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dental application

© After the launch of the first computed to-
mography scanners developed specifically
for dentistry in 1996, this technology was
predominantly restricted to large imaging
centers and diagnostic clinics. Previously in
spiral CT, the x-ray tube moves around the
patient, who is sitting inside the circuit. Dur-
ing movement, the tube emits a theoretical-
ly two-dimensional, fan-shaped ray beam.
From these data of the separately captured
discoidal volumes, the computer generates
a three-dimensional image. In contrast,
digital volume tomography (DVT) uses a
three-dimensional, cone-shaped ray beam
and a two-dimensional flat-panel detector.

Due to this technology, a single rotation around
the patient is sufficient to scan a three-dimensional
volume with lower radiation exposure. The three-
dimensional volume can be described as field of view
(FOV), its size depends on the device in usel'.

Because of the increasing number of dental implants
and the high capability of modern computers with re-
spect to graphic card, main storage, hard drive capacity
etc., the demand and need for three-dimensional ra-
diographic diagnostics is increasing. The amendment to
the German X-ray Ordinance (R6V) of July 1, 2002,
responded to this development and introduced DVT
as an accepted three-dimensional imaging technique
in dentistry. Therefore, dentists with a certificate of
specialist training are, apart from radiologists, the only
ones who are allowed to implement a split-image pro-
cedure using DVT technology.

Costs

While for a long time, only few, high end DVT
devices were available on the market, about ten new
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systems!?! were presented at the IDS 2007. They dif-
fered in the price-setting size of the captured volume,
the sensor type (image intensifier system vs. flat-panel
detector), the additional option to create dental pan-
oramic tomographs (DPT) and the required space,
among others.

When image intensifiers are used, a camera im-
age is generated by x-ray quanta after conversion
into electrons and intensification. Due to intensifica-
tion, a lower dose is necessary, however, a stronger
image noise becomes visible at higher resolutions. In
flat-panel detectors, x-ray quanta generates an elec-
tron stream directly at the solid body detector. This
requires a higher dose, but even in very high resolu-
tions, low-noise images are obtained.

With a presentable volume of 5 cm diameter and
3.7 cm height, the digital radiography system KODAK
9000 3D (Carestream Health, Stuttgart, Germany) of-
fers a relatively small field of view, but with a voxel size
of 0.076 mm, the slice thickness is very low, provid-
ing a high resolution (separation effect between two
structures, specification in line pair/mm). The voxel
size describes the dimension of the volume, i.e. the
volume of the pixels that the different data file sec-
tions are made up of. Dental panoramic tomographs
(DPT) can be captured without manual intervention
to change the sensor, thus, KODAK 9000 3D is a real
dual-use device with minimal space requirements.

The costs for the most affordable DVT devices is
meanwhile only little above the price level of a con-
ventional DPT device with the possibility of trans-
versal tomography making three-dimensional radi-
ography affordable even for general dental offices.
However, the question arises if small-volume DVT
devices are economical and functionally suited for
this group of users!?.
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In general, the required background for the crea-
tion of a DVT image is the existence of a justifying
indication according to § 23 of RV, particularly be-
cause the radiation exposure in DVT can be four to
ten times higher than in digital DPT.

The necessity of a justifying indicator means that
an x-ray scan is allowed only if the medical benefit
is higher than the radiation risk. In this context, an
adequate procedure has to be selected for each spe-
cific case.

Although a definite list of indications is not yet
available, there are some clues given in the three-step
list of indications according to PD Dr. Dirk Schulze:

I. Dental questions

Position of impacted teeth, relation to mandi-
bular canal, maxillary sinus

Cystic mass, inflammatory processes and rela-
tion to adjacent region

Detection of small contaminants

Morphology of the condylar process, pathologi-
cal changes of the high-contrast structures

Orthodontics

Periodontics

At this point, conservative dentistry should be
mentioned under reserve of verification.

2. Implantological questions

Preimplantation diagnostics, data acquisition for
navigation software

Three-dimensional control of the implant after
placement

3. Oral and maxillofacial surgery (OMS)
questions
Trauma
Local cancer diagnosis
Paranasal and maxillary sinus diagnostics
Ostoeomyelitis
Lip-jaw-palatine clefts

As a rule, the indications listed under point 3
should be subject to large-volume DVT devices and

thus treated in large practices specialized on oral and
maxillofacial surgery or centers and clinics.

The DVT system KODAK 9000 3D is being used
in my practice with a specialization in general den-
tistry, periodontics and implantology for more than
a year now. In the following, several examples for
indications according to point | and 2 will be given
and the benefit of a DVT use for the dental practice is
evaluated. The examples point out the possible qual-
ity for DVT images.

The selection of DVT as an imaging method will
be suitable if the conventional DPT image displays
an unclear relative position to critical anatomical
structures. With DVT, multiplanar reconstructions
are possible in horizontal, sagittal and transversal di-
rections so that a impacted tooth can be presented
without any overlaps. Figure | shows a DPT without
a clear distinction of the impacted tooth 38 from the

inferior alveolar nerve. Figure 2 shows a DVT image

Fig. 1: DPT - no clear distinction of tooth 38 to the infe-
rior alveolar nerve visible.

