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Abstract
The purpose of this article is to present algorithms for the diagnostic management of solitary bone lesions incidentally 
encountered on computed tomography (CT) and magnetic resonance (MRI) in adults. Based on review of the current litera-
ture and expert opinion, the Practice Guidelines and Technical Standards Committee of the Society of Skeletal Radiology 
(SSR) proposes a bone reporting and data system (Bone-RADS) for incidentally encountered solitary bone lesions on CT 
and MRI with four possible diagnostic management recommendations (Bone-RADS1, leave alone; Bone-RADS2, perform 
different imaging modality; Bone-RADS3, perform follow-up imaging; Bone-RADS4, biopsy and/or oncologic referral). Two 
algorithms for CT based on lesion density (lucent or sclerotic/mixed) and two for MRI allow the user to arrive at a specific 
Bone-RADS management recommendation. Representative cases are provided to illustrate the usability of the algorithms.
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Introduction

Incidental solitary bone lesions are frequently encountered 
on computed tomography (CT) and magnetic resonance 
imaging (MRI) in routine clinical practice. Despite the 
prevalence of these unexpected lesions, clear and consist-
ent guidelines for their management have not been defined 
in the literature [1]. Guidance on differentiating lesions, 
which can be safely ignored, require additional imaging, 
follow-up, or tissue sampling benefits radiologists, and in 
particular non-musculoskeletal (MSK) radiologists. The 
purpose of this white paper is to present algorithms for 
the diagnostic management of solitary bone lesions inci-
dentally encountered on CT and MRI in adults. Pediatric 
patients have a unique set of lesions and a unique appear-
ance of the bone and bone marrow, and therefore are not 
specifically addressed in this paper.

The Practice Guidelines and Technical Standards 
Committee of the Society of Skeletal Radiology (SSR) 
identified management of incidental bone lesions as an 
important topic for study. Twelve SSR members and one 
orthopedic oncologist with expertise in bone tumor imag-
ing formed an ad hoc white paper committee to develop 
evidence-based diagnostic management algorithms for 
incidental solitary bone lesions encountered on CT and 
MRI. The committee tested the algorithms using sample 
case scenarios, and the algorithms were revised in con-
sensus after additional debate. The algorithms were pre-
sented to the SSR membership at the SSR 2021 annual 
meeting for written comments. An additional open forum 
SSR member discussion session with the panel members 
was conducted. SSR member comments and suggestions 
were taken into consideration for incorporation into the 
final manuscript.

This consensus statement summarizes the current under-
standing of incidentally encountered bone lesions on CT 
and MRI. It is important to note that the algorithms (Fig. 1) 
presented focus on the diagnostic management of inciden-
tal bone lesions instead of arriving at a specific diagnosis. 
The guidelines and recommendations outlined in this paper 
are intended for use by all radiologists; however, given the 
incidental nature of these lesions, may be more commonly 
used outside of a musculoskeletal practice.

Scope and definitions

Scope: Development of Bone‑RADS

We have chosen to focus on solitary incidental bone 
lesions discovered on CT and MRI as we feel these lesions 

have the highest degree of inconsistency in diagnostic 
management. Lesions encountered on radiography can be 
assessed for aggressive or non-aggressive features includ-
ing bone destruction, lesion margin, tumor matrix, and 
periosteal reaction, and their management is well docu-
mented [2–6]. Many of these radiographic features can 
also be assessed on CT and have been incorporated into 
the algorithms. However, radiographic and CT features 
are not easily translatable to lesions encountered on MRI. 
Therefore, a separate algorithm based on MRI signal 
characteristics is developed here. We limited our scope 
to solitary lesions because patients with multiple lesions 
often have metastatic disease or systemic conditions that 
typically require biopsy and/or oncologic referral. Of note, 
standardization of imaging technique and more advanced 
clinical management decisions, such as surgery, radiation, 
chemotherapy, and ablation therapy, are beyond the scope 
of our intent. Finally, these algorithms are intended to pro-
vide a framework for evaluation, and not to override expert 
opinion or clinical context.

When is a bone lesion “incidental”?

Radiologists routinely interpret imaging studies that include 
bone lesions unrelated to the presenting clinical concern. 
The Oxford English Dictionary provides one definition of 
“incidental” as “occurring by chance in connection with 
something else.” The term “incidental” has become common 
lexicon in radiology, and we are defining it in this article as 
“a lesion detected on an imaging study performed for an 
unrelated reason.” An incidental lesion can be definitively 
irrelevant, of uncertain clinical significance requiring fur-
ther workup, or concerning requiring treatment, such as a 
malignancy or infection.

CT classification of bone lesions: lucent, sclerotic, 
or mixed density

Definition of “lucent” Lucent lesions are commonly encoun-
tered; however, a well-defined quantitative description has 
not been established. For the purposes of this paper, a 
“lucent” lesion is defined as a lesion that replaces and has 
lower attenuation than normal trabecular bone, resulting in 
a hypodense CT appearance. A lesion is defined as lucent 
if greater than 90% of the volume of the lesion qualifies as 
lucent (Fig. 2A) and should be evaluated using the “lucent 
lesion” flowchart. On CT imaging, this includes lesions that 
contain solid non-sclerotic areas of soft tissue attenuation, 
such as giant cell tumor, or cystic lesions containing fluid 
or blood products, such as an aneurysmal bone cyst [7, 8]. 
There is no consistent recommendation for a Hounsfield unit 
(HU) definition of a lucent lesion in the literature; however, 
fat can have an attenuation between − 120 and − 30 HU [9]. 
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Non-fatty lucent lesions have HU values between 0 and 200. 
Osteoporotic trabecular bone typically is around 120 HU 
and normal trabecular bone up to 200 HU [10]. Gout tophus 
can be around 160 HU [11]. “Ground glass” attenuation of 

fibrous dysplasia can have a wide range but is typically > 100 
HU but well less than 885 HU.

Fig. 1  Flowcharts for evaluat-
ing: A solitary lucent bone 
lesions on CT, B solitary 
sclerotic and mixed density 
bone lesions on CT, C High T1 
solitary bone lesion on MRI, 
and D low T1 solitary bone 
lesion on MRI
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Definition of “sclerotic” or “mixed density” For bone lesions, 
the terms “sclerosis,” “sclerotic,” “osteosclerotic,” or “oste-
oblastic” are broadly used during interpretation of radio-
graphs or CT to describe a bone lesion with higher density or 

attenuation than the surrounding or adjacent trabecular bone. 
There is currently no specific attenuation range that clearly 
defines “sclerosis” or sclerotic,” so these terms are otherwise 
nebulous and are subjectively applied by the interpreter. To 

Fig. 1  (continued)
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our knowledge, the only defined classification that has been 
used in the literature was part of an informal methodology 
prescribed by Leffler and Chew when they investigated the 
accuracy of percutaneous CT-guided biopsy for diagnosis 
of sclerotic bone lesions [12]. In their methods, the authors 
describe a density grading system with grades 1–4 relative 
to cortical bone, with grade 1 being “barely perceptible” and 
grade 4 being “denser than cortex.” This informal classifica-
tion has not been widely adopted since it was published in 
1999. Other definitions of “sclerosis” reported more recently 
in the literature define a “dense” sclerotic lesion as one 
where ≥ 50% of its volume is denser than the surrounding 
normal trabecular bone and “mixed” if the lesion does not 
reach this threshold [7, 13–15]. The most common lesions 
that qualify as “sclerotic” are enostoses and osteoblastic 
metastases (Fig. 2B) [16].

There is also no widely accepted definition for a “mixed” 
density lesion, but the term is commonly used to describe 
a lesion that contains a combination of osteoblastic (scle-
rotic) and osteolytic (lucent) areas relative to adjacent 
trabecular bone on CT. The ratio of sclerosis to lucency 
defining a “mixed” lesion remains subjective. For the pur-
poses of this white paper, a lesion is considered a “mixed” 
lesion when it has equivalent or near equivalent amount of 
sclerosis and lucency (1:1 ratio). There are several bone 
lesions that have been traditionally considered “mixed” 
in the experience of the authors, including benign fibro-
osseous lesions, chondroid lesions, osteonecrosis, and 
degenerative periarticular lesions such as subchondral 
cysts (Fig. 2C).

For the purposes of this white paper, we have grouped 
sclerotic and mixed density lesions together in a single flow-
chart. Any lesion that does not fit the above definition of 
a “lucent” lesion should be evaluated as a sclerotic/mixed 
density lesion.

MRI classification of bone lesions

Definition of T1 hyperintense lesions Accurate assessment 
of the T1 signal intensity is of primary importance when 
determining the nature of an incidental bone lesion. If no 
T1-weighted sequence is available, we recommend that 
the patient return for additional T1-weighted images. For 
our purposes, T1 hyperintense bone lesions are defined as 
lesions that demonstrate T1 signal that is visually higher sig-
nal intensity than the T1 signal of adjacent skeletal muscle 
or intervertebral disc [17]. Some of these lesions can have 
T1 signal “much higher” than skeletal muscle or interver-
tebral disc due to macroscopic fat such as an intraosseous 
hemangioma (Fig. 3A), whereas other lesions have signal 
only “slightly higher” such as hematopoietic (red) marrow 
(Fig. 3B). Of course, some infiltrative lesions such as lym-
phoma or leukemia can still maintain some intralesional fat, 
and some vascular lesions may be T1 hyperintense to sur-
rounding muscle, but these lesions are not typically solitary 
or incidental.

Definition of T1 isointense/hypointense lesions T1 isoin-
tense/hypointense bone lesions are defined as lesions that 
demonstrate T1 signal that is the same or lower than the 
T1 signal of adjacent skeletal muscle or intervertebral disc 
(Fig. 3C). Most bone tumors and metastasis fall into this 
category and necessitate assessment of their T2 character-
istics to further discriminate between clearly benign lesions 
and those that that require further workup. These definitions 
are based on subjective visual assessment alone and do not 
incorporate the use of an intralesional region of interest for 
quantitative value determination.

