
Original Research

Endodontic Therapy

Submitted: Mar 03,2017 
Accepted for publication: Apr 27, 2017 
Last revision: May 21, 2017

Differential diagnosis and clinical 
management of periapical 
radiopaque/hyperdense jaw lesions

Abstract: Great attention has been given to the study of radiolucent 
periapical lesions to avert possible misdiagnosis of apical periodontitis 
associated with certain radiolucent non-endodontic lesions. However, 
there are a significant number of radiopaque lesions found in the 
periapical region, which could be equally relevant to endodontic practice. 
The diagnosis and management of these radiopaque/hyperdense 
lesions could be challenging to the endodontist. These bone alterations 
could be neoplastic, dysplastic or of metabolic origin. In the context 
of the more widespread use of cone-beam CT, a detailed review of 
radiopaque inflammatory and non-inflammatory lesions is timely and 
may aid clinicians perform a differential diagnosis of these lesions. 
Distinguishing between inflammatory and non-inflammatory lesions 
simplifies diagnosis and consequently aids in choosing the correct 
therapeutic regimen. This review discusses the literature regarding 
the clinical, radiographic, histological and management aspects 
of radiopaque/hyperdense lesions, and illustrates the differential 
diagnoses of these lesions.

Keywords: Periapical Peridodontitis; Diagnosis, Differential.

Introduction 

The decision‑making process for a therapeutic protocol in root canal 
infection must be based on an efficient diagnosis.1 Dental granuloma, 
radicular cyst and periapical abscess represent periapical changes 
of frequent occurrence.2 The progressive stages of inflammation and 
periapical bone structure resulting in resorption are identified as 
exhibiting radiolucency on radiographic exams.3 However, radiopaque 
lesions are also identified near the apex of the teeth and should receive 
attention, because they may be of endodontic or non-endodontic origin.4 
Osteoblastic and osteoclastic activity has been associated with low-grade 
chronic periapical inflammation.5

Imaging exams could produce essential information about margination, 
the relationship between the lesion and adjacent teeth, and the internal 
content of the lesion, especially in cases containing calcified deposits.6.Great 
attention has been given to the study of radiolucent periapical lesions 
to avert possible misdiagnosis of apical periodontitis (AP) associated 
with certain radiolucent non-endodontic lesions.4,7 However, there are 
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a significant number of radiopaque lesions that are 
found in the periapical region, which could be equally 
relevant to endodontic practice.8,9,10,11 

Endodontic diagnosis is dependent on clinical and 
radiographic examinations. Periapical radiographs 
and cone beam computed tomography (CBCT) images 
represent important exams in the detection and diagnosis 
of inflammatory, dysplastic and neoplastic periapical 
diseases.12,13,14 For many clinicians, the diagnosis and 
management of radiopaque/hyperdense lesions could 
be extremely challenging. In 1985, Bender and Mori 
discussed the diagnostic considerations of certain 
periapical and periodontal radiopacities of endodontic 
and periodontal origin.15 A detailed review of radiopaque 
inflammatory and non-inflammatory lesions could be 
opportune and aid the endodontist and clinician in 
carrying out a differential diagnosis of these lesions. 

This study reviewed the literature regarding the 
clinical, radiographic, histological and management 
aspects of radiopaque/hyperdense lesions, and 
discusses the differential diagnoses of these lesions. 

Methodology

In the present study, a search was performed in the 
PubMed online database to identify the available studies, 
reviews and case reports on radiopaque/hyperdense 
inflammatory and non-inflammatory lesions of 
the jaws, particularly those that could occur in the 
periapical region. The search included only articles 
in the following areas, published in English and 
in indexed dental or medical journals, addressing 
information concerning radiopaque lesions: etiology; 
clinical aspects; radiographic characteristics; histological 
characteristics; and management. An additional hand 
search was performed in the following journals: Journal 
of Endodontics; Oral Surgery, Oral Medicine, Oral 
Pathology, Oral Radiology; Oral Oncology; International 
Endodontic Journal; and Head and Neck Pathology. 
The selected articles were included only when judged 
to contain relevant and pertinent information by the 
authors of this study, representing different areas of 
dentistry (endodontics – CE and OAP; oral pathology 
– BSFS and RSG; oral radiology – MRB and FPYS; and 
oral medicine – FPYS). The World Health Organization 
(WHO) Classification of Head and Neck Tumours16 and 

the Oral and Maxillofacial Pathology textbook published 
by Neville et al.2 were included in this study due to their 
relevance in the area of oral pathology, and served as a 
parameter in cases of any divergence in the information 
collected in the selected articles or lack of pertinent 
information on certain diseases in the literature. A total 
of 22 entities were described in the pertinent literature 
(Table). Broadly, disease entities may be inflammatory, 
non-inflammatory, neoplastic and metabolic in nature. 
The following review details clinical and radiographic 
features of specific diseases in the four groups.

Results

Inflammatory lesions 

Reactional osteogenesis 
Reactional osteogenesis (RO) has been recently 

described as an asymptomatic, localized radiopaque 
lesion occurring in the maxillary sinus and associated 
to a molar apex compromised by secondary root canal 
infection. It is believed that RO is a response of the sinus 
mucosa to low-intensity and prolonged inflammatory 
aggression from an infected root canal, which results 
in the production of new bone on the superficial 
cortical of the maxillary sinus.12 RO is considered 
an incidental radiographic finding characterized as 
an ill-defined, dome-shaped, radiopaque thickening 
that resembles a retention pseudocyst in conventional 
radiographs. In CBCT images, this condition presents as 
a hyperdense, well-defined lesion, with a shape varying 
from irregular to round to ovoid (Figure 1, A–C). 
Except for the four cases described by Estrela et al.,12 
there are no other reports or epidemiological studies 
about this entity. In the study mentioned, all four cases 
were detected in female patients between the fifth 
and seventh decades of life. Histologically, reactional 
osteogenesis presents bone tissue with distinct stages of 
maturation, concentric layers of lamellae and organized 
haversian systems, and may also show mature tissue, 
marrow and inflammatory cell infiltrate. From a 
therapeutic point of view, the treatment should focus 
on eradicating the root canal infection responsible for 
the maxillary sinus inflammation, and on eliminating 
the bone reaction; however, if this does not resolve the 
apical infection, surgical treatment is recommended.
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Condensing osteitis (focal sclerosing 
osteomyelitis)

