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ABsTRACT Conventional radiographs provide important information for dental

disease diagnosis. However, they represent 2-D images of 3-D objects with significant

structure superimposition and unpredictable magnification. Cone beam computed

tomography, however, allows true 3-D visualization of the dentoalveolar structures,

avoiding major limitations of conventional radiographs. Cone beam computed

tomography images offer great advantages in disease detection for selected patients.

The authors discuss cone beam computed tomography applications in dental disease

diagnosis, reviewing the pertinent literature when available.
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eriapical, bitewing, occlusal,

and panoramic radiographs

are used in everyday dental

practice to provide valuable

diagnostic information in
dental disease diagnosis. However, these
radiographic projections offer a 2-D
representation of 3-D anatomic structures
with resultant structure superimposition
and unpredictable distortion. This major
limitation obscures anatomic conspicu-
ity and poses difficulties in radiographic
interpretation during caries, periodontal,
oral surgery, and endodontic applications.

Cone beam computed tomography,

CBCT, offers an alternative to convention-
al intraoral and panoramic imaging that
circumvents the superimposition and dis-
tortion problems. At a significantly lower
cost compared to conventional medical CT
and utilizing a radiation exposure compa-
rable with other dental radiographic mo-

dalities, CBCT provides a true 3-D imaging
of the orofacial structures. Although its
utilization in dentistry focuses mostly on
implant, orthodontic and TMJ evaluation,
CBCT technology has potential advantag-
es in common dental disease diagnosis.*
During the last decade, an increasing
number of CBCT systems have become
available. CBCT units can be classified
according to the imaged volume or field of
view, FOV, as large FOV (6 inch to 12 inch
or 15 to 30.5 cm) or limited FOV systems
(1.6 inch to 3.1 inch or 4 to 8 cm). In gen-
eral, the greater the FOV the more exten-
sive the anatomic area imaged, the higher
the radiation exposure to the patient, and
the lower the resolution of the resultant
images. Alternatively, limited FOV sys-
tems image only a small area of the face,
deliver less radiation and produce a higher
resolution image. With the limited FOV
CBCT scanners, isotropic voxel resolu-
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FIGURE 1. Periapical (a), sagittal (8), cross-sectional (c), and axial

(p) CBCT sections of tooth No. 4. Red arrow on CBCT images points to
periodontal defect. CBCT images in this and the remaining figures were
generated by the limited FOV 3-D Accuitomo CBCT scanner by J. Morita.

tions below 100 pm can be achieved.?
Comparative radiation exposure risk
from various imaging modalities utilized
in dental practice is beyond the scope
of the current manuscript. The reader is
referred to recent publications comparing
effective radiation doses of large, medium,
and limited FOV CBCT scanners, medi-
cal CT, and conventional intraoral and
extraoral radiographs according to the
2007 International Commission on Ra-
diological Protection recommendations.>4
An important consideration regarding
radiation exposure is that because of the
small volume more than one limited FOV
scans might be required to examine the
whole area of interest, thus increasing the
total radiation delivered to the patient.
Applications that do not need highly
detailed depiction of structures but re-
quire imaging a significant portion of the
face, such as for orthodontics or extensive
implant reconstruction, could benefit
from a moderate to large FOV CBCT scan.
Alternatively, applications that require
imaging of a small part of the orofacial
complex are more appropriately imaged
by a limited FOV CBCT system. Typi-
cally, dental disease diagnosis falls in the
second category. The CBCT parameters
should be chosen such that the highest
resolution scan can be obtained. This will
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not only limit patient radiation expo-
sure, but more importantly will provide
appropriate diagnostic detail for peri-
odontal and endodontic applications.’
In the subsequent sections, the au-
thors review CBCT use for the diagnosis
and treatment planning of common
dental disease such as caries detection,
periodontal evaluation, endodontic
applications, tooth impaction, root
resorption, and trauma to the teeth.

