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Abstract

The assessment and subsequent management of a potentially neoplastic bone lesion seen at diagnostic radiography is often complicated
by diagnostic uncertainty and inconsistent management recommendations. Appropriate clinical management should be directed by risk
of malignancy. Herein, the ACR-sponsored Bone Reporting and Data System (Bone-RADS) Committee, consisting of academic leaders
in the fields of musculoskeletal oncology imaging and orthopedic oncology, presents the novel Bone-RADS scoring system to aid in risk
assignment and provide risk-aligned management suggestions. When viewed in the proper clinical context, a newly identified bone
lesion can be risk stratified as having very low, low, intermediate, or high risk of malignancy. Radiographic features predictive of risk are
reviewed include margination, pattern of periosteal reaction, depth of endosteal erosion, pathological fracture, and extra-osseous soft
tissue mass. Other radiographic features predictive of histopathology are also briefly discussed. To apply the Bone-RADS scoring system
to a potentially neoplastic bone lesion, radiographic features predictive of risk are each given a point value. Point values are summed to
yield a point total, which can be translated to a Bone-RADS score (1-4) with corresponding risk assignment (very low, low, intermediate,
high). For each score, evidence-based and best practice consensus management suggestions are outlined. Examples of each Bone-RADS
scores are presented, and a standardized diagnostic radiography report template is provided.
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INTRODUCTION

With increasing utilization of diagnostic imaging, most
health care professionals will face the challenging assessment
and management of a newly identified potentially neoplastic
bone lesion. The human skeleton plays essential roles in
body form and function including soft tissue support and
movement, protection of vital internal organs, hematopoi-
esis, and mineral regulation. Any bone may be affected by a
wide range of primary and secondary bone tumors, infec-
tion, trauma, developmental, and metabolic disorders.
Among the list of pathologies, potentially neoplastic bone
lesions are often difficult to evaluate by imaging alone,
comprising a broad spectrum of morbidity including both
benign and malignant neoplasms. For clinicians and radi-
ologists alike, the workup and management of a newly
diagnosed bone lesion can be a source of uncertainty and
may result in variable management recommendations. In an
effort to standardize the radiographic assessment and
reporting of potentially neoplastic bone lesions, our team
developed the Bone Reporting and Data System (Bone-
RADS) scoring system to radiographically stratify bone le-
sions based upon the likelihood of malignancy and provide
consensus management recommendations. The Bone-
RADS scoring system intends to (1) provide the interpret-
ing radiologist with a systematic framework to evaluate a
bone lesion and (2) facilitate unambiguous communication
of risk of malignancy and suggested management recom-

mendations to referring health care providers.

PROJECT RATIONALE AND CONSENSUS
PROCESS

The skeleton may be affected by numerous benign and
malignant primary neoplasms, metastatic cancers, and
nonneoplastic entities that can be developmental, metabolic,
or traumatic. The resulting breadth of diagnostic consider-
ations, some with overlapping radiographic features, can
contribute to confusion and uncertainty. A thorough and
thoughtful evaluation of a potentially neoplastic bone lesion
includes orthogonal radiographs to assess:

Size, location, radiodensity, and number of lesion(s)
Features predictive of risk of malignancy

Features predictive of histopathology

Consideration of patient demographics and past medical
history

Identifying a particular bone lesion’s likelihood of ma-
lignancy is critical to inform risk-aligned patient manage-
ment recommendations. Risk stratification relies on several
radiographic findings accepted as correlates of biologic ac-
tivity that form the basis of the Bone-RADS scoring system.
When viewed in the appropriate clinical context, the risk of
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malignancy can be stratified as very low, low, intermediate,
or high, which in turn helps direct appropriate patient care.

In this context, the ACR assembled the Bone-RADS
Committee to:

Develop a standardized scoring system and define the
lexicon used in the evaluation of a potentially neoplastic
bone lesion incorporating pertinent radiographic features
predictive of risk of malignancy;

Provide consensus and evidence-based management sug-
gestions for each score;

Construct a standard imaging reporting template for
skeletal radiographs.

The Bone-RADS Committee is composed of a diverse
group of experts from leading academic institutions and
cancer centers specializing in diagnosis, imaging, and treat-
ment of adult and pediatric musculoskeletal tumors. The
Bone-RADS scoring system, sponsored by the ACR and co-
endorsed by the Musculoskeletal Tumor Society, was
developed in consensus via telephone and teleconference
calls, personal communications, and email correspondence.
Management suggestions were based on existing literature,
evidence-based best practice, and expert opinions of the
committee members. A diagnostic radiography report tem-
plate for potentially neoplastic bone lesions that includes the
Bone-RADS (Bone) scoring system is included as an e-only
appendix.

BONE-RADS SCORING SYSTEM

Evaluation of a potentially neoplastic bone lesion relies on
close inspection of several key radiographic features that help
predict  biologic activity and risk of malignancy. Other
radiographic features contribute to differential diagnostic
considerations, tumor cell lineage, and histopathology.
Evidence-based radiographic features predictive of risk are
assigned a point value, which are summed to yield a point
total (Table 1). Individual point values for each radiographic
feature were established in consensus by expert opinions of
the committee and would benefit from future validation.
The point total is converted to a Bone-RADS score (1-4)
to convey risk and help guide appropriate management
(Table 2). The Bone-RADS scoring system includes four
levels of risk—very low, low, intermediate, and high—with
corresponding scores of 1, 2, 3, and 4 denoting increasing
risk of malignancy while providing risk-aligned management
recommendations.

