
Introduction

The location and the configuration of the mandibular
canal are important in surgical procedures involving the
mandible, such as the extraction of the impacted third
molar, dental implant treatment, and sagittal split ramus
osteotomy.1 Anatomical variations of the mandibular canal,
such as the bifid or trifid mandibular canal, have been re-
ported using panoramic radiography,2-9 computed tomog-

raphy (CT),10-12 and cone-beam CT (CBCT).1,13-20 Radiol-
ogical studies using panoramic radiography showed lower
incidence rates than those using CT and CBCT. Localiza-
tion of the mandibular canal might be difficult on the pano-
ramic radiograph, because the mandibular ramus region
would overlap with the opposite side of the mandible, soft
palate, and pharynx on the images.1 CT and CBCT are
superior to panoramic radiography in displaying the man-
dibular canal and their variations because these imaging
modalities provide high-resolution, three-dimensional
images.15,17 The bifid mandibular canals were found in
0.08%-0.95% of the cases when evaluating panoramic
radiographs,2,8 and 10.2%-65% of the cases when using
CBCT images.1,15,20

Several researchers1-4 classified the bifid mandibular
canals according to their anatomic location and configura-
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ABSTRACT 

Purpose: To investigate the prevalence of bifid and trifid mandibular canals using cone-beam computed tomogra-
phy (CBCT) images, and to measure their length, diameter, and angle.
Materials and Methods: CBCT images of 500 patients, involving 755 hemi-mandibles, were used for this study.
The presence and type of bifid mandibular canal was evaluated according to a modified classification of Naitoh et
al. Prevalence rates were determined according to age group, gender, and type. Further, their diameter, length, and
angles were measured using PACSPLUS Viewer and ImageJ 1.46r. Statistical analysis with chi-squared and
analysis of variance (ANOVA) tests was performed.
Results: Bifid and trifid mandibular canals were found in 22.6% of the 500 patients and 16.2% of the 755 sides.
There was no significant difference between genders and among age groups. The retromolar canal type accounted
for 71.3% of the identified canals; the dental canal type, 18.8%; the forward canal type, 4.1%; and the trifid canal
type, 5.8%. Interestingly, seven cases of the trifid canal type, which has been rarely reported, were observed. The
mean diameter of the bifid and trifid mandibular canals was 2.2 mm and that of the main mandibular canal was 4.3
mm. Their mean length was 16.9 mm; the mean superior angle was 149.2�, and the mean inferior angle was 37.7�.
Conclusion: Bifid and trifid mandibular canals in the Korean population were observed at a relatively high rate
through a CBCT evaluation, and the most common type was the retromolar canal. CBCT is suggested for a detailed
evaluation of bifid and trifid mandibular canals before mandibular surgery. (Imaging Sci Dent 2014; 44: 229-36)
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tion by using panoramic radiographs and CBCT images.
Some of them2-4 classified these canals using panoramic
radiographs, and Naitoh et al1 classified them into four
main patterns - retromolar type, dental type, forward type,
and buccolingual type - by using CBCT imaging. They did
not include the trifid canal type, but a few cases of trifid
mandibular canals have been reported.6,18 In addition, the
length,1,16,19,20 diameter,1,17,19,20 and angle16 of the bifid
mandibular canals measured according to type were report-
ed.

The objectives of the present study were to investigate
the prevalence of bifid and trifid mandibular canals throu-
gh an analysis of CBCT images, and to measure their leng-
th, diameter, and angle.

Materials and Methods

CBCT images of 500 patients (755 hemi-mandibles) who
visited Dankook University Dental Hospital between Jan-
uary 2012 and May 2012 for the extraction of the impacted
mandibular third molar were used for this study. They were
taken with an Alphard VEGA CBCT scanner (Asahi Ro-
entgen Ind. Co., Ltd., Kyoto, Japan). The exposure volume
was set at a diameter of 102 mm and height of 102 mm (I
mode; voxel size: 0.2 mm), or at a diameter of 51 mm and
height of 51 mm (D mode; voxel size: 0.1 mm). I-mode
CBCT images were taken at the exposure parameters of
80 kV, 7 mA, and 17 s, and D-mode images were taken at
the exposure parameters of 80 kV, 8 mA, and 17 s.

