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Objectives: To examine the presence and morphologic characteristics of bifid mandibular
canals (BMCs) and retromolar foramens (RFs) using cone beam CT (CBCT) and to
determine their visualization on panoramic radiographs (PANs).
Methods: A sample of 225 CBCT examinations was analysed for the presence of BMCs, as
well as length, height, diameter and angle. The diameter of the RF was also determined.
Subsequently, corresponding PANs were analysed to determine whether the BMCs and RFs
were visible or not.
Results: The BMCs were observed on CBCT in 83 out of the 225 patients (36.8%). With
respect to gender, statistically significant differences were found in the number of BMCs.
There were also significant differences in anatomical characteristics of the types of BMCs.
Only 37.8% of the BMCs and 32.5% of the RFs identified on CBCT were also visible on
PANs. The diameter had a significant effect on the capability of PANs to visualize BMCs and
RFs (B5 0.791, p5 0.035; B5 1.900, p5 0.017, respectively).
Conclusions: PANs are unable to sufficiently identify BMCs and RFs. The diameter of these
anatomical landmarks represents a relevant factor for visualization on PANs. Pre-operative
images using only PANs may lead to underestimation of the presence of BMCs and to
surgical complications and anaesthetic failures, which could have been avoided. For true
determination of BMCs, a CBCT device should be considered better than a PAN.
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Introduction

Cone beam CT (CBCT) is increasingly being used as
a diagnostic tool in the field of dentistry, especially in oral
surgery. Its high-resolution three-dimensional images are
better than panoramic radiographs (PANs) in that they
reveal anatomic structures more clearly.1

Anatomic variations of the mandibular canal have
been reported in studies using both PANs and CBCT.2–6

The reported rate of bifid mandibular canals (BMCs) on
PAN ranged from 0.08% to 8.30%, whereas on CBCT, it
ranged from 10% to 66%.3,7–13 One type of BMC is the
retromolar canal, which ends in the retromolar foramen
(RF). CBCT studies14,15 have reported rates of RF be-
tween 16% and 65%,3,11,13–16 similar to dry mandible
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studies ranging from 1.7% to 72.0%,17–19 whereas PANs
have yielded a lower range.14

Identifying these anatomic structures has important
clinical implications. It may help avoid some of the
complications resulting from injury of BMCs during
surgery, such as paraesthesia, sensory disturbances, trau-
matic neuromas and unanticipated profuse bleeding.19–21

Moreover, proper identification of BMCs may help ade-
quate planning of anaesthesia.22,23 Worthy of special
consideration is the retromolar canal, which is coursed by
branches that contribute to innervation and supply the
third molar, the most posterior zone of the alveolar pro-
cess, and buccal gingival of mandibular pre-molars and
molars.19 A variety of anatomical structures have been
reported to arise from the RF, such as the buccal nerve,
fibres innervating muscle temporalis and buccinators.24,25

Considering that PANs are sometimes used as the
sole diagnostic tool in oral surgery and implant treat-
ment planning, it is important to determine to what
extent BMCs and RFs may go undetected, thus in-
creasing the risk of certain surgical complications.3,8

The aim of the present study was two-fold: firstly, to
analyse the presence and morphologic characteristics of
BMCs and RFs using CBCT and secondly, to analyse
the capability of PANs to visualize BMCs and RFs in
comparison to CBCT.

Methods and materials

The overall sample consisted of 233 consecutive patients
for whom pre-operative CBCT imaging was performed
from July 2008 to March 2012 for various clinical indi-
cations, mainly for planning implants and impacted-
tooth extractions, in the Radiology Unit of the Medicine
and Dentistry School at the University of Santiago de
Compostela, Santiago de Compostela, Spain. Ethical
approval for the study was obtained from the Galician
Ethics Committee of Clinical Research (Ref. 2012/272).
Written informed consent was obtained from the par-
ticipants in the study.
The inclusion criteria were the following: (i) both bi-

lateral mandibular foramens had to be included in the
CBCT volume; (ii) patients who had a PANwithin a year
of CBCT; and (iii) the CBCT voxel size was #0.3 mm.
The exclusion criteria were the following: (i) patients with
a history of mandibular trauma or surgical intervention
in the mandible, such as orthognathic surgery, or repo-
sitioning of the inferior alveolar nerve; (ii) the presence of
pathological findings in the anatomical area, such as
osteomyelitis, fibrous dysplasia, tumours or cysts; and
(iii) the presence of any artefacts or blurring due to pa-
tient movements affecting the image quality.

