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Treatment of bone marrow lesions
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Bone marrow lesions (BMLs) or using older terminology ‘Bone marrow edema’ is characterised by excessive water

signals in the marrow space on magnetic resonance imaging or ultrasound; BMLs constitute a central component of a

wide variety of inflammatory and non-inflammatory rheumatologic conditions affecting the musculoskeletal system:

BMLs are not only considered significant sources of pain but also linked to increased disease activity in many

musculoskeletal conditions (for example, osteoarthritis, rheumatoid arthritis). The purpose of this review is to summarise

current knowledge about the treatment of BMLs, with an emphasis on the clinical and histological features of this entity in

inflammatory and non-inflammatory disease. We also try to pair this hypothesis with the apparent beneficial effects of

various treatment regimens, mainly within the group of bone antiresorptive drugs (calcitonin, bisphosphonates) on

symptoms associated with BMLs.
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Introduction

After the introduction of magnetic resonance imaging (MRI) in
clinical practice, bone marrow lesions (BMLs) have emerged as
a central component of many different inflammatory and non-
inflammatory diseases affecting the musculoskeletal system.
Initial descriptions denoted such water signals on MRI bone
marrow edema (BME). As later histological analyses of such
lesions were unable to demonstrate oedematous changes at
the tissue level in the vast majority of cases, the alternative term
‘bone marrow lesion’ was introduced.1 Since then a wealth of
publications have detailed the presence of BML in a wide variety
of conditions (Table 1). The presence of BML has been shown
to be associated with pain and progression of disease in
numerous studies,2 and therefore various modalities have been
tested as treatment options in the hope that they might reduce
pain and progressions of disease. The purpose of this review is
to summarise our current knowledge about the role of BMLs in
inflammatory and non-inflammatory disease and the effects of
current treatment regimens.

Imaging

BMLs are not visible on plain X-ray or computed tomography
images. Skeletal scintigraphy will show uptake at BMLs,
but further differentiation requires more specific imaging

technologies. Among those, MRI and Ultrasound (US) yield the
most useful information.3

US has been of value in particular for imaging of enthesitis in
relation to seronegative arthritis.4 It has even been claimed that
US is superior to MRI when it comes to detecting early phases of
enthesitis.5

BMLs give rise to a water signal on MRI, and it has been
suggested that this water signal may be due to either capillary
leakage caused by local change in the capillary wall (due to,
for example, trauma, tumour) or by increased intravascular
pressure either due to increased blood flow to the marrow or
decreased venous clearance of the marrow space.1

The MRI characteristics of BML include hypodense
lesions on T1-weighted sequences and hyperdense lesions on
T2-weighted sequences (Figure 1). Moreover, the lesions are
characterised by homogeneity and the absence of sharp
margins, and they cross anatomical boundaries. The best
modality for detecting such lesions is achieved with water
sensitive sequences such as fat suppressed T2-weighted,
proton density-weighted, intermediate-weighted fast spin echo
or short tau inversion recovery sequences.6,7

Histology

Our understanding of the pathology underlying BMLs is still
fragmentary. Very few histological studies on BMLs have been
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performed. The lesion is not a typical edema by histologic
criteria.1 Rather, it is characterised by fibrosis, lymphocytic
infiltrates and increased vascularisation. It is probably the latter
that is responsible for the water signal seen on MR.

One of the first studies on local transient osteoporosis
reported diffuse or spotty areas of interstitial and intra-
sinusoidal fluid in the marrow cavities, together with fat cell

destruction or fibro vascular regeneration or both in
areas exhibiting BML. Bone mineralisation was reduced
on microradiographs, when compared with age-matched
femoral heads without bone pathology. Several studies
have reported signs of microfracture in areas containing
BML.8,9 This finding together with the presence of active bone
formation and live osteocytes in the area,10 however, points to
increased repair capacity, which seems the key for the
spontaneously reversible course of this syndrome. Increased
marrow adiposity has also been reported in some case reports
on BML.11,12

Analyses of needle aspirates from cancellous bone marrow
have shown sign of high turnover in BML as reflected in
significantly elevated levels of bone markers (Bone-specific
alkaline phosphatase, osteocalcin, procollagen Type I
N-terminal propeptide and C-terminal cross-linking telopeptide
(ICTP)) with 4–16-fold higher values than measured in serum.13

Increased expression of angiogenesis factors (VEGF, CYR61
and CTGF) has also been demonstrated in BML, and it has been
postulated that the elevated levels indicated a role of these
proteins in the repair processes in osteonecrosis.14 However,
the increased levels could also be a consequence of increased
bone turnover.

