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(Study on the diagnosis and surgical treatment for atlantoaxial instability in the dog)
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BREMMERZZEAE (atlantoaxial instability; AAD) (X, —#RAYICHHRD b A KFE (Toy-breed
dogs; TBDs) MFEET 5 Z &M% <, BRHHBIHT (atlantoaxial joint; AAY) DEN 72 R ERE
(R, SHEEEIC 31T DRk 4 R REOFHEE 25| S Z9RAETH S (Beaver DP,
2000; Denny HR, 1998; McCarthy RJ, 1995; Shores A, 2007; Thomas WB, 1991), KiZH} %
AALIE, 1967 T Geary HIZ L D RO TS &7z (Geary IC, 1967), AFERIL, MEE
BEETHD 2L bd DD, BRHEE T ITRHED e RIVIRTERRE (S DR
Al BHEOHEMR & S ORI A, HIZEOE R ~DOMER., HROWZRE L OBHED
BAEARE) IME (B, BIED) OfiR. AAJ OFERFECHAZG S ZTE, —
AN AMEDOERARAE (SRS AR 2R 72 &) 227 % (Denny HR, 1998; Downey
RS, 1967; Forterre F, 2015; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; McCarthy RJ,
1995; Parry AT, 2010; Takahashi F, 2017; Takahashi F, 2018 a; Thomas WB, 1991; Watson AG,
1989; Zaki FA, 1980) , BiiHEDZNLITFE 5 tEZSEIC K 5 FRED TN, AAT FERESEF] DR
FERIC AN E L 52 TV D LB ST D (Geary JC, 1967; McCarthy RJ, 1995;
Sharp NJH, 2005) ,

APRBITKRI T DIRHE UL, AVEHRIE S RAFIIEDN B 2 73, M) 208 5 fiE
B, EEDOEHIRIEO LN DIEF, £ LT, RAFFRESORISNZ LVERFITIEL, —
XN BHEIEDHERE STV % (Having ME, 2005; McCarthy RJ, 1995; Sharp NJH, 2005;
Takahashi F, 2018 b) , AEIZ T 24 HEIE & LT, AL EIWIN & S E0I 3 &
D05, W L7 AA] Z BRUCTEIET 5 Z ENAEETH D . FITOIENEL, F
WHTRE D B RAMEL |, FICHRMFRMEVELH 2 LI XY . AAT OIFIHEAR £

— AN A < i KTV % (Aikawa T, 2013; Beaver DP, 2000; Denny HR, 1998; Hara Y,



2002; Knipe MF,2002; Sanders SG, 2000; Schulz KS, 1997; Thomas WB, 1991), RERIHEAR[E &
hrCix. AAT OPRIFEIHCE 2 BRE L, M EBEET O 2 & T JEIHEARRE Efr o
HIThH D AA] DEMEEA ZIRET 2 2 LN TEDHE S & 5 (Chambers IN, 1977; Hara Y,
2002; Sanders SG, 2000; Schulz KS, 1997), F7=, HHNBENRIZE L TH . HFRTOEERHT A
[ZHANWT, BEHNITITO Z & bHERESN TS (Cerda-Gonzalez S, 2010;
Cerda-Gonzalez S, 2009 b; Nakamura N, 2000; Takagi S, 2005; Vermeersch K, 2004), AAI F&H
FEGIDZ <1E. W72 AAT OIFAHEARREENT 2 Fhid 25 Z LA TE L, —MRIICBAF
2P thESH Z ENTE D (Aikawa T, 2013; Beaver DP, 2000; Schulz KS, 1997; Sharp NJH,
2005; Shores A, 2007; Takahashi F, 2018 b; Thomas WB, 1991),,
LU, AMEHERIE A Sl LT AAT FRBJERIO—BClE, &I PRISaEN TR b

AVIRUER, AR AR RE DAL DI DIER], E 73T DIEMR D763
FAEL, BB OIEERIEE BT 5 2 L E AR & LT, AAL LIS OZER 75
MEBEA BRI AT (craniocervical junction abnormality; CJA) OJRREMNEEH L T\ 5 Z & A
BbhbsZ bbb, IIFEOEERICHBNTIE, MRIBRAL L ONCTRANAL ELL
2220 AAL RREBIEFIDZ < T, Marino 512 X VI8 S -8k~ 72 CIA OOFFED
AT A RE & 72 > T D (Marino DJ, 2012), CJA &%, HEEE 25 LA SEHEREIRIC
B DERMEOEREFIZIVSIEEZ SNDEEHOZ L THY . 7 VEEFE, &
HEALIRE AN ERE, AAL RIS -BRHE-IHEE R T . BRI - R — =T vy 7

(atlantooccipital overlapping; AOO) . dorsal compression, /MMEMIEE, & LT, 2k
FERA R ENEGEND, T DOk~ 72 CIA DIFIESCZE LD OREBIRIFHUIR TIX
PRI < L E OTRIIEIIHEL S VTV,

U EDOBEREIY, AW TIL, CIA OJFREL ORRBMRERZ X 2R G, RO AAl D2

Wl JOERICE LT, €Oz L2 AME LT, UTIORTH 2 Ehb



1 EE TCORSMNET T, £, F2ETIE, AALOJFERE LT, &b —xHThd

ZERIERARICE L TER Lz, BRTIE, XBmE, 23 CTHREICTGRO LD

S

HHE D B ZSEE 35 1 2 BAL D OTERR F A A 03, MREERARTH D & — Ky
RSN T0 D, LinL, BB 0B ORI S BEE i MEET 2858 2R
W, BRERICHIT 2 WEERA RO ZREEIIFEL RV, £2T, AAL %
FERE L TUZRVY AAL 456 TBDs, AAL 4738 RFETITARU VR B — 27 /L R LUV AAL 2%
iE LAVEL AT 2 920 L 72 AAL 475 TBDs (2350) 2 SHHE CT Eifg 4 FV ¢, dillED i
DRI EMELZFHIL, EREOFHEMRTMAITY 2L & £ OB ERIRHEZ LR
FfL7, B3 ETIE, AALOEK & L THE SNV TOWDEBRHEOFILARD 55 (Parry AT,
2010) . AAL 4R KFECd D TBDs TIXHENIFAE LR WERHEE = OB LR 4 (incomplete
ossification of the dorsal neural arch of the atlas; IODA) (2B L TH#H B L7-, AAI FRAEGHRIE
B3 % CT Hitg Z 5EMIC R 3 5 & L BRHETS S B RIS E OFEH L 21 O SEFIN B
SMZHZLHFET D, £ 2T, AAL ISk L THOMBE AT & 520 U 72 BRARIAE B Z x5 5 R
WIFRA 2 3055 L. AAI F&HE TBDs (281} % TIODA OOFFIRIL, FEFAIRHEE K OYMVRHEY
TRIRICKT 2 FRICE L TRGET L7, 55 4 B TIE. AAL ISR 240 ERIE S LT YL
ENT=FHETH D AAT OIEAMEARBEEN ST 54 7T hOJIFEREEREIZB L
THH LTz, AALICKTT 284 e FIRFESS AAL OJFREICEET 22 < OMEIIFET D
W Fex BMBIRY | AEERTIFIREE T 70, AAY TTHEIHED B 2e kL A Rl & LT[Rl
TR ~O W EMEZ A 2 TRV . AALIZ % 2 BUHEARE E TlE. AAT 2VEPEE ST
5 ETOM, M AFZT T FEAMMICEIM TE 2 2 ENEELRD, £ I T,
RO AAJ IS 2 3FHDHRILENIETH D, AA] 7' L— MEEE, RY A TF /LR
%27 J L— | (polymethylmethacrylate; PMMA) Zfifi Fi} L 7= SCEF[EE 36 L OB &R [E &

LD TR EE TR 2 FLliaT L7z, 55 5 B CIE. AALICKS 25 AAT OIEMIEE FH°



AA) DIEAIZRIFTRBITBE L TE B L7, AALICKTS 5 AAT DIFRIZEIF o B I
FHEEE FEUC LD AATOLZETH Y | afbiIic AAT OB e 2 HiE L 95, L
L. BxDRDIRY | FEERD AAT OHFEEIREE 2 LRI R L 7281 1E & A EFE
L7gV, £ ZC, AEIOKRETTIE, in vitro IZBWT,  WZEERUIBRINIC L 5 AAL 3T
TNVEAER LTZ 9 2T, atlantoaxial plate 2] L 72 APF (atlantoaxial plate fixation) fiifft
K& PMMA % L7 PMF (PMMA fixation) Hiffi K& 1Bk L=, Z Dk, Sl CT #
BEATWRN G, Iith 7 » A ORGEZIBH LT 5 2 C, BRHEIHEZ 8064 L. AAT DR
FHORHI A FEHE L7, 3 6 HTIE. BASTHHEGIBICRE O b 2 ROBARIERCIEM T
IZEBE 5 2 5 HIREETH S LRI EN TV D AOO 12 B L7- (Cerda-Gonzalez S, 2009
a), AOO TRERIZI T HHFHRE O D BB OWMEIIFIET 5 H DD (Cerda-Gonzalez S,
2009 a), Fx OMBERY | AOO FBRIZISIT D IR 14 & 5l L 7= BT H 224 LT
BT 2 KREWEE R 2 %I 5 & LTeiFFE i 13/ E L 722V, £72 AOO 1% CJA D
Fh. AAL BBEFICB N TR L CRODILD Z & b7 vy, EHEDZEALITFE S
SIS L D H RO, AAT RBIER OEEATERIC — R B L 5.2 T\ D L3R
STV D Z EDD (Geary IC, 1967; McCarthy RJ, 1995; Sharp NJH, 2005) . AAI 7 2EJE
BIZFBUNT, AOO DOUFFENTRD HIL TV DAL, JEIC AAT DL TE(L 2B LI i
TRETHD, 2T AALRBRITEBT 5 AAT OFRMEARE EH O F#% 2B L T, AOO
MNH-Z DB OWTIRRET LTz, 8 7 BTk, AAL RBJEFNIZI T 5 AOO O DA ik
IZ X DITATOMME Y A RIZFEH L1z, AOO 1L, HERED RS & SHE ORI O, /1
JHAERETE D E18 3 L OVNIMRREROEB 25| & 29 L8 S LTV % (Cerda-Gonzalez
S, 2009 a; Cerda-Gonzalez S, 2016), H |2, K CIA (ZHEA L 7= ERESEBIHE A TR I D i
FHEROMBERMEFICL > T, FHEIERL KOKBEENMRET LS THD

Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2016; Dewey CW, 2013) ,



AAL FRBIEGIOIBHRIESR O FHRIT RSB TH D08, —HERITIL, BifFsShb
TFHRBFFONLRNZ ERHY | ZN 6 DEFNZIIT DIRKR O KO HiIvd, £ 2T,

Bz 72 CIA OFFIRZ FIRHZEEIT 5 2 L IZREECH 2 2 &0, RIRFTTIEL. AAT A
RIZET DAUTRIOIE Y A RIZBA L THEHR L. AOO DHES A X252 558D\ T

Mat Lz,



2w RSS2 O ZRN B D HTE

2-1 65

BRUEMME N ZCESE (atlantoaxial instability; AAD) 1%, /NEOERRIZI W TEFE L, St
TEIRIC BT DR A 7R FREE OB IR 2 5] X Z 9B TH 5 (Beaver DP, 2000; Denny HR,
1998; McCarthy RJ, 1995; Shores A, 2007; Thomas WB, 1991), k- Kf&E (Toy-breed dogs;
TBDs) 28T 5 AALL, Geary HIZ &V #I6H THE 47z (Geary JC, 1967), i DTBDs
(ZRT DAANT, BRENBAER DL R IR (S DIRIE R IEIERL., BiHEDHEMR &
WZSE DR A, EIEEDOEN~DHZEIE, HROME, BRHEOFILAE), E/TBXR
H720ME (B4, BIRITRD (D RERE, #H, E3RAICEE L TGREZ 5,
DFED | A TIRRDPAAIDOFRIEIZES > > T % (Denny HR, 1998; Downey RS, 1967;
Forterre F, 2015; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; McCarthy RJ, 1995;
Takahashi F, 2018 a; Thomas WB, 1991; Watson AG, 1989; Zaki FA, 1980), F7-. ¥4 Fi%. /b
TIRIZFT %I E D b EACSHESIEIZ 31 26 LT RIE DR 2 R B L
NESEMETZ R B (craniocervical junction abnormality; CJA) I[ZAAID & 41D Ll T
%  (Marino DJ, 2012; Dewey CW, 2013),

HEDRBRINIIE T, AATIZHER L72/MERES LU TBDs @ 46 87 35 57 (76%) (2
BT, WEERARIRD Hivlc & 0L H S (Beaver DP, 2000), —fHIIZ AAL

OZMNEFRICBW T, WEEERAEOFEICE L CTEH I TW5, filifEizix, 750

©

HALFLNFEIET D (Geary JC, 1967; Watson AG, 1990), #Z2HEI12I%, 2 D48 L=
{EHDMFAE L, BT OB LT, EEEORTIE O 14 2L, & 9 —FOEbH
%, HZER D% T D 3/4 T D (Watson AG, 1990), #iliHEDOHFZEEIL, FABFEIC R

W, BRIEOHER DB 5, HAERICHIGE D H (LTI TIOER S TEY,



HMEOMEARTT & E1% 7~9 » H THA T2 (Geary JC, 1967), MEOREENTFET D &
Dia LB WEROPRIFICH T LHAEROERINAGISEZTZLnHD | ek
FRARORFIK L 720 9 % (Watson AG, 1990), X #ERHE, F721% CT RAEIZTGED B
D HHHE D PSS I 1T 2 BAL L DR E PRI, HEERRAETH D & —ik
HINITRRRR S LTV D, Lar L, BB SR ORGS0 BEE F MR T D56 %
BRNT, BRERIC T 2 28 RIE A RO WHEHEITATE L 722V, £ 2T, AF
DFHIIRBWTIE, BHEDORZEEDOR S LAFIZER L, ThHDFHIZITH Z &ITk
V. WEERARL T2 2 & AR AT,

AHFIED BEIIT, AAL ZFIE L TRV AALAFHE TBDs & AATL 4738 KA Tl y Vi i
=7 VKRB LN AAL 2 FIE LAMVEF IR 2 560 L 72 AALAF3E TBDs (23517 2 SiHE CT |
BAEHWT, WEEOFEHZRFMIZITS Z & & FOREFIRHNZ i+ 5 2 &

Th o,

2-2 MEHE TTA
2-2-1 AR

ABFFETIL, 2005 45 2 A 75 2014 48 11 A £ TOMIC B ARBREAMBER A4 BB
R 2 —3 KO YPC HUREMEETEANEIRIE IS T MR 21T - 72 AATFRERICE
T D ERGLERZ A LTz, AAL ER2r S, SR 2 06 L7z 153 B30 5 B fiTHiiC
CTHELFM LI A4 RKFE (FUY, M=KV, 93— 3% —FT U7, I=F=a
THE AT R) PR E U, RMRRERE LTIE, AAL 2 FJE LSBT 4
e L7z AAL 473 TBDs @ 80 B (AAL M TBDs; U U 28 8H, kA 77— R/ 20 5,
=% =T UT 208, I=FaT Xy AT R 128) & MRIBAEL IO CT

A% FEfE L 72 BRREGNC BV T ElMED 2821 & 2 I & OFFREEIE AT R, dorsal



compression (Cerda-Gonzalez S, 2015) | R EHH -Be4— S—F » "7 (McRae DL, 1953)

BROFT UARATE (Marino DJ, 2012) %% 5 A 238 Hav7e7» - 72 AAL 4% TBDs
D40 81 (AAIFEREA TBDs; SV U 108, A7 — RV 108, 3—27 3% —7 U7 10
GH, I=F a7 Xy I A7 R 108) B0 AAL AFFERFETITA ViR B — 27 LK 40
BHE L7o, R E— 27 RIL, CT AL FEM L72%IC, AROZDIZ, ~"LreEY L—
NEIDFGAT L0 ZHIENFE R STz, ZEFEIE,  HARBREE A R R i) SRR E

(KGRI 46]-27) I[ZHEL TITH T2,

2-2-2 CT fedy & I RE RO

CT #2lZiE, WEAT 4 N AT A AR D 80 51/160 2 F A A CT Aquilion
PRIME (TSX-303A) Zfli L 7=, AHED 2% % L E1E.0.5s TH D | AT A AJZ1L0.5mm,
AT A AR 0.5mm Th o7z, CT HigRED ROLREIZIL, Wedge BURERRZ M L.
BEREE T OROTESETR A ST 7R TINEMIIC IR E LTz, T OBR, BEE & SHMEds
FOMIHEDSETHE L 72 K D ITKE T — 7 2 LIRE LT, &% ORIZEIT DD
REEAORTAM I, EiGEE Y 7 R =7 (Osirix DICOM Viewer) % VT, &f#{&o CT
[Bf% DICOM 7 —# % 3D-MPR (ZFHEE L Tl L7z, CT BEEORHSEMIE. Parry &

OWEIZHE LT T, WW 2500HU, WL S500HU & L7 (Parry AT, 2010),

2-2-3 DALR (Dens-to-Axis Length Ratio)

B & D372 I 2SR ORI A BEE R SMFIET 256 2 R T2 2SR 42 2 7l 9
D7l £, WHEOHREROR IITHER L, AAL #&E TBDs OHIZIE, #likE Ok
EROWBRBEEDOLIBRLOEIHRLTNDLZ NS DH, Fexr DMDBIRY | dlikEOHEA

(ZRIT DI IZRET DM EIAAE L RWe, SEIOBFHIRB W TR, #litfEOHER



Fasuel UTHEA L,

CT Hifg 7 — 4 75 3D-MPR [ZFHESE L2 IEFEIZER W T 2RO E & & il ok
HEZFHIT 57201, F3°, o4E O S & ik OHEALY R0 28 2 B 2 51\ e,
WIT, T OMEMGE WENAS D 5 IR O IR 238 5 AR Z 51\ o, ek o dei &
RO RE ETORIZFHIIL, ZNEABRFHIBITOREEOR S L LTER
SiFlz, FEBIZIEWT, 20 2 MOZK EMHEOHEAT RASE TOR I ZFHI L,
I NEARBRFNCB T HlEOHEARE & L CER ST 72, £ LT, liHEOHEKRR I 2
2SRl DR S DHFETH S DALR  (HliHE 28 = H; Dens-to-Axis Length Ratio) A &HH| L
7= (Figure 2-1), 160 BHOXFE AR (AAI F2iE TBDs 80 5, AAI FEFEE TBDs 40 55, filts &
— 7 VK 40 BH) @ DALR IZBIL T, AAIJESEE TBDs # & B — 7 VEEO L, AAL I
T8 TBDs BED% 4 Kl & ' — 7 VBEO L ES KUY AAT FERRAR TBDs BEIZF51T 5 RAR(H
D belkRE A FhE Uiz, B2, AAIFEREE TBDs #E & AAL f#f& TBDs #£42/K0 DALR @
Heigds K ORI B 45 RFERD O DALR O Fhlleiiat 2 920 L 7=, BiHEDOHEM R 2 FLvg
E LT LAY, Z OMIED limitation & LT, $HZEEOHECEN 2N D KT, CT
B D KARBrHAL > HIET D Z L IZREECH 72, 2D LD 2FEFITIE, LB R
L EHESE RIS AR TE LI SRR OR S2F L, Z0AFHEHEEORES & LT,
DALR ZGHAI L7z, F£7-, WIS OBIEAFED HiLd AALFRE TBDs 1%, FHIIXFE)

SERA LT,

2-2-4 DA (Dens Angle) D#FHI
HEEEOEM~DAERL AAl Z5| SR ZTEHRNE SN TWDH72H (McCarthy RJ,
1995; Thomas WB, 1991) , HilfHE0D #k 2L O £4 £ & i Z2EL TR AR R 2 Al 9~ 2 72 DIl L

77. CT Ef§T — % 735 3D-MPR IZFREEE L 72 IEP I 8IZ BV T DA Z 34 5 7-D1z,



9. EHEOFHAEIR & PAT Ao SE AN O B 208 H AR & 51 e, IS, RIEHE
ICFRWT, 2R O R 2 Ot 2SR e & 8 D EAR A B\ 2, 200 2 ROEMRAME
LHAEEZFHIIL, ZhZE2ABRFHIEBITH DA & LTEFRS T (Figure 2-2), ®GRD
DA IZBIL T, AAIFEFREE TBDs B & B — 7 LBED Ll AAL JEFEH TBDs BED S 4 KFE
L — 7 VEED Hleds LY AAL JEFRFR TBDs BEIC 51T D RAERM O et 2 5206 L 7=,

FIZ, AAL JEREME TBDs fif & AAIL F&i& TBDs FE2RD DA O bikEs L OB BT 2%
RAE[MI D DA OHldRGET 2 Fhi Uiz, £, WISEOEEACHBEN RO Hivd AALE

B TBDs 1&, GHH S BERAN LTz,

2-2-5 MRt ER

WERHAAAE T, SERHLEL Y 7 k (SPSS version 23.0, IBM, Corp., Chicago IL, U.S.A.) %
FHWTIT o7, DALR & DA [ZBJL T, AAI R TBDs fif & B — 7 LEEDO L, AAL
FEFER TBDs AR 4 RFEE B — 7 LRED I, AAL JERERR TBDs #f & AAL #2/2 TBDs
BEARROE:, & LT AAL FEREE TBDs #f & AAL AR TBDs BEICIS1T 2 & RFERH O Lhis
REHZIL, ®ISD& 5 Student t FUEA FEME L7z, F7o. AALIEHE TBDs #EZHITH KR
FEf O lliRFHE, Bonferroni O {54 FHAWTHEM L7z, WIitd P<0.05 #H > THE

ThdLHELL,

2-3 FER
2-3-1 ¥ FAAL R
ASEIOBRFICRIT 2D 160 EEOXIGROMER], Ak X OMKEICE 4 2 3672 .

