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Roles of Magnetic Resonance Imaging in
Management of Bone Tumors

Jun Aoki

The roles of magnetic resonance imaging (MRI) in the
diagnosis and treatment of bone tumors are reviewed.

Most bone tumors can be detected on plain radiography
or bone scintigraphy. MRI is helpful in detecting tumors that
do not destroy bone matrix or suppress reactive bone for-
mation.

Detailed analysis by plain radiography is still the most re-
liable method for differenting between benign and malig-
nant bone tumors. The T1 and T2 values, internal texture,
and peritumoral edema depicted on MRI are not helpful for
this differentiation.

In charactering the histologic types of bone tumors, MRI
is of some advantage. For example, MRI can demonstrate
cartilage matrix, hemoglobin metabolites, vascular compo-
nents, and fat contents more clearly than conventional ra-
diological techniques.

MRI is now indispensable for the preoperative delinea-
tion of malignant bone tumors, because of its excellent soft
tissue contrast and multiplanar imaging capability. In this
article, the guidelines for evaluation of the surgical margin
advocated by the JOA Musculo-skeletal Tumor Committee
are introduced for radiologists.

MRI monitoring of malignant bone tumors after chemo-
therapy or surgery can reveal change in the size of enhanced
areas that may reflect viable tumors. Dynamic MRI is help-
ful to differentiate recurrent tumors from granulation tissue.
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BRES OE(EZW Tl EMXHERIC L 2B WElHET L
THY, FOERBIRSATLEAELRVWIDTH B,
CT HEARMIIZHABMOX MU |2 FeD W EETH 572
¥, ZORRHEEEE LIS EMXREOBRLE AT 5
bDOTHAH, MRIEEISHEEOXARBIUE & (2R 5 EHR
POMLENTWED, ZOMBEIIPLELD), FE
BOWEBI -2 REtE 25, BEBEOBHIZBEY
THEEZM O THREE T L0k, [BEOFELH,
BENS 5 ViR o2, RED N (EHEGE R

HOZW), L TEEABENFFZTLNEG. bl
WZBWT, BEGOEEZITICMRIVGSTHLEIAEAR
2.

AEE O

A AR B MR 20 & 0 FRERAE R & EAIXRE 2R 5
h, TZORMTIRLEALOERREE HEZEINSE, Zhid
BHFEOBEREIIKELRELMSALNLOTHL., Fik
B2 L RS 2 WEEBEOFEZIICIE, B
i DBERBOLNEHB KBS 5HY > F 75 L5k
BIZERTHA. LaL, HBTikdrI5, BEEICEL
ERIZST, poROER#EIHT 214 A A >
oWt HEMERES S L. BRIE, EM) ooNME, A
D/NRIRE DR 2 L DO—ERTH B (Fig. 1). :miﬁ&
BAICH, MRITIRIES* EXEHMES 2 BIRT 5 EHE
ELTHRAAZIENRTEBYY, F /-, }ﬂil]{ﬂ_ﬁi, H
WL H > THeHEFER T Eb L VERIZEY ~F
77 LT ot spot” E 2 \WVOT, REL S BT EEM
HhbH, BRPLFELR ST, BROCEB 8D LT
niE, MRIZK 2§52 &% % (Fig. 2). AFFDOBE
BORAZ )=V 7T, MRIREY VF 756075
F—{RIZHAT, 2~3EDsensitivitydd 5 L\ biL s,
BREBE DIFFEZ WO 728 OMRIBALE I T UEF G ATHEAR
THY, RIHHIEEEE L T2l K1) =7 4

HEEMRS.
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Fig. 1 Multiple myeloma, thoracic spine, 51-year-old womar.
A: Lateral radiograph shows diffuse osteopenia and compression fractures of the 9th and 11th thoracic vertebral bodies. Local osteolysis

is hard to detect. B: T1-weighted image demonstrates mult|p|w= low signal areas replacing fatty marrow signal. C: Contrast-enhanced T1-

weighted image with fat saturation demonstrales the tumor invoivemeni more ciearly.
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Fig. 2 Metastatic bone tumor from renal cell carcinoma, thoracic splne, 58-year-old man.
A: Posterior view of bone scan shows a “hot spot” in the 11th thoracic vertebra. B: Contrast enhanced
T1-weighted image with fat saturation demonstrates metastatic tumors in the 9th and 11th thoracic ver-

tebrae.
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Fig. 3 Nonossifying fibroma, distal femur, 11-year-old man.
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A: Radiograph shows a well-defined lytic lesion in the distal metaphysis of the right femur. The lesion is accompanied with a solid
periosteal reaction due to a pathologic fracture. B: Contrast enhanced T1-weighted image with fat saturation shows extensive
marrow edema and marked thickening of the periosteum around the tumor. It is impossible to deny malignancy of this tumor on

MR images.
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FHEEOREMLEN T 2RO EHO BT 2 EEAT R
X, BEICO DRI EOMEE L ENTELEREED
ZTH5H., T2bb, FRINOLFOMERRFBELIED
BT BAETOIEFICEETH S, FREgeRIFeoaik
HOFHIIZIICTAEH TH A, CTRMRITOFHADIEE
HEROH T REEOENIETSBENH S, LiL,
MRIDAE 5 FE R PN EE, VbW 2 JE BUGRE DAFFE &
ENREMOEINICIIRI AW LRI TSR T
%37 (Fig. 3). Dynamic MRI S it 5 LTV 545, FHEH
DREMOENIHEE R TWEY, FLZh, MEEY
PR O REROENICH WS T WHAE, MRIIZ
& B MATBEEOFAT O AL S 5.

