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A clinical overview
of bone marrow edema

M. Manara, M. Varenna
Division of Rheumatology, Gaetano Pini Institute, Milan, Italy

SUMMARY
Bone marrow edema (BME) is a descriptive term which identifies a specific magnetic resonance imaging
(MRI) pattern that can be observed in a number of clinical entities, which are often characterized by pain as
their main symptom, but show significant differences in terms of histopathological findings, causal mechanisms
and prognosis. Bone marrow lesions in the subchondral bone of subjects with knee osteoarthritis (OA) seem
to be associated with pain and progression of cartilage damage over time. Some histopathological studies of
advanced OA have shown a prevalent fibrosis and bone marrow necrosis. BME of the subchondral bone in
rheumatoid arthritis is associated with an infiltrate of inflammatory cells and osteoclasts and has a predictive
value of further development of erosions. In spondyloarthritis, BME of the sacroiliac joints identifies an active
sacroiliitis and is associated with histological inflammation and radiographic progression, whereas the relation-
ship between BME lesions of the spine and syndesmophyte development is still controversial. BME syndromes
(BMES), such as transient osteoporosis of the hip, regional migratory osteoporosis, and transient post-traumatic
BMES, are characterized by a BME pattern on MRI and a self-limiting course. The potential evolution of
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BMES toward osteonecrosis is still controversial.

Key words: Bone marrow edema, Magnetic resonance imaging, Osteoarthritis.

H INTRODUCTION

S ince it was first described in 1988 (1),
the interest in bone marrow edema
(BME) has progressively increased over
the last few years, as can be inferred by
a growing amount of publications on this
topic. This descriptive term has been ap-
plied to a number of clinical entities, which
are all characterized by the same magnetic
resonance imaging (MRI) pattern and often
by pain as their main symptom, but show
significant differences in terms of histo-
pathologic pictures, causal mechanisms
and prognosis.

From the radiological point of view, BME
can be defined as an area of altered signal
on the MRI of the bone, which shows an
intermediate or low signal intensity on T1
weighted images and a high signal inten-
sity on fat-suppressed, T2 weighted, and
short tau inversion recovery sequences in
comparison with the normal bone marrow
(2). The presence of BME can be detected
only by MRI and cannot be seen on plain
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X-rays or computed tomography, even
though in some clinical conditions associ-
ated with BME, such as transient osteopo-
rosis of the hip (TOH), an area of localized
osteoporosis can be visible on X-rays. The
finding of BME on MRI is also frequently
associated with an increased local uptake
of the tracer on the bone scan.

The real meaning of BME from the histo-
pathological point of view is still unclear.
The altered signal pattern observed on
MRI is probably related to a replacement
of normal fatty bone marrow by a more
water-rich material (3). Even if this altera-
tion was assumed to be due to a real local
edema, only a few studies actually confirm
this hypothesis (4), whereas in the majority
of histological samples there is no edema
in the examined tissues but lymphocytic in-
filtrates, fibrosis, increased vascularization
and less mineralized bone. For this reason
in the most recent literature the term BME
has been replaced in some cases by the
more inclusive and generic definition of
bone marrow lesions (BML), especially in
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Figure 1 - Bone marrow lesions in knee os-
teoarthritis.

studies of subchondral lesions observed in
osteoarthritis (OA) (Fig. 1), which are of-
ten well-defined and distinguishable from
the more homogeneous and diffuse signal
abnormalities visible in other BME related
diseases, like the so-called BME syndromes
(BMES) (5). The histopathological signifi-
cance of BME could be different in distinct
clinical entities, being probably more re-
lated to an inflammatory infiltrate in rheu-
matoid arthritis (RA), a real edema and a
reduced bone mineralization in BMES,
and fibrosis and bone marrow necrosis in
advanced OA. However these different
patterns could coexist in the same clinical
entity. Moreover, it should be pointed up
that interpretations derived from histologi-
cal studies should be considered with cau-
tion due to unavoidable limitations related
to collection techniques, which can make
it difficult to detect the real presence of an
edema on bone specimens mainly because
of the time elapsed between BME appear-
ance and histological examination.

