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Abstract

Background Bone marrow edema syndrome (BMES), previously referred to as transient osteoporosis, is an uncom-
mon and underdiagnosed self-limiting condition typically affecting the weight-bearing joints of the hip and lower
limb. Its occurrence in upper limb or non-weight bearing joints is particularly rare.

Case presentation \We report the case of an otherwise healthy 42-year-old man who gradually developed severe
and disabling left shoulder pain over the course of 6 months. Nine months after onset, he presented clinically with
bilateral involvement and radiologically (magnetic resonance imaging, MRI) with diffuse BME associated with a
subchondral insufficiency fracture, suggestive of proximal humeral avascular necrosis. Clinical evidence of subacro-
mial shoulder impingement and MRI findings of bilateral subchondral bursitis and tenosynovitis with effusion of the
biceps tendons likely resulted from primary BME, as musculoskeletal sonography confirmed the absence of rotator
cuff tears. Repeated MRI findings at 2, 12, and 18 months documented near complete resolution of both edema and
fracture, consistent with BMES of the proximal humerus. During this time, the patient reported a gradual improve-
ment in both pain symptoms and range of motion. The clinical picture of insidious shoulder pain, exacerbated by
activity and improved by load relief, in the absence of predisposing factors for osteonecrosis or antecedent trauma in
patients of middle age, should indicate the possibility of the diagnosis of BMES.

Conclusions This unprecedented report documents a rare case of bilateral BMES of the humeral head mimicking
avascular necrosis. The correct diagnosis of BMES within an atypical anatomical location avoids invasive measures in
the affected bone. The misdiagnosis of secondary BME and idiopathic osteonecrosis can be avoided by recognizing
the characteristics of BME and subchondral fractures of the humeral head in the absence of rotator cuff tears, as well
as their evolution on serial MRI.
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Background

Bone marrow edema syndrome (BMES) is a rare, pain-
ful condition of unknown etiology, mostly affecting
middle-aged men (40-60 years old) and women dur-
ing late pregnancy [1, 2]. BMES is a self-limiting con-
dition associated with magnetic resonance imaging
(MRI) evidence of diffuse BME and subchondral frac-
tures [3]. Spontaneous pain caused by BMES is most
often reported in the weight-bearing joints of the
lower extremities. The most common sites, in descend-
ing order, are hip, knee, ankle, and foot [4]. BMES can
appear at a single bone or multifocally and it is thought
to resolve spontaneously after 6—24 months, although
it may recur in another anatomical area [2, 5].

Primary BMES (including the migratory BMES vari-
ant) and transient BMES are interchangeable terms for
the same pathological entity, also referred to as tran-
sient osteoporosis (with the corresponding migratory
osteoporosis variant) before the advent of MRI [4, 5].
Transient osteolysis, transitory demineralization, and
algodystrophy are alternative terms that refer to the
same pattern of temporary painful BME, without any
evidence of focal osteonecrosis or a specific underly-
ing pathology [6]. Because of the low prevalence of the
disease, the existing knowledge is based on single case
reports or small case series. We describe a rare case of
sequential bilateral upper arm presentation in a mid-
dle-aged man who was diagnosed with BMES of the
humeral head mimicking avascular necrosis. The most
common causes of bilateral shoulder pain include oste-
oarthritis, tendonitis, rotator cuff tears, and impinge-
ment syndrome. Based on the results of imaging and
sonographic findings, the differential diagnosis was
subsequently narrowed down to avascular necrosis and
BMES, with the natural course of the condition con-
firming the latter.

Case report

We report the challenging diagnostic case of an otherwise
healthy 42-year-old right-handed male physician who
presented with gradually worsening left shoulder pain.
The patient did not report either vocational or avoca-
tional activities that could result in overuse injuries. Fol-
lowing a spontaneous and insidious onset, the patient’s
symptoms became increasingly more severe and inca-
pacitating over the course of 6 months. The pain was
invariably exacerbated by activity and weight-bearing,
whereas it was temporarily alleviated by immobilization
and load relief. Two courses of high-dose non-steroidal
anti-inflammatory medication (Ibuprofen 1800 mg daily)
proved ineffective and intractable pain-related sleep
problems prompted referral to the orthopedic clinic.
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Following examination, based on the clinical suspi-
cion of rotator cuff pathology, a conservative approach
was recommended. An initial attempt at physiotherapy
proved unfeasible, as a 2-month regimen of isomet-
ric exercises resulted in increased pain and functional
impairment. The patient developed similar pain symp-
toms over his right shoulder about 9 months after con-
tralateral onset. The results of full blood tests, including
vitamin D level (65 nmol/L) and inflammatory param-
eters, were unremarkable. Inflammatory and other sec-
ondary causes of BME were ruled out. The patient was
referred to bilateral shoulder MRI scan (Fig. 1).

