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Magnetic Resonance Imaging (MRI) of Avascular
Necrosis of the Femoral Head

Takashi Kokubo, Kohki Yoshikawa, Shigeki Aoki, Kohzoh Makita, Naobumi Yashiro,
Yuji Itai, Masahiro lio, Yoshio Takatori*, Marihide Kamogawa®,
Setsuo Ninomiya* and Tadayuki Mitamura**
Department of Radiology, Orthopedics* and Medicine & Physical Therapy, **Faculty of
Medicine, University of Tokyo

Research Code No. : 505.9

Key Words : Magnetic resonnance imaging (MRI), Bone necro-
sis, Bone radiography

Thirty-seven patients with the clinical diagnosis of or suspicious of avascular necrosis (AN) of the
femoral head were examined by magnetic resonance imaging (MRI). In all patients with AN confirmed
from clinical symptoms, past history and plain radiographs, MRI demosntrated abnormal low
intensity area in the necrosed femoral head. The abnormal findings on MRI were divided into three
patterns: low signal intensity occupying the greater part of the femoral head (type A), low signal
intensity localized in the periphery (type B), ring-shaped or band-like low signal intensity (type C). No
correlation was found among MRI patterns, radiographic findings and radionuclide bone scan images,
except that the type C was not found in the stage IV determined radiographically. In the patients
suspicious of AN, the positive rate of MRI was higher than that of radionuclide scan. Abnormal
findings on only MRI may not necessarily indicate AN. However, such a patient must be kept under
observation, because the possibility exists that only MRI detects early or asymptomatic AN of the

femoral head.
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b, BEAOZH, HBENMEERS,

FEEDBWNCTIRER X » BMIXBEE, &
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039, flOME & O i, RHIZK ORI
WTFRNCIRE LiciiE ik 7ew, 4@, bhbh
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ARIFRI220mm G, KEREIGH O SIAAWIE & K
EMEE B, =L F A5 4 ALY gap ZHH
5 EET2ETY, KBEHEEBAEELE L5
1T scan L7z, flFE~ bV 2 A1X256 X 256, (LS
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2) #1FowT, MRE®RE, FFFEH(MRI
HETOM#E 1 2 ALIA) i IhiBiiXRE
B Brvved /7 20 RE BB L, i,
BrvF7 5 sk, *Tc-MDP (20mCi) % #iE
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3) KEREFEEBFEEE\EG], ¥ X Urisk #FT
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SHTAELD (FER,

type C : KEEBHIC Y v 7k F - 38 R OESE
SEARLR S LD IR - FIRED,
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type C ik 3 HHIC R b iz (Fig. 1), mAltEDiE
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THS B oht, RENEFYEHERNE &3
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Bich, WFhoBERTEEEESELTRD L
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Fig. 1 MRI patterns of avascular necrosis of the
femoral head.

2b

Fig. 2 MRI of the normal femoral head
a, Coronal scan. A low signal intesnity band is physeal scar (arrowhead).

b, Axial scan.

FEFI624F 5 H25H



698 ABEF BAEEFERE D MRI

Fig. 3 MRI of avascular necrosis (type A). Low
signial intensity area occupies all over the right
femoral head.

r

Fig. 4 MRI of avascular necrosis (type B). Low
signal intensity area is localized in the periphery
of the right femoral head.

B ORI (ROD 285E L CESHMELEIEL,
FA—BEEC B2 ERHOREESRE LD CE
RGESEEL) 2HELL, ARUAERL-T
B L EFRALOEEO N ERHE SHEL &
HELILZh, BRBEDESMELIIER L
HE L THEBICED 572 (Table 1),
bz, 1.5 Tesla OHE THEE L 7: type A,

type B DFEFIioWT, A v=a—# (TR=
1.6R8 L V0.68, TE=35: VE)D 2 onEEY
LLIT HEEBYE ThAvvy=a-—k
(TR=0.6%, TE=35:L0703 VE) 022D

Fig. 5 MRI of avascular necrosis (type C). Ring-
shaped low signal intensity area is seen in the left
femoral head.

Fig. 6 MRI of avascular necrosis (type C). Band-
like low signal intensity area is seen in the bilat-
eral femoral heads.

