
Technology and computer inte-
gration in dentistry has had its challenges
and rewards;1,2 and with the passage of
time and greater market penetration, chal-
lenges and rewards still persist.3,4 The
question that continues to surface is why
the integration of technology has been
so difficult for many dentists to accept.5

In the authors’ opinion, a certain level of
infrastructure needs to be in place for tech-
nology to deliver synergistic value. For the
last several decades clinicians have seen the
introduction of numerous applications for
dentistry that build on the computer infra-
structure that was initiated with practice
management software and the gradual in-
troduction of computers into the clinical
setting.6 The driving force for bringing
computers into the operatory was digital
imaging, primarily digital radiology.7

Nearly 20 years have passed since the
first intraoral digital sensor was intro-
duced by the French dentist, Francis Mou-
yen at the First European Congress of
Dental and Maxillofacial Radiology in
Geneva,8,9 and still there is less than 30%
market penetration of this technology
in the United States.10 The latest ripple
in the world of dental digital imaging,
three-dimensional (3D) imaging, appears
to be coming at light speed, but in reality,

computed tomography (CT) scans have
been used widely in medicine for decades.
It is with the introduction of maxillofacial
cone-beam computed tomography (CBCT)
that the dental 3D world is awakening and
responding aggressively. A series of articles
for Inside Dentistry in January11 and June
200712 and January 200813 are extremely
helpful in getting a well-rounded overview
of the technology and applications.

While there is abundant information
and education on maxillofacial CBCT,
unfortunately there is also a plethora of
misleading marketing for this technolo-
gy that can cause a great deal of confusion.
This article focuses on helping the non-
radiologist dentist get a better handle on
how CBCT can provide more accurate
and reliable information in the treatment
of patients.

HISTORY OF CT
In 1972, Godfrey Newbold Hounsfield
revolutionized diagnostic medicine with
the invention of the CT scanner, which
gained him the honors of British Knight-
hood and the Nobel Prize in Medicine
in 1979. Hounsfield’s invention showed
that it was feasible, based on a very large
number of measurements, to reconstruct
a cross-sectional slice of a patient with

fairly high accuracy, making it possible to
visually inspect a patient’s inside anato-
my without the need for invasive surgery.
In the following years, the CT technique
was refined and the image quality of the
slices improved dramatically.

While two-dimensional slice-based CT
has been in clinical use for many years,
the current trend is toward 3D or vol-
umetric CT, in which projection acqui-
sition is geared directly toward a 3D
reconstruction of the inspected field of
view (FOV). Such 3D representations can
be obtained with standard fan-beam
(slice-based) CT, in which a number of
separately acquired, thin axial slices are
simply stacked on top of one another.
A very simple analogy for the fan-beam
CT would be a sliced loaf of bread stack-
ed together. However, obtaining the whole
loaf of bread initially is achievable with
volumetric (cone-beam) CT.

One of the earliest 3D volumetric scan-
ners was the Dynamic Spatial Recon-
structor (DSR), installed in the Medical
Sciences Building on the Mayo Clinic
Rochester campus in 1978. As described
by Richard Robb,14 14 rotating 2D cam-
eras with 240 scan lines each receive pho-
tons of 14 opposing x-ray point sources
at a frequency of 1/60 sec. At the time
the DSR was developed, 3D reconstruc-
tion was still in its infancy and no true
3D reconstruction algorithm was avail-
able. In need of pioneering results, the
DSR was forced to employ a standard
2D reconstruction algorithm, originally
designed to reconstruct cross-sectional
slices from fan-beam projection data. In
an approach termed the “stack-of-fans”
method, the DSR simply treated each axial
row of projection data as coming from a
rotating virtual 2D fan-beam source, locat-
ed in the same plane.