Condensing osteitis (CO), also known as focal 
sclerosing osteomyelitis, is an asymptomatic, 
pathological, persistent change in osseous structure 
presumed to be the response to a long-standing and 
low-grade inflammatory stimulus from an inflamed or 
necrotic pulp.17 CO appears in periapical radiographs 
as a diffuse radiopaque bone lesion in the alveolar 
process, primarily associated with a mandibular 
premolar or molar apex, or at a tooth extraction site. 
This condition is seen as affecting a tooth with clinical 
indications of pulp disease, such as deep caries or 
large restorations.18,19 CO eventually may emerge 
adjacent to radiolucent inflammatory periapical 
lesions (granuloma, cyst and abscess) (Figure 1, 
D), or in an enlarged periodontal ligament space6. 
In CBCT exams, CO is observed as an ill-defined 
non-expanding sclerotic image associated with an 
infected tooth (Figure 1, E). Despite the considerable 
variation in the epidemiology of CO presented in 
the literature, apparently, these lesions are detected 
more often between the third to seventh decades of 
life, with no distinction between male and female 
genders.20 Biopsy is not required for CO diagnosis, 
and its histological pattern has only recently been 
described. CO microscopically presents dense layers of 
compact bone replacing bone marrow and cancellous 
bone. Fibrosis and inflammation are occasionally 
seen in the bone marrow region.18 The diagnosis of 
condensing osteitis is based solely on clinical and 
radiographic characteristics, and the treatment of 
choice is root canal treatment.19 

Osteomyelitis of the jaw
Osteomyelitis is defined as an inflammatory 

condition of the medullary and cancellous portion of 
the bone, which spreads to the haversian systems and 
eventually comprises the periosteum of the affected 
area.20 Osteomyelitis predominantly affects the 
mandible, with just a small number of cases affecting 
the maxilla, probably due to its rich vascularity.6 
In most cases, odontogenic infection etiology is 
evident; however, in some cases, the causal factor of 
osteomyelitis is not recognizable.21 The significant 
clinical/pathological variability of osteomyelitis 

of the jaw has led to several classifications being 
proposed for this disease. Among all the stages of 
osteomyelitis described in this study, we focused 
particularly on describing those with the potential 
of inducing radiopaque changes in imaging exams.

Chronic osteomyelitis (COS) represents a bone 
infection that endures at least one month.22,23,24 Chronic 
osteomyelitis could present an unspecific cause, and 
varies clinically from an isolated disease limited to part 
of the mandible to a broader lesion comprising the entire 
hemi-mandible.23 Chronic osteomyelitis also presents 

Figure 1. Reactional osteogenesis: Cone beam computed 
tomography (CBCT) images showing a hyperdense irregularly 
shaped structure (arrow head) in the right maxillary sinus (A-B), 
associated with an inflammatory hypodense periapical lesion 
(arrow) (C). Condensing osteitis (CO): CBCT presenting a 
diffuse hyperdense lesion in the apex of a mandibular molar 
(arrowhead) (D), adjacent to an inflammatory periapical lesion 
(arrow) (E). Chronic osteomyelitis: CBCT views show a mixed 
hypodense/hyperdense lesion (F) with evident sclerotic changes 
(arrow head) in the periapical region of a mandibular right molar, 
and with the presence of an inflammatory hypodense periapical 
lesion (arrow) (G). Idiopathic osteosclerosis (IO): In CBCT 
images, it is observed as a hyperdense round lesion (arrowhead) 
located under the apex of an apparently non-infected tooth (H). 
IO lesion is clearly separated from the root of the adjacent tooth 
by a visible periodontal membrane (I). 
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variable symptomatic intensity, lasting from a few days 
to several weeks, and is sometimes accompanied by a 
variable jaw opening limitation. In this stage, the patient 
does not present fever, leukocytosis or suppuration, but 
merely a mandibular enlargement without evident soft 
tissue involvement. Chronic osteomyelitis affects all 
age groups; however, it has been observed in an initial 
incidence peak in adolescence, and in a second peak 
after 50 years of age. In some cases, chronic osteomyelitis 
infectious foci and suppuration are more evident, 
together with intra- and extraoral fistula formation and 
overlying soft tissue involvement. Chronic osteomyelitis 
could present sequestration and pathologic fractures 
at some stage.21 In chronic osteomyelitis, the imaging 
exams are important to rule out malignant tumors; 
however, biopsy is indicated when radiographs cannot 
confirm the inflammatory nature of the lesion.23 In its 
initial stages, chronic osteomyelitis shows a mixed 
radiolucent/radiopaque area with various degrees of 
periosteal reaction, and subperiosteal bone formation, 
usually followed by sclerotic changes in later stages 
(Figure 1, F–G).23 In acute osteomyelitis and chronic 
osteomyelitis, the therapeutic regimen consists of 
eradication of the causative microbial agent with 
administration of broad-spectrum antibiotics, surgical 
removal of infected teeth, surgical debridement of any 
infected bone, or sequestrectomy of any necrotic bone 
fragments26. Decortication of cortical plates to access 
the infected medullary bone, or surgical resection, 
is indicated in treating chronic refractory osteomyelitis.24

Osteomyelitis with proliferative periostitis (OSPP) 
is a kind of chronic osteomyelitis that presents an 
inflammatory reaction, which results in periosteal new 
bone formation. This condition has been described 
using several terms, including proliferative periostitis, 
periostitis ossificans, and Garre’s osteomyelitis. 
Although some studies have considered OSPP as 
synonymous to Garre’s osteomyelitis, the latter could 
be defined as acute osteomyelitis with inflammatory 
periosteal new bone formation. OSPP is associated with 
an odontogenic infection, usually of endodontic origin, 
and generally presents a localized, slow-growing 
swelling in the inferior border and buccal cortex of 
the mandible in the molar region.27 In radiographic 
exams, OSPP presents radiopaque concentric parallel 
layers of new bone deposition in the periosteal region 

(onion skin appearance) with no cortical perforation. 
Histological findings of all types of COS mainly consist 
of irregular, reactive woven bone, or sclerotic bone 
with occluded haversian systems and varying degrees 
of marrow fibrosis. Marked osteoblastic rimming 
and inflammatory cells (acute and chronic cells) 
may be present in chronic osteomyelitis specimens.23 
OSPP may be treated by removing the cause of the 
infection, which may involve endodontic treatment 
or surgical removal. In general, resolution of the 
infection promotes bone remodeling. If lamellar 
bone growth is extensive, surgical remodeling may 
be indicated.27 