Definition of T2 hypointense and hyperintense lesions Many 
benign and malignant bone lesions have a higher free 
water content than the surrounding normal marrow fat 

Fig. 2  CT classification of bone lesions by density. CT images show A lucent (arrow), B sclerotic (pointed arrow), and C mixed density (arrow-
heads) lesions in 3 patients with giant cell tumor, prostate cancer metastasis, and fibrous dysplasia, respectively
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and therefore are higher signal intensity than marrow fat 
on T2-weighted imaging. Most MR protocols in use today 
employ methods to accentuate this brightness differential 
by suppressing the T2 signal of the fat, by using either fat 
saturated or short tau inversion recovery (STIR) sequences. 
For the purposes of this white paper, T2 hypointense is used 
to describe lesions with little to no free water that are similar 
in T2 signal to air or cortical bone, skeletal muscle or fat 
which has been adequately fat suppresses, including enos-
toses, and osteoblastic metastases (Fig. 4A). These lesions 
are lower in signal than fat on fat-suppressed images. Con-
versely, T2 hyperintense is used to describe lesions that 
have very high signal similar to fluid (joint effusion, blad-
der, CSF) (Fig. 4B), including enchondromas and simple 
bone cysts. Intermediate T2 signal is less hyperintense than 

fluid but clearly more hyperintense than skeletal muscle or 
suppressed fat signal.. These definitions can be used in both 
T2 and T2 fat-suppressed images.

Management options: Bone‑RADS

The committee proposes a bone reporting and data system 
(Bone-RADS) with four possible diagnostic management 
recommendations (Table 1): Bone-RADS1, leave alone; 
Bone-RADS2, perform different imaging modality; Bone-
RADS3, perform follow-up imaging; and Bone-RADS4, 
biopsy and/or oncologic referral. If a lesion is clearly benign, 
such as in the case of an enostoses or non-ossifying fibroma, 
then it can and should be left alone (Bone-RADS1). If the 

Fig. 3  MRI lesions based on T1 signal intensity. T1-weighted MRI 
images show A a calcaneal intraosseous lipoma (arrow) that has sig-
nal intensity much higher than skeletal muscle with the same signal 
intensity as fat, B a focus of red marrow (arrowhead) in the proximal 

femur that is slightly hyperintense to skeletal muscle, and C a chon-
droblastoma (arrowheads) in the humeral that has signal isointense to 
skeletal muscle

Fig. 4  MRI lesions based on 
T2 signal intensity. A Axial 
T2-weighted MRI image of 
the hip shows a uniformly 
hypointense lesion (arrow) in 
the femoral head consistent 
with an enostosis. B Sagittal 
T2-weighted fat-suppressed 
MRI images show a lobulated 
hyperintense lesion in the 
humeral head consistent with 
a low-grade cartilage lesion/
enchondroma
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lesion has clearly concerning features (large soft tissue com-
ponent, intralesional enhancement) or is at risk for patho-
logic fracture, then the lesion needs to undergo biopsy and/
or oncologic evaluation (Bone-RADS4). For indeterminate 
lesions, two options exist for the radiologist. The first option 
is to obtain different imaging to provide additional diag-
nostic information (Bone-RADS2), and the second option 
is to repeat the same imaging after a certain time period 
(Bone-RADS3) to assess for increase in size or development 
of worrisome features, such as cortical involvement. The 
recommendation is for Bone-RADS3 lesions 3 to undergo 
follow-up at 6,6,12 months intervals for a total of 2 years. 
For any bone lesion, one of these four management options 
should be selected. A major goal of the panel when creat-
ing these algorithms was to be certain that lesions desig-
nated Bone-RADS1 are truly benign processes that require 
no additional workup, such as a non-ossifying fibroma, 
enostoses, or focus of red marrow. Thus, the algorithms are 
weighted towards identifying Bone-RADS1 lesions.

Three management algorithms are provided, two for CT 
lesions (“lucent” and “sclerotic/mixed”) and one for MRI. 
Both CT and MRI have useful features that can be used to 
aid the radiologist in arriving at the most appropriate recom-
mendation. The CT algorithms incorporate lesion density, in 
Hounsfield units (HU), since very dense lesions (greater than 
885 HU) and lesions containing fat (less than − 30 HU) are 
often benign [18–21]. Please note that there is some varia-
tion in the literature about the density range of fat in the lit-
erature. The most commonly accepted range is − 120 to − 30 
HU, although one study has − 10 HU at its upper limit. Also, 

there is likely variability between patients, among differ-
ent locations of the body, even within the same patient, and 
also due to imaging technique on different scanners, and 
therefore comparison to surrounding normal fat is often 
helpful [22–24]. The authors recognize that assessing the 
lesion density can be challenging for some lesions. Thus, the 
flowcharts have been designed to have overlap such that in 
indeterminate cases, either chart will result in the same diag-
nosis/recommendation. For MRI, we incorporate chemical 
shift imaging to identify microscopic fat within the lesion 
(Fig. 5) and post-contrast imaging to distinguish cyst-like 
lesions from solid lesions. In each algorithm, we have also 
incorporated whether the patient has a history of known 
malignancy with propensity to bone metastases (i.e., kidney, 
prostate, breast, lung, thyroid, assuming that the patient has 
had appropriate screening for these malignancies, such as 
prostate-specific antigen or screening mammography) and/
or the presence of pain attributable to the lesion, as these 
clinical features would make the lesion more suspicious for 
malignancy.

Many of these incidental lesions seen on MRI or CT will 
be performed to evaluate painful conditions such as trauma, 
muscle injuries, stress fractures, or internal joint derange-
ment and are often unrelated to the working clinical diagno-
sis, and orthopedic consultation may be required to clarify 
the source of pain. For example, if an incidental bone lesion 
is found on a shoulder MRI in a patient with a rotator cuff 
tear, the patient’s pain may be due to the lesion but could 
also be due only to the rotator cuff tear. Many entities can 
have variable imaging appearance and so could be included 

Table 1  BONE-RADS 
categories for incidental bone 
lesions

Category Lesion definition Recommendation

1 Likely benign Leave alone
2 Incompletely assessed on imaging Different imaging modality needed
3 Indeterminate Follow-up imaging: 6, 6, and 12 mos
4 Suspicious for malignancy or need for 

treatment
Biopsy and/or referral to orthopedic oncology

Fig. 5  Chemical shift imaging. 
56-year-old man with incidental 
lesion in the right sacral ala. 
The lesion (arrows) is isointense 
to skeletal muscle on the A 
in-phase T1-weighted gradient 
echo MR image and has uni-
form loss (drop) in signal on the 
B oppose phase T1-weighted 
gradient echo MR image indi-
cating the presence of internal 
fat. The lesion is compatible 
with a focus of red marrow
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in more than one or even all three charts. Lastly, we want 
to stress that radiographs can be helpful in lesion assess-
ment especially for incidental lesions discovered on MRI 
and should be taken into account if available.

Solitary lucent lesion on CT

The initial evaluation of a solitary lucent lesion on CT 
should begin with an assessment for concerning clini-
cal (pain attributable to the lesion) or imaging (cortical 
involvement, soft tissue extension, pathologic fracture, or 
aggressive periosteal reaction) features [25]. The presence of 
any of these concerning features (Fig. 6) results in a Bone-
RADS4 designation, prompting biopsy and/or oncologic 
referral for further workup. The term cortical involvement 
would include lesions with cortical tunneling, endosteal 
scalloping, bone remodeling/expansion, and cortical thick-
ening. Lesions with these concerning features could include 
bone metastases, multiple myeloma, Langerhans cell histio-
cytosis, and osteomyelitis. While some features, particularly 

cortical involvement, may seem equivocal, referral for fur-
ther evaluation with an orthopedic oncologist is often a safe 
and reasonable choice, as benign lesions, such as simple 
bone cysts, may also require treatment or prophylactic fixa-
tion to prevent pathological fracture.

For lesions without concerning features, the next step is 
to determine if the patient has a known malignancy with 
propensity to metastasize to the bone. If present, further 
evaluation with FDG-PET, bone scan, or MRI for further 
characterization (Bone-RADS2) or follow-up imaging 
(Bone-RADS3) to evaluate for interval change is recom-
mended to minimize the risk of missing a new metastasis. 
It is important to restate that the algorithms only apply for 
solitary lesions and not multiple lesions.

If there are no concerning features or patient history of 
malignancy, the next step is to evaluate for significant fat 
in the lesion as several benign entities contain fat. Confir-
mation of the presence of fat can be directly visualized as 
macroscopic fat or determined by using a region of interest 
(ROI) placed in the lesion that measures with fat attenuation 

Fig. 6  CT assessment of concerning features. A Coronal CT image 
shows cortical involvement (arrow) of the anterior femoral cortex 
from an enchondroma. B Axial soft tissue window CT image shows 
a destructive lung cancer metastasis in the ilium with large soft tissue 

component (pointed arrows). C Axial CT image shows a pathologic 
fracture (arrowheads) in the femoral neck due to a giant cell tumor 
of bone. D Axial CT image shows periosteal reaction (thin arrows) 
along the femoral cortex from presumed stress fracture
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(mean density less than − 10 HU). If internal fat in the lesion 
is definitively confirmed, then the lesion is designated a 
Bone-RADS1, and no additional workup is needed. Intra-
osseous lipoma, hemangioma, and red marrow would be 
representative lesions.