Table 2-1 12/~ L7Z,

10



2-3-2 AAT FEFRSE TBDs B & B — 2 /L KD DALR O L

AAI FEFER TBDs ff & B — 7 LHEOMIE L7 DALR # HHGRFT L= & 2 A, AAL FERE
TBDs #£ D4 DALR (. 0.40+0.007 (+ f£¥ERAE) . B — 7 /VEF D% DALR (3 040+
0.005 TH Y, WD DALR A ERAITRO beho7o, RIT, AAL FEREE TBDs
FEICBIT 2% 4 KL ©— 7 LHED DALR ZENENUEBMGF LI2& 2 A, 93— v %
—7 U 7 O DALR (0.37 +£0.011) 13— 2 LEEO ) DALR [ZH#E LT, ARICIE
%L (P=0.008), X=F =27 X v/ A7 KO DALR (043 + 0.010) F&—7
JVEEDNE) DALR (CHEE LT, AEICEEZ R LTz (P=0.010), AAI JEREE TBDs HED
F U U DOV DALR (040 £0.017) & hA 7— KD DALR (0.39 = 0.011) (%
— 7 VEEDFH) DALR & U COAE R ZITRRD beho 7o, £72, AALJEREME TBDs
FEIZI1T 5 RIEM O DALR ICBI L CHIBMES L7 L ZA I =F 27X v 7 A7 N,
S—7 vy —T U TICHER LT, ¥ DALR ANEEICEME A R LA (P=0.012), D

o> RFERTTIZ ) DALR I B R ZEITRD b o7,

2-3-3 AAI FEFEE TBDs #f & B — 27 /LR D DA Dbk

AAL FEREFR TBDs ff & B — 7 VHEORIE L7z DA Z G L= & 2 A, AAL FERAE
TBDs #£DF#) DA (37.6 £ 0.7°) (X, B —Z7 LEEOF¥ DA (34.8 £0.5°) IZH#E LT,

BlZEEZ R LTz (P=0.003), RIZ, AALFENEE TBDs FEICH 1T 545 4 RfE L ©— 271
BED DA TN ENHIRFI LI ZA, TUTDFHE DA (378 £13°) La—7 %
—F U7 DDA (40.8 + 1.3°) (T —ZAEEDOY) DA ICHE LT, AEICEE AT
L7z (FUU, P=0.020; 5—7 % —7 VU7, P=0.001 &jifi), AAI FEFEE TBDs #D k
A7 — RLDOFHE DA (35.8+£0.8°) & I=FaT X v 7 A7 RO DA (36.1 +1.9°)

T, BE—ZVREDONY) DA LR L C, AERETRD Lo Tz, iz, AAl I

11



. TBDs BEICRIT 2 RFERID DA I L CHSMET L7=& 2 A, RERICBIT 2857

;E B EHR)) %ﬂfcﬁﬂ)’) 7Lx_o

2-3-4 HWEZEE OISR L oy

80 HHD AAI FEH TBDs BEIZIW T, 22 DAL (Figure 2-3) (X, U U 28 B 6
GH, A7 — K208 3HEB LI =F a7 X v 7 A7 K RREF 1EHTRD LN
Too TDO—FT, =27 % —7 U7 20 HIZEWTIEHE THZGE OB IFEED b
Rotn, £lo, WREEOSEEY, FUY TEHE, M S— R 8HH, I—T v x—T
7 SEBIOI =T a7 Xy I AT R ABETRO N, LB -> T, SREOMET
d, ZEE OB D=2, AAT FEE TBDs £f 10 B6% DALR OFHA SR SRS L,

ZEROMIERL, £ 71X H L OBED T, AAI F&H TBDs # 37 5% DA O+l

LBERSN LT,

2-3-5 AAI FETEER TBDs BE & AAT R TBDs #£0 DALR DL

AAI JEFEFR TBDs Bf & AAI R TBDs #£ 0 DALR O HERFHI BT, AAIFERA
TBDs #f 40 58 (% RFE108H) & AALTRAE TBDs #E 7000 (FU U 2286, A 7 —Rv
173,38 —27 v —T7 VT 20HBLNI=F a7 Xy 7 A7 K 1) ZR5HE L,
AAI & TBDs #ED ) DALR (0.36 + 0.009) (. AAI FEfEE TBDs #0 1~ DALR (0.40
+0.007) (T LT, AEICEMEA R L (P=0.001), RIT, FRFERICHIT D AALFE
T8 TBDs #f & AAI f2f8 TBDs #£0D DALR 2 ZNZNHERRFI L7z 2 A, AAL A
TBDs #:DF U U D% DALR (0.35 £ 0.014) 1%, AAI FEfEE TBDs #EOF U U D)
DALR (0.40+0.017) &H#L T, AEICEME R L2 (P=0.049), AAI &t TBDs #£ D

kA 7'— RLDH) DALR (034 + 0.017) 1%, AAI FEFER TBDs BED kA 7' — KL D
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%) DALR (0.39+0.011) X b# L C, AEICEKEE R L2 (P=0.020), ZD—J T, AAI
FHE TBDs BED I — 7 v —7 U 7 O DALR (0.33 + 0.013) (%, AAI JEEHE TBDs
Hoa—27 % —7 U7 OWV¥ DALR (037 £ 0.011) (2R LT, AEREILGRO LI
RN Toid, IREZ R TEM D bz, £72, AAL M TBDs O I =F 274 v
7 A7 RO DALR (044 + 0.044) 1%, AAI B TBDs FEO I =F =27 X > 7 X

7 v RO DALR (043 £0.010) & ORICABERZEITRO LR o T,

2-3-6 AAT JEFEE TBDs £ & AAI F& 88 TBDs ££D DA DL

AATFEFER TBDs #f & AAL R TBDs £ DA O LIS RFNZ B Tik, AAI FEFE A TBDs
BE40BH (B RFE105H) & AALFRIE TBDs BE 4358 (FU U ISTH, hA 7 — RV 9HA,
=7 x—7 V7 REBIOI=FaT7 Xy 7 A7 K 7 8) #x45L Lz, AAl
TR TBDs BEO 44 DA (41.0 = 1.0°) 1%, AAI FEFRMHE TBDs FEO %) DA (37.6 +0.7°)
IZHi LT, AEICEEZ R Lz (P=0.007), AAL %48 TBDs FEOR RFEIZISIT 57
DA X, FUU;412+1.3° hA 7 —K;37.5+£25°, —27 v —7 U 7;42.8+1.6°
R=FaT Xy T AT R, 420 +3.1°ThoTz, AALIERE TBDs HEORRFEICHIT 5
DAL F U U378+ 1.3° hA 7 — K1 358408, F— 27 2 v —7 U 7;40.8+1.3°
R=FaT Xy T AT R, 360 £ 1.9°Th o7, AALFEE TBDs #f & AATL FEHEE TBDs
FEOK KRNI 5 P DA ICH B R ZITRD LR Do T2 2 TORMIZEB N T,
AAI 8 TBDs #ED -] DA 13, AAL JEREE TBDs BEO Y DA [T L T, @z <7

B 23588 b Tz,

2-4 BE

AEIOBFHIIRBW T, AAL FEHEE TBDs #E & TRIRFE Th LW ©— 7 VD
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DALR [ZHERZTRO Lo T-, ZOFTR LD, DALR 234 < ORFIZE VT,
ISR EDOIIE LTFRAE £ 720 9 D[N & D T &R S iz, LanL, AAL
FEFERR TBDs BEICH T, RO ) DALR IS ERZENRO b2 L5, DALR
IRFETRZ 2380 B D WHEME &R Sv7z, B, AALFEREE TBDs £ D J-45 DALR
(ZHEHE LT, AAT TR TBDs B -4 DALR IZAEICIKEZ /R L, 2T AATRERT
X, AALFERRBR L0 B RZEEAVNSWEHN D D D Z L 2R L THNDH00E LitZely,
ARGEI T, B2, ZOEmNRF U T E M 7 — FUZ T, BEIZRD b, Ll
ARG E LI RFEOHFIZEBWT, I=FaT7 Xy 7 A7 RIZBELTIE, AAL AR
THIRERETH DALR Mg bEfEZ R LTc, ZOZEhD, I=FaT7 Xy I ATy
R AALIZEAL Tid, HZSEDIREAL & 1T R R 2R D> T D 0ns Lt &
DRI NI, LovL, EREEERECHLI=F a7 ¥y 7 A7 RO AAL D
KNZB 2RI L < 2o TV, F7o  ARREHTIIT 2 AALIENEE TBDs fE L AAL
T8 TBDs #ED 4 REEM O ERTIClE, AAL BEFEO I —27 % —7 U 7O DA I,
AERATRO LN T2N, RbmfEzr L7z, £ LT, AAL #iL TBDs FED 1

AL, E—ZVREL AAT JEFRHR TBDs B2 DA LV b ARICEME R LT, Uk
DT BIL. DA BEfEZ R THRZEEOEHA~OAELIL, KD AAl OFIEIRFEIZE
WA b 2 5 HAREMEN RS-, BE— L REHBELT, MM TP — KL I=Fa7T
K I AT ROWY] DA ICHEREITRBD DNRNoTzRn, FUUELa—r vy —7
U7 Tl FHEDANR I Y REWVHEADARBO b, 202 & XD, DA IFXRFEREIZ
HAREMED SV . AAL OITERFRIZE D> TWD AR RIS L7z, LrL, S EO
BREI T, BEMOER R BRIRIZEENTEB Y, DALR & DA OJEIZE L TiE, K&
RlZBIT DIEBTEN B A2 Z T 50 LWRWNWZ E2ZE L T b,

EDOHEIZIB T (Beaver DP, 2000; Denny HR, 1998; Geary JC, 1967; Thomas WB,
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N

1991) . AAI FEVEFI CIEERICHIGE DR EE RO b Z ARl h T

Loy, ZHBIEEEE O X BHREFT RS O EBMNRTHEC L2 b0 THY | Hi—
L7 BBIHEELAZ S LI LT b O TRV, Geary HIE, AAL FREK 10 884, B2 D
BEIERG, £72I300BED 9 BH TR biviz &k L7z (Geary JC, 1967), Thomas i3, AAI
PEAKR 23 BH, S OIEIEAR, E0I308EN 17 EHTRO 6, FIZ, HREEDOHMN
OB 2 A TRD Hivlz L s L7z (Thomas WB, 1991), Denny 5%, AAI fEH
K30 BHFF, BEZEE OB A3 29 BE TR BTz &L #iss L7z (Denny HR, 1998), Beaver
BIE, AALRREK 46 B, RZSEOMIEA, FoITHHEN 35 BHTRO bz &G L
7= (Beaver DP, 2000), AKRES Tl CT BRIZEB T HrEM72EREFRRHIET 21T 5 Z & T,
AAI &5 TBDs #£D 80 JHH 37 BH (46.3%) (BT, WSROI, F I3 mBENE
DBz, R, AEIOMFTIE, SHEOHERRIZ T 2 HBEOR S DHLETH D |

PR AR RO FBAFEEIC/2 Y 9 %5 DALR ZFHAT 5 2 212 kv, HwSREOBHEAR
PRI LT, ZEOHE (Beaver DP, 2000; Denny HR, 1998; Geary JC, 1967; Thomas WB,
1991) & Hei LT, AWFEITE b KRB R REERIC R 5E TH 5, AHFFETIE, AAL
T8 TBDs £ 80 BHH 43 BH (53.7%) 1ZBW\C, WZEEDOME, F 72130 BEN R0

Nipotz, Ak, ARFAWISREEICIE SO I 2SR O e 72 TEREF IR G 217 D
ZEIZXY . KVFEMARREEERAEOZE BT 250 Lty Eiz,
WREDEM~DALLE AAl ZRIET HLERKO > THLH ERWMESNLTEBY
(McCarthy RJ, 1995; Thomas WB, 1991) | 22 D R~D AT OO HIL D AAL Rt
FEGITIE, IS UIRRIN O E e 2 #ELE 2WiE © H 5 (Swaim SE, 1975), $ilHED 28k
3. BAERFRICBWNT, BRHEOHEAR D BEL . BhHEOHER & A1 79 » Al TlE
% LI TNWD (Geary IC, 1967), BUfEE TIZ, FEHWFRIZIT D 2EE Ol ~

T E U DIRBEBIC O WTIIREE L SNTW 5, Fix ORBRICHESL &, ALKE S
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DI REDEIT, FREOEBZG S EZTRENRH LD THDL EEXBIND,
AR T, AAL TR TBDs #E & AAL FEFEE TBDs # & O] TiL, DALR & DA
ICHBERENRD HZ, L7z ->7T, DALR & DA X, RO AAI ORIEZE FHIT 572

DOEEBRERITRY 5206 LRy, £, RFEFIZIHW TS DALR & DA ICHE

REDHBD NI Z 3D, DALR & DA A RFEIZEBWTOIT 2 0ERH Y, Zi

5 EMRT A7, AAL BF3T 5 TBDs O KB CREM 21T 5 MERH 5,

L BIORFTOFERTZT 5 TlX, DALR & DA 7215 T, AAI OFRGEE THIT 5 Z L iEA

+4THY . AAL OFIEITIE, BRI RLIIMNT b BRHEBET AT DWTIACERMED B 1L

ARZRED X D ek RERDPED > TND EEZBND,

[ 1%, %7 TBDs (Zxt LT, AR MEZ 203000 LIVRWIERRTH D, FF
EDORFE, FITRFEMIZ AAl OFIEY R 7 ZRETH I ENTEIUL, BREFICE
WT, FEFITESION S LtV ARBFEICHIT 2FER LD . AAL 234739 % TBDs T
I3, DALR MEEZ R L, £ LT, DA NREZRTHEALNSH D Z LRSS, 2

B lZid AAL FRIE LT WHIREME DS & 50 BRIRDBLISIZIU T, DALR 2V &<,

DA AR E WEFITIE, BN EICEHH AR < 5l ok SRV L ) ITIEBWRE S 2 LENH D,

£, TRHORIF IEIARMETHDL MR H D Z EIZHIEET D,

2-5 /NG

AMFFETIX, AAL R TBDs, AAIFERER TBDs, = L C, f@FE—27 L RIZBIT 5%
ZEE DG T REF IR A RIS 2 2 & 2T, RIFEORER LY . DALR AMEAE
R HAIC ZE PR A4 REMER B W Z ENTRINDNE LRV,
DALR & DA 721 TIi&. TBDs D AAL DFESEZ T % S0 7R BB R 720y,

TBDs @ AAl DRBIEIZELY 5.2 Dk~ 72 BNDMFET 572D, DALR & DA &5 AT
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HHE 0D B Z2 L D FEMN 72 T RE A AR (O R 2 KRIBEE R T1T 5 2 & T, FRRRYZ2 RO

AALSEIE ) A7 %2 T 2 BAREZR FEHE A MEN L 5 2 L ICRSLOATREMENRIR S D,
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Table 2-1 Signalment of 80 AAl-predisposed TBDs with AAIL 40 AAl-predisposed TBDs without

AAI (nonaffected TBDS), and 40 nonA Al-predisposed healthy Beagles.

Group
Variable AAl-affected TBD  Nonaffected TBD Beagle
Sex (No. of dogs)
Sexually intact male 27 15 28
Castrated male 12 13 0
Sexually intact female 29 7 12
Spayed female 12 5 0
Age (month)
Mean = SD 40.6 £ 40.2 96.4 £ 44.5 10.5+4.6
Median (range) 16.0(5.0-149.0)  96.5(6.0-180.0) 14.0(11.0-24.0)
Weight (kg)
Mean = SD 25+1.1 40x1.9 105+ 1.5
Median (range) 2.1(1.0-7.0) 39(1.5-8.9) 10.6 (7.6 — 14.0)
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Figure 2-1 Median image of the axis of a Beagle reconstructed from CT images by 3D-MPR.

To determine the DALR, a line is first drawn passing through the tip of the dens and the
dorsocaudal aspect of the body of the axis. Another line is then drawn perpendicular to the first,
passing through the base of the ventral aspect of the dens. In this image, length of the dens (red
line) is defined along the perpendicular line as the distance from the tip of the dens to the ventral
base of the dens. Length of the body of the axis (arrow) is measured as the distance from the point
of intersection of the 2 lines to the dorsocaudal aspect of the axis. Thus, DALR is defined as the

ratio of the length of the dens to that of the axis body.
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Figure 2-2 Median image of the axis of a Beagle reconstructed from CT images by 3D-MPR.

To calculate the DA, a line is first drawn parallel to the spinal canal floor of the axis, passing

through the ventral base of the dens. Another line is drawn from the base of the ventral aspect of

the dens to the tip of dens. The angle between these 2 lines is defined as the DA (red line).
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Figure 2-3 Median CT image of a Toy Poodle with AAI and aplasia of the dens.

The dens structure is not visible on the cranial side of the axis (arrow).
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HI3E BRHEES OB EAZ0OZENICEd 505

3-1 #65

BRUME N ZCENE (atlantoaxial instability; AAD) (X, —MREVICH B O/ RFEIZ I THF
L, SO aMEEELZSI S EZTHEETHS (Beaver DP, 2000; Denny HR, 1998;
McCarthy RJ, 1995; Shores A, 2007; Thomas WB, 1991), R AAI %, b Rf& (Toy-breed
dogs; TBDs) (ZHW\ T, 1967 4EIZ Geary H1Z & 0 W1 THE SNz (Geary JC, 1967).
AAL O EELL EDS 1 AT OB RIZB W T T 5 LG STV 50 (McCarthy
RJ,1995), il CORIE S L T H415 (Takahashi F, 2018 a), AAI VL, Br#ilRS
#ii (atlantoaxial joint; AAY) DY RANZRIZAEFIZEET 2 Z ENZ N RSN TEY |
B2 TRIRIRAY AAT DFIEICE > T % (Denny HR, 1998; Downey RS, 1967; Forterre F,
2015; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1970; McCarthy RJ, 1995; Parry AT, 2010;
Takahashi F, 2017; Takahashi F, 2018 a; Thomas WB, 1991; Watson AG, 1989; Zaki FA, 1980).,

Beaver 5, AAI TR 46 SHZ XI5 & LTZ[EBEIFTAAIZ L VD | 2D 76%IZ 2SIk

4> (Dens Abnormalities; DAs) D UFFEAGED HALTZ LA LTV % (Beaver DP, 2000) ,
—AXAVIT AAL OZWHEFEIZIB VT, DAs OFEIZB L TER SN TS Z L3Z0, X
MRS 7213 CT MERIC THERR S D sl O #2212 1 25 (L L OB AR & oA
AR DAs ThDH &I SN TWD, L, W60l EORE A mEEE
RABFET 256 %RV T, BREWRIZISIT 2 DAs O 2 AEIXFEE L, £ 2
T, 2 TIZEBWT, DAs OFBIMIEIE L LT, DALR (filffEpiZeii kI, Dens-to-Axis
Length Ratio) % #&RE L7- (Takahashi F, 2017), 52 % Cl%, DALR MMEEZ R~ THEIZ
%, DAs DEEWDRH D E LTS, DAs BEEDOILIZSG . BRRMIZITEEIR Ch 72 &

LTh, BERIMEIEN, AA] OFBHEAGIEEZ SN2 WREMS RS D, £0
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Bl & LT, DALR MMEAEA R L, DAs MEEDIDHEITIL, BRHERENHS 0O Fe 3 72 il B
NREB/HLZENHETHDLZ ENRBINDTOTHD,

DAs DISMT & AAL DIFRRED—K & 720 95 D5 ROBEEHEDHARIZEAL T, W 2D
W52 55 (Owen MC, 2008; Parry AT, 2010; Warren-Smith CM, 2009), BRHEDHL R4 L
1T, BRHED 3 SOBALH L TORABRICE T DHESEMORERR, £I3HA L HES O
WM COELETE TH D (Parry AT, 2010; Warren-Smith CM, 2009; Owen MC, 2008), £ —
JNVRTIE, % 106 H E TICHMIET OIS L, A% 115 B E TR ofER
I3#A 95 (Evans HE, 1993; Watson AG, 1986), Parry &3, ERHEDZREFAAVEH KA BT &
MET D7, 120 O RO CT Eitg 2 F\ W CIR@ErIEHA & 9206 L 7= (Parry AT, 2010),
COWEICED L 4 H Alin~13 5l (FRAE 4 5%iin) O 1288 (2RO 10%) (ZBRHED
HIEAEDRBO B, BHEOBARIL, HRIZGHET 2ER1H L & HE LT\,
70, STHICBOWTRHEOB(ERE L AAL AHFR L CGRD i, mA 235y FRIRIfR
DD ELHMELTNDH(E Y X 35.0, 95%(EHEX M 7.0-175, P<0.001) , ERHERF =D
B {44 (incomplete ossification of the dorsal neural arch of the atlas; IODA) 3 E(ET 5 A
BBRENED A DA EFALA KR, E7213MEss b 2720, AAT ITHEADAE U D ATREMEDS
D, Lo, WMERNERICFET 255G, BRI IC X o THZEEITIER 722
PEE 724D (Owen MC, 2008; Warren-Smith CM, 2009), & ~Z351F 5 IODA 1%, Hiff
PRI S ERIRTEDDRIBE TS5 DD type ITHHEENTEY . TOFRAERT3~5%T
H5 EHESN TS (Currarino G, 1994; Gangopadhyay S, 2003), ZHLHDE hDIFE A
EN. BIEREETH D0, BERIMEIC LY, BSLE L CTEICERMIAE R ENRZ D
Z L2 % (Gangopadhyay S, 2003; Schrodel M, 2005; Schulze PJ, 1980), t K TiZ, IODA
(A D B O RIBIBALI I IBRHEPERE AR DSTERL S AL, — A9 BAT R ZE MM RFF S

T3 (Currarino G, 1994; O’Sullivan AW, 2004; Sharma A, 2000) , AAILIZ A L<"9\ > TBDs
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TiX. DAs 3 X OBRHEREENHY O K72 SI3 i L <8 55728 (McCarthy RJ, 1995;
Watson AG, 1989), Fx DHIHIRY | 245 DORFEIZIIT D ERHEORERIZ 1T DB bAE
(ZBET 2 WIS I IAFAE L72vy (Parry AT, 2010), L2>L, FxORBRIZE DL, ZnbHo
TBDs ® AAIFEEFRRIEGNZ IV T, CT Bifg 25 Hill i i 5 & BRHET SI0E R
B OIEE LA D SEFINEIMNC S L AFET D,

A EIORFO BRI, AAL 2k U THOVEFFR 2 F2hi U 72 BEARAE B2 k3 2 Bl A i A
% 92)i L, IODA D FRYF L OTEREFRIRHEICEI L T 52T L, IODA F8ERIICFs

FT 5 AAl DItk DT Z7Hi+56 2 & TH D,

32 MEE ik
3-2-1 AR

2005 £E 2 775 2016 £F 4 J] £ TOMIZ B ABREAEMB A RSP BB ER 7 —5
FL OV YPC BUREMREIEANEHRREIZ T AATIZ)ET D AN 21T - 72K 167 SHO EHE R
FEAE Lz, 2R HORIE, MRIEBEO CT RAEFTRIZIE ST, AAL OBWTH
iz, SEOBFHTIE. ZhHDORD D 6 itk OBHHAE D TRE THh - 7= 11 RFE 106
SHA XS L Lo, RIRRITIHT DHTETD CT B L V| IODA O OFEAFRA L, Xt
%K% IODA (i FEHE & IODA FEOFFREREIC /B L7, #IZ, IODA PFREREORIL, B4
DFRD HIDHTE SO HASNT, I0DA FAIFE, TIODA H9fE, Z L T IODA R AlRE
ICENENNIA LTz, MBRITET DIEFGRER L D . KFE, MR, TR A s & (R,
fiTAiTds L OMiTEe O PRI EE R IZBI LTI Lz, AAL OFEZEZRIRIR & 720 5 % DAs
OPFFEDOAIZEAL T CT B L VA L7z, ZOFHMHIZ LY. B KIE. DAs ff%5

FEL DAs FEOFRBEIC L 0 LT,
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3-2-2 CT Iy & IR FHIR A

CT #RH1ZI, 80 %11/160 A7 A A CT Aquilion PRIME (TSX-303A, Toshiba Medical Systems
Co., Otawara, Japan) Z i i U 7=, AHED A 2 v VB 1X,0.5s TH Y, A T A AJE(X0.5mm,
AT A AMEIE 0.5mm Th-o7z, CT ML, BHEHZMEIERE T, Wiz 2
fA~ZFESI L, MEMLICHRE L, EFFEE FICTREEZTTo 72, EORY v a=v 7
(X, HEED & ME & HEASEIFE L 72 L 51T, Wedge BURERR & KT — 7 2 L7z,
BRHEDZRE RO X, Wiy 7 7 =7 (Osirix DICOM Viewer) % MU\ T, @
Ko CT Ef% DICOM 7 — 4 % 3D-MPR IZFA&4E L CHE L7, CT Eif4X. Parry & (Parry
AT, 2010) & Rivero & (Rivero MA, 2009) O#EIZHEL T, H5AM (WW 2500HU, WL

