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IP-MR Spectroscopy of Bone and
Soft Tissue Lesions

Azuma Kitagawa'', Mitsuaki Saeki",

Keiko Imamura", Kenjirou Ohashi'’,

Tohru Ishikawa', Hisaya Nakajima?'
and Masayuki Takagi®

We studied 24 patients with bone and soft tissue lesions
using *'P-MR spectroscopy (MRS ). On image selected in vivo
spectroscopy (ISIS)localized spectra, spectroscopic param-
eters were calculated : PME/noise ratio, v NTP/noise ratio,
PME/y NTP and total metabolite signals (TMS). PME/noise,
PME/y NTP and TMS were higher in malignant lesions than
in benign ones. We set the criterion for malignancy as fol-
lows : PME/noise > 2.0 and y NTP/noise > 2.0 and PME/y
NTP > 1.0. The accuracy of this criterion was 0.91 for ma-
lignant lesions and 1.0 for benign lesions. In six malignant
tumors, MR spectra were obtained before and after chemo-
therapy. They were compared with the degree of tissue de-
generation evaluated on pathological specimens. TMS af-
ter chemotherapy were markedly reduced in 3 cases. TMS
seemed to reflect the degeneration of tumors. It could be said
that MRS is a useful tool in differentiating from benign tu-
mor lesions malignant bone or soft tissue lesions and in moni-
toring the effect of chemotherapy.
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AR, SRS O E I RE ORRIE o T, K
MIZHB1T Zin vivo *'P MR spectroscopy D3I 12 % > T & 72
A, ZOHER, FFRBEEICEBANOEFIHEE RS
ZEDTELH—DFETH 5.

HHERIE RS (29 % Magnetic Resonance Spectroscopy (Ll
F, MRS) ZFIH LIZBITOMMILZ, I 602X
ThHY, HZINZzbOTIE AV, EHEEICB 2 MRS
DOEIL19834E I ZCriffithS! HIZ L V|G INTLR, 2o
FTFOMEI LI TBY, F0EBEE Ik
Phosphomonoester (PME) ® ¥ — 2 5 DA € — 7 12~
THAFANZEVEEZH S & SNTWAYY . ZOEIEE
HEEECBCTLREBETHL Z LT Ve,
6\, HE»ODY) YBILEY OE SR LRk
fﬁ'@%{t-’é’ é ‘:'. é: {) j:l] 6 j’L't (P Z-J 1)-6),8),10)-12),14)-16) ] ‘: 0’))‘:#)
L HED R RDOE=5 ) > 7 & LTSS 721 T
Wa, La L, R (RYENES; & JENEEENER) & B
JE 95 % LLBRES L, MRSIZHT 28R & L TORE % i
(R SINBYAE: A B4 TNCY (RN

Alalbivb i d L CIXERATIP-MRS 217\, A
RO LZRENE S 7o B BB ZE 4 retrospective (ZARET L,
MRSIZ BT 2 REHOERLEFROE=5) v 7L L
TORREMBEREEELOTHET 5.

HRBIUFHE

19884E 7> 5 19924F & TH< ) 7 ¥ FER Kb ot
BBV TERD L IEFMIC TRWHEE L 72 RIEERE
1345 (R VERESS < 1060, JERESIENER @ 361), EMEZE1161
T 5 (Table 1). HERNTHEE9 B, ik15BITH D, Fi
14D 691 E TYEH44.25 Th o 72, EBMES 1161
H 6 BICILE, (LAREERITROMRA RS L &Rk * 1t
BURES L7z,

) L 7:MR2{# |2 Philips#13Gyroscan S15(1.5T) T31P
DI EII25.8MHz TH - 72, EZEHRMOKK I A
WV (#Fldem Z 721350m) & vy, JERTEILA~Z RV ERTE
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fLARY PV EfRiz. FERIEMLANRT PIVIZTMRIEEDH
e, 7, {LF T 7 bi%ksE (phosphocreatine (PCr) %
Oppm & 9 5)IZHH L7z, RfE(LiZImage Selected In vivo
Spectroscopy (ISIS#:) 12 & D7V, FEE, froxtgE L
@gj-ﬁ*;{f%@%%ﬁtxmﬁ k }1,4].8].93,“3”6]—-@&)%' Sem
ANV zHEA LAOIISER] 8 (Table 1)D 1 FIDAT, fitidd
X Tl4em?D 2 AV THlE L7z,

