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Diagnostic and Imaging Approaches 
to Chest Wall Lesions

Chest wall lesions are relatively uncommon and may be chal-
lenging once they are encountered on images. Radiologists may 
detect these lesions incidentally at examinations performed for 
other indications, or they may be asked specifically to evaluate 
a suspicious lesion. While many chest wall lesions have charac-
teristic imaging findings that can result in an accurate diagnosis 
with use of imaging alone, other entities are difficult to dis-
tinguish at imaging because there is significant overlap among 
them. The interpreting radiologist should be familiar with the 
imaging features of both “do not touch” benign entities (which 
can be confidently diagnosed with imaging only, with no need 
for biopsy or resection unless the patient is symptomatic) and le-
sions that cannot be confidently characterized and thus require 
further workup. CT and MRI are the main imaging modalities 
used to assess the chest wall, with each having different benefits 
and drawbacks. Chest wall lesions can be classified according to 
their predominant composition: fat, calcification and ossifica-
tion, soft tissue, or fluid. The identification or predominance of 
signal intensities or attenuation for these findings, along with the 
patient age, clinical history, and lesion location, can help estab-
lish the appropriate differential diagnosis. In addition, imaging 
findings in other organs, such as the lungs or upper abdomen, 
can at times provide clues to the underlying diagnosis. The au-
thors review different chest wall lesions classified on the basis 
of their composition and highlight the imaging findings that can 
assist the radiologist in narrowing the differential diagnosis and 
guiding management.
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After completing this journal-based SA-CME 
activity, participants will be able to:

	�Recognize various chest wall lesions 
and their characteristic imaging findings.

	�Discuss the diagnosis and management 
of different chest wall lesions.

	�Identify the imaging findings and clini-
cal clues that can aid in making the ap-
propriate diagnosis.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
Benign and malignant chest wall lesions account for 5% of all tho-
racic tumors (1). Making the diagnosis on the basis of imaging find-
ings alone is challenging, as there is significant overlap of imaging 
appearances among the different lesions. While imaging may not lead 
to a specific diagnosis, it can help narrow the differential diagnosis 
to further direct diagnostic workup, management, and treatment. 
Imaging allows the classification of chest wall lesions based on their 
attenuation or signal intensity, which may be that of fat, calcification 
and ossification, fluid, or soft tissue (Table 1). A systematic approach 
to imaging chest wall lesions, combined with assessment of the clini-
cal features, can help direct patient care (Table 2).
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therapy and are not ideal candidates for surgical 
resection. However, there is substantial overlap 
in FDG uptake between benign and malignant 
chest wall lesions, so the degree of FDG uptake 
should not be used to make a diagnosis (3).

Fat-containing Lesions

Benign Lesions
Lipomas are the most common fat-containing 
lesions of the chest wall, with a higher prevalence 
in patients older than 50 years (4). These neo-
plasms are composed of adipose tissue and are 
frequently encapsulated by a thin layer of fibrous 
tissue. Lipomas have the attenuation and signal 
intensity of normal subcutaneous fat on CT and 
MR images, respectively. Fat-suppressed MRI se-
quences can be used to distinguish lipomas from 
other lesions or structures that may demonstrate 
similar signal intensity on a given non–fat-sup-
pressed MR image (Fig 1). Lipomas are generally 
homogeneous without nodular enhancement, but 
they may contain thin enhancing septa that are 
less than 2 mm in thickness, or calcification in up 
to one-third of cases (5). When lipomas occur in 
the chest wall, they are more likely to occur in the 
deeper soft tissues than in the subcutaneous fat 
(2). Intramuscular lipomas are a potential pitfall, 
as these nonencapsulated lesions can occasionally 
mimic liposarcomas, demonstrating an infiltrative 
and striated appearance owing to intermingled 
muscle fibers (6).

Spindle cell lipomas are less common fat-con-
taining lesions that usually occur in the subcu-
taneous fat of the neck or shoulder in men older 
than 45 years (7). Histologically, these tumors 
consist of mature adipocytes, uniform spindle 
cells, and bundles of collagen. In these fat-con-
taining heterogeneous tumors that enhance after 
contrast material administration, the spindle cells 
account for the nonfatty areas (7). At imaging, a 
spindle cell lipoma usually manifests as a well-de-
fined fat-containing lesion with areas of enhance-
ment (Fig 2). These lesions are often resected, as 
their appearance is similar to that of low-grade 
liposarcomas at imaging.

Other less common benign fat-containing 
lesions include hibernomas and lipoblastomas. 
Hibernomas are benign encapsulated neoplasms 
that contain brown fat. They are difficult to 
distinguish from well-differentiated liposarcomas, 
as they contain areas of soft tissue and may have 
subtle enhancement. These lesions tend to occur 
in regions where brown fat is commonly found, 
including the interscapular region, axillae, and 
chest wall (8). MRI findings include well-circum-
scribed masses with mildly heterogeneous fat 
signal intensity and thin internal strands. These 

Imaging Modalities
Chest wall lesions are frequently detected inci-
dentally on images. Chest radiography is rarely 
useful but may allow visualization of chest 
wall lesions that involve the osseous thorax or 
contain calcifications. These findings are usually 
more evident on dedicated rib views obtained 
by using a technique involving a lower kilovolt-
age, as opposed to standard chest radiography 
(2). Depending on their size and location, larger 
noncalcified lesions or extraosseous lesions can 
be seen on radiographs occasionally. US is use-
ful for detecting palpable or superficial lesions 
and offers the benefit of the lack of ionizing 
radiation. It mainly serves to help guide biopsy 
and avoid vessels.

Cross-sectional imaging is the best way to 
further evaluate chest wall lesions. CT and MRI 
enable assessment of the location, composition, 
and enhancement characteristics of suspicious 
and incidental lesions. CT is superior to MRI in 
depicting calcification and enables better delinea-
tion of the osseous thorax. MRI provides greater 
contrast resolution of soft-tissue lesions. Owing 
to the advent of surface coils, high-quality MRI 
of chest wall lesions can now be performed. MRI 
is the modality of choice for evaluating pleural, 
mediastinal, or organ invasion. Moreover, MRI 
enables better tissue characterization and bet-
ter assessment of nerve and vessel involvement. 
Often, especially with more complex lesions, both 
CT and MRI are performed.

