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ABSTRACT
Background: The evolution of cone beam computed tomography three-dimensional (CBCT 3D) imaging has dramatically
changed the potential for presurgical and pretreatment planning,
such that outcomes are more predictable and complications
more avoidable.
Purpose: The purpose of this article was to systematically
review scientific and clinical literature pertaining to the uses
and benefits of 3D imaging CBCT for diagnosis and treatment
planning in Implantology including prosthodontics.
Materials and methods: Various databases, like PubMed,
EBSCOhost and ScienceDirect, were searched from 1998
to 2010 to retrieve articles regarding the clinical applications
of CBCT in dentistry. Cone beam computed tomography in
dentistry was used as a key phrase to extract relevant articles in
dentistry. A manual search for the references from the retrieved
articles was also completed. The articles published only in
English, randomized clinical trials, prospective and retrospective
clinical studies, laboratory and computer-generated research
were included.
The search revealed 540 articles of which 447 were irrelevant to the study and therefore excluded.
Results: Cone beam computed tomography has created an
opportunity for clinicians to acquire the highest quality diagnostic images with an absorbed dose that is comparable to other
dental radiological examinations and less than a conventional
CT. Therefore, if placement of an implant might approach a
nerve, invade the sinus, or penetrate out of the confines of the
jawbone, the patient should be offered a discussion of CBCT 3D
imaging. In addition, CBCT 3D patients should be advised of the
risks, benefits and alternatives to such treatment, based upon
any additional data provided by the imaging.
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INTRODUCTION
During the last few years, implant dentistry has seen a dramatic
increase as a treatment option in oral rehabilitation. This has
resulted in a rapid increase in the number of practitioners
including prosthodontists with different levels of expertise
to be involved in implant placement. The treatment planning,
placement, and restoration of dental implants for the partially
and completely edentulous patient can be challenging.
Anatomical limitations can make implant location difficult
to determine. As options for oral rehabilitation with implants
increase, so also the attendant risks, such as nerve injury
from the placement of a dental implant, sinus perforation,
in addition to failure associated with poor alignment. Such
complications may be considered as risks that are not
completely avoidable, despite meeting the standard of care.
In the field of oral implantology, there exist numerous
radiographic imaging modalities available for the presurgical assessment of the dental implant patient. In the past,
intraoral radiographs along with panoramic images were
used as the sole determinants of implant diagnosis and
treatment planning.1 Two-dimensional (2D) representation
of three-dimensional (3D) anatomies suffers from the same
inherent limitation including images that have poor spatial
accuracy, are static in space and time, and contain information voids. These 2D measurements have propagated legacy
databases of inaccurate morphometric measurements on
account of magnification errors, distortion, superimposition
and misinterpretation of structures.2 An imaging modality
which would give an undistorted 3D vision of a tooth and
surrounding structures is essential to improve diagnostic
potential in dentistry.
With the advancement of radiographic technology,
various 3D imaging systems are now available to the
dental profession allowing the implant team an infinite
amount of diagnostic information. In recent years, the
introduction of a new technology of cone beam computed
tomography (CBCT) specifically tailored to address
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challenges of the dentoalveolar environment and dedicated
for acquiring 3D images of oral structures has created a
revolution in maxillofacial imaging by facilitating the
transition of 3D dental imaging and expanding the role
of imaging from diagnosis to image guidance of surgical
procedures. In addition, it enjoys certain other advantages
by being cheaper than traditional medical computed
tomography (CT) equipment less bulky and generating
low doses of X radiations. This innovative CBCT provides
rapid volumetric image acquisition taken at different
points in time that are similar in geometry and contrast
making it possible to evaluate differences occurring in the
fourth dimension, time. In its various dental applications,
images of jaws and teeth can be visualized accurately with
excellent resolution, can be restructured three dimensionally
and can be viewed from any angle. Most significantly, patient
radiation dose is five times lower than normal CT.
Cone beam computed tomography combines the
strengths of medical CT with those of conventional dental
radiography to accommodate unique diagnostic and
treatment-planning applications that have particular utility
in implantology. While routine use of CT in dentistry is not
accepted due to its cost, excessive radiation and general
practicality it is also not intended to replace 2D imaging,
but to serve as an invaluable adjunct in achieving the best
possible patient care. This article discusses the uses and
benefits of 3D imaging CBCT for diagnosis and treatment
planning in implantology.
PRINCIPLES AND EVOLUTION OF CONE BEAM
TECHNOLOGY
For a long period of time, CT has been the gold standard
for preimplant assessment of the jaws. However, high costs,
high radiation dose, need for appropriate software warrants
the need for alternative technology.3
The advent of CBCT technology paved the way for
the development of relatively small and inexpensive CT
scanners dedicated for use in dentomaxillofacial imaging.
Cone beam volumetric tomography was pioneered at the
Nihon University School of Dentistry during the 1990s and
became commercially available during 2000.4,5
Today, it has become a valuable imaging modality in
dentistry including implantology. Appropriate site or size
can be chosen before placement, and osseointegration can be
studied over a period of time. Further data obtained by CBCT

