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Primary tumors of the ribs – a pictorial essay
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abstract
Primary tumors of the ribs are rare. However, they are often seen due to the high number of bones of the ribs 
and also the frequency of chest films taken for various conditions. They may be benign or malignant. Tumor like 
lesions are more in number than primary tumors of the ribs. Chest film is the first one to detect the tumor. Benign 
tumors include tumors arising from the osseous tissue, cartilaginous tissue, fibrous tissue, vascular tissue and 
other miscellaneous tumors arising from the other part of tissues. Similarly, primary malignant lesions arise 
from the tissues as mentioned earlier. Radiologically, there are several signs to identify and diagnose these 
tumors. Some of the lesions need advanced imaging such as CT, ultrasound, MRI, nuclide scan and PET CT.
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introduction
The prevalence of tumors of the ribs ranges from 3 to 
8% depending on the series [1]. Tumor like lesions are 
more in number than primary tumors of the ribs [2]. 
Benign and primary malignant tumors of the ribs are 
rare and may be identified during the investigation of 
a clinically suspected abnormality or as an incidental 
finding [3]. This review describes the spectrum 
of benign and malignant tumors that can involve 
the rib and illustrates the radiographic, computed 
tomography (CT) and magnetic resonance (MR) 
imaging appearances that may facilitate diagnosis. 
The differential diagnosis of benign bone tumors of 
the ribs is also discussed with illustrations.

Imaging findings and discussion
Benign tumors include tumors arising from the 
following tissues [4]:
• Osseous tissue – Osteoid osteoma, 

osteoblastoma
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• Fibrous tissue – Non ossifying fibroma
• Cartilaginous tissue – Enchondroma, exostosis, 

chondroblastoma, chondromyxoid fibroma
• Vascular tissue – Hemangioma
• Miscellaneous – Aneurysmal bone cyst (ABC), 

Giant cell tumor (GCT)

Benign Bone-forming tumors
Osteoid osteoma is a localized bone forming tumor 
with a radiolucent nidus less than 1.5 cm diameter. 
It is rarely encountered in rib [5].

Osteoblastoma is a rare benign bone forming tumor. 
The nidus is larger than is seen in osteoid osteoma, 
generally more than 2 cm. It is well circumscribed 
and sometimes aggressive resembling osteosarcoma. 
The rib is a rare location (Figure 1) [6, 7].

Figure 1: Osteoblastoma rib, note the radiolucent 
nidus.

Tumors of cartilaginous origin
Benign tumor of cartilage (Enchondroma) arising 
from rib is relatively common. It generally arises 
from costochondral junction. The radiological 
findings of enchondroma include a lucent lobulated 
well-demarcated lesion with calcifications which 
are shaped arc like, circular, nodular and punctate 
(Figure 2a-c). There is no cortical break unless 
there is a history of trauma. When the lesion is large 
and with the presence of a pathological fracture, 
it is difficult to differentiate it from low grade 
chondrosarcoma [8]. CT demonstrates the typical 
cartilaginous calcifications and presence of soft 
tissue swelling when present (Figure 2d).

Figure 2a: Enchondromaof the rib.

Figure 2b: Enchondroma rib with calcifications.

Figure 2c: Enchondroma rib with nodular calcifications.
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Figure 2d: 
Enchondroma 
– CT.

Another cartilaginous lesion that arises from the 
rib is osteochondroma. It may be monostotic or 
polyostotic. When it is polyostotic, it is generalized 
(Figure 3a,b) and is hereditary. Radiologically there 
may or may not be a pedicle. It could be sessile. 
Osteochondroma grows outside the rib with a 
cartilaginous cap. Cartilage cap thickness is an 
important indicator of osteochondroma-to-sarcoma 
transformation. If it exceeds 2 cm in adults or 3 cm 
in children, malignant transformation should be 
suspected. Calcifications are often seen which are 
better demonstrated on CT (Figure 3c-e) [9].

Figure 3a: Multiple exostoses of the ribs.