RADIOGRAPHIC FEATURES PREDICTIVE OF
RISK AND HISTOPATHOLOGY

Key radiographic features including in the Bone-RADS
scoring system predictive of risk of malignancy include: (1)
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Table 1. Point values for radiographic features used to predict risk of malignancy

Periosteal Endosteal Pathological Extra-Osseous Soft History of
Margin Reaction Erosion Fracture Tissue Mass Primary Cancer
A =1 None =0 Mild = 0 No =10 No =0 No =0
B =3 Nonaggressive = 2 Moderate = 1 Yes = 2 Yes = 4 Yes = 2
=5 Aggressive = 4 Deep =2
NA-C =7
IA = geographic well-defined lesions with marginal sclerosis; IB = geographic well-defined lesions without marginal sclerosis; Il = geographic

lesions with ill-defined margins, originally designated IC by Lodwick, found to carry an intermediate risk of malignancy (approximately 50%);
IIA-C = lesions with changing margins (llIA), nongeographic margins with moth-eaten or permeative osteolysis (llIB), and radiographically

occult lesions with invisible margins (llIC) identified by other imaging modalities.

margination, or zone of transition; (2) pattern of periosteal
reaction; (3) depth of endosteal erosion; (4) presence or
absence of pathological fracture; and (5) presence or absence
of soft tissue mass. After risk assessment, additional imaging
features such as radiodensity, internal matrix, and location

can help predict histoparhology.

Radiographic Features to Predict Risk of
Malignancy

Margins. Lesion margination has long been a crucial
feature in the radiographic assessment of osteolytic bone
lesions. Initial work by Lodwick in the 1960s established an
early understanding of lesion margination as a predictor of
tumor biology and rate of growth [1]. Madewell et al
subsequently formalized Lodwick’s original classification
system while at the Armed Forces Institute of Pathology
(AFIP) [2]. More the modified Lodwick-
Madewell grading system was proposed to incorporate

recently,

additional patterns of disease and more closely match
margin grade with risk of malignancy [3].

Lodwick was first to recognize that different patterns of
bone destruction seen at bone radiography correlated with
patient survival. While studying cases of fibrosarcoma from
the Codman Bone Sarcoma Registry at the AFIP, he iden-
tified three patterns of osteolysis—geographic, moth-eaten,
and permeated—and defined 14 descriptive variables that
could be applied to each pattern of bone destruction. He
then correlated these patterns with 5-year survival and found

that patient survival was greatest among patients with
geographic lesions and lowest among patients with perme-
ated lesions. Years later, Lodwick et al proposed a grading
system for osteolytic bone lesions as an expression of rate of
tumor growth and, by extension, risk of malignancy [4].
Grade assignment was used to suggest which lesions could
be safely followed and which should be biopsied. The
pattern of osteolysis and tumor margin formed the basis
of this original classification system, which defined five
grades with increasing rate of growth and risk—geographic
and well defined with marginal sclerosis (IA) or without
marginal sclerosis (IB), geographic yet ill defined (IC), and
nongeographic with moth-eaten (II) or permeative (III)
osteolysis. Although several modifications have emerged
over time, this original classification system remains widely
accepted in the radiographic assessment of osteolytic bone
lesions.

During his tenure as chairman at the AFIP, Madewell
consolidated Lodwick’s grading system and descriptive ter-
minology and incorporated his work into the course cur-
riculum. In the early 1980s, Madewell et al defined two
additional patterns of disease—combined or changing
margins and invisible margins [2]. Changing margination
was applied to lesions with two distinct zones of
transition—for example, a lesion with both well-defined
and ill-defined borders, as may be seen in the setting of
malignant transformation of a pre-existing benign bone
lesion. Changing margins suggest an area of increased bio-
logic activity within a bone tumor and the concept follows

Table 2. Point values from Table 1 are summed to yield a point total that corresponds with a Bone-RADS score

Point Total Bone-RADS Score Description

NA 0 Incompletely characterized

1-2 1 Very low risk—very likely benign

3-4 2 Low risk—probably benign

5-6 3 Intermediate risk—potentially malignant
7 or greater 4 High risk—highly suspicious for malignancy

Bone-RADS = Bone Reporting and Data System; NA = not applicable.
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Fig. 1. Bone tumor risk stratification and management system: a consensus guideline from the ACR Bone Reporting and Data
System Committee. lllustration of the modified Lodwick-Madewell Grading System of bone lesion margination. IA =
geographic well-defined lesions with marginal sclerosis; IB = geographic well-defined lesions without marginal sclerosis; Il =
geographic lesions with ill-defined margins, originally designated IC by Lodwick, found to carry an intermediate risk of
malignancy (approximately 50%); lIA = lesions with changing margins; llIB = nongeographic margins with moth-eaten or
permeative osteolysis; IIC = radiographically occult lesions with invisible margins.

the notion that grade assignment should reflect the highest
and most concerning pattern of bone destruction. They also
introduced the concept of invisible margins to include
aggressive, infiltrative tumors advancing through the med-
ullary canal and cancellous bone more rapidly than host
osteoclastic activity resulting in an absence of visible
osteolysis at radiography. The development and utilization
of modern imaging technologies such as MRI and PET has
provided increasing support to this concept.

Recently, the modified Lodwick-Madewell grading sys-
tem (Fig. 1) was developed to include original designations
proposed by Lodwick and incorporate concepts defined by
Madewell, while classifying solitary osteolytic bone lesions
as having a low, intermediate, or high risk of malignancy
[3]. Caracciolo et al proposed a modified grading system
that was retrospectively applied to 183 osteolytic bone
lesions with a wide range of both benign and malignant
histopathologic diagnoses [3]. This system defined grade I
lesions as geographic well-defined lesions with (IA) or
without (IB) marginal sclerosis, similar to Lodwick’s original
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classification, and which were found to carry a low risk of
malignancy (less than 10%). Grade II lesions defined as
geographic lesions with ill-defined margins, originally
designated IC by Lodwick, were found to carry an inter-
mediate risk of malignancy (approximately 50%). Grade III
lesions were found to have an increased risk of malignancy
(greater than 80%) and included lesions with changing
margins (IIIA), nongeographic margins with moth-eaten or
permeative osteolysis (IIIB), and radiographically occult le-
sions with invisible margins (IIIC) identified by other im-
aging modalities. This grading system is used in the Bone-
RADS scoring system.

