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OBJECTIVE. The purpose of this article is to summarize the nomenclature of nonneoplastic conditions affecting subchondral bone through a review of the medical literature and expert opinion of the Society of Skeletal Radiology Subchondral Bone Nomenclature Committee.
CONCLUSION. This consensus statement summarizes current understanding of the
pathophysiologic characteristics and imaging findings of subchondral nonneoplastic bone lesions and proposes nomenclature to improve effective communication across clinical specialties and help avoid diagnostic errors that could affect patient care.
any conditions can manifest as
subchondral nonneoplastic bone
lesions. Increased use of MRI
and awareness of the underlying
pathophysiology necessitate a uniform nomenclature of these lesions. However, there
is controversy about not only the nomenclature but also the pathophysiologic characteristics of these lesions. The purpose of this
white paper is a comprehensive review of the
nomenclature of nonneoplastic conditions
affecting the subchondral bone through a review of the medical literature and the expert
opinion of the Society of Skeletal Radiology
(SSR) Subchondral Bone Nomenclature
Committee. The white paper is divided into
two parts. The first part focuses on the nomenclature of descriptive terms and the second part on clinicopathologic entities affecting subchondral bone that includes a brief
description of each lesion and clinicopathologic entity, a summary of current terms and
pathophysiologic characteristics, current con-

M

troversies, and a recommendation for the appropriate nomenclature.
The Practice Guidelines and Technical
Standards Committee of the SSR identified
nomenclature for subchondral nonneoplastic bone lesions as a topic for the white paper and selected members of the SSR to compose the Subchondral Bone Nomenclature
Committee. This committee of 12 musculoskeletal radiologists with expertise in musculoskeletal imaging and evidence-based medicine was tasked with developing a consensus
on nomenclature of subchondral nonneoplastic bone lesions. Several conference calls and
face-to-face meetings were held to identify
specific topics and controversies regarding
nonneoplastic abnormalities affecting the articular cartilage, subchondral bone, and marrow. The committee was then divided into
subgroups assigned to specific sections and
questions. Members of each subgroup performed a literature review using a screening
process based on article titles and abstracts
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and the following predefined inclusion criteria: original scientific papers that pertained
to the key questions of each subgroup; study
population of more than 10 patients; and English language abstract available. The subgroups reviewed the relevant literature and
provided recommendations for the nomenclature. For each term and clinicopathologic
entity, a precise definition was proposed; debate followed, and the participants voted for
or against use of a term. On this foundation,
a second consensus was reached by the entire
group, with each term classified as to use or
not use. The final recommendations were presented for comment to the entire SSR membership during the annual SSR meeting.
Definitions of Descriptive Terms
Descriptive terms are summarized in Table 1 and Figure 1.
Edemalike Marrow Signal Intensity
Many terms have been used interchangeably to describe ill-defined subchondral areas of increased signal intensity on MR images obtained with fluid-sensitive sequences
that do not completely replace marrow fat on
T1-weighted images [1]. These terms include
“bone edema” [2], “bone bruise/contusion,”
“bone marrow lesions” [3, 4], “bone marrow
edema” [5], “bone marrow edemalike signal”
[6], “bone marrow edemalike lesions” [7],
“bone marrow edema pattern” [5], and “osteitis” [8], to name a few. In general, the language used has been vague and varied with
the clinical situation (e.g., “bone marrow lesion” in osteoarthritis). Only rarely have histologic findings been considered for terminology (e.g., “osteitis” for subchondral changes in
signal intensity in inflammatory arthritis) [8]
(Fig. 2).
Controversy—The term “bone marrow
edema” refers to the pathologic finding of
eosinophilic extracellular fluid and swollen
fat cells within bone marrow [5]. On the basis of histopathologic correlations, however,
the MRI signal-intensity abnormalities originally described as edema are nearly always
produced by a variety of components and
are associated with many processes, including injury, arthritis, overlying cartilage abnormality, and osteonecrosis. For example,
when abnormal signal intensity is found in
patients with osteoarthritis, pathologic bone
marrow edema is not a major constituent [9]
but may be present at times [5, 10]. Instead,
other findings, such as trabecular changes
like thickening and microfractures [10–14],
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marrow infiltration by fibrovascular tissue
or granulation tissue [5, 10, 12–15], marrow
necrosis [5, 10, 13], and blood products [5],
may account for the signal intensity. In rheumatoid arthritis and spondyloarthritis, inflammatory cellular infiltrates (osteitis) [16–
19] and myxoid and fibrovascular tissue [17]
are common.
Recommendation—To acknowledge the
lack of specificity of this MRI finding and
to avoid confusion with a specific pathologic finding, the term “bone marrow edema”
should be avoided. Instead, the term “edemalike marrow signal intensity” or “bone
marrow edemalike signal intensity” should
be used because these terms accurately describe the abnormal signal intensity without naming a specific histopathologic finding. Over a decade ago “bone marrow edema
pattern” was coined to refer to these signalintensity abnormalities [5] and is an acceptable term, but it may be advantageous to
reserve the word “pattern” to refer to distributions of edemalike marrow lesions. In specific clinical situations, more precise terms
may help radiologists indicate the underlying
pathologic condition. After injury, the term
“bone contusion” should be used to describe
the presence of edemalike marrow signal intensity without a visible fracture line. When
edemalike marrow signal intensity is related
to inflammatory arthritis, such as rheumatoid arthritis, osteitis may be invoked as the
probable cause.
Cystlike Lesion
The presence of edemalike marrow signal intensity on MR images can be associated with the subsequent development of subchondral cystlike lesions in the same location
[6, 20]. The pathologic definition of a cyst is
a cavitary, fluid-filled lesion with an epithelial lining [21]. Thus, “cyst” is not an accurate
term for the lesions encountered at imaging of
subchondral bone. Rather, these subchondral
lesions are typically lined by a connective tissue membrane, such as collagen [22–24] and
filled with a variable combination of inflammatory cells [24–26], mucoid or myxoid material [22, 23, 26], bone or fat necrosis [23, 24],
and even solid, vascularized tissue [26] (Fig.
2). The term “geode” was suggested to describe these lesions on radiographs [27].
Controversy—In the osteoarthritis and
inflammatory arthritis literature, the terms
used for cystlike lesions have been inconsistent. Several of the semiquantitative grading systems used for clinical trials and oth-

er research studies have included terms that
do not accurately reflect the pathologic definition of a cyst. These include “bone edema” [28], “bone marrow lesions” [3, 29], and
“cysts” [1, 3, 29]. The term “bone marrow lesion” has been used to refer to subarticular
edemalike marrow signal intensity or cystlike lesions related to cartilage abnormalities found in osteoarthritis and is commonly
used in the arthritis literature [30]. However,
this term may unnecessarily evoke concern
about neoplasia and other nonarthritic entities. For example, metastases are often referred to as bone marrow lesions.
Recommendation—To be more consistent with the histopathologic findings, the
term “cystlike changes” or “cystlike lesion” should be used. We acknowledge that
the term “bone marrow lesion” is commonly used in the arthritis literature but recommend that it be avoided, because it might invoke concerns about neoplasia.
Reporting the location of cystlike lesions
within the bone may also help to infer a particular cause. For example, “subarticular”
and “subchondral” may relate to processes
occurring subjacent to cartilage abnormalities, whereas “subcortical” abnormalities,
such as those at the tibial spines and the humeral greater tuberosity, are more often related to the insertion of a ligament or tendon.
Osteochondral Lesion
“Osteochondral lesion” is a broad and
nonspecific term that has been used to refer
to any lesion that involves the articular surface and subchondral region of a joint, affecting cartilage, bone, or both.
Recommendation—The term “osteochondral lesion” should be used only as a nonspecific term for osteochondral lesions in which
a causative process, such as trauma or osteoarthritis, is not identified.
Osteochondral Defect
An osteochondral defect is a type of osteochondral lesion characterized by a localized
focal defect of the articular cartilage and subchondral bone (Fig. 3). Osteochondral defects
may be the result of acute traumatic injury,
subchondral collapse, or displacement of an
unstable fragment in patients with osteochondritis dissecans [31]. Although it is widely accepted and its definition agreed on, the term
“osteochondral defect” provides no specific
information about the underlying cause.
Recommendation—The term “osteochondral defect” should be used to describe a fo-
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Distinction between collapse and fracture

“Osteochondral defect” should be used to
describe a focal defect in the articular
cartilage and subchondral bone

Confusion between osteochondral defect and
osteochondritis dissecans

Epiphyseal collapse, articular collapse,
subarticular collapse, subchondral cleft
fracture, collapse

“Osteochondral lesion” should be used as an
umbrella term to describe a focal
osteochondral abnormality of any cause and
should be reserved for cases in which the
exact diagnosis is unknown

Distinction between osteochondral lesion and
osteochondral defect

Osteochondral lesion, osteochondral
abnormality, osteochondral defect, OCD

Epiphyseal or articular collapse should be
reported in the context of another diagnosis,
such as osteonecrosis, subchondral
insufficiency fracture, or rapidly progressive
idiopathic arthritis

“Collapse” should be used to describe a
fracture of the subchondral bone plate that
occurs in the absence of acute trauma

Epiphyseal collapse, articular collapse

When possible, the cause and chronicity of an
osteochondral defect should be stated

Cystlike lesions, cystlike changes

Precise terms indicating specific pathologic
entity in appropriate clinical situations (i.e.,
bone contusion, osteitis)

“Pattern” should be reserved for distributions
of edemalike marrow signal intensity

Term may not correspond to histopathologic
findings

Recommended Terms

Terms to Be Avoided

(Table 1 continues on next page)

With acute trauma, “osteochondral fracture”
should be used rather than “collapse”

Abbreviation OCD should not be used for this
abnormality to avoid confusion with
osteochondritis dissecans

Cysts, subchondral cysts, geodes

Edemalike marrow signal intensity, bone marrow Bone marrow lesion, bone marrow edema
edemalike signal intensity

Subchondral cysts, cystlike lesions, cystlike
changes, geode

Controversy
Term may not correspond to underlying
histopathologic findings

Bone edema, bone bruise/contusion, bone
marrow lesion, bone marrow edema, bone
marrow edemalike signal, bone marrow
edemalike lesion, bone marrow edema
pattern, osteitis

