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Abstract
This paper reviews the imaging appearance of be-
nign and malignant bone tumors of the maxillofacial 
region. A benign bone tumor commonly appears as a 
well circumscribed lesion. The matrix of the tumor may 
be calcified or sclerotic. Malignancies often display ag-
gressive characteristics such as cortical breakthrough, 
bone destruction, a permeative pattern and associated 
soft-tissue masses. Computed tomography scan is an 
excellent imaging modality for accurate localization of 
the lesion, characterization of the tumor matrix and 
detection of associated osseous changes such as bone 
remodeling, destruction or periosteal reaction. Magnetic 
resonance imaging is of limited value in the evaluation 
of maxillofacial bone tumors. 
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INTRODUCTION
A spectrum of  benign and malignant bone tumors may 
be seen in the maxillofacial region. Knowledge of  the 
pathologic features of  these tumors and how these fea-
tures are reflected in their imaging appearance is essential 
for diagnosis. Familiarity with the imaging appearance, 
common location, age and gender of  bone tumors of  
the maxillofacial region facilitates the diagnosis and helps 
radiologists to narrow the list of  differential diagnoses 
and allows for definitive diagnosis in some cases. Early 
diagnosis of  bone tumors is crucial in promoting ag-
gressive treatment, often allowing complications to be 
avoided[1-4]. 

Computed tomography (CT) is commonly used for 
imaging the maxillofacial region. A bone window al-
gorithm better delineates the details of  a bony lesion. 
CT scanning is sensitive for detecting calcified tumor 
matrix, bone changes and cortical destruction. Magnetic 
resonance (MR) imaging is not frequently used for the 
diagnosis of  bony maxillofacial lesions. Routine T2- and 
T1-weighted images and a post-contrast study may be 
used for the diagnosis of  soft tissue lesions with bony 
tumors[2-5].

Bone tumors of  the maxillofacial region may arise 
from osteogenic, chondrogenic, fibrogenic, vascular, 
hematopoietic and other elements of  the bone. Table 1 
shows the World Health Organization classification of  
benign and malignant bone tumors of  the maxillofacial 
region[6]. Table 2 shows the imaging appearance of  bone 
tumors of  the maxillofacial region.

The aim of  this article is to review the imaging fea-
tures of  bone tumors of  the maxillofacial region.
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BENIGN TUMOR 
Osteoma
Osteoma is the most common osseous tumor in the 
maxillofacial region. Osteoma is most commonly seen 
in the 5th to 6th decades of  life and the male-to-female 
ratio is 1.3:1. Osteoma occurs more commonly in the 
fronto-ethmoidal sinus and is rarely seen in the maxillary 
and sphenoid sinuses[2]. All osteomas contain three main 
components: compact bone (ivory), cancellous bone 
(trabeculae), and fibrous (spongy) tissue. Osteomas are 
named according to the dominant component. Compact 
osteomas most often involve the frontal sinus and grow 
gradually. Cancellous osteomas are located mostly in the 
maxillary and ethmoid sinuses and grow relatively quickly. 
Osteomas are slow growing benign tumors. Multiple cra-
niofacial osteomas may be a part of  Gardner syndrome. 
It is usually asymptomatic but may be associated with 
facial swelling, deformity, mucocele, proptosis, ocular 
disturbances and pneumocephalus[2,7]. Osteoma appears 
as a characteristic sharp, well delineated sclerotic lesion 
attached by a broad base or pedicle to the bone. Osteoma 
composed exclusively of  compact bone is radiodense 
(Figure 1), while those containing cancellous bone show 
evidence of  internal trabecular structure. CT multiplanar 
reconstructions allow the precise identification of  the site 
of  origin of  the lesion, to fully depict course and patency 
of  all sinus paths, and to correctly assess the integrity 
of  thin bony walls such as the lamina papyracea or the 
cribriform plate. Compact osteomas produce a complete 
signal void on all MR sequences, so they are often indis-
tinguishable from the surrounding air in the paranasal 
sinuses and are thus overlooked. Fibrous osteomas have 
low to absent signal intensity on all MR sequences[2,4,7,8].

