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Abstract

Purpose: The purpose of this study is to analyze the frequency and elevate the aware-
ness of the prevalence of nondental pathology in cone beam computed tomography
(CBCT) scans taken for implant placement treatment planning and postplacement
evaluation. The data from the CBCT should be read by an oral and maxillofacial ra-
diologist for proper diagnosis of dental and nondental pathology and referred to the
medical specialist for proper management when necessary.

Materials and methods: This retrospective study analyzed 1002 consecutive CBCT
scans taken at a single private practice noting the prevalence of nondental pathol-
ogy in CBCT images for all dental implant procedures. All scans were taken from
November 2007 to March 2020. One board certified oral and maxillofacial radiolo-
gist systemically read all scans and reported all findings in the maxilla and mandible,
condyles and TMJ, paranasal sinuses, nasal fossa, pharyngeal airway, skull base and
temporal bone, neck soft tissues, and cervical spine. The incidental findings, variation
of normal anatomy, or pathology reported in these structures were categorized based
on anatomic location and significance and the incidence was investigated.

Results: Pathologies ranged from innocuous sinusitis, to more serious atheroscle-
rotic calcification of the carotid arteries, narrowed airways, and neoplastic lesions.
Fifty-one different findings were noted, of which 36 were pathologies that required
referral or follow-up.

Conclusions: Incidental findings can be detected in CBCT scans for dental im-
plants. The clinician must be familiar with the radiographic diagnosis of head and
neck pathology, and/or must refer these images to an appropriate specialist for the
radiographic interpretation of the full volume.

The use of cone beam computed tomography (CBCT) in im-
plantology, oral surgery, periodontology, orthodontics, and en-
dodontics has greatly improved treatment success.'”” CBCT is
the scan of choice for implant treatment planning as it offers
greater measurement accuracy at lower radiation dosage, re-
duced scan time, and reduced artifacts compared to 2D and
conventional medical CT imaging.®'3 Failure to use CBCT
can result in inadequate treatment planning with a less pre-
dictable prognosis.'* CBCT has been advocated for ideal im-
plant orientation,’™!? and to locate vital structures such as the
antrum, the orbit, inferior alveolar nerve, mental foramen, an-
terior loop, and sinus septa.?’

The American Academy of Oral and Maxillofacial Radiol-
ogy (AAOMR) holds the position that CBCT volumes, regard-

less of clinical application, should be systematically evaluated
for signs of abnormalities.”! The prevalence of incidental find-
ings in radiographic imaging is high and differs within studies
based on sample size and population demographics.?>>3 In
the jaws, CBCT can identify findings such as osteosclero-
sis, periapical pathology, odontogenic and nonodontogenic
cysts, and malignant tumors. In the paranasal sinuses, it can
identify mucosal thickening, blocked ostiomeatal complex,
airway obstruction, antral communication, antral polyps,
retention pseudocysts, nasal polyposis, deviated nasal septum,
concha bullosa, tonsillar hypertrophy, and tonsilloliths. In the
condyles, CBCT can show joint remodeling, degenerative joint
disease, condylar hyperplasia, and bifid condyle. In the skull
base, it can show pineal gland calcification, pituitary gland
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Table 1 Categorization and reported prevalence of incidental findings of high potential clinical significance on CBCT according to anatomic location

Percent of total

Location Entity Total count patients
Jaws Cysts/benign tumors 6 0.60
Osteomyelitis/Osteonecrosis 5 0.50
Malignant tumors 3 0.30
Soft tissue mass/tumor 3 0.30
Leukemia could not be ruled 1 0.10
out
Nasal fossa/maxillary Soft tissue mass/tumor 2 0.20
sinus
Anterior nasal septal defect. 1 0.10
Clinical correlation is
indicated to rule out
\Wegeners granulomatosis
or substance use.
Skull base/neck Atherosclerotic calcifications 176 17.56
of the carotid arteries
Neck Soft tissue mass/tumor 2 0.20
Brain Pituitary gland calcification 1 0.10
Temporal bone/ear Cholesteatoma 4 0.40
Cervical Spine Vertebral body factures of C6 1 0.10
(severe), C7, and T1
Other Multiple myeloma 1 0.10
Rheumatoid arthritis 1 0.10
Calcifications/proliferations 10 1

requiring follow-up or
clinical correlation

calcification, and intracranial calcified carotid artery athero-
mas. In the cervical spine, it can show degenerative changes
of the cervical spine and herniation of intervertebral disc.
In the neck, it can reveal stylohyoid ligament calcification,
calcified thyroid/triticeous cartilage, and extracranial calci-
fied carotid artery atheromas. It can also show fractures and
proptosis.