Imaging systems
CBCT images were obtained using a CBCT unit with
a flat panel image detector of amorphous silicon (i-
CAT® Model 17-19; Imaging Sciences International
Inc., Hatfield, PA). All images were performed using

the following protocol for patient position and exposure
acquisition parameters: occlusal plane parallel to the
floor base, a tube voltage of 120 kVp, a current of
5 mAs and 14.7 s.

PANs were performed using Orthophos® DS (Sirona
Dental Systems GmbH, Bensheim, Germany) with
a digital charge-coupled device line sensor. Exposure
parameters were set at 80 kVp, 7 mAs and 14.1 s and
a focus/sensor distance of 497 mm. PANs were pro-
cessed using a computed radiography system (Sidexis®

neXt Generation; Sirona Dental Systems GmbH,
Bensheim, Germany). The PANs accepted for the sur-
vey met the following criteria: (i) free from any radio-
lucident or radiopaque lesion in the mandible; (ii) no
evidence of current or past jaw fractures; and (iii) devoid
of any radiographic exposure or processing artefacts.

Measurement procedure
Multiplanar reconstructions from CBCT were jointly
analysed by two experienced researchers to identify any
branching of the inferior alveolar canal in the area from
the mandibular foramen to 30 mm from the anterior
border of the mandibular ramus. For this purpose,
digital imaging and communications in medicine files
were reconstructed on a computer (Samsung R522;
Samsung Electronics, Seoul, Republic of Korea) using
i-CAT software (i-CAT Vision v. 1.9; Imaging Sciences
International, Inc.). The CBCT slice thickness was
#0.3 mm. The BMCs were classified into five types:
type I, retromolar canal; type II, dental canal; type III,
forward canal; type IV, buccolingual canal; and type V,
superior canal. The retromolar canal bifurcated from
the inferior mandibular canal in the mandibular ramus
region and coursed upwards reaching the retromolar
region. The dental canal ran forwards with its end in the
root apex of the second or third molars. The forward
canal coursed towards the front with or without joining
the inferior alveolar canal. The buccolingual canals
sprouted in a buccal or lingual direction from its origin.
The superior canal followed an upward direction and did
not meet the criteria for classification into any other group.

The following measurements were made: (i) on cross-
sectional images: the width of mandibular bone at the
point of bifurcation; (ii) on sagittal images: the height
(vertical distance), length (anterioposterior distance) and
diameter of BMCs, the angle of the BMCs with the
mandibular canal (angle between the main canal and in-
ferior wall of BMCs), and the diameter of the RF.
Measurements were taken by one researcher under stan-
dard conditions (dimly lit room and a 15.6-inchmonitor).
1 month later, the CBCT images for 30 patients were
randomly selected, and the same researcher performed
a re-measurement of the BMCs and RFs to assess intra-
observer variability.

Para-panoramic 1.5-mm slice thickness reconstruc-
tions from CBCT obtained using i-CAT Vision and
PANs were imported to image processing and evalua-
tion software (Photoshop® v. 7.0; Adobe® Systems, San
Jose, CA). Using CBCT images as a reference, two
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observers jointly analysed the PANs to determine
whether or not the BMCs and RFs were visible.

Statistical analysis
Statistical analysis was performed using SPSS® v. 21.0 for
Windows (IBM Corporation, Armonk, NY). Descriptive
statistics were performed. The level of intra-observer
agreement was assessed for anatomical measurements
using the intraclass correlation coefficient. The x2 test
and the t-test were used to test differences in frequency
and the morphologic characteristic of BMCs between
genders. The one-way ANOVA with a post hoc Tukey’s
multiple comparison test were used to compare the
characteristics of the different types of BMCs. The
analysis of BMCs and RF visibility on PANs was per-
formed using the Mann–Whitney U-test. The effect of
anatomical characteristics of BMCs and RFs on their
visibility on PANs was assessed using binary logistic
regression, adjusting for possible confounding variables.
Differences were considered significant at p, 0.05.

Results

The sample consisted of 225 CBCTs selected out of
a total of 233 CBCTs. Of the excluded examinations,
three CBCTs presented pathology (one patient had
lesions consistent with cherubism, another had multiple
dental inclusions and the third had an unspecific radi-
opaque lesion) and five volumes did not have adequate
quality for diagnosis. The study sample consisted of 135
females (60%) and 90 males (40%), with a mean age of
43.87 years (range, 13.00–79.00 years).