Osteoid osteoma
Osteoid osteoma is a rare tumor in maxillofacial regions 
(with a few case reports in the ethmoid region) that af-
fects young males in the 2nd to 3rd decades of  life. It 
is a benign osteoblastic lesion characterized by varying 
intermixtures of  osteoid, newly formed bone, and highly 
vascular supporting osseous tissue (nidus) surrounded by 
a distinctive surrounding zone of  reactive bone forma-
tion. Osteoid osteoma appears on CT scan as a charac-
teristic radio-opaque lesion with a nidus (less than 1.5 cm 
in diameter) which has a radiolucent center surrounded 
by dense sclerosis. Occasionally, the nidus may have a 
radio-opaque calcified center with a surrounding radiolu-
cent area. The osteoid osteoma may even be completely 
sclerotic. MR appearance of  osteoid osteoma depends 
upon the amount of  calcification within the nidus, the 
size of  the fibrovascular zone and reactive sclerosis; so 
it may not be diagnostic. The mass demonstrates patchy 
enhancement[9].

Osteoblastoma
Osteoblastoma is typically seen in male patients during 

the 2nd decade of  life. It may be seen in the maxilla, eth-
moid, nasal cavity and orbit. It shows a marked amount 
of  osteoid tissue produced by osteoblasts. The osteo-
clasts are numerous and the background is highly vascu-
lar. Histologically, osteoblastoma show some similarity 
to osteoid osteoma, but they are larger without nidus or 
zonal architecture and show a stronger, more progres-
sive, occasionally even destructive growth; thus, they are 
sometimes called aggressive osteoblastoma. The patient 
presents with pain, facial swelling and asymmetry of  the 
face[4,10]. It is commonly seen as an expansile lytic lesion 
with cortical shell (Figure 2A), or it may show as mixed 
lytic and sclerotic or predominately sclerotic bone form-
ing a lesion. Ossification foci with ground glass appear-
ance, cloudy confluent mineralization in the central part 
of  the lesion (75%) may be seen. It exhibits intermediate 
to low signal intensity on T1-weighted images and high 
to low signal intensity on T2-weighted images depending 
upon the amount of  ossification. Areas of  mineralization 
appear as zones of  low signal intensity on T2-weighted 
images. It shows variable patterns of  contrast enhance-
ment[4,10,11] (Figure 2B and C). 
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Table 1  World Health Organization classification of benign 
and malignant bone tumors of the maxillofacial region[1]

Benign Malignant

Osteogenic Osteoma Osteosarcoma
Osteoid osteoma
Osteoblastoma

Chondrogenic Chondroblastoma Chondrosarcoma
Chondromyxoid fibroma
Chondroma
Osteochondroma

Fibrogenic Fibrous dysplasia Fibrosarcoma
Vascular Hemangioma Hemangioendothelioma
Hematopoietic - Plasmacytoma

Lymphoma
Others Giant cell tumor Chordoma

Aneurysmal bone cyst Ewing sarcoma
Meningioma

Figure 1  Compact Osteoma. Axial computed tomography scan of the para-
nasal sinus shows a pathognomonic dense sclerotic mass (arrow) in the frontal 
sinus. 
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Table 2  Computed tomography and magnetic resonance imaging appearance of bone tumors of the maxillofacial region

Incidence Computed tomography Magnetic resonance imaging

Osteoma 5th-6th decade Compact: dense sclerotic Compact: signal void
Cancellous: mixed densities Cancellous: low to absent signal
Sharp, well defined lesion attached by a broad base or 
pedicle to the bone

Osteoid osteoma 2nd-3rd decade Radio lucent nidus (< 1.5 cm) surrounded by dense 
sclerosis

Non specific signal intensity with patchy 
enhancement

Osteoblastoma 2nd decade Expansile lesion with cortical shell Non specific signal intensity
May mixed or sclerotic lesion

Chondroblastoma More than 30 yr Lytic lesion with central calcifications and peripheral 
thin cortical shell

Signal void regions of calcification

Chondromyxoid 
fibroma 

2nd-3rd decade Well-demarcated expansile lesion with multiple foci of 
calcification

Signal void regions of calcification

Chondroma Less than 50 yr Small polypoid mass with few discrete areas of 
calcifications

Non specific appearance

Osteochondroma 2nd-4th decade Mushroom shaped bony outgrowth with calcified 
cartilagenous cap 

Hypointense bony outgrowth with hyperintense 
cartilaginous cap

Fibrous dysplasia 1st-2nd decade Ground glass appearance (56%), sclerotic (23%) Variable signal intensity depends upon amount of 
fibrous and sclerotic regions

Lytic with sclerotic margins (21%)
Giant cell tumor 3rd-4th decade Expansile mass that tends to destroy and remodel the 

adjacent bone
Low signal on all sequences

Aneurysmal bone 
cyst

2nd decade Lytic expansile lesion with multi-locular "soap bubble" 
(honey comb) and may fluid–fluid levels 

