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(Studies on the adjacent segment disease of the cervical spine in dogs)
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FHOPOLIFETHLEHET, FHEFNESNIRSI L2 D T, BRI 27210 T
<, ZLOBHEAE L O LIV BEMRBIEZARRICL TV, E-HHEITFRE 2 RE T o 1%
FlHH- TN D, BEZHICENT, FHEORNLEMIC L DR 28 &%, HERCCHER B
HiOIBAITHEZAL, FITHEMRE L EES T ONTRY, BHEOEI-PHE, E2IiTEMERR
RLEEMCRE LY, ENbELET5FLZHNE LT, MRBEENERSND. HEREE
FHEE OBI-CHAZIT LD & L, RN LEE, MRk~ =7, SHEFWE (V77
—IEMRHE), ZRVEVEREAIMESASIE (B RAEMHE) , HEMRIEG 30 K OV BEIETS 72 Kk < ZRJEFIZ 0
JESNDD, WTNOIEFNZIB W T HHERBICARZEERE T TWDEE, b L IXBEMIC
L RLEDP TR SN DB E RO LELZ ARy & LTiTH S (Fitch RB, 2000; Lemarié
RE, 2000) .

INENARRRAM B BRI BV T, SIS AT D REA R L LT, ROFEHERI R~ =
7 (Cervical intervertebral disc herniation: C-IVDH) 35 X OVS i % # 3 86 i  ( Cervical
spondylomyelopathy: CSM) 72 E3ZF b s, ROMERIMREITR b —xHIC#E T 5 R ED
1 DL LTRBENTEY, BERIRIZHEETHTXTOEFHON 2% TH 25 (Braund KG,
1981). H1CH C-IVDH I3 COMERIR A~V =7 D L% 15%% (5T %  (Braund KG, 1981;
Fry TR, 1991; Morgan PW, 1993) . KD HERTH~/L =7 1%, HERIH D ZEMAE U FE-3 T Hansen 1
L MBS B S D, Hansen I BUORANL, —fKIZ 3 206 7 mklis OCE BB R

(Chondrodystrophoid breeds: CDB) TZ < 38 B4, AMER L O IKAL L - HERIARBERE OB
E~OmM 2R E T 5. HansenI RO ZEIL 6 225 8 kv O FFdRE 58 0% & 1 Rl
(Nonchondrodystrophoid breeds: NCDB) T% < 38 b, #iiilim DA ~DFEIZE RS 512

MR O E S E LM L 5. 2 TO RN C-IVDH IZRET D REMENH 528, /)



TIRFE, o HDUVNEE =T Ny 7 A7 K72 8D CDBIZH VYV THRIAEN L\ (Dallman M, 1992;
Gage ED, 1975). F£7-, RMEIHNOLITE 2, 3GEMER] (AT C2-3 L &7) kb %<, BIZE
BEIE 1372wy (Fry TR, 1991; Seim HB, 1982). L72>L, Hi~KMOIEdE Bk RFEIZ 0
TIE, RS CORENZ N ERE I TEY (Cherrone KL, 2004), /N D IE#RE B
RIBIZFBWTUIEEHER TEHE LT WEAICH 2 2 L bR STV 5 (Hakozaki T, 2015) .
C-IVDH TIZZME L7 HERI AN Sl & 2 VA BRI 2 18 375 Z & C, SR, R ARAE
W, TR D AR AFRE ) b SERIRE £ TR & Z2AREIR 2 m 9723, BVERA0E I8 OFRREE, 7
R VIERIZR R D, EAEREMEE Sh25E, FPRIES), £ L TR IERICHEZ KT,
FFIZ C5~CT 7 b 3l 2 BERR AR, 2 L CHAHEMERTES 2> & 439~ 2 Ih R #ehied Lz o153 1 X RE
R Z 5 L, ZEEWEEICES LB EREEZ MO TV 5.

—J7, CSMIZ R—_ L~ L— b« 7 072 EORMR F 7 1 TBRI R3S 2 FHED
TR L N L 7= R SRR TH 5. CSMIITHER D AT, BEFiZS S O &K £ 72138
BE, TLTENDDORREFTITER LTS RWEA D 22 RMLNTNDA, WTio
TRRE S EEEAIZ, & 2 WIIHERIE O RS R U 72 A ORI L0 S BE 2N E
BEZTDHZENEMTH D (Mckee WM, 2002; Seim HB, 1999; Zachary JF, 2006) . JZik 5
IZ R DFREBE OGS, E%Ey ADS LRI O RIZZ <R BN S (de Lahunta A,
2009). —J5, Hansen IR DHEFIR~/L =7 L5 A OIEE 72 £ K 2 BRYEE X &l T%
< BB B D (Bagley RS, 2005) . FEAEFAL & LTl C5-6, C6-7 M3 b — XA TdH 5 (Dewey CW,
2008). CSM DEGKREEIIATIRE T, £ < O5GE, WIHIZIIHE ST T ES (Dewey CW,
2008; Seim HB, 2007; Sharp NJH, 2006). % D&ir 4 IZH#AT L, RO RNERE, MU Tokr
RIS 218 C, BeA&rTIXUE SRR R 5.

EEIREIZIE C-IVDH % L T CSM HERJERNCXTF 1R & LT, {#lx OREF O F#EEE O



¥ (BIROD F 721 LFR D) 1IZEEDSW T, BEMIEET (Ventral slot: VS) & 7= 1 ZHMEMRE E TR (Vertebral
fixation: VF) 723 S41%  (Fitch RB, 2000). VS (X C-IVDH 72 E2 X 2 FHAEHIH & O FHETE
EIRZEITRE LT S0, Z oINS ORIETZ T TR <, HERBE OBRE L AIRETH D,
T BRI % RT3 2 HIETH D (Sharp NIH, 2006). VS #% DOHERD R EL S 5\ N Tl
BT ERREIHE TH D0, VS EMRFIZVF 20T 2 T35 2 &3 CT& % (Fitch
RB, 2000; Lemarié¢ RE, 2000). 1@%;, RMSHHEDHZIZINT, VSHED A 1y MEAHERIIE D
50%IZiTV e X VF 2B ET 50508 5 (Lemarié RE, 2000). LU, VF Eifk X
T OHEMEEABL L7 (R 2 2 IRA) 256387 2 faltE 3 b4 S v T2 (Bagley RS, 2005) .
R 2, MRS EE SHD 2 10 L 0 B 2HERNC R e DFRENAE L, BE
B 7R AN 22 E M % A S, HERIARBERZ O Bi-CoifEim O IR L2 < & STV % (Bruecker
KA, 1989; Seim HB, 1989). RIZH\\T, A3k 1 D OHEMIEE O AT &k K & WEHMETIE, HERED
ZEET D Z LI K DRI RZT PR REERREN ENRTRISND. B, 3
JIRARICIEIR LT ER ORI 6 v A0S 4 FEORNCEL D EHE ST\ 5 (Bruecker
KA, 1989; Mckee WM, 1999; Rusbridge C, 1998; Seim HB, 1986). A[EEOFEM T b SHHEF L OWE
HEDMEIRE E 2 1 BEEE L 7o HERTEBIC B 1T DN RE SN TR Y, NOSHEE W AR T) %
FIRREHC BT, [EE L7280 (S BERE U7 MERTER OO = ) E 721 mT B PE SN~ % Ll Sh
T % (EckJC, 2002; Matsunaga S, 1999) . £7= X #RiC X D EERMFZEICHB VT, [HE Lo
HERD CEY X OHINABIZE ST 5 (BabaH, 1993; Shoda E, 1999). X 5(2, H—oHEfI L0 b
BHOHERNZ 6 L TOMVRHIOALIE % F2hi L 72 5 DS BEREHERN 2 31T 2 FEE SR AT D faRPE MR
LHRESINTEY, WEDSLICHM TOMHMIZKIT 2BEEOLEEBREINTND
(Hilibrand AS,1999). L 2L 727235, ROSHHEHERER O rTEMMEICBE 4 D IFHITZ L <, SHHMEHE

IR R L TR % VS SO VF 23 BEEd 2 HERT R OO B IR I MBS DUV T FE D ITRET



STV, ZhET, SHEOEMNEEICEHL TUI@BRA o TT o PRI AFALAZ Y
U L — K (Polymethyl methacrylate: PMMA) % H L7 [EiE#E, & LTI Tld Locking system
i 4 7- Plate M LZFEEER ENRE SN, BRI HHEH S TW5 (Bergman RL,
2008; Danielski A, 2012; Steffen F, 2011; Voss K, 2006). L 7>L, Locking system % i % 7= Plate (Z
K DEEEICET 5 AR FRIRBREHIA 72 <, E7oF O OREE F1ED BRI 0 115
FIBREEIC RAT T RO ERICE L QB S TR onRBliR Th 5.

HEMRE ER OBEEEMERIC IR T 28 L LT, HERIMRODOEMNEL D Z LAHESh TV D

(Bruecker KA, 1989) . HERIARZEMEIIBEMRICRBIT 2T 7V H v BL O 27— (Type
2 collagen: Col2Al) Db Z e & L, Koaa &A% 45 (Antoniou J, 1996; Oegema TR,
1993). % b % b BERZALARI T RN & s ok iiia e 2 FEOMI TR S, Zhbo 2
FEOMILIIMIE CH Y, WEHln s EEl Lo FEAE 2L, Mg &M o fa s S
DOHTY T AL =% L T2 (Horner HA, 2002) . F #2ABAIZ BE LTI, st sl L,
SOITIEHAERNEZFFSZ LN ZORAD B RO LMHEZ RT3 Tw% (Braund
KG, 1975; Hansen HJ, 1952). 7=, CDB Tl 1%t £ TIZIHKT 503, NCDB TIIHEHCTH
FFAET % 2 & D3RR S 41TV % (Hunter CJ, 2003) . HERIBURERZ 1 351 2 MIRRAM R IZBE LTI,
MO CEANMRHRERZE ChH L~ N 7 AAZu a7 A —E (matrix metalloproteinases:
MMPs) OFBIMRTTHE L, TH=2F—7%42 (Type 1 collagen: Col1Al) IO #AI = Z — 4> (Type 2
collagen: Col2A1) % Offas N EE ORI Z LT 2 (Le Maitre CL, 2007) . FFICZME L 7= §litZ1C
B TIE MMP13 OHINC XV ColAl 3ib4 2 Z E bt T (ltoh H, 2012) . %7z,
HERI D ARZEMEDFENNC X 0 RIESOG N ER Sh, M B EICE S LT 5 I N R AR

(vascular endothelial growth factor: VEGF) DFREBLENEEM L, Z AUV EFECIREEHELR

- (tumor necrosis factor-alpha: TNF-a) <> > % —m A % -1B (Interleukin-lbeta: IL-18) 7%,



Pt TlE MMP-10 > ADAM (a disintegrin-like and metalloproteinase) 7 7 X U — X L /X7 E 72 ED
RIEVE~ — I =N ENIEINT 5 Z L b TW5 (Lee JM, 2011; Purmessur, 2008) . —77
T, AVELT-RMEIRIC 3T D A I L LR TIERICZ L, R ROGEHEICEI T & IX
FEashTnin.

LLEX D, AR TIIROSEHEZ IS T 2 BEEMHERI RS ORI AED — w2 i+ 5 Z L 2 H
&L, UTIORTHE 2EPLH 4 EETORMNEIT72. % 2% TiE, C-IVDH B LU CSM
PRABJEFNIC BV T, ARBLE R OB RS OB AR 2R 5 2L 2 AL LT,
C-IVDH REREJERIIS L O CSM REREBNC /ML, 2 ansk L 0 IR L= H 7 — 2 (2B L Clal
FBEARRGS 2 ATV, BEREHEREE ISR L THGEL 72, B3 T, BE E— 7 L RhOHELE
SHHEZ A U CHME BB 7 V2 RR L, HEMRIE E 2 O AL EHERTER 3 & OBEREHERIFE 0> 71 8%
BRI RIFETHBIZ OV T 6 Bl ERBRE 2 WO CTIREE L 7=, 25 4 B CIE, 3 3 IRV Tz
T HHERIE I I W CRENE D INDTRD N/ Z &0 h, ROMEEREEET VEERT HZ &
WCE VU LI DFREZ BB L, BREEHERTIC 31T 2 B ERIBREE D 28 KU T R8T

DUV THELAR IR & 0 BGE L7z,



H 25 ROGHEHEFERO IR BT IS T 2 A BHLE % 0 BEHEHER] FRE 0O 58 AR BB 3 2 fsd

2-1 fi5

ROMERIBE BT b —fREICHEBT 2HRED 1 oL LTRBSNTEY, TORERIIH
2% C& 5 (Braund KG, 1981) . HC % SEHERHEMI A~/ =7 (Cervical Intervertebral Disc Herniation;
C-IVDH) X2 CoOHEM~V =T O LF 15%% HH T % (Braund KG, 1981; Fry TR, 1991;
Morgan PW, 1993). /NHRFE, HDHVIE—TIR0F v 7 A7 v Rip EO#UE Foes M R IC
B H3IENZ < (Dallman M, 1992; Gage ED, 1975), FEINLILE 2, 3 SMER] (LA T C2-3 &
#T) Db Z\ (Fry TR, 1991; Seim HB, 1982). L L, H~KEIOIEdRE et K
BWTIHE, BAITE TORAENZ O EHE S TE Y (Cherrone KL, 2004), /N O IE#RE B
FERFEICB WD TIEEHER TR LT WEHPICH D Z & bR ST 5 (Hakozaki T,
2015).

