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BB B HEEE O R RARICE T D R EERIRES

SRAFEZHEFHERARERE (EE . EHEBEE)
B B H

g 3t 3 ERTRSESORERSERIT, —HICHE ShUBRERORFIC L VELMZSh, BEMROE
BRI+ AEEEMER UUT, AV 7 -8&LHT5) bAEIh, MORLREREN TR Lo - TE Iz, FHE
CRWTIL, 4% C—8é LEEBYRARER sicid, TORFERLA ) 7 —ERCETARENIZE ERT iz,
B, YRS CHRE LIBHELTEN (total en bloc spondylectomy) X RifTT5 &tk b, FHEBCSWTL—HRE Lz
BRAETRE & T o 7o, AFED BENE, FHELSRHT (total en bloc spondylectomy) * Hif7 L iz 195l 0 B FHBEEE S OREE
HRHAPHRLE, Y ADTREREF AL LBER LT, EENEHBEORMERFRORY, LHUREFHCESWTER
ERYIHIELTVWAER, TibdA) 7 -BROREETLS & THD. FHEARMETEAORN T, EBREEMR
3, HEGREE, BICHESRTTCERT DI ENRSL, FO%, EEHRATIREKER, S, KEHRTIX, S5
WENC, i, EDHERIEN, MEGRESH, REHAEEE LW, i, #EREFHATE H» HERTEE~RY, ©
AHDOBHECLELCWRbDb bk, Thb, FIRENE, HEGMEEE, hERRE, Mk, RER, BERE, Zhic
BET AR, HENERAET IRANYE, ESHEETE, HESY, HEEFCREFERAEHRIBDLN, FiE
CRTHAYV7 —Eir Bl LBk, IEECELCR~Y AFEEBTF L ORI D R AR AV 7~ L E 2
bhtc. ThbhBEFIZIASDAY) 7 —EHCEEA—2OOKHE (2 VA=AV N REELTWS EERTE. &2
)7 R FOBEBEREEFRCHRENALN, BER, MRESELEREBCSY 7T —ERTH D, RREE, EEN
BEEIZECLDTH-7. BA) 7 —HRAGESSRC X VIREEETRE L Y RECHEBEIh, BEDa v -ty
FANDEBRRH LT . B BREEN S & VEEAEANORRIEENRD 2 V- P AV IANERLRTVE
BTHote. LBLAY 7RI BECHEBEIATWTY, EERESAHRTIIEGCERMMEEER THEDh TR, B
£H54 (total en bloc spondylectomy) % §i47 L7 fEGI CIXEBLE BN THETH - 7o, BERSEOKREH T, BEEETERE
BE LT, BEBARL HBEEAT, FEERH I VBEMSCERT IBRBROFENHP L. <Y AFEEB TV
DR S, EEAECER L-ERESMRIERRS Y 7 -8B Th s, ERYEE L > OEENEY LT RICHE
B2, FOEEN AMEU LRSS S IFEABEOMEENTRE S, UEOKRL b, FHEEECKV-THM
BOBRSEERBC v - 2V &) 7T —OFEYBATH I EATHREEL DR, TORMAK L HRE/cUREY
HETE, X HRIBRAEOBEVCEMIVEREhD LERI AT,

Key words metastatic vertebral tumor, local extension, murine model, compartment, barrier

H

FHEREREREROFERLTHL. BHEORFCH,
BEOBBIE UBEROTHMEN O RRERESE LS. ¥
TR, BERIEEFEESH, ZhbT X ER, KERE
LY, BEDEEEFEOE (quality of life, QOL) 133 L < #IIR &
h, S8 FRCLEREY 52 5. hoTREBETRERC
NTDERIINERE & £ & b, TOFEMLEHRE, BE
BE—HELSHh, RIBBRYHNE LoboTREh o, %
DEBHRBRERL KL, TORKRELDPL QOL O¥E,
ERFROLER L IZBEVHDTH-R. L, BEOEM
EBRERRCXT 5 B2 ME, (LR, FRREIAREN
RES Lz L RBE L, YRETIT, BRRTHEESE V2