WE/NT A =5 =i, #YELKH(TR) 28, #5118

', HEIRZED) MRS

3kHz, 7'— % #REL10285%, 5 MAIIAA1028BITH
720 15507 HEEEEMEE (FID) 135-10Hz Dline broadening
filter # 3%, convolution differenceffilEDf:, 7—1) TZ5
L, AR7 PV EHL CHHEEFE T, BEES
BEGE ML CHIE 21T - /-,

ARG POV TIERD 4 HEERE L, @/ 4 X
(noise value), 2PME & y-Nucleoside Triphosphate (’yNTP}
DENFNOE =7 8L /4 AD I (PME/moise, yNTP/

Teble 1 Patient details and spectroscopic data of malignant and benign bone and soft tissue lesions

case age sex pathology VOlsize (cm) ;N‘:gn':}?sightﬂorﬁi,}’:&’;e (PEE:SI&)I"P) T™S®
Malignant
1.8, K 14F Osteosarcoma 5x5x5 4.6 3.0 1.15 785
2T,F 82F Osteosarcoma 5x5x6 7.6 8.5 0.67 1928
3N, T 75M Osteosarcoma 3x5x4 2.6 2.3 2.78 365
4.1, N 18F Osteosarcoma 45%x12x5 7.2 9.6 0.84 2331
5K, K 21M Synovial sarcoma 5x4x5 6.1 5.9 117 1090
6.T,E 91M Leiomyosarcoma 3.5x5x3.5 6.1 5.9 1.67 1483
7H,S 26M Malignant neurinoma 5x12x4 6.1 6.7 1.10 1332
8.H, K 75F Malignant lymphoma 3x3x3 8.0 9.6 1.10 2286
9.Y, T 44M Fibrosarcoma 3x4x3 2.1 4.3 0.16 571
10.5, S 43M Liposarcoma 4x7x4 1.6 1.6 1.00 635
11K, S 58F Malignant neuroepitherioma  5x5x4.5 6.3 6.3 1.38 1134
Benign
12.W, M 18F Hemangioma 3x5x3 29 3.9 0.30 596
13.5,M 66M Schwannoma 3x3x3 1.6 1.5 1.40 176
14K T 66F Schwannoma 3x5x4.5 2.0 2ot 0.90 416
15.K, M 17F Fibroma 4.5x6x4.5 3.8 5.8 0.13 1697
16.H,Y 33F Giant cell tumor 3x3x3 25 6.3 0.18 425
17.T, M 21F Abscess 4x4x4 1.5 - - 180
18.M, A 14F Tumoral calcinosis 3x5x3 1.8 - - 380
19.K, H 75F Synovial cyst 3x8x3 - - - -52
20K, Y 51M Lipoma 5x7x4 - - - 79
21.K,M 44F Lipoma 3x10x5 - - - 134
22.N, K 59F Lipoma (atypical type) 6x14x8 = - - -132
23.N, M 35M Enchondroma 3xBx3 - - - 16
24.Y, K 16F Brodie's abscess 3x3x3 - - - 3

#TMS ; Total Metabolitz Signals (see the text)

Table 2 MR spectral change postchemotherapy, prior to surgery, versus level of histological degenerations

case TMS findings before and after chemotherapy

before after

1 785 566
2 1928 29
3 365 239
4 2331 48

5 1090 492

10 635 397

degree of tissue degenerations
after/beforex100
72.1 80%
1.5 90%
79.2 10%
2.1 99%
45.1 80%
62.5 90%;
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noise), PME & yNTPDfF55dfE (intensity), @4{575 1
i /q-?{u 5 THIfEIZPME7» 5 B-Nucleoside Triphosphate (BNTP)
F TOMF 51 (Total Metabolic Signal,LL FTMS & i) % fif
% L3ker7219. PME &yNTPO/E 3 14 Lorentz High % Fv»
7zcurve fitting|lZ & W3Rz, AT VD) AMEFRIBE T
BEMTHEL, IEFERICHE) REZE8HT 5I12Y
725 TidY) *MRSOBREOMEAN, MEEMAEBHRIEIC %
50T, AMFETHEM L ZERE14emEm T 1V E VTR
L7z, BRI (11#1% [ C HIZ 2 BflE) CHEHEY
% (methyl-phosphonic acid) Z[AJFFA ¥ ¥ » LT, D5
SREED & e L7210,

MRSD 728D A A 7 MEIZIITISEABEEEFIH L, BO
3 (Volume-of-Interest, JJ.TVOI L) ISIEHOPIRIC VOI
HREBED HIIAM S ROIRELIS, TE AT KE (e
7.

