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Abstract Bone marrow lesions (BMLs) around the knee
are a common magnetic resonance imaging (MRI) finding.
However, despite the growing interest on BMLs in multi-
ple pathological conditions, they remain controversial not
only for the still unknown role in the etiopathological pro-
cesses, but also in terms of clinical impact and treatment.
The differential diagnosis includes a wide range of condi-
tions: traumatic contusion and fractures, cyst formation
and erosions, hematopoietic and infiltrated marrow, devel-
opmental chondroses, disuse and overuse, transient bone
marrow oedema syndrome and, lastly, subchondral insuf-
ficiency fractures and true osteonecrosis. Regardless the
heterogeneous spectrum of these pathologies, a key factor
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for patient management is the distinction between revers-
ible and irreversible conditions. To this regard, MRI plays a
major role, leading to the correct diagnosis based on recog-
nizable typical patterns that have to be considered together
with coexistent abnormalities, age, and clinical history.
Several treatment options have been proposed, from con-
servative to surgical approaches. In this manuscript the
main lesion patterns and their management have been ana-
lysed to provide the most updated evidence for the differen-
tial diagnosis and the most effective treatment.

Level of evidence 1V.

Keywords Bone marrow lesions - Subchondral
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Introduction

Bone marrow lesions (BMLs) around the knee are a com-
mon magnetic resonance imaging (MRI) finding. BML
describes an alteration of bone marrow signal intensity,
with high signal on fluid-sensitive sequences [T2/proton
density with fat suppression and short tau inversion recov-
ery (STIR)] with or without low T1WI signal. These MRI
alterations may correspond histologically to true oedema,
but also to trabecular necrosis, cysts, fibrosis, and cartilage
fragments. Therefore, instead of the commonly used term
“bone marrow oedema”, the expressions “bone marrow
oedema-like signal” or “BMLs” are more appropriate [89].

Despite the growing interest on BML in multi-
ple pathological conditions, this remains a controver-
sial condition not only for its still unknown role in the
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etiopathological processes, but also in terms of clinical
impact and treatment.

BML can originate from subchondral or non-subchon-
dral bone. This article will focus specifically on subchon-
dral lesions, or lesions that are not subchondral in origin
but which can extend to the articular surface, describing the
most updated available evidence on the different pathologi-
cal conditions and providing a comprehensive classifica-
tion, with indications on their management to preserve joint
function.

Classification of subchondral bone marrow
oedema-like lesions in the knee

Subchondral bone marrow oedema-like lesions around the
knee can be classified into traumatic or non-traumatic, and
into reversible or irreversible.

The differential diagnosis includes a wide range of con-
ditions: traumatic contusion and fractures, cyst formation
and erosions, hematopoietic and infiltrated marrow, devel-
opmental chondroses, disuse and overuse, transient bone
marrow oedema syndrome and, lastly, subchondral insuf-
ficiency fractures and true osteonecrosis. The role of MRI
is to lead to the correct diagnosis based on recognizable
typical patterns even at early stages. These patterns rely on
location, coexistent abnormalities, age and clinical history
(Table 1).

Traumatic subchondral lesions

Bone contusions typically present as reversible oedema-
like lesions, with indistinct margins that resolve within
2-4 months. Contusions can be of compressive or tensile
type.

The most common subchondral contusions are those
seen after pivot shift injuries and can represent secondary
signs of anterior cruciate ligament (ACL) tear. They are
commonly observed in the lateral femoral condyle (LFC)
around the sulcus, in the posterior aspect of the lateral tibial
plateau and also in the posterior aspect of the medial femo-
ral condyle (MFC) (Figs. 1, 2) [8]. Hyperextension injuries,
which lead to posterior cruciate ligament (PCL) tear, cause
anterior subchondral contusions in the anterior tibia and
femur [74].

In children with open physes, the ACL is typically
avulsed from the tibia, with or without an egg-shell corti-
cal fragment, and a resultant traction contusion is usu-
ally seen in the tibia [64]. Another age-location specific
pattern, seen in teenagers around the physeal closure, is
related to spontaneously reduced lateral patellar disloca-
tion, which presents one or a combination of the following
findings: impaction contusion in the anterior LFC, a kissing
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impaction in the medial patellar facet or the median ridge, a
medial patella traction contusion of the medial retinaculum
(Fig. 3) [69], and an osteochondral grade 4-5 defect in the
LFC associated with a sequestered intraarticular fragment
(Fig. 4).

