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Radiopaque jaw lesions are frequently encountered at radiography and 
computed tomography, but they are usually underevaluated or underde-
scribed in radiology reports. A systematic approach to the evaluation 
of radiopaque jaw lesions is necessary to diagnose the lesion or at least 
provide a meaningful differential diagnosis. To evaluate a radiopaque 
jaw lesion, the first, most important step is to categorize the lesion ac-
cording to its attenuation, its relationship to the teeth, and its location 
with respect to the tooth. These basic observations are essential to the 
evaluation of any type of jaw lesion. Once these observations have been 
made, it is easy to create a proper differential diagnosis. The presence of 
important characteristics, such as margination, a perilesional halo, bone 
expansion, and growth pattern, as well as whether the lesion is sclerotic, 
has ground-glass attenuation, or is mixed lytic and sclerotic, further 
narrows the differential diagnosis. It is important to note that some 
radiopaque jaw lesions may be entirely lucent early in their evolution. 
Awareness of the demographic distribution of these lesions and their 
associated clinical features, as well as the radiologic approach, is impor-
tant to explore the “terra incognita” of radiopaque jaw lesions. 

Introduction
For many radiologists, radiopaque jaw lesions are terra incognita—Latin for “un-
known land.” Jaw lesions that are predominantly radiolucent, such as periapical (ra-
dicular) cysts, follicular (dentigerous) cysts, keratocystic odontogenic tumors (previ-
ously known as odontogenic keratocysts), and ameloblastomas, are well described 
in the radiology literature. However, radiopaque jaw lesions have received less atten-
tion. In this article, we review benign odontogenic and nonodontogenic jaw lesions 
that may have a sclerotic, ground-glass, or mixed lytic and sclerotic imaging appear-
ance. Herein, the term ground-glass appearance refers to lesions with mostly relatively 
homogeneous, intermediate attenuation between that of normal cortical bone and 
soft tissue, an appearance that is analogous to the obturating surfaces of glass stop-
pers used in laboratory glassware.

Radiopaque Jaw Lesions: 
An Approach to the Dif-
ferential Diagnosis1

RadioGraphics 2012; 32:1909–1925 • Published online 10.1148/rg.327125003 • Content Codes:    
1From the Department of Radiology, Neuroradiology Section, University of Alabama at Birmingham, Birmingham, Ala (J.C., S.V.). Recipient of a Cum 
Laude award for an education exhibit at the 2010 RSNA Annual Meeting. Received January 5, 2012; revision requested February 22 and received 
February 29; accepted June 12. For this journal-based CME activity, the authors, editor, and reviewers have no relationships to disclose. Address cor-
respondence to R.S., High Tech Medical Park Outpatient Imaging, 11800 Southwest Hwy, Palos Heights, IL 60463 (e-mail: akhilritu@gmail.com).

©RSNA, 2012 • radiographics.rsna.org

ONLINE-ONLY 
CME

See www.rsna 
.org/education 

/search/RG

LEARNING 
OBJECTIVES
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activity, participants  

will be able to:

■■ Review the classi-
fication of jaw bone 
lesions on the basis 
of lesion attenua-
tion, margination, 
and the relationship 
of the lesion to the 
teeth.

■■ Identify the dif-
ferent sclerotic jaw 
lesions.

■■ Describe the 
characteristic imag-
ing features of the 
various sclerotic jaw 
lesions and their dif-
ferential diagnoses.
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Figure 1.  Various jaw lesions. (a–c) Axial computed tomographic (CT) images show jaw lesions (arrow) 
that demonstrate lysis (a), sclerosis (b), and ground-glass attenuation (c). (d) Axial CT image shows a 
mixed lytic (arrowhead) and sclerotic (arrow) lesion.

Approach to Image Interpre- 
tation in Patients with Jaw Lesions

The radiologic diagnosis of jaw lesions is in-
formed by imaging features such as attenuation, 
margination (a narrow or wide transition zone), 
and the relationship of the lesion to adjacent 
teeth. Although cystic jaw lesions are not dis-
cussed in this article, these basic observations are 
essential when analyzing any type of jaw lesion. 
The first question to be answered is whether 
a lesion is lytic, sclerotic, or mixed or if it has 
ground-glass attenuation (Fig 1).

The second question is whether the transition 
zone between clearly normal and clearly abnor-
mal bone is narrow or wide. Although it is usually 
used to help differentiate benign, slow-growing 
lesions (those with a narrow transition zone) 
from more aggressive lesions (those with a wide 
transition zone), the transition zone may also be 
used to differentiate lesions with otherwise simi-
lar appearances, such as ossifying fibromas and 
fibrous dysplasia.

