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Investigation of the morphological factors of cervical
vertebral stenotic myelopathy on computed tomographic

myelography in Thoroughbred horses
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HARTHEEINTHEED80%IEYV 7 7Ly FThd (Bro {biEs
BEMOKEA LG EME IR, D446 H) . ¥7 7Ly FOAFH
iX, HUZERHE 50-60 kg 7243, 6 AGIC 7 3 & 250 ke FREE 12 208 BN 2

(Bo&ERI=E, https://blog.jra.jp/shiryoushitsu/2019/01/dod-c58f.html) .
ZD70, HEWEEWEIECIRE N BN, SEREDE M HERE (Cervical
Vertebral Stenotic Myelopathy ; CVSM) & Vs - 72 R4 BRI AL RBHIG R B 035
ELRT, Zofth, RENEEARIREDOFIEER X, KRENT VADA
B, A REENE 2 ST 528, ZOFKIZEAICIEH S k> T
W [27], JREBIEEEARHE - D % I ZERRIER 237 B 2 Bl B ART X
PR TR ARE CH 5. £ 7, WYIZIRFEZITH 2 & TIRiER OEHRE )
IIFE L2\, Lo, CVSMIREFRAEIRDSFEBL S 2 HiIC 22 95 2 &8
HEETh 2. AEEOIREILEIZA T A F2HWZNEREE MTO NS 2,
PRAEIRDSHESRT LT L £ D HERID v, WERERICIIE L b o 725613, il
MEARTRIREEMT & o 7 A BRREE DR AL S 1L 5[10]. LarL, AFRHERZ1T-> T
bIHEBRE ) O R HE IR TE kv, HARDOY 7 7Ly FOELEEHN
BEEBTH B, 2070, WRRAEBEIZKIG L 2 WEEOREN X, 584 7% #HE)
R 2 [AHE T & 2 AIREEDME WA RHAIENEIR S N s 2 L3k, Z20% I
THRAR LM SNG,

CVSM IZSEBEHOEHDIRRED R IC X o T 2 DI ia s, Typel &, #
lin (8-18 » Hilt) T% AL, HMEDOTIZPHINANELEKTH D, H 2-
3 SEMER] & 28 3-4 SEHERICRIET 2 2 E R TdH 5. Type2 1%, i (1
A B) T4 AL, SHEDEIRZEDEKRTH D, o 5-6 WMEM L 55 6-7
SEMERTCHERE T 2 Z & 2RI T H 5 (15, 25],

ZNE T, CVSM Z22MWid % 7z »Ichk4 Rl BE sl S hcw 5, #H
i X M I3 IR omGZ kL ch b, BHICEFR BT L -0 B0
IR T R LT 5, Bl X BEERICE 1 5 CVSM T & 2 BT,
SEAMED EIRE PRI BIE I N5 (21, 37]. Lo L, HjE X SRR cln
BHffZS & R 2 2N ZNBIZET 5 2 LO3TET, BIWE DM 2 T
DMTA %%\, 7, SEHEDRLIAE 2 ZBINICZWTT 2 51k & L CERER DR



BEZJIE LT b, REIES KL, ORI EIT 2 Z BN ETE %
23, HIEHET5-10%DEANAEL % & SNIEMEICR T 2([31], AT,
B & BB RET O X SRR ARE CH 2 7- o, Bl X SR o idmm# 2 X
M2 2L TEYT, SEEETORENRETH 2. 2DV ERTIE
PG Al ZTEA L, BHid X A 2179 2 & cHEiEHaEir 2 fE L
TWw3I[l, 28,37]. L2 L, FHEE X ML EE 51D & o SEEEH &

ERREZRHSMCTE 2, WML & OSEREHEMEAT 2 RiE § % 2 &1
WiETdh (34, 37]. S 512, BHEIEY X FRER O FEBITH 5(36].

MRI BEHE 13 7 € B eI A 2 1A 37 I SEBE & it 2 DX mT g 722
7%, SAMiEBIET 2 EMEREETH S, AU, ANEY ORI T I S
HBoOBWHICHEEREEIZ R 7 L Tw5(38]. UL, KO MRI & o
R EZHCE DDA TH S, HEE LT, MRIDOA Y F ) —FIZ AR DOM&E
HEORZEIZD LICKITSINTED, MIDETH > THHEDEAD AR DK
BEDHBRKRESMRIOH Y MY —ICAND I ENTELRVLZDTH S,

B CT Wi 1987 SFICRHIOWME D H 5 (3], WE4E, HOER CT Mitkid
E R N IS TR RE L 72 D, b ORI ClESZ i o—> L LT
YK L225H %(30]. CTHAEIZ XEHOTIREEZIToTwE 2o, HiiiX
PRAL & AR ICERE S CTH 5, BRI CT iz CVSM % J6hiE L 72
FERDFEOBZW 21T 9 TewICH A EETH 5[14, 22, 29, 35].

AWFgEcl, BOEE CTREZHVZYJ 7Ly FD CVSM DI REERYfiE
HEZHE L, 51 3ETi3 CVSM ORMIMIEERIT RZINEL 2. H2ET
1%, SEMEARTEZ M7 CVSM OSSN 2 M) L 72, 28 3 TCld, SRR
EFME RN 2 Hv 72 CVSM OFEE A 2 et L7, 28 4 7Cld, SEiiea
DEBIVIEEE Z BET L 72,



HI1E FHEY CTREZ VY 7 7L vy F OWNENRZE R EBERE O Ry
P

Elwi==1
1. &

ZNE T CVSM % 2ZWi§ 2 - DIkk4 2lEZHIESFH S Tws, i
Al X R & B RER X L, % OB RS CEMI 1T \» 2 lig2
Wik Cd 5. HE X BREHE 3 SEHE O BN P RLYI AR 2 @152 L (21, 37], Bl
W52 X B 3 S AT 2 RE LT v B[, 28, 371, LaL, HAKE X fiE
GCIITBII S & BBIMiZE 2 Z N F BT 2 2 L3 TE T, BIREDHF
BT DMT Z 70\, F 72, FEERY XEME IS IE T M h & o SEji 8 & i
ZHSICTE B0, WAMIG D & OEBIAET 2 e T 5 2 L IZNEET
& %34, 37].

AR, BOSE CT ME I 2 BRI T I CHIA EE L 2 D, CVSM D&
ZWD—>2L LTHLL>2H 5(30]. CT HEIIWEHETH Y, HIBIHEIZE
i & SR X T EF, ZROGMICEEOR A 2B TH 2. L
L, CTHEIZ X EHCTIRGEZT%2->TE D, Tl & MEBERO X MBI
KPFERE R 7O, WHEDHNIAARETH 5. 2D, 7 M T IPEEEIC
WA ZEAT 2 THHEE NI TH S,

BIEE T, CVSM 23 L7245 7L v F BRI AR E D oA %2 1 E
Lciiifidzewv, 2 20 1 2k, 37 7Ly FoBHEY CT mi&RMT %217
V>, CVSM DRI BT WL %2 &R L 7.

2. MEE L OT5E

AWFFECIE, 201346 H25 2019 4F 10 H ¥ CICHIAB R TS CT
BEEEmL 7207 7Ly POl —% (&it 41 Bik) 2Hv7 (¥

1) . Kt cHW BRI, SR F B ERE &R, RERF 72 I34RTIDY
TR D AR &\ > 7 WREEIR B S LT 7, AP IA B EKR
PRV Z AR ORRERCEML 72 (RAES  27-127) .



1) X5

BT, 41 ik 9 b, SHREE OEIKIER? & CVSM 23%Eb i,
7 SEffE E OBIZETTRE T H o 72 23 Wtk (HERHIPH, 155-717 H ; ‘¥ HE,
410.9 H) o0&l CT 7—2 2 L7 (X 2) . MikoWNFuZ, # 18 #H
& (H#mdiipe, 155-717 H ; ‘F¥HE, 398.6 H) , M 5 #fk (HEmHiPH,
201-628 H ; ‘F¥IHE, 455.2 H) Th-o7- (FE1) .

