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Diagnostic ability of limited volume cone
beam computed tomography with small
voxel size in identifying the superior and
inferior walls of the mandibular canal
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Abstract

Background: The aim of this study was to evaluate the visibility of the superior and inferior walls of the mandibular
canal separately using limited volume cone beam computed tomography (CBCT) with small voxel size.

Methods: CBCT cross-sectional images of 86 patients obtained by 3D Accuitomo FPD and reconstructed with a
voxel size of 0.08 mm were used for the evaluation. A 30-mm range of the mandible just distal to the mental
foramen was divided into three equal areas (areas 1, 2, and 3, from anterior to posterior). Each area contained 10
cross-sectional images. Two observers evaluated the visibility of the superior and inferior walls of the mandibular
canal on each of the cross-sectional images in these three areas. The visibility ratio in each area was determined as
the number of cross-sectional images with a visible wall divided by 10.

Results: In all areas, the visibility ratio of the superior wall was significantly lower than that of the inferior wall. As for
variance among the three areas, the ratio was highest in the most posterior area (area 3) and tended to decrease
gradually towards the mental foramen for both walls. Cases in which more than two thirds of the superior wall could
be identified (visibility ratio of 0.7 or more) in areas 1, 2, and 3 were 44, 62, and 66%, respectively.

Conclusions: The superior wall was significantly more poorly visualized than the inferior wall in all areas
examined. The visibility of the superior wall on CBCT images was limited even when a limited volume device
with small voxel size was used.
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Background
The mandibular canal is an important anatomical structure
that contains the neurovascular bundle, i.e., the inferior al-
veolar nerve and artery. The location of the mandibular
canal must be correctly identified prior to dental implant
surgery to avoid complications including intraoperative and
postoperative hemorrhage and neurosensory loss. Cone
beam computed tomography (CBCT) is considered the im-
aging modality of choice for this purpose [1, 2] and is
widely used for dental implant treatment planning. Several

studies have evaluated the visibility of the mandibular canal
on CBCT images [3–8]. However, the results varied widely,
around 50–90%, among the studies. Further, no study has
evaluated the superior and inferior walls of the canal separ-
ately by CBCT, although the location of the former is more
important than that of the latter.
Another issue that should be noted for CBCT is

the large variability in spatial resolution among de-
vices. High-resolution devices offer the smallest voxel
sizes, as small as 0.08 mm or even less [9, 10]. How-
ever, the previous studies all evaluated CBCT images
having voxel sizes of 0.2 mm or more [3–8], which
does not sufficiently reflect the diagnostic advantage
of CBCT in demonstrating fine structures. Thus,
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further study is necessary to evaluate the diagnostic
ability of CBCT in identifying the mandibular canal.
The purpose of our study was to evaluate the visibility

of the superior and inferior walls of the mandibular
canal using limited-volume CBCT with a small voxel
size.

Methods
This study was approved by an institutional review
board of our university (D2016-061).

Patients
Among the patients whose mandibles were examined by
CBCT at our dental hospital between April 2012 and
August 2016, 96 patients who fulfilled the following two
conditions were selected.
On CBCT imaging:

� The smallest field of view (FOV) of the device, 40 ×
40 mm, was used.

� The mental foramen and the mandibular body over
a range of 30 mm or more just distal to the foramen
were imaged.

Of those, 10 patients were excluded because the man-
dibular canals were affected by lesions on the images.
The remaining 86 patients (31 male and 55 female; mean
age, 55 years; age range, 19–79 years) were included in
this study. The reasons for the CBCT study were to as-
sess a dental lesion in 56 (periapical lesion in 51, root
fracture in 4, and periodontal disease in 1) and treat-
ment planning for dental implants in 30 patients.

Imaging
CBCT images were obtained using 3D Accuitomo FPD
(Morita Corp., Kyoto, Japan) operated at tube voltage of
87–90 kV, tube current of 5–8 mA, and scan time of 9
or 18 s. In all cases, the smallest FOV, 40 × 40 mm, was
used and the images were reconstructed with a voxel
size of 0.08 mm.

