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Why education?

_As the use of cone beam computed tomography increases worldwide, so has the need
for proper education on what this imaging modality represents. We, as clinicians, no longer
live in a two-dimensional world... as three-dimensional technology surrounds us all, every
single day. However, do we really know what we need to know about to use this imaging
modality properly?

When we upgrade to a new smartphone, such as Apple's iPhone or any other brand that
promises a multi-mega-pixel camera, improved video resolution, an endless supply of ‘apps’,
texting, FaceTime, Bluetooth connectability, etc,doweactually spend time reading the manual
to learn how all of the new and improved features work? Are we even aware that a manual
exists? When we have a problem with our new smartphone, when we cannot figure out how
aspecial feature works, what can we do? If you go online and search for the answer, it may exist
in the form of a posting from a knowledgeable source, or perhaps there isa link to a YouTube
video where someone has taped a step-by-step description of how that special feature works.
Thesameapplies to thatnew digital camera you may have purchased, or received asa gift. How
do you know how to change from a 4:3 aspect ratio, to 16:9, or the panoramic layout to take
that perfect picture, and then once the photo is taken, how do you manage to get the image
from the camera to your computer, or to a printer so that you can have a hard copy of that
perfect picture? Who is teaching us how to manage technology today? Or are we just man-
aging tolearnonly the very basiccommands toallow us to function appropriately in our every-
day lives? Are we only using a small percentage of the power that technology offers?

When we, as clinicians, use the dataset from a CBCT scan, are we just managing with the
basics of interpreting the DICOM data? Do we really understand the impressive capabilities
oftheinteractive treatmentplanningsoftware thatis packaged with the machine, orsoftware
thatexistsonyour laptop computer? The questions continue. Whois teaching us how to man-
age all of this new data that is delivered after each scan is taken? Where can we learn how to
improve and maximize our skill set to properly navigate through the wonderful modality of
3-Dimaging? How can we best expand our knowledgebase to provide our patients with the
most state-of-the-art care?

One of the goals of our cone beam magazine is to showcase the variety of ways that
clinicians can utilize CBCT technology. We hope that our loyal readers will continue to gain
valuable information that can be directly applied to their daily practice. While itisa small step
in the educational process, it is our desire to help motivate clinicians worldwide to try and
learn as much about this technology as possible, to improve their skill set, go beyond the
‘basics', and then help to educate others. It may be a simple as reading the manual, or using a
cotton roll (see inside)!

Please enjoy this year's first issue of cone beam!
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Dr ScottD. Ganz
Editor-in-Chief
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Improved CBCT
diagnostic acuity with the
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Fig. 1_Duplication of a patient’s
denture with a radiopaque material
reveals the relationship between

the desired tooth position and the
underlying bone.

Fig. 2_A cross-sectional slice of a
maxillary anterior incisor tooth,
showing: the outline of the lip (yellow
arrows), the root apex (red arrow),
and the exposed tooth root

(pink arrow).

Fig. 3_The lip rests against the
maxillary canine alveolar-tooth-root
complex (yellow arrow). If an implant
osteotomy follows the tooth socket,
it can potentially perforate the thin
facial cortical plate (pink arrows).
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_The use of three-dimensional (3-D) CBCT im-
aging has evolved quickly as the worldwide method
of choice to aid in the diagnosis and treatment plan-
ning for dental implants, bone grafting, and a variety
of other treatment modalities. As each patient pres-
ents with their own unique anatomical reality, it is
the power of the interactive treatment planning soft-
ware that helps to convert the CBCT data set onto the
computer screen for interpretation and analysis.
However, havinga CBCTscan by itself may not provide
the clinician with the most definitive appreciation of
the patient's anatomy as it relates to the proposed
treatment. Often, toimprove diagnosticaccuracy, itis
helpful to establish a relationship between the un-
derlying bone and desired restorative outcome with
ascannographic, or radiopaque template worn by the

patientduring the scan acquisition. After duplication
of a diagnostic wax-up, or duplication of a patient's
denture with a radiopaque material (BariOpaque,
Salvin Dental Specialties), the template prosthesis
seated intraorally, and the scan acquired.

The radiopaque template as seen in the cross-sec-
tional slice, reveals several important aspects of the
patient's anatomy (Fig. 1):

_the template seen in relationship to the underlying
edentate alveolar maxillary ridge (red arrow)

_the flange of the denture template defines the su-
perior extent of the labial vestibule (yellow arrow)
_the grey area surrounding the template and bone

representing the soft tissue components
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_and the anatomy of the nasal cavity above the alve-
olus

_Foranedentulousor partially edentate patient pres-
entation, the application of a radiopaque scanning
template is an invaluable part of the diagnostic
phase.

