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Abstract Objective. To investigate
the MR findings of necrotic lesions
and the extralesional area of osteone-
crosis of the femoral head (ONFH)
for each of the radiological stages.
Design and patients. Forty-nine hips
in 29 patients (15 female, 14 male;
mean age 38 years, range 17–59
years) were imaged using a 1.0-T su-
perconducting magnet. T2-weighted
spin echo pulse sequences (T2WI),
spoiled gradient recalled echo pulse
sequences (SPGR) and fat suppres-
sion SPGR (FS-SPGR), followed by
Gd-DTPA enhanced fat suppression
SPGR (Gd-FS-SPGR), were all ob-
tained with the aid of a TORSO sur-
face coil.
Results and conclusions. While a
normal fat intensity area with a low-
intensity band on SPGR (band pat-
tern) was seen in 16 of 16 stage 1
(100%), nine of 11 stage 2 (82%),
four of 17 stage 3 (24%), and none
of five stage 4 hips, all hips showed
peripheral rim enhancement on Gd-

FS-SPGR (100%). This enhance-
ment band on Gd-FS-SPGR corre-
sponded to histological findings of
necrotic trabecular bone, repaired
marrow, and fibrous reparative tis-
sue. Bone marrow edema was also
clearly demonstrated as a diffuse,
high-intensity area outside this en-
hancement band on Gd-FS-SPGR in
two stage 2 (18%), 12 stage 3 (71%),
and one stage 4 hip (20%). In cases
at stage 2 or more advanced stages
with homogeneous or inhomoge-
neous low intensity on nonenhanced
MRI, the reparative process both 
inside and outside the necrotic le-
sion, including bone marrow edema,
was detected clearly on contrast-
enhanced MRI.
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Introduction

Magnetic resonance imaging (MRI) is highly sensitive
for the diagnosis of osteonecrosis of the femoral head
(ONFH) [1, 2]. A normal fat intensity area with a sur-
rounding low-intensity band on T1-weighted images
(T1WI) (band pattern) [3–6] and a double line sign on
T2-weighted images (T2WI) [7] are seen in many pa-
tients with stage 1 (preradiological stage) and stage 2
disease (radiologically noncollapsed stage) of the ARCO
(Association Research Circulation Osseous) international

classification of ONFH (Table 1) [8]. These findings are
defined as the boundary of necrotic lesions [7]. Howev-
er, determining the location and extent of necrotic le-
sions has remained difficult in patients with stage 3 (ra-
diological collapsed stage) and stage 4 disease because
both necrotic lesions and reparative areas are shown as
either homogeneous or inhomogeneous low-intensity ar-
eas on T1WI [7, 9–12], although T2WI can sometimes
differentiate between necrotic tissue as fat-like or low-
intensity, and reactional tissue as intermediate-intensity
areas.
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MRI is also useful for determining the pathophysiolo-
gy of ONFH in both advanced [7, 9–13] and early stages
[14]. Because MRI signal intensity is affected by tissue,
which is composed of water and fat, there is a good cor-
relation between MRI and the histological findings.
However, previous histological studies have focused
mainly on the necrotic area, which is surrounded by a
low-intensity band on T1WI or a double line sign on
T2WI, while little attention has been paid to the extrales-
ional areas.

This study was undertaken to determine the MR find-
ings of the necrotic lesions and the extralesional area of
ONFH, including contrast-enhanced MR findings for
each of the radiological stages.

Patients and methods

Between February 1998 and October 1998, 49 hips in 29 patients
with ONFH, who had pain around the hip, were imaged (15
women, 14 men; mean age 38 years, range 17–59 years) using a
1.0-T superconducting magnet. Twenty-two patients had been
treated with corticosteroid therapy (steroid-related necrosis), five
patients had a history of alcohol abuse (alcohol-related necrosis),
and two patients had no identifiable etiological factor for osteo-
necrosis (idiopathic necrosis). The underlying diseases for ste-
roid-related necrosis were systemic lupus erythematosus in 11
patients, and idiopathic thrombocytopenic purpura, nephrotic
syndrome, Harada’s disease, pemphigus, idiopathic deafness,
dermatomyositis, cerebral aneurysm, and glioblastoma in one
each. Two patients underwent bone marrow transplantation, and
one, renal transplantation. Sixteen hips in 13 patients underwent
surgical treatment: 12 hips in nine patients underwent total hip
arthroplasty, two hips in two patients underwent surface replace-
ment, and two hips in two patients underwent anterior rotational
osteotomy of the femoral head. Total hip arthroplasty was per-
formed within a mean of 15.6 days (range 2–39 days) after the
MRI examination.