Evaluation of images
Using OsiriX software version 3.8.1 (http://www.osirix-
viewer.com), cross-sectional CBCT images of the man-
dible with 1-mm thickness and at 1-mm intervals were
reformatted. After the mental foramen was localized,
cross-sectional images in a range of 30 mm just distal to
the foramen were used for the evaluation. The range
was divided into three areas, each of which was 10 mm
in length. These were designated as area 1, area 2, and
area 3, from anterior to posterior. Each area contained
10 cross-sectional images (Fig. 1).
Two observers (A.T. and H.I., with over 20 years’ and

3 years’ experience as oral radiologists, respectively)

independently evaluated the images in a darkened room
for the presence or absence of visualization of the super-
ior and inferior walls of the mandibular canal in each of
the 10 cross-sectional images in all three areas (Fig. 2).
For the purpose of calibration, training was held using
typical images prior to the evaluation. Each observer was
blind to the other’s results. When disagreement existed
between the two observers, another observer (T.K., with
over 30 years’ experience as oral radiologist) made a final
judgment. After the evaluation, the visibility ratio of the
superior and inferior walls in each area was determined
as follows:

Visibility ratio
¼ number of cross−sectional images with visible wall=10

The ratio ranged from 0 to 1.

Sample size
Sample size was determined using the free software G*
Power 3.1 [11]. We evaluated 30 patients, and the effect
size was calculated from the mean, standard deviation,
and correlation. Wilcoxon signed-rank sum test was
chosen, and the significance level was set to 0.05. The
result showed that a sample size of 26 to 75 patients
would provide a power of at least 0.8 for the difference
between the superior and inferior walls. For the differ-
ence between areas, 27 to 48 patients were needed to
provide a power of at least 0.8. Thus, the sample size in
our study, 86 patients, was considered sufficient.

Fig. 1 Cross-sectional images in the range of 30 mm just distal to
the mental foramen were used for evaluation. The range was
divided into three areas, each of which was 10 mm in length,
designated as area 1, area 2, and area 3, from anterior to posterior.
(The mental foramen was identified on another section and was not
visualized on this image)
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Statistical analysis
Interobserver agreement was evaluated by weighted κ-
statistics. A κ-value of 0–0.2 was considered poor agree-
ment, 0.2–0.4 fair agreement, 0.4–0.6 moderate agree-
ment, 0.6–0.8 substantial agreement, and 0.8–1.0 almost
perfect agreement [12].
To compare the visibility ratio between the superior

and inferior walls in each area, the Wilcoxon signed-
rank test was used. Further, to compare the visibility ra-
tio of each wall among the three areas, post hoc compar-
isons with Scheffe’s test to make multiple comparisons
following Friedman’s test were used. Analysis was per-
formed with statistical software, Ekuseru-Toukei 2008, v.
1.10 (Social Survey Research Information Co., Ltd.,
Tokyo, Japan). A p value of < 0.05 was considered statis-
tically significant.

Results
Interobserver agreement was substantial or almost per-
fect agreement (Table 1).
The mean values of the visibility ratio of the superior

and inferior walls in each area are shown in Table 2 and
Fig. 3. In all areas, the ratio of the superior wall was sig-
nificantly lower than that of the inferior wall (p = 0.0000).
As for variance among the three areas, the ratio was high-
est in the most posterior area (area 3) and tended to
decrease gradually towards the mental foramen for both
walls. For the superior wall, the ratio of area 1 was signifi-
cantly lower than that of area 3 (p = 0.0006). In contrast,
for the inferior wall, significant differences were found
between area 1 and area 2 (p = 0.0001), area 1 and area 3

(p = 0.0000), and area 2 and area 3 (p = 0.0132). A repre-
sentative case is shown in Fig. 4.
Table 3 shows the frequency of cases with visibility ra-

tios of 0.7 or greater (i.e., more than two thirds of the
wall was visible) in each area. Cases in which more than
two thirds of the superior wall could be identified on
CBCT images in areas 1, 2, and 3 were 44, 62 and 66%,
respectively.

Discussion
It is very important to know the location of the man-
dibular canal prior to dental implant surgery to avoid
surgical complications including vascular trauma or
nerve damage.
CBCT is widely accepted to be the imaging method of

choice for obtaining this information [1, 2]. However, it
is well known that the mandibular canal cannot usually
be identified over its entire course even when CBCT is
used. Shokri et al. [3] reported that CBCT could demon-
strate both sides of the mandibular canal in 87.5% of
cases. In contrast, Miles et al. [4] evaluated 360 CBCT
cross-sectional images of the premolar and molar re-
gions and reported that the mandibular canal was only
visualized in just over half of the images (56%). So, the
diagnostic ability of CBCT in identifying the mandibular
canal differs widely among studies. Further, localizing
the superior wall of the canal is more important than
the inferior wall because information about the distance
from the former to the alveolar crest is essential for den-
tal implant surgery treatment planning [13]. However, to
the best of our knowledge, no study has evaluated
visualization of the two walls separately using CBCT.
Another concern regarding CBCT is the large variabil-