Fluid fluid level with septal enhancement

Hemangioma 2nd decade Sunburst or spoke wheel pattern of radiating trabeculae Stippled appearance with intense enhancement
Meningioma 4th decade Osteoblastic or mixed sclerotic lesion Low signal on all sequences with intense 

enhancement
Osteosarcoma 3rd decade Commonly sclerotic lesion with calcified matrix and 

sunburst periosteal reaction or it may be mixed or 
lytic lesion

Signal void of calcification and new bone formation 
with heterogeneous contrast enhancement

Chondrosarcoma 4th-5th decade Bony destructive lesion with multiple punctate and 
stippled calcifications

T2WI: hyperintense areas (chondroid) and hypoin-
tense areas (calcified). Curvilinear enhancement

Ewing sarcoma 1st-2nd decade Destructive aggressive mass with mottled lucent areas 
and sclerosis and onion peal periosteal reaction

Non specific signal intensity with inhomogeneous 
enhancement

Fibrosarcoma 3rd-6th decade Destructive bony lesion, frequently associated with 
extra osseous soft tissue mass

Low to intermediate signal intensity with 
inhomogeneous enhancement

Hemangio-
endothelioma

2nd decade Multifocal lytic lesion or dense sclerotic lesion Tubular signal void structures with intense 
enhancement

Chordoma 4th decade Hypodense mass with irregular intratumoral 
calcifications (30%-50%) with bone destruction

Mixed signal intensity with inhomogeneous 
enhancement

Lymphoma 4th-7th decade Lytic, sclerotic or mixed lesions that may be associated 
with soft tissue mass

Non specific magnetic resonance imaging 
appearance

Plasmacytoma 4th-7th decade Well defined bony expansile lesion with intense 
enhancement

Low SI on T1-weighted images, high on T2-
weighted images with intense enhancement

Metastasis All ages Radiolucent lesion with cortical destruction. May 
sclerotic or mixed lytic and sclerotic

Non specific magnetic resonance imaging 
appearance

SI: Signal intensity

Chondroblastoma
Chondroblastoma is an extremely rare tumor of  the maxil-
lofacial region with few case reports. Eighty-three percent 
of  patients with skull chondroblastoma are more than 30 
years of  age, whereas 92% of  patients with chondroblas-
tomas in long bones are less than 30 years of  age[12]. It is 
more commonly seen in the sphenoid and ethmoid and 
rarely in the maxilla. The tumor is a locally aggressive, 
well-demarcated expansile lesion. The matrix of  the tu-
mor revealed chondroblast and areas of  calcification. CT 
scan confirms the lytic nature of  the lesion and shows 
areas of  calcifications in the center and the periphery of  
the tumor. Areas of  low signal intensity on T2-weighted 
images are secondary to chondroid matrix mineralization. 

Chondroblastoma of  the peripheral skeleton appears to 
show a different age predilection and characteristically is 
surrounded by striking peritumoral edema[12,13].

Chondromyxoid fibroma
Chondromyxoid fibroma of  the maxillofacial region is 
typically seen in patients in the 2nd-3rd decade of  life with 
slight female predominance. It is more commonly seen in 
the maxilla and is unusual in the sphenoid and ethmoid si-
nuses. The tumor is composed of  hypocellular chondroid 
or myxochondroid tissue with multinucleated giant cells. 
The CT findings of  chondromyxoid fibroma are non 
specific and almost always suggest a benign lesion. They 
typically have a lobulated outline with sharp margins, and 
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the majority has a sclerotic rim. The cortex of  the bone is 
usually thinned and expanded. In approximately 50% of  
cases, a portion of  the cortex may be absent. Up to one-
third of  cases show radiographic evidence of  soft tissue 
extension. The majority of  tumors have purely lucent ma-
trix. However, approximately 13% of  tumors show some 
discrete areas of  calcification (Figure 3). It exhibits low 
signal intensity on T2-weighted images due to chondroid 
and myxoid tissue with an inhomogeneous pattern of  en-
hancement[14,15]. 