Periosteal Reaction. Periosteal reaction occurs as a result
of external or intrinsic mechanical forces applied to cortical
bone and is the process by which bones respond to stress,
known as Wolff's Law, which states that the pattern of
periosteal reaction is a result of the duration or rate of
change and intensity of the inciting factor [2,5]. For
example, chronic alterations in weight-bearing forces lead
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to cortical buttressing and solid periosteal new bone for-
mation. In the case of an underlying bone neoplasm, the
rate of growth and endosteal forces placed on the host bone
result in variable patterns of cortical remodeling or periosteal
reaction. Indolent, slow-growing neoplasms allow for
cortical remodeling to keep pace with tumor growth
resulting in continuous smooth, undulating, or solid peri-
osteal reaction. Aggressive, malignant bone neoplasms
typically advance more rapidly than the host bone response
often resulting in irregular or complex periosteal reaction
[2,6]. On average, periosteal reaction requires 10 days to 3
weeks from the inital stimulus to become visible by
radiographs, often more rapid in younger patients [2,7].
As with other bone imaging features, periosteal reaction
should be classified as indolent or aggressive, rather than
benign or malignant—with osteomyelitis an oft-cited
example of a benign but aggressive process [2,8]. Although
characterization of periosteal reaction can be challenging,
particularly when a complex pattern is present, it is an
important component of the radiographic assessment of
tumor growth rate and risk of malignancy [2-8].

The system first described in 1981 by Ragsdale et al for
the classification of periosteal reaction is still used today [2].
When interpreting periosteal reaction, the bone cortex
should be categorized as either remodeled or present with
periosteal  reaction. Cortical remodeling is typical of
indolent bone lesions (Fig. 2). When the native cortex is
present, the pattern of periosteal reaction helps predict
aggressiveness of the underlying lesion (Figs. 3-5) [2].

Remodeling is typically associated with slow-growing
lesions and is seen when outward pressure from an indo-
lent lesion results in synchronous endosteal resorption and
periosteal new bone formation [2]. As a result, a neocortex,
typically a thin shell, replaces the original thicker cortex.
Although this process is often described as “bone
expansion,” this is in fact a misnomer as the original
cortex is slowly replaced over time by new bone along the
outer cortical layer [2]. Pressure that is uniform in both
time and space results in a smooth thin cortical shell
(Fig. 2a). A ridged and septated shell suggests that there
have been variations in temporal and spatial growth rate
(Fig. 2b), and more focal variations in growth rate result
in a thin shell that appears more lobulated than ridged
(Fig. 2¢). Finally, a thick shell indicates slow, indolent
growth allowing for solid dense periosteal new bone
formation [2].

If the original cortex is wholly or partially present—
although possibly disrupted in the case of aggressive bone
tumors—attempted new bone formation along the cortical
surface results in one of several patterns of periosteal reac-
tion. A smooth solid periosteal reaction indicates chronicity
with layers of dense new bone being added slowly over time
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(Fig. 3a) [2].
increasing order of aggressiveness include lamellated,
spiculated, and spiculated  [2].
Lamellated periosteal reaction (Fig. 3c) has been described

Other patterns of periosteal reaction in

parallel divergent
as having an “onion skin” appearance and can be seen in
benign but aggressive conditions such as Langerhans cell
histiocytosis as well as malignant small round blue cell
tumors. Parallel spiculated periosteal reaction (Fig. 4a)
having a “hair-on-end” appearance is typically an
indication of malignancy, such as osteosarcoma, and is
rarely seen with benign tumors. The spicules may be
coarse or fine and close inspection may reveal a fine
network of bridging mineralization resulting in a
honeycomb appearance. Divergent spiculated periosteal

reaction (Fig. 4b) has been described as having a
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Fig. 2. Nonaggressive patterns of bony remodeling—the
native cortex has slowly been replaced by a thin cortical
shell, or neocortex, due to gradual concurrent endosteal
resorption and periosteal new bone formation. (a) Smooth
cortical shell. (b) Ridged and septated cortical shell. (c)
Lobulated cortical shell.
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Fig. 3. Patterns of periosteal reaction with intact native
cortex. (a) Dense and solid layers of periosteal new bone
formation typical of an indolent bone lesion. (b) Codman’s
angle, elevated and acutely disrupted periosteum, typical of
an aggressive bone tumor with extra-osseous mass lifting
and breaking through the surface periosteum. (c) Lamel-
lated periosteal reaction, or “onion-skinning,” is often seen
in aggressive etiologies including malignant neoplasms
such as Ewing sarcoma but also benign etiologies such as
osteomyelitis.

“sunburst” appearance and results from a combination of
periosteal reaction and mineralized tumor matrix [2].

In cases of aggressive tumors with neoplastic soft tissue
breaking through cortical bone, the periosteum may appear
elevated and interrupted. A specific example of this is
Codman’s angle, seen as elevated and acutely disrupted
periosteal reaction at the shoulder of a soft tissue mass
(Fig. 3b). Finally, complex or combined patterns (Fig. 5a
and b) of periosteal reaction occur suggesting variable
growth rate as may be seen with malignant transformation
of a benign bone lesion [2].

Fig. 4. Aggressive patterns of periosteal reaction. (a) Par-
allel spiculated, or “hair-on-end,” periosteal reaction often
seen in osteosarcoma. (b) Divergent spiculated, or “sun-
burst,” periosteal reaction also typical of aggressive
neoplasms.

Endosteal Erosion. Endosteal pressure from a medullary
bone lesion often results in endosteal erosions, or endosteal
scalloping [9]. The degree of erosion is graded as mild,
moderate, and severe (grade 1, 2, and 3) and is relative to
cortical thickness. Grade 1 or mild endosteal erosion is
considered to be less than one-third of cortical thickness.
Grade 2 or moderate endosteal erosion is between one- and
two-thirds of cortical thickness. Grade 3 or severe endosteal
erosion is greater than two-thirds cortical thickness or
cortical disruption. Greater degree or depth of scalloping
suggests increased biologic activity and increased risk of
malignancy [10,11].

