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Abstract
Objective
Systemic lupus erythematosus (SLE) patients are at high risk of developing osteonecrosis, as they require corticosteroid
therapy for life. The purpose of this study was to use periodic MRI analysis to clarify (1) the incidence of new osteonecrosis
associated with long-term corticosteroid therapy in SLE patients, and (2) the risk factors for delayed osteonecrosis in
SLE patients.

Methods
We prospectively studied 291 joints (134 hips and 157 knees) in 106 SLE patients without osteonecrosis after initial
corticosteroid therapy, with a mean follow-up period of 13.6 years and a follow-up rate of 71%. All patients had undergone
periodic MRI examination of the hip and knee joints for >10 years.

Results
New osteonecrosis developed in 6 joints (3%) and only occurred after SLE recurrence in association with increased
corticosteroid doses (to>30 mg/day [p=0.008]). New lesions were delayed for a mean 5.9 years after initial corticosteroid
administration. The mean time from SLE recurrence to appearance of new lesions was 6.2 months. SLE recurrence
occurred in 131 joints (45%), while SLE was well controlled in 160 joints (55%).

Conclusion
We suggest that with respect to long-term effects, total cumulative dose and duration of corticosteroid therapy do not
contribute to osteonecrosis. However, SLE recurrence is a risk factor for new osteonecrosis. We recommend MRI screening
for osteonecrosis at SLE recurrence.

Key words
Corticosteroid, systemic lupus erythematosus, osteonecrosis, MRI, long-term follow-up.

Clinical and Experimental Rheumatology 2010; 28: 13-18.



New osteonecrosis after SLE recurrence / J. Nakamura et al.

Junichi Nakamura, MD
Seiji Ohtori, MD
Masaaki Sakamoto, MD
Atsushi Chuma, MD
Isao Abe, MD

Koh Shimizu, MD

Please address correspondence and
reprints requests to:

Junichi Nakamura, MD,

Division of Orthopaedic Surgery,
Chiba Children’s Hospital,

579-1 Heta-Chou,

Midori-ku, Chiba City,

Chiba, Japan 266-0007.

E-mail: njonedr@yahoo.co.jp

Received on March 18, 2009; accepted in
revised form on October 5, 2009.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2010.

Competing interests: none declared.

Introduction

Corticosteroid treatment is known to be
associated with osteonecrosis. In 1960,
Heimann et al. (1) first reported os-
teonecrosis of the femoral head follow-
ing high-dose corticosteroid therapy.
However, the pathogenesis of corticos-
teroid-induced osteonecrosis remains
unknown (2). In the past, early-stage
osteonecrosis was frequently misdiag-
nosed due to a lack of symptoms and
a lack of changes as observed using
simple x-ray imaging. Recently, MRI
has emerged as the gold standard for
initial diagnosis of osteonecrosis (3-8).
MRI of bilateral hip and knee joints is
considered to be an effective screening
method for osteonecrosis, as Sakamoto
(9) reported that the frequency of cor-
ticosteroid-induced osteonecrosis is
highest in the knee, followed by the hip,
ankle, and shoulder joints.

Systemic lupus erythematosus (SLE) is
one of the most common diseases under-
lying corticosteroid-induced osteonecro-
sis. (10-13) Oinuma et al. (14) reported
that osteonecrosis most commonly oc-
curs in SLE patients approximately 3
months after initiation of high-dose
corticosteroid therapy. This is problem-
atic, as corticosteroids are required for
long-term maintenance of autoimmune
activity in SLE, as well as during initial
treatment. Oinuma et al. (14) did not
observe osteonecrosis in SLE patients 1
year after the initiation of corticosteroid
therapy. Zizic et al. (15) also reported
that neither the total cumulative dose
nor the duration of corticosteroid ther-
apy was associated with osteonecrosis.
However, to our knowledge, the long-
term effects of corticosteroid therapy on
osteonecrosis incidence in SLE patients
are thus far unknown (16-19).

