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Objectives: The purpose of this study was to compare mandibular linear distances measured
from cone beam CT (CBCT) images produced by different radiographic parameter settings
(peak kilovoltage and milliampere value).
Methods: 20 cadaver hemimandibles with edentulous ridges posterior to the mental
foramen were embedded in clear resin blocks and scanned by a CBCT machine (CB
MercuRayTM; Hitachi Medico Technology Corp., Chiba-ken, Japan). The radiographic
parameters comprised four peak kilovoltage settings (60 kVp, 80 kVp, 100 kVp and 120 kVp)
and two milliampere settings (10 mA and 15 mA). A 102.4 mm field of view was chosen. Each
hemimandible was scanned 8 times with 8 different parameter combinations resulting in 160
CBCT data sets. On the cross-sectional images, six linear distances were measured. To assess
the intraobserver variation, the 160 data sets were remeasured after 2 weeks. The
measurement precision was calculated using Dahlberg’s formula. With the same peak
kilovoltage, the measurements yielded by different milliampere values were compared using
the paired t-test. With the same milliampere value, the measurements yielded by different
peak kilovoltage were compared using analysis of variance. A significant difference was
considered when p , 0.05.
Results: Measurement precision varied from 0.03 mm to 0.28 mm. No significant differences
in the distances were found among the different radiographic parameter combinations.
Conclusions: Based upon the specific machine in the present study, low peak kilovoltage
and milliampere value might be used for linear measurements in the posterior mandible.
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Introduction

When dental implants are to be installed in the posterior
part of the mandible, vital structures such as the
mandibular canal and mental foramen must be localized
to avoid any injury to the neurovascular bundle.1,2

Panoramic radiography has been used to find the
distance between the alveolar bone crest and the superior
border of the mandibular canal.3–7 Conventional tomo-
graphy has been implemented to visualize not only the

superoinferior and anteroposterior dimensions but also
the buccal-lingual dimension of the mandible.8–11 In
the late 1990s, cone beam CT (CBCT) was introduced
into dentistry. The benefit of CBCT over panoramic
radiography is the capability to display three-dimen-
sional images. CBCT is gradually replacing conventional
tomography. This is because CBCT can demonstrate
sharper images and show volume rendering. Also,
patient positioning in CBCT is easier than in conven-
tional tomography. Although fan beam CT can provide
similar radiographic outcomes as CBCT,12 the radiation
exposure to the patient from fan beam CT is higher than
that from CBCT.12–15 The accuracy of linear measure-
ments obtained with CBCT for pre-operative planning
of implant placement has been reported to be reliable in
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the posterior mandible.16,17 In spite of the high accuracy
of the radiographic modality, the risk from ionizing
radiation must be taken into account prior to prescribing
patients to radiographic examination. According to the
most accepted principle, ALARA (as low as reasonably
achievable), the minimum radiation exposure is imple-
mented to achieve adequate radiographic informa-
tion.18,19 Radiation dose in CBCT can be reduced by
lowering the radiographic parameters, such as the peak
kilovoltage and milliampere value,20 field of view
(FOV)21 and scan time. However, the noise, a physical
property in CBCT, increases with decreasing beam
current.22 Based on subjective evaluation, significant
reduction in peak kilovoltage and milliampere value did
not substantially affect overall image quality.23,24

Various radiation doses from four CBCT scanners
rendered different image qualities in terms of segmenta-
tion accuracy.25 The requisites of image quality change
according to the various types of examination or even
various purposes within the same examinations.26 An
important task performed using CBCT images of the
mandible in implant patients is to objectively measure
the linear distances in the cross-sectional views. The
effect of radiographic settings, i.e. peak kilovoltage and
milliampere, on mandibular linear measurements in
CBCT images has not been objectively studied. The
purpose of this study was to compare mandibular linear
distances measured on CBCT images produced by
different radiographic parameters.

