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Dental findings on face and neck imaging

Achados dentdrios nos exames de imagem da face e pescogo
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Abstract

Resumo

When it is necessary to evaluate dental structures, the typical method is to obtain intraoral or panoramic X-rays at specialized
dental clinics. However, in the daily practice of head and neck radiology, or even general radiology, it is common to encounter clini-
cal situations or examination findings related to dental problems that should not be ignored. Because such problems can often be
responsible for the clinical complaints of patients, this review aims to assist radiologists in identifying and describing common den-
tal conditions on computed tomography of paranasal sinuses, face, and neck. It is important for radiologists to have knowledge of
dental arch anatomy and its relationships with facial structures, as well as of major dental pathologies, including periapical sclerotic
lesions, odontogenic cysts, fistulas, and abscesses, together with knowledge of incidental findings without clinical repercussions,
which should be easily identified and stressed by the radiologist when necessary. The imaging methods most commonly used in
evaluation of paranasal sinuses and face are computed tomography and magnetic resonance imaging. Those methods allow radi-
ologists to recognize and become familiar with the main dental findings. The description of such findings by a radiologist can lead
to a change in treatment strategy.

Keywords: Dental arch/pathology; Periodontal diseases/diagnosis; Tomography, X-ray computed; Magnetic resonance imaging.

A avaliacao das estruturas dentarias, quando necessaria, € realizada na maioria das vezes com radiografias intraorais e panorami-
cas em clinicas radiolégicas especializadas em odontologia. No entanto, na pratica do radiologista de cabeca e pescogo e mesmo
do radiologista geral, € comum identificarem-se alteracoes odontologicas que ndao devem passar despercebidas. Este artigo de
revisdao tem como objetivo auxiliar o radiologista a identificar e descrever afec¢oes dentarias comuns e, muitas vezes, responsaveis
por frequentes queixas clinicas, nas tomografias computadorizadas de face e pescoco. O conhecimento da anatomia da arcada
dentaria, as relacdes com as estruturas da face, bem como o dominio das principais doengas odontolégicas, como caries, lesdes
escleroticas periapicais, cistos odontogénicos, fistulas, abscessos e outros achados incidentais sem repercussao clinica, devem
ser prontamente identificados e valorizados pelo radiologista. Os métodos de imagem mais comumente utilizados na avaliagao dos
seios paranasais e face sao a tomografia computadorizada e a ressonancia magnética. Esses exames possibilitam a identificacao
e familiaridade com os principais achados dentarios, que devem ser descritos para auxiliar na abordagem do paciente.

Unitermos: Arcada dentaria/patologia; Doencas periodontais/diagnostico; Tomografia computadorizada; Ressonancia magnética.

INTRODUCTION

the general radiologist identify the main dental patholo-

Imaging examinations play an important role in the
diagnosis and follow-up of disorders of the face and neck.
Even when requested for purposes other than that of ob-
taining a dental image, computed tomography (CT) and
magnetic resonance imaging (MRI) can contribute to the
incidental identification of such disorders.

Teeth are vital for the basic functions of eating and
speaking. When interpreting CT and MRI scans of the
head and neck, the radiologist can identify dental lesions,
thus preventing the progression of a disease and its com-
plications'").

This article aims to review the dental anatomy and
its relationships with the cervical spaces, in order to help
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gies that can be found in CT and MRI scans, discuss the
imaging findings that are essential for the diagnosis (and
differential diagnosis) of dental disorders, and identify any
associated complications.

ANATOMY OF THE ORAL AND DENTAL CAVITIES

It is fundamental for radiologists to be familiar with
the anatomy of the oral cavity to allow a detailed descrip-
tion of dental lesions and their relationship with adjacent
structures. The oral cavity is the ventral part of the aerodi-
gestive tract. Its main structures are the lips, anterior two
thirds of the tongue, oral mucosa, floor of the mouth, hard
palate, mandibular/maxillary alveoli (including the teeth),
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retromolar trigone (mucosa posterior to the third molar
that covers the ascending branch of the mandible), sublin-
gual space, and submandibular space'®. The anterior limit
is the lips, and the posterior limit is the virtual line that
passes through the circumvallate papillae, the anterior
tonsillar pillars, and the junction between the hard and
soft palate. The lateral walls are formed by the cheeks (ju-
gal or vestibular mucosa) and the retromolar trigones. The
superior limit is bounded by the hard palate and its lower
portion is composed of the floor of the mouth, which is
bounded by the mylohyoid muscle®. Knowledge of the re-
lationships that the teeth have with the structures of the
oral cavity and cervical spaces is essential for defining the
extent of a lesion (Figure 1).