In BMLs associated with inflammatory lesions of rheumatoid
arthritis (RA), Schett et al. have provided ample evidence that
the BML is caused by a combination of increased vascular-
isation, pannus formation and inflammatory lymphocytic
infiltrates in the bone marrow, all invading the marrow space
through cortical bone defects.15 Similar observations were
reported in patients with ankylosing spondylitis.16

Impaired microcirculation causing increased intrasosseous
pressure has also been invoked as a possible mechanism
involved in the formation of BMLs, especially after renal
transplantation.17

Thus, the histological and biochemical marker profiles
summarised above suggest that BMLs constitute a local area of
high bone turnover with increased expression of cytokines and
angiogenic factors. Only few studies have reported tissue
edema. Thus, all findings are in line with the notion that

Table 1 Bone marrow lesion (BML) aetiology

(1) Trauma
Fracture (acute, osteoporotic and stress)
Local transient osteoporosis
Altered stress/biomechanics (plantar fasciitis, tendinitis/entesitis)
Bone bruise
Osteochondral injuries (osteochondritis dissecans)

(2) Degenerative lesions
Osteoarthritis (hip, knee, other)
MODIC lesions (spine)

(3) Inflammatory lesions
Inflammatory arthropathies and enthesitis (rheumatoid arthritis (RA),
Ankylosing spondylitis, psoriasis)
Systemic chronic inflammation with fibrosis

(4) Ischaemic lesions
Avascular necrosis (AVN)
Complex regional pain syndrome (Sudeks atrophy of bone)
Sickle cell anaemia (SCA)

(5) Infectious lesions
Osteomyelitis
Diabetic foot, Charcot foot
Sepsis (bone incfarcts)

(6) Metabolic/endocrine lesions
Hydroxyapatite deposition disease (HADD)
Gout

(7) Iatrogenic lesions
Surgery
Radiotherapy
Immunosuppressants (glucocorticoids, cyclopsorin)
Cytostatics

(8) Neoplastic (and neoplastic-like) lesions

Figure 1 (a) Bone marrow lesion (BML) in lower tibia in 64-year-old women with pain in her ankle and leg over a period of 6 months; (b) Lateral knee tendinitis and BML of lateral
condyle in 35-year-old man training for marathon.
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BMLs represent repair phenomena, elicited by inflammatory or
non-inflammatory trauma to the bone.

The differentiation between osteonecrosis and BML is fluid.
Several studies have considered BML of the knee and hip a
preamble to later development of osteonecrosis, but the clinical
data diverge. The MRI criteria for the diagnosis of osteonecrosis
are not very precise18,19 and leave room for misclassification.
It has been shown that BME correlates to necrotic volume at the
femoral head,20 but another study looking at core specimens in
patients ‘spontaneous osteonecrosis of the knee’ (SONK)
revealed no sign of necrotic tissue, as all trabeculae contained
viable osteocytes and osteoblasts.10

Clinical Features of BML Syndromes

In inflammatory as well as non-inflammatory conditions,
the presence of BML is usually associated with pain and
progression of disease. The clinical features associated with
the various BML aetiologies summarised in Table 1 will be
summarised below.

Fractures
BML is the hallmark of recent vertebral fractures on MR and is
used for the identification of vertebrae suitable for interventions
like vertebroplasty and kyphoplasty. The MR signals may be
present for a considerable time following the fracture with 28%
of patients displaying continued signals 12 months after the first
demonstration of the signal in the vertebrae.

Transient regional osteoporosis, also denoted regional
migratory osteoporosis or BME syndrome, is characterised by
extensive BML starting in one skeletal region and often showing
up in other skeletal regions later.21 It is often associated with
active osteoporotic changes and low BMD,22,23 and therefore
the phenomenon has been attributed to the presence of
microfractures in the area.

Bone bruises or contusions may also result in BML, probably
via the same mechanisms, although bleeding in the area has
been implicated too.1 Bone bruises occur most often in the knee
but also constitute important differentials in the hip, calcaneus
and scaphoid.

Osteochondral trauma
Osteochondritis dissecans. Osteochondritis dissecans is an
acquired, potentially reversible idiopathic disease of sub-
chondral bone resulting in delamination and sequestration of
cartilage, and the development of BML in subchondral bone is
present in 50% of cases.24

Degenerative lesions
Osteoarthritis. The presence of BMLs in osteoarthritis (OA) has
been related to mechanical loading and increased subchondral
stress and has been shown to be associated with progression of
disease, cartilage loss and subsequent risk of total joint
replacement in most studies.25–27

MR studies have demonstrated lower bone mineral density
and more severe disruption of subchondral bone architecture in
patients with severe, progressive OA, which would be expected
in a state of high turnover as reflected by the elevated bone
marker levels in OA.28,29