2) PhfEARIRR A

A ¥ 72 3B O MEEIRO G L 7' L — F%HIE, Mayhew & 25 4% f
WCETo 7z, 7L —F 0 ERD . L —F LIS WATEZRE L
TeREIZVHTIEIR DS B, 7L — B 2 3R EE CWHE Y 72 VUL 0 N AR 0 Bl 2k
. V=1 3 XTI 2 DU O AR S RREROE B R, L — N 4388
B, EELREETS, ZJL—F51%, BEMCZR o7 FRTARE, &L
7= 7].

3) Hiffi X KR

HHE X B, TGO 2 L, AT ORM X R IE R —
% 7V X i diE (PX-20BTmini, Kenko Tokina, Tokyo) & Digital
Radiography #i& (DR, Aero DR, Konica Minolta, Tokyo) % H\>T4r-
7o, RS, BEE 90KV, 1.8-2.5mAs & L 7.

4) R

FhfE Y X it s K OFGEE CT a2 EMT 21cHh2 b, 2%
1o 7., &TOMMKIZMEFTH 53 £ L T medetomidine hydrochloride (5
ng/kg, Domitor, Nippon Zenyaku Kogyo, Tokyo) % &lRINI%G-L 7=, Kk
s A L%, midazolam (0.03 pg/kg, Dormicum, Maruishi
Pharmaceutical, Osaka) & thiamylal (4 mg/kg, Isozol, Nichi-Iko
Pharmaceutical, Toyama) %##&5 L 7% ® b, guaifenesin (25 mg/kg,
Guaifenesin, Shinyo Pure Chemicals, Osaka) %3 2% F CRBERA#K



G U7, 7w, BUSRIESHICKAERE 2L, MEWAZGGL 72, FF
WekERF X, guaifenesin (200 mg/kg/hr) & xylazine (1 mg/kg/hr,
Celactar, Bayer, Tokyo) , ketamine (2 mg/kg/hr, Ketalar, Daiichi-
Sankyo, Tokyo) ZEALZ MY 7Ly FEEZH T - 72,

5) HhfEMIA

FREGESE X A E, B CT a2 EMd 2 1 AMRNICIT> 7. Bl
EEIX, AR T ICC 216 B2 KREARIA L 72, IERER I 7 BT
WeDr 6 2 30T TR E, 2D, RKITZINESEK & RAROEFA (Bl
X FRAL s © 300 mgl/ml, iohexol, Daiichi Sankyo Company, Tokyo ; &F
BEYE§ CT Mi#s © 140 mgl/ml, iohexol, Teva Pharmaceutical
Industries, Tokyo) % 7 B NHENICIHEAL 72, &EEAIZHEAL 28, HEA
bz & A 2 BB I 5720, 550, SElEEEL %,

FREESE X SR 5 R ORE 217> 72, 2T OBEMER X HRbiE
¥, =% 70 XHdRE%4E (PX-20BTmini) & DR %i& (Aero DR) % H
WCHHR 27, oS, Bl X RER ORI &Rk E L, FHhEY
CTH#&IX, v Y —F90 cm D 16%|<)LF 274 A CT (Aquilion LB,
Canon Medical, Ohtawara) % i\ CHlifR%157:, S5, EH8EE 135
kV, #EEH 300 mA, A7 4 AJE 0.5 mm & L, BEAAIZIMENGL T, UAH
WEHRIHPESIETEAICHRELZ (M3) .

6) R %

i X iR, HiEs X flmig & FidEs CT mEIXEERAIEY 7 F 7 =
7 (OsiriX-N, Newton Graphics, #LI%) #HWTE#ZEE2{T-7%. MAT, &
IR 1% curved multi-planar reformation (curved MPR) V7 b =7

(Virtual Place, Canon Medical) CTHMZEL 72, 2TOHGIZ 1 HDOHAEKY
< PHERBIERRERE ST L, MEFH 2R L 72, Bl X B o 0 E 5
(ESEMEDRLYIATE & BIRZE & L 7z, BiEsY X pilig & FhiEs CT Wi
&, 7 B MRS CESEAIDRIB L, SO IRDIZA L T 7o fr B 2 SHi5E



El&H D L L72[22]. I 5 icE#Es CT Wi Tk, SAHEOEREZBIZE L
7=,

7) WEErERIgET

SABEEE D06 & BIRE D AR IZHaTY 7 b7 =7 (Excel 7 KA vV 7 b
=T, SERMBN, T2 XL#EE, Tokyo) % H\wCMNTL 7. SEHTED
S, 13U o IC kO & SHER TR & OEBEHE & D & o SlEH:
HOEGEZEM L7z, i<, RO & OSERiHE F 72 13855 5
DOFEREHE DB &% HINE S, SEHERIONE % JIHA S E L TER L, 2L
THMWZEE & FHZE R R T 2 O TR 2 17 - 72

EIRZE DI, 13U OISk o &% CRiBIEiZE & B EIHIZLE O 5%
EOEGEBEB L 72, BT, SEHEDRTBIFIZ 72 I3 2St 0 B4
DG 2 HIWEE, SHEEIT23iHARE LTER L. Z L THINER LS
AR ER DN 2 TR 21T > 72, 2N ZFNOMTOAEAE (PH)
1% 0.05 &E L 7.

SHBIPAE R O FLLE & FRREIR O R O MBI D FRIT %2 17 - 72, SHBIHAZH L
REWHR CSalEIfE & 7 B TR 2 HE U, SalimifE s 27 € 5T R bk
U TR L 72[41]., SamipezERI3 1 Bifkic> & 6 SffEf, &1 138 fEifr (23 &
tk x 6 SAMER) ZHH L 72, MESERORE X, Mayhew ¥ 2 7 A[7]% Fw
TV —FEFELL. 20N SSARER Ci b SR DN 0> -5
7-fE T & Mayhew > A 7 L2 X 2 ffEEIRD 7'V — FiX, Excel Y7+ =7
(Mac for Excel, HA<A 71> 7+, Tokyo) % H\»ClnlasrcHaEaM:
ZRRE L7, REroGEKE (PE) 130.05 L3E L 7.

8) LA AL

T OBMRIIEAIER & FHUEEE CT mGFT T PRAR Ll sk, %«
FICD AR IRE DA —F =12k ), Bl & L ToRN25%NET 2
D2 BRI PIE L 72, LHSEIT thiamylal O@EFIE G 21T\, FEMupeH
DUCHIBRZ AT o 7o, GIBCPRM S USRI, 15% hPEREE A L < ) VIR
L, BN THERRZ ST X ) ICUIDL 21T, 3T 7 4 el R S



L, 5 um DEITCHERYI A Z2ER L 72, fald~< b F2 ) v - 2F P B
iz 920 L, R WP AI R 21T > 2. 42 138 fEAT (23 1k < 6
SEMER]) DRRFRAHAREA I 3 A DIRIEEIC X > T2 247> 7. IR~
AT R 5 O SCHR[7]1 % 2512 CVSM D FEHE S T S 1L A iR IR, IR
~r/n7 7=y, ZLTCIZY VBEEYI E Vo ey — 5 — 2R iE O AT L
Z BEIHIT L 7z,

S S

1) fhEEAiRs
Mayhew > A7 AT/ L—F 0 d 38fE, /'L —F 148k, 7L —F2
4Bk, SL—F 3137k, L —F4ix4mEk SL—1F 513 1 Bk
Thol (F1) .

2) Hifl X i
SHEDRCIIARE L 7 A CBIZE S e, D R 14 Bk ol S Lz,
—75, SMEICER EPBSEIN PR 2HETH -7 (K4, £ 1) .

3) TG X et
SR IX 19 Bk oBZg Ik, ), SEfiEIR 4 Bk clgsng)
o7 (X4, #&1) .

4) #Fifisy CT i

SEHBETE1Z 23 Bfkrh 20 Bk, O 28 fEHTcEE I . BHD & Ol
FEEE 13 ek, O 17 firc@igg I N, Tl o OSEBEHE: 11 #BiE,
DX 11 FHFrc@igg s ., Bl o oSiEE, 2 3-4 Sl (n = 10)
T D CBIZSI N, fi T 2-3 SR (n = 4) TBIZI N, TS
OSEBEIEEE, 5 5-6 SEMEM (n = 6) T BRI N, Hi T 6-7 S
HER] (n=4) olgE3 i, B2 6 OWEBEH BT OSEHE CE2 056584
SEHERMD) 122 <, WS OWEBEIZRMOWHE (55 5 225 5 6 WMERY) T



L2 EDHBIL 7 (R® = 0.85, P<0.05) . FEMIOERITE (B2 544
SEHER]) DMEIZE S N BR D HilgE 393.7 H (1565-680 H) . Rl
S (58 5 2055 6 SAKER) MBI S N BikoF HigE 454.0 H (175-
%OE)@%O%(E5 #1) .

