
1 3

Rheumatol Int (2015) 35:1909–1912
DOI 10.1007/s00296-015-3346-6

Rheumatology
INTERNATIONAL 

CASE BASED REVIEW - FOOD FOR THOUGHT

MRI‑detected bone marrow changes within 3 weeks 
after initiation of high‑dose corticosteroid therapy: a possible 
change preceding the subsequent appearance of low‑intensity 
band in femoral head osteonecrosis

Yusuke Kubo1 · Takuaki Yamamoto1 · Goro Motomura1 · Nobuaki Tsukamoto2 · 
Kazuyuki Karasuyama1 · Kazuhiko Sonoda1 · Hiroyuki Hatanaka1 · 
Takeshi Utsunomiya1 · Yukihide Iwamoto1 

Received: 5 June 2015 / Accepted: 10 August 2015 / Published online: 22 August 2015 
© Springer-Verlag Berlin Heidelberg 2015

Keywords  Osteonecrosis of the femoral head · 
Corticosteroid treatment · Short-tau inversion recovery 
(STIR) sequence image · Hemophagocytic syndrome

Introduction

Nontraumatic osteonecrosis of the femoral head (ONFH) is 
often caused by high-dose corticosteroid therapy [1, 2]. An 
osteonecrotic lesion is usually represented as a concave-
shaped low-intensity band on T1-weighted magnetic reso-
nance imaging (MRI), which is attributed to the reparative 
reaction at the interface between necrotic and living bones 
[3, 4]. This low-intensity band has been reported to be 
observed on MRI around 6 weeks after initiation of corti-
costeroid therapy [3].

On the other hand, although several studies suggested 
that ONFH may occur early during the course of corti-
costeroid treatment, it remains unclear exactly how early 
it can develop after initiation of corticosteroid treatment 
[5–7]. Considering the passage to which the bone infarc-
tion occurs before the bone repair of the necrotic lesion, 
some abnormal findings indicating the bone infarction can 
be observed on MRI performed before the appearance of a 
low-intensity band.

We describe a case of ONFH in which high-intensity 
bone marrow lesions were observed on short-tau inversion 
recovery (STIR) MRI performed 2 weeks and 4 days after 
initiation of high-dose corticosteroid therapy.

Case report

A 45-year-old man (height 173  cm, weight 83  kg, body 
mass index 27.7  kg/m2) with hemophagocytic syndrome 
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had been started on corticosteroid treatment with a maxi-
mum prednisolone dose of 40 mg/day (Fig. 1). He had an 
alcohol intake habit (consuming 298 g ethanol per week for 
the past 20  years). There was no history of traumatic hip 
injury or congenital hip disease.

On day 13 after initiation of corticosteroid therapy, he 
transiently experienced left hip pain with no apparent cause. 
The pain disappeared 4  days later without treatment. An 
anteroposterior radiograph obtained on that day showed no 
apparent abnormalities in the femoral head. He underwent 
1.5-T system MRI examination (Philips; Achieva) 5  days 
after the onset of pain (2 weeks and 4 days after corticos-
teroid treatment was initiated), where T1-weighted images 
[repetition time/echo time (TR/TE)  =  400–800/shortest 
ms] and STIR images (TR/TE = 2500–7500/60 ms) in the 
coronal and axial planes were obtained. T1-weighted MRI 
showed no obvious abnormalities, whereas STIR MRI indi-
cated high-intensity bone marrow lesions at the femoral 
neck of both hips (Fig. 2). At 3 months after initiation of 
corticosteroid therapy, he again experienced left hip pain. 
T1-weighted MRI showed concave-shaped band lesions, 
which corresponded to the preceding bone marrow lesions 
on both hips (Fig. 3).

Based on these findings, the patient was diagnosed with 
ONFH. He was started on nonsurgical conservative ther-
apy, including avoidance of weight-bearing. The hip pain 
did not resolve, however, and an anteroposterior radiograph 
obtained 4 months after initiation of corticosteroid therapy 
showed collapse of the left femoral head (Fig. 4). He there-
fore underwent prosthetic replacement surgery (1 year after 
initiation of corticosteroid therapy).

The pathology of the resected femoral head confirmed 
the diagnosis of ONFH. The bone marrow lesions histo-
logically corresponded to repair tissue that had formed 
between the necrotic and reparative areas [8].