SHEL A HERFBEIE (Cervical Spondylomyelopathy: CSM) X R—~ 1< R0/ L— |k « F— 7
EDORBIRETNTBRARIIFHT HHEEBTH Y, BIEFMITFERICL > TR L. BOFE
BEICE2HFREBEOSS, A%y A0S Lkl LaiO# B RIZE8D Hivd  (de Lahunta A,
2009). —7J7, Hansen I B D HEFIAR A~V =7 72 L2 K 2 HEHID 5 OB E X &R T <R
5L (Bagley RS, 2005). W ILDIRHE & FAEE OB L 0 SFMEFHEN BB 2= 5 Z &R
BB cdH 5. BIEWNLE L TILC5-6, C6-7 b — %I TH D (Dewey CW, 2008).

BRIRAIZIE C-IVDH £ L T CSM SAEBNI 64~ 219 & L C, EMITEIET (Ventral Slot: VS)
F 2 IIHEIRE EAT (Vertebral Fixation: VF) 23iJi 40528 (Fitch RB, 2000), VS #dDA1v k
R ASHEIRIE D 50%IZiTVN & X VF 2B BT 5042035 %5 (Lemarié RE, 2000). L2L, VF 3

B # (2 VX B9 D HERR I L L7 (R IR A) WEL D Z LEfM ST Y (effery



ND, 2001), Z® k3 /ISR L7 BRIRIER 23 6 » A 225 4 FORICAEL 2 &S
Tu % (Bruecker KA, 1989; Mckee WM 1999; Rusbridge C, 1998; Seim HB, 1986). ZilL% T
C-IVDH 35 L UF CSM REREBIC B3 2 Wi 13852 < STV 228, U £ 7 I3 EET 1% O B
HERIIC I 1T DR IRFER ORI L THA L2 & W O s i3d v, £ 2 TRBEF T,
C-IVDH 35 K UV CSM ICHRRE L, AMBIRYALIE 24T - T REGIIZ 351 2 BEEEAE )65 o0 A 1 2 (|10

WCHOLMNCT D2 L A E LT, faE bRt L7 — 7 ot 217 - 72,

2-2 BEHE TTIE
2-2-1 KFGEMH]

HAEREE MR 2 KRB > 7 —I2 1993 4F 4 A 75 20154 10 H £ CoOMMIZk
e L C-IVDH & %5\ CSM &2l S, SVRHHORLE 24T o T JER 2 kI G & LTz, 7eds, W

(IR, BRAEIR, X MR, FRERMmE, CT A, MRBRAENSREHITHIE L.

2-2-2 PRI D DT — & Offi

kG L LTIEFI OB N O A DT — 2 Zitek L. ik LT — &1, R, M5,
G, IR, FRABMERIERAL, I, ERPRERICIE SV I MR B, FRABMIR, [ IR,
BeteHEiE S O A, BIREHIE, BRI TH 5. REEIZHOWTIE, MffE & MR8 L,
M FED A% fodk Uiz, R ON, BEOREIESNTIURE (Fy 7 A7k (=R
=FaTEEL), E—IN, Ny hU VR, TLUFEREFA LT v a TRy,
V= R—, R=FaT vat -, XF¥x=—X, FH -7/, Erar-T7I—F, F
Ry By e AR=T)b, FXYANVT «F T« Fx— LR A=), Txba » 3—F

—, TAVI e ayl— AR=2)L) ZiRE REFEMRFE (chondrodystrophoid breed: CDB)



EL, TNBHUANORFEE FERCE B KFE (non-chondrodystrophoid breed: NCDB) & LT
¥ L72 (Smolders LA, 2013). MERNERE CREBB L OEBR LI b OEET) Ll CRiETls
FOWHE L2 bDEET) T L. Sl LOREIIFINERREO O THD. 2k, F
B3, AREITF 07T L (kg) TRk L7z, SRESALIIFREERE rfiEs X sE i
CT) BIOMRIZESWTRIEL, C2-3 75 CT-TLIZHW THMBIIYILE 2 FE i L 7= FeEHE R
N A FLEk L, TR ENOMRIEG TREMBE S 2K 7. FiEEmi TR EOmE I
U CATo 7= (Hara Y, 1994) . 5 5-6 REMEHERTH & 72 13 K48 X 0 A A oMk a — RRBMEER Al (1
A~ — L 240 £721F 300 | mg/mL) Z 5% X R E 21X CT IR 21TV, FRiEEZ
R 2 R RN & HIWT L7, MRI CIXSEES D T2 SRFFE 2 920 L, 1E P oRITEEIc ) T
FHEIZIEIE O & 2 L & AL & HIWT L7, F72 MRIIC X 0 Bl 22t Eia gt b i - 44,
MRI #% (2 FHER T CHEfMRO 2 V2R 21TV, RREEL &l L7z, g, IR
JEAF (VS), A RIHE=S BB (Hemilaminectomy: HL) , T5IHES BT (Dorsal laminectomy: DL)
B L OHERBEEN (VF) O 4 BEIZ W CEBOA AT Lz, FHlEEOBEEITRED
W HE D&, MRRERPERICE Y 35O h T 2V —IZ/¥E L 72 (Seim HB, 1982). Grade 1 |
SR DO A, Grade 2 [XPUE O AR ARRIE, Grade 3 1XMUERIE CTH 5. 72ds, TN ZhO/ykak
HEZOWTIT Table 2-1 (2R L7e. SRR RIER A RE L T R E TL Lz, [
BOEFRITE LT, WAl & i O PR EEE 4 i L ClER A oG a 2 EE L L,
FHTEMA D e b BIELENSE LR R E THREHA & Lz, ek, MESIM B L ORIEY
iz h B citgk Liz. ik 6 » ALLEOBHAFRETH Y, TR B L OO R4
R FS X OSBRI & 2 BRAREIR O PR3 80 S VI ER, o i3FtiEmt (Fiidse
X BEEILCT) BELO MR L0 BB B PEDORZAFED S IVTIEBN B L CTIIBEEHER

g (R WA LER L. EFMEMD S BHEHEREET I X 2EREROHEE T



BRMIME, FIRERNOINEO 7 v —7 v 7L UTRiIkEE L7 #HIf £ TaEsifk & LT
Rk L7c. Zds, MRRHIME OBV TR s A TRE L. &7 —Z I LT,
VM + RAERE R L, REMIR, RHEHIF, PRI, EEREICE LT3R A ik

L7-.

2-2-3 PREEHERI PR E OF ISV T OMG)
VS, HL 35 X O DL OHUET (Decompression: DC) 0> 7% £ Z HLHIM T17 - 7= #E % DC #¥,
F 7 MEREENT (VF) 200 L7ciEz VEREE LTHOBEL, VF OOFH & BEREHER S o A i

B L ChHETZ1T-o 72,

2-2-4 FREHFHIFRAT
DC #f & VF BEICHT 5 VF OO & B HERIRE E oA 12 B8 LTI e 2 IV TRRFT L,

p<0.05ZL>THETHD LHIEL.

2-3 AR
2-3-1 #5317

ARFHTIRBWTE, IR D OT —Z OIS FRE Th - 72 217 JEFIH, DC FEAS 172
JEB] (79.3%), VF #2245 SEB] (20.7%) Th-o7-. S HIZ DCH#ED 172 JERIH, C-IVDH &2
Wr 7oAy 155 SEB (90.1%), CSM &2l S nizds 17 SEB] (9.9%) Th-o7-. F7= VF
fED 45 JEGIH, C-IVDH & Zlr &7z mns 14 JEf] (31.1%), CSM &2 /= ds 31 fEf

(68.9%) T -7=.



2-3-2 DC #EIZ I 1T D sk D HE R

DC BRI T 22l O L7 — ¥ Z LA FICR Lz, &R CORABE 2R~ 7
fER, mbENoTe RN E—27 )L (n=42) THY, 244%% HEH T\, BE—Z /IR NT
B A7 RiR 209% (n=36), — X —8 15.7% (n=27), F. 7L Ky 77 52% (n=9),
RAT=T N 52% (n=9), ~<F=—2R 35% (n=6), I—27%x—7 VT 29% (n=5),
T — XM 2.9% (n=5), ZOfh 4 FHLL T D 18 KFEEA 19.2% (n=33) TH-o7/=. ZNHDK
FOWN, #EEEHRMERFE (CDB) A9 Kff 127 56 (73.8%), FE#kE Besk M KfE (NCDB)
2517 RAE A5 R (26.2%) Tod o7z, PERIOS AL, i 81 BH, HEZHE 2556, M 33 BH, JhEALME
BIHTH -7, FhiL 82+ 275k (n=172) TH Y, HAKFED 2.05%, H@FHD 16.0 FkH
Th-o7o. IKHEITL9.4+83kg (n=172) TH Y, FAXMKED 2.4kg, IR E) 57.8kg ThH o7z,
MIBHMERRTEALIE, BT 224 T CH Y, 1BHH -V O RBHEMEEIL 1.3+ 06 ETr Ch o 7o
7o, MREHEREALO AL, C2-3 T71 & (31.7%), C3-4 T 41 4T (18.3%), C4-5 T 52
& (23.2%), C5-6 T 38 & (17.0%), C6-7 T 20 f&fF (8.9%), C7-T1 T2 &t (0.9%) T
Bofo. ML VS 23 97.7% (n=168), DL 7% 2.3% (n=4) TH -7, MEEANEEEIL 1.9+0.7
(n=172) T& Y, Grade 1 7> 53 SEfH] (30.8%), Grade 2 7% 79 JEf (45.9%), Grade 3 73 40 JE
(23.3%) ThHo7o. FEROFEIN S FHiE COMMIL, 419 £ 403 B (1~293 H, n=166) T
O HRAEIL 295 H Th o7z, £z, WRICEBEIENRD b s £ TOMMIL, 224 + 26.1
H (1~180 H, n=137) T Y, RfiiX 140 H TH oz, MiBEOFHMIE L TiX, kEN A
BAVTIEFIDS 89.9% (n=142), tiENAH LR > TiERIA 10.1% (n=16) THYH, ZDOHT
FFMZAT o720 2 fEf], T LIZON IFEFTh o7, ok, BFINEITo7 2 FEFNZE
LTI, WTFROEFNI L THIRELIZI T 5 VS OESIZ L 0 BB bz, T L

72 3UEBNCEI LTI, 1B & ITEERMRAFRE TR L7=OM 2 JER], ZEEIEIT > T-D 0 1 GER)

10



Th oz, BREHEMPEE X 172 G 9 5ER] (5.2%) TRDH LM, Wb VS DAEIToT-
FEGNZIB T D EThH 7. 2238, b D 9REFIOFEMZRT — 1% Table 2-1 (TR L7z, F¥
WMIZ 227 £ 131 % H (1~45 » A, n=8), TRAEIL 18.0 » H TH 7. BHFHIHEIL 45 + 85
7 A (0~49 » A, n=145), HRAEIL 1.0 » HTHY, 6 » ALLEOBHRAEETH > 7 AEHIIE

20.7% (n=30) Th o7z,

2-3-3 VF BEIC 31T D sk OB G HRE R

VF BB T D giEaiekn Dl Lo 7 — & Z LU FICR Lc. & KREECOFAEBE 2 0~ 7- 5
R b E0 o RFIL F—L<yr (n=8) THV, 17.8%% HH T e, IKNTHN—=—X -
<UL T U Ry 778 13.3% (n=6), F—-UL~< > 7813.3% (n=6), U1 ~ 5 F—77 8.9% (n=4),
NREF=—ZXBN6.7% (n=3), BILOE—=7AR6.7% (n=3) THYH, O 2 FHLLTFD 11 Kl
2 33.3% (n=15) Th-olz. T HDORKFEDHN, CDB A 4 KfE 9§ (20.0%), NCDB 2% 13 K
& 36 51 (80.0%) Tdh-o7=. VERIDSAAIZ, HE 16 B, ZB50E 10 96, M 8 5H, MELLME 11 5 CH

Sl FERE 8.1 £ 275k (n=45) TH VU, FAKFEN 2.1 5%, EEFED 13.0 i CTh - 7=,

{REE 204 + 158kg (n=45) ToH Y, FAKKED 1.5kg, HEAREA 61.5kg Tho7o. HREEHE
MIERALIE, FH7A AT CTH Y, 1L8HH 0 OV MBI EIL 1.6 0.7 EiTChH - 72, FHREHE

AL D534 1%, C2-3 T 6 T (8.1%), C3-4 T 7 T (9.5%), C4-5 T 11 & (14.9%),
C5-6 C 27 & (36.5%), C6-7 T 22 f&ifft (29.7%), C7-T1 T 1 & (1.4%) Th-o7=. i
X VS & VF OfOF 2 84.4% (n=38), DL & VF OffHM 4.4% (n=2), HL & VF OOFH D 2.2%
(n=1), VS & DL & VF OffH238.9% (n=4) Th o7z, MRFNEMEEIL23+06 (n=45)
T®H Y, Grade 1 723 3JEH] (6.7%), Grade 2 73 28 JEH] (62.2%), Grade 3 23 14 SEf (31.1%) T

Hol-. FEROFEIS FMETCOMBENIL, 67.9 £ 69.0 H (5~306 H, n=43) T&h » il
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IO HTh o7z, Fio, IMEICKRBEIENRD b DL ETOHMIEL, 329 + 209 H (1-88 H,
n=36) TV, FRfEIZ 305 H Th 7=, itk ORI L TIx, S&ENH SITZIERID 86.4%
(n=38), LEENH LIRS TIERFIN 136% (n=6) TH Y, ZOF THFINREZITo7ZDN 4
JERFI, SEC L7200 2fER CTh o7z, 728, BFINEZITo72 AEFNZEA L TIE, WL bIRES
AL T OMERREER OWE IS F 7 THEEIC LD SERR o bz, L L 2 FERNICEI L T,
160 & ITMERILR 2R B THELC Lo, BRBEMERIREE X 45 JEGIH 7 SEF] (15.6%) THRHHIL, W
FThb VSIZVF 20 LIEFICRIT 238 ETh o7z, 2B, Zhb O TEFOEMT — &
IX Table 2-1 1277 L7z, FR3EHAMIIL 26.7 £ 187 » A (6~60 » H, n=7), FRfEIZ27.0 7 A TH
S7c. BERIEIX 14.0+£168 - A (0~62 » H, n=36), THRMEIZT7.0»HTHY, 6 » HLLEE

BRASATRE Cdo o TIEHIIE 44.4% (n=20) ToH-7-.

