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Abstract
Subchondral insufficiency fracture (SIF) is a non-traumatic condition that has historically been associated with elderly, osteo-
porotic women and patients with systemic conditions. There has been much work done to determine the pathogenesis of SIF,
which has previously been regarded as idiopathic, rapid-progressive osteoarthritis or osteonecrosis of the hip, spontaneous
osteonecrosis of the knee (SONK), osteochondral defect (OCD) of the talus and adult-onset Freiberg infraction of the metatarsal
head. Early diagnosis and management are crucial to prevent subchondral collapse, secondary osteonecrosis and early-onset
osteoarthritis. Magnetic resonance imaging (MRI) plays an important role in the diagnosis of SIF, which is often inconspicuous
on initial radiographs. In this article, the authors provide an update on the role of MRI in identifying key imaging features of SIF
in various joints of the lower limb to aid in its correct diagnosis.

Keywords Subchondral insufficiency fracture . Hip . Knee . Ankle . Metatarsal . Lower limb .Magnetic resonance imaging

Introduction

Subchondral insufficiency fracture (SIF) is a condition that
may not be associated with a clear history of trauma or
may be related to repetitive microtrauma, and occurs im-
mediately below the articular cartilage of a weight-bearing
joint. Initially described by Bangil et al. in 1996, it was
thought to occur secondary to physiological stress applied
to a weakened bone due to reduced bone mineralisation,
commonly seen in post-menopausal, osteoporotic women
[1]. Cases of SIF have also been seen in patients with
rheumatoid arthritis, and those who have undergone liver
and renal transplantation [2–4]. However, subsequent lit-
erature has found that although patients usually have con-
current osteopaenia, it is not thought to be the cause of SIF
[5, 6]. In fact, Nelson et al. showed that 43% of patients
had normal T score (bone mineral density when compared

with a young normal reference mean), and the average Z
score (age-matched reference mean) was nearly one stan-
dard deviation above normal [6]. It is hypothesised that
cartilage and meniscal degeneration might promote a spe-
cific metabolic response that leads to SIF in this group of
patients [6].

Prognosis is highly variable and depends on age,
weight, bone density and extent of the fracture [7].
Conservative management includes non-weight-bearing
initially, followed by gradual load-bearing as tolerated by
the patient. Concurrent use of cold therapy, non-steroidal
anti-inflammatory drugs (NSAIDs) and crutches is the
mainstay of conservative therapy [8, 9]. However, as initial
radiographs are normal in most cases, there is a tendency
for delayed diagnosis and suboptimal early management
that may result in worsened outcome owing to subchondral
collapse, potentially requiring surgery [10].

It is important to note that although SIF and osteonecrosis
(ON) can occur at similar anatomical locations, they have
different histopathological and radiological appearances [11,
12]. Treatment for the two conditions is also different; there-
fore, it is important to be able to correctly identify and differ-
entiate the two conditions on imaging. The magnetic reso-
nance imaging (MRI) features of SIF at various locations have
been previously described [13]. This review article provides
an update on the role ofMRI in the diagnosis andmanagement
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of SIF in the various joints of the lower limb, highlighting key
findings that aid its correct diagnosis.

Anatomy of the subchondral bone plate

The anatomy of the subchondral bone is complex and is dif-
ferent from that seen on a non-articular bone surface. It con-
sists of two mineralised layers that separate the articular car-
tilage from the underlying bone marrow. The first layer is
formed by calcified cartilage, which is radiologically denser
than the adjacent articular cartilage. There is a smooth transi-
tion between the two cartilage layers, which is organised in a
complex three-dimensional trilaminate structure [14, 15]. This
layer of transition is known as the Btidemark^ because of its
characteristic appearance on histological sections (Fig. 1)
[15]. The tidemark is thought to have an important biome-
chanical function and is seen to advance into the uncalcified
articular cartilage in the presence of microtrauma [16]. From
the tidemark to the underlying bone marrow, the calcified
cartilage transitions into a woven or lamellar bone that is
formed in a perpendicular direction to the joint surface, with
a further cross-network of finer trabeculae that are formed in a
right-angle orientation [17]. Importantly, no continuous colla-
gen fibres are seen between the calcified cartilage layer and
the subchondral bone plate, thus representing a zone of weak-
ness at the osteochondral junction [17]. There is a marked
difference in the rigidity and the ability to withstand shear
forces from the articular cartilage to the subchondral bone,
and this is thought to be the reason why there is a propensity
for cartilage injury secondary to shear forces [18].