Materials and methods

All one thousand two consecutive patients in a single private
practice that had a CBCT scan taken from November 2007 to
March 2020 were included in this retrospective study. Images
were initially taken using the iCAT imaging system (Imaging
Sciences International, Hatfield, PA) until December 2017. The
field of view was 22 cm in height and the width of the sensor is
16 cm. Subsequently, the Vatech Green CT PAX i3D (Vatech
Co., Ltd., Hwaesong-Si, Korea) was used from December 2017
until March 2020 using the configuration 95KVP 5.7MA 150
mm X 150 mm (Diameter x Height).

CBCT scans were taken for three reasons: (1) digital treat-
ment planning for implant placement, (2) further evaluation of
a finding from conventional panoramic and cephalometric ra-
diographs, or (3) postoperative follow up care as needed

The CBCT images were reviewed by the authors on com-
puter screens with Anatomage Invivo software (Anatomage
US, Santa Clara, CA) or i-CAT Vision Software (Imaging Sci-
ences International, Hatfield, PA). A standardized report was
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generated by the oral maxillofacial radiologist for each scan,
with an analysis of visible head and neck pathology. From
these radiology reports, data was reviewed for this study. Pa-
tients with serious pathology requiring further medical atten-
tion were referred to the appropriate medical specialist. None
of the reports from the radiologist were excluded from this
study. Dental-specific data (ex: atrophic maxilla or mandible,
missing teeth, root fractures, etc.) was excluded from the anal-
ysis as it can be seen in 2D imaging. The findings are organized
into Tables 1, 2, and 3 based on significance and anatomic lo-
cation. The significance is classified into low, intermediate, and
high. Low significance is incidental and does not require fol-
low up or intervention. Intermediate significance can require
follow-up, or referral. High significance requires immediate
medical intervention.

Results

One thousand two CBCT scan reports were retrospectively re-
viewed between November 2007 and March 2020. Male pa-
tients constituted 406 (40.52%) and female patients constituted
596 (59.48%) of the sample. Fifty-one different nondental find-
ings were noted, the details of which are reported in Tables 1,
2, and 3.

The most common finding was inflammatory sinus disease
(mucositis or sinusitis, 52.39%), followed by degenerative
changes of TMIJs (39.92%), narrowing of the airway (18.96%),
atherosclerotic calcifications of the arteries (17.56%),
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Table 2 Categorization and reported prevalence of incidental findings of intermediate potential clinical significance on CBCT according to anatomic

location

Location Entity Total count Percent of total patients

Jaws Osteoporosis or enlarged marrow spaces 2 0.20
Cemento-osseous lesion 0.40
Periapical pathology (apical periodontitis, condensing 35 3.49

osteitis, root resorption, hypercementosis)

Paranasal sinuses Sinusitis 525 52.39
Rhinitis/nasal polyposis 43 4.29
Antral polyps 10 1

Pharyngeal airway Narrowing of the airway 190 18.96
Discontinuity of sinus floor/antro-oral fistula 6 0.60

™J Degenerative changes of TMJs 400 39.92
Hyperplasia 2 0.20
Previous condyle fracture 2 0.20
Mandibular/Maxillary fracture 2 0.20
Subluxation of the left condyle 1 0.10

Cervical spine Degenerative changes of C-spine 151 15.01
Herniation of an intervertebral disc 1 0.10
Nonsegmentation of C2-3 1 0.10

Neck soft tissues Sialoliths 5 0.50

Other There were inflammatory changes of the right orbit 2 0.20
Proptosis 1 0.10
There was new bone formation in the lateral wall of the 1 0.10

left maxillary sinus near the zygomatic

Multiple linear calcifications in the left orbit 1 0.10

Table 3 Categorization and reported prevalence of incidental findings of low potential clinical significance on CBCT according to anatomic location