2-3-4 WEHEHERFEE OF M2 DUV T OREHRE F
C-IVDH 35 J O} CSM R BB 35N T VF OFFH & BiERIEE 0 A HICB L C X it & 1T

ST RER, ARERBEMENED b (p=0.018).

2-4 %%

PR (R WA 1%, HRESASEE IS 2 LIk BT 2 HERIC R 72 %
BREENEC, HER R RNZENMEZ B S8, HERIABERZ 0 1 i e i oD IE AL &2 48 < RS &
EFEN TS (Bruecker KA, 1989; Seim HB, 1986) . Z 41 5 D ITHE L, ARFHTIHVTI,
BEEHEMPR A4 “C-IVDH 35 L UF CSM REABEBNIZ 35U TR IS SR, TR O AR 2FRE IS KO
TERRHIZ K D ERAIEIR O IO HNTIER], I FMEERE Ty X fE2X

CT) BLU MRI IZ XV SEREICEEPEDOTRED RO IVIIER” LEFR LT, TORER, BEE
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HEMRRETE DI AERIX, WIEN DA EIT -7 DC T 5.2% (n=9/172), AT & HEMARE E i 2 Of
MU72 VFEET 15.6% (n=7/45) T&k 1, ®IKETIL7.9% (n=16/217) THEDHLILE.

ifite DR EEMERMFEE B LTI, CSM FEBJEFNZ BV THE WL O2FEET 5. Bruecker
51% CSM EBJEFNIZ W T TR 21T o 7258, VS IC X 0 dERRBo b7z 14 JEFIT 4
KED (28.6%) (233U NT 12~60 » A ORICERASER D FFFENTRO e L@l LT\ 5. 723,
ZOHND 1] (7.1%, n=1/14) Tix, LEZAT > I2E7 OHERNZ 1T 2 HERIBR DA VED HERE S
LTV 5 (Bruecker KA, 1989). ¥ 7- Bruecker H1%, @A 77 e BEA L MIXHAE
AT S T BRO TR © 1T > TRV, 37 EGIH 8 JERF] (21.6%) (ZFBUNT 5~42 » H ORIZH
RIEROFREBFEO D= LW L TWD. ZONO 3ER] (8.1%, n=3/37) (ZF\TITHER
WOEBRIZE D N 2 IREPER S &S LT 5 (Bruecker KA, 1989) . X 512, Rusbridge
BHi, CSMIZREB L R—Ub~ 2 28 FHIZBWTC, UIEHTDICVSBELUNVF (A7 ) a—F
XUy vy —IC K DEE) #FEML, THRIIEZITo7-. ZORR, VS TlddE L7 1384
1 5 84 (38.5%) (2T 16~33 » H OMICHENRO bz, —J7, VFIZBWTHUEL
72 13 A1 7 5H (53.8%) (23BN T 7~27 » A ORIZHEFENFEO I TE Y, Z DD 451 (14.3%,
N=4/28) (2 TIiE L HEFMILL ECOMERIBDIEBIZ L D R I 2 IRZENFE S BTV 5 (Rusbridge
C,1998). T bHDHMELISMT S, C-IVDH MEBIEFNIT I 1T 2 BARIER OB RE S L TN D

(Cherrone KL, 2004; Fitch RB, 2000; Hillman RB, 2009) (Table 2-2). % 7=, BhREMERIfmE 2RI L
T, BEIOEMZIZAE L DB OAIHE TH D L HEINTND Z LD (Bruecker KA,
1989; Seim HB, 1986), LM & B CTHME L7 A LY, VF 20 L7I285A TORAEN L
EHERI STz, AEIOBEHTB W T, VE 20 LIZAERI D 15.6%I(Z 350 TREZHERFEE 2558
HILTEY, WIEMROREIT S TAER &g L THERITN 3HEThHo7-. DI, ARFHC

BT, VF OPFHNCE U CEREMERI RS O3 /E & A BRBEEMEDNBO b lc 2 &b, Bk
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HERIFREE DIEAEITIIMER DL TEALMT S BRE L TV D 2 L AVRIR S iz,

—J7, WIEMTERE O KX REOHEAEICE L TiE, CSM RBEIERID VS #IZHB N T HER0

i

bR TEY, BEAICH

]

=

FE L TA LTV A AREMEDN S ST 5 (Bruecker, 1989; Sharp NJ,
2005). F£7z, EHETIE MRI Z W2 VS ORI 7 + v —IC X > THEE SN TWVWD (da
Costa RC, 2007) . AMHITH, BEEMERIEE 2380 17z 16 SEFIH 9 SEF] T VS % HUM T 5 i
LTWDZEMnD, VS ERZICHEBEAZET 2 Z LIC KD, BEEHERICRE L Tz wThE
PER B D . Ko T C-IVDH FRERFECIUENT £ Bl C 3l L 7fEBNIZ IV T, HEREE % OF
M UTIER] & [FIERIS, BREEHERIPEE I X DEBREROBREEZEEL, RENR 70 —7 v 7
PNUETH S, BEEEHEREE O RBIALICE L TiE, SEHEORMIBEIC B TRE I 2 Fhi
TOWENZ N Lns, BMEE TORENRZ NI LR TRIENZR, ARFHIBWTRD
HIVIIEGNZEI L CiE, BEEMIZRE D IR oo lc. 2 b OBFEMEIZ OV TIE, &
Y BEEEHERI I ORI L WEMIC IS T 2 MEER, BRI THOET LV RIERIC K 2 e

RMENVETHD.

2-5 /N

AR ORETTIE C-IVDH 36 XY CSM RREBJEGIN 351F D IUE E 71X B EWT: O [RIRERI T 4
oA R, 4217 SERIH 16 SER] (7.9%) (B WT, FI-HEREEN 21T - 72 45 FEfFH 7 4E
Bl (15.6%) IZIBWTEEEEHERIRE OFAENRO b, £z, VFOOFRICBEI LT, B
B DI L A BB S T LD, BEEHER R E O R A I IIHER O E AT

BRE L CWA Z EAVRIB I 7.
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Table 2-1—Case summaries of 16 dogs that have adjacent segment disorder for C-IVDH and CSM.

Neurologic Duration Recovery  Time to Follow-up

Signalment . i ) Diagnostic  Surgical Affected Domino
Dog grade of signs time recurrence period ) .
(Breed, sex, age, B.W.) methods  procedures disk disk
pre post (d (d (m) (m)
Decompression group
1  Beagle, M, 9y, 13.0kg 3 0 17 42 30 31 CT, MG VS C3-4 C2-3
2 Shih Tzu, F, 8y, 5.4kg 2 0 60 11 45 46 MRI VS C2-3,6-7 C4-5
3 Shih Tzu, FS, 16y, 6.0kg 3 2 9 30 17 17 MRI VS C2-3,4-5,6-7 C3-4
4  Rottweiler, M, 2y, 47.0kg 3 2 14 86 38 39 MRI VS C3-4 Ce6-7
5  Shih Tzu, F, 8y, 6.5kg 1 0 88 29 17 18 MRI VS C3-4,4-5 C2-3
6  Beagle, M, 7y, 20.6kg 2 0 43 - 18 18 MRI VS C3-4
7  Shih Tzu, FS, 9y, 7.5kg 2 0 13 30 7 20 MRI VS C4-5 C3-4
8  Shih Tzu, FS, 10y, 8.4kg 2 0 3 2 25 27 MRI VS C3-4 C5-6,6-7
9  Dachshund, FS, 6y, 5.0kg 2 0 16 3 7 18 MRI VS C4-5 C2-3

\ertebral fixation group

1 Great Dane, M, 5y, 61.5kg 2 0 30 26 27 29 CT, MG VS,DL,VF C6-7 C5-6
2  BM.D,F by, 34.2kg 3 0 108 57 30 37 MRI VS,VF C5-6,6-7

3 Toy Poodle, CM, 5y, 5.5kg 2 0 69 20 39 62 MRI VS,VF C3-4,4-5,5-6

4  Pekingese, M, 9y, 5.4kg 3 0 28 46 61 61 MRI VS,VF C6-7 C5-6
5  M.Pinscher, F'S, 5y, 3.0kg 2 0 60 8 12 42 MRI VS,VF C2-3,5°6

6  Pekingese, CM, 9y, 7.5kg 2 0 36 18 13 13 MRI VS,VF Ce6-7

7  Dachshund, CM, 12y, 12.5kg 2 0 8 14 6 8 MRI VS,VF C3-4

Abbreviation: B.M.D., Bernese Mountain Dog; B.W., body weight; M, male; CM, male castrated; F, female; FS, female spayed; CT, computed
tomography; MG, Myelography; MRI, magnetic resonance imaging; For neurologic grade, grade 1 was defined as signs of neck pain with normal

ambulation, grade 2 was defined as ambulatory tetraparesis with or without signs of neck pain, and grade 3 was defined as nonambulatory
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Table 2-2— Previous reports of dogs that have adjacent segment disorder for C-IVDH and CSM.

. operative number of rate of Time to Follow-up
No. authors disease )
procedure cases recurrence (%)  recurrence (m) period (m)
1 Fitch RB. (2000) C-IVDH VSIVF 112 7.1%(n=8) — 6-
2 Cherrone KL. (2004) C-IVDH VS/DL 190 10%(n=18) 91days —
3 Hillman RB. (2009) C-IVDH VS/DL 20 15%(n=3) 19-85 5-111
4 Bruecker KA. (1989) CsSM VS 14 28.6%(n=4) 12-60 10-60
5 Bruecker KA. (1989) CsSM VF 37 21.6%(n=8) 5-42 350
VS 14 38.5%(n=5) 16-33
6 Rusbridge C. (1998) CsSM 6-40
VF 14 53.8%(n=7) 7-27
VS/DL 172 5.2%(n=9) 7-45 0-49
7 present study C-IVDH/CSM
VSVF 45 15.6% (n=7) 6-60 0-62

Abbreviation: C-IVDH, cervical intervertebral disc herniation; CSM, cervical spondylomyelopathy; VS, ventral slot; VVF, vertebral fixation; HL, hemilaminectomy; DL,

dorsal laminectomy
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F3E  ROGMEMERRBIZ 1 DAMHUER DRI

3-1 =
/NEAREAAEIEII C 3T, RORUISHREI I8 A 2 RV & L CSEEBHER IR~ =7
(C-IVDH) CRMERAFFHEATIME (CCSM) 2351 bivs. BRRANICIE C-IVDH % LT CCSM fi
BIEBINHF D8 E LT, fElx OEGIOFREEIE O (BIRIER) ([SEDNT, BRI
(Ventral Slot: VS) & 7= ITHE(REEN (Vertebral Fixation: VF) ANl S415  (Fitch RB, 2000). VS
BOMMRDANZTEA LD DUWFTHRFNIERREIETH 525, VF 20T 2L TYiT52 &
23C& % (Fitch RB, 2000; Lemari¢ RE, 2000) . 3%, RAASIHEORZEIZINT, VSHD AT v M
DIHEARIED B0%I TV ERITIE VF 2 BT D053 % (Lemarié RE, 2000). LL, VF FEfiitk
(VIR DHER AL LW (R WA OfERPEDFEf S Tund (effery ND, 2001).
N2 S, MERTERSERE Shd 2 SIS &V BT DHERI SR e /) EREEDVE T, IERIZAR
ZEMEA LS, HERIBRERE OB, E 73R EROIEA L2 < Qeffery ND, 2001). ZoO K
< IRAEITEIR LT BRASEIR MR 6 0 A D 4 FFEORICA T 5 LE ST % (Bruecker KA,
1989; Mckee WM, 1999; Rusbridge C, 1998; Seim HB, 1986) . —J7, ADSAMEZ FV =K 2Arfat
(ZIUNTIE, HEAEE R BEERER OO ) S 72 T B SIS % L fE S4T0 % (Eck JC, 2002;
Matsunaga S, 1999) . & 7= X #MZ K AERARIIZE TS, BEE L7 Sz U7 HERTER CBh = ORI
BEENC\% (BabaH,1993; ShodaE, 1999). LA>L7ed 5, KOSEHEHERTHOD rIEhEICBEI- 2 1%
HWITZ U<, GIHEHERTEI O L CHMT 5 VS X0 VF 2B 2 HERT D skl M IE 9 780>
WTHEHANBRT SN TR, ZRET, ROSFHEOBRIEEICE L TIE, Sl 770k
ERY AF )AL Y L— (Polymethyl methacrylate: PMMA) ZffFH L7=[EEE, % L T4
I% Locking system #Zfiiix 7= Plate ZAEH L7cEEEAR Ed S, BRICBEH S TWS
(Bergman RL, 2008; Danielski A, 2012; Steffen F, 2011; Voss K, 2006). L7>L, Locking system % %