Materials and methods

The study protocol was approved by the Ethics
Committee for dental research, Faculty of Dentistry,
Chulalongkorn University. 20 hemimandibles were
collected from the Department of Anatomy, Faculty
of Dentistry, Chulalongkorn University. Only the
hemimandibles with an edentulous ridge posterior to
the mental foramen were included. The age of the
individuals ranged from 56 years to 92 years, with a
mean of 77.21¡7.55 years. The female-to-male ratio
was 2:3. The hemimandibles were embedded in clear
resin blocks with the lower border of the mandible
parallel to the horizontal plane (Figure 1). The resin
blocks were 3.565610 cm and were used to simulate
the soft-tissue components. A CBCT machine (CB
MercuRayTM; Hitachi Medico Technology Corp.,
Chiba-ken, Japan) was used to scan the hemimandibles.
The radiographic parameters consisted of four peak
kilovoltage settings (60 kVp, 80 kVp, 100 kVp and
120 kVp) and two milliampere settings (10 mA and
15 mA). An FOV of 102.4 mm was chosen to scan the
hemimandibles, since this FOV is recommended by the
manufacturer for dental implant patients. The resultant
isotropic voxel size was 0.2 mm. The scan time was 14 s.
Each hemimandible was scanned eight times with eight
different setting combinations (60 kVp and 10 mA,
60 kVp and 15 mA, 80 kVP and 10 mA, 80 kVp and

15 mA, 100 kVp and 10 mA, 100 kVp and 15 mA,
120 kVp and 10 mA, and 120 kVp and 15 mA). 160
CBCT data sets were acquired by CB Works proprie-
tary software v. 2 (Cybermed, Seoul, Republic of
Korea). The first generation of reconstructed data sets
with spatial resolution of 5126512 pixels and grey
resolution of 12 bits (4096 shades of grey) were
transferred to a picture archiving and communication
system. Multiplanar reformatted images, i.e. separate
stacks of coronal, axial and sagittal tomographic
images with slice thickness of 0.2 mm were recon-
structed by Infinitt proprietary software v. 2 (Infinitt
Co., Seoul, Republic of Korea) and shown simulta-
neously on a 20.8 inch monochrome monitor (Totoku
ME355i2, Totoku Electric Co., Tokyo, Japan) with a
spatial resolution of 204861536 pixels and greyscale of
11 bits (2048 shades of grey). No filtering was used. To
assure that the same coronal slice of the hemimandible
was measured for all the peak kilovoltage/milliampere
combinations, each resin block was placed in the
scanning machine at the same position for all combina-
tions. In the axial image of the multiplanar reformation
screen obtained using 120 kVp/15 mA, the long axis of
the hemimandible was situated vertically on the screen.
The stack of axial images of the hemimandible was
reviewed slice by slice from the lower border of the
mandible. The slices were reviewed until the buccal
cortex in the area of mental canal became discontin-
uous. The reviewing went further up slice by slice until
the anterior border of the mental foramen was well
delineated. The number of slices from the slice where
the buccal cortex became discontinuous to the slice
where the anterior border of the mental foramen was
well delineated was recorded. This latter axial slice was
captured as the reference image, particularly concerning
the configuration of the anterior border of the mental
foramen for the other seven peak kilovoltage/milliam-
pere combinations. The aforementioned number of
slices was used to select the axial slice for the other
seven peak kilovoltage/milliampere combinations. In
the selected axial slice of the 120 kVp/15 mA combina-
tion, a 10 mm vertical line was drawn from the anterior

Figure 1 A hemimandible embedded in a clear resin block with the
lower border of the mandible parallel to the horizontal plane. The size
of the block was 3.565610 cm
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border of the mental foramen posteriorly. The coronal
slice 10 mm behind the anterior border of the mental
foramen was examined for the location of the
mandibular canal. Then the location of the mandibular
canal in the coronal slices was reviewed from the mental
foramen to the posterior part of the mandible and vice
versa to confirm the location of the mandibular canal.
The coronal slices at a distance of 10¡2 mm behind the
anterior border of the mental foramen were reviewed
back and forth, and the slice with the best delineated
mandibular canal border was selected for measure-
ments. In two hemimandibles, the location of the
mandibular canal could not be definitively located. In
these samples, the border of the mandibular canal was
subjectively identified in the coronal slices within the
distance of 10¡2 mm behind the anterior border of the
mental foramen. Once the coronal slice of the 120 kVp/
15 mA combination was selected, the distance behind
the anterior border of the mental foramen indicating
the location of the coronal slice for measurements was
used for locating the coronal slice of the other seven
peak kilovoltage/milliampere combinations. On the
selected coronal images, six linear distances were
measured, i.e. the distances between the inner surface
of the superior wall of the mandibular canal and the
horizontal level of the alveolar crest (Up), the inner
surface of the lower wall of the mandibular canal and
the horizontal level of the lower border of the mandible
(Lo), the inner surface of the buccal wall of the
mandibular canal and the buccal border of the
mandible (Bu), the inner surface of the lingual wall of
the mandibular canal and the lingual border of the
mandible (Li), and the vertical (V) and horizontal (H)
widths of the mandibular canal measured between the
inner surfaces of the canal wall (Figure 2). During
measuring, the observer (SP), who had been working
with CBCT for 5 years, could adjust the image density,
contrast and magnification until the images were sub-
jectively regarded as the images of best clarity. The
stacks of the tomographic images could be reviewed
back and forth to confirm the outline of the mandibular
canal. Each distance was measured three times and
the average was used. Therefore, 2880 (20 specimens
68 settings66 distances63 times) measurements were

