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Observation of Bifid Mandibular Canal Using 
Cone-Beam Computerized Tomography

Munetaka Naitoh, DDS, PhD1/Yuichiro Hiraiwa, DDS2/Hidetoshi Aimiya, DDS2/Eiichiro Ariji, DDS, PhD3

Purpose: Some variations of the mandibular canal (so-called bifid mandibular canal) have been reported
using various radiography techniques; however, the occurrences of bifid mandibular canal were less than
1% according to panoramic radiographic surveys. The purpose of the present investigation was to clarify
the rate and type of bifid mandibular canal in the mandibular ramus region, as observed using cone-
beam computerized tomography (CBCT) images. Materials and Methods: One hundred twenty-two
patients who had undergone preoperative imaging of dental implant treatment using CBCT were
enrolled in the investigation. Two-dimensional (2D) images of various planes in the mandibular ramus
region were reconstructed on a computer using three-dimensional visualization and measurement soft-
ware. The course of the mandibular canal was observed and the length of the bifid canal was mea-
sured. Results: Bifid mandibular canal in the mandibular ramus region was observed in 65% of patients
and 43% of sides. Bifid mandibular canal can be classified into four types: retromolar, dental, forward,
and buccolingual canals. Conclusion: Bifid mandibular canal was observed at a high rate using CBCT.
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The mandibular canal passes through the inferior
mandible from the mandibular foramen to the

mental foramen, involving the inferior alveolar artery
and inferior alveolar nerve.1 The location and config-
uration of the mandibular canal are important in sur-
gical procedures involving the mandible, such as the
extraction of an impacted third molar, dental implant
treatment, and sagittal split ramus osteotomy.

Some variations of the mandibular canal (so-
called bifid mandibular canal) have been reported
using panoramic radiographs, computerized tomog-
raphy (CT), and cone-beam CT (CBCT).2–8 The occur-
rences of bifid mandibular canal have been reported
as 0.08% by Grover and Lorton,3 0.35% by Sancbis et
al,5 0.9% by Nortje et al,2 and 0.95% by Langlais et
al,4 all of whom used panoramic radiographic sur-
veys. Naitoh et al7 reported that the presence of bifid
mandibular canal was suggested on panoramic
images in only two of five sides observed on multi-
slice CT images. Three-dimensional (3D) anatomic
structures are projected onto 2D film in panoramic
radiography. Also, because images in the molar
region overlap on opposite sides of the mandible,
and those in the mandibular ramus region overlap
on opposite sides of the mandible, soft palate, and
pharynx on panoramic radiography, localization of
the mandibular canal may be difficult.

Recently, a new CBCT machine has been equipped
with a flat panel (FP) detector, replacing the incorpo-
ration of the image intensifier system (II system) and
charge-coupled device sensor.9 This FP detector can
directly transform light rays into electric signals, pro-
viding images with less noise than with the II sys-
tem.10 In CBCT images, the clarity of the mandibular
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canal may therefore be improved. The purpose of the
present investigation was to clarify the rate and type
of bifid mandibular canal observed in the mandibu-
lar ramus region using CBCT images.

MATERIALS AND METHODS

Subjects
A total of 160 patients underwent preoperative
imaging for dental implant treatment between April
2007 and December 2007 using CBCT. Seventeen
patients in whom bone blocks were harvested from
the retromolar region were excluded. Also, 21
patients in whom hemilateral or bilateral mandibular
foramen/foramina were not included in the exposure
field were excluded. Therefore, a total of 122 patients
(88 women and 34 men) were enrolled in this investi-
gation. The mean age was 50.8 years (range 17 to 78
years, SD 15.1 years).

CBCT
A CBCT unit (Alphard VEGA; Asahi Roentgen, Kyoto,
Japan) with a FP detector was used. The exposure
volume was set at 102 mm in diameter and 102 mm
in height (I-mode), and the voxel size was 0.2 � 0.2 �
0.2 mm3 (spatial resolution: 2.5 line pairs/mm). The
scan was set at 80 kV and 5 mA, as recommended by
the manufacturer. The occlusal plane of each patient
was set parallel to the floor base using ear rods and a
chinrest. DICOM files of axial images were saved to a
magneto-optical disk.

Observation of the Mandibular Canal
Two oral and maxillofacial radiologists, with experi-
ence of 24 years (MN) and 4 years (HA), reconstructed
and observed the images as follows. Two-dimensional
images of various planes, mainly longitudinal, in the
mandibular ramus region were reconstructed on a
computer (Macintosh G4, Apple Computer, Cupertino,
CA) using 3D visualization and measurement software
(OsiriX, OsiriX Foundation, Geneva, Switzerland).11 On
the display, the center of rotation of longitudinal sec-
tions was initially set at the mandibular foramen in
axial images. Then, longitudinal sections were rotated
horizontally, and the center was moved buccolin-
gually and postanteriorly by degrees. Moreover, when
necessary, longitudinal sections were rotated verti-
cally in cross-sectional images (Fig 1). The density and
contrast of images were adequately adjusted to clarify
the mandibular and bifid mandibular canals. Subse-
quently, the course of the mandibular canal was
observed and the bifid mandibular canal was classi-
fied. Further, the length of the bifid canal was mea-
sured. When a secondary bifurcation of the bifid canal
was observed, the longer secondary canal was
selected for classification and measurement.

