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Abstract The neurovascular bundle may be vulnerable
during surgical procedures involving the mandible, especially
when anatomical variations are present. Increased demand of
implant surgeries, wider availability of three-dimensional
exams, and lack of clear definitions in the literature indicate
that features of anatomical variations should be revisited. The
objective of the study was to evaluate features of anatomical
variations related to mandibular canal (MC), such as bifid
canals, anterior loop of mental nerve, and corticalization of
MC. Additionally, bone trabeculation at the submandibular
gland fossa region (SGF) was assessed and related to visibility
of MC. Cone beam computed tomography exams from 100
patients (200 hemimandibles) were analyzed and the follow-
ing parameters were registered: diameter and corticalization of
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MC; trabeculation in SGF region; presence of bifid MC,
position of bifurcations, diameter, and direction of bifid
canals; and measurement of anterior loops by two methods.
Corticalization of the MC was observed in 59% of hemi-
mandibles. In 23%, MC could be identified despite absence of
corticalization. Diameter of MC was between 2.1 and 4 mm
for nearly three quarters of the sample. In 80% of the sample
trabeculation at the SGF was either decreased or not visible,
and such cases showed correlation with absence of MC
corticalization. Bifid MC affected 19% of the patients, mostly
associated with additional mental foramina. Clinically signif-
icant anterior loop (>2 mm of anterior extension) was
observed in 22-28%, depending on the method. Our findings,
together with previously reported limitations of conventional
exams, draw attention to the unpredictability related to
anatomical variations in neurovascularization, showing the
contribution of individual assessment through different views
of three-dimensional imaging prior to surgical procedures in
the mandible.

Keywords Cone beam computed tomography - Jaw bone
neurovascularization - Mandibular canal - Bifid mandibular
canal - Anterior loop of mental nerve - Anatomical
variations

Introduction

Mandibular canals (MC) are anatomical structures that extend
bilaterally from the mandibular foramen to the mental foramen
(MF) carrying the inferior alveolar nerves, arteries, and veins.
Anatomical variations in the path of the MC, such as bifid MC
and anterior loops of the mental nerve, among others, are not
rare [1, 2]. The neurovascular bundle may be vulnerable
during surgical procedures involving the mandible [3].

@ Springer



388

Clin Oral Invest (2012) 16:387-393

Prevalence of anterior loop is quite variable in the
literature, occurring in between 28% and 71% of the
samples studied [3—10], and their anterior extensions range
from 0 to 9 mm [4-7, 10]. Lack of explicit definitions and
standardized methods to assess their extension justifies
revisiting the features of anterior loops, as well as other
anatomical variations in the mandible.

Image quality of cone beam computed tomography
(CBCT) systems and their relatively lower dose and cost
when compared to conventional computed tomography
have allowed more accessible three-dimensional assessment
of craniofacial structures in dental practice [11]. CBCT has
been shown superior to panoramic radiographs in display-
ing the MC and their variations. Further understanding of
such anatomical variations is essential to the performance
of more predictable surgical procedures, avoiding potential
sensory disturbances, hemorrhagic complications, and even
failures in anesthetic techniques [12].

The purpose of the present study is to assess the MC and
its variations through CBCT images. Features of bifid MC
and anterior loop of the mental nerve are reported.
Additionally, corticalization of the MC and bone trabecu-
lation in the submandibular gland fossa (SGF) region are
assessed.

Methods

The sample consisted of 100 randomly selected CBCT exams,
displaying the entire mandibular bone, scanned with Scanora
3D" (Soredex, Tuusula, Finland, high-resolution program,
voxel size 0.2 mm), from patients (41 males, 59 females; 98
Caucasians, two non-Caucasians; 17 aged <20 years old, 27
between 21 and 40 years old, 34 between 41 and 60 years
old, and 22 above 60 years old) referred for several clinical
reasons. All images were visualized with the Ondemand
3D™ software (Version 1.0, CyberMed Inc, Seoul, Korea) by
three trained and calibrated observers (one oral and maxillo-
facial radiologist and two dental graduates, all with 1-2 years
of clinical experience with CBCT diagnosis). Eventual
disagreements were discussed and consensus was reached.
Hence, 200 hemimandibles were evaluated and the
following parameters were registered: diameter of MC in
the first molar region (scores, not visible, 0-2, 2.1-4, and
4.1-6, >6 mm); corticalization of the MC in the first molar
region (present or absent); trabeculation in the SGF region
(normal, decreased—i.e., significant decrease in trabecula-
tion as visually compared to adjacent regions, not visible,
increased—e.g., osteosclerosis caused by chronic trauma/
inflammation history); presence of bifid MC, position of
bifurcations, diameter, and direction of bifid canals; and
measurement of anterior loops. Descriptive statistical
analysis was carried out. Chi-square test was applied to
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assess association between corticalization of the MC and
trabeculation in the SGF region.

