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ABSTRACT

Background Subchondral insufficiency fracture (SIF) repre-

sents a potentially severe condition that can advance to os-

teoarthritis, with collapse of the articular surface. SIF mani-

fests as a fracture in bone weakened by non-tumorous

disease, precipitated by repetitive physiological stress, with-

out a clear history of major trauma. It is observed along the

central weight-bearing region of the femoral condyle, with a

higher incidence in the medial femoral condyle, but also in

other large weight-bearing synovial joints, such as the femoral

head, tibial plateau, or talus.

Method A review of the literature from the past six years was

performed by searching PubMed and ScienceDirect databa-

ses, using the keywords “subchondral insufficiency fracture”

and “spontaneous osteonecrosis of the knee”. The inclusion

criteria were scientific papers presented in the English lan-

guage that reported on the magnetic resonance imaging

(MRI) aspects of SIF of the lower limb.

Results and Conclusion Detecting SIF at the level of the hip,

knee, and ankle may present challenges both clinically and

radiologically. The MRI appearance is dominated by a bone

marrow edema-like signal and subchondral bone changes

that can sometimes be subtle. Subchondral abnormalities are

more specific than the pattern of bone marrow edema-like

signal and are best shown on T2-weighted and proton-densi-

ty-weighted MR images. MRI plays an important role in accu-

rately depicting even subtle subchondral fractures at the on-

set of the disease and proves valuable in follow-up, prognosis,

and the differentiation of SIF from other conditions.

Key Points

▪ Subchondral insufficiency fractures may affect the hip,

knee, and ankle.

▪ Subchondral insufficiency fractures may heal sponta-

neously or progress to collapse.

▪ MRI is important for the detection, follow-up, and prog-

nosis of subchondral insufficiency fractures.

▪ Differential diagnosis may include transient osteoporosis

and osteonecrosis of systemic origin.
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ZUSAMMENFASSUNG

Hintergrund Die subchondrale Insuffizienzfraktur (SIF) stellt

eine potenziell ernste Erkrankung dar, die zu einer Osteo-

nekrose und oder einem Fortschreiten der Arthrose mit Kol-

laps der Gelenkoberfläche führen kann. SIF manifestiert sich

als Fraktur im durch nicht-neoplastische Krankheiten ge-

schwächten Knochen. Diese Fraktur wird ausgelöst durch wie-

derholten physiologischen Stress, jedoch ohne klare Anam-

nese eines schwerwiegenden Traumas. Sie tritt entlang der

zentralen, gewichtstragenden Region der Femurkondyle auf,

mit einer höheren Inzidenz im medialen Femurkondylus,

aber auch in anderen großen, gewichtstragenden mit Synovia

ausgekleideten Gelenken, wie dem Knie- und Sprunggelenk.

Review
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Methode Es wurde eine retrospektive Literaturanalyse der

letzten sechs Jahre durchgeführt, indem PubMed- und Scien-

ceDirect-Datenbanken nach den Schlüsselwörtern „subchon-

drale Insuffizienzfraktur“ und „spontane Osteonekrose des

Knies“ durchsucht wurden. Die Einschlusskriterien waren wis-

senschaftliche Arbeiten in englischer Sprache, die sich mit

den magnetresonanztomografischen (MRT) Aspekten der SIF

der unteren Extremität befassten.

Ergebnisse und Schlussfolgerung Die Detektion von SIF im

Bereich von Hüfte, Knie und Sprunggelenk kann sowohl kli-

nisch als auch radiologisch herausfordernd sein. In der MRT

zeigen sich Veränderungen, wie sie auch bei einem Knochen-

marködem festzustellen sind. Außerdem zeigen sich sub-

chondrale Knochenveränderungen, die manchmal auch nur

subtil sein können. Subchondrale Abnormalitäten sind spezifi-

scher als das eher unspezifische Knochenmarködem und wer-

den am besten auf T2-gewichteten und Protonendichte-ge-

wichteten MRT-Sequenzen dargestellt. Die MRT spielt eine

wichtige Rolle dabei, auch subtile subchondrale Frakturen zu

Beginn der Erkrankung genau darzustellen und erweist sich

als wertvoll bei der Verlaufskontrolle, Prognose und Differen-

zierung von SIF zu anderen Pathologien.