The MRI study showed prominent BME involving the
humeral head bilaterally, associated with a subchondral
fracture at the central third of the humeral head (left
shoulder) and a subchondral cyst formation within the
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Fig. 1 T2-weighted fat-suppressed magnetic resonance imaging
of bilateral shoulders showing diffuse bone marrow edema of
the humeral heads, with progressive near-complete resolution at
follow-up (2, 12, and 18 months)



Cavanna and Cavanna Egyptian Rheumatology and Rehabilitation

posterior aspect of the humeral head (right shoulder).
The imaging appearances were consistent with proxi-
mal humeral avascular necrosis. In consideration of the
absence of known underlying causes for avascular necro-
sis, including history of trauma, alcohol and steroid use,
the possibility of an idiopathic form of bilateral humeral
head osteonecrosis was raised. At this stage, the overall
shoulder function as assessed with the constant score
[7]. Among the subjective variables of the constant score,
pain was measured using a visual analog scale (VAS),
whereas activities of daily living encompassed sleep,
work, and recreation/sport [8]. With regard to the objec-
tive variables of the constant score, range of motion was
established by goniometric examination of pain-free arm
lifting across forward flexion, abduction, external and
internal rotation, while strength was measured using the
modified spring balance method [9]. For each Constant
domain, the higher the score, the higher the quality of the
function. The overall Constant score was 32 points, cor-
responding to a functional shoulder value of 33% of an
age- and sex-matched normal control group [10]. Sub-
scale scores were as follows: pain 5/15 points, activities
of daily living 5/20, range of motion 16/40, strength 6/25.
Shoulder examination demonstrated a positive Jobe’s test
bilaterally; however, musculoskeletal sonography con-
firmed the absence of rotator cuff tears) [11].

Bilateral MRI of the shoulders was repeated 2 months
later, following initial improvement of the left shoul-
der pain and persistent intertubercular bicipital groove
point tenderness of the right shoulder (Fig. 1). There
were residual pathological signs of a resolving subchon-
dral insufficiency fracture (left shoulder) and persistent
subchondral cystic change plus mild subacromial bursitis
and tenosynovial fluid distension of the biceps long head
tendon (right shoulder). Follow-up imaging data were
obtained at 12 and 18 months. Repeated MRI findings
documented that the previously demonstrated exten-
sive BME in the humeral head had nearly completely
resolved. The improvement was particularly noticeable at
the level of the left humeral head, where the pathology
had initially developed. Over time, there was a gradual
resolution of associated findings (subchondral fracture
and cyst), although the improvement of subacromial
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bursitis and tenosynovial fluid distension of the biceps
long head tendon was considerably slower.

A further course of physiotherapy was recommended,
including a combination of stretching and strengthening
exercises, which allowed to regain a satisfactory range
of motion. Gradual improvement in pain symptoms was
accompanied by the development of catching and grind-
ing sounds on active mobilization, as a result of func-
tional changes related to the marked improvement of
the bone marrow lesions with incomplete resolution of
subacromial bursitis and tenosynovial fluid distension of
the biceps long head tendon. Constant scores and sub-
scores at follow-up (2, 12, and 18 months) are presented
in Table 1. We obtained written consent for publication
of data concerning the present case from the patient.

Discussion

The clinical picture of BMES was first described in 1959
in pregnant women, with the older name of transient
osteoporosis of the hip [12], whereas its MRI correlate
(BME) was first documented in 1988 [13]. BMES has
since been described in other joints, affecting three times
as many middle-aged men than women [6]. Patients with
BMES report the spontaneous and insidious onset of
severe, incapacitating pain that is exacerbated by activity
and weight-bearing, and it is alleviated by immobilization
and load relief [3, 14]. Temporal trajectories can vary, but
pain symptoms usually increase over the course of sev-
eral weeks, in the absence of any antecedent history of
trauma. The plateau phase lasts for a couple of months,
and then pain gradually declines over the following
3-9 months [15]. In some cases, complete resolution of
symptoms can take up to 36 months [1, 6].