Fluorodeoxyglucose (FDG) PET/CT can 
prove to be valuable in planning tissue sampling 
to target the region of the lesion that has the 
most FDG uptake and avoid necrotic areas of 
the tumor. In addition, FDG PET/CT is useful 
for pretreatment planning to identify distant 
extrathoracic metastases, as patients with more 
advanced stages of disease require medical 

TEACHING POINTS
	� A well-differentiated liposarcoma showing interval devel-
opment of a T2-hyperintense area that enhances after con-
trast material administration suggests a dedifferentiated 
liposarcoma.

	� Corticomedullary continuity with the parent bone is diag-
nostic of osteochondroma.

	� Elastofibroma dorsi typically has linear areas of fat within the 
tumor, which are sometimes termed the lasagna sign be-
cause of the layering appearance.

	�  With aggressive fibromatosis, the mass is generally het-
erogeneous on CT images but can have the same attenu-
ation as muscle; in these cases, the clue that a desmoid 
tumor is present is focal or asymmetric enlargement of a 
single muscle.

	� MRI findings are often diagnostic of hematoma when a fluid-
fluid level is seen within a fluid collection.
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Fat necrosis can be seen in the subcutaneous 
tissue of the chest wall, and it may lead to confu-
sion, as most patients with fat necrosis do not 
recall a traumatic incident (11). On MR images, 
fat necrosis appears as a globular lesion contain-
ing a fatty core and surrounded by a hypointense 
rim. Calcification and fat stranding are some-
times seen. These lesions are often confused with 
malignant neoplasms such as liposarcoma owing 
to their imaging appearance and FDG uptake 
(12). Decreasing size at follow-up imaging can be 
a helpful clue to suggest this diagnosis.

Malignant Lesions
After undifferentiated pleomorphic sarcoma, lipo-
sarcoma is the most common malignant soft-tissue 

masses are hypointense to subcutaneous fat and 
may be completely suppressed on fat-saturated 
MR images (8). Hibernomas tend to drop out on 
opposed-phase–signal MR images. Biopsy can be 
used to confirm the diagnosis (8).

Lipoblastoma should be the leading differen-
tial consideration for a child younger than 3 years 
who has a fat-containing lesion of the chest wall 
(9). Lipoblastomas are difficult to distinguish 
from hibernomas with imaging alone, as lipoblas-
tomas, which are predominantly fatty encapsu-
lated tumors, also may have enhancing septa (Fig 
3). While both hibernomas and lipoblastomas can 
mimic liposarcomas, it is important to be mindful 
that liposarcomas are exceedingly rare in indi-
viduals younger than 10 years (10).

Table 1: Chest Wall Lesions

Lesion Type Benign Lesions* Malignant Lesions

Fat containing Lipoma, spindle cell lipoma, hibernoma, 
lipoblastoma (in children)

Liposarcoma

Calcified and 
ossified

Fibrous dysplasia, MO, tumoral calcinosis, 
dermatomyositis and polymyositis

Scleroderma, osteochondra, SAPHO syn-
drome

Chondrosarcoma, osteo-
sarcoma

Fluid Hematoma, lymphatic malformation, ab-
scess, empyema necessitans, aneurysmal 
bone cyst, seroma or lymphocele

Cystic or necrotic metas-
tasis

Soft tissue Peripheral nerve sheath tumor, elastofibro-
ma dorsi, vascular malformation, aggres-
sive fibromatosis

Sarcomas, metastasis, my-
eloma or plasmacytoma, 
malignant nerve sheath 
tumor

*MO = myositis ossificans, SAPHO = synovitis, acne, pustulosis, hyperostosis, and 
osteitis.

Table 2: Management of Chest Wall Lesions

Lesion Type
“Do Not Touch” Le-

sions* Resection or Surgery Biopsy
Medical or Other 

Therapy

Fat containing Lipoma Liposarcoma Indeterminate fatty 
lesion

…

Calcified and 
ossified

Osteochondroma, 
fibrous dysplasia, 
MO

Chondrosarcoma, osteosar-
coma, malignant degener-
ation of osteochondroma

… Dermatomyositis, 
scleroderma, SA-
PHO syndrome

Fluid Hematoma Aneurysmal bone cyst, ab-
scess, lymphatic malfor-
mation

… Infection, hematoma 
(reverse anticoagula-
tion or embolization)

Soft tissue Nerve sheath tumor, 
elastofibroma 
dorsi, hemangioma

MPNST,† aggressive fibro-
matosis, sarcoma (no me-
tastasis), Ewing sarcoma 
(after chemoradiation)

Sarcoma, lympho-
ma, indetermi-
nate mass

Stage IV malignancy, 
lymphoma

*“Do not touch” lesions can be confidently diagnosed with imaging alone and thus do not require biopsy or 
resection unless the patient is symptomatic.
†MPNST = malignant peripheral nerve sheath tumor.
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Figure 1. Lipoma in a 59-year-old woman who presented with a left chest mass that had been growing during 
the past year. Contrast-enhanced MRI of the chest was performed. Transaxial non–fat-saturated T1-weighted 
MR image (A) shows a hyperintense mass (arrows) that is nulled on the transaxial fat-saturated T1-weighted MR 
image (B). The lesion showed no enhancement on contrast-enhanced MR images (not shown). Owing to its 
growth, the mass was resected, and pathologic analysis confirmed lipoma.

chest wall tumor (13). In the World Health Orga-
nization classification system, the most common 
types of liposarcomas are described: well differen-
tiated, dedifferentiated, myxoid, pleomorphic, and 
mixed (14). The different subtypes of liposarcoma 
can be thought of as a spectrum from least to most 
differentiated. The more differentiated the tumor, 
the more fat it contains and the less aggressive it is 
(Table 3). Conversely, the more undifferentiated 
tumors have less or sometimes no fat and are more 
aggressive.