Function

The subchondral bone plate has an important function in pro-
viding support to the overlying articular cartilage. Both artic-
ular cartilage and the subchondral bone are thought to act as a
dynamic unit that dissipates mechanical forces exerted on the
diarthrodial joint [18, 19]. Therefore, it is thought that osteo-
arthritis (OA) is not a disease of the articular cartilage alone,
and any anatomical alterations will result in reciprocal chang-
es in the mechanical properties of the other [17, 20]. Joint
congruency, defined as a measurement of two opposing joint
surfaces that are in contact with one another, is regarded as an
important factor in determining the thickness of the articular
cartilage [21]. Joints with regions of high congruency appear
to have thinner articular cartilage, whereas joints with regions
of low congruency appear to have thicker articular cartilage
[22]. For example, the ankle has thin articular cartilage mea-
suring 1.2 mm (1.0–1.6) with a high joint congruency ratio
(average length of the congruent surface divided by the aver-
age length of the total articular surface), whereas the knee has
thick articular cartilage measuring 2.2 mm (1.7–2.6) with a
low joint congruency ratio. Joints with high congruency have
a large surface area to dissipate the mechanical load, and there-
fore do not require thick articular cartilage. Conversely, joints
with low congruency require thick articular cartilage that can
easily be deformed to provide a larger surface area, thereby
decreasing the stress per unit area [22]. This would support the
hypothesis that OA might play an important role in the path-
ophysiology of SIF. Cartilage and meniscal degeneration lead
to an altered biomechanical state, causing increased stress to
be exerted on the weight-bearing aspect of the joint [21–23].
Therefore, it would no longer dissipate the mechanical force

Fig. 1 Anatomy of the articular
surface of the femoral head (H &
E; magnification ×200). Zone 1
represents the hyaline cartilage,
which is separated from the
calcified cartilage (C) by the
Btidemark^ (arrowheads). Zone 2
represents the subchondral bone
containing trabeculae orientated
perpendicular to the articular sur-
face (black arrows)
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uniformly across the joint, resulting in SIF notably along the
anterosuperior margin of the femoral head, the medial femoral
condyle and the talar dome.

Hips

Subchondral insufficiency fracture and ON are known causes
of femoral head collapse. A study by Yamamoto et al. found
that 6.5% of femoral heads surgically resected, with a clinical
diagnosis of either OA or ON, had SIF on histopathological
analysis [11]. The age range of these patients was 20–93 years
with a mean age of 68 years, 79% of patients being over
60 years of age and 60.1% being female. In a further study,
10 hips with confirmed SIF had callus with granulation tissue
along either edge of the fracture line, suggestive of a potential
for the fracture to heal [7]. It is important to differentiate SIF
from ON as early diagnosis would have an impact on the
treatment and its overall management, the prognosis depend-
ing on initial treatment, weight, activity, degree of osteopaenia
and extent of the fracture. A study by Yoon et al. found that
41.9% of SIF cases (13 out of 31) had femoral head collapse
along the anterosuperior margin, with a further 3 cases
progressing to femoral head collapse on follow-up radio-
graphs. Of these, 48.4% (15 out of 31) underwent total hip
arthroplasty (THA) due to failure of conservative therapy [24].