Bifid mandibular canals on cone beam CT
BMCs were observed in 83 out of the 225 CBCTs (44
males and 39 females; 36.8% of the population) and in
103 out of 450 sides (22.8%) using CBCT (Figure 1).
Out of the 83 patients with BMCs, 39 patients (21 males
and 18 females) had unilateral presentation in the right
mandible, 24 patients (12 males and 12 females) had
presentation in the left mandible, whereas 20 patients
(10 males and 10 females) had bilateral presentation.
One BMC was observed in 99 sides. Two canals were
seen in six sides (one side with lingual and dental canals;
one side with lingual and anterior canals; two sides with
two retromolar canals; one side with anterior and ret-
romolar canals; and one side with two dental canals). A
total of 111 BMCs were depicted. The results by the
bifurcation type are shown in Table 1. BMCs were
observed more frequently in males than females, both in
terms of the total number of patients (48.8% vs 28.8%)
and the total number of hemimandibles (30.0% vs 18.1%).
Statistically significant differences regarding gender were
found in the number of BMCs (p5 0.002 for total
patients, and p5 0.006 for hemimandibles; Table 2).

BMCs presented a mean height of 6.3 ± 4.1 mm;
a mean length of 7.1 ± 3.7 mm; a mean diameter of
1.6 ± 0.7 mm; and a mean angle of 30.7 ± 23.3°. None
of the previous characteristics of BMCs showed

statistically significant differences regarding gender.
Table 3 summarizes the data according to the type of
BMCs, no statistical differences were observed in
length, whereas significant statistical differences were
found in the height, diameter and angle of the BMCs.
The height of forward canals was significantly different
as compared with that of retromolar canals (p5 0.000)
and buccolingual canals (p5 0.000). The height of
retromolar canals was significantly different compared

Figure 1 Bifid mandibular canals on cone beam CT: (a) superior
canal on the right mandibular body on panoramic reconstruction,
1.5 mm slice thickness; (b) retromolar canal on left retromolar region on
panoramic reconstruction, 1.5mm slice thickness; (c) forward canal on
sagittal reconstruction; (d) dental canal towards the third molar cervical
region on sagittal reconstruction; and (e) lingual canal on left ramus
towards the lingual cortex on cross-sectional image.

Table 1 The rate of bifid mandibular canal presence

Mandibular
canal

No. of canals
[n (%)]

In all patients
(%)

In all sides
(%)

Forward canal 43 (38.7) 16.8 9.1
Retromolar
canal

40 (36.0) 12.0 8.6

Dental canal 19 (17.1) 7.5 4.0
Buccolingual
canal

6 (5.4) 2.6 1.3

Superior 3 (2.7) 0.8 0.4
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with that of dental canals (p5 0.000). Also, significant
differences were found in the height between dental and
buccolingual canals (p5 0.000) and between buccolin-
gual and superior canals (p5 0.013). Significant dif-
ferences in diameter were noted between the dental and
superior canals (p5 0.035). The angle of forward canals
was significantly different as compared with that of
retromolar and superior canals (p5 0.005 and 0.005,
respectively). The angle of retromolar canals was sig-
nificantly different compared with that of buccolingual
canals (p5 0.036). Also, the angle of buccolingual
canals was significant different compared with that of
superior canals (p5 0.004). The intra-observer agree-
ment was calculated with intraclass correlation co-
efficient and presented values ranging from 0.72 to 0.98
(confidence interval of 95% ranging from 0.50 to 0.99).

Bifid mandibular canals on panoramic radiographs
BMCs were identified in 38 out of the 225 PANs (20
males and 18 females between 15 and 71 years of age;
16.8% of the sample) and 42 out of the 450 sides (9.3%).
17 cases (9 males and 8 females) had unilateral pre-
sentation in the right mandible and 17 cases (9 males
and 8 females) in the left mandible, whereas 4 cases were

bilateral (2 males and 2 females). No multiple canals
were found on any side. A total of 42 BMCs were
found. BMCs were observed more frequently in male
hemimandibles (12.2%) than in female hemimandibles
(7.4%). No statistical difference was noted in the num-
ber of canals with respect to gender (Table 2).

