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Abstract Introduction: Identification of the mandibular canal (MC) is essential before any lower

jaw surgical procedures. Understanding the anatomical variations of the MC is essential for pre-

venting postoperative complications.

Objectives: We assessed the observer agreement for identifying the MC in cone-beam computed

tomography (CBCT) images and to study the effect of changing the voxel size on such agreements.

Material and methods: We obtained images of mandibles from ten dry skulls using a water phan-

tom with two voxels: 0.18 and 0.3 mm. The identification of the MC was made in five sites bilater-

ally in each mandible by two examiners.

Results: A total of 82 sites were included. Differences in measurements between images obtained

with each scanning protocol and the reference images were calculated using descriptive statistics.

There was an agreement between the two examiners in identifying the MC in CBCT images. No

significant differences were found for identifying the MC when the voxel sizes were changed. There

was a strong correlation coefficient between the two examiners for both voxel sizes (p < 0.001).

Conclusion: This study showed that voxel size, in the range from 0.18 to 0.3 mm, has no direct

effect on the identification of the MC.
� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The mandibular canal (MC) houses the inferior alveolar canal
and blood vessels, and is considered as one of the most critical
structures in the lower jaw. The detection of the MC has the

utmost importance before planning surgical procedures that
involve the posterior area of the mandible, such as osteo-
tomies, bone harvesting procedures, dental implant placement,

and surgical removal of third molars (Angelopoulos et al.,
2008). Understanding the anatomical variations of the MC is
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essential for avoiding a probable sensory disorder, hemor-
rhagic complications, and even anesthesia failures (Lew and
Townsen, 2006). Therefore, variations in the pathway of the

MC, as it runs through the lower jaw, must be recognized by
clinicians.

Different radiographic modalities have been used to assess

the course of the MC (Angelopoulos et al., 2008; Lindh and
Petersson, 1989). Cone-beam computed tomography (CBCT)
is commonly used in dental and radiological practices

(Angelopoulos et al., 2008; Scarfe et al., 2006). It has an
advantage, in comparison to conventional 2D images, in the
elimination of superimposition of adjacent structures. The
quality of the image produced by CBCT, and its ability to dis-

play anatomically detailed of structures as well as any patho-
logical disorder, is affected by a numerous variables among
them the scanning unit, size of the field to be viewed (FOV),

object to being scanned, exposure time, and voxel size
(Kamburoglu et al., 2011). The voxel size variable within the
CBCT machine producing variable protocol depending on

the purpose of the image. Generally, the resolution of the
images is improved when smaller voxel sizes are used
(Stratemann et al., 2008). In 2007, Levine et al. studied the

location of the MC in the reformatted cross-sectional plane
of the lower jaw; their results showed good to excellent
intra-examiner agreement between the two examiners.

In 2009, Lofthag-Hansen et al. performed a study to evalu-

ate observers’ agreement and discernibility of the MC and crest
of the alveolar ridge using CBCT. They found that there was
difficulty in identifying the MC in predetermined cross-

sectional images. However, approaching more reformatted
orthogonal planes improved identification with better visual-
ization of the canal (Lofthag-Hansen et al., 2009). However,

little is known about the effects of voxel size in the identifica-
tion of MC in the CBCT reformatted plane. Therefore, this
study aimed to reveal the observer agreement in identifying
Fig. 1 Photograph of the dry mandible
the MC and to explore the influence of voxel size changes on
the observer agreement.
2. Materials and methods

2.1. Selection of specimens

This investigational study was approved by the Human Ethics
Committee of the Institutional Review Board (Approval Num-

ber PR 0004).
Five natural dried skulls of humans were borrowed from

the Anatomy Department in the College of Medicine, King

Saud University, as well as mandibles of five dry skulls owned
by the Radiology Department at College of Dentistry, King
Saud University. A total of ten dry human skulls were included

in this research.
The mandibles were free from fractures and metallic

restorations to avoid possible scattering and artifact forma-
tion. Five measurement sites were selected on each side of

the mandible, located at the region between lower premolars,
between the second premolar and first molar, between first
and second molar, between the second and third lower molar

and distal to the third molar. A total of 100 sites on the ten
dry mandibles were included.

As has been described in previous publications by Al-Ekrish

and Ekram (2011), to identify each measurement site, a vertical
line was drawn perpendicular to the base of the mandible,
delineating its bony contours: the buccal cortex, alveolar bone

crest, and lingual cortex. On each of the three surfaces, a 1-mm
mark was made on the line using permanent ink. To make sure
the position and orientation of each sample site would not be
changed between different protocols, as well as the direction of

measurements, gutta-percha (GP) markers were glued onto
the crest of the ridge as well as the corresponding buccal and
showing the location of GP markers.
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lingual surfaces of the mandible and to allow for identification
of each site on the different orthogonal planes (Fig. 1).