When teeth are to be extracted and implants
placed, it is difficult to fabricate a radiopaque scan-
ning template unless the teeth have been prepared to
acceptanacrylictransitional restoration. The appear-
ance of the cross-sectional slice of a maxillary ante-
rior incisor tooth can be seen in Fig. 2. The position of
the tooth appears to be facial to the alveolus, which
the author has termed as the 'reality of anatomy' The
apex of the root gives the impression that it dehis-
cences through the facial cortical plate of bone (red
arrow). The facial aspect of the root appears to be ap-
proximately 4mm above the alveolar crestal bone
(pink arrow). The patient's lip rests against the facial
aspect of the alveolus and the tooth (yellow arrows).
A maxillary canine tooth on another patient presents
a similar pattern in the cross-sectional slice (Fig. 3).
The toothrootdoes not reside within the greatestvol-
ume of bone, at a different trajectory from the alveo-
lus. This can lead to complications if an implant os-
teotomy is prepared within the actual tooth socket,
potentially perforating through the thin facial corti-
cal plate (pink arrows). Again, the lip rests against the
alveolar-tooth-root complex, limiting the apprecia-
tion of the thickness of the soft tissue, and aiding to
define the facial cortical housing (yellow arrows). In
either cross-sectional example (Figs. 2 &3), the extent
of the labial vestibule cannot be determined.

The use of interactive treatment planning soft-
ware adds advanced software tools to help remove
scatter,improve the diagnostic capabilities, while cre-
ating three dimensional reconstructed volumes that
canbeseeninall planesofview. The ability tonavigate
and 'slice through' 3-D volumes, known as ‘clipping’,
provides unprecedented visualisation of the max-

illo-mandibular structures. A maxillary 3-D volume
‘clipped" through the right canine (marked in red) is
seen in Figs. 4a and b. The 3-D reconstructed volume
helps to further define the maxillary alveolar anatomy,
tooth, and root position within the bone. An advanced
software feature allows for manipulation of the grey-
scale density of the scan data (thresholding). This tool
known as 'segmentation’ can be used to reduce scatter
from metal artifacts, such as crowns or fillings, and to
separate one object from another. Through software
segmentation, the maxillary right canine can be vir-
tually extracted from the alveolus, illustrating the
socket anatomy, the thin facial cortical plate (yellow
arrows), and the palatal bone thickness (green arrow)
(Fig. 5). The software allows the images to be enlarged
for closer inspection (Fig. 6). Note the areas of good
density and where the density is poor within the alve-
olus, superior to the root socket.

The capability to virtually remove a tooth and root
from the bone can aid clinicians in making educated
decisions regarding immediate extraction-to-implant
placement,immediate-to-transitional restoration, and
an appreciation of the potential 'gap distance’, which
may be present after implant placement. A simulated
implant of the appropriate diameter and length can
be positioned within the virtual socket to gain initial
stabilisation as related to the desired restorative out-
come (Fig. 7). The thin facial cortical bone can be
clearly seen (yellow arrow), as can the thicker palatal
bone (green arrow). The facial 'gap’ between the im-
plant and the facial cortical plate can be fully appre-
ciated, and decisions made whether or not to fill the
gap with bone (red arrows).

The diagnosticinformation from CBCT data can be
significantlyimproved by taking one simple step prior
to the scan, regardless of the software application,
and without regard to advanced software tools. For
almosttwodecades, theauthorhasadvocated the use
of a'lip-lift' technique: moving the lip away from the
teeth with the use of a simple cotton roll (Fig. 8). Plac-

Figs. 4a &b_A maxillary 3-D volume
‘clipped’ through the right canine
tooth (marked in red) (a).

The 3-D reconstructed volume

helps to further define the maxillary
alveolar anatomy, tooth, and root
position within the bone (b).
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Fig. 5_Software segmentation
simulates a virtual extraction from
the alveolus, illustrating the socket
anatomy, the thin facial cortical plate
(vellow arrows), and the palatal bone
thickness (green arrow).

Fig. 6_The software allows

each image to be enlarged for

closer inspection.

Fig. 7_Asimulated implant of the
appropriate diameter and length can
be positioned within the virtual socket
illustrating: (a) thin facial cortical bone
(vellow arrowy); (b) thicker palatal
bone (green arrow); and the facial
‘gap’ between the implant and the
facial cortical plate (red arrows).
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ing a cotton roll under the lip as demonstrated in the
cross-sectional slice, brings the lip (yellow arrows) far
enough away from the tooth, root and alveolus to
fully appreciate the region of interest. The vestibule
can be defined (red arrow), and the thickness of the
soft tissue attached to the alveolus superior to the
tooth root. The soft tissue biotype can also be seen as
thick or thin (pink arrow), as well as the facial cortical
bone. The enhanced diagnostic appreciation of the
tooth-root-alveolar complex can help prevent com-
plications when implants are placed parallel to the
tooth socket (Fig. 9a). If the implant were to be placed
asper thesimulationin Fig.9a, withan abutment tra-
jectory projecting through the clinical crown (green),
the implant would perforate into the incisal canal. If
the desired restoration was to be a screw-retained
crown, the screw-access hole would need to project
through the lingual/palatal aspect of the crown, dic-
tating a different trajectory for the implant (Fig. 9b).
At minimum, the resulting implant position would

require bone grafting to cover the exposed threads.
Therefore, the trajectory of the tooth in relationship
to the alveolar housing could not be confirmed
without cross-sectional imaging, avoiding potential
iatrogenic damage, or complications from a malposi-
tioned implant.