Evaluation of bifid mandibular canal at the posterior
mandible using CBCT images

The bifid mandibular canal was classified into five types
by anatomic location and configuration as described below.

One group of the trifid canal type was added to the classi-
fication of Naitoh et al.1

Type 1 (Retromolar canal type): The retromolar canal,
which bifurcates from the mandibular canal in the mandi-
bular ramus region, courses forward at first, reaching the
retromolar region after the crook (Fig. 1).

Type 2 (Dental canal type): The dental canal, which bifur-
cates from the mandibular canal in the mandibular ramus
region, courses forward, reaching the root of the molar
(Fig. 2).

Type 3 (Forward canal type): A. Forward canal without
confluence: The forward canal, which bifurcates from the
mandibular canal in the mandibular ramus region, courses
forward to the second molar region (Fig. 3A). B. Forward
canal with confluence: The forward canal, which bifurcates
from the mandibular canal in the mandibular ramus, cours-
es anteriorly and then, joins the main mandibular canal
(Fig. 3B).
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Fig. 1. Cone-beam computed tomo-
graphy (CBCT) image shows canal
type 1 (retromolar canal type). 

Fig. 2. CBCT image shows canal type 2 (dental canal type). 



Type 4 (Buccolingual canal type): A. Lingual canal: The
lingual canal, which bifurcats from the mandibular canal
in the mandibular ramus, courses lingually and then pene-
trates through the lingual cortical bone. B. Buccal canal:
The buccal canal, which bifurcates from the mandibular
canal in the mandibular ramus, courses bucco-inferiorly.

Type 5 (Trifid canal type): A. Two accessory canals of
the retromolar canal type (Fig. 4). B. Two accessory canals
of one retromolar and one dental canal type (Fig. 5). C. Two
accessory canals of the dental canal type (Fig. 6). D. Two
accessory canals of one dental and one forward canal type
(Fig. 7). E. Two accessory canals of the retromolar canal
type with two mandibular foramina (Fig. 8).

The presence and the type of bifid mandibular canal were
evaluated at the left and right posterior mandibles by the
consensus of three oral and maxillofacial radiologists. The

images were evaluated on a high-resolution, 5-megapixel
mono-display monitor (IF2105M, Wide Corp., Yongin,
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Fig. 3. CBCT images show canal type 3 (forward canal type A without confluence, B with confluence). 

A B

Fig. 4. CBCT image shows canal type 5A (trifid canal type: two
accessory canals of the retromolar canal type).

Fig. 5. CBCT images show canal type 5B (trifid canal type: two
accessory canals of one retromolar (A) and one dental canal (B)
type).

A

B



Korea). The prevalence rate was calculated according to
age group, gender, and type.

Measurement of diameter, length, and angles 

The diameter of the main mandibular canal was measur-
ed immediately after bifurcation on the cross-sectional
image and that of the bifid mandibular canal at the widest
portion of the bifid canal. They were measured using PACS

Plus Viewer (Medical Standard Co., Ltd., Seoul, Korea). 
The length of the bifid mandibular canal was measured

from the bifurcated point to the end point that is observable
on panoramic reconstructed images using the ImageJ 1.46r
program (Wayne Rasband, NIH, USA), which allows the
observer to measure the curved structure.

The superior and inferior angles of the bifid mandibular
canal were measured on panoramic reconstructed images
using the ImageJ 1.46r program. The superior angle was
measured between the main canal and the superior wall of
the bifid canal and the inferior angle between the main
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Table 1. Prevalence of bifid mandibular canal (%) 

Patients Sides 

Presence 113 (22.6) 122 (16.2)
Absence 387 (77.4) 633 (83.8)

Total 500 (100) 755 (100)

Table 2. Prevalence of bifid mandibular canal according to age group (%) 

Age (years) 0-9 10-19 20-29 30-39 40-49 50++

Presence (N==113) 0 18 (26.8) 59 (23.5) 18 (17.1) 15 (28.8) 3 (12.0)
Absence (N==387) 0 49 (73.2) 192 (76.5) 87 (82.9) 37 (71.2) 22 (88.0)

Total 0 67 (100) 251 (100) 105 (100) 52 (100) 25 (100)

Fig. 6. CBCT image shows canal type 5C (trifid canal type: two
accessory canals of the dental canal type).