can be processed in commercially available implant simulation software and provide a preoperative view of anatomical
structures in the jaw bone related to a scanning template
representing the future restoration. Hereby, it becomes
possible to virtually plan the ideal implant position taking both
the anatomical and restorative information into account.6-10
VISUALIZATION
The imaging of CBCT technique is based on a cone-shaped
X-ray beam that is centered on a 2D detector, which offers
the advantages of a higher rate of acquisition; unlike conventional CT, a parallel shift of the detector system during
rotation is not required, which results in a more efficient
use of tube power.13 The cone-shaped beam rotates 360°
around the patient and is capable of producing hundreds of
2D images of a defined anatomical volume which are reconstructed into a voxel (digital) volume for visualization and
analysis,13,14 using a variation of the algorithm developed
by Feldkamp in 1994.15
Visualization software allows the entire volume to be
rotated and viewed from any point of view. In addition, the
software allows for orthogonal (sagittal, axial or coronal
planes), oblique or curved plane slicing or paging through
the voxel layers to allow visualization of internal anatomy
(Figs 1 and 2). Slice thickness can be manipulated directly
and in real time (Fig. 3). The volume of image data can be
viewed using different modes of display, including multiplanar reformatting, shaded surface display and volume
rendering (Fig. 4).
USE OF CBCT IN PROSTHODONTICS
OTHER THAN IMPLANTOLOGY
While it is beyond the scope of this article to detail the use
of CBCT in areas other than implantology, it is important
to recognize that similar clinical and imaging goals can be

Table 1: Analysis and categorization of included articles
Specialty
Oral and maxillofacial surgery
Implantology
Orthodontics
General dentistry
Periodontics
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No. of articles
36
22
16
14
5

Percentage
38.7
23.6
17.2
15
5.3

Fig. 1: Intraoral periapical view to assess implant site—a twodimensional view

IJOPRD
Three-dimensional Imaging in Implant Assessment for the Prosthodontist

Fig. 2: Representative standard CBCT monitor display (i-CAT) showing axial, coronal and sagittal thin-section slices

Fig. 3: Slice thickness of curved planar reformatted images accomplished by aligning the long axis of the imaging plane with the region
of interest (ROI) permitting assessment of specific morphologic features like the maxillary sinus for implant site assessment as well as
allowing measurement of alveolar bone height and width (volumetric dataset acquired with i-CAT)

derived for presurgical imaging in implants, oral surgery,
orthodontics, TMD and orofacial pain investigation.16-20
This review did not identify any articles concerning
the prosthodontic applications of the 3D scanner, however
the improved standard of care seen in prosthodontic treatment may be attributed to CBCT use related to other dental
specialties. For example, CBCT can be used to determine
the number and morphology of roots determine the type
and degree of root angulation21-23 and visualize buccal and
lingual morphological bone defects.24-26 This can serve as
an important adjunct in the rehabilitation of complex full
mouth treatment cases, particularly in cases where multiple
teeth and bony areas must be assessed.