FHOEY CT Wi OB I N AEHEDERZEZIN 6 12, BRED %X 7
ICZNZIURT, FAHEDEINZSIE 23 Fefkrh 20 Mk, DX 56 AT ol S
7o, AniBAEI SRS OIS S N BRI 9 BefR, 10 AT Ch o 2. JEniBIfiZE
HOBZ I NEREL 6 Bk, 6 fiTch-o7. ARz cligsn:
IR I3 12100k, 22T Cdh - 7. %%”%@?ﬁ@éﬂ%mfﬁ 13 1%
&, 18T TdH > 7. HEHIZEEDFRELDFARITABIMHERE L D b &>
7= (R* = 0.71, P< 0.05) . BIWZI34 OBIFiZE T 32 fhir, /-oBiset
T 24 EHIrCH oz, SMEOBEINEDBILE I RO Hilg, 5 4 Sk
Do SR ¢ 361.7 H (155-717 H) , 5 5 SO ST REMT 429.4
H (155-717 H) TH o7, BIRED 2 DY LEZEINDIF 16 BiETH -
7o, ZDH 6 13WEIEFEMANCEREI L7 (1) | SiETIIEE 7 Ak
BB ZNEN 1 kT olgI N (X8) .

5) SEBESEZER L Mayhew > 2 5 4 O
SHBEEAEE L Mayhew ¥ A F A ICHEESZMHBIEZZED S ko7 (R =
0.14, P=0.08;X9) .

6) B AR A A

23 ffrh 20 FfR cEBE IR B AR A2 L BigE S e (K 10) | Bl
5 CT WA CHIgE S N7 St & WP A 22 L3R 0 & N7 (& Hs—
HLWRIZ 11 B Tcdh -7, Mayhew > A5 AT/ L —F 0 23N
WtkDH B, 2 ECHNCHE TR BE I N, 1 B TIBIRER
MR RDBIZE I N (1) |

4, HE
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il X B 3 S O B AP B A 2 B 2 BB A REE L ST v
%21, 37, 39]. UL, il X SRl & IEBEm o X SR )3 M %
1%, SEBITUOEZH S I TELRY, 2000, 7 BT PGER I
WAl A LEEY X a2 9 2 &0, SOOI 2R EL Tw3
231, 17, 28, 37], #/MillA S WM EZBIZET 5 2 L IIREETH 5. A
T, X MR I ARz L SBIMRE O XA TRETh D, FIWEDIY
fiz S ICRECE koo, —J7, CT HRIZWEEERTH b, AiRIMiZ
LB A XA T E, B, SRR E X ORI & v o g% B
g2 2 & CERIGMICEMEZ BIETTRECH 5.

AWFiTld, CVSM o Typel OJEfll2» & OSEBEEE, SEHFUEM (55 2-4 58
e SF¥IHE : 393.7 H) TH B NL, BoSiE: S FIRICESIL T8
b, % 3-4 FHEMIIMEN E 2> T3, CZORMOBINS S, 5 3-4 il
WS, BHERIIER A E LCHBE L T3 &8 2 5, BRIC X 2 BERE, 1B
DEH D LN ES) I 3-4 SEMEM - IE A I AT D0 D, SR o Sk
ZZOBE A2 2 ENTEROAREDH 2, 2D, H 2-3 SR &
£ 34 SEMEMNI SEHE D LTI AN E LT\,

CVSM @ Type2 OHlh & oSEfiHEIE, SETREM (55 5-7 $akt ; “F¥HH
1 454.0 H) CTHLBIEI N, WAL, BBz &
Wi LT (3RO 6 1t fERIAINELR 0> o BB 2 X niRI 2SR X 0 b4t
fNCfiE L Cwd, 20k, BEIEIZERIZEEPE S & v o AT X
/%%ﬁi%ﬁb&%x%ht.it,%%“%@@ﬂfﬁi*ﬂﬂ’Wﬁ?
BBENE ot 2D, FBREEONMICHEET 2EMZ2EHEL 2\v», X
R T IR XA T CTH 228, CT iR L THZE I N2 BIRE
D% AFEIMINCHEAR U 7- B Bt fAAfE L, B EZ G & L vk
WEEZ LN,

957 SR I RTBIEI SR R BTG & D S BIE I N2 HIE D E D -
7o, B E LT, BIEHImIC A Z 2 EZRE T 2 BRI 2 R DAL E I E) L,
ZAUTHEOEE 6-7 SEMERNICTSIE A (RE) 128 %, HiBHEZEE 3%

FiEt D T AICAZE L TE D, HWHEAE Z OROLMEOE) X 1355 6 SHHE L 25
7 SMEDRNICIBMEN s B A2 S 2, FRICHE 7 SAHEORIBIEIZS i~ DEEN K &
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W, 2R, 97 SREDRTBIEIZEEEIZ, T2 OB OBLS D S BIRE DR X
NPT EfEEINs,

FHOE CT WG CILEMHZE S k1, R E CH B
Nz, AWEomEZBFEY CT M onic I S - By X fimic
EREEcI ERIINEEZL6NS,

AW TIE, 20 WfECHBIEEVBIZE I N, 2D 11 KL 2R
A b e —3 L o7z, WEOWRETH, BHIEY CT RE OB
N7-SABEHIEIE AT L S RBEHAR A E — L v & 35 [22], AT,
AL TIEMRER O FRE LB R L —F L 2o %, BIRHE L TU T
IEBEZOND, ERY T 7Ly FOEETOME IR IR
5.2 7w[4], Lo L, CVSM Z2FAEL 729 5 7L v D% L I3EHED BIfinsA
LETH O BHEIMOMLEIC & > THEHE ORI EZ 52T 5, Kit%T
X CT ZEOERICY T 7Ly FEMEML CHESERZ HARICHE IS TREL
7o, 2D, RIFFECIRESETS 2 MR ¥ 72 13 X ¢ THHli 2 17> T e
Dotz Lh L, ST O JE i SEBTE O R ER 2 M€ % 7 9[22,
36], ZDEMDEIETFERmORMDD 5. 5%, HEHOMEDEVICK S
ERITEDOFE IO W TR T 2082 H 2, X512, AWFETIE, LM
ToEbiEY CT M2 HEM L 7270, WA COMERETIEIC OV TR 21T -
Tk, ff2k, ViioBEfiEY CT MAEOSEHIED X 5 7% 2 Hilio e £ 1
%,

N T CT AT X 2 CVSM DI{RAT R CIIHERIR O 4 AL DS 35 X
NTWL714], AR CIEBIEI NG ok, HiE LT, BEoBoEH
i CT MEOWEE, S EIEAhMEZEATHHNZIT> T 2 E23%)
50514, 22, 35], —F, KFETIIY T 7Ly FOARZRRE L7, o T,
MERINR D F IRAV IS TR I 2 T T b 2 WRgEDYE Z o . AW T,
BB 2 BT oY 7 7Ly REMFERNRE L, A—F—dEHL
L T OfillifiEi 2 F N9 3 72 ) CVSM D FEAERII 0 BB Tl Wi 2 7 L
Tz, ZORE, SEHEOBIMHOARLEEIC X 5 A b L A CHERII O H K AL23
BlEM I INBHNC CT MAEDEMI /720, HEERO G EZE S Lk
ot LI N,
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DAL, KGR & o S SEERuEMl <, Hlh & o SHBEHE SR M T
LB I N, 78R, BREEEEHIBIEZEE & R L TH%E I
2EGDEP o7, TNoIE CVSM Z2F8E L 724 7 7L v PSR 25 B ifiE
¥ CTHEAT R ch-o7, 7 7Ly Fick ) 2 E#idEs CT Ml CVSM (2
L 222 T 2 AR TETH > 7,

5. /MM

#5 1 FETIE, CVSM Z23EL 724 7 7L v FOoFMEY CT iz v Ok
AT OIS 21T > 7, B & ORISR, FH2 S o Wil
AR Bl I, $8WEE, BRI MBIz &
g L Tl s h s dlanEmbr o, InoDtlid CVSM ZFEL 724 7 7
Ly PSR Z2EIEY CT TR cd o7, 7 7Ly Pk 25
g5 CT B IE CVSM 2 & 2 &bzt § 2 G 25k TH o 72,
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25 SAMEART 2 o 7 SEMERR AR PR BEAE O FERE SN DG

Elwi=1
1. &

B 1T, CVSM 2%0E L7297 7L v FoE#E CT e %2 v Tk
A DI 217> 7. D> & oWk E T SEEEM <, il & oSl
FEIFSERRMITS B I Nz, 8L, HREM%EE miBIEiZe &
e U CBIsR SN2 EEDE o7, T DFiIE CVSM Z255E L 729 7
7Ly PRI 2 BHiE CT BT Ch -7, Lo L, REBOFRELE
HIFAHTH 5, 22 TEHIE, Y7 7Ly FOFHEDKE I DA
CVSM OFIEER D—DTld e\ EIRFZ LTz, 55 2 FETIE, FEH DK
AT 5720, CTHiGR%Z H SO B ARRIE 2175 7.