Axial, coronal, sagittal, panoramic reconstructions,
cross-sections, and volume rendering were viewed to assess
bifid MC. Diameter and corticalization of MC, as well as
trabeculation in the SGF region, were assessed on cross-
sections. Two different views were used for assessing
anterior loops: panoramic reconstructions and cross-
sections. For the panoramic reconstructions (Fig. 1), line a
was drawn following the inferior margin of the mandible.
Lines b and ¢ were drawn perpendicular to a, passing
through the anterior border of the mental foramen and
anterior border of the anterior loop (corresponding to the
starting point of the incisive canal), respectively [7, 10].
Anterior loop (d) corresponded to the shortest straight-line
distance between b and c. Slice thickness of panoramic
reconstructions varied in each hemimandibles, ranging from
5 to 20 mm, so that the entire course of the canal could be
visualized, including the mental foramen, without impairing
image superimposition. For the cross-sections, the anterior
loop was determined by counting the number of sequential
I mm slices displaying two round hypodense images
(corresponding to the upper and lower segments of the
MC, typically ending in an “8-like” shape anteriorly), from
the anterior-most image of the mental foramen and start
point of the incisive canal. Hence, measurements on
panoramic reconstructions presented inferior mandibular
border as a reference, while occlusal plane served as

Fig. 1 Schematic representation of measurement of anterior extension
of mental nerve anterior loop on reconstructed panoramic image. a
Line tangenting inferior border of mandible, b line perpendicular to a
tangenting anterior border of mental foramen, c line perpendicular to a
tangenting the anterior-most part of mandibular canal, d anterior
extension of anterior loop=shortest distance between b and ¢
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reference on cross-sections (since those slices were recon-
structed following the occlusal plane). Weighted Kappa
index was calculated to assess agreement between observa-
tions on different views. For all the observations, Fisher and
Chi-square tests were applied to compare right and left sides.

Results

No significant differences between genders, age groups, or left
and right sides were observed for all parameters assessed.

On cross-sectional images of the first molar region, the
corticalization of the MC was observed in the majority of
hemimandibles (59%). In 23% of the cases the canal was not
corticalized but could be visualized. The remainder (18%)
could not be detected. The distribution of scores for width of
the MC in the first molar region is presented in Table 1.

SGF regions showed either decreased trabeculation or
not visible trabeculation in most hemimandibles (53% and
27%, respectively). Normal trabeculation was found in 15%
and increased bone density was observed in 5% (Table 2).
No correlation was found between trabeculation in the
submandibular gland area and age or gender (»p=0.91 and
0.51, respectively). Absence of MC corticalization was
significantly correlated with decrease in trabeculation
pattern in SGF region (»p<0.001).

Bifid MC were observed in 19 patients (19%). Most of
the bifurcations (n=14) were associated with additional
mental foramina (AMF), with six cases of double mental
foramina (i.e., diameter of AMF at least 50% of the
corresponding mental foramen) and eight cases of accesso-
ry mental foramina (i.e., diameter of AMF less than 50% of
the corresponding mental foramen). All bifurcations asso-
ciated with AMF occurred in the body of the mandible,
with six of these occurring in close proximity with the
mental foramen (Fig. 2).