Cone beam computed tomography is the best imaging
device for cases involving trauma, fibro-osseous ankylosis, pain, dysfunction and condylar cortical erosion and
cysts.27-29 Cone beam computed tomography accuracy and
lack of superimposition makes it possible to measure the
roof of the glenoid fossa and visualize the location of the
soft tissue around the TMJ, which can offer a workable
diagnosis and reduce the need for MRI.30-32 It also makes
examination of the joint space possible as well as location
of the true position of the condyle within the fossa.33,34
Protrusive condylar guidance angles obtained by
panoramic radiograph may be used in programming
semi-adjustable articulators.35 It is only reasonable to
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Fig. 4: Volumetric 3D assessment of upper left first molar region
for implant site assessment (volumetric dataset acquired with
i-CAT)

presume that CBCT with its ability to incorporate additional
patient data into the treatment plan could also be used
in verifying centric relation and determining horizontal
condylar guid-ance, thereby programming semi-adjustable
articulators with greater precision.
In maxillofacial prosthodontics, limited application
utilizing advanced software, CBCT allows for minimum
visualization of soft tissue, allowing prosthodontist to
evaluate post-treatment growth and esthetics, outline of the
lip and bony regions of the palate in cases of cleft palate.
Cone beam computed tomography may also be used for
planning orthognathic and facial orthomorphic surgeries. A prosthodontist may be a team member and use the
adjunctive benefits of CBCT for detailed visualization of
the interocclusal relationship and representation of the
dental surfaces to augment the 3D virtual skull model.36-41

Table 2: Consensus guidelines of the European Academy of Dental and Maxillofacial Radiology11
Sl. no.
1. Cone beam computed tomography examinations must not be carried out unless a history and clinical examination have been
performed.
2. Cone beam computed tomography examinations must be justified for each patient to demonstrate that the benefits outweigh the risks.
3. Cone beam computed tomography examinations should potentially add new information to aid the patient’s management.
4. Cone beam computed tomography should not be repeated ‘routinely’ on a patient without a new risk/benefit assessment have
been performed.
5. When accepting referrals from other dentists for CBCT examinations, the referring dentist must supply sufficient clinical information
(results of a history and examination) to allow the CBCT practitioner to perform the justification process.
6. Cone beam computed tomography should only be used when the question for which imaging is required cannot be answered
adequately by lower dose conventional (traditional) radiography.
7. Cone beam computed tomography images must undergo a thorough clinical evaluation (radiological report) of the entire image dataset.
8. Where it is likely that evaluation of soft tissues will be required as part of the patient’s radiological assessment, the appropriate
imaging should be conventional medical CT or MR, rather than CBCT.
9. Cone beam computed tomography equipment should offer a choice of volume sizes and examinations must use the smallest that
is compatible with the clinical situation if this provides less radiation dose to the patient.
10. Where CBCT equipment offers a choice of resolution, the resolution compatible with adequate diagnosis and the lowest achievable
dose should be used.
11. A quality assurance program must be established and implemented for each CBCT facility, including equipment, techniques and
quality control procedures.
12. Aids to accurate positioning (light beam markers) must always be used.
13. All new installations of CBCT equipment should undergo a critical examination and detailed acceptance tests before use to ensure
that radiation protection for staff, members of the public and patient are optimal.
14. Cone beam computed tomography equipment should undergo regular routine tests to ensure that radiation protection, for both
practice/facility users and patients, has not significantly deteriorated.
15. For staff protection from CBCT equipment, the guidelines detailed in Section 6 of the European Commission document ‘Radiation
Protection 136. European Guidelines on Radiation Protection in Dental Radiology’ should be followed.
16. All those involved with CBCT must have received adequate theoretical and practical training for the purpose of radiological
practices and relevant competence in radiation protection.
17. Continuing education and training after qualification are required, particularly when new CBCT equipment or techniques are adopted.
18. Dentists responsible for CBCT facilities who have not previously received ‘adequate theoretical and practical training’ should
undergo a period of additional theoretical and practical training that has been validated by an academic institution (university or
equivalent). Where national specialist qualifications in DMFR exist, the design and delivery of CBCT training programs should
involve a DMF Radiologist.
19. For dentoalveolar CBCT images of the teeth, their supporting structures, the mandible and the maxilla up to the floor of the
nose (e.g. 8 × 8 cm or smaller fields of view), clinical evaluation (radiological report) should be made by a specially trained DMF
radiologist or, where this is impracticable, an adequately trained general dental practitioner
20. For non-dentoalveolar small fields of view (e.g. temporal bone) and all craniofacial CBCT images (fields of view extending beyond
the teeth, their supporting structures, the mandible, including the TMJ and the maxilla up to the floor of the nose), clinical evaluation
(radiological report) should be made by a specially trained DMF radiologist or by a clinical radiologist (medical radiologist).
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Table 3: Currently available commercial units12
Unit