Non-inflammatory lesions

Idiopathic osteosclerosis
Idiopathic osteosclerosis (IO) is an asymptomatic, 

nonexpansile, localized radiopaque lesion observed 
in the alveolar process in posterior regions without 
any obvious etiological agent.28 In terms of frequency, 
IO more frequently involves the periapical region of 
the lower first molar, followed by the mandibular 
first and second premolars.29 IO lesions may be 
observed as follows: superimposed over the root of 
a tooth, with a less visible periodontal membrane; 
underlying the apex of a tooth separated from 
the root, with a visible periodontal membrane; or 
separated from a tooth more closely to the inferior 
border.30 The radiographic characteristic of IO 
includes a well-defined bony radiopaque/hyperdense 
lesion, which could be manifest as a round, elliptical 
or irregular mass with a ground‑glass appearance 
(Figure 1, G–H).28, 31 The diagnosis of IO is frequently 
based on radiographic and clinical findings such 
as radiopaque areas located subjacent to apices of 
asymptomatic sound teeth, or with small restorations, 
without any other evident cause.30 A longstanding 
observational study indicated that this condition 
is very stable, and that there is no apparent need 
for any intervention either in IO or in the tooth 
near the lesion.28 Although biopsy is not needed, 
the microscopic picture of IO is characterized by a 
dense lamellar bone and small marrow channels 
without inflammatory cell infiltration. 
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Cemento-osseous dysplasia 
Cemento-osseous dysplasia (COD) is the most 

common fibro-osseous lesion found in the jaws. COD 
represents a group of benign lesions of unknown 
etiology characterized by the substitution of 
normal bone by fibrous tissue with newly formed 
mineralized structures.32 These lesions vary from 
completely radiolucent to radiopaque, depending 
on the maturational stage of the disease. COD 
has been divided into three subtypes based on its 
radiographic presentation: focal cemento-osseous 
dysplasia, periapical cemento-osseous dysplasia, 
and florid cemento-osseous dysplasia. Usually, the 
three subtypes of COD are accidental findings in 
routine radiographs.16 

Focal COD is an asymptomatic single lesion that 
usually occurs in the posterior quadrant of the jaw, 
either near the root of a tooth or in an edentulous area.18 
This lesion is more prevalent in the posterior mandible 
of females with a mean age between thirty and forty 
years. There is a relative predilection among black 
patients.33 Periapical COD is also an asymptomatic 
lesion that occurs adjacent to a tooth-bearing area 
associated with one or more vital mandibular anterior 
teeth. Usually, this condition affects middle-age 
females, and also has a strong predilection for black 
patients.34 When COD involves 2 or more quadrants 
of the jaw, this condition is called florid COD. Florid 
COD is a lesional tissue that usually affects the 
mandible bilaterally, and, in some instances, involves 
the maxilla, affecting middle-age black females. 
However other age, racial and gender groups may 
be affected.18 

In general, COD tends to present different 
radiographic phases that vary from an entirely 
radiolucent lesion to a mixed or radiopaque lesion 
near the apices of mandibular teeth, or at a tooth 
extraction site. The radiolucent lesions resemble 
periapical endodontic infections; however, the tooth 
responds positively to the pulp vitality tests. The mixed 
and radiopaque lesions are round in shape, with a 
well-defined radiolucent rim around the radiopaque 
areas, and with no evident signs of the lesions merging 
with the root of the tooth (Figure 2, A–D).18 

The histopathological characteristics of COD 
comprise the presence of varied patterns of calcified 

structures. In the early stage of COD formation, 
a vascular fibrous stroma with osteoid and some 
basophilic cementoid structures can be observed. 
In the later stages of the disease, the stroma becomes 
more fibrotic, and a more distinct osteoid trabeculae 
formation is observed with the presence of thicker 
curvilinear bony trabeculae, and possible occurrence 
of prominent cementoid masses. When the clinical 
and radiographic characteristics of COD are clearly 
identified, there is no need for biopsy or any surgical 
treatment.18 However, a periodic radiographic 

Figure 2.  Periapical cemento-osseous dysplasia (periapical 
COD): Panoramic images showing hyperdense round lesions 
in the periapical region of a mandibular anterior sound tooth 
(arrowhead) (A). Cross-sectional images showing periapical 
COD lesions markedly separated from the adjacent normal 
bone and also separated from the root of the anterior tooth 
(arrowhead) (B). Florid COD: In CBCT images, hyperdense 
multiple lesions are observed that involve the mandible 
bilaterally (arrow head) and bone sequestration in left mandible 
(arrow) (C). In (D), hyperdense elliptical lesions are seen clearly 
separated from the root of a mandibular tooth (arrowhead). 
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follow-up is needed to validate COD diagnosis34 
and also to prevent odontogenic infections in the 
teeth overlying any lesional tissue. Since COD is 
represented by an avascular and dysplastic bone, 
odontogenic infections could result in widespread 
contamination developing into osteomyelitis and 
bone sequestration (Figure 2, C).18 

Fibrous dysplasia
Fibrous dysplasia (FD) is a benign developmental 

disorder characterized by a dysplastic process of 
altered osteogenesis with subsequent substitution of 
normal bone by fibrous tissue that undergoes abnormal 
mineralization. Its pathogenesis is associated with 
a mutation of the gene that encodes the G protein 
alpha-subunit (Gs-alpha), disturbing the guanosine 
triphosphatase function and increasing levels of 
cyclic adenosine mono-phospate (cAMP), which 
stimulate endocrine receptors. It is believed that an 
increase in intracellular cAMP levels in bone marrow 
osteoprogenitor cells may affect the proliferation and 
differentiation of preosteoblasts18, 35. FD may present 
as a single bone lesion, known as the monostotic 
form, or multiple bone lesions, called the polyostotic 
form. The polyostotic form is less common and could 
be associated with McCunee-Albright’s Syndrome, 
characterized by hormonal changes, precocious puberty, 
skin pigmentation and other endocrine disturbances.36 
The monostotic form represents the majority of FD cases 
and could affect the craniofacial bones, including the 
maxilla and the mandible, considering that the maxilla 
is deemed the more often affected jaw site in comparison 
with the mandible. These lesions do not present gender 
or racial predilection, and are identified mainly as 
occurring in the first to third decades of life. Monostotic 
FD is clinically characterized as an asymptomatic 
bone swelling that could result in an expansion of the 
buccolingual and inferior cortical bone, obliteration of 
the maxillary sinus, root and tooth displacement, root 
resorption, dislocation of the inferior mandibular canal,35 
and malocclusion.37 Radiographically, FD could vary 
from radiolucent to an entirely radiopaque lesion, with 
the majority of cases presenting mixed and radiopaque 
images that merge into the normal bone margins, 
assuming a ground‑glass appearance (Figure 3, A and 
C). Additionally, conventional radiographs may show 