If on one hand the clinical picture underly-
ing BME may extremely vary, on the other
the proposed pathogenic mechanisms are
numerous and diverse, yet potentially con-
comitant. In a large proportion of cases,
trauma has been called into question: acute
trauma or chronic repeated stresses can
induce a disruption of marrow trabeculae
with leakage of interstitial fluid and hemor-
rhage to marrow spaces (6). Marrow edema
can also be related to an increased marrow

blood flow (hyperaemic) or an impaired
vascular drainage (congestive) (6). Both
conditions can cause an increased intra-
osseous pressure (4) which can lead to a
diminished perfusion and hypoxia (7). Pain
can arise from irritation of neurovascular
structures induced by raised intra-medul-
lary pressure or a direct insult to the neuro-
vascular structure (6). A local acidosis due
to an impaired circulation can act as a fur-
ther mechanism inducing pain. Moreover,
edema and pain could be mediated by the
production of a number of local cytokines
related to trauma and hypoxia. The local
release of pro-inflammatory cytokines in
the presence of an inflammatory infiltrate
has been documented in inflammatory ar-
thritis such as RA, where bone marrow fat
is replaced by aggregates of lymphocytes
and blood vessels (3). Not only could pain
related to tumor-induced BME be caused
by the direct impact of the mass on bone
trabeculae, but also by the production of
inflammatory mediators such as prosta-
glandins (6).

A further distinction among diseases char-
acterized by BME concerns the clinical
significance and consequently the prog-
nosis of these entities. BMES are usually
self-limiting and recover without sequelae
in a variable time in the majority of cases.
It is still debated whether avascular necro-
sis is an independent entity or a possible
evolution of some cases of BMES (8). Con-
versely BML observed in OA patients have
been related not only to pain (9), but also
to cartilage damage progression and evolu-
tion toward joint derangement and the need
for joint replacement (10). In RA, the sites
of BME probably predict the later forma-
tion of bone erosions (11).

A classification of diseases associated with
BME according to etiology has been pro-
posed by Starr et al. (2) and more recently
revised by Eriksen et al. (12) (Tab. I). This
paper will focus on diseases associated
with BME that are more frequently found
in rheumatology practice and for which the
finding of BME on MRI may play a role
in influencing the therapeutic approach. A
brief overview of the most common rheu-
matologic conditions in which BME could
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Table | - Etiologies of bone marrow edema.

Trauma

Fracture (acute, osteoporotic, stress)

Local transient osteoporosis

Altered stress/biomechanics (plantar fasciitis,
tendinitis/enthesitis)

Bone bruise

Osteochondral injuries

Degenerative lesions

Osteoarthritis

Inflammatory lesions

Inflammatory arthropathies and enthesitis
Systemic chronic inflammation with fibrosis
Vascular lesions

Avascular necrosis

CRPS-I

Sickle cell anemia

Infectious lesions

Osteomyelitis

Diabetic foot

Metabolic/endocrine lesions
Hydroxyapatite deposition disease

Gout

latrogenic lesions

Local surgery

Radiotherapy

Neoplastic lesions

CRPS-I, Complex regional pain sindrome type I.

have a prognostic value or allow a better
knowledge of the underlying pathogenic
mechanisms will also be provided.

B OSTEOARTHRITIS

For a long time OA has been considered as
a disease mainly characterized by cartilage
degeneration. In the last years this concept
evolved and now OA is commonly consid-
ered as a pathological condition involving
all the joint components, including the
synovium and the subchondral bone. This
tissue was disregarded for years due to its
scarce accessibility, but the introduction of
MRI in the clinical practice has shed a new
light on the role of subchondral bone in OA
pathogenesis and disease course. The find-
ing of a possible association of BML de-
tected on MRI with clinical manifestations
such as pain and structural progression in
terms of cartilage loss prompted research-
ers to investigate the clinical significance,
the natural history and the pathological
meaning of these lesions.