VBT E12R 158 %4, PR 8FE 2 AURRHE

b EREOBEITEHE b BEEECOR LRIREY
K2 ZEeDE L, BHEARET (total en bloc spondylectomy)
EF - RITLTERLY.
EBMEEERCYV LRITREY BTk, BB
HHERZORFERRER, Tichh, BEVNHEED SOOI
BB (BK) LoTL, EOHAREBNIRT W, ¥ ERE
Biow LTERMOBBIRFET 5, 5 & ThIXERMR
EIMEIE TR SR L, BHEARCHERETIERL T
ORI EEALNCTLIMNENDS. ZOMBEREHELMTT
BT LRI, EBRUFHEERC R CHMITCE LI IRE
FHETHILENTE, TOKR, BERFONEKROD

Abbreviations : ALL, anterior longitudinal ligament; Ant. AF, anterior annulus fibrosus; Ant. P., anterior
periosteum ; Canal P., periosteum facing the spinal canal; Cost., costovertebral joint; CP, cartilage plate;
CT, computed tomography ; EVG, Elastica van Gieson stain; IS Lig., interspinous ligament ; Lami. P., lamina
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W, T RFREEOECERAERENBRTTH L. MK
DOREFEMBEHRTEMRER T3, Enneking 2308 L < ix—#1
(en bloc) Bl L7 AR DRE R M k7 B BE O RTER
BRALBELEMNCL, ThrHEIZa v -2V &) T—0D
BEEHI LI bk -7, BREENOBFBEMEI G
FEERBEE T, L LEHETE, EREOFLTHIE-
TWwd &5 BEIRNRRN: OB, THEEO -SRI,

ED BB ITHEUY IOTREER L cicd, BFER
AREL e dh, URERCESWLBIIERERXORELY
BRI S = T e hTWiew.

FHELIEM (total en bloc spondylectomy) IZ 4TI, T
EFTHLD, EENEFREOEEIRFBREYYEST
ZEERRTTHD. Arguello 52 13=v A2 BUVEBLTH
B v 2L, SRESMRORMERERCOVWTHR
Hlic. REFARECHZ LD, IBRERY BVt
TRAWEER, FEFICRALEBEBHROER S L 0%
H~DERFAICE T 2 RE b ERICTEEL 257,

S0, BEBETEEEORNERBRYBELHCTH D
W, 1) FHEL R (total en bloc spondylectomy) 12 & b —#1z
S IBREA R A, REABRN AN S OB Y
Tisv, 2) = VAR BWHEEER T T V2 (FR L, EBEE
M OEE A~ DEHERERRC OV TLRE L.

Fig. 1. Histological large section of whole axial slice
(twelfth thoracic vertebra). Vertebral metastasis from
ranal cancer. Mallory Azan stain.

s}

WHREIUHE
1. UIBRRA(C & 2 et
L. ®

YR TIN0EL H19UEE T 5 E/MK, EBETHEL:
X L CHHELRT (total en bloc spondylectomy) #5if7 L, &
Bl & REBEMR L OFRESARE AT T - 22 1961% AL
o, 26, BAF » Vv, BBKIEEE (magnetic resonance
imaging, MRD) 72 & O & BEGT R+ L2 HBICT, HiE
BEEUNMCEBRE RO VCEREBORETH Y, BRI
RIS VIR T BB R BO TV WVEATH S (TR
BIZIRI6.85 ). T ERANBTEER O YR, BERMR
WO S FEF D RENT DI, FHESI60.4+7.85%, A
BHL6, ZETHTH- 7. HHES I 1T DRH166
T, EHT D 2HER LR LIERAL 361 - 7.