The DSR was designed as a noninva-
sive diagnostic device to detect lung can-
cer and heart disease in their early stages.
It emerged as an answer to the tremendous
challenge of using CT to provide 3D re-
construction of moving objects, such as the
cyclic motion of the beating heart. Because
of its efficacy, it has become the standard in
the field of 3D real-time imaging by which
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Figure 1 How CBCT works: The large arrows represent the path of the x-ray source and detector
around the patient. The smaller arrows represent the subsequent flow of image data and reconstruction
of the eventual image for display.

 



other noninvasive imaging modalities are
measured in their effectiveness for achiev-
ing various diagnoses.

HOW CBCT WORKS
CBCT scanners use a 2D detector (Figure
1), which allows for a single rotation of
the x-ray source-detector system to gen-
erate a scan of the entire region of inter-
est, as compared with conventional CT
scanners, where multiple ”slices” must be
stacked to obtain a complete image.

In comparison with conventional fan-
beam spiral-scan geometries, cone-beam
geometry has higher efficiency in x-ray use.
Fan-beam scans are obtained by trans-
mission of the FOV by a narrow, fan-shaped
beam of x-rays or multiple beams simulta-
neously. The x-ray beam generated by the
tube is collimated to a fan-shaped beam (or
collection of beams) by rejecting the pho-
tons outside the beam(s), resulting in a rel-
atively inefficient use of the x-ray photons.

The CBCT technique benefits from
fast volumetric data acquisition, possi-
ble because it requires only a single scan
to capture the entire object with a cone
of x-rays. Actually, the time required to
acquire a single cone-beam projection
is comparable with that required by a
single fan-beam projection or simulta-
neous projections with multi-slice systems.
Because it takes several fan-beam scans to
complete the imaging of a single object, the

acquisition time for the fan beam can be
much longer if the system does not image
sufficient multiple slices simultaneously.

Various technical approaches have
been used to reduce the acquisition time
of the fan-beam method, such as higher
power x-ray tubes and multiple detectors,
making the design unsuitable for a com-
pact scanner, and ultimately resulting in
significant equipment cost increase.

Moreover, the emitted x-rays that fan
out in a conventional fan-beam CT system
are still underused because there is only
one (or, in the more recent models, a
few) linear detector array(s) that receive
them. Those x-rays that are not used for
image formation unnecessarily contribute
to patient dose. The mechanical simplicity
and the moderate x-ray requirements make
CBCT equipment much more cost-effec-
tive than conventional fan-beam CT.15

IMAGE ELEMENTS
Most of us are familiar with pixels (pic-
ture element), which are unit measure-
ments used in computer screens, digital
cameras, and 2D intraoral sensors. With
three dimensions, the unit of measure-
ment is a voxel (a blending of the words
volumetric and pixel), representing a val-
ue on a regular grid in 3D space. With
CBCT technology, the voxels are isotro-
pic, meaning that they are equal in all di-
mensions. This feature is important for

implant planning and execution16 because
of the 1:1 relationship in CBCT images
in all three orthogonal planes. Measure-
ment is generally precise, so standardized
data (usually Digital Imaging and Com-
munications in Medicine [DICOM] files)
can be exported for use in fabricating ster-
eolithographic surgical guides to assist in
the positioning of implant placement.17

CT SCANNERS
There are currently at least 16 CBCT scan-
ners available in the United States, with
more going through the US Food and Drug
Administration (FDA) approval process.

All CBCT units provide 3D informa-
tion; however, each manufacturer ap-
proaches the project differently with its
choice of patient positioning, scanning
parameters, and viewing software. CBCT
units most commonly are categorized by
their x-ray detection system:18 image-
intensifier (II) detector or flat-panel (FP)
detector.19 II detectors are an older and
less expensive technology, which gener-
ally results in more noise than FP detec-
tors, and they need to be preprocessed to
reduce geometric distortions inherent in
the detector configuration.20 The radia-
tion beam is 3D in shape and similar to
the photon energy used in digital or con-
ventional dental radiology. The receptor
captures 2D images either directly with
the FP, which absorbs the photons that

are converted to an electric charge which
is measured by the computer, or with the
II, which captures the photons and con-
verts them to electrons that contact a flu-
orescent screen that emits light captured
by a charged-coupled device (CCD) cam-
era. The software then reconstructs the
sum of exposures with the manufacturer’s
proprietary algorithms into as many as
512 axial slice images.21

DICOM format images are standard
for handling, storing, printing, and trans-
mitting information in medical imaging,
including those from CBCT.22 In 3D
imaging this becomes a great asset in ex-
porting this data set to third-party soft-
ware programs that will facilitate image
renderings, implant planning programs,
and making surgical guides to assist in
implant placement.