Tumors arising from the vascular tissue
Hemangioma is one of the common benign tumors 
arising in the bone. However, hemangioma of the rib 
is relatively uncommon. It is well circumscribed with 

a “spoke wheel” pattern of trabecular distribution 
(Figure 4a). The trabeculae are thickened and may 
run in a parallel way [10, 11]. There may be sunray 
spicules appearance when seen “end on” (Figure 
4b,c).

Figure 3b: 
Exostosis of rib.

Figure 3c,d: CT - Exostosis of the rib, (c) grows inside, (d) 
projects outside.

Figure 3e: 3D CT - 
Osteochondroma rib 
with a pedicle.

Figure 4a: 
Hemangioma with 
spoke wheel pattern.

(c) (d)
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Figure 4b: 
Hemangioma 
thickened 
trabeculae.

Figure 4c: 
Hemangioma 
of the rib with 
thickened 
parallel 
trabeculae.

Tumors arising from miscellaneous tissues
Aneurysmal bone cyst (ABC) can be primary or 
secondary. Radiologically, a well-defined large lytic 
area with a shell and a septated mass with a thin 
well defined rim are noted [12] (Figure 5a,b). On 
cross sectional imaging fluid-fluid levels may be 
seen (Figure 5c).

Figure 5a,b: Large ABC of the rib.

Giant cell tumor (GCT) as compared with long bones 
is rarer in ribs. It is a large expanding lytic area with 
thick trabeculations simulating a soap bubble. No 
reactive new bone is noted [13]. It may be associated 
with secondary aneurysmal bone cyst (Figure 6).

Figure 5c: ABC CT with fluid-fluid levels.

Figure 
6a: Giant 
cell tumor 
(GCT) of rib, 
conventional 
radiology.

Figure 6b-d: Giant cell tumor of rib – CT.

Primary malignant tumors of the ribs
The most common primary malignant lesions arising 
from the ribs include:
1. Chondrosarcoma
2. Plasmacytoma
3. Ewing’s and Ewing’s family of tumors
4. Osteosarcoma
5. Lymphoma
6. Hemangioendothelioma

Radiological characteristics of a malignant bone 
tumor consist of extensive cortical destruction 
and extraosseous soft-tissue mass formation. 
Mineralization is present in chondrosarcoma, 
Ewing’s and osteosarcoma.

(a) (b)

(b) (c) (d)
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Chondrosarcoma can be primary or secondary. 
Primary chondrosarcoma arises de novo (Figure 
7a-f) whereas secondary chondrosarcoma arises 
generally from enchondroma or osteochondroma 
[14]. Radiologically, a very prominent soft tissue 
mass is noted with characteristic cartilaginous type 
of calcifications which may be in the shape of arcs, 
circles, punctuate or nodules [15] (Figure 7g,h). 
Cross sectional imaging is essential for diagnosis 
and management of the lesion.

Figure 7a,b: Chondrosarcoma of rib with calcifications.

Figure 7c: 
Low grade 
chondrosarcoma 
with a well-
defined margin.

Figure 7d,e: Low grade chondrosarcoma with scattered 
calcifications.

Plasmacytoma is a localized form of multiple 
myeloma. It is noted that when solitary Plasmacytoma 
is followed, it may develop into multiple myeloma in 
5-10 years [16]. Generally it occurs in older people 
with presentation of a soft tissue mass. Radiologically 
a lytic expansile lesion is noted with a soft tissue 

swelling. No reactive bone or periosteal reaction is 
noted unless there is a pathological fracture (Figure 
8a,b) [17]. CT demonstrates the soft tissue swelling 
in a much better way (Figure 8c,d). Often it is difficult 
to differentiate from solitary lytic metastasis.

Figure 7f: Primary chondrosarcoma with a large soft 
tissue mass.

Figure 7g: Primary chondrosarcoma with nodular 
calcifications.

Figure 7h: 
Large 
osteochondroma 
with malignant 
changes.