Next, it is helpful to identify any benign lesions that can 
be recognized on CT with high confidence, specifically those 
with well-established characteristic features, such as fibrous 
dysplasia, non-ossifying fibroma, enchondroma, subchon-
dral cyst, and hemangioma (Fig. 7). If a lesion is recognized 
as entirely consistent with any of these five benign entities, it 

is a Bone-RADS1 and requires no further workup. It should 
be reemphasized that if the lesion has concerning features 
such as endosteal scalloping in an enchondroma located in 
a long bone, then that lesion would have been designated a 
Bone-RADS4 at the beginning of the algorithm.

Any lesion that is not recognized as belonging in the 
Bone-RADS1 management category would require further 
workup. The urgency of the workup is based on the imag-
ing features. For cortically based lesions, radiologists should 
assess for features suggesting an osteoid osteoma, osteo-
blastoma, or cortical metastasis. Medullary lucent appearing 
lesions encompass a variety of benign and malignant enti-
ties, including aneurysmal bone cyst, unicameral bone cyst, 
giant cell tumor, chondroblastoma, clear cell chondrosar-
coma, myeloma, or metastasis. All of these lesions should be 
classified as Bone-RADS4 and referred to oncology and/or 
biopsy to prompt definitive management. If the lesion lacks 
clear features, it should either undergo additional workup 
with FDG-PET, bone scan, or MRI or be followed with addi-
tional imaging in 6 months.

Solitary sclerotic/mixed density lesion on CT

Similar to the approach of a lucent lesion, the initial evalua-
tion of a sclerotic/mixed density lesion on CT should begin 
with an assessment for concerning clinical (pain attribut-
able to the lesion) or imaging (cortical involvement, soft 
tissue extension, pathologic fracture, or aggressive periosteal 
reaction) features. The presence of any of these concerning 
features results in a Bone-RADS4 designation and would 
include metastases, myeloma, chondrosarcoma, or infection. 
If the lesion lacks concerning features, then the next step is 
to determine if the patient has a known malignancy with 
propensity to metastasize to the bone. If there is a malig-
nancy history, then further evaluation of the solitary lesion 
with FDG-PET, bone scan, or MRI for further characteriza-
tion (Bone-RADS2) or follow-up imaging (Bone-RADS3) 
is warranted as with the lucent lesion CT algorithm.

For lesions without concerning features and in a patient 
without a known malignancy with propensity to metastasize 
to the bone, the lesion should be assessed for whether it has 
any features that are highly characteristic of a benign scle-
rotic bone lesion, such as non-ossifying fibroma, enostosis, 
osteoma, or sclerosing bone dysplasia. If the classic fea-
tures for one of these benign entities are present, the lesion 
can be designated Bone-RADS1 and left alone. Regarding 
enostosis, studies have shown that if a purely sclerotic lesion 
demonstrates a mean HU > 885, this is sensitive and specific 
for enostosis [18, 20, 25, 26]. However, in the setting of 
an older patient, reliance on thresholds should be limited. 
Interestingly, a recent study from Hong et al. showed that 
expert readers and radiomics models outperform strict HU 
thresholds[27].

Fig. 7  Characteristic CT lucent lesions. A Coronal CT image shows 
a lucent lesion (arrow) in the proximal femur consistent with fibrous 
dysplasia, B coronal CT image shows a cortically based lucent non-
ossifying fibroma in the proximal tibia, C coronal CT image shows 
an enchondroma with punctate calcifications in the distal femur, D 
coronal CT image shows a subchondral cyst abutting the right hip 
joint with degenerative changes, and E axial CT image shows a lucent 
lesion with a “polka dot” appearance of calcifications in T12 consist-
ent with a hemangioma
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If the lesion is not purely sclerotic, the presence of inter-
nal fat should be assessed. If present, then the lesion is des-
ignated a Bone-RADS1 and can be left alone. Differential 
considerations when internal fat is present include intraos-
seous lipoma, hemangioma, Paget disease, osteonecrosis, 
fibrous dysplasia, or non-ossifying fibroma (NOF).

If no fat is present, the lesion should then be assessed 
for “ground glass” appearance of fibrous dysplasia. The 
term “ground glass” has become synonymous with fibrous 
dysplasia in skeletal lesions, but it probably found its ori-
gins in thoracic radiology, where it described a diffusely 
hazy and smooth appearance. The range of densities varies 
widely, from sclerotic to lucent [28]. If present, the lesion 
is designated Bone-RADS1, and no additional management 
is needed. Most fibrous dysplasia is isolated, but if there are 
endocrine abnormalities or other sites of skeletal deformity, 
consider bone scan or skeletal survey to look for other sites 
of disease.

If it does not have a “ground glass” appearance, the lesion 
should next be assessed for cartilage matrix which appears 
as punctate calcifications often as small arcs and rings. If 
cartilage matrix is present, one should determine whether 
the lesion has any imaging features suggesting aggressive 
growth, which include endosteal scalloping, expansile 
remodeling, cortical breakthrough, periosteal reaction, and/
or soft tissue mass. For endosteal scalloping in a long bone, 
involvement of greater than two-thirds of the cortical thick-
ness or extension of scalloping greater than two-thirds of the 
craniocaudal length of the lesion raise suspicion for malig-
nancy [29]. An additional feature that may raise concern 
is incomplete mineralization because malignant cartilagi-
nous lesions more often show areas that are not mineralized 
as compared to non-aggressive cartilaginous lesions (case 
4, Fig. 14) [30, 31]. However, this should be considered 
in the context with the other features of the lesion and not 

as a stand-alone feature of aggression. Similarly, studies 
have shown overlap in the size range of enchondromas 
and chondrosarcomas of long bones [29, 32]. Therefore, 
size should not be used as a stand-alone discriminator for 
aggressiveness. Although rare, an axial skeleton location, 
such as the pelvis, ribs, and sternum, is also a concerning 
feature because enchondromas are very rare (< 1%) in the 
flat bones [33]. In fact, in the authors’ experience, axial 
lesions are generally referred to as low-grade chondrosar-
comas during radiology-pathology correlation even when 
they lack aggressive imaging features. However, because 
low-grade lesions without aggressive growth features carry 
a good prognosis, these can be treated with close clinical 
and imaging follow-up or with intralesional curettage [34]. 
Lastly, an epiphyseal location raises concern for malignancy 
due to the predilection of clear cell chondrosarcoma in this 
location. If any of these concerning features are present, the 
cartilage lesion is designated a Bone-RADS4, and repre-
sentative lesions include atypical cartilaginous tumor/grade 
I chondrosarcoma, chondrosarcoma, and chondroblastoma. 
If there are no concerning features, the cartilage forming 
lesion is presumed to be an enchondroma and can be deemed 
Bone-RADS1 and left alone. Due to the low rate of chondro-
sarcoma in incidental painless cartilaginous lesions of the 
long bones, routine follow-up is considered unnecessary and 
can be instead reserved for when new symptoms arise[32, 
35, 36].

Assessment of lesion density

One of the advantages of CT in evaluating bone lesions is its 
ability to measure relative density. Lesions that contain fat 
or are extremely dense are often benign [18, 20]. However, 
there is more than one way to assess lesion density (e.g., 
mean density, maximum density), and these values may vary 

Fig. 8  Assessment of lesion 
density with ROI. We recom-
mend placing a ROI in the 
largest area that is most repre-
sentative of the lesion to obtain 
mean Hounsfield unit (HU) 
values. A Incidental sclerotic 
focus in the right iliac bone has 
mean HU = 1104 consistent 
with an enostosis. B Lesion in 
the proximal femur has mean 
HU =  − 21 consistent with fat in 
an intraosseous lipoma
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depending on where the region of interest (ROI) is placed 
within the lesion (Fig. 8). Bone density measurements can 
vary slightly from scanner to scanner, with an accepted pre-
cision of approximately 3–5%, which is improved with the 
use of dual energy scanners over single photon scanners 
[37]. Intravenous iodinated contrast can elevate lesion den-
sity and even simulate a bone lesion [38], so values should 
be assessed on non-contrast images when possible.

Solitary lesions on MRI

High T1 lesion

MRI can detect incidental bone lesions which are occult or 
poorly seen on radiographs or CT. When evaluating a bone 
lesion on MRI, one should begin with the T1 signal charac-
teristics. If a T1 sequence is not available, the patient should 
return for dedicated T1-weighted imaging
T1 signal much higher than skeletal muscle or adjacent 
intervertebral disc Lesions with internal high T1 signal that 
matches subcutaneous fat signal on all pulse sequences are 
almost always benign (Bone-RADS1) [20]. The differential 
considerations are focal fatty marrow, intraosseous heman-
gioma, lipoma, osteonecrosis, Paget disease, Modic type 2 
discogenic degenerative endplate changes, and other post-
inflammatory focal marrow atrophy [39, 40]. When high T1 
signal in a lesion is not the same as subcutaneous fat signal 
on all pulse sequences, both benign and malignant lesions 
are considerations. Here, post-contrast imaging can then 
help further narrow the differential diagnosis. If a T1 hyper-
intense lesion shows no or only thin peripheral enhancement, 
an intraosseous ganglion or subchondral cyst containing pro-
teinaceous material should be considered, particularly when 
in a periarticular location (Bone-RADS1). Conversely, a T1 
hyperintense lesion with central or mass-like enhancement 
would warrant a Bone-RADS4 designation, with differen-
tial considerations including melanoma metastasis or hem-
orrhagic metastasis. Of note, internal enhancement within 
intraosseous ganglia or subchondral cysts can be related to 
internal fibrous component, enhancing synovial joint fluid 
entering the cyst, or contrast diffusion into the cyst from 
surrounding bone marrow [41]. Melanoma metastases can 
present as well-circumscribed high T1 lesions owing to the 
paramagnetic effect of melanin and presence of hemorrhage 
and show solid enhancement on post-contrast images [42]. 
If post-contrast images are not available, a high T1 lesion 
not matching the subcutaneous fat signal is considered a 
Bone-RADS2 lesion, and additional imaging with contrast 
or chemical shift sequences is recommended for further 
characterization. On chemical shift images, a signal drop 
of > 20% supports a benign diagnosis, while a signal drop 
of less than or equal to 20% is indeterminate and cannot dif-
ferentiate between benign and malignant neoplasms. Using 

20% signal drop as a cutoff has a 95–100% sensitivity and 
61–95% specificity[43–47].