The association between BML and pain
was suggested by a number of studies per-
formed on patients affected by knee OA. In
2001 Felson et al. demonstrated a higher
prevalence of BML in subjects with symp-
tomatic knee OA than in patients without
symptoms (9). This finding was confirmed
in further cross-sectional studies, such as
that by Sowers et al. which showed a sig-
nificant association between BML >1 cm
and symptomatic knee OA (13), and more
recently by Driban et al. who found that
large BMLs were associated with greater
pain and their disappearance with pain
resolution (14). Other studies yielded con-
flicting results: a cohort study by Kornaat
et al. failed to demonstrate a significant as-
sociation between BML and pain (15). A
systematic review assessing the sources of
pain in knee OA found an overall moder-
ate evidence for an association between
BML and pain, with 4 high-quality stud-
ies versus 1 demonstrating a positive as-
sociation (16). The observed discrepancy
in results could be related to the difficulty
in assessing symptoms prospectively, since
pain from knee OA is usually fluctuating
despite the underling chronic condition
(17). Moreover, other sources of pain, such
as for example synovitis, could be con-
comitantly present and act as confounders.
In this light, interesting results were pro-
vided by a recent study that demonstrated a
higher frequency of knee pain fluctuations
in patients with higher BML scores (p for
trend =0.006) (18).

The natural history of BML is extremely
variable, since a number of studies showed
that BML can develop, fluctuate in size,
and regress in OA patients, but also in the
general population without OA (20). An
association between BML and cartilage
damage has been demonstrated in cross-
sectional and longitudinal studies (20-23).
In 2003 Felson et al. observed an associa-
tion between BML and ipsilateral radio-
graphic progression in patients with knee
OA (20). In a longitudinal study, Kothari et
al. found that basal BMLs were predictive
of cartilage loss in the same sub-region 2
years later (22). Furthermore BMLs were
found to be predictive of joint replacement:
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in a longitudinal study on 109 subjects with
knee OA, Tanamas et al. found that the risk
of knee prosthesis over 4 years was signifi-
cantly associated with higher BML scores
(OR 1.57; 95% CI: 1.04, 2.35) (10).

Although the clinical and prognostic mean-
ing of BML in OA is quite well established,
the underlying pathology and pathogenic
mechanisms are still a matter of debate.
The finding of a higher prevalence of BML
in OA knee sub-regions where the load is
higher, such as for example in the medial
compartment in varus knees or the lateral
compartment in valgus knees (20), strongly
supports the hypothesis of a possible role
of repeated trauma in the genesis of these
lesions. Taljanovic et al. found a high num-
ber of micro fractures in bone biopsy speci-
mens of patients with advanced hip OA and
BME on MRI (24). Further studies did not
confirm the finding of micro damages in
BML of patients with knee OA. Converse-
ly, specimens derived from BML of knee
OA patients, when compared with adjacent
bone without BML, showed a higher num-
ber of thicker trabeculae which were more
plate-like (25-27). Interestingly, a reduced
mineralization was observed with an in-
creased osteoid volume (26). Many histo-
logical studies reported fibrosis and bone
marrow necrosis, but little or no edema (28,
29). It is noteworthy however that in almost
all these studies bone specimens were de-
rived from patients undergoing total joint
replacement and, consequently, observed
results may be related to advanced OA. It
can be hypothesized that in earlier stages
of the diseases findings could be different.
In this regard a recent study differentiated
BME edema patterns observed on MRI in
edema-like lesions, with a complete ho-
mogenization after gadolinium intravenous
injection, and necrosis-like lesions, which
showed incomplete and inhomogeneous
enhancement. Histopathology of edema-
like lesions demonstrated a histological
BME, with accumulation of eosinophilic
extracellular fluid into trabecular spaces,
while necrosis-like lesions were character-
ized by bone marrow fibrosis and, to a less-
er degree, necrosis. Moreover, edema-like
lesions were always found at the periphery

