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Asymptomatic multifocal avascular necrosis, @«

a commonly overlooked finding in patients
with systemic lupus erythematosus
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Abstract

Background In patients with Systemic lupus erythematosus (SLE), osteonecrosis of various joints is a debilitating compli-
cation associated with the disease and its treatment, in which a considerable proportion of osteonecrosis may be asymp-
tomatic. Recognizing the crucial role of early and timely detection, as well as appropriate management of asymptomatic
osteonecrosis, in preventing joint destruction, we conducted a study to evaluate the prevalence of asymptomatic osteone-
crosis in SLE patients who have already been diagnosed with symptomatic osteonecrosis. Additionally, we aimed to exam-
ine the relationship between proposed risk factors of osteonecrosis and the development of asymptomatic osteonecrosis.

Methods In this cross-sectional study, Patients with recently diagnosed symptomatic osteonecrosis of at least one
joint were selected by reviewing data from the digital medical record system of the Rheumatology Research Center.
The patients underwent three-phase Single Photon Emission Computed Tomography (SPECT) bone scintigraphy

to screen for other asymptomatic osteonecrotic joints. MRI was subsequently performed on the asymptomatic
osteonecrotic sites for further diagnostic confirmation. The study evaluated the prevalence of asymptomatic oste-
onecrosis, the extent of joint involvement, the specific locations of osteonecrosis, the most commonly affected joints,
and the risk factors for asymptomatic osteonecrosis.

Results Eight out of the 17 patients (47%) who participated in our research were found to have asymptomatic
osteonecrosis. The most commonly affected joint without symptoms was the left knee (25%), while the most fre-
quently affected joint with symptoms was the left hip (23.07%). The only statistically significant difference observed
between patients with and without asymptomatic osteonecrosis in this study was the age at which the disease first
appeared (p=0.046) and this age was higher among patients with asymptomatic osteonecrosis.

Conclusions Our research provides further evidence of the high incidence of asymptomatic osteonecrosis in indi-
viduals with SLE due to the nature of the disease and the frequent use of high-dose corticosteroids. It underscores
the importance of early detection through whole-body SPECT bone scintigraphy and MRI, as well as prompt interven-
tion in order to avert the incapacitating effects of osteonecrosis.
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Background

Systemic lupus erythematosus (SLE) is a chronic systemic
autoimmune disease that is associated with significant
morbidity and potentially fatal outcomes. The worldwide
incidence of SLE ranges from 30 to 70 cases per 100,000
individuals. Timely management and treatment of various
organ involvements play a vital role in enhancing results,
and the administration of corticosteroids is frequently
required to address different organ involvements in SLE [1].

Musculoskeletal manifestations, such as arthralgia and
arthritis, are frequently observed in individuals with SLE
and can notably affect their quality of life. Osteonecrosis, a
recognized and incapacitating musculoskeletal complica-
tion associated with SLE, further adds to the burden expe-
rienced by patients. The occurrence of osteonecrosis in SLE
is relatively common. Symptomatic osteonecrosis has been
estimated to affect around 10 percent of SLE patients, while
the prevalence of asymptomatic osteonecrosis is much
higher, affecting more than one-third of individuals [2, 3].

Osteonecrosis, also known as avascular, aseptic, or
ischemic necrosis, is a debilitating clinical condition charac-
terized by the in-situ death of osteocytes and bone marrow.
This condition occurs as a result of compromised blood sup-
ply to the affected bone and surrounding tissue, succeeding
by destructive repair processes that involve the resorption
of necrotic tissue and subsequent replacement with weaker
osseous tissue and reduced bone formation. Osteonecrosis
can result in the destruction of bone architecture, subchon-
dral collapse of joints, and, eventually in some cases, neces-
sitate joint replacement surgery. A combination of genetic
predisposition, metabolic factors, and various local factors,
including both traumatic and non-traumatic factors such as
hematologic and rheumatologic diseases, and corticosteroid
usage, have been suggested to play a role in the pathophysiol-
ogy of osteonecrosis [4]. The clinical presentation of osteone-
crosis can vary, ranging from silent or asymptomatic joint
involvement to severe pain, often exacerbated by motion and
weight-bearing, as well as joint deformity. Osteonecrosis pre-
dominantly affects young individuals between the ages of 30
and 60, with a male predominance observed, with a ratio of
7 to 3, except in cases of SLE. On average, patients diagnosed
with osteonecrosis are in their late 30 s [5].

The femoral head and the knee joint are the most
commonly affected joints, respectively [5]. In patients
with SLE, osteonecrosis commonly involves joints
bilaterally, and the presence of multifocal and asympto-
matic osteonecrosis is frequently observed [6].

Among patients with SLE, disease activity and the
administration of corticosteroids are the main risk fac-
tors for the development of osteonecrosis [3]. The man-
agement of osteonecrosis in patients with SLE is similar
to that in patients with other etiologies, often necessi-
tating total hip or knee arthroplasty [4, 7].
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Various imaging modalities are utilized for the diag-
nosis of osteonecrosis and to assess the extent of its
involvement. Plain radiographs serve as the initial eval-
uation in patients with suspected osteonecrosis, typi-
cally demonstrating abnormalities only during the later
stages of the condition, months after the onset of symp-
tomatic joint involvement [8].