Statistical Analysis
Differences in the rate of bifid mandibular canal pres-
ence between men and women were evaluated
using chi-square statistics. Also, differences in length
between types of bifid canals were evaluated using
the Mann-Whitney U test. Differences were consid-
ered significant at P < .05.

Fig 1 Reconstruction of the images of longitudinal sections. To reconstruct useful images using OsiriX software, the center of rotation of
longitudinal sections (C) was set at the mandibular foramen in the axial image (left). Then, longitudinal sections were horizontally rotated,
and the center was moved buccolingually and postanteriorly by degrees. Moreover, when necessary, longitudinal sections (right) were
rotated vertically in cross-sectional images (middle).
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RESULTS

Bifid mandibular canals in the mandibular ramus
region were observed in 79 of the 122 patients (55
women and 24 men; 64.8% of the population) and 105
of 244 sides (43.0%). There was no significant differ-
ence between genders. One bifid canal was observed
in 96 sides, and two canals were seen in nine sides.

One hundred twelve of 114 bifid canals originated
from the superior wall of the mandibular canal, one
originated from the buccal wall, and one originated
from the lingual wall. Thus, the bifid mandibular canal
could be classified into four types: type 1 = retromo-
lar canal; type 2 = dental canal (second and third

molars); type 3 = forward canal with/without conflu-
ence to the main mandibular canal; and type 4 = buc-
colingual canal (Fig 2). The retromolar canal (type 1)
was defined as such when the foramen of the canal
was observed on the bone surface of the retromolar
region. The dental canal (type 2) was classified when
the end of the canal reached to the root apex of the
second or third molar. The other bifid canal (type 3)
arising from the superior wall of the mandibular
canal was defined as the forward canal. The forward
canal was included with/without confluence to the
main mandibular canal. The buccolingual canal (type
4) was defined as a bifid canal arising from the buccal
or lingual wall of the mandibular canal.

Fig 2 Classification of bifid mandibular canals.

Fig 2a Retromolar canal (type 1) in a 69-
year-old man. The retromolar canal, which
bifurcated from the mandibular canal in the
right mandibular ramus region, courses for-
ward at first, reaching the retromolar region
after the crook (white arrowheads).

Fig 2b Dental canal (type 2) in a 53-year-
old woman. The dental canal, which bifur-
cated from the mandibular canal in the
right mandibular ramus region, coursed for-
ward, reaching the root apex of the third
molar (white arrowheads).

Fig 2c Forward canal without confluence
(type 3) in a 72-year-old woman. The for-
ward canal, which bifurcated from the
mandibular canal in the left mandibular
ramus region, coursed forward to the sec-
ond molar region (white arrowheads).

Fig 2d Forward canal with confluence
(type 3) in a 57-year-old man. The forward
canal, which bifurcated from the mandibu-
lar canal in the right mandibular ramus,
coursed anteriorly and then joined up with
the main mandibular canal (white arrow-
heads).

Fig 2e Lingual canal (type 4) in a 59-year-
old man. The lingual canal, which bifur-
cated from the mandibular canal in the
right mandibular ramus, coursed lingually
and then penetrated through the lingual
cortical bone (white arrowhead).

Fig 2f Buccal canal (type 4) in a 51-year-
old woman. The buccal canal, which bifur-
cated from the mandibular canal in the
right mandibular ramus, coursed buccoinfe-
riorly (white arrowhead).
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The results regarding the types of bifurcations are
shown in Tables 1 and 2. In nine sides with two bifid
canals each, types 1 and 2 were observed in one
patient, types 1 and 3 in one patient, types 2 and 3 in
two patients, and types 3 and 3 in five patients. The
retromolar canal was observed in 34 of 114 bifid
mandibular canals (29.8%), dental canal in 10 canals
(8.8%), forward canal in 68 canals (59.6%), and bucco-
lingual canal in two canals (1.8%). The mean length of
bifid canals was 1.48 cm (range: 0.72 to 2.45 cm) in
retromolar canals, 0.89 cm (range: 0.16 to 2.30 cm) in
dental canals, 0.96 cm (range: 0.14 to 2.50 cm) in for-
ward canals, and 0.16 cm (range: 0.15 to 0.17 cm) in
buccolingual canals. Significant differences in length
were noted between the retromolar canal and the
other types and between the forward and buccolin-
gual canals. The dental canal reached to the root
apex of the second molar in two canals and the third
molar in eight canals.