Studies comparing the caries detec-
tion efficacy of CBCT versus conventional
modalities, such as bitewing and periapical
intraoral radiographs, are inconclusive.
CBCT is reported to more accurately assess
proximal caries depth compared to film or
storage phosphor periapical radiographs.®
In a similar study of noncavitated teeth,
alarge FOV CBCT performed poorer in
detection of caries, while a limited CBCT
had higher sensitivity only for occlusal
caries compared to digital or conven-
tional periapical radiographs.” Finally, no
difference in the detection of a carious
lesion between a limited CBCT and film in
proximal premolar surfaces was observed.®

Although these and similar reports
outline the potential benefit of CBCT
technology in caries detection, they are

FIGURE 2. Periapical (a), sagittal (8), cross-sectional (c), and axial (p)
CBCT sections of tooth No.15. Yellow arrow points to disruption of buccal
cortication and red arrow points to periodontal ligament space widening.

performed in well-controlled experimen-
tal settings that do not reflect the reality
of everyday dental practice. Beam harden-
ing artifacts are frequent in the imaging
of dental structures and particularly tooth
crowns.” Such artifacts originate from
metallic restorations, implants, endodon-
tic restorative material, or other dense
objects and create distortion of struc-
tures, streaks of bright and dark bands
and noisy projection reconstructions that
project over adjacent teeth and render di-
agnosis difficult or unfeasible. In particu-
lar, the dark bands may convey the false
impression of recurrent caries. Patient
movement decreases structure sharpness
and definition, and further complicates
these artifacts. It has been the authors’
experience that at the present time, CBCT
technology is not practical or advanta-
geous over intraoral radiography for caries
detection. However, if a CBCT scan is
taken for other purposes, all teeth present
in the imaging volume, should be evalu-
ated for coronal integrity and pathosis.

Interdental bone levels can be assessed
with conventional radiographs. However,
little information can be gained when buc-
cal, lingual, or fractional periodontal bone
height needs to be determined because



of superimposition of the alveolar bone
with the teeth or roots. Furthermore,
partial loss of interdental bone thick-
ness can be difficult to determine on 2-D
radiographs. CBCT imaging, by allowing
the 3-D evaluation of the periodontal
tissues, solves these projection problems
of periapical and bitewing radiographs.
Indeed, CBCT performs superiorly in
the assessment of artificial buccal or lingual
periodontal defects compared to periapical
radiographs. However, the two modalities
behaved similarly in the detection of inter-
dental bone level.> When assessing peri-
odontal bone in dry skulls, CBCT provides
better diagnostic and quantitative assess-
ment of periodontal defects compared to
periapical radiographs. CBCT is particularly
advantageous for the buccal and lingual, as
well as furcational assessment of peri-
odontal defects.*>* These in vitro findings
translate to the clinical setting where CBCT
outperformed intraoral radiography in
precision and accuracy for the detection of
periodontal bone levels following regenera-
tive periodontal therapy.” The high agree-
ment of CBCT with surgical measurements
prompted the authors to suggest that CBCT
may replace surgical re-entry as a technique

for assessing regenerative therapy outcomes.

The superior ability of CBCT imag-
ing to evaluate periodontal bone levels
can be appreciated in Ficure 1. Although
on the periapical radiograph (FiGure 1a)
periodontal bone levels around tooth
No. 4 appear to be relatively normal,
CBCT imaging reveals a deep avertical
defect extending from the lingual alveolar
crest to the apex of No. 4 (FIGures 1-D).

Similar to periodontal disease,
the ability of CBCT imaging to bypass
anatomic structure superimposition
and evaluate the teeth and their sup-
porting structures three-dimensionally

is advantageous for detecting periapi-
cal disease presence and severity.