MRI without a contrast agent is considered the gold
standard for diagnosing osteonecrosis, particularly in
the early stages and in asymptomatic patients, due to
its high sensitivity and specificity. Characteristic MRI
findings of osteonecrosis include band-like low-inten-
sity signals in T1-weighted images that separate normal
and ischemic bone, as well as pathognomonic double-
line signs in T2-weighted images [9, 10].

Osteonecrosis is categorized into four stages according
to the Association Research Circulation Osseous (ARCO)
classification. In Stage 1, normal radiographs and show
abnormal findings on MRI. Stage 2 is characterized by
the absence of the crescent sign and the presence of radi-
ographic evidence such as sclerosis, osteolysis, or focal
osteoporosis. Stage 3 is marked by subchondral fracture,
a fracture within the necrotic area, and/or flattening of
the bone head, as observed on radiographs or CT scans.
Finally, Stage 4 is distinguished by evidence of osteoarthri-
tis, joint space narrowing, and degenerative changes [11].

Radionuclide bone scanning has a limited role in the
diagnosis of osteonecrosis and is associated with a high
rate of false-negative results, which can reach up to 25
percent for diagnosing hip osteonecrosis [12]. Whole-
body MRI is more sensitive than a whole-body bone scan
for detecting asymptomatic osteonecrosis [13]. Single
photon emission computed tomography (SPECT) bone
scintigraphy is a nuclear medicine imaging modality that
generates cross-sectional images comparable to MRL
Unlike planar bone scintigraphy, SPECT bone scintig-
raphy produces three-dimensional images, which helps
overcome the limitation of false-negative results. There-
fore, it is recommended for screening asymptomatic
osteonecrosis in high-risk patients, such as those with
SLE or individuals taking corticosteroids [14].

Early detection of asymptomatic osteonecrosis plays a
critical role in enabling timely intervention, preventing
subchondral collapse, and ultimately reducing the need
for joint replacement therapy and bone reconstruction.
Therefore, maintaining a high level of suspicion and con-
ducting thorough evaluations for osteonecrosis in high-
risk patients are crucial for improving outcomes.

The objective of this study is to assess the prevalence of
asymptomatic osteonecrosis among SLE patients already
diagnosed with symptomatic osteonecrosis. Addition-
ally, the study aims to investigate the association between
demographic parameters and proposed risk factors for
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osteonecrosis and occurrence of asymptomatic osteone-
crosis, and to elucidate the characteristics of patients
with asymptomatic osteonecrosis.

Methods
In this cross-sectional study, we reviewed the data from
the digital medical record system of the Rheumatology
Research Center (Rheumatry) at Shariati Hospital, Teh-
ran University of Medical Sciences (TUMS). The study
focused on identifying patients with SLE who had experi-
enced symptomatic osteonecrosis in any joint within the
previous six months. To be included, patients must have
reported symptoms such as joint pain at rest or during
motion, with or without limitation of range of motion.
Additionally, the diagnosis of osteonecrosis had to be
documented by MR imaging of the symptomatic joint.
After obtaining informed consent, patients were
enrolled in the study. Patient demographic data and rele-
vant clinical information, such as the site of documented
osteonecrosis, the number of affected joints, proposed
risk factors for osteonecrosis including hyperlipidemia,

Enroll SLE  patients  with
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markers of SLE activity, organ involvement, presence of
autoantibodies and antiphospholipid antibodies, and pre-
vious treatments (including corticosteroid intake history
in terms of high dose, cumulative dose, route, and dura-
tion of administration, as well as the history of immu-
nosuppressant agent use and other drug histories), were
retrospectively retrieved from the database.

Patients with at least one documented symptomatic
osteonecrosis were referred to the nuclear medicine
department and underwent whole-body three-phase
SPECT bone scintigraphy to assess the presence of
asymptomatic osteonecrosis at sites other than the
known location of avascular necrosis (AVN). To confirm
the diagnosis, patients with evidence of osteonecrosis on
three-phase SPECT scintigraphy underwent further eval-
uation by MR imaging. Standard protocols were followed
to obtain MR images of specific sites including the pelvis,
knee, shoulder, ankle, and foot.

Whole-body SPECT bone scintigraphy was chosen
over whole-body MRI initially because it is more cost-
effective, feasible, and has comparable sensitivity to MRIL.

documented

symptomatic osteonecrosis in at least one joint
within the past six months into the study.

Conduct three-phase SPECT bone scintigraphy
to assess the presence of asymptomatic
osteonecrosis at sites other than the known
location of avascular necrosis (AVN).