DISCUSSION

The location and configuration of mandibular canal
variations are important in dental implant treatment.
In panoramic image surveys, the occurrence of bifid
mandibular canal presence was reported to range
from 0.08% to 0.95%.2–5 On CBCT images, however,
bifurcation was observed in 65% of patients. There
are obvious limitations in identifying the occurrence
of a bifid mandibular canal via the observation of 2D
panoramic images. Recently, some cases with a bifid

mandibular canal have been identified using CT or
CBCT. Bifid mandibular canal presence might be
observed in detail using CBCT. CBCT has some major
advantages regarding image quality compared to CT.
The voxel size is small (0.2 � 0.2 � 0.2 mm3), and in
CT the slice thickness is thicker (0.5 to 1.0 mm). Also,
radial metal artifacts, which are often observed at the
level of the occlusal plane in CT, greatly hamper
observation of the bifid mandibular canal in the
mandibular ramus. In the present study, the exposure
volume (field of view) was selected as 102 mm in
diameter and 102 mm in height to include the desig-
nated implant site and anterior region of the man-
dibular ramus for harvesting bone blocks. Iwai et al12

reported that the effective dose of the same exposure
volume in Alphard units was 0.13 mSv using the 2005
International Commission on Radiological Protection
(ICRP) tissue-weighting factors. Ludlow et al13

reported that the effective dose using the 2007 ICRP
recommendations for CBCT exposure was 3 to 28
times higher than the average dose for a panoramic
radiograph. Also, the effective doses of CT for each
jaw were recommended to be less than 0.5 mSv using
the 1990 ICRP recommendations.14 MacDonald-
Jankowski and Orpe15,16 reported that a higher spa-
tial resolution and lower radiation dose could be
achieved using a smaller exposure volume. An ade-
quate exposure volume has to be selected according
to the purpose of imaging diagnosis.

The bifid mandibular canal was classified into four
types using CBCT images and previous radiographic
and anatomic studies.2,4,16 The classification of bifid
canals, especially retromolar (type 1) and dental
(type 2), may be clinically important. Within the retro-
molar canal, the artery branched from the inferior
alveolar artery, and nerves derived from the inferior
alveolar nerve trunk were observed.17,18 Kodera and
Hashimoto18 reported that the retromolar nerve
branched off to the buccal mucosa and the buccal
gingiva of the mandibular premolar and molar
regions in a Japanese cadaver. Recently, the retromo-
lar region was used as a donor site for harvesting
bone blocks.19–21 To safely harvest bone blocks from
the retromolar region, preoperative imaging using
CBCT may be needed. Also, the identification of den-
tal canal presence may be important in extraction
and root canal treatment of teeth.

The rate of occurrence in the retromolar foramina/
canal ranged from 12% to 33% of mandibles on
macroscopic observation in previous reports.18,22,23 In
CBCT images, a retromolar canal (type 1) was
observed in 25.4% of patients and 13.5% of sides.
The occurrence rate in CBCT images was similar to
that seen in dry mandibles. The internal diameter of
the retromolar foramen was reported to range from

Table 1 Rate of Bifid Mandibular Canal Presence

Classification In all patients (%) In all sides (%)

1: Retromolar canal 25.4 13.5
2: Dental canal 7.4 4.1 
3: Forward canal 44.3 27.9
4: Buccolingual canal 1.6 0.8

Table 2 Rate of Different Types of Bifid 
Mandibular Canal in 114 Bifid Canals

Classification No. of canals Rate (%) 

1: Retromolar canal 24 29.8
2: Dental canal 10 8.8

Third molar 8 7.0 
Second molar 2 1.8

3: Forward canal 68 59.6
With confluence 5 4.5
Without confluence 63 55.3 

4: Buccolingual canal 2 1.8
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0.2 mm to more than 1.0 mm.18 In CBCT images, the
mean length of retromolar canals was 1.6 cm, and
the retromolar canal in many cases coursed forward
from the bifurcated point at first, and then coursed
posteriorly and superiorly after the crook, reaching
the retromolar region. A forward canal of more than
2.0 cm, which was observed in eight canals, reaches
near to the second molar region. A forward canal
confluent with the main mandibular canal (type 3),
which was observed in 7% of forward canals, was
considered similar to the type reported using
panoramic images by Langlais et al.4

Further studies are needed to characterize the
mental foramen, mandibular incisive canal, genial
spinal bony canal, and mylohyoid sulcus in detail
using CBCT images.

CONCLUSION

Bifid mandibular canal presence was observed at a
high rate (65% of patients) using CBCT, and the retro-
molar canal was observed in 25% of patients.
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