of necrosis-like lesions: this arrangement
suggests that edema-like lesions could rep-
resent a previous stage of necrosis-like le-
sions, which is potentially reversible (30).
Perfusion abnormalities have been dem-
onstrated in subchondral bone associated
with BME. Aaron et al. observed that the
rate of elimination of the contrast agent
was lower in BML than in the unaffected
bone, suggesting a venous obstruction
blocking the outflow (7). More recently,
Seah et al. found a significant correlation
between BML size and the rate of contrast
elimination in patients with knee OA in
which perfusion parameters were investi-
gated on dynamic contrast enhanced MRI
(31). These results suggest that venous sta-
sis could cause an intraosseous hyperten-
sion and consequently reduced perfusion
and hypoxia. This mechanism could be re-
sponsible, at least in part, not only for pain,
but also for osteocytes stimulation and con-
sequently bone remodeling (7).

Even if the pathogenic mechanism of BML
in OA still needs to be better clarified, as
well as the mechanism linking subchondral
bone to cartilage degradation, the observed
association of bone alterations with symp-
toms and disease progression has aroused
interest in the possibility of targeting bone
in OA treatment. On this basis a number
of studies suggested the use of bisphos-
phonates (BPS) and other anti-osteoporotic
treatments in patients with OA and pain
related to BML. A randomized-controlled
trial demonstrated a higher reduction in
knee pain and BML size in OA patients af-
ter treatment with Zoledronate than in the
placebo group (32). A recent meta-analysis
of efficacy of BPS in OA pointed out that
there is still limited evidence for pain mod-
ulation by these molecules, but suggested
that a better selection of the study popula-
tion, i.e. patients with symptomatic OA and
BML, should possibly offer more convinc-
ing results (33).

H RHEUMATOID ARTHRITIS

If OA has long been considered a disease
of cartilage, RA was regarded in the past
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as a pathological condition mainly involv-
ing the synovium. However, like in OA, the
use of MRI shifted the focus on other joint
components, such as subchondral bone.
The finding of a BME of the subchondral
bone in patients affected by RA was first
reported by Koenig et al. in 1986 (34). As
the use of MRI progressively spread, the
observation of BME become more fre-
quent and a prevalence of BME in RA be-
tween 34% and 68% was described in sub-
sequent studies (35). Interestingly, BME
was detected more frequently at the wrist
and in the second and third metacarpal
(36) and, in early arthritis, at the metatar-
sal-phalangeal joints (37), which are sites
where erosions are more likely to develop
in RA patients. A number of cohort studies
investigated the prognostic value of BME
towards bone erosions. In a cohort of 42
patients with early RA, baseline BME was
predictive of erosion at 1 year (38) and at 6
years [OR (95% CI): 6.5 (2.8, 18.1)] (39).
In another cohort of 84 patients with RA
and disease duration of less than 1 year,
BME was significantly associated with X-
rays and MRI erosive progression (11, 40).
The predictive value of BME towards ero-
sions has been confirmed in other studies,
also regardless of the presence of synovitis
(41, 42).

To better understand the pathological sig-
nificance of BME in RA, a few studies an-
alyzed the histopathology of subchondral
bone in patients with BME detected on
MRI (43). Jimenez-Boj et al. demonstrated
an inflammatory infiltrate of lymphocytes,
highly vascularized and sometimes adjoin-
ing cortical bone erosions (44). McQueen
et al. confirmed the presence of a marrow
infiltration and found that active osteitis
was observed only in areas corresponding
to BME on MRI, while osteitis was absent
in samples without BME (45). A further
study better detailed the nature of cells
composing the inflammatory infiltrate,
showing the presence of macrophages,
plasma cells and T CD8+ and B lympho-
cytes (46). Subsequent studies using immu-
nohistochemical techniques demonstrated
that the marrow infiltrate was organized
into follicles of B and T lymphocytes, often