Degenerative cartilage lesions and OA-associated BML

Oedema-like-signal is commonly visualized in early and
advanced OA. It can be associated with thinning of the
cartilage with or without the presence of meniscus tear
and extrusion, and with or without an observed focal
cartilage defect (Fig. 5). The signal alteration can pre-
cede the cartilage defect formation. High signal at the
periphery of the medial tibial plateau (MTP) and MFC,
sometimes subtle, seen in association with peripheral
cartilage thinning and meniscus tears, can progress in
the future into a cyst [13]. If a well-defined low T1IW
signal is also present, it represents a process of subchon-
dral cyst formation [6, 13]. Conversely, when a less-
defined low T1 signal is present, it may be difficult and
even impossible to differentiate from an insufficiency
fracture or osteonecrosis, which will be described later
in the article.

Transient bone marrow oedema syndrome,
subchondral insufficiency fractures (SIFK),
spontaneous osteonecrosis of the knee (SONK),
and avascular necrosis (AVN)

The spectrum of these pathologies includes reversible and
irreversible conditions. There are three transient conditions:
transient osteoporosis (TOP), regional migratory osteopo-
rosis (RMO) and complex regional pain syndrome (CRPS),
also known as reflex sympathetic dystrophy (RSD) and
algodystrophy. On the other side of the spectrum are the
irreversible conditions: spontaneous osteonecrosis of the
knee (SONK) or avascular necrosis (AVN). Among these,
insufficiency fractures (SIFK) can be found. An overlap
between these conditions is also likely.

All transient conditions have a similar MRI presenta-
tion of diffuse subchondral-bone marrow high signal with
indistinct margins, involving but preserving the articular
surface. Age, gender, and clinical history are important to
distinguish between the three diagnoses: TOP is typically
seen in the femoral head during pregnancy and in peripar-
tum women [34]. RMO migrates in different joints includ-
ing hips, knees, and metatarsal head of middle-aged men
over the course of weeks—years. However, TOP can pro-
gress to RMO and in some cases to insufficiency fracture.
CRPS occurs after an initiator, which can be a major or a
minor traumatic injury or pain including meniscal tears and
arthroscopy.
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SONK has been used to describe a clinical entity affect-
ing predominantly females in the 7th decade and patients
with meniscal pathology, predominantly posterior root
tears [67]. Currently, it is believed to have been often mis-
named, since this condition may represent a SIFK (a con-
dition of subchondral insufficiency fractures), that in some
cases can become irreversible if the subchondral fragment
undergoes true necrosis [65, 86]. In the acute stage, there
is a marked non-defined oedema-like signal that is more
extensive compared to the pattern secondary to cartilage
loss [76]. The lack of additional subchondral changes is
predictive of reversibility, while the presence of a subchon-
dral area of low TIWI signal >4 mm thick strongly pre-
dicts irreversibility (Fig. 6) [38]. The differential diagnosis

Fig. 1 A sagittal T2 fat suppressed image shows the classical contu-
sion of a pivot shift injury. The femoral contusion is located in the
lateral femoral condyle around the sulcus (arrow), and the tibial con-
tusion is located in the posterior aspect of the lateral femoral condyle
(dotted arrow). There is also hemarthrosis with a fluid—fluid level
(black arrowheads)

Fig. 2 Another patient with

an anterior cruciate ligament
tear. a Sagittal proton density
fat suppressed image shows a
deep sulcus sign in the lateral
femoral condyle surrounded by
an impaction contusion (arrow).
There are contusions in the
anterior and posterior lateral
tibial plateau (dotted arrow) and
in the fibular head (arrowhead).
b An anterior cruciate ligament
mid-substance tear is seen on
proton density sagittal image
(arrow)

may be challenging. Bone infarcts in other locations and
underlying systemic conditions can help to distinguish
AVN (Fig. 7) from SIFK related osteonecrosis (SONK).
Prior imaging can also help in distinguishing whether the
underlying cause of an oedema-like signal, associated with
an overlying cartilage abnormality, is determined by OA or
prior SIFK.

Post cartilage surgery BML

Perifocal BML may be observed after focal cartilage treat-
ment (e.g. microfractures, autologous chondrocyte implan-
tation (ACI), osteochondral autograft transplantation, oste-
ochondral scaffold implantation, etc.). BMLs are detectable
around and above the treated site, usually together with the
signs of the surgical procedure itself, without other distinc-
tive aspects (Fig. 8) [68].

The prevalence of these lesions, their evolution, and
their prognosis are related to the specific cartilage proce-
dure, but their clinical significance is still unclear [44].