A total of 42 out of the 111 BMCs identified using
CBCTwere visualized on PANs (37.8%) (Figure 2).With
respect to canal type, no statistically significant differ-
ences were observed (p5 0.202). BMCs and mandibular
bone characteristics with respect to visibility on PANs
are shown in Table 4. A significant difference in height
and diameter was observed (p5 0.014 and 0.004, re-
spectively) with respect to the visualized and non-
visualized BMCs groups on PANs. The binary logistic
regression was adjusted for the variables age and gender.
The morphological characteristics of BMCs, age and
gender were included in the model. Age and gender were
not found to be confounding variables. BMCs diameter
was found to be statistically significant and did sig-
nificantly influence the capability of PANs visualization
(B5 0.791; p5 0.035) (Table 5).

Retromolar foramen on cone beam CT
OnCBCT, the RFwas observed in 28 out of the total 225
examinations (15 males and 13 females; 12.4% of the
sample) and 40 out of the 450 sides (8.8%). No statisti-
cally significant differences were found regarding gender.
16 patients had unilateral presentation, and 12 patients
had bilateral presentation. A total of 40 RFs were found.
The mean diameter of RF was 1.6 mm (standard de-
viation, 0.6 mm).

Retromolar foramen on panoramic radiographs
On PANs, the RF was identified in 12 out of the 225
examinations (8 males and 4 females; 5.3% of the
sample) and in 13 out of the 450 sides (2.8%). One pa-
tient showed bilateral RF. Out of the 40 RFs observed
on CBCT, 13 were identified using PANs. This repre-
sents an RF visualization rate on PANs of 32.5%. No
statistical differences in visualization were found by
gender (p5 0.106). A significant difference was ob-
served in RF diameter with respect to visualized and
non-visualized groups (p5 0.02; Table 4). The diameter

Table 2 The prevalence of bifid mandibular canal (BMC) regarding
gender on cone beam CT (CBCT) and panoramic radiographs (PANs)

Type of image

BMC, n (%)

Presence Absence p-value
CBCT
Patients
Female (n5 135) 39a (28.89)b 96 (71.11)
Male (n5 90) 44 (48.89) 46 (51.11) 0.002c

Hemimandibles
Female (n5 270) 49 (18.15) 221 (81.85)
Male (n5 180) 54 (30.00) 126 (70.00) 0.006c

PAN
Patients
Female (n5 135) 19a (14.00)b 116 (85.90)
Male (n5 90) 19 (21.10) 71 (78.80) 0.168

Hemimandibles
Female (n5 270) 20 (7.40) 250 (92.50)
Male (n5 180) 22 (12.22) 158 (87.78) 0.085

aNumber of female patients with BMC.
bPercentage of female patients with BMC in female patients.
cp, 0.05 (x2 test).

Table 3 Height, length, diameter and angle of bifid mandibular canals (BMCs) by gender and type

Distribution groups Height (mm) Length (mm) Diameter (mm) Angle (°)
Total sample 6.3 ± 4.1a 7.1 ± 3.7a 1.6 ± 0.7a 30.7 ± 23.3a

Gender
Male (n5 57) 6.9 ± 4.4 7.3 ± 3.8 1.7 ± 0.6 32.6 ± 21.9
Female (n5 54) 5.6 ± 3.6 6.8 ± 3.6 1.5 ± 0.8 28.9 ± 24.8

Type of BMC
Forward canal (n5 43) 5.0 ± 3.7 7.4 ± 4.1 1.5 ± 0.4 22.0 ± 18.7
Retromolar (n5 40) 8.4 ± 3.4 6.9 ± 2.8 1.6 ± 0.7 39.0 ± 24.6
Dental (n5 19) 3.2 ± 1.7 6.3 ± 4.0 2.0 ± 1.1 35.2 ± 20.5
Buccolingual (n5 6) 12.3 ± 4.6 10.1 ± 3.7 1.5 ± 0.7 12.0 ± 15.1
Superior (n5 3) 4.5 ± 0.7 4.6 ± 1.9 0.7 ± 0.2 66.8 ± 21.5

p5 0.019b p5 0.154 p5 0.000b p5 0.000b

aMean ± standard deviation.
bp, 0.05 (one-factor analysis of variance).
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of RF, age and gender were included in the model. Age
and gender were not found to be confounding variables.
There were statistically significant differences regarding
the diameter of RF. The diameter of RF did signifi-
cantly influence the capability of PANs visualization
(B5 1.900; p5 0.017) (Table 5).