Initial hip radiographs in patients with SIF are generally
normal (Fig. 2a) and inconsistent with the severity of the pain.
Repeat radiography several months later may demonstrate
subchondral sclerosis due to callus formation, or femoral head
collapse in those with fracture progression. In these individ-
uals, a Bcrescent sign^ or femoral head deformity is evident
[7]. MRI demonstrates a pattern of bone marrow oedema
(BMO) with a focal low signal intensity (SI) band on T1-
weighted (T1W) imaging (Fig. 2b, c) [7, 9, 11]. Although this

is a finding seen in both ON and SIF, two distinct features
have been identified that can help differentiate the two condi-
tions. In SIF, the bone segment between the articular cartilage
and low SI band shows high SI on T2-weighted and
gadolinium-enhanced images, whereas it does not in ON, as
this segment of bone is deemed necrotic (Fig. 3a). The shape
of the low SI band in SIF typically parallels the articular sur-
face and is often discontinuous, with a serpentine morphology
(Fig. 3b). In ON, the low SI band is usually smooth, concave
and continuous (Fig. 3c) [7, 11, 25, 26]. The appearance of the
subchondral bone directly above the low SI T1 band on fat-
suppressed T2-weighted (T2W) MR images in SIF has been
divided into three types, which may relate to outcome [27].
Type 1 (52.5%) showed high SI, type 2 (20%) showed hetero-
geneous SI (Fig. 4) and type 3 (27.5%) showed low SI. Of
these, healing rates were 86% and 75% for type 1 and 2 hips
respectively, but only 18% for type 3 hips. Also, the location
of BMO may predict clinical outcome. In a study of 15 hips
diagnosed with SIF, BMO was seen in the femoral head in
only 6 (Figs. 2c, 3b), in the acetabulum alone in 2 and in both
the femoral head and the acetabulum in 7 cases [28]. Of the 7
patients with BMO on both sides of the joint, 3 progressed to
rapidly destructive arthrosis, whereasmost patients with BMO
limited to one side of the joint were successfully treated using
conservative measures.

However, a further study by Yamamoto et al. found that
there was considerable variation in the image findings, mak-
ing definitive diagnosis difficult with MRI alone [29].
Secondary subchondral bone fracture in the presence of ON
can lead to similar appearances to that seen with SIF.
Reparative granulation tissue and new bone formation in the
necrotic region of ON may demonstrate a similar T2 and en-
hancement pattern that is seen in SIF [7]. Also, the presence of
subchondral linear hyperintensity on fat-suppressed T2W
MRI is a common finding in both SIF (93.7%) and advanced

Fig. 2 A 51-year-old woman with sudden onset right hip pain. a
Anteroposterior (AP) radiograph demonstrates the normal appearance
of the right hip. b Coronal T1-weighted spin echo (T1W SE) MR image
shows a hypointense subchondral band (arrow) consistent with a

subchondral insufficiency fracture (SIF). c Coronal short tau inversion
recovery (STIR) MR image shows associated bone marrow oedema
(BMO) in the femoral head and neck (arrow)
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ON (79.2%) [30]. With regard to the location of SIFs in the
femoral head, they are more prominent in the anterior aspect
of the head (Fig. 4) [31]. In one-third of cases, the fracturemay
be located laterally and contact the acetabular edge (Fig. 5);
these patients tend to have a greater degree of acetabular over-
coverage. In the remaining patients who have normal acetab-
ular coverage, the fractures are typically located in the centre
of the head in the coronal plane (Figs. 2b, 3b) [31]. Follow-up
imaging may show either healing of the fracture with

reduction of associated BMO, or progression to femoral head
collapse.

Owing to ambiguity in the imaging appearances of the two
conditions, other clinical factors must be considered. SIF is
typically seen in elderly female patients with increased BMI
and osteopaenia, and should be considered in the differential
diagnosis of any elderly female with acute onset severe hip
pain [32]. The presence of concurrent vertebral compression
fractures is also predictive of SIF [33]. ON is more commonly
seen in younger patients (between 30 and 40 years) with a
history of steroid or alcohol use, and is more commonly bilat-
eral [25, 33, 34].