The third question is whether the lesion is re-
lated to a tooth (ie, if is intimately associated with 
a single tooth and in a tooth-bearing area of the 
jaw). Tooth-related lesions commonly surround a 
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Figure 2.  The tooth bud. Illustration shows 
the three components of the tooth bud. The 
enamel organ (EO) arises from the ectoderm 
(ECT), which derives from the first branchial 
arch. Both the dental papilla (P) and the 
dental follicle (F) arise from ectomesen-
chyme (MES) originating from the neural 
crest. The orientation of jaw lesions with re-
spect to the teeth is influenced by the origin 
of their cellular constituents within or around 
the developing tooth bud.

component (eg, the crown or apex) of the tooth 
and are usually, but not always, odontogenic in 
origin. A tooth-related lesion may also arise or 
persist at the site of a congenitally absent or ex-
tracted tooth. Lesions that are clearly not tooth-
related usually indicate a lesion of osseous origin. 
Large nonodontogenic lesions may abut adja-
cent teeth, and it may be difficult to determine 
whether they are tooth related or not.

Teeth arise from an embryologic structure 
known as the tooth bud (Fig 2). The constituent 
cells of the tooth bud arise from the ectoderm 
of the first branchial arch and ectomesenchyme 
from the neural crest and organize into the three 
important generative components of the tooth 
anlage: the enamel organ, dental papilla, and 
dental follicle. The enamel organ arises from the 
branchial ectoderm and endomes the developing 
dental papilla. Ameloblasts develop within the 
enamel organ and elaborate the enamel that will 
cover the crown of the tooth. The dental papilla 
is of ectomesenchymal origin; odontoblasts that 
arise in dental papilla produce dentin, the domi-

nant “hard” component of the tooth. Other mes-
enchymal cells in the dental papilla form the neu-
rovascular structures of the dental pulp. The third 
component is the dental follicle, which also arises 
from ectomesenchymal precursors. The dental 
follicle surrounds the tooth bud and generates 
cementoblasts, which form dental cementum; 
osteoblasts, which form the alveolar bone; and 
fibroblasts, which form the periodontal ligaments 
that connect the cementum-covered dental apices 
(roots) to the adjacent alveolar bone. 

Tooth-associated lesions may be character-
ized as periapical (around the apex of the tooth), 
interapical (between apices of two adjacent 
teeth), or pericoronal (around the crown of the 
tooth). Pericoronal lesions may arise from the 
ectoderm-derived components of the enamel or-
gan (ameloblasts). Periapical lesions commonly 
arise from areas of endodontal or periodontal 
inflammatory disease or the ectomesoderm-
derived components of the dental papilla (odon-
toblasts) or follicle (cementoblasts, fibroblasts, 
and osteoblasts) (1).

Tooth-related  
Sclerotic Jaw Lesions

Cementoblastoma
If a lesion is periapical, the differential diagnosis 
includes cementoblastoma, cemento-osseous 
dysplasia, and condensing osteitis. If it is peri-
coronal, odontoma should be considered (Table 
1). Cementoblastoma, a rare benign periapical 

Table 1 
Sclerotic Lesions of the Jaw

Type Lesion

Tooth-related*

  Periapical Cementoblastoma, cemento-osse-
ous dysplasia, condensing osteitis

  Pericoronal Odontoma
Non–tooth-related†

  Nonexpansile Idiopathic osteosclerosis
  Expansile Osteoma
  Exophytic Exostoses, tori

*Tooth-related lesions are usually odontogenic. 
†Non–tooth-related lesions are usually related to a bone 
condition.



1912  November-December 2012	 radiographics.rsna.org

lesion, represents less than 1% of all odonto-
genic tumors. More than 75% of cementoblas-
tomas occur in the mandible; of those, 90% de-
velop in the molar or premolar region. Cement-
oblastomas are most common in children and 
young adults, with 50% occurring before age 
20 and 75% occurring before age 30. Although 
most cementoblastomas are associated with an 
erupted permanent tooth, they may occur near 
an impacted or unerupted tooth. At imaging, 
cementoblastomas appear as a periapical, scle-
rotic, sharply marginated lesion with a low-at-
tenuation halo. They directly fuse to the root of 
the tooth (Fig 3). Some cementoblastomas may 
fuse to more than one tooth root or invade the 
root canal and pulp chamber (2). Management 
of cementoblastomas typically involves complete 
removal of the associated tooth to reduce the 
likelihood of recurrence (3).

Cemento-osseous Dysplasia
Cemento-osseous dysplasia represents a hamar-
tomatous process that is usually associated with 
tooth apices. Its clinical forms vary, and the asso-
ciated terminology may be confusing. Periapical 
cemento-osseous dysplasia typically arises in the 
anterior mandible and involves one or only a few 
teeth. Another limited form that occurs in the 
posterior jaw and typically involves molar teeth 
is called focal cemento-osseous dysplasia. Florid 
cemento-osseous dysplasia typically involves two 
or more jaw quadrants (4). 

