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MRI of Osteonecrosis of the Femoral Head
C.S. Kang M.D., K.S. Song M.D., C.H. Kang M.D. and S.H. Lee M.D.

Department of Orthopadic Surgery, School of Medicine, Keimyung University, Daegu, Korea

Early diagnosis of osteonecrosis of the femoral head is very important because it leads to early
treatment and a better chance of saving the femoral head. The conventional X-ray, bone scan,
SPECT and Magnetic resonance imaging (MRI) can detect early AVN. Radionuclide bone imaging
has been utilized to diagnose osteonecrosis at an early stage, however, poor sensitivity, poor speci-
ficity and a lack of anatomic detail have been reported.

Mitchell et al reported that MRI is the most sensitive imaging technique for early diagnosis of
avascular necrosis. MRI is therefore of value in evaluating osteonecrosis of the femoral head, espe-
cially as it provides high sensitivity and excellent anatomic detail.

In our studies, MRI of 71 hips of 40 patients who visited the Keimyung University Dong San Hos-
pital were analyzed and compared with conventional radiographs and technetium diphosphonate
bone scans.

The results are as follows:

1. Of the 40 patients with osteonecrosis of the femoral head, 37 cases were male, 3 cases were fe-

male, 9 cases were unilateral and 31 cases had bilateral hip involvement.

2. Nine of thirteen (69%) stage 0 lesions of modified Ficat & Arlet were Class A and four
(31%) were Class B. Classes C and D were not found.

3. Six of sixteen (38% ) stage I were Class A, five (31%) were Class D.

4. Only six of thirty-six (17%) lesions in stage M-IV were Class A, while twentysix (72%)
were Class D.

5. The MRI was useful in determining the extent, volume and detailed anatomic location of femo-
ral head necrosis. This information leads to early surgical treatment and prevents progression
of femoral head collapse and saves the femoral head.

6. Because of the risk factor in patients with a unilateral nontraumatic osteonecrosis of the hip,
the MRI may be useful in detecting an early stage of osteonecrosis of the femoral head on the
opposite side.
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ted imageol 4] Mitchell & central signal in-
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Table 2).
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Table 1. Case analysis

Case Age/Sex Duration of pain X-ray Scan MRI-stage
Rt Lt Rt Lt Rt Lt Rt Lt
1. 61/M - lyr 0 v - + B D
2. 54/M 4-5m - I\ 1 + + D B
3. 49/M - lyr 0 I - + A D
4, 58/M 6m - I 1 + + D B
5. 22/M - 3yr 0 |\ - + A C
6. 52/M - 3m 0 I - + A D
7. 22/M 4yr - I\ I\ + + D D
8. 54/M - 2m 0 i - + B D
9. 57/M - 2m 0 v — + A D

10. 69/M - 2m I THR + B THR
11. 21/M 4yr - \'s 0 + - A N
12. 47/M 7m — I 0 + - D A
13. 60/F Tyr — ' 0 + - D A
14. 56/M — 13m I m + + D D
15. 59/M - lyr il \'2 + + B D
16. 44/M 3m 4m m m + + A A
17. 52/M - 2yr I v + + B D
18. 48/M 4m 4m I I + -+ B D
19. 43/M - 3m I v + + A D
20. 42/M 6m - il 0 + — D B
21. 36/F — Syr I I + + A D
22. 63/M - 3,4m I I + + A B

23. 41/M Syr 5yr o THR + C THR
24. 51/M 7m 3m m 0 + - D .
25. 35/M 6m 6m o v + + B D
26. 21/M - 5m 0 ' - + N D
27. 17/M 4m - I\ 0 + - A N
28. 52/M 10day - I I + + A A
29. 51/M 10day 3m 1| I + + A A
30. 34/M 1m - I 0 + - D A
31. 33/M lyr - m 0 + - D N
32. 62/F 7m - m 1 + + D B
33. 39/M - 1m 0 I — + A C
34. 30/M 6m - m 0 + - D N
35. 52/M 5m 5m m i + + A D
36. 52/M lyr — v I + + D A
37. 56/M - 2m 0 N - + A D
38. 44/M - 1m 0 0 - — N A
39. 43/M 6m - m I + + D B
40. 36/M - 10m I I\ + + A D