The well-differentiated subtype is the most 
common, accounting for approximately half of 
liposarcomas. On images, these tumors contain 
a large amount of fat, which can account for 
50%–75% of the tumor volume (15). Well-
differentiated liposarcomas have an appearance 
similar to that of lipomas in up to 9% of cases 
(16). MRI findings that help differentiate well-

differentiated liposarcoma from lipoma include 
septa that are greater than 2 mm in thickness, 
nodular soft-tissue areas, larger size (>10 cm), 
and fat encompassing less than 75% of the tumor 
(15). A well-differentiated liposarcoma showing 
interval development of a T2-hyperintense area 
that enhances after contrast material administra-
tion suggests a dedifferentiated liposarcoma (4). 
This occurs with approximately 10% of well-
differentiated liposarcomas (14).

Myxoid liposarcomas represent approxi-
mately 20%–50% of liposarcomas and comprise 
less than 25% fat (17). Myxoid areas usually 
have a high water content, manifesting as fluid-
like high signal intensity on T2-weighted MR 
images (Fig 4) and as hypoattenuation on CT 
images (4). Calcification and ossification can 
be seen with all subtypes of liposarcoma, but 
most commonly with the well-differentiated 

Figure 2. Spindle cell lipoma in a 42-year-old man who presented with a lump in the up-
per left chest wall. (A) Sagittal non–fat-saturated T1-weighted MR image shows a fat-con-
taining mass (arrow) with multiple thick hypointense septa, which were also hyperintense at 
T2-weighted MRI (not shown). (B) Sagittal contrast-enhanced T1-weighted fat-saturated MR 
image shows enhancement of the thick septa in the mass (arrow). The mass was excised owing 
to concern for liposarcoma, and spindle cell lipoma was found.
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subtype (13). However, calcification can also be 
seen with lipomas (15). If percutaneous biopsy 
is needed, the nonadipose components should 
be targeted. The most aggressive form of lipo-
sarcoma, the pleomorphic subtype, is the least 
common and appears as a heterogeneous soft-
tissue mass on CT and MR images. Given that 
62%–75% of pleomorphic liposarcomas contain 
no fat (17), differentiating them from other soft-
tissue sarcomas is difficult.

Calcified and Ossified Lesions
Calcified and ossified lesions can occur in the 
soft tissues or arise from bone. Approximately 

95% of primary osseous tumors of the chest wall 
arise from the ribs, and the majority of the re-
mainder of these tumors arise from the sternum 
(18). Among the ossified and calcified chest wall 
neoplasms, fibrous dysplasia is the most com-
mon benign tumor and chondrosarcoma is the 
most common malignant tumor (19).

Benign Lesions
Fibrous dysplasia occurs secondary to a devel-
opmental anomaly in which normal marrow and 
bone are replaced by fibrous stroma. Usually an 
incidental finding, fibrous dysplasia can result 
in a pathologic fracture or rarely, malignant 

Figure 3. Lipoblastoma in a 2-year-old boy who had a palpable mass in the right axilla 
and underwent contrast-enhanced MRI. (A, B) Coronal T1-weighted non–fat-saturated im-
age (A) shows areas of hyperintensity (arrow), which are suppressed on the transaxial T1-
weighted fat-saturated image (B). (C, D) Coronal T2-weighted short τ inversion-recovery 
image (C) shows multiple hyperintense septa in the mass (arrow), with corresponding en-
hancement on the transaxial contrast-enhanced T1-weighted fat-saturated image (D). The 
mass was resected, and pathologic analysis revealed lipoblastoma.
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degeneration. The ribs are a common location, 
and imaging demonstrates an intramedullary, 
expansile, long-segment, well-defined lesion. 
These lesions may demonstrate endosteal scal-
loping and cortical thinning; however, the cortex 
remains intact. Fibrous dysplasia occurs most 
commonly in the lateral or posterior aspect of 
the ribs (1), with a characteristic “bubbly cystic” 
appearance on radiographs and CT images. 
These lesions show varying degrees of hazy 
ground-glass matrix. However, they may appear 
nearly entirely lucent or sclerotic, depending 
on the degree of fibrous component. At MRI, 
fibrous dysplasia tends to be hypointense to 
muscle on T1-weighted images and hypo- or 
hyperintense on T2-weighted images (Fig 5). 
Enhancement is variable, depending on the his-
tologic composition (20).

Osteochondromas are common osseous le-
sions that occur secondary to aberrant growth of 
normal bone tissue. These neoplasms are often 
singular and sporadic, but multiple lesions can 
occur with hereditary conditions such as Trevor 
disease and hereditary multiple exostoses. Osteo-
chondromas frequently occur in the ribs, most 
commonly at the costochondral junction, but 
they can also arise from the scapula or spine (2).

Corticomedullary continuity with the parent 
bone is diagnostic of osteochondroma (Fig 6). 
MRI might show a characteristic T2-hyperintense 
cartilaginous cap. Patients with multiple osteo-
chondromas have a 2.7%–5.0% lifetime risk of 
malignant degeneration, most commonly de-
generation into chondrosarcoma (21,22). These 
patients may present with pain associated with the 
osteochondroma. At imaging, malignant degenera-
tion should be suspected if the cartilaginous cap 
increases in thickness (to >2 cm) or if irregular 
calcifications or mineralization, or osseous erosion 
develops (2,23,24).

Tumoral calcinosis refers to soft-tissue calcifi-
cation that occurs in the setting of end-stage re-
nal disease or chronic inflammatory conditions. 
These calcifications are typically found adjacent 
to joints and can be symmetric. Other clues at 
chest imaging can help suggest the diagnosis. 
These clues include atrophic kidneys in the 
partially imaged upper abdomen, subchondral 
bone resorption at the sternoclavicular joints, 
diffuse vascular calcifications, and increased 
bone density. Fluid-calcium levels also have 
been reported in the calcifications, with higher 
attenuation in the dependent portion of the 
calcification (25,26). Myositis ossificans (MO) 
is a specific type of heterotopic ossification that 
occurs in muscle after trauma. The term myositis 
is a misnomer, as this entity is not inflamma-
tory. In the first 4–8 weeks, MO has the appear-

ance of a soft-tissue mass with floccular density. 
Once MO matures, usually by 2 months, the 
characteristic imaging finding of a soft-tissue 
lesion with peripheral calcification is seen (26). 
This peripheral calcification can be useful in 
distinguishing MO from parosteal osteosarco-
mas, which tend to have central calcification. 
Early MO can enhance and be mistaken for 
sarcoma; in this scenario, follow-up imaging can 
be performed for a more definitive diagnosis 
(27). It should be noted that it is preferable not 
to perform biopsy of these lesions, as they have 
been reported to be mistaken for malignancy at 
histopathologic analysis (28,29).