The purpose of this study was to use
periodic MRI analysis to clarify (1) the
incidence of new osteonecrosis associ-
ated with long-term corticosteroid use,
and (2) the risk factors for delayed os-
teonecrosis in SLE patients.

Patients and methods

We reviewed the medical records of 201
SLE patients who received corticoster-
oids from 1986 to 1997. The following
inclusion criteria were used: (1) fulfill-
ment of the 1982 revised criteria for
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the classification of SLE of the Ameri-
can College of Rheumatology (20), (2)
MRI screening of hip and knee joints
for osteonecrosis after initial corticos-
teroid therapy, and (3) prospective, pe-
riodic MRI examination of joints with-
out osteonecrosis for at least 10 years.
Diagnosis of osteonecrosis was based
on the low-intensity band on MRI T1-
weighted coronal images (band-like
pattern) using the 2001 revised criteria
for classification of osteonecrosis of the
femoral head of the Japanese Ministry
of Health, Labor and Welfare (21). We
then excluded 14 joints that had not un-
dergone MRI and 381 joints that had
osteonecrosis within 1 year of initial
corticosteroid therapy. Of the remain-
ing 409 joints without osteonecrosis,
291 joints (134 hips and 157 knees) in
106 patients were followed-up suffi-
ciently, with a mean follow-up period
of 13.6 years (range, 10 to 20 years) and
a follow-up rate of 71%.

MRI was performed using a 0.5-Tes-
la superconductive unit (MRT-50;
Toshiba, Tokyo, Japan) from 1986 to
1993, and a 1.5-Tesla superconductive
unit (Signa; GE Medical Systems, Mil-
waukee, Wisconsin) from 1986 to 2008.
T1-weighted spin-echo images were
obtained with repetition times (TR) of
300 to 400 ms and echo times (TE) of
18 to 40 ms, using a 5 to 7.5mm thick-
ness. Short-inversion-time inversion-re-
covery images were obtained with a TR
of 1,500 to 3,000 ms, inversion times of
100 to 150 ms, and a TE of 30 to 42 ms,
at a 10-mm thickness. The image ma-
trix was 256 x 256 elements. To obtain
comparable slices, hips were positioned
at neutral adduction/abduction, 0° of
flexion, and 10° to 15° of internal rota-
tion. Multiple slices in the coronal plane
were acquired for both the hip and knee
joints, with the central slices positioned
at the center of the femoral head.

The research protocol complied with
the Helsinki Declaration, was approved
by the institutional review boards, and
was registered with the University
Hospital Medical Information Network
(UMIN). We did not receive any finan-
cial incentives or collaborate with other
individuals or organisations. The study
authors had no external funding source
or conflicts of interest.



Incidence of new osteonecrosis
Incidence of delayed, new osteonecro-
sis was evaluated using periodic MRI
during the follow-up period. The time
to new lesion appearance was also
evaluated.

Corticosteroid use in the

SLE recurrence and non-recurrence
groups

The incidence of new osteonecrosis was
compared between the SLE recurrence
and non-recurrence groups using Fish-
er’s exact probability test (SPSS 16.0,
Chicago, Illinois). SLE recurrence was
defined as requirement for an increased
corticosteroid dosage of >30 mg/day. For
comparison purposes, doses of different
corticosteroids were converted into their
equivalent prednisone doses (16). Age at
SLE onset, highest corticosteroid dose
at initial therapy (mg/day), mean corti-
costeroid dose (mg/day), final corticos-
teroid dose (mg/day), total cumulative
corticosteroid dose (g), and duration of
corticosteroid therapy (years) were also
compared using the Mann-Whitney U-
test. The mean corticosteroid dose was
calculated as (total cumulative corticos-
teroid dose)/(duration of corticosteroid
therapy)/365 x 1000. In the SLE recur-
rence group, the highest corticoster-
oid doses at initial therapy and at SLE
recurrence were compared using the
Wilcoxon signed-ranks test. A p-value
<0.05 was considered significant.