Other types of BML
Subchondral bone erosions

Erosions can occur in the setting of systemic or localized
synovitis. Inflammatory arthritis (rheumatoid, psoriasis,
ankylosing spondylitis, reactive etc.) may have the same
MRI appearance; thus, the clinical history and laboratory
tests play an important role for specify correct diagno-
sis. Pigmented villonodular synovitis (PVNS) can appear
as a focal soft tissue lesion in the joint space, with adja-
cent focal pressure erosions, or as more diffuse synovitis.
Other causes for pressure erosions include synovial chon-
dromatosis and even meniscal cysts [7, 73]. Characteris-
tic in PVNS, but also seen in haemophilia, is the low T2
signal and the blooming artefact seen mostly on gradient
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echo sequences from the hemosiderin deposition in the
synovium (Fig. 9). In general, erosions show low T1 sig-
nal with sharp margins at the periphery and demonstrate
enhancement after intravenous injection of gadolinium.
They may be surrounded by oedema-like signal on fluid-
sensitive sequences. In inflammatory disease, erosions usu-
ally occur at tight recesses [32, 57]. More subtle differen-
tial diagnosis among types of arthritis has been reported
in the literature [23]. BML also plays a prognostic role
in rheumatoid arthritis, since it has been shown to be the

Fig. 3 A 15-year-old boy with a spontaneously reduced lateral patel-
lar dislocation. Typical contusions are seen on axial proton density fat
suppression. There is an impaction contusion in the anterior aspect
of the lateral femoral condyle and a contusion in the medial patella
(arrows). There is also an increased amount of joint effusion (aster-
isk)

strongest of many conventional and imaging biomarkers for
prediction of erosive progression as well as an aggressive
rheumatoid arthritis phenotype associated with functional
decline [49].

Hematopoietic (red) and infiltrated marrow

Red marrow and bone marrow infiltration do not usually
involve the subchondral bone, but they can be seen close
to or extend to it. Although the first is considered nor-
mal and the second is concerning for severe illness such
as lymphoma, giant cell tumour and even osteosarcoma,
they can both have a similar appearance on fluid-sensitive
sequences. However, T1 WI and gradient-echo in-phase
and out-of-phase provide the specificity, while red marrow
demonstrates low-T1-signal that is higher than the adjacent
muscle, infiltrated marrow is iso- or hypo-intense to muscle
(Fig. 10) [81]. While the signal of hematopoietic marrow
drops on gradient echo out-of-phase, there is no significant
change in marrow infiltration [15].

Bone marrow lesion related to disuse

Subchondral oedema-like signal related to disuse is most
prominent 10-25 weeks following immobilization. Dot-
like or linear patterns and involvement of multiple bones in
the knee can direct to this diagnosis (Fig. 11) [56]. The high
signal is usually less intense than in the other conditions.

Histopathological findings
As already mentioned, BML shown by MRI imaging

results from various aetiologies affecting the subchondral
bone and reflects a multitude of histopathological findings.

Fig. 4 Lateral dislocation of the patella. a There is a resultant car-
tilage defect in the lateral femoral condyle (arrow) with a subchon-
dral contusion (coronal PD fat suppression). On both coronal PD fat
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Fig. 5 Osteoarthritis related bone marrow oedema-like signal. Sagit-
tal (a) and coronal (b) proton-density with fat suppression show high
signal in the subchondral bone (white arrows) and an underlying car-
tilage defect (dotted arrow). On sagittal PD without fat suppression

Fig. 6 Spontaneous insuf-
ficiency fractures of the medial
and lateral femoral condyles

at different stages. Sagittal (a)
and coronal (b) fluid-sensitive
sequences. There is a subchon-
dral fracture in the medial femo-
ral condyle (arrows) surrounded
by oedema. There is more
extensive bone marrow oedema
in the lateral femoral condyle
without a subchondral fracture.
The insufficiency fracture of
the medial condyle is resolving.
The one in the lateral condyle

is acute. Also note the extensive
soft tissue oedema

Histopathological findings following trauma

Subchondral bone injuries following a single direct impact
or resulting from repetitive microtrauma show peculiar
histopathological features. The underlying bone is locally
impacted, showing (micro) fractures of the subarticu-
lar spongiosa with osteocyte necrosis and empty lacunae,
haemorrhage and oedema [66]. These findings correspond
to the MRI pattern of impaction contusion.

In some cases, in the course of bone remodelling, sub-
chondral bone becomes stiffer and signs of early OA may
appear. The cartilage overlying such areas is also directly
affected. Chondrocyte apoptosis and necrosis, chondrocyte
proliferation, and loss of superficial proteoglycans—all
signs of early OA—may be present [55].