Cemento-osseous dysplasia has a strong 
gender and racial predisposition, with most le-
sions occurring in black women and women of 
Asian descent who are in the 4th or 5th decade 
of life. Only the focal variant is more commonly 

reported in white women. Cemento-osseous 
dysplasia usually produces no symptoms, but it 
may cause a dull ache. Florid cemento-osseous 
dysplasia may be complicated by osteomyelitis 
and drainage of necrotic bone debris into the oral 
cavity or to the skin surface through osteocutane-
ous sinus tracts. 

At imaging, lesions are initially lytic, with a 
mixed lytic and sclerotic appearance seen later, 
often with a central area of calcification. Early 
(lytic) lesions may be confused with periapical in-
flammatory lesions, such as cyst, granuloma, and 
abscess. However, in contradistinction to these 
inflammatory lesions, cemento-osseous dysplasia 
is typically associated with a vital, nonrestored 
tooth and an intact lamina dura and periodontal 
ligament, and a central area of calcification may 
be seen (5). Late cemento-osseous dysplasia le-
sions are periapical, sclerotic, and sharply mar-
ginated. A low-attenuation halo may be seen, 
but unlike cementoblastomas, cemento-osseous 
dysplasia lesions do not fuse directly to the tooth 
root (Figs 4, 5). Cemento-osseous dysplasia may 
occur in the tooth-bearing jaw after dental extrac-
tion, and when multiple lesions are present, ad-
jacent periapical lesions may coalesce. Cemento-
osseous dysplasia lesions may be expansile when 
associated with bone cysts or osteomyelitis (Fig 
6). The florid variant may involve the entire man-
dible (6). Both cementoblastoma and cemento-
osseous dysplasia are periapical, sclerotic, sharply 
marginated lesions with a low-attenuation halo. 
However, cementoblastoma occurs in children 
and young adults and fuses directly to the tooth 
root, whereas cemento-osseous dysplasia is more 
common among black women and women of 
Asian descent who are in the 4th or 5th decade of 
life and does not fuse to the tooth root.

Figure 3.  Cementoblastoma. 
Bite-wing radiograph obtained 
in an adult patient (a) and 
coronal CT image obtained 
in a 34-year-old woman (b) 
show a periapical sclerotic 
lesion with sharp margins and 
a lucent or low-attenuation 
halo (arrows) that is fused 
to the root of the tooth. Ce-
mentoblastoma arises in the 
molar or premolar region in 
90% of cases.



RG  •  Volume 32  Number 7	 Curé et al  1913

Figure 6.  Cemento-osseous dysplasia with osteomyelitis in a 40-year-old woman. Coronal reformatted 
(a) and volume-rendered (b) CT images show an expansile cemento-osseous dysplasia lesion with as-
sociated osteomyelitis. Arrow = sinus tract.

Figures 4, 5.  (4) Cemento-osseous dysplasia. 
(a) Three-dimensional volume-rendered CT im-
age shows multifocal periapical sclerotic lesions 
with sharp margins (arrows). Note the coales-
cence of adjacent lesions. (b) Coronal reformatted 
CT image shows a cemento-osseous dysplasia 
lesion (arrows), which does not fuse to the tooth 
root, unlike cementoblastoma. (5) Early cemento-
osseous dysplasia. Coronal CT image shows 
a low-attenuation periapical lesion with central 
calcification (arrows), a finding indicative of 
early cemento-osseous dysplasia and that may 
be confused with a periapical inflammatory le-
sion. However, periapical inflammatory lesions 
are unlikely in vital teeth (ie, with no caries or 
restoration).
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Figure 7.  Condensing osteitis in two patients. (a) Coronal CT image shows a poorly marginated non-
expansile sclerotic lesion (arrows), a finding indicative of condensing osteitis. The lesion is associated with 
a carious lesion (arrowhead). (b) Axial CT image obtained in a different patient shows two poorly mar-
ginated nonexpansile sclerotic lesions (arrows) associated with periapical inflammatory lesions, a finding 
indicative of condensing osteitis. 

Condensing Osteitis
Condensing osteitis occurs in children and young 
adults, usually in the premolar and molar areas 
of the mandible. It is a localized form of reactive 
osteitis and sclerosis that surrounds the apices 
of teeth with pulpitis or pulpal necrosis. The ad-
jacent tooth usually has a thickened periodontal 
ligament or periapical inflammatory lesion (eg, 
granuloma, cyst, or abscess). At imaging, con-
densing osteitis is seen as a periapical, poorly 
marginated, nonexpansile, sclerotic lesion associ-
ated with a carious tooth, and it may be uni- or 
multifocal (Fig 7) (7).

