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Abstract

Endodontic disease can adversely affect the quality of life and therefore early diagnosis and consequent timely
treatment is of paramount importance for the Endodontist. Radiology is an essential component in treatment
planning, disease monitoring and assessment of treatment outcome. Periapical radiographs and panoramic
radiography are frequently utilised but they provide only two-dimensional representation of three-dimensional
structures. The advent of cone beam computed tomography (CBCT) offers three-dimensional accuracy of the hard
tissue images with a reasonable cost and this has revolutionised imaging of the dentomaxillofacial structures. This
imaging system has been seen to overcome some limitations of conventional radiography, as brought out in this
review. The improvement in the accuracy is, however, accompanied at the cost of increased radiation exposure to
the patient. Nevertheless, smaller areas of exposure are normally appropriate for endodontic imaging, and
adjustment in the exposure parameters can further moderate the effective dose (Loubele et al. 37(6):309-18, 2008).

Aims and objectives: The aim of this review is to present the pertinent literature on the various applications of
cone beam computed tomography in the field of endodontics.

Methods: Literature was electronically searched on the following sources; Medline and Keats Library. Further, a manual
search was performed on the following journals: International Endodontic Journal, Journal of Endodontics, Oral Surgery,
Oral Medicine, Oral Pathology, Oral Radiology, Endodontology, Journal of Dental Research, European Journal of Oral
Sciences & Odontology and Dentomaxillofacial Radiology. A preliminary search was performed to gain an idea of the
available literature using keywords ‘Cone Beam Computed Tomography’ to view the volume of the literature evident
and identify questions to be addressed in this review. The initial search showed 243 potential articles. After scrutinising
the titles and abstracts of the retrieved articles, 70 relevant studies were reviewed in full text. Furthermore, ‘published
guidelines on the use of CBCT’ were also searched so as to include the results as an additional source material. All the
articles eligible to be included in the review were in the English language and ranged from the year 1960 to the
present. Also all the studies reviewed were based on the various uses of cone beam computed tomography in the
field of endodontics. The keywords used to search were ‘Cone Beam Computed Tomography (CBCT)’, ‘Conventional
radiography’, ‘Applications of CBCT in endodontics’, ‘CBCT and tooth morphology’, ‘CBCT and apical periodontitis’,
‘CBCT and vertical root fractures’, ‘CBCT and resorption’, ‘CBCT and pre-surgical assessment’, ‘CBCT and dento-alveolar
trauma’ and ‘CBCT and endodontic outcome’.
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Results: Every case is unique and CBCT should be considered only after studying each case individually. CBCT imaging
needs to be adopted or used where information from conventional imaging systems is either inadequate for the
management of endodontic problems or inconclusive. Having said that, it is safe to state that CBCT imaging has the
potential to become the first choice for endodontic treatment planning and outcome assessment, especially when
new scanners with lower radiation doses and enhanced resolution would be available.

Introduction
Radiographic assessment is a fundamental component in
the management of endodontic problems (Patel &
Dawood, 2007a). Endodontic diagnosis, management and
outcome assessment are still very much dependent on
conventional radiography (European Society of Endodon-
tology, 2006; Glickman, 2006).
With digital technological advances in the various im-

aging systems used across the medical fraternity, cone
beam computed tomography has emerged as an invalu-
able tool. The development of CBCT has highlighted the
inadequacies of conventional radiography which are
compression of a three-dimensional anatomy, geometric
distortion and anatomical noise (Durack et al., 2011).
Needless to state, clinicians should have a thorough
knowledge on CBCT before prescribing/using it for the
patients. It comes as a natural corollary that clinicians
should first and foremost carefully analyse whether a
CBCT scan would have net benefit in the management
of the patient’s problem before venturing further (IRME
R, 2000; Patel & Horner, 2009; Holroyd & Gulson,
2010). Furthermore, clinicians should ensure that every
radiation exposure is justified and kept as low as reason-
ably practicable (ICRP, 2007).

Periapical radiography—indications and limitations
Common indications of periapical radiography in end-
odontics are diagnosis, treatment planning of endodontic
and re-endodontic conditions, prior to surgical proce-
dures and assessment of treatment performed.

Limitations of conventional radiography
Images that are captured using periapical radiography
have the following limitations.

Compression of three-dimensional anatomy By com-
pressing the three-dimensional anatomy into a two-
dimensional image, conventional radiography adversely
limits the diagnostic accuracy (Webber & Messura,
1999; Nance et al., 2000; Cohenca et al., 2007a). The ap-
preciation of the bucco-lingual plane is minimal and the
spatial relationship of the roots to the neighbouring ana-
tomical structures is unclear thereby compromising
radiographic interpretation.
This missing third-dimension capability is crucial for

pre-surgical assessment (Kobayashi et al., 2004; Low et

al., 2008a). To find the missing piece of information,
parallax radiography is suggested (Matherne et al.,
2008a). However, even after multiple exposures, some
areas can go undetected (Matherne et al., 2008a; Barton
et al., 2003).

Geometric distortion The complexity of the maxillo-
facial skeleton structure can sometimes obscure radio-
graphic replication (Grondahl & Huumonen, 2004). For
an accurate image, the image receptor should be placed
parallel to the long axis of the tooth and the x-ray beam
should be perpendicular to the receptor and the tooth
being radiographed. A shallow palate, divergent/conver-
gent roots, small mouth or gagging can also disturb the
long-axis orientation leading to geometric distortion.
Even in ideal conditions, some magnification is inevit-
able (Whaites, 2007).

Anatomical/structured/background noise Some ana-
tomical features can obstruct the area of interest com-
promising visualisation. Some common examples are
zygomatic buttress, incisive canal and maxillary sinus
(Revesz et al., 1974; Gröndahl & Huumonen, 2004; Kundel
& Revesz, 1976). These can be radio-opaque or radio-
lucent in nature. The increase in the anatomical noise
makes diagnosis even more challenging.
Studies have shown that the disagreements between

clinicians occurs when examining periapical lesions in
the posterior quadrants (Goldman et al., 1972).

Temporal perspective
Comparisons between sequential radiographs can assist
a clinician to assess the outcome of the treatment per-
formed. However, according to some authors, images
captured using periapical radiography can never be
reproduced.