Location Entity Total count Percent of total patients
Jaws Enostosis/osteosclerosis 9 0.90
Paranasal sinuses Retention pseudocysts 43 4.29
Nasal fossa Deviated nasal septum 100 9.98
Conchae bullosa 16 1.59
Rhinitis/nasal polyposis 43 4.29
Pharyngeal airway Tonsillar hypertrophy 19 1.89
Tonsilloliths 56 5.69
™J Remodeling 92 9.18
Bifid condyle 5 0.50
Skull base/brain Pineal gland calcification 7 0.70
Neck soft tissues Stylohyoid ligament calcification 1 0.10
Calcified thyroid cartilage/triticeous cartilage 3 0.30
Other Calcification of ligament of the left lateral 1 0.10
pterygoid muscle (incidental)
Laryngeal cartilage calcification 2 0.20
Fullness of vallecula 1 0.10

degenerative changes of the cervical spine (15.01%), de-
viated nasal septum (9.98%), remodeling of the TMIJs
(9.18%), tonsillolith (5.59%), rhinitis/nasal polyps and reten-
tion pseudocyst both were (4.29%), benign lesions (1.7%),
and malignant lesions (0.3%). Figures 1-5 are provided for
illustration and are similarly classified based on significance
and anatomic location. Figure 1 shows findings of high signif-
icance that require patient follow up with medical specialists.
These include multiple myeloma, calcifications of the carotid

arteries in the base of the skull and the neck, odontogenic
tumor, and a calcification in the sella turcica that turned out to
be a tumor (craniopharyngioma). Figure 2 explores findings
of intermediate significance related to erosion, destruction
of condyles, and degenerative joint disease. Figure 3 shows
findings of intermediate significance in the sinus and airway,
such as mucosal thickening, mucous retention cysts, and
narrowed airways. Figure 4 shows findings of intermediate
significance such as degenerative changes of the cervical
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Figure 1 Findings of high significance: (A) intracranial calcification of the carotid artery on axial, coronal, and sagittal views; (B) thick carotid calcifications
in the neck; (C) carotid calcification in the right skull base; (D) carotid calcifications at the cavernous portions of the carotid arteries; (E) radiographically
suspected an odonotogenic cyst or tumor with external root resorption and buccal expansion. Biopsy showed granulation tissue with abscess and
bacterial colonies consistent with morphology of actinomyces; (F) tumor (craniopharyngioma) calcification in the sella turcica. The sagittal view shows
partial resorption of the dorsum sella; and (G) punched out radiolucent areas in the mandible, other facial bones, and cervical spine. The appearances
are consistent with multiple myeloma.

spine, osteolytic areas in the cervical spine, subluxation of the Discussion
condyle, and fracture in the maxilla. Figure 5 shows findings of
low significance such as enlarged palatal tonsil and adenoidal
hyperplasia, which are common in children.

When 3D planning for implant placement is performed, all crit-
ical anatomic structures are considered in the development of
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Figure 2 Findings of intermediate significance in the temporomandibular joint: (A) degenerative joint disease and remodeling; (B) considerable bone
erosion, destruction of the left condyle and glenoid fossa.
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Figure 3 Findings of intermediate significance in the sinuses and airway: (A) sinusitis involving the left maxillary sinus, ethmoid air cells, and possibly
front sinuses; (B) mucosal thickening and antral polyposis in the maxillary and ethmoid sinuses; (C) mucosal thickening of left sinus with possible
antro-oral fistula; (D) mucous retention pseudocyst in the right maxillary sinus; (E) nasoseptum deviation to the left and narrowing of the ostiomeatal
complex; (F) narrowed airway; (G) narrowed airway in the oral pharynx; and (H) large concha bullosa (green) and inferior concha (red).

the virtual plan for implant prosthodontic treatment.”* CBCT
scans allow identification of bony anatomy for ideal implant
placement in relation to the prosthetic design prior to surgery.'>
It is important to systemically read the CBCT volume in
full,>>>2% and to document and inform patients of the find-
ings. Referral to the patient’s physician or medical specialist
is made when further imaging may be required or to rule out
pathology.>>? Patients were informed about the findings and
referred to a physician or specialist for further imaging, investi-
gation, or medical intervention. All findings were documented
in the patients’ clinical records.