72 Plate (& & DEEIE BT AR ARV BENID 722 <, T Z O OEEIT 15D BHEHERTD
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DI TZERFERER . M ETREOZERIZBH U QI S CUVRV., 2 2 THex I3ils v — 7 LV R D
B L 7=k A L CMERTBIE S LA VB L, &BA L 752 R & PMMA %4 L7-Ers:
5 L O} Locking system %1 % 7= Plate 2 U7=[EE 173, MUBEHERTIS X OBEEHERTER o /5B E51C

LESE el B

3-2 BBk Hik
3-2-1 FBRIRDULE & 1Rk

fthD BT DEHIE L 72 o> T fdidy € — 27 ViR 10 BH - (1-2 jafiliin, 8.6-14.2kg, M45/lI 3k 10 55)
F OB L7SkE (C1-T3) 10 MAZEER L, SBRMAZAERL L7z, 22583 JUBBAIE A AERE A
MEFERFEWFIREIE (KRE S 13568) ITHEL TiTo7. TR TORBRIKZ OV TR LY
MERRZEME AR 272, CT BXU'MR g 217-72 (Figure 3-1). CT #1213 80 1/160 X 7
A A CT (Aquilion PRIME, Toshiba Medical Systems, Tochigi, Japan) % V>, g4 7 & (AZE
Vertual Place Fujin 310 3.1002, AZE, Tokyo, Japan) TRk L7z 3D FHEZLEIZIC L W FHEO B LY
AR L=, MRIREZIZ1E 3.0T MRI (Signa EXCITE 3.0 T, GE Healthcare Japan, Tokyo, Japan) %
FAVY, T2 sEsioRIrE 442 X v Pfirrmann Grading System  (Pfirrmann CW, 2001) (Z#E U CHERIHE
KM E 2R LT b DI Lz, 7238, Pfirrmann Grading System 3 Gradel 7% Grade5 & CTo
5 BEEHMIC L5 7 L— ROFEHTH DD, ATl Gradel 75 Grade3 & TlZi%X 7 2 aklinih s
-, EAAISEHE (C4-CT) DBIFTE, HERIHGIS K OS2 80 LIS ORGH M A 2 TR E L7244,
AFREIEK (0.9% NaCl) (ZiR L7/ —Blz@d, -200C TRRATE TRAFE L7, 4CIZHW T 12 I
2 TR L7-1%, CAFBLTNC6, C7 #hiFH L <> (OSTRON II, GC Co,, Ltd., Tokyo, Japan)
(THEDIAZAEE L7z, AREHIISW T, HEREER OB D HEHA~ORBEA T ST 5720,

C4-5 3 L UVNC5-6 D 2 HERICISIT D ATEIET /L L L, CA-b ZBAEEHERH], C5-6 A RUEHER & L7z
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3-2-2 ABRAEE

ARETIE, Inaba HIZ X~ THFIBIFE Sz 6 SiPERRBRE A AR A0 BREE & LTV
7= (Figure 3-2) (Kasai Y, 2010; Kyaw TA, 2014). 6 filpfBlakBikiy, 2 A 1 HOEEET 7 F 2 o—
2 D3 12026 BRI TRLE SV HEEEEP D/ ST LAV A )= XL TH Y, b0 6 -DDOEBET 7
F o T —H 35 & DN U THBIES TN D, SelimiBlald 6 it o &z, x, y, z fl5m

DI & FNENOWIEY D b7 ZRRHTTE DHEE A L TN 5.

3-2-3 FRIET LI
AREICIL, MALE (ntact £77/1), PMMA [ (PMMA £7/1), Plate [ (Plate £7 /1)
D 3FHADETT /1% Al BRI LESERIICIEL L (Figure 3-3), #E7 Mk L CGAlREAT-

7.

(1) Plate &7 /L DfEfL

Plate &7 /L DEEHT 73 A1Z1E MatrixMANDIBLE System (MatrixMANDIBLE System, DePuy
Synthes Japan VET, Tokyo, Japan) % i\ 7=, Plate |38 X 2.0mm TH Y, WIFHORERATE 598 (2
5 40mm) (ZEIT L7 b DA L7z, Screw 3% 24mm Th V), SERAEDOKE (2L Y 10~14mm
DEIOLOEMH Lz, £, Plate D&EIFMID screw hole (C5) [ZEEHD KU LAY —7 2455
L72REETT 74 A2 R &G, £ 1.8mm ORLHO KU LA F-CHEARIERI X 0 miflo R g2 8
WL NI U7 &4To7-4%, Screw ZixiE L7z, RIZ Plate DI screw hole (C6) 12
KU U7 %47\, Screw Za%iE L7z, 7235 plate FH-0D screw hole |3 empty hole & L, %V @ screw
hole (Z 1 A3 D screw Aax & L 7. [FEROFNE TN & Plate A% (& L, C5-6 HE# A [HE L7 (Figure

3-4A).
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(2) PMMA &5 /LD

PMMA EFLOEEICITEBRLL 7T b e PMMA ZHVWe. &R 7T 0 Mok
2.7mm, £ S 20mm ORVEE A2 U 2 — EflER L3 2V, PMMA IZI3# R L2 (OSTRON
I, GC Corporation, Tokyo, Japan) 10g % v 7=. Screw (% C5 35 TN C6 HEMARREIZ 2 AT %14
HEDICEIEL, HEAIEMIZ Y 10mm EHT 25 X D ICEkE L. £, screw head 235242 H
N5 X H9IZPMMA ZJERK L, C5-6 MERZ[EE L7- (Figure 3-4B). 723, PMMA X O Plate €7

IVDUNTFUTISUNT b HERII I EELE O F % THEMDOEE 21T -7z

3-2-4 RERSAE
AR ClE R L7287 Mokt LT, AEZBE Lz ik Lonigsira1r, 2

MU BVT Gl B2 1-BRomTENE (ROM) A IE L7-.

(1) RS

f TR0 HRRBRAHE, 3 B, MAdUE 0.30[deg/s] T o7z, 7pdBZ ZTH 3 HHED
EFT, x BIOy @i oML z gk 2EEAHIRL, x BX Oy #iZIT HElES z
I DAEZ AT 2 2 L & Uie, AL T3 - MG TN - mo, £

ST TETIL 2[N - m]D torque EfaiRil 31T D i Rl M CTHUE L7-.

(2) IElhERERA

FIFEAERI 3T 23R L, 4 BB, AT 0.30[deg./s] T o7z, 7232 Z2ThD 4 HHEE
DEFRT, TR TEENAE U DR, X, y I T AElEEEZHIR L X, y, z #@hiIsi) 53
WEETRTHI L L L, AR L Q3/eAEIES AT 5INm] O torque AfmRH 2381 D80k
A THE L7z, g5 JOMRIERER 4L b a3 3 TV, Mol 3 [ H Rkt R

Z AWz (Kyaw TA, 2014) .
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3-2-5 3 oTEhEEHHIT AT A

FRBRIZINT, WE AT T RUEHER] (C5-6) 36 LUV DIHMIDBEHER] (C4-5) 12k 5]
B 2B U Cid 3 RotEhEFHAIL A 7 MM TR L7 (Kyaw TA, 2014). LUFIZ 3 ot
AT B LD OFIEZ T 1) R LR~ — T — &, 2) 2 BOET A I AT T
EOMEIZELE U RBRIRH IR, 3) #hiilj7 —& % PC ~HUViAZt%, FHAIY 7 & (Move-tr/3D;

Library Co., Ltd., Tokyo, Japan) 2V 2 fifk. 4) ~—h—%iBBRL, SHERIOORX A EE 2 5HH).

3-2-6 ffrikati
ABRtE, BT L HERIENA~D RV VORANRD ST E GBS D728, 2 TORBRIKITK LT

CT etz 7z.

3-2-7 Rt IR

F—H LT, HEt#r 7 & TSPSSversion 16.0] % AW TR 21 T-7-. FHERICRIT S
E7 /LT ROM DL 21, Tukey-HSD test ZfEH L, p<0.05 % & > THETH D & HlE LT,
F7-, £ETMIEIT D C45 L C5-6 D ROM D LEH#|ZIZ, paired t test 33 - TN Wilcoxon signed rank test

AL, p<0.05 6> THE THD LHE L. 728, S0aEOREIZIX Leven FE % V.

3-3 fEk
3-3-1 Jih - ST~ TR

BB L 0 5O N2 KET7 VB LOHERIZE1T 2 ROM % Table 3-1 1R Lz, 77 7 Ofiil
RRIK 6 (RDT— 2 DFLNETH Y, =T — N —HEERALZ~T. 7eds, CA-5 D3BEEHER], C5-6
DRUEHER] T % (Figure 3-5 35 .U Figure 3-6) .

BEREHERTC & D C4-5 DJE iR~ i F3BRIZ 31T 5 ROM[deg )i, Intact £7/LC 194 +

2.3, PMMA E7/L"C247+27, Plate 7 /L C278+50 Th-7-. PMMAE7T/L (p=0.035)
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L OPlate 7/ (P = 0.002) 1% Intact £7 /L & Hoii U CHEICEAREZ R L7, PMMA E7 /L&
Plate &7 /L & OMICH B2 AZTZRO Lo 7- (p=0.295). AUEHERITéH 5 C5-6 DJErh - {2
Fra~ohiFRERIZ 1T 5 ROM[deg]iE, Intact £5 /LT 22.0+2.3, PMMA E5/LC9.3+ 15, Plate
ETNTT19+17 ThH-o7z. PMMA E7 /L (p<0.001) FBLOPlate €7 /L (p<0.001) (< Intact &
TV & R U CHEICIEEZ R LIZ2S, PMMA ©5 /L L Plate &5 /L & ORICHEZRZET80 B
2otz (p=0.374). 70k, HET/WZERIT DIEMfEAME £ ROM (ZBL T C4-5 & C5-6

DA BRI biigiroT-.

3-3-2 Ze AR A T~ oD h F 5k
BEREHER] Cdh D CA-5 DA ST ~DOBIITRRER 2351 5 ROM[deg.]id, Intact €7 /LC 156 *+
20, PMMA £7/LC21.6+20, Plate 5 /L C229+11 ThHh-7-PMMA E£7/L (p<0.001) Fk
U'Plate E7 /v (p<0.001) I Intact E7 /L & HHig U CHEIZEEZ R L7223, PMMA €7 /L & Plate
ET/LEOMICHRERZETRD DIRh o7z (p=0470). AEHERTH 5 C5-6 DA FFTAI~
O FFERICIS 1T D ROM[deg JiE, Intact 5 /L C 143428, PMMA £5 /L C80+20, Plate 5
JLC32+12 ThHholz. PMMAET /L (p<0001) FBEOPlate €7/ (p<0.001) I Intact E7 /v
&g U CH IR Z R L. F£72 Plate E7 /WX PMMA E7 /L & ik U TR BT EZ R LT
(p=0004) 7235, HET/MIBT DLEAAESEALZEILD ROM IZB LT C4-5 & C5-6 DRIC

AERATRO bR,

3-3-3 [l

AT ~ORFERER & D 55N AET /L, FSHERICIT % ROM % Table 1 IZ/R9. 77 7 Ol
AR 8 (RDT — X DRI TH Y, =7 — | HEHE A%~ 7z, CA-5 DHHEHE TH Y,
C5-6 HMULEHEHCoH 5 (Figure 3-7).

BEREHER] T D Ca-5 DA ~DRIERBRIZI 1T H ROM[deg )i, Intact &7 /L "C 4.2+ 2.6, PMMA
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ET)VC125+24, Plate 7 /L C95+14 Th-o72. PMMA E7 /L (p<0.001) FHLOPlate €7
/b (p<0001) i&Intact E7 /L& CHEICEEZ R L2, £72 PMMA €7 /U Plate €7 /1
L U CHEICEEAZ R LTZ (p=0.030). 7235, %E7/UIRT D AR 2210 ROM
IZBHL T C4-5 & C5-6 DA EREITIRD bR ol WEHEHRTh 5 C5-6 DIt ~DlallE
BRIZI1T 5 ROM[deg.]iZ, Intact &5 /LT 16.8 £2.3, PMMA 5 /L C 6.8+ 1.0, Plate 5 /LT 10.0
+10 TH-o72. PMMAET /L (p<0.001) BLOPlate E7 /L (p<0.001) i Intact E7 /1 & bl L

THEIKMEEZ /R LTz, £72PMMA 7 /U Plate ©7 /L & il L CAEICIKEE 7~ L7z (p=0.001).