Radiological stage

All patients were examined with anteroposterior and lateral radio-
graphs of the femoral heads. The lateral view radiograph was ob-
tained with the patient positioned supine with the hip at 90° flex-
ion, 45° abduction, and neutral rotation. If the patient did not pos-
sess an adequate range of motion, the body of the patient was ro-
tated so that the film was positioned parallel to the femoral neck
[15]. The radiological stage was assessed according to the ARCO
international classification of ONFH [8].

MR imaging

Cross-sectional images in the coronal plane were obtained with a
TORSO surface coil. All sequences used a matrix size of 256×256,
1.5-mm slice thickness without an interslice gap, a field of view of
320 mm and one acquisition. Initially, T2-weighted spin echo pulse
sequences (T2WI, repetition time (TR)/echo time (TE)=3600/
105 ms), spoiled gradient recalled echo pulse sequences (SPGR,
TR/TE=14/2.3 ms) and fat suppression SPGR (FS-SPGR) were ob-
tained. The fat saturation pulse amplitude and frequency were opti-
mized during the pre-imaging procedure (fat sat pulse). After these
first three sequences had been obtained, a bolus of 0.1 mmol of
Gd-DTPA (Magnevist, Schering, Berlin, Germany) per kilogram
body weight was injected into the cubital vein. Within 5 min after
the Gd-DTPA injection, Gd-DTPA enhanced fat suppression SPGR
(Gd-FS-SPGR) was also obtained.

The MR findings of the necrotic area, the boundary of the ne-
crotic lesion, and the extralesional area of the femoral head were
assessed. The occurrence of reactive changes was defined as a
low-intensity area on SPGR, intermediate- or low-intensity area
on T2WI, and an enhanced area on Gd-FS-SPGR. Bone marrow
edema was defined comparing post-Gd with pre-Gd enhancement
images, as a diffuse low-intensity area on SPGR, a diffuse high-
intensity area on T2WI, a diffuse intermediate- or high-intensity
area on FS-SPGR and a diffuse enhanced area on Gd-FS-SPGR.
A low-intensity band on SPGR separating the normal fat intensity
area (band pattern) or double line sign on T2WI is considered to
be a typical representation of ONFH [3–6]. We also checked how
frequently this band pattern and double line sign could be seen on
the central coronal image of the femoral head for each of the ra-
diological stages. For the non-band-pattern hips, the boundary of
the necrotic lesion was defined as a low-intensity band on SPGR
or a peripheral rim enhancement band on Gd-FS-SPGR, which
consisted of a continuous enhanced line around the necrotic 
lesion.

Histological study

The femoral heads of 12 hips in nine patients (10 stage 3 and two
stage 4 hips) were resected at the time of total hip arthroplasty.
They were fixed in neutrally buffered 10% formalin, decalcified,
embedded in paraffin wax, sectioned to a thickness of 5 µm, and
stained with hematoxylin and eosin. A histological diagnosis of
ONFH was established when there was evidence of trabecular and
marrow necrosis (necrotic zone) adjacent to viable bone and mar-
row (viable zone) with an intervening zone of repair (reparative
zone) on the same section. The boundary of necrotic lesion was
defined as an intervening zone of repair. The coronal section was
compared with cross-sectional MR images in the coronal plane.