Chondroma
Chondroma occurs in patients less than 50 years old of  
either gender. The most frequent sites of  occurrence 
are the nasal cavity (septum) and ethmoid air cells. It is 
a polypoid firm, smooth surface nodule measuring from 
0-5 to 2 cm and rarely greater than 3 cm. Histologically, it 
is a lobulated tumor composed of  chondrocytes, resem-
bling the normal histology of  the hyaline cartilage. The 
differentiation of  chondroma from a well-differentiated 
chondrosarcoma may at times be difficult if  not impos-
sible. It may be differentiated from chondrosarcoma by 
pathology. It shows discrete areas of  calcification on CT 

scan[5,16].

Osteochondroma
Osteochondroma is an extremely rare tumor of  the max-
illofacial region. The age of  incidence ranges between 10 
and 40 years, with most patients presenting in the 3rd de-
cade. The male to female ratio ranges from 1:1 to 2:1. It is 
located in the facial bones, nasal septum, sphenoid sinus, 
ethmoid cells and zygomatic arch. The reason for the rare 
occurrence of  osteochodroma in the maxillofacial skele-
ton is the intramembranous development of  these bones. 
It is a benign cartilage-capped osseous growth composed 
of  compact and cancellous bone. Osteochondromas are 
characterized by the presence of  a cartilage cap on top of  
the tumor; with time, cartilage tissues gradually undergo 
endochondral ossification and are replaced by bone. It 
may be multiple in patients with hereditary multiple ex-
ostoses[4]. Osteochondroma usually has a pathognomonic 
pedunculated mushroom shaped bony outgrowth with 
peripheral cortex and central cancellous bone that arises 
from the surface of  the bone. The cartilaginous cap may 
or may not be focally calcified. On MR imaging, it shows 
a peripheral rim of  low signal intensity of  the cortical 
bone and central high signal intensity within the cancel-
lous region. A thin hyperintense cartilagenous cap on T2-
weighted images may be seen[4,17].

Fibrous dysplasia
Fibrous dysplasia (FD) represents 2.5% of  all osseous 
and 7% of  all benign osseous neoplasms. The craniofa-
cial bones are the affected sites in 10%-25% of  patients 
with monostotic FD and in 50% of  patients with poly-
ostotic FD[18]. In addition, the craniofacial region may be 
affected by a form of  FD that is not restricted to a single 
bone, but may be confined to a single anatomical site. 
This type of  the disease has been termed craniofacial 
FD. In addition, FD may be a component of  McCune-
Albright syndrome or it may exhibit cherubism pheno-
type. The monostotic and polyostotic types are known to 
be related to mutations in the guanine nucleotide-binding 
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Figure 3  Chondromyxoid fibroma. Coronal computed tomography shows 
expanded mass in the sphenoid sinus with pathognomonic discrete areas of 
calcification (arrows).

A B C

Figure 2  Osteoblastoma. A: Coronal computed tomography shows a nonspecific expansile lesion (arrows) seen in the the right frontoethmoid air cells with extension 
into the right orbit. It shows ossific foci; B: Coronal T2-weighted image shows a well-defined mass (arrows) in the right ethmoid air cells with extension into the right 
orbit. It shows nonspecific intermediate to low signal intensity with signal void regions of calcifications and areas of high signal intensity; C: Axial contrast T1-weighted 
image shows inhomogeneous patterns of enhancement of the lesion (arrows).
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protein gene located on chromosome 20q and the cra-
niofacial subtype has not been localized to this chromo-
some. It is more commonly seen at the 1st to 2nd decade 
of  life at the floor of  the anterior cranial fossa[5,19]. It is 
located in the frontal bone (82%), sphenoid (71%), eth-
moid (68%), and maxillary (28%) bones. Histologically, 
FD consists of  varying amounts of  spindle cell bundles 
and trabeculae of  immature woven bone. There is re-
placement of  normal spongiosa and filling of  the medul-
lary cavity of  affected bones by an abnormal fibrous tis-
sue that contains trabeculae of  poorly calcified primitive 
bone formed by osseous metaplasia. It may be associated 
with aneurysmal bone cyst. Spontaneous malignant trans-
formation of  FD is estimated to occur in less than 1% 
of  cases, and osteosarcoma is the most common histo-
logical type, followed by fibrosarcoma, chondrosarcoma 
and malignant fibrohistiocytoma. These malignancies 
are most commonly found in the maxilla. Most reported 
cases of  malignant degeneration in FD have occurred 
after radiation therapy. 