{LFBERIR D A2 PAITMS THEBLL, ik DAk
FEARPOBIEDOE & & EiE Lz, £, #Itod &
(degree of degeneration) I3HFEERIZ & ) ARMIC BB X 2D
W=t 7 —UTHEMM L7z, ALEREICE LT, BAE
BITIE—REIIC L {ATDR TV DAY F L ¥ & — FKESHF
B2 ) AFy, VATSFy, TRIT=A 0%
Ehel@Er HwTwa, ZOMOESEELICE LT
&, IEEREOHEBEHETET o ob DI fTbh T
by,

= E S

MEHEF I Table 112, FEBEEE LB LRI
Table 2(Z7% L 7=,
(1) VBEaHDIt S 1 XticD\ T

BMEES T3, 2600 50ELR) Y BILEWORE T
51 (Fig.1), PMEB X UYNTPOE—2EL /A A Dt
(PME/noise, yNTP/noise) 131.67259.6 TdhH Y, /4 XL

a _-‘.‘

BLTEEERL. BRI IES 2k ) - EvE
EWOE— B/ ONILDIE 5 FITH o 72 (Table 1,
Fig.2). fto® 8 HITIXBFEILA~RZ bV EPCrLISD ) >
1EEHOE— 271213 & A EHERTE 2272 (Fig3) %%, JE
AL ARY P VTIEHRAOES /S — g S LT,
BEMHZESH, PME &yNTPAH S Aokt X7z 5 T,
PME/noiselX1.5%*%3.8, yNTP/noiseld1.54°56.3TaH 1,
PME/noise |2 3§ L TIZEVEIES & ORICHEENH -7z (p<
0.01). EETEAESHREOELELT, /A XLDLH
20l ETHHZ e —onHiEEE T 5 L, EMEE I
e PIRE (case10) 1 B % B 4Bl CHHEMLL ETH o 7z,

BRWIRED 2T, EBNT, 18IIPMEDOARIET HI L
MTELN, 2010 YEALAWICE L TE, %33
%7 FOMEIZE — 7 45T & ¥, PME/noise $2.0
LJ.—F'(;EF) -7z,

2) PME&EYNTPODOLIZDWT

KIZBSNTART P VIZDWT, EBYEHHATEESY
AT EEDLNTWAPMEZ yNTP & B L THRET L 72,
PME/yNTP (E 8 FE L) 2ok, EiElEE 1140+ 8 1
TLOPLEER L7, RERED LRI TIE, FeoBohic
5%l 4 FIAPME/YNTPIZ1.0LA T TdH - 72,
(3) TMSIZDWT

TMSIZBIL Tid, BHEEH TIZ3657°52331 & LR
EEZRLDIH L, BEMHRERTIE, #IMmic1e978E
% 7R U 7-ARMERE D 1 B (GEBILS) ZBRV T, -132405596 &
EMERESRE I L TRV E 2 R TAIC S o 72 (Fig.4).

DiEo#ERQ1), (2) & YMRSIC & 5 BV O @ T2k
& L CPME/noise, y NTP/noise & 12 N2.0LL L, =B
PME{'yNTIP’E'I 0L L ERSE LT L7z, CoZBWrEiEIc &

, BB 5 EZE130.91 (10/11), BERZEC

:b.n‘éleéf*_‘&i 1.0(12/13) Td - 7-.
(4) {EPEEICEBTMSOZAL

Table 213 FERHOTMSDOELER LB DTH

Real (VM2 )
29,9008

NTP

FDE aNTP

PCr

W,

5. 8888
-28.0147  (ppal

18.8337 8.0884

(B)

Fig.1 Osteosarcoma in the right iliac bone. 82-year-old female (case 2)
(A)Axial T1-weighted image. The right iliac bone is totally invaded and intra pelvic organs are compressed by this mass.
(B)MR spectrum of the lesion.Signals of phosphorus compounds can be clearly noted.