2. MEE X5k

1) x5

H2E TR, 41 kD5 B, CVSM DifrFHETH % 200 HEhLL L,
21 Btk (Himdipe, 217-1,002 H ; 5 Him : 542.3 H) © CT 7—% 2 #hili
L7, WA, CVSM F&ERE 17 Btk (Hm#Eipd, 217-1,002 H ; V¥ Him
549.8 H) & CVSM JEFSHERE 4 Mtk (HindpH, 244-682 H 5 ¥ H#E -
510.5 H) & L7:. CVSM D@ Wiid it 2iofe[33], Hifh X feds, A
5 X MRA[5] %6 L O CT HigR[41]2 FHw TRARISHN L 2. Moy 5 7
Ly FIZRP SN L 72, Bif e LT, CVSM DOFAERIZMEDME X D & e
TEDHEEIN TV I EREIT SN B[2], 26, 34].

2) CT ke

FMEDHIRZ G2 720122 2D CTHEBEZMHH LA, 250 CT HiE%Z v
7 E LT, WHEHIERICERED ANWE A H > 7720 TH 5. ANUE AN
D 2013 4EH 6 2014 FD CTHEE X, A P —FET72cm D 4 5= VF R 5
A4 A CT (Asteion Super4, Canon Medical) <, f#5tbiz, E&EME 135
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KV, #®EH 150 mA, 254 ZAJE 2.0 mm & L7, ANUEZHED 2015 025
2019 4E CT #E X, Y FY—£90cm D 16 %< )VF A5 A4 A CT
(Aquilion LB) ©, #RiZsfFix, HERE 135 kV, &K 300 mA, A7 4 A
J£0.5 mm & L7,

3) SHMEMAREIIE

THEARRS X HERAEL Y 7 b7 =7 (OsiriX-N) #H\WTHlEZT-> 7, HlE
HIPHIXEE 2 e S 6 SEMEL L, ZNZNOSHERREZ R L, 5 1 Sk
FEHEFICES LS L TR, GOl TH -7, £, B 7 G
FEDEITAEL TE D, ARUECTHAIL 72 CT EEDO A v b Y —FH—
DESEDEIEL D /NS LRI AARETH -7, 2D, Vv IV EEHE
FF 3 % 72 O SEMEARRE O I E HiPH 2 58 2 SEMED & 5 6 S T & L, SEMEARRE
DHRE S Z, BRI RIGHIER T CT fiiAs 200-1,500 HU o SEHE I RE % R
BRTHEL 7, FOTRY 2= L v ¥ v 7kZzE e T RuTligy» 6 =X
JLHIRZREFE L, SRRz ER L2 (K 11) .

4) WEtEHE

AWFFEClE, CVSM FHEREE CVSM JEFIEREIC T T 2 DO 217
7z, H—I2, CVSM FhERf & CVSM FEFESERED 2 2 N DMk % ik L 7.
U, AR OARSMT 2 TN B 70, FEERE & IEBIEREZ L o FHEAR
& SEM OSEMERE (55 2 SHMED & 58 4 SlE) , PR SEiERE (55 3 Sl 5 58
5 SHMfE) & X CRMIOEHERE (58 4 Filfto> & 85 6 M) 1<y iR L 72, $
HEARRE DA AFRD & N hy, Z 2D SAMEX BRI L Ty 2 fh o SEfE (4
ML i 2T o7 (B« B8 2 SeMfe & B8 3 Shffe, 25 3 ShME & 25 4 M) |

5) i Tk

WE T — % DTS Excel ¥ 7 b7 = 7 2 T T 7o, WIS SEHEAR R D
HEGE D & X% kD 7. Fiv>T, CVSM FIERE L CVSM JEFIEREZ
N NOXEAE AR TH G BEO Qi Z AA L, SO T HIE
ZREIL 7.
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2 O DGEMERRE 7 ik T 2 541X Welch's tBEEZ W72, £72, 202N
DSEMEATE % fth D 2 S OSAMEMRRS & ik 9 2 5a 13— Tt iE o Hea it % F o
7o, ZNENOMBITOAEAKEE (Pfid) 1X0.05 L&BEL .

3. A

1) CVSM FhiEfE & CVSM JEFAERE O SEMEARTE O L
CVSM FHERE & CVSM FEFEREREDEE 2 SMED> & 25 6 SaMED Z 2 1D S
HREICHEEZEIRO NG ro (F2) |

2) SEMEARTE O N IHERT O R E

CVSM FERERED SEMEARRE TIX, 28 2 GilED> & 55 4 Fiffk & 28 3 SilED 65 5
S CHEERO o (P<0.05) . —H, 4 SED 55 6 SEffcIxa
HAEZRO NGk, F72, 053 FAMEILE 2 Sk & 55 4 SMfE L ik L TH
BIZ/NE o7z (P<0.05; X 12) . CVSM FEFAERETIE, 5 2 SME» 555 4
SEME LA 3 SEMED S5 b R X OV 4 SEHED S5 6 EHEICEEAZ IR 6
mhrotz (M13) .

4, B

51 BECSMED T RRGIARTE IS X 2 SEBIEDEIA & 72 % Typel 1%,
2-3 SHMER & 28 3—4 SEMER] & v o 2 SHUEII % C Bl I .. RREOFER D
5, CVSM %23 L 7- Wik D% 3 SEMEIX SN 2 SAMHECHE 4 SEME & Ll U TR
DHEBINS W LN L 72, 6o T, # 2-3 SAHER & 55 3-4 SEMER 3 BH
DARLGETH o L EZ Nt MAT, SEFEMIOSHHIIIRELTI A 2 & 23
WESINTw3B[11], 24k, CVSM @ Typel 355 2-3 SEHER] & 45 3-4 FiME
MCHIENRS v EEZ ST,

WEOIETIX, CVSMIZFEDY Z 7L v FCHIERVBE N Z LRI NT
W5([21, 26, 29]. AZEOHIKIIE, MDY T 7L v FOBEED/ NS Do 7
7=, SAMEAREOMZEZRE CE R o2 ETH S, 5%, MOV 7 7Ly
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FoBGEEZREP L, SREONEEFORHR LT RETHL LELLN
7=,

I b, CVSM %FIEL 72D+ 7 7L v FOIEMOSERED K E 134 H T
HY, REEOFHEICEHELHERKTH S LEZ LN,

5. /NM&

2B TlE, oY S 7Ly K¢ CVSM FBEREE CVSM JEFAERED S 2 W
D> 5 55 6 S B AR 2 HIE L 72, CVSM FSRERED S 3 Sl I35 2 FiME
55 4 SAME & LU LTI E RIS W EVHIH L 72, fEo T, SEEEMO
ANt 7 SERE R R X SEME L D BIEI SR LE L 72 D, SEMEDBLYIAREE DA U %
TWwEEZ N, Ok, FEHEMOAEHELFHEDORE S IZAREOH
TEZRTH 5 AIREMEDS RR S L7z,
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B 3T SHBHMRE & BRI 2 F O 7 SEMERE AR MR R O FORE TR o M

El=f==N
1. &

B 2T, CVSM Z2FAEL 7297 7L v PO 3 SaMEIZE 2 SRS 4
SEHE & O U TR ERIC/NE W I EASEBI L 2, it T, SRl AR~Y
1 7 SEMEAR R (X SAME R £ ORI SAZE & 22 1, SEHEDELIIATED A U3 0
EZEZ LT,

EHIE, FRHEORE SIS T 2 BHEOEMOKRE I DAEMED CVSM D
%EL%§LTW%®?i&m#kﬁﬁ%JTt.%?%®§% BTraRc
Do TEITL, BRIMEEITESE & H7236 L F U S OMEHEfLZ2 @ 5
[13]. REETIHEWEREE B L D bECEET 270, HhiREMNGO
FLEDMRZ ICHEHE N TR CMZEICEEIT 5(12, 32]. £7-, KoWEkiI o
BYfE L iR L CEIC 50 2 HEDPEV EHREIN TV 32, 51T,
OBMi%b%ib%%Ff#%mﬁ,%@ﬁﬁMK%?%%&ZW

Gy CT Wi %kl & FHEORE2BHARETH S, ZITHEIET
X, ¥7 7Ly FTOSBIARR & BB ERRE D S FEEEK 2 MET L 7.