Kernaussagen

▪ Subchondrale Insuffizienzfrakturen können spontan heilen

oder zu einem Kollaps fortschreiten.

▪ MRT ist wichtig für die Erkennung, Nachsorge und

Prognose von subchondralen Insuffizienzfrakturen.

▪ Die Differentialdiagnose kann transiente Osteoporose und

Osteonekrose systemischen Ursprungs umfassen.

Introduction

Subchondral insufficiency fracture (SIF) represents a potentially
severe condition that can advance to osteoarthritis and collapse
of the articular surface. SIF manifests as a fracture in bone wea-
kened by non-tumorous disease, precipitated by repetitive phys-
iological stress, without a clear history of major trauma. This frac-
ture occurs in areas of the bone unable to withstand normal loads,
primarily due to mechanical factors. It is commonly observed
along the central weight-bearing region of the femoral condyle,
with a higher incidence in the medial femoral condyle. However,
SIF may also manifest in other large weight-bearing synovial
joints, such as the femoral head, tibial plateau, or talus, particular-
ly in areas subjected to mechanical loading [1, 2, 3].

With its heightened sensitivity and notable specificity, mag-
netic resonance imaging (MRI) plays a crucial role in accurately
depicting even subtle subchondral fractures at the onset of the
disease. Additionally, MRI proves valuable for follow-up and prog-
nosis, as radiographs exhibit limited sensitivity until the disease
has progressed significantly.

This review will focus on the key imaging characteristics of SIF,
emphasizing the pivotal role of MRI and underscoring the signifi-
cance of early detection. Moreover, due to the diverse origins and
pathophysiological processes associated with an epiphyseal bone
marrow edema (BME)-like signal, attributed to the nonspecific na-
ture of this MRI finding, this paper will provide a brief discussion of
the non-tumoral differential diagnosis of SIF.

Methods

A systematic review of the literature from the past six years was
performed by searching the PubMed and ScienceDirect databa-
ses, using the keywords subchondral insufficiency fracture and
spontaneous osteonecrosis of the knee. The queries were per-
formed on December 12 and 13, 2023. The inclusion criteria
were scientific papers presented in the English language that re-
ported on the MRI aspects of subchondral insufficiency fracture
of the lower limb. Nonhuman studies, case reports with fewer

than 3 patients, cost-effectiveness studies, technical reports, edi-
torial articles, surveys, letters to the editor, book chapters, and
personal correspondence were excluded (n=34). Furthermore, ar-
ticles not primarily focused on MRI imaging and diagnosis were
excluded (N=58). This includes articles with a primary emphasis
on surgical, therapeutic, or non-imaging aspects of subchondral
insufficiency fracture. This search identified 108 articles including
duplicates with 16 individual articles meeting our criteria.

Terminology: historical perspective, current
state, and prospective outlook

Insufficiency fractures represent a form of stress injury associated
with a fracture line. Stress injuries range from stress reactions
(without a radiologically visible fracture line) to stress fractures,
indicating a mismatch between the native strength of the bone
and the prolongedmechanical stress exerted on it. This imbalance
can result from fatigue, involving abnormal stress on a normal
bone structure, or from insufficiency, where normal stress is ap-
plied to a bone with abnormal architecture [4, 5].

Numerous publications address the terminology of SIF at the
level of the knee (SIFK). The term “spontaneous osteonecrosis of
the knee” (SONK) was first described by Ahlbäck et al. in 1968 as a
clinical condition primarily observed in elderly women. These indi-
viduals typically presented with abrupt, severe knee pain without
any associated trauma [6]. Despite histological examinations re-
vealing minimal osteonecrosis, this lesion was initially attributed
to osteonecrosis [6].