For the remaining bifid MC cases, not associated with
AMEF, the bifurcation was observed in the posterior region
of the mandible, near the mandibular angle. In two cases
the bifid canal rejoined the MC anteriorly to the bifurcation
(Fig. 2). Three cases were observed with a bifid MC

Table 1 Distribution of diameter scores for the mandibular canal in
the first molar region

Diameter of MC No. Percent
0-2 mm 16 8
2.1-4 mm 148 74
4.1-6 mm 0 0
>6 mm 0 0
Not visible 36 18
Total 200 100

towards a retromolar foramen (Fig. 3). In two cases the
bifid canal showed an upward curved direction, towards
third molar region. The width of bifid MC (as measured at
their widest portion) ranged between 1.03 and 3.3 mm
(mean (SD)=1.5 (0.2) mm).

Presence and anterior extension of anterior loop of the
mental nerve, as observed on panoramic reconstructions and
cross-sections, are shown in Table 3. Agreement between
observations on both views regarding presence/length of
anterior loop was substantial (weighted Kappa index=0.71).

Discussion
Bifid mandibular canals

Bifid MC were observed in 19% of the patients in our
sample. Previous studies with panoramic radiographs have
reported incidences of less than 1% [13—15]. However,
studies with CBCT images show much higher incidence,
with reports from 15.6% to 65% [16, 17]. It has become
clear that conventional radiographs are not reliable in
detecting such anatomical variations.

Even among studies with 3D imaging, differences in
incidence may be related to geographic/ethnical differences,
as well as methodological discrepancies. In the present
study, only bifid MC with diameter bigger than 1 mm were
included, aiming clear clinical relevance of the results.
Additionally, registration of “false mandibular canals” was
carefully avoided. An image resembling a bifid MC may be
produced by the imprint of the mylohyoid nerve on the
internal mandibular surface [15]. Such images may mislead
diagnosis, especially on panoramic reconstructions, which
also highlights the importance of combining the different
available reconstructions when assessing the mandibular
anatomy.

Chavez-Lomeli et al. [18] described that the MC derives
from three individual nerve branches from different origins
at different stages of development. Further fusion of
branches occurs, and bony canals develop around such
nerve paths. During rapid prenatal growth and bone
remodeling, there is a spread of intramembranous ossifica-
tion that eventually forms the MC. This theory would
explain the occurrence of bifid MC in some patients,
secondary to incomplete fusion of these three nerves [15].

Diameter of bifid MC ranged between 1 and 3.3 mm
(average 1.5 mm), and most main MC had between 2 and
4 mm of diameter. Previous studies [17] have found similar
diameters for bifid MC (average 1.68 mm, range 0.9-3.4 mm)
and main MC (average 3.3 mm, range 2.0-4.6 mm).

Several studies have proposed classifications to bifid
MC. Nortjé et al. [12] and Langlais et al. [14], in
retrospective studies with a large sample of panoramic
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Table 2 Association between corticalization of mandibular canal and trabeculation pattern of the SGF region

Trabeculation Increased
n Normal Decreased Not visible 54 density
(% from total (125?7 ) (51;); ) (27%) 10
hemimandibles) ¢ ‘ (5%)
Corticalization of
Mandibular Present viI:i(l))tle Present vilji(l))tle Present vil\lsi(l))tle Present
Canal
AR | Emn | <E
. l=ll== dmEEER
Schematic mmmums | (Emmmam | NI
representation L~ Iil 1] u .'
Ve | i | G
@b 23 6 | 6763%) | 40 37%) | 18 33%) | 36 (67%) 10
ooy (79%) (21%) 7 ¢ ¢ ¢ (100%)
trabeculation)

radiographs, proposed different classifications taking into
consideration characteristics of the bifid canal such as
association with additional mandibular foramen, relative
width, and extension. In our study, as in previous studies
with CBCT [17], no canals arising from separate mandib-
ular foramina were found. Naitoh et al. [16] suggested the
classification of bifid MC into four types, including
buccolingual, forward, dental, and retromolar.

Three cases in our study presented retromolar canals
associated with retromolar foramina. Sawyer and Kiely [19]
observed retromolar foramina in 7.7% of adult mandibles
and found a significant positive correlation with same-
side occurrence of accessory mandibular foramen. In our
study, however, none of the cases was associated with
additional mandibular foramina. Bilecenoglu and Tuncer
[20] found a prevalence of 25% for retromolar foramen
and demonstrated histologically that those canals presented
myelinated nerve fiber, artery, and numerous venules, and
innervated part of third molar as well as mucosa in the
retromolar area.