CBCT showed improved sensitivity,
positive and negative predictive values,
and diagnostic accuracy compared to
conventional radiographs in experimental
periapical lesions in pig and human jaws,
and in 888 consecutive patients.®* In a
patient study including 74 posterior maxil-
lary and mandibular teeth with a total of
156 roots, CBCT detected 34 percent more
periapical lesions compared to periapi-
cal radiographs and demonstrated, with
higher frequency, periapical lesion expan-
sion into the maxillary sinus, thickening
of the sinus mucoperiosteal lining and the
presence of untreated root canals.*® In a
similar study of 46 teeth with periapical
lesions, the increased CBCT sensitivity
for disease detection led to the uniform
observer agreement that in 70 percent
of the cases, CBCT images provided
clinically relevant additional information
not detected in periapical radiographs,
including improved root and root canal
visualization, lesion localization, and
relation to vital anatomic structures.

The same authors also noted that beam
hardening artifacts from endodontic
restorative material can distort image
quality and create diagnostic difficulties.*

FiIGURE 2 demonstrates the advantages
of CBCT imaging in evaluating the status
of periapical tissues. The periapical radio-
graph (FiIGure 2a) clearly demonstrates
radiolucency at the apex of No. 15 me-
siobuccal and distobuccal roots. However,
the palatal root cannot be clearly seen due
to slight distortion, and the superimposi-
tion of the roots and zygomatic process of
the maxilla. Sagittal (FiGure 28), cross-
sectional (FiGure 2c) and axial (FIGURE
2p) sections clearly depict the extent of
periapical disease around all three roots.
Furthermore, these sections demonstrate
disruption of the buccal cortex suggesting

CDA JOURNAL, VOL 38, N©1

FIGURE 3. Sagittal (a) and cross-sectional () images
of tooth No. 29 demonstrate the location of canal opening
inrelation to existing restorative material.

possible fistula formation (C&D yellow
arrows), and widening of the periodontal
ligament space at the palatal surface of
the palatal root suggesting formation

of an endo-perio lesion (red arrow).

In addition to improved diagnostic
accuracy, limited field of view CBCT imag-
ing demonstrates an increased ability to
detect and localize anatomic features of
the root and root canal system that can
affect treatment planning. CBCT more
accurately identified root canals compared
to digital periapical radiographs. Interest-
ingly, observers utilizing digital periapi-
cal radiographs failed to identify one or
more root canals in 40 percent of teeth
examined. The authors suggested that in
these cases, the failure to identify root
canals can result in a less optimal healing
outcome.” Additionally, CBCT produces
accurate measurements of root angula-
tion, compared to conventional imaging,
and can be used for the evaluation of
root curvature.*®* Ficure 3 demonstrates
CBCT images of No. 29 with a partially
calcified canal. Although initial access of
the canal opening was unsuccessful, CBCT
sections provided useful information
for angulation and distance of the canal
opening that allowed canal identification.

Although no experimental or clini-
cal studies have evaluated its usefulness
in diagnosing external or internal tooth
resorption, several case reports demon-
strate the advantage of CBCT technology
over conventional radiographs not only
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FIGURE 4. Panoramic radiography (a), sagittal (s),
cross-sectional (c), and axial () CBCT sections of tooth
No.27 demonstrate the presence and severity of external
(red arrow) and internal root resorption. Yellow arrow
points to the extension of internal resorption to the lingual
tooth surface.

in detecting but further in evaluating the
extent of resorption.?? There is general
agreement that CBCT provides valuable
information allowing the exact localization
and extent of tooth resorption, as well as
possible perforation and communication
with the PDL space.* The authors’ ex-
perience with many internal and external
root resorption cases is in agreement with
that assessment. The authors further
found CBCT imaging advantageous in the
diagnosis, assessment of prognosis, treat-
ment planning, and treatment follow-up
of external and internal resorption cases.
In the authors’ view, limited FOV CBCT
is a technological breakthrough in the
management of these types of cases.
FIGURE 4 shows a periapical radiograph
and CBCT sections of tooth No. 6. On the
periapical radiograph internal resorp-
tion of No. 6 can be seen. However, the
extent and location of the resorption
cannot be determined. CBCT sections
demonstrate internal root resorption
that has eroded a significant part of the
tooth toward the lingual aspect of the
cervical area. However, the resorption
has not perforated the lingual tooth
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FIGURE 5. Sagittal (a), cross-sectional (8), and axial (c) CBCT sections of impacted
tooth No.17.Red arrow points to the lingual position of the inferior alveolar canal.