— :no pain or normal radionuclide scan
+ :positive radionuclide scan
*:abnormal MRI:subcortical pit of femoral head but no evidence of avascular necrosis
THR:Total Hip Replacement

N:Normal
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Fig. 1. MRI class A AVN in the right hip in a patient with biopsy-proved AVN. A) The roentge-
nographic findings shows no evidence of femoral head necrosis in the reight femoral head. B) The
radionuclide bone scan shows slightly decreased photon uptake in the right femoral head. C) Coronal
T1-weighted image (500/30msec) shows a band of low signal intensity surrounding the lesion, which
is isointense with fat. D) In this T2-weigthed image (2000/60msec), the lesion remains isointense with

fat.

Al{stage M, V)= 36 At A 0-19-419) 48
%, A 22+A 2] 26%7} Class A (isointensity
with fat) 9l A 3-4€tAl o] 26%+= Class A4
i1, 84%+= Class D (similar to bone or firous
tissue) & t}.

GEALY AAT T FAIAHC EF A
olu} 7| FH G Aol A ol do] UEILE Modi-
fied Ficat & Arlet stage 07} 1338 gom 1
%, MRIZ& Class A7} 981(69%), Class B7}
43 (31%)°] 2 Class C, D& g1t} Stage 1

& 632 Class A7} 28(33%) Class B} 48]
(67%)9th Stage I+ 16 & Class A7} 68
(38%), Class B7} 4#(25%), Class C7} 1% (6
%), Class D7} 53 (31%) < tt. Stage M-V
36el2 1 & Class A7} 6#(17%), Class B7}
2#(6%), Class C7} 281(6%), Class D7} 263
(72%)9 k. A7153H 949 Class C, DI+F
GaMALHAAN HESFY Bt o 43
I FEadANdE A% B8 BAHFig. 3,
4, 5). MRI Class¥= modified Ficat & Arlet
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Fig. 2. Asymptomatic MRI class B AVN in the left hip in a patient with biopsy-proved AVN. A)
The roentgenographic finding shows normal femoral head. B) The radionuclid bone scan shows normal
trace activity in the left femoral head. C) Cornal T1-weighted image (500/30msec) shows a low-sig-
nal band surrounding a small lesion in the left femoral head. The lesion has high signal intensity. D)
The T2-weighted image (2000/80msec) shows that the lesion is still of high signal intensity. Note the
“double line sign” (arrow) surrounding the lesion, consisting of a low-signal band with a high-signal
inner border.

stages} A &4 o] AU (Table 3).

A713HR3E NPT 71 RHF 65 (92 il &
%)l Al T1, T2-weighted image imageolA] A
# = 7}A A8 ©l (peripheral low density) 7} ¥ YEZEgAle ] Z=7EMe A HHH
28 JdARE U (Fig. 1). Agolofs] Hel o] A HAY AL
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Fig. 3. MRI class D AVN of the left hip in a 39-year-old male with a biopsy-proved lesion. A)
Anteroposterior radiography of the left hip. The left femoral head shows Stage IV ischemic necrosis
woth a loss of normal femoral head sphericity but normal joint space. B) Tc-99m diphosphonate bone
scan shows increased isotope accumulation in the left femoral head. C) Specimen radiograph of the left
femoral head shows a subchondral radiolucent line (crescent sign) and a radiolucent area surrounded
by a sclerotic rim at the center of the femoral head. D) Coronal section of the femoral head shows a
subchondral fracture. E) Coronal T1-weighted image (500/300msec) shows a low-signal lesion in the
left hip. F) At the T2-weighted image (2000/60msec), the lesion remains as a low-signal area with a
subuchondral band of high intensity, the “MRcrescent sign”.
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Fig. 4. MRI class D AVN of the right hip in a patient with a biopsy-proved lesion. A)
Anteroposterior radiograph shows diffuse sclerosis and a subchondral crescent sign at the superior
weight-bearing area on the right femoral head. B) The frog leg lateral radiograph shows subchondral
crescent sign very clearly on the femoral head. C) The radiograph shows subchondral crescent sign
very clearly on the femoral head. C) The coronal T2-weighted image (2000/60msec) shows low-signal
intensity at the weight bearing area of the femoral head. D) Coronal section of the femoral head shows
a subchondral fracture at the superior weight bearing area. The white mummified area corresponds to
low signal intensity at the T2-weighted image of the MRI.
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AL AAME ol 4E HolA Gorm 1 F
4T gE A9t Bot Ade ol ol Brh
DEHALT HAMY ol 4 Aol vEehr] o)A
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EFAF AAL, SPECT, #7139 94 2812 7)
%3 &4 ZAHFunctional bone marrow study,
EFNAEY, EFUANRZAEFT)IT ol
E] ,]_'_9,)]\‘:}‘ 3.4.5.13,14,23,27.36),