Model

Manufacturer

Accuitomo

3D Accuitomo—XYZ Slice View
Tomograph/Veraviewepocs 3D

J Morita Mfg Corp, Kyoto, Japan

Asahi

Roentgen, PSR 9000N (Alphard Asahi Roentgen, Kyoto, Japan/Distributed by Belmont, Somerset, NJ, USA
3030)

GALILEOS

GALILEOS

Sirona Dental Systems, Charlotte, NC, USA

Gendex

CB 500

Imaging Sciences International, Hatfield, PA, USA/Distributed by Gendex,
Chicago, IL, USA

Hitachi

CB MercuRay/CB Throne

Hitachi Medical Corp, Chiba-ken, Japan

i-CAT

Classic/Next Generation

Imaging Sciences International, Hatfield, PA, USA, Imaging Sciences
International, Hatfield, PA, USA

ILUMA

Ultra Cone Beam CT Scanner

IMTEC Imaging Ardmore, OK, USA/Distributed by GE Healthcare, Piscataway,
NJ, USA

KaVo

3D eXam

Imaging Sciences International, Hatfield, PA, USA/Distributed by KaVo Dental
Corp, Biberach, Germany

KODAK

9000 3D/9500 3D

KODAK Dental Systems, Carestream Health Rochester NY, USA. Distributed
exclusively in the USA by Practice Works, Atlanta, GA, USA

Newtom

3G/NewTom VG

QR Inc, Verona, Italy/Dent-X Visionary Imaging, Elmsford, NY, USA

ORION

RCB-888

Ritter Imaging GmbH, Ulm, Germany

Picasso Series

Trio/Pro/Master

E-Woo Technology Co Ltd/Vatech, Giheung-gu, Korea

PreXion

3D

PreXion, Inc, San Mateo, CA, USA

Promax

3D

Planmeca OY, Helsinki, Finland

Ritter

Orion RCB-888

Ritter Imaging GmbH, Ulm, Germany

Scanora

Scanora 3D CBCT

SOREDEX, Tuusula, Finland

SkyView

3D Panoramic Imager

MyRay Dental Imaging, Cefla Dental Group, Imola, Italy

Suni

3D

Suni Corp, CA, USA

TeraRecon

Fine Cube

Yoshida Dental Mfg Co Ltd, Tokyo, Japan/Distributed by TeraRecon Inc,
San Mateo, CA, USA

Cone beam computed tomography technology has also been
used for thorough pretreatment evaluations of patients with
obstructive sleep apnea, to determine an appropriate surgical
approach (when necessary) and if not amenable a prosthetically driven treatment plan.42,43
USE OF CBCT IN IMPLANTOLOGY
The key stakeholders for implant planning and placement
include a prosthodontist, a surgeon and the patient. For
the diagnosis of bone pathology, planning of complex
implant-supported prosthetic restorations, and guaranteeing oral surgery that is as safe and free of complications as possible, a 3D radiological display is frequently
indicated. Cone beam computed tomography can cover
a large part of the indications of the dental and oral
surgical spectrum, and represents an alternative to CT.
Moreover, the method offers the advantage that it can also
be used in the dental practice, taking the existing radiation protection regulations into account. This guarantees
optimum patient and user friendliness, because referral to a
specialized CT facility is thus no longer necessary in most
cases. In the first 12 months of the trials of the Planmeca
Promax 3D at the Department of Dental Surgery and
Radiology of the University Clinic for Oral and Maxillofacial

