Relationship between spinal cord compression
and paralysis in spinal tumors
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MRIZBHWT, HHEEICBIT2HBEHRELREL RV TR L, BHEHOKEZ SR AL E0 %
RFEMELDBBEICOWTHRNLZ. BEFEENEICERL, S2BHE»SE1EOHEL XV THERE
EFRORECEBLCWAEADOS H, MENICMRI TEBERBRAFHTEZ-500 2R & L, #aNiciifT
N7-MRI & Ei&##47 Y 7 ; (Image processing and analysis in Java, Image ]) # VT, BEICI2FHOREKTE
B L EFHEFREL, ThENOBFMEREZEI L. BHEHOKREZ L, BEREHHSOFEHERRD =
TR LAME L 72, F-FMESEIMIE, BEREHSVERECLVRARATINIBECERINLIIEr 25
L7, FoMic, BEICLLFHE~DORHLEE, RXTEEL~L, B, WA, EME M5 7TEF & RE
EDBBEIZOWT, MEFNRTZITo4. BESEIIODVWTIE, EHLOFHER I T 5 HERE
(Surgical strategy for spinal metastases) = A\ T, ERMEMEE % slowd, moderate#, rapid BEiICHEHL, EH
HEE L primary B & L7, MEORHEEIL, HAERAMESHEMEERNBENEEE [(Japanese Orthopaedic
Association, JOA) score] @9 %, EEZEFMA R 11 Sl A CRATERERZFEM L. 2082, FHEHE
WAOHI U KL L 2BROREHIBVTIE, 38%LL OB (2461) OMTEIJOA scoreld, 55+0.75Td
0. 38%RMDEE (2651) OHTHIJOA score (7.6 £ 0.7 5) IZHNTHEIEEZ/RLZ, Lo L, FHBEREK
RUSELEMETIE, HATJOA score 3FMERBABICL Y BEL I TRV LIREN. LT, EBEE
XD HEBEHEOKRE ST, MEOBEERESINLZVWEEZ . —F, BHPHRARThIEEIIMNE
—. ETCOHEMENRFIIBWT, REOREILH(FEL TWA I LPHL»r Lo BICEHERESD
EN3BBRBOER T, FHOIRAATINTVEE OF) OWMATIOA scoreid49 £ 145 ThH, HARTH
ToRWEE (176) OHFETJOA score (9.0 £055) ICHRTHEFRIENMERR LA, UELY, FHIEF R
AAFNLTBETCEFRIND L, BEBILLA2EFHEIEI/NS T, BREOBBEIERRTILIZEFHBLL. £
DERE LT, FHIIFRAATNDL I ETHBETRERICRD, FHEEIREL-DEELT.
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Abbreviations . Image J, Image processing and analysis in Java; JOA, Japanese Orthopaedic Association; T, Thoracic

sertebra
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Contours of the spinal cord with Image J

Fig. 1. Method for measuring the transverse area of the spinal cord
(A), maximum compression area ; (B), normal area

T2-weighted horizontal images in preoperative MRI were used. Contours of the normal and maximum compression area of the spinal cord
were defined with Image J and the transverse area of the spinal cord in each respective area was subsequently measured.
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(&, W{£f#HT 7 & (Image processing and analysis in
Java, Image ], version 1.43a, U.S. National Institutes of
Health) % v T, e REEHER B OV IEH & o F 5 o0 ¥ 35
ZRHM L7z (KY). ZB, HEMHMEIZIENERIZED
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Fig. 2. Orientation of spinal cord compression
The spinal cord was divided into four equal regions consisting
of anterior, posterior, left, and right regions. Each regions of
maximum compression area were evaluated using Image J.
The region with spinal cord deformation by comparing with
the normal spinal cord area was established as a compression
region.

2. HBEHAR

whlE R, B, W, GMO4RE IS5
L7z (#2). 2 &(ZImage ] % HwWwT, mAEHREOH
WHIm(G 2 ERE L o L7z, B oEHE £ 2 5L
rRROZXmE, EHfOoHLEmEL, FOHIILY,
FEPE Mz 141 (K3a), 270[ (K3b, ¢), 375
(B4 3d), 450 (- (23e) 26 DEHEIZFHE L 7=,
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Table 1. Surgical strategy for spinal metastases

Points for each primary tumor

1 point = Slowly growing cancer

ex. Breastca.*
Thyroid ca.*
Prostatic ca.
Testicular ca. etc.

