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Objective: This study aimed to investigate the incidence of bifid mandibular canals (BMCs) 
using high-resolution MRI with a three-dimensional volumetric interpolated breath-hold 
examination sequence (3D-VIBE) through the neurovascular bundle (NVB).
Methods: In this retrospective study, we extracted 154 datasets from our archive of patients 
who underwent MRI examination with a 3D-VIBE sequence for mandible lesions from 
January 2015 to April 2016. The right and the left mandibles were treated independently with 
59 cases excluded due to NVB morphology or artifacts, yielding 249 hemi-mandible cases clas-
sified among three subtypes: Type 0 with no BMC, Type one with one NVB and two NVBs on 
route to it, and Type two with two NVBs. We also investigated the incidence of nutrient canals 
(NCs) using MRI. Finally, we determined whether each BMC case could also be identified via 
panoramic radiography (PR) or CT.
Results: Of the 249 cases examined, 6.4% were found to have BMC (Types 1 and 2). Subtypes 
were classified as follows: 233 as Type 0 (93.6%), 11 as Type 1 (4.4%), and 5 as Type 2 (2.0%). 
The NC was identified on MRI in a majority of cases. No BMCs were identified using PR or 
CT except for one, which was identified by CT.
conclusion: The incidence rate of BMC per MRI was 6.4% in this study. NCs, including the 
retromolar canal, had an incidence rate of 58.4-97.6%. Further, BMCs were not verified by PR 
or CT, indicating that MRI should be used to assess BMCs
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introduction

The bifid mandibular canal (BMC) is a normal 
anatomic variation of  the mandible that is rarely 
detected by dental clinicians. It is important for clini-
cians to be aware of  its existence because amputation 
of  the BMC might cause unexpected bleeding and 
neurosensory disturbances. It occurs at a rate of  0.08 
to 8.3% per panoramic radiography (PR) studies1–4 or 
10 to 65% per cone-beam CT for dental use (CBCT).3–7 
Based on these studies, CBCT appears to reveal BMCs 

more frequently than does PR. This may be because 
CBCT delivers three-dimensional thin-slice sections 
that enable identification of  the BMC while PR 
provides only two-dimensional and one plane tomo-
graphic images that allow for less detection of  the 
BMC. Furthermore, PR-based imaging may result 
in confusing the mylohyoid groove or mylohyoid 
nerve with the BMC.3,4,7 The canal can be found on 
CT or CBCT image by identification of  the cortical 
bone structures itself  or by the absence of  cancellous 
bone structures in a corresponding location on the 
mandible; however, this might limit the detection of 
the BMC, which can appear similar to the mandib-
ular canal (MC) on CT or CBCT.8,9 Recently, it was 
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reported that the neurovascular bundle (NVB) within 
the MC may be clearly visualized by MRI10 even in 
cases where CT imaging did not allow for its identifi-
cation.11 To the best of  our knowledge, no studies have 
investigated the identification of  BMC using MRI, 
although some studies have reported on the visibility 
of  the MC by 3T MRI, including three-dimensional 
volumetric interpolated breath-hold examination 
sequence (3D-VIBE). However, the number of  cases in 
these studies was insufficient to evaluate the visibility 
of  BMC. Hence, the present study sought to inves-
tigate the BMC incidence rate as identified by high 
resolution MRI with a 3D-VIBE through the neuro-
vascular bundle (NVB). This sequence allows acquisi-
tion of  images with small, isotropic voxels that enable 
3D visualization of  the NVB and has been employed 
in several studies.10–13

Methods and Materials

Patients
To investigate the incidence of BMC in MR images, 
we extracted 154 datasets from the Tokyo Medical and 
Dental University imaging archive for patients who 
underwent MRI with 3D-VIBE for mandible lesions 
between January 2015 and April 2016.11 The ages of 
these patients (81 males and 73 females) ranged from 
11 to 90 years (mean: 58 years). The right and the left 
mandibles were treated independently and 59 of the 
total 308 cases were excluded due to the NVB passing 
through a lesion or the NVB being poorly imaged due to 

metallic or motion artifacts. A final 249 hemi-mandibles 
were enrolled in the present study.

This study was approved by the institutional review 
board of Tokyo Medical and Dental University (No. 
D2015-530-01) and the need to obtain informed patient 
consent was waived due to its retrospective design.