with a lymphoid-like morphological aspect
(47). These results were confirmed in other
studies (48). As for OA, the main limita-
tion of histopathology studies is related to
the source of bone samples, deriving from
joints of patients undergoing prosthesis;
therefore results reflect findings in patients
with long-standing disease, while no direct
evidence in early disease is available.
Even if an association between BME and
erosions has been speculated based on clin-
ical studies, the link between marrow infil-
tration associated to BME and bone resorp-
tion has not yet been defined on histopa-
thology studies. Osteoclasts were identified
in the subchondral bone of patients with
RA in association with suchondral marrow
inflammation (47). Dalbeth et al described
a large number of osteoclasts in resorption
lacunae adjacent to the osteitic region (46).
However it is not yet clear if erosions could
be related to the penetration of synovial in-
flammatory tissue in the subchondral bone
or promoted by osteoclasts generated from
mononuclear precursors in areas of osteitis
(3). From a more general point of view, the
relationship between osteitis and synovial
inflammation in the pathogenesis of RA
is still an intriguing issue. Different inter-
pretations have been proposed: a primary
role of synovial membrane was tradition-
ally hypothesized, with synovial inflam-
mation followed by bone involvement (the
outside-in hypothesis), but more recently it
has been suggested that osteitis could pre-
cede synovial inflammation (the inside-out
hypothesis) (3). The second interpretation
seems to be more applicable to other forms
of arthritis than RA, such as for example
spondyloarthritides. However, a partial au-
tonomy of osteitis from synovitis cannot
be excluded. What it is unquestionable is
that, beyond its pathogenic significance,
the BME of the subchondral bone in RA is
a marker of disease activity and has a prog-
nostic value. On this basis, BME detected
on MRI is currently employed in clinical
trials on patients with RA to assess early
response to treatment and MRI scores in-
cluding BME have been developed and
validated to evaluate structural damage in
RA (49).
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H SPONDYLOARTHRITIS

The introduction of MRI in the clinical
practice has deeply changed the approach
to spondyloarthritis (SpA), because MRI-
detected sacroiliitis has been introduced in
the new Assessment of SpondyloArthritis
Society (ASAS) classification criteria for
axial SpA as a basic tool for diagnosis (50).
Prior to this innovation, radiological sacro-
iliitis was diagnosed on the basis of x-rays,
where changes can be detected only at ad-
vanced stages of the disease, whereas MRI
already shows inflammation in its early
stage, which often occurs years before
structural damage develops (Fig. 2). Not
only BME has been detected at sacroiliac
joints in axial SpA, but also at the spine,
and it has been considered as a hallmark
of inflammation (Fig. 3). Recent findings
however suggested that BME at the sacro-
iliac joint could be a possible finding also
in patients without clinical inflammatory
back pain (51). Moreover, BME-like le-
sions of the spine were found to be related
not only to inflammatory changes, but also
to chronic structural changes (52). There-
fore a considerable effort was spent by
researchers to identify features associated
with a clinical and prognostic significance
and standardize the methodology to assess
and define these lesions (53).

Among the inflammatory lesions that can
be detected on MRI at the sacroiliac joints,
only BME has been considered reliable
in identifying active sacroiliitis (53). This
finding is thought to reflect the presence
of osteitis, and correlates with histological
inflammation. Bollow et al. demonstrated
an inflammatory infiltrate of T-cells, mac-
rophages and scarce B-cells in biopsy sam-
ples of patients with MRI-detected sacroi-
liitis (54). Moreover they found a higher
number of inflammatory cells in patients
with active sacroiliitis on MRI than in pa-
tients with a reduced signal enhancement,
and reduced signs of inflammation in pa-
tients with features of chronic sacroiliitis.
Even if the prognostic role of BME of the
sacroiliac joints for the later development
of radiographic sacroiliitis is now well un-
derstood, recent studies suggest that not

Figure 2 - Bone marrow edema of the sacro-
iliac joints with active sacroiliitis.

only the presence, but also the severity of
this finding is relevant. In a prospective
study on 40 patients with inflammatory
back pain (IBP), the presence of severe
sacroiliitis in association with HLA-B27
positivity was highly predictive of a diag-
nosis of ankylosing spondylitis (AS) at 8
years, with a positive likelihood ratio of
8.0. Conversely, patients with mild or no
osteitis had a low likelihood to develop AS
(55). In another study comparing patients
with IBP to patients with mechanical back
pain or healthy volunteers, BME of the sac-
roiliac joints was found also in the control
group, although it was less frequent than in
patients with IBP. The features of very early
SpA could be differentiated from non-IBP
based on BME severity (51). On this basis,
the ASAS/Outcome Measures in Rheuma-