Medicine in Graz,44 the overwhelming majority of referrals
for CBCT (almost 90%) was concerned with the field of
oral surgery and implantology. Oral surgical questions
mainly cover aspects of wisdom tooth anatomy, position of
impacted canines, premolars, mesiodens, as well as cystic
lesions. Diagnoses of the maxillary sinuses and the area of
tooth preservation represented further indications. Apart
from diagnostic purposes, the objective of the referrals was
facilitating optimum preparation for the pending operation.
In the area of implantology, this was combined frequently
with pre- or post-augmentative 3D digital therapy planning.
Cone beam computed tomography showed good results in
the display of hard tissue structures and can be integrated
without difficulty in the daily clinical routine.
In another study,45 as part of the quality assurance program
in a dental radiology referral center, the reasons for taking
CBCT images were analyzed and the volume sizes of the field
of view (FOV) were noted. Eighty CBCT scans were carried
out in the period examined. Implant planning accounted for
40% of the scans, 26% were for assessment of lesions of
endodontic origin, 19% for assessing impactions and 10%
for pathology. A review of the recent literature showed that
a CBCT scan gives the potential for an improved diagnosis
for the patient and has a great range of clinical applications.
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PROSTHODONTIC SIGNIFICANCE OF
USAGE OF CBCT
Implant planning should be driven by prosthodontic concerns, using a crown-to-bone approach. The crown-to-bone
concept takes into account the site-specific restorative
requirements, followed by finding the ideal location for
the supporting implant and finally investigating the bone to
determine the feasibility of implant placement.
When the prosthetic planning precedes implant planning
and implant placement, the replacement of missing teeth with
implants can be called a ‘crown down’ approach.50 A CBCT
scan, in combination with surgical planning software to produce a CAD/CAM surgical template, can be used as a virtual
planning environment to iterate the ideal placement of the
prosthetics, occlusion and associated supporting implants,
in a virtual environment.46-48 The use of CBCT scans, thus,
makes implant placement more predictable, safer, and easier
for patients and is indicated in flapless surgical technique.49
For each implant site, the following anatomic considerations or imaging goals may allow the clinician to determine
the best site for the implant and meet the prosthetic goals:50
1. Determine bone height and width (bone dimensions) via
3D CBCT.
2. Determine bone quality with comparative density
analysis in 3D.
3. Determine the long axis of alveolar bone.
4. Identify and localize internal anatomies, such as nerves
and sinus cavities.
5. Determine jaw boundaries.
6. Identify pathology in 3D scale and scope.
7. Transfer of radiographic planning information.
8. Communicate radiographic diagnostic and planning
information.
Bone Dimensions
Available bone is particularly important in implant dentistry
and describes the external architecture or volume of the
edentulous area considered for implants. Historically, the
available bone was not modified in the implant candidate,
however, today the treatment plan first considers the final
prosthesis, then the patient force factors are noted and the
next consideration is the bone density in the sites of the
implant abutments.1 Cone beam computed tomography
imaging has broadened opportunities for examining morphologic aspects of the craniofacial complex, including alveolar bone, but limitations of the technology have yet to be
defined. Cone beam computed tomography can be used to
quantitatively assess buccal bone height and thickness with
high precision and accuracy. Three-dimensional presentation
of bone height and width allows the clinician to determine
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how much bone is available in the proposed implant site
without having to do enlargement estimates.
In a study44 to investigate the reliability of circumferential bone level assessment around single implants in healed
ridges and extraction sockets using CBCT, the conclusion
arrived was that this technology provides three-dimensional
information and could absolutely be useful for evaluating
circumferential implant bone levels.
Bone Quality
The internal structure of bone is described in terms of
quality or density, which reflects a number of biomechanical properties, such as strength and modulus of elasticity. The density of available bone in an edentulous site is
a determining factor in treatment planning, implant design,
surgical approach, healing time and initial progressive