MRI examination
MR images were obtained using a Magnetom Spectra 
3T MRI scanner (Siemens Healthcare, Forchheim, 
Germany) with 16-channel head and neck array coil. 
3D-VIBE sequence scanning was performed as part of 
the patients’ routine clinical care, with parameter settings 
as follows: repetition time/echo time of 113.7/3.9 msec., 
a flip angle of 20 degrees, a field of view of 150 × 150 
mm, a matrix size of 192 × 192, a slab thickness of 96 
mm and 120 slices providing a spatial resolution of 0.78 
× 0.78 × 0.78, and a scan time of 3.35 mins. All exam-
inations were performed after intravenous administra-
tion of gadodiamide hydrate (1.0 mmol kg–1).

Evaluation of the images
The incidence of BMC on the 3D-VIBE images was deter-
mined independently by two radiologists on a  Syngo. via 
workstation (VB20A; Siemens, Munich, Germany) with a 
24.1-inch light-emitting diode monitor (EIZO; Ishikawa, 
Japan) in a dim room. The radiologists observed the 
images by freely adjusting sectional planes and window 
settings on the workstation as needed. BMCs were deter-
mined based on the appearance of a double canal with 
two NVBs running parallel on a sagittal image. The 

Figure 1 Three classifications for bifid mandibular canals. Sagittal images were obtained using MRI with three-dimensional volumetric inter-
polated breath-hold examination sequence. (a) The left mandible of a 48-year-old female. The image depicts a single mandibular canal, which 
was classified as Type 0. Several nutrient canals are also observed in this section (arrowheads). (b) The left mandible of a 54-year-old female 
(case number eight in Table 3). Two neuro-vascular bundles (NVB) are divided by the course of one NVB. This was classified as Type 1. The 
inferior NVB was interrupted around the molar apex (indicated by an arrow) because it meandered out of the section. (c) The left mandible of an 
87-year-old female (case number 13 in Table 3). Two NVBs (arrows) are entering the mandible and running in parallel. This was classified as Type 
2. In this case, the two NVBs merged. The retromolar canal is also seen in this section (arrowhead).

table 1 The bifid mandibular canal (BMC) classification based on MRI

BMC classification Type 0 Type 1 Type 2 Total

Number (%) 233 (93.6) 11 (4.4) 5 (2.0) 249 (100)
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objects were observed and classified as one of three types: 
Type 0 as a single NVB (an ordinary MC), Type one as a 
BMC which originated from one NVB at the mandibular 
foramen and split into two NVBs along its course, and 
Type two as a BMC originating from two divided NVBs 
at the mandibular foramen and running in parallel. Repre-
sentative MR images are in Figure 1. Thereafter, we inves-
tigated the incidence of the nutrient canal (NC), defined 
as the branch arising from the main canal visible on the 
sagittal image. Once identified, the course of each NC was 
followed and the NC count was recorded at each destina-
tion site, which was divided into the teeth and the inter-
proximal area from the canines to the retromolar areas.

We also cross-checked whether each BMC that was 
identified by MRI could also be found either on PR- 
or CT-archived images. The PR was obtained by Vera-
viewepocs® (Morita corp., Kyoto, Japan), operated with 
a tube voltage of 76–80 kV, a tube current of 6–10 mA, 
and an examination time of 7.7 sec. The latent image 
was captured with a 10 × 12 inch imaging plate and visu-
alized with a Fuji Computed Radiography system (both 
FUJIFILM Medical Co., Ltd, Tokyo, Japan). The CT 
was performed with a Somatom Sensation 64 scanner 
(Siemens, Munich, Germany), operated with a tube 
voltage of 120 kV, an effective tube current of 140 mA 
or a quality effective current of 190 mA, a collimation 
of 64 × 0.6 mm, and a pitch of 0.6. For patients younger 
than 12 years of age, reduced-quality effective tube 

currents of 45–70 reference mA were applied. Sectional 
images were used and reconstructed with a bone kernel 
with a 0.6 mm slice thickness and 0.3 mm slice incre-
ment. When BMC were not identified by CT, we utilized 
a fusion volumetric image of MRI and CT, which was 
created on  Syngo. via workstation as described previ-
ously.11 A “red” lookup table for MRI was selected on 
the fusion image, which turned high signal intensities to 
a bright red color.

These observations were repeated separately two 
times and with 3-week intervals. Any disagreement 
between the two radiologists was resolved by discussion 
and a consensus was reached.