Fig. 4 Sagittal fat-suppressed (FS) T2-weighted fast spin echo (T2W
FSE) MR image of the hip showing a SIF (arrow) in the anterosuperior
aspect of the femoral head, with mixed increased and reduced signal
intensity (SI) of the bone above the fracture (arrowhead)

Fig. 5 A 70-year-old woman with left hip pain. Coronal T1W SE MR
image showing a laterally located SIF with minor collapse of the femoral
head, associated with marked acetabular over-coverage (arrow)

Fig. 3 Differentiation between SIF and osteonecrosis (ON). a ON:
coronal post-contrast fat-suppressed T1W SE MR image of the left hip
in a 14-year-old girl with ON, showing no enhancement of the necrotic
fragment (arrow). b SIF: coronal STIRMR image of the right hip in a 54-
year-old man showing a discontinuous subchondral fracture line parallel

to the articular surface that has a serpiginous morphology (arrow). Note
also the extensive BMO. cON: coronal T1WSEMR image of the left hip
showing a hypointense line (arrow) that is continuous and predominantly
concave to the articular surface
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Knee

Spontaneous ON of the knee (SONK) was first described in
1968 and thought to be a distinct form of ON unrelated to a
systemic disorder or corticosteroid use [35]. The classic sec-
ondary ON of the knee is often bilateral, involving large areas
of both epiphysis and metaphysis, affecting younger patients
and is usually apparent on initial radiographs [35, 36]. On the
other hand, SONK was commonly found in elderly patients
(average age 70 years), affecting a single joint with propensity
for shallow, sub-articular distribution, classically affecting the
medial femoral condyle.

Since the recognition of SIF of the hip as a distinct entity,
further studies have been carried out to assess the true nature
of SONK, with a final diagnosis of SIF being made following
histopathological evaluation of surgically managed cases of
SONK [37]. A linear fracture line was seen with associated
chondral metaplasia, callus formation and granulation tissue.
Small foci of ON were present between the fracture and the
articular cartilage, but this was not in keeping with what was
expected in classical ON of the knee. The surrounding bone
was focally resorbed by osteoclastic activity and vascular
granulation tissue in keeping with areas of radiolucency on
radiographs [37]. Three further histopathological studies have
supported the diagnosis of SIF as the cause of SONK, as seen
on MRI [38–40]. Therefore, it is now thought that SIF is the
primary cause of this MRI appearance, with ON being a likely
secondary event to the underlying fracture, and the term
SONK should be avoided as a primary diagnosis.

A study of 74 cases of SIF of the knee showed an almost
equal distribution betweenmales and females, with a mean age
of 61.7 years (range 37–89 years) and 74% presenting in the
6th to 7th decades of life. The mean BMI was 29.9 [41]. A
systematic review by Hussain et al. found a correlation be-
tween SIF of the knee with patients who had meniscal tear,
especially a posterior root tear of the medial meniscus
(Fig. 6b). These changes were also found in patients who had
undergone meniscectomy and other arthroscopic procedures,
including radiofrequency treatment and anterior cruciate liga-
ment (ACL) reconstruction [42]. The most common site for
SIF of the knee is at themedial femoral condyle (MFC; Fig. 6).
There have been reported cases of SIF involving the lateral
femoral condyle (LFC; Fig. 7a), medial and lateral tibial pla-
teau (MTP, LTP), although these are less common [43–46]. Of
74 cases of SIF, the MFC was involved in 64.9%, the LFC and
MTP in 16.2% and the LTP in only 2.7% [41].

Patients usually describe sudden onset pain that is out
of proportion to the changes evident on radiography [43].
Although the initial radiographs of SIF of the knee are
usually normal, follow-up radiographs may demonstrate
subchondral bone collapse with focal areas of radiolucen-
cy. As with the hip, MRI is the imaging modality of
choice. SIF is one of several causes of subchondral

BMO in the knee [47]. Classically, MRI demonstrates a
discrete area of linear low SI affecting the subchondral
bone on T1-weighted imaging (Fig. 7a, b) associated with
florid surrounding BMO on T2-weighted and fat-
suppressed images (Fig. 7c) [37, 48]. When viewed in
the coronal plane, 70% are located centrally (Fig. 7c),
27% peripherally (Fig. 6a) and only 3% at the inner mar-
gin of the condyle, whereas on the sagittal images 77%
occur centrally (Fig. 6a), 19% posteriorly (Fig. 7b) and
only 4% anteriorly. The lesion size can vary from 4 to
31 mm [41]. Associated soft-tissue oedema is seen in
89% of cases, 78% around the medial collateral ligament
and 68% posterior to the distal femur. Only 18% have
soft-tissue oedema around the tibia, although its presence
is highly predictive of SIF of the medial tibial plateau.
Joint effusion can be seen in 53% and synovial thickening
in 53% [41]. Medial meniscal tears have been reported in
64% of cases, occurring in 73% of MFC SIFs and 21% of
LFC SIFs. The tears involved the posterior root in 41%
[39]. Progression of SIF to subchondral collapse (Fig. 8)
is reported in 68% of cases, this being commoner in fe-
male subjects and in patients with meniscal extrusion of
3 mm or more [39].