Odontomas
Odontomas are the most common odontogenic 
tumor. The result of a developmental anomaly 
(hamartoma), they may obstruct tooth eruption 
and are most commonly seen in children. Ap-
proximately one-half of all odontomas are associ-
ated with an impacted tooth, although they may 
develop before or after tooth eruption. At imag-
ing, odontomas are usually pericoronal, sharply 
marginated, and sclerotic, with a low-attenuation 
halo. They may be expansile or appear purely lu-
cent early in their evolution.

Odontomas are classified as simple, com-
pound, or complex. Simple odontomas appear 

as supernumerary teeth. Compound odontomas 
consist of multiple small toothlike structures 
called denticles and most commonly arise in the 
anterior maxilla. Complex odontomas appear as 
an amorphous hyperattenuating conglomerate 
mass of enamel and dentin, most commonly in 
the molar regions the jaws (Fig 8). A complex 
odontoma may be confused with an osteoma; the 
low-attenuation halo that surrounds odontoma 
may help differentiate these lesions (2,8). Occa-
sionally, odontoma is associated with dentigerous 
or calcifying odontogenic cysts (4).

Idiopathic Osteosclerosis
Idiopathic osteosclerosis is a focal solitary scle-
rotic lesion that arises in the late 1st or early 2nd 
decade of life. Its cause is unknown. It is asymp-
tomatic, is not associated with inflammation, and 
may remain static or demonstrate slow growth 
that usually stops when the patient reaches skel-
etal maturity. In 90% of patients it occurs in the 
mandible, usually near the first molar or second 
molar or premolar. At imaging, idiopathic os-
teosclerosis has sharp margins and is small and 
round or oval, sclerotic, periapical, and tooth 
related, occasionally with peripheral spiculation. 
In 20% of patients, it is not related to a tooth. 
Idiopathic ostersclerosis is not expansile and has 
no low-attenuation rim (Fig 9) (9,10). Some pa-
tients may have multiple lesions.
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Figure 9.  Idiopathic osteosclerosis in two patients. Axial (a) and sagittal reformatted (b) CT images 
show a sclerotic eccentric tooth-related lesion (arrow) with sharp, spiculated margins. No low-attneuation 
rim is seen.

Figure 8.  Odontoma in three patients.  
(a) Three-dimensional volume-rendered CT 
image obtained in a child shows several simple 
odontomas (arrows) that resemble supernumerary 
teeth. (b) Axial CT image shows multiple small 
toothlike structures (arrows), a finding indicative 
of a compound odontoma. (c) Sagittal reformat-
ted CT image shows a conglomerate mass of 
enamel and dentin surrounding the crown of the 
tooth (arrows), a finding indicative of a complex 
odontoma. A low-attenuation halo is also seen, 
a finding that may help differentiate compound 
odontoma from osteoma.
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Figure 10.  Osteoma in two patients. (a) Axial CT image shows a well-circumscribed sclerotic mass 
with smooth margins in the mandibular ramus (arrows). The mass is associated with mild bone expan-
sion. No low-attenuation halo is seen. In the absence of bone expansion, it may not be possible to dif-
ferentiate osteoma and idiopathic osteosclerosis. (b) Sagittal volume-rendered CT image obtained in 
a different patient shows an osteoma (arrowheads) in the posterior mandibular body and ramus with 
associated expansile simple bone cysts (arrows).

Sclerotic Non– 
Tooth-related Lesions

Osteomas
Sclerotic non–tooth-related lesions include ex-
pansile lesions, such as osteomas, and exophytic 
lesions, such as exostoses and tori. Osteomas are 
benign tumors composed of mature compact or 
cancellous bone. They most commonly arise in 
the craniofacial bones. The most common loca-
tion in the jaw is the posterior mandibular body 
or condyle. Multiple osteomas may be associated 
with Gardner syndrome (11). At imaging, osteo-
mas appear as a non–tooth-related circumscribed 
sclerotic mass. Bone expansion may be present. 
No perilesional halo is seen, and it may not be 
possible to differentiate osteomas from idiopathic 
osteosclerosis if no bone expansion is present. 
Osteomas may demonstrate exophytic growth, 
and they may be associated with simple bone 
cysts (Fig 10) (12).

Tori and Exostoses
Tori and exostoses are protuberances of dense 
cortical bone that most commonly arise in adults. 
Occasionally, they contain a small amount of 
marrow. They are covered by a thin poorly vas-
cularized mucosa and are characterized by slow 
growth that usually arrests spontaneously. Their 
cause is unclear, although genetic and environ-

mental influences may play a role. Tori and exos-
toses usually manifest with no symptoms, except 
in the case of trauma, and they may complicate 
denture fitting. Such lesions include buccal exos-
tosis, which arises from the buccal cortex of the 
maxilla; torus mandibularis, which arises above 
the mylohyoid line, along the lingual surface of 
the mandible; torus palatinus, which arises from 
the midline hard palate; and torus maxillarus, 
which arises from the lingual surface of the poste-
rior maxilla (Fig 11) (13).