Pathological Fracture. Pathological fracture can occur
with benign bone tumors as well as primary and secondary
malignant bone tumors; however, the risk of fracture is
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Fig. 5. Complex or mixed patterns of periosteal reaction
often seen in tumors with variable growth rates as may
been seen in malignant transformation of a pre-existing
benign bone tumor. (a) Divergent spiculated periosteal re-
action with Codman'’s angles. (b) Lamellated and parallel
spiculated periosteal reaction.

greatest in the setting of metastatic disease. Pathological
fracture is fraught with significant negative clinical impli-
cations including pain, reduced limb function, and, most
importantly, decreased survival [12-15]. It is estimated that
3% to 6% of cancer patients, approximately 50,000 to
100,000 people, present annually with an initial complaint
of bone pain [16-19]. Meanwhile, of 1.7 million new US
cancer diagnoses each year, approximately 733,000
demonstrate propensity for osseous metastatic disease
including breast, lung, prostate, renal, and thyroid cancers
[20]. The number of patients in the United States
currently living with bony metastatic disease is estimated
to be between 280,000 and >400,000 [16,21]. Although
the incidence of pathological fracture secondary to primary
bone malignancy is lower than metastatic disease, fractures
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are often associated with tumor contamination of the
surrounding soft tissues, leading to higher rates of local
recurrence necessitating amputation
[14,15,22,23]. For these reasons, the presence of a
pathological fracture is considered a high-risk feature for
malignant bone disease.

All patients presenting with a bone lesion should be
evaluated for risk of impending or pathological fracture.
Risk assessment begins with a thorough history and physical
examination and is followed by diagnostic radiography.
Orthogonal radiographs are performed to evaluate radio-
density (osteolytic or osteoblastic), site and extent of bone
involvement, and proximity to articular surfaces. Snell and
Beals first described a pathological fracture risk stratification
system based on the radiographic appearance of bone lesions
[24]. A subsequent scoring system described by Mirels is

sometimes

most commonly used today and relies on four
radiographic and clinical variables: lesion size (cortical

involvement), location, radiodensity, and pain [25].

Extra-Osseous Soft Tissue Mass. Identification of
cortical breakthrough with an associated extra-osseous soft
tissue mass is an extremely concerning finding that should
raise high suspicion of malignancy [26]. Primary and
secondary osseous malignancies may present an extra-
osseous soft tissue [27]. In the
chondrosarcoma, early detection of extra-osseous extension
of disease may be the first indication of malignant trans-
formation of a pre-existing benign cartilaginous lesion. At
radiography, soft tissue fullness, distortion of fat planes, and
asymmetry or increased density relative to adjacent tissues
may indicate the presence of a soft tissue mass. In other
cases, subtle cortical or periosteal discontinuity may suggest

early extra-osseous extension of disease. However, it must be

mass case of

noted that cross-sectional imaging, particularly MRI, is far
superior in delineating soft tissue masses than radiographs.

Radiographic Features to Predict
Histopathology

Radiographic Density. Osscous lesions are visible on
skeletal radiography due to differences in density and
photon attenuation between the lesion and the surrounding
normal bone. Radiographic density of a bone lesion may be
less predictive of benignity or malignancy, but density
directly impacts differential considerations. In this regard,
bone lesions should be categorized as lytic, sclerotic, or
mixed in an effort to construct an appropriate differential
diagnosis [28]. Lytic lesions (osteolytic or radiolucent
lesions) carry the broadest differential diagnosis including
numerous primary and secondary benign and malignant
neoplasms, infection, and metabolic bone disorders among
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other etiologies. They may be best appreciated when
involving the metaphysis or epiphysis of a long bone due
to osteoclastic bone resorption in response to an
underlying tumor outlined by intact bone trabeculae.
Lytic lesions involving the diaphysis are more often
identified as a result of cortical involvement such as
endosteal scalloping due to a relative lack of trabeculae in
the mid shaft of long bones [29].

Benign bone tumors with a radiolucent appearance
would include giant cell tumor, simple and aneurysmal bone
cyst, fibrous dysplasia, and Brown tumor of hyperparathy-
roidism among others; associated findings such as matrix
and periosteal reaction help narrow the differential diagnosis
[28]. Malignant bone tumors with a purely lytic appearance
would include multiple myeloma, metastatic disease,
fibrosarcoma of bone, and rare subtypes of osteosarcoma
(fibroblastic) and chondrosarcoma (dedifferentiated).

Sclerotic lesions (osteoblastic or radiodense lesions)
demonstrate density greater than surrounding bone when
seen at skeletal radiography. Radiodensity results from either
reactive osteoblastic new bone formation by the host bone
or intrinsic tumor matrix of a primary bone neoplasm.
Sclerotic bone lesions are less common than lytic lesions,
and the differential diagnosis is narrower. Common con-
siderations for an osteoblastic lesion include reactive sclerosis
of healing fracture; sclerotic response to chemotherapy;
primary benign and malignant osteoid-forming tumors such
as osteoid osteoma, osteoblastoma, and osteoblastic osteo-
sarcoma; osteoblastic metastatic disease; osseous lymphoma;
and chronic osteomyelitis. Evaluation of the pattern and
margins of sclerosis help narrow the differential diagnosis
[30]. Common osteoblastic metastases include breast,
prostate, urothelial, and neuroendocrine cancers.

Mixed lytic and sclerotic bone lesions, as the descriptor
implies, have both radiolucent and radiodense components.
Evaluation of the radiographic features of the osteolytic el-
ements including margins and matrix as well as the pattern
of sclerosis helps suggest etiology. As mentioned, sclerosis
may be reactive or represent internal tumor matrix. An
organized or geometric pattern of sclerosis often suggests
benignity. For example, linear sclerosis may be related to
fracture healing, and serpentine or peripheral sclerosis is
typical of osteonecrosis. Amorphous radiodensity within an
osteolytic lesion is less specific but may raise concern for a
bone-forming tumor including subtypes of osteosarcoma
such as chondroblastic and telangiectatic osteosarcoma.
Primary lymphoma of bone also commonly demonstrates
mixed density including areas of ill-defined osteolysis and
patchy sclerosis [31].

