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Usefulness of Diffusion-weighted MRI
in Differentiating Benign
from Malignant Musculoskeletal Tumors

Shuji Nagata", Hiroshi Nishimura?,
Masafumi Uchida", and Naofurni Hayabuchi"

Purpose: To evaluate the usefulness of diffusion-weighted
MRI in distinguishing different components and in differ-
entiating benign from malignant musculoskeletal tumors.
Materials and Methods: Fifty-seven patients with musculosk-
eletal tumors underwent MR at our institution from Octo-
ber 1999 to April 2002. We evaluated 57 tumors (9 bone
tumors and 48 soft tissue tumors). All tumors were classi-
fied into 8 groups (myxomatous, fibrous, cystic, cartilagi-
nous, fatty components, hematomas, other benign tumors,
and other malignant tumors). MR examinations were per-
formed with a 1.5-Tesla system. Diffusion-weighted single-
shot EPI images were obtained in all patients. Apparent dif-
fusion coefficients (ADCs) were calculated by using b fac-
tors of 0 and 1,000 sec/mm?.

Results: ADC values of myxomatous, cystic, and cartilagi-
nous components were significantly higher than those of other
tumors. In cartilaginous tumors, malignant tumor ADC values
(2.33 + 0.44) were higher than those of benign tumors (2.13
+ 0.13). However, there was no significant difference be-
tween benign and malignant tumors. Except for high-inten-
sity components on T1-weighted imaging and low or homo-
geneously very high intensity components on T2-weighted
imaging, there was a significant difference in ADC between
malignant(1.35 £ 0.40)and benign (1.97 + 0.50) tumors.
Conclusion: Within the limited number of cases, there was
a significant difference in ADC between malignant and be-
nign tumors.
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F KR RE 5 O BB W I RO, #RAERR S, AKX
b, BBy, IR % & O MR OBIBAEETSH
D, ZORIIBWIMRIIARHRRAEHETH S Z LT
MOBETHS. Lol, REROENICBLTIE, Th
FTVABWALRRKAD T ENTEDT, SFEEH: MR
PEFND ZOEBICBWTIIREELEF L v, L 25
T, AT O R (apparent diffusion coefficients:
ADCs) (LMY (motion probing gradient: MPG) % Ffl
ML T WT258F W% & MPGO i & @ H % T3 Hbfl
(s/mm?) #4012 2. TRITE L 7= IEE0HFR IS O (E5 588 D3 %
WA SHH L2 DTH Y, FhEhofEe LR
FREARIEIC L VEFDMEEZ A L, PHmER, T
OEERERE T TICE SR S hTw Y. 2, 4
8] Z D ADC % PIEBPEAR O BIHE 2 BB DA L, D
HROIER, =6 ICIXREROENIZBIT 242 RE
15,

MRBELUFHE

. R

1990#10)%;5%2002% 4 B COMIZYREIZB T
MRIARE AT & W/ B REEES 1 Ch 5. 20 bF
i & R TRBELAAICBW S N7 b D133 78, ERRIE
WK#l, MRIFTRZ b & 2B L7 5 DIZ206TH 5.
HEROPRIZEEREITOFITED S B, Bk 5 FITEYE
i34, BEBIEREAMSFITED S B, BEIEI376 TERIL
1BITH A, BUHOBEREPEEIEG 6), BREHE
TENE (1 60), 8B, EMoFERI®REAEQR
), REMRRAMEERARERE (1 7)), BREQ FA)THD, B
T OBREDNER 0 ERE (9 #0), (mfE (5 B0), FRihEEQG B,
FREENE (4 B1), AWIFREMRZ (2 B1), mEFEmE(2
P), JERERE (2 B1), FEERHERE (2 B1), HUMERERE (1 61),
v AR (1 1), B > Ei (1), YEEHAERE (1
), Hx70F (1 B), BakerZEF (1 ), HERE(Q
), FeRERERESRHERIE (1 40) T Y, EosHER
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FEBINEIAPIRE (3 B1), B »oSEQ #1), BT
FRERAE (1 6), WRHEPINE (1 B0), FEfmPalE (1 610), R
JiE (1 B1), FABLARUKESPINE (1 60), ) > VEiEf (1 61) <&
b, YEBNIB 316, Zotk26BlCERE 4~871% (F1549.3
W), EEOAE $131.2~24.0cm F T (F924#5.0cm) T
A.