2. MEE X Ok

1) W%

HIETIE, 41 BikD ) L, BREFEOEIKIEIRDEED 51, CVSM 7%5%¢E
bt 20 Wtk (HIRMEDE, 25-1,298 H 5 P : 410.6 H) Ol
CT7F—%zHiiL7 (K 14) . BEONFUZ, HE 20 Bk (HiRHE, 42-
717 H ; B¥HE : 371.7 H) , M9 Bk (HE&F, 25-1,298 H ; FHH
Wi : 4969 H) TH-oTz,

2) BREE
BB L AR T CHEML 7z,
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3) HHEEE CT
FHOGARA I 1 B E RO B THML 72, £7, FhiEw CT RED
Wby, B2RmEFRRE L,

4) SEBIAREE X OFEE AREHE

SRR B X OBEE AR IZmGQRAEEY 7 F 7 27 (OsiriX-N) % Fvw-Cll
TERATo 7o, JIERPHILEE 3 SEMESEING D> & 58 6 SaMERMG L L, SR X O
BFHEZNZTNOEEZEH L 72, WEHEORE X, 5 2 SHEIEFEE R
DEEZEDPKRE DS 72D L7, T/, B 7EHEIZBOR ITMEL TE
D, APFZECHEH L7 CTEEDA Y ) — &R —EOBEDEIRL ) /M
CEEDPATRETH o7, 20D, F v 7VEEMERT 2 72 O FHE AR M
SERIPEZ 9 3 WEMED S 6 WM E T L L, RREOMIENEIR, RPIC RIG
MR CSABII AL & BT 2 MR CHlE L 72, iRy 2 —2a1 5
¥ 7% T ROt Y 5 ZRIuHR 2 R L, SRR L AR
HHLZ (K15) .

5) #METHH

ARFECIE, FABEARE X 72 T EHEEHE L HinoBIfRE X OSHbifR - 5%
AR & HimoBAtR 2 85T L 72, SEREAARS - TS AR SEbaiARE 2 F A
BETHRLTEM L7, £7, 0o OMGHIMELE 2 77 THEEDOF & 2 S
L 7.

6) HiatiET Tk

HE T — 8 DfFENTIE Excel 7 KA Y 7 b7 =27 (VT S4HR,
BellCurve, Tokyo) z=H\»Tir-o7z. TR, SEREARE, BHEERES
L OVSHBEARE - BRE AR OME L U, BANHE & o> SEBEARE o 5 fil
25 IR Z R D 72, Fiv T, 2o SABRTE O IR I AL
THwBEOHimz R L, SEfAEo PllfEz B L2, FRICERERE
T & SEHBERNE - BB EREO PHED B U 72, R ICHERED THIfE I3
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Student’s (#EZ W THIK L 7. ZnZhof@frofEAKE (PiE) 13
0.05 &&B&EL 72,

3. A

1) SABEIARE & HiEmoB6R
HEDSEABEIATE IZME & g L CTHEICKE o7 (P<0.05) | SEBHARE X5
200 Hin E cAamEucsEmL, ZnbEizEericko7z (¥ 16) |

2) BHEARE L HinoBIfR
BREREICAREREZEZRD N> (P=0.19) | TREEHEIZN
200 Hin F cAamucsEmL, ZnbgizEerickoz (¥17) .

3) SABfEIRRE - BHE WL & HiiOR(R
HEDSABEIARTE - BRI & i L THEEICE D> 72 (P<0.05) .
MR DSEBEARS - TS AR IZH 1,400 HicRfBE I > 7 (X 18) .

4, B

CVSM DFEICIZMEZAEDH D, WEoWmETIEF2:1, 3:1 £41323:1T
HEDSHE X D b FBAERDE(S8, 9, 21]. 2B e LT, —#H oA —F—1%, I
MR D DFEREIE VL EFEZTED, HOFBE T D B A 7 i ##E B
D3H 5[20]. 7 7Ly FIZEENTH 2 20 » HEicHAZGT 5. ©&
% CT % F\ 2 B oEEEOFHICIX, B%EIE 2 Wl caiicims
%[40]. A+oaBEEITEREEZEMSE 5[19]. St iz I3 EHio
W ITHME L T 523, A5 S I 2Ww(6]. Lr L, BEENAT+
RIS ERZOC X 2 BE D AR5 b, BfEiEEONENF S I h
%, HEEOBEHEEONE IS5 SR T LS Nn(23], HoHEOH
BERRE - TR (AR, M & Ll L CEBIEEZ 5 S L3 LAk ss
NI N,
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AR OHIRIE, fE %Y 7 7Ly FOSEEARE, THRENREE X Oslid
- BHERREILE BRI oTunwI L Th D, H 2 ORI E
THW/z CVSM JEXERE DR IZ, DUl CT MifE 2 £ 288, A —F—o
FEz2G7% L THRiEE 2Tb T ICHo CTMEZHEM L 2. —77, AEOD
SRR OMIE TIx, Wi 7 TR M2 XY 5 7 & ICHHEE 1S UHATH
D, S DERREER Z R U ZREGE 2 O TRET L 72, KR Th IR S
2P LTS Z2TIRETH S, LrL, HRTHABEINTWVWEY 7 7Ly
FREOFZBHNIE, Bk, L—2ATHoZ L 2HELABEERTH 5. WHKE
RZRLTORVEWY I 7Ly FICHEHEY CTREZFHMT 5 2 L34 —
F—t OfEHEMAREZHEQ S ARERH D, BENTELro7, 2070, K
B(X CVSM IC KX B R~DHEZ RN CET, Sl & FHE OMEAPAREE
DENRFZIFERLO»ZHE NI TE Do T,

PUE, FEm kD SRR IS LT T2 22H T b 2 FHEARIZ CVSM
DFSREIEEL T B ATREED R & e,

5. /M

3 E IR, THEE CT W2 v CEBiAR s X TSR O E %
fTot-. EBEARRIIEEDSME L D S ERICKE o, £/, WBERR - THE
AR DS X D BRICE o7z, 2D, oo LT
T 2Tl R WERE SRR IS E 25 R L3 <, CVSM O3
YK D—DTHh % AJREIED AR I Tz,
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HAT FHEY CTREZHVY 7 7Ly FOSliEE OB BINIEE DR
i

Elwi==1
1. &

F1FETIE, 7 7Ly FIZBIF 5 CVSM ORBINmGAT Rz INEL,
HREEMN I IEM D> & OSABEHA LS, SEEMANIE D S OFERIHEDZ > 2 &3
O 2T D, WA Z XIS BIZ R 2 Btidy CT MAEOFEMEZ R L
7o, o, 2B EH 3ETIIMAMNE 2 V7 CVSM O FEhE B D st 2
TV, KRB OFIE IR AN G ERBEET 2 2 L2 oI L., A%
D1 ZED 5 3 HEE TORIEIZ CVSM DIREIRHZHINE L7 b DT
HO, Y7 7Ly FOA—F—IZEHENIETLTESHDTIERY, CVSM X
RUZEsHEETH D, F—F —DFEFNBEENIKEV[I6]. ZD7d, T
2 & PRHUE I —F —OREFIHRZRENIE 272 DICEHETH 5.