2.2. Image acquisition

As described by Yamany (2011), the mandibles were immersed
in a thin, clear plastic container. Soft tissue compensation

obtained by using water. The amount of water was measured
to be the same with all mandibles ensuring that the whole
mandibles were covered with water. Each mandible was

scanned twice for each protocol without changing the position
of the mandible within the container to ensure that the amount
of water in the container was the same during the scanning of

all mandibles, a plastic syringe was used to inject water into the
MC through the mandibular foramen to avoid air bubbles
entrapment.

CBCT base images were obtained with Carestream� CS

9300 CBCT equipped with a digital receptor, operating with
70 kVp and 4 mA. The mandible was positioned on the unit
and scanned two times, according to the voxel size selected:

voxel 0.18 mm and voxel 0.3 mm. (FOV, 10 cm height and
5 cm diameter; acquisition time, 6.2 s).

2.3. Reference images

The mandibles were imaged without soft tissue compensation.
For localization of the canal, a 0.41 mm round brass wire was
placed in the MC starting from the mandibular foramen. The

wire was used to assist in locating the canal and confirm the
correct identification of the canal. Reformatted images were
obtained with the same method mentioned above. Both exam-

iners were calibrated until they reached consensus on the
agreed measured distance from the reference GP placed at
the crest of the alveolar ridge to the outer roof of MC. These

measurements were used as a gold standard measurement for
comparison of the two different protocols.

2.4. Image reconstruction and sample site preparation

The images scanned were saved as DICOM (digital imaging
and communications in medicine) format and transferred to
another computer equipped with 3D image reformatting soft-

ware, the OnDemand3DTM software, (OnDemand Software,
version 1.0, Cybermed Inc., Seoul, South Korea) (Al-Ekrish
et al., 2016).

The first author (A.A.) with five years of experience in
CBCT reformatting prepared all the datasets to obtain trans-
verse cross-sectional images of the requested sample sites.

Default position and orientation of the orthogonal sectional
planes were consistent in all of the samples of the two proto-
cols of CBCT datasets. Thus, standardization of the site and

orientation of the reformatted sample sites was achieved
between two protocols.

The 3D module was used to obtain the reformatted orthog-
onal plane (cross-sections) which is perpendicular to the mand-

ible corresponding to the sites marked by the GP markers, the
slices selected for visualization of the canal and subsequent
measurements by the observers were those that include all

three markers (Fig. 2), the identification information was
masked to avoid recognition of the protocol. Each reformatted
dataset saved as a bookmark within the master database of the
reformatting software program. The examiners then accessed
the saved bookmarks to record the measurements. The exam-
iners were able to view the images in all the orthogonal planes

and scroll through the dataset for better visualization of the
IAC. However, to record the measurements, the examiners
had to revert to the bookmarked sample site.

2.5. Image interpretation

Interpretation of the chosen sites as described by Al-Ekrish

et al. in 2016, the sagittal coordinate was aligned parallel to
the mandible in the axial plane. The coronal coordinate was
aligned perpendicular to the mandible at each selected site.

In the cross-sectional and parasagittal views, these coordinates
were adjusted to make sure that all three GP markers were
demonstrated on the selected image (Fig. 2A). The examiners
were oral and maxillofacial radiologists (A.A. and W.F.) with

several years of experience in CBCT interpretation. They
recorded the measurements using the ruler tool under dim
light. The observers were allowed to magnify the images for

optimum clarity, as well as adjust the contrast and brightness
of the images. Each examiner measured the distance by draw-
ing a line joining the outer surface of reference GP located on

the crest of the alveolar ridge to the outer roof of the canal
(Fig. 2B). The height measurement of the ridge was recorded
on the sample site along the line representing the oblique sagit-
tal plane.

For assessment of reliability, the first examiner repeated all
of the measurements for both protocols one month later.

2.6. Statistical analysis

Statistical analysis was done using SPSS for Windows (v. 22;
SPSS Inc., Chicago, IL), the differences in measurements

between images with each scanning protocol and the reference
images were calculated using descriptive statistics. The mean of
the absolute values of the differences was calculated for each

protocol for the overall measurements.
Intra- and inter-examiner reliability were assessed with cor-

relation testing and calculation of Cronbach’s Alpha, which
was used in the same respect in order to confirm the results

of the correlation testing.
To test the statistical significance of the difference between

the means of the measurements obtained from each protocol

and those obtained from the reference images a paired t-test
was used. An independent t-test was used to test the difference
between the two examiners for each protocol. The means of

the absolute differences between the two protocols were then
tested for significance using the independent t-test.