Discussion

To the best of our knowledge, this is the first study to
analyse whether BMC morphologic characteristics

influence their visibility on PANs. The only studies
available describe the presence of BMCs on PANs
without analysing potential influencing factors. Pre-
vious research conducted using various populations
have described BMCs on multislice CT and CBCT,3,7–13

and have reported a wide variation in frequency, rang-
ing from 10%13 to 65%.3 The present study is in line
with Fu et al10 who identified BMCs in 30.6% of
patients and 18.5% of total hemimandibles, and Orhan
et al12 who observed BMCs in 27% of patients. There is
also agreement with Fu et al10 in that BMCs were ob-
served more frequently in males. Nevertheless, other
studies found no such gender differences.3,8,9

With respect to the type of bifurcation, Naitoh et al3,26

and Orhan et al8,12 reported that forward and retromolar
canals were the most frequent BMCs. The present study
found a similar distribution with forward and retromolar
types making up 75% of the total canals. We have used the
BMC classification developed by Naitoh et al3 and added
a previously undescribed canal type called superior canal,
which is different in direction and did not meet the criteria
for classification into any other group. Other studies
using PANs suggest using more classifications.6,27–29

Kuribayashi et al7 reported that the most common
BMC type was dental canal (type II classification of
Nortjé et al6,29), which constituted 85% of their sample.
In addition, Fu et al10 reported that more than half of
their BMCs fell into either the retromolaror dental canal
types (type IV and II classification of Nortjé et al6,29).
Using PANs, Nortjé et al6 reported that forward canals
(type I) were the most frequent.

Previous research on the prevalence of BMCs using
PANs varies widely. To be of assistance in identifying
suspected BMCs, a distinctive radiographic feature has

Figure 2 (a) Dental and forward canal on cone beam CT para-panoramic reconstruction (left and right arrow, respectively). (b) Dental canal could
not be identified on panoramic radiography (arrow).

Table 4 Height, length, diameter and angle of the bifid mandibular
canals (BMCs), width of mandibular bone and diameter of the retromolar
foramen (RF) for the visualized and non-visualized BMCs groups on
panoramic radiographs (mm, °)

Factor related to visualization Range Mean Standard deviation
Height of BMC
Visualization (n5 42) 1.5–19.5 7.4a 4.1
No visualization (n5 69) 0.0–16.5 5.6a 3.9
Length of BMC
Visualization (n5 42) 2.2–16.2 7.4 3.1
No visualization (n5 69) 2.1–20.4 6.9 4.0
Diameter of BMC
Visualization (n5 42) 0.7–4.0 1.8a 0.6
No visualization (n5 69) 0.5–5.5 1.5a 0.7
Angle of BMC
Visualization (n5 42) 0.0–84.0 30.6 24.2
No visualization (n5 69) 0.0–85.0 30.7 22.9
Width of mandibular bone
Visualization (n5 42) 3.7–11.5 7.8 1.6
No visualization (n5 69) 5.2–12.3 8.4 1.5
RF
Visualization (n5 13) 1.0–3.6 2.1a 0.7
No visualization (n5 27) 0.9–2.5 1.4a 0.4
ap, 0.05 (Mann–Whitney U-test).
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been proposed. Auluck et al30 suggested that the pos-
sible presence of BMCs needs to be considered in cases
where cortical outlines of different canals join to form
triangular islands of bone. Naitoh et al31 reported that
the presence of BMCs was suggested on PAN images in
only two of five sides observed on CT images, showing
that the true incidence of BMCs is underestimated by
PAN images. Previously available research reported
cases in which PANs failed to demonstrate bilateral
BMCs despite their bilateral presence on CBCT.32,33

The present study involves a large sample and found
that the rate of visualization of BMCs on PANs as
comparedwith CBCTwas similar to the results reported
by Naitoh et al.31 Kuribayashi et al7 explained that
buccolingual canals can be easily detected on CBCT but
might be missed on PANs. However, in the present
study, the proportion of buccolingual canals was very
low, suggesting that features other than the canal type
must also play a role. The overlap of anatomical
structures may also interfere in the visualization of
neurovascular canals. Owing to the two-dimensional
nature of PANs, the upper airway, soft palate and
uvula, and opposing side and submandibular fossae
may produce ghost shadows and interfere with the vi-
sualization of neurovascular canals. The present study
found a visualization rate of BMCs using PANs as
compared with that using CBCT of 37.8%, which was
similar to the rate previously reported by Naitoh et al.31