2. REHE

i FHZE{E 121.5T MRI (Signa MR/i; GE Medical Systems)
TRV W5 BRSSP & LTI R
(Fast spin echo (SE) #: TR/TE = 600/7 — 10 msec, echo train
length (ETL) = 3), T25&Mi{% (Fast SE&: TR/TE = 4000/
100 — 12 msec, ETL 24) & #&#H kA IZGadolinium-diethy-
lenetriamine pentaacetic acid (Gd-DTPA)0.2ml/kg % $%5- L
254 F Iy Z7EEMRI, HLEGRMAE S (DWI) % #ik1% L
7z. DWIiZSingle shot echo planar imaging (EPI) SE#! (TR/
TE = 3200/100 — 120 msec) Tbfix 0, 200, 1,000% v
T 0 £1,00001% & Y ADCHli % il %€ L ADC map b fER L
7. wIFhb < M1 v 7 Z2256x512, FOV 120~360mm,
AT AL AE 4~6mm, ¥¥ v 7 1~-2mmTH5.

PLHGRR R D FRIFHIKI 13 TH o 72,

MRLET 5EF W12, T256FE1%, dynamic study & JREE
B O N b DIREG L S L1, TR ER I
ANUTIEE L AP, AY—2 BRI LTid2~4 AFF, B
{MEIRROI (region of interest) % ll5E LIl # sk 7.
FatE RS LA O BER - 3B\ T T RE 22 B 1) EEFE LR R JE N 2
P, M E S, REERSEUELL. 2B, nE
&7 & DNEME BRI IR — R ER OB RS
FEITRKECROLIZ & 1) 1 ARFllE L7z

ADCHEIZLL T O THM L7z,

ADCE = —Log | (ST - 1000/SIb=0) /1000}

STy - 1000l &b 1000 C D FEHTDE B TSI, - olEbAil 0 TONE
HOBFTHAS.

#atidpost-hoc test & L TScheffefz 2 L, fafk=it
5%& L7,

3. ®BEtAE
ETORERIKFET 2 EOLERIyF—F b
I8 BRI L 7. 4B, SHEICH2Y Filis X U
AT SN o 7z BRPENER I D W TIEMRIFTRL % & & 1243
BL7-, WER S % EICE ORI EREE G /), Bk
5% FICECHREERBEEE (6 61), MRS % &t E
RSB, BRIERD % &R IR EE 3 1), FREUEHE
B OMHEVENEEE (3 B), MAERE (S ) 1oL, E51C
EREDWFHICHFHTET, JFHN LT RIZZ LW ER
& T DM RYEIEFEE (2361) & 2 Ofth o FEMERESEEE (9 1)
W24 L7z (Table 1).
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Table 1 All tumors classified into eight groups

Tumor group tumor n=57

Myxomatous tumors
myxoid liposarcoma 3
Cartilaginous tumors
enchondroma 3
chondrosarcoma
chordoma

- N

(Cystic tumors
Baker cyst
ruptures synovial cyst
solitary bone cyst
epidermal cyst
ganglion

B T T ey

Fatty tumors
lipoma 3
Fibrous tumors
desmoid 2
fibromatosis 1
Hematomas
hematoma 5
Other benign tumors
hemangiomal
schwannoma
neurofibroma
granuloma
angiomyoma,
aneurysmal bone cyst
lymphadenopathy
tenosynovitis
DFP

- - d MO A O

Other malignant fumors
MFH _
malignant lymphoma
leiomyosarcomal
synovial sarcoma
ASPS
lymphmetastasis

- = a2 NN

fibrosarcoma,

1. NEEEEE TOADCHDER
ERERRE M TADCIEIC A B 2505 B 20,

2. ADCHEIZ X % BRIEME:DER -

(NETOREENFE LA, ADCHEIC L 5 REHOE
HIADSHRET d 5 2.

(2)MRIZZHWTIZ B TR 2 AT A e {, RIEMEOER
DHFHE L o 7o 2 DAt RPERERIRE 2361) & £ oftbod
TEVENESEEE (9 91) 032612 BV TADCIEIC & 5 BEM:D
R EET D 5 2.