If the traumatic impact is more severe, a subchondral
fracture may cause a local depression and collapse of the
cartilage surface. Fractures affecting the osteochondral unit

(c) the signal is dark, likely representing an early stage of subchon-
dral cyst formation. Another area of subchondral marrow oedema is
noted on the coronal image (arrowhead) with an underlying cartilage
defect not seen on this image

(either with a chondral or osteochondral fragment or purely
subchondral) may show accompanying BMLs. While
chondral defects do not heal spontaneously, osteochondral
defects undergo a well-defined sequence of spontaneous
osteochondral repair, based on a blood clot with pluripotent
undifferentiated mesenchymal cells that differentiate into
chondrocytes and osteoblasts, forming an osteochondral
repair tissue [41].

Histopathological findings in BML associated with OA

Changes of subchondral bone are a classic feature of OA.
These usually occur in the affected articular region, indicat-
ing bone remodelling. Increased thickness and mineral den-
sity of the subarticular trabeculae induces early OA [60].
Other characteristic processes include microcracks, micro-
oedema, microbleeding within the subchondral region, as
well as subchondral bone cysts [41].

@ Springer
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Fig. 7 Avascular necrosis of
the lateral femoral condyle in a
patient under steroid treatment.
On the sagittal and coronal PD
with and without fat suppression
(b, d, and a, c respectively),
there is a serpiginous lesion
surrounded by the characteristic
double-line sign of both low
and high signal. There is no sur-
rounding BML, indicating that
this is a non-acute lesion

Fig. 8 Oedema-like signal in
the medial femoral condyle of a
patient 7 years after a hyalu-
ronan based matrix-assisted
autologous chondrocyte trans-
plantation

@ Springer
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Histopathological findings in the course of SIFK/
SONK/AVN

Ischaemic events and/or trabecular microcracks contribute
to the evolution of subchondral alterations and may result in
focal osteonecrosis of subchondral bone. If the injury leads
to an irreversible damage, marrow cells and vessels may
show evidence of necrosis just after few days. Osteocytes
become necrotic within few weeks. The necrotic tissue is
being removed and replaced by newly formed trabecular

Fig.9 An 8-year-old boy with haemophilia. A coronal fluid-sensi-
tive image shows bone erosions (arrow). Note the diffuse low signal
hemosiderin deposits in the synovium (asterisk)

Fig. 10 Hematopoietic (red)
marrow in the distal femur. a A
fluid-sensitive sequence shows
an ill-defined area of high signal
(white arrows). b On T1 WI

the corresponding signal (black
arrows) demonstrates mildly
low signal, higher than the vas-
tus medialis muscle (asterisk)

bone in the subarticular spongiosa by creeping substitution.
There may be a sclerotic rim at the interface between the
necrotic zone and the surrounding viable subchondral bone.
In later stages, this bone sequestrum is often associated
with subchondral insufficiency fracture presenting as thin,
disconnected subarticular trabeculae [41]. These fractures
may not be associated with any fracture callus, as bone is
necrotic. This entire subchondral region may collapse, and
cause depression and fragmentation of the previously intact
and viable articular surface.

Histopathological findings post cartilage surgery

The upward migration of the subchondral bone plate, for-
mation of intralesional osteophytes, and subchondral bone
cysts are specific subchondral bone alterations following
reconstructive cartilage repair procedures [59]. Deteriora-
tions of the subchondral microarchitecture such as changes
in bone mineral density, bone volume, and trabecular thick-
ness were also reported, suggesting that the entire osteo-
chondral unit can be altered after cartilage surgery [61].

Aetiology and evolution
Trauma-associated BML

Trauma-induced BML can be differentiated into lesions
associated with acute trauma, i.e. bone contusion, and sub-
acute lesions as a result of overload, i.e. repetitive micro-
trauma with physical activity [68]. These types of BML
are strictly related to trauma mechanism and force, and
they are often associated with knee ligament tears. In ACL
tears, the characteristic BML localization can be a result of

@ Springer
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Fig. 11 Disuse-related bone
marrow oedema pattern in a
30-year-old man after a proxi-
mal fibular head avulsion frac-
ture. Fluid-sensitive sequences
in the sagittal (a) and axial (b)
planes demonstrates a dot like
diffuse subchondral bone mar-
row oedema that involves the
femur, tibia and patella (white
arrows)

