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Objectives: The aim of this study was to evaluate the accuracy of linear measurements
obtained with dental cone beam CT (CBCT) and multislice CT (MSCT) by altering radiation
doses using pre-operative planning of the placement of oral implants as a model.

Methods: A human cadaver mandible was examined in two edentulous areas and one
dentate area using CBCT and MSCT. The mandible was examined both dry and immersed in
sucrose solution isointense with soft tissue. Two readers measured four linear distances twice
from each section. The mandible was cut into 4 mm thick slices at three marked places. These
slices were microradiographed and used as the gold standard for measurements from each
section.

Results: The intraclass correlations between the intra- and interobserver readings obtained
with the different methods showed almost perfect matches. The measurement error (ME)
showed significant differences between the methods studied (P = 0.022): the mean ME was
4.7% for CBCT and 8.8% for MSCT of the dry mandible, 2.3% and 6.6%, respectively, for
the mandible immersed in sucrose solution and 5.4% for low-dose MSCT. Lowering the
MSCT radiation dose to less than a quarter of its conventional original value did not
significantly affect the ME.

Conclusions: CBCT is a reliable tool for implant-planning measurements when compared
with MSCT. In this study, a considerable radiation dose reduction could be achieved with

low-dose MSCT examinations without a major loss of measurement accuracy.
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Introduction

Neither intraoral nor panoramic radiographs give the
three-dimensional (3D) information of the imaged area
needed for optimal pre-operative planning of dental
implant placement. Different cross-sectional tomograms,
CT and, more recently, special dental cone beam CT
(CBCT) examinations have been used for this purpose.'*

Helical CT involves simultaneous translatory move-
ment of the patient while the X-ray tube and the
detector rotate around the gantry axis. This permits
continuous data acquisition, image reconstruction
and archiving as the entire volume of interest is
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scanned. Special algorithms allow multiplanar
computer-reformatted two-dimensional (2D), 3D and
panoramic reconstructions. For example, DentaScan
software (GE Medical Systems, Global Center,
Milwaukee, WI) allows 2D orthoradial multiplanar
reformatted images to be reconstructed in addition to
axial and panoramic images. The plane of the images is
perpendicular (orthogonal) to the curvature of the
dental arch.’> Depending on the imaging settings used,
the effective dose of a dental CT examination is
15-74 times higher than that of a panoramic radio-
graph.* Conventional CT produces relatively high
radiation exposure, particularly without low-dose set-
tings, and is therefore only recommended in anatomi-
cally difficult cases or in connection with extensive
implant treatment.’



Recently, CBCT devices have been developed for
dentomaxillofacial imaging.'® CBCT uses a cone-
shaped X-ray beam and a scan range with a more
restricted field of view (FOV) in the axial dimension
than in multislice CT (MSCT). Pre-operative bone
volume and structure can be evaluated with CBCT.'""!*
The benefits of CBCT are lower costs, smaller device
size and lower radiation dose than MSCT.%7!3
However, low dose-settings can almost reduce the
radiation dose in conventional single-slice or MSCT
examination to that of CBCT.*

The aims of the present study were: (i) to evaluate the
accuracy of linear measurements in the posterior
mandible using CBCT (3D Accuitomo) and MSCT;
(1) to evaluate the accuracy of low-dose examinations;
and (i) to assess the intra- and interexaminer
reproducibility of these evaluations.

Materials and methods

The CBCT study was performed with a 3D Accuitomo
device (3D Accuitomo, J Morita MFG. Corp., Kyoto,
Japan). The function of the Ortho-CT, which is the
prototype of the 3D Accuitomo CBCT, is described in
detail in Arai et al.” Imaging values of 80 kVp, 3 mA
and 17 s exposure time, together with a 0.25 mm
copper (Cu) filter and 1 mm reconstructed slice
thickness were used in the CBCT examination.

The MSCT study was performed with a four-slice
scanner (LightSpeed Plus, GE Medical Systems).
DentaScan software (GE Medical Systems) was used
to reconstruct 2 mm thick 2D orthoradial multiplanar
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reformatted images. A comprehensive data analysis was
performed for scanning parameters of the MSCT SE
759-SE 905 (Table 1). Radiation exposures of the scans
were further reduced, but exact measurements then
became uncertain or impossible to make.