(3) B HIEREEIC B\ TADCIZ & 5 BB DERIASTEET
&5 L HEHIEDgrade TADCHIIZ E VDS 5 7.
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Table 2 Differences in ADC values among lumor groups

Tumor group

Cystic lumors
Myxomatous tumars
Carlilaginous lumors
Ciher benign tumors
Other malignant tumors
Fibrous tumors
Hematomas

Fatty tumors

ADC valug (mean+5D)
(=10 *mm/sec)

26741021
2.51+0.84
2.23+0.31
1.97+0.50
135037
1.19+0.27
1.12+0.55
0.41£0.18

There were statistically significant difference between hemutomas and
myxomatous umors, hematomas and cystic maors, fatty tumors and
other benign tumors, fatty tumors and cartilaginous tumors, fatty wmors
and myxomatous twmors, falty wmors and cystic tumors

Fig. 1 A 46-year-old man with myxomatous tumor (myxoid liposarcomalin the left buttock.

A: T1-weighted axial image shows a well-defined subcutaneous tumor with signal intensity equal to muscle,
B: T2-weighted axial image.
C: Contrast-enhanced T1-weighted axial image shows moderate heterogeneous enhancement
D: The ADC value is 2.5x10-* mmi/sac.

FEGHERINE R (Fig. 1), ¥ERaPENRRRTE, $arvbiEsase, £
Ot BPEEHIRE, oMo PSR (Fig. 2), SR
RABE, WMAGRE, FEAGHENEMRETH - .

dcnlaE b, MBRSE & $EPOrEDERR E, MUEEE & SNt
BF, MEAGEEMRIENE &= Foibo BAEMTEEE, TR SeE =
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Fig. 2 A 80-year-old man with other malignant tumar (malignant lymphamalin the lefl buttock.

A: T1-weighted axial image shows a homogeneous low signal intensity tumor in the gluteus maximus muscle. A B
B: T2-weighted axial image shows a tumor of slightly high signal intensity. i

C: Contrast-enhanced T1-weighted axial image shows homogensous enhancement. C | D

D: ADC value of this tumor is 1.1x10- mm¥/sec

ST BRI .78 £ 0.74 » 107 T T o EHENT
IEEEIZ1.81 £ 068 x 107 Th -7z, WHFIHAIEEL, 4
BhaitiEnohtd-iz(p=04883).

(2) £ oo RYENERGEF & € OB OADCH &

AN (Table 3).

F O BYEIEAEEEE .97 + 050 % 10 TEO{LDTE
PEIREIL1.35 £ 040 x 1P Tdh o, 0 :rlumfu‘é;ré-ln
UL O oEMRTERE & L L TADCHEAS Y i)
el g ! Jiij ﬁ:—i:‘l.|||Jr’| A5 0 A XL w0 - |'_|—
0.002).

(3) i E e RN TOADCHIZ £ 2 BEGOER
PR R - v T R 1" [$2.13 £ 0,13 x 1079 TEM:

ii:..ﬂ 044 x 107 THoa, BEMEMEL D &

Mizho74 MEISHIMEL FECREESHL-

7=ip=0.489) (Table 4), BEtRiz3dE 4 ‘:'i PSR (grade

| ~2) DAEMTd D [ —REHEA Zgrade 1 & X 1) PRS0

i\ vgrade TSRS A48 I"J'IJ Cidgrade 1 (ZHINT 580

GADCHIIE2.3 = 10728, prade I HIYF 24930

ADCHiIZ2.7 = 107" & Wil % 75 L 72 (Fig. 3).

TRITH1 254

z =

SRS R TR L 19804 U T8 X 0 A A5 2 4,
RGBT i 2 echo planer imaging (EPH @ 32R (k12
NRHEISEE L Ty o7z 0E(TRIERIC gt
Le Bihan & (2 £ & KB Q8 PR OIEF O, Baurs iz
E Zsteady-state free precession (SSFP) EETh{fi 165 % Alv 72
IEH T IR ELAR O ADCH D BT L osM w91 & 5 fik
OB F T & i Pk N 2 1 5 feaidF & o@Esl o B
¥, Lang HiZ L SSEETHES2 1 316 L7 v P2

o LR PR O FERETENR S L B O RS AT E L O
1h|'1"' "', Baur SOSSFPEEE v AR, ORE iR E
ORI, WiE L Yo -7, RO EETREEOADCH
AT T S Lo S, T S OLine scanik £ v )
RN IR To i 1,000 % MV 2oL ESAE, EEETEEE
PRS2 & S HEAR O IE Lt DADCHTO R & & D
Al Lavl, Dl oo A2 e Asb il v
fodh, FORFMEEICIESL £, MRE [
D= ¥, w7 pOf I EGOEPEEC L BT,
b % | 000FERE 2 T8 { LAADCIE M+ 5 = & Tkl

ELFLilREE 42 T2 shine through#s 22 L S ET B 44 {
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Table 3 Differential diagnosis in other benign and other malignant tumors using