Current Terms

TABLE 1: Summary of Controversies Regarding Nomenclature on Subchondral Nonneoplastic Bone Lesions With Panel Consensus Statements
and Recommendations
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Differentiating SIF from acute traumatic
subchondral fractures
SIF as a distinct entity versus a component of
another diagnosis

Subchondral insufficiency fracture (SIF),
subchondral insufficiency fracture of the knee
(SIFK)

Distinction between SONK and SIF

SIF can be reported in isolation or in association
with other diagnoses, including transient
osteoporosis of the hip, osteonecrosis,
osteoarthritis, osteoporosis, or meniscal tear

Inconsistent use of OCD for different
osteochondral entities

Osteochondritis dissecans (OCD)

Spontaneous osteonecrosis of the knee (SONK)

SIF should be used for subchondral fractures in
absence of acute trauma

Term for atraumatic edemalike marrow signal
intensity without fracture

Subarticular stress response (SSR), stress
reaction

Recommended Terms

SIF

In overuse injuries without associated risk
factors, “subchondral stress fracture” or
“subchondral fatigue fracture” should be used
instead of SIF

OCD should only be used for chronic
osteochondral lesion occurring in children and
young adults in classic locations

Subarticular stress response, stress response
for edemalike marrow signal intensity without
fracture or history of acute trauma

“Acute traumatic osteochondral lesion” or
“acute osteochondral injury” should be used
only as an umbrella term for various acute
posttraumatic osteochondral abnormalities

“Subchondral fracture” should be used for
subchondral linear signal intensity not involving
articular cartilage or subchondral bone plate

“Osteochondral fracture” should be used when
a contour deformity or fracture line involves
cartilage and subchondral bone

“Bone contusion” should be used for edemalike
marrow signal intensity without fracture

Controversy
Term to convey clinical significance of
edemalike marrow signal intensity of cartilage
and subchondral bone in acute trauma

Current Terms

Acute traumatic osteochondral lesions (ATOLs),
acute osteochondral injury, bone bruise, bone
contusion, trabecular microfracture, trabecular
impaction subchondral fracture, osteochondral
fracture, articular impaction, impaction injury

(Table 1 continues on next page)

SONK should be replaced with SIF

OCD should not be used for osteochondral
fractures or lesions outside of the typical
locations and age demographic

Trabecular microfracture, bone bruise, articular
impaction, trabecular impaction

Terms to Be Avoided

TABLE 1: Summary of Controversies Regarding Nomenclature on Subchondral Nonneoplastic Bone Lesions With Panel Consensus Statements
and Recommendations (continued)
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SIF should be reported as an associated finding
in rapidly progressive idiopathic arthritis
rather than a distinct diagnosis

Osteoarthritis

Differentiating between rapidly destructive
osteoarthritis and SIF

Definition of osteoarthritis from the imaging,
clinical, and research perspectives and the
role of inflammation
Osteoarthritis (OA), osteoarthrosis

“Rapidly progressive idiopathic arthritis” for
rapid and extensive subchondral bone
resorption in the absence of another cause,
such as septic arthritis, osteonecrosis,
neuropathy of joint, or inflammatory arthritis
Preferred term for this condition
Rapidly destructive osteoarthritis (RDOA),
rapidly progressive idiopathic arthritis (RPIA),
rapidly destructive hip disease, rapidly
destructive arthropathy/arthrosis, rapidly
progressive osteoarthritis (RPOA),

Osteonecrosis
Preferred term for bone necrosis

SIF is a separate entity that may coexist or
result from transient bone marrow edema
syndrome–TOH

“Transient bone marrow edema syndrome” can
be used when radiographic findings are
normal or not available

Osteonecrosis (ON), avascular necrosis, bone
infarct

Term may not reflect histopathologic findings or
temporal relation between radiographic and
MRI findings
Transient osteoporosis of the hip (TOH),
transient bone marrow edema syndrome
(TBMES), transient painful bone marrow
edema, bone marrow edema syndrome of the
hip

AJR:213, November 2019

SIF and transient bone marrow edema
syndrome–TOH may not be separate entities

Controversy

Recommended Terms

“Transient osteoporosis of the hip” should be
used in presence of radiographic findings of
osteopenia and preferred over “transient
bone marrow edema syndrome” because it
implies the risk of development of SIF

Terms to Be Avoided

cal defect in the articular cartilage and underlying subchondral bone. When possible,
osteochondral defects should be described
as acute, subacute, or chronic, depending on
the degree of bone marrow edemalike signal intensity and bone remodeling seen at
the margins of the defect. A specific diagnosis, such as osteochondral fracture, osteochondritis dissecans, or epiphyseal collapse
should be rendered when possible. Abbreviating osteochondral defect as OCD should
be avoided because of potential confusion
with osteochondritis dissecans, a distinct diagnostic entity.

Current Terms

TABLE 1: Summary of Controversies Regarding Nomenclature on Subchondral Nonneoplastic Bone Lesions With Panel Consensus Statements
and Recommendations (continued)
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Osteochondral Fracture
An osteochondral fracture occurs in acute
traumatic events but can become subacute
or chronic. Osteochondral fractures violate
the joint surface and involve the articular
cartilage and subchondral bone plate. The
fracture line can extend through the articular surface completely or incompletely and
can encircle a portion of subchondral bone.
It can also manifest as subchondral bone depression or fragmentation, creating an osteochondral fragment [31, 32] (Fig. 4).
Recommendation—The term “osteochondral fracture” should be used in the setting of
acute trauma if the fracture lines involve both
the articular cartilage and subchondral bone
(see Acute Traumatic Osteochondral Lesions).
Subchondral Fracture:
A subchondral fracture is characterized by
a curvilinear fracture line that is hypointense
on T1-weighted and hyperintense or hypointense on fluid-sensitive MR images and surrounded by bone marrow edemalike signal
intensity. The fracture line is subjacent to the
subchondral bone plate but at some distance
away from the bone plate. The fracture line
may be irregular, serpentine, discontinuous or
open-ended, parallel or convex, or, rarely, concave in relation to the articular surface [33–
35] (Fig. 5). Although subchondral fractures
can be caused by a single traumatic event,
they are more commonly caused by chronic
repetitive trauma, as in other stress fractures,
for which the term “subchondral insufficiency fracture” (SIF) is used [33, 36] (see Subchondral Insufficiency Fracture). Histologic
findings that account for the linear abnormal
signal intensity on MR images depend on the
morphology and acuity of the fracture. These
findings consist of fractured bone trabeculae
with a variable amount of associated fracture
callus and granulation tissue [37–39].
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Recommendation—The term “subchondral
fracture” should be used if subchondral linear signal-intensity abnormality is found at a
distance from the bone plate. If there is associated contour deformity or involvement
of the articular surface, the term “osteochondral fracture” should be used. Accompanying
epiphyseal collapse (see Epiphyseal Collapse)
should be reported when present.
Epiphyseal Collapse
The terms “collapse,” “epiphyseal collapse,” and “articular collapse” refer to fracture of the subchondral bone plate in an
atraumatic setting. Epiphyseal collapse often
occurs in patients with an SIF or collapse due
to osteonecrosis or rapidly destructive osteoarthritis [38, 40, 41]. Failure of the bone plate
can be visualized in two patterns. The first
is deformity of the subchondral bone plate.
In the hips, this classically involves loss of
normal sphericity of the femoral head, focal depression, a discrete cortical stepoff, or
a more generalized area of collapse of the
subchondral cortical bone [37, 38, 42]. The
second pattern is a fluid-filled cleft underlying the subchondral bone plate, referred to
as subchondral cleft, which is indicative of
fracture, separation, and ultimately collapse.
On fluid-sensitive images this manifests as
an abnormal area of fluidlike linear hyperintensity undermining and separating the
subchondral bone plate from the rest of the
epiphysis [43–45] (Fig. 6).
Recommendation—The term “collapse”
should be used to describe a fracture of the
subchondral bone plate that occurs in an
atraumatic setting. In acute trauma, the preferred term is “osteochondral fracture” (see
Acute Traumatic Osteochondral Lesions).
The terms “epiphyseal collapse” and “articular collapse” are both acceptable and should
be used as descriptive terms with the understanding that they are not specific for any
singular entity, because collapse can occur
in osteonecrosis, SIF, and rapidly destructive
osteoarthritis [46, 47]. It is important that articular collapse be accurately identified and
characterized because it represents progression of disease that is nonreversible and often
requires joint replacement [44].
Subchondral Hypointense Area
The term “subchondral hypointense area”
refers to the finding on T1-weighted and fluid-sensitive MR images of a subchondral area
of low signal intensity immediately subjacent to the subchondral bone plate that pro-
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duces apparent thickening of the plate (Fig.
7). This observation differs from the aforedescribed subchondral fracture that runs a short
distance from the bone plate. A subchondral
hypointense area may be seen in several conditions. First, in patients with an insufficiency
fracture, this hypointense crescentic area often represents a combination of a subchondral
fracture line and granulation tissue and frequently secondary osteonecrosis interposed
between the fracture and the bone plate [37,
39, 48]. In early stages the subchondral bone
plate and overlying articular cartilage are intact. Second, in patients with a subchondral
bone plate fracture, seen in either acute trauma or atraumatic collapse, an apparent thickening of the bone plate represents impacted trabeculae and, depending on chronicity
and cause, fracture callus, reactive cartilage,
granulation tissue, and osteonecrosis [43, 48,
49]. A deformity of the bone plate is typically
present. Third, in osteoarthritis, subchondral
sclerosis or eburnation may also produce subarticular hypointensity related to deposition
of new bone on preexisting trabeculae, trabecular microfractures with callus formation,
or secondary (shallow) osteonecrosis [39, 46,
50]. Overlying cartilage denudation is invariably present because it represents an origin of
these changes.
Recommendation—Attention should be
given to the finding of a subchondral hypointense area because it frequently represents a
fracture and secondary osteonecrosis. Dedicated MRI with a small FOV is recommended to help differentiate associated conditions,
although overlap may be present, particularly in advanced lesions. Additional findings,
such as fracture line, collapse, and cartilage
loss should be sought. The extent of a subchondral hypointense area has prognostic
significance in insufficiency fractures (see
Subchondral Insufficiency Fracture).
Clinicopathologic Entities
Acute Traumatic Osteochondral Lesions
Acute traumatic osteochondral lesions encompass a wide range of traumatic injuries
to the cartilage and subchondral bone. Histologic analysis of these injuries reveals a spectrum of findings, ranging from bone marrow
edemalike signal intensity in mild cases and
microfracture of the subcortical trabeculae
[51, 52] to hemorrhage of the fatty marrow
and osteocyte necrosis in more severe injuries [53–58]. Acute traumatic osteochondral
lesions can be differentiated from other types
of subchondral marrow lesions on the basis