BREHOHBIE DR

B B O AR 0 B | (L RE B D FE AR AL R B DA
LEWERLR T 7=l 5,. INOKRTERL EOIE
BITEZWDONTLED L Vo THBETII AV, XHgER
CTTIEE b ITHIERIEE DFHIKALD /85 — 2 b F EEA N
B g PE AR R S B, RHEMEIE S B & R
L WEIESEOENIZIE, 130 B LERT LI2%
CERPH-TE7, MRIOHBLZ X ) HER OED OlE=
RIEM o 1B B . FNITHRR i IR, i -
MRS, RIS HE D LB TEL LA ko720

FRk 1245251

OTH5.

W NEE ORI 2 XS CTHT UL, S 3EIROIES; O
R i B WId RO TIKILE EL 2 L TH S, L
TOLEGES — DO TH D, T2HRIAMRIE TIdKS
2B AT O REDEE T ISR S, EEMRITIEMm
B EATREERS I S 5219 (Fig. 4). §XT
DHEREVHIKILZEL DI TIIRVWOT, TDLH%
i MR | AT e B 55 BERE 1 O BT LIS R 12 ARAL D,
ﬁo‘i) LAwWZ &z, HHRERMI-2E, 1) FKko#E

HRPEIRE L THEICR S, TR EEEND &Y
ﬁl O AR L TwA, 2B, WEIiEg sy VIROEE
e bAgEh 2 > 7 A b (magnetization transfer contrast,
MTC) & FIVTENT A b % Sh, WAl 28R & 7t
EVENEE O R OMT effect 773 Z & ARG SN T A,

[ sk OFCHIEW I & B EREMARFRER R LT
—F 77 7 MIFHEOENIEI>I LS5, MEHE
WA EHEROXEERLCT T SN o7 b D TH
A, T, M X B % & OEM 5D R 5 b

ey, TR & Rk o 7o B FERE, B 2R N Rk 2 E,
BEMIEE, S R A EOBREARE FEE~ D%
b, &5 ITMEDLRR S ANE % LhRmg S h b (Fig.
5). kiZ, NEEHIEBEAS~ET T 2 AKMEES
ERIHENHDH. ThIAREHEETHME, T4b
LRI O % Fe T A, fCENL L o EE
EIEFIEMRHMENECAH DY, Rl ldEFE R S THE
BENTWA (Fig. 6). 25 O IEEFATI I Y 72 5RAL =2
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Fig. 4 Enchondroma, proximal pha-
lanx, 19-year-old man.
A: Radiograph shows a well-defined
lytic lesion with a pathologic fracture
in the proximal phalanx of the right 5th
finger. The lesion shows a largely
lobulated contour. B: Contrast-en-
hanced T1-weighted image with fat
saturation demonstrates the “rings-

(B)  and-arcs” pattern of enhancement.
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Fig. 5 Telangiectatic osteosarcoma, distal femur, 18-year-old-man.

The patient suffered a fracture of the distal shaft of his right femur after a
minor trauma, and open biopsy and internal fixation were performed. The ini-
tial pathalogic diagnosis was “a fracture with callus formation, no malignancy”.
A: Radiograph three months after the operation shows permeated bone desiruction
and a large soft tissue mass containing bone formation. B. T2-weighted image
demonstrates multiple cystic components with fluid-fluid levels (arrows)within

il (A)  the soft tissue mass.
AERRIZIEE L723A1213, MRIFTRASEHTICIRI 2. MRIE Z DA, NEEIRLT ORIED TR0 &L DIXPEIEE R B 18
EHES OABER OUE 2 MD THEIL L= biFTh 5. ETHAH. 8T, HIEHRSPEBET LRI LI TIdR
B O MUE NE (TR M8 E & Rk T23R(E TRifE 5 Vi, 2 L AT = VESERIZKIZETIZC L, MlsAcE
BT EDE L, EROXBERCTIZHE LT, E1i Tt 5 L@t LT LEVESZH S 2, o
FFIZEB Ik o7z, TUARETO L — ZROIRHi GO i, ILATO-VEERESEICE R IERE A
REDMEREOYEHMTH 2, ATBY, T1, T25RFHABL b ITBESZ2RT (Fig. 7).
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Fig. 6 Giant cell tumor, distal femur, 41-year-old man.