Results with a p-value < 0.05 were considered to be statis-

tically significant.
3. Results

Eighty-two mandibular sites were included in the study, while
18 sites were excluded for either the wire did not reach the pre-
molar area, or it ran out of the MC. Thus, the total obtained
number was 164 CBCT dataset; 82 for each voxel size as well

as for the reference images at a level of significance 0.05 with
power (1-b) = 0.81 and effect size 0.8 or 8% the sample size
should be at least eight sites per tooth.



Fig. 2 (A) Orthogonal plans demonstrate the alignment of the coordinates at measurement site showing three GP makers. (B)

Transverse cross sectional image of area showing the direction of measurement.
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3.1. Reliability testing

3.1.1. Intra-examiner reliability

The first examiner (A) recorded all measurements twice. The

measurements recorded by the first examiner were used to cal-
culate the intra-examiner reliability for both protocols. The
Pearson Correlation coefficients for voxel size 0.18 mm and

voxel size 0.3 mm were 0.95 and 0.91, respectively, with a
p-value < 0.001. This indicates a highly significant correlation
between the two readings by the first examiner for both voxel

sizes. Cronbach‘s Alpha results for voxel sizes 0.18 mm and
0.3 mm were 0.94 and 0.90, respectively. These findings indi-
cated high intra-examiner reliability.

3.1.2. Inter-examiner reliability

For voxel 0.18 mm, the Pearson correlation coefficient was
0.95, which means that there was a strong significant correla-

tion between the first examiner (A) and the second examiner
(B) with p-value < 0.001. For voxel 0.3 mm, the Pearson
correlation coefficient was 0.87, which means that there was

a strong significant correlation between Examiner A and B
with (p-value < 0.001).
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3.2. Measurement errors

The measurement error was analyzed by subtracting the value
obtained from the reference images from the value obtained
from the images using (0.18 and 0.3 mm voxel size). The mean

of measurements error for 0.18 mm voxel size as compared to
the reference images measurements for the examiner (A) were
�1.63 mm less than the reference images and 0.87 mm more
than the reference images. While for voxel size 0.3 mm, it

was �1.68 mm less than the reference images and 1.76 mm
more than the reference images. For the second examiner,
the mean of measurement error for 0.18 mm voxel size, as

compared to the reference images measurements, was �1.51
less than the reference images and 0.79 mm more than the ref-
erence images. While for voxel size, 0.3 mm was �1.77 mm less
Fig. 3 Percentage (%) of absolute errors for both pr

Table 1 Descriptive statistics of both examiners between (0.18), (0.

Examiner A Voxel size (mm) N Mean (mm)

(0.18) 82 17.48

Wire 17.43

(0.30) 17.52

Wire 17.43

(0.18) 17.48

(0.30) 17.52

Examiner B (0.18) 82 17.59

Wire 17.43

(0.30) 17.59

Wire 17.43

(0.18) 17.59

(0.30) 17.59

Table 2 The mean and standard deviation for both examiner A an

Voxel Size (mm) Examiner N Mean (mm) St

(0.18) A 82 17.48 5.

B 17.59 5.

(0.30) A 17.52 5.

B 17.59 5.
than the reference images and 1.49 mm more than the refer-
ence images, which indicates that in 0.3 mm voxel size, the
measurement was overestimated than 0.18 mm voxel for both

examiners. Fig. 3 illustrates the Percentage of absolute errors
for both protocols (0.18 and 0.3 mm) for both examiners A
and B.

3.3. Comparison between 0.18 mm and 0.3 mm measurements

Paired t-test showed no significant differences between the

radiographic images of each protocol compared to the refer-
ence images for each examiner with a p-value < 0.05 (Table 1).
An independent t-test was used to test the difference between

the two examiners for each protocol, and no significant differ-
ence was found with p-value < 0.05 (Table 2).
otocols (0.18 and 0.3 mm) for examiners A and B.

3) voxel size and the reference images with p value < 0.05.

Standard Deviation Standard Error (mm) P-value

5.16 0.57 0.203

5.19 0.57

5.12 0.56 0.28

5.19 0.57

5.16 0.57 0.664

5.12 0.56

5.17 0.57 0.071

5.19 0.57

5.03 0.56 0.094

5.19 0.57

5.17 0.57 0.988

5.03 0.56

d B for each protocol.

andard Deviation Standard Error Mean (mm) P-value

16 0.57 0.887

17 0.57

12 0.56 0.922

03 0.56
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4. Discussion

Various imaging modalities are used to identify the MC; the
optimal technique would permit identification and measure-

ment of the MC in relation to the alveolar crest within
1 mm. Two-dimensional radiographs provide limited informa-
tion related to the location of the MC. Multi-Detector CT

(MDCT) has been used before the introduction of CBCT to
determine the location of the MC. This canal has been demon-
strated clearly in cross-sectional CT images than a conven-
tional 2D image, but it exposed patients to high radiation

dose. CBCT imparts a lower radiation dose than MDCT.
Therefore, it alleviates concerns about radiation doses. This
justifies the use of CBCT in this study to identify the location

of MC in the mandible.
The appearance of the final produced image affected by

many factors. The size of the voxel affects the noise in pro-

duced sections of an image: the smaller the voxel size, the
higher the noise; hence, the spatial resolution will be improved
(Al-Rawi et al., 2010).