Matrix Mineralization. Tumor matrix represents the
internal composition of a tumor and reflects the cell line
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of origin. Mineralized tumor matrix may be classified
as osteoid or chondroid with corresponding cell lines
consisting of osteoblastic (bone-forming) or chondrocytic
(cartilage-forming) tissue. Fibrous, lipomatous, angiomatous,
and cystic bone lesions typically demonstrate no mineralized
matrix, appearing purely lucent on bone radiographs.
Additionally, skeletal metastases and multiple myeloma
are most often radiolucent without intrinsic mineralization.

Osteoid is a proteinaceous precursor substrate secreted
by osteoblasts that becomes mineralized during the process
of new bone formation. Benign and malignant bone-
forming tumors are histologically defined by the presence
of osteoid at microscopy. Common examples include
osteoid osteoma, osteoblastoma, and osteosarcoma. At
radiography, osteoid-forming neoplasms typically appear
radiodense with amorphous and cloudlike mineralization
[32]. Although visualization of osteoid matrix is indicative of
a bone-forming lesion, patient demographics, location, and
associated radiographic features such as periosteal reaction
are critical to construct an appropriate differential diagnosis.

Cartilaginous neoplasms are typically centrally located,
intramedullary  radiolucent lesions with a lobular
morphology and “rings and arcs,” flocculent or flecklike
calcifications [33]. Cartilaginous tumors tend to be slow
growing and may demonstrate marginal sclerosis. Cortical
remodeling and buttressing are common. Cartilaginous
tumors  include  enchondroma,  chondroblastoma,
osteochondroma, and chondrosarcoma, among others [11].
The cartilaginous cap of an osteochondroma typically
demonstrates chondroid mineralization.

Absence of mineralized matrix results in a purely
radiolucent appearance at radiography [34,35]. Many
benign and malignant primary and secondary bone tumors
present as purely lytic lesions including most fibrous,
lipomatous, and vascular neoplasms as well as multiple
myeloma and metastatic disease. The common dominant
constituent cell of fibrous neoplasms is the fibroblast [36].
Most  fibrous

demonstrate a purely lytic appearance without intrinsic

bone lesions including fibrosarcoma
mineralization. Fibrous dysplasia is a common exception,
often described as having a “ground glass” appearance
with hazy radiodensity, absence of internal mineralization,
and often a peripheral sclerotic rim (eg, “rind sign”).
Fibrous dysplasia may also demonstrate a mixed
radiolucent and radiodense appearance due to the presence
of fibrous- and bone-forming elements. Meanwhile, inter-
nal calcifications may be seen in intraosseous lipoma with fat
[37,38] and

intraosseous hemangioma with thickened trabeculae [39].

necrosis calcifications

and  dystrophic

Lesion Location. Anatomic localization of a bone lesion is
extremely important when predicting histopathology.
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Lesion location is defined by the (1) specific bone involved
as well as (2) longitudinal and (3) transverse position within
the bone itself [40]. Viewing these three location parameters
in unison with other imaging characteristics and clinical
information is crucial to construct an accurate differential
diagnosis for both benign and malignant entities.

Certain musculoskeletal tumors demonstrate known
predilection for specific sites within the axial or appendicular
skeleton and individual bones often carry unique differential
[28,41-45]. For
circumscribed, lytic lesions within the small tubular bones

diagnoses example, multiple well-
of the hand most often represent enchondromas [20].
Adamantinoma almost exclusively involves the anterior
cortex of the proximal to mid tibia, and parosteal
osteosarcoma frequently occurs along the posterior aspect
of the distal femur [46,47]. Marrow-based malignancies
such as Ewing sarcoma are more common in flat bones than
other primary bone cancers such as osteosarcoma
[28,48,49]. These are simply a few examples; numerous
tables and references demonstrating location propensity of
bone neoplasms can be found in the existing literature.

It is important to note a fundamental guiding principle
in the assessment of skeletal diseases as it relates to location
of a potentially neoplastic lesion—determination of solitary
versus multifocal bone involvement. Plurality of bone
involvement significantly increases risk of malignancy
(consider myeloma, metastases, and lymphoma), although
several benign processes may present with polyostotic disease
including Langerhans cell histiocytosis, enchondromatosis,
and fibrous dysplasia [50,51].

Lesion pathophysiology frequently is reflected by its
longitudinal position within bone, whether epiphyseal,
metaphyseal, or diaphyseal. A metaphyseal position suggests
an entity related to bone turnover (eg, osteosarcoma) or rich
vascularity (eg, processes spread through a hematogenous
route such as osteomyelitis or metastatic disease). Diaphyseal
lesions often portend neoplasms based in a hematopoietic
marrow distribution with small, round, blue cell tumors
such as Ewing sarcoma and lymphoma often involving the
long bone shafts [28]. Epiphyseal location, on the other
hand, generally connotes a benign entity with malignant
lesions rarely presenting in the epiphyses [28]. As an
epiphyseal equivalent, the apophysis is considered to have
the same differential diagnosis considerations as other “end
of bone” lesions [28]. It is also important to note that
longitudinal ~ position is  helpful in  ascertaining
nonneoplastic bone lesions that may mimic bone tumors
[28,52]. For example, apophyseal lesions in adolescents
may suggest avulsion injury in the absence of
contradicting imaging features.

Position of a lesion within bone should also be charac-

terized based on its anatomic position in the short axis,
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whether the epicenter of the lesion is central (intra-
medullary), eccentric (intramedullary), cortical, or surface
based [28]. Although sometimes challenging in larger, ill-
defined lesions, determination of transverse location can
be particularly useful in determining probability of a specific
entity. For example, consider an intracortical lesion with
surrounding cortical thickening in an adolescent with pain
relieved by salicylates consistent with osteoid osteoma [46].
Given precise anatomic location and clinical history, biopsy
and ablative treatment can often be performed in conjunction

without awaiting immediate histologic confirmation.

APPLICATION OF THE BONE-RADS SCORING
SYSTEM

As discussed previously and shown in Tables 1 and 2, bone
lesions seen at diagnostic radiography can be assessed for
features predictive of risk of malignancy and features
suggestive of histopathology. Point values are assigned to
risk predictive features and summed to yield a point total.
The point total is translated to a Bone-RADS score of 1
to 4 to convey increasing risk of malignancy and provide
management suggestions (Table 3).