500HU) . =72 138RERREARStE (WW 658HU, WL -14HU) CE/EMFNT 2 FEhi L7,

3-2-3 BRHETS B O EREFRREAT

SHRRITIHT HERMEL = ORI AAIRT O 729, £ CT Mg 2 HETRk S c B %
3D-MPR (ZHFAHEE L7 RARITRIC T BRHETE D0 3 a0 CREAR, Fsl, ARl
ZPE LTz (Figure 3-1), D%, [RIERIZEB W T, 260 3 5I2H 1T DHEWHE %5 5
PR TR L. % & OBRMETS 5 OIEPEIC BT 5 CT A HIE L7z (Figure 3-2), BRHE
WL, REEZFLE LTEEEZ L TRBY, CT EICX2BEZK O THD Sogo
D453¥E (Sogo M, 2012) (231 5 D3a (CT fii 600-850 HU) £V & CTEIMEWE D (CT

il 600HU AJii) %, AMFHIBWTIX, FORMAEEZ D IODA & EFE LT,

3-2-4 DAs & DALR
B S DR R ORI S 0B h M ET 256 2B T BRIEERRICEIT © DAs @

B 72 Wi RSB I FAE LW 2D, 55 2 BICBW T, DAs OFEBIAFEIE L LT, DALR
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Z M8 L 72 (Takahashi F, 2017), %52 B Tid, 2005 42 7225 2014 4 11 H £ TOMIC
Fox ORERRIZ T, AALIZHTT DM FIT 21T o 72K 153 SEHOERGERZME Lz, Zh
BORDHI S, EAL4RFE (LIT. AALAFFERTE) THHFUY 288H, A 7 — R/ 20
A, 3= % —T7UT 200, TELTCI=FaT Xy I AT R REERNGE L,
T2, AATIERREBA R RFE400H (FUY, NS —FL, 9—27 % —7 VU7, I=F
27Xy 7 A7 R 108) & AALGFRE R CITRW@s e — 27 L R 40 b x5 & L
72 DALR (%, SHEDHEM R KT 5 28 R Db & UCEHII L 72, At & 0 . DALR
MEEZ R TBA1CIE. DAs O A[FEMERE W Z L2VRIB S -, ARFHIEIT 5 DAs &
(T, ISR BRG], Bl MEET DIER], E IR DR A B O i
B (K RFEIZIIT D DALR OFEED O5S%EHEXEIAGEO LD (FU U, b 7— K,
036 Kiifi, —27 % —7TU7T; 034K, I=F 27Xy 7 AT F; 040 Kiifi, £—
7R, 039 i) & iEFE L7- (Takahashi F, 2017), %5 2 #Cid, DALR (2B LTI,
AAL IR RFETH L/NURFEL B — 7 VR EDORICHBERZITRD biznoiz L
L7z (Takahashi F,2017), &»>T, FUU, b T =KL, =27 % —FT U7 I=F
2T By 7 A7 RUSNORFEIZE L TiE, B —2 /LR DALR OFEIED 95%(E X
&G LTc, WSO NEEE O bNIZRTIE, DEEE Ok S LiiED
SEMICE » T2 22 O R S 23l L, DALR ORHIFC, 20 2 2ORE SO/ &2

FEREE Lz, 2B, WEEOEIEKOIEFIL. DALR OHIERZRHIZERAN Lz,

3-2-5 PRI EE
KR RITHKT LT, HRTR L O ORI R AR 4 0 L7z, MRA0EE
FEIZRE LTI, Stalin 5 OGHEICHESW T AT U 7 &47\ (Stalin C, 2015), 7' L— R

0; IR FPRISF 22 L, 7 L— K |; SRR EEIGH, 7 L— K 2; A Talfeledh
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BED DEEOEENRM, FIIT AR, 7 L— N 3; TR MR SIREL, 7 L
— N 4 WUEJREL, 7 L— R 5 B, £TLHEL L, AREOMRFHIRT HEHE &
iF, ARRARORAIC LV AERSAROEE EAMITAT L 0 b L, A7 <HMTAYATRE

TR o TRER] & EFE Uiz, BARRIIZIE, 7 L— F 0-2 DIEBITIE, JiZr7e IRIFIER /24317
PNRIRE & 7R S TR, 7L — K 3-4 DREFITIL, #ER5 b O I RBERKHIIRF L T

T2& LTh, AR S BATHARE & g o T SEB 2 [RIE &)l L7z,

3-2-6 FHFFHL
KZRIT, EEFREEFICC, HEEZ MR SE T, MEMAICRE Uiz, FEEISEE Ry
M~ AT AT M~ < G| U TRIE L=, AAT OSRIMEMRE E7iE, Schulz &

(SchulzKS, 1997) & Shores & (Shores A, 2007) D JF{EIZHE LT CHhE L7=,

3-2-7 Hatss

E AV, #iEHLEE Y 7 R (SPSS version 23.0, IBM, Corp., Chicago IL, US.A.) %
AWTITo72, TODA DFR2RRE, £7-1% IODA D58 (BEMIRE, hele, AR
& 10DA FEDFRBEC 31T 2 FAiis H i ds K ONCT E O LR} . IODA ff #8224 %E & IODA
HOPFEREZI T DR EF LU DALR O ELidnaT, DAs OF5ERFE & DAs HEORIERE D FHiriks A
im0 LB ARES . IODA ff3EHE & IODA FEOFFERE O FFHfbEE O FAEE OO LEiREH B L T,
Mann-Whitney @ U #E % v =, £72. DAs f3ERE & DAs FEOFREEEICISIT D IODA O
DFF OF MIZBE 3 5 beikhist, 36 X OV IODA ff38#E & I0DA JEOFFERED AAL T4 D T4

WCEAL T, 2 BEZ Wz, WInh P<0.05 b > THE & HIE LT,

3-3 fER
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3-3-1IODA OFHEEEL 7 F LA |k

XK 106 BHIZ DWW T, BrHETE S OBRMIES, TEr, BARBIZR T 5 CT B O &
(ZBWT, ZTOIEPFEEO CTEZFH L7z, HE L7 CTMEX V. IODA OHFFEDA M
(B L TRl L7 & 2 A, 75 BHT IODA 72338 H41 (IODA ff%#%) . 31 BHT IODA 73
R HiRioT- (IODA FEGFIERE) . I0DA BFREREICISIT 2 REEOWNFRIZ, 3 —7 v+
—7 UT 2188, FUVU 208, bA 7 — RV I8HH, MK G6HH, WAT=T 388,
— A28, vAVTF— X2, I=F 2T Xy AT RN, LB, Fy )T Hs
T F v — )L RAANR=T)L 1 B TH > 72, IODA FEPFRBECEIT 5 RFEONGRIE, I =F =
TH AT K128, FUTY9EH, AT —RASEH, I—27 v x—FT U7 38H, ¥
—X—1BH, NEI 1 TH o, 5K 106 BHOMER], A sk L OMKREICEET 2554
7L, Table 3-1 1277 L7z, IODA ff3&#E & IODA FEDFFHEIZIS 1T 2 FAlie A fnlc B L
T, AERAETRD bivieh -T2 (P=0.867), I0DA HENFFAEDIREIL, IODA JFFEHED

LD X VEEICE)N-T- (P=0.002),

3-3-2 BRHETY B D TEREFAO AT

IODA DFFERFE 75 BHIC I 1T 2 BeMEs = DERMAR, hin, BARTD 5> B EDOESITE
EARBDEIET D E A LT & 2 A BB LA RO HiLh DX 59 81 (I0DA
SEMIAE) . HREB2s 39 BH (IODA ) . RS 28 5H (IODA RBAHE) Th o7, H
B2 1 T CORGD BT DIXISTHTH Y 2 FHATTRRO LNT-DIL29FHTH Y |
3EATET TR LNIZDIE 11 HiTHh -7z, 10DA (F38#E L I0DA JHEOFFEFEIC T 25
HERS = OB, Hrus, R I1T 2 IEHEik o CT ffIZBI L Cid, Table3-2 1Z/RL

7’1»
—o
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3-3-3 IODA {Jf5&#f & I0DA FEDFFFRIZIS 1T 5 FAliiE A fin

BRHETS % 3 %4y L7- IODA (F45HE & I0DA FEOFREED AAT O TATHE A i & bk L
72 & 2 A, IODA FRBEO T4 A i, TODA FEOFRERICIE L C, ARICEEE R L
7= (P=0.049, Table 3-3), IODA FBE{HIEE, 35 X OV IODA EAMIFED Ffie A #31%, I0DA FEOF
L OMICHBE Z2ZITRD b o 7= (IODA FAEIEE, P=0.865; IODA J&{fIF,

P=0.726),

3-3-4 DALR D&

CT Hf LV DAs DA EEIZBI L TRl 2 i L7= & 2 A, k5K 106 BHH 11 BATHZE
FEDBIGRAGED DA, 38 BUTHZEE DO BEE %R0 Diviz, HISE DO EIZRL R
HAVIZRIE, DALR OFHIKRIG 6 IXBRIN L7272, IODA f3&#£D 67 51 & . 10DA FE
DFFERED 28 BiiA DALR ORERIS & Uiz, 2 DMETZ R T b o 7 fiEf] Z BRIk L 7o x5
K95 BHIZH1T 5% DALR 1%, 041 (0.07~0.87, T 039, EHEFAE 0.12) Tho
72, IODA PFERE (0.07~0.87, “F-¥J 0.40, TRAE 0.38, FEHEMAE 0.12) & IODA
FERE (0.24~0.77, ¥ 0.44, FHAE 0.40, FEHERZE 0.12) O DALRIZEIL T, AER

EITRD LN o7 (P=0.163).

3-3-510DA & DAs OFFIRI

XK 106 BHH 70 81 (66.0%) (28T, DAs OFFEDEEH AL (DAs PFFERE) . 36
97 (34.0%) CliE DAs OO B /e o 72 (DAs IEDFFEEE) . DAs (f3&R£0 o1 ¢ IODA
IX. 70 BEF 51 §H (72.9%) TRd S, DAs IEGFREETIX, 36 BAF 24 §H (66.7%) T
IODA OUFFEAFRD HALTZAY MAEFIZ 35U T IODA OFFERICH B2 2T bR

>7- (P=0.507), F7-. IODA FEFFREECBWT 31 5EF 1958 (61.3%) T DAs DFFEMN
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OB, 31TET 12FATIX. IODA H DAs HERD Lo T,

3-3-6 DAs DA HE & i fi

DAs DFRRED LT A ii%, 35.5 » A (5~149 » Afn, FRAE 12.0 » F i, 1%
U7 414 » AlG) TH Y. DAs EDFFEREO LI FITRE Al Cd 5 60.1 » Al (8~154
# H i, TRAE 60.0 » H i, AR R 44.0 » Him) L0 & AEIEMEZ R Lz (P=0.001
HKiii) . F£7-. DAs OFfFEIE, I0DA FHMIFED 59 BT TiRed Hil, IODA HRAEETIE

39 BAH 32 BA, TODA JBAAEETIX 28 BET 19 BH TR H LT,

3-3-7 MIREREIERE & T4

AAJ O RERIHEARE EMRT AT O FROEREE (X, IODA PR HECITEY 7 L— K25 Th
. 10DA FEOFRFETIZFEE) 7 L— K 23 TH Y | IFtE O FHIEIEL L, I0DA Jf5
FETITFEZ L —F 04 THY . IODA HOFHRERETIT Y7 L— K 1.1 ThH o7z, IODA
DFFEHE & IODA FEDFFEFEIZ 31T 5 AAT OREMRIHEIRE E T ORI K Ui # DAt 7 B
FEFEIZB L C, WIS A B2 ZITRO e oo (il P=0.806, 1% P=0.142),
AALIZXET 2% ORI #X, I0DA JF5#E Tl 94.7% (71 88/75 88) ToH Y, I0DA FF
DFFEFED 71.0% (22 58/31 BH) (ZXF LT, AEIZEEZ R L7z (P=0.001, Table 3-4), IODA
DFFEEETIE, 172 7 ALANIZ 2 BISFERAR RO TZDIET Lz, 10DA FEOFFEETIE, it
#% 10 HUUNIZ 2 BISFERA RO T2 OFT L, 1 Bl AR IZRREM AR O 7 DT L,

BIO 1 BNIH% 1 # A CEERIEOT-DIEL L,

3-4 BE

]

HHED HZSHEIZIE, AA) DOLZEIICRE KBS LTV DRI, SR I L OB

i

\
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HERREN 375 L CH Y . DAs I3 AAL DFFEICKE < B> T D & — RIS S 1
TW%, DAs LISMZ G AAL ORJEICITER % Z2IRK D3 o> T ks TR, £
DOHTHERMEOBILARIT, AAL EIRWVAHBRRH 5 Z & 2V HE ST % (Parry AT,
2010), Fx DHIHIRY . ZHFE TOHREITIHVT, AALICHEB LTV TBDs ICHIT 5
BHEOFALARICET 2 IAE LR, Ll AROBKFHIEBW T, TBD &l
& L7 AAT REEBREEIRIER O CT B A BIBHICEHM L7z & 2 A, BRHEE SI2H O
2% fF 5 TI0DA PFFIERIA 70.8% (75 BH/106 BH) TRl bz, BRHEOE S X
72, I0DA @ CT EDORE R Z EMEICIET D Z L IZN#ETH o7, FH L7-iER L
MTHRA > b2 L HIEREEUCBEE L72iGfk 2 3 A TLEWY, #RE LT, IODA
D CTHEMELS 72> TLE D AIREMEN B 5, £ Z T4 BIORET T, BRHET = D i EAM,
e, RO 3 HAERA L, &bm CTED R THIE 2 50 L7z,

AAI FEBJEFNICIIT D IODA OffRIL, a—27 v v —7 U7, FUTU, hA 77— KL
TELBOONTZN, S=F a7 vy 7 27 KT 13 6% 1 1 TDOIH IODA DOHEFEN
RO, I=F a7 Xy 7 A7 FIZBE LTI, IODA OHFFEIIHTH Y . EFHRER
M OEEZ A L TWD 2 ENZNI ERPBNE 5T, IODA BFET D552,
AAL (2T 2 ANBHTRIRIE D —> T o 2L EAINIZ T /3 2RI R 35 H 72 2
EMBHINTRDIRNWZ ERRBEIND, Ll EFRZREMEESHEELZ AT 5 AAL#
BI=TF a7 Xy 7 A7 RCEHESERDATREDLEX biILD, AEIOMBREFTIX
IODA % {f5 L7z AAL FERERORHBIZEA LT, BRMETE = 25810, s, BRI
F LT, BF4ICBIT 5 IODA DHFFEDA AT AN L7z, T 6KEED AAL DFfi /]
AR L& 2 A, FIREICEIARNFET 2546, I0DA FERBERIC KR L T,
AAI OFAFFABMRE VRN O, 202 & X0, BETSOPREICE(EAE

PAFES 256, HIBREENE ORERI RS TR LT, IR T AT 2 Wi
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(2 E DR ) B AMEMERIZ I Ui T D ATREMES R S5, 2 DRE DR 1A
L, 2D OTRED IR EMED D WIIRFEZFHR L, FHEl T AAL ORIES
FIEEZ L TWD AL B D Z & AR STz,

IODA %, HAERIZRIT 2 BEHEDOHES TR ORI T 2 B LR LI h T D
(Owen MC, 2008; Parry AT, 2010; Warren-Smith CM, 2009), A OFER LV, ZD A D
SRALIRFETIED 273, HERDTSMIOREFROM BRI, SRS, Fhosis, BMRcz
DRDO BN, FOHFTHREBIAMBIZHBIT 5 BIEAERNZBO LN &1L, 0
FAMMPRIZ BN T, BIEAF-BRHEE SIS 2O ARRT (BB, %IEE
BRMERZENE, BIEE-RIEA— =T o B L 7R L) ORBAEZIT TV D ATREN &R
STz, £72, I0DA ZfF L TV 5 AATRRERIT, O L TV AALRERED b,
RS AN SUVMHIAIZSERD BTz, BT, DAs 05 LT D AALREB R TIE, BEOH
% (Beaver DP, 2000) & [FRIZ, DAs JEOFREREL U b A5 T AALICK 3 5 Fifr & i L
TWEHAFED DT, A RIORFHIIHN T, DAs & I0DA & Offizi%, fHEER%
TR LN oTo, ARFTORRRTIL, I0DA & DAs O3 LT EFIE
#9 50%1F7E L, IODA & L < (X DAs O &5 H3W 5 L COTZEGNIEA) 20% T > 7=,
129E6] (2R 11.3%) TiE, DAs b IODA & T AAL OFIENGBD Hiviz, B
HEREENT ORI 8B AAL OFIEFEIN E 725 Z ENHBINTND Z D (Watson AG,
1989), Zi 5 OFERFITIEL DAs 3 L OV IODA LIS OER I G- L T2 AIBEM: & /RIE &
iz,

ARETE D . IODA OOfFE DA M & FER) 2R 2 B 1 L 0 TE S o Fitke s
O EAE I BEMEIERR S D o 72, I0DA OPFREOEIIZE DL 53, AAT OIE{IKE
REEMT 2 /S5 2 & T, AAL BREKIZER T Dk OB REREE O FIEEL OWER TR

Sz, LU, IODA FEGEREED M O RIERMEWFERENE O Z LI LT
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T, KEEECH R ZSRIE 2 & T ot OFEET EATSEMERE SR IL S (craniocervical junction
abnormality; CJA) DJRRENBIE- L T\ A r[EetE bRz sz, BlZIX, itk 1 » A CHE
HHFAEDT2DIEL L7z IODA IENFHEREDORIZ, Hiald MRLE LV | R o o CRlfix
ERRBRESILR L TWe, ZORD L DT, BHERNEILRDFZD BTG 121,
M G REHT (ventriculoperitoneal sunt; VP 3 > RMiT) 13820700 LAvZew (Hoerlein
BF, 1978),

AEIOREETO limitation & LT, IODA OHFFEAY AAL DIFIAITIH S D THIUE, AATLIC
PR L TV TBDs K0 6 AATIZHE LTV % TBDs (28T, IODA OffF L b
ZBOOND I EEWRT DO ha— A HERFELRNZETHD, bH—
D& LT, AEOBRENEL, BREAICI T 2 BRI CH D 72D, BIEARELTH

B BAHES 5 ORI N ERE T & TV AN T & Th B,

3-5 /NG

SEIORET L D TBD ZHub & L7z AAL FEEJERI Tl DAs BIAMZ & IODA 3% < O
JEGITORRE L TV D Z NI LMNE RoTe, FriZ, BHEE SO REICE LR RFE
T 25EITIE, AAL OFITRE D T s T 2235 ¥ | IODA [ZH @il THRIET 5
AAl DIRRD—2 L 725> TND Z LRI, AALZ T ATE CIA DIRRBIZITRR % 72
JRERDBBG- L TWD2, 2D OFEMZRRIEITMI S Tuhieyy, 4%, DAs X IODA

TR RO CIAZBID D% FIRIC B L CIRAT LT LB B 5,
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Table 3-1 Demographic information for 106 dogs with AAI that did or did not have evidence of

IODA on preoperative CT images and subsequently underwent atlantoaxial ventral fixation.

Variable IODA (n=75) Non-IODA (n=31)
Sex (No. of dogs)
Sexually intact male 22 10
Castrated male 16 3
Sexually intact female 26 12
Spayed female 11 6
Age (month)
Mean = SD 449+ 457 41.6+39.1*
Median 19.0 17.5
Range 5.0-154.0 5.0-125.0
Weight (kg)
Mean = SD 23+1.2 3.0+ 1.3f
Median 2.0 3.0
Range 1.0-9.0 1.0-7.0

*Mean value for the non-IODA group was significantly (P=0.867) different from that for the

IODA group. fMean value for the non-IODA group was significantly (P=0.002) different from

that for the IODA group.
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Table 3-2 Comparison of the CT values in the midline region of the cranial, central, and caudal

portions of the dorsal neural arch of the atlas in the dogs with and without IODA in Table 3-1.

Group

Portion of the dorsal arch of the atlas

Cranialmost

Central

Caudalmost

IODA (n = 75)

Mean = SD 374.0 + 119.5° 376.4 +112.9° 305.0 +£142.2°
Median 384.0 378.0 309.0
Range 60.0-593.0 85.0-582.0 39.0-586.0

Non-IODA (n=31)

Mean = SD 1093.0 £322.9* 1358.8+435.1°  1338.8 £396.1°
Median 1046.0 1331.1 1295.0
Range 655.0-1912.0 787.0-2484.0 808.0-2476.0

Computed tomography values of the midline region were measured in transverse CT images
(obtained with a bone window setting) at the cranialmost, central, and caudalmost portions of the
dorsal arch of the atlas in 106 dogs. The bone window setting had a window width of 2,500 HU
and a window level of 500 HU. Dogs were classified as having IODA when the CT value of the
midline region of the dorsal arch of the atlas in any of the 3 portions was < 600 HU.

“b¢ Values with the same superscript letter differ significantly (each P<0.001).
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Table 3-3 Comparison of age at the time of surgery for AAI among the IODA subgroups
(IODA-cranial [n=59], IODA-central [n=39], and IODA-caudal [n=28] groups) and the

non-IODA group (n=31) of dogs with AAI in Tables 3-1 and 3-2.

Age (month)
Group Subgroup Mean + SD Median Range
IODA IODA-cranial 42.2+452 14.0 5.0-154.0
IODA-central 61.9+48.9" 49.0 5.0-154.0
IODA-caudal 46.3+£45.8 27.5 6.0-149.0
Non-IODA — 41.6+39.1" 17.5 5.0-125.0

*The age at time of surgery for the IODA-central group was significantly (P=0.049) higher
than that of the non-IODA group. There were 75 dogs in the IODA group. In 35 dogs,
incomplete ossification was present in only 1 portion of the dorsal arch of the atlas, in 29
dogs it was present in 2 portions, and in 11 dogs it was present in all 3 portions.

— = Not applicable.
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Table 3-4 Neurological assessment of spinal cord injury before and after ventral fixation of the

atlantoaxial joint in the dogs with and without IODA in Table 3-1.

