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CBCT helps eliminate many of 
the problems that can occur with 
conventional radiographic procedures.
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Abstract
Cone beam computerized tomography (CBCT) information 
has become a necessary part of precise implant planning. 
Although not yet the standard of care, implant procedures 
that are restoratively driven can no longer be done precisely 
enough with conventional imaging modalities. Cosmetic 
dentists, because of the nature of the exacting procedures 
they perform, will find that planning and performing 
implant cases using CBCT will become the only way to 
manage their cases, both large and small. However, with this 
added precision comes added responsibility since the CBCT 
data volumes, no matter what size the field of view captured, 
dictate that clinicians re-educate themselves to be able to 
use this advanced imaging modality. In addition, they will 
encounter many anatomic and pathologic findings with 
which they may not be familiar. The re-education process 
is necessary to reduce the risk and liability that comes with 
adopting this amazing technology.
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Introduction
Are cone beam computerized tomogra-
phy (CBCT) and cosmetic dentistry oxy-
morons? Not really. Certainly almost all 
dentists performing cosmetic dentistry 
procedures today are placing restora-
tions on implant fixtures. The restor-
ative or prosthetic-driven implant case 
is fast becoming the de facto standard 
in dentistry. When replacing even a sin-
gle crown in the anterior region of the 
mouth, if it is implant-supported, suc-
cess will start with precise imaging of 
the bone to support the implant. The fi-
nal crown depends upon the emergence 
profile created by the implant itself. So 
form, function, and pleasing esthetics—
the goals of the cosmetic dentist—will 
be made easier if you start from sound, 
precise imaging information. It is not 
that complicated. In addition, cosmet-
ic dentists who take on more complex 
cases are constantly restoring patients 
with edentulous spaces, often also sup-
ported by multiple endosseous implant 
fixtures. Here also then, precision will 
be the key to success.

CBCT has become essential for den-
tists performing large reconstructive cas-
es to achieve the best long-term results. 
From imaging the proposed implant 
sites to establishing the correct orienta-
tion of the implant for the emergence 
profile to correctly establish both form 
and function, dentists can perform the 
procedures in-office using CBCT ma-
chines, implant-planning software, and 
surgical guide construction software to 
achieve the most ideal result. Again, 
it is not that complicated, it just takes 
time, a little education, and the finan-
cial commitment. Happily, the dentist 
does not actually have to own his or her 
own CBCT machine to enter this world; 
the data sets from these machines can 
be provided from a radiographic imag-
ing service or a colleague who already 
owns a machine. 

A Few Guiding Principles
CBCT helps eliminate many of the problems that can occur with conventional radio-
graphic procedures, which can be fraught with errors of acquisition, errors of chemi-
cal processing (if conventional film is being used), and errors of interpretation and 
measurement.

The data from any CBCT machine is reconstructed in the machine software in a 
one-to-one ratio.1-4 This eliminates any problems introduced by intraoral, panoramic, 
or other radiographic modalities such as tomography, with respect to magnification. 
There are none, period. It is not necessary to measure against a known object in the 
intraoral software or place a tool over a panoramic with known magnification to 
try to calculate the precise length of the proposed site or the width. And, with three 
dimensional (3-D) information, it is possible to also see the implant site in all three 
anatomic planes of section (axial, sagittal, and coronal). The software used to plan 
the implant site also understands these anatomic relations so that when the orienta-
tion length and/or size of the implant are modified, the program software allows for 
precise visualization of the site, with no magnification. What could be easier?

In addition, those who have already attempted to place implants using conven-
tional radiography have been cautioned to leave a “safety zone,” usually approximate-
ly 2 mm, to avoid anatomic structures and locations that could cause a problem for 
the patient. With CBCT, the software programs allow for measurement to within 0.1 
mm with precision. When I lecture, I tell clinicians that the only error is “how much 
‘shake’ is in my mouse.” So in those cases when you hoped you could have at least one 
more millimeter of implant length, you can probably have it. What could be more 
precise? Figures 1a, 1b, and 2 are images made in simple, intuitive contemporary im-
plant-planning software showing a proposed site in 2-D grayscale, 3-D reconstructed 
color with measurements, and orientation of the proposed fixture easily identified. 
This is the type of information that can be presented to patients to help educate them 
about how precise and simple an endosseous implant procedure can be, and how it 
will allow you to restore the edentulous area exactly and esthetically.