bone loading during prosthetic construction.1 Bone density
is directly proportional to the load-bearing capacity of the
bone. The architecture of the supporting bone is dependent
on the functional capacity of these tissues. Dynamic loads
received by the implants may strain the supporting bone
and induce changes in that bone. Bone requires a certain
amount of strain for maintenance, but excessive strain may
cause fatigue failure of the trabeculae. A 3D CBCT can
determine bone quality with more accuracy than 2D imaging. The Hounsfield scale is used to measure radio density
and, in reference to medical grade CT scans, can provide
an accurate absolute density for the type of tissue depicted.
The radiodensity, measured in Hounsfield Units (HU),
also known as CT number) is inaccurate in CBCT scans,
because, different areas in the scan appear with different
gray scale values depending on their relative positions in the
organ being scanned, despite possessing identical densities,
because, the image value of a voxel of an organ depends on
the position in the image volume 45 HU measured from the
same anatomical area with both CBCT and medical-grade
CT scanners are not identical51 and are thus unreliable for
determination of site-specific, radiographically identified
bone density for purposes, such as the placement of dental
implants, as there is ‘no good data to relate the CBCT HU
values to bone quality.’52
Although some authors have supported the use of
CBCT technology to evaluate bone density by measuring
HU,53 it has been suggested that such support is provided
erroneously, because, scanned regions of the same density
in the skull can have a different gray scale value in the
reconstructed CBCT dataset.54 In conclusion, there is a
general acknowledgment that HU is not correctly displayed
with CBCT systems, however, there has been little research
conducted to attempt to correct this deficiency.55 In studies
by researchers who propagate use of CBCT technology in
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evaluation of bone density, voxel values in large-volume
CBCT were found to be closely correlated with CT values
in an in vitro study, ranging from 0.92 to 0.95,56 and in an
in vivo study (at 0.965),42 and the utilization of a regression
line was proposed to estimate the bone density of mandibular cancellous bone in large-volume CBCT.57 Katsumata
et al reported that high-density variability was observed in
small-volume CBCT scans based on an in vitro study using
test objects.58 On the other hand, the resolution that can be
achieved with small-volume CT is higher than that which can
be achieved with large-volume CBCT images. The ratio of
agreement in bone and the interspacing of mandibular trabecular bone patterns between small-volume CBCT images
and bone slice segment images were high, with a mean of
75.4. Thus, the trabecular bone morphometry of jawbone
might be analyzable using small-volume CBCT images.
Morphometric analysis of trabecular bone using smallvolume CBCT has also been assessed.59 The percentage of
trabecular bone volume vs the total volume was strongly
correlated with computed tomographic values obtained
using multislice computed tomographic images. The study
suggested that the trabecular bone volume/total volume
percentage can be used to evaluate the bone density. Bone
density measurements using preoperative CBCT may be
helpful as an objective diagnostic tool.60 These values, in
conjunction with RFA (resonance frequency analysis) values
(to evaluate implant stability) and insertion torque measurements, can provide the implant surgeon with an objective
assessment of bone quality and may be especially useful
where poor-quality bone is suspected to assess bone quality
with density values obtained by CBCT and to determine the
correlations between bone density and primary stability of
dental implants.
INTERNAL ANATOMY
Although the significance of accurate planning and surgical
guidance as it pertains to critical anatomic landmarks, such
as the mandibular canal, maxillary sinus and adjacent teeth
cannot be overstated when reviewing imaging modalities for
the preoperative assessment of the dental implant site, many
conflicting variables need to be considered. The amount
of information provided, its accuracy and its applicability
need to be weighed against cost, convenience, availability,
radiation dose and expertise required to produce and read
the output of each modality. The most common internal
anatomy to be identified and localized includes the mandibular canal, maxillary sinus, nasal fossa, mental foramen,
incisive canal and adjacent teeth. Identifying these structures
aids the clinician in determining the boundaries for implant
placement. In contrast to extractions, where the anatomical