The teeth are situated in the alveolar processes of
the maxilla and mandible. Each tooth has an internal lin-
gual surface and an external facial (buccal) surface. An
adult has 32 permanent teeth that are divided into four
quadrants (Figure 1). In each quadrant, from the central
teeth to the external teeth, in the maxilla as well as in the

mandible, there is one central incisor, a lateral incisor, a
(4)

canine, two premolars, and three molars
The dental crown is visible above the gum line, and the
alveolar component is known as the root or radicle (Figure

2A). The densely mineralized surface of the crown is called
the enamel, under which is the dentin, which is the larg-
est component of the tooth. The pulp is the central cham-
ber of the tooth, containing blood vessels and nerves, and
shows low attenuation on CT®®), The cement is the intra-
alveolar extension of the enamel (it protects the root) and is
connected to the maxilla by a fibrous periodontal ligament,
constituting a space for the potential dissemination of dis-
ease. To better characterize the pathological processes that
affect the tooth, it is important to know the tooth surfaces,
which are determined by the structures in contact with
them: labial (in contact with the labial mucosa); vestibular
(in contact with the buccal mucosa); lingual (in contact
with the tongue); and occlusal (the masticatory or chew-
ing surface of premolars and molars facing the antagonist
arch). In addition, each tooth has a mesial surface, which
faces toward the midline, and a distal surface, which faces
away from the midline®, as shown in Figure 2.

DENTAL ALTERATIONS ON IMAGING
EXAMINATIONS

Supernumerary teeth

The presence of extra teeth, a condition also known
as hyperdontia, is defined as the existence of an excessive

Figure 1. Tooth count and anatomical rela-
tionships between teeth. A: With adjacent
cervical spaces. B: With the floor of the
mouth. CS, carotid space; MS, masticatory
space; PS, parotid space; PpS, parapharyn-
geal space; PvS, prevertebral space; RS,
retropharyngeal space; GG, genioglossus
muscle; JM, jugal mucosa; MM, mylohyoid
muscle; SS, sublingual space; SM, sub-
mandibular space; LS, lingual septum.

A Enamel B

Crown—

Figure 2. Tooth anatomy. A: Schematic
drawing. B: Dental surfaces.
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number of teeth in relation to the normal permanent denti-
tion. These extra teeth can develop in the upper or lower
dental arch. If they are similar to the normal teeth, they are
called supernumerary teeth: a tooth located in the midline
between the two central incisors is known as a mesiodens; a
tooth that erupts ectopically in the premolar region is known
as a parapremolar; and a supernumerary molar posterior to
the third molar is known as a distomolar. A mesiodens is a
supernumerary tooth and should be distinguished from the
solitary median maxillary central incisor syndrome, char-
acterized by the presence of a single upper central incisor
that erupted precisely in the midline and is associated with
defects in the development of the midline (Figure 3). Su-
pernumerary teeth can cause alterations in adjacent teeth,

dental retention, or delayed/ectopic eruption'”.

Impacted teeth

Impaction is a pathology in which the tooth does not
reach its functional position. The tooth can be completely
or partially unerupted (intraosseous or subgingival) or

Figure 3. Axial (A) and coronal in maximum intensity projection (B) CT scans
showing dental supernumerary element impacted in the midline of the maxilla
between two central incisors—a mesiodens (red arrow)—which differs from
the single central incisor (blue arrow).
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positioned against another tooth, bone, or soft tissue, so
that its eruption is unlikely. In clinical practice, the most
common condition is an impacted third molar (Figure 4),
which can remain asymptomatic or promote the appear-
ance of other conditions, such as cavities, pericoronitis,
cysts, tumors, and radicular resorption of the tooth®?).
The report should detail the relationship of the impacted
tooth with the adjacent teeth—the mandibular canal infe-
riorly or the sinus floor superiorly (Figure 5).