Statistical analysis

The chi-square test was used for statistical analysis, and a P value
of less than 0.05 was considered significant.
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Table 1 ARCO (Association of Research Circulation Osseous) international staging system of osteonecrosis of the femoral head

Stage 0: All diagnostic studies normal; diagnosis by histology only
Stage 1: Plain radiographs, computed tomography normal; magnetic resonance imaging scintigraphy+; biopsy+; 

extent of involvement A, B, or C
Stage 2: Radiographs+ but no collapse; extent of involvement A, B, or C
Stage 3: Early flattening of dome, crescent sign; computed tomography or tomographs may be needed; extent of involvement 

A, B, or C; further characterization by amount of depression (in millimeters)
Stage 4: Flattening of femoral head with joint space narrowing; possible other signs of early osteoarthritis
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Results

Radiological stage and typical MR representations

Radiological stage and MR findings are shown in Tables
2–5. There were 16 hips in radiological stage 1, 11 hips
in stage 2, 17 hips in stage 3, and five hips in stage 4. In
one stage 4 hip, the femoral head had severely collapsed
and the extent of the necrotic lesions could not be detect-
ed on the central coronal MR image. Therefore, this hip
was excluded from the analysis. Two stage 2 hips col-
lapsed and progressed to stage 3 within 6 months after
the MR examination (Table 3, cases 9 and 11). Sixteen of
16 stage 1 (100%), nine of 11 stage 2 (82%), and four of
17 stage 3 (24%) hips showed normal fat intensity with a
surrounding low-intensity band on SPGR (band pattern;
Figs. 1A, 2A). Fourteen of 16 stage 1 (88%), eight of 11
stage 2 (73%), and two of 17 stage 3 hips (12%) showed
normal fat intensity with a surrounding double line or
low-intensity band on T2WI (double line sign, Figs. 1B,
2B). No stage 4 hips showed either the band pattern or
the double line sign.

Frequency of reactive changes

A comparison of pre- with post-Gd enhancement images
found that all hips showed peripheral rim enhancement of
the boundary in the form of a reparative area on Gd-FS-
SPGR (Figs. 1C,D, 2C,D). Intralesional reactive changes
were observed near the boundary in six of 48 femoral
head lesions. The presence of intralesional reactional
changes was seen in none of the hips with stage 1 lesions,
two hips (18%) with stage 2 lesions (Table 3, cases 9 and
11), one hip (6%) with stage 3 lesions (Table 4, case 5),
and three hips (75%) with stage 4 lesions (Table 5, cases
1–3). In the extralesional area, reactive changes were ob-
served in the form of bone marrow edema along the
boundary in 15 of 48 femoral head lesions. Extralesional
reactional changes were observed in two stage 2 hips
(18%) (Table 3, cases 9 and 11), 12 stage 3 hips (71%)
(Table 4, cases 1–4, 10–17), and one stage 4 hip (25%)
(Table 5, case 4). The two stage 2 hips corresponded to
the two collapsed stage 2 hips (Table 3, cases 9 and 11),
in which bone marrow edema was seen outside the ne-
crotic lesions (Fig. 3 left hip A–D, Fig. 4 left hip A–D).
The frequency of extralesional reactive changes in stage 3
lesions was significantly higher than in other groups (chi-
square test, P=0.0001).

Histopathological findings in reactional changes

Histological findings for 12 femoral heads are shown in
Table 6. Histological examinations of the intralesional
areas with high intensity on SPGR or T2WI showed tra-
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becular microfractures and little marrow necrosis (three
hips). Intralesional areas with low intensity on SPGR
and T2WI showed much amorphous eosinophilic debris
and many trabecular microfractures underneath the carti-
lage (five hips, Fig. 4E). Intralesional areas with inter-
mediate intensity on Gd-FS-SPGR showed marrow ne-
crosis and trabecular bone necrosis with viable fibrous
mesenchymal tissue invading from the boundary (four
hips). At the boundary of the lesions, necrotic trabecular
bone with appositional bone formation was seen as well
as fibrous reparative tissue filling the intertrabecular
spaces (12 hips, Fig. 4F). Extralesional areas with bone
marrow edema on Gd-FS-SPGR showed dilated vessels
and interstitial edema, where the exudate of amorphous
material was seen in the space between the adipocytes
(eight hips; Fig. 4G). Extralesional areas with normal
MR findings showed normal marrow tissue (area along
the boundary in four hips and a more distal area within
the femoral head in 12 hips).
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Fig. 1 Coronal MR images of bilateral hips of steroid-related
stage 1 osteonecrosis of the femoral head (ONFH) in a 34-year-old
woman: A SPGR (14/2.3), B T2WI (3600/105), C FS-SPGR, 
D Gd-FS-SPGR. The band pattern. Note the boundary was dem-
onstrated as a low-intensity band on SPGR, a double line on
T2WI, an intermediate-intensity band on FS-SPGR, and peripheral
rim enhancement on Gd-FS-SPGR. The necrotic area was demon-
strated as a normal fat intensity area on SPGR and T2WI, and a
low-intensity area on FS-SPGR and Gd-FS-SPGR