of a history of acute trauma and recognition
of typical locations of acute traumatic osteochondral lesions in different trauma patterns.
Controversy—Many terms have been used
to describe the subchondral changes seen in
acute traumatic osteochondral lesions, including “bone bruise,” “bone contusion,”
“subchondral fracture,” “trabecular microfracture,” “trabecular or articular impaction,” and “impaction injury” (Fig. 8). When
involvement of the overlying cartilage is
identified, the term “osteochondral fracture”
is the most commonly used.
Recommendation—The term “acute traumatic osteochondral lesion” or “acute osteochondral injury” can be used. Injuries
to the cartilage without involvement of the
underlying bone should be referred to as
chondral injuries, and because they do not
result in subchondral changes in signal intensity, they are out of the scope of this paper. Injuries that involve subchondral bone
should be referred to (in increasing severity)
as bone contusions, which cause reticular or
confluent changes in marrow signal intensity without a discrete fracture line or associated cortical disruption of the subchondral
bone plate; subchondral fractures, which
are characterized by linear areas of low T1
and T2 signal intensity (frequently seen in
regions of bone contusion) but do not result
in cortical disruption or deformity; and osteochondral fractures, which result in cortical disruption or cortical depression [32,
59]. Impaction fractures, such as deep lateral
femoral sulcus occurring after anterior cruciate ligament tear, represent a specific type
of osteochondral fracture. The degree of depression and displacement of osteochondral
fractures should be described.
Subarticular Stress Response
Subarticular stress response, stress response, and stress reaction are terms that
refer to pathologic findings that can be the
result of either repetitive stress on normal
bone, commonly referred to as fatigue stress
response, or the result of normal stress on
abnormally weakened bone, commonly referred to as insufficiency stress response
[60]. On MR images, stress response initially
presents as bone marrow edemalike changes
in signal intensity, sometimes accompanied
by cortical thickening without a discrete hypointense line [61] (Fig. 9). These subarticular stress responses are most often found in
the knee and hip. In the knee, focal subchondral bone marrow edemalike signal intensity
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in the peripheral rim of the medial tibial plateau is a specific sign for a medial meniscal
tear or root ligament tear, presumably a reaction to the resultant abnormal femorotibial contact forces, and can be considered a
form of stress response [62]. With continued
stress, cortical disruption and a stress fracture may occur and appear on radiographs
and CT images as linear sclerosis perpendicular to the trabeculae and parallel to the articular surface and on MR images as a fracture line surrounded by edemalike marrow
signal intensity [63].
Recommendation—Stress response should
be considered in patients with subacute or chronic pain who engage in repetitive loading activities or have osteopenia. In this clinical situation,
the term “stress reaction” or “stress response” is
appropriate for describing marrow changes in
which there is no visible fracture line.
Osteochondritis Dissecans
The Research in Osteochondritis Dissecans
of the Knee group has defined the term “osteochondritis dissecans” (OCD) as “focal, idiopathic alteration of subchondral bone with
risk of instability and disruption of adjacent
articular cartilage that may result in premature osteoarthritis” [64]. The most commonly
accepted cause is repetitive microtrauma resulting in disruption of endochondral ossification [65–67]. This cause is supported by the
common occurrence of OCD in typical areas
in young patients engaged in athletics that expose them to repetitive trauma [68–70] and in
pediatric patients with obesity [71]. The classic locations of OCD include the femoral condyles and the capitellum. The imaging appearance of OCD depends on the size of the
lesion, its mineralization, the presence of findings suggesting instability, and the skeletal
maturity of the patient. On radiographs OCD
appears as an oval lesion in the subchondral
bone with variable amounts of central lucency and surrounding sclerosis. On MR images OCD appears as an irregularity of the
subchondral bone with underlying marrow
edemalike signal intensity (Fig. 10).
Controversy—Differentiating OCD from
variants of normal ossification can be challenging, but the presence of intact overlying
cartilage and lack of underlying changes in
marrow signal intensity favor a normal ossification variant over OCD [72]. Although
there is agreement that the term is not accurate because no inflammation is involved
[73], the term “osteochondritis dissecans” is
still in use and unlikely to be replaced.
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Recommendation—OCD is a well-described entity in the medical literature
and a widely recognized term. The term
is appropriate for describing a subacute or
chronic osteochondral lesion occurring in
childhood to young adulthood in the classic
anatomic locations. The term should not be
used to describe osteochondral fractures or
other lesions outside of these locations and
this age demographic.
Subchondral Insufficiency Fracture
SIF results from one or a combination of the
following factors: diminished bone strength,
decreased protective function of cartilage or
menisci, or increased physical activity [59, 74].
SIF may present with acute pain and swelling and effusion, and focal articular collapse
may be apparent on radiographs. The clinical
outcome of SIF varies. The lesion may either
heal with conservative management or progress accompanied by articular collapse. Several investigators [75–78] have evaluated the
prognostic value of the location, size, and morphologic features of SIF on MR images and radiographs. The length of the subchondral fracture lines and hypointense areas, sometimes
collectively referred to as band lesion, and the
ratio of the band length to the weight-bearing
portion of the femoral head and acetabular
head index are important predictive factors for
femoral head collapse (Fig. 11).
Controversy—There is controversy about
differentiating SIF from acute traumatic subchondral fracture. Such a distinction may be
clinically relevant because of the association
between SIF and subchondral bone collapse
and secondary osteonecrosis [38]. In the case
of SIF, there is usually more extensive edemalike signal intensity surrounding the fracture
line. Acute fractures typically have fracture
lines that are hypointense on T1-weighted
images and hyperintense on images obtained
with fluid-sensitive sequences, whereas SIFs
are more likely to have hypointense fracture
lines in all pulse sequences [79]. The presence of ligamentous, meniscal, or other softtissue injury in conjunction with the clinical
history of acute trauma favors acute fracture
[32, 79]. In overuse injuries without associated risk factors of diminished bone strength,
the terms “subchondral stress fracture” and
“subchondral fatigue fracture” are preferred
over “subchondral insufficiency fracture.”
There is controversy regarding which imaging findings in SIF are predictive of irreversible lesions. Such assessment often depends on use of dedicated MRI with a small

FOV and may not always be possible. Prognostic features defined for early lesions may
not be applicable in the presence of accompanying substantial cartilage loss. Extensive
subchondral areas of low signal intensity on
fluid-sensitive images are associated with
poor prognosis for early lesions [37, 77, 78].
When SIF is associated with epiphyseal collapse, the lesions are irreversible and have a
poor prognosis [77, 78].
Recommendation—Although several MRI
features help to differentiate SIF from acute
traumatic subchondral fracture, clinical history remains essential. In equivocal cases,
follow-up imaging may be prudent to monitor healing. Dedicated MRI with a small FOV
should be used to evaluate for the presence
and extent of individual morphologic findings in SIF, such as a fracture line, a subchondral hypointense area, subtle contour changes, cartilage loss, and the presence of collapse.
Lesions with collapse should be reported as
irreversible. It is important to assess for associated cartilage loss and, in the knee, meniscal
abnormalities that can contribute to an unfavorable prognosis for SIF healing.
Spontaneous Osteonecrosis of the Knee
The term “spontaneous osteonecrosis of
the knee” (SONK) has been used to describe
a clinical entity typically affecting elderly
women who present with severe pain in the
knee that has a sudden onset with no associated trauma [80]. This lesion was thought
to be due to osteonecrosis even though very
little osteonecrosis was found at histologic
examination [80]. At knee MRI, SONK has
been used to denote a spectrum of findings
with SIF at one end and collapse and secondary osteoarthritis at the other [31, 81–83]
(Fig. 12). Technologic advancements in MRI
have improved visualization of the subchondral plate, resulting in better understanding
of this condition [82–84]. The landmark review of pathologic specimens by Yamamoto
and Bullough [39] revealed that in SONK a
subchondral insufficiency fracture is the primary event that may lead to localized osteonecrosis confined to the fracture area. Association with meniscal tears, particularly
medial meniscus root tears, further supports
the theory of mechanical stress and chronic
microtrauma as the cause of SONK [84–87].
Controversy—There is a controversy about
whether SONK represents a discrete entity.
This notion is supported by a distinct clinical
course of SONK and findings of osteonecrosis in collapsed specimens. SONK is now con-
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sidered a misnomer. The consensus is that this
entity represents an SIF of the knee that has
progressed to subchondral collapse and secondary osteonecrosis [39, 82, 84, 88].
Recommendation—The term “spontaneous osteonecrosis of the knee” should not be
used and should be replaced by “subchondral
insufficiency fracture.” MRI should be used to
identify irreversible findings, such as subchondral bone plate collapse, and findings associated with poor prognosis, such as extensive
subchondral hypointensity, which may denote
secondary osteonecrosis (see Subchondral Insufficiency Fracture, Recommendation).
Transient Osteoporosis of the Hip
Transient osteoporosis of the hip (TOH) is
an idiopathic disease more common in men
(5:1) with sudden onset of hip pain, antalgic
gait, and decreased range of motion [45, 89–
91]. It is treated conservatively with limited
weight-bearing and antiresorptive medications. It typically resolves within 12 months.
The disease most often involves two common subtypes of patients: men in middle age
and women in the third trimester of pregnancy. However, it certainly occurs in both sexes in all stages of adulthood. When recurrent,
TOH is called regional migratory osteoporosis, which can occur in as many as 20% of
patients with TOH [45]. Imaging findings of
TOH have been described for radiography (osteopenia of the affected hip from the 5th to the
16th week after onset of symptoms), nuclear
medicine (uniform increased uptake in the involved hip), and MRI (edemalike signal intensity of the involved bone with or without joint
effusion) [40, 78, 89, 92] (Fig. 13). Histopathologically, TOH is characterized by osteoporosis with vascular congestion and absence of
osteonecrosis [90]. Given the increased perfusion of the hip in TOH compared with osteonecrosis, research [91, 92] has shown that
dynamic contrast-enhanced MRI with high
temporal resolution may help in differentiating osteonecrosis from TOH.
Controversy—It is debated whether diffuse ill-defined bone marrow edemalike signal intensity of the hip with no other findings can represent either early osteonecrosis
or TOH. However, studies conducted with
improved MRI techniques have shown that
other findings of osteonecrosis, such as serpentine band, epiphyseal line, and subchondral low signal intensity are present before
the development of edema [93]. Investigators
in one study [78] also recommended obtaining dedicated small-FOV MR images of the
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involved hip so that subchondral abnormalities would not be missed. The smaller FOV
was essential to ruling out any subchondral
abnormalities in addition to the ill-defined
edemalike signal intensity of the hip. The
condition of patients who originally presented with diffuse ill-defined bone marrow edemalike signal intensity and no other findings
did not progress to osteonecrosis [78]. At
MRI, absence of other subchondral hip findings outside of the diffuse ill-defined bone
marrow edemalike signal intensity has excellent specificity and positive predictive value
(approaching 100%) for diagnosing TOH as
long as the patient does not have other clinical evidence of infection or underlying rheumatologic disease [78].
Another controversy is that SIF is a separate entity from TOH and that there is no
overlap. It is true that SIF is a separate entity
from TOH; however, the conditions can coexist. The development of SIF is one of the
complications found in patients with TOH
who do not limit weight-bearing. The rate of
SIF in patients with TOH has been reported
to range from 5% to 50%. This discrepancy
is thought to be related to the rate of patient
adherence to limited weight-bearing.
A third controversy concerns the name
“transient osteoporosis of the hip.” Other terms
used to describe the MRI findings of diffuse
ill-defined bone marrow edemalike signal intensity of the hip in a patient with clinical findings that fit TOH are “transient bone marrow
edema syndrome” and “bone marrow edema
syndrome of the hip.” These terms all describe
the same clinical process as TOH with identical clinical course and imaging findings [78,
92]. There is a temporal relation between disease manifestation with different imaging modalities. The preferred term is TOH, which fits
both the clinicopathologic findings of osteoporosis [90] and implies the clinical risk of SIF
given the underlying osteopenia.
Recommendation—Dedicated small-FOV
images of the involved hip are recommended for detection of any subchondral abnormalities that may suggest SIF or osteonecrosis. The diagnosis of TOH should be made
when images obtained with fluid-sensitive
sequences show only diffuse ill-defined bone
marrow edemalike signal intensity in the hip.
If any other associated abnormal subchondral linear signal intensity is present, the differential diagnosis is broader and includes
SIF and osteonecrosis.
SIF can occur in association with other entities, such as osteonecrosis, TOH, and under-