3-3-4 FfitkaT
FERE, D TORBRKICKT LT CTHREA(To7-L 25, WTFhoRERKIIBOTHEITBIO

HERSIEEN~D R U /LR NI S o1z,

3-4 BE

WUEHER]Td 2 C5-6 D RIEE A T~ 55, Intact £7 /L & Lk L C PMMA 3 X O Plate €5 /1
IZBWT ROM 23 BT Lz, ZivE TR (C4-5 38 L TNC5-6) 1TV TEEIZ LD AT
B AR L 728 Tl Pin & PMMA % V2 [E E 515 T RIEIR OB 235388 H41 TV % . Adamo
BIFRALR 6 BHOSEME (C2-T1) AL, C56 A AL—AE & PMMA IZXVEE LI=ET /v
ZOWTHRET L7AER,  adhffRSs K OVEA IR T C5-6 HERIOD rIEis) B L7z i LT D

(Adamo PF,2007). 7= Koehler 53 14 BHOROEME (C3-C6) ZfEHL, AL—RAETTA LY
RE> & PMMA IZ XY [EE L2 BT U DW TR A~0 4 RT3 7o 7o fE R,
7 L7z CA-5 HERT OO ATES 27.6 £2.1°0°5 4.5 + 1.5°~Jgb L= L3 LT 5 (Koehler CL, 2005) .
ek, @ERA 7T e PMMA I XD EEFIEDL, FHERDIEFHET A>T 2 A0 pin
B DN screw & A87E SETHRA LIEET 5 O —fi%i) T 5 (Adamo PF, 2007; Koehler CL, 2005) .

LML, /IMEROSEHEZXISR & 08556, HEFICA e v ME{FRRL7-RICE R, 7T 0 b
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M ELE C & DT 3T TR CE 2V, 2 2 TRIRFNCHIT 5 PMMA £7 /0T, &4
I screw Z VAT ZRRE L CEE L7 AESE, C5-6 O ROM Db 235788 H A7z, & 512 Hettlich
S DOFRIIRZ N FRROWEIZ L D &, FAOREBOADEETS, MORE T DG
L RIEEDFEEREN 55 Z L AVRSIVTN S (Hettlich BF, 2014) . Affi+> PMMA 1 X U Plate &
FIUTENTIL, FERICHETEOREA155 7212 bicortical (2 A 7 U o—ZaRE LIZfE R, w#hiso
OB LN Z e D, BEIDAT V) 2—OREFETANHETHL B2 b,

F7-, [EELEEIZ Locking Compression Plate (LCP) % V7= 51238\ T H ROM D 235588
HALTWS. Agnello 513 7 SHOROSAHE (C3-6) #fEH LT, xf5%&3 5 C4 & C5 DIEFEHNC
LCP35 % 1 #ldiE L, SHEMRIZ 2 AT D34 KD AT V) 2 — %A L CEE LI E7 /L Tl Hhif R
a0 4 TR AT - 72 & 2 A, Plate [E7E L 72 CA-5 HER] oD wTEiE)S 17.6 £24.3°7)5 3.2+ 3.0°
WD L7z &5 LTd  (Agnello KA, 2010). S BIZERRFINZ IS T & FRAAISERERE R 2 351
Plate [&E DA FMED N D2 S40 T Y (Bergman RL, 2008,Danielski A, 2012), Voss & (3. Plate
EHEARREIOAANT 2 BOHATICRE LI BEEEDNEHChH L Z L2 LT\ D (Voss K, 2006).
LU0, [ARROEEE T /T & 0 HERTE O FIEIME ARG L 72 & W) ) |EHTZR. Lo TAlE
DOFFEHIAWE Plate 7 /UZRWTE, EIRIZT T, AAAEZE U TAARRESR LT
b AN T D 2 EAVRENT-.

T HERIZI T, C5-6 O ROM % PMMA E7 /L & Plate &7 /L Chulit L 7= /55, iR Tl
BRI B> T208, FEABIE TIXPMMA €71 X0  Plate 7 /UMZBWTHEIZK
fE% R Uiz, ZOHO—>2L LT, L7z Plate EEEIC L 2ENHT HND. ARFhaEs
VT L 72 Matrix MANDIBLE System (3 Locking system %1 2 T\ 5728 (Gateno J, 2013), Plate
(2% 9% Screw DA FEZZEMED S <, £V BEEREDNKE D722 EBNERL TS EF X bk,

—77, [AliERER CIIALEHERCH D C5-6 O ROM 3 Plate 5 /L 1 0 & PMMA 5 /U T
BREIKEZ R LTz, 72k, TS ORBEMEDOENCEI LTI, Plate & PMMA O ELERE OE

R AWEF LEZ NS, OF Y, Plate B7 /L CIIHEAM IO LA 3% E LT 2 H® Plate 737
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BTN LT [EESSE & L Clii< DIzkt L, PMMA 7 /LCIIeAAIZ3%E L7- Screw 73 PMMA
(& T—RE A n72, K0 aEEDHIRICT <, £D50 ROM BB LIzt EX biLs.
NEFESHI B CIIEHED ZZE MG D 725, T4 L BIOHEA cage K Of Cross-link System % (]
U7 [ EVEDS— XA <4 Cuv5  (Doulgeris 3, 2013). = Cross-link System (SHE(A/EATIZ7%
i& L7= pedicle screw &= R&2—{K{L9 5 &5 RIZHBWT, ARFHIHIT 5 PMMA 7L &5
LlLCna. 2%, Aoy NEE#HEZ D, RUIUSHT 220625 2 & TROM
YT 912, PMMA E7/UIBWTHRBEOZIFIZE Y ROM 3 L7zt E2 bind. &
72 PMMA E7 VO REKIZ I T2 PMMA OREH L QWD AN G 5. SEE 7T
> b & PMMA ZAEH] L7ZEEEIZEE LT, BRRAIICEE 92 PMMA O &3 1.5~2em f&HH S 724
JBIA 7T v MGERITTEDN DB E STWDHAY (Bruecker KA, 1998), PMMA D EDiE N
L DRI DM I ST, ARETTHW. PMMA O BIFFZEIERFIZ RS\ T
Plate DFEETRE % F6] 5 DIZ 72 B CThho 7203, FEEICHHAREZAT 5 BRI L7 Be D0 E 9
NIARATHY, ZORIEH LU CUIERDRGDPVET LB 2 Hivd. ETARRCHER L7tk
AL UACBL L, K (R Z 7 D UigEA T IVELSRSEZ ERY) Lk (A2 27 U ViEA TV
ZFRGY) IZE o TSN TEY, BIKRCTHERISN T EE AL N EIHZFERROBG L TH
L2006, [AEOMELZRLTWZEEZLND.

BEHEHERT D ROM Z3H~7-#5%, C4-5 O ROM (X PMMA 7 /L3 LU Plate &7 /LW T HUTES
W Intact E7 /L& B L CTHEIZHIMN L TV, ZHUTEHEOEEIZ X 0 bz ridh
ZEHER] 3 © 2 & TRIENESEIN L= 7o 72 e B2 s, 202 EITROSEREZ V- AE
FPFHIFENIIN T, HEM A EE U 7B BEEHER] C @i inAs78e Hiiz Koehler & D
L —Er T DFTR CH 7=, Koehler 5% Pin & PMMA Zf#f L C C4-5 ORFAIEEZT TV, JEhfH
JEIRFIZIER & FE C3-4 T 5.9°, C5-6 T 6.6°, AIEMMOIINAGRD bz & LTV % (Koehler CL,
2005) . ARRFHZINTIE C5-6 % screw & PMMA (2 &0 [FE L7-B%, C4-5 o rEki 5.3°n L

TV Z ED, BEOHE LIFTFRRROBER TH -7 B2 D, —J, C4-51Z Locking Plate
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[EEZAT 72L& D Agnello DO TS, BEEHERTH 5 C3-4 ~DRZEITT L A LR DL/
STz EN TS (Agnello KA, 2010). UL, ANEZHREIRICIST 2 it c B3 5 4D
SHORETCIE, AR & [FIERIC C5-6 DRI (1)) % Plate [EE L7-BSIZ, C4-53FBLTNC6-7 128
(T HHERIRNE & FTES OISR SAL TR Y, FHIOHERIRZIEIZBIE- L T2 FTREMED B 5
EHE SN TS (Matsunaga S, 1999). AMREHIIV T 1 Plate [EERFOBEAHER O AlEkoOs0
2R, BREHERNAT 62D U T 5 ATREMED VR STz,

F 2 EFERFZHS1T 5 C4-5 O ROM (ZBI LTI, Plate E7 /L& PMMA E7 VAR LT- & 2 A,
PMMA E7/UZBWTAEICHEEZ R Lz, ZHUTEFECSR LT PMMA ©5 /L1723 Plate £5 /L X
D HEREZEENEA R LTy, BEEHERI T D C45 DR IR Zff > 7ol 72 L B 2 b
%. EDIZEFERERD Intact ©F /L CDA, C4-5 D ROM 73 C5-6 & Hrile U CHEIT AR LT-.
C4-5 D JEEI DU N THRET L 72 Hofstetter & DOHREIZ L2 &, INm IZI681T D EARIES 1A~ Al
1311 Toh-o7= (Hofstetter M, 2009) . AMEEHIFSUWNT S BNm (Zd1T 5 Aldhlfy 4.2° &, C4-5
ASRD ATEPRA NS W EHERIS V2. F£7, ROSAMEIZ IV N THAI & FARlod w4 bl U 7=
Johnson & DT L5 &, BN ELA~RAAD R CT 2.6 fi5ElfiE L Tz Qohnson JA, 2011) . Ak
FHZHRVTEH C5-6 DB C4-5 DR 45T 7= Z &b, RUSHHEE SHIE L9 2 &8
RS,

ZIET, ROFHEZIITS Plate [FEH S\ NEPin & PMMA OFEIZ X DA I T
PILTWD DD, [Al—DRBRINI N TZEDREM A U, F 7 BRHEHER A~ 827 L 7=
EWVIIEITEFRDOHDHIRY SN THR. SRIORRIG, BEEEDEOC L BRI AT
DEEINRIND Z LAV SN, LinL, ABETTHWZE TV CIIMERINR, BEEE, BROE
BRI SN ORGSR 2 TRRE SN TN D, Eofhi B L OEEEZ ENZ TRl LT
%. FBEEOROFHETIZIZ NG DENE PEHHTHAG DI > TAEL D720, [ARkO TEEITHELT
ETCVWRNEEBZBND. E7z, AR CIIHERIIIELEO £ X EEZT-o TV D, Ak, HEA

[EED HENIHEARDIEA TS Z LD, HERIRES L OMERIPEAT B2 DRUEZAT 5 DT

26


http://www.ncbi.nlm.nih.gov/pubmed/?term=Agnello%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=21133955

%5 (Bruecker KA 1989; Bergman RL, 2008; Steffen F, 2011). £~ C, FEBXIHEARBICHICA L 55

BT DR D 5.

35 /MG

REZRVTUE, EF E— 7 VR DB LI SHEA AT U CERHERTEE T L 2AFR L, HERTE
TET% DALEHERTERIS L OBEEEHERTER O BRI RIT T HBI TN T, 6 b BB 2 Tl
AEL7c. ZORER, HEREZIIBEEHERIC 30T 2 /1P HIBRER A 2L S, BRI E O—’ & 72

DAREMEDN R ST, £, EAAIRIZRBWL T Plate B7 /L0508, ZEARBEZBYVTid PMMA

N

%

ETNDOHBEY EOVEEREZA LTI &b, BEEEDEWC L) BEEHERICA U 5%

W

NPT D Z L DRE S I,

27



Table 3-1. The ranges of motion (") in the bending (flexion and extension direction and left and right direction) and rotational tests (left and right direction) in the three models.

Flexion/Extension (n=6) Lateral bending (n=6) Axial rotation (n=8)
Level
Intact PMMA Plate Intact PMMA Plate Intact PMMA Plate
C4-5 194+23 255+2.1 278+50 156+2.0 216+20 229+11 42+26 125+24 95+14
C5-6 220+23 96+14 7817 143+28 8.0+20 32+12 168+23 6.8+1.0 100+£10

The data are presented as the means + standard deviation. C4-5: fourth to fifth cervical interspace, C5-6: fifth to sixth cervical interspace, PMMA: polymethylmethacrylate.
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Figure 3-1. Computed tomography and magnetic resonance images were taken in all spines to evaluate
vertebral morphology and intervertebral disc hydration. Three-dimensional computed tomography
reconstruction images (A) were used for exclude a fracture or deformity of the spine. Sagittal T2-weighted
magnetic resonance images (B) were used for exclude nucleus pulposus tissues exhibiting low signal intensities

by the Pfirrmann Grading System.
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Figure 3-2. Photograph (A) of the 6-axis material tester. The most cranial vertebra (C4) and caudal vertebrae

(C6 and C7) were fixed on a mounting jig using dental resin.
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Figure 3-2. lllustration (B) of the 6-axis material tester. 1) Ball screw, 2) Linear actuator, 3) Magnet ball joint, 4)
31

The 6-axis force sensor at the tip of the device enables the detection of force and rotational torque along the x, y,

Servo motor, 5) 6-axis force censor, 6) End effector.

and z axes.