ity in spatial resolution among devices. High-resolution
scanners offer the smallest voxel sizes, which are as
small as 0.08 mm or even less [9]. Although voxel size
may not be identical to spatial resolution, a smaller voxel
size generally provides better resolution [9, 10, 14, 15].
However, all of the previous studies that evaluated

Fig. 2 Visibilities of the superior and inferior walls of the mandibular canal. a Both walls are visible. b Only the inferior wall is visible. c Neither of
the walls is visible

Table 1 κ-values for interobserver agreement

Mandibular canal wall Area 1 Area 2 Area 3

Superior wall 0.7795 0.7744 0.7380

Inferior wall 0.8433 0.8815 0.8887
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visibility of the mandibular canal by CBCT used large
FOV protocols in which images were reconstructed with
voxel sizes of 0.2 mm or greater [3–8]. These studies
thus did not sufficiently reflect the diagnostic advantage
of CBCT in demonstrating fine structures. In this study,
we used a 3D Accuitomo scanner. We selected the smal-
lest FOV (40 × 40 mm) available in this device, providing
a voxel size of 0.08 mm. Pauwels et al. [10] compared
the spatial resolutions of 13 CBCT and 1 medical CT de-
vices by line pair test and reported that 3D Accuitomo
showed the highest resolution. Similarly, Liang et al. [16]
compared the visibility of anatomical structures includ-
ing trabecular bone, periodontal ligament, and lamina
dura among five CBCT and one medical CT and con-
cluded that 3D Accuitomo yielded the best results.
According to those studies, 3D Accuitomo is one of the
best commercially available CBCT devices with regard
to image quality. It was thus suitable for the purpose of
our study to evaluate the diagnostic ability of CBCT
with high spatial resolution in identifying the mandibular
canal.
In this study, we only used CBCT images of the man-

dible obtained with the smallest FOV, 40 × 40 mm. On

those images, the range of 30 mm in length in the man-
dible just posterior to the mental foramen was divided
into three equal areas, each of which was 10 mm in
length. They were designated as areas 1, 2, and 3, from
anterior to posterior. After that, the visibilities of the su-
perior and inferior walls of the mandibular canal in each
area were evaluated separately. Although the location of
the mental foramen differs among individuals, it is
mostly situated below the second premolar or between
the apices of the first and second premolars [17, 18].
Thus, it is considered that areas 1, 2, and 3 in our study
nearly corresponded to the second premolar to first
molar region, the first molar region, and the second
molar region, respectively. Visualization of the superior
wall in our study was significantly poorer than that of
the inferior wall in all areas. Further, concerning the
variance among areas, the visibility ratio was highest in
the most posterior area (area 3) and tended to decrease
gradually towards the mental foramen for both walls.
Although there have been no detailed studies using

CBCT, poorer visualization of the superior wall com-
pared with the inferior wall has been reported by some
studies using conventional radiographs or medical CT
images [19–21]. Whether the wall of the mandibular
canal is visible or invisible on images largely depends on
the presence or absence of corticalization of the wall
surrounding the neurovascular bundle. Bertl et al. [22]
performed histomorphological observation of the man-
dibular canal wall using thin sections of the first molar
region of the mandible from 50 cadavers. They identified
corticalization of the cranial (superior) and caudal (infer-
ior) wall in 65% and 81%, respectively. Although they
only observed the first molar area, their results may be
considered consistent with ours of poorer visibility of
the superior wall on CBCT images. The presence of
nerves and vessels rising to the lower teeth from the
mandibular canal may partly explain the lower corticali-
zation rate of the superior wall [23, 24]. Further, the
presence or absence of corticalization of the canal wall
may be correlated with the trabecular bone volume or
density [22, 25]. However, quantitative evaluation of the

Table 2 Mean visibility ratio ± SD

Fig. 3 Visibility ratios of the superior and inferior walls in three areas.
The Friedman test and Scheffe’s test were used for the
statistical analysis