T1 signal slightly higher than skeletal muscle or adjacent 
intervertebral disc Focal islands of red marrow are the 
classic lesion in this category and are common diagnostic 
dilemmas. One should search for the presence of macro-
scopic internal fat in the lesion which is highly predictive 
of benignity [20]. Red marrow can have concerning MRI 
appearance as some lesions can be mass-like and may not 
show evidence of macroscopic fat. For these equivocal areas 
of red marrow, chemical shift imaging with in-phase and 
out-of-phase T1-weighted gradient images may be helpful 
in differentiating between red marrow from neoplastic pro-
cesses [48]. If chemical shift imaging is not available, these 
slightly high T1 lesions are considered Bone-RADS2, and 
additional chemical shift imaging, radiographs, and/or bone 
scan should be performed. The red marrow lesion would be 
normal on plain film radiograph, and the bone scan would 
not show uptake. A focal marrow abnormality that fails 
to show macroscopic or microscopic fat mandates further 
investigation, and we recommend applying the “low T1” 
algorithm to these lesions.

High T1 signal in fluid level or due to hemorrhage Hemor-
rhagic lesions with T1 bright areas can mask the underlying 
lesions and prevent optimal assessment and deserve special 
mention (Fig. 9). We recommend following the “High T2” 
algorithm for lesions with intralesional high T1 signal attrib-
uted to fluid–fluid or fluid-blood level, as these lesions most 
likely have simultaneous high T2 signal, and the hemorrhage 
could be masking an underlying lesion.

Low T1 lesion

If lesion shows low T1 signal, the next step is to evaluate T2 
signal characteristics.

Low T1 high T2 lesions

Many neoplastic diseases are characterized by low to inter-
mediate signal intensity on T1 and high signal intensity 
on T2 when compared to normal muscle [39, 49]. When 
detected, both primary benign and malignant bone tumors 
as well as metastatic lesions should be considered [50, 51]. 
Although MRI cannot accurately differentiate between the 
benign and malignant lesions solely based on signal charac-
teristics, the incorporation of other imaging features can help 
in the diagnostic management of these lesions.
Presence of concerning imaging features When faced with a 
low T1 and high T2 incidental bone lesion, a search for con-
cerning imaging features should be a primary focus. Pres-
ence of any of the following concerning clinical or imaging 

1753Skeletal Radiology (2022) 51:1743–1764



1 3

findings would result in a Bone-RADS4 designation: history 
of malignancy with propensity for bone metastases, pain 
attributable to the lesion, cortical involvement, soft tissue 
extension, pathologic fracture, surrounding bone marrow 
edema, solid mass-like enhancement, a lesion in the ster-
num in a patient with breast cancer (Fig. 10), or elevated 
prostate-specific antigen (PSA) [52].

Absence of concerning imaging features If a low T1 
and high T2 lesion does not have any of the above-listed 

concerning features, it should be assessed for characteristic 
imaging features of common benign lesions (Bone-RADS1). 
Enchondromas, subchondral cysts, osteochondromas, NOF, 
and fibrous dysplasia are representative lesions. Finally, 
for those low T1 and high T2 lesions without concerning 
features and but are not consistent with the listed common 
bone lesions, additional imaging evaluation (Bone-RADS2) 
with CT to look for internal matrix, or follow-up imaging 
(Bone-RADS3) with repeat MRI to confirm stability, should 
be considered.

Fig. 9  T1 hyperintense 
hemorrhagic lesions can mask 
underlying lesions and should 
follow the “High T2” algorithm. 
There is a lucent lesion (arrows) 
in the proximal humerus on the 
radiographs (A). The lesion has 
high signal (from hemorrhage) 
and a fluid level on the axial T1- 
(B) and axial T2- (C) weighted 
images. Lesion was was solitary 
bone cyst at definitive treatment

Fig. 10  MRI assessment of concerning features. A Sagittal 
T1-weighted MR image shows a giant cell tumor in the proximal tibia 
with anterior and posterior cortical involvement (arrows). B Sagittal 
T2-weighted fat-suppressed MRI image shows a renal cell metasta-
sis in the proximal tibia with soft tissue extension (pointed arrow) 
posteriorly. C Coronal T2-weighted MR image shows a lung cancer 
metastasis in the proximal humerus with pathologic fracture (arrow-
head) of the lateral cortex. D Axial T2-weighted fat-suppressed MR 

image shows a low signal prostate cancer metastasis in the distal 
femur with peripheral halo (thin arrow) of high T2 signal. E Sagit-
tal T1-weighted fat-suppressed post-contrast MRI image shows an 
enhancing breast cancer metastasis (fat arrow) in the mid shaft of the 
femur. F Axial T2-weighted fat-suppressed MR image shows a hyper-
intense metastasis (outlined arrow) in the sternum in a patient with 
breast cancer

1754 Skeletal Radiology (2022) 51:1743–1764



1 3

Low T1 and low T2 lesions

One of the main considerations for a low T1 and low T2 
lesion is an enostosis; however, breast and prostate carci-
noma can have purely osteoblastic metastases with cor-
responding low T1 and T2 signal on MRI. To distinguish 
between an enostosis and an osteoblastic metastasis, these 
lesions should be assessed for the concerning features: 
halo sign, solid mass-like enhancement, sternal lesion in a 
patient with breast cancer, or elevated PSA. The “halo sign” 
(Fig. 10d) is defined as a rim of abnormal increased T2 sig-
nal in the marrow surrounding the lesion of interest and has a 
reported sensitivity of 75%, specificity of 99%, and accuracy 
of 88% of being a metastasis [20]. In other words, for lesions 
that have the “halo sign,” 75% are metastases. Conversely, 
the “halo sign” is very rare in benign lesions, and 99% of 
benign lesions do not have the “halo sign.” Therefore, its 
presence should prompt further workup and referral (Bone-
RADS4) [20]. Intralesional solid enhancement following 
administration of contrast is also a concerning feature that 
can be seen in osteoblastic metastases [53, 54]. A solitary 
sternal lesion in a patient with known breast cancer has a 
76% likelihood of being metastatic [55]. For this reason, 
these lesions should receive a Bone-RADS4 designation.

A low T1 and T2 lesion with no concerning features in 
patients with history of malignancy with propensity for bone 
metastases may require further imaging or imaging follow-
up. Options include MRI with contrast to evaluate for possi-
ble enhancement, CT to measure the HU of the lesion (refer 
to CT sclerotic bone lesion), or bone scan. Further workup 
may depend on the nature of underlying malignancy; for 
example, probability of bone metastasis in patient with his-
tory of prostate cancer can be predicted based on the clinical 
staging, prostate-specific antigen (PSA) level, and Gleason 
score [56]. If there are no concerning imaging features and 
history of malignancy, a low T1 and T2 lesion is most likely 

a benign lesion (Bone-RADS1), such as an enostosis, or an 
involuted NOF.

Sample lesions

In this section, we present sample cases to illustrate the 
usability of the CT and MRI algorithms in arriving at an 
actionable management recommendation. Many of these 
lesions have characteristic imaging features that can make 
their diagnosis pathognomonic or have a high probability 
of having a benign etiology. Other lesions described here 
deserve additional discussion as their management can be 
controversial.

Case 1 (Fig. 11)

Clinical history A 23-year-old female runner presents with 
3 months of left hip pain radiating to the groin. The patient 
has no major medical issues and no history of malignancy. 
MRI of the left hip revealed a small labral tear (not shown) 
and a 7 cm lesion in the proximal femur.

Lesion assessment Using the MRI algorithm, this lesion 
would be classified as a high T1 lesion. Further assessment 
of the high T1 signal shows that the lesion follows subcuta-
neous fat on all MRI sequences. This leads to a designation 
of Bone-RADS1. The differential diagnosis includes focal 
fat, intraosseous lipoma, hemangioma, Paget disease, and 
osteonecrosis, which are all benign processes and do not 
warrant additional workup unless there is pain or risk for 
fracture. There are small foci of low signal within the lesion 
indicative of dystrophic calcification, and the lesion repre-
sents an intraosseous lipoma.

Diagnosis and  discussion Intraosseous lipoma is the 
most common lipogenic tumor in the bone and contains 

Fig. 11  Case 1. Intraosseous 
lipoma. 23-year-old female 
runner presents with 3 months 
of left hip pain radiating to the 
groin with incidental lesion 
(arrows) detected in the proxi-
mal femur on MRI. The lesion 
is hyperintense (similar to sub-
cutaneous fat) on the A coronal 
T1-weighted MR image and is 
hypointense on the B coronal 
T2-weighted fat-suppressed MR 
image. C Radiograph shows a 
lucent lesion in the proximal 
femur
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macroscopic fat on CT (mean density less than − 10 HU) 
and MRI [24]. It is most common in the proximal femur, 
where there is a paucity of trabecular bone. They are typi-
cally intramedullary but may be intra-cortical on rare occa-
sions [24]. Their reported incidence (0.1%) is likely higher, 
as they can be confused with other lesions such as fibrous 
dysplasia and may be difficult to distinguish from normal 
fatty marrow [24, 57]. Furthermore, central areas of fluid 
attenuation may be due to cystic degeneration or remnants 
of an involuting simple bone cyst [58, 59]. It is important 
to highlight that identifying fat within a bone lesion has a 
very high negative predictive value for malignancy of 99.5% 
[20]. Thus, even if one is unable to clearly determine that the 
lesion is an intraosseous lipoma, the presence of internal fat 
can be highly suggestive of a benign process.