Postoperative neurologic outcome

Preoperative neurologic

Group No. of dogs Recovered No improvement Died

grade

IODA 0 6 6 0 0
1 11 11 0 0
2 33 31 2 0
3 11 10 0 1
4 14 13 0 1

Total 75 71 2 2

Non-IODA 0 3 3 0 0
1 4 3 0 1
2 14 12 1 1
3 6 3 3 0
4 4 1 1 2

Total 31 22 5 4

For each dog, the severity of neurologic abnormalities before and after ventral fixation of the
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atlantoaxial joint was graded according as follows: 0 = normal, 1 = neck pain with or without
mild ataxia, 2 = ambulatory with moderate-to-severe ataxia or paresis, 3 = nonambulatory
tetraparesis, 4 = tetraplegia, and 5 = death (or euthanasia). Recovery was defined as an
improvement in neurological status as determined by neurological examination findings,
compared with neurological status before surgery, and a regained ability to walk without signs of
pain. Dogs with neurological grades of 0 to 2 were considered to have recovered when normal
walking without pain was achieved, and those with grades of 3 or 4 were considered to have
recovered when pain-free walking was possible, although mild ataxia or wobbling may have

persisted.
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Figure 3-1 Representative sagittal image (derived via 3D-MPR of CT images obtained with a
soft-tissue window setting) of the AAJ of a 120-month-old sexually intact male Yorkshire Terrier
with AAL The soft-tissue window setting had a window width of 658 HU and a window level of
—14 HU. For morphological assessment of the dorsal neural arch of the atlas, the cranialmost
portion (white arrow), the central portion (arrow head), and the caudalmost portion (black arrow)
were identified in the sagittal image. The same image was subsequently reassessed with a bone

window setting.
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Cranialmost portion Central portion Caudalmost portion

Figure 3-2 Representative transverse images (derived via 3D-MPR of CT images obtained with a
bone window setting) of the cranialmost (A and D), central (B and E), and caudalmost (C and F)
portions of the atlas in 6 dogs with AAI. The bone window setting had a window width of 2,500
HU and a window level of 500 HU. Dogs were classified as having IODA when the CT value of
the midline region of the dorsal arch of the atlas in any of the 3 portions (arrow) was < 600 HU.
A—TImage obtained from a 66-month-old castrated male Chihuahua with AAI and incomplete
ossification of the cranialmost portion of the dorsal neural arch of the atlas (assigned to the
IODA-cranial group). The CT value of the midline region of the dorsal arch of the atlas is 247 HU.
B—Image obtained from a 122-month-old sexually intact male Yorkshire Terrier with AAI and
incomplete ossification of the central portion of the dorsal neural arch of the atlas (assigned to the
IODA-central group). The CT value of the midline region of the dorsal arch of the atlas is 325 HU.
C—Image obtained from an 89-month-old spayed female Maltese with AAI and incomplete
ossification of the caudalmost portion of the dorsal neural arch of the atlas (assigned to the
IODA-caudal group). The CT value of the midline region of the dorsal arch of the atlas is 311 HU.
D through F—Images obtained from a 96-month-old sexually intact female Chihuahua with AAI
and no evidence of IODA (assigned to the non-IODA group). The CT values of the midline region
of the cranialmost (D), central (C), and caudalmost (F) portions of the dorsal arch of the atlas are

1,502 HU, 1,191 HU, and 1,048 HU, respectively. L. = Left. R = Right.
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AT ROBREBIE O E FHHEC BT DL

4-1 f=
BRUMMEAZZTEE  (atlantoaxial instability; AAD) (3, BREEMRIVEMEIIZ BV T

HHE L, SHETENIC T Dk A REOFWHIRE 25| S K ZIRAETH S (Beaver DP,
2000; Denny HR, 1988; McCarthy RJ, 1995; Shores A, 2007; Thomas WB, 1991), AATIZ/ MK
2T RERRHIZENTHHE SN TS (Jaggy A, 1991; Shelton SB, 1991;
Stigen @, 2013; Wheeler SJ, 1992) , AAlIL, BR#EBIET (atlantoaxial joint; AAT) DRI/
R (R OIRIERL, RIA . BbRE, #T). E3%R7IME (BT, EHWT
) e RLERE, TR, EIEBAICERE L TR Z % (Denny HR, 1988; McCarthy
RJ, 1995), JeRPEDIFHE D & 0 A& FROSE 201 D JER, BEOHIR H 25, )
EFAESD SN Z LWEBNZ X, AMHRIEOEIS D HERE ST 5 (Havig ME, 2005;
McCarthy RJ, 1995; Sharp NJH, 2005) , AMEHEVEICIX, MEMRIZELIT & B2 E kAl D238
D OFMFENRH D, BUE, —MRANTIIMERIZEANTAIR <ATHOITWD A, £ DOHH
LT, BT ORENE L . ERROMLEMIMENZ & FHICHE D BT RBME
W ENRREETBNS (Aikawa T, 2013; Beaver DP, 2000; Denny HR, 1988; Hara Y, 2002;
Knipe MF, 2002; Sanders SG, 2000; Schulz KS, 1997; Thomas WB, 1991), F7=. AAJD &
HEARE ET TIE. AAJOBIEIRE 2 brE L, WEEBEEIT ) 2 & T Ao 2tk
THZ LN TEHHEEHS  (Chambers IN, 1977; Hara Y, 2002; Sanders SG, 2000; Schulz
KS, 1997), 7 7'm—F Tidk. AAIOEIHZREER, LEIDS T THEEOREZ
AT TITO, B A7 U 22—t R UL e (positively threaded profile pin; PPP) %
U7 ¢ BB 275 (transarticular fixation; TAF) , ‘B A2 U 2 —, £72(IPPPLARY 2

FIv A% 27 Y L— K (polymethylmethacrylate; PMMA) % L7 XXFFEIEE (PMMA
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fixation; PMF) . F721XAAJ” L — KEEL (atlantoaxial plate fixation; APF) (220, AAJ
DEFENZHY | RFERIZAAIOE MRS 2 HEE L 32 (ALF, 2006; Aikawa T, 2013;
Dickomeit M, 2011; Hara Y, 2002; McCarthy RJ, 1995; Platt SR, 2004; Rochat MC, 1999;
Sanders SG, 2000; Sanders SG, 2004; Schulz KS, 1997; Seim HBIII, 2002; Sharp NJH, 2005;
Shires PK, 2003; Shores A, 2007; Sorjonen DC, 1981; Stead AC, 1993; Wheeler SJ, 1992), &l
LEAML, e LTSN FINFETH Y . —RANIA Ef I TV D, AAT
(T, EHEO S22 A L & L EET M~ O RTEE 2 2 TH Y . AANS§ 2 JERIHEA
EEMT TIE, AAIDVEMEIRE T 5 £ TOM, Bl RM7Z0 T3 < EEAMICERT
EDHTENEEL D, AANTKT Dk % R FiTFHRCAAIDIRREIC BT 52 < DG X
FAET DM, BaxDADIRY | ARIIFRR WA T D720, Reberbid, FREIHIL, 57
Wi EL D T T, AAIOZELIZI T D5 b HEREIEIE TH 5 Z & 285 L7z (Reber K,
2013), Forterre 5%, AAIRESEFITIL, AAIO M F[ENE7Z 1 Cidze < AE O
DHIINT % Z & A5 L7 (Forterre F, 2015), Riedinger® (%, HRING D7 7 7 [EHE
L0 b, TAFAZ U o— L8077 L— MZ X 2 RERHERRE ST o528, SIRiffE O T T,
AAIDB XV ZET HZ & a2WiE L7 (Reidinger B, 2015)

AEFFED BEIIX, ROAANZK$ 5 3FAO/NEZELETH D, APF, PMFRB IO
TAF O J) B ETRE & iRt 5 2 L TH B, 7272 L, TAFIZAEE FHICB W T,

DR LT3k L7,

4-2 #MEEE kA
4-2-1 RERIRDULEE & 1B,
BRI O BIOTZ0IC, S EY L— MOB A & ) 24T S -l £ —

JVR I8 HE (i 11 88, M 7 58, VK E 10.6kg (9.0-14.6kg) . ¥ H #5302 » Al (12-75
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B ) 0B U7 BRHE & SHEA G L7z, Z08O0E L OMIAERIIZ,  H ARERE A4 dy
B E ERE KBS 46)-27) ICHEL TITo 72, MIRZRBRIER O 2 712
VAT D Z L BZRGIC L, EIJEMOBEERIC L 2Bk 5720, b0
MEE I, AMIBRHREN R, BRMERREN . 2 U CRIEID 2 & TolfGiimk & rraE 22 BR W BrE L
Too EDHK, BRI, BAEDT=OIT 70%= ¥ / — NV ZiZESE, BEEET VOEREZT

9 F T30CIC THAEHSEFE LT,

4-2-2 [EHEET NVOVERK

(1) APF

ASEIORFTTIX. RO AAT D40 O8RE R MAIEE & LT 5 7201, =2 K
@ DICOM CT F—Z |23\ T, 10-15kg DD B — 7L RITHE 5 K 5 7eBrilHERE &
TL— hERFEL, u hFA T EER LT (Figure 4-1), BREfHERE €~ L— ME, 7L
— FOBKIAMD A7 Y 22— R—/UZEZR v ¥ P27 Y 2a—NEATE, o7 Y =
—AR—E a2 =T v I AR Y a—DMEHTE 2 X ITKGEH LTz, KR, BHEENA~
DAYV 2—OfAZ BT 572012, 7 L — FORBRIO A7 Y 2 —7R—/LIFIMAl~ 5
FE, BMODOA T Y 2—aR— /L TIMA~ 15 FEEDER A2 D1 TREFL T2, A7 L— D
EEFHIILL T O THDH, £, kDRSO w2 BREhHEE &~ L— D
HHLAZEL T, ¢ldmm ¥ 2/L> 2 —T A ¥ — (Setagayaseiki Co., Machida, Japan) %
AL, BRHEOMIOME DR Z Bl ST, TAF 217072, RIC, BREHEEE 7 L — b
OHEHALEZBEL T, ol.5Smm RUAEY FEFEHALT, LRV U 7 %2IT5729 2T,
@2.0mm 2 —7 > 7 AA 7 Y a— (A2 Y 22— 22mm, Setagayaseiki Co.) ZfiH L T,
AAJ O TAF %58 S W72 (Shelton SB, 1991), & D%, HHERMO W OMHESR A~ 1

ATO, BREMEEE Y L— FOFEHLEZEBE LT, @20mm 2—7 v 7 ARAT Y a— (R
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U = —F 18mm, Setagayaseiki Co.) % 2 AfHA L7z, [FFRIC, BRHEDIAIOHESR A~ |
@24mm 2 v ¥ T AT Y a— (A7 Y 2—F 22mm, Setagayaseiki Co.) % 2 AfFA L,

7L — MEELZFER ST (Figure 4-2), 723, ZO7 L— MIMF ¥ (ASTM F67
Grade2, Setagayaseiki Co.) TH Y, HFH LAV 2a—B LRV A Y —F3F ¥ A4

(ASTM F136, Setagayaseiki Co.) D& D ZALEH L7z, [AERDOFIEIC T, 6 MR ZER L 72,

(2) PMF A%

PMF (L. Schulz & DA T OB A M 72 J71kTIHENE L7 (SchulzKS, 1997), i
HED BEAEERIFR O WA & | @l.4mm F = /L 27— A ¥ — (MIZUHO Co., Tokyo, Japan)
ZHRA L. BRHEDOMAOHESIR 2 Bl S, TAF 217-7-, £D%., ¢l.7mm RV /L E v
N LT, VRV T %2T2729 2T, @24mm 2 —7T v J AAT Y a— (R
J 2 —& 22mm, MIZUHO Co.) ZBRHEDTRIOHESIR~ 2 AFFA L7z, BT, k2 M
DOHESARIZIE @l.5mm RYUAEy REHALT, LR V7 %1707, LT,
@2.0mm 2—7 v 7 AAY J a— (A7 Y 2—F 18mm, MIZUHO Co.) % i DOHES
R~ 2 AFHA L7212, PMMA (Stryker Co., Kalamazoo, MI, U.S.A.) Z{HfH L T, FF[H
iEx FEhE L7z (Figure 4-3), PMMA [FE3FRFEEA 7 Y 2 —NERTHET 2 K 5 ITHRE
ST, FEMHTHECTEAEIZHLZE Lic, X HEBEHE L L A, FkOF
KO =7 NVROFEMHOES L, 10mm 20 LEZ HRETH D S hiz, KL
7 PMMA ZitfI L7 & 24, K& 39mm, ## 28~33mm (V%) 30mm), JEE 9~10mm

(CF¥) 9.75mm) T 7=, Fel L7~ PMMA OB 351~390mm? (£ 380.3mm?)
Tholz, BB, AT T2 MIAT L L AR (SUS316L, MIZUHO Co.) O % 0% f# il

L7z, [ABRDIFIEIC T, 6 MiA/ERk LT,
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(3) TAF &%

TAF (3 Sorjonen & DA IZHE U CEii L7~ (Sorjonen DC, 1981), F -3, #ilik o i HITE
FRO TG @2.5mm R YLy &R LT, SfEEERERIC 7 74 7 1 v 7 AhR—
YERLL 72, I, RIA—L LY, ol.7mm RVU/LE > F&EH LT, BEHEDOEHIOHE
BIZA Ly RAR—VEER LT, 20%, FRLIEAZ Y 2—F—/LIT ¢24mm 2—7
v I ARG Y a— (A7 Y 2—F 22mm, MIZUHO Co.) #ffiAL., 77 A7 VY 2 —I[EHE
BIZ X D TAF #17-7- (Figure 4-4), 7235, A 77 MIAT LA (SUS316L,

MIZUHO Co.) OH D&M Lz, FEREOHFIEIZ T, 6 KifktERk L7,

4-2-3 R 1E

(1) e e i o

Jr A REERRER (1T, BET AR D 3 BIATOR 9 MR Z M L7, ARBRICIE, JE
HiFERH% (SIMADZU Co., MST-1, Kyoto, Japan) M L7=, &% O#ERERTET L OBRHME
B L OHHEOFAAE NI, MR OB REHEEEMN Y 7 (BAS 10mm) & 48 Sl
EHY 7 (E8mm) ZfAL, HEHLHT 7 VL% 1LY (GC Co., Tokyo, Japan) |Z
CREE LTz, HhHEREEH 2 7 % ARSI EE Lo, SRHEEEM Y 7 0 10mm @i L
PO BRMERE EH Y 7 O RNk L CRE S AN O EE 5 X 2, ZOMEIT, B
HEMY 7 O# &Ik - T, MEF MRS 272, iR o BB E B
10mm/min & L7z, RAICHEZIMA T, $GAURET T ADRHA U 7oK I & UMA

VA Tk o D

(2) [ R AR

[FIFETREERERIC S . T T AEEDD 3 MK ORF 9 MR Z M L7, ARBRICIE, *
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Uit 3B (Japan Instrumentation System Co., MST-500NM, Sakurai, Japan) % f#ifH L
7o 452 ORGRERE T L OBRHER KX OMHEOFAEENIOSAEEMN 2 » B (B 7mm)

AL, WEHALHT 7 VNV R LD S THEE Lz, ANAEEHR v FEalBgglc s
OB, WhHERN L, FEEMT v v 7 LR A 35mm & U, BRHMEMNE, [EIERIT v >
7 L BRMER 2 45mm ONZE TREIE L7z, FEIFETREGUERIT, kA EE L, BRHER 2 58
RIS R, KRS M aiR S8 CHEME Lz, RRBRICK T B RESEE L, 6 Fisec &

L7c, #GRBRTE T L HSHR L 7o i R AT IS & OB 2 Fedk L 72,

4-2-4 FREtALER

FERH RO T FERHLAEE Y 7 kb (SPSS version 22.0, IBM, Corp., Chicago, IL, U.S.A.)
ZHWTT o7z, MAHLERIT, FoBIEORIEIZIB VT, PED 0.05 LD REWEAEIZ
I%. Bonferroni LA L, 0.05 X V/NSWIEEIZIE, Kruskal-Wallis DR E 2 )i
L7, SRECHA LIMIEDOH A XIZB LT, BRHEO R &3 X OMEO el ahc iX,
Bonferroni O 5{5% | BRHEO @ &, FHAER, BHEO R S| 5 L0 S O HEMEHI I,
Kruskal-Wallis D E A Mz, £70, JE iR e & FIETR R IC 31T D HGABRE T
JAZTEHR D3GR B AT fe KA B O FEE R FHZ 1L, Bonferroni D k& H e, WiiLh

P<0.05 2 H > THETHD LHIE LT,

4-3 FEH
4-3-1 iRy A X
ARRETCHERH U725t 18 BIRIZBI LT, FrHFMIEL 21T o 72 & 2 A, BRMEdS IOVl

DOV A RZBWT, FEHMTHEEREITRD N> 7= (Table 4-1), L7223-> T, &
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EIDRFNCEVTIL, ABEE bICA—BHOBRIFZER L2 Lo | AEI0 7%

FRRER O BRI A A X D528 < LR STz,

4-3-2 JE g R
JE R EFRER (28T, PMF #EIZ, APF & (P=0.030) & TAF #f (P=0.004) LV HH
BlZE WK EZ/~ L7z (Table4-2), F7=. e RTEICEIL T, APFREE TAFREE D

MNCABRZETRD SN ho T,

4-3-3 [ElfEss B AR

[EfESREERERIC CHRUN T, APF BEIE, 3 BEOF TR @R RITEAZ R Lz, &
KREIZE LT, APF #f & PMF #¥ & Dfi], £ LT, PMF #£ & TAF #E & ORI, AE7R
ZIFRO LN, Fio, APF BElE, TAF BEL D b AEICEWRKMEL R LT

(P=0.037, Table 4-2),

4-3-4 [HEETT NV OFM
Je i R R ER L OVEIERERER I SN2 TCOBEEETT VDI E A E T, fililE
DOEARAIZBW T, ENED LN, B TCOEEETMIIZBWT, A1 77 D

PHRSEITRD b e o7,

4-4 B2
AWFZECliL, MB OBREMEEE T L— FDO 70 b F A TR LT Lz, 20k
HHEEEH OB A H LT L— N, FH RS T T N TH D0, T EOBFMEN

=<, PMMA OfEHIZBE L= EFR AT 5 2 LN TE, AA] OF A 2 etk
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TELHAREMENH D, Flo. AALIL, —MXAYIZ A KFE (Toy-breed dogs; TBDs) (Z4f%

LTROLNDTZD, FRRIIICIE, TBDs IZH 9 K 9 R AE—AY A ADT L — h & B%E
TOMENRD D, £lo, THFEIT KREECHRIERIE R & % HF58 U 723550 _EAZSHHE Ak
Hg LM A RIEE D b _EALSEMESEIR I 1T B RO B b RBICREO LD
TEBRHEAZTWDZ En, FHUMA LTI N EFAT D2 Lk D, iR MRI
MEZITO Z & bAREL 7% (Marino DJ, 2012),

ABFFEZ I TR L 72 & — 7 0 RoBRHERS K OMHEIE, LT O >0 HHIC X
. EPREGTARR A RE L, T3 — L COlitiE Lo EiEA L LT L7z, —DHOHHR
(X, AAT &SRR D 15 SRR HF-CBRHERREN A 2 5 To S8 PR O #ETELRk O B 2 Fsk L 72
REET, KFEEEOBERE 2 502 U, BIZE OREERE 2 kT 5720 Th 5.
Z LT ZHOHDOEMIE, BEESNBEELRBRIEE DY ZICR T2 2 EBHIT S
72O TH S,

e B8 EEFRBR I, PMF FEIX APF BE3 LY TAF BEICKT LT, AREICE VIR KW EZ
AU JEEIRTEISS L TEWEERENG Oz, LavL, PMF BEOBMRIRIT TR R
HOIEOLOXNFRO B, & PMF 7 /MBI HEEREDEVICLL LD THD LH#HE
BEINTz, T OBRRITIME TIZRWVA, A7 U o — O AT A FE D S° PMMA
DRY 2—Ah, LT, PMMA £ 27 U 2 —OBERREDENRENEZ Dz, FEEE
21X, A CFINFRICBIT 2 EEREN, 2oL I2Eo o2 ZEIFMETHY, —&E
DEEEDFOND ZENEETHDH, £D—J T, APF BHIBWTIL, A2 U a—0
FALEEAENR—ETHLTZD, RRMEDIXLDOENDRVERNRBDO LI, 2
7 V— FMEEEORR E LTHEE STz, LaL, A2 U 2 —OfAfLE & AREERIE
L RWEAITIE, M2 BEE 52 5 2R H D Z ENKATH D, B2, JH#

Hh IR AR |2 B\ T, PMF BEDOIR KITEDR 1/3 TH 7= TAFFETIE, HH L=
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BRI HIHEOERIETHY | TAF A7V 2 —OFANLE EAEMIITRE > TED,
JETMEIXIX S D EDDIRNER & T T2,

[l e TR AR Tl APF BE & PMF R & ORI KT E DA ERETRO bginolz
8. APF FEDR KM EIL, TAF FECHI LT, AEICEMZ R LTz, o bR R & ]
FERERBR O EH HIZBWTH, 4 772 hOBHRITED Seho e, EH50
FREEGRBRICI VTS, 1T & A EDORBIKIC THIMED IR TRIADREE 258D, 0
AT RIE, BlHEDSMEMEE ST O BRRFICI VT Bl O SERTRAL THIT TR S HH
MR 52 & &—8T 5, REAIL, RO GR 572D, AAY IZBIT 25 T14EH
WL TdH D Z & AMEES S 7= (Hawthorne JC, 1999; Stone EA, 1979), A [BIORFHIF T,
A 7T v N ORERGBRIE BT 5 BRSO DL o To, FERANICIE, BRAIE BB
LT ROTF & CRBMHEE T 7 L — NN T 5 2 ENEETH D, BEITHONLT
W5 IERIHERE EMT O TH, PMF I S412 PMMA O &I(Z%Ed 2 IR 72 g 70
W, £ LT, PMMA OfEHIZHIIT HEEA L LT, EAEDIAEDN AAI DG IALR0)E
AR R A 5.2 D aTRErE, B, REXPKE ~OYBEENR KOEEA v 77
> N OER 7 EORBERHRE TS (Cool JR, 1981; Martinez SA, 1997; Renegar WR,

1979),

4-5 /NFE

ABFFEIR TR, S REFT7ZICEFE L7 R T & o SUBREHERE & H 7" L — b ORRIRIS H
RBBE DRI D 7= 012, R ©— 7 VR BRI L 7= Bl HERR (AR 2 ) L ~C Bl ]
ETNVEAER LTz, £ LC, TAF #f, PMF #£d5 KO APF #EIZ3V T, R & [BIETh
FEIZ 1T D F1 R BR o lelgeiiat & 92 U7, iR RBRIC B\ T e b O EETR

FEZ R L, [BERERBRICEBWLTH ., APF & PMF B & ORISR KTEICA B /R EITR
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DHNIRMSTZZ LD, BIE—KAIZIA<ATHI TV D PMF 1% AA] OEEEE LT
HAHZEEETH D Z L NFHRER S, o, BEEE 7 L — M 2T 5 2 & T,

PMMA #ffH 9% 9 2 COMBEREZET L2 LN TE, LT, AAJ DD EIEA
IR D|ENEDS PMF LA TH Y | BEO 7 L— b2 2 2 & THEERE &I
LOERLETDHENG SN, L3> T, APF X, PMF IZfVEET 5 [EETE & /e
D5 LAREMEA VR ST, A%, T CRIBREIHERE T 7 L — N & AR BRI ARG
MU, AALITKT 29RO RACHIETH D AAT OBMERG G 5L D DMET L

TS RERD D,
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Table 4-1 The size of the atlas and axis of each fixation group.

APF PMF TAF

Length 25.5+1.7 26.0+0.8 25.5+1.3

Atlas Width 65.3£5.6 66.5+2.4 66.8+1.3
Height 25.5+1.7 24.5+1.3 26.5+1.3

Vertebral canal diameter 14.7+0.6 14.5+0.6 14.5+0.6

Length 37.5¢4.7 38.3+0.5 37.8+£2.5

Axis Width 30.8+1.3 31.0£1.6 33.0+1.2
Height 31.0£2.4 32.840.5 33.5+0.6

Vertebral canal diameter 8.7+0.6 8.8+0.5 8.5£0.5

Data are indicated in mm.

The 18 specimens tested in the present study were not statistically significantly different in terms

of the sizes of the atlas and axis.
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Table 4-2 Comparison of the mean maximum load of flexural strength test and torsional strength

test in each fixation model group.

APF PMF TAF
Flexural strength test
the mean (£SD) 280.0+14.1" 510.0+122.37° 159.5+41.1"°
maximum load (N)
Torsional strength test
the mean (£SD) 17.0+£4.7° 15.0+ 1.7 8.4+1.4"

maximum load (Nm)

*P <0.05

a) The PMF group had a significantly higher maximum load compared with the APF group

(P=0.030). b) The TAF group had a significantly lower maximum load compared with the PMF

group (P=0.004). c) The APF group had a significantly higher maximum load than that in the TAF

group (P=0.037).
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Figure 4-1 Atlantoaxial fixation plate for dogs.
Top: ventral aspect. Middle: dorsal aspect. Bottom: lateral aspect.

We developed the titanium atlantoaxial fixation plate for dogs, as an alternative fixation method to

conventional methods.
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Figure 4-2 Atlantoaxial fixation plate model.

Top: ventral aspect.

Bottom: radiographs of the plate model; ventrodorsal view (Left), lateral view (Right).

We originally developed and created a prototype of the atlantoaxial fixation plate for the purpose
of safe and secure atlantoaxial joint ventral fixation in dogs. These implants including the plates,

screws and Kirschner wires were made of titanium.
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Figure 4-3 Multiple metallic implants and PMMA fixation model.

Top: dorsal aspect (Left). ventral aspect (Right).
Bottom: radiographs of the PMMA fixation model; ventrodorsal view (Left), lateral view (Right).
The PMMA fixation method was performed by applying minor modifications to the method

published by Schulz et al. (1997)
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Figure 4-4 Transarticular fixation model.

Top: dorsal aspect (Left). ventral aspect (Right).
Bottom: radiographs of the transarticular fixation model; ventrodorsal view (Left), lateral view
(Right).