Jaw Lesions with  
Ground-Glass Attenuation 

Ossifying Fibroma
Although lesions with ground-glass attenuation 
may contain lytic or sclerotic areas (depending on 
how evolved they are and the degree of mineraliza-
tion), they are characterized by dominant areas 
of ground-glass attenuation. Such lesions include 
ossifying fibroma, fibrous dysplasia, and renal os-
teodystrophy (Table 2). Ossifying fibroma includes 
the following subtypes: cementifying fibroma, 
cemento-ossifying fibroma, and juvenile ossify-
ing fibroma (including its psammomatoid and 
trabecular variants). Overall, ossifying fibroma is 
more common in women than in men, and it typi-
cally manifests with painless swelling around the 
mandible. The premolar and molar areas are most 
commonly affected. Although ossifying fibroma 
may occur in patients with a wide age range, its 
incidence peaks in the 3rd and 4th decades of life. 
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Ossifying fibroma is composed of fibrous tis-
sue, bone trabeculae, and cementum-like spher-
ules that arise from a single progenitor cell. In 
contradistinction to fibrous dysplasia, the bone 

spicules in ossifying fibroma are rimmed by os-
teoblasts. Because ossifying fibroma may occur 
outside the jaw, some contend that the cemen-
tum-like material found within some lesions rep-
resents a variant of bone rather than odontogenic 
products (ie, true cementum). These neoplasms 
have significant potential for centrifugal growth 
perpendicular to the long axis of bone. 

Juvenile ossifying fibroma, especially the tra-
becular form, is aggressive and destructive and 
most commonly occurs in boys younger than 15 
years old. It may arise in either the maxilla or 
mandible. The psammomatoid variant of juvenile 
ossifying fibroma predominantly involves the ex-
tragnathic craniofacial bones (eg, the periorbital, 
frontal, and ethmoid regions).

At imaging, ossifying fibroma typically ap-
pears as a solitary well-defined unilocular focally 
expansile lesion with sharp margins, ground-glass 

Figure 11.  Exostoses and tori. CT images 
obtained in three different patients show torus 
mandibularis (arrows in a), torus palatinus (ar-
rows in b), and torus maxillarus (arrows in c).

Table 2 
Jaw Lesions with Ground-Glass Attenuation

Type Lesion

Unifocal Ossifying fibroma*, monostotic 
fibrous dysplasia

Multifocal Florid cemento-osseous dysplasia, 
multiple ossifying fibromas, brown 
tumors (hyperparathyroidism)

Diffuse Renal osteodystrophy, fibrous dys-
plasia

*Ossifying fibroma may also manifest as a low-
attenuation non–tooth-related lesion with fuzzy 
margins.
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Figure 12.  Ossifying fibroma. Axial CT images obtained in two different patients show well-defined, 
focally expansile, sharply marginated lesions with predominantly ground-glass attenuation. The 
presence of a narrow zone of transition (arrows) helps differentiate ossifying fibroma from fibrous 
dysplasia.

attenuation, and no low-attenuation halo. Occa-
sionally, a sclerotic border may be seen. Ossifying 
fibroma typically appears radiolucent early in 
its evolution because it contains nonmineralized 
osteoid. Later, it becomes more radiopaque as 
the matrix becomes more mineralized. Areas of 
soft-tissue enhancement may be seen, and tooth 
displacement and erosion are common (Fig 12) 
(14,15).

Hyperparathyroidism–jaw tumor syndrome 
may be associated with multiple ossifying fibro-
mas, renal cysts, and Wilms tumors and results 
from mutation of the tumor suppressor gene 
HRPT2. Parathyroid adenomas or carcinomas 
may also arise in patients with hyperparathyroid-
ism–jaw tumor syndrome (16). 

Some radiopaque jaw lesions may be entirely 
radiolucent early in their evolution. For example, 
early cemento-osseous dysplasia may be confused 
with a periapical inflammatory lesion; however, 
cemento-osseous dysplasia is associated with a 
vital tooth with an intact lamina dura and can 
demonstrate a central area of calcification. Like-
wise, early ossifying fibromas may be radiolucent 
and become more radiopaque with maturation.

Fibrous Dysplasia
Fibrous dysplasia tends to expand along the lon-
gitudinal axis of the affected bone, which demon-
strates enlargement, with less focal alteration to its 
general shape than is typically seen with ossifying 
fibromas. Fibrous dysplasia is composed of cellular 
fibrous tissue and woven bone trabeculae, with no 

osteoblastic rimming (unlike ossifying fibroma). 
Activating missense mutations of the gene that 
encodes a subunit of the stimulatory G protein are 
consistently found in fibrous dysplasia lesions but 
not in other fibroosseous lesions (14). Tradition-
ally, it was believed that fibrous dysplasia becomes 
quiescent at skeletal maturity. However, enlarging 
fibrous dysplasia may be encountered in adults. 
The craniofacial region is the most common site 
of malignant degeneration of fibrous dysplasia. 
The native shape of the bone is usually maintained 
unless cystic changes predominate. Most craniofa-
cial fibrous dysplastic lesions are monostotic. 