performed. 160 data sets were measured on a
second occasion 2 weeks after the first occasion by
the same observer. Measurement precision was calcu-
lated using the first measurement and the repeated
measurement after 2 weeks and expressed as standard
deviation (SD) according to Dahlberg’s formula, which is

SD 5
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

d2=2n
p

where d is the difference between the two
measurements and n is the number of duplicated measure-
ments.27 Measurement precision was acquired separately
for each of the peak kilovoltage/milliampere combinations.
With the same peak kilovoltage, the measurements yielded
by different milliampere values were compared using the
paired t-test. With the same milliampere value, the
measurements yielded by different peak kilovoltage were
compared using one-way analysis of variance. Descriptive
statistics were calculated with Excel 2003 (Microsoft,
Redmond, WA). Statistical analysis was performed with
the use of SPSSH v. 11 (SPSS, Chicago, IL). A significant
difference was considered when p , 0.05.

Results

The precision of the measurements ranged from 0.03 mm
to 0.28 mm (Table 1). The means and SDs of the 6
mandibular linear distances of the 20 hemimandibles are
presented in Table 2 with regards to different combina-
tions of peak kilovoltage and milliampere values. With
the same peak kilovoltage, the measurements yielded by
different milliampere settings (10 mA and 15 mA) were
not significantly different. With the same milliampere
value, the measurements yielded by different peak
kilovoltage (60 kVp, 80 kVp, 100 kVp, and 120 kVp)
were not significantly different.

Discussion

The first step in linear measurement is to identify the
landmarks that make up the measurement.28 Reliability
in identifying landmarks is affected by several factors,
such as the clarity of the definition describing the
landmark, the quality of the image, the geometry of

a b c

Figure 2 Cross-sectional images demonstrating the six mandibular linear distances. (a) Up, distance between the inner surface of the superior
wall of the mandibular canal and the horizontal level of alveolar crest; Lo, inner surface of the lower wall of the mandibular canal and the
horizontal level of the lower border of the mandible; Bu, inner surface of the buccal wall of the mandibular canal and the buccal border of the
mandible; Li, inner surface of the lingual wall of the mandibular canal and the lingual border of the mandible. (b) V, vertical width of the
mandibular canal. (c) H, horizontal width of the mandibular canal
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the object to be identified and the image contrast
between adjacent objects.28 In the present study, the
border of the mandibular canal was defined at the
inner surface of the canal wall where the radio-opaque
density of the canal wall was highly contrasted against
the radiolucent density of neurovascular bundles. This
probably contributed to reliability in identifying land-
marks. The quality of the image, in terms of density,
contrast and magnification, which was adjusted until
the subjectively best clarity of the image was obtained,
was probably another contributing factor to reliability
in identifying landmarks.

In a recent study by Kwong et al,23 it was postulated
that soft tissue had an effect on the image quality when
various exposure settings were used. The present study
did not reveal any effect of the soft-tissue simulator
made from acrylic resin on linear measurements. This
might be due to the different methods used. Another
reason might be that different thicknesses of soft-tissue
simulator were used.

Recently, it was reported that body mass index, i.e.
weight in kilograms divided by height in square metres,
did not negatively affect image quality of CBCT.29

However, the effect of the thickness of the soft tissue
and bone and the bone density on the image quality of

CBCT has not been investigated. Sex also did not
influence the diagnostic quality of CBCT images.29 The
image quality of the mandibular canal was negatively
affected by age.29 The hemimandibles in the present
study were from individuals with a mean age of
77.21¡7.55 years. We found localizing the mandibular
canal difficult in some images. This might have been
due to the decrease of bone mineral in old age. Lindh et
al4 found that the compact bone surrounding the
neurovascular bundle was missing in some histological
sections of edentulous mandibles, with the result that
the canal could not be identified in radiographs. In the
same study a large variation was found between observers
in identifying the mandibular canal. However, CT showed
the least number of missing measurements compared with
conventional tomographic methods. In the present study
one observer measured all distances and the measurement
precision was high.