The transarticular fixation method was performed as reported by Sorjonen et al. (1981)
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55w BREMBIET OMMEE FH A BREHBIET O A 1 ST BRI D 05

5-1 #65

BRUMME N ZCESE (atlantoaxial instability; AAD) 1, —MxBUIZ RO/ N RFEIZ I3\ CTH
R4 HEBREMIRETH S (Beaver DP, 2000; Denny HR, 1998; Geary JC, 1967; McCarthy
RJ, 1995; Shores A, 2007; Takahashi F, 2017; Takahashi F, 2018 a; Takahashi F, 2018 b; Thomas
WB, 1991), AALL, BR#fESHET (atlantoaxial joint; AAY) DENR RLZEENFINTH Y |
BRHE & 72 13 HlhHE D S R TR R OIMEORE R, AAJOFIFCHA 25| & i 2

(Denny HR, 1998; Downey RS, 1967; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971;
McCarthy RJ, 1995; Parry AT, 2010; Takahashi F, 2017; Takahashi F, 2018 a; Thomas WB, 1991;
Watson AG, 1989; Zaki FA, 1980) . AAJD Je RIEZL TR H 1T, B ZSE DARTE R IETE AL,
BHEOHEMR & ISR OARIE . WRE DO U~DOMELE LOBRMEO B AR 8N E
ENd, AAINDIMEITIE, BB N G 15,

AAIDIEIR L LT, SVEHIRIE L RAFIRIEDS & 2 03, PRI B & pE 5 JER] . EEO
SRR O BNDRER], £ LT, IRAFRIESDRIENRZ LVER T, —MRAIZHNE
FENHESE XN TV 5 (Having ME, 2005; McCarthy RJ, 1995; Sharp NJH, 2005), AALZ%}
T 2AEHRRIEIC IR, MEZ AT & S EIT D238 Y OFIFHERH 5, BIUE. —iK
WV Z B SR AT TN D2, TR E LT, FINORIEREL, £
U CHRIRICHE S SEC MR Z & | BIZHFHTRIMEOEL R 22 E3%TF 5D (Aikawa T,
2013; Beaver DP, 2000; Denny HR, 1998; Hara Y, 2002; Knipe MF,2002; Sanders SG, 2000;
Schulz KS, 1997; Thomas WB, 1991), 7=, MEAIZEIFCIEL, #liHE L7zAATZ BHIZ
TEETLZLRWRETH Y . EICAAJOBIFIWE 2 RE L, B EBMATT > Z & T,

FMEAEZETHZ N TEAF A H 5 (Chambers JN, 1977; Hara Y, 2002; Sanders
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SG, 2000; SchulzKS, 1997), AANZXE3 2 MEAIZ LI B A%, RRBIE [ EE

(transarticular fixation; TAF) , AR U A F /)L A % 7 U L-— |k (polymethylmethacrylate; PMMA)
A U7 3CFFEEE  (PMMA fixation; PMF) . F721ZAAJY L — hEE (atlantoaxial
plate fixation; APF) |2 X 2 AAJDO#MERI 2 ZEAL TH Y | BN AAID B G A % B AR
&% (AiF,2006; Aikawa T, 2013; Dickomeit M, 2011; Hara Y, 2002; McCarthy RJ, 1995;
Platt SR, 2004; Rochat MC, 1999; Sanders SG, 2000; Sanders SG, 2004; Schulz KS, 1997; Seim
HBITI, 2002; Sharp NJH, 2005; Shires PK, 2003; Shores A, 2007; Sorjonen DC, 1981; Stead AC,
1993; Wheeler SJ, 1992).,

BATIZRW T, Foxid, inviroDAATET VR LC, _RRt3fE o 2 a1l o
1 ERR SRR B L C#ii L7z (Takahashi F, 2016), Z O#ii5Clx, APFiX, PMF
(CHeE UCL BRI B 03, IR IR b < . EBEROEH T L— N &
THO, BEBREDITOLDEXNDNWZ EARE L, 72, PMFIX, MOREETFH
(ZHeEE LT, R R D e b i < | [EIFETREEICBI L T HAPFE RIS TH D & bt L7,
PMFIZ, £R& 7tk o0 KAROHEE D TERIC O TR 2k 2 A 2072 AATD S22 E ALl
Ths LRI TS (Haray, 2002; Aikawa T, 2013), L2>L, PMMADOEMIZBIT 5
A L LT, ZOMHRICET DR EER 2N & BEEGEDFAEDBAAIORA
AL JE AR R A B 2 D TREME, R, SERE ~OWEIRI R K OEE
A 7T v N OHERZ E ORI HE 4TS (Cool IR, 1981; Martinez SA, 1997,
Renegar WR, 1979), AAJIX, $iliHE DM & 2 by & U7 [BIEST M~ vl 4 2. T
Y . AANTT 2 IERIZECIN TIZAAT BRI S35 £ TORM, MihEm 7210 Tida <,
eI TE D Z ENHEEL 0D, Fxld, APFIE, PMMADOEHIZEE$ 2 R
BRI DENIRL . £y inviroDIBERBRICIB W T, BEEREN R b EmN-o72 2

EMB HEPMFOER L 700 9 BAEEETH D & A L7z (Takahashi F,2016), £7-. Fx

58



23BH%E L 7-atlantoaxial platelX, % VB TH LoD, AT U LVADA 7T NI L
T, B EOHEFMERE L . i OMREHMEAFTEETH 575 H 5,

AWFGED BRI, Be2S e BIBRIT 2 J2i L 7= & — 7L RIZKF LT, PMF & APF% Jifi
ML, iR EEIE L) 2T, AAJOBRAHETNICB T DA IREZ ik L, §F

T2 & THD,

5-2 MPERE 5k
5-2-1 AR

ARIFFECTIE, — M A, MIRE, BINEH AR 72 © OB X fRR s ds
WTEF DGR BAVRWER ©— 7L R 8 B (B TR EZME, IR 10.9kg (9.2-13.2kg)
VI e 13.5 4 Ails (1023 » Hifs)) Z6EH L7z (Table 5-1), F7z. BRI 2 5
FRALE  AMBHRIALE 36 L OV BSBEALE 1T, A ARBRE A mBl P R P EREE  ORGEE

77 826S-15,27S-2) ([ZHEL TIT o7z,

5-222 BT 1 ha—v

HERITIL, FiifET F e e (0.02mg/kg, #kIN$ES-, Mitsubishi Tanabe Pharma Co.,
Osaka, Japan) THRFMRTH 5-% i L7z, MPEEANIZIL, 7 2R 7 +—/ (4-8mglkg, H
RPN % 5-, Fresenius Kabi Japan Co., Tokyo, Japan) ZfiH L, 1 Y 7/vF > (1.5-2.0%, Mylan

Pharma Co., WV, U.S.A) T THERF L 7=,

5-2-3 FirFE

(1) AALFERET LVOMERL
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PRI, RHRRIE TIZC, B A R S E7oRIE T, MEMLICRE L, Pl %
M U7z, FRRTEERIS M~ RIS g < G U TRIE Lz, i oo 8 Al &
L EamE7 vz 7 /2 —v (0.lmgkg, RN -, Meiji Seika Pharma Co., Ltd. Tokyo,
Japan) &7 7L /L7 ¢ (0.02mg/kg, FHIRPNFZ 5, Otsuka Pharmaceutical Co., Ltd. Tokyo,
Japan) Z#% 5 L7, BT HZ BRI E LT, EZ7 A XY (25mgkg, #lkRNEES:, Daiichi
Sankyo Co., Ltd. Tokyo, Japan) Z{fATOUIRATE | fTHIFEIRZ G 90 /3 EIZH G- LT,
AA] ~OSEHEIEM T 7" v —F1%, Schulz 5 (SchulzKS, 1997) & Shores & (Shores A, 2007)
DOFEICHET THEM L, Bifilds L OO IEMIm 2 B L=, Tk, 2k LT,
BE~vA 7 a RUNVESH U RERORE ER L, AAIFRBET VEER LTz, e

EYIFR%, 3 Blcxt LCid, PMF Zfiaffr L, 5#lcxt LTk, APF Zhafly L7z,

(2) PMF A%

PMF (&, $lHEOWRIOIERIERIER 5026, BHEOMSIRZBEIE T, Faia)
— 1 A ¥ — (¢1.4-mm, Mizuho Co., Ltd. Tokyo, Japan) Z4F A L. TAF Z1T7- 7=, T DIKIZ,
2ADA—F v 7 ZAAY ) 2— (p2.4-mm, A2 U =—§ 20mm, Mizuho Co., Ltd.) %, B
HERZIRI D IR0 basal alar G HHEDRA~, FHEPRAZEET 2 72 OIZ0R04MAT5 1]
~AFTHA L, B2 2 KD a—F v 7 ZA 27 Y 2— (¢2.4-mm, A7 U =—F& 16mm,
Mizuho Co., Ltd.) %, BHERMOHEDAR~, RBAMAGAIZFT TRHRA LTz, ZHb 0
27V a—%, BORENOEEO¥OES, b LAISEEHOEIZBX 2VES
B SETORRECTRRE Lo, BiE oK HEE L7 B Qg (] lom®) %
BAEHHECE DR & bR L7z AAT ORIBRIZEAR L7295 2 T, PMMA (Japan Stryker K. K.,
Tokyo, Japan) ZfEH L, ZFFEEE TR I, 2B, 41 7T MIAT L AH

(SUS316L, Mizuho Co., Ltd.) Ot DEEH L=, RO FEC T, 3 MiIKEER L7-
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(Figure 5-1),

(3) APF

APF (X, LARGF % 23PH% L 7-BR#lHES 27" L — b (Takahashi F, 2016) (ZH 72 5B %
Mz T=bOEMHLUTCE/M L, A7 L— NI, B—2/L RO DICOM CT 7 —# |25
W, 10-15kg DIEIEDO B — 7 LV RIZHE D L OIZERGEH L TR Y, Az, ko 2
IV a—AR—ibry X T A7) a—MEHTELLIICKBR LT, £/o, A7V
— FORFHIIBWT, BFHEN~DR YV 2 —OFAZERET 57202, 7L — FOk
FHMIDA Y U 2 —R—VFIMAI~ S, R D A Y U 2 —R— VM~ 15 FE DR
ZOF TGN L7z, APF OFEIFLLTOMEY Th b, 7. D REMRISERIR O Mz
BREGMEREE 7 L — P OBFHALEBEL T, ¥ 2/>2F—T 1 ¥ — (pl.4-mm, Platon Japan
Co., Ltd. Tokyo, Japan) & a—F v 7 AAZ U 2— (92.0-mm, A~ U =—{ 22mm, Platon
Japan Co., Ltd.) ZHfiA L. BRHEDMIAIOHESDRZ Bl ST, TAF 217 o7, D,
BREMERE E ~ L — b QTR OBFH LA E U T, BRHEO WM OMESBA~E 1 KD, 7
VX T AT Y a— (¢p-24mm, A7 U =—4 22mm, Platon Japan Co., Ltd.) % 2 AHA L
7o [AIERIZ, EHEOTRIOMHESRA~S, By X T AT Y a— (p-24mm, A7 U =2—F
18mm, Platon Japan Co., Ltd.) % 2 A4 AL, APF Z#5Epk St70, &HZIZ, EBiE oK
HinGERE L7= A CfEieE (K lem®) %, BIEIHECE OFR M2 FRE Lz AAT ORI
L. 7ed, i L7z L— MIMiF & > (ASTM F67 Grade2, Platon Japan Co., Ltd.) T
b, HHLEZAZ ) 2—=BIXORFa v at—UA Y—iIF ¥ A4 (ASTM F136,

Platon Japan Co., Ltd.) D & O ZAHH L7z, FELOFIEIZ T, 5 Mk % /ERk L 7= (Figure 5-2),

5-2-4 firt&R¥Alh
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i, R ETOM. FUEME (BT A%V, 25mg/kg, FRIRMNEL G-, Daiichi Sankyo
Co., Ltd.) ETEEEIRH (77 L /7 12, 0.02mg/ke, #ARPIFES-, Otsuka Pharmaceutical
Co., Ltd.) OFEEZITV, MREFRIRRAIC X2 WO FHNRB A HEE L2 b, 7 —
VLA MITRBFEE Uiz, OIS LT, Bl X sl L O CT iz, i
Ef%, itk 14 B, 2 LCHiitR 1 o AL 7 0 H £T 1 0 H IS RH BRI N ICTE
L. A7 70 FOPHESSEMOF AR Lz, CT A TIL, BRHE-RHENE
ORI CT E G FHM L7, 155 7 » A, RPEHFERBEICHEL T, X b
NS —LOREES (50mg/ke, FIRME G-, Kyoritsu Seiyaku Co., Tokyo, Japan) |
LRI Felfe UTe, ZHHE LT B R0 O BRHE- B HE A 86 L. BB A 7T v M &BRE

L729 2T, AA] ORIRHIZEMEDOREFE 72 b QNIRRT 2 52056 L 7=,

5-2-5 CT I

CT #1421, 80 51/160 2 F A A CT Aquilion PRIME (TSX-303A, Toshiba Medical Systems
Co., Tochigi, Japan) Zffi H U7z, ABED 2 % v L #FEIX,0.5s TH Y | AT A AE1X 0.5mm,
27 A AL 0.5mm Tholz, # Lz CT BT —XI1L, LY 7 v =T
(Osirix DICOM Viewer) Z FIWNTHEMT L 72, A 5K O CT Hifg DICOM 7 — ¥ % 3D-MPR
(CHFHEEE LT RRIMRIT 30 1 2 BRHE- S HERE L s O FIB O CT fEAHIE L7z
(Figure 5-3), 3D-MPR @ CT EfgOHEHISAFIL, Parry & O#EIZHE L T, WW 2500HU,

WL 500HU & L7z (Parry AT, 2010),

5-2-6 HHASkFAIFEA
LRI LT R B EM LB IR L, S TeTo/ 7T bEBRELE D 2T,

AAT DRARRAYZEEMEDIRRE A TeZR L7- (Figure 5-4), T D1k, & HEE & P Ok H Ak

62



EERELZD AT, &BIKk%E 4% /X7 KV AT I)VT & K (paraformaldehyde: PFA,
Sigma-Aldrich, St. Louis, MO, USA) |Zi={E L, EELE AT o7z, RVDT, BRIED AAT
DIEFEEZTI 0 L7 9 2 T, 73— LR L OF o Lo R85 T ik &)
MERLZFTUN, XF 7 A |~ (Leica Biosystems, GmbH, Germany) ([Z@ L, XT7 7 ¢ 7
oy 7 B LT, ERLT- RS 74T ay7id, 278 b—2%H0WT, K 5um
EXZEYIL, AF 4 K77 A (Matsunami Glass Industries, Ltd., Osaka, Japan) [Z#t,

Slide warmer b C—MtfijE S E7-%., 4CTRIELTZ, TERLTC/NT 7 ¢ HARREI A1,

i ST 7 ¢ BB, = — M L) BERERISIK L. LT OB QEIEIC L Y Beta L
7o ™~ h¥T U Y« 24T (Hematoxylin-Eosin: HE) Yefal, JRREBIZRZHM L L.
~w Y« U Zva—2A (Masson Trichrome: MT) Yefalid, BIFHERHEOFEMZ HAY & LT
1Tolz, 72, 77 =0-0+ 77 A 7' U—> (Safranin-O/fast green: SF) YL, #X
BIEOFLZ B L L, TRAP (Tartrate-Resistant Acid Phosphatase: TP) Yo, Al
fa DRt 2 A& L TIT o7, wEZIC, BHFMIDOMb~—H—Td 2% Runt related
transcription factor (RUNX2) DA fk{k 7 (RUNX2-Immunohistochemistry; RUNX2-TH)

Geta 9 U7, SAEARIX, BOLBEMEE (BXS51, Olympus Co., Tokyo, Japan) % f#H
LTBIEL, 7YX NVEBRORE 21T -7, HE Gt MT Befads JUNSF e Tl fi
TRAEA O EVERIRIM 2 580 U7z, TP %efa & RUNX2-TH Jefa Gl FHRRAEE AR DO BrHE-filkE

RIS 2 %200 D% T 5 flEFIRE L, S5 @I D etz 5 L7,

5-2-7 FEHLEE
FERTFIIALEL X, FEFHLEE Y 7 K (SPSS version 25.0, IBM, Corp., Chicago IL, U.S.A.) %
MWTIT -7z, PMF #f & APF BEICHT L TR L | BRAE-SIHEIE (U E SR oo [RIfR o F-

Y CTED tesazTci%., *H5dd 5 Student t EZFHWTEEL7-, £7-. PMF Bt &
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APF FEICEBIT 2B Al L . TP Yuft & RUNX2-TH Yea D Btiindk & o trissiiahic

Mann-Whitney @ U #R7E % W TEM L7z, WTHd P<0.05 26> CTHE &HIE LT,

5-3 AR

53-1 T F AL R

PMF HED A lislE, 341& HI2 10 » Al TH Y . APF BEOEHE A L, 16.0 » Al (11
~23 » Atkn, HIE 12 » Ak, EEHERZE 6.0 » AliR) Tho7-, APF FEON-) AT
PMF HED & DIZHER LT, AEICHEM A7 L7z (P=0.036), F£7=, PMF #EO R EIL
10.1kg (9.2~10.8kg, HJfE 10.2kg, FEHE(RZE 0.8kg) Tod ¥ | APF BEDO VR EIL, 11.4kg
(9.8~13.2kg, TR 11.4kg, HEAEMRE 1.3kg) T o7-, MEEOFEHAEICEH LT, A

%f£% e D %ﬂfcﬁﬂ)’) 7Lx_o

5-3-2 Hiifg ORI IR A

SIEFNCIBVT, B ZE LT, P EIC T 2 BEFTRITERD biv/an
ST, —EMEBNZIWNT, itk 2, 3 Aid, FINREICE 2 60 & Bbh 28RS D
HREDNGR O DTS, WREIRAIOFK G L0 BEERRBo bivie, BEFICHEWT, i

AN T 2 3B b, i 14 B BICHR Lz,

5-3-3 Hifl X MR

PMF #f & APF BETIE, & bIZ 2B TIRRIZ —EBDA 7T & MIZRIT D8, HDHU
IR S 4172 (Table 5-2), PMF fED 1 I TIE, #5141 » A2 T, RREAEIEE ©°
D 1 ARIZKEHDFRD v, Witk 2 H I T, BHEOSEFEE A 7 U 22— 1 RITHHED

OO, PMEEEDO S 9 1HITIE, ite 1 » AIC T, BREGEEE D 1 AL BEHED
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XFFETE AT U 2 —0 1| RITHAE? RO S, it 2 » 12T, %0 ORBEIETE v
D 1 RKOWHERFBD ST-, E£7-. APFRED 1 6 TIx, 1% 14 B2 T, RRBEEE e
D 1 ARITFREADFBD HAL, itk 2 » AT, 20 ORBIFIEE E L O 1 ROFEHDZRD
bz, APFEEO S 5 1 HITIE, ik 1 » 2T, REMEEE O 1 AL BRHEOFF
EEAZ Y 2—0 1 KICHHPRD B, itk 2 » AI2T, %0 OREEEEE O 1
KOWEPRBD BTz, AT T FORENRRO LN 461 1T, fiTik 2 » A LI
X, ZNLEDA T T 2 FOBHOEITOTHRITRD LT, 17T FORE

(D BRARIEIRIZEBD ST,

5-3-4 BRME-BRHERZANLE -PEs D RIFR D12 CT i

MIREIC I T, CT MRS K 2 BRME-HIHERG I LE Pt D B O CT AR L7 & =
7. W EIERIHI 2 L OB HEICB O T, AEARETRRD bRARP- 208, 2TO
BRI T, APF BEOH) CT fliid PMF BEOH O L0 & @V MEAZFRD Bz
(Figure 5-5), F7-=. APF BEOBRHE-HIHERZ £ O MIBRON-L) CT I, HFEZICH
LT, e 1 p HUBE TR, ARICEEZ R L. (R 1 » H; P=0.029, it 2 » H;
P=0.042, it 3 » A; P=0.004, it 4 » A; P=0.004, fiitk 5 » A; P=0.004, it 6 » A;
P=0.005, #iit% 7 # H; P=0.005), PMF FEDBEHE-MHERZ I LE HERORFIBR D2 CT i1,
MBI LT, AERZEITRD Do 7ehy, BIEMRIZIH W T EAEIR23E8 0

Sy (Wi

5-3-5 AAJ D ARRAIAT L & RS SF A F A
Witk 7 » A BIZEM LT BB HE-SHE D EEA > 77 > baEREL, AFRICTHERR LT

L2 A, BENTT AAY 2B 2EHRITERD BT, AAT OFRE 7222 EVED R ST,
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EHNTIBNT, AAT OREIFEERSICIE, #RE2S 78 S T2 23, PMF #F & APF BEIZR W
T, ZORIRAIFTRIZH B2 REWNITRED b o 7o, Bl X #ifds KO CT d
IZBWT, TTIZA 77 FOREPHERIN TV 4 flTOAH, WIRIZH A 7
7V NOfREHREPHEPHER S, HE Y, MT Yl LONSF Yo kv . AAT O
PR OARRAEA D AR 2 3206 L 7= & = % (Table 5-3, Figure 5-6) . PMF #£ Tl
3HIC T, BIFRRHEDOENES KB MZFRD S, 25 1 HICIE, BIFHRHMED H I HeE fila
DI EIR STz, APF fECIE. BIRHRMEDIRIMAS 2 B CRED BTz, 9 H 14T
BRI ORI Ky & HD T, APF BEOFED 3 F10 5 H 1 HICik, e Hilao
R R 2 50 TR Y, 2 BITiE, #eEfla & BMidoiRENRO bz, £z,
P Yuth & RUNX2-TH GetalZ K 0 | FHARER AR O BRHE- S HERIBIE 4} 200 DFFR T 5 HlEFHK
L, BYEICIT D BIERIE A I L, & &AEHE 2 F2E L7z & 2 5 (Figure 5-7) .
TP YetalZ 31T 2 GRS X, PMF BETIZ 0@ TH 7203, APFRETIX, 24+24
(= YR ) il Cd o 7o, RUNX2-TH YetalZ st 5 R %, PMF # Tl 19.0
+8.0fHTdh o727, APFRETIE, 122+ 43 Th o7z, MYGEIEL HIT, MEEO M

BB B ZAITRRD BT,

5-4 EE

AALISHS D IEMIZSEALAMT O BN, NLEe AAT OZFELEITH 2L TH Y| i
HIZ AAT OFMEaZ AEE 25 LBk TS (Al F 2006; Aikawa T, 2013;
Dickomeit M, 2011; Hara Y, 2002; McCarthy RJ, 1995; Platt SR, 2004; Rochat MC, 1999;
Sanders SG, 2000; Sanders SG, 2004; Schulz KS, 1997; Seim HBIII, 2002; Sharp NJH, 2005;
Shires PK, 2003; Shores A, 2007; Sorjonen DC, 1981; Stead AC, 1993; Wheeler SJ, 1992), AAI

(25 2 2 ELIROANABHERIZEA L Tk, B2 < oMENR SN TEY . Zoffiix
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Sz STV B (AdE 2006; Aikawa T, 2013; Beaver DP, 2000; Denny HR, 1988; Dickomeit M,
2011; Hara Y, 2002; Platt SR, 2004; Rochat MC, 1999; Sanders SG, 2000; Sanders SG, 2004;
Schulz KS, 1997; Shores A, 2007; Sorjonen DC, 1981; Stalin C, 2015; Stead AC, 1993; Takahashi
F, 2018 b; Thomas WB, 1991), L7>L. AAJ OREAIZEEAITE O— i 723 il AL, IR
P& DOFRRE AR BLIEE O BB ORIEL B X M7 b NS CT &I L 54 7T |k
DOREBOFHHIZ L HBDOTHY, Fox DIDHIRY | FEEED AAT DA IREE AR 71
FEAR U728 1 E & A ETEFE L 72\, Sojonen B, 18 BHO K (TAF Bf; 12 UH, MENLERE;
6 BH) ([ZBWT AALBRET VAER L. 718 6 MICLHIELEM L72 D 2T, AAI D
WIRRRIZ 31T 2 MR 21TV 2 O AkEEZ #4 L7= (Sorjonen DC, 1981),
M 51%, TAF B0 12 BEH 10 BHICERW T, AAT OIRIBRICHE AR, k. 5
WIE BB OHIEAZED Hiv. AA] OZENGE LWt Lis, Fo, Bxid, #
4 FIZEWTC, in viro D AA] BTV L D IEREAETER 2 550 L, I E TR L7
atlantoaxial plate Zffi [ L7= APF 23, K5 JA< Efii STV PMF O L 720 5
% AA) [HEFHETHD Z & 2 L7 (Takahashi F, 2016),
ARIOWFET T in vitro IZBWT,  HZEEUIBRITIC XD AALFBFREET L 2ERR LT
9 2T, MR %M 7= atlantoaxial plate Zffi | L 72 APF Jiffi K & PMMA % H L 7= PMF
MR ZAER L, #itt 7  H ORGEEBEF LTZ 5 2T, BRHE-BHEZ BRE L. AAT O
SRR A S50 L7z, AAL FE9EE T L OAERUICEI LT, Sorjonen & (3 p & BIFRAT B
BEL | RZSE GIBRIT I I BB OBIBR A OF I L 72 BE 2 AR L7203, i o E A v
7T NOENRAEG IR A T T N OFADRD IV 2 Bl ABRE . WEED AAT D
MR RBICAERITGRD bR o 72 2 L A2 L= (Sorjonen DC, 1981), = Z T, AH
ORFTCIE, HEAR~OARMRZEL BB L7125 2T, BT 7 2 —F I X ek