lying osteoporosis. TOH is the preferred term
for this entity in the presence of radiographic
findings. Both “transient osteoporosis of the
hip” and “transient bone marrow edema syndrome” accurately describe this entity as visualized with different imaging modalities and
at various stages of the process. However, the
word “osteoporosis” in TOH implies that the
bone is weakened and that patients are at increased risk of SIF if they do not restrict their
weight-bearing. The term “transient bone
marrow edema syndrome” should be used
when radiographs are normal or not available.
Osteonecrosis
Osteonecrosis or avascular necrosis results from a reduction or complete loss of
blood supply to bone. The condition has numerous causes, the most frequent being trauma and corticosteroid use, or it can be idiopathic [41, 49]. The term “osteonecrosis” is
preferred for describing these regions of devitalized bone because it is more inclusive
than “avascular necrosis” and because all necrosis is by definition avascular.
The histologic characteristics of chronic or healing phase osteonecrosis occur in
three zones: necrotic bone trabeculae, creeping bone substitution, and living bone [47, 49,
94]. At MRI, regions of osteonecrosis typically consist of central mummified fat or yellow
marrow outlined by a distinct uninterrupted
rim of primarily low signal intensity. This rim
at the epiphysis represents reparative tissue
formed around a crescentic, wedge-shaped,
or ringlike region of osteonecrosis (Fig. 14).
The double line sign on T2-weighted images—in which an outer low-signal-intensity
rim corresponds to sclerosis from creeping
substitution and a high-signal-intensity inner
zone represents reparative granulation tissue
at the reactive interfaces—has been identified in 65–85% of patients and is considered
pathognomonic of osteonecrosis [39, 49, 95].
Epiphyseal collapse in osteonecrosis is represented by a deformity of the subchondral bone
or a fluid-filled cleft or both. It may be better visualized on radiographs or CT images,
likely because of the higher spatial resolution.
Although osteonecrosis may result in osteoarthritis, this is usually a late occurrence after articular collapse. In such cases, foci of osteonecrosis may be found in portions of bone
unaffected by osteoarthritis, and radiographic
findings may be more severe on the femoral
side of the joint [43, 50].
Controversy—It can be difficult to differentiate osteonecrosis from SIF of the fem-

AJR:213, November 2019

Downloaded from www.ajronline.org by Scott Alexander on 10/23/19 from IP address 2601:203:480:7440:49b9:4a75:fa6d:7534. Copyright ARRS. For personal use only; all rights reserved

Subchondral Nonneoplastic Bone Lesions
oral head, particularly if collapse has occurred. Before femoral head collapse, this
is an important distinction because osteonecrosis is considered irreversible, whereas SIF
may resolve with conservative management
[34, 42]. SIF is rarely bilateral and is more
common in elderly women with obesity and
osteoporosis, whereas osteonecrosis is often
bilateral (50–70%) [41, 49]. On MR images,
SIF typically appears as a low-signal-intensity discontinuous and irregular fracture line
parallel to the articular surface of the femoral head. This is in contradistinction to the
generally wider, geographic lesions of osteonecrosis with a serpentine contour [43,
49, 96, 97]. The depth of the low-signal-intensity band from the articular surface has
also been reported as helpful in differentiating SIF from osteonecrosis; the mean depth
is 1.56 mm for SIF and 15.36 mm for osteonecrosis [75].
MRI with IV contrast enhancement may
be useful for discerning osteonecrosis from
SIF. The subchondral portion of the femoral head proximal to the fracture plane in patients with SIF is enhancing (indicating perfused, living bone) unlike the nonenhancing
regions of dead bone in osteonecrosis [98].
Dynamic contrast-enhanced MRI has been
reported as a complementary technique for
differentiating SIF from osteonecrosis. Osteonecrosis has markedly lower maximum
enhancement values, longer time to peak,
and lower slopes [99].
“Osteonecrosis” is an umbrella term that
includes bone infarcts (metaphyseal) and
avascular necrosis (epiphyseal). “Avascular
necrosis” has historically been applied to areas of epiphyseal involvement. However, “osteonecrosis” and “avascular necrosis” are often used interchangeably for the same entity,
which can lead to confusion.
Recommendation—The morphologic features of subchondral changes should be used to
differentiate osteonecrosis from SIF. In cases
in which it is difficult to differentiate SIF without underlying osteonecrosis from SIF with
underlying osteonecrosis, contrast-enhanced
studies may be helpful. The term “osteonecrosis” is preferred for describing regions of devitalized bone because it is all-inclusive.
Rapidly Destructive Osteoarthritis
The condition frequently described as
“rapidly destructive osteoarthritis” [100],
“rapidly destructive hip disease” [101], “rapidly destructive arthropathy/arthrosis of the
hip” [46, 102], and “rapidly progressive os-
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teoarthritis” [103, 104] is rare. It is increasingly seen owing to the increasing size of
the elderly population. Rapidly destructive
osteoarthritis occurs most commonly in elderly women but may also occur in younger patients after trauma [103]. The condition
was first described in the hip and has subsequently been identified in the shoulder as
destructive arthropathy that radiographically
mimics septic arthritis, osteonecrosis, neuropathic joint, and rheumatologic disease [101,
105, 106]. The cause of this entity remains
poorly understood. Histologically, the degenerative changes in rapidly destructive osteoarthritis are very similar to those of primary
osteoarthritis with the synovitis characterized as reactive rather than inflammatory
[103]. Calcium hydroxyapatite crystals, foci
of necrosis, capsular fibrosis, and subchondral fracture are variably present [100].
The imaging findings of rapidly destructive osteoarthritis have two stages: marked
chondrolysis followed by rapid and extensive
subchondral bone resorption and destruction.
In the hip, rapid progression of joint space
loss has been defined as greater than 2 mm
per year or greater than 50% joint space loss
in a year [100, 106, 107] (Fig. 15). In the early chondrolytic stage, hip joint space narrowing is superolateral, similar to that in primary osteoarthritis, but there is minimal to no
osteophytosis or subchondral sclerosis with
subchondral cystlike changes. Some authors
[104] have considered exuberant subchondral
cystlike change one of the hallmarks of rapidly destructive osteoarthritis. Early MRI findings include diffuse cartilage denudation with
joint effusion and synovitis and pericapsular
edema, which can mimic infection. However,
the most striking feature is the marked bone
marrow edemalike signal intensity at both
the femoral head and the acetabulum, which
may be accompanied by SIF of the femoral
head [46]. In the late subchondral resorptivedestructive stage, radiographs show marked
femoral head flattening and remodeling that
may be so extensive as to mimic the surgicallike resection margins of atrophic neuropathic arthropathy [108] (Fig. 15).
Controversy—There is controversy about
which of the many terms referring to rapidly destructive osteoarthritis is the most accurate. The cause of the condition remains
unknown and likely has multiple factors, often unrelated to osteoarthritis. The preferred
term should reflect the typical clinical and
imaging features and emphasize that this idiopathic condition differs from similar-ap-