Table 1 Signal intensity ratio to skeletal muscle

signal intensity ratio to
skeletal muscle
(mean+S.D.)

normal femoral head

avascular necrosis
(type A and B)

**p<0.01 (using T-test)

2.88+0.41 ] (n=10)
1.23+0.28 (n=:21)

E{E % b L T,itHEG S, FHORKES
BIZ ROI %8B ELC T8, T.MExR>E, AL
TR L > TRDLEEEBRAIOBEED T, 18, T,
ELLB LI &5, BREEO T EXEEICE

BAERRIE $H47% #5585
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Table 2 T1 and T2 values

T1 (msec) T2 (msec)
(mean+S.1).) (mean+S.D.)
normal femoral head 363+ 50 42,91+ 4.7 :| NS (n=10)
avascular necrosis 1302397 ] h 39.1+13.9 (n=17)

(type A and B)

**p<0.01 (using T-test)

EL T, T HicZdinh -7 (Table 2),
2) KERBEEEREEN MREK  EH X BE
H BrrFIILont
KEEFHBEREOEMXBEROA R,
Arlet & Ficat @ 5E"IC ) - TX 4 L (Fig.
7). MRIFTR & B X R FEOFT R & lB L 7k
£% Table 3 ic7~7, MRI T type C &3 EH
1T, M XREET stage IV GRED %3S
Fighot, LLEDOZ EREKL L, MR EE
CBMXBEROR RoMICHBIR bhich -
fo.
KEBEBHREFREDOE > v F7 7 2RI, a,
BHRICERKBEDRS>h5 D (decreased), b.
FHCEEHROZ R bh 5 3@ (increased), c,
BHCEBE DY, ToRBCHEERIAEDS
A L0 (mixed), P3IBHIRSELA, MHET

Table 3 Comparison of MRI finding with plain
radiograph
(22 cases, 32hips)

plain radiograph(Arlet & Ficat)

NEFVvF I 7 A0BLRIHIVEHIZE
T, MRE{g & B> v+7 7 aFTRE LB L 2ok
K% Table 4 iz, fEFIDA 7w type C % B
<&, MRIFTREFY v F 7 7 aFT RORICHEEY
Bishoiz, Tok, 1611 EBETE MR Hig &8
MXBERPEELRLLCL b T, B
YF7 7 AIEETH T,

3) MRI iz & » KIREERIRIEIE O F-HAZSHT 05
F

Hro B (CEEEEEFEEE\ - group, BEERAEMR & risk
factor ¥ F 75, BMXREERXEETH 2
B s\ T, 13FE$ 5 EFBHic MRI TREE
EEELR bR, type Blica it 5 &, type B 4
BH, type C 1 BEHTH -7 (Fig. 8). —7H,
BYVvF7 5 a1, REYETLRESBFETNT

WTH-ote, ZohT, MR E&T type C DFF
RA&mR U7 1, MRI 1T 5 4 B KRRF 55
@ collapse BB L, HFHEBIETH D Z L1
ICHERR Sz,

# 38 (high risk group, BEic FORHAc 5 Ba 8

Total SRR LTV AHED) BTl g
stage I stage [  stage IV o i{jéﬂh 1_’ < Z)ji). P.-.kb Ceﬁlf., Dl 4.
—— - —— BIIC MR ERCRHEESEARO K. V-
MRI " type B 0 3 4 7 hdtype CBT 54D ThH-% (Fig. 9). B
typeC_ 1 2 0 3 YVFS T AT, REXMETLLSEFES 1E
= 2 18 12 32 FRYEERLBD ORI, Z0FT, MR E
Table 4 Comparison of MRI finding with bone scintigram
(15cases, 19hips)
bone scintigram Total
normal decreased increased mixed

type A 0 0 10 4 14

MRI type B 0 0 4 0 4

type C 1 0 0 0 1

Total 1 0 14 4 19

PRF624: 5 A25H (5)
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Fig. 7 Classification of avascular necrosis of Arlet & Ficat
. Stage 1. Radiological normal.
Stage II. Structural change without collapse.
. Stage III. Collapsed femoral head but intact joint space.
. Stage IV. Collapsed femoral head and narrowed joint space.
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Table 5 Positive rates in Group I~IV

MRI plain radiograph bone scintigram
normal abnormal total normal abnormal total normal abnormal total
Group [I 8 5 13 13 0 13 8 0 8
Group I 6 4 10 10 0 10 7 1 8
Group IV 11 6 17 17 0 17 8 2 10
. 25 15 40 0 40 23 3 26
i (38%) (0%) 12%)
- ‘ | |
."I : ' I 1
R\ 8 A
-6 7 @
' | ' |
Fig. 8 MRI of the case suspicious of avascular Fig. 10 MRI of the case in risk group (Group IV,
necrosis (Group II, case 25). MRI demonstrates case 37). Small area of low signal intensity is
low signal intensity in the periphery of the bilat- found in the lateral side of the right femoral head
eral femoral heads (type B). (arrow, type D).

