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ABSTRACT
The aim of the present study was to compare visibility of the mandibular canal on cone beam
computed tomography (CBCT)-based orthoradial and oblique slices at molar implant sites. CBCT
images for 132 mandibular molar implant sites were selected for the study. After generating
orthoradial and oblique slices, two observers evaluated the visibility of the mandibular canal using
three-point scoring scale (1�3, good to excellent). Wilcoxon signed-rank test compared the
visibility scores of the two slices. Both orthoradial and oblique slices obtained from CBCT had only
very good to excellent mandibular canal visibility scores. At 114 mandibular molar implant sites,
the visibility score was equal on both orthoradial and oblique slices. Although the visibility score
was higher on orthoradial slices for 12 implant sites, the visibility score was higher for six implant
sites on oblique slices and the difference was not significant. Therefore, the visibility of the
mandibular canal was excellent and comparable on most of orthoradial and oblique slices obtained
from CBCT images.
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Introduction

Over the last few decades, missing teeth have been suc-
cessfully treated with dental implants.[1] With the intro-
duction of three-dimensional (3D) imaging modalities
like computed tomography (CT) and cone beam CT
(CBCT), vital anatomical structures like mandibular canal
could be visualized in several imaging planes or slices.[2]

As the measurements of available bone depth and
hence implant length are influenced by the location of
mandibular canal, the visibility of the latter on CT or
CBCT scans is paramount, should operative complica-
tions at mandibular implant sites be avoided.[3] There-
fore, several studies have investigated the visibility of
the mandibular canal by using different imaging modali-
ties.[4�15] However, varying observations of mandibular
canal have been obtained and this could be due to the
imaging modality itself (2D or 3D), voxel size, the tomo-
graphic plane angulation, and the course or location of
canal on different images.

For proper implant placement, the axial angulation
should be carefully determined in order to transmit the
occlusal forces vertically through the implant’s long axis.
[16] However, at mandibular molar implant sites, a slight
mesial tilt helps aligning implant-retained prostheses

along the curve of Spee. Tilted implants are also useful
in cases with severe ridge resorption in order to avoid
injury to the mandibular canal,[17] and to avoid the sur-
gery needed for canal transposition or bone grafting.[18]
In addition, titling increases the amount of bone avail-
able for osseointegration.[19]

In one recent study by Neves et al.,[20] cross-sectional
CBCT images were generated by using two different slice
inclinations: orthoradial and oblique. Although the main
focus of interest of Neves et al.[20] was the height of the
mandibular body and not the visibility of the mandibular
canal, they reported that bone height measurements on
orthoradial slices were statistically different from the
gold standard at mandibular molar implant sites.

For CBCT implant planning, several software can be
used, and different implant angulations can be deter-
mined using different slice inclinations. If different slice
inclinations can adversely affect the visibility of mandib-
ular canal, this will result in choosing incorrect implant
length and might lead to nerve injury at the time of
implant placement. On the other hand, if the visibility of
mandibular canal can be enhanced by using different
slice inclinations, this can be advantageous and utilized
at the time of implant planning. Thus, the aim of our cur-
rent study is to investigate the influence of different slice
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inclinations on the visibility of mandibular canal on
orthoradial and oblique CBCT slices at mandibular molar
implant sites.

Materials and methods

Patients

In our retrospective study, images for all patients who
underwent CBCT examination for dental implant treat-
ment and other dental purposes at our dental radiology
clinic were retrieved and evaluated between January
2011 and January 2015. Only cases with missing lower
molars were included in the study. The number of cases
included was 68 (23 males and 45 females) with a mean
patient age of 54 years, and the remaining implant sites
were 132. Cases with artefacts or pathology affecting the
visibility of mandibular canal at the implant sites were
excluded. Additionally, it was essential to exclude cases
where mandibular canal was not visible on all of the gen-
erated slices due to using large voxel size or due to sys-
temic bone diseases like osteoporosis.

CBCT examination

A KODAK 9500 Cone Beam 3D System (Carestream,
Rochester, NY) CBCT apparatus with flat panel detector
was used. The imaging area of CBCT is a cylinder with a
height of 15�20.6 cm and a diameter of 9�18 cm pro-
viding isotropic cubic voxels with sides approximating
0.2�0.3 mm. Only cases examined with 0.2 mm were
included in the study. The exposure parameters were as
follows: 90 kV as a tube voltage, 10 mA as a tube current,
and an exposure time of 10.8 seconds.

