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Aim: To evaluate and compare six protocols proposed for inferior alveolar canal tracing on DICOM files generated from
different three-dimensional X-ray-based radiographic machines using a mutual third-party software.

Materials and Methods: Five adult dry mandibles were scanned three times; one was with a CBCT machine (Planmeca
ProMax), and the others were with two different MSCT machines (GE Optima and Philips Brilliance). Imaging data were
exported in DICOM format and imported to a third-party software. Then, on each scan, the inferior alveolar canal was
traced using six protocols by three independent experienced blinded operators with different specialties. The proposed
540 color-coded traced inferior alveolar canals were compared with a gold standard created by experienced operators from
radiology and anatomy departments. The comparison was done using a specially designed 6-point scoring system.
Results: The cross-sectional and the hybrid protocols showed the highest significant scores with no significant difference
between them regarding all the operators and all machines. The sliced panorama-like protocol could give reliable results,
except at the mental foramen where it was user-dependent. The fully automatic protocol failed in inferior alveolar canal
tracing in all cases by all operators on all different scans. Operators preferred the CBCT machine, although it did not
significantly affect the results.

Conclusion: The cross-sectional and the hybrid protocols are the recommended protocols to trace the inferior alveolar
canal for giving consistent results among different users and different used machines.
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Introduction

The inferior alveolar nerve or the
mandibular nerve is the last branch of the
trigeminal nerve and 1is responsible for
providing sensory innervation to the regions
that correspond to the mandible.! The
mandibular nerve descends through the
mandibular foramen inside the inferior
alveolar canal (IAC) until it reaches the
mental foramen where it exits and becomes
the mental nerve that innervates the chin and
lower lip."*? IAC path may vary due to many
factors, such as the different mandible shapes
and conditions which could cause the
mandibular canal to be located at different
positions in the jawbone itself.>3

In different surgical procedures,
awareness of the IAC path is vital because
damaging its content as the mandibular
nerves is a cause for loss of sensation in the
supplied areas.* It is imperative to perform
procedures such as dental implants and
impaction removal without nerve damage.!
To perform these surgical procedures safely
and with minimal complications,
identification of the canal location and any
associated variants should be performed pre-
operatively through the appropriate advanced
three-dimensional (3D) radiographic
modality.> ¢

Considering that multi-slice computed
tomography  (MSCT)  represented a
fundamental evolutionary step, in the
development of advanced radiographic
imaging modalities where it offers accurate
thorough radiographic imaging owing to its
high contrast-to-noise ratio without being
obscured by other anatomical structures in
different planes along with 3D imaging.””
The MSCT permits imaging, localization,
and assessment of mandibular anatomical
structures including the IAC.® 1 In dental
procedures, limitations to the routine use of
CT imaging may include high doses of
radiation exposure, limited access, and high
cost.!!
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On the other hand, cone beam
computed tomography (CBCT) is a dentist-
customized technology that has become a
significant oral and maxillofacial
radiographic osseous imaging modality
providing excellent image quality and
diagnostic accuracy.® 1% 13 Therefore, the use
of CBCT for oral and maxillofacial
procedures became feasible and stands out as
an alternative to MSCT.% 14

Since X-ray-based imaging depends on
the bone condition which sometimes creates
a challenge in the detection of the IAC for
being not well-corticated or surrounded by
confusing marrow spaces, there is a pressing
need for evaluating alternative protocols that
can help through this dilemma.> ' In the
same context, there were flaws in some
commonly used IAC tracing protocols either
due to the challenging bone status, technique
sensitivity, or due to  anatomical
considerations.’ Therefore, this study aimed
to evaluate different protocols proposed for
IAC tracing on DICOM files generated from
different 3D radiographic X-ray machines
(MSCT and CBCT).

Materials and Methods

This study was conducted on five adult
dry human mandibles of undetermined
gender obtained from the Department of
Human Anatomy and Embryology. The
study protocol was approved by the
institutional - ethical committee, Faculty of
Medicine, South Valley University (Code:
SVU-FODM-OMS-4-23-5-655).