narrowing of periodontal ligament space and ill-defined 
lamina dura mixed with the lesional bone.2 Biopsy is 
needed to determine FD; however, the clinical and 
radiographic features, together with the microscopic 
characteristics, are essential for FD diagnosis.18 Because 
of the clinical and histological similarity of FD to 
some other benign fibro-osseous lesions, GNAS 
mutational analysis could be an important adjunct 
exam for its diagnosis.38

Figure 3. Fibrous dysplasia: CBCT views showing a 
homogeneous hyperdense lesion in the right maxilla 
merging into the normal bone margins, and having a 
ground‑glass appearance (A). Craniocaudal expansion and 
tooth displacement can also be observed (A). Histologically, 
FD presenting thin osteoid trabeculae with “Chinese‑figure” 
characteristics in a hypercellular fibroblastic stroma (B). 
In cross-sectional views, it is observed as a narrowing of 
periodontal ligament space and ill-defined lamina dura of 
the affected teeth (C). Central osteoma: Panoramic image 
shows a well-defined round hyperdense mass in the maxillary 
sinus, associated with the apex of a maxillary tooth (arrow 
head) (D). Histopathological examination revealing mature, 
compact and trabecular bones with sparse fibrous-adipose 
tissue (E). Cementoblastoma: CBCT images showing a 
well-defined hyperdense round lesion attached to the root 
of supernumerary mandibular tooth (arrow head) (F) with a 
surrounding hypodense rim (arrow) (G).
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Histopathological aspects of FD include marked 
osteogenesis represented by thin osteoid anastomosing 
trabeculae in a hypercellular fibroblastic stroma. 
A rim of osteoblasts could be observed adjacent to the 
trabecula. In advanced stages, the osteoid trabeculae 
thicken and assume “Chinese figure” characteristics 
(Figure 3, B). In most instances, the main modalities 
for managing FD cases are conservative surgical 
treatment involving cosmetic recontouring surgery, 
usually after the patient attains his full growth peak, 
and follow-up; however, new growth may occasionally 
occur, albeit slow. 2,18 

Benign neoplastic lesions

Osteoma
Osteoma is a benign neoplasm composed of mature 

bone structures with characteristics of cancellous or 
compact bone. Osteomas may occur throughout the 
skeleton and even in the epidermis, dermis39 and 
muscles.40 However, these tumors are more frequently 
found in craniofacial bones, including the mandible 
and maxilla. Apparently, three forms of osteoma have 
been documented: central osteoma, arising from the 
endosteum; peripheral osteoma, derived from the 
periosteum; and extraskeletal soft‑tissue osteoma. 
In cases of multiple osteomas of the jaws, Gardner ś 
Syndrome should be investigated. The majority of 
solitary cases involving the jawbones are of the peripheral 
type,41 predominantly affecting the posterior mandible 
and the condyle.5 Although the solitary central osteoma 
is rare, some of its characteristics are well described. 
It seems to be a persistent, slow‑growth expansive lesion 
more frequently found in the mandible, mainly in the 
premolar region, and may or may not be asymptomatic.41 
In some instances, central osteomas are not related to 
a tooth; however, there is evidence of central osteomas 
associated with root displacement or root resorption.42 
Central osteoma radiographically presents as a round 
radiopaque mass with well-defined borders, and with 
apparently no radiolucent halo between the lesion 
and the normal bone (Figure 3, D).5 The three types of 
osteomas present the same histological characteristics, 
comprising the presence of mature bone with compact 
lamella or/and trabecular bone with sparse channels 
of fibrovascular tissue (Figure 3, E).2

Because central osteoma resembles other bone 
lesions, the final diagnosis should be based on the 
association of the histological findings, radiographic 
findings and the presence of evident growth, expansion 
and displacement of the teeth.41 In suspected cases, 
biopsy is needed, and after the diagnosis is confirmed, 
surgical excision is recommended. Recurrences after 
surgical treatment are rare.42 

Osteoblastoma
Osteoblastomas are benign, slow-growing bone 

tumors that account for approximately 1% of all 
primary bone tumors.43 Most of these tumors are 
diagnosed in the second and third decades of life, 
and are frequently seen in the axial skeleton; the 
mandible is the second most common location. 
Although osteoblastomas are prevalent in the 
mandible, the maxilla may also be affected. In general, 
osteoblastomas are centrally located in the bone; 
however, some periosteal lesions have also been 
reported. Apparently, osteoblastomas have a male 
predilection; however, this gender preference could 
vary among different studies.44 These tumors may 
be asymptomatic, or may present significant pain, 
swelling, and tenderness. Osteoblastoma-related pain 
may or may not be alleviated by nonsteroidal drugs 
or salicylates. Radiographic findings of osteoblastoma 
include the presence of a solitary round or oval 
radiolucent lesion, with foci of radiopaque structures, 
and a demarcated sclerotic margin. Evident radiolucent 
rims are seen in mature lesions with the presence 
of dense radiopaque structures in the center of the 
lesion.41 Some of these tumors could be near the apex 
of the root of a tooth; however, there is no relation to 
pulp necrosis.44 It is postulated that osteoblastomas 
usually have a marked growth potential and are 
radiographically larger than 10.5 mm in diameter.43 
The histopathological characteristics of osteoblastoma 
include the presence of osteoid and bone trabeculae 
permeating a well-vascularized connective tissue 
stroma. The bone trabeculae and osteoid tissue are 
surrounded by a rim of plump osteoblasts with 
typical morphologic features. Various degrees of 
mineralization with evident basophilic reversal 
lines can be observed within the osteoid tissue. 
In suspected cases, mainly in enlarged and painful 
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lesions, incisional biopsy is necessary for diagnosis. 
After histopathological confirmation, surgical 
treatment is recommended. The surgical treatment 
of osteoblastomas could vary significantly accordingly 
their clinical behavior and location, varying from a 
surgical en bloc resection, which is the treatment of 
choice, to aggressive curettage in cases of tumors 
in tooth-bearing areas44. Some aggressive cases of 
osteoblastomas reported presented a potential for 
local invasion and tend to reoccur.45,46 