When reading CBCT volumes, untrained observers might
miss important pathology or misidentify normal variants and
minor anomalies, causing unwarranted distress for patients and
additional costly tests.?> Knowledge of the anatomy is critical,
and referral of the CBCT volume to a radiologist is needed.
Radiologists receive formal training on the recognition, han-
dling, incidence, location, and presentation of incidental
findings.??

Of the one thousand two patients, 921 patients (91.9%) had
at least one finding. In a sample of 300 CBCT scans, Price et

al found 272 (90.7%) were positive for findings.>> Warhekar
et al had positive findings in 738 (92.8%) out of the 795 total
cases that were studied.’® Barghan et al found a total of 653
incidental findings in 309 of the 400 (77.3%) CBCT scans.?!
Caglayan and Tozoglu found an overall rate of incidental find-
ings at 92.8% of a 207 CBCT imaging sample.*?

Eighty-one patients out of one thousand two (8.1%) did not
show any findings, compared to twenty-eight of three hundred
(9.3%) scans showed no incidental findings in Price et al.??

Sinusitis and airway

The most common finding in this study was sinusitis (52.39%).
Lana et al, Caglayan et al, and Price et al found sinusi-
tis at 62.6%, 21.3% and 14.2%, respc:c:tively.23’32’33 Mucosal
thickening, mucous retention cysts/pseudocysts are of low
significance compared to complete opacification of the
sinus, blockage of drainage, and mucoceles. Patients can be ei-
ther symptomatic or asymptomatic.?? Inflammatory tissue can
progress to invade the paranasal sinuses of ethmoid and frontal
sinuses leading to serious consequences if ignored.??
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Figure 4 Findings of intermediate significance: (A) degenrative changes of the cervical spine, (B) osteolytic areas in C3, (C) mouth position shows the
condyle located posteriorly, (D) open mouth position shows subluxation of the condyle, and (E) fracture in the anterior maxilla.

Deviation of the nasal septum was seen in 100 patients
(9.98%) Caglayan et al, Price et al, and Pette et al all found
airway issues to represent the most frequent incidental find-
ings at 51.8%, 35%, and 25.5%, respectively.?*3%3* Caglayan
et al and Pette et al found deviation of the nasal septum at
(12.6%) and (9.4%), respectively.>>3* Discontinuity of the air-
way, or an antra-oral fistula was seen in six patients (0.6%)
compared to 17.4% Lana et al.* Tonsilloliths was seen in 56
patients (5.59%) compared to Price et al and Pette et al, 4.9%
and 10.1%, respectively.?>** Tonsillar hypertrophy was seen in
19 patients (1.89%) compared to Allareddy et al (10.7%) Ed-
wards et al (7.48%).%3

Concha bullosa was seen in 16 patients (1.59%) compared
to Caglayan et al and Dogramaci et al who noted it at (3.9%)
and (1.4%), respectively.’>37 Retention cysts was seen in 43
patients (4.29%) compared to Price et al, Caglayan et al at, and
Pette et al, where it was seen at (5.8%), (2.9%), and (16.4%),
respectively.?33%34

Obstructive sleep apnea (OSA)

Narrowing of the airway increases the risk of obstructive
sleep apnea (OSA) and was seen in 190 patients (18.96%).
It has been reported in the literature at 6.9% and 7.86%.3*3!
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Figure 5 Findings of low significance: enlarged palatal tonsil (yellow),
adenoidal hyperplasia (red).

Constriction in airway detected in CBCT scans should be fol-
lowed up with a referral to a physician or a sleep medicine
specialist for proper follow up, which can include interviewing
and polysomnography. OSA can present with co-morbidities
such as hypertension, obesity, depression, GERD, diabetes, hy-
percholesterolemia, and asthma.*0

Dentists have a unique ability to screen patients for untreated
OSA by noting a small upper airway clinically*' or incidentally
on CBCT or lateral cephalometric films.*? Referral to a sleep
specialist for follow up and diagnosis is indicated.*! The den-
tist can then fabricate an oral appliance in coordination with
the specialist.*!