N

FIGURE 6. Periapical radiograph (a), sagittal (8), and cross-sectional (c)

CBCTimages of tooth No. 9.

surface (yellow arrow). Lack of perfora-
tion supports a favorable outcome in
this case after endodontic intervention.

CBCT technology offers clear advan-
tages over conventional radiography for
the evaluation of impacted teeth. CBCT
demonstrates great usefulness in local-
izing maxillary canine impaction, evaluat-
ing canine angulation and determining
resorption of adjacent lateral and central
incisors.®* Root development, relation
to vital anatomic structures including the
inferior alveolar canal, IAC, maxillary sinus
and adjacent teeth, the 3-D orientation of
the impacted tooth within the alveolus and
the detection of any associated pathosis
that might cause the impaction can be more
accurately determined by CBCT imaging.**
rFiGure 5 demonstrates CBCT images of
impacted No. 17. The close relation of
the roots with the inferior alveolar canal,
which is positioned lingually to the roots
(red arrow), can be appreciated in detail.

Although CBCT scans provide a more
precise assessment of tooth impaction,
not all impacted teeth require CBCT

imaging for diagnosis and treatment
planning. It is argued that in the great
majority of cases, the relation of the IAC
with the roots of impacted mandibular
third molars can be evaluated by conven-
tional radiographs. If such films reveal
an intimate relationship between the
IAC and the roots, CBCT imaging can
provide important information for the
management of the impacted tooth.*

One of the more difficult diagnostic
tasks in dentistry is dental trauma evalua-
tion. Minimal fracture fragment displace-
ment, structure superimposition, soft-
tissue swelling, and the presence of for-
eign objects can complicate the appearance
of tooth fracture in conventional radio-
graphs. Unless the X-ray beam is oriented
through the plane of the fracture it may
not be possible to separate the fractured
root fragments. Furthermore, obtaining
good quality intraoral radiographs can be
challenging in noncooperative patients.

CBCT imaging is clearly advantageous
over conventional radiography for the
evaluation of trauma and suspected root
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FIGURE 7. Panoramicradiograph (a), sagittal (8), and axial () CBCT sections of tooth No.14.
Red arrow points to the unfilled canal in the mesio-buccal root of tooth No. 14.

fractures.>*3* CBCT shows increased sensi-
tivity and greater interobserver variability
over conventional periapical radiographs
in the detection of experimentally in-
duced horizontal root fractures of central
and lateral human incisors. Interestingly,
the specificity of both modalities was
similar.?*> Additionally, CBCT is statistically
significantly more accurate than periapi-
cal radiographs in fracture detection of 20
patients with suspected root fractures.
FiGuRE 6 illustrates a case where limited
FOV CBCT imaging provided central
information for the definitive diagnosis
of tooth No. g root fracture. Periapical
radiograph of No. g (FiGurE 64) is incon-
clusive, while sagittal (Ficure 68) and
cross-sectional (Fiure 6c) CBCT images
clearly demonstrate the oblique root
fracture through the whole root thickness.