For those who worry about the “diagnostic responsibility,” I will, under “Liability 
Issues,” address another principle called field of view (FOV); that is, the amount of 
anatomy captured and what you must be able to identify within that FOV. It is easy 
but not quite as straightforward as manufacturers suggest. 

Current State of the Art for CBCT
The image receptors or detectors for CBCT machines still basically come in two “fla-
vors.”5-6 Most machines used digital receptors called flat panel detectors or thin-film 
transistors (TFTs). One or two, for example the Galileos (Sirona Dental; Charlotte, 
NC) and the NewTom (Verona, Italy) still use image intensification. It has been my 
experience that those machines using an image intensification capture device are ex-
cellent at capturing the patient’s soft tissue as well. Unfortunately, this often translates 
into increased scatter, which, especially in the 3-D color reconstructed renderings of 
patients, results in artifacts that can be unesthetic. Figure 3a is an example of this 
problem.

Manufacturers may also state that “the smallest voxel size results in the highest 
degree of resolution.” This is true to some extent, and manufacturers of all machines 
have made great strides in giving us CBCT devices with selectable voxel sizes, so that 
high-resolution scans can be made using voxel sizes of about 0.1 mm in size, at slight-
ly higher x-ray dose, or selected in sizes up to 0.4 mm (such as one might use for an 
orthodontic case on a child), which results in a much lower dose in most cases with 
most machines. However, voxel size is not the only parameter that determines the 
image quality of a CBCT scan. 
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Figures 1a & 1b: a. 2-D cross-sectional, grayscale image measuring the width and height of a proposed implant site. b. Inferior alveolar nerve 
canal “painted” in red with selected implant fixture in place.

Figure 2: Grayscale 
and 3-D color images 
to verify that the 
implant fixture will 
not contact the 
inferior alveolar 
nerve, using the 
“verification tool” in 
the OnDemand3D 
software.
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Other factors include the following:
• type of image detector
• reconstruction algorithm
• focal spot size of the anode
• kilovoltage potential (kVp) and 

milliamperage-seconds (mAs) 
• type of head positioner
• bit depth of capture.

The discussion of these parameters 
is beyond the scope of this article, but 
these parameters and an understanding 
of them should be part of the due dili-
gence that dentists perform before pur-
chasing or using CBCT.

Of course, the data from CBCT exam-
inations can be translated into another 
computer format, stereolithography tes-
sellation language (STL), for use with 
computer-assisted design/computer-
assisted manufacturing (CAD/CAM) 
devices. However, this is the format of 
the data necessary to instruct a milling 
device to create a coping or a crown 
restoration. In addition, the STL trans-
lated format language is used in stereo-
lithography for creating surgical guides 
of great precision and ease of use. This 
computer language format also allows 
surgeons to mill replacement body 
parts such as mandibles, and temporo-
mandibular joint (TMJ) condyles. Some 
laboratories charge additional fees for 
conversion of the CBCT digital imaging 
and communications in medicine (DI-
COM) data into STL format for use in 
the milling machines. Some third-party, 
“standalone” surgical guide software 
can automatically convert the data from 
the captured CBCT information.

My opinion is that general dentists 
performing cosmetic and reconstruc-
tive procedures involving implants 
should do so only by using CBCT data 
and surgical guides for placement of 
the implant fixtures. This makes proto-
cols precise, predictable, and successful. 
Doing so without cone beam data or a 
surgical guide, even in a single implant 
case, ultimately leaves the clinician with 
a higher degree of liability.

Simple Software Solutions 
There are many third-party software solutions for implant planning and viewing 
CBCT data sets. For implant planning, most of the software solutions are a “one-
trick pony”; that is, they can be used for implant planning and virtually nothing else. 
Others, like the one used to demonstrate Figures 1 and 2 can be used for more than 
just implant planning. Table 1 summarizes many of the implant software solutions 
available, including those that can do more than implant planning and surgical guide 
production (the boldface items in Table 1).

Impact on Practice
Cosmetic dentists are continuing to embrace implant procedures for which CBCT im-
aging will be practical and beneficial. Table 2 provides information from the AACD’s 
2011 survey on procedures.7 In the second set of findings, more than 50% of those re-
sponding indicated that they would increase the revenue they generate from implant 
procedures during 2012.

It is clear that whether you, as a cosmetic dentist, decide to purchase a CBCT ma-
chine or not, you will definitely benefit from the data from these devices for implant 
planning.