2 points = Moderately growing cancer

ex, Renal cell ca.*
Uterus ca.
Ovarian ca.
Colorectal ca. etc.

4 points = Rapidly growing cancer
ex. Lung ca.

Gastric ca.

Esophageal ca.

Nzsopharyngeal ca.

Hepatocellular ca.

Pancreas ca.

Bladder ca.

Melanoma

Sarcoma (Osteosarcoma, Ewing sarcoma, Leiomyosarcoma, efc.)

Primary unknown metastasis

Other rare ca. etc.

ca, cancer *Rare types of the following ca. should be given “4 points”
as a rapidly growing cancer.

Breast ca., inflammatory type; Thyroid ca., undifferentiated
type; Renal cell ca., inflammatory type

1-Directional orientation

™

5 OEHHER, 35D b OFEHERER, E Mo EHE
FEBITIE, FHIIERIC L VAR FNLBRETEY S
NB7zH, FHMlhsATNLE (M3, c~e) & L7-.
—7, ENSLAO 1L S OEPER, &UT27HIh
NI B, Wikl (FEER) »okEMl (FE340) 256
DIEFEREGIE, HAA T A WEE (3,a,b) & L7,

T/, WEEAFRZ A2 6 EHST 254613, MEHE
HY 2 Wl R T BOAUR RS, A EA R ATHEE & 5 )
LT, HREFHB LR TWATEENAH L. L o THHhAi
ATNAHEELIIINC, BHTHRERFO1oE L.
3. TOMEOEF

JEH5\Z & A FEMOTBKRIEIEL ~v, #BFE, Fih, M5
IZoWTHRE L7z, BKEHEL N VizowT, T2~T6
% LACMaME L ~)v, T7T~Ti1# FREHEL ~v &L,
2HEMTHET L/, OGS HIZOW T, BHL W
DHFHEEFE (2§ B GRS (Surgical strategy for
spinal metastases) # flv7=. Zauid, (@B EREHENG S
DTS EBIRT B 2D ICHVWONB AT v Ty
ATALDLI2T, FIEHEDEME % slow growth,
moderate growth, rapid growth® 32|25 L, #h#
N1, 28, 4ICEEELEbTHL (A EY
(FEBAEIEV)EED., BT, BEEESEE
slow#, moderate ¥, rapid BtlI2548 L, FEMIEE %
primary it & L7-. SEMGIE, S504EHIOFEHEA 5695 T

2-Directional orientation

d

3-Directional orientation

Fig. 3. Orientation of spinal cord compression

e

Circumferential orientation

Compression was classified as 1-directional, 2-directional, 3-directional, or 4-directional (circumferential) in regions of spinal cord
compression. Cases of compression in (c), 2-directional (anterior-posterior or left-right) orientation; (d), 3-directional orientation and (e),
circumferential orientation together comprised the impinged spinal cord group caused by the tumor-induced, impinged state-based
compression of the spinal cord. The non-impinged group comprised of cases of compression in (a), l-directional orientation and (b), 2-

directional (anterior or posterior and left or right) orientation.
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Y, 2EBMOBREIZBWTIE, 57T LEESTEKBD
2RHICE LT
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FEOFHE OF~45), B-H (—28~05), THK
OF~45) OBEEE, R O05~25), #£% 045
~25), TH 0&5~25) DMERRE, B 08
~3F) BENEFRERILL, ARTITACHEBEDOERE
BExRT, BARERNFEQSBEME SRR &%
[ Japanese Orthopaedic Association , JOA) score] % H
Wz (FRFROBAEDVN S VI EEEOREIIRE V).
AT, SET17THD ) b EEFHMEZ RV 115
BECHATHRERT FE L, MEORELRE L.
1. #Et=avsssd

THERESR, FHISHRAATNLFRE, sIHES,
BEREFELAN, BE, £, B0 TEF M
JOA score E D EIZOWTHRET LA, 2EROEICD
W iE Student’s tHRSE, 4EBOEIZOVWTII—TTRE
S [One-way (analysis of variance, ANOVA)]
FHWTHRET LA, F7-18B#%R %3 Pearson DFE AT
B, SELEREIITukey-KramerEZ BV, £T0D
BECELTERE oF) B5%UT2EEENH L L
HE L7, ZBABEREHELEERETREL, &
FHEMNTY 7 M, SPSSe 15.0 for Windows® (SPSS Inc.,
Chicago, USA) #f/H L 7.