The imaging appearance of  FD depends upon the 
amount of  fibrous and bony element. CT remains the 
‘‘gold-standard’’ imaging modality for FD, allowing 
characterization of  the three main imaging patterns of  
expanded bone. The cortical bone tends to remain intact, 
with the FD changes most often found in the medullary 
bone. The CT findings include: pathognomonic ground 
glass appearance with bone expansion and alternative ra-
diolucent and radiodensity areas (56%), sclerotic pattern 
with homogenous radiodensity (23%) and lytic appear-
ance with solitary round or oval, well-defined radiolucent 
with sclerotic margins (21%) (Figure 4). Sclerotic lesions 
are homogeneously dense, whereas cyst degeneration 
is the least common finding and is characterized by a 
spherical or ovoid lucency surrounded by a dense bony 
shell. On T1-weighted images, the signal intensity is 
usually low to intermediate depending on the ratio of  
fibrous tissue to mineralized matrix. On T2-weighted 
images, lesions with a highly mineralized matrix show 
low signal intensities, whereas lesions with high fibrous 
tissue content and cystic spaces return high signal inten-

sities. The lesion may enhance after contrast administra-
tion[5,18-21]. 

Cherubism is a rare autosomal-dominant disorder re-
sulting from different mutations to FD and is therefore a 
distinct entity at the molecular level. It occurs in children 
(2-5 years) and is more common in males. It commonly 
appears as a bilateral and symmetrical multilocular cystic 
swelling of  the mandible with expansion of  the maxilla 
and involvement of  the maxillary sinuses. The signal 
characteristics on MR imaging of  cherubism are non-
specific[22]. Cherubism has been reported in association 
with neurofibromatosis type 1 and Noonan-like/multiple 
giant-cell lesion syndrome[23]. 

Giant cell tumor
Giant cell tumors occur more commonly during the 3rd 
and 4th decades of  life and are more commonly lo-
cated in the sphenoid but rarely in the ethmoid bones 
and the maxilla. It is a benign, locally aggressive tumor 
characterized by osteoclast-like giant cells. Multicentric 
tumors with an aggressive course or malignant giant cell 
tumor with metastasis have been reported. There is a 
high recurrence rate (40%-60%) after resection[24]. Classi-
cally, the tumor destroys the bone and appears as a non-
specific rarified area, being a lytic lesion. Although fairly 
well circumscribed, some cystic changes, ballooning and 
perforation of  the bony cortex may be noted. The area 
of  destruction has a “soap bubble” appearance, with 
normal trabeculae and little reactive bone at the margin. 
On MR imaging, it shows fairly low signal intensity on all 
pulse sequences, and shows moderate to marked contrast 
enhancement[24,25].

Aneurysmal bone cyst
Aneurysmal bone cyst occurs more commonly in the 
2nd decade of  life and may be seen in the maxilla, eth-
moid, sphenoid bone and periorbital region. These cysts 
are composed of  blood-filled, anastomosing cavernous 
spaces, separated by cyst-like walls. The precise nature 
and histogenesis of  the aneurysmal bone cyst remains 
unclear. A primary type has to be differentiated from 
a secondary form; the latter develops on a preexisting 
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Figure 4  Fibrous dysplasia. Coronal computed tomography scan shows a 
well-defined expansile bony lesion involving the left maxilla with characteristic 
ground glass appearance.

Figure 5  Aneurysmal bone cyst. Axial T2-weighted image shows an expans-
ile multiloculated cystic lesion in the maxillary sinus with multiple septae.
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bone lesion such as giant cell tumor, osteoblastoma, or 
chondroblastoma in 1/3 of  patients[3,26]. It appears as 
an expansile, multi-locular “soap bubble” (honey comb) 
radio-lucency, causing expansion of  the bony cortex. It 
is surrounded by a marginal thin shell. MR imaging com-
monly shows cystic spaces with internal septa (Figure 5) 
and septal contrast enhancement. Fluid-fluid levels of  
varying intensities might be present and should not be 
considered diagnostic, as this finding might be present in 
giant cell tumor, telangiectatic osteosarcoma, and chon-
droblastoma[26,27].

Intraosseous (central) hemangioma
Intraosseous hemangioma can occur at any age with the 
peak incidence being in the 2nd decade of  life. An es-
timated 2:1 female to male ratio has been documented. 
These tumors occur more commonly in the maxilla and 
nasal bones and may be found in the orbit. It is a hamar-
toma with anomalous proliferation of  endothelial-lined 
vascular channels. Hemangiomas are classified into capil-
lary, cavernous and mixed sub-types, depending on the 
predominant type of  vascular channel. It is usually as-
ymptomatic. The characteristic “spoke-wheel”, “wagon-
wheel”, “corduroy” or “sunburst” appearance on CT 
scan arises from thickening of  pre-existing trabeculae, 
secondary to intramembranous bone affected by the 
vascular channels. T1-weighted images characteristically 
show hypointensity of  the lesion. T2-weighted images 
reveal heterogeneous hyperintensity within the lesion. 
A stippled appearance is seen in the tumor matrix. The 
tumor enhances, intensely or heterogeneously, after the 
administration of  contrast material[28,29]. 