Ideal features of an imaging system
Ideal features of an imaging system are geometric accur-
acy, minimal superimposition, ease of availability and
usage, reliable, reproducible, relatively inexpensive, and
most importantly minimum radiation exposure to the
patient.
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Cone beam computed tomography—background
Cone beam computed tomography is an imaging system
which was developed in the 1990s. It is used to produce
three-dimensional scans of the maxillofacial skeleton at
a considerably lower dose as compared to conventional
computed tomography (CT) (Mozzo et al., 1998).
CBCT consists of an X-ray source, a detector or sensor

which is mounted on a rotating gantry. The X-ray
source and reciprocal scanner synchronously rotate
around the patients head and acquire a three-
dimensional volume of data. During the imaging process,
the X-ray beam from the source is directed through the
area of interest. After passing through the area of inter-
est, the beam is projected into the detector where they
both rotate around the patients head in 180°–360° in a
single sweep.
The cone-shaped X-ray beam captures a cylindrical

or spherical volume of data which is known as the
field of view (FOV). The FOV determines the scan
volume and the anatomical area of choice. The
smaller the field of view, the lower the dose. Scan
times are 10–40 s depending on the scanner used
and exposure parameters. Images reconstructed from
CBCT can be viewed in three orthogonal planes
thereby giving the clinician a three-dimensional view
of the desired area. CBCT radiation depends on sev-
eral factors such as the size of the FOV, continuous
or pulsatile nature of the X-ray beam, the exposure
parameters (mA, kV and scanning time), voxel size
and beam filtration. Limited volume CBCT scanners
can be used to expose one to two teeth. Depending
on the area being scanned by the 3D Accuitomo, the
effective dose varies from 13 to 44 μSv (Loubele
et al., 2009).
Some studies have verified the linear and volumetric

accuracy of CBCT using an acrylic block and human
mandible with osseous defects, concluding that CBCT is
a desirable imaging tool for providing additional infor-
mation for diagnosis and management of complex end-
odontic problems (Kobayashi et al., 2004; Murmulla
et al., 2005).

Classification of cone beam computed tomography
(Durack & Patel, 2012)
According to field of view or scan volume, the classifica-
tion of cone beam computed tomography is as follows:

1. Small volume/limited field or limited volume. This
has a volume height of 5 mm.

2. Single arch. This has a field of view of 5–7 cm.
3. Inter-arch has a field of view of 7–10 cm.
4. Maxillofacial CBCT has a field of view of 10–15 cm.
5. Cranio-facial CBCT has a field of view height of

15 cm.

A less common system of classifying CBCT is based
on the patient positioning (supine, sitting or standing).
A large volume CT scanner can capture the entire max-
illofacial skeleton. Some examples are i-CAT® and New-
Tom 3G. Small volume scanners have a field of view of
40 mm (height) by 40 mm (diameter) almost the same
height and width of a periapical radiograph (3D
Accuitomo®).

Effective dose of cone beam computed tomography
Radiation dose of CBCT is dependent on the following
exposure parameters:

1. Nature of the X-ray beam (pulsatile or continuous).
2. Amount of rotation of the X-ray source and

detector.
3. Size of the field of view. This may vary from few

mm to a complete maxillofacial skeleton scan.
There are CBCT units that offer the full range.
Some units provide only a fixed field of view.
Generally, the field of view is linked to the amount
of radiation dose which is further dependent on
individual cases. It has been seen that CBCT
equipment with large fixed field of view was not
appropriate for diagnostic tasks that were localised
to cover a few teeth.

4. The type and amount of beam filtration.
5. kV, mA and voxel size.

Voxel size or the element by volume is generally a
three-dimensional representation. Field of view com-
prises of a number of voxels. In the CBCT equipment,
the size of the voxel varies from 0.1 to 0.4 mm (Loubele
et al., 2008). It is also to submit that voxel size can influ-
ence diagnostics and it is pertinent to state that a low-
resolution option though preferred is likely to degrade
the spatial resolution due to the motion during the scan-
ning process.
However, optimum exposure is normally achieved by

balancing the exposure time with the requirement of
image quality. This is normally done by adjusting the x-
ray tube voltage and the tube current exposure time. For
endodontics, ideally small volume/field of view CBCT
scanners should be used (Loubele et al., 2009). Further-
more, ex vivo studies have suggested that if we change
the degree of rotation of the X-ray source and detector
from 360° to 180°, there is significant reduction in the ef-
fective dose to half its original value (Durack et al., 2011;
Gijbels et al., 2002). The protocols of such adjustments
are still being formulated for further optimisation.
Alternately, shielding devices such as thyroid collar

and lead can be used for reducing patient exposure
(Health Protection Agency 2010; UK). The UK Health
Protection Agency has carried out an audit of the dose-
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area-product (DAP) across 41 dental CBCT units and
have recommended the adoption of 250 mGy cm2 for
CBCT imaging in an average adult patient.

Advantages of cone beam computed tomography

1. One of the advantages of CBCT is that the effective
radiation dose is lower than a panoramic x-ray and
considerably less than a medical CT scan (Ngan
et al., 2003; Lofthag-Hansen et al., 2008).

2. Elimination of anatomical noise.
3. Accuracy of reproduction
4. Early detection of the size, position and extent of

the periapical disease. CBCT could identify
increased number of periapical lesions in maxillary
and mandibular teeth as compared to conventional
radiography (Lofthag-Hansen et al., 2007).
Endodontic treatment is successful when managed
before radiographic signs of periapical disease are
evident, thus improving the endodontic outcome
(Friedman, 2002).

5. Accurate detection of alveolar bone topography.
6. Geometric accuracy as compared to conventional

radiography (Murmulla et al., 2005).
7. CBCT can be used to detect periapical disease in

patients with poorly localised symptoms with
limited information revealed by clinical and
periapical radiographs (Nakata et al., 2006).

8. Good appreciation of periapical lesions (Simon
et al., 2003).

9. CBCT can be a useful tool in periapical surgery to
detect the proximity of anatomical structures such
as inferior dental canal, maxillary sinus and mental
foreman.

10. Conventional radiography can determine the
approximation of the inferior dental canal to the
root apices in only 40% of the cases (Velvart et al.,
2001).

Limitations of CBCT

1. Poor contrast resolution. The resolution of
conventional and digital radiographs is 15–20
line pairs per mm (Farman, 2005) as compared
to cone beam computed tomography (2 line pairs
mm). Hence, presently, CBCT does not have the
resolution as that of periapical radiography. This
is due to several factors such as divergence of
the x-ray beam (known as the ‘heel effect’), low
mA, scatter-radiation and imperfections in the
detector (Scarfe et al., 2009). This can be re-
duced by increasing the mA and exposure time
(Patel et al., 2009a).

2. Beam hardening is the process of absorption of
lower energy photons rather than higher energy
photons when the beam encounters high-density
objects. This results in distortion and appearance of
artefacts’ reducing the diagnostic productivity of the
images. This is usually caused by metal posts, tooth
enamel and restorations (Patel et al., 2009a).

3. Inferior spatial resolution.
4. Lengthy scan times (15–20 s) demanding minimal

patient movement.

Applications of CBCT in endodontics
CBCT and tooth morphology
Introduction
An accurate portrayal of root canal anatomy is a per-
quisite for successful diagnosis and treatment. Every
tooth is anatomically unique (Vertucci, 1974.). The in-
ternal anatomy of a tooth poses a challenge in success-
fully diagnosing, localising, negotiating, disinfecting and
filling the root canal system (De Pablo et al., 2012).
Anatomical complexities can compromise treatment

outcome (Wolcott et al., 2005). Owing to the two-
dimensional nature of conventional radiology, it cannot
reveal the actual number of canals present in teeth (Patel
et al., 2012a).
Studies have highlighted that CBCT is superior to

conventional radiography in revealing the number of
roots (Patel et al., 2012a; Matherne et al., 2008b).
Matsumoto and Tachibana (Tachibana & Matsumoto,
1990) were amongst the first people to use medical
computed tomography to study the root canals, but
poor resolution was a major obstacle. CBCT was used
to scan teeth and thereafter, reconstruction was com-
pared with the canal outline obtained using histo-
logical sections to find a strong correlation between
the data acquired and CBCT. However this study had
a small sample size
The clinician should be aware of the dental anomalies

and the anatomic variations in every tooth to ensure
endodontic success. One common method of evaluating
root morphology is periapical radiography. This is a cost
efficient and simple to use technique; however, superim-
position and image distortion can be some potential
disadvantages.
Descriptive studies (Matherne et al., 2008b; Neelakan-

tan et al., 2010) have shown that CBCT can accurately
highlight root morphology and overcome the flaws in
conventional radiography.