a valgus stress on the knee with the femur in external rota-
tion relative to a fixed tibia and this explains why the lat-
eral compartment is more involved than the medial one [9].
However, Major and Helms also demonstrated the presence
of BML in preseason in 41 % of asymptomatic collegiate
basketball players subject to repetitive microtrauma [42].
While the aetiology of traumatic BML has been widely
analysed, only few authors investigated the long-term evo-
Iution of post-traumatic bone contusions. An MRI study
in acute knee trauma showed bone contusion in 53 % of
the patients. These lesions persist at 4 and 12 months of
follow-up in 69 and 12 % of the patients, respectively [9].
However, BML natural history can be influenced by several
factors. It has been reported that BML in a complex knee
injury with an ACL tear has a slower resolution compared
to BML related to an isolated MCL tear, where it spontane-
ously heals in 2—4 months [51]. This is probably due to the
different trauma forces causing the lesion of the ligament.
BML in ACL lesion was predominantly present at 3-year
follow-up when associated with a disruption or a depres-
sion of the normal contour of the femoral cortical surface,
while lesions without cortical involvement tended to spon-
taneous resolution in 95 % of the cases [12]. Site may also
play a role, since LFC BML in ACL-injured knees had a
quicker resolution compared to lateral tibial BMLs (median
3 vs. 6 months) [25]. Finally, the geographical appearance
of the oedema-like signal associated with ACL injury may
be predictive of an evolution in osteochondral damage [85].
According to the few studies reported in the literature,
there is no agreement on a correlation at short-term follow-
up between BML, pain and functional status. It has been
suggested that BML may negatively influence pain, func-
tional recovery, and return to previous sport level, espe-
cially if the alteration is still detectable 3 months after the
injury [22, 31]. Similarly, it still remains unclear if the ini-
tial joint injury with BML has a direct relationship to long-
term function and OA development. Long-term studies
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on BML in symptomatic and asymptomatic patients are
needed to clarify these potential correlations.

OA-associated BML

The evidence of a higher prevalence of BML in case of
overloading, such as in the medial compartment for varus
knees or the lateral compartment for valgus knees, strongly
supports the hypothesis of a possible role of repeated
microtrauma in the genesis of these lesions. An MRI study
performed on a healthy population, with a temporary arti-
ficial malalignment of the mechanical axis (overpronation
of one foot), showed a diffuse increase in BML [71]. It
has also been hypothesized that venous stasis can cause an
intraosseous hypertension and, consequently, bone hypop-
erfusion and hypoxia, leading to BML [43].

The evolution of BML in OA is extremely variable,
since different studies showed that this kind of lesion can
develop, fluctuate in size, and regress, while in the Multi-
center Osteoarthritis Knee Study the majority of subchon-
dral lesions regressed or resolved completely at 30-month
follow-up [68], in the Dutch Genetics Arthrosis and Pro-
gression study only 20 % of the marrow lesions decreased
or resolved after 2 years [35]. The healing rate was even
lower in the Boston Osteoarthritis Knee Study, where it
is reported that <1 % of the patients showed a decrease
in BML size after 30 months [29]. Roemer et al. [68]
observed that the enlargement of BML is a negative prog-
nostic factor for cartilage loss, pain, and predictive for
arthroplasty. Tanamas et al. [77] confirmed these data and
noted that the severity of BML was positively associated
with the risk of knee joint replacement over 4 years. Scher
et al. [70] reported that subjects with BME were 8.95 times
more likely to progress rapidly to arthroplasty when com-
pared to subjects with no BME.

Prognostic factors for BML increase are male sex,
elevated BMI, and pain [70]. However, the correlation
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between BML and pain is still under debate: a systematic
review assessing the sources of pain in knee OA found a
moderate evidence for an association between BML and
pain, with four high-quality studies versus one demonstrat-
ing a positive association [88]. Felson et al. [20] reported
that knee pain is correlated with the development of BML
or enlargement of pre-existing lesions.

SIFK/SONK/AVN

Osteonecrosis of the knee was first described by Ahlback
et al. [2]. The knee is the second most common affected
location, following the hip [52]. Three distinct categories of
osteonecrosis have been identified: SONK, AVN, and post-
arthroscopic osteonecrosis.

SIFK related osteonecrosis (SONK) is considered
to be the most common form, albeit few epidemiologic
data exist. Only one study indicates a 3.4 % incidence in
patients aged over 50 years and an incidence <9.4 % in
patients older than 65 years [62]. AVN (osteonecrosis
mainly ascribable to ischaemic events) usually affects male
patients younger than 45 years. It can be related to a his-
tory of trauma or can be secondary to systemic diseases,
chemotherapy, radiation, alcohol abuse, corticosteroids use
and smoking. Post-arthroscopic osteonecrosis is the rarest
form, with no age or sex preference, and it is more com-
mon after meniscectomy, radiofrequency-assisted surgery,
and cartilage debridement [53].