2. REXNEH

FHERII0% FHEE L~ ) VBCBRELCEE L
b, ¥M I RHH T4 VI~ (cutting grinding system)
(Exakt, Hamburg, Germany) #f\C, 1 #BOBAR, #E
BEFED L~V TH 5mm OEIWCAS A AL, ¥l
DHARRREFECCHABRIZA 51 2 Lz, Zh® EDTA
(FOEREZE, KIR) CTHIR L5 7 4 vEEDOE, + 27 SEER
$7mt— 2B (V2 SRS, HR) vV KEEAR R
Liz (R1). BFEERTRREC T 5mm MBOTLER
WL, LEFIFHI0KRDT L5 — 2R L. B
WHEHRE, Mallory Azan 48, BIU LS AFH 7 5 v¥—
v v (Elastica van Gieson, EVG) ¢ % Fu 7o,

1) BEBMROKETNEEGRS I OCHERERSER

Spinous pro.

Lamina & T.

Pedicle

Post. VB

Ant. VB

Right Left

Fig. 2. Schema of each compartment. Ant. VB., anterior
portion of vertebral body; Post. VB., posterior portion of
vertebral body; Lamina & T. lamina and transverse
process ; Spinous pro., spinous process.

periosteum ; MRI, magnetic resonance imaging; PLL, posterior longitudinal ligament; Post. AF, posterior
annulus fibrosus; QOL, quality of life; SS Lig., supraspinous ligament; YL, yellow ligament
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Fig.3. Microphotographs showing each “grade”. (A) G0. Cartilage plate serving as barrier is not destructive chage at all. CP,
cartilage plate; T, tumor cells. HE, X10 (B) Gl. Less than half of width of the periosteum on the lateral side of the
vertebral body serving as barrier is destroyed by tumor cells. Arrow heads indicate tumor cells invading the periosteum. Black
arrow denotes the normal width of the periosteum on the lateral side of the vertebral body. T, tumor cells. HE, x10 (C) G2.
More than half of periosteum on the lateral side of the vertebral body serving as barrier is destroyed by tumor cells. Arrow
heads indicate tumor cells invading the periosteum. Black arrow denotes the normal width of the periosteum on the lateral
side of the vertebral body. P, periosteum on the laterae side of the vertebral body; T, tumor cells. HE, x10 (D) G3. Tumor
cells are covered with only a thin, fibrous membranous tissue (arrow heads). T, tumor cells; PLL, posterior longitudinal
ligament. HE, X25 (E) G4. Tumor cells perforate through periosteum on the lateral side of the vertebral body. T, tumor
cells; P, periosteum on the lateral side of the vertebral body. HE, X5

Case |
Case 2
Case 3
Case 4
Case §
Case 6
Case 7
Case 8
Case 9
Case 10
Case 11
Case 12
Case 13
Case 14
Case 15
Case 16

Ant. VB. Post. VB. Pedicle Lamina & T. Spinous pro.-
5% (n=12) 100% (n=16) 62.5% (n=10) 25% (n=4) 12.5% (n=2)

|

2

P

Fig. 4. Tumor location of affected vertebra in each case.

Ant. VB., anterior portion of vertebral body; Post. VB, Fig.5. Microscopic appearance of growth patterns in the
posterior portion of vertebral body; Lamina & T., lamina bone marrow. Arrow heads denote osteoblastic cells
and transverse process; Spinous pro., spinous process. destroying trabecular bone. T, tumor cells; *, trabecular

*P <0.05, *P<0.01. bone. HE, x25
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EEXHESREESKFERT, #E, #51], #5, fze
RS, ILICHEGRIIRELSC 4SS L, THESE, #
B3EA0 2RERSTEH IKECHS L (K2), &« DI
#ic, BEMRNEE LT 2EENEOXEN BB L.
FREIMEFMBC SHIN T B0 E50DHBIZLUTO X
PSRBT olc. Tighb, KEMOREEROE B L -V
FavE . — & — (Power Macintosh 8100/ 80, Apple
Computer, Inc., California, US.A) KB HAARE, STV »
2 ¥ A A4 vV 7+ NIH Image (U.S. National Institutes of
Health®Wayne Rasband {E) #B\, KKEOEHE, L U0&
KEAFETHEFOERLIELL. Thbik X hE&XKE
S EEEROEIELRD, TOEEN0%L EDHE
2, TOREIEFCSRINAT WS LK L. HHfEE?
BRHE CRPEROXEEADELE Uiy 3HI Z OBEH LR

