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ABSTRACT

Radiographic examination represents essential part of contemporary management of endodontic Received on: 22"-February-2016

problems, from diagnosis & treatment planning to outcome evaluation. Intra-oral &panoramic Revised on: 25"-April-2016
=] radiographic assessment have inherent limitations that 3-diamensional anatomy (3D) is compressed in 2 Accepted on: 7"— March-2016
"I' dimensional (2D) image, superimpositions of anatomic structures resulting in geometric distortion of area Published on: 11" June-2016

and anatomic noise that can hide region of interest.Cone beam computed tomography (CBCT) is
m relatively new method that produces three dimensional (3D) information of maxillofacial skeleton

including teeth & their surrounding tissue with lower effective radiation dose than traditional CT scan.

CBCT imaging can be used in all phases of treatment including diagnosis, treatment planning, during
treatment phase & through post treatment assessment & follow up. CBCT has great potential in

1 managing endodontic problems, as well as for assessing root fractures, apical periodontitis, resorptions, Periapical Radiograph (PR);
perforations, canal anatomy & nature of alveolar bone topography around teeth. The purpose of this Cone beam computed
article is to review the use of CBCT imaging in the diagnosis & treatment planning & assessing the tomography (CBCT); Apical

periodontitis; Periapical lesions;
Root canal treatment; Vertical
Root fractures.

outcome of endodontic complications & advantages of CBCT over conventional radiography.

*Corresponding author: Email: drrakheemodak@gmail.com; Tel.: + 91-9209252677

INTRODUCTION
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Imaging is an important diagnostic adjunct to the clinical assessment of the dental patient. The introduction of
panoramic radiography in the 1960s and its widespread adoption throughout the 1970s and 1980s heralded major
progress in dental radiology. However, intraoral and extraoral procedures, used individually or in combination,
suffer from the same inherent limitations of all planar two-dimensional (2D) projections: magnification,
distortion, superimposition and misrepresentation of structures. Computed tomography was available for 3-
dimensional dental imaging in the 1980s, but due to the high cost, limited access, and radiation exposure,
utilization was limited to management of craniofacial anomalies, complex surgeries, and other unique dental
situations. In 1988, cone beam computerized tomography (CBCT) was introduced to dentistry. This technology
offered 3-dimensional visualization and more complex and more accurate imaging compared to analog and digital
radiographs [1,2]
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CONE BEAM COMPUTED TOMOGRAPH

A CBCT scanner for dentomaxillofacial use was developed in the late 1990s and, since the very first report, [3]
use of this technique has become widespread in dentistry. Using CBCT, a 3D volume of data is acquired in the
course of a single sweep of the scanner. The technique is contingent upon a simple, direct relationship between the
sensor and the source, which rotates synchronously 180—360° around the patient’s head. The X ray beam, which
is cone-shaped (hence the name of the technique), captures a cylindrical or spherical volume of data, described as
the field of view (FOV). One of the major advantages of CBCT over computed tomography (CT) is the
significantly lower effective radiation dose to which patients are exposed.[4] The dose depends on the region of
the jaw to be scanned, the exposure settings of the CBCT scanner, the size of the FOV, the exposure time(s), the
tube current (mA) and the energy/potential(kV) [5-7].
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The use of CBCT technology in clinical dental practice provides a number of potential advantages for
maxillofacial imaging.[8]
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e  X-ray Beam limitation:
Reducing the size of the irradiated area by collimation of the primary X-ray beam to the area of
interest minimizes the radiation dose. Most CBCT units can be adjusted to scan small regions for
specific diagnostic tasks.

e [mage accuracy:
The volumetric data set comprises a 3D block of smaller cuboid structures, known as voxels, each
representing a specific degree of X-ray absorption. The size of these voxels determines the
resolution of the image. All CBCT units provide voxel resolutions that are isotropic- equal in all 3
dimensions. This produces sub-millimeter resolution ranging from 0.4 mm to as low as 0.076 mm.
Because of this characteristic, subsequent secondary (axial, coronal, and sagittal) and multiplanar
reformation (MPR) images achieve a level of spatial resolution accurate enough for endodontic
measurements.

e Rapid scan time:
Because CBCT acquires all projection images in a single rotation, scan time is rapid (10-70 seconds)
and comparable to medical spiral MDCT systems and panoramic radiography, which is desirable
because motion artifacts due to subject movement are reduced.

e Dose reduction:
Published reports indicate that the effective dose of radiation (average range 36.9-50.3uSv) is
significantly reduced by up to 98% compared with conventional fan beam CT systems. This reduces
the effective patient dose to approximately that of a film based periapical survey of the dentition (13-
100 pSv) or 4-15 times that of a single panoramic radiograph (2.9-11 uSv)
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; For most endodontic applications, limited volume CBCT is preferred over large volume CBCT for the
following reasons:
tﬁ e Increased spatial resolution to improve the accuracyof endodontic-specific tasks such as the
visualization of small features including accessory canals, root fractures, apical deltas,
calcifications, etc.
3 o Highest possible spatial resolution that provides a diagnostically acceptable signal-to-noise ratio
for the task at hand.
e Decreased radiation exposure to the patient.
T e Time savings due to smaller volume to be interpreted.