Number and shape of the root canals
Some authors believe that conventional radiographs fail
to identify the number of canals present in teeth (Patel
et al., 2009a; Tu et al., 2009) subsequently compromising
the outcome. Pre-operative knowledge of the canal
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anatomy can lead to a conservative cavity preparation
and avoidance of mishaps such as ledge formation, canal
transportation and perforation.
A study by Michetti et al. of the canal morphology of 72

teeth using charged couple device, photostimulable phos-
phor plate digital radiography system and CBCT was
done. It was found that digital radiography with parallax
technique failed to identify at least one in 40% of the ca-
nals in comparison with CBCT. However, this study did
not verify the number of canals by using histological sec-
tions. Furthermore, this study was verified by only one
OMFR and intra-examiner agreement was lacking. The
teeth were not mounted in mandible/maxilla.

Localisation of canals
Pre-operative knowledge of the tooth anatomy can pre-
empt endodontic complexities and improve treatment
outcome. Anatomic challenges may hinder endodontic
success. Maxillary first molar usually has three roots and
four canals (Pécora et al., 1992). An in vivo study was
done where maxillary first and second molars were sec-
tioned and the number of canals was determined only to
find that there was 80% correlation between CBCT and
sectioning. The disadvantage was a small sample size (n
= 20). The sensitivity was 77% and specificity was 83%
(Blattner et al., 2010).
CBCT had an intra-examiner agreement of 90%. A

study done by Filho (Filho et al., 2009) investigated the
morphology of maxillary first molars using clinical, ex
vivo and CBCT. He reported the presence of a fourth
canal in 67.14% of the teeth. He concluded that the reli-
ability of CBCT imaging to detect the additional canals
in the maxillary molar increased with magnification Tu
et al. (Tu et al., 2009) revealed that the presence of dis-
tolingual canals was 21% with conventional radiographs
and 33% with CBCT. Furthermore, Albella (Abella et al.,
2012b) found that CBCT was useful in the diagnosis of
distolingual canals in molars. Unidentified/unfilled ca-
nals can be identified using axial slices of a CBCT scan.

Calcified canals
According to Ball (Ball et al., 2013) intra-operative
CBCT can be useful for the assessment of the depth of
the calcification to guide the clinician for locating and
assessing the patent part of the canals. In addition, when
a complete calcification is detected, CBCT can be used
to study the apical pathosis to avoid perforation of a
completely calcified canal. It can be used in cases with
complex tooth anatomy within the realms of dose
considerations.

CBCT and canal curvature
Estrela et al. (Estrela et al., 2008) assessed the curvature
of the root canals with the aid of CBCT. CBCT is a

reliable method to assess the radius of curvature which
can reduce the aberrations and chances of instrument
fracture.

Complex root anatomy
Dens invaginatus is a malformation caused due to the
infolding of the enamel organ into the dental papilla
during the stages of tooth development. According to
Patel and Dawood (Patel & Dawood, 2007b), CBCT can
be useful in assessment of teeth with complex tooth
anatomy. There is a shortage of studies which describe
the endodontic treatment of dens invaginatus. Studies by
some authors (Durack et al., 2011) justifies the use of
cone beam computed tomography for teeth with com-
plex aberrations (such as dens invaginatus) in cases
where periapical radiography does not reveal the infor-
mation required for the management and treatment of
such teeth.

Concluding remarks
Conventional radiographs can assist the clinical to build
a mental image of the tooth.
Accuracy is however dependent on factors such as the

clinician’s skill, knowledge, experience and the quality of
the radiographs. CBCT is a useful tool in the interpret-
ation of the anatomy of the tooth morphology where
parallax technique and microscopes have failed to reveal
the true picture. The root morphology can be well visua-
lised and the canals can be mapped. A limited field of
view with a high-resolution CBCT scanner can be used
when periapical radiography is not able to provide the
necessary information on the root canal anatomy. It is
imperative to ensure that the radiation levels are justified
and optimised. There is still scope for further evidence
that will highlight the accuracy of CBCT for root canal
morphology.

CBCT and apical periodontitis
Introduction
Apical periodontitis is defined as a dynamic encounter
between the microbes and host defence system at the
interface between the infected radicular pulp and peri-
odontal ligament. This results in inflammation, periapi-
cal destruction and resorption, eventually manifesting as
various histopathological forms of periapical lesions
(Nair, 2006).
The aim of endodontic treatment is to preserve the

tooth in function and to promote periapical healing.
Currently, the method of choice to view periapical
changes is radiography (digital or conventional). Unfor-
tunately, periapical radiography may not be able to re-
flect the changes in the cancellous bone (De Paula-Silva
et al., 2009). In the initial stages of apical periodontitis,
the periapical changes are minimal and working towards
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a diagnosis is a challenging task (Bender & Seltzer, 1961;
Patel et al., 2009c). This can be a cause for operator con-
fusion and patient frustration in the diagnosis of the
causative tooth (Abella et al., 2012a). CBCT is highly
sensitive in recognition of apical periodontitis (Estrela
et al., 2008). It can detect endodontic lesions before they
become apparent on conventional radiographs (Paula-
Silva et al., 2009). Early diagnosis of apical periodontitis
can improve endodontic outcome (West et al., 2002).
One of the first studies to compare the prevalence of

periapical lesions using CBCT and conventional radio-
graphs was done by Lofthag-Hansen et al. (Lofthag-Han-
sen et al., 2007). They assessed periapical lesions on 46
maxillary and mandibular posterior teeth using parallax
periapical radiography and CBCT. Periapical radiographs
could diagnose lesions in thirty-two teeth. On the other
hand, CBCT could detect lesions on an additional 10
(31%). Assessment of the periapical status of individual
roots revealed that CBCT could detect 62% more lesions
than conventional radiographs. This could be attributed to
minimisation of geometric distortion and anatomical noise
in the maxillary and mandibular second molar region.
Low et al. (Low et al., 2008a) and Bornstein et al. (Born-
stein et al., 2011) reported similar findings.
Paula-Silva et al. (Paula-Silva et al., 2009) did a well-

formulated animal study to confirm that CBCT was an
accurate tool in the diagnosis of periapical periodontitis.
In this in-vivo study, single and two-visit root canal
treatment was done on 83 roots which confirmed radio-
graphic signs of periapical periodontitis. A control group
with similar findings was left untreated. On completion
of 6 months, the animals were sacrificed and the roots
with the periapical region were examined using histo-
logical measures. The specificity and positive predictive
value (PPV) for CBCT and periapical radiographs was 1.
This means they were perfectly accurate to determine
the absence of periapical disease. On the other hand,
sensitivity for CBCT was higher than conventional radi-
ography. Furthermore, the negative predictive value
(NPV) for CBCT was 0.46 and for periapical radiography
was 0.25 respectively. The accuracy in the detection of
periapical periodontitis was 0.92 for CBCT and 0.78 for
periapical radiography.
Ex vivo experiments (Stavropoulos & Wenzel, 2007)