SONK is classically described as a focal, superficial sub-
chondral lesion, mainly affecting the MFC. It is rarely a bilat-
eral condition (<5 %), and female patients are more com-
monly affected although some MRI studies showed equal
prevalence among males and females [38]. Patients usually
complain of a medial-sided acute knee pain, which wors-
ens at night. Typically the patients do not report a history
of trauma or risk factors. Aetiology is still not completely
understood. Two aetiologic hypotheses have been reported.
A vascular origin was initially suggested, with compro-
mised microcirculation to the subchondral bone resulting
in oedema, increased intraosseous pressure, finally leading
to ischaemia and necrosis [33]. However, the evidence is at
best limited to histological findings from a very small num-
ber of studies suggesting abnormal vascularity, oedema and
increased focal bone turnover [63]. Subsequently, SONK has
been associated with SIFK once the subchondral fragment
undergoes true necrosis. SIFK are non-traumatic fractures,
and they are usually occurring in elderly, female, overweight
and osteoporotic patients. Once subchondral fractures occur
and fail to heal, repetitive micromotion of the unstable osteo-
chondral portion can lead to infiltration of synovial fluid into
the fracture site, detachment and fragmentation of the osteo-
chondral fragment, followed by osteonecrotic changes in the
disconnected lesion [86].

The reported clinical course can be unpredictable. SIFK
does not necessarily progress in every patient. Sometimes,
reparative mechanisms with new bone formation can occur
and avoid bone death. The duration of symptoms is vari-
able and depends on the initial severity and extent of bone
involvement. Typically, the initial phase consists in severe
pain with functional impairment for at least 3—6 months,
followed by spontaneous resolution with functional and
radiographic improvement [80]. Alternatively, clinical pro-
gression of severe symptoms and radiological evidence of
subchondral bone collapse can occur.

Post cartilage surgery

The increasing awareness on the role played by BMLs in
the homoeostasis of the osteochondral unit recently led
to investigate the meaning of such MRI findings also in
patients who underwent cartilage treatments [44].

Bone marrow oedema-like signals are frequent findings
after both chondral and osteochondral surgical procedures,
with a reported rate ranging from about 40 to 80 %. Taka-
hashi et al. [75] evaluating 41 patients treated with ACI
for femoral condyle lesions, demonstrated that BMLs can
be present even before treatment, but that they can also be
caused by the treatment itself, with a 47 % rate at 1 year
after surgery. Niethammer et al. [58] prospectively docu-
mented BMLs presence after third-generation ACI with
serial MRIs of 38 knees up to 36 months of follow-up.
BMLs were seen in 78.9 % of the defects over the post-
operative course and were more common in femoral than
patellar defects. Other authors evaluated MRI findings after
ACI surgery detecting BMLs in about half of the cases at
short-term follow-up [14, 27, 79]. The same percentage was
confirmed at longer follow-up. Tetta et al. [78] evaluated 40
chondral lesions of the femoral condyles or trochlea treated
with hyaluronic acid-based MACT. At 5- to 7-year follow-
up, the prevalence of MRIs presenting BMLs was 50 %.
Finally, Vasiliadis et al. [84] documented the persistence of
subchondral bone changes also at the long-term evaluation
at 13 years in 36 knees treated with ACI: 59 % still showed
oedema-like signals.

The etiopathology and clinical significance of these
findings remain nebulous, and also the significance of
post-surgical BMLs evolution is not clear, since there
is evidence of both reduction and increase over time. In
the attempt to clarify the evolution of BMLs found after
cartilage surgery, Filardo et al. [21] evaluated 248 MRIs
performed from 6 to 108 months after hyaluronic acid-
based ACI. BMLs were present in the first postoperative
phases, markedly reduced at 2 and 3 years, and then again
increased and steadily present at mid/long-term follow-up.
This peculiar evolution trend could be the expression of
tissue modifications over time: the initial reduction could
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be due to the maturation phase, which for such cartilage
treatments is commonly acknowledged to stabilize at
around 2 years, resulting in a reduction of the MRI sig-
nal. On the other hand, the hyaline-like cartilage found as
a result of ACI procedures may be not sufficient to protect
subchondral bone from mechanical forces and thus lead to
progressive subchondral bone stimulation. The importance
of the abnormal load applied seems to be supported by the
distribution of BML, more common in femoral condyles
than in trochlea and patellae, or in joint compartments
with combined meniscus damage and therefore further
increased abnormal mechanical stress.

Despite the aforementioned studies shedding some
light on frequency and evolution, no correlation has been
found between BMLs and clinical outcome, thus making
the clinical significance of this imaging finding question-
able [21, 58, 75]. The high MRI sensitivity may allow early
changes to be detected, which may be a tissue reaction that
is abnormal but still not severe enough to affect the clinical
outcome, even at mid/long-term follow-up.

