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Abstract
Cone beam Computed Tomography (CBCT) is acclaimed
for its accuracy and diverse clinical utility. The benefits of
good image quality, volumetric analysis, short scan times,
and relatively less radiation dose than conventional
medical CT, has resulted in greater ubiquity as an imaging
modality within all disciplines of dentistry. It has become
an important adjunct in orthodontic diagnosis due in part
to the diverse image reconstructions available
(cephalometrics, TMJ cross-sections, etc.), the ability to
visualize bony levels, and the sub-millimeter accuracy
enabling linear measurements. In particular, evaluating
fine anatomical structures, like alveolar bone enveloping
teeth, is important to the orthodontist for both initial
diagnostic knowledge and outcome assessment. The
ability to characterize duccal bone has clear benefits for
practitioners in periodontics and implant dentistry as well.
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Introduction
Cone beam computed tomography (CBCT) is an absolutely
recent imaging technology used to create 3-dimensional
renditions of subjects [1]. Following the commercial
introduction of CBCT, unprecedented abilities to maxillofacial
imaging emerged, immensely expanding the role of imaging
within diagnostics and treatment [1]. The benefits of good
image quality, volumetric analysis, short scan times, and
relatively less radiation dose than conventional medical CT, has
resulted in greater ubiquity as an imaging modality within all
disciplines of dentistry. Many fields, including orthodontics,
oral surgery, implant dentistry, periodontics, and endodontics
find unique utility of the 3-dimensional reconstructions
provided by CBCT [2,3]. It has become an important adjunct in
orthodontic diagnosis due in part to the diverse image
reconstructions available (cephalometrics, TMJ cross-sections,
etc.), the ability to visualize bony levels, and the sub-millimeter
accuracy enabling linear measurements [4,5].

Shortcomings of CBCT
However, CBCT is known to have shortcomings, such as
capturing thin areas of bone [6-8]. The accurate imaging of
these fine anatomical structures is important to the
orthodontic clinician for both initial diagnostic decisions and
outcome assessment as the radiographic interpretation of
bone levels is often used to determine periodontal health or
externalities as the result of treatment [2,3,9].

Components of CBCT
There are many components of CBCT image production; the
various factors, such as the scanning unit employed, examined
object, FOV, contrast resolution, and spatial resolution defined
by the voxel size may profoundly influence the image quality
produced for interpretation [10]. It is important to understand
these details in order to pursue improvement in the modality
on a clinical level. The immediately following paragraphs will
elaborate on this detail to establish the foundation for
discussion of the scientific study of these variables, and how
manipulation will produce different clinical results.
Imaging from the CBCT is accomplished via a rotating gantry,
from which a pyramidal x-ray beam is directed through the
subject onto a contralateral sensor [1]. The gantry will rotate
around the subject simultaneously collecting multiple (from
150 to more than 600), sequential, full-volume, planar
projection (2D) images within an assigned field of view (FOV),
each individually known as basis images [1]. These basis
images are used to mathematically reconstruct the 3dimensional volume for viewing and manipulation [1].
With the collection of each individual image in CBCT
geometry, the full volume of the subject is scanned, generating
a significant amount of omnidirectional scatter that is
ultimately recorded by the receptor [1]. This reduces image
contrast and increases image noise [5]. The larger the area, or
field of view, of the scan, the more scatter generated. The
fields of view imaged by CBCT are adjustable and collimation
of the x-ray beam limits exposure to the region of interest,
allowing the operator to narrow the scope of the image for
each individual patient and clinical need [1]. Naturally, the
larger fields of view are associated with larger amounts of
exposure [11].
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Contrast resolution refers to the ability of an observer to
distinguish between two objects of different radiographic
densities [12]. High contrast between the margins of an object
and surrounding structures improves the observer ability to
identify those boundaries at the interface [5,12]. Therefore,
the narrow interface between tooth structure and the
enveloping bone, with similar radiodensities, would be more
difficult to distinguish than that between air and bone [5,12].
Spatial resolution is the minimum distance necessary to
distinguish between two objects [5]. With CBCT-derived
images, spatial resolution, and therefore detail, is primarily
defined by individual volume elements or, voxels [1]. A voxel is
the 3D equivalent to the 2D pixel, whereby a voxel is defined
by its height, width, and depth [10]. CBCT voxels are generally
isotropic, meaning equal in all dimensions [10]. The area
detector resolution of CBCT units is sub-millimeter, ranging
from 0.09 to 0.40 mm, principally determining the size of the
voxels [1]. Reducing the voxel size during a scan will improve
the resolution, at a cost of increased radiation exposure to the
patient [5,13]. Thus, the voxel dimension utilized is directly
related to the radiation dose to which the patient is submitted
during the scan [7].