Painful BME can occur either spontaneously (primary
BME or BMES) or in the context of underlying conditions
encompassing almost all medical specialties (secondary
BME). Consequently, before a diagnosis of BMES can be
made, secondary causes of BME, including trauma, infec-
tion, tumor, metabolic imbalance, ischemia, joint inflam-
mation, and degeneration, must be ruled out [4, 15, 16].
Specifically, the differential diagnosis of non-traumatic
BME of the long bones encompasses osteoarthritis, rheu-
matoid arthritis, osteomyelitis, hydroxyapatite deposition

Table 1 Constant scores and subscores at baseline and follow-up (2, 12, and 18 months)

Months Total Pain ADL ROM Strength
(0-100) (0-15) (0-20) (0-40) (0-25)

0 32(L/32(R) 5UL)/5R) 5UL)/5R) 16 (L)/16 (R) 6 (L)/6 (R)

2 47 (L)/32 (R) 7L/5R) 10 (L)/5 (R) 20 (L)/16 (R) 10 (L)/6 (R)

12 69 (L)/51 (R) 10 (L)/7 (R) 15 (L)/10 (R) 28 (L)/22 (R) 16 (L)/12 (R)

18 84 (/74 (R) 12 (/10 (R) 18 (L)/16 (R) 34 ()32 (R) 20 (/16 (R)

Abbreviations: ADL activities of daily living, ROM range of motion
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disease, gout, bone cancer, and iatrogenic lesions (e.g.,
corticosteroids and other immunosuppressants). Bone
marrow lesions such as BME are not visible on plain
X-ray or computed tomography images. The differential
diagnosis requires more specific imaging technologies,
among which MRI and ultrasound yield the most useful
information. The Ludwig Maximilians University LMU
Consensus etiological classification of BME confirms that
at present, BMES is a diagnosis of exclusion and can be
distinguished from secondary causes of BME, particu-
larly osteonecrosis, mainly by its self-limiting nature [4,
17]. In our case report, secondary BME was ruled out
based on the patient’s clinical history, findings on exami-
nations, and results of both laboratory tests and imaging
investigations. Moreover, musculoskeletal sonography
confirmed the absence of rotator cuff tears. These find-
ings, combined with the time course, size, and distribu-
tion of the humeral head lesions, suggest that in our case
report BME is unlikely to be due to shoulder impinge-
ment, although BME is often underestimated in the
presence of soft tissue lesions. BMES is a rare condition
and, consistently with its definition, its etiology remains
largely unknown. The migratory variant of BMES (bilat-
eral BMES) is suggestive of a disorder that may involve
one or more joints, with the hip being the most common
site [18, 19]. To the best of our knowledge, this rare con-
dition has not been previously documented as affecting
both humeral heads.

Although the cause of BMES is unknown, multiple
etiopathogenic mechanisms have been proposed. The
presence of a joint effusion in nearly all cases of BMES
suggests synovial involvement, but targeted investiga-
tion has revealed only non-specific synovial fluid find-
ings [15]. It has also been suggested that BMES could be
a form of reflex sympathetic dystrophy [17, 20]. Finally,
it has been hypothesized that BMES can develop as a
result of a transient ischemic insult, suggesting that
BMES and osteonecrosis may exist on a spectrum rang-
ing from transient and reversible bone injury to extensive
and permanent bone death. However, in a large study of
155 patients diagnosed with BMES of the hip by imaging
criteria, none of the patients progressed to osteonecrosis,
casting doubt on the suggestion that BMES is part of a
clinical spectrum that results in either spontaneous reso-
lution or avascular bone death [16]. Interestingly, none of
the proposed pathogenic theories explain the increased
incidence of BMES in middle-aged men or pregnant
women.