were artificially created lesions in pig mandibles. CBCT
and conventional radiographs were used to study the le-
sions. It was found that CBCT was twice more sensitive
in the detection of artificially created lesions as com-
pared to periapical radiography. Ex-vivo study on human
jaws was done by Patel et al. (Patel et al., 2009b) to find
that CBCT is more accurate in determination of periapi-
cal lesions than conventional radiographs. Additionally,
CBCT has 100% specificity and sensitivity in the detec-
tion of periapical lesions that were created artificially in

human mandibles. On the contrary, periapical radiog-
raphy could detect only 24.8% of the lesions. This is a
statistically significant difference!
Low et al. (Low et al., 2008a) and Estrela et al. (Estrela

et al., 2008) found that CBCT displayed a higher sensi-
tivity for diagnosis of apical periodontitis as compared to
panoramic and periapical radiography.
Abella et al. (Abella et al., 2012a) assessed the ability

of periapical radiographs and CBCT to diagnose apical
periodontitis. He studied 307 paired roots with asymp-
tomatic and symptomatic irreversible pulpitis. The re-
sults were that conventional radiography could identify
lesions in 3% of roots, whereas CBCT could detect apical
periodontitis in 14% of the roots. Parallax radiography is
recommended to allow the image to be reproduced; on
the contrary, a single radiograph is handicapped by ana-
tomical noise, geometric distortion and limited accuracy.
With frequent superimposition of roots in the posterior
quadrants, it can be difficult to identify periapical lesions
(Davies et al., 2015). Ozen et al. 2009 (Ozen et al., 2009)
compared the diagnostic potential of two CBCT units
and intraoral (digital and conventional) radiographs for
the diagnosis of periapical lesions that were chemically
created. Both CBCT scanners had similar performances
which were better than intraoral radiographs in the de-
tection of periapical lesions.

Concluding remarks
The sensitivity of CBCT is higher than periapical radiog-
raphy. The specificity of both systems is similar. Prompt
identification of periapical pathology contributes to effi-
cient endodontic management (Friedman, 2002). In
cases of poorly localised symptoms when clinical and
periapical radiography does not reveal any evidence of
pathology, CBCT can be a savoir (Patel & Dawood,
2007b). The detection of apical periodontitis by CBCT
can influence endodontic diagnosis, instrumentation,
disinfection and prognosis. CBCT should be reserved for
diagnosing periapical pathology in symptomatic patients
where clinical and radiographic imaging is unremarkable
(Patel et al., 2009a).

CBCT and endodontic outcome
Introduction
‘Outcome is defined as the measurement of success of a
treatment in a designated time frame’. In endodontics,
outcome can be determined by evaluation of clinical
symptoms and radiographic interpretation. Assessment
of outcome is considered imperative as chronic apical
periodontitis can exist even in the absence of clinical
signs and symptoms (Friedman, 2002). Needless to state,
any outcome can directly influence a treatment plan. To
give an example, success of primary root canals is per-
ceived to be in the range of 60–100% in traditional cases
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demonstrating healing outcomes, but when outcome as-
sessment is done using CBCT a lower healing rate is
noted (Patel et al., 2012a). Why is this so? CBCT can ac-
centuate lesions which are otherwise not visible.
It is often said that time is an important factor in any

healing assessment. Orstavik (Orstavik, 1996) stated that
complete healing in some cases of chronic apical peri-
odontitis required as much as 4 years. However, in such
cases, initial signs of incomplete healing had started
appearing in most of the teeth after as early as 1 year.
A periapical lesion is defined as a radiolucent area

which is double the width of the periodontal space evi-
dent around the radiographic apex (Low et al., 2008a).
Radiology is an irreplaceable adjunct to clinical examin-
ation and the current reference standard for an assess-
ment of apical pathology is by radiographic examination
(Weissman et al., 2015). Ironically, radiographs are lim-
ited by their two dimensional nature, besides anatomical
noise and geometrical distortion.
To visualise bone pathology, parallax radiography is

generally recommended (one x-ray at a right angle and
the other at a 10° horizontal angulation) but there are
some limitations to this technique. If the root of a multi-
rooted tooth curves in the bucco-lingual plane, no radio-
graph will be able to cover the paralleling and bisecting
angulation of the root. Additionally, Bender and Setzer
have observed that if the cortical bone is intact, then le-
sions in the cancellous bone can go undetected (Bender
& Seltzer, 1961). Further, it requires as less as 7.1% bone
loss in the cortical bone to produce a radiolucent area
that can be detected by radiographs.
Studies have investigated the outcome of endodontic

treatment using periapical radiography which have shown
success rates of 28–83% (De Chevigny et al., 2008). Not-
withstanding these findings, Lofthag-Hansen et al.
(Lofthag-Hansen et al., 2008), Low et al. (Low et al.,
2008a) and Estrela et al. (Estrela et al., 2008) have com-
pared the outcome of root canal treatment by CBCT and
conventional periapical radiography to come to the con-
clusion that CBCT can discover 20–35% more lesions.
Other major findings to name a few are CBCT can de-

tect bone destruction before it becomes evident on con-
ventional radiographs. CBCT can detect signs of disease
(such as periapical radiolucency and widened periodon-
tal ligament space) even though conventional radiograph
displayed healing. Patel et al. (Patel et al., 2007) found
that the periapical bone defects evaluated with CBCT
were 10% smaller than coronal sections taken on con-
ventional radiography.
Outcome of treatment is improved if clinical signs are

treated before the development of the disease (Fried-
man) (Friedman, 2002). Outcome assessment is import-
ant before placing a coronal restoration (Faculty of
General Dental Practitioners UK 2004).

A clinical study by Davies et al. (Davies et al., 2015)
aimed to compare the outcome of 1 year post-operative
root treatments using periapical radiography and con-
ventional radiography verified that by using CBCT, a
lower outcome was detected as compared to conven-
tional radiography.
According to Patel et al. (Patel et al., 2007) and