The authors are not aware of any
clinical or experimental studies that have
addressed CBCT usefulness in dental
treatment complications. However, in the
authors’ experience, CBCT imaging can
prove valuable in cases where a patient’s
symptoms persist despite appropriate
intervention or in cases where a patient
develops adverse symptomatology, such
as paresthesia, anesthesia, pain, or loss of
function. The ability of CBCT to capture
the 3-D relation of teeth to anatomic
structures such as the inferior alveolar
canal, mental foramen/anterior loop,
maxillary sinus, restorative materials,
dental implants, and other areas of patho-
sis without any superimposition artifacts,

can reveal crucial diagnostic information
not available in conventional radiographs.
rFiGure 7 illustrates a case of an
endodontically treated tooth No. 14.
Although the dentist felt that the en-
dodontic treatment was successful and
the panoramic (Ficure 7a) and periapi-
cal (not shown) radiographs were un-
remarkable, the patient complained of
persistent pain. CBCT sagittal and axial
sections demonstrated the existence
of an unfilled second canal in the me-
siobuccal root of No. 14 (red arrows).
Importantly, a periapical radiolucency
indicative of persistent periapical disease
is seen at the apex of the mesiobuccal root.
In riGure 8, radiographs of a patient who
developed pain after an endodontic treat-
ment of tooth No. 18 are shown. Periapi-
cal radiograph (Ficure 8a) demonstrated
endodontic cones significantly extruding
past the radiographic apices of both the
mesial and distal roots of No. 18. Although
the inferior alveolar canal appears to be
in close proximity to the apices of No.
18 roots and to the extruded material,
the exact relationship of these structures
could not be evaluated on conventional
radiographs. CBCT images demonstrated
that the endodontic cone perforated
the roof and extended to the floor of the
inferior alveolar canal at the center of
the canal (red arrow, Ficures 8s-p). The
endodontic cone in the mesial root was
located on the buccal of the inferior alveo-
lar canal (yellow arrow, Ficure &p). Also
note persistent periapical radiolucency
around the apex of the mesial root of No.
18 seen on periapical and CBCT images.
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Over the last decade, CBCT imaging
has revolutionized oral and maxillofacial
imaging. CBCT technology finds utiliza-
tion not only in implant and orthodontic
applications, but almost in every facet of
clinical dentistry. When CBCT scanning
is considered, the smallest volume that
will image the area of interest should
be selected. This will provide higher
resolution and lower patient radiation
exposure. The ability of CBCT to visual-
ize the 3-D relation of anatomic struc-
tures and dental pathology improves
diagnosis and treatment planning.

To the best of the authors’ knowledge,
clear guidelines and evidence-based selec-
tion criteria for CBCT utilization have
not been established thus far. Based on
the published literature and the authors’
personal experience, they believe the
majority of patients are appropriately
managed utilizing conventional radio-
graphs. However, CBCT imaging can be
greatly beneficial in diagnosing and treat-
ment planning of select dental patients.

The authors found no indication for
CBCT use in caries detection. In cases
where periodontal surgery is consid-
ered, CBCT provides valuable qualita-
tive and quantitative assessment of
periodontal defects. When periodontal
or periapical disease cannot be clearly
confirmed on periapical radiographs,
but is highly suspected based on patient
symptomatology, CBCT imaging could
be a great diagnostic aid. Additionally,
if conventional radiographs suggest
anatomic variants such as root curva-
ture or accessory canals, CBCT scans
can facilitate accurate assessment and
endodontic treatment planning. In most
external and internal root resorption
cases, CBCT provides valuable informa-
tion as to whether treatment of these
lesions can lead to a favorable outcome.
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FIGURE 8. Periapical
radiograph (a), sagittal (8), cross-
sectional (c), and axial () CBCT
sections of tooth No.18.Red
arrow points to the endodontic
cone in the distal, while yellow
arrow points to the endodontic
cone in the mesial root of No.18.

/

Impacted teeth in close proximity to vital
structures are accurately evaluated by
CBCT imaging. Dental trauma can be a
very challenging diagnostic task. When
conventional radiographs are inconclu-
sive, CBCT can add valuable diagnostic
information in suspected root fractures.

Finally, suspected dental treatment
complications can be assessed and
corrective interventions, if necessary,
can be promptly designed. The treating
dentist should determine whether the
diagnostic benefits gained by CBCT
imaging exceed the patient’s risk from
increased radiation exposure as well as
the financial cost. mmmm
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