APPLICATION OF CBCT IMAGING IN ENDODONTICS
Assessment of Root Canal Anatomy

The success of endodontic treatment depends on the identification of all root canals so that they can be accessed,
cleaned, shaped, and obturated [9]. The prevalence of a second mesiobuccal canal (MB2) in maxillary first molars
has been reported to vary from 69% to 93% depending on the study method employed. Conventional radiographic
techniques, at best, can only detect up to 55% of these configurations.Because of the 2D nature of conventional
radiography, it does not consistently reveal the actual number of canals present in teeth. In several studies, CBCT
imaging was superior in detecting the number of roots to PRs [10-12].CBCT reconstructions are somewhat
important in assessing teeth with an unusual number of roots, dilacerated teeth, and dens in dente [13-15]. Root
morphology (ie, the number of root canals and whether they merge or not) can be visualized 3-dimensionally.

IVRIENG

Different studies have used CBCT to study the root canal morphology of maxillary molars. Blattner et al [12]
assessed the prevalence of second MB canals in extracted maxillary first and second molars in vitro. The teeth
were sectioned axially to confirm the true number of root canals. In total, an 80% correlation was reported
between CBCT findings and the results obtained by tooth sectioning. Neelakantan et al.[13]compared the efficacy
of six methods(modified canal staining and clearing, CBCT, peripheral quantitativeCT, spiral CT, digital
radiography and contrast medium-enhanced digital radiography) in identifying the rootcanal systems of 95 teeth.
Their results showed that CBCTwas as accurate as the gold standard (a modified canal staining and clearing
technique). 3D reconstructions of CBCT images allow clinicians to fully appreciate the internal endodontic
anatomy of the root canal system in each type of tooth. CBCT images is also helpful in finding extra canals (Fig
1

Detection of Apical Periodontitis

CBCT scanning is a tomogram and eliminates anatomic noise, thus enabling the detection of radiolucent
endodontic lesions before the buccal or lingual plate is demineralized [16,17]. Apical periodontitis(AP) is
correctly identified with conventional radiographic methods when the disease is in an advanced stage according to
the periapical index (40% demineralization). When lesions are small, CBCT imaging shows better diagnostic
results [18-27]. CBCT software may be used to maximize the diagnostic yield of the captured data, as the
reconstructed slices are geometrically accurate because pixels of CBCT images are isotropic. Therefore, periapical
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lesions will not show changes in size or disappear on reconstructed scans as can happen with intraoral radiography
as a result of poor irradiation geometry [24].
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Fig:.1.(A and B) CBCT images of #3 showing axial sections at the (A) cervical and (B) apical level. (C and D) Enlarged axial
section CBCT images at the (C) cervical and (D)apical level showing three roots and seven canals.
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Fig:2. In x-ray periapical lesion is not seen in maxillary anterior but is clearly seen in CBCT image

Estrela et al.[16]compared the accuracy of CBCT, panoramic and periapical radiographs from a consecutive
sample of 888 imaging exams of patients with endodontic infection (1,508 teeth) in the detection of apical
periodontitis (AP). While a gold standard was not available, they found the detected prevalence of apical
periodontitis to be significantly higher with CBCT. Bender and Seltzer [17,25] and Schwarz and Foster [26]
showed that the size of the periapical lesion is often underestimated using periapical radiographs. CBCT
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enables the detection of radiolucent endodontic lesions before the lingual or buccal plate is demineralized [19,
27, 28] Use of CBCT eliminates the superimposition of anatomical structures and is useful in identifying
processes occurring within the cancellous bone. Both in vivo [16, 20, 29] and in-vitro [19,30]studies have
shown that CBCT detects periapical lesions more effectively than periapical radiographs.
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Pre-surgicalAssessment

CBCT s particularly recommended for diagnosis and treatment planning before endodontic surgery.The
benefits of the use of CBCT during endodontic surgery include elimination of the superimposition of
anatomic structures, such as the zygomatic buttress, alveolar bone, maxillary sinus and other roots, and early
detection of the presence and dimensions of apical lesions and changes in apical bone density[19,31] The
axial, coronal and sagittal planes obtained with CBCT scans also provide clinicians with a clear view of the
anatomical relationship between root apices and neighboring structures, such as the mandibular canal, mental
foramen and maxillary sinus [31-33]. CBCT imaging may play an important role in microsurgery on the
palatal root of maxillary molars; the distancebetween the cortical bone plate and the palatal apex can
bemeasured, and the presence of the maxillary sinus between the roots can be assessed [34].

