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Incidence of osteonecrosis associated with
corticosteroid therapy among different underlying
diseases: prospective MRI study

Tomonori Shigemura1, Junichi Nakamura1, Shunji Kishida1, Yoshitada Harada2,
Seiji Ohtori1, Koya Kamikawa3, Nobuyasu Ochiai1 and Kazuhisa Takahashi1

Abstract

Objectives. The purpose of this study was to clarify the incidence of (CS)-associated osteonecrosis

among different underlying diseases and to evaluate the risk factors for steroid-associated osteonecrosis

in a prospective MRI study.

Methods. We prospectively used MRI to study 337 eligible underlying disease patients requiring CS

therapy and succeeded in examining 1199 joints (hips and knees) in 302 patients with MRI for at least

1 year starting immediately after the onset of CS therapy (1-year follow-up rate of 90%). The underlying

diseases included SLE in 687 joints (173 patients) and a variety of other rheumatological disorders in

512 joints (129 patients).

Results. The incidence of osteonecrosis was significantly higher in SLE patients than in non-SLE patients

(37 vs 21%, P = 0.001). Logistic regression analysis revealed that adolescent and adult patients had

a significantly higher risk of osteonecrosis compared with paediatric patients [odds ratio (OR) = 13.2],

that high daily CS dosage (>40 mg/day) entailed a significantly higher risk of osteonecrosis compared

with the dosage of <40 mg/day (OR = 4.2), that SLE patients had a significantly higher risk of osteonecro-

sis compared with non-SLE patients (OR = 2.6) and that male patients had a significantly higher risk of

osteonecrosis compared with female patients (OR = 1.6).

Conclusion. These findings suggest that the incidence of CS-associated osteonecrosis varies among

different underlying diseases.

Key words: Corticosteroid, Osteonecrosis, Systemic lupus erythematosus, Prospective study, Magnetic
resonance imaging.

Introduction

Although high-dose CS therapy is regarded as a risk

factor for osteonecrosis, the pathogenesis of steroid-

associated osteonecrosis remains unknown. Sakamoto

et al. [1] observed initial abnormal findings of

osteonecrosis during high-dose CS therapy in their MRI

prospective study. Nakamura et al. [2] reported that

increasing CS doses at the recurrence of SLE was a risk

factor for development of new osteonecrosis. On the other

hand, neither total cumulative dose of CSs nor long-term

CS therapy appears to be a risk factor, as evidenced by

another study observing no new cases of osteonecrosis

during long-term, low-dose CS therapy [2]. Indeed, a

study observed spontaneous repair of osteonecrotic

lesions during long-term, low-dose CS therapy [3].

Another risk factor for CS-associated osteonecrosis

appears to be age at the time of CS administration.

Nakamura et al. [4] reported a lower incidence of

steroid-associated osteonecrosis in paediatric SLE

patients than in adult SLE patients. Using dynamic MRI,

Nakamura et al. [5] identified significantly more blood
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supply to the femoral head (especially to the growth plate)

in paediatric SLE patients than in adult SLE patients after

CS administration.

CSs are prescribed for the treatment of several

diseases. In a prospective MRI study, Oinuma et al. [6]

reported an incidence of osteonecrosis in 44% of adult

patients with SLE. However, to our knowledge, the

incidence of osteonecrosis associated with CS treatment

of other underlying diseases remains unknown. The

purpose of this study was to clarify the incidence of

steroid-associated osteonecrosis among different under-

lying diseases and to evaluate the risk factors for

steroid-associated osteonecrosis in a prospective MRI

study.

Materials and methods

We prospectively registered 668 patients who received

CS therapy from 1986 to 2009. The inclusion criteria

were as follows: (i) MRI screening of their hips and

knees within the first year following the initiation of CS

administration and (ii) MRI follow-up for at least 1 year

thereafter. With respect to MRI screening, Sakamoto

et al. [7] reported that the incidence of steroid-associated

osteonecrosis as observed with MRI was the highest in

the hip (63%), followed by the knee (51%), ankle (16%)

and shoulder joints (16%), and the incidence of osteo-

necrosis in the ankle and shoulder was 0% in a patient

without osteonecrosis in both the hips and knees. Based

on his report, we considered MRI screening of bilateral

hips and knees to be both sufficient and cost-effective.