Case 2 (Fig. 12)

Clinical history A 68-year-old female presents with pelvic 
pain after a fall. The patient has no history of malignancy. 
CT of the pelvis revealed left sacral fracture (not shown) and 
an incidental lesion in the proximal right femur (mean CT 
density = 1644 HU).

Lesion assessment Using the CT algorithm for sclerotic/
mixed lesions, this solitary lesion lacks aggressive features 
and does not have a ground glass or cartilage matrix. The 
mean attenuation is well above 885 HU, and it has spiculated 

margins typical of an enostosis. Therefore, Bone-RADS1 
can be safely assigned.

Diagnosis and discussion An enostosis is considered an 
asymptomatic hamartomatous focus of cortical bone in the 
cancellous bone which appears as a homogenous dense oval 
lesion with thorny or spiculated margins on radiographs and 
CT. On MRI, an enostosis demonstrates low T1 and T2 sig-
nal intensity similar to cortical bone on all pulse sequences. 
Of note, up to 31% of enostoses may grow on serial imag-
ing even after skeletal maturity, and the growth in size is 
expected to be less than 25% over 6 months or 50% in 1 year 
[36, 59]. CT attenuation measurements can be used to dis-
tinguish enostoses from untreated osteoblastic metastases. 
A mean attenuation of 885 HU and a maximum attenuation 
of 1060 HU have been identified as reliable thresholds above 
which an enostosis is the favored diagnosis [18]. Of note, 
these HU thresholds are meant to apply only for differentia-
tion of enostoses from untreated osteoblastic metastases and 
should not be generalized to all sclerotic or mixed density 
lesions [60].

Case 3 (Fig. 13)

Clinical history A 57-year-old female runner presents with 
thigh pain. MRI was performed to assess for stress fracture. 
Patient also had a recent diagnosis of breast cancer. Subse-
quent biopsy revealed metastatic breast cancer.

Lesion assessment Images demonstrate an intramedullary 
lesion in the femoral shaft which is isointense to the skeletal 
muscle on T1-weighted and high signal on the T2-weigthed 
images. Following the MRI algorithm for evaluation of soli-
tary bone lesions, solid enhancement (not shown) and his-
tory of malignancy place this lesion in the Bone-RADS4 
category.

Diagnosis and discussion Metastasis is the most common 
osseous lesion in the elderly. Preferred sites of metastatic 
deposition are the vertebrae, pelvis, ribs, and the proxi-
mal ends of long bones, owing to their high red marrow 
content. Metastases demonstrate a wide range of imaging 
manifestations from lytic to mixed lytic-sclerotic to purely 
sclerotic, depending on the nature of the primary neoplasm. 
Prostate cancer, breast cancer, transitional cell carcinoma, 
carcinoid, mucinous adenocarcinoma of the gastrointesti-
nal tract, lymphoma, medulloblastoma, and neuroblastoma 
osseous metastases often demonstrate an osteoblastic nature 
and classically appear as round well circumscribed nodu-
lar lesions [16, 61]. Conversely, osteolytic lesions typically 
demonstrate trabecular thinning and ill-defined margins. In 
both cases, multiplicity provides greater specificity to the 
diagnosis of osseous metastatic disease. In comparison to 

Fig. 12  Case 2. Enostosis. 68-year-old female presents with right 
pelvic pain after a fall. Coronal CT image shows a densely sclerotic 
lesion (arrow) with spiculated margins in the proximal femur with 
mean density = 1644 HU
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the primary bone tumors, metastases tend to incite less peri-
osteal reaction. Lytic metastases usually manifest as foci of 
low T1 and high T2 signal intensity with increased enhance-
ment, whereas osteoblastic lesions demonstrate low signal 
on both T1- and T2-weighted images. A halo of increased T2 
signal surrounding the low signal central lesion is suggestive 
of metastatic disease [20].

Case 4 (Fig. 14)

Clinical history A 54-year-old woman presents with right 
back pain with no history of malignancy.

Lesion assessment There is an expansile mixed lesion 
replacing the posterior right iliac bone. The lesion has cen-
tral punctate foci of calcifications consistent with a carti-
laginous lesion. Following the CT algorithm for mixed and 
sclerotic lesions, this is a cartilage lesion with concerning 
features, axial (central) location, and endosteal scalloping. 
This warrants a Bone-RADS4 designation with referral to 
orthopedic oncology or biopsy. For this patient, the biopsy 
revealed a low-grade chondrosarcoma, and definitive surgery 
was performed.

Diagnosis and  discussion Cartilaginous neoplasms are 
often first discovered in the third and fourth decades of life. 
Common locations include the short tubular bones, femora, 
and humeri. They present as well-circumscribed lytic meta-
diaphyseal lesions with “ring and arc” internal chondroid 
matrix and mild cortical scalloping. Lesions of the hand and 
foot often lack matrix mineralization [62]. The high water 
content of the cartilaginous matrix accounts for the high sig-
nal of the enchondromas on fluid-sensitive MRI sequences, 
whereas matrix mineralization appears as scattered low 
signal foci. Differentiating enchondromas from chondro-
sarcoma may be challenging. Chondrosarcomas are rare in 

the hands and feet, whereas they are common in the axial 
skeleton. The presence of pain, endosteal scalloping greater 
than two-thirds of cortical thickness, cortical destruction, 
periosteal reaction, soft-tissue mass, axial location, and high 
uptake on bone scintigraphy favor a diagnosis of chondro-
sarcoma [29].

Case 5 (Fig. 15)

Clinical history An 84-year-old female presents with right 
hip pain and clinical suspicion for hip osteoarthritis who 
underwent right hip MRI and subsequent CT. The patient 
had no history of malignancy.

Fig. 13  Case 3. Breast cancer 
metastasis. 57-year-old female 
runner presents with thigh pain. 
There is a lesion (arrows) in 
the midshaft of the femur that 
is isointense to skeletal muscle 
on the A axial T1-weighted MR 
image and hyperintense on the 
B axial T2-weighted fat-sup-
pressed MR image

Fig. 14  Case 4. Cartilaginous neoplasm. There is an expansile mixed 
lesion (arrows) expanding the posterior right iliac bone (axial loca-
tion). The lesion has central punctate foci of calcifications consist-
ent with a cartilaginous lesion and concerning endosteal scalloping. 
Definitive surgery revealed low-grade chondrosarcoma
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Lesion assessment Following the diagnostic algorithm of 
incidental lesions on MRI, this low T1 and high T2 sig-
nal lesion with no worrisome imaging feature in a patient 
without known malignancy falls into Bone-RADS 1–3 cat-
egories, depending on the reader’s experience. In this case, 
a Bone-RADS2 designation was applied, and the patient 
underwent subsequent CT. The characteristic ground-glass 
matrix seen on CT allowed for a final diagnosis of fibrous 
dysplasia (Bone-RADS1).

Diagnosis and discussion Fibrous dysplasia is a non-inher-
ited monostotic (70%) or polyostotic anomaly of bone for-
mation where the normal bone is replaced with immature 
fibro-osseous connective tissue. It can be identified at any 
age, most commonly between 2 and 30 years. The most com-
mon sites are the ribs, proximal femurs, and craniofacial 
bones. The classic radiographic and CT appearance is a 
well-defined lucent expansile lesion with a sclerotic rim and 
the characteristic “ground glass” internal matrix. Endosteal 

scalloping, bowing deformities, and secondary aneurysmal 
bone cysts may be seen [62, 63]. On MRI, FD is of low 
signal intensity on T1- and a variable (intermediate to high) 
appearance on T2-weighted images.

Case 6 (Fig. 16)

Clinical history A 21-year-old man presents with medial 
knee pain. CT scan reveals a joint effusion and an incidental 
lesion in the lateral femoral metaphysis.

Lesion assessment Following the CT algorithm for mixed or 
sclerotic lesions, this solitary lesion has no aggressive fea-
tures that lack chondroid or ground glass matrix. After deter-
mining that its attenuation is less than 885 HU, the algorithm 
leads the user to ask whether the lesion could be consistent 
with either NOF, enostosis, and sclerosing bone dysplasia. 
In this case, the lesion is most consistent with NOF.

Fig. 15  Case 5. Fibrous dysplasia. 84-year-old female with right 
hip pain and clinical suspicion for hip osteoarthritis who underwent 
right hip MRI and subsequent CT for incidentally discovered lesion 
(arrows) in the right ischium. The lesion is isointense to muscle on 

the A coronal T1-weighted MR image and hyperintense on the B 
coronal T2-weighted fat-suppressed MR image. The lesion has a scle-
rotic rim and ground glass appearance on the C coronal CT image

Fig. 16  Case 6. Non-ossifying 
fibroma. 21-year-old man with 
medial knee pain. A Sagittal 
and B axial CT images show a 
mixed density cortically based 
lesion (arrows) with in the 
distal femur without concerning 
features
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Diagnosis and discussion Non-ossifying fibromas (NOF) 
are benign lesions of fibrous origin which are often found 
incidentally in the metaphysis of the long bones of the pedi-
atric patients. Characteristic CT appearance is a cortically 
based lucent lesion with lobulated edges and surrounding 
sclerotic bone. Healing occurs as the lucent portion fills in 
with normal bone during adolescence, after which they can 
appear as an area of benign sclerosis with mild expansion. 
MRI appearance is variable depending on the developmen-
tal stage of the lesion. Early in its development, the lesion 
is of high signal on T2-weighted images. With maturation 
and formation of fibrous tissue, foci of low signal intensity 
appear, resulting in a combination of high and low signal 
intensity components [62, 64].