FRETHE12A25H
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Real (AU Mz )
§.0008
YNTE aN'll'P
PM‘}'} (' L
Al
i '}w
1 TI
| \ p / i*!wﬂd AH jw | 8.9809
28,6750 9,900¢ e

Fig.2 Schwannoma in lumbar spine. 66-year-old female (case 14)

(A)CT of the lumbar spine.A huge soft tissue mass invades the lumbar spine.
(B)Gadolinium enhanced axial T1-weighted image (500/15).

(C)Spectrum of this schwannoma. Peaks of phosphorus compounds are visualised.
(D) Pathological specimen showed fibrous cells without malignant potential.

Real [VHz]
19.0688

pCr

g

4.0088
18.8338 1.8088 -28.8148  (ppnl

(B)
Fig.3 Lipoma (atypical type)in the left thigh. 59-year-old female (case 22).
(A)Axial T1-weighted image (415/20). An inhomogeneous high intensity mass is seen anterior of the femur.

(BJMR spectrum does not show any peaks of phosphorus compounds except for PCr.PCr signal seemed to be a contami-
nation originated from the surrounding muscles.

HARER ST B55% £155
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5. ALFHEEORRIT A RS P VOTMS EOZE
L& LTEBITED SN, FissiEaRicBn
T10%7%*599% DPFEEL 72, {LFFER
DOTMSIEEFRIOTMSIZH L T1.5—79.2%12
WAL, $RCAIRE % BEIER OB b O (FEF
4) T LFEEHROTMS IZHTDTMS & XTS5
%LATF I LTz (Fig.s). %8, HEDOHE
B A BA 7SI 14emFBEE I A VEHAVTK
BEAF DOMRS % 4T > 7245 (n = 11,20011%), B4
M2 6% (10), EAEPIZE) (FHRM)135%
(1) TdH o729,

™S

Z &

fER & 0 BIEBEORBWTICE LTI, HAEXH
BHEFEETHY), THEBEICBVTLED
LY OTIR% L, BHXHE Lo R & EEOM
A AT SR, ATSEERAL A EAThRR S iz oy

-1000

L ] L ]
i »
[o]
o
[ ]
| "
L ]
r's] [ ]
0019
(o s
0 200 400 600 800
Size of VOI (ml)

AR SN TWAIDD L LEKERIES (ZBI 4
LG EH E WV RFELTOHR TRV
7§§$%-@;) N n.)rz}-zs-}'

—7, in vivo MRSIZ AMEH DA BV THIfE L~V T
DEALFHCHOERE S A 2O TH Y, FIkEHHEIC
BWTIIMRSDIRAIE, EBEMTIC & 2 HHAOHHERE 2
RBEFRRICBVTORBHBRORIY-Y B X UEEHN D
{t%@fklgﬁﬁg‘w@ﬁﬂ%@:&; & 1) IV 17‘2)-93.1 1),12),14)-16) 7;: E
KIBH SN TV S, EHEROYP-MRANRZ MV OFE L
LT, MBIZPMEFBEEZ RTZ LAHMLNTE DY
16}, Negendank & Q5 CIEEMEEWEIES 2BV TPMED
BELFT I e NTWAY, PMEIRERHS & LTH
fgEx &5 VIBRORMEMEEEATBEY, BEE
B2 BT SPMEDARN Y LR EFANROME <, BEREZHM
JBanE % 45 D LEZ BN TWARYNSI2,

AGhbivbiug, BEREEEO RSB L OTESREL
%L LT, IP-MRSD/$% — Y3 &ATV, ERIZHNCBT
LIMEDRER T o7z, TR BHRERH CII{bS8ED
BN RE L L TTMS DAL % % & B LRE L
72, BONBEILARY PLVTIE, 4FTORELIZR
7 ) EEELGHA LS DEFRALEX ONAPCIOE—7
BiFEAERBN Loz, ZHUE, bhvbhAan#E Il
HLTE L) CISISEIL L A REMSERL TR LIzDEE
2_‘ [:3 hi:ﬂ.s],‘;].lll.lsl'