Perform MRI
osteonecrosis on

for Patients with evidence of
three-phase

SPECT

scintigraphy to confirm the diagnosis of AVN

A flowchart outlining the workflow for detecting asymptomatic multifocal osteonecrosis

The whole-body bone scan was conducted using a varia-
ble-angle dual-head SPECT gamma camera (ECAM,
MiE, Germany) in three-phase mode. For the early-phase
imaging, the patient was positioned on the gamma cam-
era so that the area of interest (the known location of

avascular necrosis) was within the acquisition field.
Imaging commenced immediately after the intravenous
injection of 740 MBq Tc-99 m MDP (Pars Isotope Co.,
Tehran, Iran), and perfusion (flow phase) images were
obtained in both anterior and posterior views of the
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corresponding area, using a 128128 matrix, with a
dynamic imaging duration of 3 s per projection for up to
1 min. Following this step, whole-body blood pool images
were obtained 5 min after the administration of the same
radiotracer. Anterior and posterior projections were cap-
tured for each field of view using a 256 X256 matrix.
Additionally, delayed whole-body static images were
acquired after a 3-h interval. If any area of abnormal radi-
otracer activity appeared suspicious (i.e., exhibiting
increased uptake compared to background soft tissue),
magnified spot views as well as SPECT-mode images
were obtained from the identified region of interest. In
cases where visual suspicion arose, quantitative analysis
of the uptake was performed by delineating the region of
interest (ROI) in the corresponding area as well as a com-
parable symmetrical area in the contralateral side.

The involved joints were subjected to MR imaging using
a 1.5-T MRI system, specifically the Magnetom Avanto
(Siemens Healthcare, Erlangen, Germany), equipped with
a dedicated extremity coil. Before symptoms appear in
osteonecrosis, a defining characteristic is the presence of
a band-like pattern observed in T1-weighted MRI images.
Additionally, distinctive double-line signs become evident
in T2-weighted images during the later stages. Accord-
ingly, T1- and T2-weighted MRI scans with fluid-sensitive
fat suppression sequences were obtained in at least two
planes, predominantly sagittal and coronal views, and sub-
sequently evaluated.

Based on the signal intensity and the presence of a
crescentic or band-like region or a double line sign in the
bone’s epiphysis, a diagnosis of osteonecrosis was estab-
lished, and the extent of necrosis was determined, with
staging performed according to the ARCO classification.

All SPECT bone scintigraphy images and MR images
were meticulously analyzed and reported by a specialist in
nuclear medicine and an experienced radiologist special-
ized in musculoskeletal disorders, respectively. Both spe-
cialists were blinded to the patients’ clinical information.

In SLE patients with confirmed symptomatic oste-
onecrosis, several aspects were evaluated, including the
prevalence of asymptomatic osteonecrosis, the extent of
joint involvement, the specific locations of osteonecrosis,
and the most commonly affected joints.

Furthermore, a comparative analysis was conducted
between patients with and without asymptomatic oste-
onecrosis to assess the presence and potential asso-
ciations with various demographic parameters and
proposed risk factors for osteonecrosis. These risk factors
encompassed corticosteroid utilization (including factors
such as high dosage, cumulative dosage, route of admin-
istration, and treatment duration), disease activity, the
presence of autoantibodies and antiphospholipid anti-
bodies, as well as dyslipidemia.
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The obtained results were analyzed using SPSS ver.
26 (SPSS Inc., Chicago, IL, USA). A significance level of
P<0.05 was deemed statistically significant. Descriptive
analysis was employed to outline the demographic char-
acteristics of the patients and determine the prevalence of
asymptomatic osteonecrosis. Due to the small sample size
and the skewed nature of the quantitative data, both quan-
titative variables and qualitative/categorical variables were
presented as frequencies and percentages. To illustrate
central tendency and variability, median values along with
ranges and interquartile ranges (IQR) were calculated.

Due to the limited sample size, Fisher’s exact test was
employed to assess the significance of the association
between two categorical variables, such as determining
the relationship between gender and osteonecrosis status
(presence or absence of asymptomatic osteonecrosis).

Furthermore, due to the small sample size and non-nor-
mal distribution of the data, the Mann—Whitney U test
was used to examine the differences in various variables
between two independent groups, patients with asymp-
tomatic necrosis and patients without asymptomatic
necrosis. This included the comparison of distribution
frequencies and medians of variables in the two groups.

Results

In this study, a total of 18 newly diagnosed symptomatic
osteonecrosis cases in SLE patients, confirmed by MRI
within the past 6 months, were enrolled between January
2022 and December 2022.

Among the 18 participants, three-phase SPECT bone
scintigraphy revealed findings suggestive of asympto-
matic osteonecrosis in 9 patients (50%). One patient
declined to undergo an MRI and was subsequently
excluded from the study. Consequently, data from 17
patients were included in the analysis, revealing asymp-
tomatic osteonecrosis in 8 out of 17 patients (47%) based
on bone scintigraphy and MRL

Based on previous MRI evaluations, the number of pre-
vious symptomatic joint involvements ranged from one
to three joints, with the same median of 2 among patients
with and without asymptomatic osteonecrosis (Table 1).