Adult dry mandibles that were intact
from the mandibular foramen distally
(posteriorly) to the mental foramen mesially
(anteriorly) of at least one side were selected
and included in this study. Mandibles with
any lesions or impactions at the IAC path
were excluded. A simple radiographic stent
with gutta-percha markers was fabricated for
each mandible. All dry mandibles that
matched the inclusion criteria were imaged
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by three different 3D imaging machines (one
CBCT machine ‘“Planmeca ProMax 3D,
Finland” and two MSCT machines “GE
Optima 520, USA - Philips Brilliance,
Netherlands™). DICOM files were imported
to Blue Sky Plan 4.12 software
(Blue Sky Bio, Grayslake, IL). The implant
planning and surgical guides module was
used. After uploading the DICOM dataset,
the maximum quality was chosen in the
subsampling option.

Regarding CT DICOM files, the
dataset was aligned in the correct orientation
by using the blue rotational circle then the
region of interest (ROI) was cropped or
segmented from other data through the
movement of the yellow frames (Figure 1).
Regarding the CBCT DICOM files, the same
protocol was applied for just fine-tuning as
correction of the occlusal plane or removing
unnecessary extensions (Figure 1). The
panoramic curve was customized according
to the case (Figure 2). The pre-alignment, the
selection of the ROI, panoramic curve
customization, and gold standard creation
were performed by operators not involved in
applying the proposed IAC tracing protocols
nor the post-tracing assessment. Then, the
project was randomly numbered and saved
for another three different independent
blinded operators who used the protocols.
The baseline gold standard (green color-
coded traced inferior alveolar canal) was
reached by agreement between two
experienced (more than 10 years) operators
from the anatomy and radiology departments.
They did so after the other three involved
operators finished their work.

The three blinded operators (surgeon,
orthodontist, and radiologist) with more than
10 years of experience performed six
different IAC tracing protocols with different
color coding for each method. Each operator
applied the protocols for each case and
repeated the full sequences on every imaging
scan. They started with the automatic
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protocol followed by image modification and
enhancement followed by applying the other
semiautomatic or manual protocols. The
image display parameters in terms of contrast
and density were enhanced based on the
radiographic stent, the gutta-percha markers,
and the bone and teeth at the area of the
mental foramen (until all were shown clearly)
(Figure 2).

The traced TAC was hidden by the
operator before tracing the canal again by the
next protocol. The protocols were adopted
from the study of Fahd et al® but with
modifications such as adding a fully
automatic protocol (the new auto-detect
protocol) without any operator intervention.
Also changing the name of the automatic
canal tracing protocol of their study into the
detect protocol in our study was done to avoid
confusion. The following is a full description
of the applied protocols (Figures 2-5):

Protocol 1 or the autodetect protocol
(fully automated protocol) (orange color-
coded) was done by just clicking the
autodetect nerves tool in the nerve panel tools
(Figure 2) and waiting for the software to
draw the IAC (fully automatic or artificial
intelligence-based protocol). This protocol
was applied before any manual adjustment of
the images.

Protocol 2 or the detect protocol (red
color-coded) was done by activating the
detect tool in the nerve panel tools and then
clicking’ at the mental foramen on the
corresponding cross-sectional slice (Figure
2). The software automatically traced the rest
of the canal (semi-automatic protocol).

Protocol 3 or the full-thickness
panorama-like protocol (white color-coded)
was done by tracing the IAC on the full-
thickness reformatted panorama by pointing
6 to 10 marks on the pathway of the canal
between the most distal end (corresponding
to the mandibular foramen) to the most
mesial end (corresponding to the mental
foramen) (Figure 3).
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Figure 1: CT ROI (A) before and (B) after alignment and selection. The blue circle is used for rotational movement
for proper alignment (should be done before ROI selection by the yellow frame). CBCT ROI orientation and selection
before (C) and after (D). Note that the misorientation of the occlusal plane is due to the resting of the inferior border
of the mandible on the special base during image acquisition.
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Figure 2: Creating the reformatted panorama-like view and the adjustment of image display parameters based on the
stent, the gutta-percha, and the bone and teeth at the mental foramen slice as shown in the 360-degree view (orientation
of the 360-degree view is shown by the green reference line at the axial slice). Note the nerve list panel which shows
the three available tracing options and how the detect nerve tool works by just making one click at the mental foramen.