BECREOR SR 143, MRI 7117 A&
CRRBIER A T, BEMXBEECHEOEHY
Rih, KEBBEEFERYEC Lol EBNERE
hiz., ZoOEFICOWTIECRER< 5,

2 4 B (risk group, A7 v A FEERZIFC
WA MBERREER I, BMIXBRERIEFETH
)T, 17EEF 6 BHEIc MRI CREESES
o bht, 3FBEtype BizET 50T
B oty MO 3BETEN S HEE SRR
oAl B b h i (Fig. 10), Z vk type DU
MEDE Lz, v a7 55T, WELHETL
Fig. 9 MRI of the case in high risk group (Group 10 AP 2 HHERERERLR bR, 0

III, case 19). The right femoral head is idiopathic Bodiciz, BEE CoABREEEEYRE: L
avascular necrosis (Group I). The left head is - LS ; Feo Eﬁ]l’rﬂ‘ﬁ‘.h
s fokY s - 723 4 . *

normal clinically and radiographically, but MRI j ) )
shows band-like low signal intensity area (type B2~ AFOTRTRE VT, HXKRERES

o). BovesrssalEELT, MREGEOAFFRE

BEFN624F 5 A25H (7)
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Table 6 List of cases in Group | (avascular necrosis)
case i risk . clinical plain bone ot
No. age/sex factor side symptoms MRI radiograph scintigram histology
' ; . Rt + A I +
1 36/M steroid Lt + A m
. , Et + B v
2 38/F ” Lt + B W
y Kt + A 1 increased
3 4a/M L Lt + C il N
Et + A v
4 /M & Lt + A I\
3 Rt + A I\ increased +
9 21/M % Lt + A v mixed +
. Rt + A il mixed
6 S$1/F ” Lt + A I mixed
- Rt + A m
7 27/M # Lt + A I i
\ Rt + A v increased
8 34/M v Lt + A il increased
9 63/F irradiation o T a L]
" Rt + C 1]
10 45/M alcohol Lt i ¢ I It
11 35/F steroid Lt -+ A i}
12 21/F # Rt + A I mixed
13 62/F # Rt + B m increased
14 65/F ” Rt + A 1 increased
15 36/F % Rt + A II increased
16 31/F # Lt & B I increased
17 37/M 4 Rt + B m increased
18 44/M steroid Lt + A I\ increased
19 75/F (idiopathic) Rt + A 1 increased -+
20 M (idiopathic) Lt - A v increased +
21 55/M trauma Rt + A il increased
22 61/M trauma Lt + B I\ increased
N : normal

A, B and C : type A, B and C (MRI pattern)
I, IT and IV : stages on plain radiograph (Arlet & Ficat)

Mg o7t (Table 5),
NELERSTEFAOBEERBREFTRO —E %
Table 6~9 1z,
V. & fl
MRI A3 PREE R0 fth o B R R 2 1s 46 A3 1 T R
WERUICKEBEEERED 141 (EFI2) %2
~T5,

BEB2TR LM, 7THw SLE 02 ¥ 2%,

(8)

LR T a4 FOBERFFT i, KREDT »
AR OERBEMEIAHIL, BMXBRER, F
YVFZZAhLAKIBEEEREE B I A
(Fig. 1la~c¢), = ORFIZiEfT S hic MRI T,
AFRREIE (type A) LFFCERBEEEICH R
WERSE (FIRE, type C) BB S it (Fig.
11d)., ¥ ERBEEICER I Rh -, F0 4
HMBRICEMXBER, 62 ARICBEr v 7S

HAEMRIE #4478 F55



PAR F 104

703

Table 7 List of cases in Group 2 (suspicious of avascular necrosis)