Dental caries

Dental caries are caused by acids produced by bacte-
ria due to fermentation of carbohydrates, which results in
a drop in pH on the tooth surface. As a response to this
aggression, calcium and phosphate ions leach out of the
enamel, resulting in demineralization and erosion of the
dental surface reaching the dentin-enamel junction and

giving the characteristic aspect seen on imaging scans!1D),

Figure 4. Axial CT of the paranasal sinuses showing lower left third molar
(tooth 38) partially unerupted, impacted at the distal root of the second mo-
lar, showing cariogenic lesions (red arrows) together with signs of periodon-
titis (yellow arrow).

Figure 5. Sagittal CT of the paranasal sinuses showing the relationship
between the maxillary dental arch and the floor of the maxillary sinus (red
arrow), as well as the relationship between an impacted third molar (in the
mandibular dental arch) and the mandibular canal where the inferior alveolar
nerve passes (blue arrow).
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On CT, dental caries appear as rounded, focal, hy-
podense areas in the dentin, extending from the tooth sur-
face, generally in a mushroom shape, the “stalk” represent-
ed by a narrow channel through the enamel and the “cap”
represented by a larger region of demineralized dentin (Fig-
ure 4). Dental caries can be single or multiple and, when
severe, can be accompanied by periapical and periodontal
disease, culminating in tooth loss. On CT, occlusive caries
(those on the masticatory surface), are best visualized in
the sagittal and coronal planes, whereas proximal or non-
occlusive (vestibular, lingual, mesial, or distal) caries are
more easily identified in the axial and coronal planes!"!V.

Periodontal disease and periapical pathologies

Periodontal diseases occur as a function of inflam-
matory and immunological reactions in the periodontal
tissues induced by microorganisms in the dental biofilm
(bacterial plaque). Plaque damages the connective tissue
and the alveolar bone, destroying the periodontal liga-
ments. On CT, an increase of the periodontal ligament
space can be seen, as can bone loss between teeth and at
the furcations between roots'".

Apical periodontitis is a chronic inflammatory disor-
der of the periradicular tissues caused by etiologic agents
of endodontic origin, and it can also develop as a conse-
quence of a secondary infection subsequent to an end-
odontic procedure'’. It occurs around the dental apex,
where dynamic factors between bacterial agents and the
defenses of the host in the interface between the infected
radicular pulp and the periodontal ligament cause local
inflammation, resorption of hard tissues, destruction of
periapical tissue, and formation of different histopatho-
logical categories of apical periodontitis such as periapical
granuloma, periapical abscess, and periapical cyst—also
known as radicular cyst!!7!3, A granuloma is the product
of the formation of reactive granulation tissue, without an
accompanying infectious process, together with a thin fi-
brous capsule surrounding the periapical lesion!?.

A periapical cyst is a cavity lined with epithelium that
contains fluid or semisolid material and is commonly sur-
rounded by dense connective tissue and inflammatory in-
filtration. It can be difficult to distinguish between a peri-
apical cyst and a granuloma on imaging; the granuloma is
small with ill-defined margins, whereas the cyst is typically
larger with well-defined borders'"'?, On CT, most such
cysts appear as unilocular lesions in the periapical region,
are smaller than 1 ¢cm, are rounded or pear-shaped (Figure
6), and are delimited by a thin border of cortical bone. On
MRI, they present a hypointense signal on T1-weighted
images and a hyperintense signal on T2-weighted images,
with no enhancement on paramagnetic contrast-enhanced
images(l’”).

The term periapical abscess can be used when a gran-
uloma or cyst is infected with bacteria originating from the
necrotic pulp. An abscess is characterized by a rapid onset
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Figure 6. Coronal CT of the paranasal sinuses showing periapical disease with
the formation of a periapical cyst at the upper right canine (red arrow), which
presents signs of endodontic treatment (blue arrow).

of spontaneous pain, tooth sensitivity to pressure, the for-
mation of pus, and swelling of the adjacent soft tissues. In
the initial stages, there is pain to the extent that the pres-
sure accumulates in the bony alveolus. Perforation of the
cortical plate can result in accumulation of pus under the
periosteum. Perforation of the periosteum leads to drain-
age of the infected material into the adjacent soft tissues

or gingival mucosa, which results in a reduction in pain'".