3% #

S50 EF OF HEERAEIL5.0% ~ 87.7%, FHHEI
378+ 28%TH Y, HATJOA scoreid 0.5 5~ 11.0 5,
FHEIZ66 L0585 THoTo.
1.ZEER< 6 AT (145, F#, RAEHFL NN, HF

BERRDR, FEIAAET N BT, AT
& 1iTRT JOA score & DEAE
1. BZEHNT (X4)

6ERTF & R2FEITHEL, MATJOA score D& 2HEHIC
B BEEEZXRE L7, #IRIJOA score i35, i,
BREHFLAVOIEFIIBVTIE, F2BEHTHEER
EERDLeh otz

EHEBRBRLEIL, LEROTEHEL2SZIII8%LE
- DR (24P L 38%KRMOE (2651) THRET L. 38%
D EDOBEDOHFTJOA scorelX55+0.75TH Y, 38% %k

WOBEDOHBIJOA score (7.6 £ 0.7 5) IHRTEEICE
WER R L7 (p=0.041).

BHIFBRARINLIHEE, BARTINSEL 245,
BARIN G WEN26FTH o7, BARThIED
WHIJOA scoreid 4.2+ 075 TH Y, HAAFNLWE
DA JOA score (8.8 +0.55) ICHNTHEIKWES
RL7 (< 0.0001).

ELIHFESCOWTD, BIFEHEND 28 @oH)
DHTHTJOA scoreld 6.0+ 065 TH Y, BIAFEEEN W
B (1060) OWETJOA score (8.8 0.7 %) IHRTEE
IERVWEE R L7 (p=0.03).

2. BERIMRE, (RABRIMRE (FR2) RUHEEIRAH

HARBIRELTiE, Student's tiRE (M4 LRk, &
BHEBERALE (p=0.006), FRIHALATIND LR
(p<0.0001), BIHFEHE (p=0.029) ®IEFIIHHIJOA
score L HE - HBEBMRE R L. L2 LRHEESREE
AT % &, BFHASTRAAE NS LHTRTIOA score D
FHRARIRS R b, FREERRAE, WiAEHL, £b5
b HHRARALRIZES D o 72 RIS RAA TN AHTEE, — 0521
FEHEBBAE, —0229 ; Bi5EHE — 0.069).
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JOA score ( points

O 2 N W A ;o
[P TP U SN TP T |

Men Women =57yo <57ye  Upper Lower 238% <38% 4+ - “+ -

Maximur Transverse srea ;. Anterior
Sex Age compression level  reductionrate  TPMGed stalo o csion

Fig. 4. Relationship between the six factors (excluding cancer
types) and preoperative JOA scores in the univariate analyses.
Each bar indicates the mean (SEM). y.o, years old; +,
presence; —, absence
The Student’s t-test showed a significant differences in the
mean value of preoperative JOA scores between the two
respective groups in the three factors (*p =0.041 for
transverse area reduction rate, **p < 0.0001 for impinged
state, ***p = 0.03 for anterior compression).

Table 2. Simple correlation and partial correlation coefficients for preoperative JOA scores in the six factors (excluding cancer types)

Factor Simple correlation coefficients P -value 95% confidence interval Partial correlation coefficients
Sex 0.168 0.245 —0.116~0.426 0.227

Age —0.213 0.139 —0.464~0.070 —0.130

Maximum compression level —0.017 0.908 —0.294~0.263 0.088

Transverse area reduction rate —0.380* 0.006 —0.596~—0.114 —0.229

Impinged state —0.646** <0.0001 —0.784~ —0.448 —0.521¢

Anterior compression —0.307*** 0.029 —0.539~-—0.031 —0.069

Simple correlation coefficients for preoperative JOA scores were significant in *transverse area reduction rate of the spinal cord,
**impinged state of the spinal cord and ***anterior compression of the spinal cord.
*In partial correlation coefficients, impinged state of the spinal cord showed the strongest correlation with preoperative JOA score.
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FHMPFERATNLTREL SHEH, 5 JOA score
BB E L-BRFESIT TR, BHIBRAATING
BB (p<0.0001) RUYIH (p<0.0001) i, AELREE
BEERLA [EFEN, (FBJOA score) = 13.487 —
466 X (B RARTNBHE) ; ERK (),
0.417 ; p<0.0001].