In patients experiencing asymptomatic osteonecrosis,
the most prevalent joints with a history of previous oste-
onecrosis were the left hip joints, accounting for 33.33%,
while the right hip and right knee joints each accounted
for 16.66%, respectively. In patients without asympto-
matic osteonecrosis, the most prevalent previous joint
involvements were the left knee joint (28.57%) and the
right hip and right knee joints (21.42% each). Among all
seventeen participants, both with and without asympto-
matic osteonecrosis, the most commonly affected symp-
tomatic joint at enrollment was the left hip (23.07%),
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Table 1 Frequency of joints with osteonecrosis based on three phasic bone scintigraphy and MRI
Variables Patients with asymptomatic  Patients without Total

osteonecrosis asymptomatic osteonecrosis n=17

n=8 n=9
Number of involved Joints in bone Range 1-5 1-5 1-5
scintigraphy Median (IQR%) 2.5 (2.00- 4.00) 2.00 (1.00- 2.00) 2.00 (1.00—3.0)
Number of involved joints in MRI Range 1-3 Not done 1-3

Median (IQR) 1.00 (1.00- 2.75) Not done 0.00 (0.00- 1.00)

? Interquartile range

followed by the right hip and both the right and left knees
(each at 19.23%).

In the evaluation of joints using three-phase SPECT
bone scintigraphy, the range of joint involvement was 1
to 5, with a median of 2. Since only joints with evidence
of asymptomatic osteonecrosis in three-phase SPECT
bone scintigraphy were evaluated by MRI, the range of
joint involvement in MRI was 1 to 3, with a median of 1.

In the three-phase bone scintigraphy, among patients
with asymptomatic osteonecrosis, the most frequently
asymptomatically involved joint was the left knee,
accounting for 25% of the cases, followed by the right knee
and right ankle (each accounting for 16.66% of cases).

These joints were reevaluated using MRI, and osteone-
crosis was confirmed in all joints that showed involvement
in the bone scintigraphy. As a result, osteonecrosis in the
left knee joint was found to be the most prevalent (25%) in
the MRI assessment. Among the patients, 75% had oste-
onecrosis in stage 2, which exhibited evidence of sclerosis,
osteolysis, or focal osteoporosis without a crescent sign.
Additionally, 25% of the patients had osteonecrosis in

Table 2 Joints with osteonecrosis in three phasic bone scintigraphy

stage 3, characterized by subchondral fracture, fracture in
the necrotic portion, and/or flattening of the bone head.

In the evaluation of three-phase SPECT bone scintig-
raphy, it was observed that among patients with asymp-
tomatic osteonecrosis, the combined occurrence of
symptomatic and asymptomatic osteonecrosis was more
prevalent in the left hip (20.83%), as well as the right and
left knee (each at 16.66%). The asymptomatically involved
joints were account for 50% of total joint involvement in
patients with asymptomatic osteonecrosis. In contrast,
among patients without asymptomatic osteonecrosis,
the left knee joint (28.57%) along with the right hip and
right knee joints (21.42% each) were the most frequently
affected joints in terms of symptomatic involvement.

In the three-phase SPECT bone scan, among all sev-
enteen participants, the left knee joint (21.05%), right
knee joint, and left hip joint (each at 18.42%) were the
most frequently affected joints. A detailed summary of
joint involvement in the three-phase bone scan can be
found in Table 2. Out of the total 17 patients, 13 patients
had involvement in more than one joint, and 4 patients

Patients with asymptomatic osteonecrosis
(n=8)

Involved joint Asymptomatic joints the sum of symptomatic

and asymptomatic joints

Patients without
asymptomatic
osteonecrosis (n=9)

Symptomatic joints

Total Participants  Total participants (n=17)

Symptomatic joints Total joints

Involved Number (frequency) Number (frequency) Number (frequency) Number Number (frequency)
joints (frequency)

Right hip 1(8.33%) 3(12.5%) 3(21.42%) 5(19.23%) 6 (15.78%)
Left hip 1(8.33%) 5 (20.83%) 2 (14.28%) 6 (23.07%) 7 (18.42%)
Right knee 2 (16.66%) 4 (16.66%) 3(21.42%) 5(19.23%) 7 (18.42%)
Left knee 3(25%) 4 (16.66%) 4(28.57%) 5(19.23%) 8(21.05%)
Right shoulder 0 (0%) 1 (4.16%) 1(7.14%) 2 (7.69%) 2 (5.26%)
Left shoulder 1 (8.33%) 1(4.16%) 0 (0%) 0 (0%) 1 (2.63%)
Right ankle 2 (16.66%) 3(12.5%) 1(7.14%) 2 (7.69%) 4(10.52%)
Left ankle 0 (0%) 1(4.16%) 0 (0%) 1(3.84%) 1(2.63%)
Right foot 1(8.33%) 1(4.16%) 0 (0%) 0 (0%) 1 (2.63%)
Left foot 1(8.33%) 1(4.16%) 0 (0%) 0 (0%) 1(2.63%)
Total 12 (100%) 24 (100%) 14(100%) 26 (100%) 38 (100%)




Nadi et al. BMC Rheumatology (2024) 8:70

(23.52%) exhibited multifocal joint involvement, affecting
three or more distinct anatomical sites.