Another clinical case that utilised the 'lip-lift’
clearly illustrates the advantages of placing a cotton
rollin thelabial vestibule (Fig. 10a). The lipis positioned
away fromanarea where a tooth had been lost (yellow
arrows). A simulated implant is placed within the re-
maining alveolar bone with an abutment projecting
(orange) through a radiopaque marker, which helped
to define the desired tooth position (yellow outline).
The facial thickness of the soft tissue can be appreci-
ated and measured (pink arrow), as the shape of the
remaining alveolus curved superiorly to the floor of
the nose (red arrow). The incisal canal can also be seen
(green arrow). Using only the outline of the simulated
implant (green) and virtual tooth (yellow outline), in-
spection of the potential implant receptor site, thick-
ness of the soft tissue (pink arrow) and adjacent vital
structures can be greatly enhanced (Fig. 100). The api-
cal portion of theimplant can be seen in close proxim-
ity to theincisal canal (green arrow). Ideally, in order to
support the soft tissue emergence profile, a bone graft
should be considered. However, itshould be noted that
without the actual abutment trajectory, the position
of the implant may not provide the best aesthetic or
functional outcome. The use of the 'lip-lift' technique
in coordination with the interactive treatment plan-
ning software helps to define the volume of bone
required to fill the defect to achieve optimal results
(vellow outline) (Fig. 11). Measurements can be deter-
mined, and a decision can be made to obtain the pro-
jected volume of bone from an autologous source,
bone bankallograft, processed xenograft, or synthetic
material.Inaddition, understanding the shape and ex-
tent of the labial vestibule can aid in planning the flap
design, and tissue release to obtain tension-free clo-
sure after graft/membrane placement.
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_Conclusion

The application of three-dimensional imaging
has been greatly enhanced through the continued
evolution and adoption of lower dosage CBCT de-
vices. The image resolution and image quality have
benefitted from improvements in sensors, graphics
processors, increased computing power, and soft-
ware applications. CBCT has become an essential tool
for pre-operative assessment of potential dental im-
plant receptor sites, bone grafting procedures, and
otheroral surgeryapplications. The diagnostic power
oftheimaging modality has been greatly augmented
by newer and upgraded tools included in interactive
treatment planning software applications.

The important tools include (but are not limited
to):

_availability of realistic virtual implants

_library of abutment components

_advanced software segmentation/thresholding
_clipping functionality

_'selective transparency' as defined by the author
_and calculation of bone graft volumes.

Despite all of these improvements, diagnostic ac-
curacy can also be greatly enhanced if certain steps
are taken prior to the CBCT scan. The use of a radio-
paque scanning template helps to provide a concrete
relationship between the desired tooth position and
the underlying bone, allowing for true restoratively
driven planning. Through specific case examples, this

7
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article demonstrated important concepts of using
interactive treatment planning that can increase di-
agnostic acuity. When it is important to understand
the soft tissue biotype, soft tissue thickness, emer-
gence profile, facial orbuccal plate thickness,enhanced
implant and/or abutment planning, and extent of the
labial vestibule, a cotton roll placed within the vestibule
prior to the scan acquisition can provide a simple and
effective solution._
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topics. He is considered one of America’s leading
experts in the evolution of computer utilisation and
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Fig. 8_Placing a cotton roll under the
lip, as seen in the cross-sectional slice,
brings the lip away from the tooth,
root, and alveolus (yellow arrows); and
defines the vestibule (red arrow).

Fig. 9a_An implant simulated with
an abutment trajectory projecting
through the clinical crown (green),
perforating into the incisal canal.

Fig. 9b_For a screw-retained crown,
the screw-access hole would need to
project through the lingual/palatal
aspect of the crown, dictating bone
grafting to cover the exposed
threads.

Fig. 10a_Another clinical case

which utilised the ‘lip-lift’ clearly
illustrates the advantages of placing
acotton roll in the labial vestibule
(vellow arrows). The alveolus curves
superiorly to the nasal floor (red arrow),
and the soft tissue thickness
revealed (pink arrow).

Fig. 10b_The outline of the simulated
implant (green) and the yellow outline
of the virtual tooth allows further
inspection of the implant within the
desired receptor site, and the thick-
ness of the soft tissue (pink arrow).
Fig. 11_The ‘lip-lift’ technique helps
to define the volume of bone required
tofill the defect to achieve optimal
results (yellow outline).
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