Figure 3 - Bone marrow edema of the spine
in ankylosing spondylitis.
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tology Clinical Trials (OMERACT) MRI
working group stated a minimum amount
of signal required for the definition of sac-
roiliitis on MRI, which corresponds to at
least 2 BME lesions on a single slice or 1
lesion on at least 2 consecutive slices (53).
The role of MRI-detected sacroiliitis as
a marker of disease activity has recently
been transposed also to clinical trials, since
the extent of BME at the sacroiliac joints is
considered as a good predictor of clinical
response to treatment (56).

Studies evaluating the relationship be-
tween BME-like lesions in spine and later
development of structural changes are very
intriguing, since a number of pathogenic
hypotheses can be inferred by their results.
First of all, the appearance of an altered
vertebral signal on MRI of the spine is
extremely heterogenous. The main point
is to differentiate between inflammatory
lesions with a BME-like signal, in which
MRI findings are related to bone marrow
edema and hyperaemia during the inflam-
matory phase, and fatty lesions, which
probably represent a later phase in which
bone marrow tissue metaplasia to fat has
occurred. Several prospective studies in-
vestigated the relationship between base-
line MRI vertebral lesions and the develop-
ment of syndesmophytes on X-rays, and all
demonstrated that baseline inflammation
was significantly associated with syndes-
mophytes development (57-59). However
a large number of syndesmophytes devel-
oped from vertebral corners without signs
of BME at baseline (59). Moreover, while
a new syndesmophyte developed at fol-
low up in a percentage of baseline corner
inflammatory lesions (CILs) where inflam-
mation had resolved, none of the CILs with
persistent inflammation developed any
syndesmophytes (58). These findings are
intriguing, since they suggests an uncou-
pling between inflammation and structural
damage, with new bone formation occur-
ring where inflammation has resolved.
Another interesting observation support-
ing this hypothesis is the recent paradoxi-
cal finding that anti-TNFa therapy, while
effectively suppressing inflammation in
SpA patients, did not seem to prevent ra-

diographic progression (60-62). On this
basis a pathogenic hypothesis could be that
an early inflammatory phase could be fol-
lowed by an independent bone formation
process, after inflammation has resolved.
In this contest, TNFa could stimulate in-
flammation and at the same time slow down
bone proliferation, by a down-regulation of
Dickkopf-1 (Dkk1). Anti-TNFa treatment
could therefore prevent bone formation
only in a very early phase, before inflam-
matory cytokines can trigger the process
leading to bone proliferation, but its effica-
cy at more advanced stages would depend
on the ratio between the number of early
inflammatory and advanced lesions (52).
This hypothesis has been recently put into
question by the observation that the treat-
ment with TNFa inhibitors was associated
with a reduced radiographic progression
in a large cohort of patients with AS (63).
Even if this finding may raise a controver-
sy about the impact of TNFa inhibitors on
spinal damage, this study confirmed that an
early treatment was predictive of a better
radiographic outcome.

Another pathogenic hypothesis puts forth
a non-sequential model in which inflam-
mation and bone formation act in parallel
and are both triggered by a bio-mechanical
factor represented by the entheseal stress
(64). Enthesitis is one of the distinctive
features of SpA and the enthesis has been
hypothesized to be a primary disease site
in SpA (65). MRI signs of active inflam-
matory enthesitis are found in association
with soft tissue involvement and adjacent
BME (66). Microanatomic and histopath-
ologic studies have shown that the func-
tional integration between the tendon and
the bone at the entheseal site can lead to
micro damage and bone remodeling and a
local inflammation with hypervasculariza-
tion (67). According to the entheseal stress
hypothesis, a mechanical stress at the en-
thesis-bone interface could lead at the same
time to new bone formation and production
of pro-inflammatory cytokines; therefore
bone formation could proceed completely
or partially regardless inflammation.