Ørstavik (Orstavik, 1996), the diagnosis of apical peri-
odontitis and outcome assessment are still reliant on
conventional radiographs. CBCT is not routinely used
for assessment of apical periodontitis, due to raised ex-
posure parameters but it can be used in cases where
pain and clinical signs of periapical inflammation do not
correlate with periapical radiographs.
Additionally, CBCT can be been used for the volumet-

ric measurement of periapical healing where measure-
ment of the volume of a periapical lesion could give an
insight towards periapical healing (Durack et al., 2011;
Orstavik, 1996). Ahlowalia et al. (Ahlowalia et al., 2013)
used ex-vivo models to artificially create bone cavities.
Thereafter, cone beam computed tomography and
micro-computed tomography were used to measure the
volume of these bone cavities. Both imaging systems dis-
played high agreement when measurements were cali-
brated. The results of the study showed cone beam
computed tomography was a much more accurate tool
to both measure lesions in apical periodontitis as well as
to monitor them, if required. Volumetric assessment of
healing has also been performed by some other studies
with small sample size.
Histopathological examination is another method to con-

firm the presence of apical lesions. Green et al. (Green et al.,
1997b) studied cadaver teeth that had received endodontic
treatment which were radiographically assessed. He con-
cluded that radiographs can be used to assess the presence/
absence of apical periodontitis but they are not a reliable in-
dicator of the true histological picture. Similar work was pre-
sented by Ricucci and his colleagues (Ricucci et al., 2009).
Paula-Silva et al. (Paula-Silva et al., 2009) examined root-
filled dog’s teeth using periapical radiography and CBCT.
After the animals were sacrificed, a histological examination
was performed. CBCT demonstrated increased sensitivity
and accuracy in the diagnosis of apical periodontitis in con-
trast to periapical radiography.
A clinical study by Patel et al. (Patel et al., 2012a; Van

der Borden et al., 2013) scanned a total of 151 teeth in 132
patients for periapical lesions using both CBCT and peria-
pical radiography. A panel with two calibrated examiners
interpreted the images under standardised conditions.
Out of the 273 paired roots, 20% had periapical lesions;
remaining 80% showed absence of apical periodontitis
when periapical radiography was used. On the contrary,
CBCT detected 48% additional lesions thereby confirming
that CBCT can accurately detect apical periodontitis.
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“Healing rate” is defined as the reduction in the di-
mension of the radiolucency, whereas “healed rate” is
the absence of radiolucency at review. Part two of this
review compared the radiographic changes in the roots 1
year post treatment using CBCT as well as periapical ra-
diographs. This time, 123 teeth were examined that were
endodontically treated by a single operator and com-
pared to the pre-operative radiographs. The periapical
lesions were assessed by two examiners under standar-
dised conditions. The teeth diagnosed using CBCT
showed a lower healing and healed rate as compared to
periapical radiographs. There was a significant increase
(14 times) in the failure rate when teeth with no pre-
operative lesions were assessed using CBCT.
In continuation, Liang et al. (Liang et al., 2011) used

CBCT and conventional radiography to compare the qual-
ity of root canal treatment. CBCT revealed a higher num-
ber of endodontic failures as compared to conventional
radiography. In 2013, using the same imaging modalities,
he studied the effect of ultrasonic activation on the out-
come of treatment. He found that there was no difference
noted on the outcome using ultrasonic activation.
Fernandez et al. (Fernández et al., 2013) assessed the

outcome of endodontic treatment carried out on vital
pulps using conventional radiographs, digital sensors
and CBCT. He used 17 prognostic factors that influ-
enced endodontic outcome such as root canal curvature,
unidentified canals, quality of coronal restoration and
disinfection of gutta percha. There were varied results
after 5 years with each imaging system. The major draw-
back of this study was an absence of a pre-operative
CBCT, hence no comparisons could be drawn and the
results remained inconclusive.

Concluding remarks
There is a demonstrable need to have an accurate, quanti-
tative and robust system to evaluate the outcome of end-
odontic treatment. Such a system provides innumerable
benefits like accurate outcome assessment and measure-
ment of healing. It can be concluded from the evidence
mentioned in the paragraphs above that due to the limita-
tions of conventional radiography, the size of the periapi-
cal radiolucency can be underestimated. On the other
hand, CBCT has higher sensitivity as compared to con-
ventional radiography in the detection of periapical path-
ology. Specificity, however, is similar for both the systems.
CBCT may play a pivotal role in endodontic research it
can used to evaluate the outcome in various treatment
strategies such as preparation and instrumentation tech-
niques. On the contrary, there is absence of concrete evi-
dence justifying the use of CBCT in post endodontic
treatment owing to increase radiation. Need of the hour is
further evidence in the assessment of endodontic
outcome.

CBCT and pre-surgical assessment
Introduction
Cone beam computed tomography facilitates the clin-
ician to view the relationship of the tooth to its sur-
rounding anatomical structures in a three-dimensional
view. Cone beam computed tomography with its visual
clarity can assist the surgeon in the planning of surgical
procedures. The competence of CBCT in the diagnosis
of periapical lesions has already been discussed previ-
ously. It has been highlighted how the presence/absence
of a periapical lesion can change the course of action(s)
in any surgical procedures (Bornstein et al., 2011).

The role of cone beam computed tomography in the
surgical assessment of maxilla
CBCT's guidance enables accurate measurement of the
distance between the cortical plate and the palatal root
apex. Even the proximity to the maxillary sinus can be
evaluated (Lofthag-Hansen et al., 2007; Patel et al., 2007;
Bornstein et al., 2011). Using CBCT the size, location and
extent of the periapical lesion can be determined.
Rigolone et al. (Rigolone et al., 2003) planned an api-

coectomy on 43 maxillary first molars via the vestibular
approach for which he used low dose CBCT to measure
the distance between the palatal root and the vestibular
cortex. Furthermore, he was able to study the position-
ing of the maxillary sinus lateral recess. CBCT assisted
in visualisation of the surgical plane with precision and
minimal complications.
A study by Kenneth et al. (Low et al., 2008b) examined

156 roots (37 molars and 37 premolars) highlighted that
CBCT can meticulously recognise apical pathology as
compared to periapical radiology (discussed earlier). Cli-
nicians faced difficulty with periapical radiographs, espe-
cially in second molar region and areas with close
proximity to the maxillary sinus. CBCT could detect the
expansion of the lesion into the sinus, missed canals and
thickening of the sinus membrane.

The role of CBCT in the surgical assessment of mandible
Bornstein (Bornstein et al., 2011) aimed to evaluate the
dimension of the periapical lesions, the relationship of
the mandibular roots to the inferior alveolar canal and
buccal bone dimension with CBCT and periapical radio-
graphs before attempting apical surgery. The study con-
sisted of 38 molars with 75 roots. Radiographs were
compared to the sagittal and coronal slices of a CBCT
scan. The results stated that out of 58 lesions, 25.9% le-
sions diagnosed with CBCT were undetected on periapi-
cal radiography. The distance between the root apex and
mandibular canal was measurable in 35.3% periapicals.
The dimension of the buccal bone could be ascertained
as well thereby stressing on the importance of CBCT as-
sessment in the mandibular quadrant before surgery.
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Concluding remarks
CBCT has been recommended for endodontic surgery
(Patel et al. and Low et al.) (Patel et al., 2007; Low
et al., 2008b) CBCT can provide a three-dimensional
view of bone topography, tooth anatomy and prox-
imal anatomical structures. According to Horner
et al. 2013, CBCT can provide an accurate idea about
the quantity and shape of the bone. However, there is
less certainty about the quality of the bone. Cone
beam computed tomography can be used to visualise
the root morphology and thereby influence the out-
come of the treatment.