Fig. 1   A 45-year-old man with hemophagocytic syndrome had 
been started on corticosteroid treatment with a maximum predniso-
lone dose of 40  mg/day for 17  days (40  mg/day ×  5  days; 20  mg/
day ×  3  days; 15  mg/day ×  3  days; 10  mg/day ×  3  days; 5  mg/
day × 3 days)

Fig. 2   Magnetic resonance imaging (MRI) performed 5  days after 
the onset of left hip pain. a Coronal T1-weighted imaging [repeti-
tion time/echo time (TR/TE) 489/11 ms] reveals no abnormalities on 
either hip; b coronal short-tau inversion recovery (STIR) sequence 
image (TR/TE 2500/60  ms) reveals high-intensity bone marrow 
lesions at the femoral neck on both hips (white arrows)

Fig. 3   Magnetic resonance imaging (MRI) performed 3 months after 
initiation of corticosteroid therapy. a Coronal T1-weighted imag-
ing (TR/TE 489/11  ms) shows concave-shaped low-intensity-band 
lesions, which corresponded to the preceding high-intensity lesions 
on both hips; b coronal short-tau inversion recovery (STIR) sequence 
image (TR/TE 2500/60  ms) shows demarcating high-intensity-band 
lesions of both hips
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Discussion

The earliest appearance of a low-intensity band on 
T1-weighted image characteristic of ONFH has been 
reported to be observed around 6 weeks after initiation of 
corticosteroid therapy [3]. Also, in a case series with renal 
allograft recipients, a faint high-intensity lesion on fat sup-
pression imaging preceded a later band lesion at 5 and 
6  weeks after initiation of corticosteroid therapy in 20  % 
(4/20) of the patients who developed ONFH [4]. They 
hypothesized that these focal abnormal pattern was pro-
duced by leakage of the blood from impaired blood ves-
sels in the necrotic area [4, 9]. In the current patient, slight 
high-intensity bone marrow lesions were observed on STIR 
MRI at 2 weeks and 4 days after initiation of corticosteroid 
therapy, which subsequently seemed to precede the typi-
cal low-intensity band. We suppose that the early changes 
observed on STIR might indicate a very early reaction to 
the occurrence of osteonecrosis.

High-dose corticosteroid therapy has been considered to 
be related to the development of ONFH [1, 2]. Concerning 
the etiology of steroid-induced ONFH, several mechanisms 
have been reported, including compartment syndrome, 
thrombosis, fat embolism, and vasospasm [10–13]. In addi-
tion, the molecular mechanism of steroid-induced ONFH 
has recently been reported, describing the importance of 
increased adipogenesis by the differentiation pathway of 
osteoprogenitor cells, decreased angiogenesis, inhibition of 
osteogenic gene expression, and proliferation of bone mar-
row stem cells [14].

In osteonecrosis, a concave-shaped low-intensity band 
on T1-weighted images has been considered to correspond 
to the reparative tissue against osteonecrosis, which his-
topathologically consists of appositional bone and fibrous 
granulation tissue. The low-intensity band has thus been 
included in the diagnostic criteria of ONFH [3, 15]. On the 
other hand, slight high-intensity bone marrow lesions on 
STIR observed in the case reported herein were so faint, 
and therefore the diagnostic utility of these early changes 
on STIR seems to be limited.

Recently, several animal studies have shown the pos-
sible effects of drugs in preventing corticosteroid-induced 
osteonecrosis, including an anticoagulant, a lipid-lower-
ing drug, 3-hydroxymethyl-3-glutaryl-CoA (HMG-CoA) 
reductase inhibitor, an antiplatelet drug, and an antivasos-
pasm drug [11, 13, 16, 17]. When applying these drugs in 
the clinical setting to prevent ONFH development, the tim-
ing of their administration would be important. Consider-
ing the possible occurrence of osteonecrosis within a few 
weeks after initiating corticosteroid therapy in our patient, 
a prophylactic drug should be administered as soon as prac-
ticably possible after initiating corticosteroid therapy.

In the current case, the patient had an alcohol intake 
habit (consuming 298  g ethanol per week for the past 
20  years). Hirota et  al. [18] reported a significant dose–
response relation between weekly alcohol consumption 
and the development of ONFH. In comparison, our patient 
would be classified as belonging to a group with the lowest 
alcohol intake. In addition, in a case–control study, Fuku-
shima et al. [19] concluded that the added effect of alcohol 
intake was too small to make any significant difference in 

Fig. 4   Radiographs of the left hip joint obtained 4 months after starting corticosteroid therapy. a Anteroposterior radiograph shows collapse of 
the left femoral head (white arrows); b lateral radiograph (Lauenstein view) shows collapse of the left femoral head (white arrows)
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the presence of the overwhelming effect of steroids. Con-
sidering both the small dose of alcohol and the history of 
corticosteroid use in our case, we hypothesized that ONFH 
of both hips was influenced by the corticosteroid.

In conclusion, the early bone marrow changes of the 
femoral head were observed within 3 weeks on STIR MRI, 
indicating that osteonecrosis can occur within 3 weeks after 
starting high-dose corticosteroid therapy.
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