ADC value
Tumor grou wmor (n=32) ~ mean:S0 value
P {x10?mm/zec) .
Other benign lumars 23 1.97+£0.50 002
Other malignant tumors 8 1.35£0.37
Other benign tumaors and other molignant tumors had no especially component, for example,
fitlty, myxomatous, cystic, canilaginous, hematomatous and fibrous region.
Table 4 Differences in ADC values in cartilaginous groups
Tumar gr umer {n=6) meanx50 alue
ST (x10*mmisec) pvall
Benign fumaor 3 2.13+0.13 A48
Malignant tumor 3 2.33+0.45

There was no statistically significant difference between benign and malignant tumars i
cartilaginous groups.

Fig. 3 A 77-year-old woman with chondrosarcoma of the right distal femur,

A: The mass has low signal intensity on T1-weighted axial image. A B E
B: T2-weighted axial Image shows a very inhomogeneous mix of high and low signal intensity. In =~ ———
particular, the medial condyle of the femur shows low intensity (long arrow), and the intercondylar fossa ] D F

of the femur shows high signal intensity (short arrow)on the T2-weighted fast spin-echo MR image.
C: Contrast-enhanced T1-weighted axial image shows inhomogeneous enhancement,

D: ADC map shows the ADC value of the medial condyle as yellow and that of the intercondylar
fossa as red. The ADC value of the intercondylar fossa, which is 2.7x10° mm?/sec, is Grade 11{E),
and that of the medial condyle, which is 2.3x10-" mm*¥sec, is Grade I(F}. A high ADC value probably
reprasenis higher cellularity and poorer cartilaginous component than a low ADC value.

HAERalE Besd 18
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TEROILBARBUEWEEZ BT 5 2 LATTEEICR D,
AREANEIFPERZ I L C OO M 5§45 O
RO — KM RIRBEIC R ) 22H 5.

Wang 5 (ZEPIH: Thfiti1,000 % F v C BEEE 15 2 JE4: 1)
vo5E, EREYERE, RYERCHEVENES, RUEREREE o
LADCE % #5t L 724558, ADCHEIZ RYERENIENE2.05 +
0.62 x 1073, BEPEFIEMNESF1.56 + 0.51 x 1073, _F R4
1.13 £ 0.43 x 10723, M) 2 /3E0.66 + 0.17x 10 TH Y,
ADCHE % 1.22 x 10737 & B OIREL & L7 fraccuracy
1386%, sensitivityld84%, specificityl3901% ThH-7/zL L
TW319, ADCIEIZH % RITTER & L CHIlas g & i
WA A5, HEMIC & BB EBNIA TS oEEEHE L
TWwa 7, EIHIFSEDOEIEHLADCIEICZR & %
HzxpEEZOND, —ixWIZiz, BRYMEGEOZ ) DSBS
JEHs & 0 MifasEDss <, HEE L 29 < ADCHE AR Maifn)
2B Y, WIS C 8T 2 A X D Mla s
AR Y, P { { ADCEASEVMEAMIZH 5 L £ 2
LNTWA, '

4], bHivbi b EPIE TiiE1,000 % H v CTHIkERIESS7
Bl% 8 BEZHT TADCIEZ Il LIRET 21T o 72, F Ok
R, MAERE & RGEPENERERE, MAERE & BN AR, R
PEREERE & 2 DM FLERERRE, PR IENERTE & o v
Jatt, NREAVERERERE & R HLPERERERE, BRIV & 2
PERERERED 6 BEM THBEZE L ROz, T O T %
EY DR MR OIS R RE, MR %3,
MREZEICLAbD0KE L, WE FTOTI M miE,
T25R M 1%, dynamic study TI3E 5Nk h - 7215 TH
D, EHEOPNEEIREHERN T2 L THERELLODEER
bz, L L, ERAOREEMTCREEELEO TS
573, ADCOATHEIEFEOTELELENIIHEETH S &
W BERTH 7.