Neves et al,34 by contrast, reported a 76% visualization
rate, but, this may be owing to the low number of BMCs
that they detected on CBCT. Bogdán et al35 found
19.6% of BMCs in dry mandibles, but only 0.2% of total
cases were visible on PANs.
With respect to the findings on the diameter of BMCs,

the present study is in line with previous research, which
reported averages of around 1.5 mm (individual cases
ranging from 0.8 to 3.6 mm).7,9,10,15 There is also simi-
larity with previous findings in terms of average RF di-
ameter, which range from 0.99 to 2 mm14,15 (individual
cases ranging from 0.20 to 4.35 mm).15,18 This variation
may be owing to methodological differences; that is,

measurement at the origin of themandibular canal, at the
opening of the RF or at 3 mm below.14,15 We found the
unilateral location to be the most common, which is
similar to previous studies,11,14,18,19 with the exception of
Sagne et al36 who reported bilateral location. Like pre-
vious research, no significant gender differences were
found regarding the presence of RF.14,15,17

The present study found that 32.5% of RFs identified
on CBCT were also visualized on PANs. These results
were somewhat higher than those of von Arx et al14 who
reported a rate of 23%; however, this difference may be
owing to the fact that the location of RF on CBCT was
known at the time of analysing PANs in the present
study. To the best of our knowledge, no further studies
have been conducted on this issue.

Regarding visibility of anatomic landmarks, it has
been suggested that bone trabeculation in the posterior
mandible may affect the visibility of the mandibular ca-
nal. Bone trabeculation is known to influence the pres-
ence of mandibular canal corticalization, thus affecting
its visibility.9 Moreover, the depiction of the mandibular
canal has been related to cancellous bone density on
PANs.37 Several authors have described factors influ-
encing visualization of BMCs on PANs, such as bucco-
lingual canal direction7 and superposition of anatomical
structures.16 In addition, small diameter has been proposed
as an explanation for the lower rate of BMC visualiza-
tion on PANs.14,16 Indeed, we found the diameter to be
a main factor in determining both BMCs and RFs on
PANs.

Surgical procedures involving the mandible need to
consider the clinical implications of BMCs. Considering
that the retromolar region represents a frequent donor
site for harvesting bone blocks, the identification of
retromolar canals should be of primary concern. This is
made clear by the observation of sensory disturbances
associated with this procedure.38 Moreover, injury to
neurovascular content of the retromolar canal during
implant surgery can produce sensory disturbances and
bleeding, which increases the possibility for peri-implant
fibrous tissue formation.24 In addition, the presence of

Table 5 The effect of age, gender and anatomical characteristics of bifid mandibular canals (BMCs) and retromolar foramens (RFs) on their
visibility on panoramic radiographs

Factors related to BMCs B SE p-value Odds ratio

95% confidence interval

Lower Upper
Visibility of BMCs
Age 20.005 0.014 0.747 0.995 0.968 1.024
Gender 20.207 0.450 0.645 0.813 0.336 1.963
Width of mandibular bone 20.221 0.141 0.119 0.802 0.608 1.058
Height of BMC 0.064 0.057 0.187 1.079 0.964 1.207
Length of BMC 20.010 0.068 0.888 0.990 0.867 1.131
Diameter of BMC 0.791 0.374 0.035a 2.205 1.059 4.592
Angle of BMC 0.000 0.011 0.965 1.000 0.978 1.022

Visibility of RFs
Age 0.002 0.026 0.949 1.002 0.951 1.055
Gender 20.233 1.045 0.823 0.792 0.102 6.140
Diameter of RF 1.900 0.799 0.017a 6.685 1.397 31.980

SE, standard error.
ap, 0.05 (binary logistic regression).
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the dental canal has clinical implications for extraction
and endodontic treatment because of the potential for
lateral canals in the root canal.3,39 Anaesthesia failure in
the inferior alveolar nerve may be associated with the
presence of BMCs, especially when there are two
mandibular foramens. Particularly, the suspicion of an
anatomic variation should be taken into account when
anaesthesia appears to have reached the ipsilateral lip
and chin but not the teeth.22 Furthermore, a retro-
molar canal may cause difficulty in the anaesthesia of
the buccal and retromolar mucosa. In conclusion, as
has been observed in this research, we should be
warned that PANs are unable to sufficiently identify
BMCs and RFs and that the diameter of these

anatomical landmarks represents a relevant factor for
visualization. For true determination of BMCs, a
CBCT device should be considered better than PANs.
Further research is necessary to determine other fac-
tors that can influence the visibility of anatomic
structures in PANs.
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