Diseases secondary to dental disorders and their
complications

Oroantral fistula

An oroantral fistula is a connection between the
dental alveolus and the maxillary sinus and can form as
a complication of dental extraction, periodontal disease,
or endodontic disease. Due to the proximity of the roots
of the teeth to the maxillary sinus floor, bone erosion can
occasionally allow an infection to infiltrate the maxillary
antrum.

On CT, discontinuity of the maxillary sinus floor can
be identified and can be accompanied by mucosal thicken-
ing, with or without obliteration of the corresponding si-
nus. The dimensions of the bone defect should be includ-
ed in the radiological report!>!®), The routine evaluation
of the radicular apices and of periodontal integrity on CT
scans of the paranasal sinuses prevents these infectious
foci from being overlooked !V, To better characterize a
fistula, the puffed-cheek maneuver can be used during the
image acquisition; this entails asking patients to fill their
mouth with air during the scanning in order to distend
the oral cavity and separate the mouth mucosa from the
gingival mucosa, thus increasing accuracy in the location
of mucosal lesions and small abscesses. In the evaluation
of an oroantral fistula, using this maneuver can reveal the
passage of air from the oral cavity into the maxillary sinus
through the fistula?.
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Odontogenic sinusitis

Odontogenic disease is thought to be responsible for
10-12% of cases of maxillary sinusitis, especially when
unilateral (Figure 7). Periodontal disease doubles the risk
of developing maxillary sinusitis, due to the anatomical
proximity of the radicular apices to the maxillary sinuses.
Radicular apices are typically separated from the sinuses
by a distinct bony partition. In one third of the population,
however, that partition can be absent in the region of the
first and second molar, the maxillary antrum being sepa-
rated only by mucosa'$-2%,

Distinguishing between the sinusitis caused by ob-
struction of the ostia and odontogenic sinusitis is impor-
tant in determining the most appropriate treatment for
patients. Failure to identify odontogenic disease results in
recurrent sinusitis because the microorganisms related to
dental conditions are different from those isolated in cases
of non-odontogenic sinusitis. The combination of findings
related to periodontal and apical diseases, together with
the presence of a defect in the maxillary sinus floor, is
highly suggestive of a causal relationship and should be
clearly communicated in the radiological report'8-2),

Osteomyelitis

A dental infection in a context of inadequate treat-
ment can result in bone infection. Other potential sourc-
es of dissemination are fractures, particularly those not
recognized or healed, which expose the medullary cavity
to periodontal pathogens or pathogens from the oral cav-
ity. Acute suppurative odontogenic osteomyelitis gener-
ally does not demonstrate characteristic imaging findings,
whereas chronic osteomyelitis causes a great variety of
bone reactions?"*?), Osteomyelitis can become chronic if

Figure 7. Coronal CT of the paranasal sinuses showing a bone defect in the
floor of the left maxillary sinus (red arrow), which corresponds to an oroantral
fistula causing odontogenic sinusitis. Note also the radicular amputation of the
adjacent tooth (blue arrow).
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the initial infection is subclinical or goes untreated, evolv-
ing in some cases to cortical bone rarefaction, formation
of fistulous tracts, extraosseous abscesses, or subperios-
teal abscesses!""!"),

Findings of chronic osteomyelitis on CT are lytic
lesions (representing areas of osteonecrosis) and an ac-
cumulation of pus, surrounded by sclerosis of the bone
marrow. Vestibular or lingual cortical dehiscence can also
be seen, together with cortical thickening or a periosteal
reaction (Figure 8). In addition, there can be extensive in-
flammatory thickening of the adjacent soft tissues, mim-
icking a neoplasm‘!:?3,

Other frequent findings, in addition to peripheral
sclerosis and a mixed pattern of trabecular osteolysis, are
fragmentation with sequestration and expansion of sur-
rounding bone. On MRI, a marked hypointense signal is
seen on T1l-weighted images, with intense enhancement
on gadolinium contrast-enhanced images. Small abscesses
can restrict the diffusion of water molecules"¥.

Ludwig’s angina

Ludwig’s angina is a potentially life-threatening necro-
tizing acute cellulitis that involves the floor of the mouth.
Edema appears with rapid and progressive enlargement
of cervical soft parts, resulting in compression of the air-
ways. Although more than 90% of cases of Ludwig’s an-
gina are odontogenic, it can also result from penetrating
trauma?5-2%),

Ludwig’s angina is caused by aerobic and anaerobic
bacteria, with the most common being Streptococcus viri-
dans, Staphylococcus aureus, Fusobacterium nucleatum,
Peptostreptococcus spp., Enterobacter aerogenes, and B-
hemolytic streptococci of the genus Bacteroides?2°).