Many CBCT units have a variable FOV
that allows the clinician to limit the ra-
diation exposure to the region of inter-
est. The limiting factor is the size of the
image detector, which varies depending
on the manufacturer, but for the sake of
simplicity, this article will discuss them
in categories—small (< 6 in), medium
(6 in), large (9 in), and extra-large (12
in) FOVs (Figure 2 and Figure 3). The
maximum image of a small FOV usual-
ly can accommodate several teeth or a
sextant of an arch. The maximum medi-
um FOV can accommodate the normal
adult dentition, and the maximum large
FOV encompasses the maxillofacial anat-
omy including the condyles and most of
the orbits. Finally, the extra-large FOV
can accommodate the full skull in most
cases. Regardless of the volume capacity
of the unit, it is important to restrict the
FOV to the region of interest, which has
a significant effect on the amount of ra-
diation absorbed.23

Larger FOV units can be collimated
to a specific region of interest, thus reduc-
ing exposure and size of the image. Small
FOV units require multiple scans to ex-
pand the region of interest, increasing
radiation and complicating the process
of integrating the data. If the small FOV
unit uses a DICOM format, the data can
be exported to a third party software pro-
gram, such as InVivoDental™ (Anato-
mage Inc, San Jose, CA), which can stitch
together separate scans of the patient to
show a single image (Figure 4). This same
software can be used for intricate segmen-
tation of different tissues.

APPLICATIONS FOR CBCT
There are numerous applications for
CBCT in dentistry because this technol-
ogy far surpasses film or 2D digital radi-
ology in giving diagnostic information
of the dental or maxillofacial regions.
The amount of information one can ob-
tain from a 3D image over a 2D image is
considerable. However, the diagnosis comes
from the assessment of clinical and im-
aging evaluation, and the clinician must
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Figure 2 Examples of CBCT formats (left to right): ProMax 3D (Small FOV, FP detector, Standing), MyRay SkyView 3D (Medium FOV, II detector, Supine), i-
CAT (Large FOV, FP detector, Seated).

Figure 3 Comparison of 6-in FOV and 9-in FOV multiview screens (pictured on MyRay SkyView 3D).



be ever mindful of the risks vs benefits to
the patient in the use of radiation, re-
gardless of the amount. Use guidelines al-
ways must be in line with the “As Low As
Reasonably Achievable” (ALARA) princi-
ple,24 and if a definitive diagnosis can be
made with a single intraoral radiograph,
there is no justification for using CBCT.
Some CBCT applications that have been
reported in the literature include:

• Dental implants17,25,26

• Impactions27-29

• Inferior alveolar nerve location30,31

• Airway studies for sleep apnea32

• Temporomandibular joint (TMJ) struc-
ture visualization33

• Orthodontics34

• Periodontics35

• Endodontics36

ADVANTAGES OF CBCT
CBCT will not replace intraoral radiol-
ogy for general dental applications; it will
complement it for indications that re-
quire more information. It also will reduce

the need for conventional CT scans for
dental issues because of its significant
advantages11,18,21:

• X-ray beam limitation
• Image accuracy
• Rapid scan time
• Dramatic dose reduction
• Display modes for volume rendering
• Reduced image artifacts
• Oblique planar reformation
• Curved planar reformation
• Serial transplanar reformation
• Multiplanar volume reformations