Cﬁf age/sex Ig ;scléor side g'ir%i;fctms MRI ?;E;lii[rj)graph Egiﬁigram

23 43/F steroid S H B :
% 30/F v e 9 N N N
25 34/F ” M i B N N
26 24/F # Rt + N N
27 41/M ” Lt + N N N
28 51/F #” Lt + C N N
29 56/ F ” Rt + N N
30 49/F ” Rt + N N
31 25/F ” Rt + N N N
32 28/F # Lt + N N N

N : normal

B and C: type B and C (MRI pattern)

Table 8 List of cases in Group 3 (high risk group)
%Sg(.ﬁ age/sex factor side g::lgqlgfc])ms MRI Iz?til?ﬂii]:)graph Egi.rr])‘:lgram

11 35/F steroid Rt - (& N
12 27/F # Lt - C N N
i3 62/ F # Lt = N N
14 65/F # Lt - N N N
15 36/F # Lt = N N N
16 37/F # Rt - N N increased|
17 37/M #” Lt = N N N
18 44/M ” Rt - N N N
19 75/F (idiopathic) Lt - C N N
20 77/M (idiopathic) Rt - (6 N N

N : normal

C : type C(MRI patterr)

ADERE Shich, fTREE R -d, 11
H AT - CERBESREAHEL, BEMXKRE
HRTERKBEHRCEELR ORI D, Eflicd
FHBEEYR L2 EXER I (Fig
11e).
VI. # %
1) KERGEEIEIERE O MR E%
FEHEOKBEEE MR EETIEWRGEME

mEFN624 5 A25H

(9)

FENZIR » THEIE 5 B REERCRERFE B IR
bEhz0¥kR E, BIEH—RBEEESRELT
HHahs (Fig. 2). coOBEERXEHEADCEH
CEETh2BELEHRS KB L C\5 82
LRTWL5BY,

FEFERER, risk factor, H#iXigEH, —ifT
(AR RIRREE 0> & KER B BB SEAE O W 03 HEE
L7zfER (38188 wiR5 &, £filic MR Eig©
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KEEHBUBSEAED MRI

Table 9 List of cases in Group 4 (risk group)
case i risk . clinical plain bane
No. age/sex factor side symptoms MRI radiograph scintigram
26 24/F steroid Lt - N N
27 41/M ” Rt - N N N
28 51/F ” Rt - D N N
29 56/F #” Lt = N N
30 49/ ” Lt — N N
31 25/F ” Lt = N N N
32 28/F " Rt - B N N
33 2%/F v i h N ]
. Rt - N N
34 26/M L4 Lt o D N
' Rt - N N increased
35 36/F # Lt - N N increased
: Rt o B N N
36 24/F ” Lt i B N N
- / Rt - D N N
37 37/M " Lt i N i\] N
N : normal

B and D : type B and D (MRI pattern)

(10)

AREREE H4TE H55
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Fig. 11
a. b, Plain radiograph of case 12. The right femoral head (a) is collapsed, but the
left (b) is normal.
c. Bone scintigram of case 12. The left femoral head is normal.
d. MRI of case 12. Band-like low signal intensity area is found in the left femoral
head.
e, Eleven months later, the left femoral head is collapsed.

FRCEFEEEERIAROhL, AEBRWED MRI % 75 4 sensitivity O i ik L Eb h
BRECTRERNC LATEZIHAE 5 - LA R fo. L LER ST, BiEd, FHReBL i
Trtcdd, HAHBEMTT LIEFNE D Th 503, MXBEHELU EoFMRITBLRT, BEREEIC

ABFN624F 5 A25H (11)
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MRI #1735 5K d Ladus,

Totty BT AKEE D MR #H{E %, homogenous
regions of low intensity, inhomogenous regions
of low intensity, bands of low intensity, rings of
low intensity @ 4 8 Y i3T5, EROEE
T, EESE - Y—r 2 HET SO0
CRER LMD DD, bhbhiih L AE
FBEEHOLDZHMEICER L, EE5EHI ZIEE
HeEZ D52 EFEY (type A) &, BHOBE
HEMAIC oM 2R B (type B) LiwsmpEL
fo. Efe, BHEHOWMEIC X - TXER SEH BRI
CAHRCLR 256550, bhbhidthb
—3E LCERIK » HIRE (type C©) & L,