Degenerative joint disease and TMJ
findings

Flattening, sclerosis, and sometimes osteophyte formation, was
seen radiographically in 400 patients (39.92%). It has been re-
ported in the literature between 6.17% and 32.6%* The pres-
ence of degenerative joint disease increases the probability of
displaced discs, reduces the size of the condyles, and may pre-
dispose the TMJs to dysfunction. Hyperplasia of the joint was
seen in two patients (0.20%) compared to (1.7%) in Allareddy
etal.®

Previous condylar fracture was seen in two patients (0.2%),
subluxation of the left condyle was seen in one patient (0.1%),
and mandibular and maxillary fractures were each seen once
(0.2%). Allareddy observed one case of an unhealed fracture
0.1%).%

Cervical spine

Degenerative changes in the cervical spine were seen in
15.01% of these patients evaluated, compared to 16.38%,’!
4.93%% and 45.6%>* in the literature. Herniation of an inver-
tebral disc, vertebral body factures of C6 (severe), C7, and T1,

Kachlan et al

and nonsegmentation of C2-3, were each seen once (0.1%).
Allareddy et al. observed nonsegmentation of C2-3 at (0.2%)
and fusion of C2-3 cervical vertebrae once (0.1%).>> Vertebral
fusion was the most predominant finding in the cervical region
in Edwards et al’s sample (0.6%) who examined younger mean
ages.3¢

Carotid artery calcifications

Atherosclerosis is an endovascular disease caused by the for-
mation of intralumenal plaques containing cholesterol affect-
ing the endovascular system, most commonly the heart, brain,
and lower extremities.”>*® Hypertension is one of the most im-
portant factors in atheroma formation and in strokes.** Ac-
cording to MacDonald et al, these plaques can lead to steno-
sis or formation of an emboli that can later occlude a cerebral
artery.** Stroke is a significant cause of death and a leading
cause of disability in the United States.*

Atherosclerotic calcifications of the carotid arteries were
seen in the cavernous portions, base of the skull, and lateral
neck in 176 patients (17.56%). In the literature, intracranial
calcifications of the carotid arteries range from 17.93%% to
60.1%f 47 and extracranial calcifications of the carotid arter-
ies range from 5.66%>* to 42.88%*® Carotid calcification does
not necessarily indicate stenosis,*® but this finding can early
identify patients at risk.*” Damaskos et al found a significant
correlation between intra- and extracranial calcifications of the
ICA.#7“8 Referral to a physician or specialist for further imag-
ing, such as Doppler ultrasound*® or magnetic resonance imag-
ing (MRI),* is indicated for proper diagnosis. There were sev-
eral patients who were informed of their carotid artery calci-
fications and referred to their physicians. In their follow up
CBCT scans, vascular clips consistent with previous surgery
were seen. Other calcifications:

Calcified thyroid and/or triticeous cartilages was seen in
three patients (0.3%). Price et al noted calcified thyroid and/or
triticeous cartilages in 34 patients out of 300.%* Stylohyoid lig-
ament calcification was seen bilaterally in one patient (0.1%)
compared to Price et al and Pette et al at (9%) and (3.1%),
respectively.?>** The patient was referred to ENT for further
evaluation to rule out Eagle syndrome. Pineal gland calcifica-
tion was seen in 7 patients (0.7%) compared to Allareddy et al
14.7% and Pette et al 19.2%.3+%

Findings in the jaws

Periapical pathology (apical periodontitis, condensing o0s-
teitis, root resorption, hypercementosis) was seen in 35 pa-
tients (3.49%) compared to (4.3%) and (35.3%) observed by
Caglayan et al and Allareddy et al, respectively.’>* Osteo-
porosis or enlarged marrow spaces were observed in two pa-
tients (0.2%) compared to Pette et al who observed it at
(2.83%).>* Cemento-osseous lesion was found in 4 patients
(0.40%) compared to 1.8% observed by Allareddy et al.®
Enostosis/osteosclerosis was seen in 9 patients (0.9%) com-
pared to (14.1%), (6.7%), (1.9%) observed by Allareddy et al,
Price et al, and Edwards et al, rf:spectively.23’35'36
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Benign lesions

Cysts/benign tumors in the jaws were seen in 6 patients (0.6%)
and soft tissue mass/tumor was seen in three patients in the
jaws (0.3%) compared to Allareddy et al and Pette et al who
found soft tissue mass/tumor of the jaws at 3.0% and 6.6%,
respectively.**33 Soft tissue mass/tumor was seen in two pa-
tients in the nasal fossa/maxillary sinus (0.2%), and in two
patients in the neck (0.2%). Pette et al observed soft tissue
mass/tumor at (0.31%) in the nasal fossa/maxillary sinus and
(0.31%) in the pharyngeal airway.** Cholesteatoma was seen
in four patients (0.4%), compared to Drage et al who observed
it at (1.5%).%8

Benign odontogenic tumors or lesions, such as Keratocys-
tic odontogenic tumors (KCOT), ameloblastomas, central gi-
ant cell granulomas, and others have been reported in the
literature.”> CBCT can be useful in depicting the location
and extent of the lesions, the effect on bone and adjacent
tooth structures, and in developing a radiologic differential
diagnosis.?