In patients with findings related to asymptomatic oste-
onecrosis in the three-phase SPECT scintigraphy, six
patients had involvement of only one joint. This included
two left knee joints and two right ankle joints, as well as
right hip and right knee joints. Additionally, two patients
exhibited involvement of three joints. One patient had
involvement of the right knee, left hip, and left shoulder,
while another patient had involvement of the left knee
and both feet’s first MTP joints. These findings were con-
firmed by MRL

The demographic data, as well as the clinical and labo-
ratory characteristics of the study participants, are sum-
marized in Table 3.

Among the participants, over 70 percent were female,
and there was no significant difference observed between
patients with and without asymptomatic osteonecrosis in
terms of gender distribution (p=0.583).

The age range of the participants in the study was
22-50 years, with a median age of 39.5 years. The duration
of the disease ranged from 1 to 26 years, with a median
duration of 6 years. Although patients with asympto-
matic osteonecrosis tended to have higher ages and longer
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disease durations compared to patients without asympto-
matic osteonecrosis, there were no statistically significant
differences observed between the two groups in terms of
age (p=0.321) and duration of disease (p=0.606).

In this study, the only statistically significant difference
observed between patients with and without asympto-
matic osteonecrosis was the age at which the disease first
appeared. The age of disease onset ranged from 22 to
46 years old, with a median of 31.5 years in patients with
asymptomatic osteonecrosis, while it ranged from 15 to
40 years old, with a median of 21 years in patients with-
out asymptomatic osteonecrosis. These differences were
found to be statistically significant (p =0.046).

The study revealed that the number of organs affected,
aside from the joints, ranged from zero to four, with a
median of two organs. Among these, the kidneys and
brain exhibited a higher prevalence, with frequencies of
58.82% and 17.65% respectively. This was followed by
gastrointestinal, hematologic, pulmonary, and cardiac
involvement, each with a frequency of 11.76%. In terms
of organ involvement, it was found that the presence of
two organ involvements was more prevalent overall.
Specifically, patients with asymptomatic osteonecrosis
demonstrated a higher prevalence of gastrointestinal,

Table 3 Demographic characteristics, clinical and laboratory findings of participants

variables patients with patients without Total P value
asymptomatic asymptomatic n=17
osteonecrosis osteonecrosis
n=8 n=9
Age Range 27-50 22-46 22-50 0.321
Median (IQR?) 39.5 (32.00- 47.00) 31.00 (28.00- 43.00) 39.00 (29.50- 43.00)
Average rank 1038 7.78
Gender Male® 2(25.00) 3(3333) 5(2941) 0.583
Fernale® 6 (75.00) 6 (66.67) 12(70.59)
Disease onset age Range 22—46 15—40 15-46 0.046
Median (IQR) 31.50 (28.25-39.50) 21.00 (18.50- 33.00) 29.00 (20.50- 35.50)
Average rank 11.63 6.67
Disease duration(year) Range 3-10 1-26 1-26 0.606
Median (IQR) 5.50(3.25-8.75) 6.00 (3.50- 18.00) 6.00 (3.50-9.50)
Average rank 8.25 9.67
Organ involvement numbers Range 0-3 0-4 0-4 0.294
Median (IQR) 2.33(1.00-2.75) 2.00 (2.00- 3.00) 2.00 (1.50—3.00)
APS Yes® 00 100 1(5.88) 0529
Hyperlipidemia YesP 2 (25.00) 1(11.11) 3(17.65) 0453
Anti-dsDNA Positive® 5(62.50) 5(55.56) 10(58.82) 0.581
CRP ESR PositiveP 5(62.50) 2(2222) 7(41.18) 0.117
Alcohol use YesP 0(0) 0(0) 0(0)

2 Interquartile Range
b frequency (%)

APS Antiphospholipid syndrome, Anti-dsDNA Anti double stranded DNA, CRP C-reactive peptide, ESR Erythrocyte Sedimentation Rate
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pulmonary, and hematologic involvement, while kidney,
brain, and cardiac involvement were more frequently
observed in patients without asymptomatic osteonecro-
sis. Although the median number of organ involvements
was higher in patients with asymptomatic osteonecro-
sis, no significant difference was found between the
two groups in terms of the number of organs involved
(p=0.294).

Among the participants, 58.82% of patients had a high
titer of anti-double stranded DNA (anti-ds DNA) anti-
body, 41.18% had elevated C Reactive protein (CRP)
levels and high Erythrocyte Sedimentation Rate (ESR),
and 17.65% had dyslipidemia. There was no significant
difference observed between patients with and without
asymptomatic osteonecrosis in these factors. Only one
participant had a history of previous left hip joint oste-
onecrosis and was diagnosed with antiphospholipid syn-
drome; however, asymptomatic osteonecrosis was not
detected in their three-phase bone scintigraphy. None of
the patients reported alcohol consumption.