All these features truly make this a phe-
nomenal instrument to advance the clin-
ical applications for dentistry. As with all
technology, CBCT has limitations. The
patient must be motionless during the
scanning to achieve a good image; other-
wise the image may display streaking.
There also will be artifacts in the image
around metal prostheses, making it dif-
ficult to evaluate teeth with metal res-
torations. Furthermore, the larger FOV
systems can image tissues with which the
dentist is not familiar, but might be held
responsible for interpreting. It is often
prudent to refer such image volumes for
evaluation by a specialist in oral and max-
illofacial radiology. Another caution is
that professional judgment is needed to
place surgical stents appropriately and
to understand that such guides do have a
margin for error.

CBCT IMAGES
Because CBCT is an imaging applica-
tion, this article illustrates some of the
applications with selected images from
different manufacturers to demonstrate
the far-reaching effect this technology can
have on the dental profession.

It is important to note that the vari-
ous CBCT units come with standard view-
ing software, which will allow the dentist
to examine the selected area of interest
in all three planes: axial, coronal, and sag-
ittal (Figure 5).

Basic enhancements include zoom or
magnification and visual adjustments to
narrow the range of the displayed gray scale
and contrast levels within the window, as
well as cursor-driven measurements and
annotations. Third party software pro-
grams will provide enhancement features
that will allow the image to render with
color, highlighting greater detail to the
volume. These programs usually have
additional functions, such as mandibu-
lar nerve location and implant planning
(Figure 6).

As with any technology, use of CBCT
imaging requires a learning curve that
may include education to a higher level
of competency in anatomy and radio-
graphic interpretation if reading the im-
ages is planned. The American Academy
of Oral and Maxillofacial Radiology has
stated that CT and implant imaging should

be performed only by a board-certified
oral and maxillofacial radiologist or a
dentist with adequate training or expe-
rience.37 In most states, there are oral
and maxillofacial radiologists willing to
provide the service of reading the image
volume and sending the general dentist
a report. The authors strongly recommend
this service with any volume that shows
anatomy other than dentition. The time
saved by using such a service allows the
dentist to concentrate on clinical dentistry.

For situations such as orthognathic sur-
gery, separate CBCT scans made at inter-
vals during therapy can be superimposed
to visually demonstrate clinical progress
(Figure 7). CBCT for orthodontics, while
widely adopted in California, still awaits
evidence that it improves clinical outcomes.
TMJ visualization can be facilitated with
CBCT and 3D rendering (Figure 8); im-
age quality can be exceptional.

With 3D image data sets, small FOV
images can be stitched together or two sep-
arate images can be superimposed to show
a pre- and postoperative condition or sim-
ply a change in position, such as an open
and closed TMJ view. It is also possible to
take a conventional 2D digital photograph
and identify enough points of reference
with the 3D CBCT data set that the photo-
graph can be superimposed over the bony
structures to place the face of the patient
over his or her hard tissues (Figure 9).

CONCLUSION
The references to clinical and scientific
resources in this communication are
aimed at being a baseline for ongoing edu-
cation in this new and exciting technology.
Cost has been a significant limiting fac-
tor. Before the 2008 Chicago Midwint-
er Meeting, most available CBCT units
were in the $200,000 to $300,000 range.
However, at the meeting, a number of
newer CBCT models were launched for
the dental community.

The first FDA-approved CBCT, in
2001, was the NewTom™ 9000 (AFP
Imaging/QR, Verona, Italy), followed by
the NewTom™ 3G, and at the American
Dental Association 2007 Annual Con-
gress in San Francisco, the manufacturer
unveiled its latest generation—NewTom™
VG. The newer generation has better
resolution, decreased radiation, and ease
of function, all at a lower cost. Figure 10
shows comparative images from the orig-
inal to the latest model.