Tendinitis. BML has been reported in relation to chronic,
calcifying tendinitis in virtually every location of the
axial and peripheral skeleton. One study reported
that MRI showed positive marrow edema in 36% of
cases, whereas isotope scans revealed uptake in 100% of
cases.30

Inflammatory lesions
Seropositive inflammatory arthropathy (RA). The BML pattern
on MRI in RA is thought to reflect inflammatory infiltrates
and increased vascularisation and may be seen even
in the absence of erosive lesions.15,18 Similar to OA
the presence of BML in RA also signals progressive
disease, and diagnostically BML constitutes the most specific
finding.31

Seronegative arthritis and enthesitis. Entheses are sites where
tendons, ligaments, joint capsules or fascia attach to
the bone. In psoriasis, enthesitis and joint involvement are
frequent, despite the absence of clinical signs like pain and
swelling.32

Ischaemic Lesions

Avascular osteonecrosis
Osteonecrosis of the bone is invariably associated with BML,
and the extent of BML correlates to persistence and intensity of
pain in this condition.20

Complex regional pain syndrome
Complex regional pain syndrome (Reflex dystrophy, Sudecks
atrophy of bone) is a severe and a debilitating condition after
various traumatic events (fracture, inflammation, ulcerations
and so on) affecting one or more extremities. Radiologically, the
disease is characterised by bone loss leading to osteopenia and
spotty osteolytic areas in the bone, and various areas may show
the presence of BML.33

Infectious Lesions

Osteomyelitis
Infectious lesions are associated with BML development. The
emergence of a water signal is not surprising in light of the
increased vascularisation and tissue edema accompanying
inflammation. Granulomatous inflammations are frequently
associated with imaging findings different from those seen with
nonspecific bacterial infection.62 BMLs are also seen in
association with osseous involvement during infections of the
foot in diabetes, and MRI constitutes the best modality for
evaluation of such lesions.34

MODIC changes associated with degenerative changes of
the spine
BMLs in vertebrae in relation to degenerative changes in
vertebrae (MODIC changes) have been shown to be associated
with anaerobic infections, which are thought to spread from the
disc to the surrounding bony tissues.35 This notion is further
supported by the fact that antibiotic therapy has been shown to
be effective in reducing back pain in these patients.36
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Metabolic/endocrine lesions
Tissue Deposition of uric acid or hydroxyapatite crystals in
the gout or connective tissue disorders are associated
with BML.37,38

Latrogenic lesions
Damage to the bone marrow by surgery or radiotherapy
also causes BML. Also, the use of corticosteroids, other
immunosuppressive therapies and cytostatics have been
implicated.17

Neoplastic (and neoplastic-like) lesions
The increased vascularisation especially in the periphery of
skeletal metastases invariably leads to the formation of BML.

Treatment

Surgical
Core decompression. The earliest hypotheses pertaining to BML
formation focused on reduced microcirculation, leading to
ischaemia and increased intraosseous pressure.39 On the basis
of this hypothesis, surgical drilling of holes in the area of BML
formation to relieve pressure was introduced as one of the
earliest interventions to reduce pain and increase function in
OA.39,40 Later studies combined the core decompression
procedure with insertion of bone graft material into the area
through the canal provided.41 Even more recent studies have
reported beneficial effects of combining core decompression
and injection of hydroxyapatite cement in areas with BML and
osteonecrosis with significant reduction in pain ensuing.42

Core decompressions followed by injection of autologous
bone marrow stem cells have been introduced for the treatment
of osteonecrosis of the hip in order to increase the number of
committed osteogenic cells in areas of osteonecrosis,43 and
also intravenous administration of autologous and allogenic
stem cells has been tried.44 Complications to these extensive
procedures have been reported as minimal, but the results,
however, vary.45–47

Physical modalities
Extracorporal shock wave therapy. In extracorporal shock wave
therapy, a mechanical shock of defined magnitude is delivered
to the area with BML. The technique has mainly been used for
the treatment of plantar fasciitis,48 but effects on BML at the hip
have also been reported with significant pain relief and
functional improvement of the hip and reduction in BME.49,50

Proponents of this method claim that the mechanical shocks
improve blood flow in the area, thereby reducing or alleviating
BMLs. The shocks could, however, also increase microdamage
in the area, which—if BML signifies bone repair—is
counterintuitive.