Case 7 (Fig. 17)

Case 7A
Clinical history A 27-year-old female presents with 
vague thigh pain for 1 year. The patient has no history of 

malignancy. CT reveals a solitary focal lesion in the left 
proximal femoral metaphysis with a well-defined sclerotic 
margin.

Case 7B
Clinical history An 18-year-old female presents with knee 
pain worse over last 3 months. The patient has no major 
medical issues and no history of malignancy. MRI of the 
left knee reveals a cystic lesion involving the distal femoral 
metaphysis with fluid levels compatible with internal blood 
products. The lesion has a well-defined sclerotic margin and 
demonstrates mild expansile remodeling.

Lesion assessment Cases 7A and 7B follow the solitary 
lucent lesion algorithm. Following the solitary lucent lesion 
algorithm, the lesion does not have any concerning features 
and is not in a patient with known malignancy. The lesion 
does not have a mean density <  − 10 HU, and its imaging 
features are not compatible with fibrous dysplasia, a non-
ossifying fibroma, an enchondroma, a subchondral cyst, or 
a hemangioma. The imaging features are very characteristic 

Fig. 17  Case 7. A 27-year-old 
female presents with vague 
thigh pain for 1 year. Coronal 
CT image reveals a solitary 
focal lucent lesion in the left 
proximal femoral metaphysis 
with a well-defined sclerotic 
margin, cortical involvement 
(arrow), and mean HU of 18 
units; a simple bone cyst at 
surgery. B and C 18-year-old 
female presents with knee pain 
worse over last 3 months. MRI 
of the left knee reveals a cystic 
lesion (arrowheads) involving 
the distal femoral metaphysis 
with fluid levels (thin arrows) 
due to internal blood products. 
The lesion has a well-defined 
sclerotic margin and demon-
strates mild expansile remode-
ling. The lesion was aneurysmal 
bone cyst at treatment
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of a solitary bone cyst, and its cortical thinning also places 
it at risk for pathologic fractures. Thus, the lesion should be 
in the Bone-RADS4 category with orthopedic consultation 
suggested.

Case 7B would follow the solitary bone lesion on MRI algo-
rithm. It shows high signal on T1-weighted images with fluid 
levels and hemorrhage. It also demonstrates high T2 sig-
nal. The lesion demonstrates endosteal scalloping, cortical 
involvement, and expansile remodeling. This would place 
it in the Bone-RADS4 category. The imaging features are 
consistent with an aneurysmal bone cyst, and orthopedic 
consultation is suggested.
Diagnosis and discussion These two similar cases depict dif-
fering forms of benign lytic lesions that can arise in the osse-
ous structures. Solitary bone cysts are benign lytic lesions 
occurring primarily in children which are thought to result 
from a defect in bone growth that fills with fluid. They often 
occur in the long bones adjacent to the growth plate and are 
typically asymptomatic unless a pathologic fracture occurs 
[64]. Aneurysmal bone cysts occur predominantly in chil-
dren and adolescents and are cystic lesions composed of 
blood-filled channels. This lesion presents as a primary or 
secondary lesion arising in a preexisting lesion [65].

These lesions can result in pathologic fracture or other 
complications, and so orthopedic consultation is warranted. 
These lesions follow similar courses through the solitary 
lucent lesion CT algorithm ending with a medullary-based 
lesion resulting in categorization as Bone-RADS4. Giant 
cell tumor of bone and unicameral bone cysts have similar 
MR algorithms with low T1-weighted signal and ending 
with an intermediate aggressive appearance which results 
in Bone-RADS4 classification. The aneurysmal bone cyst 

differs slightly as it is often a high T1 lesion; however, the 
presence of fluid levels redirects it to the low T1- and high 
T2-weighted lesions. Aneurysmal bone cysts then follow 
a similar path as giant cell tumors of bone and unicameral 
bone cysts.

Case 8 (Fig. 18)

Clinical history A 39-year-old female presents with knee 
pain suspicious of meniscal tear. There is no history of 
malignancy or other major medical issue. MRI of the right 
distal femur depicts a geographic focus of signal in the distal 
femoral diaphysis. The lesion shows hyperintense signal on 
fluid-sensitive sequences. On T1-weighed images, the lesion 
shows hypointense signal to the surrounding fatty marrow 
but hyperintense signal compared to skeletal muscle. There 
is no endosteal scalloping or necrosis within the lesion.

Lesion assessment Using the MRI algorithm, this lesion 
would fit under the high T1 lesion. The T1 signal of the 
femoral lesion is much higher than skeletal muscle but does 
not have similar signal to subcutaneous fat on all pulse 
sequences. No post-contrast images are available. This 
would place this lesion in the Bone-RADS2 category, and 
post-contrast or in- and out-of-phase chemical shift imaging 
should be considered. The imaging features suggest focal 
red marrow within the distal femoral diaphysis. In-and-out 
of phase chemical shift imaging would be very useful to 
document signal drop on out-of-phase images.

Diagnosis and discussion Bone marrow is classified as red 
or yellow based on the fat content. Fat content in yellow 
marrow is approximately 80% compared to only 40% with 
red marrow. This accounts for the differing MR imaging 

Fig. 18  Case 8. Red marrow. 
39-year-old female presents 
with knee pain suspicious 
for meniscal tear. There is an 
incidentally discovered lesion 
(arrows) in the distal femoral 
shaft that is slightly hyperin-
tense to skeletal muscle on the 
A sagittal T1-weighted MR 
image and hyperintense on the 
B sagittal T2 fat-suppressed MR 
image. This finding is compat-
ible with focal red marrow
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appearance of red and yellow marrow. Yellow marrow, with 
its high fat content, shows hyperintense signal similar to 
subcutaneous fat, while red marrow shows T1 signal hypoin-
tense to subcutaneous fat but hyperintense signal compared 
to muscle and intervertebral discs [66]. Yellow marrow on 
fat-suppressed T2-weighted sequences shows homogenous 
fat suppression and is hypointense to muscle. Red marrow, 
containing less fat, does not homogenously suppress on 
fat-suppressed T2-weighted sequences and therefore shows 
hyperintense signal compared to muscle [66]. This hyper-
intense T2 signal can raise concern; however, the charac-
teristic T1 signal typically allows recognition of red mar-
row. Following gadolinium administration red marrow can 
minimally enhance but should not avidly enhance. Yellow 
marrow shows no enhancement [66]. In- and out-of-phase 
chemical shift imaging can be useful as red marrow contains 
fat and decreases on out-of-phase images [48].

Case 9 (Fig. 19)

Clinical history A 30-year-old man presents with 1 month 
of pleuritic chest pain. The patient has no major medical 
issues and no history of malignancy. Chest CT reveals a 
lucent lesion in the right glenoid abutting the articular sur-
face. The lesion has thin sclerotic margins with minimal 
endosteal scalloping.

Lesion assessment The CT solitary lucent lesion algo-
rithm should be utilized in this case. The lesion does not 
demonstrate aggressive features, and the patient does not 
have a history of malignancy. A ROI placed in the center 
of lesion measures a mean density of 25 HU, which is 
greater than − 10, and therefore the lesion does not con-
tain macroscopic fat. The imaging appearance and location 
of this lesion abutting the articular surface of the of the 

glenohumeral joint would be in keeping with a subchondral 
cyst. Thin section CT may be helpful for locating a con-
nection to the articular surface, if it is not readily apparent. 
Bone-RADS1 would be the designation in this case.

Diagnosis and discussion Subchondral cysts present as well-
defined lytic lesions abutting the articular surface. They arise 
in the subchondral epiphysis but may extend to involve the 
metaphysis. They are associated with pathology of the adja-
cent joint such as osteoarthritis or inflammatory arthropathy. 
There are two theories as to their origin [67]. The first is 
that the overlying articular hyaline cartilage and subchon-
dral cortex are penetrated or breached allowing mechanical 
hydrolysis of the underlying subchondral bone by synovial 
fluid resulting in formation of an interosseus cyst. The sec-
ond theory is that traumatic forces on the subchondral bone 
result in cellular damage. The ensuing necrosis results in 
cyst formation in the periarticular osseous structures. Both 
theories likely occur with the mechanism determined by 
the underlying disorder leading to the subchondral cyst. 
Subchondral cysts are not typically symptomatic; however, 
underlying joint disorders or trauma is often associated with 
pain, swelling, or limitation in motion.

Case 10 (Fig. 20)

Clinical history A 73-year-old female presents with chest 
pain. The patient has no history of malignancy. Chest CT 
incidentally reveals a lucent lesion in the T7 vertebra. The 
lesion has areas of fatty attenuation with vertically oriented 
trabecula extending throughout the lesion.

Lesion assessment The solitary mixed or sclerotic algorithm 
would be appropriate for this lesion. The patient has no his-
tory of malignancy. Significant portions of the lesion dem-
onstrate macroscopic fat, which allow for a confident Bone-
RADS1 designation. The differential includes intraosseous 

Fig. 19  Case 9. Subchondral 
cyst. 30-year-old man presents 
with 1 month of pleuritic chest 
pain. There is an asymptomatic 
incidental lucent lesion (arrows) 
in the glenoid which abuts 
the articular surface on the A 
axial and B sagittal CT images. 
Lesion has mean density of 25 
HU
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lipoma, hemangioma, Paget disease, or fibrous dysplasia. 
These lesions are all benign and require no further workup. 
Sagittal and coronal images of the lesion depict vertically 
oriented, thickened trabecula surrounded by fat compatible 
with the “corduroy sign.” Axial images demonstrated small 
round foci of residual bone surrounded by fat compatible 
with the “polka-dot sign.” The features are consistent with 
a hemangioma.