pearing processes with a known cause, such
as septic arthritis and rheumatoid arthritis.
For these reasons, the committee is proposing the new term “rapidly progressive idiopathic arthritis” for this condition and considers this term more accurate.
There is controversy about the relation between rapidly progressive idiopathic arthritis and SIF. Evidence suggests that SIF likely plays a role in the development of rapidly
progressive idiopathic arthritis in both the
shoulder and hip [100]. Although SIF has
been clearly identified in many patients with
rapidly progressive idiopathic arthritis, it remains uncertain whether SIF is the inciting
event for chondrolysis and bone destruction
or simply one possible outcome of a multifactorial process [103]. It is also poorly understood why some patients with SIF have
rapidly progressive idiopathic arthritis but
others have SIF that resolves with conservative management [105, 106].
Recommendation—The term “rapidly progressive idiopathic arthritis” should be used
to describe rapid and extensive subchondral
bone resorption and destruction in the absence of septic arthritis, osteonecrosis, neuropathic joint, or rheumatologic disease. SIF
should be reported as an associated finding in
rapidly progressive idiopathic arthritis rather
than as a distinct diagnosis.
Osteoarthritis
Osteoarthritis has been recognized for
centuries, yet a firm, uniform definition remains elusive as understanding of the disease evolves. Clinical findings of inflammation, that is, redness, swelling, heat, and
pain, are not prominent features of osteoarthritis; therefore, some have preferred to refer to the entity as “osteoarthrosis,” and both
terms have been accepted in the literature.
However, with the recognition of the important role of inflammatory mediator production in this disease, “osteoarthritis” is a more
accurate term [109]. The pathophysiologic
mechanism of osteoarthritis involves degradation and loss of cartilage followed by osseous changes [110]. There have been calls
for standardization [111, 112], and imagingbased definitions have been used in clinical
and research settings.
Controversy—Should an imaging diagnosis of osteoarthritis be made? If so, how early
in the disease process can radiologists make
this diagnosis? Although these questions may
appear important only for theoretic discussion, real potential clinical implications ex-
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ist. Preexisting conditions are important for
those who change jobs or insurance companies. In addition, if a joint is labeled osteoarthritic at an early stage, regulatory agencies
or insurance companies may approve the use
of certain therapies for cartilage defects but
deny other procedures. In the future, therapies for early osteoarthritis may be based on
serologic markers or compositional cartilage
matrix changes that are apparent at imaging
before any loss of tissue is visible.
Recommendation—The term “osteoarthritis” rather than “osteoarthrosis” is recommended, reflecting the important role of
inflammatory mediators in the pathogenesis
of the disease.
Conclusion
Controversy exists about the nomenclature
and pathophysiologic characteristics of subchondral nonneoplastic bone lesions. This
consensus statement summarizes current understanding of the pathophysiologic and imaging findings of subchondral nonneoplastic bone lesions and proposes nomenclature
to improve effective communication across
clinical specialties and help avoid diagnostic
errors that could affect patient care.
References

1. Peterfy CG, Guermazi A, Zaim S, et al. WholeOrgan Magnetic Resonance Imaging Score
(WORMS) of the knee in osteoarthritis.
Osteoarthritis Cartilage 2004; 12:177–190
2. Østergaard M, Edmonds J, McQueen F, et al. An
introduction to the EULAR-OMERACT rheumatoid arthritis MRI reference image atlas. Ann
Rheum Dis 2005; 64(suppl 1):i3–i7
3. Hunter DJ, Lo GH, Gale D, Grainger AJ,
Guermazi A, Conaghan PG. The reliability of a
new scoring system for knee osteoarthritis MRI
and the validity of bone marrow lesion assessment: BLOKS (Boston Leeds Osteoarthritis
Knee Score). Ann Rheum Dis 2008; 67:206–211
4. Felson DT, Chaisson CE, Hill CL, et al. The association of bone marrow lesions with pain in
knee osteoarthritis. Ann Intern Med 2001;
134:541–549
5. Zanetti M, Bruder E, Romero J, Hodler J. Bone
marrow edema pattern in osteoarthritic knees:
correlation between MR imaging and histologic
findings. Radiology 2000; 215:835–840
6. Carrino JA, Blum J, Parellada JA, Schweitzer
ME, Morrison WB. MRI of bone marrow edema-like signal in the pathogenesis of subchondral cysts. Osteoarthritis Cartilage 2006;
14:1081–1085
7. Kornaat PR, Kloppenburg M, Sharma R, et al.

972

Bone marrow edema-like lesions change in volume in the majority of patients with osteoarthritis; associations with clinical features. Eur
Radiol 2007; 17:3073–3078
8. Woodworth TG, Morgacheva O, Pimienta OL,
Troum OM, Ranganath VK, Furst DE. Examining the validity of the rheumatoid arthritis magnetic resonance imaging score according to the
OMERACT filter: a systematic literature review.
Rheumatology (Oxford) 2017; 56:1177–1188
9. Li G, Yin J, Gao J, et al. Subchondral bone in osteoarthritis: insight into risk factors and microstructural changes. Arthritis Res Ther 2013; 15:223
10. Muratovic D, Cicuttini F, Wluka A, et al. Bone
marrow lesions detected by specific combination
of MRI sequences are associated with severity of
osteochondral degeneration. Arthritis Res Ther
2016; 18:54
11. Taljanovic MS, Graham AR, Benjamin JB, et al.
Bone marrow edema pattern in advanced hip osteoarthritis: quantitative assessment with magnetic
resonance imaging and correlation with clinical
examination, radiographic findings, and histopathology. Skeletal Radiol 2008; 37:423–431
12. Bergman AG, Willén HK, Lindstrand AL,
Pettersson HT. Osteoarthritis of the knee: correlation of subchondral MR signal abnormalities
with histopathologic and radiographic features.
Skeletal Radiol 1994; 23:445–448
13. Hunter DJ, Gerstenfeld L, Bishop G, et al. Bone
marrow lesions from osteoarthritis knees are
characterized by sclerotic bone that is less well
mineralized. Arthritis Res Ther 2009; 11:R11
14. Kazakia GJ, Kuo D, Schooler J, et al. Bone and
cartilage demonstrate changes localized to bone
marrow edema-like lesions within osteoarthritic
knees. Osteoarthritis Cartilage 2013; 21:94–101
15. Saadat E, Jobke B, Chu B, et al. Diagnostic performance of in vivo 3-T MRI for articular cartilage abnormalities in human osteoarthritic knees
using histology as standard of reference. Eur
Radiol 2008; 18:2292–2302
16. Jimenez-Boj E, Nöbauer-Huhmann I, HanslikSchnabel B, et al. Bone erosions and bone marrow
edema as defined by magnetic resonance imaging
reflect true bone marrow inflammation in rheumatoid arthritis. Arthritis Rheum 2007; 56:1118–1124
17. McQueen FM, Gao A, Ostergaard M, et al. Highgrade MRI bone oedema is common within the
surgical field in rheumatoid arthritis patients undergoing joint replacement and is associated with
osteitis in subchondral bone. Ann Rheum Dis
2007; 66:1581–1587
18. Dalbeth N, Smith T, Gray S, et al. Cellular characterisation of magnetic resonance imaging bone
oedema in rheumatoid arthritis; implications for
pathogenesis of erosive disease. Ann Rheum Dis
2009; 68:279–282

19. Hermann KG, Bollow M. Magnetic resonance
imaging of sacroiliitis in patients with spondyloarthritis: correlation with anatomy and histology.
RoFo 2014; 186:230–237
20. Crema MD, Roemer FW, Zhu Y, et al. Subchondral cystlike lesions develop longitudinally in
areas of bone marrow edema-like lesions in patients with or at risk for knee osteoarthritis: detection with MR imaging: the MOST study.
Radiology 2010; 256:855–862
21. Bancroft LW, Peterson JJ, Kransdorf MJ. Cysts,
geodes, and erosions. Radiol Clin North Am
2004; 42:73–87
22. Schajowicz F, Clavel Sainz M, Slullitel JA. Juxtaarticular bone cysts (intra-osseous ganglia): a
clinicopathological study of eighty-eight cases.
J Bone Joint Surg Br 1979; 61:107–116
23. Sanal HT, Chen L, Haghighi P, Trudell DJ,
Resnick DL. Carpal bone cysts: MRI, gross pathology, and histology correlation in cadavers.
Diagn I nterv Radiol 2014; 20:503–506
24. Ikeda M, Oka Y. Cystic lesion in carpal bone.
Hand Surg 2000; 5:25–32
25. Yajima H, Murata K, Kawamura K, Kawate K,
Takakura Y. Treatment of intraosseous ganglia
and bone cysts of the carpal bones with injectable
calcium phosphate bone cement. Hand Surg
2008; 13:167–173
26. Milgram JW. Morphologic alterations of the subchondral bone in advanced degenerative arthritis. Clin Orthop Relat Res 1983; 173:293–312
27. Resnick D, Niwayama G, Coutts RD. Subchondral cysts (geodes) in arthritic disorders: pathologic and radiographic appearance of the hip
joint. AJR 1977; 128:799–806
28. Conaghan P, Bird P, Ejbjerg B, et al. The
EULAR-OMERACT rheumatoid arthritis MRI
reference image atlas: the metacarpophalangeal
joints. Ann Rheum Dis 2005; 64(suppl 1):i11–i21
29. Hunter DJ, Guermazi A, Lo GH, et al. Evolution of
semi-quantitative whole joint assessment of knee
OA: MOAKS (MRI Osteoarthritis Knee Score).
Osteoarthritis Cartilage 2011; 19:990–1002
30. Collins JE, Losina E, Nevitt MC, et al. Semiquantitative imaging biomarkers of knee osteoarthritis progression: data from the Foundation
for the National Institutes of Health Osteoarthritis Biomarkers Consortium. Arthritis Rheumatol
2016; 68:2422–2431
31. Gorbachova T, Melenevsky Y, Cohen M,
Cerniglia BW. Osteochondral lesions of the

knee: differentiating the most common entities at
MRI. RadioGraphics 2018; 38:1478–1495
32. Roemer FW, Frobell R, Hunter DJ, et al. MRI-
detected subchondral bone marrow signal alterations
of the knee joint: terminology, imaging appearance,
relevance and radiological differential diagnosis.
Osteoarthritis Cartilage 2009; 17:1115–1131

AJR:213, November 2019

Downloaded from www.ajronline.org by Scott Alexander on 10/23/19 from IP address 2601:203:480:7440:49b9:4a75:fa6d:7534. Copyright ARRS. For personal use only; all rights reserved