At the 2008 Chicago Midwinter Meet-
ing, KaVo Dental Corp/Gendex Dental
Systems (Lake Zurich, IL) introduced
the GX CB 500™ for a meeting price of
$119,000. This unit is a reduced FOV
version of the i-CAT® (Imaging Sciences
International, Hatfield, PA). The i-CAT
uses a standard 17-cm diameter by 13-cm
height with an extended view capability
of 16-cm diameter by 23-cm height.
The GX CB 500 has a standard scan of
8 cm by 8 cm and an extended diameter
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Figure 4 Stitching two CBCT data sets using InVivoDental third-party software. Images are imported DICOM files.

Figure 5 Representative standard CBCT orthogonal plane slices without enhancement (pictured on i-CAT).

Figure 6 3D data enhancement and implant planning software (pictured on InVivoDental).



of 8-cm height by 14-cm diameter to
show the mandibular condyles.

At the same meeting, Kodak Dental
Systems (Rochester, NY) introduced its
9000C 3D Extraoral Imaging System
in the US market for a price of $108,000.
This system combines a digital panoram-
ic unit with a very reduced FOV 3D com-
plementary metal-oxide semiconductor
(CMOS) imaging system. The scan size
is smaller than the medium FOV and can
image a sextant of teeth. This system has
remarkably high spatial resolution with
isotropic voxel dimensions of 0.076 mm,
and will be useful for endodontics.

With costs for 3D digital imaging
technologies ranging from $100,000 to
$300,000, general dental clinicians must
differentiate between the 16 or more units
available to determine if this technology
should be incorporated into their prac-
tice. For smaller FOV systems, several com-

bined digital 2D and 3D systems now are
available. Planmeca USA Inc (Roselle, IL)
first introduced a small FOV (8 cm by 8 cm)
unit that can be upgraded to its ProMax
3D digital panoramic unit as a separate
replaceable FP detector that is interchange-
able with the panoramic digital sensor
detector. In contrast, the new Kodak 9000C
3D has both the 2D and 3D components
permanently mounted on the unit, and
the dentist can select which application to
use by simply rotating the sensors. E-Woo
Technology USA Inc (Houston, TX) in-
troduced their Picasso Trio, a digital
panoramic, cephalometric, and 3D im-
age detector. The Scanora® 3D (Soredex
USA, Milwaukee, WI) recently achieved
FDA approval for a combined CBCT me-
dium FOV system that combines pano-
ramic radiology capabilities.

The party is not complete without
mentioning the other systems that have

been around for a few years. J. Morita
USA Inc (Irvine, CA) offers the 3D Accu-
i-tomo 80, Imtec Corp (Ardmore, OK)
offers the ILUMA™, Sirona USA LLC
(Charlotte, NC) offers the Galileos, and
Hitachi Medical Systems America, Inc
(Twinsburg, OH) offers the CB Mercu-
Ray™. The Alphard 3030 (Asahi Roent-
gen Ind Co, Ltd, Kyoto, Japan) and the
MyRay SkyView (Cefla Dental Group,
Imola, Italy) also recently have been FDA-
approved for sale in the United States.

No matter how exciting a new tech-
nology is, the dentist still has to look at
its use in his or her practice as a business
decision. There has to be a return on in-
vestment, and if this technology truly
improves the ability to better care for pa-
tients, its incorporation should yield a
return. For multispecialty group prac-
tices or group surgical specialists, it makes
a great deal of sense to incorporate the
technology at this time, either in-office
or by referral to an imaging center. For
general practices that are invested heav-
ily in implant placement or complex re-
constructive dentistry, there is great value
in expediting more definitive care. How-
ever, for most general practitioners, it
would be a significant financial invest-
ment that may not deliver a return. For
these clinicians, there are thousands of
units sold already, and all that is needed
is access to one for the more complex
cases or for implant placement. Every-
one should be able to refer patients for a
CBCT when necessary or desired, with-
out having to own a system. The standard
of care, especially for implants, is moving
rapidly toward CBCT, and rightfully so.
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InVivoDental).
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Figure 10 Images from NewTom 9000: 2001 (left) and NewTom VG: 2007 (right).