FTRTORERE 2% & LHE12idWang 5 O#iE & 132
%) BEIES & EMES OADCIEIC A B TR b
Mofz. THUE, BEIEREOMME DSBS TS
ZENL L, WERE L o THEFI O OADCHED Vi
LB HEOEMNES;, ADCHED EMER 52 - &
BHEZEOLIICS L), FEODH 5 RREMRE S-S
EOER L IZR R o R IChob B, &
1L, Rijswijk & OFFIE L 72 3L HAR% (true diffusion) % v 72
WRER SRR 23R O BB OADCHE % Mist L7 s T, Bk
JEHHE1.71 £ 0.26 x 107, EPERERIX1.08 £ 023 x 1073 &
MAtFE L, BELEIHOONZELTWAFHSE L -
TIEBIDOMERE A TH L EHBHMPEHTHY, 72/ F
BAEENTLEOOER LN AW, X GBS 2 8I50E & 45
IR PE DE% { G ENTWIITBDRERIZ R » T
WBIZLIZHETHE,. T4bb, ADCIED A TOREKER
BEBF D REAOENNIIATGE L b b,

L2 L, BEREIESOMRIC & 2 BB E I IFER O L
KXV EETIZORBMELMELTETWADT, ik
R, weEtE, PRk, WEEATE, MAEE, MAEZSR 0B

ERE 1741 A25H

B LTI, @EOT Sdimbfg, T2iMMmgEesy4+3y s
AN S HAREOBWIETIETH LY., 22 Thh
DIUINERE O F2EANRNG F /213 Bl & # 2 bR AT SR
BCEES € B9 2 N0 (IR, MAERE), SRR
&% Z BN A TG TIRIE 5 2 29 2 I GkEr:
WEREHE), AR, BEREFEZ SNAB—IEN L EES
S 5 MER CRE MG B, W v, PN TR E
) & B /e, T1 SRS, T2RFHEER YA F 3 v 71k
WARE T D 2 IER, T40bbZ0Mo Bk
i & T OMOBENTERE I BRE L TADCHHIZ & 22455 5
PEPERHE L. 2O, Z£0Mo BrEERiTEL97 +
0.50 x 107, ZDMOEMEEEE1.35 £ 0.37x 1073 L BE
PRI EREEBOLI LN TER(p=0.002). 20Dk

3 V2l H OWE TR O D 2 WIEBNZIRE T 5 & BUEM D
BIOWEEMEATRIE S, SN F TOMRIBAE T REM:OE)
HHE L ST WAEFIO—BIZ % 2 HEMEAVRIEE S 7z,

At L B EREE O R T, Fofio AR E £
DAL D FEPEREBERE LIS CREBI AT b2 o 72k PENE S B ©
B L EEOADCIED R A FE L. R R SEM:
£ ) ADCIEIRVEI 2 - 72 b ODOE IZHEEILRD
wprorz, [A—OWEPENICgrade I & & 0 EHE ARV
grade IIASRTE L7201 TlE, grade I \ZH:4¥ 25 DADC
filil32.3 x 103120 L, grade INZAHS 3 5 #5453 D ADCHEAS
27 x 1038 fliE /R L. F2, Laiobivbhho L
TR BV TIEH AT T O ADCHEIX1.90 x 103 Tdh - 7219
Z & Rgrade NTIIRGEIEREDZ LA BT AW LA L X
0, WEHEIEHOADCIEILEREOIREL LTRHTE 3
WHEMEASRIE S N7z, THACB L TIZSBER 2 1= LR
I 2LENHDEER D,

EWET IS 12 B TT RIS, T2, o
dynamic study % &2 X B F 3 AR — 3 2 b OHEINIZE S
WrogdF & LTEETH LY. 40, @5 OWRE TR
DT o 2 JEHERE T FLUEMIEICADCIED BV AR b
722 EIZADCIEDMED T 2 ¥ B— 2 ¥ + OHER OREEER)
LR REREINCORR AWM NH DI DEER S,

A DADCAEDMEIZ 331 5 IS & L THERAN 2
B R MR 2% B L2 AT IS B A B T ldsusceptibility
artifact® FEEECHLHGHTA W% (b = 1000) TIXHE O [ E A
HELWEDH D, EMERADCEENET S 2 & AHET
BHo2Z ERPEAIEE (AR — 4 BYENERG R 1S
REVERES TUE, WRERIR D BN O W FEE G % B
WL7zA, BESRERGE S LEZLNEI LR E
Thb. T/, BHEREOPICIZFRPLEMIFTHOATY
o THEBIA D Y, BRSPS, MRIFTREZ S L1
SELRTNELZ 6 hho izl LLMELRD—D EZ
B. SERIRHEMEE L ADCIEDOM L% T 2 = & THEEIE
P B B ILEORRE SO S 5 7% AL BRE LTl
BN H B L Ebn,

susceptibility artifact|Z[#] L Tldparallel imaging ® Tk %
AWl ofpiidEshsbo L fifisns,
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