HIIZ X D AALFAFEET A OMERZ Uiz, FAHIRFORIRMFTR & LT, IR
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ANIEEAGED DAL o7 AAY 23, RS UIRINEL I ThHE O MEMR 4 138 L7 BRI
AR5 [ ~DOBFENFED BN D K 52l oTz, WL bICIRBIC—EA 7T v FDkR
FRPTHED 2 B OB BT AN, 461 BTN 2 # H £ TOMICEE® v, LR
CBLTIE, A 7T FOERDEFITRO DN oTe, £, BTOA T T
N ASERE LI FEGNERR D DT, Wi ORI R RHB L IEF RO b b itk
Mol Z MG, AREIHWEA 7T NOBEEREICE L CIERBEN RV &HE S h
Too Wi# 7 7 A £ COBIEMIMICHRE L CT REBG Z VT, RIRWHEIZ I 1T 2 B
-HRERG R EH R ORI DY) CT EEZRE L7z & 2 A, WfEE HISREFNIC CT o k
FADFRD BTN, F O EHFEIL PMF #£ X0 APF B0 MBHE I BT 2 m 23589
BTz, FRIZ APF BETIE, #if% 1 » A DIBE CINEZIC LT, CT A EICEE L
720 AAT ORIBEENCIT 27 L S O FHIZ N E T TV D b o LHEll STz,
itz 7 » A8 D EEFEHORIRIFT R & LTiE, miEE $12 AAT OBEIL— U1
BT, AAT OFRRFE R ZEMENS DIV T, MEREAORE Tl PMF BEClE. AAT O
BRI BFRRAE DI N B T DAEM TR0 B, BIEES Tidle <, MG S 2
BT TV, ZFUTxE LT, APF BETIX, 1 B CRIFHAHEDIZENBEE CTh o723, 7%
DD 4 FITIE, WIS 2 VIZEMOREAEE TH Y | BIEE S LT,
BIEMM A2 LI B T 54 v 7T 2 ORI OBREZEETH L, EHEA
V7T MR BEEREEICIIER N RN EE X ST, WREOMEE 2 72 A RIED
IZB LT, PMMA OEASESEE L KT LI rgerE, & LU APFREDOA V7T
MIETTFH U HUTHY, BEOHFENRAT VALY @2 B L - alREME
72 8RB Z BT, TP Y ERilE Sk & RUNX2-TH Y a5 fia S o 5 BRI Wit 2 33
T HETRD BT, FECHE ML APF B0 1 I <AL OER CE el Tz,

Z Ll ARIOKESTIE, itk 7 » A THSSRIRHN 2 520 L7272 fRkSOG D3

68



FEE LT TREEDN B S 41, £ 0 BN F IR 2 540E L 72355121, L VIE
P U7 AR BUG D RS S AL 5 ATREME bR S Tz,

AWFIEIZIIT % limitation & LT, 9, Alatid, EREWEZ M L7 ERERTSH
D IEBERRONTWEZ ETh D, 20720, Hat R iEREZ1T 9 2 T,
F/NROIEFHLCER L TR Y . 218 OFWMFHIZHIT D AAT O AIRRED LIz 7
F—HAEBNEZZ E0D, BEICEIT D AAT O AREE 2RI 2 2
EMTETNRY, KoT, itk CTHREIZL Y . AAT OIFRIFIRIZISIT 5 CT I &
2T, AA] DIEAREAHER L2, &5 —2iF, SRIOBEHTRIT 2 HEARE, &%
—JNVRTHY  NATNCHEIEETIBRC L D AATFBRET VEER LT-T-0  AkD AAT
IFRERTEICIBIT D AAL OREEZTERICHRTE TV RN ETHDH, BIRGICKIT S
AAL I, B O/ N RFEIZB W TRIEDGRD Hivd 2 £ 532 < (Beaver DP, 2000; Denny
HR, 1998; McCarthy RJ, 1995; Shores A, 2007; Takahashi F, 2017; Takahashi F, 2018 a; Thomas
WB, 1991) , AAL LISMZ b O SESEIREE GBI DI BEFE NI L Wb Z b b
Z L5 (Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2010; Dewey CW, 2013; Marino DI,
2012; Takahashi F, 2018 a; Takahashi F, 2018 b) , 415 DIFEOHFHE S AAT O EETBALIZ5E

B RT3 Rt bRk s s,

5-5 /N

AR & 1 SR BIBRIT A FEhi L 72 % ©— 27 /L RISk L C.PMF & APF ZJiiffi L .
iz 2 BIE L7 5 2 T, AA] DA IRIEZ LRl ET L 7o, AMETL Y . PMF T% APF
THERRAIZIZRIER < AAT DZEEMED G HAVD 0, MR TR I APF O 5 H3BERY 72
AA] OEVEREG 21525 2 ENARETH D FIREMEAVRR SHLT, 441X, S RIOMK &

LT, KVEMICRT 5 AAT ORI Z £ 5 Z LI2L b TOmERILD
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AEZ NS T D ZEBNEEND,
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Table 5-1 Signalment of eight healthy beagle dogs.

Dog No. Sex Age (months) Weight (kg)
1 M 10 10.8
PMF 2 M 10 92
3 M 10 10.2
Mean + SD 10.0° 10.1+0.8
Median (range) 10.0 10.2 (9.2 -10.8)
4 M 22 9.8
5 M 23 10.6
APF 6 M 12 13.2
7 M 12 12.2
8 M 11 11.4
Mean + SD 16.0£6.0° 11.4+13
Median (range) 12.0(11.0-23.0) 11.4 (9.8-13.2)

M: male, PMF: PMMA fixation, APF: atlantoaxial plate fixation
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Table 5-2 Postoperative radiographic findings.

Dog No. Radiographic findings
1 None
2 One TA pin loosening (po-1m), one axis screw breakage (po-2m)
PMF
One TA pin loosening, one atlas screw breakage (po-1m),
3
one TA pin breakage (po-2m)
4 None
5 None
APF 6 One TA pin loosening (po-2week), one TA screw breakage (po-2m)
7 One TA pin loosening (po-1m)
8 None

PMF: PMMA fixation, APF: atlantoaxial plate fixation, TA: transarticular fixation
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Table 5-3 Gross and histopathologic findings of the atlas-axis that were harvested after euthanasia

of dogs in two groups: the PMMA fixation group and the atlantoaxial plate fixation group.

Dog No. Histopathologic findings Gross joint stability
1 Fibrous Rigid
PMF 2 Fibrous Rigid
3 Fibrous / Cartilage Rigid
4 Fibrous / Bone Rigid
5 Cartilage / Bone Rigid
APF 6 Fibrous Rigid
7 Cartilage Rigid
8 Cartilage / Bone Rigid

PMF: PMMA fixation, APF: atlantoaxial plate fixation
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cranial

Figure 5-1 PMMA fixation model.

A: Intraoperative finding, B: Lateral radiographic view, C: Ventrodorsal radiographic view.
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Cancellous bone#, =~
3 N £0) ‘\

»

cranial ST caudal

Figure 5-2 Atlantoaxial plate fixation model.

A: Intraoperative finding, B: Lateral radiographic view, C: Ventrodorsal radiographic view.
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Figure 5-3 The measurement of the mean CT value in the gap of the atlas-axis ventral midline part.

A: PMMA fixation group, B: Atlantoaxial plate fixation group.

The mean CT value in the gap of the atlas-axis ventral midline part was measured in sagittal

images reconstructed by 3D-MPR with the bone window setting (window width, 2,500 HU;

window level, 500 HU) for CT images.
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Figure 5-4 The ventral aspect of the atlas-axis that were harvested after euthanasia.
A: PMMA fixation model before the implant removal, B: PMMA fixation model after the implant
removal, C: Atlantoaxial plate fixation model before the implant removal, D: Atlantoaxial plate

fixation model after the implant removal.
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Figure 5-5 Comparison of the mean CT value in the gap of the atlas-axis ventral midline part of

dogs in two groups: the PMMA fixation group and the atlantoaxial plate fixation group.

78



Dog No.2
(PMF)

Dog No.3
(PMF)

Dog No.7
(APF)

Figure 5-6 The histological evaluation in the gap of the atlas-axis ventral midline part of dogs by various stainings in two groups: the PMMA fixation group

and the atlantoaxial plate fixation group. Scale bar indicate 100 pm.
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5 1 30 -
4 - 25 - [
3 - 20 -
15 - '|'
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0 T 1 O T
PMF APF PMF APF
Group Group

Figure 5-7 Comparison of the positive cell number in two groups: the PMMA fixation group and the atlantoaxial plate fixation group.

A: TRAP staining, B: RUNX2-Immunohistochemistry staining.
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%6 BREMHEN L EIERBRONEHERIZI T HREE - BRI — =T vy B T DR

BB D HFE

6-1 65

BRUMMENZCESE (atlantoaxial instability; AAD) 1%, —MXAIZ RO/ N RFEIZ 5\ CTH
I HEBEREIERETH Y (Beaver DP, 2000; Denny HR, 1998; McCarthy RJ, 1995; Shores
A, 2007; Thomas WB, 1991) ., RIZEIF DAANL, 196741ZGeary H1Z X D #16d THlE S
7z (Geary JC, 1967), AALZ, BRMEE 72 13dbiE D S RAVZQIERLE Fo/ME ORGSR, BRihRY
#fi (atlantoaxial joint; AAJ) ORELFIPMF Z 5| £ 29 (Denny HR, 1998; Downey RS,

1967; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; McCarthy RJ, 1995; Parry AT, 2010;

=3

Thomas WB, 1991; Watson AG, 1989; Zaki FA, 1980), AAJD e RIE/RTEREFIZIX, #2E
DIRTERCE I, WHEDHEIR & 2SR DR E . IGE DOHFRI~DAZEIE I L UBRHE
BAEARRZR ENE EN D AAI~OIMEIZIX B ITCEN R I AL & £ 41 % Marino H 13

AANZ BRI E DO EACSERESEIIC 31T D RIEDOIREFIC L 0 5l & 2 SN D RER
IZEEND EME L, b 2B RATSEMEIZ A (craniocervical junction abnormality;
CJA) & LT L7 (Marino DJ,2012), CIAIZIE, 7 VAT, BIHE-BRHENLE
Jit. (atlantooccipital instability; AOD) . AAIL, ZIAE-BRME-HIHEIZ R 5, 2R E -BRMEA—
R—F » ¥ (atlantooccipital overlapping; AOO) . dorsal compression (DC) . IV A
FEi, 2 LT, WEEBRAER ENEEND,

AAIDIEIR L LT, SVEHIRIE L RAFIRIEDS & 2 03, MR B & pE 5 JER], EEO
SRR HNDIER], £ LT, RAFRIESDRILNRZ LVER T, —MRAIHNE
FENHELSE XN TV 5 (Having ME, 2005; McCarthy RJ, 1995; Sharp NJH, 2005), AALZ%}

T ORI E LT, FINORREREN G < FINCHE D SETHRMES . HITHFMRL
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RWERH 722 S K 0 | AAJDREAHEIRE EIN 23 —ARAIZ IR < FEffi S TW 5 (Beaver DP,
2000; Denny HR, 1998; Hara Y, 2002; Knipe MF,2002; Sanders SG, 2000; Schulz KS, 1997;
Thomas WB, 1991), F7=, HHREEMIZE L CTH, TATOBEBEATRICE ST, LEH
MUTAT O Z & b HERE ST % (Cerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2009 b;
Nakamura N, 2000; Takagi S, 2005; Vermeersch K, 2004) ,

Cerda-Gonzalez 513, AAIDOZWNIL, XFREIZ L V1T Z &N TE 505, MR &
CTHAEZHETITY 2 &Ik, BHETHEAGMO LV BaiHliZ21T5 2 LN TES 2
&zt L7z (Cerda-Gonzalez S, 2009 a), FERE-SHBEHE S EBIZ IS 1T 2 I BEIR OIEBR IR E
X, CIATRRBRIZIT 2B ZIRNE & AKBE DR R ICBIET 5 LRI TV D

(Cerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2009 a; Dewey CW, 2013), AOOIL, FHSHHE
BRI E T D & 2 ROFERIER IR THRICHEL 52 9 2IREBTH L LS LT
% (Cerda-Gonzalez S, 2009 a), Cerda-Gonzalez 1%, AOODFR HIVHAFHD KD H B,

SEIC S MRRENT  (CRERIEALIBUEN & BRHERS MAE S BIBRIT) 232k L= & 2 A, ERAAER
N L7 2 & 2 HE L7z (Cerda-Gonzalez S, 2009 a), L2xL., Fx DFIBHRY . AOO
TREBRITIS T DB T & 3l U 72 EBRIC A 2SR B3 2 RMISHEE T 4 %k 5 &
U7 WFZE8E 1 3AE L7\, BHEDZENZIT A 5 B 288 K 2 FRED B3 AATREJER]
DEFRFERIC AN B E 52 TV D LaBi# ST D (Geary JC, 1967; McCarthy RJ,
1995; Sharp NJH, 2005), %> T, AAIRBEJEFNZHV T, AOODPRENFAD HIL TV
AL, ISR OREN A BT RE TH D, ITHF., AAREBERNCE
WT, IRANCMRIRE S L OCTRE M TOIL S Z LIc L v | BEEMESTICET 50158
U2 DS SN DB 2 T D78, CIADIRREE THRICBIL T, 7 L< b

Do TR,
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ARHFFED HB9IE, AATREEBRIZ I 5 AATO JEAAIMER E T O P2 B8 3 5 AOOHEFR D

WEBEZPAOLINITLHIETHD,

6-2 FIkHE Jiik
6-2-1 fEEAR

AWFZETIE, 2007 4F 10 H 7225 2015 4F 9 7 £ TOMNZ AABREAmEH AR BEW
R #—3 KOV YPC HRUREMWIEIEZAMRRREEIC T AAT OIERIMEMRIE E 7l 2 i fiy L 7=
AATFRRER 41 BAZ i 5 & U7, IR EASHER IS 31T 5 MRI AR FS JLOY CT A2 52
i EALTERY ., it 180 ALLEOIBHHEN FRE Th - I fEf 2 &kt & Lz, Al
O CT Hifg LV, AOO DA L, XIGIEH] 2 AOO HFFEREEL AOO FEHFFEREIC
ST LTz, BRECRIT DKM, MR, T A s SARE, BRARTEROFIN S Fil
TOHIE (7 HLAW, 8-30 HLA, 31-180 HLAMN, 180 HLL L), firAlds K UMfi#e o#fifg
FREAERE, I KOVEIROGOME (i, 155 1 » ARG, itk 1 » AL %

A LT,

6-2-2 AR AN EE

XIGUERBNT 6 LT IATIS KON OIS IR I RO A & 20 L 7o, AR SeRYE
JEFEIZRE LT, Stalin & DI IESNT AT Y 7 %47\ (Stalin C, 2015), 7' L—
RO, MR FRRFE R L, 7 b— R 1, SHRHREZNEEGH, 7 L— R 2, BT AR
HRREE /) & B OB G, F IR, 7 L — R 3; A TARRER A2, 2

L— R 4; DU, 7 L— R 5; BT E 7138858 L Lz,

6-2-3 ST o b a—
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RBUEBFNZIE, FilE7 ha e (0.05mg/kg, B2 T4 5., Mitsubishi Tanabe Pharma Co.,
Osaka, Japan) CHREMFTHR 52 0 L7, BEHEAIZIX, 24 7 A (0.02mgkg, #ARHN
¢ 5., Astellas Pharma Inc., Tokyo, Japan) & 7'm 7R~ 4 —/L (4-8mg/kg, FRAIRWNE G-,
Fresenius Kabi Japan Co., Tokyo, Japan) Zffi /] L, £ 7 /L F 7 (2.5-3.0%, Mylan Pharma Co.,

WV, US.A) (ZTHERF L7,

6-2-4 CT R x & JERE AU

CT #1421, 80 51/160 Z F A A CT Aquilion PRIME (TSX-303A, Toshiba Medical Systems
Co., Otawara, Japan) Zffi ] U7z ABED 2 % v X ,0.5s TH Y, A T A AT 0.5mm,
AT A AMRRIL 0.5mm Tholo, MEEFNL, BHEH A =2 — NI ARMREAME L)
2T, MERMITRE L, 2 HM NS TIRE AT o7, JEREFRIHEIL. EfQe >y —
R =7 (Osirix DICOM Viewer) % W THEfii L7z, &ERID CT ik DICOM 7 — 4 %
3D-MPR [ZFH#EHE L T, AOO DA MEAFE{f L 7=, 3D-MPR @ CT [Ei{& O HIZ11%. Parry
5 OMEIZHE LT, WW 2500HU, WL 500HU & L7z (Parry AT, 2010), AOO (%, 3D-MPR
DIEFFARBHAGIT I T BRHER D AME IR DRI & B R 2 f6 A 72 IR (McRae line)

EOEEANCAE L TWD b0 & E#R LT (Figure 6-1) (McRaeRJ, 1953),

6-2-5 MRI FR s & JERE“FRURFAH

MRI 2%, ERIGKABA DA —7"> MRI & 27 L5 CTéH % GE Signa EXCITE
3.0T system (GE Healthcare Japan Co., Ltd., Tokyo, Japan) ] L72, MRIf#i%, 4
I NIZ T, CT IR E BT, CT Mk & [FRROREMAIC THEM L7z, Tgsft L
LT, A7 A AE:2.0mm, A7 A AfiIf#: 0.4mm, a repetition time: 5,000 msec, an echo time:

85.1 msec (T, T2 MilEG A2 H L=, MRI BEf&IZBL T, CT Ef4EARIC Osirix
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DICOM Viewer % T, JEREZAAUREM 2 22 L 7=, MRI E[E XV . AAT SEIERICEBIT S
FHEEAT R, FVEIRE, F7203 T2 Ml E BT 2 EHFZE O E Sk, £ LT

SEBEREIRIZ 35 1T D B BEZSIE DA B4 S L 7= (Figure 6-2),

6-2-6 FifiFH

BEIL, EERE T C, SESHI A R S 7RRE T, MEMIICRE L, Tl e £l
U7ce FEUTEEMG A~ ARG M~ < # L CRE Lz, Po8mAle L
T, 7 =% =)L (Janssen Pharmaceutical K.K., Tokyo, Japan) % ¢ (2-7ug/kg/hr)
(ZCTEREES- Lo, AAT ORZRIMERREEHTIL, Schulz & (SchulzKS, 1997) & Shores H
(Shores A, 2007) DOHFIEICHE L TEM LT, AAI ~7 7'r—FF 5702, SEEAIE
h7 7 a—FEFE L, AAI OFEOFE 23 572D BRI A B H L7z, AAJ
DEEVEZGE T2 9 2T, WMED MR O AABRMAIHR 525 . BRHEOHESR 2 Bl S
T, BB Y (91.00-mm, %721% 1.25-mm, Johnson & Jonson K. K., Tokyo, Japan) % i
ALTze ZOWIT, 2AKDH A2 U 22— (9l.5-mm, %721F ¢2.0-mm, Johnson & Johnson K.
K.) %Z. SRHENEMIOAIOD basal alar fEIkA HHESIR~, FHENRAZRET 5720120
SRAMAIG A~ CTRA LTz, B, 2 RKROEAZ U 2— (pl.5-mm, F7213 ¢2.0-mm,
Johnson & Johnson K. K.) %, HlHERMOHEDAR~, RBAMAGAIZFIT TRHA L2, 24
BOHAZ Y 2a—Id, BORENLERDOYHORS, b LIUIHRMHOES 2B 72
WR S ZRMNSETORECRRE LT, BIE OKRKEEI» HEI L7 B Qe 2, B
W ORI ZFRE LT AAT ORIBRICBAE L7-9 2T, WU AF VA% U L—h (Japan
Stryker K. K., Tokyo, Japan) ZffifH L, KFFEEZ BRI T2, £72. AAJEIKICZHIT 5
BHEE 7 DC DMFIET DIERI Tl MERIHEARE ET 2 FEha % | ME LIRS HA A1 T U,

TRIBET 2 08 U C 30 L7-  (Piemattei DL, 1993) . SEFEFAIET NSO T 7'a—F
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I L, BRMER = L HEOBRIS 2@ L7z, £ %, sMEDRRZSE DO BN/ 1 3BR

HE L. MRS DIRE Lo ez @d i L, SiMEUIBRRICOIER L7,

6-2-7 itk

Wt OFHEE LT, 10 20 3, 6. 120 18, 24 » A, TO#HKIT 1 FFMICHERIHNC T, X
RIS L O RO A & F2hi L7z, X BRATIE. A > 77 v hOYHE, A&
UM U CRIH &2 AT - 72, ABFIEICISIT DA & 13, HTRT & 0 ik O 2a IR RE
WL, AR HITNAREL o T- b D L ERE L=, ORI AT NI L
— R 02 DRTIE, IFEITHRARLS . ERTNTE Lo 7cbD&EIR L Lz,
WRTOAFREFZHI R 2T P L — R 3-4 DR TR ICRE 2B T8 D& VT L

O GIFHRS TR ARELE RoTobDEREIE L LT,

6-2-8 A FE

JERTI DG ORE (b, 876 1 o H A, itk 1 o A LU (2B LT & 280 L7z,
WP OGOHE & LCiE, AMMERICID 2 X 0 RMEBREIED Bk L OEFMEO L EIC
B L CRdk Lz, i OADHEICE L Cid, EMERICBED D X O R A2 O,

PR FHPRRE D L, BISA 7T FOPHA, A KOVEMIZ W THREEk L7,

6-2-9 HEFETHULER

RH LR, FEEHLEE Y 7 |~ (SPSS version 23.0, IBM, Corp., Chicago IL, U.S.A.) %
W TITo 7, AOO FREEREE AOO FEMEEREIZIS T 2 LR EHZIZ, Mann-Whitney @ U
RRE, T3 xHEDH 5 Student t FEZ W TN Lz, 7 —Xid, ¥ + fEHFZET

Fi L7 WP E P<0.05 28 > CTHEEHIE LT,
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6-3 ifiti

6-3-1 T F ALK

%52 41 FEBIOD 5 B HiETO CT BREIZ T AOO OFFFEAS 12 SEFI TR B (A0O fif
FERE) . 29 JERFITIEL AOO OOFRITERD B e o7 (AOO FEFFFERE) . AOO PiFEHED KFd
OWRIE, I—2 v % —F7 VT 78, FUYU3EE, M F— KV 158, HFEKR1ETH
o572, AOO FHEPFRBEORFEONFIL, VT 1080, hA 77— KL 9FH, I—7 ¥ —
TUT 480, S=FaT7 Xy I AT R28, RAT=T 28, ¥ N TXH 75
¥V AAN=T)V LER, Fh 1B Th o7, MERNE, KRESME 5 35, E50E 2 81, Akk
AT 4 B, BEEHE 1 5HCH o 7o, ABFFRICEIT D35 41 EGFIOMER], A linds L OYREIC
B3 DR 1 EiE, Table 6-1 (278 L7z, FINIFO Al (P=0.788) &{AE (P=0.113)