Ewing’s sarcoma is a malignant tumor of bone of 
unknown origin. It is the second most common 
malignant tumor in children following osteosarcoma 
[18]. Ewing’s sarcoma includes a family of tumors:
– Ewing’s sarcoma (Bone –87%)

(a)

(d)

(b)

(e)
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– Extraosseous Ewing’s sarcoma (8%)
– Peripheral PNET (5%)
– Askin’s tumor

Figure 8a,b: Plasmacytoma of rib with a lytic lesion.

Figure 8c,d: CT - Plasmacytoma of rib associated with a 
large soft tissue swelling.

Radiologically a moth eaten appearance of bone is 
noted with wide transitional zone (Figure 9a). It 
generally arises from the diaphysis and classically 
presents with an onion peel type of periosteal 
reaction. In the rib, soft tissue swelling is very 
prominent and generally it grows into the thorax 
rather than outside the chest wall [19] (Figure 9b-e). 
At times, it presents with great deal of reactive bone 
giving the appearance of an “Ivory” lesion (Figure 
9f). One of the tumors from Ewing’s family of tumors 
is Askin tumor in which the rib involvement may be 
present [20] (Figure 9g,h).

Figure 9a: 
Ewing’s 
sarcoma rib 
with moth eaten 
appearance.

Figure 9b: 
Ewing’s sarcoma 
with complete 
lysis of the rib.

Figure 9c,d: Ewing’s sarcoma of the rib with soft tissue 
mass growing into the thoracic cavity.

Figure 9e: CT 
Ewing’s sarcoma 
extending into 
the vertebra.

Figure 9f: 
Ewing’s sarcoma 
of rib with 
sclerotic new 
bone.

(a) (b)

(c) (d)

(c) (d)
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Figure 9g,h: Askin tumor with a large soft tissue mass 
and erosion of the rib.

Osteosarcoma although is one of the common 
malignant tumors of long bones, in the rib it is 
not that common [21]. Radiologically, new bone 
formation in the form of osteoid clouds, periosteal 
reaction of various types and soft tissue mass are 
characteristic [22] (Figure 10). It may present with a 
pathological fracture. Cross sectional imaging helps 
in the diagnosis and management. MRI plays a great 
role in the study of soft tissues, vessels and nerves.

Figure 10a,b: Osteosarcoma of the rib, CT showing 
calcification and necrotic areas.

Primary lymphoma of the rib is extremely rare [23]. 

Radiologically it presents with a soft tissue swelling 
and a lytic area (Figure 11). There are no special 
imaging characteristics.

Figure 11a,b: Lymphoma of the rib with a soft tissue 
mass.

Hemangioendothelioma is a rare malignant vascular 
tumor of bones [24]. It is still rarer to encounter 
in the rib. Radiologically multiple lytic areas of 
various sizes are noted with no reactive or tumoral 
bone formation (Figure 12). Periosteal reaction is 
extremely rare. Soft tissue swelling is often present.

Figure 12: 

Hemangioendothe-
lioma of the rib.

Differential diagnoses
Benign lesions simulating bone neoplasms
Tumor-like lesions of the ribs are occasionally 
encountered. These include congenital anomalies, 
infections, bacterial, parasitic, and fungal. Tumor-
like lesions also include inflammations and other 
miscellaneous conditions.

congenital anomaly
Bifurcation of the ribs is a common congenital 
anomaly either isolated or associated with some 
syndromes. The bifurcation of the rib should not be 
mistaken for pedenculated osteochondroma (Figure 
13). In pedenculated osteochondroma, the base is 
small with a pedicle and a cartilaginous cap.

Figure 13: (a) Bifurcation of the rib, (b) Osteochondroma 
of the rib.

In the differential diagnosis of benign tumors, 
infection plays a major role which has an associated 

(g) (h)

(a) (b)

(a) (b)

(a) (b)
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soft tissue swelling. Among these, tuberculosis is 
more common. Radiologically there is a lysis of 
the affected area with a soft tissue swelling. The 
characteristic feature of the soft tissue swelling is the 
central necrotic area indicating abscess [25]. This is 

best demonstrated on CT. In chronic cases, there may 
be calcification (Figure 14). Tuberculosis of the chest 
wall constitutes 1-5% of all cases of musculoskeletal 
tuberculosis. There is hematogenous seeding 
without active pulmonary disease.