Figure 3-3. Photographs illustrating the three models that were prepared stepwise on the same specimen. The

Intact model was left untreated (A). The Plate model was stabilized at the C5-6 vertebral segment using the

MatrixMANDIBLE System (B). The polymethylmethacrylate model was stabilized at the C5-6 vertebral

segment using a metal implant and PMMA (C).
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Figure 3-4. Lateral radiograph of fixation models of C5-6: Plate model (A) and PMMA model (B). Scale bar:

10 mm.
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Flexion/Extension

50 1 Bintact DPMMA ®Plate
— 40 T *
2] | | *
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C4-5 C5-6

Figure 3-5. The range of motion (mean + standard deviation) of each model and interspace in the bending test
in the flexion-extension direction. The values are presented as the mean of 6 specimens, and the error bars
indicate the standard deviations. C5-6 is the treated site, and C4-5 is the adjacent segment. *p < 0.05 between

the models.
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Lateral Bending

40 - B |ntact OPMMA BPlate
Y I
§ 30 + * | *
T 207 —
>
r 10 -
0 -

C4-5 C5-6

Figure 3-6. The range of motion (mean + standard deviation) of each model and interspace in the bending test
in the left and right direction. The values are presented as the mean of 6 specimens, and the error bars indicate
the standard deviations. C5-6 is the treated site, and C4-5 is the adjacent segment. *p < 0.05 between the

models.
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Axial rotation

30 - mintact TPMMA ®EPlate
— *
2 | * | — I
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C4-5 C5-6

Figure 3-7. The range of motion (mean + standard deviation) of each model and interspace in the rotational test
in the left and right direction. The values are presented as the mean of 8 specimens, and the error bars indicate
the standard deviations. C5-6 is the treated site and C4-5 is the adjacent segment. *p < 0.05 between the

models.
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FAT  ROSHERBIET T /v & VT SHHEHERTBIZ 01T £ BREEHERIRE S CRE 3 DT

41 ##5

HEAREEST (Vertebral Fixation: VF) (3IHEE OBAT-CMFAZIZCO & L, BRMERNZENE, HERIR
V=T, SHEEMERREE (V477 —JEREE), FSRIEMRE, HE(RI JOFREIES 2 Shkx 2E
BB SNDD, WTNOEFNZ W T BHEARICAZEMNEC TOWDIEE, b L ITRIER
(R D ARLEMD TR SN DG EITHEROZE A B9 E LTITH4L5  (Fitch RB, 2000; Lemarié
RE, 2000). L72~L, VF 3EEf&IZIIBEST DHERTERILL L7oE (R W) 25637 DR
PERFER ST % (Bagley RS, 2005). B X/ piZRid, HERIERSERE SD 2 LIS & 0 BEET HHE
NCEE R FEREENVE L, RN e 2 B L S, HERIHBERZ Do m O R b A&
A< & ZT S (Bruecker KA, 1989; Seim HB, 1989) .

ZENE LT HERIR OBZ W TR AN OB CEANFE TH L~ M) 7 AA ZuTnT A
J~—+F (matrix metalloproteinases: MMPs) OFEEINTTHE L, =25 —/"> (Type I collagen: Col1A1)
LM =7 —7%5" (Typelcollagen: Col2A1), 77V 77> (aggrecan) “EDAMISMEE OFARKHZ L
$% (LeMaitre CL, 2007) . #HIZANE LIZHEZIZITIE MMPL3 DEEINC K Y Col2AL 25842
ZEMEBIVTND (toh H, 2012) . F7=HERID RZZEMEDBIINC X 0 SIEFUEAER 41, M
BB G- LB IAE PN ECHESEIR - (vascular endothelial growth factor: VEGF) OFSELEAENL,
ZHUTLEN B CIIIEE#EAEIR 1~ (tumor necrosis factor-alphal: TNF-o) <> > #—1 A F2-1

(Interleukin-1beta: IL-1 8) 73, FHECTlE MMP-10 <° ADAMST (a disintegrin-like and metalloproteinase
with thrombospondin) 7¢ & ORJEM:~— I —NZNZIUENNT 5 Z L35 TVW5  (Purmessur D,
2008; Lee JM, 2011). —J5°C, ZSMEL7-#ERR C310 2 13RI & L OERICZ LS, EieA
XOFHEBIT 2T L AL S THZR0,

ABFZEDH 3 BB, M — 7 VR K VIR U= SRR U, HERRE e OB HHE

A C 2 DR E O e B e Ml A AT o 72 & 25, BREd 2 HERRTI oV CrIgh s ings
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RO LN Z LD, HEREEIZ L 0 BEEHER CAR B BRBE D2 bAVAE U5 ATREMED R
STz, LD LR35, RITRTHERREIER OB D HERIES CO T BREEOZA LA KT 5%
[ZDWTHRRT L72 E W O WEITIAD 72 <, ZOFEICOWTIIEI B TVRV . 2 2 TRIgEO B
1T, ROHEREEET /ERIC L 0L U2 S FEREE A FREL L, BRREHERTIC a1 2 AR s

BRI BIE SRR AR NG 2 2 & TH 5.

4-2 ek 5%
4-2-1 @

AR CIIER ©— 7 VECR 12 B2 Vo, W LS ASRETEIEC, SEBRBRALAIRED T4 A finl L 125
+19 (11~15 » Aifp), VHOAREIZ 91 + 1.0 (88~104kg) Thoto. b 12 BEIHTOE T
LU Control # & HEAKREERE T, EFNVREMER LT, SVBHOLE & IR&E BT B AMRE A
BHERFEERE GRRE S 26-43) (CHEL TITV, 3T OSERRAVE & B O H 13 H AER

MBI RATTIT- T

422 T VRO

ETOETIVRIZBEWN T Bl 7 +—/L (mgkg IV) (2L BPEEATL, (Y 71LF 2 (15~
25%) |ZCHRERAAERE L7c. 7ods, JAMRHIOBRIREICI3ERR 7 7'V 2 v 7 ¢~ (0.02 mglkg IM)
ZRWTITV, g O L OB TBEE LT7 7L /07 ¢ > (0.0lmgkg IM BID) X 0%
T ALY (25mglkg IV BID) $¢5-4 2 SRS L7z, E7SHEOIZREFS K OERIBRZEME 2 3l
B2, T T CT B L OMRIHRE 21T~ 7-. CT #1215 80 41/160 2 Z 1 A CT (Aquilion PRIME,
Toshiba Medical Systems, Tochigi, Japan) V>, EHEPEY 7 | (AZE Vertual Place Fujin 310 3.1002,
AZE, Tokyo, Japan) “CEpk L7- 3D FHEELHEIERIC L W BFHEO BT LOWEAERI L7-. MRI R
{Z1% 30T MRI (Signa EXCITE 3.0 T, GE Healthcare Japan, Tokyo, Japan) 7 V>, T2 siai iRk

{2 &Y Pfirrmann Grading System (Pfirrmann CW, 2001) (2% U CHERIH@ERE MK E 527~ L= b DI
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sk L7=. 7235, Pfirrmann Grading System (3 Gradel 7>5 Grade5 £ T 5 B¥GHic L 5 7 L— K
SPEETH DN, ARETCIE Gradel 75 Grade3 £ TIZi% 3 HEAE V-

Control #£35 L OMEARFEERE LV VT 4 HATBAMIIZ CREH 2 MR - HEfi L, SERFIEMT 7 v —F X
D55, 6 SAMEM (C5-6) ZFEMR, FUUEZET{T->7= (Figure 4-1). Control FEIZIV N TIIAHMEME
FNZAE 2.4mm @ titanium screw  (MatrixMANDIBLE screw, DePuy Synthes Japan VET, Tokyo, Japan) %
2QARTOATICRIE LT, —J, HEAEEIZIZE S 2.0mm O tianium plate (MatrixMANDIBLE plate,

DePuy Synthes Japan VET, Tokyo, Japan) % FH\>, 2 3 2 & [RIEEOD[EIE H 5% 5266 L=

4-2-3 A FREDRE

KRR IR OE N L Y Control B & HEARBEERHIEL, HEREERIL S HITHiROFEIC
£ T, B - EERIRE (6M RE), Y - EEhAGTRE (treadmill: TM AR, R3] - 28 PRRE (12M
B O ARUTT T E T 7o, B ERACR LI, IR ORERILIINI —Y LA R &L
o, FICEEAMBEACBI L QL % 285 6 » HHET MLy K ILE AW GEB A fif 4
L. v bha—ud, #5 B, 1H 18307450, FaE 10km T3t L7z, 7233, Control B,

6M A, TM EFIIER 6 - HIH, 12M B3N 12 7 A ROREBIER 21TV, TORLIIEL L.

4-2-4 fhrtkath
i 1-2+3+4+5-6+9-12 7 FICHEFHOMRE, XBRRA, BELOMRBREZFEML. 1)
MR FRORAEICB LTI, ANIERGE (CP), BEAUITARM LI F L OWMSREPIFNIC & 0 RH L

72. 2) XA Z B LTl BB R T2\ TR B X AT i ds L ONES g AR L,

3) MRIFRESIZE LTI, BBl M2 TSRO T2 iRs ke 2k L, FFEa oA

ARl L7z, 72 wata b O HE U CHERIBRBEZ O SAEORIE 21T -7 (Ilwata M, 2015).
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4-2-5 MRROHTT RS JONERAOMRHT

FRRNT, BBEHRKIC oL eE X —b R U oA (50mglkg IV) OB Gz X0 725
SEf%, CA-5 OHERFRHEEEZ (NP) 6 JOMEMIORMER (AF) Z 24V BRIR L7z, £RE L 7ok,
9 A%PFA TREIER, /T 7 4 AL, MR 2R Lz, SMEREI 13T 7 1 45,
TH ) — U I BT L, BRI K0 LT, 7ol FICA YT EOFFIZ DT

RLT-

1) ~~Fxv U -4V (Hematoxylin-Eosin: HE) Ytz
FHREEE, Ml RER KL OSMAFEROA 2 7 ORMIiE BRY & LT HE YefaziT-o7-.
NP 35 LT AF OB RS, 400 {5 CHEE/EAIEER L7- 10 MBIV CRlE 22 HII L, 4540
ez A GBI B L2 b O 2 BTl L 7=
NP | ZHIIZREIC & 0 Fskiila & al S Hlaplalc /03 L 7= (Homer HA, 2002) . 733, FsRilla
(2R LTI, B3I CHITE SO RS I ERIR E 721 3SRIRITBS L, #ib3 % AEVAE3
(cytokeratin) (Z[5PEZ R L7zt 0 & FECRFFRMIA & HIE L7z, AR ITHAIIZREIC & 0 BRIl &
FHSEAIEC 0% L 7= (Johnson JA, 2010). 7eds, MBS FHAMKE FEE D & 0 LY FHEL T2
fielZ BRI, DR SAMRITHRT LT 2 f5LL EoRifa z G Ala & e Lz, £/, AFIZBIL
TIIBHETIT D EREAING & WA EI & 2 Ll L7z,
FHREFIO A a7 IZBI LTI, Bergknut histological grading system (Bergknut N, 2013) % FAV N CRHH
L72. 400 5 CR/EAIGRIN L7 10 REFCRW TGl OHESE  (0~6points), & aAMHIEOA T

(0~2points), JEDYLaE (0~2points) ZFF10 481 > FTRMIEL, SRECHME L (Table4-1) .