Fig. 2: A DVT image with KODAK 9000 3D.
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captured with KODAK 9000 3D. With the inte-
grated software offering intuitive use, the mandibular
canal is marked in a simple way. With the function
“angular cutting”, the relevant area is circumscribed
three-dimensionally. On the DVT image, it becomes
evident that the impacted tooth 38 is not in contact
with the inferior alveolar nerve. The use of DVT for
this indication is supported by many userst **l,

Figure 3 shows the DPT with a pea-sized shad-
ow in region 48 caused by a metal contaminant. The
three-dimensional analysis of the region of interest
(Rol) was done subsequently with a DVT in order to
accurately determine the intraosseous position of the

contaminant (Fig. 4).

Fig. 3: DPT - shadows in region 48.

Fig. 4: DVT to determine the position of the contaminant
exactly.

The representation of hard tissue structures of
the temporomandibular joints is possible with small-
volume DVT devices as well. Figure 5 shows a three-

dimensional view of the left temporomandibular

joint.

Fig. 5: 3D view of a left temporomandibular joint.

All over the globe, people are working on re-
construction algorithms for DVT images. Thus, it can
be expected that the reconstruction of soft tissues,
which is insufficient as yet, will be improved com-
pared to CT in the futurel'l. Currently, magnetic res-
onance tomography (MRT) is preferred as an imaging
method in the context of temporomandibular joint
diagnostics.

It can be assumed that three-dimensional radiog-
raphy will establish itself increasingly in orthodontics.
Here, the initial diagnosis is based on DPT. If reten-
tion, resorption, angulation or further pathologies are
suspected, these can be diagnosed more precisely and
safer above all with DVT than is possible with other
imaging methods. Appropriate therapeutic measures
are initiated in a more effective way. The representa-
tion of the broken teeth and the tooth germs is pos-
sible without overlap.

Figure 6 shows a supernumerary tooth 21 with
dependent gemination. The DVT image reveals that
the desired therapeutic separation of the teeth is im-
possible.

Especially from orthodontic practices, a strong
tendency of increasing referrals for DVT is listed.
With regard to DVT use in the context of pediatric
questions, further scientific studies are currently be-
ing conducted.
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Fig. 6: Supernumerary tooth 21 with dependent gemina-
tion.

The anatomy of the alveolar bone is not displayed
in a differentiated way in DPT because of summation
effects and overlaps. However, in DVT, the osseous
anatomy is visualized. There are two different repre-
sentations: one is surface-based — the surface of an
object is displayed (surface shaded display = SSD),
the other is volume-based (VRT = volume render-
ing technics) — a semitransparent representation of
the volumetric content. KODAK 9000 3D features
an appropriate software tool to reproduce the 3D
setting. Like in a medical CT device, it is possible to
determine a gray-scale value (threshold) and to edit
this area with functions for brightness and contrast
in order to blend bone and tooth structures. In this
way, ossary defects, denudations, fenestrations, the
degree of furcation involvement etc. can be visual-
ized and qualified. The graphical representation de-
termines the surgical approach. Figure 7, for example,

Fig. 7: Tooth 37 and horizontal bone resorption visible,
furcation area identifiable from lingual view.

shows a tooth 37 and a horizontal bone resorption.
The furcation area is visible from a lingual view.

The employment of DVT is useful in endodontics
to display additional canals, the canal positions, apical
areas etc. Several authors support the use in endo-
dontics!®”). The number of canals, e.g. a second mesio-
buccal canal in a maxillary first molar, can be detected
in this way just as an internal resorption etc.

Figure 8 reveals that the roots of tooth 26 enclose
a recess of the maxillary sinus as well as that the me-
sio-buccal root has two canals and that tooth 27 has a
second root canal without a filling. Root canal fillings,
even after root tip resection, are displayed very well
after fading out of the bone and hard tooth structure

in the 3D view, only the root canal filling remaining

Fig. 8: Tooth roots 26 enclose recess of the maxillary
sinus, mesio-buccal root has two canals, tooth 27 with
non-filled second root canal.

Fig. 9: Tooth 26 with faded out bone and hard tooth
structure.
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visible. This is shown in figure 9 using the example of
a tooth 26.

Technological optimization, e.g. with regard to
an improved representation of small accessory ca-
nals due to reduction of the image noise (affects the
differentiation of small image structures by quantum
noise and system noise and electronic noise respec-
tively / image quality is determined by noise, contrast
and blur) is expected for the future.

| am skeptical with regard to the use of DVT for
caries diagnostics. In the 3D view, carious lesions with
a loss of hard substance are visible, however, bitew-
ing radiographs are preferable for preventive caries
diagnosis also for reasons of radiation hygiene.