Intraosseous (central) meningioma
Intra-osseous meningioma forms 1% of  all meningiomas 
that typically occur in the 4th decade of  life with female 
predominance. It is more commonly seen in the orbit 
and sphenoid ridge and rarely involved in the paranasal 
sinuses. It is more commonly seen as an osteoblastic or 
mixed sclerotic lesion. It shows a hyperostotic form that 
may be associated with inward bulging of  the inner table 
and surface irregularity of  the hyperostotic bone. CT is 
the investigation of  choice to detect the tumor, cortical 
destruction and both intra- and extra-osseous extension. 
At MR imaging, there is bone thickening that exhibits 
low signal intensity on all pulse sequences with intense 
contrast enhancement[30,31].

MALIGNANT TUMOR
Osteosarcoma
Fewer than 10% of  osteosarcomas arise in the cranio-
facial bones with most such tumors developing in the 
mandible and maxilla. Typically, the tumor affects males 
in the 3rd decade and one or two decades later in the 
appendicular skeleton. Osteosarcomas may involve the 
mandible or maxilla and rarely the ethmoid region. The 
most common sites of  involvement are the body of  the 

mandible and the alveolar ridge or the antral area of  the 
maxilla. The majority of  tumors arise within the med-
ullary cavity of  the affected bone with rare examples 
developing on the bony surfaces. It may be secondary to 
radiation, fibrous dysplasia, Paget disease, trauma, osteo-
myelitis, ossifying fibroma and giant cell tumor. Osteo-
sarcoma after radiation typically develops after a latency 
period of  5-10 years after doses in excess of  3000 Gy. 
These tumors characteristically occur at the edge of  the 
radiation field because the administered radiation is un-
able to cause cell death but is sufficient to induce malig-
nant transformation. Osteosarcoma can be classified on 
location into intramedullary, intracortical, periosteal and 
parosteal (surface) and extraosseous. It can be further 
categorized according to the prominent type of  matrix 
tissue observed microscopically such as osteoblastic, 
chondroblastic, fibroblastic, telengectatic and osteoclast-
rich types[32,33]. On CT, the tumor displays a spectrum 
of  bone changes from well demarcated borders, notably 
the low grade osteosarcoma (uncommon), to lytic bone 
destruction with indefinite margin and variable cortical 
bone erosion, to the ostoeblastic form, where the bone 
is sclerotic. The majority of  osteosarcomas have matrix 
mineralization, calcifications of  the osteoid or osteoid-
Iike substance within the tumor and some tumors show 
a sunburst effect caused by radiating mineralized tumor 
spiculae. Cortical breakthrough and interruption of  al-
veolar margin is common in advanced cases. On MR 
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A

B

Figure 6  Osteosarcoma. A: Axial computed tomography shows a rather ir-
regular characteristic spiculated mass in the left alveolar margin of the maxilla 
adjacent to the lateral pterygoid plate; B: Axial contrast T1-weighted image 
shows inhomogeneous enhancement of the mass with non-enhanced signal 
void regions of calcification (Courtesy of Castillo M).
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imaging, osteosarcoma is of  low to intermediate signal 
intensity on T1-weighted images and is of  high signal 
intensity on T2-weighted images. Calcifications and new 
bone formations appear as signal void regions within the 
lesion that show inhomogeneous patterns of  contrast 
enhancement[1,32-34] (Figure 6).