We excluded from this initial group those patients who

received CSs for the treatment of organ transplantation

or malignant tumour because of the degree of variation

in patient conditions and the survival rates associated with

these diseases. We also excluded one hip because it had

been treated for femoral neck fracture and two knees

because they evidenced OA at the initial presentation.

After these exclusions, 337 patients remained, who

had received MRI evaluation of their hips and knees

following the initiation of CS administration. Of these

337 patients, 302 (1199 joints) were followed with MRI

for at least 1 year, constituting a 1-year follow-up rate of

90%. These 1199 joints (302 patients) comprised the

study group for our subsequent analyses.

The underlying diseases diagnosed in these 1199 joints

(302 patients) were as follows: SLE in 687 joints

(173 patients), PM/DM in 108 joints (27 patients), pem-

phigus/bullous pemphigoid in 82 joints (21 patients),

vasculitis syndrome (PAN or Takayasu’s arteritis) in 56

joints (14 patients), uveitis in 56 joints (14 patients), re-

spiratory disease (idiopathic pulmonary fibrosis, diffuse

panbronchiolitis or idiopathic pulmonary haemosiderosis)

in 24 joints (6 patients), neuromuscular disease (myasthe-

nia gravis or multiple sclerosis) in 20 joints (5 patients),

adult-onset Still’s disease in 20 joints (5 patients), RA in

20 joints (5 patients), liver disease (autoimmune hepatitis

or primary biliary cirrhosis) in 18 joints (5 patients), SS in

16 joints (4 patients), nephrosis in 16 joints (4 patients), ITP

in 12 joints (3 patients), SSc in 12 joints (3 patients),

granulomatosis with polyangitiis (Wegener’s) in 12 joints

(3 patients), sarcoidosis in 12 joints (3 patients), hyperthy-

roidism in 12 joints (3 patients), Behçet’s disease in

8 joints (2 patients) and ulcerative colitis (UC) in 8 joints

(2 patients). Due to the great variety of underlying dis-

eases, and because more than half of the joints had SLE

and the number of joints with each of the remaining under-

lying diseases was relatively small by comparison, we

divided the joints into two groups: an SLE group and a

non-SLE group (Table 1). We also divided patients into the

following three age groups: paediatric (<15 years old),

adolescent (15�20 years old) and adult (>20 years old).

The paediatric group comprised 72 joints (18 patients) in

the SLE group and 32 joints (8 patients) in the non-SLE

group. The adolescent group comprised 96 joints (24 pa-

tients) in the SLE group and 36 joints (9 patients) in the

non-SLE group. The adult group comprised 519 joints

(131 patients) in the SLE group and 444 joints

(112 patients) in the non-SLE group.

Incidence of osteonecrosis

The diagnosis of osteonecrosis was based on the 2001

revised criteria for classification of osteonecrosis of

the femoral head from the Japanese Ministry of Health,

Labor and Welfare (JMHLW classification) [8, 9]. The

boundary of a necrotic lesion is defined as a low-intensity

band (band-like pattern) on the central coronal section of

the femoral head on T1-weighted images. MRI screening

methods for CS-associated osteonecrosis have been

established [1�7]. The incidences of osteonecrosis of the

hip and knee joints were compared between the SLE

group and the non-SLE group as a function of the pa-

tient’s age at the time of initiation of CS therapy, using

Fisher’s exact test and SPSS version 16.0 software

(SPSS; Chicago, IL, USA). P< 0.05 was considered stat-

istically significant.

TABLE 1 Patient’s characteristics in the SLE and non-SLE groups

Characteristic SLE group (687 joints) Non-SLE group (512 joints) P-value

Female, % 94 (644 joints) 70 (360 joints) 0.001*

Age at initial CS administration, years 30.9 (13.6) 45.1 (18.2) 0.001**
Highest daily CS dose, mg/day 56.4 (11.1) 52.2 (15.5) 0.001**

Values are expressed as mean (S.D.) unless otherwise specified. *Fisher’s exact probability test, **Mann�Whitney’s U-test.
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Risk factors for osteonecrosis

The hip and knee joints were divided into the following

two groups: those with osteonecrosis and those with-

out osteonecrosis. The proportions of female patients

(percentage) were compared in paediatric, adolescent

and adult patients between the SLE group and the

non-SLE group using Fisher’s exact test. The patient’s

age at the time of initiation of CS therapy, the highest

daily CS dosage (mg/day) and the highest daily CS

dosage per weight (mg/day/kg) were compared in paedi-

atric, adolescent and adult patients between the SLE and

the non-SLE group using the Mann�Whitney U-test. CS

dosages were converted into equivalent prednisone dos-

ages based upon the method described by Felson and

Anderson [10]. Risk factors for CS-associated osteonecro-

sis were calculated using a logistic regression analysis.