The cadaver mandible was imaged with the CBCT
and MSCT devices (i) dry and, in order to better
resemble the clinical situation concerning the radiation
attenuation and scattering properties of the region
examined in patients, (ii) immersed in sucrose liquid
isointense with soft tissue (ICRU-44; 53.3 HU) placed
in a 15x15x9 cm plastic box. Low-dose MSCT
examinations were performed only with the cadaver
mandible immersed in sucrose solution. The position of
the mandible in the sucrose solution was maintained at
a constant during the examinations. The same human
cadaver mandible was used in a previous study to
evaluate the accuracy of cross-sectional tomograms
obtained with four panoramic radiographic units in the
assessment of implant site measurements.'®

The cadaver mandible was fixed with a horizontal
plate to the 3D Accuitomo CBCT device and images
were reconstructed perpendicular to the inferior border
of the mandible. In MSCT, the cadaver mandible was
imaged with the median sagittal plane perpendicular to
the horizontal plane and the inferior border of the
mandible parallel to the axial slice plane, as recom-
mended by the DentaScan protocol, and 2D ortho-
radial multiplanar  reformatted images  were
reconstructed.

The linear distances in the mandibular area in the
first and second molar regions (edentulous regions) on
the right and in the second premolar region (dentate
region) on the left were measured in millimetres. In

Table 1 The scanning parameters used in multislice CT (MSCT) and the corresponding radiation and effective doses. Automatic milliampere
modulation (AutomA) was used in three protocols (SE 910, SE 915 and SE 920)

Tube current Voltage Pitchitable feed Rotation time  Radiation dose, Radiation dose, Effective dose,
Protocol (mA) (kV) (mm) (s) CTDI,,; (mGy) DLP (mGy cm) E (mSv)
SE 759 80 140 0.75/3.75 0.8 27.4 153.0 0.45
SE 815 60 140 0.75/3.75 0.8 20.5 114.8 0.34
SE 820 40 140 0.75/3.75 0.8 13.7 76.5 0.22
SE 825 80 140 1.5/7.5 0.8 13.7 79.1 0.23
SE 830 60 140 1.5/7.5 0.8 10.3 59.4 0.17
SE 835 40 140 1.5/7.5 0.8 6.8 39.6 0.12
SE 840 80 120 0.75/3.75 0.8 20.1 112.2 0.31
SE 845 60 120 0.75/3.75 0.8 15.1 84.2 0.23
SE 850 40 120 0.75/3.75 0.8 10.0 56.1 0.15
SE 855 80 120 1.5/7.5 0.8 10.0 58.0 0.16
SE 860 60 120 1.5/7.5 0.8 7.5 435 0.12
SE 865 40 120 1.5/7.5 0.8 5.0 29.0 0.08
SE 870 80 100 0.75/3.75 0.8 12.9 72.2 0.19
SE 875 60 100 0.75/3.75 0.8 9.7 54.2 0.15
SE 880 40 100 0.75/3.75 0.8 6.5 36.1 0.10
SE 885 80 100 1.5/7.5 0.8 6.5 373 0.10
SE 890 60 100 1.5/7.5 0.8 4.8 28.0 0.08
SE 895 40 100 1.5/7.5 0.8 32 18.7 0.05
SE 900 100 80 0.75/3.75 1.0 11.3 63.1 0.17
SE 905 100 80 1.5/7.5 1.0 5.6 32.6 0.09
SE 910 78.9 140 0.75/3.75 0.8 27.0 150.9 0.44
SE 915 122.5 120 0.75/3.75 0.8 30.7 171.8 0.47
SE 920 154.1 100 0.75/3.75 0.8 24.9 139.1 0.37

CTDI, CT dose index; DLP, dose-length product
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edentulous regions cross-sectional sites were marked by
gluing an orthodontic tube onto the alveolar crest. A
second tube was glued onto the buccal aspect of the
mandible, on a line drawn from the first tube
perpendicular to the inferior border of the mandible.
In the dentate region, only one tube glued to the buccal
aspect was used. The marks were used to verify the
correct sites for the slices used for the measurements.

The radiographs were evaluated blind and separately
by two specialists in oral and maxillofacial radiology
(AS and JP), who chose the image slice with the
orthodontic tubes best visible. The adjacent slices were
used as complementary images if the structures used for
measurements could be identified more clearly in them.
The measurements were made twice, with a 2 week
interval between. The measurements were: A, total
height of the mandible; B, distance of the alveolar crest
from the mandibular canal; C, thickness of cortical
bone at the most inferior aspect of the mandible; D,
thickness of mandible at the height of the superior bony
crest of the mandibular canal (Figure 1). On the left in
the second premolar region, the total height of the
mandible was greater than the radiation field height at
the centre of the rotation of the CBCT. For this reason
two examinations were performed in this region with
CBCT and the total height of the mandible was
measured using two cross-sectional images.