Fig. 8. CBCT images show canal type 5E (trifid canal type: two
accessory canals of the retromolar canal type (A-C) with two man-
dibular foramina (D)).

Fig. 7. CBCT image shows canal type 5D (trifid canal type: two
accessory canals of one dental and one forward canal type).

A B

C D



canal and the inferior wall of the bifid canal.

Statistical analysis

Differences in the prevalence rate of the bifid mandibu-
lar canal according to age group, gender, and type were
evaluated using the chi-squared and analysis of variance
(ANOVA) tests. Differences in diameters, lengths, and
the angles among types were assessed using the ANOVA
test by means of IBM SPSS Statistics version 19 (IBM
Corp., Somers, NY, USA).

Results

Prevalence of bifid mandibular canal according to 
the patients’ age group, gender, and type

Bifid mandibular canals were found in 22.6% of the 500
patients and 16.2% of the 755 sides (Table 1). There was
no significant difference at the prevalence between genders
and among age groups (Tables 2 and 3). The retromolar
canal type was the most common (71.3%), followed by the

dental canal type (18.8%), the trifid type (5.8%), and the
forward type (4.1%) (Table 4).

Measurement of diameter, length, and angles 

Table 5 shows the mean diameters of the bifid mandibu-
lar canal and the main mandibular canal according to the
abovementioned classification. The mean diameter of the
bifid mandibular canal was 2.2 mm and that of the main
mandibular canal was 4.3 mm. There was no statistically
significant difference among each type.

The mean lengths of the bifid mandibular canal accord-
ing to type are listed in Table 6. The mean length of the
bifid mandibular canal was 16.9 mm. There was a statisti-
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Table 3. Prevalence of bifid mandibular canal according to gender
(%)

Male Female

Presence (N==113) 61 (21.0) 52 (24.7)
Absence (N==387) 229 (79.0) 158 (75.3)

Total 290 (100) 210 (100)

Table 4. Classification of bifid mandibular canal (%)

Classification No of sides showing bifid canal Total

Type 1(Retromolar canal type) 87 87 (71.3)
Type 2 (Dental canal type) 23 23 (18.8)
Type 3 (Forward canal type) A 1

5 (4.1)
B 4

Type 4 (Buccolingual canal type) 0 0 (0)
Type 5 (Trifid canal type) A 2

B 1
C 1 7 (5.8)
D 2
E 1

Total 122 122 (100)

Table 5. Measurement of diameter of bifid mandibular canal according to type (mm; Mean±SD)

Classification
Bifid canal Main canal

Diameter Total Diameter Total

Type 1 (Retromolar canal type) 2.2±0.5 2.2±0.5 4.4±0.8 4.4±0.8
Type 2 (Dental canal type) 2.1±0.4 2.1±0.4 4.2±0.8 4.2±0.8
Type 3 (Forward canal type) A 2.1±0.0

1.9±0.3
5.5±0.0

4.3±1.4
B 1.8±0.4 4.0±1.4

Type 4 (Buccolingual canal type) 0 0 0 0
Type 5 (Trifid canal type) A 2.3±0.5 4.7±0.5

B 2.3±0.5 4.8±0.1
C 1.7±0.1 2.0±0.4 3.1±0.0 4.4±0.7
D 1.9±0.3 4.4±0.9
E 2.1±0.6 4.8±0.0

Total 2.2±0.5 2.2±0.5 4.3±0.8 4.3±0.8



cally significant difference between the dental canal type
and the trifid canal type.

The mean angles of the bifid mandibular canal accord-
ing to type are listed in Table 7. The mean superior angle
of the bifid mandibular canal was 149.2�, and the mean
inferior angle of the bifid mandibular canal was 37.7�.
There was no statistically significant difference among the
superior angles of each type. In the case of the inferior
angle, there was a statistically significant difference bet-
ween the retromolar canal and the dental canal types, and
between the retromolar canal and the trifid canal types.

Discussion

The bifid mandibular canal was found in 22.6% of the
500 patients, and the retromolar canal type was observed
to be the most common. When the prevalence rate was
compared according to age and gender, there was no signi-
ficant difference between genders and among age groups.