There are three different types of polyostotic 
fibrous dysplasia that may affect multiple cra-
niofacial bones: craniofacial fibrous dysplasia, 
Lichtenstein-Jaffe fibrous dysplasia, and Albright 
syndrome. Craniofacial fibrous dysplasia only 
affects craniofacial bones. In the Lichtenstein-
Jaffe type of fibrous dysplasia, polyostotic disease 
affects both craniofacial and noncraniofacial 
bones. Patients may present with cutaneous café 
au lait spots and rare endocrinopathies. Albright 
syndrome is characterized by severe polyostotic 
fibrous dysplasia (mostly unilateral), cutaneous 
café au lait spots, and various endocrinopathies 
(typically in girls with precocious puberty) (17). 
In Mazabraud syndrome, fibrous dysplasia is as-
sociated with soft-tissue myxomas (14,18).

At imaging, fibrous dysplasia is seen as a het-
erogeneous lesion with ground-glass attenuation 
and a wide, ill-defined transition zone, a feature 
that helps differentiate it from ossifying fibroma 
(Figs 13, 14). Its cortex remains intact and is often 
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Figures 13, 14.  (13) Monostotic fibrous dyspla-
sia. (a) Axial CT image shows an expansile lesion 
with heterogeneous ground-glass attenuation. The 
transition zone that separates clearly normal bone 
from abnormal bone is wide and ill defined, and 
marked cortical thickening is seen along the lin-
gual mandibular cortex (arrows), a finding more 
commonly seen in fibrous dysplasia than ossifying 
fibroma. (b, c) Sagittal reformatted (b) and vol-
ume-rendered (c) CT images show that expansion 
of the lesion (arrows) is greater in the longitu-
dinal direction than in the transverse expansion. 
(14) Polyostotic (craniofacial) fibrous dysplasia. 
Sagittal reformatted (a) and volume-rendered (b) 
CT images show diffuse expansion of multiple 
facial and cranial bones, which demonstrate 
ground-glass attenuation, a finding indicative of 
fibrous dysplasia.
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Figure 15.  Renal osteodystrophy in a patient with 
chronic renal failure. Axial CT image shows an 
area of diffuse ground-glass attenuation and bone 
expansion involving the maxilla and mandible and a 
low-attenuation area in the right mandible (arrow). 
Although diffuse ground-glass attenuation similar 
to that in fibrous dysplasia is seen, the maxil-
lary cortex is nearly imperceptible in many places 
(rather than thickened), a finding indicative of renal 
osteodystrophy.

thickened and sclerotic. The dental lamina dura 
may be involved and altered to the fibrous dyspla-
sia pattern (a result of “field effect”).  The teeth 
are often nondisplaced, unlike in ossifying fibroma, 
and fibrous dysplasia often encroaches on the or-
bit, sinuses, and vascular and neural canals (19).

Both ossifying fibroma and fibrous dysplasia 
demonstrate ground-glass attenuation at imaging. 
The presence of a well-defined narrow transition 
zone differentiates ossifying fibroma from fibrous 
dysplasia, which has an ill-defined wide zone of 
transition. Other features that indicate fibrous 
dysplasia are a longitudinal growth pattern, non-
displaced teeth, and crossing of sutures. At patho-
logic examination, osteoblastic rimming is seen in 
ossifying fibroma but not fibrous dysplasia.

Renal Osteodystrophy
Craniofacial bone lesions may occur in patients 
with primary or secondary hyperparathyroid-
ism, but benign fibroosseous lesions are more 
common in patients with renal osteodystro-
phy, which affects 90% of patients undergo-
ing dialysis. Renal osteodystrophy comprises a 
spectrum of bone diseases caused by metabolic 
derangements that are associated with renal 

insufficiency and secondary hyperparathyroid-
ism (14,20). Patients with chronic renal failure 
develop secondary hyperparathyroidism with 
increased osteoclastic activity.