9, AMB L OEHOHENBWTIZ BT HSMRSOHH T
THoH, EROFETIE, EMELGOYP-MRARZ bV
OB L LT, EMERIIHTEICPMES BEEZ RS I &
PHIHNTHB N9 Negendank 5> DG TH, EEFIEL
FEBFZ BT D FFEICPMESEEZ RT Z LA GNT
W3y, Lal, BEkEBEMERZICB) 53 P-MRS DHiE!
F 724% . Negendank'? & (X BHERER A7 P IVIZFHAD
A7 MV EFEU L TW A%, BYENEE DPhosphodieter

SEH 7T 12H25H

Fig.4 Total Metabolite Signals (TMS, see the text)of the benign and malignant
lesions in relation to the size of Volume-of-Interest(VOI). Closed circles indicate
malignant lesions and open ones benign lesions.

(PDE)D ¥ — 7 HHHDOZFNR L) K& oz BEL T
2. L LESOFETRES 2B 00RELIZOV
TIEMENH Y, FEEELOMED S DIE5 DREEINS
AWk EZLNBEZANL, BEARFWEROE %
WMETHILERETHAEEZOND, T2, EHGIS
AR Y TR ERESEIS COESRE L RERE L 21
EAE LSRRV, SRIOMET» 6, 7,
FRJF LR L W50 N RFEILARZ FVTIE, 4T
D LR ) EEEDHE»SDEFRALEZ LN
APCrOY— 733 A ERONED 5722 PN TS
oz, ZhiE, bhbhSEFICEE L TE /L ) IZISISE
BBV ERTVL D EEZ SN, RIT, 6k
DIETIX, PME/NTPED 2 1FT 515 / 4 X ERE
L72b D%, ENLOROBEEEICZIESDE&0H o
72, FIThhubiud / 4 X6 Bi-PME LyNTPEEDfE
R A4 AHICHESWTRE L7229 2T, PME/yNTP
23R L 72, TEMEIESIEE TIIPME/moise 2.0 EDFIAL
¢, F2PME/NTPH1.0LLEOHIHNE L, HERkOERE L F
BOMEETH D219, & 512 BYREE & B L o 1A
PREDENTz(p<0.01). S5IZIIEDFERD S EMNEL
DFLHEfES, PME/noise Z2.0, yNTP/noise 22.0 PME/yNTP
2 1.00 B & e LAY, BN BV 5 IERE130.91 (10/
11), BHEREICBITZIESEIT003/13)THho72. 20D
Z ki3, PME, yNTP[E5 & b iZnoise & ) dAFIZE < (F
bbb, KHWEDEENEL), L SPME/YNTPY &
NATEEOMEB TRV EEZRLTBY, ZOREMI
MRSIZB1T 5 BEHOENDO—D>OIREIZ LB LELILN
gich

LAL, BHMEEOL»THFNIESTHEIEEE



1022 4, BETEZEO1) MRS

Real [nlAz)
35,0008

"
f’\f Ll_;n"A.f \/ I ]\\AW]\\ '\/ MJ ‘J\%j \FH/\.In.eaao

7.6009
18.0167 #.0000 =30.0177 Cpend

(A)
[nUMz]
edl 49 BR0d
antp  PNTP
PCr
INTP
PME Pi PDE
L) "
9.0609
3.9081
13,6433 @.8500 -28.8%8 (ppnl
(B)

4 7 1 (F)
Fig.5 Osteosarcoma in the left femur. 18-year-old female (case 4)

(A)Corcnal T2-weighted image. An inhomogeneous mass lesion with intermediate signal intensity is seen around the femur. The mass
invades to the bone marrow

(B)Spectrum of the lesion shows evident peaks of phosphorus compounds

(C)Coronal T2-weighted image after chemotherapy. Signal intensity of the mass markedly increased and the size of the mass decreased
compared to Fig.5(A) .

(D)Spectrum after chemotherapy. Phosphorus peaks were completely reduced.
(E)Specimen at biopsy.The biopsied tissue is occupied by the tumor cells.

(F)Specimen after chemotherapy.Whole specimen is filled with necrotic tissues (degree of histological degenerations was estimated
to be 99%).