In BMES, active osteoporotic changes have been asso-
ciated with the presence of local subchondral micro-
fractures (insufficiency fractures) and cysts [16, 21].
Radiography in the early stage of BMES does not regis-
ter significant changes, requiring MRI analyzed by an
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experienced radiologist. MRI remains the examination
of choice for the early diagnosis of BMES, as bone mar-
row lesions are not visible on plain X-ray or computed
tomography images. MRI typically shows an ill-defined
area of hypointense signal on T1-weighted images
and hyperintense signal without sharp margins on
T2-weighted images within the bone head; T2-weighted
imaging may also reveal a joint effusion [17]. Overall, the
MRI correlates of BMES are thought to be the expression
of localized high bone turnover associated with repairing
phenomena [22]. Although the altered MRI signal pattern
is probably related to a displacement of normal fatty bone
marrow by a more water-rich material or increased tissue
vascularity within the trabecular bone, the actual histo-
pathological mechanism of BMES remains unknown [5].
The absence of MRI signs of bone erosion or subchondral
collapse, together with the self-limiting course, are help-
ful elements in the differential diagnosis between BMES
and osteonecrosis (avascular necrosis).

Similarly to BMES, osteonecrosis has an uncertain
pathophysiology, with 10% of cases being idiopathic and
80% being caused by excessive use of alcohol and use
of steroids [23]. Contrary to BMES, osteonecrosis has a
progressive course which often requires invasive surgi-
cal interventions [24]. However, the differential diagnosis
between BMES and idiopathic osteonecrosis can be chal-
lenging, since initial MRI findings are often non-specific
and there are no biomarkers or other laboratory tests that
are helpful in confirming the diagnosis of BMES [3]. The
clinical presentations in the early stages of BMES and
osteonecrosis show considerable overlaps, with bilat-
eral involvement in a substantial proportion of patients.
Moreover, humeral head osteonecrosis is easily masked
by other more common diagnoses and concomitant con-
ditions [25]. Specifically, cases of idiopathic humeral head
osteonecrosis mimicking rotator cuff disorders have been
reported, although the BME pattern that can be observed
in some cases of rotator cuff pathology tends to be con-
fined to the fibro-osseous junction around the tendon
insertion area [24]. There is also the possibility that either
BMES or osteonecrosis co-occur with rotator cuff tears:
evidence from a mass screening study showed that the
prevalence of rotator cuff tears in the general population
was 22%, with higher prevalence figures in older people
and asymptomatic tears being twice as common as symp-
tomatic tears [26].

Evidence-based guidelines for the diagnosis and man-
agement of BMES are lacking [4]. Since BMES is a self-
limiting condition, conservative treatment should aim
at reduction of pain and disability, as well as dissolution
of the BME. Measures to shorten the natural history of
BMES include reduced weight-bearing, immobilization
of the affected area, analgesics and anti-inflammatory
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medication [2]. Additional treatment approaches have
been suggested, including extracorporeal shock wave
therapy, bisphosphonates, and iloprost, but conclusions
regarding their efficacy have been precluded by the small
number of cases and the lack of placebo-controlled tri-
als [4]. The rarity of BMES makes it unlikely that rand-
omized controlled trials assessing the therapeutic efficacy
of known pharmacological agents will be conducted.
Based on the available evidence, active monitoring of the
clinical improvement could be complemented by further
serial MRI investigations in case of unexpected changes
during the recovery pathway. Further analyses of under-
lying molecular mechanisms are likely to provide new
pathophysiological insights that might lead to novel, dis-
ease-specific therapeutic targets.

Conclusions

The clinical picture of insidious shoulder pain, exac-
erbated by activity and improved by load relief, in the
absence of predisposing factors for osteonecrosis or
antecedent trauma in patients of middle age, should indi-
cate the possibility of the diagnosis of BMES. The pre-
sent report shows that in selected cases, BME patterns
on shoulder MRI can represent forms of BMES within
an atypical anatomical location. Our rare case report is
the first documentation of BMES affecting both humeral
heads. The correct diagnosis of BMES of the humeral
head, which improves slowly, though spontaneously,
avoids invasive measures in the affected bone. The mis-
diagnosis of secondary BME and idiopathic osteonecro-
sis can be avoided by recognizing the characteristics of
BME and subchondral fractures of the humeral head in
the absence of rotator cuff tears, as well as their evolution
on serial MRI. Further studies are warranted to elucidate
endogenous pathogenetic factors related to BMES.
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