic myelomalacia from

grade 5 compared with Dachshunds.

6. A comparison of molecular mechanism of intervertebral disc degeneration between

French Bulldogs and Dachshunds.

Objectives-Intervertebral disc degeneration (IVDD) has a significant impact on the quality of
life. The nucleus pulposus (NP) in chondrodystrophic dog breeds (CDBs) is similar to that in
humans, because the cells disappear with age and are replaced with fibrochondrocyte-like cells.
IVDD develops within the first year of life in CDBs. We previously reported that French
Bulldogs (FB) appeared to have thoracolumbar intervertebral disc extrusion (T-L IVDE) at
younger ages with higher male predisposition and higher risk of developing progressive
hemorrhagic myelomalacia from grade 5 as compared to Dachshunds. However, the molecular
mechanism underlying age-related VDD is yet to be ascertained. The aim of this study is to
investigate the molecular differences in IVDD between FB and Dachshunds.

Methods- Herniated disc material (HNP) was collected from FB and Dachshunds that

underwent surgical treatment for intervertebral disk herniation at the Aikawa Veterinary Medical
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Center, Tokyo, Japan.

Results- Histological analysis showed a safranin O-positive area, and NP cells apoptosis was
decreased in the HNP of FB as compare with that of Dachshunds. Real-time
reverse-transcription polymerase chain reaction (RT-PCR) showed increased mRNA expression
of Type 1 collagen and decreased levels of Type 2 collagen, aggrecan, and matrix
metalloprotease (MMPs) in the HNP of FB as compare with that of Dachshunds. Conclusion-
These results suggest that a decrease in the degradation of extracellular matrix and an increase
in production of fibrocartilage lead to total NP tissue volume increase in FB as compared with

Dachshunds. This was considered to be the cause of early IVDH onset in FB.
In these study, we evaluated a long-term clinical outcome, precise diagnostic evaluation

methods and surgical procedures for Thoracolumbar IVDH. Our results may contributes

development of clinical management for Thoracolumbar 1VDH.
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