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ABSTRACT

This article reviews the various clinical applications of cone-beam computed tomography (CBCT) and evaluated
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the level of evidence to determine whether the use of CBCT is justified in various fields of dentistry like oral and max-
illofacial surgery, endodontics, implantology, orthodontics, temporomandibular joint disorders, periodontics, and restorative and forensic

dentistry, orthodontics or not.

Introduction

The emergence of cone-beam computed tomography (CBCT) has
expanded the field of oral and maxillofacial radiology. CBCT im-
aging provides three-dimensional volumetric data construction
of dental and associated maxillofacial structures with isotropic
resolution and high dimensional accuracy. A CBCT scanner uses
a collimated x-ray source that produces a cone- or pyramid-
shaped beam of x-radiation, which makes a single full or partial
circular revolution around the patient, producing a sequence of
discrete planar projection images using a digital detector. These
two-dimensional images are reconstructed into a three-dimen-
sional volume that can be viewed in a variety of ways, including
cross-sectional images and volume renderings of the oral anat-
omy.

Although CBCT units produce a higher radiation dose than one
would receive from a single traditional dental radiograph, the ra-
diation dose delivered typically is less than that produced dur-
ing a medical multichannel computed tomographic scan. CBCT
radiation doses also vary widely according to the device used,
x-ray energy and filtration, tolerance for image noise and motion
artifacts, and the size of the imaging area (field of view [FOV])
that is used to acquire volumetric data.®

CBCT in Diagnosis of Temporomandibular joint Disoorders
Panoramic radiography is an acceptable initial tool for the as-
sessment of temporomandibular joint (TM]) osseous structures.
But because of the known limitations of panoramic radiography,
the absence of radiographic findings in a symptomatic patient
does not rule out obscured osseous

changes; moreover, radiographic findings, if present, may not be
revealed in full. Conventional tomography has been used exten-
sively for the evaluation of TMJ hard tissues; however, technique
sensitivity and the length of the examinations made it a less at-
tractive diagnostic tool for the dental practitioner. CBCT images
not only can be taken in the office but also viewed from many
different angles and from an almost infinite number of slices.
CBCT images of the TMJ have been shown to provide greater re-
liability and accuracy than tomographic or panoramic views in
detecting condylar erosions.

CBCTin Oral and Maxillofacial Surgery

CBCT imaging has great role in evaluation of impacted canine.
In the past, SLOB technique was used to compare two peri-
apical radiographs taken at different beam angles to determine
the facial/lingual position of the impacted canine; however, the
degree of displacement is difficult to determine. CBCT imaging
is precise in determining not only the labial/lingual relation-
ship but also a more exact angulation of the impacted canine®.

These 3D images are beneficial in determining the proximity of
adjacent incisor and premolar roots, which can be invaluable in
determining the ease of uncovering and bonding and the vec-
tor of force that should be used to move the tooth into the arch
with a lesser chance of adjacent root resorption. To view root
fractures radiographically CBCT scans can be acquired quickly
and the teeth of interest may be viewed from various angles
and directions’. The ability to view the cut of a single tooth of
interest in the three planes of space makes determining if the in-
volved tooth displays fracture much easier.

CBCT in Periodontics

2D intraoral radiography is the most common imaging modality
used for agnosing bone morphology, such as periodontal bone
defects. However, the limitations of 2D radiography could cause
dentists to underestimate the amount of bone loss or available
bone due to projection errors and has led to errors in identify-
ing reliable anatomical reference points.118 These findings
confirm the observation by Misch et al that 2D radiographs are
inadequate for detecting changes in bone level or determining
the architecture of osseous defects.119 CBCT provides accurate
measurement of intrabony defects and allows clincians to assess
dehiscence, fenestration defects, and periodontal cysts. While
CBCT and 2D radiographs are comparable in terms of revealing
interproximal defects, only 3D imaging such as CBCT can visual-
ize buccal and lingual defects. CBCT has been used to obtain de-
tailed morphologic descriptions of bone as accurately as direct
measurement with a periodontal probe. CBCT can also be used
to assess furcation involvement of periodontal defects and allow
clinicians to evaluate postsurgical results of regenerative.®'

CBCT in Endodontics(NJ)