I.5HEERIE, BRI EAAThEIHBRBERH
JOA score & MREAE

FREHRMAFEIL, 8B EOFEL3I8%RFHDO2EE
2, FREAFHRAATNBRAEIL, RARATNIB LA
AIENZNBEO2BIIENENGEH L, FRoiiis

11 1 I
10 - ; e ,
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JOA score ( points )

C D

Fig.5. Relationship between the two factors (transverse area
reduction rate of the spinal cord, impinged state of the spinal
cord) and preoperative JOA scores
Each bar indicates the mean (SEM). (A), impinged and = 38%
(transverse area reduction rate) group (n=15) ; (B), non-
impinged and = 38% group (n=19) ; (C), impinged and < 38%
group (n=9) ; (D), non-impinged and < 38% group (n = 17)
One-way ANOVA showed a significant difference in mean
value of preoperative JOA score between the four groups (p <
0.0001). In multiple comparison tests, significant differences
(*p < 0.05) between the following groups, (a); (b) and (c)
were observed for the preoperative JOA scores.

a

Fig. 7. Representative cases

M

EhECTEABICHHEL, WETJOA score DB ICH
FAEEERRE L.

WHETJOA scoreld [#RAATNBEHDO38%BLLE] D
3.7+ 075 (1580), [ARATIEZVWDID38%L L]
DEIZ85+ 081 OB, [HeAATNBHD38%HKE]
DEIZ49F 145 98D, [HARThZVDPD38%%
W] OBIZ.0£054 A7H) THy, AHHMTEELE
% Eo 7 (p<0.0001) (5).

ZEBRE T, WITJOA scoreld [HARATND
»o38%LUEL] DEEL [HRAAENLVIDI8%LLLE]
DO (K52), [BAATNLEHDI8%kKM] OB

11 4
10 1
9

7
5
5 4
4
3
2 A
1

JOA score ( points )

Slow group Moderate group  Rapid group  Primary group

Fig. 6. Relationship between cancer types and preoperative JOA

scores
Each bar indicates the mean (SEM). the slow group, 14 cases;
the moderate group, 6 cases; the rapid group, 20 cases and the
primary group, 10 cases

One-way ANOVA did not show a significant relationship
between preoperative JOA scores and the four groups (p=
0.623).

(2), 56-years-old; male; metastatic tumor by liposarcoma of thigh; maximum compression level, T9; transverse area reduction rate of the
spinal cord, 19.1%; orientation of spinal cord compression, anterior-posterior and right side; preoperative JOA score, 1 point

(b), 59-years-old; female; metastatic tumor by lung cancer; maximum compression level, T10; transverse area reduction rate of the spinal
cord, 54.6%; orientation of spinal cord compression, posterior and left side; preoperative JOA score, 11 points
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[BRAA TN LD 38% K] OFEOME (X5b), [Fei
AENLPO38%BLUE] OBL [BAARTREVED
8B K] OBOM (W50 T, TNEFNEELRELR
B2 (p<0.05).
M. %8 & #7807 JOA score & MRIE

slow®i3 1441 (FLBR, 641 ; FURER, 561 ; RISZER, 360),
moderate #3681 (BB, 561 ; B, 16)), rapid#Eid20
Bl G, 7B B, 260 AE, 160 BEEE, 341 BRI,
280 TEWSIE, 160 ; FREFRIE, 14); MERAE, 14,
AR, 240), primary #3105 BRE, 36 ; £%
HEREIE, 20 MEE, 240 ; BFMRE, 26 B
S, 16 Tho7-. slowEEDHETJOA score i
7.6+ 094, moderate BEDMHEIJOA score id 6.8+ 2.0 17,
rapid B OHTHT JOA score iX5.9 £ 0.9 5, primary EEDMTET
JOA score i 65+ 1.0 KT - 72, Bl JOA score i3 4 B
THBELRERAD L7 (p=0623) (X6).