The mandible was cut into 4 mm slices at the
positions marked by the orthodontic tubes. These slices
were microradiographed, measured from the film using

Figure 1 The four measurements taken from each cross-sectional
radiograph: A, total height of the mandible; B, distance of the
alveolar crest from the mandibular canal; C, thickness of the cortical
bone at the most inferior aspect of the mandible; D, thickness of the
mandible at the height of the superior bony crest of the mandibular
canal
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a slide gauge and used as the gold standard for
measurements as described previously.'® The magnifi-
cation factor for the microradiographs was 1.0.
Programs of the CBCT and MSCT equipment auto-
matically take into consideration their magnification
factors.

Radiation doses for the MSCT examinations were
recorded as dose-length product (DLP) values (mGy
cm) displayed at the scanner console. The displayed
DLP could be calculated as the product of the pitch-
corrected weighted CT dose index (CTDI,,,;) value also
displayed at the console and the effective length of the
helical CT scan. Different DLP values from consecutive
MSCT scans with adjusted imaging parameters but
identical scan lengths thus correspond directly to the
differences in CTDI,; values within the scanned area.
CTDI,,;, DLP and effective doses were also calculated
with the CT-EXPO (v1.5.1(E)) program.'” Effective
doses were determined according to the ADAM
mathematical male model, whereas the EVA female
model was also used to test the difference in similar
radiation exposure between genders.'® The position of
the 5 cm scan length in the effective dose calculation
was according to the actual scans performed with the
MSCT. The dose display for MSCT was evaluated by
measuring the radiation output using a standard pencil
ionization chamber with an effective length of 10 cm in
the CTDI head phantom (PMMA cylinder of 16 cm
diameter). The radiation output in CBCT was assessed
with a similar measurement set-up, including measure-
ments in the scan FOV and in peripheral regions of the
head phantom (outside the scan FOV). The resulting
doses were compared with the published values.*

Statistical methods

4 points in the phantom were evaluated from 3 tomo-
graphic slices, thus making 12 measurements per
observer for each tomographic method. Observer
action was assessed by calculating the single measures
intraclass correlation for intra- and interobserver
performance for the distances measured in the phan-
tom.'” The measurement error (ME) was defined as:

ME =absolute value [(X;—GS)/GS], (1)

where X; is the measured actual length with a particular
method and GS indicates its gold standard measure-
ment. X; was the mean value of two measurements
performed by two observers (four measurements
altogether) in each particular tomographic method.
Due to its right-skewed frequency distribution, the ME
was square-root transformed to facilitate the statistical
calculations. The ME was correlated with the estimated
radiation dose using the Pearson correlation. The mean
ME in CBCT, CBCT in which the cadaver mandible
was embedded in sucrose solution, MSCT and MSCT
in which the cadaver mandible was embedded in
sucrose solution using scanning parameters as in SE
759 and 905, were compared with the analysis of



variance, repeated measures design (sphericity assumed,
deviation contrast). To further explore the technical
parameters (ie. tube voltage (kV), current (mA),
rotation time (s) and the pitch factor), multiple
regression was used. These parameters were simulta-
neously set as independent variables and thus adjusted
for their mutual effects, while ME was the outcome
variable. SPSS 12.0 (SPSS Inc, Chicago, IL) software
was used. P-values of less than 0.05 were considered
significant.

The number of measurements successfully performed
in two sessions and by two radiologists (theoretically
ranging from 0 to 48) was correlated with radiation
dose using the Spearman correlation. Individual con-
tributors given above were related to this number of
successful measurements for each method with ordinal
regression.

Results

The mean ME for the material as a whole was 6.5%.
This varied according to the imaging method
(Figure 2). Radiation dose had a significant negative
correlation with ME (r = —0.159, P = 0.008, Figure 3)
as well as with its transformed value (r=—0.171,
P =0.004). ME showed significant differences between
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Figure 2 Box and whisker plot showing measurement error
according to the imaging method. Box, interquartile range; bar,
median; whisker, largest value which is not an outlier or an extreme
score; outlier, more than 1.5 box lengths above the box; CBCT dry,
cone beam CT of dry mandible; CBCT fl, CBCT of mandible in
sucrose solution; MSCT dry, multislice CT of dry mandible;
MSCT759, MSCT of mandible in sucrose solution using conventional
scanning parameters SE 759; MSCT905, low-dose MSCT of mandible
in sucrose solution using scanning parameters SE 905. For scanning
parameters in MSCT see Table 1
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Figure 3 Locally smoothed scatter plot indicating the association
between radiation dose (dose-length product (mGy cm)) and
measurement error. Analysis performed using MSCT SE 759-SE
920, see Table 1