The daily intake of corticosteroids ranged from 0 to
20 mg of prednisolone per day. The most common daily
dose of prednisolone among patients was 10 mg/day
(41.87% of patients), and 64.71% of patients consumed
at least 10 mg of prednisolone per day. Interestingly one
patient with previous hip joint osteonecrosis did not take
prednisolone. The cumulative dose of glucocorticoid
intake ranged from 3000 to 85,050 mg of prednisolone
(median 13,500). Although daily prednisolone intake
and cumulative dose of corticosteroids were higher, and
the variability was lower in patients with asymptomatic
osteonecrosis, no significant difference was found among

Table 4 Drug administration history of patients
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patients with and without osteonecrosis in these meas-
ures (p=0.131 and p=0.541 respectively).

In total, 47.07% of patients received intravenous pulses of
corticosteroids (37.5% in patients with asymptomatic oste-
onecrosis and 55.56% in patients without asymptomatic
osteonecrosis). The administration of intravenous pulse cor-
ticosteroids was lower in patients with asymptomatic oste-
onecrosis; however, there were no significant differences
between the groups (P=0.399). The interval between corti-
costeroid pulse intake and the occurrence of osteonecrosis
ranged from 225 to 7300 days (median 815 days) and no sig-
nificant difference was observed between groups.

There were no significant differences observed in the
use of cytotoxic drugs, statins, ASA, bisphosphonates,
and hydroxychloroquine intake between patients with
and without asymptomatic osteonecrosis (see Table 4).

Discussion
In our evaluation, 8 out of 17 participants (47%) were
found to have asymptomatic osteonecrosis. Asymp-
tomatic osteonecrosis is highly prevalent among indi-
viduals with SLE. While the reported prevalence of
symptomatic osteonecrosis ranges from 4 to 15%, the
estimated prevalence of asymptomatic osteonecrosis is
much higher, reaching up to 44% of patients [2, 6, 15-18].
In a study conducted by Lee et al, the prevalence of
symptomatic osteonecrosis was found to be 6.9% among
1056 Korean patients with SLE during the period from
1990 to 2012 [19]. In another study conducted in Can-
ada, the prevalence of osteonecrosis was reported to be
approximately 13.5% among 1729 patients with SLE dur-
ing a follow-up period of up to 40 years [2]. In a more

Variables Patients with asymptomatic  Patients without Total P value
osteonecrosis asymptomatic n=17
n=8 osteonecrosis
n=9
Daily steroid use (mg) Range 5-20 0-20 0-20 0.131
Median 10.00 (10.00—13.70) 7.50 (5.00—12.50) 10.00 (6.25—12.50)
(IQR?)
Cumulative steroid dose(mg) Range 5250 - 8505 3000—80,100 3000- 85,050 0.541
Median (IQR) 14,000.00 (10,012.50- 71,425.50) 13,150.00 (6450.00- 41,462.50 13,500.00 (9637.50- 43,127.50)
Average rank 9.88 822
Steroid pulse use YesP 3(37.5) 5 (55.56) 8 (47.07) 0.399
Cytotoxic drug use YesP 5(62.50) 5(55.56) 10 (58.82) 0.581
Statin use Yes® 2 (25.00) 6 (66.67) 8(47.07) 0.109
Aspirin use YesP 0(0) 4 (44.44) 4 (23.53) 0.053
Bisphosphonate use YesP 4 (50.00) 5 (55.56) 9 (52.94) 0.601
Hydroxy chloroquine use YesP 5(62.50) 5 (55.56) 10 (58.82) 0.581

2 Interquartile Range
b Frequency (%)
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recent study, the prevalence of symptomatic osteonecro-
sis among 912 SLE patients was reported to be 10.6%. The
time interval between the diagnosis of SLE and the devel-
opment of osteonecrosis ranged from 71.7 months to
18 years [17]. According to a study conducted by Akbar-
ian et al., which involved the evaluation of 2,280 patients
with SLE over a period of 33 years, the prevalence of
symptomatic osteonecrosis was reported to be 4.6% [18].

In the study conducted by Shunichi Yokota et al,, it
was found that out of 152 joints with osteonecrosis
detected by whole-body MRI, 60 joints (39.5%) were
asymptomatic [13]. Oinuma et al. reported an inci-
dence of osteonecrosis in SLE patients at approximately
44% within an average of three months after high-dose
corticosteroid therapy, irrespective of the presence or
absence of symptoms [6]. Nakamura et al. conducted
a study to evaluate the occurrence of osteonecrosis in
SLE patients treated with corticosteroids, and they
found that osteonecrosis developed in 44% of patients
who underwent periodic MRI evaluations of their
hips and knees for over 10 years [20]. Another study
reported a prevalence of approximately 26% for asymp-
tomatic osteonecrosis [21]. Furthermore, in an earlier
study, the prevalence of osteonecrosis detected through
periodic MRI of lower limbs was found to be 37.5%, and
interestingly, most of the affected patients were asymp-
tomatic despite multiple joint involvement [22]. Our
study’s findings align with the literature, further con-
firming the significant presence of asymptomatic oste-
onecrosis in SLE patients.

The discrepancy in the prevalence of osteonecrosis
observed in different studies can be attributed to varia-
tions in sample size, characteristics of the study popula-
tion (such as age, gender, and race), and the duration of
follow-up. As the follow-up period increases, the preva-
lence of osteonecrosis is likely to rise.