At imaging, early renal osteodystrophy is as-
sociated with replacement of normal trabeculation 
by areas of diffuse ground-glass attenuation and 
a loss of definition of the cortex, the lamina dura, 
and the wall of the inferior alveolar nerve canal, a 
pattern that mimics that of diffuse fibrous dyspla-
sia. The more advanced disease pattern known as 
osteitis fibrosa is characterized by mixed osteolysis 
and sclerosis and a more heterogeneous appear-
ance with bone resorption, osteoid production, 
and increased bone remodeling (Fig 15). In some 
patients, markedly expansile facial deformity is 
present, with macrognathia, cortical thickening, 
and protrusion and splaying of teeth, deformi-

Table 3 
Mixed Lytic and Sclerotic Lesions of the 
Jaw

Osteoradionecrosis
Bisphosphonate-related osteonecrosis
Mandibular osteomyelitis
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Figure 16.  Mandibular osteoradionecrosis in a patient with a history of radiation therapy. Axial (a) and 
coronal reformatted (b) CT images show sclerosis, loss of trabeculation, cortical interruptions, and areas 
of gas attenuation (white arrows) in the right mandible, findings consistent with osteoradionecrosis. More 
sclerotic necrotic bone (black arrow in a) is also seen.

ties that may not resolve after parathyroidectomy 
(14,21,22). Brown tumors (also known as osteitis 
fibrosa cystica) of hyperparathyroidism may be 
seen in patients with primary or secondary hyper-
parathyroidism and are often expansile and lytic, 
with proliferating osteoclasts and osteoblasts and 
multinucleated giant cells and reactive fibrous 
stroma, hypervascularity, and old hemorrhage.

Mixed Lytic and  
Sclerotic Jaw Lesions

Osteoradionecrosis
Mixed lytic and sclerotic jaw lesions, such as 
osteoradionecrosis, bisphosphonate-related os-
teonecrosis of the jaw, mandibular osteomyelitis, 
and primary chronic osteomyelitis, include com-
ponents at the opposite extremes of attenuation 
and may contain gas (Table 3). As many as 37% 
of patients who undergo radiation therapy to the 
head and neck develop bone necrosis secondary 
to hypoxia, hypovascularity, hypocellularity, and 
fibrosis (23). Osteoradionecrosis is rare in pa-
tients who receive a dose of less than 60 Gy. The 

mandible is involved more frequently than the 
maxilla, probably because of its less robust blood 
supply. The buccal cortex is more vulnerable than 
the lingual cortex, and the mandibular body is 
most commonly affected. The chin and angles of 
the mandible are spared, presumably because of 
its muscular insertions. At imaging, osteoradione-
crosis appears as an area of marked sclerosis with 
a loss of trabeculation in spongiosa, cortical in-
terruptions, bone fragmentation or sequestration, 
and areas of gas attenuation in bone with poorly 
marginated adjacent fluid collections or areas of 
soft-tissue attenuation (Fig 16) (24,25).

Bisphosphonate-related  
Osteonecrosis of the Jaw
Bisphosphonate-related osteonecrosis of the 
jaw (BRONJ) is associated with the use of oral 
or intravenous bisphosphonates to treat various 
bone conditions such as osteoporosis, multiple 
myeloma, metastasis, and Paget disease. Osteone-
crosis may be spontaneous; it commonly occurs 
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Figure 17.  BRONJ in two patients. Axial (a) and sagittal reformatted (b) CT images show symmet-
ric, poorly marginated, mixed sclerotic and lytic lesions throughout the mandible with multiple corti-
cal interruptions. The lesions are bilateral. An area of evolving sclerotic necrotic bone (arrow in b) is 
also seen.

in the mylohyoid ridge or is precipitated by a 
traumatic procedure such as tooth extraction or 
dental surgery. BRONJ should be considered in 
patients undergoing bisphosphonate therapy with 
findings of bone necrosis and no history of radia-
tion therapy. Bisphosphonates inhibit endothelial 
proliferation and interrupt intraosseous circula-
tion. The risk for osteonecrosis is higher with 
concurrent steroid therapy. BRONJ is typically 
painful, but some patients may be asymptomatic. 
Maxillary osteoradionecrosis and osteomyelitis 
are unusual because of the rich blood supply of 
the maxilla. BRONJ may also be associated with 
infection by Actinomyces organisms. At imaging, 
BRONJ is seen as a poorly marginated diffuse 
area of low attenuation with bilateral symmetric 
sclerosis (Fig 17) (26–28).

Mandibular Osteomyelitis
Osteomyelitis is much more common in the 
mandible than the maxilla, which is involved in 
only 1%–6% of cases because of its rich blood 
supply. Most patients with mandibular osteomy-
elitis have a history of antecedent dental caries 

or dental extractions. Other causes of osteomy-
elitis include dental or mandibular fractures, 
osteoradionecrosis and, rarely, hematogenous 
spread of infection.

Chronic osteomyelitis, which is characterized 
by a duration longer than 1 month, may be com-
plicated by sinuses, fistulae, osseous sequestra, or 
pathologic fractures. Risk factors for osteomyelitis 
include impaired immunity, as occurs in insulin-
dependent diabetes mellitus, alcoholism, and 
malnutrition; conditions that affect mandibular 
blood supply, such as sickle cell disease and col-
lagen vascular diseases and radiation therapy; and 
bone conditions, such as osteopetrosis. Imaging 
findings of mandibular osteomyelitis include cor-
tical interruption, sclerotic sequestra in low-at-
tenuation zones, periosteal new bone formation, 
and areas of gas attenuation (Fig 18) (29,30).