The research was in compliance with the Helsinki

Declaration. It was approved by the institutional review

board of the Graduate School of Medicine, Chiba

University, and registered with the University Hospital

Medical Information Network. All participants gave written

informed consent.

Results

Incidence of osteonecrosis

The incidence of osteonecrosis was significantly higher in

the SLE group than in the non-SLE group (P = 0.001):

osteonecrosis developed in 255 (37%) of 687 joints in

the SLE group (Table 2) vs 107 (21%) of 512 joints in the

non-SLE group (Table 3). Within the non-SLE group, the

incidence of osteonecrosis was as follows: 27% (29 joints

in 13 patients) in PM/DM, 23% (19 joints in 10 patients)

in pemphigus/bullous pemphigoid, 14% (8 joints in

5 patients) in vasculitis syndrome, 5% (3 joints

in 3 patients) in uveitis, 21% (5 joints in 2 patients) in re-

spiratory disease, 25% (5 joints in 2 patients) in

neuromuscular disease, 45% (9 joints in 3 patients) in

adult-onset Still’s disease, 0% (none) in RA, 28% (5

joints in 3 patients) in liver diseases, 0% (none) in SS,

25% (4 joints in 1 patient) in nephrosis, 50% (6 joints in

2 patients) in ITP, 33% (4 joints in 1 patient) in SSc, 25% (3

joints in 1 patient) in granulomatosis with polyangitiis, 0%

(none) in sarcoidosis, 25% (3 joints in 2 patients) in hyper-

thyroidism, 0% (none) in Behçet’s disease and 50% (4

joints in 1 patient) in UC.

The incidence of osteonecrosis did not significantly

differ between the SLE and the non-SLE group among

the paediatric patients [3% (2 joints in 1 patient) vs 6%

(2 joints in 1 patient), P = 0.585, Table 4]. However, the

incidence of osteonecrosis was significantly higher in the

SLE group than in the non-SLE group among the adoles-

cent patients [51% (49 joints in 19 patients) vs 25%

(9 joints in 3 patients), P = 0.010, Table 5] and among

the adult patients [39% (204 joints in 75 patients) vs

22% (96 joints in 45 patients), P = 0.001, Table 6].

Regarding disease location, osteonecrosis of the

femoral head occurred at a significantly higher rate in

the non-SLE group than in the SLE group (P = 0.001).

Specifically, of the 255 joints in the SLE group that de-

veloped osteonecrosis, 114 of these cases were hip

joints (45%) vs 141 knee joints. In contrast, of the 107

joints in the non-SLE group that developed osteonecro-

sis, 71 of these cases were hip joints (66%) vs 36 knee

joints.

Risk factors for osteonecrosis

The most frequent highest daily CS dosage was between

60 and 70 mg/day, occurring in 742 (62%) of the 1199

joints (188 of the 302 patients) studied. Figure 1 illustrates

the incidence of osteonecrosis as a function of highest

daily CS dosage (segmented into 10-mg-wide bands).

The incidence of osteonecrosis was significantly higher

in the joints exposed to high CS dosages of 40 mg/day

compared with joints exposed to <40 mg/day (8 vs 33%,

TABLE 2 Comparison between joints with and without osteonecrosis in the SLE group

Characteristic With osteonecrosis (255 joints) Without osteonecrosis (432 joints) P-value

Female, % 92 (235 joints) 95 (409 joints) 0.195*
Age at initial CS administration, years 31.9 (12.6) 30.2 (14.1) 0.116**

Highest daily CS dose, mg/day 58.3 (9.2) 55.3 (11.9) 0.001**

Values are expressed as mean (S.D.) unless otherwise specified. *Fisher’s exact probability test, **Mann�Whitney U-test.