AL, FEieflegic Lic. o, REERYEEERE
THMCBE T Z L L), EBEBHMROMERHIER
B2 EREBICRE L.

2) B BY 2 EBERAEER (XY 7T -ER) ORE, %
B 7 BB~ OEBMROIEEES L ORI
RIREFARIZ KEUEA I L O TR T OB 2 e B
THMCERTHA I LI h, REENCEBESHRORK
ERYHEELCWAHMEY O 2EEEALER L
T, AV 7 —BBEHRTH)] LEHEL, ThbHA) 7-Hg
RELL. ¥k, £8AY 7 -HE~OBEEMR OB EEE
BIVBRABBELRF L. BEER, SEZOEROES
L, BiEieLE GO, 1/2 LITOREY G, 1/2 2% 58
Hr G2, HCERESOATELR TV L0% G3, 25
G4 ELE (K3). NV 7 —HEBOEEDCEAIBRENE

D

Fig. 6. Barrier tissues against tumor progression for horizontal direction. (A) Schematic diagrams of vertebra in horizontal
plane. Representative histologies of areas (B), (C) and (D) are shown in Figs. B C and D respectively. (B) Anterior longitudinal
ligament serving as barrier against tumor progression. ALL, anterior longitudinal ligament; T, tumor cells. HE, x10 (C)
Periosteum on the lateral side of the vertebral body serving as barrier. T, tumor cells; P, periosteum on the lateral side of the
vertebral body. HE, X30 (D) Posterior longitudinal ligament (arrow heads) serving as barrier against tumor progression. T,

turnor cells. HE, X20
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rofEloEREE Lis, ¥R CERENBEHFET S
HOTIWE &L, ThoERORL, &FIEROEEY £
wlic. 5K 4 DFEFO Grade 0~4 EHLcER A2
)7 -BHEE] L, XV T-HBILOBBOBERTE
BlbLiz.

3) EBMIROHEE SRR

GEBEFHROBEBHENNDERRAR LY KT HHE, BES
s CRE L.

I. vOXEREBETILICL DR

1. % #®

EEMECIE, SRAKEDATRFEREER L V53R
#- murine melanoma cell, B16/F10 % FI\ 7z. RPMI-1640 ¥
(BABEE, HR) 156°C TI0HMNE LIERL L2105/ ERE
B (Hazleton, St. Lenexa, US.A) & 1 %=V v - A}
V7 b= v v 10,000 AL (Gibco, New York, U.S.A) #inkx
LR Y BT, 37C, T~T15% CO, KRS RET
BEERLC. T ARREEF ¢ — A XD A= (@RI L b
A L7 C57/BL/6N, 6~8 B DMEISILE v iz,

2. TV AFHEB T O]

#Ha% 150cm? D#%#E 7 5 A 2 (Becton Dickinson Labware,
New Jersey, U.S.A.) THBEE L. RISHRBERE L5
TR s T, 0.16M R &M 4 B A K (phosphate-buffered
saline, PBS) (AKEZ) T, 0.05% + ¥ 7~ v (Gibco)
Tz HEE L, ~v R 7R (BKREZE) © 2 @EEE L EMRE
B s Lic. MERGTER (b —~, BR) CEMlRKErEELE
%, 2x10°fEORMMEE~ v A 7 ¥ 02m] 2{FRL, <Y AD
FELEICEA L. EAFER Arguello OFE R#E L. *
Y7 &= (KEAFE, KK 0.05meg/e #E) BEAREIC
THE L= o 2%, (IR CEZE L, BSEFR lom D
B¥xAh, KEefhx gL, WED 2mm £, F2E L
DIEFRIETT2T7 — Dt R A Lic. BHLEOMRD A%
MRS, T MR AR EA LK.