(2) pH2.5 7/ 77— (Alcian-Blue: AB) x4,

s E DR M A2 B9 & LT AB YetaZ4T-7-. NP Tl HE Yufd b - CHREEI A =2 7 D

A=, F 7= AF TITHRE HE ORHG A -,
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4-2-6 SRRk HR A

NP LN AF (31T 28 M2 LA TS 572, CollAl, Col2Al, VEGF, %L T MMP13
DFFFYaZAT ST ZIEFVDEIFITINT 400 {5 THEVEZ I ZER U7 5 REFO G &
OSSR 2510 L, AR Crlk L7e. ZelslaMlasRiak o L 2 1ZEH L7z (positive cells
number/total cell number) x 100. %7z, NP IZBWCTO&, FHRAMEOFHEEZ L LT A b
F 2 (AEVAE3) % Vst Yeta 24T o 7. B0 e tal I IV e —IREUAODZERIIZ DU YTl Table
42 |TRLUTZ. WS TRPUNSIIR—A T 7 4 v 24— (HRP) 5k iy
WouE 7 17 U HiAR (HRP-labelled goat anti-rabbit immunoglobulin antibody, Dako Japan Inc., Tokyo,
Japan.) & e. —IRPURDOSUCIRNIL 4CTFC 24 B E L, “IRPUMITERIE T 20 i L L7z,
HIRE L OO A2 o ' —F 03681213 LSAB2 kittHRP  (LSAB2 kit/HRP, Dako Japan Inc., Tokyo,
Japan.) % 2 pflEH L, ZO%~ M2 U ATTEEB LUE AL, BElaogizzz 17,

PURICAASOIZ 90 BT DEE DWW OR L=,

(1) CollAl
[ a5 — A  AHEDF A B9 L LT, #iCollAL Hif& (1:1000, LSL Co., Ltd, Tokyo, Japan) %
WS G E ATV, WAL S MBI EMERUSRE0 BT b D[R & HE L. 72
3, P CollAL HifRDA X TORGERIENEZ DV TIIMERR XA CR Y (Ichinohe T 2015), AJR#TC

VS B — 7 VR OREB U BT 28 % CollAL Otz ha—L & L TRV

(2) Col2Al
Ol =5 —2 AR 2 HB9 & LT, $T Col2Al #ifk (1:500, LSL Co., Ltd, Tokyo, Japan) %
WYL EEA TV, WAL S HITE P EERIED T8 HiT- b DA BMRa & HlE Lz, 723,
HL Col2AL HURDA X TOAZERUMEZ DWW TR SALTH Y (Ichinohe T 2015),  Aifit Tl

B — VR OREB AT 31T 28Efiln 4 Col2AL D= hra—L & L CTHVE.
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(3) MMP13

MMPs ORHizZ HEE LT, HLMMP13 & (1:100, Abcam, UK) % ISl deta 2470,
FTHHANLENIZSERIESFE0 BT b O Z G & HE L, 7238, 51 MMPL3 HilffAoA X
TOLZFERIEIE W TR ST Y (Boileau C, 2009), Ak CldR b — 27 /LR OFE

MEMIESENIZ 31T HEEHIIEE MMPL13 OE= > ha—L & U TRV,

(3) VEGF
PIEMED A N hA > OFHfA BRYE LT, Hi VEGF fifA (1:100, Santa Cruz Biotechnology, Inc., CA,
USA) % FIW o saBeeta 22170, W SN B ROG2SFD DAL= & O Z BtEilia & e

L7z, AT, W v — 2 VR ORIRRAE LR 2= b rm—L & LTRVE

@) Y1 NrZ7F v (AELVAE3)
LRt~ ——TH oY A NI T U OiHliZ BN E LT, HLAEVAE3 Hitf& (1:200, Dako Japan
Inc., Tokyo, Japan.) % FH =SBt zAT\, WIS HIE NI ERISA S8 HAVZ & D% 1

PERIIE & HIE LTe., AT, 8 ©— 7 VRO B 2t = b r—L & LTIV

4-2-7 HEHLE

BRIV DAL, MR =7, MR J OISR OIS, Leven B
TE % W CTESHMEZRE LTz, Z D%, Parametric 14 & L C Tukey-HSD test & 7213 Games-Howel test
ZA#if L, Non-parametric % & L C Bonferroni correction 2/ L, p<0.05 & &> THE THD &H)

EL-
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4-3 R
4-3-1 g Rt
Tl O FHIRRAZ KV, Control HEFS JOMEARE EREZI5U T 0 CHY B 22t 172
D Do Te. BREXGIREIZIVTIE, HEAEERE 1M B O LEEOA ThT )
T HEIE 2 T RSRD H =23, Control BECIERED BT, F MR OB L
BUIHHE I TRO B h o Tz, FTEELEE DOBHRCHERDO BT H 38D b ->72. MRI
RN TUE, FHEOWT IO B IZHBW T O FRISEE OFEI33D B 7R~ 7= (Figure 4-2A,
B). FHMERIMEEEDE A SRETFHII L= & 2 A, Control BTl 107.4+235, 6 % A
#%73992+186 THY, AELATRD LN -T2 (p=0.082). 6M EETIIFHIA 9594201, 6
H H#73866+252 TH Y, AELRAIRD LR -o7- (p=0.398). TMEETIL6 » H#%23 731
+128 TH Y, 1iiAi{0> 105.0+159 & bk L CTHEIZIREZ R L7 (p<0.001). 12 FETIL12 » A%

23644+128 THY, FiHIO 116.1+13.9 LG L CHEICIKEZ R L= (p<0.001).

4-3-2 MEFIREERZIZ I 1T 21036 K O Ak AR il
P IZBUT DR RS L ORI A 27 % Table 4-3 1R L7-. MBS 24 RECLbi L7z &

Z %, Control B & Frlit L C TM Bf (p=0.020) 35 L OV 12M £ (p = 0.013) THEIZ M fiE A7~ L7z (Figure
4-3). ETARRFA 2T B RRECHER LIz L 25, Control B & Hlt LC6M B (p<0.001), T™M
# (p=0005) FBLU12MEE (p<0.001) THEIZEAHZ L7z (Figure 4-4) . HEIREEREZRV
T, s HERHIRORINGS J OISO IE R 2582 S v (Figure 4-56A). —75, Control
FEZI W IR O AR O SGRD B3, HEREERNE & ORI HivT,
HIMEEBRITIF & A LBIZR SN2 h o 7= (Figure 4-5B) . £ 72— B\ TR O RD
7= (Figure 4-5C,D).

Col1A1, Col2Al, MMP13 35 LT VEGF (T361) 2 safhiliikl b7 aoft i, Control #£35 JUME

IREARRED NP 128N T, BHERa2 580 itz (Figure 4-6). 7¢33, FHAIL 7zBMspadics L8
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FostE R X Table 4-3 127~ L7z, CollAl D5 sHilasR A AR EClbi L7z & Z A, Control #f & Lbi
LT6MEE (p<0001) BLOTMEE (p<0.001) THEICEMEZ LT (Figure 4-7). Col2Al ®
stla R 2 SR Tl L7= & 2 5, Control #£ & Lbis L C6M #E (p=0.003), TMEE (p = 0.007)
BLO1L2MEE (p=0.003) THEIZIEKMAZ R L7 (Figure 4-8). MMP13 OGNSR 25 HECLE
B 7= & 24, Control BEL bl LC TM B (p=0.002) CTHEIZEEZ -~ L7 (Figure4-9). VEGF
DR A S EE T L7z & 25, Control #E & HBE LT TMEE (p=0.006) THEIKEA T

L7= (Figure 4-10).

4-3-3 BRI F5 1T D REAR I K OV AR

AF (2361 DMfusE % Table 4-3 |2~ L7z, AR EE A ARECLH L= & 2 A, Control # & Frig
LTB6MEE (p<0.001), TMEE (p<0.001) BELOVI2M E (p<0.001) THEIKEZE 7~ L7= (Figure
4-11) . Control BEIZ3W CII#MEm P I S OFEIEAINL &, 1T DNZERIGHIILA T8 H A7z (Figure
4-12A,C). —77, HERREERZICIIERGMIAOE AR B, SMUOERMEESI R CH
-7z (Figure 4-12B,D). 7, BEHIINTERIZHIIL & AEIAILOE IS 2t LTz & 2 A, FRT
TM#E L 12M BRI\ TERIERIIROEIG AN D8z - 7= (Figure 4-13).

CollAl, Col2Al, MMP13 35 XU VEGF (24517 & sttt by el iR, HEMEATED AF 1T
BT, B iRO b= (Figure 4-14) . £ 7= Control BEZISUWTIE, CollAL 2R, EAtEHE
JASTRD BTz, 7235, 5 HAI L 7= BEstmiatscis L ORIV 741 % Table 4-3 {27% L72. CollAl
DO R A S RE T L7z & 25, Control #E& LUt LC 6M B (p=0.030) THEIZEMEA R
L7z (Figure 4-15). Col2Al DOFSPEHla=R A2 KAEChtlik L7= & = A, Control # & LE#E L C6MAE (p
=0.006) CTH EZ % 7~ L7z (Figure 4-16) . MMP13 OFSAIIEER 245 CLElk L7z & Z 4, Control
REL L TOM B (p=0.003) BLUI2M B (p=0013) THEIKEZ R Lz, £72, TMHE
IX6MAE (p<0.001) BLUI2MEE (p<0001) &ML CHEICHEEE R LTz (Figure. 4-17).

VEGF DIGMERIaRZSHFCHIR LIz & 2 A, FEREITRD b/ -7z (Figure. 4-18).
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4-4 EE

AR CIIER & — 7 LR 0> C5-6 IZRWTHEREIE 2 F2Mi L, BREEER (C4-5) (1) 5%
B AR TIRRE LT, 2 ORE 5L, HERREIERE 36V VT CA-5 0 NP PN Tk B MR sHain L,

CITEESER b ZEGRD BTz, ROMERM~LV =713, HERIROZEMARREIZEE DU T Hansen

[ A e AN FES A, RFEIC K0 AP 72 5 2 LA %  (Braund KG, 1975; Gage,
ED, 1975; Hansen HJ, 1952) . AMRFHI W RFET A TE— 7V R (EREEERTE) Thd
LD, Hansen T AUZERD HIVOEMNFHNTAEL, SEIOFRRICEEL QWO rReln H 5. fH
BN, HERTAR I OZME & U CRERSERR I\ 2 RHBIZ S IR Sy D2 EASRD BTN D,

DFE D, BT ARG & 22 5B L7 IS (v 77 Y AR ERIE & AR L
T2 3T —4 L ARHE) (2 & o TiEHA S5 “chondrification” 734 U % (Braund KG, 1975; Cappello R, 2006;
Ghosh P, 1975; Hansen HJ, 1952; Hunter CJ, 2004). F7=, 25 L 7= BN ClIik B flaskmia ) st
T D 2 E DS ST D (Ganey T,2009) . LA RO L0, ABECIIHEAE EDOF A
X0 BEEHER COZEMEDEIT L CW D ATREMED R Sive. 7, HERIZAEPEICRI LTIy,
Bergknut 512 & - THEE & 31TV 5 histological grading system (2 & 5 & =2 7 98V S FHRE4 5 2 &2
HHILTVWS (Bergknut N, 2013). AMEHTIU T S Bergknut 5 OHEEITHEL T NP TO R a7k,
EATOTRER, HEAREERE GMEE, TMEL 12M B CTCA5IZRIF DA a7 O ERMFED bz
Z M, HEREE OB L HEMEOHITIVRZ STz, S 61T, At CiETM BEs LUt 12M
FECHT D NP D MRIE SAEAMETHT & Hole L CHEICIEEZ R L, dE0#RSE (wata M, 2015) 12
BT DT EREEDZEM: (Grade 2:45-85) LIAFREE Th o722 b, MEAREIE DR X 2 BEEHER

ZEDY MRI DIE RO T & L CTRigR Sz,

ARFFHZ I T, Control #f & Fee L THEMIEIERED C4-5 D NP (23U T Col1AL P fiads &
U'MMP13 BEPERIfRORENN L, ZHUTEED ColAL BEPERIROI LAY C4-5 TRl HiLiz. HERIHHEE
AR DRSNS LT, ZMRC LD 727U B LT ColAL S L, KOy EHED

Wb ZrED Z EHE SN TS (Antoniou J, 1996; Oegema TR, 1993) . Z D EH AR T
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EAMREESR T D MMP OFEBISTTHEL, 52 MMP13 OHIIZ L Y Col2AL 2395 Z LA
HMHITWD (Itoh H, 2012). F72 ColAL 7215 T2 <, MHERCE IRkl AR ZH8BI9~ 5 CollAl
DR HZAET 5 Z EVEBHITEY  (Le Maitre CL, 2007), Z8MEF JOYRME L 7- BRI 20
T CollAL DFHEDHEINT 5 Z E BRI T D (IwataM, 2013) . S BTk b OZ MRS/
WL TIE A=IV A R RE R 5 Z & TRIRVMEE Toh % periostin OE{sFFBLHML,
BRAE(L & ZAUSHE D CollAL DHFIIR> SOX9 Db S ST % (Tsai TT, 2013). ZhbHDH
RISV ZZRD DAL D HERIRZME DM AL L 72 T ARG T CHRBO b= Z &b, HERRE
TEDFENT L 0 BREHERT COZMDHET L QW D IR R STz,

—7, BRHEROZEVE BTN 2 SORHBEI 722 EAGTEO Hivd Z &N E ST
% (BergknutN, 2013). 1 DIF@RDO= T —7 VB EDHETH Y, FRAMEDHA RO b D.
9 1 DITHHE IS T DA ETH Y, BATH &t 2 TR ORI GRD B s,
ARRFHZIT 2 AF OFBFFROETH & LTI, Control BEZISW T T 2> Tdo o T BRI AN SHEMAIE
TERHZ RV THIINT 2EMAT80 A, ETAMUDEIIEESRIEL 2> TO DI & <R 5
NT=Z ED, BHEmBT 2EMENE L Q= EE 2 b5, MIEREIZBI L Cid, Control AEL
briis U CHEARTEERE T R CICB W TR RICIRIE 2R LTz, 250k U= I ) Dl o 221k
2B L CHAREZR RS X SN TO RN S OO, NP THIEE DK TG S TWS Z &b
(Johnson JA, 2010), AfaTCHaED DAV AN B DI T2 Il D2 ERIEHIIOEIS O
) EREE L CW D AMREMEDR B D