Osteoid osteoma
Osteoid osteoma (OO) is an uncommon benign 

bone tumor considered rare in the jaws.47 It occurs 
most frequently in the long bones, especially the 
proximal femur and tibia, and is usually diagnosed in 
the second and third decades of life, with male/female 
predilection at a ratio of 3 to 1.48 In the jaws, there is a 
slight predilection for OO occurrence in the mandible, 
with just two cases occurring in a tooth‑bearing area. 
Mohammed et al.47 reported an unusual case of OO 
associated with the apex of a mandibular second 
premolar and first molar. According to their report, 
there was a positive response of the associated teeth 
to the vitality tests. Tenderness and swelling may be 
present in craniofacial lesions, generally reaching 10–20 
mm in size. OO presents a lower growth potential in 
comparison with the osteoblastoma. These lesions 
are usually associated with severe pain that worsens 
at night, at which stage relief may be obtained by 
non-steroidal anti-inflammatory drugs.44 There is a 
hypothesis that the intensity of this pain is due to the 
rich vascularity of OO, which leads to innervation of the 
free nerve endings into the lesion, and the production 
of prostaglandins; this is why non-steroidal anti-
inflammatory drugs affecting prostaglandins could 
bring relief to OO‑associated pain.49 Radiographically, 
OO is characterized as a round lytic lesion with a 
central nidus less than 10 mm in size, surrounded by a 
sclerotic bony margin.44 Although OO could resemble 
cemento-osseous dysplasia, a biopsy is needed for its 
diagnosis, when bone expansion or pain are present.47 
The histological features of OO are very similar to those 
of the osteoblastoma, with the presence of osteoid, 
fused trabeculae within a vascularized stromal tissue, 
and a prominent rim of osteoblasts. Surgical excision 

is the treatment of choice,47 and its removal could 
include the affected teeth. In general, the prognosis 
of this condition is favorable, and recurrence is rare 
after surgical treatment. 

Cementoblastoma
Cementoblastoma is considered a rare benign 

odontogenic tumor of mesenchymal/ectomesenchymal 
origin. This tumor affects mainly adults in the 
second and third decades of life, and has no apparent 
gender predilection. Cementoblastoma occurs in 
connection with the root of a tooth, mainly in 
mandibular permanent first molars;50 however, it 
may be seen in other quadrants.51 Clinically, this 
condition presents pain and is also associated with 
swelling of the buccal and lingual aspects of the 
alveolar ridges. Although vitality tests may indicate 
that the affected tooth is vital, it could present pain 
to percussion52. Cementoblastoma radiographically 
presents as a round demarcated radiopaque mass 
surrounded by a thin radiolucent rim connected 
to a tooth (Figure 3, F-G). Additionally, this lesion 
could be associated with root resorption, root canal 
invasion, tooth displacement and obliteration of 
the periodontal ligament space.50 Microscopically, 
cementoblastoma presents dense masses of acellular 
cementum-like material with basophilic reversal lines 
in a fibrous stroma. The lesion mass merges with the 
root of the tooth.16

Biopsy is needed for diagnosis; however, 
correlation with the clinical and radiographic findings 
are crucial to enable the correct differentiation 
between cementoblastoma and other mineralized 
tumors. Surgical excision and tooth extraction are 
recommended because of the fusion of the lesion to 
the root cementum. Cementoblastoma usually has a 
low risk of recurrence.52 In early diagnosis, root canal 
therapy and apicectomy of the involved root may 
be considered with the intent of saving the tooth.53

Central ossifying fibroma
Central ossifying fibroma (COF) is a benign 

fibro-osseous lesion of neoplastic behavior; it is 
composed of fibrocellular tissue and mineralized 
material.16,54 COF arises in tooth-bearing areas, usually 
in the mandible, with the majority of cases presenting 
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swelling and cortical expansion. Ossifying fibroma 
(OF) usually is not associated with pain, and some 
cases are detected as incidental findings during 
routine radiographs.36 Conventional OF usually 
occurs in the second and fourth decades of life, with 
a reported predilection for the female gender.16 COF 
has two other variants that develop mainly in children 
and present a distinct histological pattern; for this 
reason, these variants are termed juvenile trabecular 
ossifying fibroma (JTOF) and juvenile psammomatoid 
ossifying fibroma (JPOF).36 Both variants present 
a predilection to occur in the craniofacial bones, 
especially in the paranasal sinuses and gnathic bones. 
In general, sinonasal presentation of juvenile OF 
involves an aggressive clinical behavior, rapid growth, 
significant bone expansion and a high tendency toward 
recurrence. Maxillary sinus lesions tend to extend 
into the paranasal sinuses and orbit, evidencing the 
mentioned aggressive clinical pattern of juvenile OF. 
Radiographic presentation of OF depends on the 
stage of maturity of the lesion. In an initial stage, 
OF may be represented radiographically by a round 
unilocular radiolucency with a well-defined border. 
Mature lesions could present a demarcated mixed 
radiolucent-radiopaque content, or be totally represented 
by a well-defined radiopaque mass.55 Cortical bone 
displacement, tooth displacement, and root resorption 
may occasionally be observed in OF.36 Ramos-Perez 
et al.56 presented a case of OF that was very similar to 
chronic apical periodontitis. In their case report, the 
lesion was observed in conventional radiographs as 
a well-defined unilocular radiolucent lesion located 
in the apical region of an endodontically treated 
mandibular right canine. It was suggested that OF could 
be considered as a differential diagnosis of unusual 
or persistent apical radiolucencies after adequate root 
canal treatment. The authors also reported that this 
resemblance of OF with apical periodontitis is very 
rare.56 The clinical and radiographic characteristics 
are essential for OF diagnosis. However, correlation 
between these characteristics and the histopathological 
presentation of the lesion must be made to ensure 
definite identification. Thus, biopsy is fundamental to 
diagnosis of OF.57 Histological exams of conventional 
OF show spindled fibroblast-like cells associated with 
the deposition of cementicles, osteoid and woven bone. 