3. RERSENRE

ERMREAE, 1808, 2BEWCE5ESD, KETICH
WL CEEE T ALE ¥ 5 LCRM L. #100ml &%
U VIEBERMEK (~-% ) vB0EAL/ml) TESERE, 10%F
BREE S < ) v RS CHERERE Lic. SEHE X D ALK : TEER
Br o TSl L, 10%PH@E v <) vIREER
2RI, EDTA THIK L, FHEEFRRETTR 514 A
Lic. #3574, vEEJR*HERAL, XREMEC THEE
Liz, ¥k, ~v AOHEBOEEBRHLMABWNT, HEER
TYASEOFREFRREOVA ZERL, ARTEEL
.

. #EEteeroist

Barrier # 18 [ o #3121z Wilcoxon 5 ff JH AL 8 &
(Wilcoxon single rank test) # i\, fio#EHTIZ Fisher DE
BRERLAGE. WThid P<0.05 LT EEE L.

59 -

I. UBERIC & 285

L. RE2HR
BHERORERNIC & 5 RIS 0 FITERE 8 4, L%
281, FLRERAE 3G, FEANNETE 26U, FofioE, BIBE, A
VI, BERERER 150 TH 7.

1) EEMROMENFERER L CHEERRERER

MR B OFEL WD I iEENL1661 R 114 (68.8%)
THhote. BELERIFIL I F (56.3%), HEEAET X134
(81.3%), MEAKAEHITIZ1IH] (68.8%), AHESHEA 8 # (50.0%),
LEHESIRD 6 7] (37.5%), BHES 2 4§ (25.0%), EHES 1 F
(6.3%), Mizeig 24l (125%) THo7o. #etk, HSHE, #S\W

c B | |

Fig. 7. Microphotographs showing barrier tissues against
tumor progression for vertical direction. (A) Schematic
diagrams of vertebra in vertical plane. Representative
histologies of areas (B) and (C) are shown in Figs. B and
C respectively. (B) Cartilage plate serving as barrier
against tumor progression. CP, cartilage plate; T, tumor
cells. HE, x32 (C) Annulus fibrosus serving as barrier.
T, tumor cells; AF, annulus fibrosus. - HE, X 16
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THIEBWTHERK X AN EREZIRDer 2. £
LTERDRFZCTICHEN, #iEkY, #5118, #3,
BWRED 5 KEST, MRORREEYBRHLL. TORE,
AT HCEEOFLEY D IEFILI66P 126 (75.0%), #E
HHEFIZLE] (100%), HESBIZIZ104] (62.5%), #HBB IV
BRI 4 Bl (25%), BhERiEicIL 24l (12.5%) CEEDOFE
BRI, HEEFIT, BHEICRHEH EEEERED o
B, MEEFTHSRHS, HER LV ERCEBEROFEY
D, TRCOEFTEENEELT 2. Eh 1 EEORIZ

BEAFELCONE, #EHTKEORCEE L 1 HiRre
BY, ThLUADKE DSBS DFEFEY BDIEFL e h o
7z, (X4).