CBCT and vertical root fractures
Introduction
Vertical root fractures extend longitudinally from the
canal space to the periodontium (Low et al., 2008b).
They provide a pathway between the oral cavity and
the bacteria leading to destruction of the periodontal
space and subsequent bone loss (Rud & Omnell,
1970). The clinical presentation of vertical root frac-
tures is an isolated periodontal probing depth on ei-
ther side of the tooth, multiple sinuses and a
characteristic ‘halo’ or ‘J’-shaped radiolucency (Low
et al., 2008b). However, these signs may not be asso-
ciated with long standing or incipient fractures. Verti-
cal root fractures are commonly associated with
endodontically treated teeth (Komatsu et al., 2014).
Some of common predisposing factors are overzealous
root preparation, forces delivered during root canal
obturation and intra-radicular post. The prognosis of
vertical root fractures is dependent on the location of
the fracture and the extent of radicular involvement.
Timely and accurate diagnosis can prevent extraction
of the concerned tooth. However, these fractures
present as a diagnostic dilemma. Clinical features are
inconclusive and conventional radiographs are limited
in their diagnostic abilities due to compression of a
three-dimensional anatomy into a two-dimensional
image, geometric distortion and anatomical noise (Co-
hen et al., 2006).
Conventional radiography may not be diagnostically

useful in the diagnosis of vertical root fractures unless
the x-ray beam coincides with the fracture line. To
overcome this hurdle, it is advised that two radio-
graphs be taken with a shift in the horizontal beam.
Nevertheless, even after using the parallax method,
overlapping may be inevitable preventing the visual-
isation of the fracture line (Rud & Omnell, 1970).
According to some authors, cone beam computed

tomography can be promising in the diagnosis of ver-
tical root fractures due to its three dimensional na-
ture, minimal geometric distortion and reduction of

anatomical noise (Wang et al., 2011a; Zou et al.,
2011).
The diagnostic utility of CBCT in the diagnosis of ver-

tical root fractures is determined by the following
parameters:

� The exposure settings.
� Sensitivity of the detector.

� Voxel size/settings—some authors believe that a
reduction in the voxel size can improve the
diagnostic accuracy (Wenzel et al. 2009).

� Vertical root fracture width—complete or
incomplete—diagnosis of complete root fractures is
simpler than incomplete.

� The type of the scanner used (Accuitomo, i-CAT).
However, there is not a significant difference in the
scanner types.

� Root canal filling-intra-radicular posts and root
canal fillings can greatly influence the diagnostic
ability of CBCT due to beam hardening effects.

Cone beam computed tomography and periapical
radiography in the detection of vertical root fractures
Hansen et al. conducted an in-vitro/ex-vivo study which
aimed to compare the diagnostic accuracy of conven-
tional radiography and CBCT. Furthermore, it also men-
tioned the impact of the root filling on the image
quality. They studied 80 teeth (premolars and molars),
which were divided into 4 groups (A, B, C, D). Groups A
and B had fractures artificially induced and groups C, D
did not. A and C were root filled. The sensitivity and
specificity of CBCT was 79.4% and 92.5% as compared
to periapical radiography (37.1% and 95%). The specifi-
city of CBCT was reduced by the presence of a root fill-
ing. The results showed a higher accuracy for CBCT
(Hassan et al., 2009).
A study by Ozer compared the accuracy of cone beam

computed tomography using various voxel sizes for the
detection of Vertical root fractures. Sixty teeth with/
without root fractures were examined with different
voxel sizes (0.125, 0.2, 0.3, 0.4 mm). A good diagnostic
performance and a lower exposure were found with a
voxel size of 0.2 mm. However, this study made no men-
tion about the width of the tooth (Özer, 2011).
An ex vivo study by Patel et al. in 2013 compared the

diagnostic accuracy of cone beam computed tomography
and periapical radiography using artificially prepared
complete/incomplete root fractures in human teeth.
Group 1 consisted of 20 extracted teeth (molars/premo-
lars) that were radiographed and scanned with CBCT.
Group 2 consisted of teeth scanned and radiographed
after introducing incomplete fractures. Group 3 was
comprised of teeth with complete fractures. Gutta
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percha was placed in the canals before exposing the con-
cerned teeth. This study found that CBCT and periapical
radiography were not able to detect artificially created
fractures. The presence of a root filling decreases the ac-
curacy of CBCT (Patel et al., 2013).
Patel and Brady did a study on an ex vivo model to

compare the diagnostic accuracy of periapical radiog-
raphy and CBCT for the detection of artificially induced
complete/incomplete fractures. Furthermore, Patel and
Brady studied the role of the width of the vertical root
fracture on the accuracy of both imaging modalities.
This study found that CBCT and periapical radiography
were not reliable at detecting vertical root fractures. The
width of the fracture influenced the diagnostic accuracy.
Detection of vertical root fracture ≥ 50 mm was higher
(Brady et al., 2014b).
Wang et al. (Wang et al., 2011b) examined 128 pa-

tients with suspected root fractures in 135 teeth.
Amongst 135 teeth, 49 were root treated and 86 had no
endodontic treatment done on them. These patients
were exposed with CBCT and conventional radiographs
and eventually underwent surgical exploration. Root
fractures were detected in 95 out of 135 teeth. Sensitivity
for periapical radiography was 26.3% and specificity was
100%. On the other hand, sensitivity for CBCT was
89.5% and specificity was 97.5%. CBCT was accurate at
detection of root fractures; however, the sensitivity was
reduced in the presence of a root filling; specificity
remained unaffected. Specificity and sensitivity of con-
ventional radiography was not influenced by a root fill-
ing. Studies with similar findings were presented by
Edlund et al. (Edlund et al., 2011).

Concluding remarks
The available literature questions the ability of cone
beam computed tomography in the diagnosis of vertical
root fractures. The artefacts caused in the presence of
root filling and intra-radicular post hinders diagnostic
accuracy. Most case studies selected are influenced by
operator bias due to absence of controls (Wang et al.,
2011b; Edlund et al., 2011). The role of CBCT in the
diagnosis of VRF needs further clarification and ex-
tended research.

CBCT and resorption
Introduction
Root resorption is defined as the loss of dentin and ce-
mentum as a result of osteoclastic activity (Patel &
Dawood, 2007a). The common method of classification
is based on the location of the resorption that is external
or internal. The process of resorption can continue for
up to 2–3 weeks (Ozen et al., 2009) and may present it-
self as an inconspicuous finding. The process of resorp-
tion can be stimulated by pressure or infection

triggering osteoclastic resorption of the injured root
resulting in extensive damage.

External cervical resorption
External cervical resorption (ECR) is mostly initiated by
damage to the cementum (usually caused by luxation
and avulsion injuries) eventually leading to colonisation
of the area by osteoblasts. Furthermore, this condition
can be idiopathic in nature. Other causes are trauma,
orthodontic treatment and intracoronal bleaching (Fuss
et al., 2003). The diagnosis can be challenging due to the
absence of the characteristic ‘pink spot’. The radio-
graphic signs are usually an ill-defined radiolucency in
the cervical third of the root. If the walls of the root ca-
nals run through the radiolucent defect, the lesion is ex-
ternal in nature (Fuss et al., 2003).
Parallax radiography can be used to determine the

type of resorption. However, the sensitivity of conven-
tional radiographs is poor in the detection of external
root resorption. Furthermore, till the time external root
resorption becomes evident on the conventional radio-
graphs, considerable hard tissue damage has already oc-
curred. Also, it is difficult to differentiate between the
type of resorption. On the contrary, CBCT can effect-
ively diagnose the type of resorption and the area of ex-
tent of the lesion.