Clinical benefits
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medical CT examinations, settings or protocols for any
application are well established [10]. Conversely, rationales for
standardized protocols and their impact on CBCT-based
diagnosis are presently unavailable for dentistry [10].

Figure 2: Limitations of CBCT.
This is important for the clinician to judiciously utilize CBCT
technology, adhering to the ALARA principle of maximizing
clinical benefit to the patient and minimizing the risks inherent
to ionizing radiation [11,15,16].

Various studies
Many studies exist, employing a diverse variety of
methodologies that demonstrate the ability of CBCT to
produce accurate images. Initial reporting on accuracy began
in 2004, with two notable publications by Kobayashi et al. and
Lascala et al. [17,18]. Kobayashi used cadaver mandibles and
Lascala used dry skulls, each comparing actual measurements
to those made on CBCT, concluding that it is reliable for linear
measurements of structures closely associated with
dentomaxillofacial imaging [17,18].

Limitations

Studies began to manipulate scanning parameters such as
FOV and voxel size, in order to evaluate the outcome on image
quality. In early 2010, Damstra et al. used dry mandibles
embedded with glass spheres to evaluate the linear accuracy
of CBCT generated surface models with 2 different voxel sizes
(0.40mm and 0.25mm) and concluded accuracy in the CBCT
measurement procedure with no significant difference
between the voxel resolutions [19]. An inherent, and
acknowledged, limitation in this study was the lack of soft
tissues, resulting in increased contrast of the landmarks,
influencing the outcome [19].

A considerably large amount of factors are integral to the
production of CBCT volumes [5]. This intricate and
multifactorial nature of CBCT image production raises many
questions. Operationally adjustable parameters such as FOV
and spatial resolution (voxel size) change the diagnostic
outcome of CBCT generated images [10]. However, the
consequences, the magnitude of those consequences, and the
appropriate clinical applications are all poorly understood. For

With demonstrable accuracy over long distances,
investigation in the limits of spatial resolution emerged. Sun et
al. used pig specimens to measure alveolar bone height from
CBCT generated images with varying voxel sizes [12]. These
authors found evidence that decreasing voxel size improved
the accuracy of alveolar bone measurements [12]. In an effort
to most closely emulate a clinical setting, Patcas et al. used
intact cadaver heads and evaluated the ability of CBCT, with