A prominent osteoblastic rimming is often observed 
adjacent to this mineralized material. Fragments of 
a fibrous capsule can be seen in the periphery of the 
pathological specimen. Curettage and enucleation 
are recommended in cases of conventional OF, with 
low rates of recurrence reported after these surgical 
treatments. In juvenile OF, surgical resection may be 
the treatment of choice. In cases involving the sinuses, 
the lesions will be incompletely excised, leading to 
higher rates of recurrence.58

Odontoma
Odontoma is the most common odontogenic 

tumor-like malformation (hamartoma) with unknown 
etiology that involves the tooth-bearing areas of the 
jaws.16 These lesions exhibit a complete differentiation 
of both epithelial and mesenchymal odontogenic cells, 
and the presence of enamel, dentin, and occasionally 
cementum.59 Odontomas do not present gender 
predilection and are primarily detected in children 
and adolescents.16

Compound and complex odontomas are two 
different types of odontomas that can be distinguished 
by the level of their histologic development, and, 
consequently, the level of development of their 
mineralized content.59 Compound odontoma is 
represented by numerous tooth-like structures that 
are detected in the tooth-bearing areas of the jaws, 
mainly in the anterior maxilla. Complex odontoma 
is characterized as an amorphous calcification with 
dysplastic dentin covered by enamel, occurring 
in tooth-bearing areas, frequently in the posterior 
mandible.16,60 Clinically, these two types of odontomas 
are slow‑growing conditions that rarely present 
clinical signs and symptoms. Odontoma of the jaw 
is usually an incidental radiographic finding, some 
cases of which are identified during the investigation 
into the causes of a delayed tooth eruption.57 There 
are some reports of bone expansion related to 
large odontomas, and pain and swelling related to 
infected odontomas.61,62 In radiographs, compound 
odontomas show multiple radiopaque tooth-like 
structures surrounded by a thin radiolucent line 
demonstrating a clear separation from the adjacent 
bone (Figure 4, A–B). The size of these lesions usually 
varies between 10 and 20 mm in diameter. Complex 
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odontomas present a distinct radiographic pattern 
having an amorphous radiopaque structure with a fine 
radiopaque periphery surrounded by a radiolucent 
zone (Figure 4, C–D). Histologically, odontomas are 
composed of a capsule of connective tissue with 
strands or islands of odontogenic epithelium, a tubular 
dentin formation and an enamel matrix.16 Usually, 
odontomas are treated by local surgical excision, and 
recurrences are considered rare events.2

Calcifying cystic odontogenic tumor (calcifying 
odontogenic cyst)

Calcifying cystic odontogenic tumor (CCOT) 
is a rare benign odontogenic neoplasm that was 
reclassified in the last World Health Organization 
classification of odontogenic tumors (2005).16 CCOT was 
first described by Gorlin et al. in 1962,63 and hence is also 
known as the Gorlin cyst. This condition is identified 
mainly in the second and third decades of life, with no 
apparent gender predilection. CCOT can be found in 
the maxilla and mandible, with a predilection for the 
anterior region,64 especially in the incisor and canine 
regions.2 Clinically, this tumor usually is a painless, 
slow-growing lesion that may present bone expansion, 
and may be associated with an unerupted tooth, because 
of its occasional involvement with the crown of a 
tooth. In radiographic images, CCOT may be seen as a 
well-defined unilocular radiolucent lesion occasionally 
presenting as irregular radiopaque material with 
varying degrees of radiodensity, described as a salt 
and pepper pattern of flecks (Figure 4, E–F).64

 In some cases, CCOT can mimic apical periodontitis, 
presenting as a well-defined radiolucent round lesion 
in the periapical region. Unlike apical periodontitis, 
these lesions have no relation with pulp necrosis,65 but 
may be associated with an infected root canal.66 The 
multilocular appearance of CCOT was also reported; 
however, this is considered a very rare presentation 
of this tumor.16 CBCT can be an important aid in 
CCOT diagnosis, since the mineralized content of this 
tumor can be seen in CBCT exams in the periphery 
of the lesion.64 Biopsy is needed for CCOT diagnosis. 
The histopathological exam reveals a cyst wall 
composed of connective tissue and lined with thin 
odontogenic epithelial cells with ameloblastomatous 
features. These cells are frequently associated with 

the formation of ghost cells, and, in some areas, with 
the presence of calcification. Eosinophilic dentinoid 
or dysplastic dentin can be observed in some lesions. 
Enucleation of CCOT is recommended. There are just 
a few reports of recurrence in the current literature.16 

Figure 4.  Compound odontoma: CBCT showing multiple 
hyperdense tooth-like structures lateral to the maxillary anterior 
tooth (A). Tooth-like structures presenting a fine radiolucent line 
that demonstrates a clear separation from the normal bone 
(B). Complex odontoma: Presence of a hyperdense amorphous 
structure with a thin radiolucent peripheral zone adjacent to the 
left maxillary lateral incisor (C-D). Calcifying cystic odontogenic 
tumor (CCOT): Coronal views showing a hypodense unilocular 
lesion with irregular hyperdense calcified structures in the 
periphery (arrowhead) and an associated odontoma (arrow) 
(E). Histopathological evaluation showing a cyst wall lined 
by ameloblastomatous odontogenic epithelia (arrowhead) 
associated with the formation of eosinophilic ghost cells (arrow) 
(F). Adenomatoid odontogenic tumor (AOT): In CBCT images, 
a mixed hypodense/hyperdense lesion is noted between the 
roots of the maxillary second premolar and first molar (arrow 
head) (G). In cross-sectional views, a preserved periodontal 
ligament space of the related tooth can be seen. There are 
also heterogenous calcified deposits in the lesion center 
(arrowhead) (H). In a radiographic exam, a sclerotic to a 
mixed radiolucent/radiopaque image in posterior mandible 
is observed, associated with a parosteal osteogenic reaction 
“sunray pattern” (arrowhead) (I).
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C D