Fig. 2 a Bifurcation of mandib-
ular canal associated with dou-
ble mental foramen (arrow
head), occurring near the mental
foramen (arrow). b Bifid man-
dibular canal (black arrows) on
the left mandibular body
(cropped CBCT panoramic re-
construction, slice thickness

5 mm). The bifid canal rejoins
the mandibular canal anteriorly
to the bifurcation
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Bone trabeculation at submandibular gland fossa region

The SGF region encloses a depression in the lingual surface
of the mandible which accommodates the submandibular
gland and is usually seen on conventional radiographs as a
diffuse radiolucent area in the posterior region of the
mandible, inferior to the mylohyoid line [21]. In addition to
the depth of the SGF, our results substantiate that in most
cases bone trabeculation in that region may be significantly
reduced when visually compared to other areas, or even not
visible with 0.2 mm voxel size.

Visibility of the MC may vary between patients and even
between different areas of the mandible. The canal is usually
more readily identified in posterior areas and the visibility
tends to decrease gradually towards the mental foramen [22].
Near the mental foramen, the MC has been shown to be
“clearly visible” on CBCT cross-sections in around 53% to
65% of the cases [22, 23]. Similarly, a clear visibility of the
MC in the first molar region may be found in 66% of the cases
[22]. In the present study, the diameter of MC was measured
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Fig. 3 Bifid mandibular canal
towards retromolar foramen
(arrows). a Panoramic recon-
struction, b axial slice, ¢ volume
rendering (endoscopic function)
showing retromolar region with
foramen posterior to the third
molar, and d cross-sectional
image

on cross-sections in the first molar region, where in 18% of
the cases the canal could not be visualized. This finding must
be interpreted carefully, because only cross-sections were
analyzed, and in one specific region. Combination with other
views could have helped detect the MC. This demonstrates
the importance of analyzing the different available views
when assessing mandibular anatomy.

Additionally, bone trabeculation in SGF region, as ob-
served in the present study, seems to influence the corticaliza-
tion of MC. Visibility of the MC in the SGF region may be
further affected by the absence of corticalization of the MC,
which correlated with decreased bone trabeculation.

Anterior loop of the mental nerve

If proper preoperative evaluation is not carried out, patients
with significant anterior extensions of mental nerve

Table 3 Distribution of scores for anterior loop of the mental nerve,
as observed on panoramic CBCT reconstructions and cross-sections

Anterior loop Panoramic n (%)  Cross-sections n (%)

Absent/up to 2 mm 135 (67) 136 (68)
Between 2.1 and 4 mm 39 (20) 33 (17)
Between 4.1 and 6 mm 14 (7) 7 (4)
Bigger than 6 mm 2 (1) 1 (<1)
Not clear/not visible 10 (5) 23 (11)
Total 200 (100) 200 (100)

(anterior loop) are more likely to suffer from sensory
disturbance or hemorrhagic complications when endo-
sseous implants are installed in the most distal area of the
interforaminal regions [7]. Depending on the method of
measurement, between 22% and 28% of the hemimandibles
presented significant anterior extension (2.1 mm or more).
In 4-8% the anterior extension was larger than 4.1 mm.

Prevalence of anterior loop varies considerably in the
literature. Anatomical studies with cadavers have reported
prevalence ranging from 28% to 62.7% [3—7]. On pano-
ramic radiographs, Ngeouw et al. [9] observed anterior
loops in 40.2% of the mandibles. Kaya et al. [8] found 34%
using spiral CT. A CBCT study reported 71% prevalence of
anterior loop [10]. Anterior extensions ranging from 0 to
9.0 mm have been reported [3—7, 10]. Women [7, 10], older
patients [7, 9], and shorter patients [9] may present smaller
anterior extensions.

Despite some potential role of geographic variability in
producing such discrepancies [2, 24], different methods for
measurements and lack of a definitive definition of
“anterior loop” seems to be recurrent in the literature. The
anterior segment of the mental nerve normally has a
superior and lateral course towards the mental foramen. In
some cases, the nerve passes forward anteriorly, hence
forming a curve back towards the mental foramen, so called
anterior loop. It is the measurement of the anterior
extension of the nerve that must be observed carefully,
which is sometimes called “length of anterior loop”—a
term that may be misleading. Anterior extensions bigger
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than 2 mm are clinically relevant, especially for implant
placement.