Internal resorption
Internal root resorption is the process of the destruction
of the intra-radicular dentin and dentinal tubules. It oc-
curs around the middle and apical region of the canal
walls due to osteoclastic activity. A ‘ballooning-out’ ap-
pearance is characteristic of internal root resorption.
The lesion is oval/round radiolucency with a smooth
well defined outline.

Cone beam computed tomography or conventional
radiography?
Resorption may present as a diagnostic dilemma leading
to inappropriate treatment. Clinically differentiating be-
tween internal and external resorption can be difficult
especially without the signs of pink spot, localised gin-
gival inflammation and osseous defects (Gulabivala &
Searson, 1995). The first step towards the diagnosis of re-
sorption is conventional radiography. Conventional radiog-
raphy using the parallax technique can be used to confirm
the location (palatal or labial) of the root resorption. Au-
thors (Cohenca et al., 2007c) believe that parallax technique
may be unsuccessful in the diagnosing of resorption
(Cohenca et al. 2007). Additionally, it does not provide in-
formation about the dimension and extent of the lesion.
The diagnostic information revealed is incomplete due to
the compression of a three-dimensional anatomy into a
two-dimensional shadowgraph. Moreover, anatomical noise
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results in an underestimation of the size of the resorption
(Durack et al., 2011; Patel & Dawood, 2007a).
An in vivo study by Patel et al. 2009 attempted to

study the validity and reliability of CBCT. The sample
comprised of 10 patients collected over 2 years. Five
teeth were diagnosed with external resorption, five
with internal and the rest were used as controls. This
study verified that intraoral radiographs were reason-
ably accurate in the diagnosis of internal and external
root resorption. However, CBCT scans diagnosed root
resorption accurately. The software allows selection of
a favourable orthogonal view and adjustment of the
thickness between each slice, thus increasing diagnos-
tic susceptibility. This study incorporated intra-
examiner agreement with care to reduce recall bias.
The only disadvantage was the limited sample size
depicting the rarity of this condition. CBCT can be a
useful in the assessment of root resorption shaping
the treatment plan.
Kamboroglu et al. did an ex vivo study with 90

mandibular anterior teeth. In 50 teeth, artificial le-
sions were induced with a 0.5 mm round bur and 40
were left. These were then placed in the alveolar
sockets of dry mandible and imaged with CBCT and
periapical radiography. These images obtained were
then evaluated by three different observers. It was
found that there was a high intra/inter-observer
agreement with CBCT images. This study concluded
that CBCT was accurate at detection of artificially in-
duced lesions. Nevertheless, there is no comparability
with clinical situations. Additionally, clinically the
bone changes might change the diagnostic ability of
the imaging system (Kamburoğlu et al., 2011).
Durack et al. 2011 did an ex-vivo study to compare

the accuracy of digital radiography and CBCT in the
detection of external inflammatory root resorption. In
addition, he studied the effect of the degree of rota-
tion of CBCT scanners on the diagnosis of the le-
sions. External inflammatory resorptive lesions were
created on 10 mandibular incisors. Small volume
CBCT (180 and 360) and digital periapical images
were recorded before and after the lesions were cre-
ated. Regardless of the degree of rotation of the
CBCT scanner, it was significantly better (high sensi-
tivity and specificity) than digital radiography in de-
tection of the lesions. He also suggested that
resorptive lesions can rapidly progress causing
massive tooth destruction hence early diagnosis can
be a tooth saviour (Durack et al., 2011).
Furthermore, there are case reports by Cohenca

et al. 2007, Patel et al. 2007 and Patel and Dawood
2007 (Durack et al., 2011; Patel & Dawood, 2007a;
Cohenca et al., 2007c) supporting the accuracy of
CBCT-produced images.

Concluding remarks
CBCT can be a useful tool in the assessment of root re-
sorption thus assisting shaping the treatment plan of a
patient as it has higher sensitivity as compared to con-
ventional radiographs. However, most resorptive lesions
are unpredictable and occur as incidental findings on
routine radiographic assessment. The use of CBCT for
routine use is difficult to justify. Limited volume, high-
resolution CBCT can be used in cases of suspected or
established resorption where CBCT can influence the
management and prognosis of the tooth.

CBCT and dento-alveolar trauma
Introduction
The diagnosis, treatment planning and determination of
the prognosis of traumatised teeth is a challenging task.
Most commonly used systems for trauma assessment are
computed tomography, magnetic resonance imaging,
periapical radiography and cone beam computed tomog-
raphy. Trauma to the oral region comprises 5% of all
dental injuries (Andreasen et al., 2012). The probability
of trauma is high in children and adolescents. Incisors
are the commonly affected teeth. Effective time manage-
ment in diagnosis can influence the prognosis of the
concerned tooth/teeth. Parallax and occlusal radiographs
are recommended for the diagnosis of dental trauma by
the International Association of dental traumatology
(IADT). The IADT (2012) recommends several projec-
tions (90° horizontal angulation, occlusal view and a lat-
eral view mesial or distal to the concerned tooth). Even
after multiple radiographs taken at several different an-
gles, the fracture line may still not be diagnosed leading
to inappropriate treatment and guarded prognosis of the
teeth. Commonly misdiagnosed area is the maxillary an-
terior quadrant due to the oblique nature of the fracture
in the sagittal plane.
Horizontal root fractures are classified according to

their location and the extent of displacement of the cor-
onal fragment. The prognosis of these fractures is
dependent on several factors such as the age of the pa-
tient, root development, dislocation and mobility of the
coronal fragment. They are common in the maxillary
central region (68%), followed by lateral incisors (27%)
and rarely mandibular incisors. Root fractures can be
horizontal or diagonal in their direction. Detection of
these fractures is possible only if the central beam passes
through the fracture line. This usually happens with the
fractures of the cervical third (Cvek et al., 2008).
Cone beam computed tomography can be an asset in

the diagnosis and management of dento-alveolar trauma.
It has the added advantage of minimisation of anatom-
ical noise and geometric distortion. A single scan can as-
sess the nature and severity of the injuries. Furthermore,
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the direction of the displacement can be clearly
visualised.
Since CBCT is an extra oral technique, it is considered

far more comfortable for a patient who has recently sus-
tained dental trauma as compared to several periapical
radiographs taken using a paralleling device. According
to Cohenca et al. (Cohenca et al., 2007b), cone beam
computed tomography could effectively detect the na-
ture of the trauma and associated cortical bone defects
with CBCT for the management of 3 patients which
were not evident using conventional radiography. Fur-
thermore, CBCT is accurate as compared to multiple
periapicals in determination of horizontal root fractures
(Kamburoğlu et al., 2009). Rarely single tooth trauma is
seen. With the aid of CBCT, multiple teeth are covered
in a single scan without the disadvantages of geometric
distortion.

Concluding remarks
CBCT can reveal useful information influencing the out-
come of dental trauma. According to the European Soci-
ety of Endodontology, CBCT can be used in patients with
complex dental trauma. CBCT is a potentially beneficial
imaging system in the management of dental trauma.