A: Radiograph shows a lytic lesion in the distal end of the right femur. The internal margin is well defined and makes
“soap bubble appearance”. B: T2-weighted image demonstrates extraosseous tumor extension, but dark signal areas due
to hemosiderin deposition suggest giant cell tumor.
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Fig. 7 Fibroxanthoma
(nonossifying fibroma),
proximal fibula, 15-year-old
girl.

A: Radiograph shows a
well-defined lytic lesion with
a lobulated contour and a
periosteal shell in the proxi-
mal metaphysis of the left
fibula. B, C: Both T1- and
T2-weighted images show
low signal intensity of the
lesion. Histologic specimen
revealed numerous xan-
thoma cells without hemo-
siderin or densie collagen fi-
bers.
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CHIZEENBHEL R D WIS L 2 ATH
5. MEHOMEEGGHZ EMECITE L, IR 2m
TR, IBIE L OMBREFMEL T, HEkAM
DB OBRERES SN A, 07w, BikHEk
DI T A MRREEICEN, £HMOBREELE
LNAMRIE, RAIIROGHEL %> TWETE [
ROFEIHVPHE L[ EMEF EHEER A )15 -
TFiEtmzZ 72 THOT, WGEBEWES Z01g%
gL CBLLEDDH S, Fig. 81T BB EIHL
W X DB Lo EHEO A K94 T,
JEsg & OGRS LA R L2 DTHD, 7,
TEFEPICI D AATL F 21X, BRIIUETHA.
JE 55 FE R D B I T PN G4 ) el 5 RO 2L B U B
b, 60%DEHERNHL L ENL. FULEDS S5em
DINOIEHEIREAMN 72 &, 20% DRFrHESERE 5.
Sembl LHEL TUIBRT 4 &L BTNl 4% LT & 4
D, ERAIRIEE SNB. M4IK, SEEIXZZ D
WHVEREEZ RS A DITTHE. DEIFICEDE
R OFHMETH 545, MFIIERE L otk
B e barrierdSdh 5 OT, HWVIREGE DS 2
ENRTED, 12k 21E, FIGHE D barrierlE L T
2L, barrier® I THE Y EEZEIE S
4. ELTWThbarrier®E S 2L ) TN % 2emd
AW 3emlZET A ENTE S,

BIE, MRIC XY Jifs & FUCRE % IERECKR1$ 2
ZLIIWEEETH L. T, FEROHERVHEBIZBW
THMEZXBT A 2 & ORFRMERITE < 2.

1. #EAROTERE (barrier® & WEIEEE)

2. #WAROLERR (barrier® & 5 HIf5H3)

EEER FIGE B
| mair- i
wide ginal ntralesiona
- 5em-—

a. RSB barrierlZE L Ty

Ba\rrle\r

e |

b. RIGEH barierlZELTWS
3cm

S8 L Barrier

[E\ Barrier

LIIIIIIII

2cm

> T, MRITIINEE GRS & ABE0Y Zebarrier & @
PRZHI T 5 Z EAERICEETHS. bhvbh
IV EHEE AT B EE IR % peid B 728 D43 7 TS
RIS 2 Z L AKUITH B, B DBEE &R
1% (TR, T2587, FERFHIHER2) & CREMI R
FTRETH Y, HEHOMERE S FARET LR % 5K
HELTHIETRETH 5.

BIEFOEAEHE

BB T RS ORBBE I OWTHRRE, —fFi2w
DRTVBEGEEDF = v 7R, ¥ MIKEEOLEL, B
WGROMERDZAL, FRUEDZAL, EENAIRIL(E
L) OB, HEANHT S 2 VEREHBOZLL: ETH
5. MRIZEN % ST 5013, 23V HPEEOKLE &
EECHPADFHMT B 5202 MiAERALIZ 13 P ZERRL OB
ERDHY, HEROERETIIFIRIES L 0N HEETH
<72, ZOFFiilZ 1EDynamic MRIOE RIS ST
2%, MEEHOEX Y — 7 3HiER 2 2UNIZAS
N, WFEEBIIBTERELICEEShERBY — 71258
Lev, AbaAR i MU SR 2 O R 2 #B R 23 1
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Fig. 8 Guidelines for evaluation of the surgical margin.
(JOA Musculo-skeletal Tumor Committee) '

BT, RO REEZBET 5 ICHMRIPEHTSH 2
(Fig. 9).

BbHYIZ

FHESEOWEZMICMRIZTED X IZHFE LTV H I %
F Lol XBRBMPFICEREOBMTHLDIIHN LT,
MRUTHEERHAR O W{EZH L V2 5. fE->T, MRIZHYRD
BRI L TWb0RRBAEZHTH ), FHEBHCEE
BIZZ D~ EOEE A 7-3 L A1 72, MRICE D #L
MR OEINZWIAIIENTD 726 NS, BEMOERNI
BOTIIERDXHZHI AT 2 b DIEbF DI THS. B
JEES B LT, XMUSOMMA LICMRIZHIZ2T5Z L1
W Z bk &R B (Fig. 3).
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