Connective tissue disease such as scleroderma 
and dermatomyositis and polymyositis also 
can lead to soft-tissue calcification that is more 
punctate and dense than tumoral calcinosis. In 
scleroderma, these areas of dystrophic calcifica-
tion are more commonly seen in the hands but 
can also occur in the chest wall (30). Other clues 
to scleroderma at chest imaging include a dilated 
esophagus and interstitial lung disease with a 
nonspecific interstitial pneumonia pattern (31). 
Dermatomyositis and polymyositis classically 
cause calcification of the fascia; patients with der-
matomyositis also develop cutaneous calcification 

Table 3: Spectrum of Liposarcomas

Liposarcomas that are less aggressive and more 
differentiated and contain more fat and less soft 
tissue

 Well differentiated: 
  Most common (~50% of cases)
  Occur in older adults (aged 50–70 y)
  50%–75% fat
  Thick septa (>2 mm)
  Nodular soft tissue (<1 cm)
 Myxoid:
  20%–50% of liposarcomas
  Occur in younger adults (in 4th–5th decade 

of life)
  <25% fat
  High water content (hyperintense on T2-

weighted MR images)
Liposarcomas that are more aggressive and less 

differentiated and contain less fat and more soft 
tissue:

 Pleomorphic:
  Least common
  Necrosis and hemorrhage
  Can have no fat (62%–75% of cases)
 Dedifferentiated:
  Dedifferentiation from a well-differentiated 

liposarcoma (10% of cases)
  Metastases to liver and lungs (15%–20% of 

cases)
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Figure 4. Myxoid liposarcoma in a 72-year-old man with a palpable mass involving the left upper 
back. (A, B) Transaxial non–fat-saturated T1-weighted MR image (A) shows a T1-hypointense mass (ar-
rowheads) with areas of T1 hyperintensity (arrow in A), which are null on the transaxial fat-saturated 
T1-weighted MR image (B). (C) Coronal short τ inversion-recovery MR image shows areas of very hy-
perintense T2 signal, representing the myxoid areas of the lesion (arrowheads). (D) Transaxial contrast-
enhanced fat-saturated T1-weighted MR image shows avid enhancement of the T2-hyperintense areas of 
the mass (arrowheads). The mass was resected, and histologic analysis confirmed myxoid liposarcoma.

Figure 5. Fibrous dysplasia in a 37-year-old man. (A) Posteroanterior chest radiograph shows 
an incidentally discovered expansile mass (arrows) involving the left second rib, with ground-
glass attenuation. (B) Transaxial T2-weighted fat-saturated MR image shows a hyperintense 
mass (arrow) in the left second rib that was hypointense at T1-weighted MRI (not shown). The 
mass was resected after biopsy revealed a spindle neoplasm. Findings at histologic analysis after 
resection confirmed fibrous dysplasia.



366 March-April 2022 radiographics.rsna.org

(Fig 7) (32). The calcification occurs as a healing 
response to recurrent episodes of necrosis (26). 
These patients often develop connective tissue 
disease–associated interstitial lung disease more 
commonly with a nonspecific interstitial pneumo-
nia pattern (33,34).

SAPHO syndrome is a benign condition char-
acterized by synovitis, acne, pustulosis, hyperos-
tosis, and osteitis. The main imaging finding is 
hyperostosis of the sternoclavicular joints, which 
may be striking and raise suspicion for malig-
nancy such as osteosarcoma or metastasis. On 
CT images, there is cortical thickening centered 
at the sternoclavicular joint, with intact cortical 
margins and narrowing of the medullary cav-
ity. Involvement of the thoracic spine is highly 
suggestive of this syndrome (Fig 8). With active 
disease, marrow edema may be seen on T2-
weighted MR images, while there is an absence 
of edema with chronic disease. The “bull’s head” 
sign is a highly specific finding that is seen at 
delayed bone scintigraphy and characterized by 
radiotracer uptake in the sternoclavicular joints 
and the manubrium (35,36). Nonsteroidal anti-
inflammatory agents, steroids, disease-modifying 
rheumatic drugs, and biologic agents are used to 
treat SAPHO syndrome (37).

Malignant Lesions
Chondrosarcoma is the most common primary 
malignant neoplasm of the osseous chest wall 
and accounts for approximately one-third of tu-
mors (4). Osteosarcoma of the chest wall is less 
common. Imaging features can help differenti-
ate these two tumors. Chondrosarcoma tends 
to occur anteriorly, arising from the costochon-
dral junction (Fig 9), which is by far the most 
common location, followed by the sternum and 
occasionally the scapula. Osteosarcomas tend to 
arise from the ribs, scapula, or clavicle (4,38). 
The pattern of mineralization is key in distin-
guishing these entities. A chondroid matrix, 
including arches and rings, stippled shapes, 
and flocculence, seen on radiographs and CT 
images is suggestive of chondrosarcoma. A 
more osseous-appearing matrix that manifests 
as dense, cloudy, and ivory like is suggestive of 
osteosarcoma (Fig 10). In addition, chondrosar-
coma tends to have more peripheral calcifica-
tion, whereas osteosarcoma has more central 
ossification (39). On T2-weighted MR images, 
chondrosarcomas are usually hyperintense ow-
ing to the presence of a cartilaginous matrix 
with high water content (Fig 11) (17,40). MRI 
is particularly useful for biopsy planning and to 
show local tumor extent for surgical planning. 
CT is useful to assess for metastatic disease, 
typically to the lungs.

Soft-Tissue Lesions

Definitely Benign Lesions
Elastofibroma dorsi lesions are classically lo-
cated between the serratus anterior and latis-
simus dorsi, deep to the inferior aspect of the 
scapula. This lesion results from the accumula-
tion of fibrotic tissue with elastic fibers. Elastofi-
bromas are much more common in women and 
can occur bilaterally in up to two-thirds of cases 
(41). While these lesions are bilateral, the lesion 
on one side is typically larger than the lesion on 
the other side.