In one of the radiographic findings (refer to Fig l.e) an
odonotogenic cyst or tumor with external root resorption and
buccal expansion was identified and suspected. Biopsy showed
granulation tissue with abscess and bacterial colonies consis-
tent with morphology of actinomyces.

Malignant lesions

Malignant tumors were seen in three patients (0.3%). Multi-
ple myeloma and rheumatoid arthritis were each seen once
(0.1%). Leukemia was suspected radiographically in one pa-
tient (0.1%) and in ten cases, calcifications and proliferations
required follow up and clinical correlation (1%). Osteomyeli-
tis/osteonecrosis (0.5%) was seen in 5 patients.

In comparison to the literature, Allareddy et al found inci-
dentally three malignancies in a sample size of 1000 subjects
(0.3%).% Osteomyelitis was seen in 0.4% and 2.83% of sam-
ple, by Allareddy et al and Pette et al, respectively.’*3>

The incidence of a malignant lesion in the jaws and ad-
jacent anatomic structures is low as seen in the literature.?
However, failure to recognize such lesion can lead to serious
consequences, threatening a patient’s life.”> The malignancy
can have characteristic features of cortication, density, and
definition.?? It can be expanding, displacing structures causing
asymmetry.?” It can also have effects on the periodontal liga-
ment, mimicking periodontal disease.?? It can be erosive, such
as to the sinus walls.?

CBCT can differentiate osseous structures. Distinct soft tis-
sue cannot be differentiated, and soft tissue pathology cannot
be accurately illustrated in CBCT images because of the in-
herent low soft tissue contrast, requiring additional follow-up
with the appropriate imaging modalities.>> When a lesion is
suspected, a referral to the patient’s physician for a medical
CT or an MRI for proper evaluation is needed.

Regarding the pituitary gland calcification finding in Table 3,
the patient was referred to have further medical evaluation of
the calcification. The pituitary gland calcification turned out
to be a benign tumor (craniopharyngioma) in the sella turcica
region.

Incidental Findings in CBCT for Dental Implants

Artificial intelligence (Al)

Al will soon have an impact on the interpretation of medical
imaging. There has been collaboration between Google and
Deepmind, and other medical centers in the UK and U.S.>
This provided Al access to learn on a large set of anonymized
mammograms from over 96,000 women in the UK and U.S.
used for screening of breast cancer.’® The authors of that study
used real-world diagnoses and biopsy-confirmed outcomes to
evaluate the predictions of the AL® Al showed an increase in
the ability to correctly predict breast cancer compared to hu-
man experts, and a reduction of false positive and false nega-
tive readings.’® The study also found that Al is able to detect
early signs of cancer before they have progressed to more ad-
vanced stages with lower prognoses for treatment.>® The study
suggested that Al can be incorporated to support radiologists,
and could benefit areas with a shortage of radiologists to pro-
vide access and high quality care.’® Google is currently work-
ing on developing algorithms to aid pathologists in detecting
metastatic breast cancer from pathology slides. The large vol-
ume of pathology slides requires skilled clinicians, and the mi-
croscopic examination can be cumbersome and susceptible to
error.’!"2 AT can be used in the future to detect other types of
cancers,’! and could very possibly play a role in dental CBCT
in the future.

Conclusion

CBCT scans yield incidental findings of clinical importance
for patient care. Proper reading of images and proper diagnosis
are crucial for patient safety. The dental clinician performing
these scans is therefore obligated to scrutinize the images or
refer these scans to an oral and maxillofacial radiologist for
proper diagnosis. It is necessary to record incidental findings
in patients’ clinical records and inform patients of the findings.
It is a good practice to update the patients’ physician that a
CBCT volume is available. The physician can use it for future
comparison or might require a radiographic examination that
would have been previously described by the dental clinician.
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