With the introduction of MRI, the terminology of SIF began to
take shape in 1998 when Lecouvet FE et al. described the primary
imaging characteristics of transient epiphyseal lesions within the
distal femoral epiphysis [7]. The goal was to distinguish them
from irreversible osteonecrosis of the femoral condyles [7]. Sub-
sequent studies by Lecouvet FE et al. in 2005 [8], complemented
by the studies of Yamamoto and Bullough [9] and Takeda et al.
[10], substantiate these initial findings.
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To elaborate further, in 2000, Yamamoto and Bullough’s histo-
logical study on surgically treated lesions initially diagnosed as
“SONK” identified two types: those with a subchondral fracture
line without associated osteonecrosis, and those with a subchon-
dral fracture line with focal osteonecrosis. The osteonecrotic area,
strictly confined between the fracture line and the articular sur-
face, led the authors to conclude that the fracture is likely the pri-
mary event [9].

In 2008, the histological study by Takeda et al. on “SONK” le-
sions disclosed that, in early stages without collapse, osteonecro-
sis was absent, but it became apparent in later stages, confined to
the area distal to the fracture site, suggesting compromised heal-
ing [10].

The confusion about terminology has been discussed in recent
papers. One source of ambiguity is the utilization of the term
“SONK”, which is inconsistently applied to describe both sponta-
neously healing lesions and those complicated by collapse [11].
Additionally, some have used the term SIF for both types of le-
sions, those healing spontaneously and those progressing to col-
lapse [12, 13]. In 2018 it became widely accepted that SONK is in-
deed a form of SIF that advances to joint collapse, characterized
by secondary necrosis observed in the collapsed specimens [1].
Furthermore, recent papers recommend completely abandoning
the term “SONK” in favor of “SIF” [14, 15].

In a recent review paper, the authors describe two types of
spontaneous epiphyseal lesions, under a common nosological en-
tity with different prognoses [16]. They use two terms to distin-
guish between lesions that undergo healing (referred to as simple
subchondral insufficiency fractures) and lesions that progress un-
favorably, leading to osteonecrosis and collapse (referred to as os-
teonecrosis complicating insufficiency fractures) [16].

Clinical Context

Notably, most of the research has been conducted on knee studies,
revealing that SIF primarily affects individuals over 60 years of age,
predominantly females, without a specific history of metabolic dis-

orders or therapeutic intervention [17, 18]. Some studies suggest a
potential link with underlying osteopenia [18, 19]. Conditions lead-
ing to bone fragility, such as renal and liver transplant recipients,
osteomalacia, or systemic lupus erythematosus may contribute to
more numerous insufficiency fractures [3, 16, 20, 21].

The onset of symptoms is typically sudden, occurring after
minor trauma or without any history of trauma. Patients can recall
the exact moment when the pain started, and it intensifies with
weight bearing, persisting even at rest. Physical examination com-
monly reveals tenderness and joint effusion [6, 17].

SIFs are thought to result from a combination of factors includ-
ing compromised osseous infrastructure, abnormal bone repair
mechanisms, reduced protective function of surrounding soft tis-
sues, including cartilage or meniscal injury, as well as exposure to
abnormal forces [2, 19].

SIF – General Findings on MRI

The early fracture line in SIF is often unclear on radiographs, lead-
ing to initial negative evaluation. As the lesion advances, radio-
graphic abnormalities appear but lack sensitivity for early detec-
tion. MRI, in contrast, proves to be an excellent imaging modality
for detecting osteochondral lesions and is optimal for early diag-
nosis [22]. The MRI findings related to SIF will be outlined, with
each aspect discussed individually.