Subchondral Nonneoplastic Bone Lesions
33. Depasquale R, Fotiadou A, Kumar DS, et al. Subchondral impaction fractures of the non-weightbearing portion of the lateral femoral condyle.
Skeletal Radiol 2013; 42:177–185
34. Polesello G, Sakai DS, Ono NK, Honda EK,
Guimaraes RP, Júnior WR. The importance of
the diagnosis of subchondral fracture of the femoral head: how to differentiate it from avascular
necrosis and how to treat it. Rev Bras Ortop
2015; 44:102–105
35. Viana SL, Machado BB, Mendlovitz PS. MRI of
subchondral fractures: a review. Skeletal Radiol
2014; 43:1515–1527
36. Gourlay ML, Renner JB, Spang JT, Rubin JE.
Subchondral insufficiency fracture of the knee: a
non-traumatic injury with prolonged recovery
time. BMJ Case Rep 2015, 2015:209399
37. Sonoda K, Yamamoto T, Motomura G,
Karasuyama K, Kubo Y, Iwamoto Y. Fat-suppressed T2-weighted MRI appearance of subchondral insufficiency fracture of the femoral
head. Skeletal Radiol 2016; 45:1515–1521
38. Yamamoto T. Subchondral insufficiency fractures of the femoral head. Clin Orthop Surg
2012; 4:173–180
39. Yamamoto T, Bullough PG. Spontaneous osteonecrosis of the knee: the result of subchondral
insufficiency fracture. J Bone Joint Surg Am
2000; 82:858–866
40. Miyanishi K, Yamamoto T, Nakashima Y, et al.
Subchondral changes in transient osteoporosis of
the hip. Skeletal Radiol 2001; 30:255–261
41. Bullough PG, DiCarlo EF. Subchondral avascular necrosis: a common cause of arthritis. Ann
Rheum Dis 1990; 49:412–420
42. Davies M, Cassar-Pullicino VN, Darby AJ. Subchondral insufficiency fractures of the femoral
head. Eur Radiol 2004; 14:201–207
43. Ikemura S, Yamamoto T, Motomura G,
Nakashima Y, Mawatari T, Iwamoto Y. MRI

evaluation of collapsed femoral heads in patients
60 years old or older: differentiation of subchondral insufficiency fracture from osteonecrosis of
the femoral head. AJR 2010; 195:[web]W63–W68
44. Lecouvet FE, Malghem J, Maldague BE, Vande
Berg BC. MR imaging of epiphyseal lesions of the
knee: current concepts, challenges, and controversies. Radiol Clin North Am 2005; 43:655–672
45. Vande Berg BC, Lecouvet FE, Koutaissoff S,
Simoni P, Malghem J. Bone marrow edema of the
femoral head and transient osteoporosis of the
hip. Eur J Radiol 2008; 67:68–77
46. Yamamoto T, Schneider R, Iwamoto Y, Bullough
PG. Bilateral rapidly destructive arthrosis of the
hip joint resulting from subchondral fracture
with superimposed secondary osteonecrosis.
Skeletal Radiol 2010; 39:189–192
47. Motomura G, Yamamoto T, Yamaguchi R, et al.

AJR:213, November 2019

Morphological analysis of collapsed regions in
osteonecrosis of the femoral head. J Bone Joint
Surg Br 2011; 93:184–187
48. Takeda M, Higuchi H, Kimura M, Kobayashi Y,
Terauchi M, Takagishi K. Spontaneous osteonecrosis of the knee: histopathological differences
between early and progressive cases. J Bone
Joint Surg Br 2008; 90:324–329
49. Murphey MD, Foreman KL, Klassen-Fischer
MK, Fox MG, Chung EM, Kransdorf MJ. From
the radiologic pathology archives imaging of osteonecrosis: radiologic-pathologic correlation.
RadioGraphics 2014; 34:1003–1028
50. Ilardi CF, Sokoloff L. Secondary osteonecrosis
in osteoarthritis of the femoral head. Hum Pathol
1984; 15:79–83
51. Deutsch AL, Mink JH. Magnetic resonance imaging of musculoskeletal injuries. Radiol Clin
North Am 1989; 27:983–1002
52. Mink JH, Deutsch AL. Occult cartilage and bone
injuries of the knee: detection, classification, and
assessment with MR imaging. Radiology 1989;
170:823–829
53. Blankenbaker DG, De Smet AA, Vanderby R,
McCabe RP, Koplin SA. MRI of acute bone
bruises: timing of the appearance of findings in a
swine model. AJR 2008; 190:[web]W1–W7
54. Kon E, Ronga M, Filardo G, et al. Bone marrow
lesions and subchondral bone pathology of the
knee. Knee Surg Sports Traumatol Arthrosc
2016; 24:1797–1814
55. Mandalia V, Fogg AJ, Chari R, Murray J, Beale
A, Henson JH. Bone bruising of the knee. Clin
Radiol 2005; 60:627–636
56. Rangger C, Kathrein A, Freund MC, Klestil T,
Kreczy A. Bone bruise of the knee: histology and
cryosections in 5 cases. Acta Orthop Scand
1998; 69:291–294
57. Ryu KN, Jin W, Ko YT, et al. Bone bruises: MR
characteristics and histological correlation in the
young pig. Clin Imaging 2000; 24:371–380
58. Sanders TG, Medynski MA, Feller JF, Lawhorn
KW. Bone contusion patterns of the knee at MR
imaging: footprint of the mechanism of injury.
RadioGraphics 2000; 20:S135–S151
59. Pathria MN, Chung CB, Resnick DL. Acute and
stress-related injuries of bone and cartilage: pertinent anatomy, basic biomechanics, and imaging
perspective. Radiology 2016; 280:21–38
60. Pentecost RL, Murray RA, Brindley HH. Fatigue, insufficiency, and pathologic fractures.
JAMA 1964; 187:1001–1004
61. Kijowski R, Choi J, Shinki K, Del Rio AM, De
Smet A. Validation of MRI classification system
for tibial stress injuries. AJR 2012; 198:878–884
62. Chang EY, Chen KC, Chung CB. The shiny corner
of the knee: a sign of meniscal osteochondral unit
dysfunction. Skeletal Radiol 2014; 43:1403–1409

63. Jaimes C, Jimenez M, Shabshin N, Laor T, Jaramillo D. Taking the stress out of evaluating stress
injuries in children. RadioGraphics 2012;
32:537–555
64. Edmonds EW, Shea KG. Osteochondritis dissecans: editorial comment. Clin Orthop Relat Res
2013; 471:1105–1106
65. Berndt AL, Harty M. Transchondral fractures
(osteochondritis dissecans) of the talus. J Bone
Joint Surg Am 2004; 86:1336
66. Laor T, Zbojniewicz AM, Eismann EA, Wall EJ.
Juvenile osteochondritis dissecans: is it a growth
disturbance of the secondary physis of the epiphysis? AJR 2012; 199:1121–1128
67. Milgram JW. Radiological and pathological
manifestations of osteochondritis dissecans of
the distal femur: a study of 50 cases. Radiology
1978; 126:305–311
68. Aichroth P. Osteochondritis dissecans of the
knee: a clinical survey. J Bone Joint Surg Br
1971; 53:440–447
69. Kessler JI, Nikizad H, Shea KG, Jacobs JC Jr,
Bebchuk JD, Weiss JM. The demographics and
epidemiology of osteochondritis dissecans of the
knee in children and adolescents. Am J Sports
Med 2014; 42:320–326
70. Kida Y, Morihara T, Kotoura Y, et al. Prevalence
and clinical characteristics of osteochondritis
dissecans of the humeral capitellum among adolescent baseball players. Am J Sports Med 2014;
42:1963–1971
71. Kessler JI, Jacobs JC Jr, Cannamela PC, Shea
KG, Weiss JM. Childhood obesity is associated
with osteochondritis dissecans of the knee, ankle, and elbow in children and adolescents.
J Pediatr Orthop 2018; 38:e296–e299
72. Sanchez TR, Jadhav SP, Swischuk LE. MR imaging of pediatric trauma. Magn Reson Imaging
Clin N Am 2009; 17:439–450
73. Bohndorf K. Osteochondritis (osteochondrosis)
dissecans: a review and new MRI classification.
Eur Radiol 1998; 8:103–112
74. Lee S, Saifuddin A. Magnetic resonance imaging
of subchondral insufficiency fractures of the
lower limb. Skeletal Radiol 2019; 48:1011–1021
75. Iwasaki K, Yamamoto T, Motomura G, Ikemura
S, Yamaguchi R, Iwamoto Y. Radiologic measurements associated with the prognosis and
need for surgery in patients with subchondral insufficiency fractures of the femoral head. AJR
2013; 201:[web]W97–W103
76. Iwasaki K, Yamamoto T, Motomura G, et al.
Common site of subchondral insufficiency fractures of the femoral head based on three-dimensional magnetic resonance imaging. Skeletal
Radiol 2016; 45:105–113
77. Lecouvet FE, van de Berg BC, Maldague BE, et
al. Early irreversible osteonecrosis versus tran-

973

Downloaded from www.ajronline.org by Scott Alexander on 10/23/19 from IP address 2601:203:480:7440:49b9:4a75:fa6d:7534. Copyright ARRS. For personal use only; all rights reserved

Gorbachova et al.
sient lesions of the femoral condyles: prognostic
value of subchondral bone and marrow changes
on MR imaging. AJR 1998; 170:71–77
78. Vande Berg BC, Malghem JJ, Lecouvet FE,
Jamart J, Maldague BE. Idiopathic bone marrow
edema lesions of the femoral head: predictive
value of MR imaging findings. Radiology 1999;
212:527–535
79. Daffner RH, Pavlov H. Stress fractures: current
concepts. AJR 1992; 159:245–252
80. Ahlbäck S, Bauer GC, Bohne WH. Spontaneous
osteonecrosis of the knee. Arthritis Rheum 1968;
11:705–733
81. An VV, Broek MV, Oussedik S. Subchondral insufficiency fracture in the lateral compartment of
the knee in a 64-year-old marathon runner. Knee
Surg Relat Res 2017; 29:325–328
82. Kattapuram TM, Kattapuram SV. Spontaneous
osteonecrosis of the knee. Eur J Radiol 2008;
67:42–48
83. Marcheggiani Muccioli GM, Grassi A, Setti S, et
al. Conservative treatment of spontaneous osteonecrosis of the knee in the early stage: pulsed
electromagnetic fields therapy. Eur J Radiol
2013; 82:530–537
84. Wilmot AS, Ruutiainen AT, Bakhru PT,
Schweitzer ME, Shabshin N. Subchondral insufficiency fracture of the knee: a recognizable associated soft tissue edema pattern and a similar
distribution among men and women. Eur J
Radiol 2016; 85:2096–2103
85. Hussain ZB, Chahla J, Mandelbaum BR, Gomoll
AH, LaPrade RF. The role of meniscal tears in
spontaneous osteonecrosis of the knee: a systematic review of suspected etiology and a call to
revisit nomenclature. Am J Sports Med 2019;
47:501–501
86. Robertson DD, Armfield DR, Towers JD, Irrgang
JJ, Maloney WJ, Harner CD. Meniscal root injury
and spontaneous osteonecrosis of the knee: an observation. J Bone Joint Surg Br 2009; 91:190–195
87. Yao L, Stanczak J, Boutin RD. Presumptive subarticular stress reactions of the knee: MRI detection and association with meniscal tear patterns.
Skeletal Radiol 2004; 33:260–264
88. Ramnath RR, Kattapuram SV. MR appearance
of SONK-like subchondral abnormalities in the
adult knee: SONK redefined. Skeletal Radiol
2004; 33:575–581
89. Malizos KN, Zibis AH, Dailiana Z, Hantes M,
Karachalios T, Karantanas AH. MR imaging