Statistical analyses
Intra- and inter observer reliability was evaluated via 
intraclass correlation coefficients (ICCs). IBM SPSS 
Statistics software version 20.0 (IBM Corp., Armonk, 
NC) was used.

Results

We first assessed whether the BMC could be identified 
in the MRI images of 249 hemi-mandibles and classi-
fied those identified into three types. Intra observer reli-
abilities for the two radiologists were 0.883 and 0.927, 
and inter observer reliability was 0.869, values which 

table 2 Nutrient canal identification rates per MRI

Area 3 3/4 4 4/5 5 5/6 6 6/7 7 Retromolar

Number 219 204 236 212 244 191 237 146 227 208

% of the total cases 88.0 81.9 94.8 85.1 98.0 76.7 95.2 58.6 91.2 83.5

The 3, 4, 5, 6, and seven indicate the canine, first premolar, second premolar, first molar, and second molar, respectively.
The 3/4 indicates the area between the canine and the firsit premolar area. 4/5, 5/6, and 6/7 are similar to 3/4.

table 3 The bifid mandibular canal (BMC) cases identified on MRI

Case No. BMC type Sex Age (years) Side Pranoramic radiography CT

1 1 Male 37 Right Type 0 Type 0

2 1 Male 50 Left Type 0 Type 0

3 1 Male 29 Left Type 0 Type 0

4 1 Female 85 Left Type 0 Type 0

5 1 Female 35 Left Type 0 Type 0

6 1 Female 57 Left Type 0 NA

7 1 Female 38 Right Type 0 Type 0

8 1 Female 54 Left Type 0 NA

9 1 Female 36 Right Type 0 Type 0

10 1 Male 73 Left Type 0 Type 0

11 1 Female 19 Left Type 0 NA

12 2 Male 40 Right Type 0 Type 2

13 2 Male 58 Right Type 0 Type 0

14 2 Female 87 Left MC was not identified Type 0

15 2 Female 59 Left Type 0 Type 0

16 2 Female 12 Right MC was not identified Type 0

NA, indicates not available;
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indicated almost perfect agreement,14 indicating their 
reliability and reproducibility. These results are shown 
in Table 1. Type 0 was used to designate ordinary canals, 
while BMCs were classified as either to Type one or 2. 
The incidence of BMC by MRI was the summation of 
Types 1 and 2, found here to be 6.4%.

The incidence rate of NCs on MRI are summarized 
in Table 2. NCs were found in 58.4 to 97.6% of cases and 
their identification was dependent on the area between 

the canine teeth and the retromolar area. Intra observer 
reliabilities were 0.758 and 0.809 and inter observer reli-
ability was 0.831 for this measure, all indicating good 
levels of agreement.14

We finally assessed whether the BMC cases iden-
tified by MRI could be identified either by PR or CT 
(Table 3). There were 16 BMC cases identified by MRI 
and while PR did not identify BMC in any of these, CT 
did in only one of the 13 cases assessed (three cases from 

Figure 2 A Type two bifid mandibular canal (BMC) case that was identified using both MRI (a) and CT (b) in a 40-year-old male (case number 
12 in Table 3). It is somewhat difficult to indicate the inferior of bifid mandibular canal on CT because of its thin cortical wall, although its bifur-
cation (arrow) is clearly visible. However, a MRI/CT fusion image (c) reveals the BMC and its surrounding structures. A panoramic radiograph 
(d) did not reveal the BMC. Note that there is only a single mandibular foramen despite two neuro-vascular bundles. (a), (b), and (c) were taken 
in the same sectional plane.

Figure 3 A Type two bifid mandibular canal case. An MRI/CT fusion image reveals the right mandible of a 58-year-old male (case number 13 in 
Table 3), which clearly indicates a Type two morphology in the sagittal plane (a). However, a single mandibular foramen is indicated by axial (b) 
and coronal (c) images. Arrows indicate neuro-vascular bundles.
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the full cohort did not have CT data). Representative 
cases are presented in Figures 2 and 3.

Discussion

In this study, we aimed to investigate BMC incidence 
using MRI and successfully classified 249 hemi-man-
dibles into three types on the basis of  the presence 
of  BMC and the number of  NVBs. Although there 
have been many studies on BMC, these have primarily 
used PR or CT imaging modalities. Additionally, in 
comparing PR and CT, PR-based findings do not 
necessarily align with those derived from CT and the 
accuracy of  PR seems to be poor.4,6–8,15 Hence, CT is 
recommended for the examination of  BMC. However, 
MC identification using CT image relies on bone 
texture findings, a potential methodological weak 
point.8,9 High resolution MR images can reveal the 
NVB within the MC, as recent advances in MRI tech-
nologies have decreased voxel sizes to 0.78 mm (length 
× width × height cube).10,11 Hence, a potential strength 
MRI is its superior resolving power, which improves 
the ability of  this modality to identify BMCs and 
their branches at a high rate, as shown in the present  
study.