£ =

BHEMEECIBW T, MRIZAWLTHEEC
DWTORFFBRIZRE SN TN L0101 vy 2, 9-D
3, FREZ IOEEICHSEL, BHOMSE L BERE
ROEEEFMHEB L LHE L TW5A, 72 Matsuyama
5ME, MRIOKFEWBIIBWT, EURER%
boomerang #, tear-drop®!, triangleRID 3T 53,
Z O H Ctriangle Bid, %D JOA score LERIARAR
THHLEBEL TS, SLUEHERELPH, FREEW
WEBWIBEIIC LY, triangle I FEHEATIIEL,
FHERPRBELRTVEREL TS, ZDLHIC,
EHRETREFHREHORE S EPERERICERE L
BRZAZEIFRENTVWE, L LEHERZICBWTIE,
BRI 2 FHEESBERERNEO L S ITEET A
ZonT, —E0RBEEBLNATHEWL,

AR TR, BHEFOKRESIIOWT, BEEICL2
FHEFEIKE L ZNE, ZFRICHE L CTHREDREIX
W RBOTRZVWHEHERNL ., FHERBDR
38R EHKEL LI 2BBAOKRIICBVTIE, 38%LLD
HOHMTRIJOA scoretd, 38%RimDEEDMHIJOA score
CHRTHERICEWEEZRL, 20ERIS, HHEH
DRES (FHERRSER) PREOHKICHEET S L
EZ2oniz. L L, FHBREE VS ERBRE T,
HiETI JOA score ZFHMERBMARIZL D EEE I T v
ZERENT. Lo TAMETE, BEICLL2HME
FEOKRE E FREMRAE) 7207 Tix, REORE (i
HJOA score) FREENHZWEEZ /-,

INTTUHFHERIC L 2EMEB ARG L8R
Hidwv, B4, REFEETH - EFOZPIT,
BFICL ) EUEIBARTNEIBETCERESN TV B
BINE LA LICER LA, 8518, TS0
FIELT LS, BELIZ2FERMESHRIRE 2ok
(FURIED] ; 565% ; Bk BRE, KEXOBHRIE ;

BREBEL~V, T9 ; BHERRIE, 191% ; T8
FEFEH I, RiHho%ARTAEHIA ; #5JOA score,
158) (R7a). #iZ, REVFBETH - EFADO LRI
i, BRICI2FHEREIREIVERNSFELLE (RE
B 595k 5 K RERE, B RKEHL L,
T10 ; BHERRIE, 54.6% ; FHEITHHFR, Bl
DM ; AT JOA score, 115) (A7b). X o TAHHF
ETREEERE LRI, EEICI2FHEHOBED
REOEEICHBRLTWLIDTR2VWALERNL, T
FEFEAmMERE L. 20FKR, FHIRAATNLE
RBIAME—, BEERUSZEERTEED & TOMKEE
BIMRETICB W, MIEDRE (HH1JOA score) 1258 { #
BLTWLIZ WAL E L7 FICHEHERBE
P38 KRFMOEFIZB VT, FHIRARATINTVES
HOMH JOA scoreld, AR TN TV RVEOHA
JOA score [CHRTHERICEWEEZRLA., 2hib,
BT L ) B RAGA TN DR, FHEHEIIZ
WIHETH, MEOEEICEBEH-2 5 ENHEL P
ol BAZEFUIEEICHALAT NS FETESE
Ihz e, BFREEREL R, ABETEIILZ5DTR
BV LHERT E. FOER, ARATNRZVEBRICE
NT, FHEEIRTZLOICKREORENR 2L L
ZEZTw5D, ZBAHETIE, FHIEECHA»LE
PES B2 Tid, REOCEREIIEEL I T LD
HorE kol

ERETHERECBTAEBRICH L T, WiE, T
BEDOREIE, I, FRBESOSBAICHRTERE
FEL, EFTFRIBEVD, IoT, FHEALEED
RESTEHFLTCD, BREOBEEICLY, REOEE
BELL0TE LWL HR L. Hamamoto 5 24,
ERENTHEERS LBV BB SO THEEL
IRET L 7R, BRI TEREORECEELRTT
BV EHELTWE, AEICBNTYH, FHEBLC
x4 B G EEE (Surgical strategy for spinal metastases)
EROTHRE LER, WEiJOA score i primary B %
EOABBTEHEELREYRO ko7, LA LAEIE,
WHe L XV D S0EFNCIRE LR TH ), FREHE
DR E SRAMIIDOWTEBERNTOFMIE L T,
E 512, WETJOA score i3 rapid TR L EVVEERL,
slowBH TR D BWEEZRTEEICH 7. LT, &
BB HI2BEIIHE L CHh IS D L e E2
THY, SBRILLLIRFVVLETHS.