E F

G H I
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Adenomatoid odontogenic tumor
Adenomatoid odontogenic tumor (AOT) is 

a rare, benign and slow‑growing odontogenic 
tumor composed of odontogenic epithelium.16 AOT 
usually is asymptomatic and identified mainly in 
the second decade of life, with half of the cases 
occurring in teenage years, and there is a slight 
predilection for the female gender.67,68 This tumor 
is associated with symptoms ranging from discrete 
to more obvious swelling, tooth impaction or tooth 
displacement. There are three clinicopathologic 
variants: follicular, extrafollicular and peripheral 
AOT (extraosseous type). The follicular type is 
associated with the crown of an unerupted tooth, 
especially a maxillary canine. The extrafollicular 
type may be present in the periapical region of the 
anterior mandible, and sometimes tooth displacement 
is seen. In radiographic exams, initial AOT could 
be a well-defined unilocular radiolucency, which 
could be related to the crown or be present in the 
interradicular region of a tooth, lateral to the root, or 
in the apex area, mimicking apical periodontitis.67,68 
Despite the apparent similarity of this condition to 
apical periodontitis, AOT usually presents an intact 
periodontal ligament space and lamina dura, which 
could be a useful parameter, since inflammatory 
periapical lesions usually cause some periapical 
alterations.68 The presence of fine calcifications in 
the interior of the radiolucent lesion may be noted, 
depending on the amount of intralesional calcified 
deposits and the radiographic technique used (Figure 
4, G–H).14 In suspected cases, a biopsy is needed. 
Clinical, radiographic and histological correlation 
seems to benefit AOT diagnosis. Histologically, 
this tumor is composed of odontogenic epithelial 
cells with cuboidal or columnar features forming 
nests or rosette-like structures. Some of these 
tumors may be partly cystic with a solid part in 
the lining epithelium. Duct-like spaces, lined by 
a row of columnar cells with polarized nuclei, 
and amorphous nodules containing amyloid-like 
and calcified substances can be seen. Dysplastic 
structures or calcified osteodentin may be found 
in these lesions16. AOT should be treated with 
conservative surgical excision, and the prognosis 
is usually excellent.69 

Ameloblastic fibro-odontoma
Ameloblastic fibro-odontoma (AFO) is a rare 

slow-growing benign tumor that consists of 
odontogenic ectomesenchyme resembling dental 
papilla, and that contains epithelial strands and 
nests that resemble dental lamina, enamel organ, 
dentine and enamel.70 This tumor normally affects 
young patients, usually between 5 and 17 years old, 
with no apparent gender predilection. Clinically, 
AFO is a painless swelling which causes a delay in 
tooth eruption, displacement or even tooth loosening. 
This tumor usually affects the posterior mandible 
or posterior portion of the maxilla, and could cause 
an evident bony expansion in these regions.71 In 
conventional radiographs, AFO presents a well-defined 
radiolucent area containing variable sizes and forms 
of radiopaque material, affecting mainly the crown 
of an unerupted tooth or even the periapical region. 
The radiopaque material can be abundant, and AFO 
may be very similar to an odontoma. The diagnosis 
of AFO is based on histopathological specimen 
examination, which may reveal the presence of a 
cell-rich primitive ectomesenchyme resembling dental 
papilla, permeated cords, and nests of odontogenic 
epithelium with ameloblastic differentiation. The 
mesenchymal cells usually present a stellate or 
spindle-shaped appearance. Dentinoid and enamel 
matrix structures with different degrees of maturation 
can be observed in AFO specimens.72 Because of the 
rarity of this entity, there is no agreement about its 
treatment. Apparently, curettage of the involved 
tooth is adequate in treating small tumors. Curettage 
or enucleation could be indicated in treating large 
tumors, especially when the basal cortical bone can 
be preserved. Recurrence is not frequently reported.71

Malignant neoplastic lesions

Osteosarcoma
Osteosarcoma is a primary malignant bone 

tumor characterized by the production of osteoid 
or bone matrix. Osteosarcomas typically affect the 
long bones, with only 5% to 13% affecting the jaws. 
Maxilla and mandible are equally affected, with 
a predominance to occur in patients between the 
ages of 10 and 20 years, and a slight tendency to 
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occur in males.16 Paparella et al.73 presented some 
relevant features regarding osteosarcomas of the jaw. 
Osteosarcomas in the maxilla and mandible tend to 
occur one or two decades later than osteosarcomas of 
the long bones, and mandibular tumors occur more 
frequently in the molar region.73 Clinically, these 
lesions are characterized by an evident swelling 
of the affected area, with some cases associated 
with pain, loosening of teeth16,74 or paresthesia. 
Some patients with osteosarcoma have a history 
of increased tumor growth after tooth extraction,73 
or a history of preexisting conditions, including 
prior radiation, fibrous dysplasia, Paget’s disease 
and chronic osteomyelitis.16 In radiographic exams, 
osteosarcoma could reveal an image that varies from 
sclerotic to mixed radiolucent/radiopaque (Figure 4, 
I), considering that the density varies according to the 
degree of tumor differentiation, or the stage of the 
disease. Recently, a case of osteosarcoma very similar 
to benign cementoblastoma was reported, in which 
there was a well-defined high-density change in the 
alveolar ridge surrounding the root of a mandibular 
molar.8 Radiographic features of osteosarcomas are 
quite variable, and, in the initial stage of the tumor, 
a widened periodontal ligament could be the only 
radiographic sign of the lesion; however, there are some 
osteosarcomas associated with the loss of visualization 
of the periodontal space and the destruction of the 
cortical plate. A sunray pattern may be seen in the 
osteosarcoma, which could correspond to a parosteal 
osteogenic reaction to the spreading of the tumor;8,73,74 
however, this sign is not pathognomonic.73 The 
variable radiographic features of the osteosarcoma 
make histopathological examination essential for 
its diagnosis. Microscopically, osteosarcomas are 
categorized as osteoblastic, chondroblasts and 
fibroblastic subtypes. Osteoblastic osteosarcoma is 
composed of an osteoid surrounded by irregularly 
arranged fibroblast-like cells. A chondroblast subtype 
is represented by lobules of tumor cells with a feathery 
appearance and atypical chondrocytes in the lacunae. 
In fibroblastic osteosarcoma, spindle-shaped tumor 
cells can be seen arranged in a herring bone pattern, 
and areas of osteoid formation.2 There is no consensus 
about the treatment protocol for osteosarcoma of the 
jaw;73 however, surgical resection with tumor-free 

margins seems to be the main modality associated 
with better survival rates. The benefits of radiotherapy 
and chemotherapy for the treatment of osteosarcoma 
of the jaw are still controversial.75 Overall, the survival 
rates are significantly higher in osteosarcoma of the 
jaw, in comparison with its manifestation in long 
bones, and distant metastases are a less frequent event. 