In addition to morphological examination, newer imaging meth-
ods capable of identifying biochemical and structural changes in
cartilage, such as T2 and T2* mapping, T1ρ imaging, dGEMRIC (de-
layed gadolinium-enhanced MRI of cartilage), and sodium MRI,
might play a role in the early identification of cartilage involvement
in SIF. Further research is necessary to assess their potential prog-
nostic value in SIF and their possible role in SIF management.

BME-like signal

Understanding of the term “bone marrow edema”, initially intro-
duced by Wilson et al. in 1988 to describe abnormal bone marrow

▶ Fig.1 Coronal T2-weighted fat-suppressed a, coronal T1-weighted b, and sagittal proton-density-weighted fat-suppressed cMR images showing
low-risk SIF at the level of the lateral femoral condyle, with extensive ill-defined bone marrow edema-like signal (white arrow in a), irregular hy-
pointense line (black arrow in c), very subtle hypointense subchondral area (white arrow in c) and no cortical deformity. Note the metaphyseal burst
sign (black arrow in a).
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signal intensity on MRI, has evolved over time [23]. It was original-
ly described as subtle low signal intensity on T1-weighted images
and subtle high signal intensity on fat-suppressed T2-weighted
images in patients with knee pain [23]. However, subsequent re-
search revealed that the observed signal abnormalities, initially
thought to be edema, constitute a complex mixture of lymphoid
infiltrates, fibrosis, increased vascularization, blood products, mi-
crofracture and callus formation, granulomatous foci, and carti-
lage debris, depending on the etiology [14, 24, 25].

As the use of MRI expanded, this bone marrow signal abnor-
mality was observed in various knee conditions, including SIF, os-
teoarthritis, trauma, inflammation, and tumors, indicating a lack
of specificity. Due to the diverse histological components, it is re-
commended to use the term “bone marrow edema-like signal”
rather than “bone marrow edema” in imaging descriptions [14,
15].

In SIF, the key finding is the BME-like signal, but its extent on
MRI does not correlate with the prognosis [1, 7]. It manifests as
an ill-defined area of bone marrow with moderately decreased
signal intensity on T1-weighted images and increased signal in-
tensity on T2-weighted images, especially evident on fat-suppres-
sed fluid-sensitive images (▶ Fig.1) [1]. The location and exten-
sion of BME-like signal changes vary with the underlying
condition, with the signal changes being near the articular surface
and extending over a variable portion of the epiphysis in SIF [16].
Conversely, BME-like abnormalities in osteoarthritis are typically

▶ Fig.2 Diagram showing the prognostic importance of the sub-
chondral hypointense area/band on T2-weighted images. Lesions
with areas measuring over 4mm in thickness or 14mm in length
predict irreversible changes. Instead, lesions with subchondral hy-
pointesity areas between 2 and 4mm have an uncertain prognosis
and may progress either to healing or collapse. Additionally, a pa-
thogenic hypothesis suggesting the potential for SIF to heal is based
on determining whether there is continuity between the area loca-
ted between the fracture line and the articular surface and the rest
of the epiphyseal region, indicating ongoing vascular supply in that
area. Diagram adapted based on Malghem J et al., 2023 Figure 13
and Figure 21 [16].

▶ Fig.3 Irreversible SIF of the medial femoral condyle, with articular collapse, in a 62-year-old woman who presented with 4 months of diffuse knee
pain. Coronal T2-weighted fat-suppressed a, b, c and sagittal proton-density–weighted fat-suppressed e, f MR images show articular surface col-
lapse, a fluid-filled cleft underlying the subchondral bone plate (arrow in a), and BME-like signal confined to the periarticular region. Saucerized
defect (arrowhead in d) of the epiphysis can be observed on the knee AP view radiograph d. A medial meniscal posterior root tear is associated
(arrows in c and f).
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more confined [1]. Moreover, the BME-like signal in SIF lacks well-
defined borders, distinguishing it from osteonecrosis of systemic
origin, where the lesion is surrounded by a distinct geographic rim
of sclerosis or a low signal intensity line [1].