PRHERROOZSMEIZ RN T, M MEE ORI A2 bRl L7z & o s 7. 2 204
DORFFITIE, BHEHERICH D CA-5 DRMHERI IV TRAESRRI ATV, 3T —F UfiHEORARK
DEAZF~T= & Z A, Control FFs L UMEMEEREDOU T AUTISUNT & JLHIFAIC CollAL AR
PRBOBIZ. LInLZRA 5, TMEER 12M FE 23U VTl CollAL DRGHERIEAME T L, —&B Tk
BREICEESH DS TWDHHS DIBD DI Z LD, HEREEDKEIZL Y 27— sy

fi LEUEALAEDOHITHAVNE S T2, F7- CollAL BHERIIRIZE L Tl 5 CAERZENRD LI
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72HOD, WTI GBI 72 <, SUGNZZ Lo 7z, CollAL [ IHERIMGREEmT=1 T C7e <,
PR BV TH B EITFEL TODAS, RNAROHERITH IfaSNEE O/ i T S 4,
BSR4 5 = & 2SS ST D (Ichinohe T, 2015) . AREHIFRWTH, TM BESS 12M £
T CollAL FAMEREANBD LT= D, HEAREE DR K AR L2 2 LRI D—>
ThHEEZABND. —77, ColAl |2 L TSV RED /e Tob Db, B Eru=
Tz br—UBEL b U CHERE SRR BV CREfEA R L, $72 MMPL3 OR5HHIlasRE 6M #f
BIU 1M BRSO TR EZ R LTz, X o T, ##EiR 26V CTiT MMP13 OFEEAN TR, Col2AL
DIRDTRD DI Te L BEABND. FIARIOBGNIIW TS, BEEHERIO rIEhE O
PO VEGF OFBILEEINT 2 Z &N PRIS A%, NP B L UAF OV HUZEWT $ Control &
HEAREERNCA B R ZITRD DIeno7o 2 &b, ZILHORINT L 0 B2 S L < 13HE
R OBMA A CT-BR D GO BN TH 5 e Sz,

AFFRCBNTE, BEHBOR S LOEBAROFEOBENI LY, FBREA 1) Thata
ool 24, FHZ TM BERB X OV 12M BHZRB W T ESRO SV, Al Lz X 912, HERTHdRE
O MRIEHEIZBI L TIE, TM BER L OV 12M BRI TR & Hrlk U CR IR 2 7R LTz
F 72 MMP13 BEMIIEERIT TM BEO NP £7-13 AF O 5 CREZ /R LTz, L L7Rns s 6M fEL
DM AR RIS LT L 2 A, WTHOHEBAIZBO T HBLVRETRD biisnotz. Lo T, Mk
[ E L DBEHERN IV VT, BiREHER o rldis sHgn U7 REEC B A @E @) A4 0 k42 & 12
KV, BEEHEREE O TE RO TV DERERH 5 LB 2 b

ARRFEHZINTIE,  BREHER I CI01T DI FAURHIE 2 B RO & L TR a1T o7z, NP D2
WCBALTIE, ERTIE TNF- a0 IL-1 2%, T TIE MMP-10 X2 ADAMST 72 EORIEM:~ — 71—
SENZETHEINT 5 LS ST 5728 (Lee IM, 2011; Purmessur D, 2008), 2415 D~ —71—| 2R
L TARRI CIERHI T & TRV, R4 RIOBE T, &~ —V 280 28 (73BT & OF
HTCHEHDR TRV, Ko T, ARIZTNDORIEM~—H —IZBT 2R L, K~—h—Ik

\F D3 s T REAT ORHE 2 R 72 K 0 BEZRRE B T H D
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4-5 /NG

AFFHIBNTE, I FITBNT, EFHE— IV ROSEMEA LR L, BT DHERRSIZ 8T
AJEEOHIINATRD BT Z L DD, ROMEREEET MERIZ K 0 R L 7 AR & i L,
BEBEHERT 41T 2 N FRIBREE D2 U U E T B ORI 24T 2. ZORER, NP DA T7< AF
IZBWTEMZTRET AT RGO BV Z L n, HEKEE OB L 0 HEFRIEZ T J OSE
BROZEMEASHEAT L, HERIOGRBBHERROAEIA b &\ Vo T BEHERIBEE A48 < falRtEn b 5 2 &2
TR IV, FETHEAREEZ OBEEHERIC IV CE, EEHMOEE AR L 2L 2T TV D

AIREME B D 2 & AV ST,
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Table 4-1 Bergknut histological grading system for analysis of nucleus pulposus (NP).

Cells chondrocyte proliferation (0~6 points)

0 No proliferation

Increased chondrocyte-like cell density

Connection of two chondrocytes

Small size clones (i.e., several chondrocytes group together, i.e. 2—7 cells)
Moderate size clones (i.e. >8 cells)

Huge clones (i.e. >15 cells)

o o WD

Scar/tissue defects

Presence of notochordal cells (0~2 points)

0  Abundantly present (>50%)
1 Present (1-50%)
2 Absent

Matrix staining Alcian blue (0~2 points)

0 Blue stain dominates
1 Middle
2 Weak blue stain
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Table 4-2 Primary antibodies used in this study.

Antibody Source Dilution Pretreatment

Col1Al1 Rabbit polyclonal 1:1000 60°C in citrate buffer for 60 minutes
Col2A1 Rabbit polyclonal 1:500 60°C in citrate buffer for 60 minutes
MMP13 Rabbit polyclonal 1:100 60°C in citrate buffer for 60 minutes
VEGF Rabbit polyclonal 1:100 60°C in citrate buffer for 60 minutes
AEL/AE3 Mouse monoclonal 1:200 60°C in citrate buffer for 60 minutes
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Table 4-3 Histological analysis of nucleus pulposus (NP) and annulus fibrosus (AF).

NP AF
Measurement
Control 6M ™ 12M Control 6M ™ 12M

Cell density (cells/mm?) 2158+82.6 2740+121.8 301.1+101.2 294.7+68.0 348.0+£754 207.9+453 169.1+42.6 2009+51.3
Histological score 27x15 53+27 48+22 57+18
% of notochodal cells 231 30.8 332 413
% of chondololike cells 76.9 69.2 66.8 58.7
% of elongated cells 65.2 585 170 145
% of rounded cells 348 415 830 855
Col1A1 (total positive cells) 71+56 16.1+73 21.7+134 107493 0 04%0.7 0104 04+08
Col1A1 (% of positive cells) 141498 4924120 47.7+201 3414261 0 13+27 02+11 14%30
Col2A1 (total positive cells) 20571 89154 229+179 122+£6.5 12+15 19+16 2022 1417
Col2A1 (% of positive cells) 57.7+145 293+169 3094250 286+150 21+27 68+59 79480 45+53
MMP13 (total positive cells) 83+34 139475 238+137 139+86 51+47 08+12 52435 13+21
MMP13 (% of positive cells) 202+37.1 37.1+£19.0 531+176 371+84 112+119 22+30 18.7+128 38+6.2
VEGF (total positive cells) 138+43 58+39 39429 81+10.1 02+05 01402 12420 01+02

265+43 131+73 10075 21.3+26.0 03+10 01+04 6.0+128 01+05

VEGF (% of positive cells)
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Figure 4-1 Photograph (A,C) and Lateral radiograph (B,D) of Control and fixation models of C5-6.

In the Control model, the titanium screw was used as sham operation. These screws were placed on the left and
right ventral sides of the vertebral body. In the fixation model, the Plate and screw made of titanium was used
as the fixing device. These Plates were placed in parallel on the left and right ventral sides of the vertebral body,

and used to stabilize the C5-6 vertebral segment. Scale bar: 8 mm.
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Figure 4-2A. Lateral radiograph and magnetic resonance imaging of control group in C5-6.
In lateral radiograph of each examination date, it was not observed spondylosis deformans, sclerostenosis in the
vertebral endplate, and fracture of the fixation device and vertebral body. In MR T2 weighted image, it was not

observed change in the signal intensity and compression of the spinal cord.
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Figure 4-2B. Lateral radiograph and magnetic resonance imaging of vertebral fixation group in C5-6.

In lateral radiograph of each examination date, it was not observed spondylosis deformans with the exception
of one case. Also, sclerostenosis in the vertebral endplate or fracture of the fixation device and vertebral body
was not observed. In MR T2 weighted image, it was not observed change in the signal intensity and

compression of the spinal cord.
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Figure 4-3. Comparison of the cell density of nucleus pulposus (NP) in each group. Each column and bar

represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-4. Comparison of the histological score of nucleus pulposus (NP) in each group. Each column and bar

represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-5. Histological findings in the nucleus pulposus.

In the vertebral fixation group, increase of chondrocyte-like cells and cell clusters were observed (A). Mild

increase of chondrocyte-like cells was observed in the control group (B). Residual of notochord cells were

observed in some part (C), and AEL/AE3 positive cells was also observed (D). Scale bar: 100 pm.
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Figure 4-6. Immunostaining in the nucleus pulposus. Col1Al (A), Col2A1 (B), VEGF (C) and MMP13 (D)

Positive cells were observed in the control and vertebral fixation group. Scale bar: 100 pm.
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Figure 4-7. Comparison of the percentage of Col1Al-positive cells of nucleus pulposus (NP) tissue in each

group. Each column and bar represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-8. Comparison of the percentage of Col2A1-positive cells of nucleus pulposus (NP) tissue in each

group. Each column and bar represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-9. Comparison of the percentage of MMP13-positive cells of nucleus pulposus (NP) tissue in each

group. Each column and bar represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-10. Comparison of the percentage of VEGF-positive cells of nucleus pulposus (NP) in each group.

Each column and bar represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-11. Comparison of the cell density of annulus fibrosus (AF) in each group. Each column and bar

represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-12. Histological findings in the annulus fibrosus. In the control group, a number of elongated cells

were observed in the annulus fibrosus (A). In the vertebral fixation group, increase of rounded cells was
observed and the outer layered structure was unclear (B). In the control group, stain of the Alcian-Blue was
overall decline (C). On the other hand, in the vertebral fixiation group, it was observed strongly blue staining

around the rounded cells (D). Scale bar: 100 pm.
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Figure 4-13. Comparison of the percentage of the rounded cells and elongated cells in each group. Percentage

of rounded cells tended to increase in the TM group and the 12M group.
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Figure 4-14. Immunostaining in the annulus fibrosus (AF) of the control group (A, C, E, G) and vertebral
fixation group (B, D, F, H). Col1A1(B), Col2A1(D), MMP13(F) and VEGF(H) positive cells (arrows) were

observed in AF of vertebral fixation group. Scale bar: 100 pm.
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Figure 4-15. Comparison of the percentage of Col1A1 positive cells of annulus fibrosus (AF) in each group.

Each column and bar represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-16. Comparison of the percentage of Col2A1 positive cells of annulus fibrosus (AF) in each group.

Each column and bar represents the mean £SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-17. Comparison of the percentage of MMP13 positive cells of annulus fibrosus (AF) in each group.

Each column and bar represents the mean + SD. Significant differences are indicated by * (p < 0.05).
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Figure 4-18. Comparison of the percentage of VEGF positive cells of annulus fibrosus (AF) in each group.

Each column and bar represents the mean + SD. Significant differences are indicated by * (p < 0.05).

70



H
(S]
i
ey
ol

/NSRRI BT, FHEDSMEMARE (R IOliFZR L), £ L TR HERERIBASi O
RLTEMEZAE D BRITRF LT, HEREEN (Vertebral Fixation: VF) 7% S41%  (Fitch RB, 2000;
Lemarié RE, 2000). 2&121%, BREMMENZENE, SHHERRIIE (V47 T —Efere) , ZMEMEIELHED:
ZE (BRIEMRE), FOFHE BUPATHER L, FHER OIERSR IR L7 EGRREe, HMERIR~
V=T, FHEEG R ENEEND. £, VF TERRC, FREER L, FREEEMREITS L
T LA EOREMT R E CORLEECKT L ThEM S Tngd. LanL, VR Efifgi2iE
Bl d~ D HERRTIARL CRRIEL L 78 (N /90) 25036 D FERIED R ST 5 (Bagley RS, 2005) .
Z ORI, HERRRAEE S5 2 SISV B DHERICSE 2R BV E C, IR e N
EME LS, HERRERZ OBBEORMEROIE R LA < & T2 (Bruecker KA, 1989; Seim
HB, 1989) . [FIERDIHFZEN NDEFRIZIWNT HEE SN TR Y, AR/ FHNRE b 8Z <AThh T
W5 77, RIZBOTHERHERFEEORRIZ BT Wi 37 <, BRI L O AT
HIZR A T =X NIRIDCAILTBZ . ZOREEMIAT 5 ETIEINODA D =X AT S
BRI R TH DD, K FEZRGETAAT O To I FHIRHE A BIET D033 5. LinL
IRI8 5, SVPHLETR DBEEMERC 01T DI ARIRHE AT L7 &\ D s db e, SRR
FEFNZIUN TR LIz &0 9 3 137 Sz,

% ZCH 2 BETIE, ROGEATFHEIREIIST 2MEHALETR O REEHERFE OFERIL S
D128, ROGERIEET HNKIREETH 5, SHHHMERM~1L=7 (Cervical intervertebral disc
heriation: C-IVDH) 35 X USHSHHERHEIE (Cervical spondylomyelopathy: CSM) (255 H L, [BIEE
WEaAToTe. ZORE, BEEHERIEE OIART, BEROZZIT T T52% (=9/172), I
JEAfT & HEREMT 2 OF LI/ C 156% (n=7/45) TH Y, AR TIL7.9% (0=16/217) TiEH b
2. EBIT, ARENIRWTIL, VF OOFICEE L CREHERIR S OF/E & A S 72BN GE0 &

NIZ &ph, BHEHERETS ORAITIIHERDOZEMINDBIE L TN D Z LAVRIR ST,
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