Liability Issues
There is some truth to the belief that with decreased FOVs comes decreased diagnostic 
responsibility. This concept is certainly put forward by the manufacturers of machines 
that allow for small FOV capture. However, small or limited FOV machines may not 
be appropriate for larger cases or for cases involving contralateral arches, such as an 
implant being placed in the right maxilla and in the left mandible at the same time. 
In addition, if a clinician was replacing an edentulous space for an upper or a lower 
second molar, there could be anatomy captured that might be unfamiliar to them. 
Figures 3b and 3c show a small FOV machine used to capture a maxillary molar 
region and condyle. 

Some might choose to simply skip the condyles. However, if even a single tooth 
that has been missing for many years is restored to function, and the patient has 
pre-existing osteoarthritic changes on a condyle that are subclinical in their sympto-
mology, this condyle might become symptomatic when the tooth is again restored to 
function. Instead of dealing with a patient with TMJ pain after implant placement, it 
might have been possible to examine the condyles for arthritic changes and let the 
patient know beforehand that their subclinical disease might become symptomatic 
when their function was restored, but that that could be treated with over-the-counter 
anti-inflammatory medications. The second scenario (informing the patient of a po-
tential problem ahead of time) is far more palatable to everyone concerned.

With the adoption of CBCT into your practice there is the expectation that you will 
“retool” and re-educate yourself to be able to confidently look at all of the data in the 
CBCT volume so that you recognize abnormal findings and refer the patient when ap-
propriate. This is in addition to the education that you will have to undertake to use 
available implant planning and diagnostic viewing software.

Cosmetic dentists must re-educate 
themselves to understand both the pros 
and cons of this valuable diagnostic 
imaging modality.
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Company Platform Surgical guide 
support

Guided implant 
placement

Type of software Cost

Cybermed – OnDemand
ondemand3d.com

open teeth, tissue, bone yes implant, 3D, full 
diagnostic package

$4500-7000

3D Diagnostic
3ddx.com

open teeth, tissue, bone yes implant planning only N/A

Anatomage – InVivo5
anatomage.com

open teeth, tissue, bone yes implant, 3D, full 
diagnostic pakage

N/A

Blue Sky Plan
blueskybio.com/pages/overview_3

open teeth, tissue, bone yes implant planning only free software 
download

CoDiagnostix
dental-wings.com

open teeth and tissue yes implant planning only N/A

Keystone Dental – EasyGuide
keystonedental.com/products/easyguide

open teeth and tissue pilot guide only implant planning only $4700

IDent
ident-surgical.com/asp/index.asp

open teeth and tissue yes implant planning only $7000*

Nobel Biocare – NobelClinician
nobelbiocare.com/en_us/products-solutions/
treatment-planning-guided-surgery/default.
aspx

closed teeth and tissue yes implant planning only $6150

Facilitate – Simplant
materialisedental.com/materialise/view/
en/3106193-Product+overview.html

open teeth, tissue, bone yes implant planning only $4450-8750

Sicat – Sirona
sirona.com/en/products/digital-dentistry/
integrated-implantology/

open teeth and tissue yes implant planning only $8900

VIP3 – BioHorizons
biohorizons.com/dental-implant-company.
aspx

open teeth and tissue no pilot guide implant planning only $3495

Table 1: Implant software comparison.

(Note: Dollar amounts were converted from euros at a rate of 1 USD = 0.0764029 euro.) * financing plan offered on Web site.
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Compared to the revenue generated by implant procedures in the year previous, this year showed:

(530 responses) an increase 221 42%

a decrease 86 16%

little change 223 42%

Do you expect the revenue generated by implant procedures in the coming year to:

(530 responses) increase 283 53%

decrease 37 7%

stay about the same 210 40%

Table 2: Revenue comparison due to implant procedures.