974

findings in transient osteoporosis of the hip. Eur
J Radiol 2004; 50:238–244
90. Yamamoto T, Kubo T, Hirasawa Y, Noguchi Y,
Iwamoto Y, Sueishi K. A clinicopathologic study
of transient osteoporosis of the hip. Skeletal
Radiol 1999; 28:621–627
91. Geith T, Niethammer T, Milz S, Dietrich O, R
 eiser
M, Baur-Melnyk A. Transient bone marrow edema
syndrome versus osteonecrosis: perfusion patterns
at dynamic contrast-enhanced MR imaging with
high temporal resolution can allow differentiation.
Radiology 2017; 283:478–485
92. Klontzas ME, Vassalou EE, Zibis AH, Bintoudi
AS, Karantanas AH. MR imaging of transient
osteoporosis of the hip: an update on 155 hip
joints. Eur J Radiol 2015; 84:431–436
93. Fujioka M, Kubo T, Nakamura F, et al. Initial
changes of non-traumatic osteonecrosis of femoral head in fat suppression images: bone marrow
edema was not found before the appearance of
band patterns. Magn Reson Imaging 2001;
19:985–991
94. Stevens K, Tao C, Lee SU, et al. Subchondral
fractures in osteonecrosis of the femoral head:
comparison of radiography, CT, and MR imaging. AJR 2003; 180:363–368
95. Zurlo JV. The double-line sign. Radiology 1999;
212:541–542
96. Zhao G, Yamamoto T, Ikemura S, et al. A histopathological evaluation of a concave-shaped lowintensity band on T1-weighted MR images in a
subchondral insufficiency fracture of the femoral
head. Skeletal Radiol 2010; 39:185–188
97. Iwasaki K, Yamamoto T, Motomura G, et al.
Computed tomography findings of subchondral
insufficiency fractures of the femoral head.
J Orthop 2018; 15:173–176
98. Miyanishi K, Hara T, Kaminomachi S, Maeda H,
Watanabe H, Torisu T. Contrast-enhanced MR
imaging of subchondral insufficiency fracture of
the femoral head: a preliminary comparison with
that of osteonecrosis of the femoral head. Arch
Orthop Trauma Surg 2009; 129:583–589
99. Mueller D, Schaeffeler C, Baum T, et al. Magnetic resonance perfusion and diffusion imaging
characteristics of transient bone marrow edema,
avascular necrosis and subchondral insufficiency
fractures of the proximal femur. Eur J Radiol
2014; 83:1862–1869
100. Rosenberg ZS, Shankman S, Steiner GC,
Kastenbaum DK, Norman A, Lazansky MG.


Rapid destructive osteoarthritis: clinical, radiographic, and pathologic features. Radiology
1992; 182:213–216
101. Bock GW, Garcia A, Weisman MH, et al. Rapidly
destructive hip disease: clinical and imaging abnormalities. Radiology 1993; 186:461–466
102. Komiya S, Inoue A, Sasaguri Y, Minamitani K,
Morimatsu M. Rapidly destructive arthropathy
of the hip. Studies on bone resorptive factors in
joint fluid with a theory of pathogenesis. Clin Orthop Relat Res 1992; 284:273–282
103. Flemming DJ, Gustas-French CN. Rapidly progressive osteoarthritis: a review of the clinical
and radiologic presentation. Curr Rheumatol
Rep 2017; 19:42
104. Zazgyva A, Gurzu S, Gergely I, Jung I, Roman
CO, Pop TS. Clinico-radiological diagnosis and
grading of rapidly progressive osteoarthritis of
the hip. Medicine (Baltimore) 2017; 96:e6395
105. Batra S, Batra M, McMurtrie A, Sinha AK. Rapidly destructive osteoarthritis of the hip joint: a
case series. J Orthop Surg Res 2008; 3:3
106. Boutry N, Paul C, Leroy X, Fredoux D, Migaud H,
Cotten A. Rapidly destructive osteoarthritis of the
hip: MR imaging findings. AJR 2002; 179:657–663
107. Yamamoto T, Takabatake K, Iwamoto Y. Subchondral insufficiency fracture of the femoral
head resulting in rapid destruction of the hip
joint: a sequential radiographic study. AJR 2002;
178:435–437
108. Yamamoto T, Bullough PG. The role of subchondral insufficiency fracture in rapid destruction of
the hip joint: a preliminary report. Arthritis
Rheum 2000; 43:2423–2427
109. Attur MG, Dave M, Akamatsu M, Katoh M,
Amin AR. Osteoarthritis or osteoarthrosis: the
definition of inflammation becomes a semantic
issue in the genomic era of molecular medicine.
Osteoarthritis Cartilage 2002; 10:1–4
110. Dequeker J, Luyten FP. The history of osteoarthritis-osteoarthrosis. Ann Rheum Dis 2008;
67:5–10
111. Kraus VB, Blanco FJ, Englund M, Karsdal MA,
Lohmander LS. Call for standardized definitions
of osteoarthritis and risk stratification for clinical
trials and clinical use. Osteoarthritis Cartilage
2015; 23:1233–1241
112. Hunter DJ, Arden N, Conaghan PG, et al.; O
 ARSI
OA Imaging Working Group. Definition of osteoarthritis on MRI: results of a Delphi exercise.
Osteoarthritis Cartilage 2011; 19:963–969

AJR:213, November 2019

Downloaded from www.ajronline.org by Scott Alexander on 10/23/19 from IP address 2601:203:480:7440:49b9:4a75:fa6d:7534. Copyright ARRS. For personal use only; all rights reserved