Various imaging techniques with varying sensitivity
and specificity have been proposed for the diagnosis of
osteonecrosis. Although MRI is the most sensitive imag-
ing modality for detecting osteonecrosis and assessing
its severity, routine use of whole-body MRI is not fea-
sible due to its high cost. As an alternative, whole-body
bone scanning, which is more sensitive than plain radio-
graphs in diagnosing osteonecrosis, can be employed for
screening asymptomatic osteonecrosis in cases of mul-
tifocal joint involvement. This screening method reveals
an increased uptake of technetium-99 m methylene
diphosphonate (Tc99m-MDP), aiding in the detection of
asymptomatic osteonecrosis [23]. It appears that SPECT
bone scintigraphy and MRI can serve as complementary
imaging modalities in the diagnosis of asymptomatic
osteonecrosis [24].
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In our study, we initially conducted a bone scintigra-
phy to identify potential cases of asymptomatic osteone-
crosis. To address the limitations associated with bone
scintigraphy, including a higher likelihood of false nega-
tive results, we utilized three-phase SPECT bone scin-
tigraphy. Subsequently, in the second phase, the joints
exhibiting elevated Tc99m-MDP uptake in the bone scin-
tigraphy underwent MRI for further confirmation of the
diagnosis of asymptomatic osteonecrosis.

Although non-traumatic osteonecrosis commonly
affects the femoral neck, tibial plateau, and femoral con-
dyle, it can also involve additional joints, including the
ankle, shoulder, foot, and wrist. In rare instances, oste-
onecrosis may affect joints such as the scaphoid [2, 17,
25]. In our study, the number of joints affected by oste-
onecrosis ranged from 1 to 5. Among the symptomatic
joint involvements, osteonecrosis of the left hip was the
most prevalent, with a frequency of 23.07%, followed by
the right hip and both the right and left knees. Regard-
ing asymptomatic osteonecrosis, the most frequently
affected joint was the left knee (25%), followed by the
right knee and right ankle, and involvement of both
foot joints remaining asymptomatic. It appears that the
involvement of larger joints in the lower extremities is
more likely to present with symptoms.

Multifocal osteonecrosis is characterized by the simul-
taneous or sequential involvement of three or more ana-
tomical sites by osteonecrosis. When multiple joints are
affected by osteonecrosis, the condition becomes more
complicated. Multifocal osteonecrosis has been reported
in approximately 3% of patients with osteonecrosis. The
most common cause of multifocal osteonecrosis is the
administration of high-dose corticosteroids. Other fac-
tors such as SLE and kidney dysfunction have also been
identified as contributing causes [26]. Multifocal oste-
onecrosis is a common finding in patients with SLE. It
often manifests bilaterally and involves joints such as
the hips (up to 90% of cases), knees, and shoulders. It
is noteworthy that multifocal osteonecrosis is gener-
ally asymptomatic in nature [6]. In a study conducted
by Young-Sil, the prevalence of multifocal osteonecrosis
was reported to be 10.4% among patients with osteone-
crosis, with 26 out of 254 patients presenting multifocal
involvement [23]. In our study, the prevalence of multi-
focal osteonecrosis was observed in 4 out of 17 patients
(23.52%), which is higher compared to previous studies.
This higher prevalence may be attributed to the relatively
small sample size and the inclusion of high-risk patients
with SLE who were undergoing high-dose corticosteroid
treatment. Figure 1 illustrates the bone scintigraphy and
MRI of a patient with multifocal osteonecrosis.

The majority of participants were young women, with
a median age of 39.5 years old. This observation aligns
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Fig. 1 The bone scintigraphy and MR images of a patient with multiple joint osteonecrosis. A Evidence of increased osteoblastic reaction in the left
femoral head, consistent with the reparative phase of AVN, increased osteoblastic reaction in the left proximal humeral epiphysis; indicating an early
phase of AVN, and increased osteoblastic reactions in the right distal femoral epiphysio-metaphyseal region and the left knee joint, suggesting

an inflammatory process versus early reparative phase of AVN. B MRl images show AVNs in the left knee (a), right knee (b), and left shoulder (c).
Bilateral Bone Infarcts and Arco Stage 2 AVNs of Femoral Condyles and left Humoral Head according to ARCO Classifications

with the global epidemiological pattern of SLE, which is Among patients with SLE, disease activity and organ
known to be more prevalent in young women. Moreover, involvement, including serositis, vasculitis, nephritis,
within the context of SLE, osteonecrosis demonstrates a  pulmonary manifestations, cardiac complications, and
higher occurrence in females compared to males [5]. central nervous system involvement, are considered
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major risk factors for the occurrence of osteonecrosis
[3, 26, 27]. In our study, patients with asymptomatic
osteonecrosis generally had higher ages and longer
durations of disease compared to patients without
asymptomatic osteonecrosis. However, this finding did
not reach statistical significance. Additionally, the only
significant difference observed between patients with
and without asymptomatic osteonecrosis was the age
at which the disease first appeared, which was higher in
patients with asymptomatic osteonecrosis. In contrast
to our findings, a study reported that a younger age at
the onset of the disease and the presence of psychosis
were associated with osteonecrosis [28].