the methods studied (P =0.022) (Table 2, Figure 4).
CBCT with cadaver mandible embedded in sucrose
solution was thus the best method. Of the potential
determinants of ME, only the pitch factor was
significantly related. These relationships remained
fairly constant even when the measurement site was
added to the model as a categorical covariant (SPSS
general linear model). The model with milliampere and
tube voltage settings, rotation time and pitch factor as
independent variables explained 5.3% of the variation
in ME. The intraclass correlations between intra- and
interobserver readings for the different methods
showed an almost perfect match with some of the
values presented in Table 2.

There was a good correlation between the number of
successful measurements and the radiation dose
(r¢=0.620, P < 0.001) (Figure 5). This analysis was
performed using all data, including the measurements
with further reduced radiation exposure. In the multiple
ordinal regression model, the pitch factor was nega-
tively associated with the number of successful mea-
surements (P < 0.001) as opposed to the tube voltage,
which was a positive contributor (P < 0.001). The effect
of the milliampere settings was positive but not
significant (P = 0.120).

The CTDI,; and DLP radiation dose values recorded
from the console display in MSCT scans were within the
ranges of 3.2-30.7 mGy and 18.7-171.8 mGy cm,
respectively. The calculated radiation doses were in
agreement with the recorded doses within the limits of
dosimetric uncertainty. The effective doses from the
MSCT scans were from 0.05 mSv to 0.47 mSv, calculated
according to the ADAM mathematical male model.
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Table 2 Intraclass correlations: Intrareader agreement (AS 1 vs AS 2), interreader agreement (AS 1 vs JP 1) and measurement errors (ME). For

scanning parameters in MSCT, see Table 1

Imaging method

AS measurement 1 vs 2

AS measurement 1 vs JP measurement 1 ~ Mean ME (%)

CBCT (dry mandible) 0.999
CBCT (mandible in sucrose solution) 1.000
MSCT (dry mandible) 0.999
MSCT SE 759 (mandible in sucrose solution) 0.999
MSCT SE 905 (mandible in sucrose solution) 0.999

0.999 4.7
0.999 23
1.000 8.8
0.999 6.6
0.997 5.4

CBCT, cone beam CT; MSCT, multislice CT

Effective doses calculated according to the EVA female
model were 33% larger. The recorded physical doses
(CTDI,, and DLP) and calculated effective doses in
MSCT scans are presented with relevant scan parameters
in Table 1. The dose values measured in CBCT were
2 mGy in the central scan region and 1 mGy in the
peripheral region of the head phantom. The obtained
values agreed satisfactorily with the published values,
taking into account the differences between the dose
assessment methods.*

Discussion

Conventional CT is generally accepted as an accurate
tool for measuring bony structures. In the present

B

study, we demonstrated that the error of linear
measurements is even smaller with CBCT than with
MSCT when using pre-operative planning of the
placement of oral implants as a model.

With the DentaScan program used in MSCT in this
study, the slices are produced in a predetermined angle
to the object. This angle depends on the position of the
object during the examination. In mandible it is
desirable to produce cross-sectional slices perpendicular
to the mandibular canal. In clinical practice, however,
the mandibular canal is not visible. The orientation of
the inferior border of the mandible coincides reason-
ably well with the orientation of the plane of the
mandibular canal. The aim was to place
the cadaver mandible in a position which results in
cross-sectional slices perpendicular to the inferior

Figure 4 Cross-sectional images on the right side in the second molar region. A, cone beam CT (CBCT) image of dry mandible; B, CBCT image
of mandible in sucrose solution; C, multislice CT (MSCT) images of dry mandible; D, MSCT images of mandible in sucrose solution using
conventional scanning parameters SE 759; E, low-dose MSCT images of mandible in sucrose solution SE 905. For scanning parameters in MSCT,

see Table 1. The images have been digitally enhanced

Dentomaxillofacial Radiology
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Figure 5 Number of successful measurements related to the
radiation dose (dose-length product (mGy cm)). Analysis performed
using all data, including measurements with further reduced radiation
exposure

border of the mandible. The orthodontic brackets used
as landmarks for orientation and measurements of the
object were always visible in the same slice of the region
of interest. However, because of the orientation of the
object, the brackets were not always optimally situated
for the measurements. This merely mimics the difficul-
ties faced in optimal placement of patients in clinical
situations. The region(s) of interest may be situated in
such a way that it may be impossible to produce
satisfactory images for accurate measurements with a
single scan. With CBCT this disadvantage can be
overcome, because slicing can be done in arbitrary
planes for optimal orientation of the region of interest.

