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Avascular Necrosis of the Femoral Head: Chronological Change of MR Images

‘Takashi Kokubo*, Yoshio Takatori**, Morihide Kamogawa**, Toshitaka Nakamura™*,
Setsuo Ninomiya**, Kohki Yoshikawa*, Yuji Itai*,
Masahiro lio* and Tadayuki Mitamura®#*
Department of Radiology*, Orthopaedic Surgery**, Medicine & Physical Therapy***,
Faculty of Medicine, University of Tokyo

Research Code No. : 505
Key Words : Magnetic resonance imaging (MRI), Bone necrosis

Tl-weighted MR images of thirty-six hips in 25 patients with avascular necrosis of the femoral
head were obtained two to five times during the course of 2 to 26 months. We investigated these MR
images in the light of the chronological change and compared them with plain radiographs.

MR images change in 16 femoral heads; in general, the abnormal low intensity area in the femoral
head reduced in extent and the internal high intensity area became smaller of disappeared. Thirteen
femoral heads among them became more flattened on plain radiographs in the same period.

It is noted that four different zones are defined in the femoral head after bone necrosis takes place:
the dead bone marrow, the dead marrow which still contains fat, the reactive interface and the
hyperemic bone marrow. In Tl-weighted MR images, the dead bone marrow, the reactive interface and
the hyperemic bone marrow are demonstrated as low intensity area, while the dead marrow
containing fat may remain high in intensity. On the basis of this knowledge of histopathology and MR
images of this disease, we suggest that reduction of the abnormal low intensity area and disappearance
of the internal high intensity area on MR images can be regarded as diminution of hyperemia in the
living bone marrow and loss of fat in the dead bone marrow, respectively.
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Table 1 List of cases

Stage on Duration of

Voo dip S Cawe 0t danXp  FIMMR Cpilow
Group 1. (MR image has not changed)
1 37 F ) R II B 17
15 11 B
2 29 F S R 1 B 17
3 54 M A R I {54 16
4 41 M S R 1 A 13
I II C
b 44 M S I3 it B 9
6 34 M S R v A 8
e v A
7 55 F S R IV A 7
L v A
8 27 F S R 1 A [
9 37 M S R il B [}
10 52 M S R 11 B [
L I B
11 63 M S R I (¢ ]
[ 1 B
12 38 M A L v A 5
13 56 F S R II B 4
14 64 M A R v B A
Group 2. (MR image has changed)
15 37 F S R it A 26
| 1 A*
16 35 M F R 1 A 21
17 25 M A R A 20
18 47 M A R v A* 13
19 35 F S R il A* 13
20 51 F S R III A 11
5 44 M S R I A 9
21 44 F S L I At 7
22 30 F S R v B [3
23 39 M S R I (0 [3
|5 1 C
24 34 M S R 1 A* 5
1 il A
25 21 F S R I A* 3
14 64 M A L I A* 2

Notes. Cause— S ! Steroid therapy
A Alcoholism
F . Fracture of femoral neck
MR image—A ! Diffuse low intensity (type A)
A* ! Diffuse low intensity with internal high intensity
(type A*)

B ! Peripheral low intensity (type B)
C ! Ring or band-like low intensity (type C)

FrL 244 A25H (11)
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Fig. 1 Chronological changes in MR images of 16 femoral heads in Group 2.
[: Abnormal low intensity area has become smaller.

II: Abnormal low intensity area has enlarged.

IIT: Internal high intensity area has become smaller or disappeared.

n: Not changed.
M : months
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(a) MR image (SE 600/28 [TR msec/TE msec]) shows the abnormal low inten-
sity area spread in the whole femoral head. Plain rediograph shows the flattenad

femoral head.
(b) Folow-up MR image (SE 600/28) obtained after 11 months shows the smaller

low intensity area. The femoral head has more flattened on plain radiograph.
Fig. 2 Case 20.

SERL 2 F 4 A25H (13)
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(a) First MR image (SE 600/35) shows the abnormal low intensity area with the
internal high intensity spot (arrow) in the femoral head. Plain radiograph shows

the slightly collapsed femoral head.

(b) Second MR image (SE 600/28) obtained after 12 months shows the smaller

internal high intensity spot (arrow).

(c¢) Third MR image obtained 14 months after the second image shows disappear-
ance of the internal high intensity spot. During the course of this process, collpase
of the femoral head has progressed clearly on plain radiographs.

Fig. 3 Case 15 (right side).
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(a) MR image (SE 600/28) shows the abnormal low intensity area with the
internal high intensity spot (arrow) in the right femoral head. Plain radiograph

shows the slightly collapsed femoral head.
(b) Follow-up MR image (SE 600/28) obtained after 13 months shows the smaller

low intensity area. The internal high intensity spot has disappeared. Plain radio-

graph shows the moderately collapsed femoral head.
Fig. 4 Case 18.
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(a) First MR image (SE 600/28) shows the band-like low intensity area in the

right femoral head.

(b) Second MR image obtained after 3 months shows the enlarged low intensity
area in the whole femoral head. Internal high intensity has disappeared.

(c) Third MR image obtained 3 months after the second image shows the smaller

low intensity area.

Fig. 5 Case 23 (right side).

SERL 248 4 A25H (17)
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(a) MR image (SE 600/35) shows the ring-like low intensity area in the left
femoral head. Plain radiograph demonstrates sclerotic change.
(b) Follow-up MR image (SE 600/28) and plain film obtained after 13 months
shows no remarkable changes.

Fig. 6 Case 4 (left side).
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Table 2 Chronological changes in MR images
versus plain radiographs (No. of hips)

MR images
Changed  Not changed
(Group 2) (Group 1)
Plain Change 13 3
radiographs No change 1 7
p<0.01*

*Analyzed by chi-square test with Yates’ correction

3a. 3b.
Fig. 7 Schematic illustration of Tl-weighted MR
images in the course of avascular necrosis of the
femoral head. MR images of the femoral head at
the initial stage of osteonecrosis are still un-
known (1). Following demarcation of the dead
part in the bone, the reactive interface appears. It
is demonstrated as a band of decreased signal
intensity on Tl-weighted MR images (2a). Subse-
quently, internal high intensity area shrinks and
disappears (3a). Abnormal low intensity area
may enlarge or become smaller (2a, 3a 2b, 3b).
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