Delayed osteonecrosis in the

SLE recurrence group

In the SLE recurrence group, age at
SLE onset, highest corticosteroid dose
at initial therapy, number of SLE recur-
rences, highest corticosteroid dose at
SLE recurrence, mean corticosteroid
dose, final corticosteroid dose, total
cumulative corticosteroid dose, and
duration of corticosteroid therapy were
compared between joints with and
without delayed osteonecrosis using
the Mann-Whitney U-test.

The other risk factor for

osteonecrosis

The type of corticosteroids, prevalence
of alcohol, smoking, and antiphosphol-
ipid antibody were evaluated.
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Fig. 1. A 57-year-old female with a history of developmental dysplasia of the hip in the left hip.
She had received corticosteroids for SLE for 12 years. Simple x-ray imaging and MRI of the left hip
showed no evidence of osteonecrosis of the femoral head (a, ¢). However, osteonecrosis appeared in
the left hip 6 months after corticosteroid dosing was increased to 60 mg/day due to SLE recurrence (b).
Osteonecrosis of the left hip was large (type C2) and was collapsed 3 months later (d). She underwent
total hip arthroplasty 1 year later (e).

Results

Incidence of new osteonecrosis

New osteonecrosis developed in 6 of
291 joints (2%), including 2 hips and 4
knees. The new lesions occurred a mean
5.9 years (range, 1.3 to 9.9 years) after
initial corticosteroid administration. All
6 osteonecrosis cases occurred immedi-
ately after the corticosteroid dose was
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increased due to SLE recurrence (Fig.
1). The mean time from SLE recurrence
to appearance of new lesions was 6.2
months (range: 3 to 11 months).

Corticosteroid use in the SLE

recurrence and non-recurrence groups
SLE recurrence was noted in 131 joints
(45%), including 68 hips and 63 knees,
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Table I. Association betweeen SLE recurrence and new osteonecrosis.

while SLE was well controlled with a
corticosteroid dose <30 mg/day in 160
joints (55%), which comprised the SLE
non-recurrence group (66 hips and 94
knees). New osteonecrosis occurred
only in the SLE recurrence group,
while it was not observed in the SLE
non-recurrence group (p=0.008, Table
I). Age at SLE onset was significantly
lower in the SLE recurrence group than
in the non-recurrence group (p<0.001,
Table IT). The mean corticosteroid dose,
final corticosteroid dose, and total cu-
mulative corticosteroid dose were sig-
nificantly higher in the SLE recurrence
group than in the non-recurrence group
(p<0.001). The highest corticosteroid
dose at initial therapy and the duration
of corticosteroid therapy did not signifi-
cantly differ between groups. The high-
est corticosteroid dose at SLE recur-
rence was 49 mg/day (range, 30 to 60
mg/day), which was significantly lower
than that at initial therapy (p<0.001).

Delayed osteonecrosis in the

SLE recurrence group

The number of SLE recurrences, high-
est corticosteroid dose at initial thera-
py, highest corticosteroid dose at SLE
recurrence, mean corticosteroid dose,
final corticosteroid dose, and total cu-
mulative corticosteroid dose were not
significantly different between the de-
layed osteonecrosis and non-osteonecro-
sis groups (Table IIT). The duration of
corticosteroid therapy was significantly
shorter in the delayed osteonecrosis
group than in the non-osteonecrosis
group (p=0.006).

The other risk factor for

osteonecrosis

The type of corticosteroids depended
on the rheumatologist’s preference.
All 106 patients were treated with pre-
donisolone. While 34 patients were
treated with only prednisolone, 72 pa-
tients additionally or alternatively re-
ceived the other kind of corticosteroids
during the follow-up period as follows,
hydrocortisone sodium succinate in 43
patients, hydrocortisone sodium phos-
phate in 4 patients, methylprednisolone
sodium succinate in 27 patients, meth-
ylprednisolone in 2 patients, betameth-
asone in 12 patients, and dexametha-

Osteonecrosis (number of joints)

Osteonecrosis (n=6)

No osteonecrosis (n=285)

SLE recurrence (n=131)

SLE non-recurrence (n=160)

6" 125

160

*p=0.008 (Fisher’s exact probability test) versus SLE non-recurrence group.