UG 23e A7129FY ke 40
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594t Aol ol A7 FFYFL )
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Table 2. Central MR Signal Classification

Signal Intensity

MRI
Classi- T1-Weigh- T2-Weigh- Analogous
fication ted Images ted Images of
_ . Interme-
A (n=23) High diate Fat
B (n=14) High High Blood
C(n= 3) Low High Fluid
D (n=31) Low Low Fibrous
Total
(n=71)

Adapted from Mitchell et al: Magnetic
resonance imaging of the ischemic hip. Clin.
orthop. 244:60-771, 1989.

A

E‘% q_E]_LHRiq_6,9,ll,Zl.22,26,28,29,30,32,34,37).

E A3 o)A Stage 01} Stage 19 7
S RiZ T@AHe FAdo] oA UhdET F
FFAY ATV FHAEGE AASIRY 98]
ool BAH ALk wEHALA HARe
EFAAANA BE AU =7 FH G A
A o]l YElY= A7} Stage 09 3 FH
W, 2 71338 F 133 #dH"o] o)y Ao s
FEo] ZRAAGAA AT FEHY $54E
g F ART. 2 F A FTEel 1Y e A
7 12819 1, 13 s HEadFdd 7HH
< 558 343 EFA W ArFHGAA
AL APt ot 28 FHAoAn FHEFL
FFAE Aol A7 FH I FN A= Class A
%t Stage 0o #FEe 13n#EF MRI
Class A7} 9#(69%), Class B7} 4%(31%)%
t} (Table 4).

Stage 0-19 2% Class C¢ D7} gz
Stage M-IV< 7% Class D7} 72% < JeERY

Fig. 5. Modified Ficat & Arlet stage V and MRI class D AVN of the left hip in a 36-year-old fe-
male with biopsy-proved lesion. A) The anteroposterior radiograph shows a loss femoral head spherici-
ty and narrowing of the joint space and a large cystic area located at the superolateral area of the
femoral head. B) The Coronal T2-weighted image (2000/80msec) shows a round high-signal intensity
at the superolateral area of the femoral head. C) Cornal section of the femoral head shows a round
bone cyst in the superolateral lesion, which corresponds to the simple and MR image.

Table 3. MRI & Radiologic staging

MRI Modified Ficat et Arlet stage
intensity

Class 0 (n=13) I (n=6) I (n=16) M-V (n=36)
A (n=23) 9 (69%) 2(33%) 6 (38%) 6 (17%)
B (n=14) 4 (31%) 4 (67%) 4 (25%) 2(6%)
C(n= 3) 0 0 1(6%) 2(6%)
D (n=31) 0 0 5 (31%) 26 (72%)

Total (n=71) 13 6 16 36

Nmbers in parentheses indicate percentage of MR intensity class
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Table 4. Bone scan/ MRI Clasification
MRI intensity Class

Scan A B C D
(n=23) (n=14) (n=3) (n=31)

Positive 14 10 3 31
(58) (24%) (17%) (5%) (53%)

Negative 9 4 0 0

(13) (69%) (31%)