Pharmaceutical options
Bisphosphonates. Bisphosphonates reduce pain, extension of
BMLs and improve functional outcomes in benign condition like
osteonecrosis,51,52 regional transient osteoporosis,53 enthe-
sopathy in spondyloarthritis54 and regional pain syndromes.55

Most of the studies have been open label or interventional, but
for osteonecrosis and regional pain syndrome significant
effects have been demonstrated in randomised prospective

trials. In several intervention studies, positive effects on pain
have also been reported in local transient osteoporosis, stress
fractures and various BML syndromes in athletes.53,56,57 One
randomised placebo-controlled study on effects of the
bisphosphonate Ibandronate on BMLs in the knee, did not,
however, demonstrate significant effects.58

The way in which bisphosphonates exert these beneficial
effects is still poorly elucidated, but several possible explana-
tions have been invoked: (1) bisphosphonates possess
anti-angiogenic properties59 and have been shown to reduce
angiogenic factors in serum.60 Thus, they may inhibit
hyper-vascularisation, in BMLs; (2) through their inhibition
of osteoclast activity58,61 bisphosphonates may reduce
hyper-remodelling in BMLs.57

Prostaglandin derivatives. Prostaglandins have an important role
in inflammatory responses and cell differentiation. It is thought
that prostaglandin I2 (or prostacyclin) and its analogues
promote bone regeneration on a cellular or a systemic level and
improve microcirculation in the area.62,63

One prostacyclin derivative, iloprost, has demonstrated
beneficial effects on BML. The drug is given as intravenous
infusions over 5 days at doses between 25 and 50mg per day.
It has been shown to be efficacious in the treatment of BML
at various locations,64 avascular osteonecrosis, except for
terminal cases,63 and regional transient osteoporosis.65,66

One study compared the effects of iloprost and the
bisphosphonate ibandronate on BMLs in the knee and found
similar results with around 47% reduction in BMLs and
improvement of pain and functions scores.

Beckmann et al.67 compared the effects of iloprost vs core
decompression and the two methods combined in relatively
small groups of 12 patients each. All three groups exhibited
symptom relief as assessed by various scores (Harris Hip
Scores, WOMAC score, SF-36 scores and VAS) 3 months and
1 year after the intervention. The group subjected to a core
decompression followed by iloprost infusion, however, showed
the best results.

TNF-inhibitors. The reduction in disease activity and the
reduction in erosions with tumour necrosis factor (TNF)
inhibition in RA are associated with a reduction in BML,68 and
TNF inhibition has also been effective in pain and BML reduction
in Spondyloarthritis54,69 and psoriatic arthritis and enthesitis70

Conclusion

BMLs have been demonstrated in a wide variety of lesions in the
bone, with the common denominator for these conditions being
some kind of injury to the bone and bone marrow through
mechanical stress, inflammation or ischaemia. It seems that
most of these lesions show cortical or trabecular bone defects
or microtrauma. Even in so-called ‘spontaneous’ cases, similar
to SONK or regional transient osteoporosis, underlying
microtrauma has been demonstrated in many cases.

Whether the characteristics of BMLs elicited through
mechanical and inflammatory injury are exactly the same
remains to be determined. From the evidence available to date it
seems that two different major mechanisms may be operating in
the development of BMLs: (1) invasion of the marrow space
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from the outside in inflammatory lesions of RA, spondyloarthritis
and enthesitis and (2) a localised increase in proinflammatory
cytokines and vasoactive agents in the marrow space due to
microtrauma or ischaemia in the area as seen typically in
macrofractures, local transient osteoporosis, bone bruises
and OA.

The available histological data suggest that trauma
universally elicits localised repair with high bone turnover
and increased vascularisation. The increased vascularisation
induced by angiogenic factors and capillary leakage induced by
proinflammatory cytokines both contribute to the ‘water signal’
seen on MRI. The presence of a localised high turnover state
with increased ambient levels of proinflammatory cytokines and
vasoactive agents may also explain the positive effects of
antiresorptive drugs like bisphosphonates and TNF antagonists
on BML extension and symptoms associated with the lesion.
A reduction in turnover would eventually lead to lower levels of
proinflammatory cytokines and vasoactive peptides in the
lesion. Some bisphosphonates, in particular Zoledronic acid,
even exert specific anti-angiogenic effects that might add to
their efficacy. TNF antagonists would also reduce local cytokine
concentrations by different mechanisms.

It seems that the proposed surgical techniques with or
without subsequent injection of stem cells, osteogenic peptides
or hydroxyapatite should be reserved to cases where
pharmaceutical interventions with either bisphosphonates or
iloprost have failed.

Musculoskeletal diseases with BMLs constitute a huge
clinical problem, which is responsible for a large proportion of
disability in society. Therefore, effective treatment options are
highly needed, and it is conceivable that such treatments might
reduce the need for—or at least postpone—implant surgery in
cases affecting the hip and knee. It has to be acknowledged,
however, that this area of research suffers from a large number
of small-scale interventional studies and less large-scale
randomised studies. It is also still worth noting that one of the
best, randomised studies on the effects of Ibandronate on knee
BMLs failed to demonstrate significant improvement over
placebo.
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