associations are predetermined in nature, the placement of
implants requires the practitioner to determine the proximity
of vital structures to the implant.50
The exact localization of the mandibular nerve with
respect to the bone is important for applications in dental
implantology and maxillofacial surgery. Cone beam
computed tomography, often also called digital volume
tomography (DVT), is increasingly utilized in maxillofacial
or dental imaging. Compared to conventional CT, however,
soft tissue discrimination is worse due to a reduced dose.
Thus, small structures, like the alveolar nerves, are even
harder recognizable within the image data.61
LONG AXIS OF THE ALVEOLAR BONE
Axis orientation describes the angle formed by the vertical
long axis of the alveolar-basal bone complex when viewed in
cross-section. The initial alveolar bone angulation represents
the natural tooth root trajectory in relation to the occlusal
plane. Ideally, it is perpendicular to the plane of occlusion,
which is aligned with the force of occlusion and is parallel
to the long axis of the prosthodontic restoration. Information
about the axis orientation is important for successful alignment of the implant within the boundaries of the jaws. Rarely,
does the bone angulation remain ideal after the loss of teeth,
especially in the anterior edentulous arch. In the posterior
mandible, the submandibular fossa mandates implant placement with increasing angulation as it progresses distally.
Therefore, in the second premolar region, the angulation may
be 10° to the horizontal plane, in the first molar areas, 15° and,
in the second molar region, 20 to 25°. The limiting factor of
angulation of force between the body and the abutment of an
implant is correlated to the width of the bone. This will permit
the clinician to optimize the trajectory of implant placement
with the emergence profile and loading characteristics of the
implant. Risks, such as perforation, dehiscence and fracture,
can therefore be avoided with CBCT 3D imaging.
PATHOLOGY
Jaw pathology in the proposed implant site or within the
maxillofacial regions is important to identify, diagnose, and
manage abnormalities involving the alveolar ridge include
retained root tips, inflammatory processes, cyst and tumors.
In addition, anomalies involving other maxillofacial structures, such as maxillary sinuses and temporomandibular
joints, may complicate the successful implant process. For
example, changes in stress (force/area) directed at poorly
adapted TMJs may increase TMJ symptoms. Changes in
TMJ stress levels may result from operative manipulations,
changes in masticatory abilities and changes in vertical dimension or maxillomandibular spatial relationships.
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Computer-assisted virtual planning of implant position
using CBCT data/transfer of radiographic planning
information.
The diagnostic and treatment planning process using
CBCT data generates a 3D ‘blueprint’ consisting of 3D
coordinates for the precise location of each of the planned
implants. The virtually planned implant position can afterwards be reliably transferred to the patient to steer the surgical procedure by three practical ways: guided surgery using
drill guides processed by stereolithographic rapid prototyping,62-66 computer-milled templates67-69 computer navigation
systems.70-72 Computer-milled templates are fabricated by
drilling the final position of the implants in the scanning
template itself using a drilling machine. Computer navigation systems allow an intraoperative realtime bur tracking
according to the preoperative planned trajectory. Accurate
application of the presurgical plan to the patient facilitates
preoperative assessment of implant size, position, implementation of restorative goals, anatomical complications
and is also indicative of cases suitable for flapless surgery.
Precision has been improved and uncertainty and surgical
time has been reduced, thus addressing complex rehabilitation with greater confidence.73
Recently published in vitro studies indicate that creating
these surgical guides with computer assistance results in
an average precision within 1 mm of implant position and
within 5° of deviation for implant inclination.74,75 Similar
results have been found for in vitro studies of navigation
systems with optical tracking technology.76-78
In comparison to image-guided template-production
techniques, navigation technology requires a greater financial investment and effort (e.g. intraoperative referencing for
bur tracking). Moreover, the potential for eliminating possible manual placement errors and systematizing reproducible
treatment success is the same for both the techniques.79
JAW BOUNDARIES
Imaging can be used to identify the outer boundary of the
jaws including impressions into the jaws, such as fossae.
Because CBCT 3D can use volumetric analysis to determine
ideal implant location, failures of placement can be considered evidence of substandard placement.
COMMUNICATION
Image data, including the image portfolio, treatment simulations and CT volume, can be used to inform the stakeholders
regarding the diagnosis, treatment plan, treatment options
and associated risks at a level of accuracy unachievable with
traditional 2D imaging.
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LIMITATIONS
While CBCT enjoys certain advantages over 2D radiography,
there are inherent limitations requiring precise attention to
selection criteria and indications. Cone beam computed
tomography is susceptible to motion artifacts and beam
hardening around dense objects. It has low contrast resolution and a limited ability to visualize internal soft tissues.80
Many new CBCT units contain flat-panel detectors that are
less prone to beam hardening artifacts, so they are able to
provide more detailed information. However, due to lack of
consistency between manufacturers, CBCT cannot generate
accurate HU measurements and is therefore unreliable for
quantifying bone density.14 Further, it is crucial to respect
the as low as reasonably achievable (ALARA) radiation
dose concept. Prosthodontists must determine on a caseby-case basis if CBCT increases diagnostic knowledge and
improves the patient’s standard of dental care. Such evaluation requires continuous training and education on the
part of dentists and researchers.
SUMMARY
Cone beam computed tomography provides the anatomical
data that can generate a collaborative treatment plan and
achieve optimal outcomes for the prosthodontist, radiologist, surgeon and patient. The evolution in CBCT hardware
and software has dramatically changed the potential for
presurgical and pretreatment planning, in the placement of
implants while minimizing the associated risks. Additional
research should focus on obtaining accurate data regarding
the radiation doses of CBCT systems, as these systems have
a small detector size and limited field of view and scanned
volume. Cone beam computed tomography systems with
larger fields of view with higher resolution and fewer metallic artifacts are yet to be made available. Additional investigation is necessary to better determine CBCT applications
in prosthodontics.
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