Chondrosarcoma
Craniofacial chondrosarcoma accounts for 2% of  all 
chondrosarcomas with a peak incidence during the 4th 
to 5th decades of  life and a male to female ratio of  2.4:1. 
It is seen in the skull base (common), maxilla and orbit 
(less common), and cartilage of  the nasal septum (rarely). 
Chrondosarcoma has been reported to develop in asso-
ciation with malignant conditions, such as osteosarcoma, 
fibrosarcoma, and leukemia, as well as benign conditions, 
such as Paget disease and fibrous dysplasia[35]. Histologi-
cally, chondrosarcoma of  the craniofacial region can be di-
vided into subtypes: the conventional subtype with myxoid 
and/or hyaline components, the aggressive mesenchymal 
and dedifferentiated subtype and the extremely rare clear 
cell subtype. The conventional type, which is the most 
common form, is slow growing, and rarely metastatic. On 
the other hand, mesenchymal chondrosarcoma is more ag-
gressive and tends to metastasize. They slowly increase in 
size, and the majority of  them are already extensive at the 
time of  diagnosis[36]. On CT scan, chondrosarcoma shows 
a soft tissue mass with characteristic multiple stippled and 
amorphous areas of  calcifications that may be associated 
with bone destruction and an inhomogeneous pattern of  
contrast enhancement (Figure 7). The signal intensity of  
the chondroid matrix is lower than bone matrix on T1-
weighted images. There are hyperintense areas (chondroid 
tissue) and hypointense areas (calcified regions) on T2-
weighted images. The tumor may show characteristic 
curvilinear septal enhancement of  fibrovascular tissue and 
non-ossified cartilage[1,35-37]. The development of  metas-
tases varies among studies and ratios of  metastases are 
between 14% and 90%, with the lungs being the preferred 
site. Regional cervical lymph node metastases are reported 

in not more than 5% of  all cases.

Ewing sarcoma
Craniofacial Ewing sarcoma accounts for 1%-4% of  
all Ewing sarcomas with peak incidence between 5 and  
20 years old in either sex, although it does have a predi-
cation for whites[38]. It may be seen in the orbital wall, 
sphenoid and maxilla. It is an aggressive, malignant, 
small round cell tumor of  bone. Because of  the intense 
vascularity of  the tumor, hemorrhage and necrosis are 
common. Marked tumor necrosis is considered a poor 
prognostic factor. The commonest sites of  metastases are 
the lungs and the skeleton that occur in the early course 
of  the disease. Ewing sarcomas appear as a destruc-
tive aggressive mass with mottled irregular lucent areas 
interposed with some sclerosis. The margin is diffuse 
with unsharp edges and extensive cortical destruction. 
It may be associated with perpendicular bony spicules 
and shows the characteristic onion peel appearance of  
periosteal reaction, and less often with a sunburst type of  
periosteal reaction. The tumor tends to metastasize early, 
often to multiple other bony sites and the lungs. On MR 
imaging, the tumor is heterogeneously hypointense on 
T1-weighted and heterogeneously hyperintense on T2-
weighted scans. On post-contrast T1-weighted images, 
the lesion shows heterogeneous signal increase with in-
ternal hypointense necrotic areas[1,39,40] (Figure 8).

Fibrosarcoma
Craniofacial fibrosarcoma is very rare and is seen in the 
3rd to 6th decades of  life with a slight male predomi-
nance. The infantile variant that is seen in patients less 
than 5 years has a better prognosis. It is rarely seen in 
the maxilla. It may be central (medullary) or peripheral 
(periosteal). It is a malignant tumor with variable fibrous 
intracellular substances devoid of  bone or cartilage for-
mation. On CT, fibrosarcoma is a destructive lesion of  
variable size, frequently associated with extra osseous soft 
tissue mass. On MR imaging, the tumor shows low or in-
termediate signal intensity on both T1- and T2-weighted 

Figure 8  Ewing Sarcoma. Axial contrast T1-weighted image shows a large 
destructive mass occupying the entire left maxillary sinus. The mass shows 
inhomogeneous non-specific pattern of contrast enhancement.

Figure 7  Chondrosarcoma. Axial computed tomography shows bulky mass in 
the nasal cavity and left maxillary sinus with characteristic stippled and amor-
phous areas of calcification (arrows). 
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images with an inhomogeneous pattern of  contrast en-
hancement[1,41].

Hemangioendothelioma
Hemangioendothelioma of  the maxillofacial region is a 
low-grade, malignant vascular tumor. Hemangioendo-
theliomas account for only 0.5% to 1.0% of  malignant 
primary bone tumors. Most of  them arise in the third 
decade and they are prone to occur in the maxillary sinus. 
Multifocality is present in 9%-14% of  cases. The tumor 
is often large and aggressive. Multifocal lytic lesions (hon-
eycomb appearance), aggressive bony destruction with 
expansion, dense sclerotic lesion and soft-tissue mass are 
seen on CT scan (Figure 9). There is a low to intermedi-
ate signal intensity on T1-weighted images and slightly 
high signal intensity on T2-weighted images. Tubular sig-
nal-void regions represent blood vessels that may be seen 
within the lesion. It shows moderate to marked contrast 
enhancement[42].