Fig. 2 Coronal MR images of the right hip of steroid-related stage
3 ONFH and the left hip of stage 2 ONFH in a 47-year-old man: 
A SPGR (14/2.3), B T2WI (3600/105), C FS-SPGR, D Gd-FS-
SPGR. Note the boundary was demonstrated as a low-intensity
band on SPGR and T2WI, an intermediate-intensity band on FS-
SPGR, and peripheral rim enhancement on Gd-FS-SPGR. The ne-
crotic area of the right hip was demonstrated as low intensity on
SPGR, inhomogeneous intensity on T2WI, and intermediate inten-
sity on FS-SPGR and Gd-FS-SPGR. The necrotic area of the left
hip was demonstrated as high intensity on SPGR and T2WI, and
low intensity on FS-SPGR and Gd-FS-SPGR



Discussion

The band pattern on SPGR was detected in 29 (59%),
while the double line sign on T2WI was detected in 24
of 49 (49%) hips. The pattern was detected at different
stages depending on the extent of fat cell death. Al-
though the fat cells may be dead, they still show high
signal intensity unless they become necrotic, and necro-
sis occurs in the more extensive lesions. However, two
stage 2 (18%), 13 stage 3 (76%), and four stage 4 hips
(80%) showed either homogeneous or inhomogeneous
low intensity on the central coronal nonenhanced imag-
es, which made it difficult to determine the extent and
location of the necrotic lesions.

Reactive changes at each stage could be detected on
FS-SPGR, and were confirmed more reliably by compar-
ing pre- and post-Gd enhancement images. At the
boundary of the necrotic lesions, reactive changes in all
hips were detected on Gd-FS-SPGR in the form of a pe-
ripheral rim enhancement band in all hips. A comparison
with the coronal sections of the femoral head showed
that the peripheral rim enhancement band corresponded
to necrotic trabecular bone with appositional bone for-
mation, repaired marrow, and viable fibrous mesenchy-
mal tissue, as also seen in the results of contrast-
enhanced MRI [13, 14, 16–18]. Vande Berg et al. [13]
compared contrast-enhanced MR findings with histologi-
cal findings of ONFH in the advanced stage and reported
that the enhanced area corresponded to viable fibrous
mesenchymal tissue with marked sclerosis or with inter-
stitial edema. Hauzeur et al. [14] compared contrast-
enhanced MR findings with histological findings in 24
core biopsies and found Gd-DTPA-enhanced T1WI use-
ful for ascertaining the presence of fibrosis associated
with a thicker trabecular bone.