KEREBEA~OMTE A EE 5 & B, B
MEATEICE Y, BEEBORA, EHRHEOR
X, MECX3BREOWEBE L - CEEER
DEHRENBEE2LNS, EREBHOBREEN
R EB LT 20 ThHhE, BFHREFEETR
bh S EFSEE OWEL T L3 EEELL
TWBEHREI NS, LaL, EESEHI ERE
BrERbTon, BEEGLYERHLTON, ik
K THRE (typeC) TRLAS X 5 HBEEHE
BTLEBEBRR-TVWARSIEETHAHD
2, REDRBBE LT, HFMEBFHIR
FEEeh B, EbiT, BRI - o B EE AR
HIREBIC L7chi-> T MR E&RMA LD X 5 iz Z4L
THOEREGD, BRI 5 BB ANE
ThH5s,

MR BERIZBIT 5 ESHREIEZEOLHIY -
TEAKESELB®, X CT ikt s CT
fEoX 5 BEMTEY R TI Lkt
W, £CT, BRBOBEEEY1ILLT, A—
BEH L TOHEEMAOESRELLTRDLL
BEETORBIA ., BRBEORESHREL
WREHL1.238, EHEHEOYH2.881ICt5XTH
BICEA LT, 3 EES T EXERE
BARIEONTHEBECER L TRY, EEFEDE
SHEEDOE TR TEDEE DFEI & E %
bhic, 4EN KRS BEEIEE & A & © MRI
CEBEICOVTIIREF LT w, Thb
DIEANFE, EFO—BhEiedZ L2E L TER

(12)

KR IREFEEE D MRI

Li7e,

2) KAREEEIESERE O MR E1{§ & Bt X i85
B, B FI7 LD

Totty b2z & 5 &, BHFEHREFIIRI hTix
LA, MR @R EBEMXBREE, B> s 35 a
DOFF ROBICZAER W E X TW5b, bhib
hoEsrT, EFEDDIGY, type C 2R
BIRCTHMXMEE L, stage IV GREND) o
Figdote, ¥he, 1O THDA type COF
SR> v+ 77 aTRENh o, Lichls
T type C REBH RO BHIBIELYEDLL T
WAHDTIX W EHERIXh B,

EMXSERIBEOREVEBRICKR X h,
FrvF7 7 a3EREORE N ERICKR S
5. MRI TREHOEIMERICKE B 5
ATWAHEEZLRTWA, MRI T type C O
FlEBC, MRER:EMXBER, vy
75 AL DENCTHEBIN e s T b, FRFEROE
AP LEL TV 0RRE 5720, A
COLYREEZLNRD,

3) MRI (= & » KEEHERIRIEED PHIBWT OE,
#

FHOKEBEBRBEFLIEDOKRB R, B sy
5 ADHVEMXBREEI VAL VbhTE
DO MRIZE>vF77 2L hBHIRBICEN
TOBPEPPEEDAMETHD, H£2 ~ 48
TE LD CEFT S L, WFOBFEFIEH
(38%) 1= MR {2 % CRIS DO RN R ST
kb, Brvesrs s a0268Eb 3EH (12%
LD EFTRENE D =, —7F, BXEEHo
HHTRR I 0B TH -7, ek ~4FBL
T, MRIXWE > v+ 735 alceA UTHRITE A
Tkb, MRIZE> v/ 54k 0 BHicBEO
REPBHTERLELLNS,

MR Eig ¥ #iT5 &, BEORSALISEE
DPERIX type B 7B, type C 58, type D
JEHEHTHSD, £FEE (type A) Rz ohieg
Fhd, BT LEEADRICRbAT W5, HE
# (type B) @GEHABFRME coliv B
TeoTRGBN, ik« FRRE (type C) X HEHY
RHloBECRONE X5 THD, TSR

AARERSEE 5475 H5%



MAR F 104

(type D)%, HER L KEBREHEBFOEMIIRES
nTuie,

Bz r R AT MRI 2T L, BF0RS
NICISEFIEO 55, BICEHEEIEEIE S Hic
IofcDIX 2 BFHCTEY, EFoFEEE
WP TERCLREETE IRV, UL, /NESE
s o e SBERERPHE LT 1288
THREVER TS & bHEREh5, MR EE
TARBEFHIZEEXAOhIBETY, hikET
BEN T IKBEEEFREDOZE L T +0
13, BRATIRETHSS, LrLicsis, 19
FETUTEEERLBE LT D AHEHED D
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