Figure 1: Clinical benefits of CBCT.
Effective radiation dose to the patient (ranging from 29-477
µSv) relative to traditional medical CT (approximately 2000
µSv) is greatly reduced (1,14). Multiple, interactive display
renditions developed for unique diagnostic and operative
clinical needs allow prodigious clinical flexibility [1].
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varying voxel resolutions, to detect the bony covering of
mandibular anterior teeth [6]. Differing in conclusions by
Damstra regarding the significance of voxel resolutions, Patcas
results, along with the earlier report by Sun et al. [12] suggest
demonstrated improvement in accuracy when decreasing the
voxel size [6]. Despite that improvement however, the authors
went on to discuss that differences between clinical and
radiographic measurements can be as large as 2mm, showing
that the average alveolar bone thickness of 1mm might be
missed completely [6]. Overall, this report concluded that
CBCT is an appropriate tool for linear measurements and that
the presence of surrounding tissue as well as different voxel
size affects the precision of the data [6]. It was acknowledged
that even the most granular 0.125-mm voxel protocol does not
depict the thin buccal alveolar bone covering reliably, resulting
in a risk of overestimating fenestrations and dehiscences [6].
This unreliability is substantiated by Leung et al., who found
that CBCT has a high rate of false positives with 3 times the
number of fenestrations detected than existed in reality and a
significant number of false negatives with more than half of
real dehiscences undetected [20].
In an article recently published by Cook et al, the authors
varied scanning parameters and measured buccal alveolar
bone height and thickness on human cadavers. Their protocol
compared images generated from a “long scan” with 619 basis
images, 360° revolution, 26.9s duration, and 0.2mm voxel size
against those from a “short scan” with 169 basis images, 180
rotation, 4.8s duration, and 0.3mm voxel size; the
measurements made from these scans were compared to
direct caliper measurement [21]. The authors found no
statistically significant differences between these parameter
changes and concluded that the parameters resulting in a
lower radiation dose to the patient was favorable unless the
need for the higher resolution could be clearly defined [21].
Studies with variations in voxel size during analysis extend
beyond the evaluation of bone landmarks and measurement.
A systematic review conducted by Spin-Neto et al. collated 20
different publications which qualitatively or quantitatively
assessed the influence of voxel size on CBCT-based diagnostic
outcome [10]. The diagnostic tasks evaluated in the studies
included in the review were diverse, including detection of
root fractures, detection of external root resorption, caries
detection, and accuracy bony measurements, among others
[10]. Some of the included studies demonstrated improvement
in image quality and diagnostic accuracy, while others
presented no difference [10,19,22,23-27]. Aggregately, the
studies dealing with categorical data showed a tendency
towards more accurate results associated with higher voxel
resolutions [10]. However, Spin-Neto concluded that it is not
yet possible to propose general protocols for the myriad of
diagnostic applications with CBCT [10]. With the lack of
unanimity, all of these investigations emphasize the need for a
better understanding of the factors that influence image
resolution with current CBCT technology.
Many authors have further discussed a concept referred to
as the partial volume averaging effect [1,5,10,12]. This effect is
a cone beam related artifact in which, depending on the voxel
© Copyright iMedPub
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size, radiopaque structures could become invisible. As defined
by Scarfe and Farman, partial volume averaging occurs when
the selected voxel resolution of the scan is greater than the
spatial or contrast resolution of the object to be imaged [1].
Meaning, the voxel is larger than the anatomical structure
imaged and captures the image of two objects of different
radiodensities. This voxel will then render the average density
of both objects rather than the true density of either object
[10]. Selection of the smallest acquisition voxel can reduce the
effect of this averaging [1]. Known limitations in contrast
resolution associated with CBCT units could also contribute to
the invisibility of structures with similar radiodensities in close
proximity [10,12]. The deficiencies as a result of low contrast
resolution and partial volume averaging acknowledged by
many authors are important to understand, and are critical
concepts in future CBCT research.
Although CBCT has a relatively lower radiation dose to
patients than medical CT, practitioners must be prudent in
prescribing imaging in adherence to the ALARA principle
(radiation dose ‘as low as reasonably achievable’). A myriad of
factors contribute to the radiation exposure, among which are
the aforementioned user adjustable settings of voxel size and
FOV [1,11]. Other factors include scan duration, milliamperage,
kilovolt potential, filtering, patient positioning, and the sensor
technology and proprietary algorithms used in the device itself
[1]. All of this makes CBCT dosimetry inherently difficult to
summarize [11]. To further obfuscate, much of the research
available relies on different methodologies and comparisons to
draw conclusions about radiation exposure. DeVoss et al.
conducted a systematic review of CBCT in 2009 and discussed
findings on radiation dose in the literature. These authors
found inconsistencies in how CBCT device settings, properties,
and radiation dose were reported; all contributing to reader
confusion [28]. They stated the importance of rigorous and
consistent reporting on the different relevant parameters and
acquisition protocols since device settings, image quality, and
the resulting radiation exposure are closely related [28]. In
2013, Rottke et al. studied the effective dose (ED) span of ten
different commercially available CBCT devices [14]. Performing
protocols with the lowest exposition parameters and protocols
with the highest exposition protocols for each of the ten
devices, they found a wide range of EDs [14]. The average
value for the protocols with the lowest exposition parameters
was 31.6 µSv and 209 µSv for protocols with the highest
exposition parameters.

Conclusion
The fundamental principle of utilizing CBCT for diagnosis
and treatment planning in dentistry is to maximize the clinical
benefit for the patient while minimizing the risks of ionizing
radiation. The CBCT modality offers diverse utility but should
be used prudently with the relationship between dose and
image quality carefully considered. With all of its diverse uses
and technical variability, dentistry has yet to develop
standardized CBCT examination protocols. The development of
these protocols would help guide practitioners when
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prescribing this modality for the wide variety of clinical
applications.
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