Early diagnosis and conservative treatment may lead to
fracture healing, without progression to subchondral collapse
and fragmentation. The initial conservative treatment includes
NSAIDs, protected weight-bearing and quadriceps-strength-
ening. In a small series of patients with SIF, MRI demonstrat-
ed a greater reduction in the size of the fracture when treated
with the prostaglandin inhibitor iloprost compared with tram-
adol [49]. If the lesion is less than 3.5 cm2, patients may do
well with conservative management. However, in lesions
greater than 5 cm2 or 40% width of the condyle, prognosis
may be unfavourable leading to surgical management [50,
51]. High tibial osteotomy or total knee replacement may be
necessary in these cases.

Ankle

Subchondral insufficiency fracture of the talus is rare and
can affect both the talar dome (Fig. 9) and the head
(Fig. 10), where it articulates with the distal tibia and
the navicular respectively [52, 53]. It is hypothesised that
compression of the talar head against the navicular during
the push-off phase of the normal gait cycle might predis-
pose this segment of the talus to SIF [53]. Similar to other
weight-bearing joints, SIF of the talus is thought to occur
in post-menopausal women with osteoporosis. MRI dem-
onstrates a linear low SI band along the subchondral re-
gion of the talus on T1-weighted imaging (Figs. 9a, 10a),
with surrounding high signal representing BMO on T2W
and FS imaging (Figs. 9b, 10b). It can be difficult to
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distinguish SIF from osteochondritis dissecans (OCD) of
the talus (Fig. 11). In SIF, there is usually no history of
trauma, ligamentous injury or contour deformity and the
overlying cartilage remains preserved in the early stages
[54]. In contrast, OCD stages 1 and 2 demonstrate artic-
ular cartilage injury, commonly involving the medial mar-
gin of the talar dome, whereas lateral lesions are almost
always associated with a history of trauma [55]. The de-
mographics of the two entities are also different, with SIF
affecting the elderly, whereas OCD occurs most common-
ly in the 2nd decade of life [56].

Metatarsal head

Subchondral insufficiency fracture of the metatarsal (MT)
head is difficult to diagnose clinically as it has a similar pre-
sentation to other forefoot conditions such as capsulitis, neu-
roma, metatarsalgia and stress fracture of the metatarsal shaft.
Freiberg’s infraction was thought to be a cause of metatarsal
head collapse in young female subjects, secondary to post-
traumatic vascular disruption of the subchondral bone [57].
Repeated microtrauma, systemic disease and biomechanical
malalignment are all thought to be contributing factors to

Fig. 6 Subchondral insufficiency fracture of the knee. a Coronal STIR
MR image of the right knee in a 57-year-old woman showing a periph-
erally located SIF of the medial femoral condyle (MFC; arrow) and

extrusion of the meniscal body (arrowhead). b Sagittal FS T2W FSE
MR image showing the SIF (arrow) and a posterior third meniscal tear
(arrowhead)

Fig. 7 Subchondral insufficiency fracture of the knee. aCoronal T1WSE
MR image of the left knee of a 60-year-old man showing a peripherally
located SIF of the lateral femoral condyle (arrow). b Sagittal proton
density-weighted (PDW) FSE MR image of the knee of a 56-year-old

man showing a posteriorly located SIF of the MFC (arrow). cCoronal FS
PDW FSE MR image of the right knee showing a SIF of the MFC
(arrow) with prominent associated BMO
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Freiberg’s infraction [58, 59]. Gauthier and Elbaz suggested
subchondral fatigue fracture as the initial injury leading to

vascular compromise resulting in ON [60]. However, a sub-
sequent study by Young et al. found that non-juvenile