The appearance of elastofibroma dorsi on CT 
and MR images is pathognomonic, especially 

Figure 7. Dermatomyositis in a 25-year-old woman. Trans-
axial noncontrast chest CT image obtained to assess short-
ness of breath and concern for connective tissue disease–as-
sociated interstitial lung disease shows multiple soft-tissue 
calcifications (arrows).

Figure 6. Osteochondroma found at 
lung cancer screening in a 66-year-old 
woman who smokes. Axial noncontrast 
CT image shows an osteochondroma (ar-
row) from the anterior left fourth rib with 
corticomedullary continuity.
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Figure 9. Chondrosarcoma in a 71-year-old woman. (A) Contrast-enhanced chest CT image obtained to assess a painful chest lump 
shows a mass (arrow) arising from the left anterior costochondral junction. The mass has central, punctate, and archlike calcifications 
(chondroid matrix). (B) Coronal noncontrast non–fat-saturated T1-weighted MR image shows a hypointense mass (arrow). (C) Coro-
nal contrast-enhanced fat-saturated MR image shows peripheral nodular enhancement (arrow). Histopathologic analysis confirmed 
the diagnosis of chondrosarcoma.

Figure 8. SAPHO syndrome in a 
49-year-old man. Transaxial noncon-
trast CT images show hyperostosis 
and ankylosis at the sternoclavicular 
joint (arrows in A) and hyperostosis 
of the thoracic spine (arrows in B).

Figure 10. Osteosarcoma in 
a 42-year-old woman who had 
progressively worsening dyspnea 
and pain with breathing for the 
past 3 months. Chest radiography 
(not shown) revealed a large right 
hemithorax mass. (A) Transaxial 
contrast-enhanced CT image (bone 
window) shows a large mass (ar-
rowheads) arising from the right 
fourth rib, with central ossification 
(arrow). (B) Transaxial CT image 
(soft-tissue window) shows a cen-
tral ossified component (arrow) and 
enhancing soft tissue with cystic 
areas of necrosis (*). This mass was 
resected, and histologic analysis re-
vealed high-grade osteosarcoma.
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Figure 12. Elastofibroma dorsi in a 35-year-old man with 
right chest and back pain. Transaxial contrast-enhanced chest 
CT image shows bilateral well-circumscribed soft-tissue–atten-
uation masses with linear areas of interspersed fat (ie, lasagna 
sign) (arrows) in the posterior chest wall, deep to the latissi-
mus dorsi and anterior to the scapular tip. The right mass was 
causing pain and discomfort and thus was removed. Histologic 
analysis confirmed elastofibroma dorsi.

Figure 13. Hemangioma in a 73-year-old 
woman who underwent noncontrast CT before 
coronary artery bypass graft placement. Trans-
axial CT image shows a soft-tissue lesion (arrow-
heads) in the right posterior chest wall, with in-
terspersed areas of internal fat and calcifications 
(arrows), representing phleboliths.

when the lesions are bilateral, with attenuation 
and texture similar to those of skeletal muscle. 
Elastofibroma dorsi lesions may be mildly T2 
hyperintense, particularly on fat-suppressed MR 
images. Elastofibroma dorsi typically has linear 
areas of fat within the tumor, which are some-
times termed the lasagna sign because of the 
layering appearance (Fig 12) (41). It should be 
noted that while the area between the serratus 
anterior and the scapula is the most common 
location of elastofibroma dorsi lesions, they may 
occur less commonly at other sites in the tho-
rax, with the second most common site being 
posterior to the first or second rib and deep to 
the superior scapula (42). The lesion may show 
very mild FDG uptake and mild enhancement 
(41). Elastofibroma dorsi is considered a “do 

not touch” lesion, for which the diagnosis can be 
confidently made with imaging alone, especially 
when the lesions are bilateral, with no need for 
biopsy or resection unless the patient is symp-
tomatic. If the mass is large or shows intense 
contrast enhancement that renders making a 
diagnosis difficult, percutaneous biopsy could be 
performed for confirmation.

Vascular malformations can occasionally be 
seen in the chest wall and can be cutaneous, 
subcutaneous, intermuscular, or intramuscu-
lar (43). The most common type is the venous 
malformation, with the common misnomer of 
“cavernous hemangioma” (44). Venous malfor-
mations usually contain larger vessels that are 

Figure 11. Chondrosarcoma arising from osteochondroma in a 57-year-old man with a history of hereditary osteochondromas who 
presented with a left upper back mass that had been slowly growing for the past 10 years. (A) Transaxial contrast-enhanced chest CT 
image shows a large mass (arrows) with a stippled chondroid matrix arising from an osteochondroma. The small locules of gas are 
secondary to biopsies performed the previous day. (B) Transaxial T2-weighted fat-saturated MR image shows a hyperintense mass 
(arrow). (C) Transaxial contrast-enhanced T1-weighted fat-saturated MR image shows peripheral nodular enhancement (arrow). 
Biopsy findings confirmed a low-grade chondrosarcoma.
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Figure 14. Schwannoma in a 59-year-old woman found to have a left posterior chest wall mass at CT performed for gallstone pan-
creatitis. (A) Transaxial contrast-enhanced CT image (bone window) shows the mass (*) adjacent to the left eighth rib, with a small 
area of bone remodeling (arrow). (B) Transaxial T2-weighted MR image shows a hyperintense bilobar mass (*) with a cystic area 
(arrowhead). (C) Transaxial contrast-enhanced T1-weighted fat-saturated MR image shows avid enhancement of the mass (*) , with 
no enhancement of the cystic area (arrowhead). Postresection histologic analysis confirmed a schwannoma.

seen as channels with flow voids on MR images. 
These malformations can also contain other tis-
sue components, most notably phleboliths that 
result from dystrophic calcification of thrombi 
and macroscopic fat.

The presence of phleboliths on CT images 
is very suggestive of a hemangioma (Fig 13), as 
these calcific deposits occur in as many as 30% 
of venous malformations (45). Characteristic 
imaging findings of a hemangioma include areas 
of macroscopic fat, which appear hyperintense on 
T2- and T1-weighted MR images and are null on 
fat-suppressed MR images. Areas of low signal 
intensity can be seen and represent hemosiderin, 
septa, phleboliths, large vessels, or smooth muscle 
(46). After contrast material administration, 
hemangiomas demonstrate slow and gradual en-
hancement, with characteristic nodular enhance-
ment of tortuous vessels and diffuse enhance-
ment during the delayed phase (44).