The MC can be identified easily if its outline is corticated. If
the canal is non corticated, it will be difficult to correctly iden-
tify the canal from the adjacent bone marrow spaces (Wadu
et al., 1997).

In Carter (1971), compared the radiographic appearance of
the MC with the actual situation revealed in the dissection.
The radiopaque lines surrounding the MC showed marked

variation between individuals in terms of their continuity. In
some cases, the MC could not be distinguished at all. There-
fore, a wire was used in this study as a reference image to pre-

cisely identify the location of MC. In this study, we found that
the corticated MC was easier to be identified than the noncor-
ticated MC. This finding is supported by the results obtained

by Angelopoulos et al. (2008) and Wadu et al. (1997).
In a study by Lofthag-Hansen et al. (2009), multiple obser-

vers assessed the discernibility and the location of the MC in
relation to the crest of the alveolar ridge two times by visually

determining if the structures could be seen clearly, if they were
probably visible, or if they were invisible in a predetermined
cross-sectional image. If the decision was not ‘‘clearly visible,”

or if the anatomic structures were difficult to identify, the
observers assessed other cross-sectional, axial, and/or sagittal
images in the volume. The observers found it difficult to iden-

tify the MC with only one single cross-sectional image. Their
accuracy was improved by using multiple images in different
plans (Lofthag-Hansen et al., 2009), which is the same as our
finding. This explains the high agreement between the two

observers for identifying the MC. Although Waltrick et al.
(2013) reported that transverse images were adequate for visu-
alization of the MC, this contradicts the findings reported in

this study where it was challenging to identify the MC depend-
ing only on transverse images. Therefore, other planes were
used to accurately identify the canal (Waltrick et al., 2013).

Hideyuki Tanimoto (2009) found that choosing a small
voxel size without changing the radiation dose increased the
resolution. Personal communication with Kodak Company

confirmed that, with the Carestream� CS 9300 CBCT
machine, the use of small voxel size did not increase the Dose
Area Product (DAP) since both voxel sizes use the same num-
ber of projections with the same number of x-ray pulses, but

not the same number of slices. We found that both voxel sizes
had the same Dose Area Product (DAP), which was 183

mGy:cm2. When we used a smaller voxel size (0.18 mm)
DAP wasn’t increased. However, the resolution of the images
was increased compared to the 0.3 mm voxel size Further

research is recommended to evaluate the DAP in both
protocols.

The present study’s finding of a lack of significant differ-
ence in the visibility of the MC in images using 0.18 mm and

0.3 mm voxel sizes are supported by the findings of Oliveria-
Santos et al. (2011), who concluded that 0.3 mm voxel size
can be recommended for identification of the MC. The lack

of difference in visibility of the canal found in the present study
was, in spite of the fact that the examiners were more confident
in identification of the MC on images using the 0.18 mm voxel

sizes, which is similar to the findings reported by previ-
ous investigators (Damstra et al., 2010; Kamburoglu et al.,
2010; Torres et al., 2012; de-Azevedo et al., 2013; Neves

et al., 2012; Liedke et al., 2009; Ozer, 2011; Melo et al.,
2010; Librizzi et al., 2011; Sun et al., 2011; Dalili et al.,
2012; da Silveira et al., 2013).

In this study, both inter- and intra-examiner agreements

were high, in agreement with Levine et al. (2007). This agree-
ment could be attributed to the use of reference points before
imaging the mandibles, the use of interactive cross-sectional

images—other than the predetermined cross-sectional or static
images—and familiarity with the software.

One key study limitation warrants consideration. The dry

mandibles that were selected for this study were free from
any metallic objects; however, this does not simulate ‘‘real
world” clinical situations. Therefore, it is not clear if the metal-
lic artifact could lead to image degradation and affect the

localization of the MC.
5. Conclusion

Using a small voxel size produces images with a high spatial
resolution but may expose patients to more radiation. This
study showed that voxel size, in the range from 0.18 to

0.3 mm, had no direct effect on the identification of the MC.
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