Bone-RADS 0—Incompletely Characterized
Poorly visualized or incompletely evaluated bone lesions that
require further assessment before risk assignment (Fig. 6).
Example: lucent bone lesions involving the axial skel-
eton faintly or incompletely seen at diagnostic radiography.
Margins, periosteal reaction, and cortical involvement
may be difficult to adequately evaluate in the scapula, spine,
and pelvis. These lesions should not yet be assigned risk of
malignancy. Additional radiographic views or cross-sectional
imaging should be performed for further evaluation before

risk assignment.

Bone-RADS 1—Very Low Risk of Malignancy
Very likely benign bone lesions with typical imaging features
of a benign bone tumor (Fig. 7).

Examples: a classic pathognomonic benign “do not
touch” bone lesions with circumferential marginal sclerosis
such as nonossifying fibroma; a cortically based lucent lesion
with solid smooth surrounded periosteal reaction consistent
with osteoid osteoma.

Classic pathognomonic benign bone lesions may not
require surveillance or may be surveilled annually to ensure
expected stability, unless there is a change in clinical
symptoms such as new pain or fracture. In cases of symp-
tomatic benign bone lesions, orthopedic oncology referral or
cross-sectional imaging may be indicated before treatment of
a benign bone tumor, which may include curettage and
bone augmentation. For example, in osteoid osteoma, CT is

Journal of the American College of Radiology
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Table 3. Bone-RADS scoring system with management suggestions

Bone-RADS Score

0 = Incompletely
characterized
Point total = N/A

1 = Very low risk
Point total = 1-2

2 = Low risk
Point total = 3-4

3 = Intermediate risk
Point total = 5-6

4 = High risk
Point total = 7 or greater

Risk Assessment, Description, and
Examples

Risk cannot be adequately predicted
Further workup is necessary

Example: lucent lesions of the axial skeleton
such as scapula, spine, or pelvis
Pathognomonic benign bone lesion
Classic “do not touch” lesion

Examples: nonossifying fibroma, osteoid
osteoma

Asymptomatic geographic lytic lesion
without suspicious periosteal reaction or
deep endosteal erosion

Typical location or matrix of a common
benign bone lesion

Examples: chondroblastoma, giant cell
tumor, aneurysmal bone cyst
Geographic lytic lesion in a patient with
known primary malignancy elsewhere
Geographic, but ill-defined lytic lesion

Malignant until proven otherwise
Geographic lytic lesion with aggressive
periosteal reaction or soft tissue mass
Nongeographic osteolytic lesion

Bone-RADS = Bone Reporting and Data System; N/A = not applicable.

Management Suggestions

Additional radiographic views or cross-
sectional imaging for further evaluation

If asymptomatic, consider workup to be
complete vs annual surveillance to ensure
expected stability

If symptomatic or change in clinical pre-
sentation, consider advanced imaging and
orthopedic oncology referral for treatment
of benign tumor

Short-interval (3-6 months) surveillance to
ensure stability

Consider advanced imaging to assess tu-
mor composition and possibly biopsy to
confirm benignity if needed

Consider orthopedic oncology referral for
surveillance or treatment of benign tumor
Orthopedic oncology referral for probable
biopsy and treatment planning
Recommend advanced imaging such as CT,
MRI, or bone scan for further
characterization

Orthopedic oncology referral for recom-
mended biopsy and treatment planning
Advanced imaging for tumor staging
including additional sites of disease

commonly performed for nidus localization and guidance of
radiofrequency ablation.

Bone-RADS 2—Low Risk of Malignancy
Probably benign bone lesions without any aggressive
radiographic features or known history of primary malig-
nancy elsewhere (Fig. 8).

Examples: an incidental asymptomatic geographic
lucent bone lesion in patient without history of primary
cancer elsewhere; a geographic lucent lesion without mar-
ginal sclerosis extending to subchondral bone most sugges-
tive of giant cell tumor; an asymptomatic lucent medullary
lesion with chondroid matrix and minimal endosteal scal-
loping most consistent with enchondroma; a geographic
eccentric expansile lucent lesion with solid cortical remod-
eling suggestive of aneurysmal bone cyst.

A broad range of diagnoses comprise this category and
require careful consideration of radiographic features and
patient history. In asymptomatic cases, short-interval (3-6

Journal of the American College of Radiology
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months) surveillance could be performed to ensure sta-
bility; radiographic changes would prompt further evalu-
ation for a change in biologic activity such as malignant
transformation. In some cases, patient anxiety or uncer-
tainty may direct biopsy to confirm benignity. For
benign but symptomatic or locally aggressive bone tumors
such as giant cell tumor, orthopedic oncology referral for
treatment with curative intent is suggested. Advanced
imaging such as CT, MRI, skeletal scintigraphy, or PET
scan could be performed to provide additional information
regarding tumor morphology and composition or physi-
ologic activity, which may better inform the treatment

plan.

Bone-RADS 3—Intermediate Risk of
Malignancy

Potentially malignant bone lesions with one or more sus-
picious radiographic features or history of primary malig-
nancy elsewhere (Fig. 9).
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Fig. 6. Bone-RADS 0. (a) Anteroposterior radiograph of the right shoulder demonstrates an osteolytic lesion of the scapula,
partially obscured by overlying humeral head—margins and cortical breakthrough are not well evaluated and therefore
additional imaging was recommended. (b) Axial CT demonstrates soft tissue mass with cortical destruction and extra-osseous
extension of disease; subsequent biopsy confirmed plasmacytoma. Bone-RADS = Bone Reporting and Data System.

Examples: a geographic, but ill-defined lytic lesion that
could be neoplastic or represent osteomyelitis in the
appropriate scenario; a geographic, well-defined lytic lesion
in a patient with a known history of lung cancer.