2B LT, MBEFICEREW T, AEREITRD Lo T,

6-3-2 M)A =7 & MRI TR,

AOO DFFEEIC I T DINATOMIRFIA T I1X, 7 L— R 2,680, 7L —R3;38H, 7
L— N4 38 Th o7z, AOO HNFHREIIIT DINATOMRFRIA T, 7 L— R 0;3
BH, ZL— R 1,68, Z'L— R2; 1458, 7L — R 3,380, /' L— K438 TH -7, AOO
IRBEEO 7 L—RODIFHD O B, 1 BHITEEREEIT. 2 BHITBEENSTTE DO
IokBE Uiz, 2406 OFEFI T, SHE X R AIC T AAL 23EEDi, MRI A IZ THZei

([Z X 2 FREEBAT R S 72, AAY SEIIC ISV T, HUDEIRR, £7213 MRI-T2 78
FHER BT DR E OEE SRS, AOO RRERECIX, 458 (/'L — K2, 15H, 7
L— R 3,281, ZL—FN4;18) THRIIL. AOO HEPHFEIETIL, 108 (F/'L— 1R 2;6

A, 7 L—NR3; 284, 7 L—NK4;280) TGRSz, SEREIZHT 238 BEZ5REICES L

87



TIX, AOO PF¥&HE 12 BHH 5 BH TR H AL, AOO FEOF7EE 29 HAF 7 BHTRO BT,
AATFESRIZ IV, HUDAERESR, F7213 MRI- T2 IFREIRIC 51T 2 FREIEE O mfE 48
WDFEAEF (P=0.966) &FREZIREDODFEFE (P=0.387) I L T, WMERIZEWNT, A

BRREITRD N o T,

6-3-3 ERERIEROFEBLN B T £ COHIM & 1B bR
RATEIR OB S T E TOMMIL, AOO PFERETIX, 7 HLAN; 754, 8-30 ALIN;
29H, 31-180 HLAWN; 286, 180 HEL k; 1HHTH Y, AOO IEPFHEETIX, Z'L—K0D3
SHZBRNC, 7 BLAPN; 8 BH, 8-30 H LAPN; 388, 31-180 HLAMN; 1158, 180 ALA ;45T
b olz, BRARGEIR DRI G FHE TOHMICE L T, WHEFIZISWT, AERERT
D BRI (P=0.106), it DOFENEHFHADIRIL. AOO PFEHETIL 790 + 559 H
(187-2078 H., F1HAF 742 H) ToH Y. AOO FEPFHFETIL 2 FIOFETHIZERVNT, 509 +

349 H (183-1378 H, #4397 H) Th-olz,

6-3-4 B T4

SHGHEBIOHTZUEI LT BIEBNZIT AAT OIRIHERE & 23 iEfii 47z, AOO
FEORREED 7 BHIZEN T, BRI (kT 2 BT DM L TR S
iz, AOO PFFREFEDIRIERIL 91.7% (11/12) TH Y . AOO FEHFFERETIL. 86.2% (25/29)
Th v, WEEFIZENT, AOO DHIEIZ L DIF% O T1%ICEET 2 AR 2215580 bz
23> 7z (Table 6-2, Table 6-3), AOO PFFERFICIHN T, MIRICUEED RO bR -T2 1
BICix, AAT SEIRICIS T 2 HDEPRIR, F721E MRI-T2 HRFHERICEH T 2 FHEE O
B 5 BENRE D BTz (iTRld L O OMRFRI A 2 713 L HIZ7 L — R 3), AOO 3k

BERBEICB W T, IRICSENRD N - 7= 4 il 3 I Tlx, AAT fEIICEBIT 5
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DEYRR, E 721X MRI-T2 SRFHEIR I 36 2 BFHEFEE O &5 5 7880 bz Q Bk

TATES L OB OMRRFIA 2T IZE BIZZ7 L— K 2, £V 1 BilIE, a7 L— K 4,
With 787 L— R 5 ThHoto), MRREEA 27 OWEID O i ORRE) 22 HER % RER] I
BUWCTHESRG L7z & 2 A fiTaids JOME 1 4 A ORI A 27 13 AOO PFFEEHICES
WTC, ARICEEZ TR Lz (BRAT ; P=0.024, i 1 » A ; P=0.033), L2>L. itk 2 »
ALRRIZB L Tid, WO A 2 TICERBRETRD bhenoTt- (g 2 »
H;P=0.893, #fit% 3 » A;P=0.550. it 6 » H;P=0.577, #fit% 12 » H;P=1.000, #iif% 18

% A P=0.491, it 24 » H;P=0.181) (Figure 6-3),

6-3-5 A OFE

AHERFIC B 5 K O AR BRENE O B I L QEFVED K E e & Ol oG IHEIX
MFEC BV TR LR o7, AOO FEDFRERED 2 Bilix, firtk 10 B LAPICHHR AL
EDRO LT, LR REDOT-OIT L, e 1 5 HURRIZA 77 FOYiE, #%
T, FTNFTZEALDS AOO DRFERE L AOO FEDFIERE TS 3 03B b iz, AOO HFFEHET
I, T2 18 » HULERE L ThD, A 77 FOPFHEN IFITROLNTZ, ZIHD
FEGITIE, A 7T FORFITHE D BRIERS L O X BREIC T AA] DZENRANLE
PEZ 58 5 T IR Do Toiz, BRI L7 > 72, AOO FEGFFERETA &~
7T NOPHE, B EIIEMIRD SN 3 FO S B 2 Bk, #ith 3 » ALINIC
AT T NORENRO BN, 2D 2 FlIZBWTIX, AA] DRLEMED BRI A 5D
FERDFRO DT, BREZER L, BFRiML BEFoA 770 " elRELE
9 ZC, C1-2-3 HEAR D JEMIE T &2 F2hi L 7= (Bagley RS, 2005a), F7=. AOO FEOFFRHEE
D2 FNZIRBNT, TR IENEEA4IT  (ventriculoperitoneal sunt; VP v > Mff) %5

Jiti L7z (Hoerlein BF, 1978) (Figure 6-4),
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6-4 HEE

WA, BRERICHBVT, MRIREB LN CT RAENAS HER LI LI2X0, AAL R
BIEBIDZ < T Bk % 72 CIA OOFFEDBMRANCZWATEE & 72> TV D, 2B DEk%4 72 CIA
DIFREITBUR TIEARGERE 3232 < . ZOIRFRIEITHEL S TRV, AAL FRESER] D
% <%, AAT ORFIMERBERT 2 FMi+ 5 2 L Ic kY BERTHEEDL ZENTE 5,
LU, AEHRIEZ SE0E L7z AAT RREBJERI O —ETl, i I UGE D R H il
PRUVMER], AR EPRIE D BALDNTRD DI DIER], ETITFE T T DIEFIDAEEL . AAL
LIS CIA DIFREDPIFEMNEE L TnD Z EMREEbND Z &t d 5, Cerda-Gonzalez
I3, CJA O TH, AOO | FFHEHE A T D3 6 D ROFRRIERCIER T4 I %
529 2WEETHH Z L EHA LT (Cerda-Gonzalez S, 2009 a), AHFZEDFERIZINT
b AALRERIZISIT 5 AOO DFREIER] TiL, INATOMFRFRI A 717 D3 BT BV OFRE R3
RO HIVTZHY. AAY OIFRIMEREEN 2 Ehi 42 2 & T, £ < OAEFI TERIIRTER Ot
BRDLNT, ZOZ L XY, CIARBIEMIZIT HERTERIT AATIZ X DR R
<L AAL IZXIT DR AE S B L T RETHD Z LAREBI NI, ALY, AAT
SR B ULVEPER, F 721k MRI-T2 SRFAEIRICI T 5 FREE ORGSR
D BIVIZIERITIE, Wit OBEFRIEROSENRZ L, ZhHOFTRIX, AAL OIRET#%
252952 & bR E T, £72, AOO T, HEAE I 2 Bt OB 2B X 12

[FEBAL ORI IER 2 5| & 292 & 3 EE STV 5 (Cerda-Gonzalez S, 2009 b).,
AOO & AOI 1F, BRHEZRIFMTHI OB ARLEBHEENH D Z L bRESNTND
(Cerda-Gonzalez S, 2009 a), AAIJFFIEBITIX, AA] DREEITH Z & T, BRHEOIEH
RSB S o ATREME S B 2 b b,

AR H1T 5 limitation & LT, EEMARHIZIB T AFESEHOR TS 9 1%, R
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JEALTIIA TR > TWRWZ E3D D, BRRERFOESEHOR T a %, WanT Lo
AOO DFEFEIZHEE 5.2 9 5 LiRi# ST\ % (Cerda-Gonzalez S, 2009 a), {4 IR I
VHSER OMEE e AR VY 3 Uid, RFIREZELSE I DV A7 B3 D, Lz
BT, ABFFETIL, BEgRRERFOREGIL, BN LY = 2 — N 7V MEALO ML T
RE LT, Lo T, AOO FEDFREEEOHITIL, EIEMI7R AOO MIFET 5 AIHEM A B E L
2T IUT7R B 72, F2, DC AR ALz AOO FEBFFERED 7 HIIZ I T L A RIBIESNT,
Z L CHE LS OURNPMNE L 72 o7, ZOEME LT, AOO HFEH LA/
AAL FEBJEGICIE, BEEOJERIERNAY AAT DAL, NEMEICTE R O 3 AR
JEE L= FIREME S B 2 B D, ZAUTK LT, AOO A3 L7z AAL RERBJERI TIE, SHTH
O JEfFEBN M BRHEZTARAEIANRRNC W B 5 Z L2 k0 . REEWN D D5 AATIC
xt9 B AR, BRMERIEREET & AAT DWW FIZ/HT B FTREMEAVRIE ST,

720 AAL OFFTICIBNT, BHEN D FE =Sl E TLEMT 2 2 &3, MmEREE
MEZ 7670, BASEHES~OAMPERT 206 LW Z & 2B E LTl
5720, AOO FEPFFERED 2 lid, AAT DFANELIZ VP v > Mitahafir L. 2o Z &1,
CIA USADEPHEIZ L > T, MEILENGIEHISND I ERH LT L A2mR L TWD

Dt LIL7RV,

6-5 /&

SEF 41X, AOO DR DOHFEEIZISIT 5/ NMURFED AALIZKTT 2 AAT ONFRIMEARE E
T OTEFRRARICBE LTt Lo, Algat i v . AOO OO OF ML, AAL FEEERORRIK
FERIZS B E 5.2 9 D08, EHERIC AAL OSEHER O T %I BITE 2 72 W A REMED VR
e Sic, CIA Z0FE L TV D AAL ERJEFITIE, AAT 2 LET 2 2 LR HEET

boHLEZBND,
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Table 6-1 Signalment of 41 AAI dogs, 12 dogs with AOO (the AOO group) and 29 dogs without

AOO (the non-AOO group).

Variable AOO non-AOO
Sex (No. of dogs)
Sexually intact male 5 7
Castrated male 2 5
Sexually intact female 4 11
Spayed female 1 6
Age (month)
Mean = SD 53.9+473 45.2+£40.0
Median (range) 33.0(5.0-122.0) 35.0(5.0-125.0)
Weight (kg)
Mean = SD 2.1£0.8 26+1.4
Median (range) 1.9(1.3-4.3) 2.1(1.3-9.0)

AOOQO: atlantooccipital overlapping; SD: standard deviation

92



Table 6-2 Results of ventral fixation of atlantoaxial joint in the AOO group.

Number of Dogs
Grade (pre-ope)
Total Recovered No improvement Died
0 0 0 0 0
1 0 0 0 0
2 6 6 0 0
3 3 2 1 0
4 3 3 0 0
Total 12 11 1 0

93



Table 6-3 Results of ventral fixation of atlantoaxial joint in the non-AOO group.

Number of Dogs
Grade (pre-ope)
Total Recovered No improvement Died
0 3 3 0 0
1 6 6 0 0
2 14 12 2 0
3 3 2 0 1
4 3 2 0 1
Total 29 25 2 2
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Figure 6-1 Computed tomography image of atlantoaxial subluxation in a dog, with and without

complication by atlantooccipital overlapping.

Atlantooccipital overlapping was defined in a three-dimensional multiplanar reconstruction of the
midsagittal section as the arcus dorsalis of the atlas being located closer to the cranial aspect of the
occipital bone than a straight line (the McRae line) joining the opisthion and basion of the
occipital bone. A: Complicated by atlantooccipital overlapping, B: Not complicated by

atlantooccipital overlapping.
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Figure 6-2 Sagittal magnetic resonance image of a dog with atlantoaxial subluxation complicated
by a high signal level in T2-weighted imaging of the spinal cord substance at the atlantoaxial joint

arca.
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Figure 6-3 Comparison of the neurological status of dogs in two groups: the atlantooccipital

overlapping (AOO) group and the non-AOO group.

The AOO group had significantly higher neurological scores before surgery and at 1 month after

surgery. However, no significant differences were observed between the groups 2 months after

surgery.
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Figure 6-4 X-ray image (left: lateral view; right: dorsoventral view) of a dog that underwent a

ventriculoperitoneal shunt after ventral stabilization of the atlantoaxial joint.
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7R BREWMENZEERERICR T 2 REE-BRIMES— =T v B2 7 L NEIERIZE

ERALIE

7-1 &
KO B HER 22 & iE  (atlantoaxial instability; AAI) (. FHES b A7 SHME P AR B

(craniocervical junction abnormality; CJA) |28 £ HHEETH S (Marino DJ, 2012), AAI
1, O/ N RFEIZ ISV TUFH T 2 FREFEEGIER B TH S (Beaver DP, 2000; Denny HR,
1998; Downey RS, 1967; Geary JC, 1967; Johnson SG, 1989; Ladds P, 1971; McCarthy RJ, 1995;
Parry AT, 2010; Watson AG, 1989; Zaki FA, 1980) , AAL [Zx}3 2 Kk 4 7211 AAT DJRREIC
B4 2 AT 5079 5 53 (Aikawa T, 2013; Beaver DP, 2000; Chambers JN, 1977; Cool JR,
1981; Denny HR, 1998; Dickomeit M, 2011; Downey RS, 1967; Forterre F, 2015; Gangopadhyay
S, 2003; Geary JC, 1967; Hara Y, 2002; Johnson SG, 1989; Knipe MF, 2002; Ladds P, 1971;
McCarthy RJ, 1995; Parker AJ, 1974; Parry AT, 2010; Platt SR, 2004; Renegar WR, 1979; Rochat
MC, 1999; Rylander H, 2007; Sanders SG, 2000; Sanders SG, 2004; Schulz KS, 1997; Shelton
SB, 1991; Shores A, 2007; Sorjonen DC, 1981; Stead AC, 1993; Takahashi F, 2018 a; Takahashi F,
2018 b; Thomas WB, 1991; Watson AG, 1989; Zaki FA, 1980) . Fx DF15RY . CIA DYk
R ORI, FEL <o THRLY,

t h OIAF KA AJE (basilar impression or basilar invagination; BI) 1%, WMAINZZNAL L, K
7 8AFL (foramen magnum; FM) ~ffa A L 7 B2HETS =5 25/ MK BRI 8 (cerebellar compression;
CC) DIRKH LD 5 HEETHD, Bl L ROBEE-BHEAL—NN—FT 7

(atlantooccipital overlapping; AOO) %, LI L72EBE ThH L LB TWVD

(Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2016; McGregor M, 1948; Rao PV, 2002), & k

@ B ITIMHIEENRD & O il BE#E  (cerebrospinal fluid; CSF) DOEERFEE 2535
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ZEICRY FHEEA S E T RN S D & bl ST D (Erbengi A, 1994;
Levine DN, 2004; Milhorat TH, 1995; Pearce JM, 2007), t k@ BI & K AOO I%, ZEFED
AR, SHEE OBEMR IS X OVNIMAERERE OB DIFR & 720 5 5 LS TW\WD, £
oo M~ Da A b5 T L5 5 LR SN TWD (Cerda-Gonzalez S, 2009 a;
Cerda-Gonzalez S, 2016), |2, JEBESEBEREGHHICH51T D CSF OIEREEICL - T, CIA

DRIZFVT D FRZAREL/KBVEDHEFE T 5 & 58k ST 5 (Cerda-Gonzalez S, 2009 a;
Cerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2016; Dewey CW, 2013), %72, AOO |IEASHHHE
BEBIZERE D B D ROBRIER TR T RIS EEL 52 9 DRETHDL Z L bmiESN
T % (Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2016), ¥T4E, AAI DFFFATIZ MRI 33 &
O CT & AT 9 2 & TUkx RIS RS OISR T OO 02 S D B3 2
TW5, SVEDERKRIER OB D Hivd AAI DNHLE L7z CIA §f% AAL fREES]
TiE, BRI ADBREL SLD, £ < O AALRBIEFITIE. AAT ORFAMEA
BEMZFT 52 & T, BifeThatsdZ LN TZ% (Aikawa T, 2013; Denny HR,
1998; Takahashi F, 2018 b; Thomas WB, 1991), % 6 E|ZB\\ T, Fex i, AOO L, AOO
PR3 Uiz AALTRERICI T 2ERRIERICEE A 52 5 208, ith O THRITITEHERIC
WA B 27202 L BHIS L7- (Takahashi F, 2018 b), AAI FREVEFIOHIZIE, @Y7
AA] DLEADPTONIZ L LTH, IMRICHRIFEE OUEED RO b -7 0 | Bk
L7z BITIFECT DREGF AR L, 2 b OREFITIEORHE L7z CIA OIREDR S &
b, [FIRFIC CIA OFRKRZRFET 25 2 S IXREECH 5720, A4 X, AOO %
DA IT D= A XZHH LT,

AR B, AAL FREBRICE T D AOO DO DA IR Z DMED A R & OFLE

BBEEL TV E D hiHIT 5 2 L Th s,
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72 BB Ik
7-2-1 AR
AT TILL 2007 4 10 A 225 2015 47 10 A £ TOMNZ B ARBREAmEH PR A REW
Eft 7 —B LU YPC BEMWEIEAABHREEC T, AAT OIEMIMEREE T 21T - 72
AALBR 61 A ARG L LTz, &2 TOXGRIZEBW T, IANCEESGTICI T 5 MRI
B LN CT A2 M S 4172, Fox 1R EDOHRET TUARRE & IZIXRBEOHIFIZ I T,
180 ALLEOWitZ BB AW RETH o7z —FNEME L7z 41 EANCBE L THE L
(Takahashi F, 2018 b), £, 1fAiio> CT Hifg LV . AOO HFF DAL FIA L, I SIERF]
Z AOO FFETE & AOO FEDFFEREIC /P ME LT, BRECR T DITRTOIGHREE (7 /v =2 2L
a4 B, AT oA RHEEAEERL. oty Mel), REE, MR TR0 Al &
OFMRFORELZMAE L7, £/, CTHEBE LY, FM OF A X6l L7z, MR B>
HlE., FHEZHRSE, CC. dorsal compression (DC) 36 X VKM= IS 1T D IEBR OFREE 2 5F

filiL7=,

7-2-2 MRL 3 KO CT A IC T D7 = b 2—1

BFIT, BilR7 e ey (0.05mg/kg, £ FH5., Mitsubishi Tanabe Pharma Co., Osaka,
Japan) TR G- 21TV 1000 M OBEFLZ1T > 72 5 2 THRHE A 2 50 L7, hR
EAZIE. XY 7 A (0.02 mg/kg, Astellas Pharma Inc., Tokyo, Japan) OFHRN#E G- & 7
1R 7 4 —/b (4-8 mg/kg, Fresenius Kabi Japan Co., Tokyo, Japan) ZfEH L. &U&NHHE
%32k LTz, TR 70T > (2.5-3.0%, Mylan Pharma Co., Tokyo, Japan) (Z CHERF L

7’1»
—o

101



7-2-3 CT Iy & TR FHIREAh

CT #52121%.80 51/160 A A A CT Aquilion PRIME (TSX-303A, Toshiba Medical Systems
Co., Otawara, Japan) Z i i U 7=, AHED A 2 v VB 1X,0.5s TH Y, A T A AJE(X0.5mm,
AT A A[Ef@IL 0.5mm Toh o7z, CT P OEHEEIOR T T a =0 71, B Lo
AOO DIEEIZHBEE H 2 5 5 L8 4T 5 (Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez
S, 2016), LU, CTHARFOEHSEHMOWERMBR T a 2L 5L ERMEOFRE
BEZBIEEILIDI RTINS D, Lo T, MBEFNT, BHEHE==2— 7L
IREAL L L2 MERMLCIRE L, 2B RE NI TIREA 1T o7, HIEERIHME, Eig
> 7 s =7 (Osirix DICOM Viewer) Z HIVWNTE5EfE L7z, #EFID CT Eifg: DICOM
7 — % % 3D-MPR IZFHEEE L T, AOO OAHE L FM W1 X DOFHih 2 %Efi L 7=, 3D-MPR
® CT Bt O HZIFIE, Parry & O#HAEIZHE T T, WW 2500HU, WL 500HU & L 7= (Parry
AT, 2010), AOO %, 3D-MPR DIEFFRAREHGIZ I T, BRHEY D NREE ORI & 2
JE S ARG AT ERE (McRae line) K WEEMNIALEL TS L0 & EE L (Figure 7-1)

(McRae RJ, 1953), HIHEMRAEOFMOTZDIZ, FM OKIEIZRTT 5 FM OF S
DEE LT, FM index (REEEASLIEE) ZFHAIL72 (FM index=FM D& S/FM DK

&, Figure 7-2),

7-2-4 MRI FR s & JERE“FRORFAH

MRI REACIT, TEBS K ARG DA —7> MRl ¥ 27 LT % GE Signa EXCITE
3.0T system (GE Healthcare Japan Co. Ltd, Tokyo, Japan) Z{# ] L 72, MRI #gxigid, &
BRI NI T, CT SRR BT, CT WA & FERO RN THEIE L7, R L
T, A7 A AE:2.0mm, A7 A Aff}E:0.4mm, a repetitiontime (TR) :5000 mseconds, an

echo time (TE) :85.1 mseconds {Z°C. T2 i&aiE{& 2k L=, MR E#IZBEALTH, CT
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{4 [FERIZ | Osirix DICOM Viewer % FHUNT | JERE FRUFHIN 4 5206 L 7=, FFMTEHE & LT,
FHZERIE, CC 3L ONDC DA MEAFRA L, CCindex CIMMTEFEER) 2 HIE L 7= (Marino
DJ, 2012), FEIZ, KW@EIZxd 2 MIME®SOLFE TH S VB ratio (Kii S, 1997), K&
x5 5 M OR K E & KIEOGFHO L TH D TB ratio, /IMME 23T 2 2 MU f4
EmEmDRTH S FHC ratio, £ L T, /IMMRIZXT 2 BN O L= TdH % FWC ratio
OFHG FEh U 7=, FHEZSRIEIT . 0 OIBEE B0 7= b 0 L EFE L7 (Figure 7-3) .
CIZBAL Tid, BHEERO T2 FFHEE O EF IRRRIETHEIZ IV TL /IMKORADGED B

%H0E L TES L7z (Marino DJ, 2012), CC index 1%, Marino & OAIZHE LT T, HIE
L7 (Figure 7-4) (Marino DJ, 2012), DC 2B L Ci%, BHSHI O T2 FRARE B O EH KAk
WriglZ B\ T AAT SEIERIC RIS OFFETEFTHR & EF Lz (Figure 7-3) . AR
EOPLEDOFRAE L LT, VBratio ZHIE L7=23, FEARMIZIL, SEERO T2 FaH 5 O A5k
BB T DHRMEE L~ BT, RIS 2K EmogE s L TR L
(Figure 7-5) (Kii S, 1997), MUIAKERIZ/EAZENFAET DA ITIE, JEEEDA K Z WIS W
BN bIEENIERT 5 & A ZMIINER & L THE Lz, AEORET
1%, B =N OPRRZ E EAIZEHMT 95 72 912 TB ratio 8¢ & L7z, TB ratio X, FHERD
T2 SRARAER ORIRTRIZ 31 DRG0 T, KRIMERT T 2 RGO 1
EN D =MD ENEND IR E & R RBOEFIOHER L L TR L7z (Figure 7-5)
FVURMEE DYLHRICE L Cid, Laubner b DO#EIZHE LT (Laubner S,2015), FHC ratio &
FWC ratio Z 7l L7z, EARA9IZI%, FHC ratio 1Z. SEE T2 FRFHMEI{E D 1 HF &R &I
BWT, EEIT MRS HBUMENSLE U7 B2 /MM OR REZR TE 72 b O L ER
L7z, ¥72. FWC ratio (%, BHERO T2 HaHEG O EHIIREHEIZIW T, FEUMEDOR