TABLE 3 Comparison between joints with and without osteonecrosis in the non-SLE group

Characteristic With osteonecrosis (107 joints) Without osteonecrosis (405 joints) P-value

Female, % 62 (66 joints) 73 (294 joints) 0.032*

Age at initial CS administration, years 46.4 (14.7) 44.8 (19.0) 0.751**
Highest daily CS dose, mg/day 56.0 (13.5) 51.3 (15.9) 0.009**

Values are expressed as mean (S.D.) unless otherwise specified. *Fisher’s exact probability test, **Mann�Whitney U-test.
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P = 0.001). Among adolescent non-SLE patients, the high-

est daily CS dosage per weight was significantly higher for

those with osteonecrosis than for those without osteo-

necrosis (P = 0.011, Table 5). In the adult SLE and adult

non-SLE patient groups, the percentage of females was

significantly lower among those with osteonecrosis than

among those without osteonecrosis (P = 0.041, P = 0.019,

respectively; Table 6). In the adult non-SLE patient group,

the highest daily CS dosage per weight was significantly

higher among those with osteonecrosis than among those

without osteonecrosis (P = 0.032).

Logistic regression analysis revealed the following:

(i) adolescent and adult patients had a significantly

higher risk of osteonecrosis compared with paediatric

patients, with an odds ratio (OR) of 13.2

(P = 0.001); (ii) higher daily CS dosage (>40 mg/day) en-

tailed a significantly higher risk of osteonecrosis

compared with dosage <40 mg/day, with an OR of 4.2

(P = 0.001); (iii) SLE patients had a significantly higher

risk of osteonecrosis compared with non-SLE

patients, with an OR of 2.6 (P = 0.001); and (iv) male

patients had a significantly higher risk of osteonecro-

sis compared with female patients, with an OR of

1.6 (P = 0.010). In brief, age, CS dosage, underlying dis-

ease, and sex were significant risk factors for

osteonecrosis.

TABLE 5 Comparison between joints with and without osteonecrosis in SLE and non-SLE groups in adolescent patients

(between 15 and 20 years of age)

Characteristic
SLE group (96 joints) Non-SLE group (36 joints)

With
osteonecrosis

(49 joints)

Without
osteonecrosis

(47 joints)

With
osteonecrosis

(9 joints)

Without
osteonecrosis

(27 joints)

Female, % 92 100 100 85

Age at initial CS administration, years 17.4 17.3 17.9 18.1
Highest daily CS dose, mg/day 60.8 58.3 65.6 52.2

Highest daily CS dose per weight, mg/kg/day 1.1 1.2 1.3* 1.0*

Mann�Whitney U-test, *P = 0.011.

TABLE 6 Comparison between joints with and without osteonecrosis in SLE and non-SLE groups in adult patients

(>20 years of age)

Characteristic
SLE group (519 joints) Non-SLE group (444 joints)

With
osteonecrosis

(208 joints)

Without
osteonecrosis

(318 joints)

With
osteonecrosis

(96 joints)

Without
osteonecrosis

(348 joints)

Female, % 92* 97* 57** 70**

Age at initial CS administration, years 35.6 36.4 49.7 50.0
Highest daily CS dose, mg/day 57.7 55.8 55.1 51.3

Highest daily CS dose per weight, mg/kg/day 1.1 1.1 1.0*** 0.9***

Fisher’s exact probability test, *P = 0.041, **P = 0.019; Mann�Whitney U-test, ***P = 0.032.

TABLE 4 Comparison between joints with and without osteonecrosis in SLE and non-SLE groups in paediatric patients

(<15 years of age)

Characteristic
SLE group (72 joints) Non-SLE group (32 joints)

With
osteonecrosis

(2 joints)

Without
osteonecrosis

(70 joints)

With
osteonecrosis

(2 joints)

Without
osteonecrosis

(30 joints)

Female, % 100 83 100 87
Age at initial CS administration, years 14.9 11.3 13.8 9.1

Highest daily CS dose, mg/day 60.0 51.1 60.0 50.0

Highest daily CS dose per weight, mg/kg/day 1.0 1.4 1.3 1.7
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Discussion

Osteonecrosis occurred more frequently in knee joints

than in hip joints in SLE patients. MRI screening of knee

joints is known to be as important as that of the hips;

however, to our knowledge, few studies about the

incidence of CS-associated osteonecrosis of knee joints

have been reported [7]. The present study was the

first prospective MRI study about the incidence of

CS-associated osteonecrosis among different underlying

diseases. MRI is useful for accurate diagnosis of osteo-

necrosis, since it can detect asymptomatic osteonecrosis.