Table II. Corticosteroid use in the SLE recurrence and non-recurrence groups.

Group (number of joints) SLE recurrence SLE non-recurrence  p-value
(n=131) (n=160)
Age at SLE onset (years) 24.9 (9.6) 31.9 (13.3) <0.001
Highest corticosteroid dose 56.0 (14.0) 56.4 (15.0) NS
at initial therapy (mg/day)
Mean corticosteroid dose (mg/day) 14.4 (4.2) 9.6 (3.5) <0.001
Final corticosteroid dose (mg/day) 11.8 (6.2) 6.9 (3.6) <0.001
Total cumulative corticosteroid dose (g) 70.1 (24.2) 452 (17.2) <0.001
Duration of corticosteroid therapy (years) 17.5 (6.6) 16.2 (6.3) NS

Values shown represent the mean (standard deviation); Mann-Whitney U-test; NS: not significant.

Table III. Corticosteroid use of the delayed osteonecrosis in SLE recurrence group.

Group (number of joints) Delayed osteonecrosis Non-osteonecrosis p-value
(n=6) (n=125)

Age at SLE onset (years) 27.8 (15.1) 24.8 (9.4) NS

Highest corticosteroid dose 53.3 (10.3) 56.2 (14.1) NS
at initial therapy (mg/day)

Number of SLE recurrence (times) 2.2 (1.2) 2.2 (1.5) NS

Highest corticosteroid dose 50.0 (11.0) 47.7 (13.2) NS
at SLE recurrence (mg/day)

Mean corticosteroid dose (mg/day) 16.6 (5.5) 14.3 (4.1) NS

Final corticosteroid dose (mg/day) 15.0 4.5) 11.7 (6.2) NS

Total cumulative corticosteroid dose (g) 60.3 (27.8) 70.5 (24.0) NS

Duration of corticosteroid therapy (years) 10.9 (1.7) 13.7 (2.8) 0.006

Values shown represent the mean (standard deviation); Mann-Whitney U-test; NS: not significant.

sone in 5 patients. All the patients were
taking oral corticosteroids in a single
dose early morning. There were no
trends between osteonecrosis and type
of corticosteroids. Alcohol consump-
tion was observed in 14 patients. All 14
patients sometimes drank a little and no
patients were alcoholism. Smoking was
also observed in 16 patients; 9 patients
smoked less than 10 cigarettes a day, 6
patients smoked 10-20 cigarettes a day,
and one patient smoked 30 cigarettes a
day. There were also no trends between
osteonecrosis and alcohol or smoking.
Antiphospholipid antibody was detect-
ed in 10 patients (9%). However, there
were no trends between osteonecrosis
and antiphospholipid antibody.
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Discussion

In the present study, no new lesions
were identified in SLE patients who re-
ceived low-dose corticosteroids (equiv-
alent to <30 mg/day of prednisone) for
more than 1 decade. Bluemke et al. (18)
performed gadolinium-enhanced MRI
in SLE patients without osteonecrosis
who received long-term corticosteroid
therapy, and reported that perfusion of
the femoral head was maintained. We
suggest that with respect to long-term
effects, total cumulative corticosteroid
dose and duration of corticosteroid ther-
apy do not contribute to osteonecrosis.
These findings should provide great re-
lief to both SLE patients and rheuma-
tologists alike.



Delayed osteonecrosis occurred only
in patients who experienced an SLE re-
currence. This result supports Felson’s
hypothesis that osteonecrosis occurs in
association with high-dose corticoster-
oid therapy. Patients with collagen dis-
eases, including SLE, are at high risk
of developing osteonecrosis, since they
require corticosteroid therapy for life.
However, few reports about the rela-
tionship between SLE recurrence and
delayed osteonecrosis have been pub-
lished. In the present study, SLE recur-
rence occurred in 45% of patients after
initial therapy, necessitating a corticos-
teroid dosage increase to >30 mg/day
of prednisone. We suggest that SLE
recurrence is a risk factor for delayed
osteonecrosis, and therefore recom-
mend MRI screening for osteonecrosis
beginning at SLE recurrence.