Fig. 8 Subchondral insufficiency fracture of the knee. a Sagittal PDW
FSE and b coronal FS PDW FSE MR images of the right knee of an 83-
year-old woman showing mild subchondral collapse with a necrotic

fragment (arrows) separated from the underlying oedematous bone by a
linear fluid SI cleft (arrowheads), with associated subchondral cystic
change (thin arrows)

Fig. 9 Subchondral insufficiency fracture of the talar dome. a Coronal T1W SE and b STIR MR images of a 24-year-old woman with a Charcot joint
showing a subtle SIF in the centre of the talar dome (arrows in a) with extensive associated BMO (arrows in b)
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Freiberg’s infraction of the MT head is due to osteochondral
shearing at the tidemark junction. They hypothesised that dur-
ing the toe-off phase of the gait cycle, the proximal phalanx
might be compressed against the dorsal surface of the MT
head causing shearing stresses parallel to the subchondral
bone leading to SIF in non-juvenile patients [61].

Histopathological analysis of the MT head in a 77-year old
woman with 2nd MT head collapse found granulation tissue
with callus formation and vascular supply without any evi-
dence of ON, similar to that seen in SIF of the hips. MRI in
this patient demonstrated linear subchondral low SI on T1-
and T2-weighted imaging with surrounding bone marrow

Fig. 11 A 39-year-old woman with left ankle pain. a Coronal T1W SE
and b sagittal STIR MR images showing a subchondral fracture of the
medial margin of the talar dome (arrows) with little associated oedema.

The differential diagnosis lies between a SIF and a stage 2 osteochondral
lesion of the talus

Fig. 10 Subchondral insufficiency fracture of the talar head. aAxial T1W SE and b sagittal STIRMR images of a 52-year-old woman showing a SIF in
the distal articular surface of the talus (arrow in a) with associated BMO (arrow in b)
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oedema in keeping with SIF, as seen in other diarthrodial
joints [59].

Torriani et al. described the MRI features in 13 patients
with 14 MT head SIFs [62]. All patients were women with
mean age of 52.8 years (range 25–68.3 years), and a history of
acute trauma was reported by 1 patient only. The second MT
head was involved in 10 cases, and the third and fourth in 2
cases each. TwoMRI patterns were described, the commonest
(71%) being a subchondral fracture most frequently involving
the dorsal aspect of the MT head (Fig. 12a) with florid
oedema-like marrow signal and joint effusion (Fig. 12b).
The mean fracture length was 9.5 mm, and flattening of the

MT head was observed in 40% of cases. The second pattern
comprised subchondral sclerosis with MT head flattening, but
little associated marrow oedema (Fig. 13).

Conclusion

Subchondral insufficiency fractures may be difficult to diag-
nose both clinically and radiologically, and have previously
been mislabelled and misdiagnosed as ON. SIF should be
considered as a differential diagnosis in the setting of severe
non-traumatic joint pain when the initial radiographs appear

Fig. 12 A 39-year-old woman with right forefoot pain. a Sagittal T1W SEMR image showing a SIF in the third metatarsal (MT) head (arrow). b Axial
STIR MR image showing associated BMO (arrow) and joint effusion (arrowhead)

Fig. 13 A 58-year-old woman with a 3-year history of right forefoot pain.
a Dorsoplantar radiograph showing flattening and sclerosis of the second
and third MT heads (arrows). b Axial T1W SE MR image showing
hypointensity in the third MT head (arrow) with similar milder changes

in the second MT head (arrowhead). c Sagittal STIRMR image showing
associated a flattened third MT head with a subchondral cyst (arrow) and
no significant BMO (arrowhead)
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normal. MRI typically demonstrates linear low SI adjacent to
the subchondral bone plate with associated florid BMO, espe-
cially in elderly patients with a history of osteoporosis or
concurrent cartilage and meniscal degeneration. Early conser-
vative management with pain relief and non-weight-bearing is
crucial to halt its progression to subchondral bone collapse,
which may lead to OA requiring joint replacement.
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