Numbers in parentheses indicated percentage
of MR Intensity class

I o] 27|HE A4E Class AY BE 1o
3 AL APstn JAH FHel AEFE
Class Cu} D& el ol WM AR
A71FH G4 Class7t MEZ d@o]l AAUX
o] & MitchellF 9] B9} Ux|3}g )30,

A4 dEIFFEE A7 FHGAAN T
o AU EEY 98 Tl-weighted imagedl
N IAEE UBRAUR® B84 HxdHE
QA 17 % (high signal intensity)”7} Z+A
S Rojgerannmn®. 2539 e el
HE Z5F AL 5o @ (pathognomonic) 47
&, T2-weighted imageo] X AZE WAY W
$ol ZFE Yol e o] 2427 (dow
ble line sign)- & Yol Ao (Fig. 2). ¥ 9
AZzHe Asd ¥EEdoln UHe uF
S48 Reasctive, hyperemic granulation tissue
011 7).]\_9.‘% oa}-aziglq_ 6.12.2‘.30,31,34.38). o]a?} O]
FHE MG TEYIABA 65-80% ) A
]’]_E]_\d:q_:!— 135]01 %‘:}_'12.24,30,31,34,38)_ :E1 Ei
T1l-weighted imaget ©A F8A A} o]
o] ¥g wiAlsted $238 3 T2-weighted im-
age7} AGAHA 71x7F .

HESFAAE FFY oj@go] For=
(50-80%), H&A v YdAd HESFAARA
g =254 dHARE AR BR-9
44 AEAR 23, 9444 28F 8, ster-
oid 880l ¥ A, Cushing’s disease,
hemoglobinopathies, Caisson disease, SLE, alco-
hol abuse 5~ A& & G WAL 234
ool QI I F4o] gloix ZVIAES 9
3 A7 FRGYE AGste Aol Fraen
22,23),

EFF ALY 2y AR PHoeRE
core decompression, bone graft, vascular pe-
dicled iliac bone graft, free vascular fibular
graft, electrical stimulation @ o 7}# AT«

(varus or valgus osteotomy, Sugioka’s osteoto-
my3) 5ol ¥elA den, AN FFLES of
3t dEEFAle ojF WHe BYs A
&3 Hriste AL o83 X Ee WAL A
Yali AAsted a3 240 g e,

HEEFYAE HrrEr] Y8 #YHes
#G3te Aol AFHIUE F T vgd P
F UL w2 A3 FEL PE3 B £ 9
= 9ol Ydvtn B3 HUom®M® Sugioka

EedAe HAEIF 4z A7 THILA
A A g3 (sagittal view)ol| o8 ZAHojol
T BIHJYD?. & dFdME HEgSH
A} Hwe olFut Wee] HWHolut ANHA
FRETHE #48 Ao £o] Peow o A
g3 HEEAY HAE 198 283 A4
S o8I, £ WA AP A (core bio-
psy) & AlWE A AVNFHIFeE FFE
Ael X9 MAE AUHeZ T £ o]
A, =@ 290 488 AARDE T+
A3 th.

4 8

1. HEEFAA &2 409 71ndd F @
247 379 A z7t 39, WEAo] TH 4EAo]
33 A ot

2. WA Aol Y FRALAAL Ao
W A7 FEE AN ol el U= stage 07}
138y ZAFHY dHESFHALY RV
A7|ER G4l BHANHERYG +5EE &
F YAt

3. 2719 stage 0-1 o] sF= & oA
£ Class C¢} D7} Q191 1, Stage M-V A%
o= Class D7} 72% & JEM T Qlof, WHARA
A2AF A71FFA4Y Class7t M2 @l
NS 4 & A

4. ANFHGA 2 NEHFTFIYARS 9
I HEstAH AANE 3AYHoLE & F AoA
A8 AYL Ased FE&3tgoh

5. HEA v g4 dEFFHA AL o

Z5AAe] AFLAE JHA FANME A
71FHEE NP3t 27 AFE A8 =F
o stk Alg® T
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