Subchondral hypointense fracture line

In SIF, a subchondral hypointense line on T2-weighted and proton
density-weighted images is a more specific feature [14]. This line
consistently displays low signal intensity across all sequences, in-
cluding fluid-sensitive MR sequences and histologically corre-
sponds to a fracture callus, thickened collapsed bone trabeculae,
and granulation tissue [9]. Often this fracture line is thin, irregular,
parallel, or curvilinear with respect to the subchondral plate a few
millimeters away from the epiphyseal surface, and may also be

discontinuous or open-ended [14, 26]. In SIF, the BME-like signal
is present on both sides of the fracture line [16].

A potential pathogenic hypothesis suggests that the fate of a
SIF, whether progressing to an irreversible lesion or healing, may
be influenced by how the fracture line completely isolates the ad-
jacent subchondral area [16]. Complete isolation of the subchon-
dral bone between the fracture and the articular surface may
compromise vascularization, possibly leading to necrosis [16].
This theory is based on the presumption that the normal vascular
supply of the epiphyseal subchondral bone relies on a network of
anastomotic terminal arterioles [27]. However, even with persist-
ent communication, inadequate blood flow may occur, especially
if the area is too large to be fully supported by the remaining mi-
cro-arterial network [16].

▶ Fig.4 Two cases of SIF of the hip (1 and 2). Coronal proton-density-weighted fat-suppressed a, d, coronal T1-weighted b, e, sagittal proton-
density-weighted fat-suppressed c, and sagittal proton-density-weighted fMR images show: a hypointense line that is irregular and discontinuous
(arrow in c and d), hypointense area immediately subcortical (arrow in b) and marked bone marrow edema-like signal visible on both sides of the
fracture line.
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▶ Fig.5 The shape of the low-intensity line is useful for the differentiation of SIF (top row, a, b, c) from ON (bottom row, d, e, f). In SIF the low-
intensity line is irregular, convex to articular surface (arrow in a), associated with a bone marrow edema-like signal on both sides of the line. In ON
the low-intensity line is a concave to articular surface and circumscribes all necrotic segments (arrow in f), associated with a bone marrow edema-
like signal outside of the necrotic area. Sagittal proton-density-weighted a, coronal proton-density-weighted fat-suppressed b, e, coronal
T1-weighted c, f, and sagittal proton-density-weighted fat-suppressed d MR images.

▶ Fig.6 A 49-year-old man with transient osteoporosis of the hip (TOH). Coronal STIR a, coronal T1-weighted b, and coronal T1-weighted fat-
suppressed post-gadolinium cMR images show an ill-defined BME-like signal at the femoral head extending into the intertrochanteric region, with
no other subchondral abnormalities.
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Subchondral hypointense area or band

A subchondral area with low signal intensity on T2-weighted ima-
ges may be observed, comprising a mixture of fracture callus,
granulation tissue, and secondary osteonecrosis in the superficial
layer [1]. When subtle, this subchondral region is often integrated
in the subchondral plate, resembling a thickened subchondral
plate, and radiologists should not overlook it [1]. This area shows
no enhancement on post-contrast T1-weighted images [25].

An area thinner than 2mm typically indicates a reversible le-
sion [7]. Instead, lesions featuring subchondral low T2 signal in-
tensity areas between 2 and 4mm should be regarded as having
an uncertain prognosis and require follow-up [7].

The predictive importance of low signal intensity in bone mar-
row on T2-weighted images was recognized as early as 1990 [28].
Subchondral areas with low T2 signal intensity exceeding 4mm in
thickness or 14mm in length have been demonstrated to predict
irreversible lesions, with high sensitivity and specificity [7]. There-

fore, in the early stages, analysis of this subchondral area can aid
in identifying the risk of progression to the irreversible form of SIF,
i. e., SIF with osteonecrosis (▶ Fig.2) [16].