The technology has not yet been perfected for accurate caries
detection using the cone beam scanner. CBCT imaging for car-
ies should be limited to non restored teeth. Still we do not know
the effect of beam hardening on producing possible artifacts
and false-positives. Apparently, sensitivity may increase with
CBCT but it should not be at the cost of specificity. The three-
dimensional scanning of all the roots of a tooth during endodon-
tic treatment to detect perforation or aberrant canals is useful.
This application alone can prevent the loss of countless numbers
of teeth each year. CBCT for endodontic purposes appears to be
the most promising use of CBCT, in many instances instead of
2D images. Applications would include apical lesions, root frac-
tures, canal identification, and characterization of internal and
external root resorption.'*"’

CBCT in Orthodontics:
The causal relationship between airway disorders and malocclu-
sion leads to the classic appearance of adenoid facies. Perhaps
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as a result of the lack of diagnostic instruments in this area, the
focus on patient airway assessment seems to have subsided until
CBCT arrived and aided in the evaluation of airways.In the past,
soft tissue evaluation was difficult using 2D photographs and
radiographs. The patient’s profile has been the most common
soft tissue projection evaluated using photographs and lateral
cephalometric radiographs. The profile is visualized using pho-
tographs; however, tracings and landmark analysis of the profile
are quantified using the soft tissue observed on the lateral ceph-
alometric radiograph'. Using the soft tissue data gathered in the
CBCT scan, it is possible to rotate and tilt the head in an infinite
number of positions to evaluate symmetry of the soft tissue. The
positioning of the nose, the alar base fullness, and the inferior
border of the mandible are only a few of the items easily studied.
l61%Several applications of CBCT in orthognathic surgery treat-
ment simulation, guidance and outcome assessment have been
developed. CBCT 3D surface reconstructions of the jawbones
are used for preoperative surgical planning and simulation in
patients with traumas and skeletal malformations. Coupled with
dedicated software tools, simulations of virtual re-positioning of
the jaws, osteotomies, distraction osteogenesis and other inter-
ventions can now be successfully implemented. Pre and post-
operative 3D CBCT skull models can also be registered (i.e. su-
perimposed on each other) to assess the amount and position of
alterations in the mandibular rami and condylar head following
orthognathic surgery of the maxilla and the mandible*"

CBCT in Implant Dentistry

The increasing need for dental implants to replace missing teeth
requires a technique capable of obtaining highly accurate al-
veolar and implant site measurements to assist with treatment
planning and avoid damage to adjacent vital structures during
surgery. In the past, such measurements generally were obtained
by utilizing 2D radiographs and (in specific cases) with the aid
of conventional CT. However, CBCT is the preferred option for
implant dentistry, providing greater accuracy in measuring
compared to 2D imaging, while utilizing lower doses of radia-
tion. New software has reduced the possibility of malpositioned
fixtures and damaged anatomical structures. CBCT has reduced
implant failures by providing information about bone density,
the shape of the alveolus, and the height and width of the pro-
posed implant site for each patient.CBCT does not provide ac-
curate Hounsfield unit (HU) numbers; as a result, bone density
numbers measured with this technique.?*

References

1. Horner K, Islam M, Flygare L, Tsiklakis K, Whaites E]J. Basicprinciples for use
of dental cone beam computed tomography: consensus guidelines of the Euro-
pean Academy of Dental and Maxillofacial Radiology. Dentomaxillofac Radiol
2009;38(4):187-195.

2. Pauwels R, Beinsberger J, Collaert B, et al; SEDENTEXCT Project Consortium. Ef-
fective dose range for dental cone beam computed tomography scanners. Eur J
Radiol 2012:81(2):267-271.

3. Ludlow ]JB, Ivanovic M. Comparative dosimetry of dental CBCTdevices and
64-slice CT for oral and maxillofacial radiology. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2008;106(1):106-114.

4. Ludlow JB, Davies-Ludlow LE, White SC. Patient risk related to common den-
tal radiographic examinations: the impact of 2007 International Commission
on Radiological Protection recommendations regarding dose calculation. JADA
2008:139(9):1237-1243.

5. Schubert M, Baumert U. Alignment of impacted maxillary canines: critical analy-
sis of eruption path and treatment time. J Orofac Orthop 2009;70(3):200-212

6. Ericson S, Kurol J. Incisor root resorptions due to ectopic maxillary canines im-
aged by computerized tomography: a comparative study in extracted teeth. An-
gle Orthod 2000;70(4):276-283.