HAERETE 555% £155



JeNBHFE o 4 1023
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Fig.6 A Hemangioma in the para spinal muscles. 18-year-old
female (case 12)

(A)Axial T1-weighted image.The mass with intermediate signal
intensity is seen at the right side of the dorsal muscles.
(B)T2-weighted image. A mass with high signal intensity can be
seen.

(CIMR spectrum of the hemangioma. Phosphorus peaks are clearly
detected.

(D)Pathological secimen shows active thrombus formation.

RL7=b O H o7 TG ITHHERAE AL L
MEVERESS AT 3 Bldp 1, ARHERE OMBL T EE D8 & R fEE DR
AT OMEMN % S EDH 5 2 LR SN, EIEE
EDOEINIZFEESLETH L LB bR, T, MERE
(FEF12) D 1 PITLEFHRENRETH o 7275, REEHA
HHEMIZAVBATEELTBY, EHEMTELHAD
ERRIDHT O holzZ l, E61, HMIRICIED
RS S N7 NER B N OIS 2 A D TLEAYME 5 3R E O
BRI L7b 0 LB XN (Figs).

TMS L VOID K & SOMFRE RS L (Figd), VOIDKE
S hb 6T, BHRERCIIEREER I TTMS

ERTHEI12A 258

Real (nUMz]

er 15,0808
aNTP
PME Fi H ANTP BNTP
i ¢
M\ Mﬂ VM W%\N ;a.ﬂm
. 4.0860
20,9461 .8008 30,8126 (ppnl

HHEAE % 7R AR AR S, M ARRRY 72 ) O
WBEDWBEDIR N E AR SN, UL, HAEEO15
(FEBI15) 1ZBIFMGIZTMS DS % 7 L 7248, PME/yNTPE
0.13 LA o7z, BRMEREIZ, MR ICEA L
JETH ) EMERIGE ShvwWREE LT, £
OB BHERE L L TIREWTMSAE b7 2 L AVR
MEhs,

EMIEREG] T, bHREO IR ¢ Mg S HE
LMRANY ML ERRET 24T o 7205, IR RZEM, 8E%
H390%LLE & B DT, TMSAR%AREEIZHEA L Tz,
Redmond'" & |34 414 DIEIEHR E MR AT |V & O
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A, MBI Lo ELTWS, L2 LES 0T
272 HETIE, MRSORIEILA=RICHITIZ % HELH
HBOEFVFTFIFEM SN TR W LD EEAE L BbR
5. MRS § FEDREEATHREMIZZLE & 723 X Y §Tic
TMSDEARLBDOBODOEFOIKT L LTHLS Z & 25F
Bah, RHOREHEE L COREDSMEENSL, MRS
ZIHHEOE=S) ¥ TIICHT ABEIZIIVOIDREDIEH
ICEEE LD, B RERMND S B CER FEEY S 518
Eﬁ-ﬁ*#kk%’é D L LB 1BABembA ETH A 2 L Hs
HThbH. Lab, ISISETOHEERIIIGE TS 720

JEZHMIVOL & #E T 5 & IESSEIAVOLIZ & huz { ¢
2B, —HRIVICIE, KELEEEICBVTI, S s R
bIEEZ R L BN D EH L VOIMIZE s 2
DGR, HEHOPERIC L 2 ESRENRT 2 EE 44
IZOWTDERORFL LT, @AFFMT 2 T fetEns# 2

B35, single voxeliEOMRS Tld, —fHIZZ 0 X 3 72:08
#A%@ B 7%, MP-MRS Tchemical shift imagingi:A 9 i fY 7
bDELRIE, MAWICRETELZTHA.

& A

BREIRZE DN T DN BEP-MRA RS b L%
retrospective |[ZIRET L72 & 24, MRAXRZ LDV oM
DNFA=FIZOVWTRESNTHELLHENFRH SN
7z. BEMOENIE L TP-MRARY FVOREHER IFE
LEWVIEZRELH. F7, EEEOLEEED GBS
FHEICBWTHIP-MRARY bV DAL AR OFF
ReRBTHb0LEZLN, 4B ESICERKEHEER
TW2H ) TH 5,