This category includes bone lesions that are indetermi-
nate but worrisome for possible malignancy. Many will
require percutaneous imaged-guided or surgical biopsy to

MARGINS

PERIOSTEAL REACTION
None
Non-aggressive
Aggressive
ENDOSTEAL EROSION
Mild

Moderate

Deep

PATHOLOGICAL FRACTURE
If YES =4
KNOWN PRIMARY CANCER
I
ey
1

establish a definite diagnosis. As such, orthopedic oncology
referral is recommended. Additionally, advanced imaging
may be suggested for further evaluation of the tumor itself
and treatment or surgical planning. It is recommended that
biopsy be performed in consultation with the orthopedic
oncologist, who would provide definitive treatment if ma-
lignancy is confirmed.

POINT

Bone-
RADS™
Score

Description Comment

TOTAL

Incompletely
Characterized

Additional imaging to

N/A 0 characterize

Very likely benign
Pathognomonic benign
bone lesion

Probably benign
Radiographic
surveillance if
asymptomatic

o Symptomatic benign
lesion may be treated
Potentially malignant
Orthopedic oncology
referral for probably
biopsy and treatment
planning

Malignant until proven
otherwise

3-4 2

Low Risk

Orthopedic oncology
referral for biopsy and
staging

Fig. 7. Bone-RADS 1. (a) Anteroposterior radiograph of the right ankle of a 15-year-old female patient demonstrating an
eccentric distal tibial bone lesion with circumferential sclerosis (modified Lodwick-Madewell grade IA lesion) pathognomonic
for nonossifying fibroma. (b) Oblique radiograph with similar findings. (c) Application of Bone-RADS system giving 1 point for
margins and O points for all other features yielding point total = 1 and Bone-RADS score of 1. Bone-RADS = Bone Reporting
and Data System; IA = geographic well-defined lesions with marginal sclerosis.
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c MERES Ol R?A%ng;m Description Comment
TOTAL

Score

N/A 0 Incompletely * Additional imaging to
Characterized characterize
PERIOSTEAL REACTION

None

o Very likely benign
e Pathognomonic benign

Non-aggressive

Aggressive 4 bone lesion
ENDOSTEAL EROSION . Pro?{ably bénlgn
; ¢ Radiographic
Mild 3.4 2 Low Risk surveillance if
Moderate d asymptomatic

e Symptomatic benign
Deep lesion may be treated

PATHOLOGICAL FRACTURE e Potentially malignant
If YES =2 1 e Orthopedic oncology
= 6 referral for probably
SOFT TISSUE MASS biopsy and treatment
If YES =4 ' I— planning
e Malignant until proven
KNOWN PRIMARY CANCER otherwise
IFYES = 2 ¢ Orthopedic oncology
referral for biopsy and

staging

Fig. 8. Bone-RADS 2. (a) Anteroposterior and lateral radiographs of the left knee of a 59-year-old woman demonstrating a
well-defined geographic osteolytic proximal tibial bone lesion with incomplete marginal sclerosis (modified Lodwick-Madewell
grade IB lesion) and moderate medial endosteal scalloping. Given patient age, routine blood work including complete blood
count, complete metabolic profile, lactate dehydrogenase, alkaline phosphatase, erthrocyte sedimentation rate, C-reactive
protein, serum protein electrophoresis and urinalysis was performed, and an MRI was requested for further evaluation of the
bone lesion. (b) Axial T1-weighted, short tau inversion recovery, and contrast-enhanced MR images demonstrate a simple
appearing unicameral bone cyst with mild cortical thinning and minimal periostitis. (c) Application of Bone-RADS system
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MARGINS

PERIOSTEAL REACTION
None
Non-aggressive
Aggressive
ENDOSTEAL EROSION
Mild
Moderate

Deep

Bone-

RADS™ Description Comment
Score
N/A 0 Incompletely e Additional imaging to
Characterized characterize

Very likely benign
Pathognomonic benign
bone lesion

Probably benign
Radiographic
surveillance if
asymptomatic

« Symptomatic benign
lesion may be treated
Potentially malignant
Orthopedic oncology
referral for probably
biopsy and treatment
planning

Malignant until proven
otherwise

e Orthopedic oncology
referral for biopsy and
staging

Low Risk

Fig. 9. Bone-RADS 3. (a) Anteroposterior radiograph of the knee of an elderly patient status post-remote lateral plate of
screw fixation of the femur demonstrating a geographic well-defined osteolytic lesion with hazy surrounding marginal
sclerosis (modified Lodwick-Madewell grade IA lesion) and lamellated periosteal reaction. (b) Application of Bone-RADS
system giving 1 point for margins, 4 points for periosteal reaction, and 0 points for all other features yielding point total = 5
and Bone-RADS score of 3. Subsequent biopsy revealed inflammatory cells with positive cultures consistent with Brodie’s
abscess. Bone-RADS = Bone Reporting and Data System; IA = geographic well-defined lesions with marginal sclerosis; IB =
geographic well-defined lesions without marginal sclerosis; Il = geographic lesions with ill-defined margins, originally
designated IC by Lodwick, found to carry an intermediate risk of malignancy (approximately 50%); IlIA-C = lesions with
changing margins, nongeographic margins with moth-eaten or permeative osteolysis, and radiographically occult lesions with

invisible margins identified by other imaging modalities.

Bone-RADS 4—High Risk of Malignancy
Highly suspicious bone lesions that are considered malig-
nant until proven otherwise (Fig. 10).

Examples: a nongeographic osteolytic lesion with moth-
eaten or permeative osteolysis; an osteolytic lesion with an
associated soft tissue mass.

These lesions demonstrate highly worrisome radio-
graphic features typical of malignancy such as nongeo-
graphic permeative or moth-eaten osteolysis, aggressive
periosteal reaction, or cortical breakthrough with an asso-
ciated extra-osseous soft tissue mass. Orthopedic oncology
referral is recommended for clinical assessment, advanced
imaging as clinically indicated, confirmatory biopsy, tumor
staging, and treatment planning,.