Root Canal Treatment Quality Assessment

The most important area in which CBCT can be applied in endodontics is in determining the outcome
oftreatment.Conventional and digital PRs have been widely used for follow-up after root canal treatment.
However, in teeth with apical periodontitis, microscopic findings and radiographic examinations are often
divergent[35].Chronic periapicalinflammation often persists for years after root canal filling,even in the
absence of clinical symptoms and radiographicalterations [36,37]. The most recent literature demonstrates
that the detection of periapical lesions following root canal treatment using CBCT is more accurate than that
using radiographic evaluation [29, 38-41]. In a retrospective longitudinal cohort study,Ferna’ndez et
al.[40]evaluated the outcome of endodontic treatments as assessed by conventional and digital PRs andCBCT
during a 5-year follow-up period. They suggested that CBCT was more sensitive than PRs for the
L visualization of periapical lesions in a long-term evaluation. Liang et al.[41]compared the quality of root
canal treatment using PRs and CBCT in teeth with vital pulps. They found thatthe treatment outcome, length
and density of root fillings andoutcome predictors as determined using CBCT differed fromthe corresponding
values determined using PRs. CBCTdetected periapical lesions in 25.9% of the teeth, comparedwith 12.6%
using PRs. Root fillings with voids and unsatisfactorycoronal restorations negatively influenced the outcome.
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Assessment of vertical root fracture, resorption

e 19

While root fractures are less common than fractures of the crown and occur in only 7% or fewer of dental
injuries, [42,43] they are difficult to diagnose accurately using conventional radiography. Numerous authors
have illustrated the usefulness and importance of CBCT in the diagnosis and management in specific aspects
of dento-alveolar trauma, especially root fractures [44-46], luxation and/or displacement, and alveolar
fracture [47]. CBCT has found particular application for the diagnosis of root fractures (Fig.5.5). Identifying
the presence of vertical root fracture (VRF) is often an endodontic challenge. Radiographic features
suggestive of VRF such as J-shaped and halo-shaped radiolucencies do not appear until significant bone
destruction has occurred and similarly shaped radiolucencies may manifest themselves in cases of apical
periodontitis not associated with VRF. Four standard procedures have been described to allow a correct and
definitive diagnosis [48]: a visualization during an exploratory surgery [48], a visualization after tooth
extraction,[48] a radiographic visualization as long as there is a separation of fragments [48] and a Cone
Beam Computer Tomography visualization of the fracture[49,50]. Ex vivo studies have demonstrated that
CBCT is more sensitive than conventional radiography in the detection of vertical fractures in roots.
However, care should be taken when assessing root filled teeth for VRF using CBCT as scatter produced by
the root filling or other high-density intraradicular material may incorrectly suggest the presence of a fracture
[8].Nair, Mandlik et al published clinical case reports in which the elusive VRF was diagnosed using CBCT
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Fig: 3.1. Diagnostic radiograph Fig 3.2 CBCT image showing axial and sagital sections and fracture on mesial root Courtesy
Dr. Nair
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Fig: 3.3 CBCT image showing oblique section and fracture on mesial root Courtesy Dr. Nair
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Fig: 3.4. Fracture evident after extraction Courtesy Dr. Nair
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Root Resorption

Root resorption is defined as the loss of dental hard tissuesas a result of osteoclastic activities [51]. Resorptive
defects may spread within the root in all directions, and their sizes and the positions of radiolucency may not be
detected on the radiograph (Fig. 3A and B) [52]. Although intraoral radiography is reasonably accurate in
diagnosing internal and external cervical root resorption, CBCT scans enhance the diagnosis of the presence and
type of root resorption [53].
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Fig: 4. CBCT showing Internal root resorption

CONCLUSIONS

In conclusion, CBCT technology aids in the diagnosis of endodontic pathosis and canal morphology, assessing
root and alveolar fractures, analysis of resorptive lesions, identification of pathosis of non-endodontic origin,
and presurgical assessment before root-end surgery. When compared with medical CT, CBCT has increased
accuracy,higher resolution, reduced scan time, a reduction in radiation dose, and reduced cost for the patient [6].
As compared with conventional periapical radiography, CBCT eliminates superimposition of surrounding
structures, providing additional clinically relevant information. Drawbacks of CBCT include limited
availability, and significant capital investment. As CBCT technology evolves, clinicians will be able to adopt 3-
D imaging into their diagnostic repertoire. Because accurate diagnostic information leads to better clinical
outcomes, CBCT might prove to be an invaluable tool in the modern endodontic practice.However, endodontic
cases should be judged individually,and CBCT imaging should be considered for situations in which
informationfrom conventional imaging systems may not yield adequateamounts of information to allow for the
appropriate management ofendodontic problems.
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