MRI was first applied for the diagnosis of osteonecrosis in

1983 [11]. MRI is currently the gold standard for early

diagnosis of osteonecrosis. Iida et al. [12] reported that

the only initial finding of early osteonecrosis was a

band-like pattern on MRI. The band-like pattern reflects

tissue repair around the necrotic bone [13]. Only following

the collapse of osteonecrosis are the onset of pain and

some deformities observed [12]. Klippel et al. [14] studied

the incidence of osteonecrosis in a series of patients with

various collagen diseases and reported the following per-

centages: 8.3% in 375 SLE patients, 3.7% in 81 granulo-

matosis with polyangitiis patients, 3.2% in 94 PM/DM

patients, 2.3% in 43 idiopathic cryoglobulinaemia pa-

tients, 2.1% in 46 PAN patients, 0.7% in 137 JRA patients,

0.4% in 710 RA patients and 0.4% in 238 Behçet’s syn-

drome patients. Since his study evaluated symptomatic

osteonecrosis after articular collapse with plain X-ray

images, his results almost certainly underestimated the

true incidence of osteonecrosis.

Regarding risk factors for CS-associated osteonecro-

sis, our study indicated that SLE was a relative risk

factor for osteonecrosis with an OR of 2.6 compared

with the other collagen diseases in aggregate. All the pa-

tients underwent MRI screening before CS therapy by MRI

screening. All the osteonecrosis developed after CS ther-

apy. Published studies have also provided evidence that

SLE patients may be at higher risk of developing osteo-

necrosis. Dubois et al. [15] reported a case of

osteonecrosis developing in an SLE patient who was not

receiving CS therapy. Tektonidou et al. [16] reported a

case of osteonecrosis developing in a patient with APS

who also was not being treated with CSs. APS is an auto-

immune disorder characterized by recurrent thrombotic

episodes that in some patients is associated with SLE or

other autoimmune diseases. Although the pathogenesis of

steroid-associated osteonecrosis remains unknown,

several studies indicate that haemostatic abnormalities

caused by CS administration are related to the develop-

ment of osteonecrosis. Oinuma et al. [17] identified a

significant correlation between the development of a

sustained haemostatic abnormality following the onset

of high-dose CS therapy and the subsequent develop-

ment of osteonecrosis. Nagasawa et al. [18] reported a

lower incidence of osteonecrosis in SLE patients on

warfarin than in SLE patients not being treated with war-

farin. Motomura et al. [19] reported that warfarin and

probocol were associated with a decrease in the inci-

dence of osteonecrosis from 70 to 5% in a rabbit

model.

Moreover, our study indicated that high-dose CS

administration was also considered to be a risk factor

for osteonecrosis. Highest daily CS dosage, mean CS

dosage, highest daily CS dosage per weight, cumulative

CS dosage, duration of CS therapy and/or pulse therapy

were all evaluated as possible indices of CS dosage.

Since the protocol of CS therapy was dictated by the

disease activity or by the preferences of the chief phys-

ician, it was challenging to prove a pathogenic mechanism

linking CS therapy to osteonecrosis. However, the

substantial numbers of reports of osteonecrosis develop-

ing within a few months after the onset of CS administra-

tion indicates that CS dosage during this period should be

analysed in detail. Le Parc et al. [20] reported that the

incidence of osteonecrosis after renal transplantation

declined from 29% in 1960 to 5% in 1996 owing to

improvements in immunosuppressant therapy. Sakai

et al. [21] also reported that the incidence of osteonecro-

sis after renal transplantation declined from 16% in

a group receiving CSA to 0% in a group receiving

FK506 (tacrolimus), observing that FK506 enabled re-

ductions in the quantity of CSs that the patients

required, which in turn enabled the patients to avoid

increases in their cholesterol levels and thrombosis.

These reports indicate that high-dose CS therapy in

the short term is related to osteonecrosis and that con-

tinuing advances in immunosuppressive therapy may

lead to reductions in the incidence of CS-associated

osteonecrosis.

One limitation of this study was that all the other under-

lying diseases apart from SLE were grouped together into

a single, non-SLE group. Since the resultant set of under-

lying diseases is heterogeneous, ideally the incidence

of CS-associated osteonecrosis should be analysed

individually for each of these diseases. Unfortunately the

small numbers of the patients affected by these other dis-

eases in our study population precluded such an analysis.

Thus, further study is needed to clarify to what extent

FIG. 1 Incidence of osteonecrosis as a function of the

highest daily CS dosage.
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these other diseases may be risk factors for

osteonecrosis.

Rheumatology key message

. The incidence of CS-associated osteonecrosis was
different among different underlying diseases.
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