The method used to measure the anterior extension of
the mental nerve is quite relevant. Conventional radiogra-
phy may fail to demonstrate the true anatomical shape and
extension of the anterior loop [4, 5], especially when poor
bone quality is observed [8]. Uchida et al. [10] confirmed
CBCT as a reliable tool to determine the anterior extension
of the nerve, which showed average discrepancies of
0.06 mm or less when compared to cadaveric anatomic
measurements.

In order to measure distances on three-dimensional
images, a reference plane must be chosen, which ideally
should be clinically reproducible. Previous studies have
used the inferior margin of the mandible as reference plane
[8, 10]. However, transoperative use of the occlusal plane
as a reference seems more logical. In the present study, two
reference planes were used for measurement of anterior
loop extension: inferior margin of mandible (for measure-
ments on panoramic reconstructions) and occlusal plane
(for cross-sections).

Panoramic reconstructions and cross-sections were cho-
sen in this study because the mandibular region where the
MF is located is oblique with sagittal and coronal planes.
Clinical measurements are generally also carried out
following this transverse inclination of the dental arch.
Additionally, cross-sectional images are routinely used to
present distance measurements for implant planning.
Panoramic reconstructed images are generated conforming
to a curvilinear plane, which is manually demarcated based
on the patient’s dental arch. Some software programs
provide multiple additional panoramic slices parallel to
the central plane, which are positioned closer to the buccal
and lingual side. Often this image will provide a reference
marker system, corresponding to the perpendicular num-
bered lines on the axial display and cross-sectional images,
providing correlative information, which is very useful for a
combined observational strategy.

Agreement between observations on both views regard-
ing presence/extension of anterior loop was substantial.
However, uncertainty regarding the presence of anterior
loop (decreased visibility) was higher among cross-
sections. Presence of anterior loop was not clearly
discernible in 11% of cross-sections, which means that
discriminating the MC from surrounding medullar spaces
posed as a difficulty in such cases. On the other hand,
panoramic reconstructions may fail to show the anterior
loop in cases where the mental foramen and the loop are
relatively distant buccal-lingually. Thinner reconstructed
slices (e.g., 0.2 mm) may not be able to display simulta-
neously the mental foramen and anterior loop, while thicker
slices (e.g., 20 mm) may present significant image over-
lapping. Observation of both cross-sectional and panoramic
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reconstructions, as well as all other available views, is
recommended.

Patient exposure to radiation is certainly a major concern
and thus influences on selection of the appropriate imaging
technique for preoperative planning. However, it should be
stated that the large variation of CBCT radiation doses [27]
implies that there is not a straightforward answer when it
comes to deciding to use CBCT or not. In fact, one
interpretation could be that with effective dose of 50 uSv or
less with optimized CBCT exposure protocols, those could
be easily contrasted with other imaging techniques. For
digital panoramic radiographs, effective dose has been
shown to vary from 5 to 24 uSv [25, 26]. An intra-oral
full mouth radiographic status with digital radiography may
actually fall in the same dose range and up to 110 uSv [26].
Whereas CBCT effective dose may range from 19 to
368 uSv, CBCT scanners, and protocols providing below
50 uSv may present an acceptable dose [27]. Multi-slice
computed tomography shows higher effective dose, ranging
from 474 to 1,160 uSv [28]. With the protocol and machine
used in the present study, the estimated effective dose was
45 uSv, which is equivalent to two to nine digital
panoramic radiographs, and at least one tenth of the dose
for multi-slice computed tomography.

Recommendations of safe fixed distances from anatom-
ical landmarks for placement of endosseous implants are
not reliable [10]. Large variability among individuals
regarding neurovascularization of the mandible and limi-
tations of conventional radiography to properly show these
anatomical variations [4, 5, 8] point out the valuable
contribution of preoperative examination with low-dose
CBCT prior to surgical procedures, particularly for implant
placement when three-dimensional information is required
for evaluation of bone morphology and dimensions, for
inspecting local bone conditions and potential pathology,
and for biomechanical and esthetic setup.
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