MUK O Fiffs & ixO 2 /NMEORRIEE TEH 72 b O L EF# LT (Figure 7-6),
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7-2-5 HMeEtiE

FREFEAOALELIX, #EEHLELY 7 R (SPSS version 23.0, IBM, Corp., Chicago IL, US.A.) %
HAWTITo 72, AOO fFFERE L AOO FEOFRFEIZISIT 2 FHETH H IZx L T, Mann-Whitney
DOURE, b LIXIED&H S Student t 12 7E 2 W TR &2 FEhE LT, 7 — 1%,

W)+ BRERATERLE L, Wb P05 2b > THEEHE L,

7-3 R
73-1 YT F AL R

61 FED 5 B AiRTD CT A IZ T, A00 OFHFFE A3 23 BT B (AOO HFFEEE) |
38 BHTIE AOO DIFFIFER® B 72025 72 (AOO FEFFERE) . AOO PFFERED RFEDNGRIZ,
=27 v —7 U7 9, FUUIEH, b7 —FIL2H, w/LF—X1HH, ¥ —RX—1
GH, MEFER 1 B CH -7, AOO FEUFREEO RFEONRIX, VUV 138H, b 7 — R
1WE, 9—7 3% —7 V7 S, MER3IH, I=FaT7 Xy I AT R28, "AT
=T U2, FANV TR T Fy— LA A= )L 1 FH, Jh 1B TH-T-, AOO %
FEDOMERNE, AREHHE 8 A, KB 5 BH, ABHEME 10 B, BEEME 1 B CH -7-, AOO
FEOPRBEOMERNIL, AR EEME 0 B, KB 7 B, ABEATIE 13 5H, BT O BHCTH o 12,
FHTREH thiL, AOO DFFERETIL, ) 41.0 » Alin (5~127 » Akd, H48 12.5 » A i,
FUERAE 44.1 % Hilim) THY . AOO HOFFERETIE, V¥ 47.4 » Al (5—143 % H v,
HRAE 36.0 » A, EHERE 425 » Hlin) Tholo, REIEL, AOO JFFEHETIEL. V)
2.0kg (0.9~4.3kg, FJfE 1.8kg, EHE(RFZE 0.9kg) TV, AOO FEDFFEETIL, ¥ 2.5kg

(12~9.0kg, "YLfif 2.3kg, HEHE(RZE 1.4kg) Th o7, FHRFAE S REICBEI LT, i

FERNCBW T, AERAITRO Lo 7o (TR H #s P=0.332. A& P=0.060),
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7-3-2 I E TR RO Rl

AOO D F 8 23 D ) FM index 1%, 1.45 (1.15~1.96, A 1.34, FEHE(RFE 0.25)
TH V. AOO FEPFFEE 38 BHD T FM index (X, 1.45 (0.81~2.19, HJfi 1.39, {Z#E(RF
72038) Th o7z, T FMindex I[ZBIL T, MW T, AERZEITRO Hieh

-7~ (P=0.852, Table7-1),

7-3-3 FHEZEFNAE O AT

FRZAMEOA IR L TiZ, AOO HFFREFETIZ, 23 B 5 B TRD b, AOO FHHf
FEEETIT, BT IBHTHO LNz, TORFEONRIL, AOO JiFIFETIX, 93— v
—7 U7 48, FUU LEHTH Y . AOO HPFREHETIZ, FU YV 48H, A 7 — KL 24,
=7 % —7UT 18, "AT=T 1H, NV TXF T F ¥ — )L XA/N=T)L |
HChH o7, FHZMEDOHRFIZHE LT, MERICB VT, AEZRETRD b

~7- (P=0.862),

7-3-4 CC DFHAfh

C X, AOO JFFHETIL, 23 BHH 18 BHTHR® HiL, AOO FEPFFHETIL, 38 HAH 13
FHTRB® B AL, AOO PFFERETIZ, AOO FEDFEIFICHE L T, ARICHERTCC RO L
7= (P=0.001, Table 7-2), =D RFEOWNERIL, AOO JF¥EETIX, I—27 ¥ —7T U7 9
JA, FUTSHA, " 7— R 2FH, —RX—1§H, MR 1IETHY . AOO FHPFREE
TlE, FUU T, M7 =KV 2, I—27 % —7 VT 28, ¥\ THTF
¥V AANR= )L L JH, HEFER 15 CTh o7z, AOO PFFEHEDH T CC 2358 ® Hir7- 18
SAD-) CCindex 13, 11.4% (7.4~22.6%. HAE 10.3%, FEHERA 3.8%) TH Y. AOO

FEPERBEED T CC WD 7= 13 BEDO ) CC index 1. 10.6% (4.6~20.2%. HyufE
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10.0%. IEHEFZE 4.4%) THo7T-,

7-3-5 DC OFHfh
C %, AOO JFFHETIZ, 23 BHH 2 BH TR HAv, AOO FEFFEAETIX, 38 AH 10 5H
T LN, TOREOWNRIL, AOO HFREFETIZ, FUV 18, v /L F—X1HTH
D, AOO FEPFRHETIX, FUDV THH, " 7 —RA20H, 93— v x—7 U7 1BHTH

572, DC OFERERICE LT, MM W T, AELREITRD b o 7= (P=0.096),

7-3-6 AR A XD

AOO fF5/ED VB ratio () 26.5%., /s 6.4~ K 39.8%., HHRAE 27.5%., AR HE(R A

8.0%) X, AOO FEDFFERED VB ratio (F-# 20.7%. fie/> 6.9~ K 43.4%. FHAE 19.7%.
TR ZE 8.8%) IZH LT, ARICEEE R L7 (P=0.011), AOO fJf¥#£0 TB ratio (°F
¥ 51.5%, e/ 35.4~HcK 66.1%., YAl 49.9%, FEHERZE 9.6%) &, AOO FENFFEEED
TB ratio (P45 47.6%. e/ 32.7~#c K 60.1%, HHAHE 47.9%, EHERE 6.8%) & DOMIC
BERAZTRO Lo T- (P=0.300), AOO {Jf%#£D FHC ratio (V¥ 17.0%., #/)> 7.6
~ R 28.4%, IAE 16.8%. fEUER 72 5.4%) 1, AOO FENFFAED FHC ratio (1) 11.3%,
/N 43~ R 20.7%, TRAE 11.4%, FEHERAE 4.1%) (IZHER L T, AEICEEEZ R L
(P=0.001 i) , P12, AOO PfFFEED FWC ratio (T3 17.8%. #/]y 6.2~ K 30.6%,
A 16.9%. FREYEMRZE 5.8%) (3. AOO FEHFFERED FWC ratio (V%) 14.2%. fiw/)s 4.7~
K 22.4%, HFRAE 14.0%, FFEHERZE 42%) (ZHEg LT, AEICEMEEZ R L (P=0.013,

7-4 BE
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ITFEOBRERICIBN T, MRIRES L CT AN EK L72Z L1280, AAL FRESE
D2 < T, Hix 72 CIA OBFREIMNANCEEIATREL 22> TV D, LarL, ZhbDkkx
72 CJA OIFREITBUIR TIIARFERE 0032 < L 2 b DA IRIGHIEITHENL ST TVZRLY,

W EOWEIZIBNT, BEFAARRIL, S X A0 nwilgicisnwT, IM

FEIERE LTERESN TS (Bagley RS, 2005 b), JT4EICBWTIE, BRERICEH
F D EHERB WA O EICfED XA LD b CTREEZ WS Z LT, L0 EEmc
SHEEAAEZRHE S LT, FM OIEREZFET 52 2 N TEH L 91X >TWnD, FM
DY A ZDOFFIETH % FM index (X, CT #ifg b L < IFEHEOHFRAEAZ VT, FM O
KiEEESEZREST D EICLVFHIE S (Janeczek M, 2008; Madadin M, 2017; Onar V,
1997; Simoens P, 1994) , i ED#HEIZF T (Esteve-Ratsch B, 2001; Kii S, 1997; Laubner S,
2015) AAM=E OPLIROFREEIZE L 7= MR B A -V T2 S BT 5. 4 Bl ORE Tk
Kii 6O FEICHE T TRIMEORIE 21772 (Kii S, 1997), % =MMEOIRIRIL, BEOH
#C1% (Laubner S, 2015; Mackillop E, 2011; Ryan CT, 2014) . #EERIHE O FHAL 08z B o
Jibd A e/ N AT K0 B S ATV 2 03 E B R RIE OBIE IIAF(E L2V, £ 2T,
SEIORETTIE, B oNEOILROFRIE L LT TB ratio X E L7z, EWIIBIE, mils
DTAMPAFIEREGITIX, IMEMEALEIT L. ZAUTED, SURRIBO R E SAVha<7e
5 Z LA LIz (Hasegawa D, 2005), AMZEMEICEV, FURMGORE S0/ 7%
DOTHIUE, FEMNELZFOMEILRNAE LS AREME ORI ND, L L, KRGO
KFRRITIT, FIEZRD DIEFNTE I TITWR, L7723 > T, TB ratio DHTEIZEI L
T, WMEROEBTZEA L RN EEZ DND, Fio, WEOHREITEBNT, HIUMKNE
DIEFEDORRE 2 3HMi9- 5 72012, HIUANE O KiE & 55 UM OB RIFGEM O Rk & %%
DORFEEZ FHAIT 2 FEAHA SN CEB Y (Laubner S, 2015) . ARIRiHCIEZ o@EIZB T

LHEEESE L L,
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SEIOBF DL 7 FNA L FED AO0 1T —2 2% —T U 7 TLHEARERNE
HA SRR BTz, £i2, AOO FREK TIL, IERE-SHREH: B 5 CSF OffBgfEE
L&k oT, FHZMERS L OKEERKET 220D LREBINTND
(Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2010; Cerda-Gonzalez S, 2016; Dewey CW,
2013), Cerda-Gonzalez © 1%, AOO #EK 4 51D 5 6 | RIATHRIAE TR A R0 H i,
2 SATHH=RIERDNGRD S 4L, 3 B THEMZIAEN GO bz & #id L7z (Cerda-Gonzalez S,
2009 a), |2, Cerda-Gonzalez &%, FHEZHFAE DPFFEFEIL, AOO FEER (20/71) TiX
AOO FERFER (9/82) LV b A EICHE N >7= (P=0.0053) Z & b L7 (Cerda-Gonzalez
S, 2016), ARFTTIE, AOO JfFHE (523) & AOO FEDFHAE (9/38) DFBEZHIRMAE DD
FRICEH LT, AERETRO bNRh o7 (P=0.862), FHIZHFMEICE L TIX, ¥+
NYT XU TF v —)L XAR=T LB T, MR BB DA <, THEhOE
DELD 2mm LA EDO b D & STV % (Rusbridge C, 2006), L2> L /NIRRTl
ZOWKEEZBB LGS, ZOEHRLZYUIHDL L IIREETH L EEZOND, K
ST, AMFHCIE, MR B X0 B 5 2372238 B 08 OILRAFRD 72 b O & FREAHRIE &
EF LT, 7o, AHEITIE. AOO HFIERETIE, AOO FEOFFSTE L U MMM & 55 DU
DEBIRIERDFBD bz, & bO invitro DFFFEIZE T, MR, FHoHEB IO
UM LT, a7 T4 7 U ANNS L, FREEICRT 5 EE D kb K&
W EBRHRESN TS (Kimura M, 1989), AREHIRBWTH, AOO HFERFIZIBVT,
= & DU OF B ZRYERDIRBO LN EDL LT, 5 =M= OIE R 57N
RBOLNRNST-Z LI L TUE, ENREBOa T T4 T U ADOE WG LT\ 5 #]
REMEAVRIZ STz, AOO DPFFEIZ LV | M & BBEIUMMENFEICHER L T\ e Z &I
BIL CiL. AOO (T XV BRHETHBIFE A P 0> 27 I/ MM D AL —IRIIICEESE S 47

TREVENR S D, 7 BRI E DB L | BIUNEND 7 T~ NG BEIR % Bk
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TNy 2 B AZE A - LW D alREME bR Sz, F72. AOO PF3EREE
TIE, AEICEFER CCHBO LN LD, CCITFE D /MDA LTz =
A FLOWFRIAE RN & BB TURNE DILRIZ 2 KF L TV D TR b B 2 bl
Rz, 9—27 v v —7 U7 T AOO ORI Em D72 Z L h | BEEDTERN
HEDH A XL CC DPFFERICEAD > TWAREEMEL B2 b5, o, ARETTCI
AOO {5 & AOO FEDFREEIZIIT 5 FM index IZH B2 ZITRO b -T2, FIZ,
AOO FEPFFEFEIZIWVT D, CC 23 342% TR LA Z &Evh . AOO FEFFFEAEICIL, B
729R28 & LT, IIERY7R AOO 6 X OMRERE -BRMEANZESE  (atlanto-occipital instability;
AOD) MFEAET D AREME L /RE S 72, AOO IZENNZRIRAE TH Y . AOL & O BIEMEN R
MINTWDER, ZDOAH=ALTFEL < DH o> T2V (Cerda-Gonzalez S, 2009 a), 4
SEREIC KT LT, BRHEDEIFEDNGRD DD Z L%, AOO X° A0 DEF TLLRBD LA DHHT
R T 5 (Greenwood KM, 1978; Rylander H, 1997; Steffen F, 2003), |2, $4EEEEOE
KIIZ LD AOL BMFET DAL, MERE-SaREHE G0 31T DB A NFAET 5 vlHe
PHEBEZ DD, Bttt AR O 7 B, BRHERL BH BN P O#AE(L o
IR E 720 95 LM STV % (Denny HR, 1998; Nakamura N, 2000), = @ kX 9 72kHE
AR LIZER LD TH D & ST D REBIHFLO BT TEAR S FVTHRAMENE S > 23,
FREZAAEZ 5 S T HER L 720 9 5 2 L AHE ST % (Cerda-Gonzalez S, 2009 a;
Cerda-Gonzalez S, 2016), t FDBEDHERLRDOFT VERAGHOREITIB N TH, BRHE
HIABIId LY AAT IZ 1T D [RIER 22 /S > K23, CSF OfEERESE L b o> Tna =
&M ST D (Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2016; Chamberlain WE,
1939; Nakamura N, 2000), #ZEH (2% 2 BRHEOMBEL 22 wfEIEIZ LV . AOO HEJER] T
T, ZOMMEMEN PR SN D DEK LY 5% (Cerda-Gonzalez S, 2009 a;

Cerda-Gonzalez S, 2016), Z D X 912, AOO & AOI I%. BRHEATEEAEIIC T D IERE T
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EBIE L CTWD, AAL & AOI OUFFSIERITI, AA] DREEITH 2 & T, BRME&IARS
HiOWEE e BHEAHIE) S D ATREE B E 2 b LD,
BB R AR 2L, b RESC/NMIRECRARRETH I2RBHMI LT D
(Cerda-Gonzalez S, 2009 a) , A4 Tld, AOO F#HE & AOO FENFFEREIZH1T 5 FM index
(CHEZRATRD SN2 hrolzizd RIEIEHRARIT, AAL RERIZB T D M= A
RV E 527202 ERB SNz, BEOREICENTY, REFERARIET
TIE MR PRERE 2R3 2 L3RV L S TU D (Parker A, 1974; Zaki FA, 1980)
¥/, B hOBI THAE SN TS X 51 (Bames PD, 2000) , KT HBIEEEHK A RMF
T 2L, REFELA~ORMEOHMEMZS TEZ LT WO E LR
(Cerda-Gonzalez S, 2009 a; Cerda-Gonzalez S, 2016), & ko BI Tid, ZOFA L LT, %
RUEOBHFFREE, HEF ORI (Vy~F BERAR, <5k »
WMEIN TS (McGregor M, 1948; Pearce JM, 2007), K AOO T & b ® BI [FIERIZ,
T RMEDHEFTERET P> TRV | Moo RN & Z Sh T 5 AlEetE
W& % (Cerda-Gonzalez S, 2009 a), F7-, & k@ BI OEFITEB W TIL, HIEHFEDIKIEK,
Ve % AR L OBRMEZR BB O MR TR > T s ZERRESIN TV D
(Goel A, 1999; Rao PV, 2002), K CHIAZEE OAKILA RN eGA I, SEE O -
I & 2B -SHHERIC R AT D EB IS K0 . BRHMEZERBAGN 2N B I C BRI LA
ENDLORBEPLIEE I SNDWRRMEL B X DD, £z, AEIOKEFTIE, AOO
FEBFFERETIE. AOO PFEREL VD b DC 3 @ERICHRRE T 2HMAFED bz, 2D L &
D . AOO MNTFETE L7y AAT FEFBER T, B OJEMESh S ERfhRIHET (atlantoaxial joint;
AA)) DI | AAT DTSR O B AR BB RE L7- Tt b B 2 b d,
ZHUTKI LT, AOO 23F58 L7c AATFREBSERITId, B0 JEMET LV BRHERHES

AN /#2522 K D REEMED D BEREBE T3 2 AR, AOO MF(EL
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720N AAT TREBJEBIIC bl U T Ch o 7o AlREME A RIE L TV D O E L7l
AEIOKEFHIIE, W< DA limitation FET D, £T—20F, CT HRElZBITHH
SEHIEL DR Y Y 3 B IR RMBALTIIAT /2 > TN =01, AOO FEUFREBED I,
TE)72 AOO % DFRIEBIMFAIET D FIREMEN 5 2 & Th D, RRFTTIL, AATTRESEH]
ERRE L TN, HBRRERICEEHOR Y > a v &l e i RACE AL & L
TLEH L, ERMEOTHIBEZSIEEILTLES VAR H D, LEN-T, HiE
MRAIX, BEEN A = o — N T ARMEAL L L7 EEMI THRE L, S8 ME T

1Tolz, BBMRAERFOR T 3 = 71X, CSF fERICHEZ 529 2RETHHZ &
DRSNS, —-OHO limitation & LT, F¥ /DA 7T MAEHTIR, 1L
? MRUIZ X 25 24T 2 253, ARRFHIIBW T, AAT ORIHEAR EIZHEH LicA o
Z MIAT L RATH S22 Lnb | IFRIC MRLIC K 2FHE 2172 TV 2 & T
0%, AAL DFFEIC MRIIZ X Dl 21T 2 dUE, ARETORESR & AT, CSF OFEER
fE5E 2 L VEEICRMECE 572459, H 9 — 2D limitation & LC, ~ KFEZ & DIER
IRREE A T DA L2V e D, S EIOWE T HAVENE O Y1 X3
FTLHHHZRRETIT RN Z & TH D, ARRICIE, REMOZEZMIET 572012, K4

DRO R & INEORAREZFH L, =Y A X2 /E LT,

7-5 /&

SR A L AAT ORGRIMERRE E 2 FE0i L7 AAL FEEJERIC 1T 5 AOO ff 38 DA M
BT DMEY A XL MR BRI L CT iz W THRHE L TS CIA ORI Z 7
B LTz, ARFTE D AOO Z 05 L TWDJEFITIE, MIfM=I L OFH UMM OYR A

BIZRBOOND ZENHALMNE o T,
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Table 7-1 The size of foramen magnum.

FM index
Mean Range Median SD
AOO group 1.45 1.15-1.96 1.34 0.25
Non-AOO group 1.45 0.81-2.19 1.39 0.38
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Table 7-2 Comparison of concurrent conditions.

Cerebellar Dorsal
Syringomyelia
compression compression
(%)
(%) (%)
AOO
21.7 (5/23) 78.3 (18/23) 8.7 (2/23)
group
Non-AOO
23.7 (9/38) 34.2 (13/38) 26.3 (10/38)
group
*P =0.001
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Table 7-3 Ventricular dilatation.

VB ratio (%) TB ratio (%) FHC ratio (%) FWC ratio (%)

Mean Range Median SD Mean Range Median SD Mean Range Median SD Mean Range Median SD

AOO 6.4 - 35.4- 7.6 - 6.2 -
26.5" 275 8.0 497 499 96 17.0" 168 54 17.8™ 169 58
group 39.8 66.1 28.4 30.6
Non-AOO 6.9 - 32.7- 43 - 47 -
20.7" 19.7 88 476 479 68 113" 1.7 41 142™ 140 42
group 43.4 60.1 20.7 22.4

*P=0.011, **P=lessthan 0.001, ***P=0.013
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Figure 7-1 Computed tomography images of a dog with (A) and without (B) an atlantoaxial
subluxation complication by atlantooccipital overlapping (AOO). AOO was defined using a
three-dimensional multiplanar reconstruction of the midsagittal section, when the arcus dorsalis of
the atlas was located closer to the cranial aspect of the occipital bone than to a straight line (the

McRae line) joining the opisthion and basion of the occipital bone.
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Figure 7-2 Computed tomography image in the foramen magnum (FM) of a healthy beagle dog.
The calculated FM index was the ratio of the height of the FM to the maximum width of the FM.
The maximum internal height of the FM (FMH) and maximum internal width of the FM (FMW)

was measured in a three-dimensional multiplanar reconstruction of the axial section.
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Figure 7-3 A midsagittal cross-section of T2-weighted magnetic resonance image of the head and
neck of a dog with atlantoaxial instability and complicating syringomyelia and dorsal compression.
Syringomyelia was assessed only in the cervical spinal cord, and was defined as dilatation of the
central canal of the spinal cord (red arrow). Dorsal compression was defined as the compression

of the spinal cord from the dorsal side in the atlantoaxial joint (white arrow).
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Figure 7-4 A midsagittal cross-section of T2-weighted magnetic resonance (MR) imaging of the
head of a dog with atlantoaxial instability and complicating cerebellar compression. A circle
formed by the maximum diameter (CD) of the cerebellum was traced in a midsagittal
cross-section of T2-weighted MR image. The distance (d) from the perimeter of the circle to the
cerebellar parenchyma with greatest compression was measured to find the cerebellar

compression index (cerebellar compression index = d/CD).
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Figure 7-5 Measurement of the height of the lateral ventricles and the maximum height and width
of the third ventricle, compared to the height of brain using a canine head T2-weighted magnetic
resonance (MR) transverse image. The measurements were made by calculating the ratio of the
height of the lateral ventricles (VH) to the height of the brain (BH), at the level of the
interthalamic adhesion in a transverse image of the head T2-weighted MR image (VB ratio =
VH/BH x 100). If there was a discrepancy between the left and right sides, then the side with the
greatest dilation was used. The ratio was calculated from the sums of the maximum heights (TH1
and TH2) and maximum widths (TW1 and TW2) of the third ventricle (on the dorsal and ventral
sides of the interthalamic adhesion) to the height of the brain (BH), at the level of the
interthalamic adhesion in a transverse image (TB ratio = (TH1 + TH2 + TW1 + TW2)/BH x

100).

119



Figure 7-6 Dilatation of the fourth ventricle measured using a midsagittal section of T2-weighted
image from a canine head magnetic resonance imaging. The FHC ratio was determined when the
height (FH) of the area of greatest dilatation of the fourth ventricle in the ventrodorsal direction
was divided by the maximum diameter of the cerebellum (CD) in a midsagittal section (FHC ratio
=FH/CD x 100). The FWC ratio was determined by measuring the distance (FW) between the
anterior and posterior margins of the dorsal recess of the fourth ventricle, and dividing this

distance by the CD (FWC ratio = FW/CD x 100).
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