The incidence of osteonecrosis at SLE
recurrence was substantially lower
than that reported at initial corticoster-
oid therapy by Oinuma et al. (14) (3%
vs. 44%). We did not observe any as-
sociation between new osteonecrosis
and corticosteroid use in the SLE recur-
rence group. However, we expect that
the difference between the highest cor-
ticosteroid dose at initial therapy and
that at recurrence is likely to be related
to the difference in the incidence of os-
teonecrosis. Felson et al. (16) reported
a strong correlation between daily oral
corticosteroid dose and osteonecrosis
rate based on a meta-analysis. These
authors estimated that the dose effect
reflected a 4.6% increase in the risk
of osteonecrosis for every 10 mg/day
rise in corticosteroids during the first
6 months of therapy. Another possi-
bility is individual differences in cor-
ticosteroid sensitivity with respect to
development of osteonecrosis. Masada
et al. reported that increased hepatic
enzyme activity decreased the risk of
corticosteroid-induced osteonecrosis in
a rabbit model (22). Thus, we suggest
that the patients who narrowly escaped
development of osteonecrosis at initial
therapy were inherently resistant to the
osteonecrosis-inducing effects of cor-
ticosteroids, thereby remaining free of
osteonecrosis, even at SLE recurrence.
MRI has become the gold standard
for initial diagnosis of osteonecrosis.
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However, prospective MRI studies
of osteonecrosis remain rare. To our
knowledge, the present study is the first
prospective MRI study to evaluate the
long-term natural history of SLE pa-
tients without osteonecrosis. Yoshida et
al. (19) prospectively followed SLE pa-
tients with MRI, although these investi-
gators did not evaluate patients without
osteonecrosis.

This study had several limitations. The
first limitation was the conversion of
corticosteroid dose into its equivalent
prednisone dose. Each corticosteroid,
including cortisone, dexamethasone,
and betamethasone, may have differ-
ent effects, even when equivalent doses
are used. Moreover, we did not evalu-
ate the influence of methylprednisolone
pulse therapy. However, we applied the
previously established method for cor-
ticosteroid dose conversion reported by
Felson et al. to minimise any discrep-
ancies (16). The second limitation was
that antiphospholipid syndrome was
not fully evaluated. Asherson et al. (23)
documented 2 patients with primary an-
tiphospholipid syndrome who had os-
teonecrosis in the absence of previous
corticosteroid therapy and suggested
that antiphospholipid syndrome was
associated with osteonecrosis (24). Ac-
cording to Assolin-Dayan’ review (25),
average prevalence of antiphospholi-
pid antibodies among SLE patients was
449%. We could not testified but specu-
late the relation between the low preva-
lence of antipospholipid antibody and
the low incidence of osteonecrosis in
this study. The third limitation was that
the potential influence of other drugs,
such as anti-coagulants, cholesterol-
lowering medications, and bisphos-
phonates, was not assessed. Sheikh et
al. (26) suggested that an imbalance
between tissue-type plasminogen acti-
vator and plasminogen activator inhibi-
tor was a risk factor for osteonecrosis.
Oinuma et al. (27) also reported that
plasmin-o2-plasmin inhibitor com-
plex levels were significantly higher
in patients with osteonecrosis than in
patients without osteonecrosis. Further
study is required to determine any as-
sociations between these factors and the
development of osteonecrosis.

In conclusion, we suggest that with

respect to long-term effects, total cu-
mulative dose and duration of corticos-
teroid therapy do not contribute to os-
teonecrosis. However, SLE recurrence
is a risk factor for new osteonecrosis.
We recommend MRI screening for os-
teonecrosis at SLE recurrence.
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