Diagnosis and discussion The incidence of hemangiomas 
at autopsy is approximately 10% making them the most 
common benign neoplasm of the vertebrae [68]. They are 
typically found as incidental findings since the majority are 
asymptomatic. Hemangiomas can be found in any osseous 
structure but are most common in the thoracic spine [69]. 
They are composed of vascular spaces that displace bone 
creating the characteristic vertically oriented residual tra-
becula extending through the lesion. If incidentally found, 
no further workup or follow-up is required for hemangiomas.

Controversies

At the SSR annual meeting, a recurring concern was that 
certain lesions with “classic” appearances to a MSK radi-
ologist, such a fibrous dysplasia or hemangioma, can be 
difficult for non-MSK radiologists to definitively diagnose, 
resulting in a Bone-RADS4 designation based on their use 
of the algorithms. While we agree that excessive imaging 
can be harmful, we want to again emphasize that these 
flowcharts should never override expert opinion. They can 
serve as a reference point if there is uncertainty. If an MSK 
radiologist’s opinion in a certain situation deviates from the 
flowchart in a certain case, then the chart should defer to 
the expert opinion. It is impossible for any schematic or 
flowchart to address all permutations and situations. Also, 

we feel that dismissing a malignant lesion has greater con-
sequences than over-imaging a benign lesion; therefore, we 
have erred on the side of not ignoring Bone-RADS4 lesions.

Conclusion

The Practice Guidelines and Technical Standards Commit-
tee of the Society of Skeletal Radiology (SSR) proposes a 
bone reporting and data system (Bone-RADS) and diagnos-
tic algorithms for the diagnostic management of incidental 
solitary bone lesions seen on CT and MRI. The algorithms 
represent a consensus statement incorporating the cur-
rent understanding of the diagnostic management of bone 
lesions, and we hope their use will help to improve and 
standardize patient care. Lastly, we expect that these algo-
rithms may need future modification with validation studies 
and advances in tumor imaging.
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Fig. 20  Case 10. Hemangioma. 
73-year-old female with chest 
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results in a “polka dot” appear-
ance on the B axial CT image

1762 Skeletal Radiology (2022) 51:1743–1764



1 3

included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Musculoskeletal Tumor Society: systematic literature review on 
the use of imaging prior to referral to a musculoskeletal oncolo-
gist. Rosemont, IL, Musculoskeletal Tumor Society, February 
2018. [Internet]. Available from: http:// msts. org/ view/ downl oad. 
php/ educa tion/ pdfs/ use- of- imagi ng- prior- to- refer ral- to-a- muscu 
loske letal- oncol ogist

 2. Miller TT. Bone tumors and tumorlike conditions: analysis with 
conventional radiography. Radiology. 2008;246:662–74.

 3. Lodwick GS, Wilson AJ, Farrell C, Virtama P, Dittrich F. Deter-
mining growth rates of focal lesions of bone from radiographs. 
Radiology. 1980;134:577–83.

 4. Madewell JE, Ragsdale BD, Sweet DE. Radiologic and pathologic 
analysis of solitary bone lesions. Part I: internal margins. Radiol 
Clin North Am. 1981;19:715–48.

 5. Ragsdale BD, Madewell JE, Sweet DE. Radiologic and patho-
logic analysis of solitary bone lesions. Part II: periosteal reactions. 
Radiol Clin North Am. 1981;19:749–83.

 6. Sweet DE, Madewell JE, Ragsdale BD. Radiologic and pathologic 
analysis of solitary bone lesions. Part III: matrix patterns. Radiol 
Clin North Am. 1981;19:785–814.

 7. Jelinek JS, Murphey MD, Welker JA, Henshaw RM, Kransdorf 
MJ, Shmookler BM, et al. Diagnosis of primary bone tumors with 
image-guided percutaneous biopsy: experience with 110 tumors. 
Radiology. 2002;223:731–7.

 8. Wu JS, Goldsmith JD, Horwich PJ, Shetty SK, Hochman MG. 
Bone and soft-tissue lesions: what factors affect diagnostic yield of 
image-guided core-needle biopsy? Radiology. 2008;248:962–70.

 9. Kim WH, Kim CG, Kim D-W. Optimal CT number range for adi-
pose tissue when determining lean body mass in whole-body F-18 
FDG PET/CT studies. Nucl Med Mol Imaging. 2012;46:294–9.

 10. Alawi M, Begum A, Harraz M, Alawi H, Bamagos S, Yaghmour 
A, et al. Dual-energy X-ray absorptiometry (DEXA) scan ver-
sus computed tomography for bone density assessment. Cureus. 
2021;13:e13261.

 11. Gerster JC, Landry M, Dufresne L, Meuwly JY. Imaging of topha-
ceous gout: computed tomography provides specific images com-
pared with magnetic resonance imaging and ultrasonography. Ann 
Rheum Dis. 2002;61:52–4.

 12. Leffler SG, Chew FS. CT-guided percutaneous biopsy of sclerotic 
bone lesions: diagnostic yield and accuracy. AJR Am J Roent-
genol. 1999;172:1389–92.

 13. NíMhuircheartaigh J, McMahon C, Lin Y-C, Wu J. Diagnostic 
yield of percutaneous biopsy for sclerotic bone lesions: influence 
of mean Hounsfield units. Clin Imaging. 2017;46:53–6.

 14. Cohen MG, McMahon CJ, Kung JW, Wu JS. Comparison of 
battery-powered and manual bone biopsy systems for core nee-
dle biopsy of sclerotic bone lesions. AJR Am J Roentgenol. 
2016;206:W83-86.

 15. Li Y, Du Y, Luo TY, Yang HF, Yu JH, Xu XX, et al. Factors influ-
encing diagnostic yield of CT-guided percutaneous core needle 
biopsy for bone lesions. Clin Radiol. 2014;69:e43-47.

 16. Macedo F, Ladeira K, Pinho F, Saraiva N, Bonito N, Pinto L, et al. 
Bone metastases: an overview. Oncol Rev. 2017;11:321.

 17. Carroll KW, Feller JF, Tirman PF. Useful internal standards for 
distinguishing infiltrative marrow pathology from hematopoietic 
marrow at MRI. J Magn Reson Imaging JMRI. 1997;7:394–8.

 18. Ulano A, Bredella MA, Burke P, Chebib I, Simeone FJ, Huang 
AJ, et al. Distinguishing untreated osteoblastic metastases from 
enostoses using CT attenuation measurements. AJR Am J Roent-
genol. 2016;207:362–8.

 19. Chung CB, Murphey M, Cho G, Schweitzer M, Hodler J, Haghihi 
P, et al. Osseous lesions of the pelvis and long tubular bones con-
taining both fat and fluid-like signal intensity: an analysis of 28 
patients. Eur J Radiol. 2005;53:103–9.

 20. Schweitzer ME, Levine C, Mitchell DG, Gannon FH, Gomella 
LG. Bull’s-eyes and halos: useful MR discriminators of osseous 
metastases. Radiology. 1993;188:249–52.

 21. Simpfendorfer CS, Ilaslan H, Davies AM, James SL, Obuchowski 
NA, Sundaram M. Does the presence of focal normal marrow fat 
signal within a tumor on MRI exclude malignancy? An analysis 
of 184 histologically proven tumors of the pelvic and appendicular 
skeleton. Skeletal Radiol. 2008;37:797–804.

 22. Kim S, Lee G, Park S, Pyo H, Cho J. Body fat measure-
ment in computed tomography image. Biomed Sci INstrum. 
1999;35:303–8.

 23. Lev M, Gonzalez R. CT Angiography and CT Perfusion. Brain 
Mapp Methods. 2nd ed. 2002.

 24. Murphey MD, Carroll JF, Flemming DJ, Pope TL, Gannon FH, 
Kransdorf MJ. From the archives of the AFIP: benign musculo-
skeletal lipomatous lesions. Radiogr Rev Publ Radiol Soc N Am 
Inc. 2004;24:1433–66.

 25. Rana RS, Wu JS, Eisenberg RL. Periosteal reaction. AJR Am J 
Roentgenol. 2009;193:W259-272.

 26. Sala F, Dapoto A, Morzenti C, Firetto MC, Valle C, Tomasoni A, 
et al. Bone islands incidentally detected on computed tomography: 
frequency of enostosis and differentiation from untreated osteo-
blastic metastases based on CT attenuation value. Br J Radiol. 
2019;92:20190249

 27. Hong JH, Jung J-Y, Jo A, Nam Y, Pak S, Lee S-Y, et al. Devel-
opment and validation of a radiomics model for differentiating 
bone islands and osteoblastic bone metastases at abdominal CT. 
Radiology. 2021;299:626–32.

 28. Fitzpatrick KA, Taljanovic MS, Speer DP, Graham AR, Jacobson 
JA, Barnes GR, et al. Imaging findings of fibrous dysplasia with 
histopathologic and intraoperative correlation. AJR Am J Roent-
genol. 2004;182:1389–98.

 29. Murphey MD, Flemming DJ, Boyea SR, Bojescul JA, Sweet DE, 
Temple HT. Enchondroma versus chondrosarcoma in the appen-
dicular skeleton: differentiating features. Radiogr Rev Publ Radiol 
Soc N Am Inc. 1998;18:1213–37 (quiz 1244–5).

 30. Murphey MD, Walker EA, Wilson AJ, Kransdorf MJ, Temple HT, 
Gannon FH. From the archives of the AFIP: imaging of primary 
chondrosarcoma: radiologic-pathologic correlation. Radiograph-
ics. 2003;23:1245–78.

 31. Weinschenk RC, Wang W-L, Lewis VO. Chondrosarcoma. J Am 
Acad Orthop Surg. 2021;29:553–62.

 32. Ahmed S, Jubouri S, Mulligan M. Incidental long bone cartilage 
lesions: is any further imaging workup needed? Skeletal Radiol. 
2021;50:1189–96.

 33. The World Health Organization Classification of Tumors Editorial 
Board: Soft Tissue and Bone Tumors. 5th ed. Lyon: IARC Press; 
2021.