Ishii et al. International Journal of Implant Dentistry  (2018) 4:18 Page 4 of 7



trabecular bone was difficult in our study using CBCT
images. On the other hand, concerning the variance in
the visibility of the mandibular canal based on antero-
posterior location, several studies using CBCT reported
that the mandibular canal can be more easily identified
in the posterior region compared with the anterior re-
gion [3, 5–8]. An anatomical study using cadavers has
reported similar results [23]. Our study evaluated the su-
perior and inferior walls separately, with similar results,
although a significant difference was only found between
area 3 and area 1 for the superior wall.
Jung and Cho [6] reported that the mandibular canal

was clearly visible in 50% of CBCT images in the first
molar and in 58% in the second molar region. Similarly,
Oliveira-Santos et al. [5] reported that it was visible in
63, 66, and 67% of second premolar, first molar, and sec-
ond molar regions, respectively. As described above,
these studies did not discriminate between the superior
and the inferior walls. In our study, cases in which more
than two thirds of the superior wall was identified on
CBCT images (visibility ratio of 0.7 or more) in areas 1,
2, and 3 were 44, 62, and 66%, respectively (Table 3). It
may be difficult to compare the results of our study with
those of previous studies because of marked differences
of evaluation methods. However, we consider that our
results indicate nearly the maximum visibility of the
mandibular canal when using CBCT, because we used a
limited volume CBCT device with inherent small voxel
size, as described above.
Because of poor visualization of the superior wall of the

mandibular canal, some ingenuity may be necessary when
using CBCT for treatment planning of dental implant

surgery. The simplest method is to utilize the average
diameter of the mandibular canal. Koivisto et al. [26] eval-
uated CBCT images and reported that the average diam-
eter of the right and the left mandibular canal in the
premolar/molar region was 2.91 and 3.03 mm, respect-
ively. Utilizing these data, the approximate location of the
superior wall can be estimated in cases in which the infer-
ior wall was visible. As another method to localize the
mandibular canal on CT, the use of panoramic views in
addition to cross-sectional views has been recommended
[27]. Probably, the imaging modality with the highest visi-
bility of the mandibular canal is high-resolution MRI with
small voxel size. Deepho et al. [28] recently reported that
3D-VIBE images at 3T MRI with voxel size of 0.8 mm
clearly demonstrated the mandibular canal in 144 out of
147 areas of 62 mandibles. However, MRI has not become
a routine imaging technique for dental implant treatment
because of its low availability and high cost.
Our study had some limitations that should be ad-

dressed. First, in our study, antero-posterior location of
the mandibular canal was defined by the distance from
the mental foramen. Tooth positions could not be used as
a reference, because premolars and molars were totally or
partially missing in considerable number of the cases. Al-
though areas 1–3 were considered mostly to correspond
to the area from the second premolar to second molar, it
might not be true for some cases due to anatomical varia-
tions for the position of the mental foramen. Second, we
did not evaluate the difference of the visibility of the man-
dibular canal by age or gender. According to the study by
Miles et al. [4], the visibility was significantly lower in fe-
males than in males. It was also affected by age depending
on the location. Although we applied power analysis to
determine the sample size, the sample size was not suffi-
cient for such analysis. Third, we could not confirm the
actual positions of the mandibular canal walls because we
used CBCT images of clinical cases. Thus, it might be
possible that a few cases with misinterpretation were in-
cluded in our data.

Fig. 4 Cross-sectional images of areas 1–3 of a 39-year-old female. The visibility ratios for the superior wall in areas 1, 2, and 3 were 0.2, 0.9, and
0.9, respectively, whereas those of the inferior wall were 0.7, 0.9, and 1.0, respectively

Table 3 Frequency of cases with visibility ratio of 0.7 or more

Number of cases

Mandibular canal wall Area 1 Area 2 Area 3

Superior wall 38 (44%) 53 (62%) 57 (66%)

Inferior wall 57 (66%) 68 (79%) 77 (90%)
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Conclusions
In conclusion, we evaluated the visibility of the man-
dibular canal walls on limited volume CBCT images
with a small voxel size. Evaluation was performed in the
range of 30 mm in length just posterior to the mental
foramen, which was divided into three equal areas (areas
1, 2, and 3, from anterior to posterior). The superior wall
was significantly more poorly visualized than the inferior
wall in all areas. Cases in which more than two thirds of
the superior wall was identified on CBCT images in
areas 1, 2, and 3 were 44, 62 and 66%, respectively.
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