There was little difference in intra- and interexaminer
repeatability between these methods. With the limited
material available in this study, low-dose MSCT
examinations, with radiation dose less than a quarter
of conventional values, produced images with a quality
sufficient to make reliable linear measurements for the
pre-operative planning of placement of oral implants.
For sufficient image quality the acceptable threshold
values for scanning parameters varied. There were
substantial variations in different regions of the
mandible. The MSCT scan protocol can be further
optimized by adjusting the pitch factor. The number of
images with insufficient quality increased along with
decreasing radiation dose. It seems that experienced
readers are able to exclude examinations with poor
image quality, and thus avoid major measurement
errors. Automatic milliampere modulation (AutomA)
protocols resulted in relatively high radiation doses
with the measurement set-up and noise index settings
used here. However, in clinical scans the AutomA
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settings could be optimized for low-dose examinations
as appropriate to the clinical indications.

Kobayashi et al*® compared the accuracy of mea-
surement of distance using limited CBCT (LCBCT) and
helical CT (HCT). The vertical distance from a
reference point to the alveolar ridge was measured in
five cadaver mandibles. A significantly smaller mea-
surement error was also observed in their study for
LCBCT than for HCT, 1.4% and 2.2%, respectively
(P < 0.0001). Our figures for measurement errors are
higher than in the study of Kobayashi et al.* This can
be explained at least in part by the thickness of the
cortex of the inferior border of the mandible. Even a
minor measurement error leads to a considerable
relative difference from the gold standard. This,
however, is not a problem in clinical dental practice
because the main interest focuses on the dimensions of
the alveolar crest cranial to the mandibular canal. One
explanation for the poorer result in the mandibular left
premolar area in our study is that the total height of the
crest had to be measured from two CBCT images. In
the dentate region, the difficulty of selecting the exact
level of the alveolar crest might also explain the higher
ME. In the edentulous regions, an orthodontic tube
fixed onto the alveolar crest as well as onto the buccal
aspect of the mandible made it easier to define the
correct measurement points than in the dentate region.
It is noteworthy that the values representing the gold
standard also contain a source of error. Although
anatomical structures were clearly seen in microradio-
graphs, the measurement agreement was not perfect.'®

The pixel size of the 3D Accuitomo is 0.125 x
0.125 mm and, due to the isotropic volume data of
CBCT examination, the voxel size of the 3D Accuitomo
is 0.125 mm per side. The calculated pixel size of the
MSCT used in this study is approximately 0.25 x
0.25 mm. Thus, a one pixel error in our MSCT
measurements is larger than in our CBCT measure-
ments. It is obvious that measurements of images with a
better resolution are prone to a smaller measurement
error. It should be noted, however, that CBCT devices
are not all alike. When using a CBCT device with a
larger FOV and a pixel size corresponding to that of a
MSCT device, similar measurement accuracy for CBCT
and MSCT may be expected.

Good geometric accuracy has been reported for
the NewTom 9000 CBCT (Quantitative Radiology,
Verona, Italy).®?! Mozzo et al® evaluated geometric
accuracy with reference to various reconstruction
modalities and different spatial orientation. The
reported difference between the true value and general
mean value was 0.8-1% for width measurements and
2.2% for height measurements. A phantom with two
circular inserts was used in this study together with the
automatic option for measurements. With this option it
is possible to select a segment across the two bone soft
tissue edges of interest. The software then analyses the
corresponding densitometric profile, automatically set-
ting the bone borders at half the height of the edges.
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This may explain the good results reported in this
phantom study. According to Lascala et al> the
NewTom 9000 CBCT image underestimates the actual
distances between skull sites. However, the differences
are only significant for the skull base. The NewTom
9000 CBCT is reliable for linear evaluation measure-
ments of other structures more closely associated with
dentomaxillofacial imaging. In addition, certain image
artefacts have been reported with the 3D Accuitomo
CBCT scanner, depending on the object material and
X-ray tube voltage, probably due to the properties of
the image detector (image intensifier).>* No such image
deformations were observed in this study.