Nerve Sheath Tumors
The most common nerve sheath tumors are 
schwannomas and neurofibromas, with the 
former being far more common, representing 
85% of chest nerve sheath tumors in one series 
(47). The main clue to the diagnosis of nerve 
sheath tumor is the location of the lesion. In 
the chest wall, these tumors usually arise from 
the intercostal nerves that course beneath the 
ribs (Fig 14) and can extend into and widen 
neural foramina (47,48). While most cases of 
neurofibromatosis type 1 involve neurofibromas, 
the majority of neurofibromas occur as isolated 
lesions.

It is important to note that neurofibromas 
are inseparable from the involved nerve; thus, 

resection of neurofibromas cannot be performed 
without resection of the nerve (49). This is not 
the case for schwannomas, which can be resected 
without sacrificing the nerve. At imaging, the 
nerve giving rise to the schwannoma can some-
times be seen coursing alongside the mass (49). 
Percutaneous biopsy of schwannomas can cause 
severe pain. It is important to note that schwan-
nomas may show substantial uptake at FDG 
PET, with a maximal standardized uptake value 
as high as 8 (50). However, a benign neurofi-
broma should have, at most, mild uptake (51).

Neurofibroma and schwannoma occur in the 
same location and have overlapping findings. A 
few MRI findings can favor one diagnosis over 
the other. Approximately 50%–70% of neuro-
fibromas may have a target sign, with a hy-
pointense center surrounded by a hyperintense 
periphery, at T2-weighted MRI (Fig 15) (52). 
The central portion corresponds to fibrovascular 
tissue that also enhances after contrast medium 
administration, and the peripheral tissue corre-
sponds to myxoid tissue (49,52). The fascicular 
sign on T2-weighted MR images, characterized 
by “rings” of hypointense areas, favors schwan-
noma (49,52). Larger schwannomas can develop 
areas of hemorrhage, necrosis, cyst formation, 
and/or calcification, which should not raise sus-
picion for malignant transformation (52).

Malignant peripheral nerve sheath tumors 
(MPNSTs) are important to identify in patients 
with neurofibromatosis type 1 because they are 
at increased risk for these tumors. The dif-
ficulty arises in patients who develop multiple 
plexiform neurofibromas. MPNST can also 
arise sporadically in patients who do not have 
neurofibromatosis type 1. Imaging findings that 
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Figure 16. MPNST in an 11-year-
old boy with a history of neurofibro-
matosis type 1, in whom radiogra-
phy of the spine was performed for 
assessment of scoliosis. (A) Antero-
posterior radiograph of the spine 
(right) shows a left chest wall mass 
(arrow) with increased size com-
pared with its size on a chest radio-
graph obtained 1 year earlier (left).  
(B) Sagittal noncontrast CT image 
(bone window) shows the mass (ar-
row), with osseous destruction (ar-
rowheads) of the adjacent ribs and 
transverse processes. (C) Coronal 
contrast-enhanced T1-weighted fat-
saturated MR image shows a hetero-
geneously enhancing mass (arrow) 
with areas of necrosis. Biopsy find-
ings confirmed MPNST.

Figure 15. Known neurofibromatosis type 1 in a 19-year-old woman who underwent follow-up MRI 
for plexiform neurofibromas. (A) Transaxial T2-weighted MR image shows the target sign, with central 
low signal intensity and high peripheral signal intensity (arrow). (B) Transaxial contrast-enhanced T1-
weighted fat-saturated MR image shows a plexiform neurofibroma (arrow), with enhancement of the 
central portion (arrowhead).
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from adjacent thoracic tumors such as lung 
carcinoma, mesothelioma, breast cancer, and thy-
moma. In questionable cases, free-breathing cine 
MRI can be performed to confirm the presence 
of invasion, as sliding or independent movement 
of the parietal pleura against the mass excludes 
invasion (57). In women, breast cancer can recur 
in the chest wall within mastectomy or lumpec-
tomy scars (58). If the primary tumor is not al-
ready known, a metastatic lesion in the chest wall 
can be targeted with US or CT guidance.

Aggressive fibromatosis, also known as desmoid 
tumor, consists of well-differentiated fibroblasts 
that develop from the connective tissues of the 
muscle, fascia, or scar from trauma or surgery. 
These tumors have a general predilection for 
the shoulder area. On images, they manifest as 
ill-defined and infiltrative masses. With aggressive 
fibromatosis, the mass is generally heterogeneous 
on CT images but can have the same attenuation 
as muscle; in these cases, the clue that a desmoid 
tumor is present is focal or asymmetric enlarge-
ment of a single muscle. While desmoid tumors 
usually are locally aggressive, they do not metasta-
size, and the presence of distant metastasis should 
suggest other neoplasms such as sarcoma.

At MRI, desmoid tumors are classically isoin-
tense to muscle on T1-weighted images and have 
intermediate or high signal intensity on T2-
weighted images (Fig 18); however, their signal 
intensity characteristics are variable. T1- and 
T2-hypointense curvilinear and linear areas within 
the lesion also are characteristic (59). A chest wall 
mass with an appearance similar to that of muscle 
on CT and T1-weighted MR images should raise 
suspicion for desmoid tumor. Typically, these 
tumors require extensive chest wall resection, and 

favor MPNST (Fig 16) include rapid growth, 
size larger than 5 cm, interval loss of the target 
or fascicular sign, infiltration into the surround-
ing soft tissues, adjacent osseous destruction, 
and evidence of distant metastasis (53,54). The 
appearances of MPNST can also overlap with 
those of other sarcomas.

Malignant Lesions
Myeloma is an expansile bone lesion that can ex-
tend into the soft tissues. It is the most common 
primary bone marrow malignancy in adults (4). 
The most common locations of myeloma in the 
chest are the thoracic spine and the ribs (4). In 
addition to multiple myeloma, solitary myeloma, 
also known as a plasmacytoma, can arise in the 
bone or rarely, in soft tissues of the chest wall. In 
the majority of patients with solitary myeloma, 
progression to multiple myeloma occurs a few 
years after the diagnosis (4). CT shows the classic 
“punched-out” lytic lesions, which can expand 
the bone and erode the cortex. Rarely, light-chain 
deposition can result in cystic changes in the 
lungs (Fig 17), which when seen can help suggest 
the diagnosis of myeloma (55).