The histological analysis of zygoapophy-
seal joints in AS patients undergoing spi-
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nal surgery and with MRI evidence of
BME showed a correlation between BME
on imaging and interstitial edema with
mononuclear cell infiltrates on histology
(68). The inflammatory infiltrate mainly
included CD4+, CD8+ and CD20+ lym-
phocytes (69). These findings support
the interpretations of BME lesions as be-
ing inflammatory and suggest that active
spinal inflammation can be found also in
patients with long-standing disease. Other
immunohistochemical analyses found an
increased expression of cathepsin K and
MMP1 in AS patients with severe osteode-
structive lesions, which imply an increased
osteoclast activity which is responsible for
the erosive damage (70). It could there-
fore be assumed that bone erosions in SpA
have an osteoclast-mediated pathogenesis
similar to RA, triggered by an underlying
osteitis in which T cells predominate, un-
like in RA. Conversely, bone formation
could be mediated by other pathways like
the Wnt pathway, as suggested by studies
in which low levels of Wnt inhibitors, such
as sclerostin and Dkk1, were found in AS
patients compared to controls and were as-
sociated with increased radiographic pro-
gression (71, 72).

H BONE MARROW
EDEMA SYNDROMES

The definition of BMES refers to a num-
ber of clinical conditions characterized by
a BME pattern with a self-limiting course.
Most of them are found in the lower limbs,
such as TOH, regional migratory osteopo-
rosis (RMO), and transient post-traumatic
BMES.

TOH is the most frequent described con-
dition among BMES (Fig. 4). It generally
affects middle-aged men (30-50 years) or
women in the third trimester of pregnancy
(73). In most cases no triggering events
can be found, but an abnormal mechanical
stress (such as a long walk) has been de-
scribed in some cases. The main symptom
is represented by acute hip pain, exacerbat-
ed by loading, and is often associated with
severe functional disability. In a few weeks

Figure 4 - Bone marrow edema of the femo-
ral head and neck in transient osteoporosis
of the hip.

from the onset of pain a diffuse osteoporosis
of the femoral head can be observed on X-
ray. MRI shows a large homogenous BME
involving the femoral head and sometimes
extending into the femoral neck (5). A local
increased uptake of the tracer can also be
observed on bone scan. The clinical course
of the disease is often self-limiting, with a
spontaneous resolution in 4-24 months, but
a possible evolution toward an osteonecro-
sis has been proposed, even if it is still an
object of debate (8). Treatment with BPS
seems to significantly shorten disease du-
ration (74).

Even if pathogenic mechanisms underlying
TOH have not yet been clearly identified,
histological examination of bone biopsies
harvested from patients with BME of the
hip undergoing core decompression treat-
ment revealed a diffuse interstitial edema
of the marrow cavities associated with fi-
brous tissue deposition, angiogenesis and
fat cell fragmentation (4). No increased
osteoclastic activity was found, but tra-
beculae covered by osteoid with a reduced
hydroxyapatite content, suggesting that
radiological osteoporosis could be better
related to bone mineral changes than to a
true osteoclast mediated bone loss. A high
intramedullary pressure was measured dur-
ing the coring procedure.

A clinical course similar to TOH charac-
terizes RMO and transient post-traumatic

Reumatismo 2/2014

191



M. Manara, M. Varenna

REVIEW‘

192

Reumatismo 2/2014

BMES, which both show a local homo-
geneous BME on MRI, a similar clinical
condition characterized by pain, and a
benign self-limiting clinical behavior. A
previous trauma can always be identified
in transient post-traumatic BMES, which
frequently occurs in the knee, whereas
BME and pain in RMO typically develop
without a history of injury. The main dis-
tinctive feature of RMO from TOH is the
polyarticular involvement that develops in
the disease course, i.e. pain sequentially af-
fects weight-bearing joints, and BME mi-
grates in parallel. Only a retrospective or
prospective evaluation of the patient can
make it possible to distinguish an isolated
TOH from an individual joint site in the
context of RMO (73).