Ekestubbe et al** demonstrated that low-dose CT
performs as well as high-dose CT for tomographic
imaging for dental implant planning in the posterior
parts of the mandible. This was shown in a study in
which CT examinations with low milliampere-second
settings were compared with conventional values and
the images were graded visually (40 mAs to 280 mAs).
The visibility of the alveolar crest and the mandibular
canal were evaluated. Rustemeyer et al*> also concluded
that a considerable dose reduction without a loss of
diagnostic information is achievable in dental CT. Our
results are in accordance with those of Ekestubbe et al**
and Rustemeyer et al.>> High-contrast structures such
as the jawbone and teeth can be imaged using radiation
doses significantly lower than those recommended by
the manufacturers for implant planning measurements.
According to Cohnen et al,* in conventional CT, low-
dose examinations can reduce the radiation dose nearly
to that of CBCT.

Depending on the CT scan settings, the effective dose
from a dental CT examination is 15 to 74 times higher
than that from a panoramic radiograph.* The effective
doses calculated for MSCT in this study were of the
same magnitude, but still slightly lower than the doses
reported by Cohnen et al.* However, it should be noted
that effective doses are by definition statistical values
concerning the carcinogenetic and hereditary risk of
ionizing radiation to a particular population. Thus
effective dose should not be used to evaluate the risk to
individual patients. Ekestubbe et al** showed that the
radiation doses absorbed by most organs were three to
ten times higher than for conventional tomography
when ordinary CT protocols were used. Dula et al*®
have reported that a series of four conventional
tomograms of a single-tooth gap in the molar region
corresponds to 13% of the biological risk from CT of
the maxilla. In addition to the higher radiation dose,
the cost of a CT examination is also higher than that of
conventional tomography. For these reasons, conven-
tional CT 1is recommended only in anatomically
difficult cases or in connection with extensive implant
treatment.

On the other hand, the radiation dose from CBCT is
lower than that from conventional CT. Reported
reductions range from two to three times, to as much
as six times lower than that of conventional CT.*%
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However, there is a wide variation in doses between
different CT scan protocols with different diagnostic
targets. In low-dose dental CT the dose can be reduced
to less than a quarter of that from conventional CT
and, as such, the difference in effective dose will not be
significant when compared with the dose reported in
CBCT.* The differences in applicable scan ranges in
CBCT and MSCT should also be taken into account
when overall radiation exposures are considered or scan
protocol optimization is performed in order to mini-
mize radiation exposure in CBCT or MSCT.

It has been reported that the effective dose from
CBCT is from three to ten times higher than that from a
panoramic radiograph.**® Varying the FOV of the
CBCT affects the effective dose as the primary physical
absorbed dose distribution in the scanned and sur-
rounding tissue regions due to the primary and
scattered radiation changes with adjustments to beam
collimation and overall beam geometry.

The intraclass correlations between the intra- and
interobserver readings for the different methods
showed an almost perfect match. However, the same
measurements were evaluated continuously, which may
have strengthened the apparent reliability of the
measurements. The 2 week interval between the
measurements contributes positively to the reliability.

Even though the cadaver mandible was immersed in
sucrose solution isointense with soft tissue, the missing
cervical vertebra and skull base may have influenced
the results. The study design would have been more
representative if a cadaver mandible with soft tissues,
skull base and cervical vertebra had been available.

The slice thickness of the gold standard used in this
study was 4 mm. In a 4 mm thick slice, an anatomical
structure such as a lateral groove in the alveolar
process, possibly hampering successful implantation,
may remain undetected. In clinical practice, thinner
slices help to overcome this problem. In the cadaver
mandible used in this study no such defects were
present. To mimic typical imaging protocols adopted in
daily clinical praxis, we selected reconstructed slice
thicknesses of 1 mm in CBCT and 2 mm in MSCT. It
can be assumed that no major false notion was caused
by differences in slice thickness.

Further studies are needed to evaluate in more detail
the suitability of low-dose protocols for dental implant
planning in clinical practice. In an osteopenic mandible
the observation of the mandibular canal is often difficult
and reduction of radiation dose may make it virtually
impossible. In addition, the possible differences in
imaging maxilla and mandible as well as the suitability
of low-dose CT data for stent fabrication in connection
with dental implant treatment should be studied.

In conclusion, CBCT is a reliable tool for implant
planning measurements compared to MSCT. In this
study, a considerable radiation dose reduction could be
achieved in MSCT with low-dose settings compared
with values obtained for conventional MSCT protocols
without adversely affecting measurement reliability.
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