Chondrosarcoma
Chondrosarcoma is a malignant disease with a 

cartilaginous formation that accounts for 10-20% of 
all primary malignant bone tumors, corresponding 
to one of the most common primary malignant bone 
tumors after osteosarcoma.76 Less than 1% of all 
chondrosarcomas affect the jaws. It is more common 
in males, usually in the fourth decade of life.2,4 
Clinically, chondrosarcoma of the jaw is represented 
by a slow‑growing painless swelling that occurs most 
commonly in the anterior portion of the maxilla and 
mandible, especially in symphysis, coronoid and 
condylar processes.76 The radiographic characteristics 
of the chondrosarcoma could vary from a complete 
osteolytic lesion to a poorly defined radiolucent area 
with calcified radiopaque foci. The calcified areas may 
have a mottled appearance with regions of varied 
density. This condition usually exhibits characteristics 
consistent with malignancy, especially in regard to 
its ill-defined borders. In cases of chondrosarcoma 
in tooth-bearing areas, just a widened periodontal 
space may be seen in the initial cases, mimicking 
periapical inflammatory conditions, and even an 
osteosarcoma.4,76 CT scan may be useful in evaluating 
tumor extension and analyzing cortical and soft tissue 
impairment.16 A histopathological exam is imperative 
for chondrosarcoma diagnosis, and a biopsy should be 
taken. Microscopically, conventional chondrosarcomas 
are classified as grade I, II or III, according to cell density 
and nuclear changes in neoplastic chondrocytes. These 
tumors are composed of round to oval cells in lacunae 
permeating a chondroid matrix exhibiting possible 
myxoid changes. Despite the histological variety of 
chondrosarcomas, the conventional and mesenchymal 
subtypes are considered most frequent in the jaws. 

Mesenchymal chondrosarcomas are represented 
by a mixture of hyaline cartilage and small round to 
oval cells commonly arranged in a pericytomatous 
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vascular configuration.16 Surgical resection with a wide 
tumor-free margin is considered the most effective 
treatment modality for this tumor. Radiotherapy 
and chemotherapy are usually used in treating 
high-grade cases; however, they do not seem to have 
any significant effect on survival rates.76 

Metabolism‑related lesions

Renal osteodystrophy
Renal osteodystrophy (osteitis fibrosis) is a bone 

pathology resulting from mineral and bone disorders 
from an end-stage renal disease in association with 
secondary hyperparathyroidism and calcitriol 
deficiency. These metabolic alterations give rise to a 
broad clinical syndrome that includes abnormalities of 
calcium, phosphorus, PTH and vitamin D metabolism, 
abnormalities in bone turnover and mineralization. 
Jaw involvement is relatively frequent, and reveals 
one of the earliest signs of the renal disease. Clinically, 
renal osteodystrophy is represented by a painless, 
diffuse or localized enlargement of the maxilla 
and mandible, radiographically characterized as 
a mixed radiolucent/radiopaque lesion, which 
presents an altered trabecular configuration. A 
diffuse ground-glass pattern and loss of lamina 
dura are also noted.77,78 Clinical, radiographic and 
histopathological findings used together are needed 
for renal osteodystrophy diagnosis. Histologically, 
this condition is composed of various‑sized trabeculae 
of woven bone, numerous osteoblasts on the bone 
surface, and a great number of osteoclastic resorption 
lacunae. Additionally, a prominent fibrous tissue 
around the trabecular woven bone can be seen. 
Surgical recontouring is the main choice for renal 
osteodystrophy management.77 Parathyroidectomy 
has also been described as a successful modality for 
treating renal osteodystrophy.79 

Discussion

The success of root canal treatment is determined 
by the absence of pain, absence or reduction of 
periapical lesions, and the reestablishment of tooth 
function. The diagnosis of periapical lesions is 
challenging in endodontic practice,1 because many 

of these lesions can mimic endodontic lesions, even 
when derived from different sources.6 

Inflammatory changes in the periapical bone 
structure could be a consequence of an infection of 
the root canal system, and the result of osteoclastic or 
osteoblastic activities. These alterations are identified 
in radiographic exams by the presence of radiolucent 
or radiopaque images.15 Likewise, such bone alterations 
may be present in lesions of inflammatory, neoplastic, 
dysplastic and metabolic origin.8,9,10,11,77,80 Although 
radiolucent lesions are more frequently associated with 
root canal infection, radiopaque ones are associated 
with equally doubtful causes, and deserve the same 
attention to prevent against misdiagnosis. 

Clinical aspects such pulp sensibility and vitality 
tests are typically helpful to determine if the periapical 
alterations are of inflammatory or non-inflammatory 
origin.81 In this scenario, a full clinical examination, 
associated with the clinical and radiographic aspects 
of the disease, is crucial for the diagnosis of periapical 
lesions. Although the lack of pulp response indicates that 
a periapical lesion may be of endodontic origin, there 
are cases in which this finding may coincide with the 
existence of a non-endodontic lesion. In such cases, when 
clinical and radiographic aspects seem to be insufficient 
in identifying the origin of a periapical lesion, biopsy 
followed by histopathological examination is required. 

CBCT is also an important aid in dentistry 
diagnosis,82,83,84,85 since it allows high accuracy in 
detecting periapical lesions, compared with periapical 
and panoramic radiography.85 The characteristics of 
CBCT and its map-reading strategy may enable a full 
examination of a multi-dimensional structure, and 
thus clarify the correct location of the periapical lesion, 
the bone resorption or bone formation characteristics, 
and the accuracy of the presence, absence or regression 
of the lesion.86

Conclusion

In summary, the endodontist must be familiarized 
with the diagnosis of radiolucent and radiopaque 
periapical lesions. Knowing how to distinguish 
between inflammatory and non-inflammatory lesions 
makes diagnosis quicker and ensures selection of the 
correct therapeutic regimen.
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