Figure 3: Left: Full-thickness reformatted panorama-like view (composite view) where 6 points were placed. Right:
Sliced panorama-like view where the slice was navigated till identification of the IAC. Note how difficult it is to
identify mental foramen on both sides and that the right-side canal is not fully shown especially at the starting and
ending areas where it requires multiple navigations to be shown and traced.
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Figure (4): Serial cross-sectional cuts before tracing at different positions. Note the confusing adjacent marrow spaces
and bone condition (A) showing the importance of tracing and color coding for identification. Note the clear
presentation of the inferior alveolar canal at the selected sites proposed for the hybrid protocol, at the mental foramen
(B), the ramus (C), and the mandibular foramen (C).
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Figure (5): Left: 3D view of three color-coded traced TAC with 2D cross-sectional overly (the mandible was hidden
by thresholding) and the adjacent serial cross-sectional slices. Note the failure of the full-thickness panorama-like
protocol (white) in buccolingual orientation at the mental foramen and the horizontal mismatching. Note the different
diameters of the tracings.
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Protocol 4 or the sliced panorama-like
protocol (blue color-coded) was done as the
previous protocol but on a sliced reformatted
panorama where the images were navigated
antero-posteriorly until the display of the
clear pathway of the IAC to be traced. The
operator was allowed to navigate according
to the target part of the canal (anatomic
location) (Figure 3).

Protocol 5 or the cross-sectional
protocol (yellow color-coded) was done by
placing points or marks (from 6 to 10) on the
IAC pathway as shown in the serial cross-
sectional cuts starting from the mental
foramen to the mandibular foramen (Figure
4).

Protocol 6 or the hybrid protocol
(brown color-coded) was done by pointing
the marks on different images where
anatomic IAC locations at or near the
mandibular foramen and the mental foramen
were traced on cross-sectional cuts and the
rest of the IAC path was traced on navigated
sliced panorama-like view. The operator was
allowed to check and edit points on the 360-
degree rotational view (Figures 3 and 4).

Another  non-previously  involved
blinded experienced oral and maxillofacial
radiologist compared the different traced
IACs by only showing the gold standard
against one of the traced canals under
investigation.  The  verification  was
performed on all views including the 3D
volume rendering view (Figure 5).

The comparison was based on six
criteria or a created 6-point scoring system
where a score of 1 was given every time the
traced IACs were matched and zero when the
traced IACs were apart. Suppose the traced
canal showed mild deviation (as defined by
following the gold standard course and the
deviation is contained within the canal
boundaries). In that case, it is accepted and
given a score of one or otherwise a score of
zero. The traced canal was not evaluated and
considered failed if less than half of the canal
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was traced. The scoring points included
matching distally (at the mandibular
foramen) or matching mesially (at the mental
foramen) or IAC course regularity (regular or
irregular pathway) or continuity throughout
the IAC course (no interruption) or matching
horizontally (buccolingual position) or
matching vertically (superior and inferior
position). Five points of the scoring system
were previously described in the study of
Fahd et al.’

Values were presented as median,
mean, standard deviation (SD), and
confidence intervals. To evaluate inter-
observer agreement, Cronbach’s reliability
coefficient test was used (the closer
Cronbach’s a coefficient is to 1.0, the higher
the reliability and vice versa). Data were
explored for normality using the
Kolmogorov-Smirnov test of normality.
Kruskal Wallis, Mann-Whitney, ANOVA,
and Post hoc tests were proposed for
comparisons according to data type. The
significance level was set at p <0.05.
Statistical analysis was performed using a
commercially available software program
(SPSS 18.0-Statistical Package for Scientific
Studies, SPSS, Inc., Chicago, IL, USA) for
Windows.

Results

A total of 450 IAC tracings were done
as the automatic detection tracing protocol
failed to produce any IAC with all the
observers in all imaging modalities. Each
operator succeeded in manually tracing all
the IACs using the different protocols on the
DICOM files generated from the different
machines. Regarding the inter-observer
agreement, Cronbach’s reliability coefficient
test revealed a very good inter-observer
agreement regarding all measurements
conducted in the present study (0.898, with a
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Figure (6): Bar chart illustrating the mean score for each item. A) Planmeca CBCT machine. B) Philips
Brilliance MSCT machine. C) GE Optima MSCT Machine.

confidence interval of 0.887 to 0.908).
Therefore, the average of the examiners can
be used for statistical analysis.