The greatest benefit of DVT is found for implant
planning. In financial terms, it is only a minor expense
factor for the patient related to the remaining costs
of an implantation. Since the DVT image offers e.g. an
accurate determination of the bone volume prior to
implantation as well as the complexity of the surgery
and, if need be, allows to predict the necessity of an
augmentation beforehand, the dentist is able to make
a precise estimate of the costs.

Due to detailed information about the bone di-
mensions, implantations have become faster, minimal
invasive and more secure — the course of the inter-
vention is predictable. Questions like “Is an internal
sinus lift possible or will a one- or two-stage sinus
floor elevation be necessary?” can be answered be-
forehand.

Also for the sinus floor elevation, information
about the sinus anatomy is very useful. Figure 10 was
consulted in the process of planning a sinus lift. It re-
veals that the anatomy of the recess of the maxillary
sinus does not have any septa and the alveolar bone
height is 4.3 mm in the area of the intended eleva-
tion. The arteria anonyma is visible in the medial area
of the facial bone wall in the cross section (and can
be spared or eliminated at an early stage!). Screening

of the metrical spread of the recess and its anatomy
facilitates the preparation of the maxillary sinus epi-
thelium. Figure || visualizes the condition after sinus
lift. With this DVT image, the implant in region 26
was planned. The marked area indicates an extension
of 16 mm.

Fig. 11: Situation after sinus lift.

The objection of cost indicates that a sufficient
pre-operative diagnosis is also possible with model
analysis and a good DPT. It has to be pointed out,
however, that due to overlap and summation effects,
measuring errors of approximately 2 mm caused by
projection can occur in DPT as opposed to inaccu-
racies in the range of 0. mm for DVT®. Figure 12
shows the consequences of measurement errors in
this dimension: The implant in region 46 touches the
mandibular canal. An iatrogenic damage was prevent-
ed only because the guiding principle in implantology
of always maintaining a safety distance of 3 mm to the
inferior alveolar nerve was respected.
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Fig. 12: Result of a measurement error due to projection
- implant touches mandibulary canal.

In region 44, which is also restored with an im-
plant, periimplantitis is found. The figure shows the
option of generating a pseudo-sagittal representation
much like a DPT image from a curved representation
with the software. Perpendicular to the panoramic re-
construction line, cross sections are created. The den-
tist is familiar with this kind of representation, which is
particularly useful for implant position planning.

As a matter of course, data files of smaller volumes
can be used for planning of implantological treatments
with navigation programs as well, because the data
output is possible in the international standard format
DICOM 3.0. An individual implant library can be set up
directly in the software of the radiography system.

As a rule, monitoring after implantations is done
with DPT or small-size image. In selected cases — e.g.
after an augmentation or if fenestration is suspected
—a DVT image is possible. It becomes evident that,
opposed to the CT, almost no interfering metallic ar-
tefacts are caused by the implant. This can be traced
back to different x-ray geometries.

Figure 13 shows the DVT control image of the
situation in region 2| after an augmentation.

For quality control, the study group x-ray diag-
nostics in dental radiology recommends:

Fig. 13: DVT control image after augmentation in region
21.

The volume includes the dentomaxillary visce-
rocranium.

For smaller volumes, the highest possible spa-
tial resolution should be chosen.

The represented volume should be adapted to
the clinical question.

The radiation dose should be as low as possible
and necessary.

In more than 90 % of the cases, a volume of 5 cm
x 3.7 cm is absolutely sufficient. Among other things,
the benefit of a smaller volume is a lower applied ra-
diation dose. Since the justifying indication mandates
the use of procedures with no or lower exposition to
radiation if the benefit is comparable, strictly speak-
ing, standard CTs are no longer allowed in the den-
tomaxillary area.

Moreover, the small volume requires less stor-
age space (for KODAK 9000 3D, a slice thickness of
0.076 mm currently requires approx. 175 MB), reduc-
ing the costs for the provision of storage equipment
and allowing a more efficient access. Since, for exam-
ple, the radiograph of an eight-year-old child has to be
stored for 20 years, the storage volume plays a rel-
evant role despite increasing storage capacities. Due
to the high amount of data on the whole, the instal-
lation of a practice network with high-quality compo-
nents is important. Furthermore, professional support
during installation is essential. The integration of the
X-ray system software into a practice network and a
connection to the existing practice software should
be possible without problems. In addition, the use of
larger volumes involves a complete interpretation of
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the image, although dentists are usually not skilled for
an assessment of the cranial areas displayed.

In search of an appropriate DVT device, the den-
tist should always pay attention to an easy use system
that is easy to integrate into the practice workflow.
In addition, the data should be easily exportable and
an additional viewer should be available for other
surgeries and users of the image free of cost. For an
economical benefit, a focus of the practice on oral
surgery is recommended. As explained above, | use
DVT mainly within the scope of implantology. The
economic efficiency can be calculated by taking into
account the investment costs and the number of im-
plantations. 1
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