Proliferative periostitis is a lamellated pattern 
of periosteal new bone reaction that produces 
focal bone expansion (Fig 19). It most com-
monly occurs in children or young adults in 
the molar or premolar regions of the mandible. 
Underlying causes include dental caries with 
periapical inflammatory disease, periodontal in-
fection, fracture, and nonodontogenic infection. 
Periosteal proliferation is usually maximal along 
the inferior mandibular and buccal cortices. 
Most cases are unifocal (31).
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Figure 19.  Proliferative periostitis in a child. Axial (a) and volume-rendered (b) CT images show fo-
cal mandibular buccal cortical expansion by lamellated periosteal new bone formation (arrows). Actino-
mycosis was seen at pathologic analysis of biopsy specimens.

Figure 18.  Mandibular osteomyelitis in two pa-
tients. (a) Axial CT image shows sclerotic seques-
trum (arrow) with a surrounding low-attenuation 
zone and a sinus tract through the buccal lingual 
cortex (arrowhead). (b, c) Axial (b) and coro-
nal reformatted (c) CT images show cloaking 
periosteal new bone formation (arrows), a finding 
referred to as “onion skinning,” and sequestrum 
(arrowhead).



1924  November-December 2012	 radiographics.rsna.org

Primary Chronic Osteomyelitis
Primary chronic osteomyelitis is a nonsuppura-
tive inflammatory process; its cause is unknown 
(32). It has multiple names, including diffuse 
sclerosing osteomyelitis, chronic osteomyelitis 
with proliferative periostitis, periostitis ossifi-
cans, nonsuppurative osteomyelitis, and osteo-
myelitis sicca. Primary chronic osteomyelitis 
has no acute phase and manifests with insidious 
jaw swelling and normal mucosa. Its occurrence 
is unrelated to dentition status, and it peaks in 
childhood or early adolescence and after age 50. 
Absence of a fever and leukocytosis are charac-
teristic, and associated teeth are typically vital. 
At imaging, it may initially appear as a poorly 
marginated lesion with progressive sclerosis, 
scattered osteolysis, bone expansion, and an 
“onion skin” periosteal reaction. In chronic 
cases, diffuse sclerosis predominates, a finding 
that may cause it to be confused with fibrous 
dysplasia or Paget disease (Fig 20) (32).

Summary
Diagnosis of radiopaque jaw lesions may be ap-
proached by categorizing the lesion according to 
its appearance, relation to the teeth, and exact 
location with reference to the teeth. Most radi-
opaque jaw lesions have a characteristic imaging 
appearance. Awareness of the demographic distri-
bution of these lesions and their associated clini-
cal features, as well as the radiologic approach, 
is important to explore the “terra incognita” of 
radiopaque jaw lesions.
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Page 1910
The radiologic diagnosis of jaw lesions is informed by imaging features such as attenuation, margination 
(a narrow or wide transition zone), and the relationship of the lesion to adjacent teeth. Although cystic 
jaw lesions are not discussed in this article, these basic observations are essential when analyzing any type 
of jaw lesion.

Page 1912
Both cementoblastoma and cemento-osseous dysplasia are periapical, sclerotic, sharply marginated 
lesions with a low-attenuation halo. However, cementoblastoma occurs in children and young adults 
and fuses directly to the tooth root, whereas cemento-osseous dysplasia is more common among black 
women and women of Asian descent who are in the 4th or 5th decade of life and does not fuse to the 
tooth root.

Page 1916
No perilesional halo is seen, and it may not be possible to differentiate osteomas from idiopathic osteo-
sclerosis if no bone expansion is present.

Page 1918
Some radiopaque jaw lesions may be entirely radiolucent early in their evolution. For example, early 
cemento-osseous dysplasia may be confused with a periapical inflammatory lesion; however, cemento-os-
seous dysplasia is associated with a vital tooth with an intact lamina dura and can demonstrate a central 
area of calcification. Likewise, early ossifying fibromas may be radiolucent and become more radiopaque 
with maturation.

Page 1920
Both ossifying fibroma and fibrous dysplasia demonstrate ground-glass attenuation at imaging. The 
presence of a well-defined narrow transition zone differentiates ossifying fibroma from fibrous dysplasia, 
which has an ill-defined wide zone of transition. Other features that indicate fibrous dysplasia are a lon-
gitudinal growth pattern, nondisplaced teeth, and crossing of sutures. At pathologic examination, osteo-
blastic rimming is seen in ossifying fibroma but not fibrous dysplasia.