The cross-sectional and “the hybrid
protocols showed the highest significant
scores with no significant difference between
them, and these results were the same
regarding all the operators and all 3D
machines’ scans. The sliced panorama-like
protocol showed a significantly lesser score
than the cross-sectional and the hybrid
protocols but still significantly higher than
the other three protocols. The full-thickness
panorama-like and the detect protocols
showed a significantly lesser score than the
cross-sectional, the hybrid, and the sliced
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panorama-like protocols. The automatic
protocol showed no results (failure) in all
cases by all operators on all machines’ scans.
Figure (6) represents the summary of the
results. The operators blindly agreed on the
ease of manipulation of the DICOM files
generated from the CBCT machine and they
also stated the operator dependence sliced
panorama-like protocol at the mental
foramen.

Regardless of the technique, the
Planmeca CBCT machine recorded the
highest total score (4.21£2.14), followed by
the Philips Brilliance MSCT machine
(4.15+2.12), with the lowest value recorded
in the GE Optima MSCT Machine
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(4.11£2.11). The difference between
machines didn’t reach the level of statistical
significance (p=0.48). Regardless of the
machine, statistically significant higher total
scores were recorded using the cross-
sectional and hybrid protocols (6+0),
followed by the sliced panorama-like
(5.09+0.38), then the detect protocol
(4.3+0.89), then the full-thickness panorama-
like protocol (3.54+.62), with a significantly
lower value in the autodetect protocol (0+0).
The difference between techniques was
statistically significant (p=0.000) except for
the cross-sectional and the hybrid protocols.
The interaction of the machines and
techniques variables didn’t have a
statistically significant effect (p=0.99).

Discussion

Radiographically, IAC can be defined
as a radiolucent linear nearly horizontal
anatomical landmark situated inferior to the
lower posterior teeth, which has a well-
defined, roughly rounded corticated border.’
However, various forms, places, and
orientations are documented in the
literature.'® 7 If the IAC and its enclosed
neurovascular bundle are not appropriately
detected and protected, the patients could
suffer complications such as hemorrhage and
neuropathic manifestations.!® As a result, an
appropriate radiographic approach should be
used to identify the canal location before
surgery to prevent damaging effects® A
major goal of this research was to shield
patients from preventable injuries and the
consequences that follow, which may lower
their quality of life.

As high as 20% of cases, clinicians
may encounter a challenge in detecting the
IAC, which can be explained by the condition
of the surrounding bone and the integrity of
the canal cortical boundaries.'> !° Therefore,
different software manipulation methods are
required as alternative solutions for critical
cases of difficult IAC tracing. Generally, all
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dental clinicians should be aware of a lot of
software  manipulation protocols and
alternatives to be able to handle challenging
cases.?’ This was another goal of this
research work.

It is not new to search for alternative
techniques for IAC tracing; even outside x-
ray-based modalities, as Beck et al.?! who
assessed the reliability of magnetic resonance
imaging (MRI) in detecting the IAC and its
relation to the third molars. Sorrowfully,
many dental professionals are unfamiliar
with using MRI despite its merits such as the
high soft tissue resolution and the absence of
ionizing radiation. This unfamiliarity
affected their results as evidenced by the
lower levels of intra- and inter-observer
agreement?!, unlike this study which showed
high agreement that may be explained by the
operator-friendly techniques and software.

Considering that, the radiological
assessment of IAC is the concern of several
studies aiming at defining its normal course,
and detecting its anatomical variations, to
avoid the injury of the neurovascular bundle
during dental and oral surgical procedures.?*
23 Researchers' methods for accurately
mapping the [IAC vary depending on the
imaging modality, the selected software, and
the applied protocol.> Our study assessed
different imaging modalities and software
manipulation protocols, which was a
respectable point to address. MSCT is
sometimes ~ preferred by maxillofacial
surgeons>* while CBCT is usually the choice
of other dental specialists'>, this study
applied the protocols to both imaging
modalities.

Using different machines for the same
protocol was essential to study the effect of
changing the 3D imaging modality on the
accuracy of the results.”® Liang et al 2°
showed how variable the image display was
between different machines, which may
explain why the CBCT machine provided
higher results in the hands of the operators
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despite of not reaching the significant level.
In the same context, knowing how the image
display parameters affect the diagnostic
accuracy,’’ we used a radiographic stent to
standardize the visual characteristics of the
images between operators.