Intralesional reactive changes, seen as intermediate-
intensity areas on Gd-FS-SPGR, were detected along the
boundary mainly in stage 4 hips. They showed marrow
necrosis and trabecular bone necrosis with viable fibrous
mesenchymal tissue invading distally from the boundary.
On the other hand, extralesional reactive changes were
detected along the boundary most frequently in stage 3
hips in the form of dilated vessels and bone marrow ede-
ma. Vande Berg et al. [13] reported that interstitial ede-
ma was demonstrated as low intensity on T1WI, high in-
tensity on T2WI, and as marked enhancement on con-
trast-enhanced images. Li and Hiette [16] also reported
the presence of marrow areas with a diffuse edema pat-
tern on Gd-FS-T1WI, which enhanced in the femoral
head and neck extending into the femoral shaft. In a
comparison with histological findings, the present study
demonstrated bone marrow edema which was seen as a
diffuse high-intensity zone in the extralesional area on
Gd-FS-SPGR. The area of the edema did not involve the
whole femoral head and all the edema was detected out-
side the boundary. The exact nature of bone marrow ede-
ma remains unknown; however, Kubo et al. [3] suggest-
ed in their study of renal allograft recipients with ONFH
that bone marrow edema may be an inflammatory
change in the reparative process after collapse of the
femoral head, because it was detected most frequently in
stage 3 hips and because two stage 2 hips with bone mar-
row edema collapsed and progressed to stage 3 within 6
months after the MR examination. Even if a hip had not
radiologically collapsed (stage 2), detection of bone mar-
row edema on MRI may indicate that the femoral head
has begun to collapse at the microscopic level. However,
the present study could not confirm this because the
numbers comparing MR findings directly with histologi-
cal findings for all the collapsed hips were small.
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Fig. 3 Coronal MR images of the left hip of idiopathic stage 3
ONFH in a 48-year-old man: A SPGR (14/2.3), B T2WI
(3600/105), C FS-SPGR, D Gd-FS-SPGR. The right hip was nor-
mal. Note Gd-FS-SPGR showed peripheral rim enhancement with
a diffuse enhanced area outside the enhancement band extending
to the femoral neck. This enhanced zone outside the peripheral rim
enhanced band was diagnosed as bone marrow edema
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Fig. 4 Coronal MR images of the left hip of alcohol-related stage
3 ONFH in a 54-year-old man and a coronal section of the femoral
head: A SPGR (14/2.3), B T2WI (3600/105), C FS-SPGR, D Gd-
FS-SPGR, E gross section, F the boundary of the necrotic lesion
(hematoxylin and eosin staining, ×40), G bone marrow edema out-
side the necrotic lesion (×40). The right hip also showed stage 3
ONFH. Note the amorphous eosinophilic debris and trabecular

bone necrosis beneath the cartilage (E). At the boundary of the le-
sion, necrotic bone and eosinophilic debris (left in F) and necrotic
bone with fibrous reparative tissue (right in F) are seen. An exu-
date of amorphous material is seen in the space between the adipo-
cytes (bone marrow edema) (G). The peripheral rim enhancement
band on Gd-FS-SPGR (D) corresponded with necrotic trabecular
bone, repaired marrow, and the fibrous reparative tissue



Although the STIR (short TI inversion recovery) se-
quence has been employed to evaluate osteonecrosis
[19], we could not use STIR for fat suppression because
only a fat sat pulse could be used due to machine limita-
tions. Clinically, STIR may be more useful when used
with MRI apparatus with a low magnetic field or with-
out equality of the magnetic field. However, the fat sat
pulse for fat suppression has been widely used and the
MRI apparatus used in the present study had sufficient
equality of high magnetic field to assess bone marrow
lesions.

In conclusion, the necrotic lesions of stage 1 ONFH
are demonstrated clearly as a band pattern on SPGR.
However, 18% of stage 2, 76% of stage 3, and 80% of
stage 4 cases showed either homogeneous or inhomoge-

neous low intensity on nonenhanced images, which
made determining the extent and location of the necrotic
lesions difficult. In such cases, reactive changes could be
demonstrated clearly on Gd-FS-SPGR. Intralesional re-
active changes were detected along the boundary mainly
in stage 4 hips, and the peripheral rim enhancement band
was identified at the boundary in all cases. This band in-
dicated marrow necrosis and trabecular bone necrosis
with viable fibrous mesenchymal tissue. Extralesional
reactive changes with diffuse enhancement were detect-
ed along the boundary most frequently in stage 3 hips in
the form of dilated vessels and bone marrow edema,
which may represent an inflammatory change in the re-
active process after collapse of the femoral head in pa-
tients with ONFH.
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