Chordoma
Chordoma forms 1% of  all intracranial tumors that are 
typically seen in male patients during the 4th decade of  
life. It is commonly located in the clivus and may extend 
into the sphenoid and maxillary sinus. It is a benign, lo-
cally invasive tumor. It appears as a hypodense mass with 
irregular intratumoral calcifications (30%-50%) that are 
associated with variable contrast enhancement and bone 
destruction. The tumor shows intermediate signal inten-
sity with areas of  high signal representing hemorrhage 
or high protein cystic areas on T1-weighted images. The 
lesion has relatively high signal intensity associated with 
areas of  low signal intensity that may be seen in the le-
sion that represents residual fragments or sequestrations 
of  bone on T2-weighted images. After contrast admin-
istration, it shows inhomogeneous patterns of  enhance-
ment[4,43,44].

Lymphoma
Lymphoma of  the maxillofacial region occurs over a 
broad age range (4th-7th decades) with slight male pre-

dominance. The vast majority are large B cell non-Hodg-
kin lymphomas. On CT scan, lymphoma can produce 
lytic, sclerotic or mixed lesions that may be associated 
with soft tissue mass. It appears as isointense to muscles 
on both T1- and T2-weighted images that are associated 
with soft tissue mass. The mass shows intense patterns 
of  contrast enhancement. Burkitt’s lymphoma is a special 
type that may be seen in Africans during the 1st decade 
of  life. It appears as an osteolytic lesion with periosteal 
reaction and perpendicular spicules of  new bone in the 
maxilla. An extra-osseous soft tissue mass may develop 
parallel with bone destruction[1,2,45].

Solitary intramedullary plasmacytoma
Plasma cell disorders are characterized by the accumula-
tion of  monoclonal plasma cells that produce the same 
immunoglobulin. Plasmacytomas are plasma cell tumors. 
They can occur as solitary tumors outside the bone mar-
row (solitary medullary (bone) plasmacytomas, solitary 
extramedullary plasmacytomas, but can also be associated 
with multiple myeloma. Solitary medullary plasmacytoma 
occurs more commonly in male patients between the 4th 
and 7th decades of  life. It may be seen in the sphenoid 
sinus and the maxilla. It is a fairly well defined expansile 
lesion with contrast enhancement. It exhibits low signal 
intensity on T1-weighted images and high or mixed signal 
intensity on T2-weighted images with marked contrast 
enhancement that may simulate meningioma[2,46].

Metastasis
Metastasis is uncommon in the maxillofacial region. The 
maxillary sinus is most frequently involved (33%) fol-
lowed by the sphenoid (22%), ethmoid (14%) and fron-
tal (9%) sinuses. In 22% of  cases, multiple sinuses are 
involved. The most common tumor sites to disseminate 
to this region are the kidney (40%), lung (9%), breast 
(8%), thyroid (8%) and prostate (7%). The remaining 
28% of  cases include multiple miscellaneous sites. In 
10-15% of  cases, the metastases are limited to the nasal 
cavity. Although the eventual outcome is usually poor, 
prognosis depends, in part, on whether the sinonasal 
metastasis is isolated or part of  widespread disseminated 
disease. Metastasis may appear as a localized, well-defined 
radiolucent lesion in a slow growing lesion, or it may be 
associated with cortical destruction in a highly aggres-
sive lesion, osteoblastic in breast cancer or mixed lytic 
or sclerosis in patients with prostate cancer. The tumor 
exhibits low signal intensity on T1-weighted images and 
high signal intensity on T2-weighted images that may be 
associated with an enhancing soft tissue mass[1,47,48]. 

CONCLUSION
We conclude that imaging plays an important role in the 
diagnosis of  bone tumors of  the maxillofacial region. CT 
scan is an excellent imaging modality for accurate local-
ization of  the lesion, characterization of  the tumor ma-
trix and detection of  associated osseous changes such as 

Figure 9  Hemangioendothelioma. Axial computed tomography shows a non-
specific sclerotic enhanced lesion related to the posterior part of the nasal sep-
tum on the right side (Courtesy of Castillo M).
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bone remodeling, destruction or periosteal reaction. CT 
scan is sufficient for the diagnosis of  most bone tumors 
of  the maxillofacial region. However, MR imaging is of  
limited value as bone tumors display a non-specific imag-
ing appearance. 
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