INETYH I 7Ly FO CVSM DRI HT I HH X BRI & FHE X fit
BRE T Tk, L L, Z4s OISl a & % IR ICRE
TE b o, BEE, TG CTHEICK S CVSM OZKi S ML Twab,
FHEES CT I X 2SR a0ZWiED—D12, SMRERZ 725D
D3 H[41]. Lo L, AWk ikl 7 el M2 fim$ % 72 12 MPR %
I THRARMTE & ISR T2 2 N SHBE 2 /24 PR IS 0% U 7o Rl 2 1R
Ladnda s s, HEENEMTH -7, 7, BRIz ZNZFNOEEHER T
SEBEHE Z FIRF IR 92 2 L IZREECh 5. 2 2 CEHIE, RRIHRICK 2
SHBEE OFHIlE IS H L 72, R I3 2 2 L SEMER % [F]IRF IS BI5EH3h]
BETH5., Lol, CTHERICHEOHEBIEN L TREINTWALEIR 1
BDRIRBETH 1 FiffeD S 58 7 SR AFZ LRI €2 2 LIIAAHETH 5.
Z 2 COARMATIE, B L %% 1 RO RRWHRICTHRER T % 2 L 2 ARE %
curved MPR Z 7z (X1 19) . Curved MPR (3t FERETIHIMEDREZ D
HECHHINTED, Z2OHERBEIZE[24], 54 7T, STORIRW
%% curved MPR T L, o5 1 Sl o5 7 SMERE 2 1 i omiffRIzE
N L7, SR O F BRI 2 BEt L 7z,
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2. MEE X5k

1) xR

FATETIE, 41 BRIED S b, BEEEE OKIEIRY S CVSM 238t b i, &
7 SAME ¥ CEIZETTHECH o 72 23 MR (HEn#EPH, 155-717 H 5 ¥ H i,
4109 H) &Gy CT v —2 2L 7= (X 20) .

2) BREE
BB L AR T CHEML 7z,

3) B
95 1 FEFMRD ST CHEM L 7.

4) SRR FR OB i & SalE O MIE STk
SR, 7 M PR B X OCEBE R Ry 7 b 2 7
(OsiriX-N) Z#H\WTfio 7. HifRix 2 40 HAY v BES BRERREREIC X
> THeke S 4, MR & BRI o036 2 Rl U 72 SEBEHEE 3G A D3 RH L & dR
DI TRFL CeiGE EER L (X 21) [22], Bk Imim Gl ssing (o S
HDOFMIZ X > T2 OO0 I N,

SHEBt & BRI, 1 BRIC o X 6 SEMER, 31 138 fEPT (23 Bifk = 6
SEMERR]) CMIEZA T > 7o, SHEEOMESTIEX, 13U 91 curved MPR [Hif§AL
¥y 7 b =7 (Virtual Place) %\ CoRIRWHEZTHRER L 72, v,
MR L 7 R oSt H 2 o Il E coR I 28Mim L L, 2hZzho
SEMERMITHIE U 72, SHBERRAZRIE, BEWHER O b P28 L T - AT St
&7 PR 2 B R T2 N llE L, SEBEERTZ 7 T N REmRL C kR

LCHEILZ (K22) [41].

5) Hial AT ik
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HIE 7 — % OfFNTIE IMP v.15.2.0 ¥V 7 7 = 7 (SAS Institute Japan,
Tokyo) %M\Cfro7:, SABEEOIE & 2 2S8RSO AH v b & 7 il
Receiver Operating Characteristic (ROC) fhifig2» 55 L, 95% SIS %
#E L 72 1T Area Under Curve (AUC) ZRo7-, AT, KE, HERE?
CH

SEBER O WIE 2 HBE O 2 KL L T\ 20 %2 HER T % 720, SABHE AT
& JESE 3B 5 T o SR & SRR AE SR OB & MR HTIC & > THRET L 72,
72, SEREROHimictE ) MEMOZAL 2 MR 5 7o, JEsEki A& & H
DB % [Mat AT & > CTHGET L 72, S0 s OflE 7 — & DT i Excel v
7 b7 272 TUTo 7, ZNENOMBITOAREKE (P{E) 1 0.05 L%
E L7z,

3. A

iy CT i3 138 SHMER] 2 3Fti L, 37 MEpT cElids gt S
e, £, SEHEROWEEE ICARERRO o R o, bk, 7 ER K
0> O R T IPEANIGESEATDS I U 7Bk i, 23 Befkrh 7 Bk cllg s .

1) S aDRIE L 2 26EBEE DS v 4 74
SEtE O ROC MifR O fENTH> S, A v b4 7{EI% 7.06 mm, AUC I 0.84,
&1L 86.5%, Hi¥LEEIL 74.3%, IEfRRIZ77.5%CTh-7 (X23) .

2) SEBlE & SRR OBRE X OEElER & HilimDBLR
FARWHER D Bt & BT O SEREPRARR DRI 55\ B O FHPADEIZ S i
(R*=10.08, P<0.05;X24) . %iffirs & Hifnl< 3 AR LMD s
-7 (R*=0.0003, P=0.85;[X25) .

4, B

PERDIARWI B, SEHEDEH L Twa L8 1 Sl o8 7 St °2 —1k
DHERICFERT B2 LM TE o7z, Wk L LT, Af5EClE curved
MPR % H\CiEdh U Cliddl U 7= S8t 2 — Ko ESICEER L 72, A<, %
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SEUMERS 0 SEBEE A 23 FIRF I LRI AR & 720 o 72, SR %2 HH§ 2 fEkik T
1E, IR IRWER % IR T T 2 808D - 7. Tz, HERIEIZRER
TREEAIDNRN L 7256, 7 BT 2RI HlE U, SfipasR
RSB LTL £ 2 & CHEBITEZM/NHE L </ (X26) [41]. —J,
A O e R O W TE ST X A AT PR 2 BT R & AR 2 i A3 72 <, curved
MPR 3D WFIETILT — & 0 6 SRk 2 2R 5 2 L DHEETH 5(18].
S = E (R N AR E RIS L 72 A T OSBRI L v
&, HHEA 1A OSEBEHE O FHli2 I EE T > 7.

N CHEREY CT A IC B 2 Sl E O BB L T o
27, AHFETAUC230.84, A v b4 7HH37.06 mm &\ ) fRENE S
7. HE- T, SlEEDY 7.06 mm DU CTH o A28, SAlEHLE O SRR & HIk
I, SARIHEE® &7 37 ETD 9 5, curved MPR ¢4 v b4 74
7.06 mm TBWi L7 & 25, 13%TDH, FTNETH-7. AUC (HIED
ZWiEE) 230.84 TH Y, HEHEHEOMIX 32 T CHIAET, #D> 5 &R
Ercdh o 7.

RFRDFERD &, FARWiR O S & BEWTER O EBEAZ R ORI 5T VA D
MBS b7, 2070, ShiEHE IZEEG7Z 0 TR, HIMIG
DFEBEHSEIC OV T b A IRETH 2 LW L 72, FAWRECINEL 2T
—& k0, B 155 H226 717 HinE CEEEPIRD o ko7, B3
BT b I 200 HEDAETIREDER LI > Tk, ZD7kd, 155
H# D B oSO K E S 128 lid 72 <, A% TR S N7 SliEHSE O fE i
\X 155 HIDARRICTHEICTRE CH % &5 2 72,

AIFFEDHIFIL, 1B 2 ANEL CRE L 72 BRI HHSAS 2 H AR ISR S B 7 IR0
TR 2172 L TH 5. Znlk, HilhS 7SO ORHITHh i
Zdpotz, UL, BESEEZ il X & 72356 3 SR o BB s 3 2 7-
Oikam DARMD D %[22, 36]. 58, bz O EBEHE O FHIIC DT Bt
ZIT> TV RETH 5,

DLl SEBEEHIE © 7.06 mm DU G SEBITE E O F BN T dh - 72

5. /MM
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47T, BiEY CTMEIC X % curved MPR % i\ 7 SEBEHE O & 81
AOFEIE 2 et L 72, SEBfiEsilE © 7.06 mm DL 3SR AT 2 T
&7z, Curved MPR % i\ 7- Sl & 2 fificdb b, SHBEH BT %2 fE
T3 EM BB TH 5.