EBERIILM, EHtrdb-THERBLTE D, ¥4 EVG
REEACTHMCER LY, BHACRBSHh RETHE
BERIZDLNILH ST,

BB 8 FlFR T BIABAMERRE, 1 AISRERTH 5. 24
HEFZLWHIROEE T, EBREMCIEROBRFIZSS
Bdlemofe. BEIRBTIRELHR LooFRELBE

*k

Frequency of tumor cell arrival (%)

ALL Ant.P. Cost. PLL YL

Canal P, Lami, P. CP  Ant. AF. Post. AF. ISLig. SS Lig

Fig.8. Frequency of tumor cell arrival at each barrier. ALL, anterior longitudinal ligament; Ant. P., anterior periosteum;
Cost., costovertebral joint; PLL, posterior longitudinal ligament; YL, yellow ligament; Canal P., periosteum facing the spinal
canal; Lami. P., lamina periosteum; CP, cartilage plate; Ant. AF, anterior annulus fibrosus; Post. AF, posterior annulus
fibrosus ; IS Lig., interspinous ligament; SS Lig., supraspinous ligament. **P<0.01.

XK .
' *k l |
R

Degree of tumor cell invasion

Fllllrlllllwllllr)llllr

ALL  An. P, Cost. PLL

YL Canal P, Lami.P. CP  Ant. AF. Post. AF. IS Lig. SS Lig.

Fig.9. Degree of tumor cell invasion at each barrier. 'ALL, anterior longitudinal ligament ; Ant. P., anterior periosteum; Cost.,
costovertebral joint ; PLL, posterior longitudinal ligament; YL, yellow ligament; Canal P., periosteum facing the spinal canal;
Lami. P., lamina periosteum ; CP, cartilage plate; Ant. AF, anterior annulus fibrosus; Post. AF, posterior annulus fibrosus;
IS Lig., interspinous ligament ; SS Lig., supraspinous ligament. *P<0.05, **P<(.01.
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L, BESROEE{LE 4> FRAGIEBCREL AL (”
5). ERIGEIZ 3 FIL bMAETH o . BEARACIIFTER
PRENEL -, EBUH T ERMERELBR LD
BEL, BEMROEELLH > FRBEIBR S L. HE
2 ElE L BENASRETH D, HERSEEYNS L, TR
B L BEHRELIERE LT, BRSO T ERRREE
53 L RHBERARC L VERIEEREIATH Y, WFE
M OEML: B foleh o 7o, BTBUE O Tl B
LB BARBHEEEROVEAR bRk, FiifyEo
1412 Edmondson I BoOBEETH h, BEREACIERD
BERRDILI - . UERITRMERELEHK L>oRHE
L, BESROERLL s BEBEL ALK, gD 14
BT, BEREACERIN L DBEFL TV, I&NT
B EMEOEEC RS BRARNER T, FREvREKE
R LT Wwic, BIMBEO L AT, ERERENRET, Bl
REITIZE A ERDIch 0Tz, BEEO 1 I, MENSRE
<, BEACREROBRELAbh. BEEIRB T, BFE
MROERLIRZ L, BEESL LAREBEEMEC LI 55H
g . BIBEO 1 R LsABEREET, B2

B

Fig. 10. Microphotographs showing that tumor cells infiltrate
and destroy the barrier along the vessels which perforate
it. »(A) Low power microphotograph. Arrow heads
indicate the vessels which perforate the anterior longitudi-
nal ligament. T, tumor cells; ALL, anterior longitudinal
ligament. HE, x20 (B) High power microphotograph.
Ar8r0w heads indicate the vessels. T, tumor cells. HE,
X80

OBENBIL . BERIGNIBERMBEECERL, B
BRROEE{LE > BHARRLRDL.
2) B BT DAY 7 —BEBORE, &Y 7 —ERBR~
DOEFEROBEFES L URHEE
EBEEMROZERPVEIELTWAAY 7 —E/& s LTI

e
Fig.11. This microphotographs showing that tumor cells are
covered with only a thin, fibrous membranous tissue.