In our study, the range of organ involvement among
participants varied from 0 to 4 organs. Contrary to
other studies, although the median number of organ
involvement was higher in patients with asymptomatic
osteonecrosis, no significant difference was found
between the two groups regarding the number of organs
involved [3, 27].

Other known risk factors for osteonecrosis in SLE
include the presence of autoantibodies, antiphospholipid
syndrome, and dyslipidemia [3, 26, 29]. Our study did
not find any significant difference regarding CRP level as
an inflammatory marker, anti-dsDNA antibody level as
an autoantibody and marker of lupus activity, the pres-
ence of antiphospholipid syndrome, and dyslipidemia
between patients with symptomatic and asymptomatic
osteonecrosis.

Corticosteroid utilization is the most common cause
of non-traumatic osteonecrosis, and its occurrence is
closely associated with the dosage and duration of cor-
ticosteroid administration [6, 30]. High-dose and long-
term systemic corticosteroid treatment are strongly
associated with an increased incidence of corticoster-
oid-associated osteonecrosis. In contrast, osteonecrosis
is a rare occurrence in patients who have never received
corticosteroid treatment [31]. A dose-dependent rela-
tionship has been reported between corticosteroid use
and the risk of osteonecrosis development. Specifically,
for each 10 mg/day increase in corticosteroid dose,
there is a 3.6 percent increase in the risk of osteone-
crosis. Furthermore, doses exceeding 20 mg have been
associated with a higher incidence of osteonecrosis
[32]. Although the pathogenesis of corticosteroid-asso-
ciated osteonecrosis remains uncertain, several mecha-
nisms have been proposed. These include abnormalities
in the bone marrow stem cell pool, dyslipidemia, the
presence of fat microemboli, an increase in the num-
ber and size of adipocytes within the bone marrow, vas-
cular endothelial dysfunction, a hypercoagulable state,
and apoptosis of bone cells. These factors collectively
contribute to the development of marrow ischemia and
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subsequent osteonecrosis [33]. It appears that the ini-
tial high dose of corticosteroids plays a more significant
role than the total dose and duration of corticosteroid
therapy in the development of osteonecrosis. Asymp-
tomatic osteonecrosis, in particular, can occur within a
relatively short period of three months in patients with
SLE following treatment with high-dose corticosteroids
[34]. In addition to SLE being a recognized risk factor,
frequent use of high-dose corticosteroids due to disease
flares in patients with SLE may serve as a predispos-
ing factor for osteonecrosis. It has been observed that
corticosteroid-associated osteonecrosis is more preva-
lent among patients with SLE compared to non-SLE
patients, with rates of 37% and 21%, respectively [33,
35]. Contrary to findings from other studies, our study
did not identify any significant differences in the fre-
quency of intravenously pulsed corticosteroid adminis-
tration, higher dose, cumulative dose, and duration of
corticosteroid intake between patients with and with-
out asymptomatic osteonecrosis. This discrepancy may
be due to our small sample size or the fact that patients
who received higher doses of corticosteroids mostly
presented with symptomatic osteonecrosis.

Although it has been reported that the use of cyto-
toxic agents is a risk factor for the occurrence of symp-
tomatic osteonecrosis [25], In our study, there was no
significant difference in the intake of cytotoxic drugs.
Similarly, there were no significant differences observed
in the intake of statins, ASA, bisphosphonates, and
hydroxychloroquine among patients with and without
asymptomatic osteonecrosis.

Limitations of the study

The low number of participants in our study can be
attributed to the specific inclusion criteria we used.
We enrolled only patients who had recently been diag-
nosed with symptomatic osteonecrosis within the last
six months. This selective inclusion might account for
certain discrepancies between the findings of our study
and those of other researches. For instance, we found
no significant differences in corticosteroid intake, dis-
ease activity, and presence of autoantibodies between
patients with and without asymptomatic osteonecrosis.
However, larger studies are needed to further investi-
gate these associations.

Another limitation of our study is the use of three-
phase bone scintigraphy for detecting asymptomatic
osteonecrosis. It has lower sensitivity and specificity
compared to whole-body MRI in detecting osteone-
crosis, which is a more accurate imaging modality. This
limitation should be taken into consideration when
interpreting our results.
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We assessed the involvement of joints at various time
points from the initiation of the disease. Conducting a
cohort study to screen for asymptomatic osteonecrosis
in SLE patients through regular and predefined evalua-
tions of joints after the diagnosis of symptomatic oste-
onecrosis could potentially provide greater value and
insight.

Conclusions

Our study provides additional evidence supporting the
high prevalence of asymptomatic osteonecrosis among
patients with SLE. This prevalence is attributed to both
the nature of the disease and the frequent use of high-
dose corticosteroids in its treatment. Furthermore, our
findings emphasize the importance of comprehensive
screening using whole-body SPECT bone scintigraphy
and MRI, as well as the necessity of timely intervention to
prevent the debilitating consequences of osteonecrosis.
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