Db, HFHEE CTREZMTY 7 7Ly FOSEEZMITL 72 & 2 2,
CVSM ITIZTEREFIN R SRR DAE L T 5 2 DB DI o 7,
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oSSR ON Y vt )

7 7Ly FOSERAENHEBEE (Cervical Vertebral Stenotic
Myelopathy ; CVSM) 13, HHE DA K 2 MG T, BRI AR
ZTHETHHRETH 5., RNREZLENEEABHYREO—DIC I N5
23, FIEERIIWIS 2% > TWwigwy, 2 E ¢ CVSM BFHEER X fis
TEZWI I N T &7, B X SRmiER & SEHE o Be 51 A 5 -0 SE8E O 15 18 /7 W)
DOHEEEFTORED e TH 5. Lo L, DRI DEWE DML
ST D & DSEABEHE DR E ZNEETH - 72, IEFE, K TIERERREE M X
2 HhfEY CT MEISEEEOBZMICH WO NS X ) Ih>o T3, HiiE
5 CT MR IIWIEIGR TH 2 720, WO RTBITIZSR & BREMi%EZ Z2h 2
BlZEd 5 2 &%, WIMATmD © OSERIHIE 2 FE ISR 2 2 L 3 TE 5,
L2 L, BHEEY CT Bz 72 CVSM 12 Xk 2 SHBETH O R IR LI 3T
LCwkhrol, ZITARITE, ¥7 7Ly FOFMGEY CT dz v
72 CVSM DI RE A Z 175 72, 12U 912, CVSM DRI AT [ % I
Ll B1E) | fivT, SHEAEREZ 72 CVSM OFE S 2 Wt L
7. (E2%) . Iolc, iR FHEFRMEZ V72 CVSM O FEESA
2R L7 GBE3®) . MA <, S aosEnfaEzma L7 (G54
) |

RAFZETIE, 201346 HAH6 2019 4 10 A & TICHIAHHE RS THA CT
MEZEML 7297 7Ly FOMIBRT—% (G541 Bifk) 2wz, Kt
THZRRIL, BRE 3B EZE R, BRERE 72BN T PRIk O A
BB E o L AFEIR DS I T, RWFRIIHIA B ER - HEREN Y %
BEOARZETHEML 72 (KBES 1 27-127) | HFiidw L CTHREII2E
BRI T CTiT o 72, AT ORI REAT 528 & L T medetomidine
hydrochloride (5 ¢ g/kg, Domitor, Nippon Zenyaku Kogyo, Tokyo) %
RN 5. U 72, JFREBE AZ, midazolam (0.03 @ g/kg, Dormicum,
Maruishi Pharmaceutical, Osaka) & thiamylal (4 mg/kg, Isozol, Nichi-
Iko Pharmaceutical, Toyama) %45 L 7%, guaifenesin (25 mg/kg,
Guaifenesin, Shinyo Pure Chemicals, Osaka) %3 2% F CRuBERA#K
G U7, e, BISRIES)ICAEFRE 2L, MEWAZGGL 2.
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WekERflX, guaifenesin (200 mg/kg/hr) & xylazine (1 mg/kg/hr,
Celactar, Bayer, Tokyo) , ketamine (2 mg/kg/hr, Ketalar, Daiichi-
Sankyo, Tokyo) ZIE&L7=FY ZFNL RV y FEZHWTT> 7. THiGEET
B3, FUOICeHRE NS T 216 Fiighz2 KEA~RIA L 72, INERRE 7
TS S 2 7T TR E, 2Dk, KIT7ERRE & RIRO&ETA (F
BE S X SRR © 300 mgl/ml, iohexol, Daiichi Sankyo Company,
Tokyo ; &R CT #75H; : 140 mgl/ml, iohexol, Teva Pharmaceutical
Industries, Tokyo) % 7 B NHENICIHEAL 72, &EEAIZEAL 28, HEA
RO & WEA 2 RN BB I ¢ 5729, 5, Hi%EZE EL 7z, CT &E
X, Ay F)—F&72cm D 45<LF A7 A A CT (Asteion Super4, Canon
Medical, Ohtawara) E8XOA > FY =890 cm D 16 5= )L F A7 A A CT
(Aquilion LB, Canon Medical) ZfiH L 7. #¥sFEznsh, EEE
135 kV, @i 150 mA, A7 A AJE 2.0 mm F %I 3EEH 135 kV, EER
300 mA, 294 AE0.5mm & L7,

B1ETIE, 7 7Ly FOBHIGEE CT miGENT 217\, CVSM ORI
R R ZINEE L7z, W5, 41 Bk 9 5, BRRETE DOEKERD &
CVSM 3%t a, 5 7 St £ CBIZ R TH > % 23 ko BHHiEs CT 7 —
& 2t U7z, SEBEHED I3 E, FSEMER o M % 7 (350> & o Sl E
DG & EHERIOERTT, [HEIT 2T 7. BIREDIANIE, SEHED TR
fifiged £ 72 3 RRBAFI R D BIWEDE G & EHEDOERTT, BRI 21T 72,
ZNZFNOTOAREAKE (PE) 13 0.05 EREE L 72, SHBEEED 7 I,
B> & o SABITE I SEEREAM <, il & OEBEHE IF RN T% < Blg
SNz (R*=0.85, P<0.05) . HoOiHEIE STFIRICRIILTED, H34
SEAMEF I IMER E 2> Twab, TIORMOBERD S, 5 3-4 SAHERNII A,
SHEBIZ/E A & L THERE L T\ 5, BRARIC X 2 iy, SEOUEE D M iEB) X
55 34 SEMEMR T T M A D30 b, SHERSEI O SEME X Z O ®E) F I 2 %
EDTE R, 2Ok, B 2-3 WHEM &2 3-4 St IZEHED L AT D
B ERTV, EIREODL, BRI HIBIEIZER & i L THliZI N5
#lad|md -7 (R*=0.71, P<0.05) . HIFBLE D & B2 I A1
fiZgi X D HAMINCAZE L T 5, Ziull, REIHZEE I3 ER S & vo e
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MNERIC K 2 EZ2Z TP T wEEZ N, ZNo DT CVSM %%
L7287 7Ly PR a2 EHhEe CT Wil cd>7%. 7 7Ly F
BT 3 HEMEY CT I CVSM I X 228k 2 T 262k Th-
7=,

H2ETIE, ¥7 7Ly FOHEHEDOKE S OAHH & CVSM DFENEZEK D
BIfR 2 Wit 4 % 72 912, SO HREHIEZT> 7. W, 41 kD 5
%, CVSM F&JERE 17 Bifk & CVSM FEFIERE 4 B DD A DEE CT 7 — %
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Investigation of the morphological factors of cervical vertebral stenotic
myelopathy on computed tomographic myelography in Thoroughbred
horses

Taro Kondo

Thoroughbred horses appear to be particularly predisposed to cervical
vertebral stenotic myelopathy (CVSM), which is a developmental
orthopedic disease, and a common cause of cervical spinal cord
compression. The primary clinical signs of CVSM include general
proprioceptive ataxia and weakness. However, the pathogenic mechanism
of CVSM remains poorly understood. Radiographic myelography is a
diagnostic tool for CVSM. Findings of radiographic myelograms, including
malalignment and dorsal and ventral compression sites, suggest cervical
abnormalities. However, it is difficult to distinguish between cranial and
caudal articular processes and lateral cervical spinal cord compression
sites using radiographic myelography. Recently, computed tomographic
(CT) myelography of the cervical spinal cord in living horses, performed
under general anesthesia, has become feasible. CT myelography can
distinguish between cranial and caudal articular processes and lateral
cervical spinal cord compression sites because it uses cross-sectional
images. However, quantitative evaluation of cervical spinal cord
compression has not been established yet. Thus, this study aimed to
investigate the morphological factors of CVSM on CT myelography in
Thoroughbred horses. The study structured as follows: In chapter 1, the
characteristic CT myelography findings of CVSM lesions in Thoroughbred
horses were determined. In chapter 2, a contributing factor for CVSM was
investigated for measuring the cervical vertebral volume. In chapter 3, a
contributing factor for CVSM was investigated for measuring the cervical
spinal cord and spinal canal volumes. In chapter 4, a quantitative index of
cervical spinal compression was established.