7. Huang JC, Bumann A, Mah ]J. 3-Dimensional radiographic analysis in orthodon-
tics. J Clin Orthod 2005;39(7):421-428.

8.  Tyndall DA, Rathore S. Cone-beam CT diagnostic applications: Caries, peri-
odontal bone assessment, and endodontic applications. Dent Clin North Am
2008;52(4):825-841.

10.

11.

13.

14.

18.

20.

22.

23.

24.

26.

508 | IC Value : 69.48

6. Tetradis S, Anstey P, Graff-Radford S. Cone beam computed tomography in the
diagnosis of dental disease. J Calif Dent Assoc 2010;38(1):27-32.

Vandenberghe B, Jacobs R, Yang J. Diagnostic validity (or acuity) of 2D CCD ver-
sus 3D CBCTimages for assessing periodontal breakdown. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod 2007;104(3):395-401.

Misch KA, Yi ES, Sarment DP. Accuracy of cone beam computed tomography for
periodontaldefect measurements. ] Periodontol 2006;77(7): 1261-1266.

Ito K, Yoshinuma N, Goke E, Arai Y, Shinoda K. Clinical application of a new
compact computed tomography system for evaluating the outcome of regenera-
tive therapy: A case report. ] Periodontol 2001;72(5):696-702.

120. Cha JY, Mah ], Sinclair P. Incidental findings in the maxillofacial area
with 3-dimensional conebeam imaging. Am ] Orthod Dentofacial Orthop
2007:132(1):7-14.

Kasaj A, Willershausen B. Digital volume tomography for diagnostics in peri-
odontology. Int ] Comput Dent 2007;10(2):155-168.

Scarfe We, Farman AG, Sukovic P. Clinical applications of Cone beam computed
tomography in dental practice. ] Can Dent Assoc 2006. 72:75-80.

Kalathingal SM, Mol A, Tyndall DA, et al. In vitro assessment of cone beam local
computed tomography for proximal caries detection. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2007;104:699-704.

Cotton TP,Geisler TM, holden DT, et al. Endodontic applications of Cone beam
volumetric tomography, ] Endod 2007: 33:1121-1132.

Rakosi T. Cephalometry and radiographic analysis. In: Carruthers GB, editor. An
atlas and manual of cephalometric radiography. London: Wolfe Medical Publica-
tions Ltd; 1982. p. 7.

A case reportAthanasiou A, Papdopoulos M, Mazaheri M, et al. Cephalometric
evaluation of pharynx, soft palate, adenoid tissue, tongue, and hyoid bone fol-
lowing the use of a mandibular repositioning appliance in obstructive sleep ap-
nea patients. Int ] Adult Orthodon Orthognath Surg 1994;9(4):273-83.

Alamri HM, et al. Applications of CBCT in dental practice: A review of the litera-
ture.Gen Dent. 2012 Sep;60(5):390-400

Mupparapu M. CBCT in orthodontics. ] Am Dent Assoc. 2012 Aug; 143(8):830-2.
Macleod I, Heath N. Cone-beam computed tomography (CBCT) in dental prac-
tice. Dent Update 2008;35(9):590-598.

Yajima A, Otonari-Yamamoto M, Sano T, Hayakawa Y, Otonari T, Tanabe K, Wa-
koh M, Mizuta S, Yonezu H, Nakagawa K, Yajima Y. Cone-beam CT (CB Throne)
applied to dentomaxillofacial region. Bull Tokyo Dent Coll 2006;47(3):133-141
Howerton WB Jr, Mora MA. Advancements in digital imaging: What is new and
on the horizon? ] Am Dent Assoc 2008;139 Suppl:20S-24S.

Dreiseidler T, Mischkowski RA, Neugebauer J, Ritter L, Zoller JE. Comparison of
cone-beam imaging with orthopantomography and computerized tomography
for assessment in presurgical implant dentistry. Int J Oral Maxillofac Implants
2009;24(2):216-225.

Sato S, Arai Y, Shinoda K, Ito K. Clinical application of a new cone-beam com-
puterized tomography system to assess multiple two-dimensional images for the
preoperative treatment planning of maxillary implants: Case reports. Quintes-

sence Int 2004;35(7):525-528.

IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH 559