Arrow heads indicate a thin, fibrous membranous tissue.
T, tumor cells. HE, x50

Fig.12. This microphotographs showing that tumor cells
invade from the edge of the vertebral body into the
neighboring vertebral body along the vessels. Arrow
heads denote the vessels runnig beneath the posterior
longitudinal ligament. D, disc; T, tumor cells. HE, x30
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TIBR2 DR IN. HETHCRWTIE, §ifsms
(X 6B), #AMEEBE (R 6C), MMz s\ TIZEEEIER S
EEUMHERMIZS Y 7 - REYE L. BT E
TAHEMTIL, BEEE (R 6D), “hicEET5FE, 33
HFETHIRENE, ILICHEEIRS T, R
FE, BESE, RENERSY 7ML E L ORI, Kk
LT, i (2 7B), BRERVHEN Y 7 - HREYE
LTk (& 70).

BEAN) 7T BB 2BEORBEE LR 8 ITTRT. K
FHECEBERCHNTLEEAY 7 - T, BRILE
BREZELCOAHEEDORD 7o b DIRBRIETH Y, 194
176 (89.5%) LIFEBEBE T 7. LT, MHRIs, #
FHAEEE, REE, TRERTE, #o0E, SaNE, B
ERAROIETH . —H, LT HACESERCNTZ.)
7RIz, MERCIZEA (100%) TEBMRAEL T\
o ERCARMEERATT S, BFHOR 25 LTBRE LA,
FRIZI5HIF0 (78.9%) Th » T, BRME s X OBVER & $ -
05 L ORI RN ERE R RO (K 8).

BEAYV 7 —EROANY 7 ~BHEETR OKRT. &bV
7-BEEOKEVS OIEBREET8TH D, MRS /)
Bnhouk, MERH, BERE L0 THo7o. BREHEIZ

Fig. 13. Normal anatomy of murine spine in sagittal section.
(A) Low power microphotograph. VB, vertebral body; S,
spinal cord; SP, spinous process. HE, %20 (B) High
power microphotograph. Arrows denote posterior longitu-
dinal ligament. Arrow heads denote dura mater. D, disc.
HE, x50

RURERDH , IOMEBEAN, SKEH, SR e L8 cen
ERRED o, EIFIRERS & RENETE L O L5
EEFED (K9).

3) EBMROEENAERER
BEBHROKFETEOERIL, #ETED LEEEAY 7-
B X biEEhTor. LhL, i) 7 —BEE0 K2
WEBC BT, ThEERTHREEELS, Rery
7B OLORPEL Tz (F 10A, B). L, Ry
Tl EBR LT B e T ) L LB 5 — 5 viEiER
BRC X hEECHEERR LIRS - T, B-EEss
HRAMAEBEZE > T L3 %h o7 (R 11). BRI 2 flici
MEBDRTOUT & 0 RSB, 1 BUCHE(R QT &> & EEeae i,
1FlciEs, MREFE X » SERH~, BEEABELTW
o, Bl Pl CERERE TREANENBNIL AV 7 -5
ERELTbO0, ERcEETHEME » BEEARCE
BRETRED.
BEEMROZEEHMOERT, 2F8KERIC L - TEer
HERTA, LaL, 2HCHEEAEENL Y, IRWEs:
BT TCFEET 2 NS RECH - T ETHECERLT
Wio (R 12). FAPSREN S TR L b HEWHEETE - Tl
HBFRT 28 ) TARRE LR ~ERTDEAN L flabh
fo. .
I. THYZAEHREBEFILIC L 2ERSEOKRS
1. =9 AMEEOERERS

ok O

Fig. 14. Microphotograph showing sagittal section of murine
vertebrae 1 week after tumor injection. Tumor cells form
their focus in proximity to the cartilage plate. *, tumor
cells; VB, vertebral body; S, spinal cord. HE, x48
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Fig. 15. Microphotograph showing sagittal section of murine vertebrae 2 week after tumor injection. (A) Low power
microphotograph. Spinal cord is slightly compressed anteriorly by tumor cells. T, tumor cells; S, spinal cord. HE, X30 (B)
Higher magnification of the portion of Fig.15 (A). Tumor cell progression is blocked completely by dura mater (arrow heads).
T, tumor cells. HE, X120 (C) Low power microphotograph. Spinal cord is slightly compressed posteriorly by tumor cells. ¢
¥, tumor cells; S, spinal cord; SP, spinous process. HE, x30 (D) Higher magnification of the portion of Fig.15 (C). Tumor
cell progression is blocked completely by dura mater (arrow heads). Direct tumor invasion into spinal cord can not be noted at
all. T, tumor cells; S, spinal cord. HE, x120