Discussion
Any effective endodontic treatment is dependent on the
accuracy of imaging systems and usually requires radio-
graphic assistance in three stages: stage 1—before com-
mencing the treatment to assess tooth morphology and
periapical lesion; stage 2—working length/master cone
radiograph; and stage 3—that is post-obturation radio-
graph. For such straightforward endodontic cases, expos-
ure of the patient to CBCT it is not justifiable (Cotton et
al., 2007).
It is therefore very evident that CBCT should not be

routinely used for assessment of root canal morphology
and should be reserved for class III and IV dens invagi-
natus and complex root canal systems (European Society
of Endodontology, 2006).
However, when normal periapical radiography is not

in a position to demonstrate accurately the root canal
morphology and the clinician is not in a position to for-
mulate his/her treatment plan which would consequen-
tially influence the outcome of the treatment, only then
a limited volume, high-resolution CBCT should be
attempted [http://www.sedentexct.eu/files/radiation_pro-
tection_172.pdf].
Reviews by Patel et al. 2007 (Patel et al., 2007) and

Cotton et al. 2007 (Cotton et al., 2007) stress on the
favourable outcome by the use of CBCT. The only con-
cern with CBCT produced images is the low resolution
of CBCT as compared to periapical radiographs.

Diagnosing periapical pathology is a common task for
dentists. Case reports and non-systematic reviews by Patel
et al. 2007 (Patel et al., 2007) and Cotton et al. 2007 (Cot-
ton et al., 2007) have highlighted the importance of CBCT
in the diagnosis of periapical pathology. Ốzen et al. 2009
(Ozen et al., 2009) found raised intra examiner agreement
and accuracy in detecting artificial lesions by using CBCT
as compared to periapical radiography. Laboratory studies
by Stavropolous & Wenzel 2007 (Stavropoulos & Wenzel,
2007), Patel et al. 2009a (Patel et al., 2009c) and De Paula-
Silva et al. 2009 (De Paula-Silva et al., 2009) on human
and animals did verify that CBCT can accurately diagnose
periapical lesions. CBCT can be considered if the periapi-
cal radiography is inconclusive and this is contradictory to
the clinical signs and symptoms (Cotton et al., 2007).
Cone beam computed tomography is an adjunct in

planning of surgical procedures since anatomical struc-
tures are clearly visualised and measured as well as di-
mensions and extent of lesions can be easily determined.
Studies by Rigolone et al. (Rigolone et al., 2003) and
Bornstein (Bornstein et al., 2011) support this statement.
Hence, limited volume high-resolution cone beam com-

puted tomography can be used in selected cases for pre-
surgical assessment but deciding factors are generally
proximity to the anatomical structures (http://www.
sedentexct.eu/files/radiation_protection_172.pdf).
Cone beam computed radiography is diagnostically ac-

curate in the determination of dental trauma. In selected
cases where periapical radiology has provided inadequate
information to assist in treatment planning (http://www.
sedentexct.eu/files/radiation_protection_172.pdf). Stud-
ies by Patel et al. 2007 (Patel et al., 2007), Cohenca et al.
2007 (Cohenca et al., 2007b) and Kamboroglu et al.
(Kamburoğlu et al., 2009) verify this statement.
Cone beam computed tomography can guide in diag-

nosing the type and extent of resorption. Limited volume
high-resolution cone beam computed tomography can be
used for the diagnosis of internal/external resorption in
deciding the course of action and planning the manage-
ment of the concerned tooth (Cotton et al., 2007).
A CBCT scan should be considered only after a clin-

ical examination has been carried out and conventional
radiographs have been taken (ICRP 2007). The ‘As Low
as reasonably achievable’ (ALARP) guidance should al-
ways be kept in mind. The guidelines mentioned below,
which have been extracted from the European Society of
Endodontology and SEDENTEX, should normally be
considered by clinicians who are using CBCT.

Prerequisites for CBCT diagnostics

� Justification of every radiation exposure after
undertaking patient history and clinical examination
including periapical radiography. They should add
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additional information to assist in the patient's
management.

2. Risk/benefit assessment should be done for every
patient.

3. CBCT should not be used for routine screening of
imaging.

4. Radiation dose to the patient should be as low as
reasonably practicable.

5. Accurate positioning and patient preparation
should be done

6. Appropriately trained individuals should engage in
conducting a scan.

7. All exposures should be reported by a trained
individual.

Concluding remarks
For many years, endodontic treatment has been reliant
on conventional radiographs. Evidence gathered from
various studies has thrown light on the inadequacies of
this imaging system. Cone beam computed tomography
has effortlessly overcome the limitations of periapical
radiography. Studies have accentuated the reliability of
CBCT in the field of endodontics; some common
examples covered in this review are in the diagnosis of
periapical lesions, assessment of endodontic outcome,
complex tooth morphology, dental trauma, vertical root
fractures, pre-surgical assessment and resorption.
Any radiographic procedure runs the inherent risk of

radiation exposure. It is for clinician to carefully weigh
the pros and cons of the imaging modality that needs to
be undertaken which depends on case selection. This re-
view highlights the potential applications of CBCT in
the assessment and management of endodontic prob-
lems notwithstanding the higher radiation dosage as
compared to periapical radiography. CBCT appears to
have an admirable validity and reliability in endodontic
diagnosis. Current evidence suggests that CBCT has su-
perior sensitivity in comparison to conventional radiog-
raphy; CBCT can judicially overcome the flaws of
conventional radiography, however the specificity is the
same in both imaging systems (Patel et al. 2012 b).
Recently, there has been an increase in the use of

CBCT in accordance with the evidence base. Guid-
ance may be required whilst using CBCT scanners
with respect to radiation safety and legislation. It is
advised that CBCT should not be used as a direct re-
placement if a lower dose radiographic technique

would provide sufficient diagnostic information. It is
beneficial if the smallest field of view is used whilst
capturing all the diagnostic information.
Two important principles of radiation protection are

optimisation and keeping radiation levels to as low as
reasonably practicable (ALARP). Besides, CBCT scan-
ners should be assessed routinely using quality assurance
programme. Even the American Association of End-
odontists and the American Academy of Oral and Max-
illofacial radiology issued a statement in 2011 that stated
that CBCT should be prescribed only after weighing the
risks and benefits of every exposure. Soon after in order
to assist clinicians in justifying the use of CBCT, the
European Commission released ‘evidence based’
guidelines.
Needless to state, dentists who prescribe cone beam

computed tomography should be adequately trained in
factors that influence radiation dose, quality of the
image, selection of the appropriate imaging modality, ex-
posure factors and evaluation of the image obtained.
Post-graduate programmes should incorporate the use
of CBCT in their curriculum and clinicians should up-
date their knowledge on the justifiable use of CBCT.
Ironically, CBCT cannot be routinely used for end-

odontic treatment because of increased radiation expos-
ure. Prescribing CBCT can be an added responsibility
for the clinician due to an increase in radiation hazard.
Please note that CBCT must not be used as a substi-

tute to conventional radiography. However, it can be
used in some circumstances where clinical and periapical
radiographic assessment is inconclusive. CBCT, there-
fore, offers an advanced direction to improve standards
of care. It is safe to state that in the hands of a respon-
sible practitioner CBCT can do wonders to the world of
endodontics, expanding diagnostic and treatment possi-
bilities. It is, perhaps, time to welcome CBCT as a part
of the endodontic armamentarium, albeit judicially!
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