Examinations were performed by 360� rotation in the
occlusal position with the patient standing and closing
their teeth.

Images

One calibrated oral radiologist (MA) with eight years of
experience with CBCT and dental implants was responsi-
ble for generating orthoradial and oblique slices at pro-
posed mandibular molar implant sites after creating
pseudo-panoramic images, and then saving the slices in
JPEG format for a second evaluation by one oral surgeon
(FJ) with eight years of experience.

The curved slicing module was used for creating
pseudo-panoramic images, and the arch was manually
created on the horizontal section. The horizontal section
was automatically displayed by the software and the
thickness of the focal trough was adjusted in order to fit
the mandible of each patient. Then the mandible was

only displayed by using the function ‘displaying region
of interest’.

To generate orthoradial slices, a vertical blue line on
the displayed panoramic image was moved to the pro-
posed implant site while keeping it perpendicular to the
occlusal plane. The oblique slices were generated by
moving the blue line to the same site and then tilting it
10� mesially, if it is in the area of missing first molar, and
tilting it 14� mesially, if it is in the area of missing second
molar. The 10� and 14� of mesial tilting represent the
natural angulations of mandibular first and second
molars, respectively,[21] and for applying these angula-
tions, all implant sites had to be the last distal sites con-
sidered for implant placement and preceded by missing
tooth mesially. In addition to this, 9 mm of mesiodistal
space was left between the implant sites and nearby
teeth, which is considered suitable for another implant
placement if needed.

For each implant site, three orthoradial and three obli-
que slices were generated by setting the interslice dis-
tance to 2 mm; therefore, the diameter of the proposed
implants was 4 mm. The mandibular canal was consid-
ered visible and given a score of 1 (good) if it was
detected and was possible to be delineated from the
surrounding bone marrow spaces on one slice, a score 2
(very good) if it was visible on two slices, and a score of
3 (excellent) if it was visible on three slices (Figures 1�3).

All images were evaluated on LCD monitor with
installed CS 3D imaging viewer (CS 3D imaging viewer,
3.2.9 Carestream, Rochester, NY). When necessary, the
window settings were adjusted to optimize the images
for evaluation.

Statistical analysis

Intraclass correlation coefficient (ICC) was used to assess
interobserver agreement, and Wilcoxon signed-rank test
was used to compare the visibility of mandibular canal
at molar implant sites on orthoradial and oblique slices.
Statistical significance was set at a level of 0.05.

All statistical analyses were performed by using a sta-
tistical software package (SPSS version 16; Chicago, IL).

Results and discussion

For the 132 molar implant sites (55 first molars and 77
second molars), the interobserver agreement for the visi-
bility scores of orthoradial and oblique CBCT slices was
excellent; ICCs for single measures were 0.848 and 0.885,
respectively. Between the two observers, disagreement
was present in five cases and consensus was reached
after discussion.
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The visibility scores of orthoradial and oblique CBCT
slices are shown in Table 1. At all implant sites, the visibil-
ity scores were very good to excellent (2 or 3). Among
them, 114 implant sites (48 first molars and 66 second
molars) had equal visibility scores, 12 implant sites (6 first
molars and 6 second molars) had higher visibility scores
on orthoradial slices, and 6 implant sites (1 first molar
and 5 second molars) had higher visibility scores on

oblique slices. According to Wilcoxon signed-rank test,
the difference between visibility scores was not
significant.

In this study, we evaluated the visibility of mandibular
canal on othroradial and oblique CBCT slices at molar
implant sites, and at all implant sites, the visibility score
was very good to excellent, this means that the mandib-
ular canal was visible on most of CBCT slices. Such

Figure 1. Second molar implant site in which the visibility score of the mandibular canal (arrow) was equal on both of orthoradial (a)
and oblique slices (b).
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findings are in agreement with Shokri et al.[13] The canal
could be identified and considered visible even if it was
not corticated, and the usage of small voxel size could
be also a contributing factor to the attained excellent vis-
ibility of the canal.