53 [
1) Griffiths JR, Cady E,Edwards RHT, et al : ¥P-NMR studies of
a human tumor in situ. The Lancet June 25, 1435-1436, 1983
2) Negendank W : Studies of human tumors by MRS ; a review.
NMR Biomed, 5 : 303-324, 1992
3) Alex MA, Thomas LC : MR spectroscopy : Clinical perspec-
tive. Radiology 173 : 593- 5‘99 1989
4) AR, A8, ANET, M EMEE I AYp-
MRS DRI | ?nﬁiﬁxﬂ]@#ﬂ E & HULIZ. HARER SRS
5 1744-754,1992
5) & D WIA TR L UL E L OMlaE b
MRI, MRS, ## & {LAHEEE, 16 : 639-645, 1989
6) Redmond OM, Bell E, Stack JP, et al ; Tissue characterization
assessment of preoperative chemotherapeutic response in mus-
culoskeletal tumors by in vivo *'P magnetic resonance spectros-
copy, Mag. Reson. Med 27 : 226-237, 1992
7) Mark M, Dewhirst H, Sostman D, et al : Soft tissue sarcomas ;
MR imaging and MR spectroscopy for prognosis and therapy
monitoring. Radiology, 174 ; 847-853, 1990
8) HESAGR, BURFEEY, WOABUAGE, b SERERIESE LA AR
TGRS b O AT E— (MRS)DIEH ; 2B AT
B RAIE DV T BIMFEIZAMEE, No.17 : 26-31, 1990
9) ESAR, R L, MRE i M BEEEELS X 0k
ﬂi%ﬁaﬂf—éﬁ 28T 5 P-MRS ; BEFE L L TOHFHEOK
#f. HARESEF 20567 : $873-5874, 1993
10) Z]alkm MB, Lenkinski RE, Shinkwin M, et al:Combined MR
imaging and spectroscopy of bone and soft tissue tumors. J Compt
Assist Tomol4 : 1-10, 1990
I'1) Redmond OM, Stack JP, Dervan PA et al : Osteosarcoma ; use
of MR imaging and MR spectroscopy in clinical decision mak-
ing. Radiology, 172 : 811-815, 1989
12) Negendank WG, Crowley MG, Ryan JR : Bone and soft tissue
lesions ; diagnosis with combined H-1 MR imaging and *'P MR
spectroscopy. Radiology 173 : 181-188, 1989

13) AT, W E, FEH i, M MRS 3 RITHIEERIC
B LEIESTORA BB L UBER T — 7 05, AEK
i xiks2 : 86-95, 1992

14) Sostman HD, Prescott DM, Dewhirst MW, et al : MR imaging
and spectroscopy for prognostic evaluation in soft tissue sarco-
mas. Radiology 190 : 269-275, 1994

15) Ross B, Helsper JT, Cox 1J, et al : Osteosarcoma and other neo-
plasms of bone. Arch Surg, 122 : 1464-1469, 1987

16) Imamura K., Ashida H, Nakajima H, et al : Reproducibility of
MR spectroscopy in patients undergoing dialysis and evaluation
of the therapeutic response of tumors. Invest Radiol (to be
published) .

17) WK BF D BEEIES, FRAEE | BRAEOMRI 166-
198, 1991, FirbBEZAE, R

18) BLILEHE © BIESR I OMED T, E{ESHm, §, Mo
W&, 40-51, 1993, FFitt, #H

19) NIEVESE, HEAARRE, BLILGEHE : SEg2E  BRicsly

L WERRAORE], WEBWHI, & BEOBgLE, 52-
61,1993, FHE T, HH
0) 2Rl —BE ¢ FHEEE O update, W(EZEIBIM, &, B
DWHEFEWT, 62-68, 1993, FHiltt, #HET

21) Richard A Mcleod, Krishnan K Unni, FrllI {7 BE#EEE 1
G455 ; subject review. WI{EEBIFHIM, 45 B O H{Z2HT,
69-82,1993, Frptl, ML

22) K& 3L, ZIMET B BEIOCT MRIL. BRARHCSHR (10 A
FRFEETI ), 1195-1458, 1992, &EHAE, H5

23) WHEE, ZHET 1R FESOMEE MRIZX 2
T BRI 8 ¢ 64-72,1992

24) B, FHEE—, TR RMTEICL 22 AR
RS, ERARMEIES : 26-36, 1992

25) Ernest U : Common soft tissue tumors. Clinical Symposia 2, 34 :
2-32, 1993

HAER S 555% H155