SRIDHE S, FHEFEEICHRAATINIBETE
sk, BHERFI/DNETY, BREOEREITHL
BBZENHEOLIPELRo. 51, BHERZEREZD
MRI % i 2 Bicix, BREICL VBl EORBRERE
BEENTVE2IIMA T, BFHIRARATNIHETE
BEEN TV 2B, 2T 5 2 &L REDOEITOTFH
CEETHL EEZ T
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FHEEEICBTA2HMESET MRIZ BV CRE L7
HE, ULToRFHohr ko,

1. BRI 2FHEHOBRIREREORHFN1D
TiEd2H, FRLETTIIREOREIZRES NV,
2. FEORER, BEICL)FHIBRAATNLTRE
TEHFESNIHEHR LS.

DEOFERDS, BEICL ) HHIBRAATNLITRE
TEHEEND L, FHIIABREICLD, FHEEIH
FHHER, FHEIFIVNS K THOREOREIZH 25
LEZ LN

RERZLLES, HHRELHRELED 3 LABE BBNEERE,
TRIUTHBICERORBLETE L L0, BEEOHBELEALS
WELEHES ¥ LASRERRFERARNRERISERE, SRAE
B EEBEEIR RS- LE T, SHICEHROZRITICEL
SR HEBNLABSEES § LASRAFEERENEREZRR
BERES - ARWEFPHHZERICECBLBELETET.
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Abstract

Although MRI is very important instrument to determine spinal cord compression produced by spinal tumors, the
relationship between spinal cord compression and paralysis remains to be elucidated. Therefore, we studied factors related to
the extent of paralysis by examining the extent and orientation of spinal cord compression in cases of thoracic spinal tumors
using MRI. The subjects included 50 cases in which the preoperative transverse area of the spinal cord was measured by MRL
Cases were selected from those in which the highest degree of compression by the tumor was indicated on the vertebral body
level in the 2th-11th thoracic vertebrae and in which tumors had invaded the epidural space. The transverse area of the spinal
cord was measured along with the normal and tumor-induced maximally compressed area of the spinal cord using
preoperative MRI and image analysis software (Image processing and analysis in Java, Image J). The extent of spinal cord
compression was evaluated using the transverse area reduction rate of the spinal cord in the maximally compressed area.
Orientation of spinal cord compression was evaluated by whether the maximally compressed area was compressed into an
impinged state by the tumor. Additionally, we determined the relationship between the extent of paralysis and seven factors
including tumor-induced anterior compression of the spinal cord, maximum compression level, cancer types, sex, and age.
Surgical strategy for spinal metastases by Tomita, et al. was used for cancer types. The extent of paralysis was evaluated on an
11-point maximum scale using the Japanese Orthopaedic Association (JOA) score, excluding the evaluation of the upper
extremities. The univariate analyses including Student’s t-test used for the two-group who divided on the criteria of 38%
transverse area in the spinal cord reduction demonstrated that the preoperative JOA score of 5.5 £ 0.7 points in the group
more than 38% (24 cases) was significantly lower than that of 7.6 & 0.7 points in the group less than 38% (26 cases).
However, partial correlation coefficients and multiple comparison tests for preoperative JOA scores did not show a significant
relationship for the transverse area reduction rate of the spinal cord. On the other hand, significant relationships between
impinged state of the spinal cord and the preoperative JOA score were observed by both univariate and multivariate analyses.
Especially, in cases where the transverse area reduction rate of the spinal cord was less than 38%, the preoperative JOA score
of 4.9 £ 1.4 points in the impinged group (9 cases) was significantly lower than that of 9.0 & 0.5 points in the non-impinged
group (17 cases). Our results showed that the extent of paralysis was not determined solely by the extent of spinal cord
compression, suggesting that the extent of paralysis was exacerbated even in cases of a small spinal cord compression when
the spinal cord was compressed into an impinged state by the tumor. It seems likely that escape becomes impossible when the
spinal cord is impinged, exacerbating spinal cord disorders.