Subchondral cortical deformity. Fluid-filled cleft

In SIF, the primary anomaly is the initial appearance of the BME-
like signal, while the fracture line remains undetectable, potential-
ly due to microfractures in the trabecular bone that are not visible
on MRI. As the causative mechanism of injury progresses, these
microfractures merge, forming the distinctive subchondral image
described above. If the injury mechanism persists, impaction or
collapse of the subchondral cortical bone and/or cortical bone dis-
continuity may occur (flattening or a focal depression). The exten-
sion of the fracture line into the joint cavity enables intra-articular
fluid to enter the fracture, creating a subchondral image with sig-
nal intensity resembling that of fluid on the fracture topography
(fluid-filled cleft, inconstant feature) (▶ Fig. 3) [1]. The cortical

▶ Fig.7 Favorable evolution of SIF at the level of the lateral femoral condyle. A 50-year-old woman with acute onset of knee pain and no recent
injury. Coronal T2-weighted fat-suppressed a, d, coronal T1-weighted b, e, and sagittal proton-density–weighted fat-suppressed c, f MR images
showing favorable evolution of SIF with conservative treatment, with reduction of the bone marrow edema-like signal, granulation tissue at the site
of the subchondral fracture, and remodeling of the cortex, without its collapse.
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collapse and the fluid-filled cleft indicate advanced lesions with an
unfavorable prognosis.

Hip

SIFs typically manifest in the anterior segment of the femoral
head for most patients (▶ Fig.4). Early MRI indicators associated
with a high risk of epiphyseal collapse and, consequently, an unfa-
vorable prognosis are lateral location, nonparallel course, exten-
sive fractures, substantial cartilage defects, and advanced patient
age [29, 30]. SIF likely accounts for most cases classified as rapidly
progressive osteoarthritis of the hip [29, 31].

It is important to differentiate SIF from osteonecrosis of sys-
temic origin (ON), as early diagnosis would have an impact on
the treatment and its overall management. ON is commonly ob-
served in the hip, shoulder, and knee of individuals with typical
risk factors, including corticosteroid medication, alcoholism, he-
matologic diseases, and various other conditions [32].

SIF can be differentiated from ON by the shape of the low in-
tensity band on T1-weighted images. In SIF, the band is irregular,
convex to the articular surface, and often discontinuous. Instead,
in ON, the band is well circumscribed, smooth, concave, and a
mirror image of the articular surface, representing a reactive in-
terface between live and necrotic bone (▶ Fig.5) [1, 14, 32, 33].

Ikemura et al. proposed evaluating not just the shape but also
the depth of the low-intensity band on coronal T1-weighted ima-
ges. The authors noted its significantly lower depth in the SIF
group compared to the osteonecrosis group [34]. Moreover, in
ON, MR images show a double line sign (an outer band of low sig-
nal associated with an inner band of high signal) on T2-weighted
sequences and a geographic pattern [1, 32].

Another area of debate centers on distinguishing between
transient osteoporosis of the hip (TOH) and SIF (▶ Fig.6). They
are distinct entities. TOH is a benign, self-limiting condition with
an idiopathic substrate, characterized by diffuse, ill-defined bone
marrow edema-like signal intensity in the femoral head and neck,
and occasionally, the acetabulum [14, 32]. This condition lacks
other subchondral hip findings and shows no clinical evidence of
infection or underlying rheumatologic disease [35]. In some TOH
cases, besides the BME pattern, subchondral low-intensity bands
on T1-weighted images have been observed. However, their visi-
bility on MRI and CT scans may vary based on the examination
timing and the self-limiting quality, low-resolution of MR images
[35, 36]. Some authors recommend dedicated small field-of-view
(FOV) images of the affected hip to detect any subchondral ab-
normalities [14, 35]. The diagnosis of TOH should be made when
images reveal only a diffuse, ill-defined bone marrow edema-like
signal intensity in the hip. If other associated abnormal subchon-