Nonetheless, BMLs are common finding after cartilage
surgery, and a better understanding of the evolution of post-
surgical BML over time is needed, as well as its impor-
tance as a prognostic factor over time, to better evaluate the
potential of cartilage procedures and improve the manage-
ment of patients undergoing surgery for the treatment of
the articular surface.

Conservative treatment
Physical treatment

Patients suffering from SIFK related osteonecrosis (SONK)
or other BML-related conditions may be managed non-oper-
atively or operatively, based on symptoms and disease staging.
The decision is largely based on the aetiology and on the size
and grading of the osteonecrotic area. This can be calculated
by measuring the greatest width both in anterior-posterior
and lateral radiographs [33], or as a percentage of the affected
femoral condyle [39]. Osteonecrosis areas involving more
than 40-50 % of the condyle or lesions bigger than 5 cm? usu-
ally lead to collapse and require prosthetic arthroplasty [1, 53].

Conversely, medium lesions (3.5-5.0 cm?) may or may
not regress, and small lesions (typically <3.5 cm?) usually
regress with non-surgical management. Thus, non-operative
management is usually reserved for small BML (<3.5 cm?)
without clear signs of osteonecrosis [33]. The conserva-
tive approach includes treatment with non-steroidal anti-
inflammatory drugs (NSAIDs), analgesics as needed, and
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protected weight bearing for 3—8 months, based on patients
symptoms and radiological control [33, 87].

Another area of non-operative management currently
being studied is pulsed electromagnetic fields therapy. In
a case series of patients affected by early SONK stage,
pulsed electromagnetic fields significantly reduced pain
and size of the necrotic lesion after 6 months [46].

Pharmacological

Two drugs have been proposed and studied for the treat-
ment of BML: prostacyclin and bisphosphonate. They act
on different bone targets, and therefore they may interact
with different steps of the etiopathological pattern of BML.

The most studied prostacyclin analogue is iloprost
(Schering AG, Berlin, Germany), whose pharmacokinetic
effects lead to better perfusion in tissues with a critical
blood supply. It induces vasodilation and has an impact
on the rheological properties of the terminal vascular bed
[26]. Moreover, it reduces capillary permeability, inhibits
platelet aggregation and diminishes the concentration of
free oxygen radicals and leukotrienes [3, 10, 16, 17]. How-
ever, the pharmacological effects that are responsible for
pain relief and the decrease in BML are not yet known. It is
unclear if the pain relief and reduction of BML during and
after iloprost application are primarily based on a normali-
zation of intraosseous pressure or on interactions with local
leukotrienes and cytokines [30]. Nonetheless, the effects of
iloprost in treating BML were proved by several clinical
studies at short-term follow-up, with lesions regression and
symptoms improvement [47, 48], but with poorer results in
advanced stages [30].

The second drug proposed for the treatment of BML,
bisphosphonate, inhibits osteoclast activity and conse-
quently bone resorption. The rationale for the use of bis-
phosphonates in the treatment of BML and early, precol-
lapse stage osteonecrosis, is based on the assumption that
the structural bone failure is the result of resorption of
necrotic bone during revascularization before new bone
has been formed. It can be hypothesized that if acceler-
ated bone resorption could be reduced during the revas-
cularization process, until sufficient new bone has been
formed, structural failure could be avoided [50]. Clinical
results of bisphosphonate treatment for BML and subchon-
dral pathology are controversial. In the only randomized,
double-blind, placebo-controlled trial on knee osteonecro-
sis, Meier et al. [50] failed to find any differences between
ibandronate and placebo. On the other hand, other studies
showed clinical and radiological benefit from bisphos-
phonate treatment in osteonecrosis [36], in transient bone
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Fig. 12 Preoperative MRI of a
medial femoral condyle and b
medial tibial plateau bone mar-
row lesions

Fig. 13 a Intraoperative
fluoroscopy view of cannula
insertion prior to calcium phos-
phate injection. Precise location
achieved through triangula-
tion from coronal and sagittal
planes on preoperative MRI
and transferred to AP and true
lateral views fluoroscopically. b
Postoperative fluoroscopy view
showing calcium phosphate
blush in the region of bone mar-
row lesion
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Fig. 14 MRI of a medial femo-
ral condyle bone and b medial
tibial plateau bone marrow
lesions after calcium phosphate
injection

marrow lesion syndrome and in CRPS [5, 82]. Bisphospho-
nates were also recently applied with a different indication:
early OA, with evidence of reduced knee pain and BML
size, which suggests that OA treatment may benefit from
this specific therapeutic approach [37, 83].