In our assessment of  249 hemi-mandibles, we 
yielded a BMC rate of  6.8%. As multiple BMC clas-
sifications exist and vary across the literature, espe-
cially with regard to inclusion of  the retromolar 
canal, comparing our results to those of  previous 
reports is somewhat challenging. We contend here 
that the retromolar canal is an important structure 
because its disturbance can cause unexpected bleeding 
and/or nerve palsies after procedures such as tooth 
extractions or orthodontic osteotomies. Addition-
ally, the MC and its many branches have a critical 
role in providing blood flow and sensory innervation 
to the alveolar bone and teeth. In the present study, 
we identified the NC in the retromolar area in 83.2% 
of  the cases assessed, a rate that supersedes all others 
we found in the existing clinical literature1,3–7 and is 
similar to that identified in a postmortem study.16 In 
addition, we identified NCs in other areas at a rate as 
high as that in the retromolar area (Table 2), although 
this rate was relatively low (58.4%) in 6/7 cases. We 
consider that the low value in the 6/7 cases may be 
attributed to the narrow intertooth area. Therefore, 
we contest that the retromolar canal is not irregular, 
but rather always exists in the mandible and should 
be treated as an NC. Given this, we extracted rates 
from past studies and determined that the incidences 
of  the BMC (without counting the retromolar canal) 
reported previously were 0.78% (28/3612),1 1.2% 
(60/50000),3 0.35% (7/2012),4 and 0.7% (2/301).5 The 
rate that we report here (6.4%) is considerably higher 
than these, which would be expected as NVB identifi-
cation by MRI would be superior to canal identifica-
tion by PR or CT. However, past studies have reported 

bilateral BMCs, but we did not encounter any such 
cases here. This may be due to our limited sample 
size or to the exclusion criterion used in the present 
study that the NVB must not pass through a lesion  
site.

We further defined Type 2 BMCs as having two 
mandibular foramens in the present study. However, 
MRI/CT fusion images revealed that all five Type 
two cases assessed here had only a single mandib-
ular foramen and two separate NVBs, which entered 
into the mandible from the foramen as shown in 
Figures 2 and 3. Choi et al reported that the incidence 
of  two mandibular foramens was 1.35%.17 Given 
this, the probability of  our encountering such a case 
would be one in every 74 cases. Despite our sample 
size being sufficient to reveal several of  these cases, 
we did not observe them. We attribute this to our 
relatively small sample size and the fact that we were 
unable to clarify the number of  mandible foramens 
using MR imaging alone-CT imaging is required to  
confirm these.

In the present study, we identified 16 BMC cases, 
although most could not be identified by CT alone 
(Table 3). Although the incidence rate was as low as 
6.4%, these data suggest that dental clinicians should 
remain vigilant and conduct MR imaging prior to 
performing surgeries such as osteotomies. Advances 
in imaging technology have enabled both clinicians 
and researchers to obtain more information about 
small, detailed structures in the oral and maxillofa-
cial regions. However, the clinical significance of  these 
advances has not been studied sufficiently and it is 
thus critical that future studies seek to evaluate how 
the information obtained from these images should be 
put to use in practical settings. To reveal the poten-
tial clinical significance, more BMC cases with lesions 
should be evaluated in future studies with regard 
to the surgical and pathological findings and prog-
nosis. The use of  MRI for identifying BMCs may be 
limited by the restricted availability of  MRI in clinical 
settings. Further, MRI has the potential to provide 
more precise images in future, but the images in the 
current study seemed to be of  sufficient quality for 
detecting BMCs.

conclusion

In the present study, the incidence rate of BMC by MRI 
was investigated and found to be 6.4%. NCs were also 
studied and their incidence was found to be between 
58.4 and 97.6%, depending on the distribution of the 
individual’s teeth and/or their interproximal area. Most 
BMCs were not verified by further PR or CT imaging, 
indicating that MRI should be used to accurately image 
the BMC. We believe that the results of our study will be 
useful in the field of dentomaxillofacial surgery.
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