Even if a BME pattern on MRI can be
found in some patients affected by a Com-
plex regional pain syndrome type I (CRPS-
I), BME should not be considered a distinc-
tive feature of CRPS-I (75). Nevertheless,
it is a common mistake on the part of radi-
ologists to refer to BME as an algodystro-
phy, even in absence of clinical hallmarks
of this condition. CRPS-I is a complex
regional painful condition which usually
involves the extremities (hand or foot) and
can be associated with sensory, autonomic,
motor and trophic changes. Although an in-
creased local uptake of the tracer on bone
scan can be observed in a high percentage
of cases in the early phases of the disease,
recent diagnostic criteria only rely on clini-
cal features (76). The clinical course of
the disease usually goes through differ-
ent clinical phases: an early warm stage,
in which pain is associated with edema,
functional limitation and often trophic and
sensory symptoms, sometimes is followed
by a dystrophic phase in which edema pro-
gressively reduces; then an atrophic phase
can frequently be observed, when skin at-
rophy and contractures become prevalent.
Unlike BMES, CRPS-I has a self-limiting
course only in a minority of patients, while
in most cases it evolves toward permanent
disability. Clinical identification of patients
affected by CRPS-I is therefore mandatory,
since the clinical course can be modified
by the treatment (77).

The recent demonstration of a good re-
sponse to BPS treatment in patients affect-
ed by CRPS-I may allow a better clarifi-
cation of possible mechanisms involved in
the pathogenesis of the disease (71). Even
if the characteristic increased uptake of the
tracer on the bone scan could have suggest-
ed an osteoclast-mediated pathogenesis for
the disease, studies on markers of osteo-
clastic activity and histopathological inves-
tigations failed to demonstrate an enhanced
osteoclastic activity in CRPS-1(78). While
increased blood flow and microvascular
permeability could be responsible for the
radiotracer uptake in the early phases, it
is likely that the radiotracer accumulation
in later phases depends on passive che-
moadsorption of the BPS to hydroxyapa-
tite (HAP) crystals related to an increased
number of available binding sites on the
bone surface due to the disappearance of
lining cells. The local osteoporosis that can
be observed on x-rays, rather than an os-
teoclast-mediated process, is more likely to
be related to chemical dissolution of HAP
crystals due to local hypoxia and acidosis,
as can be inferred by histological studies
in which a disappearance of HAP crystals
and an elevated osteoid volume was dem-
onstrated (4). In this pathogenic model,
BPS could act with mechanisms that are
not usually active when these molecules
are employed to treat osteoporosis, due to
the high local concentration achieved in
CRPS-I. The efficacy of BPS in this clini-
cal condition may rely on their ability to
prevent HAP crystal dissolution in an acid
milieu (79) and to decrease lactic acid pro-
duction from various cell types (80), there-
fore reducing pain related to tissue acidosis
and lowering neuropeptide release regu-
lated by acid sensing receptors. Moreover
BPS can inhibit the release of cytokines by
inflammatory cells, which were found to
be significantly increased in patients with
CRPS-I (81-83). Another possible target
of BPS might be the nerve growth factor,
which can drive the release of substance P
and calcitonin gene-related peptide (84).
Besides the possible mechanisms of action
that can be hypothesized for BPS, overall
these data suggests a central role of bone in
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CRPS-I, in which an impaired mineraliza-
tion of bone rather than an altered turnover,
and the local release of inflammatory cyto-
kines and pain mediators, could account for
the clinical manifestations of the disease.

H CONCLUSIONS

BME is a frequent finding in several clini-
cal conditions encountered in the daily
rheumatology practice. Despite similar ra-
diological appearance on MRI, this feature
can underlie different pathological entities
with their own pathogenic and prognostic
significance. Clinical differentiation of dis-
eases characterized by BME can influence
therapeutic approach in consideration of
the self-limiting or progressive nature of
the condition. In recent years BME is in-
creasingly considered as a marker of dis-
ease activity and as a possible target of
therapy in chronic degenerative or inflam-
matory arthritis. Further studies are needed
to better clarify the pathological and prog-
nostic meaning of BME in several clinical
conditions.
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