▶ Fig.8 Coronal a, c, d, f and sagittal proton-density–weighted fat-suppressed b, e MR images at presentation and at 3-month follow-up in a 63-
year-old man showing unfavorable evolution of SIF at the level of the medial femoral condyle, with irreversible findings. Despite a decrease in the
BME-like signal, the findings reveal extensive subchondral bone remodeling with heterogeneous high signal intensity and geode-like areas (arrow in
e), and a small depression of the subchondral surface. Additionally, MR images show an associated medial meniscal posterior horn tear (arrow in c
and f) and extrusion (arrow in a), suggesting a poor prognosis.
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dral signals are present, the differential diagnosis broadens to in-
clude SIF and osteonecrosis [14].

When this condition transitions between joints, it is termed
migratory osteoporosis, also known as complex regional pain syn-
drome type 1 (CRPS 1). The clinical features exhibit low specificity,
and there are no definitive criteria for establishing the diagnosis.
The migration of the BME-like pattern from one portion of the epi-
physis to another or from one epiphysis to another is observed on
follow-up MRI. This migration of the BME-like pattern is the only
distinctive finding on MRI that sets CRPS 1 apart from SIF [37, 38].

Knee

SIFK is most common in the weight-bearing area of the medial
femoral condyle [18]. It less frequently occurs in the medial tibial
condyle, lateral femoral condyle, and lateral tibial condyle
(▶ Fig.1, ▶ Fig.7) [18, 19, 39]. This might be explained by the dif-
ference in arterial supply, as observed in a cadaveric study by Red-
dy and Frederick. Their research indicated that the medial femoral
condyle exhibited a worse intraosseous blood supply with water-
shed areas compared to the lateral femoral condyle [27].

Numerous studies have mentioned the link between meniscal
tears and SIFK, with a prevalent occurrence of medial meniscal
tears, often found ipsilateral to the SIFK [1, 12, 19, 40, 41, 42].
The most common tear is a posterior root tear, followed by a ra-
dial tear in the posterior horn (▶ Fig.3, ▶ Fig. 8) [42, 43]. Some
reports suggest an association between SIFK and medial meniscal
extrusion of 3mm or beyond (▶ Fig.8) [12, 18, 43]. SIF may also
occur after meniscectomy [1, 44]. Medial meniscus posterior root
tears, meniscal extrusion, high-grade chondrosis, larger lesion si-
zes, and articular surface collapse are associated with high-grade
SIF with a poor outcome [12, 19, 43, 45].

A soft-tissue edema signal adjacent to the BME-like signal is
common in SIF, especially in cases affecting the femoral condyle
[18, 46]. Vidoni et al. introduced an indirect MRI sign known as
the metaphyseal burst sign (▶ Fig.1) [46]. This sign represents
edema of the tissues overlying the metaphyseal region of the af-
fected condyle where the nutrient vessels enter the bone to sup-
ply blood to the adjacent bone [46].

Concerning the differential diagnosis of SIFK, various condi-
tions are considered including CRPS 1, ON, osteoarthritis, acute
post-traumatic subchondral fracture, and osteochondritis disse-
cans (OCD) as discussed below (▶ Fig.9, ▶ Fig.10). While various
MRI features associated with the trauma event aid in distinguish-
ing SIF from acute traumatic subchondral fractures, the clinical
history remains crucial. In equivocal cases, follow-up imaging
may be necessary to monitor healing.

Ankle

SIF of the talus is a rare condition that can impact both the talar
dome and the head, where it articulates with the distal tibia and
the navicular, respectively (▶ Fig.11) [48, 49].