This condition mainly originates in the lower second
and third molars because their apices extend down to near
the mandibular insertion of the mylohyoid muscle (mylo-
hyoid line), which is responsible for acting as a barrier in

o P
Figure 8. Axial CT of the face showing a periosteal reaction in the right branch
of the mandible, together with bone sclerosis (red arrow). Note the areas of
erosion areas throughout the lingual cortex on the right (yellow arrow). Taken
together, these findings are suggestive of osteomyelitis.
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the oral cavity and for preventing infections from spread-
ing to the other cervical spaces™!"?!29), Depending on
the tooth affected, there is a predictable pattern of dissem-
ination in the cervical spaces. When infected, the lower
third molar drains into the submandibular space and the
other lower teeth drain into the sublingual space. In some
cases, the infection can extend to the mediastinum, result-
ing in mediastinitis"'", as depicted in Figure 9.

On CT and MRI, an inflammatory reaction is identi-
fied by the densification of adjacent fat and a change in
signal intensity, respectively, characterizing edema and
soft tissue enlargement. In a more advanced phase, a fluid
collection with peripheral enhancement can be identified,
characterizing an organized abscess. Although Ludwig’s
angina is uncommon, it is a clinical emergency. The radi-
ologist should evaluate the degree of airway involvement
and the extent of the inflammatory process in adjacent
structures, as well as locating the drainable abscess and
the odontogenic focus involved in the process!!"!1:212%
shown in Figure 10.

, as

Dental trauma

Traumatic dental injuries occur with great frequency

in children and young adults. Dislocations are the most

common in primary dentition, whereas crown fractures are
more common in permanent dentition. An appropriate di-
agnosis, as well as the appropriate planning and follow-up
of treatment, is essential to guarantee a favorable outcome.

Children who present to an emergency department with

facial fractures are likely to present dental injuries®"~2?)

Tooth fracture

Fractures affecting different segments of the tooth
have specific causes and findings, as described below (Fig-
ure 11):

¢ Crown — This would require a great impact to the
tooth, enough to break the enamel, the dentin, or both,
and possibly the pulp as well ?29),

® Root — This happens more in patients undergoing
endodontic treatment. Imaging characteristics are a ra-
diolucent line between the fragments, an abnormal shape

contour, and discontinuity of the root in the periodontal
ligament space®®.

¢ Alveolar process — This generally involves the lingual
surface, vestibular surface, or both. Most of these frac-
tures are accompanied by dental injuries that typically af-

fect the anterior teeth back to the premolars and are usu-

ally accompanied by dislocation®®.

Figure 9. Axial and sagittal CT scans
of the face and neck (A and B, re-
spectively) of a patient submitted to
extraction of lower right third molar
who evolved to the formation of an
odontogenic abscess (red arrow).
The fluid collection extended to the
masticatory space (blue arrow) and,
subsequently, to the remaining deep
cervical spaces (yellow arrows), to
the level of the mediastinum, caus-
ing mediastinitis. These findings are
compatible with Ludwig’s angina.

Figure 10. Contrast-enhanced axial
T1-weighted MRI sequence of the
face (A) and apparent diffusion co-
efficient map (B) showing extraction
(A) of the lower right second molar
(yellow arrow) with granulation tis-
sue and signs of alveolar inflam-
mation accompanied by a hetero-
geneous fluid collection showing
restricted diffusion (B), delineating
the planes of the floor of the mouth,
and extending to the base of the
tongue, causing narrowing of the
oropharyngeal air column (red ar-
rows).
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Figure 11. Axial CT of the face showing a longitudinal fracture of the upper
right first molar (red arrow) with signs of endodontic treatment (yellow arrows)
in some teeth. Note also the periapical disease in the upper left first molar
(blue arrow).