Figure 14: Tuberculosis, (a) Lytic area, (b) CT cold abscess, (c) Lytic rib with soft tissue swelling.

Primary pyogenic infection of the rib is rare. There is 
osteolysis with irregular areas of lucency associated 
with periosteal reaction as seen in osteomyelitis of 
any other bone [26] (Figure 15).

Figure 15a,b: Osteomyelitis of the rib with soft tissue 
swelling.

Fungal infections particularly actinomycosis Israeli 
may be occasionally encountered. The triad of 
characteristic features of actinomycosis involving 
of the rib includes pleura and lung parenchyma [27] 
(Figure 16). A sinus tract may be noted.

Parasitic infestation such as hydatid cyst may be 
encountered in the endemic area. A large expansile 
lesion with a lytic area is noted (Figure 17a). 
The lesion may be lobulated [28]. This is best 
demonstrated on CT (Figure 17b). Daughter cysts 
are also better demonstrated on CT.

Granulomatous lesions such as sarcoidosis and 
langerhans cell histiocytosis (LCH) may involve one 

or more ribs. Sarcoidosis of the ribs is extremely 
rare. LCH is relatively common and shows the same 
radiological features as seen elsewhere [29]. A lytic 
area with beveled edges with or without a soft tissue 
swelling is noted. Periosteal reaction is occasionally 
seen (Figure 18).

Figure 16: Actinomycosis involving the bone, soft tissues 
and lung parenchyma.

Figure 17a,b: Hydatid rib, (a) Conventional, (b) CT 
showing daughter cysts.

(a)

(a)

(b)

(b)

(c)

(a) (b)
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Figure 18a-c: LCH – lytic area with beveled edges and a soft tissue swelling.

Figure 19b: 
Monostotic FD 
– completely 
osteosclerotic.

Figure 19c: FD – 
expansile lytic area 
with ground glass 
appearance.

Melorheostosis is a developmental skeletal dysplasia 
where the new bone flows along the longitudinal 
diameter of the bone (Figure 20). It gives a melting 
wax appearance. Generally it involves multiple 
bones and is rare in the ribs. It is purely a sclerotic 
area without periosteal reaction [31]. Soft tissue 
involvement may be noted.

Figure 20a,b: Melorheostosis – flowing hyperostosis 
involving the vertebra and rib.

Fibrous dysplasia (FD)
Fibrous dysplasia is a developmental aberration. 
Osteoblasts fail to form and are replaced by immature 
bone with fibrous stroma [30]. It is a common 
skeletal dysplastic lesion. It may be monostotic or 
polyostotic. Albright syndrome consists of polyostotic 
dysplastic lesions generally symmetrical, cutaneous 
pigmentation and endocrinal abnormalities. 
Mazabraud syndrome consists of fibrous dysplasia 
associated with soft tissue myxoma. Focal fibrous 
dysplasia of the rib shows a well outlined elongated 
lytic area with multiple lucencies and irregular 
reactive bone (Figure 19a). However, it may be 
purely sclerotic (Figure 19b) and a cystic type also 
has been described (Figure 19c). Ground glass 
appearance of the matrix is seen with rare presence 
of calcifications. It may be focal or diffuse involving 
the entire rib.

Figure 19a: 
FD – Expansile 
ground glass 
appearance of 
the 1st rib.

(a) (b) (c)

(a) (b)
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conclusion
Primary tumors arising from the rib include benign 
and malignant. A number of benign tumors and their 
radiological characteristics are shown. Similarly 
included are primary malignant lesions of the rib. 
Differential diagnoses mainly for benign tumors are 
given including some rare entities. The illustrations 
mainly include conventional radiology but CT images 
are also added.
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