 34. Oliveira I, Chavda A, Rajakulasingam R, Saifuddin A. Chondral 
tumors: discrepancy rate between needle biopsy and surgical his-
tology. Skeletal Radiol. 2020;49:1115–25.

 35. Kendell SD, Collins MS, Adkins MC, Sundaram M, Unni KK. 
Radiographic differentiation of enchondroma from low-grade 
chondrosarcoma in the fibula. Skeletal Radiol. 2004;33:458–66.

1763Skeletal Radiology (2022) 51:1743–1764

http://creativecommons.org/licenses/by/4.0/
http://msts.org/view/download.php/education/pdfs/use-of-imaging-prior-to-referral-to-a-musculoskeletal-oncologist
http://msts.org/view/download.php/education/pdfs/use-of-imaging-prior-to-referral-to-a-musculoskeletal-oncologist
http://msts.org/view/download.php/education/pdfs/use-of-imaging-prior-to-referral-to-a-musculoskeletal-oncologist


1 3

 36. Bernard S, Walker E, Raghavan M. An approach to the evaluation 
of incidentally identified bone lesions encountered on imaging 
studies. AJR Am J Roentgenol. 2017;208:960–70.

 37. Goodwin PN. Methodologies for the measurement of bone 
density and their precision and accuracy. Semin Nucl Med. 
1987;17:293–304.

 38. Simeone FJ, Bennett DL, Chang CY, Huang AJ, Kattapuram SV, 
Bredella MA, et al. Retrospective analysis of intravertebral col-
lateral enhancement in patients with central venous obstruction. 
Skeletal Radiol. 2016;45:163–8.

 39. Hanrahan CJ, Shah LM. MRI of spinal bone marrow: part 2, 
T1-weighted imaging-based differential diagnosis. AJR Am J 
Roentgenol. 2011;197:1309–21.

 40. Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR. 
Degenerative disk disease: assessment of changes in vertebral 
body marrow with MR imaging. Radiology. 1988;166:193–9.

 41. Crema MD, Marra MD, Guermazi A, Roemer FW, Bohndorf K, 
Jomaah N. MDCT arthrography features of ulnocarpal impaction 
syndrome. AJR Am J Roentgenol. 2009;193:1376–81.

 42. McMenamin DS, Stuckey SL, Potgieter GJ. T1 hyperintense ver-
tebral column melanoma metastases. AJNR Am J Neuroradiol. 
2007;28:1817–8.

 43. Suh CH, Yun SJ, Jin W, Park SY, Ryu C-W, Lee SH. Diag-
nostic performance of in-phase and opposed-phase chemical-
shift imaging for differentiating benign and malignant verte-
bral marrow lesions: a meta-analysis. AJR Am J Roentgenol. 
2018;211:W188–97.

 44. Disler DG, McCauley TR, Ratner LM, Kesack CD, Cooper JA. In-
phase and out-of-phase MR imaging of bone marrow: prediction 
of neoplasia based on the detection of coexistent fat and water. 
AJR Am J Roentgenol. 1997;169:1439–47.

 45. Zajick DC, Morrison WB, Schweitzer ME, Parellada JA, Carrino 
JA. Benign and malignant processes: normal values and differ-
entiation with chemical shift MR imaging in vertebral marrow. 
Radiology. 2005;237:590–6.

 46. Kohl CA, Chivers FS, Lorans R, Roberts CC, Kransdorf MJ. 
Accuracy of chemical shift MR imaging in diagnosing indeter-
minate bone marrow lesions in the pelvis: review of a single insti-
tution’s experience. Skeletal Radiol. 2014;43:1079–84.

 47. Saifuddin A, Shafiq H, Malhotra K, Santiago R, Pressney I. Com-
parison of in-phase and opposed-phase T1W gradient echo and 
T2W fast spin echo dixon chemical shift imaging for the assess-
ment of non-neoplastic, benign neoplastic and malignant marrow 
lesions. Skeletal Radiol. 2021;50:1209–18.

 48. Seiderer M, Staebler A, Wagner H. MRI of bone marrow: 
opposed-phase gradient-echo sequences with long repetition time. 
Eur Radiol. 1999;9:652–61.

 49. Vogler JB 3rd, Murphy WA. Bone marrow imaging. Radiology. 
1988;168:679–93.

 50. Rodallec MH, Feydy A, Larousserie F, Anract P, Campagna R, 
Babinet A, et al. Diagnostic imaging of solitary tumors of the 
spine: what to do and say. Radiogr Rev Publ Radiol Soc N Am 
Inc. 2008;28:1019–41.

 51. Zimmer WD, Berquist TH, McLeod RA, Sim FH, Pritchard DJ, 
Shives TC, et al. Bone tumors: magnetic resonance imaging ver-
sus computed tomography. Radiology. 1985;155:709–18.

 52. Pascuzzi CA, Dahlin DC, Clagett OT. Primary tumors of the ribs 
and sternum. Surg Gynecol Obstet. 1957;104:390–400.

 53. Woo S, Kim SY, Kim SH, Cho JY. JOURNAL CLUB: Identifi-
cation of bone metastasis with routine prostate MRI: a study of 
patients with newly diagnosed prostate cancer. AJR Am J Roent-
genol. 2016;206:1156–63.

 54. Kayhan A, Yang C, Soylu FN, Lakadamyalı H, Sethi I, Karczmar 
G, et al. Dynamic contrast-enhanced MR imaging findings of 
bone metastasis in patients with prostate cancer. World J Radiol. 
2011;3:241–5.

 55. Kwai AH, Stomper PC, Kaplan WD. Clinical significance of iso-
lated scintigraphic sternal lesions in patients with breast cancer. J 
Nucl Med Off Publ Soc Nucl Med. 1988;29:324–8.

 56. Briganti A, Passoni N, Ferrari M, Capitanio U, Suardi N, Gal-
lina A, et al. When to perform bone scan in patients with newly 
diagnosed prostate cancer: external validation of the currently 
available guidelines and proposal of a novel risk stratification tool. 
Eur Urol. 2010;57:551–8.

 57. Shidham VB, Chavan A, Rao RN, Komorowski RA, Asma Z. 
Fatty metamorphosis and other patterns in fibrous dysplasia. BMC 
Musculoskelet Disord. 2003;4:20.

 58. Tins BJ, Berkowitz YJ, Konala P, Davies M, Cassar-Pullicino VN, 
Lalam R, et al. Intraosseous lipomas originating from simple bone 
cysts. Skeletal Radiol. 2021;50:801–6.

 59. Greenspan A. Bone island (enostosis): current concept–a review. 
Skeletal Radiol. 1995;24:111–5.

 60. Azar A, Garner HW, Rhodes NG, Yarlagadda B, Wessell DE. 
CT attenuation values do not reliably distinguish benign sclerotic 
lesions from osteoblastic metastases in patients undergoing bone 
biopsy. AJR Am J Roentgenol. 2021;216:1022–30.

 61. O’Sullivan GJ, Carty FL, Cronin CG. Imaging of bone metastasis: 
an update. World J Radiol. 2015;7:202–11.

 62. Motamedi K, Seeger LL. Benign bone tumors. Radiol Clin North 
Am. 2011;49:1115–34, v.

 63. Kransdorf MJ, Moser RP, Gilkey FW. Fibrous dysplasia. Radiogr 
Rev Publ Radiol Soc N Am Inc. 1990;10:519–37.

 64. Blumberg ML. CT of iliac unicameral bone cysts. AJR Am J 
Roentgenol. 1981;136:1231–2.

 65. Kransdorf MJ, Sweet DE. Aneurysmal bone cyst: concept, contro-
versy, clinical presentation, and imaging. AJR Am J Roentgenol. 
1995;164:573–80.

 66. Shah LM, Hanrahan CJ. MRI of spinal bone marrow: part I, tech-
niques and normal age-related appearances. AJR Am J Roent-
genol. 2011;197:1298–308.

 67. Resnick D, Niwayama G, Coutts RD. Subchondral cysts (geodes) 
in arthritic disorders: pathologic and radiographic appearance of 
the hip joint. AJR Am J Roentgenol. 1977;128:799–806.

 68. McAllister VL, Kendall BE, Bull JW. Symptomatic vertebral hae-
mangiomas. Brain. J Neurol. 1975;98:71–80.

 69. Pastushyn AI, Slin’ko EI, Mirzoyeva GM. Vertebral hemangio-
mas: diagnosis, management, natural history and clinicopathologi-
cal correlates in 86 patients. Surg Neurol. 1998;50:535–47.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1764 Skeletal Radiology (2022) 51:1743–1764


	Society of Skeletal Radiology– white paper. Guidelines for the diagnostic management of incidental solitary bone lesions on CT and MRI in adults: bone reporting and data system (Bone-RADS)
	Abstract
	Introduction
	Scope and definitions
	Scope: Development of Bone-RADS
	When is a bone lesion “incidental”?
	CT classification of bone lesions: lucent, sclerotic, or mixed density
	MRI classification of bone lesions

	Management options: Bone-RADS
	Solitary lucent lesion on CT
	Solitary scleroticmixed density lesion on CT
	Assessment of lesion density
	Solitary lesions on MRI
	High T1 lesion
	Low T1 lesion
	Low T1 high T2 lesions

	Low T1 and low T2 lesions

	Sample lesions
	Case 1 (Fig. 11)
	Case 2 (Fig. 12)
	Case 3 (Fig. 13)
	Case 4 (Fig. 14)
	Case 5 (Fig. 15)
	Case 6 (Fig. 16)
	Case 7 (Fig. 17)
	Case 7A
	Case 7B

	Case 8 (Fig. 18)
	Case 9 (Fig. 19)
	Case 10 (Fig. 20)

	Controversies
	Conclusion
	Acknowledgements 
	References