Source: AACD Survey 2011.7
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Figures 3b & 3c: b. 3-D color 
reconstruction of TMJ condyle.  
Second molars are captured. c. Axial 
slice through condylar head. See 
anatomy labeled; but remember, 
the teeth are only a few centimeters 
below the “blue cross” in the 
maxillary arch. 

a

b

c

Figure 3a: Axial slice from a popular 
scanner using image intensification. 
The yellow arrows depict the 
nasopalatine foramen (enlarged, top 
arrow) and a small mucous retention 
cyst in the left maxillary sinus (right 
yellow arrow). Note the soft tissue 
scatter around the outside of the 
slice. This “noise” can interfere 
with precise interpretation of some 
regions of the scan in some cases, 
especially in air spaces.
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Diagnostic Responsibility 
Oral and maxillofacial radiologist (and 
attorney) Dr. Bernard Friedland wrote:8

“While there are no legal cases specifi-
cally concerning the matter of the scope of 
interpreting a CBCT scan, the issue can fair-
ly be regarded as settled. A CT is no differ-
ent than any other image—a dentist cannot 
read only part of a panoramic film, or only 
part of a lateral cephalogram. For example, 
should an orthodontist miss an enlarged 
sella turcica resulting from a tumor on a lat-
eral cephalogram,13 the dentist reading the 
cephalogram cannot offer as an excuse in 
any legal proceeding that “I read only part of 
the film” or “I read the film only as it relates 
to the orthodontic diagnosis and treatment.” 
The dentist is obligated to read all of the 
film. That this is accepted to be the standard 
within the profession is borne out by a recent 
editorial in the orthodontic literature.”9

This sentiment was echoed by the 
American Academy of Oral and Maxillo-
facial Surgery in their publication Fortress 
Guardian.10 

However, although there is no case 
law that can be cited to show that a den-
tist might be negligent for not reading 
the scan, there indeed are cases involv-
ing dentists placing implant fixtures in 
locations other than where they were 
intended. I have been involved in several 
of these cases. To date, all such cases in 
which I have been involved have been 
settled out of court, because no dentist 
wants to have his/her name in the Na-
tional Practitioner Data Bank with a 
judgment against them for improper 
treatment. 

I would never claim that every CBCT 
scan must be read by an oral and max-
illofacial radiologist. There are just too 
many scans, and a limited number of 
radiologists in our specialty. However, 
as stated above, dentists must re-educate 
themselves to be able to examine the 
data in the scans and be comfortable 
that they can distinguish abnormal find-
ings from normal ones. A simple de-
scription of their findings in the referral 
to another specialist is the standard of 
care according to the American Dental 

Association’s Principles of Ethics and Code of Professional Conduct, Section 2.b, 
Consultation and Referral: “Dentists shall be obliged to seek consultation, if possible, 
whenever the welfare of patients will be safeguarded or advanced by utilizing those who 
have special skills, knowledge, and experience.”11

What this means to me is that any radiographic finding in the entire scan data 
about which there is a question should be investigated further by a specialist. And, 
no matter whether it is a small or large FOV, there will be radiographic features for 
which many general dentists will not have an explanation. These cases must be 
referred. Again, as stated above, just because there is a small FOV does not mean 
there will not be a significant finding since you can move this volume two locations, 
which capture structures with which you may not be familiar.9, 12-14

As for a machine with a large FOV (greater than 8 x 8 cm), you may wish to con-
sider developing a relationship with an oral maxillofacial radiologist or a radiology 
reading service to read your scans to limit your liability. It takes time to review the 
volume data no matter what size the scan, and some clinicians will just not have the 
time to look at all the data that they capture. But, all of the slice data in every CBCT 
scan must be reviewed so that nothing is missed. I tell general dentists that they 
have to find their “comfort level” with reviewing the scan data. With a little training, 
the dentist should be able to establish a radiographic interpretation review protocol 
for themselves and the office. 

Summary
Many cosmetic dentists will adopt CBCT imaging or the data obtained from CBCT 
machines into their practices for a variety of procedures, especially those related to 
implant planning, placement, and restoration. To do this properly and precisely, 
cosmetic dentists must re-educate themselves to understand both the pros and cons 
of this valuable diagnostic imaging modality. Those who do will be rewarded both 
financially and professionally. Perform due diligence to determine whether it is 
cost-effective to own the machine, or more appropriate to simply order scans. Train 
yourself to the point where you are comfortable with examining the data in the 
scans. If you are doing a large number of scanned procedures and do not have the 
time to examine all the data in the scan that is not related to the implant procedure, 
it would be appropriate to refer the scans to a specialist for review as a way of reduc-
ing your risk and liability of findings that could affect the patient in ways you did 
not anticipate.

Do not be afraid, be informed, and consider adopting this incredible technology 
to help you and your patients.
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Do not be afraid, be informed, 
and consider adopting this 
incredible technology to help 
you and your patients.