Dental dislocation

Dental dislocation is a general term that encompasses
various types of injuries such as concussion, subluxation,
intrusive or extrusive luxation, and lateral luxation or avul-

Figure 12. Sagittal and axial CT
scans of the face (A and B, respec-
tively) showing partial loss of the
crown with root intrusion in the up-
per left lateral incisor (A) and a hy-
podense halo around the root of the
upper left central incisor (B), with
anterior dislocation of that tooth,
suggestive of dislocation (yellow ar-
row), together with traces of fractures
in the alveolar process in the maxilla
between the central incisor and the
upper left lateral incisor (blue arrow).

Table 1—Types of dental dislocations.

sion, which is the complete dislocation of a tooth out of
its alveolus (Figure 12). The most affected structure is the
periodontal ligament space. The radiologist should identify
and report the different types of dental dislocations?”?®,

as detailed in Table 1.

DENTAL TREATMENTS
Root canal

A root canal is an endodontic technique to treat dead
or infected pulp in order to prevent and treat apical peri-
odontitis. It eliminates microorganisms and the necrotic
tissue by chemical and mechanical debridement with the
appropriate radicular filling to prevent reinfection. Once
the canals have been emptied and cleaned, they are filled in
with dental cement or, more commonly, with a compound
of zinc oxide and gutta-percha, a natural nontoxic latex
with antimicrobial properties. On CT, this material can be
seen as a hyperdense area within the dental pulp (Figure
11). The most common complications related to root canal
treatment include extravasation of material, dentoalveolar
abscess, pericementitis, and crown-root fracture!!3%,

Implants

Dental implants are used in order to replace absent
teeth and provide more stability than a removable pros-
thesis. Candidates for dental implants are evaluated pre-
surgery to determine if the alveolar process of the maxilla

Type of dislocation Description

Imaging finding

Concussion Inflammation of the periodontal ligament: increasing dental sensitivity to per-
cussion. There are no significant dislocations
Subluxation Lesion in the dental support structures, without dislocation

Intrusive luxation
(Figure 12A)

Dislocation of the tooth to within the alveolar process along the axis of the
tooth; considered complete when the tooth is completely encapsulated by sur-

No abnormalities; potential for the development of
pulpal necrosis over time

Widening of the periodontal ligament space

Reduction or absence of the radicular periodontal liga-
ment space

rounding tissues and partial when the tip of the crown is still visible

Extrusive luxation
(Figure 12B)

Lateral luxation
minuted fracture of the alveolar process

Avulsion

Partial dental dislocation to outside the alveolar process

Eccentric dislocation (in a non-craniocaudal direction) accompanied by a com-

Complete dislocation of the tooth to outside the alveolar space

Overall increase in the radicular periodontal ligament
space

Widening of the radicular periodontal ligament space

Tooth no longer within the alveolus

Radiol Bras. 2021 Mar/Abr;54(2):107-114
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or mandible can receive an implant. The thickness of the
alveolar bone is variable and edentulous regions suffer at-
rophy and bone resorption due to disuse. Occasionally, it
is necessary to have bone grafts to increase the amount of
available bone for the implants. Patients should also be
evaluated to determine the precise location of the man-
dibular canal (neurovascular bundle), maxillary sinuses,
and incisor foramen, so as to minimize the risk of compli-
cations®1733),

Dental implants are made of titanium and are fused
to the mandible through the growth of osteoblasts—a pro-
cess called osseointegration. The implant is inserted in the
edentulous area to provide anchoring for a dental prosthe-
sis. It has the shape of a cylinder or screw and functions
as the root of a tooth. There are two main types of im-
plants©®*3%). intraosseous implants, which are inserted sur-
gically directly into the bone; and subperiosteal implants,
which are made from a metal structure attached to the al-
veolar surface below the gum line. Another type of implant
is a zygomatic implant, which is used as an alternative to a
bone graft to rehabilitate the edentulous atrophic maxilla
or in cases of extensive bone defects in the maxilla®?.

CONCLUSION

The main dental disorders identifiable on CT and
MRI should be recognized and described by radiologists.
The identification of dental and periodontal diseases on
imaging scans has the potential to alter the management
of these cases and prevent complications such as sinus
diseases, chronic periodontitis, abscesses, nonunion frac-
tures, osteomyelitis, and oroantral fistulas. Early diagno-
sis, immediate dental referral if necessary, and the appro-
priate treatment of these patients are important to prevent
tooth loss and potentially life-threatening complications.
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