An overall reduction in radiation dose of approxi-
mately 62% was acquired by decreasing the peak
kilovoltage from 120 kVp to 100 kVp.20 Reducing tube
current causes an increase in image noise.22,24 However,
noise could be reduced by the use of a non-linear edge-
preserving smoothing filter.30 In clinical circumstances,
low tube current is mostly used when a large FOV with
a large resultant voxel size is needed, and high tube
current is selected when a small FOV with small
resultant voxel size is required.20

The present study was performed using a specific
CBCT machine that had an image intensifier tube/
charge-coupled device combination as image detector,
102.4 mm FOV and specific radiographic settings.
Despite using a specific CBCT machine, the results
of the present study could be regarded as a general
trend.

In conclusion, based on the results of the present
study using a 102.4 mm FOV and certain radiographic
settings, reducing both electric potential and current
to 60 kVp and 10 mA, respectively, might justify the
resultant quality of the CBCT images when measuring
mandibular linear distances. Further research is needed
to determine the optimal exposure settings to obtain the
clinically adequate image quality.

Table 1 Measurement precision in millimetres of mandibular
distances of the 20 hemimandibles relative to various combinations
of peak kilovoltage and milliampere

kVp, mA Up Lo Bu Li V H

60, 10 0.08 0.09 0.1 0.11 0.1 0.05
60, 15 0.06 0.05 0.05 0.08 0.07 0.09
80, 10 0.06 0.05 0.03 0.1 0.07 0.08
80, 15 0.08 0.05 0.05 0.07 0.08 0.08
100, 10 0.06 0.06 0.04 0.05 0.08 0.1
100, 15 0.09 0.09 0.1 0.15 0.1 0.09
120, 10 0.09 0.10 0.1 0.11 0.11 0.1
120, 15 0.18 0.12 0.15 0.14 0.28 0.2

kVp, peak kilovoltage; mA, milliampere; Bu, distance between buccal
border of mandibular canal and buccal border of mandible; H,
horizontal width of the mandibular canal; Li, lingual border of
mandibular canal and lingual border of mandible; Lo, lower border of
mandibular canal and horizontal level of lower border of mandible;
Up, superior border of mandibular canal and horizontal level of
alveolar crest; V, vertical width of the mandibular canal.

Table 2 Mean ¡ standard deviation in millimetres of mandibular distances of the 20 hemimandibles relative to various combinations of peak
kilovoltage and milliampere

kVp, mA Up Lo Bu Li V H

60, 10 10.48 ¡ 4.23 8.13 ¡ 1.51 6.09 ¡ 1.19 3.47 ¡ 1.20 2.59 ¡ 0.54 2.84 ¡ 0.39
60, 15 10.57 ¡ 4.30 8.40 ¡ 1.39 6.22 ¡ 1.17 3.27 ¡ 1.08 2.44 ¡ 0.47 2.72 ¡ 0.47
80, 10 10.68 ¡ 4.25 8.31 ¡ 1.21 6.19 ¡ 1.22 3.21 ¡ 1.10 2.47 ¡ 0.46 2.67 ¡ 0.37
80, 15 10.73 ¡ 4.27 8.37 ¡ 1.39 6.22 ¡ 1.06 3.31 ¡ 1.54 2.51 ¡ 0.36 2.61 ¡ 0.42
100, 10 10.68 ¡ 4.31 8.53 ¡ 1.28 6.08 ¡ 1.39 3.35 ¡ 1.39 2.45 ¡ 0.57 2.60 ¡ 0.58
100, 15 10.66 ¡ 4.23 8.44 ¡ 1.25 5.95 ¡ 1.37 3.47 ¡ 1.28 2.58 ¡ 0.52 2.52 ¡ 0.50
120, 10 10.66 ¡ 4.33 8.39 ¡ 1.16 5.87 ¡ 1.39 3.44 ¡ 1.22 2.69 ¡ 0.60 2.54 ¡ 0.38
120, 15 10.67 ¡ 4.26 8.40 ¡ 1.24 5.97 ¡ 1.32 3.30 ¡ 1.19 2.66 ¡ 0.43 2.58 ¡ 0.41

Bu, distance between buccal border of mandibular canal and buccal border of the mandible; H, horizontal width of the mandibular canal; Li,
lingual border of mandibular canal and lingual border of mandible; Lo, lower border of mandibular canal and horizontal level of lower border of
mandible; Up, distance between superior border of mandibular canal and horizontal level of alveolar crest; V, vertical width of the mandibular
canal.
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