Differentiating SIF from OCD of the talus can be challenging, as
both are associated with a BME-like pattern and involve the sub-
chondral bone (▶ Fig.10). In SIF, there is no history of acute trau-
ma, and low-grade lesions lack contour deformity or overlying
cartilage defects. In contrast, the appearance of OCD on imaging

varies based on lesion size, mineralization, signs of instability, and
the patient’s skeletal maturity, ranging from lesions covered by in-
tact cartilage to dislocated osteochondral fragments [1, 14]. The
demographics of these two conditions differ, with SIF predomi-
nantly affecting the elderly, while OCD commonly occurs in child-
hood to young adulthood in the classic anatomic locations (lateral
intercondylar aspect of medial femoral condyle, lateral femoral
condyle, talus, capitellum, patella) [1, 14].

Treatment

In the early stages of subchondral insufficiency fractures, conser-
vative treatment is the primary option. This includes practices
such as protected weight-bearing, insole therapy, the use of non-
steroidal anti-inflammatory drugs, and, in some studies, consid-
eration of bisphosphonates, prostacyclin, and more recently, teri-
paratide – an osteoporosis drug. If conservative management
proves ineffective or in advanced cases with collapse, surgical in-
tervention is chosen based on the size and progression of the le-
sion. Both MRI and radiographic assessments play a crucial role in
the decision-making process for treatment [2, 3, 17, 50, 51].

▶ Fig.9 Schematic representation of potential differential diagno-
sis for SIF (subchondral insufficiency fracture): CRPS 1 (complex re-
gional pain syndrome type 1) as a diagnosis of exclusion in the ab-
sence of other morphological changes; OCD (osteochondritis
dissecans) with particular demographic conditions; OA (osteoar-
thritis) associated with other specific radiological changes; ON (os-
teonecrosis) of systemic origin with typical risk factors; acute post-
traumatic fracture with a recent history of trauma, and fatigue
fracture with different demographics and specific overuse activities.
The diagram shows various patterns of the bone marrow edema-
like signal (depicted in nuances of red) in terms of extent and signal
intensity (greater transparency indicating lower intensity). Diagram
based on data from Breitenseher MJ et al., 2006 Figure 1 [47].
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▶ Fig.10 Two cases of osteochondritis dissecans (OCD). A 10-year-old male with OCD of the talus (top row, a, b, c). Coronal proton-density-
weighted fat-suppressed a, sagittal T2-weighted fat-suppressed b, and sagittal T1-weighted c MR images show heterogeneous low signal of the
subchondral bone fragment. A 27-year-old female tennis player with chronic OCD of the medial femoral condyle (bottom row, d, e, f). Coronal
d and sagittal e proton-density-weighted fat-suppressed, and sagittal T1-weighted f MR images show an impacted osteochondral fragment with
irregularities of the overlying cartilage and an adjacent bone marrow edema-like signal.

▶ Fig.11 SIF of the ankle. A 48-year-old man with sudden onset of ankle pain, without a traumatic event. Coronal proton-density-weighted fat-
suppressed a, sagittal T2-weighted fat-suppressed b, sagittal T1-weighted c, and sagittal T1-weighted fat-suppressed post gadolinium dMRI ima-
ges show a curvilinear hypointensity line (arrow in b and c), bone marrow edema-like signal and a hypointense subchondral area (arrow in a) with-
out gadolinium enhancement d.
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Conclusion

Detecting subchondral insufficiency fractures at the level of the
hip, knee, and ankle may present challenges both clinically and
radiologically. MRI plays an important role in accurately depicting
even subtle subchondral fractures at the onset of the disease and
proves valuable in the follow-up, prognosis, and differentiation of
SIF from other conditions associated with an epiphyseal bone
marrow edema-like signal. A comprehensive understanding of
MRI features, in conjunction with the clinical and demographic
context, enhances confidence in achieving an accurate diagnosis
and aids in preventing confusion with other entities that may re-
quire different treatments. Further investigation to improve the
identification and classification of high-risk SIF lesions is essential
to determine optimal management strategies for this pathology.
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