Lymphoma isolated to the chest wall is very 
rare. When present, chest wall lymphoma is often 
secondary to chest wall invasion by the medi-
astinal or axillary disease, or to extralymphatic 
spread in widely disseminated disease. Secondary 
chest wall involvement in lymphoma is typically 
due to Hodgkin disease or diffuse large B-cell 
lymphoma. On MR images, lymphoma demon-
strates T1 hypointensity, T2 hyperintensity, and 
restricted diffusion (56).

Metastasis to the chest wall can occur by way 
of hematogenous dissemination or direct spread 

Figure 17. Myeloma in a 69-year-old man with lower extremity weakness. (A) Transaxial contrast-enhanced chest 
CT image (soft-tissue window) shows a right posterior chest wall mass (arrow) extending into the central canal (ar-
rowhead). (B) Transaxial contrast-enhanced CT image (lung window) shows cysts (arrows) in both lungs secondary to 
amyloid involvement. Results of biopsy of the paraspinal mass confirmed multiple myeloma.
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Figure 19. Undifferentiated pleomorphic sarcoma in a 59-year-old woman with a history of left breast cancer 
22 years earlier and chemoradiation who presented with a palpable chest wall mass. (A) Transaxial contrast-
enhanced T1-weighted fat-saturated MR image shows a mass (arrows) in the left subpectoral chest wall, with a 
cystic area (*), likely representing necrosis. (B) Transaxial PET/CT image obtained later shows avid FDG uptake 
(arrow). Biopsy findings confirmed high-grade undifferentiated pleomorphic sarcoma.

Figure 18. Aggressive fibromatosis (desmoid tumor) in a 55-year-old man with a history of Li-Fraumeni 
syndrome who presented with right shoulder pain. (A, B) Transaxial noncontrast T1-weighted (A) and 
short τ inversion-recovery (B) MR images show a T1-isointense (arrowheads in A) and T2-hyperintense 
(arrowheads in B) mass centered in the right shoulder, with invasion of the right scapula and right 
second and third ribs. (C) Coronal contrast-enhanced T1-weighted fat-saturated MR image shows avid 
enhancement (arrowheads). After multiple nondiagnostic biopsies, the mass was partially resected, and 
histopathologic analysis revealed a desmoid tumor.
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Figure 20. Known right axillary lymphatic malfor-
mation since birth in a 7-year-old boy who presented 
with acute right axillary swelling. (A, B) Transaxial 
noncontrast T1-weighted (A) and short τ inversion-
recovery (B) MR images show a cystic lesion (arrows) 
in the right chest wall with a fluid-fluid level, consis-
tent with internal hemorrhage. (C) Transaxial con-
trast-enhanced T1-weighted fat-saturated subtraction 
MR image shows no internal enhancement (arrows). 
The lesion was resected, and histologic analysis con-
firmed a lymphatic malformation.

invade bone (63). The clinical context can also 
provide clues to these diagnoses. For example, 
patients with angiosarcoma may have a history 
of prior mastectomy, pulmonary parenchymal 
radiation change, and/or lymphedema. Patients 
with Kaposi sarcoma may have a history of organ 
transplantation or AIDS (63,64). On MR images, 
angiosarcoma appears as an intensely enhancing 
lesion with discrete vessels that cause flow voids 
along the periphery of the tumor (39).

Fluid Lesions

Cystic Neoplasms
Lymphatic malformations, formerly lymphan-
giomas, occur most commonly in the neck and 
axillary regions and consist of dilated lymphatic 
vessels. They usually have a cystic appearance and 
after contrast material administration may show 
thin peripheral and septal enhancement (Fig 20). 
On more delayed contrast-enhanced MR im-
ages, these lesions may show gradual increased 
enhancement owing to third spacing of contrast 
material within them (44). Lymphatic malfor-
mations are often quite infiltrative, extending 
through multiple thoracic compartments. There 
may be associated lymphatic edema in the lungs 
or chylous pleural effusions if the lesion is ex-
tensive. These lesions typically occur in children, 
although they can also be seen in young adults.

Aneurysmal bone cysts uncommonly occur in 
the chest wall. The most common location is the 
posterior elements of the spine and less commonly 
the posterior ribs. An aneurysmal bone cyst may 

they recur in up to 50% of cases (60). Tyrosine 
kinase inhibitors have shown promise in the treat-
ment of this entity in recent years (61).

The most common primary malignant soft-
tissue lesion of the chest wall in adults is undiffer-
entiated pleomorphic sarcoma, formally known 
as malignant fibrous histiocytoma. These tumors 
usually occur in the deep fascia or skeletal muscle 
(Fig 19). Many of these soft-tissue sarcomas are 
difficult to differentiate with imaging and thus of-
ten require biopsy (17). However, the purpose of 
imaging is not to diagnose the tumor but rather 
to guide management and determine resectabil-
ity. Also, certain clinical and imaging clues could 
favor certain diagnoses over others. For example, 
Ewing sarcoma of the chest wall should be the 
primary consideration in a pediatric patient 
who presents with a painful chest wall mass and 
fever. These tumors most commonly arise from 
the ribs, followed by the scapula, clavicle, and 
sternum. They can also arise in the soft tissues, 
especially in patients older than 20 years (62). At 
imaging, larger tumors are more prone to develop 
hemorrhage and necrosis (4).

Malignant vascular tumors include angiosar-
coma and Kaposi sarcoma. These tumors tend to 
have a more superficial location in the subcutane-
ous tissues and at imaging manifest as skin thick-
ening and subcutaneous fat stranding with an 
associated soft-tissue mass that occasionally may 
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appear as hyperattenuating collections, with the 
attenuation of acute blood measuring between 30 
and 45 HU and the attenuation of clotted blood 
measuring 45–70 HU (70). In patients with ane-
mia, clotted blood can have a lower attenuation 
(30 HU) (70).