A total of 41 Thoroughbred horses were included in this study. Cervical
CT images of all horses were obtained between June 2013 and October
2019 at the Obihiro University of Agriculture and Veterinary Medicine. All
horses, both living and cadaveric, were admitted for gait abnormalities
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involving lameness/neurological signs at the time of examination or while
they were alive. This study’s protocol was approved by the Animal
Experiment and Welfare Committee of the Obihiro University of
Agriculture and Veterinary Medicine (No. 27-127). CT myelography was
performed underwent general anesthesia. All horses were premedicated
intravenously with medetomidine hydrochloride (5 ©«g/kg, Domitor,
Nippon Zenyaku Kogyo, Tokyo, Japan). Anesthesia was induced using
intravenous administration of midazolam (0.03 @ g/kg, Dormicum,
Maruishi Pharmaceutical, Osaka, Japan) and thiamylal (4 mg/kg, Isozol,
Nichi-Iko Pharmaceutical, Toyama, Japan). Guaifenesin (25 mg/kg,
Guaifenesin, Shinyo Pure Chemicals, Osaka, Japan) was rapidly infused
until the horse became ataxic, and intratracheal intubation was
performed. Anesthesia was subsequently maintained using a triple drip
mixture of guaifenesin (200 mg/kg/hr), xylazine (I mg/kg/hr, Celactar,
Bayer, Tokyo, Japan) and ketamine (2 mg/kg/hr, Ketalar, Daiichi-Sankyo,
Tokyo, Japan). CT myelography procedure was as follows. First, a 21-gage
spinal needle was inserted into the subarachnoid space via the atlanto-
occipital junction under general anesthesia. Cerebrospinal fluid was
allowed to drain out of the subarachnoid space for 2 min, after which the
same volume of the contrast agent (140 mgl/ml, iohexol, Teva
Pharmaceutical Industries, Tokyo, Japan) as the drained cerebrospinal
fluid was injected into the subarachnoid space. The horses’ heads were
lifted for 5 min to run the contrast agent toward the caudal region, and
then following which the horses underwent myelography. CT myelograms
were obtained with a tube voltage of 135 kV, tube current of 150 mA, and
slice thickness of 2.0 mm using a 4-row multidetector CT (Asteion Super4,
Canon Medical Systems Corporation, Ohtawara, Japan) with a gantry
opening of 72 cm and with a tube voltage of 135 kV, tube current of 300
mA, and slice thickness of 0.5 mm using al6-row multidetector CT
(Aquilion LB, Canon Medical Systems Corp.) with a gantry opening of 90
cm.

In chapter 1, the CT myelograms were analyzed, and the characteristic
CT myelography findings of CVSM lesions were determined. The target of
analysis for this chapter was 23 Thoroughbred horses, that showed
clinical signs such as gait abnormalities and were suspected of CVSM.
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Regression analysis was performed to analyze the ratio of ventral or
dorsal cervical spinal cord compression and the place of cervical spinal
compression. The ratio of cervical vertebral osseous lesions of each
cervical vertebra was calculated. Additionally, regression analysis was
performed to analyze the ratio of cervical vertebral osseous lesions of
each cervical vertebra and the place of the cervical vertebra. A P-value of
less than 0.05 was considered significant. The cranial cervical vertebrae
were observed more frequently in ventral compression than the caudal
cervical vertebra, and the caudal cervical vertebrae were observed more
frequently in dorsal compression than the cranial cervical vertebrae (R* =
0.85, P< 0.05). Horse cervical vertebrae were lined up in an S-shaped
arrangement, with load-deflection points on C3-C4. Taking into
consideration the principle of leverage, the point of C3-C4 serves as the
fulcrum point, and the head serves as the application point. The head
movement affects dorsoventral stress in C3-C4 due to the up-and-down
sequence of motion during galloping. Moreover, the cranial cervical
vertebral joint cannot be resistant to this moment. Therefore,
malalignment was prone to occur in C2-C3 and C3-C4. Osseous lesions of
the caudal articular process were observed more frequently than those of
the cranial articular process (R> = 0.71, P< 0.05). The caudal articular
process is located dorsal to the cranial articular process. Thus, the caudal
articular process might be more easily affected by external impact
involving falls and fights. These were the characteristic CT myelography
findings of CVSM in Thoroughbred horses. Therefore, CT myelography in
Thoroughbred horses is a useful method for detecting CVSM changes.

In chapter 2, cervical vertebral volumes were measured, and it was
investigated whether cervical vertebral volume variations can be a
contributing factor in CVSM development. The target of analysis for this
chapter was 17 CVSM horses and 4 non-CVSM horses. These samples
comprised only male horses. The cervical vertebral volume, measured
from C2 to C6, was calculated for each vertebra. Scatter plots were
created by the measured value of cervical vertebral volume and the
horses’ age. After that, the prediction values of the cervical vertebral
volume in CVSM or non-CVSM were calculated. The prediction values of
each cervical vertebral volume between CVSM and non-CVSM horses
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were compared using unpaired Welch’s #test. Each cervical vertebral
volume was compared with the next two cervical vertebral volumes using
a one-way analysis of variance. A P-value of less than 0.05 was
considered significant. C3 in CVSM horses demonstrated a significantly
smaller cervical vertebral volume than C2 and C4 (P< 0.05).
Consequently, the C2-C3 and C3-C4 joints in CVSM horses were
inefficient. Furthermore, the cranial cervical vertebral area (C2-C4)
exhibits inefficient strong ligaments. Our findings suggest that variations
in cranial cervical vertebral volume in CVSM male horses can be an
important contributing factor in CVSM development.

In chapter 3, cervical spinal cord and spinal canal volumes were
measured, and it was investigated whether size variations between the
cervical spinal cord and spinal canal can be a contributing factor in CVSM
development. The target of analysis for this chapter was 20 male and 9
female Thoroughbred horses suspected of CVSM. The cervical spinal cord
and spinal canal volumes, measured from the cranial top of the C3 to the
caudal end of the C6, were calculated. Additionally, the cervical spinal
cord-to-spinal canal volume ratios were calculated by dividing the cervical
spinal cord volume by the spinal canal volume. Scatter plots were created
by the measured value of cervical spinal cord volume and the horses’ age.
Thereafter, the male and female prediction values of cervical spinal cord
volume were calculated. The prediction values of the spinal canal and
cervical spinal cord-to-spinal canal volume ratios were calculated
similarly. The prediction values for the male and female horses were
compared using unpaired Student’s #test. A Pvalue of less than 0.05 was
considered significant. Male horses had a significantly larger cervical
spinal cord volume than female horses (£ < 0.05). Furthermore, no
significant difference in the spinal canal volume was observed between
male and female horses (£ = 0.19). Additionally, male horses had a
significantly higher cervical spinal cord-to-spinal canal volume ratio than
female horses (P < 0.05). Sex differences in the cervical spinal cord-to-
spinal canal volume ratio gradually decreased until around 1,400 days of
age. Thus, younger male horses have a narrower interspace between the
cervical spinal cord and spinal canal than younger female horses,
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suggesting that an imbalanced cervical spinal cord and spinal canal
volume is one of the causes of CVSM.

In chapter 4, a quantitative index of cervical spinal compression was
established. The target of analysis for this chapter was 23 Thoroughbred
horses suspected of CVSM. The spinal cord height was measured in the
sagittal plane reformatted using curved multi-planar reformation. The
measurement was performed at the level of each of the six intervertebral
spaces. Accordingly, the appropriate cut-off value for spinal cord height
was determined using the receiver-operating characteristic (ROC) curve.
Furthermore, the cervical spinal cord height was compared with the
stenotic ratio (i.e., dividing the area of the spinal cord by that of the
subarachnoid space), which was a conventional measurement, using
regression analysis. A P-value of less than 0.05 was considered significant.
The cut-off value for spinal cord height was determined at 7.06 mm based
on the ROC curve analysis. A weak negative correlation was observed
between spinal cord height and stenotic ratio (R* = 0.08, P< 0.05). Thus,
7.06 mm of spinal cord height can be used for quantitative evaluation of
spinal cord compression.

In conclusion, the investigation of cervical vertebrae using CT
myelography in Thoroughbred horses indicated that the morphological
factors could cause CVSM development.

The contents of the chapter 1-4 is published scientific journal.
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