Subchondral Nonneoplastic Bone Lesions

A

B

C

E

D

F

G
Fig. 1—Descriptive terms applied to nonneoplastic morphologic abnormalities affecting subchondral bone and marrow. Diagrams depict generic epiphyseal surface of bone
on T2- or intermediate-weighted MR images. Dark gray denotes articular cartilage; black line, subchondral bone plate; light gray, underlying trabecular bone and marrow.
A, Cystlike lesion. Rounded well-marginated area of high signal intensity on T2-weighted images and loss of normal marrow signal intensity on T1-weighted images.
Histologically such lesions are typically lined by connective tissue membrane and contain inflammatory cells, myxoid material, and necrotic bone.
B, Osteochondral defect. Localized defect (arrowhead) encompasses articular cartilage, subchondral bone plate, and underlying trabecular bone and marrow.
C, Osteochondral fracture. Acute traumatic fracture involves articular cartilage and subchondral bone plate represented by fracture line that extends through articular
surface (left) completely or incompletely encircling portion of subchondral bone or deformity with subchondral bone plate depression (right).
D, Subchondral fracture. Line or band of low signal intensity running at short distance from subchondral bone plate. Line represents fractured trabeculae with variable
amount of associated fracture callus and granulation tissue. Line is usually irregular, serpiginous, often discontinuous or open ended, parallel, convex, or, in rare
instances, concave in relation to articular surface. It typically does not delineate large marrow area.
E, Epiphyseal collapse. Fracture of subchondral bone plate in atraumatic setting occurs in two patterns. First is deformity of subchondral bone plate resulting in loss of
normal epiphyseal sphericity (left), which manifests as flattening (thin arrows) or abrupt focal depression (thick arrow) of bone plate. Second pattern is fluid-filled cleft
underlying subchondral bone plate, representing fracture cleft (right). These patterns may be present individually but often coexist.
F, Subchondral hypointense area. Subchondral area of low signal intensity immediately subjacent to subchondral bone plate produces apparent crescentric thickening
of plate (left). This finding represents combination of fracture line directly beneath subchondral plate, granulation tissue, and often secondary osteonecrosis between
fracture and articular surface. Apparent thickening of bone plate often accompanies subchondral bone plate collapse, representing impacted trabeculae, granulation
tissue, and secondary osteonecrosis (middle). Subchondral sclerosis or eburnation in osteoarthritis may produce similar subarticular hypointensity related to deposition
of new bone on preexisting trabeculae and to trabecular microfractures with callus formation (right).
G, Osteonecrosis. Subchondral lesion consisting of area of preserved marrow signal intensity outlined by peripheral rim. Area encompasses devitalized marrow, and rim
represents reactive interface between necrotic and viable bone. Lesion may involve marrow immediately subjacent to bone plate (left) or, less commonly, away from it
(right). Rim is typically smooth, concave to articular surface, and complete and encircles infarcted area without interruption.
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Fig. 2—65-year-old man with left knee pain. Example of bone marrow edemalike signal intensity and cystlike lesions.
A, Preoperative coronal T2-weighted fat-suppressed MR image (TR/TE, 3500/65) shows marrow signal intensity at medial tibial plateau. Box indicates area shown in D.
B, Preoperative coronal T2-weighted fat-suppressed MR image (TR/TE, 3500/65) shows subchondral edemalike marrow signal intensity at lateral tibial plateau. Box
indicates area shown in E.
C, Preoperative coronal T2-weighted fat-suppressed MR image (TR/TE, 3500/65) shows cystlike lesion at peripheral aspect of lateral tibial plateau. Box indicates area
shown in F.
D, Postoperative photomicrograph (H and E, ×10; bar, 100 μm) corresponding to box in A shows normal marrow with few hematopoietic cells and small vessels among
many adipocytes.
E, Postoperative photomicrograph (H and E, ×10; bar, 100 μm) corresponding to box in B shows edematous region of marrow with eosinophilic globules (arrowheads) and
enlarged, hypocellular space between adipocytes (arrows).
F, Postoperative photomicrograph (H and E, ×10; bar, 100 μm) corresponding to box in C shows cystlike lesion consisting of well-vascularized hypocellular regions
containing abundant extracellular matrix with numerous large capillarylike venous spaces (asterisks) and frequent flattened fibroblastlike cells (arrows).
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Fig. 3—13-year-old male basketball player with
osteochondral defect and 2-week history of left knee
pain, swelling, and occasional locking; symptoms
may not necessarily be due to osteochondral defect.
Case serves as imaging example of such defect.
A, Sagittal proton density–weighted fat-suppressed
MR image shows full-thickness cartilage defect
with mild subchondral edemalike signal intensity
(arrowheads).
B, T1-weighted MR image shows defect of
subchondral bone plate (arrowheads) with absence
of normal low-signal-intensity cortical line in this
region.
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Fig. 4—Osteochondral fractures in acute knee injury with anterior cruciate ligament rupture.
A–C, 45-year-old man. Coronal T1-weighted (A), fat-suppressed proton density–weighted (B), and sagittal
proton density–weighted (C) MR images show fracture line extending to subchondral bone plate (white arrows,
A and C) with visible disruption of articular cartilage and subchondral bone plate (black arrows, C). Bone
marrow edemalike signal intensity (asterisk, B) associated with fracture is evident.
D, 18-year-old man. Sagittal proton density–weighted MR image shows contour deformity with subchondral
bone plate depression (arrows, D).
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Fig. 5—Subchondral fractures of talar dome.
A, 64-year-old man without history of trauma. Coronal proton density–weighted fat-suppressed MR image shows line of low signal intensity coursing at short distance
from subchondral bone plate (arrow) with bone marrow edemalike signal intensity (asterisk) on both sides of line. Irregular and discontinuous appearance of line is
concave in relation to articular surface.
B and C, 15-year-old boy after acute injury to lateral tibial plateau. Sagittal proton density–weighted (B) and proton density–weighted fat-suppressed (C) MR images
show line of low signal intensity short distance from subchondral bone plate (arrow, B) with bone marrow edemalike signal intensity (asterisk, C) on both sides of line.
Irregular and discontinuous appearance of line is convex in relation to articular surface.
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Fig. 6—Epiphyseal collapse.
A–C, 53-year-old man with bilateral femoral head
osteonecrosis. Coronal T1-weighted MR image of
pelvis (A) and sagittal proton density–weighted fatsuppressed image of right (B) and left (C) hips show
subchondral areas of infarct (arrowheads, A) with
collapse manifesting as abrupt focal depression of
bone plate (arrow, B) and fluid-filled cleft underlying
subchondral bone plate (arrow, C).
D, 35-year-old man with history of acute
myeloid leukemia, bone marrow transplant, and
osteonecrosis. Sagittal T2-weighted fat-suppressed
MR image shows extensive collapse with
subchondral bone plate flattening resulting in loss of
normal sphericity (black arrows) of posterior aspect
of medial femoral condyle and large fluid-filled clefts
(white arrows) in infarcted areas of femoral condyle
and medial tibial plateau.
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Fig. 7—Subchondral hypointense area.
A and B, 64-year-old woman with insufficiency
fracture of medial femoral condyle. Sagittal
proton density–weighted (A) and T2-weighted
fat-suppressed (B) MR images show low-signalintensity area (arrowheads) immediately subjacent to
subchondral bone plate without contour deformity.
Distinct subchondral fracture line (arrow, A) is
also present in anterior aspect. Extensive bone
marrow edemalike signal intensity associated with
subchondral fractures (asterisk, B) is less localized
than edemalike signal intensity in osteoarthritis
(asterisk, E).
(Fig. 7 continues on next page)
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Fig. 7 (continued)—Subchondral hypointense area.
C, 68-year-old woman with femoral head insufficiency fracture and collapse. Coronal proton density–weighted fat-suppressed MR image shows hypointense area
(arrowhead) representing impacted trabeculae beneath flattened articular surface (arrows).
D and E, 68-year-old man with osteoarthritis of knee. Sagittal proton density–weighted (D) and T2-weighted fat-suppressed (E) MR images show subchondral sclerosis
in areas of cartilage denudation reflected by subarticular hypointensity (arrowheads, D). Edemalike signal intensity associated with osteoarthritis (asterisk, E) is more
localized than bone marrow edemalike signal intensity in subchondral fracture (asterisk, B).
Fig. 8—17-year-old male football player with 2-week
history of knee pain after direct blow to lateral knee
causing bone contusion.
A and B, Sagittal fat-suppressed (A) and T1-weighted
(B) proton density–weighted MR images show
bone marrow edemalike signal intensity (asterisk)
in anterior tibial plateau. No fracture line or contour
deformity is present.
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Fig. 9—Stress response.
A, 48-year-old man with tear of posterior root of medial meniscus causing subarticular stress response. Sagittal proton density–weighted fat-suppressed MR image
shows linear subchondral area of bone marrow edemalike signal intensity (arrowhead) localized to area deep to posterior meniscal root.
B and C, 74-year-old woman with stress response and 8-week history of progressively worsening medial knee pain and no history of trauma. Coronal (B) and sagittal
(C) proton density–weighted fat-suppressed MR images show diffuse edemalike signal intensity (asterisk) within subchondral marrow of medial tibial plateau. No
associated thickening of subchondral bone plate or linear signal-intensity change is present to suggest fracture.
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Fig. 10—Osteochondritis dissecans (OCD).
A, 13-year-old boy with stable OCD presenting with
3 weeks of knee pain after direct blow to knee.
Sagittal proton density–weighted fat-suppressed
MR image shows OCD lesion of posterior weightbearing surface of medial femoral condyle with intact
overlying cartilage (arrowhead). Bone contusion
(asterisk) from recent trauma is evident more
anteriorly.
B, 14-year-old boy with unstable OCD with 2 months
of lateral knee pain and popping. Sagittal proton
density–weighted fat-suppressed MR image shows
OCD lesion of posterior aspect of lateral femoral
condyle with anterior disruption of cartilage and
bone plate (arrowhead) and fluidlike signal intensity
(arrow) at interface between lesion and parent bone.
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Fig. 11—Subchondral insufficiency fracture (SIF).
A and B, 48-year-old man with SIF of femoral head. Sagittal T1-weighted (A) and proton density–weighted fat-suppressed (B) MR images show open-ended line of low
signal intensity (arrow, B) running at short distance from subchondral bone plate with bone marrow edemalike signal intensity (asterisk, A) extending from articular
surface. In posterior aspect, line runs in proximity to bone plate (arrowhead, B), creating subchondral hypointense area.
C, 68-year-old woman with collapse in femoral head SIF. Sagittal proton density–weighted fat-suppressed MR image shows fluid cleft (arrow) under subchondral bone
plate (arrowhead).

A

980

B

Fig. 12—Subchondral insufficiency fracture (SIF)
of medial femoral condyle in different patients
with spectrum of imaging findings of SIF of knee.
Characteristic extensive bone marrow edemalike
signal intensity involves nearly entire femoral
condyle in all patients.
A, 53-year-old woman. Coronal proton density–
weighted fat-suppressed MR image shows
subchondral hypointense area.
B, 68-year-old woman. Coronal proton density–
weighted fat-suppressed MR image shows articular
collapse and subchondral cystlike changes.
(Fig. 12 continues on next page)

AJR:213, November 2019

Downloaded from www.ajronline.org by Scott Alexander on 10/23/19 from IP address 2601:203:480:7440:49b9:4a75:fa6d:7534. Copyright ARRS. For personal use only; all rights reserved

Subchondral Nonneoplastic Bone Lesions
Fig. 12 (continued)—Subchondral insufficiency
fracture (SIF) of medial femoral condyle in different
patients with spectrum of imaging findings of SIF
of knee. Characteristic extensive bone marrow
edemalike signal intensity involves nearly entire
femoral condyle in all patients.
C, 56-year-old man. Coronal proton density–weighted
fat-suppressed MR image shows collapse with
subarticular fluid cleft.
D, 88-year-old man. Coronal proton density–weighted
fat-suppressed MR image shows collapse with
subchondral fractures involving bone plate.

Fig. 13—Transient osteoporosis of hip (TOH).
A and B, 44-year-old man. Coronal T2-weighted
fat-suppressed (A) and T1-weighted (B) MR images
show classic bone marrow edemalike signalintensity pattern of transient osteoporosis of hip. No
subchondral abnormalities are present in A. Images
also show classic sparing of medial aspect of femoral
head (arrow).
C and D, 48-year-old man (C) and 26-year-old woman
(D) with TOH. Radiographs of hip show osteoporosis
of femoral head with prominent rarefaction of
subchondral bone (arrow, C) resulting in near
disappearance of femoral head contour. Preserved
joint space and normal acetabular contour are
evident.
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Fig. 14—49-year-old woman (A and B) and 50-year-old
man (C and D) with osteonecrosis of hip.
A–D, Coronal T1-weighted (A and C) and proton
density–weighted fat-suppressed (B and D) MR
images show subchondral lesions consisting of area
of preserved marrow signal intensity (asterisk, A–C)
outlined by peripheral smooth high-signal-intensity
rim (arrowheads, B and D). Necrotic area in A and
B involves marrow immediately subjacent to bone
plate, whereas in C and D necrotic area is circular
and located at short distance form bone plate. Rim
is smooth and completely encircles infarcted area
without interruption. No diffuse edemalike marrow
signal intensity is present, in contradistinction to
osteonecrosis accompanied by collapse (Figs. 6A–6C).
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Fig. 15—64-year-old woman with rapidly progressive idiopathic arthritis of hip. (Courtesy of Song A, Loyola University Medical Center, Maywood, IL)
A, Initial frontal radiograph of hip shows moderate narrowing of hip joint space and small osteophytes.
B, Follow-up frontal radiograph of hip obtained 5 months after A shows marked interval progression of joint space loss with atrophic-appearing femoral head destruction.
C, Coronal STIR MR image of hip obtained at same time as B shows markedly abnormal bone marrow edemalike signal intensity (asterisk) extending to intertrochanteric
line with complex joint effusion and synovitis (arrow).

F O R YO U R I N F O R M AT I O N

ARRS is accredited by the Accreditation Council for Continuing Medical Education (ACCME) to provide continuing
medical education activities for physicians.
The ARRS designates this journal-based CME activity for a maximum of 1.00 AMA PRA Category 1 Credits™ and
1.00 American Board of Radiology©, MOC Part II, Self-Assessment CME (SA-CME). Physicians should claim only the
credit commensurate with the extent of their participation in the activity.
To access the article for credit, follow the prompts associated with the online version of this article.

982

AJR:213, November 2019