304 3

Fig. 16. Microphotograph showing sagittal section of murine
vertebrae 2 week after tumor injection. (A) Low power
microphotograph. Spinal cord is invaded severly by tumor
cells which arizing from spinous process. T, tumor cells;
S, spinal cord; SP, spinous process. "HE, X48 (B) High
power microphotograph. Tumor cells invade into spinal
cord beyound the dura mater (arrow heads). Yr+¥¢, tumor
cells invading into spinal cord; T, tumor cells; S, spinal
cord. HE, X120

=7 A DR O BB R A OHEE & B8 LT
fo. T U ATIREEMES T, RHENISME, EHEX 6 EEELT
WL TRTOMERIR, HEE, MREYSLEAEE, Thic
AETRHESBIED CTIE DU ERE THRIA TV, &
BEICIZEEIRE, BN, B CER SRR EEL
. EEREOFEEWET 2 I BREENEEL, &
HIZBECIEEAFEL, —HTRHTEL TR, FE
NEOHEEXRDT. FLEERACIEHIAEEL TV (]
13A, B).

2. FREHM OREZMRE
ESMREAR, 1BEIT, 5 1E (6 #E) ks
BREBD. BEENEORIEY, KA LETOREREYS
BAEROCEEL TR (K14). LaL, HEE»LBRS
2, b LIHES X v FRETCEEARIER L T A58
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Abstract

The purpose of this study was to clarify how metastatic vertebral tumors extend locally and to identify the barrier tissues
by carrying out a detailed pathologic examination of the resected specimens obtained from 19 patients who had undergone
total en bloc spondylectomy. In addition, the murine model of metastatic vertebral tumor was used. Metastatic tumors
generally formed their first focus within the marrow in the posterior portion of the vertebral body. In the vertical direction,
the tumors reached the cartilage plate and the annulus fibrosus. In the horizontal direction, they first extended to the
posterior longitudinal ligament (PLL), then to the costovertebral joint and the periosteum on the lateral side of the vertebral
body, and then to the anterior longitudinal ligament (ALL). Finally, after passing through the pedicle, the tumors reached the
periosteum on the lamina. This study also revealed that the following tissues served as vertebral barriers ; ALL, the
periosteum on the lateral side of the vertebral body, the costovertebral joint, PLL, the periosteum contiguous to PLL, the
yellow ligament, the periosteum of the lamina and the spinous process, the interspinous ligament, the supraspinous ligament,
the cartilage plate and the annulus fibrosus. Investigation of the murine metastatic model indicated that the dura mater also
seemed to serve as a barrier. It was concluded, therefore, that each vertebra can be regarded as forming a compartment
surrounded by these barriers. The capacity to block progression of tumor cells at each barrier was seen as being either strong
or weak. A weak barrier was gradually destroyed by the tumor through the area where vessels perforate the barrier tissues,
and as a result allowed tumor cells to spread out of the compartment. The pathway from the lateral aspect of the PLL to the
epidural space was the most frequent route for tumor progression out of the compartment. Even when the barrier tissue was
mostly destroyed, tamor cells were covered with a thin, fibrous membranous tissue. Two pathways of tumor progression to
the adjacent vertebrae were identified; one was from the edge of the vertebral body to that of the adjacent vertebral body
beneath the longitudinal ligament, the other was through the paravertebral muscles to the neighboring lamina. When the
tumor cells had reached the epidural space, they either ascended or descended within the epidural space due to the dura mater
serving as a barrier.