In the only trial comparing the effect of prostacyclin and
bisphosphonate IV in treatment of BML of the knee and
foot, with 10 patients per arms, Baier et al. [4] found that
both treatments have a therapeutic benefit, allowing symp-
toms relief and BML reduction on MRI, with a quicker and
greater effect of prostacyclin.

Regarding the posology, prostacyclin has been adminis-
tered both intravenously (0.5-1.0 ng/kg/min 6 h daily for
5 days) [30] and per os (50-100 g twice or thrice daily
for 4 weeks) [48], whereas bisphosphonates have been used
intravenously with different dosage for the different drugs
(neridronate 100 mg IV four times over 10 days [83], zole-
dronic acid 5 mg single IV infusion [37], ibandronate 6 mg
infusion three times at a monthly interval [5]).

These promising results suggest an attempt of pharma-
cological treatment with prostacyclin or bisphosphonates
for early stage osteonecrosis, as well as in early OA, but
further studies are needed in order to clarify posology, indi-
cations, and long-term results of these drugs.
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Surgical treatment

Classifications may create artificial separations, yet are use-
ful for choosing treatment options, especially when consid-
ering surgical intervention. Only lesions candidate for sur-
gery will be discussed in this section.

Microscopic trabecular fractures may be associated with
macro (e.g. impaction injuries associate with the tibiofemoral
subluxation of an ACL tear or patellar dislocation) or micro-
trauma (e.g. stress fracture) [89], but it is also important to
consider that microtrabecular fractures can be associated with
altered loads of bone, ranging from loss of meniscal function
to loss of the protective function of articular cartilage, whether
from OA or inadequate function of a cartilage restoration pro-
cedure. Finally, ischaemic events should be considered. With
these various pathogenetic patterns in mind, if nonoperative
treatment fails, operative treatments may be divided into two
nonexclusive broad categories: those stabilizing the microtra-
becular fractures and those encouraging a healing response.

Stabilization of microtrabecular fractures

Sharkey et al. [72] proposed flowable calcium phosphate
that could endothermically crystalize without displacing
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the trabeculae to stabilize microtrabecular fractures in
OA patients, first applying polymethylmethacrylate and
then calcium phosphate (Figs. 12, 13, 14). Pain improve-
ment and a delayed arthroplasty in the treated patients were
reported. A recent publication by Colon et al. [11] pointed
out that not all commercially available bone substitute
materials are able to flow in a closed fracture environment
without damaging the bone structure, thus suggesting the
importance of the material choice. Recently, extended indi-
cations have been proposed for the treatment of knee BML
areas, but the utility of these procedures remain under eval-
uation, also considering some reported complications in the
preliminary experiences [19] .

A high incidence of BML after cartilage treatment has
been reported [21]. This appears to occur after all types of
cartilage procedures and may represent a benign bone car-
tilage construct interaction or the beginning of a process of
pathologic bone overload. Calcium phosphate injections
have been recently proposed also to improve patient com-
fort and potentially avert progression to delamination by
treating these lesions [18].

When insufficiency fractures progress to a bone structure
collapse, subchondral support techniques are inadequate
and thus the treatment of choice should be bone grafting of
the injured and deficient bone, followed by osteochondral
restoration [45, 54].

Stimulation of a healing response

As an alternative for a ceramic support (calcium phosphate
crystallizes to hydroxyapatite) another approach is to stim-
ulate healing before a collapse occurs. Treatment of oste-
onecrosis has typically involved core decompression [24].
Future trends may involve the use of bone marrow con-
centrate as augmentation of core decompression, borrow-
ing a treatment already used and studied in the hip. In the
subchondral bone pathology of the femoral head, this com-
bined treatment has shown promising results in the past
few years. Treating 534 hips with early stages of osteone-
crosis, Hernigou et al. [28] demonstrated that only 94 hips
progressed to collapse and needed a total hip replacement
after a mean 13 years after core decompression with bone
marrow grafting. Moreover, randomized trials were also
performed, showing how core decompression augmented
with bone marrow concentrate improved bone healing rates
when compared to core decompression alone [40].

Conclusions
BML can be found in a wide range of conditions. The key

factor for patient management is the distinction between
reversible and irreversible conditions. MRI plays a major

role for a correct diagnosis based on recognizable typical
patterns that have to be considered together with coexistent
abnormalities, age, and clinical history. Several conserva-
tive and surgical treatment options have been proposed,
but with an overall weak literature support. Future studies
should focus on BML to better define specific pathologic
patterns, allowing a more accurate differential diagnosis
and precise indications for the available and new therapies.
Finally, high-level studies should prove the potential of
each treatment according to the specific pathology and dis-
ease phase, in order to optimize the management of BML.
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