CONCLUSION

The Bone-RADS scoring system was developed via
consensus by an ACR-sponsored committee of leading

experts in the fields of musculoskeletal oncology imaging
and orthopedic oncology. The system incorporates several
radiographic features of a potentially neoplastic bone lesion
and pertinent patient history to risk stratify bone lesions and
provide risk-directed recommendations for management. As
discussed, features predictive of risk of malignancy include
lesion margination, pattern of periosteal reaction, depth of
endosteal erosion, evidence of impending or pathological
fracture, and signs of extra-osseous extension of disease.
Meanwhile, radiodensity, matrix, and location help inform
tumor histopathology. Assigned point values for risk pre-
dictive features are summed to yield a point total, which
forms the foundation of the Bone-RADS scoring system.
The Bone-RADS scoring system can be applied to any
newly diagnosed potentially neoplastic bone lesion with
score assignment designed to convey risk of malignancy and
in turn direct appropriate patient management. It is the
hope and opinion of the Bone-RADS Committee that
careful evaluation of the radiographic features of a

giving 3 points for margins, 1 point for endosteal erosion, and 0 points for all other features yielding point total = 4 and Bone-
RADS score of 2. Bone-RADS = Bone Reporting and Data System; IB = geographic well-defined lesions without marginal

sclerosis.
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b MARGINS

PERIOSTEAL REACTION
None
Non-aggressive
Aggressive
ENDOSTEAL EROSION
Mild
Moderate

Deep

PATHOLOGICAL FRACTURE
If YES =2

SOFT TISSUE MASS
If YES =4 L |
KNOWN PRIMARY CANCER
If YES = 2 * Orthopedic oncology
referral for biopsy and

staging

Bone-
POMT Rapsn
Score

Description Comment

Incompletely
Characterized

Additional imaging to
characterize

Very likely benign
Pathognomonic benign
bone lesion

Probably benign
Radiographic
surveillance if
asymptomatic

* Symptomatic benign
lesion may be treated
Potentially malignant
Orthopedic oncology
referral for probably
biopsy and treatment
planning

Malignant until proven
otherwise

Low Risk

Fig. 10. Bone-RADS 4. (a) Anteroposterior radiograph of the elbow of a 66-year-old male patient presenting with elbow pain
and no known history of malignancy demonstrating a geographic but ill-defined osteolytic lesion of the distal humerus
(modified Lodwick-Madewell grade Il lesion) with pathological cortical fractures. (b) Application of Bone-RADS system giving 5
points for margins, 2 points for pathological fracture, and 0 points for all other features yielding point total = 7 and Bone-
RADS score of 4. Subsequent biopsy confirmed poorly differentiated carcinoma of unknown primary site. Further workup
revealed other osseous and abdominal visceral metastases as well as a scalp lesion, which was biopsied and consistent with
carcinoma. Bone-RADS = Bone Reporting and Data System; IA = geographic well-defined lesions with marginal sclerosis; IB =
geographic well-defined lesions without marginal sclerosis; Il = geographic lesions with ill-defined margins, originally
designated IC by Lodwick, found to carry an intermediate risk of malignancy (approximately 50%); llA-C = lesions with
changing margins, nongeographic margins with moth-eaten or permeative osteolysis, and radiographically occult lesions with

invisible margins identified by other imaging modalities.

potentially neoplastic bone lesion will allow for accurate
assessment of risk of malignancy and assignment of a cor-
responding Bone-RADS score to facilitate more effective
patient triage, utilization of advanced imaging, and treat-
ment planning.

A standardized imaging report template for diagnostic
radiography is included as an e-only appendix.

TAKE-HOME POINTS

Assessment and management of potentially neoplastic
bone lesions should be directed by risk of malignancy.

Risk stratification is based on several key radiographic
features and clinical risk factors.

Radiographic features and clinical risk factors can each
be assigned points to yield a Bone-RADS score with
corresponding risk of malignancy.

Based on Bone-RADS score and risk, appropriate
management recommendations, such as surveillance
or biopsy, can be presented to referring clinicians in
effort to improve communication and patient treat-

ment planning.

Journal of the American College of Radiology
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Erratum 1)

In the October 2023 issue of JACR (Volume 20, Issue 10), Figure 9 in the article by Caracciolo et al., “Bone Tumor
Risk Stratification and Management System: A Consensus Guideline from the ACR Bone Reporting and Data
System Committee,” contained an error. Below is the corrected Figure 9.

Original article: https://doi.org/10.1016/j.jacr.2023.07.017

https://doi.org/10.1016/}.jacr.2024.03.009
$1546-1440(24)00296-5

b MARGINS Bone-
RADS™ Description Comment

Score

N/A 0 Incompletely Additional imaging to
Characterized characterize
PERIOSTEAL REACTION

None (0] -
X Very likely benign
NemZegessie z Pathognomonic benign
Aggressive 4 bone lesion

ENDOSTEAL EROSION Probably benign

- * Radiographic
Miid Low Risk surveillance if
Moderate asymptomatic
e Symptomatic benign
DD lesion may be treated
PATHOLOGICAL FRACTURE ¢ Potentially malignant
IfYES =2 ¢ Orthopedic oncology

referral for probably
biopsy and treatment
planning

SOFT TISSUE MASS
IRESISE I Malignant until proven
KNOWN PRIMARY CANCER otherwise
IfYES =2 e Orthopedic oncology
referral for biopsy and

staging

Fig. 9. Bone-RADS 3. (a) Anteroposterior radiograph of the knee of an elderly patient status post—-remote lateral plate of screw
fixation of the femur demonstrating a geographic well-defined osteolytic lesion with hazy surrounding marginal sclerosis
(modified Lodwick-Madewell grade IA lesion) and lamellated periosteal reaction. (b) Application of Bone-RADS system giving 1
point for margins, 4 points for periosteal reaction, and 0 points for all other features yielding point total = 5 and Bone-RADS
score of 3. Subsequent biopsy revealed inflammatory cells with positive cultures consistent with Brodie’s abscess. Bone-
RADS = Bone Reporting and Data System; IA = geographic well-defined lesions with marginal sclerosis; IB = geographic well-
defined lesions without marginal sclerosis; Il = geographic lesions with ill-defined margins, originally designated IC by Lod-
wick, found to carry an intermediate risk of malignancy (approximately 50%); IlIA-C = lesions with changing margins,
nongeographic margins with moth-eaten or permeative osteolysis, and radiographically occult lesions with invisible margins
identified by other imaging modalities.
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