In the present study, dry mandibles
were used to avoid the hazards of unjustified
doses of repeated radiation exposure to
patients or volunteers as MSCT and CBCT
modalities are associated with increased
exposure to ionizing radiation.””->® However,
Waltrick et al.?® work on dry mandibles
demonstrated that the IAC in the dry
specimens would be more radiolucent and
more visible than those in living subjects as
they are air-filled and devoid of the
neurovascular structures. This could explain
why the human-intelligence-based cross-
sectional and hybrid protocols in our study
showed 100% accuracy in comparison with
the gold standard. Also, this may be a factor
that should be considered as a cause of failure
of the automatic protocols since the artificial
intelligence-based detection may require
specific visual characteristics of the canal
which may depend on its content. It is worth
mentioning that the automatic protocol was
applied before any manual adjustment of the
images to judge the fully automatic
functionality of the tool without any operator
intervention which may be another cause of
failure.

On the other hand, another  crucial
limitation to address for this study was the
small sample size. Dry mandibles require
special ethical clearance and are not easily
available.> This study protocol was
preapproved by the institutional ethical
committee. All the dry mandibles that
matched the eligibility criteria were used in
the study. Fortunately, the statistical analysis
revealed statistically significant results.

Five points of the scoring system used
for evaluation and comparison were
previously described in the study of Fahd et
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al.> In this study, a new point was added
which was the continuity of the traced IAC
because the artificial intelligence-based IAC
tracing was expected to be interrupted in
areas of narrowing of the IAC at certain
anatomical positions. Further studies are
recommended to be done using retrospective
real patient data and with different artificial
intelligence-based software to overcome the
limitations of this study and to test the
hypothesis of needing a score based on the
continuity of the traced IAC. Expecting the
points where artificial intelligence fails is
very important for any evaluating scoring
system.

A virtual nerve tracing tool provided by
various dental DICOM viewing software is
helpful in IAC detection by enabling the
users to mark sites on certain slices with
distinct IAC anatomy, even at slightly
separated locations. These points are then
automatically linked into a single virtual
canal color mapping.’® 3! In this study, the
Blue Sky Plan software was used as a third-
party software that can handle DICOM files
generated from both CBCT and MSCT
machines so the same software could be used
for all datasets. Also, the surgical guide
module was the choice for the advantage of
enabling prework alignment and selection of
the ROL

The high score of the cross-sectional
protocol was expected for being a precise,
and user-friendly method of canal tracing,
which favors it for many clinicians.>> This
study proved that this protocol’s reliability
was high and consistent between different
observers and different imaging modalities.
The main benefit was the accurate marking of
the IAC at mental foramen as its orientation
in the buccolingual dimension was favorable
on the cross-sectional cuts.

For accurate canal tracing, the exact
IAC anatomy must be located and marked.
This explains why tracing on a full-thickness
reformatted panorama was unable to provide



ASDJ September 2024 Vol 35 Oral Medicine, Periodontology and Oral Radiology section

an accurate horizontal location of the canal
because the software erroneously inserts the
surface-done marks automatically inside the
bone in any layer of the multiple composite
layers (maybe 25 different options of layers).
This explained why the sliced panorama-like
protocol was more accurate as the operators
could navigate through the path of the IAC
and place the marks in a small slice thickness,
so the software had no chance for errors. The
combined advantages of the sliced
reformatted panorama-like in simple reliable
canal path recognition and the cross-sectional
protocol in simple reliable detection of
buccolingual directed paths (as mental
foramen) were integrated into the hybrid
protocols which explained its high accuracy
results.

Conclusion

The cross-sectional and  hybrid
protocols for IAC tracing are the most
recommended protocols for giving consistent
results among different users and with
different imaging machines. The hybrid
protocol is recommended to be used in cases
where there are confusing adjacent marrow
spaces or challenging bone conditions
leading to difficulty in tracing in cross-
sectional cuts.  Additionally, the sliced
panorama-like protocol can give a reliable
result but is user-dependent in tracing at
mental foramen. However, the full-thickness-
panorama-like and the detect protocols are
not recommended. Unfortunately, the
automatic protocol showed failure with all
users, but an in vivo study is recommended
as the results may be related to the type of
study. Finally, clinicians should be trained on
different software manipulation protocols to
be able to deal with challenging cases.
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