In the study of Neves et al.,[20] a comparison was
made between bone height measurements on oblique,
orthoradial CBCT slices, and dried mandibles with the lat-
ter being the gold standard. At molar implant sites, the
orthoradial slices were found inaccurate for such

measurements. This could be due to different visibility of
the crest of the ridge or the inferior border of the mandi-
ble which were used for bone height measurements. In
the same study of Neves et al.,[20] the slice angulation
used for obtaining oblique CBCT slices was not reported
and the visibility of mandibular canal was not studied. In
clinical dental implant practice, the bone height must be
measured from the crest of the ridge till the superior
border of the mandibular canal,[3] in order to avoid
injury to the canal at the time of implant placement.

Figure 2. First molar implant site in which the visibility score of the mandibular canal (arrow) was more on orthoradial (a) than oblique
slices (b).
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Thus in contrast to the previous study, we used specific
slice angulation for obtaining oblique slices and evaluat-
ing the visibility of mandibular canal. Our results showed
that the visibility on most of orthoradial and oblique
CBCT slices was equal in most slices and different only in
few slices. In these few slices, changing slice angulation
leads to different orientation of the canal in relation to

bone marrow spaces, which in turn affected the visibility
of the canal, especially if it was not corticated.

To the best of the authors’ knowledge, only one study
reported the visibility of mandibular canal on different
slice angulations.[11] However, different horizontal slice
angulations were used by that study and the slices were
cross-sectional tomographic. Therefore, up to our

Figure 3. Second molar implant site in which the visibility score of the mandibular canal (arrow) was less on orthoradial (a) than obli-
que slices (b).
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knowledge, there has not been any published works
showing the influence of mesial slice angulation on the
visibility of mandibular canal on orthoradial and oblique
CBCT slices at molar implant sites.

Some studies evaluated the visibility of mandibular
canal on digital panoramic and CT or CBCT cross-sec-
tional images.[4,8,10,12,13] In all of these studies, the vis-
ibility of mandibular canal was declined when moving
from third molar area towards first molar area. In addi-
tion, when the visibility was compared between CBCT or
CT cross-sectional images and digital panoramic images,
CBCT and CT cross-sectional images outperformed digi-
tal panoramic images in identification of the mandibular
canal.[4,10] In contrast with these results, the visibility of
mandibular canal was significantly higher in panoramic
views when reformatted from CT and compared with
cross-sectional CT views.[15] This could be due to the
high quality and minimum thickness of reformatted CT
panoramic views when compared with conventional dig-
ital panoramic radiographs.[8]

Although the depiction of mandibular canal is consis-
tent and comparable between CT and CBCT,[6,7] CBCT is
recommended and preferred over CT due to low radia-
tion dose and high image resolution.[22] Therefore, a
drawback can be noticed in the previous studies which
used CT images for visualizing of the mandibular canal
before implant placement.[10,15] Moreover, rather than
comparing the visibility of the canal on reformatted pan-
oramic views with cross-sectional views,[15] it is neces-
sary to identify the canal on both of the views,[9] since
the canal has different locations on them.

The visibility of mandibular canal may vary according
to its location and course on panoramic images.[4,23]
Jung et al.[4] reported the highest visibility of the canal
when it displays a spoon-shaped curve on panoramic
radiographs. In our current study, there was no attempt
to study the influence of canal shape or angulation on
panoramic radiographs on its visibility on cross-sectional
CBCT images, but mesial slice angulation was studied,
and the visibility of canal was affected by this angulation
at few implant sites. At five implant sites, oblique CBCT
slices outperformed orthoradial CBCT slices at the

second molar area, thus in cases with poor visibility of
the canal at the second molar area, slight change in
mesial slice angulation might be recommended to
improve the visibility of the canal.

Our study has some limitations. For implant planning,
we applied specific implant angulations at specific
implant sites, this may not necessarily represent a true
clinical situation and other factors may affect the final
plan. Moreover, the visibility of mandibular canal might
have a relation with the degree of cortication rather
than the slice angulations and longitudinal studies may
be needed to resolve this issue.

Conclusions

In conclusion, mesial slice angulation has minimal effect
on the visibility of mandibular canal. Therefore, the visi-
bility is excellent and comparable on most of orthoradial
and oblique CBCT slices at molar implant sites.
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