While chest wall hematomas can be mistaken 
for a mass on CT and US images, MRI findings 
are often diagnostic of hematoma when a fluid-
fluid level is seen within a fluid collection. The 
dependent layer, as compared with the nonde-
pendent layer, has higher T1 signal intensity and 
lower T2 signal intensity (Fig 22). In addition, 
hematomas may demonstrate a T1- and T2-hy-
pointense rim owing to hemosiderin deposition. 
After contrast material administration, there is no 
enhancement of the collection itself, and this can 
easily be confirmed with subtraction images.

Enhancement of the wall is unusual for an 
acute hematoma and suggests a chronic or in-
fected hematoma (38). Active bleeding into the 
hematoma is seen as a blush of contrast material 
extravasation within the hematoma that increases 
in size on more delayed images. Patients with ac-
tive arterial hemorrhage may benefit from arterial 

Figure 21. Aneurysmal bone cyst in a 36-year-
old woman who presented for evaluation of left an-
terior chest wall pain experienced for the past few 
months. Chest radiography (not shown) revealed 
a lytic lesion involving the posterior left eighth 
rib. Transaxial noncontrast T1-weighted (A), 
T2-weighted (B), and contrast-enhanced fat-
saturated T1-weighted (C) MR images show a 
multicystic mass (straight arrow) involving the 
posterior eighth rib and left transverse process 
of T8. Multiple fluid-fluid levels (arrowheads in 
B) are consistent with internal hemorrhage. The 
mass also extends into the central canal (curved 
arrow). Postresection histologic analysis revealed 
an aneurysmal bone cyst.

occur as a primary tumor or as a result of a sec-
ondary primary bone tumor. Associated tumors 
include chondromyxoid fibromas, chondrosarco-
mas, fibrous dysplasia, giant cell tumors, osteo-
blastomas, and osteosarcomas. Trauma is another 
possible cause of aneurysmal bone cysts (65). On 
MR images, these lesions are multiseptated and 
usually centered within the rib, with a well-de-
fined hypointense rim (66). Fluid-fluid levels are 
highly suggestive of aneurysmal bone cysts and 
occur as a result of hemorrhage into the cystic 
spaces (Fig 21). Fluid-fluid levels are not pathog-
nomonic and can also occur with other tumors, 
such as telangiectatic osteosarcoma and giant 
cell tumors with secondary aneurysmal bone cyst 
change (66).

It is important to note that many of the previ-
ously described neoplasms, such as schwannoma 
(67), necrotic metastases and sarcomas (4,68), 
and telangiectatic osteosarcoma (69), can de-
velop cystic areas. The presence of nodular and 
enhancing soft tissue should raise suspicion for 
these entities.

Nonneoplastic Lesions
Hematoma can occur with significant trauma, 
with minor trauma, or even spontaneously in 
patients who are on anticoagulation therapy or 
have coagulopathy. On CT images, hematomas 
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embolization (71). It is important to note that 
chest wall tumors or metastases can lead to spon-
taneous hemorrhage. These lesions can be differ-
entiated from benign hematoma by the presence 
of a solidly enhancing area within or adjacent to 
the hematoma on postcontrast subtraction MR 
images (38).

Infection of the chest wall is often misdiag-
nosed clinically. Patients at risk of developing 
chest wall infections include those who are 
immunocompromised, diabetic, posttraumatic, 
or intravenous drug users. The most commonly 
encountered organisms are Staphylococcus aureus 
and Mycobacterium tuberculosis. In patients who 
are immunocompromised or have diabetes, 
other less common pathogens, including fungal 
organisms, may be encountered, with Aspergil-
lus species accounting for 80%–90% of fungal 
infections (72).

In intravenous drug users, abscesses com-
monly occur in the region of the sternoclavicu-

lar joint and sternochondral junction owing to 
attempts to inject a substance into the central 
veins of the neck. At CT, sternoclavicular septic 
arthritis manifests as an organized fluid collection 
that is centered in the joint space and may extend 
anteriorly into the soft tissue or posteriorly into 
the mediastinum (35). Fractured needle frag-
ments in the soft tissues sometimes can be seen, 
and the surgeon or emergency physician should 
be notified of this in case an incision and drain-
age procedure is needed.

At imaging, abscesses appear as organized 
fluid collections with peripheral enhancement, 
often with surrounding fat stranding (Fig 23). 
Infection and a subsequent abscess develop by 
way of three mechanisms: direct inoculation into 
the skin after trauma or surgery, hematogenous 
spread, or direct extension from an intrathoracic 
infection (72). Chest wall extension from an 
intrathoracic infection is referred to as empyema 
necessitans and has been described in association 

Figure 22. Hematoma in a 58-year-old man who underwent transaxial MRI after resection of a poste-
rior chest wall desmoid tumor. (A) Noncontrast T1-weighted fat-saturated image shows a hyperintense 
fluid collection (arrows) with a fluid-fluid level at the resection site. (B) T2-weighted fat-saturated image 
shows the fluid collection (arrows), and similar to A, a relatively hypointense dependent layer. (C) Post-
contrast fat-saturated T1-weighted subtraction image shows no enhancement (arrows), consistent with 
a hematoma. The collection was resolved at 6-month follow-up MRI.
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with many pathogens, most notably M tubercu-
losis, Actinomyces species, Nocardia species, and S 
aureus (73,74).

The osseous thorax also can be involved, 
resulting in osteomyelitis, which manifests as os-
seous destruction on CT images and as marrow 
edema and enhancement on MR images. Imaging 
findings of osteomyelitis include osseous destruc-
tion without new bone formation, calcification 
in the wall of the abscess, and bone sequestrum 
in destroyed bone (75). Owing to its indolent 
clinical features and chronicity of infection, chest 
wall tuberculosis can be mistaken for a soft-
tissue neoplasm. Biopsy may be needed to guide 
therapy or differentiate chest wall tuberculosis 
from a plasmacytoma or osseous metastasis.

Conclusion
Chest wall lesions can be challenging for the 
cardiothoracic radiologist, as many of these le-
sions are not common and are musculoskeletal 
or neurogenic in origin. Still, the radiologist plays 
an important role in diagnosing and direct-
ing further workup and management of these 
lesions. An approach based on the location and 
predominant composition of the lesion on MR 
and CT images is of benefit in this regard. It is 
important to recognize and diagnose entities that 
are definitely benign and thus require no further 
workup and to distinguish them from lesions that 
are indeterminate or malignant and may require 
biopsy, resection, and/or medication treatment.
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