The bifid and trifid variations of the mandibular canal have
been reported using different imaging modalities. Studies
using panoramic radiographs have demonstrated the pre-
valence of the bifid mandibular canal at low rates ranging
from 0.08% to 0.95%.2,8 However, those using CT and
CBCT images have reported incidence rates of the bifid
mandibular canal ranging from 10.2% to 65%.1,15,17,19,20

Since CT and CBCT can provide high-resolution three-di-
mensional images, it can detect accessory canals with a nar-
row diameter and those that bifurcate in any direction. CT or
CBCT is considered a suitable modality for a detailed eval-
uation of the presence of bifid mandibular canals.11,15,20,21

Wide variations of the prevalence rate were reported in dif-
ferent countries - 46.5% in Turkey,16 19% in Belgium,17

30.6% in Taiwan,19 and 15.6%-65% in Japan.1,15 The pre-
valence rate of 10.2% in the Korean population as report-
ed by Kang et al20 was lower than the 22.6% found for the
Korean population in this study. They demonstrated that
the retromolar canal type was the most common and the
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Table 7. Measurement of angle of bifid mandibular canal according to type (degree; Mean±SD)

Classification
Superior angle Inferior angle

Angle Total Angle Total

Type 1 (Retromolar canal type) 145.4±25.4 145.4±25.4 44.1±26.1 44.1±26.1*,†

Type 2 (Dental canal type) 156.6±12.0 156.6±12.0 24.6±11.7 24.6±11.7*
Type 3 (Forward canal type) A 158.9±0.0

164.9±4.3
17.7±0.0

18.1±4.7
B 166.4±3.0 18.2±5.4

Type 4 (Bucco-lingual canal type) 0 0 0 0
Type 5 (Trifid canal type) A 166.4±3.0 22.5±9.6

B 160.1±0.0 23.3±0.0
C 154.5±13.4 158.5±7.7 34.0±22.1 25.2±10.1†

D 158.8±7.8 20.5±7.4
E - 32.9±2.1

Total 149.2±22.7 149.2±22.7 37.7±24.1 37.7±24.1

*,†: statistically significant (p⁄0.05)

Table 6. Measurement of length of bifid mandibular canal according to type (mm; Mean±SD)

Classification Length Total

Type 1 (Retromolar canal type) 17.9±6.7 17.9±6.7
Type 2 (Dental canal type) 10.7±3.0 10.7±3.0*
Type 3 (Forward canal type) A 14.4±0.0

18.9±9.3
B 20.0±10.3

Type 4 (Buccolingual canal type) 0 0
Type 5 (Trifid canal type) A 21.1±4.3

B 26.3±0.5
C 13.1±0.2 20.1±5.8*
D 17.0±5.7
E 25.2±2.9

Total 16.9±6.8 16.9±6.8

*: statistically significant (p⁄0.05)



buccolingual canal type, the least common,20 which is sim-
ilar to our results.

Several classifications of the mandibular canal according
to the anatomical location and configuration have been
used in previous studies. Carter and Keen3 examined dis-
sected human mandibles and described three types of in-
ferior alveolar nerve arrangement: single canal, lower
canal, and duplicated canal. Nortje et al4 described three
main patterns of duplication: type 1 was two canals origi-
nating from one foramen; type 2, a short upper canal ex-
tending to the second or the third molar teeth; and type 3,
two mandibular canals of equal dimensions apparently aris-
ing from separate foramina in the mandibular ramus and
joining in the molar region. Langlais et al2 classified the
mandibular canals into four types according to the anato-
mical location and configuration using panoramic radio-
graphy, and Naitoh et al1 classified them into four types
using CBCT images: retromolar, dental, forward, and buc-
colingual canal. They observed the forward canal type
(59.6%), retromolar canal type (29.8%), dental canal type
(8.8%), and buccolingual canal type (1.8%).1 Orhan et al16

used the classification of Naitoh et al for a Turkish popula-
tion and reported that the most frequently encountered type
was the forward canal type, followed by the retromolar
canal type.16 In contrast, Kuribayashi et al15 following the
classification of Nortje et al demonstrated that Type II
(dental canal type) was the most common. Fu et al19 observ-
ed the bifid canal in 30.6% of the Taiwanese subjects, and
more than half were the dental or retromolar type. In the
present study, we used a slightly modified version of the
classification of Naitoh et al, adding the trifid canal type.
It was observed that the retromolar canal type was the most
common (71.3%), followed by the dental canal type (18.8
%), the trifid mandibular canal (5.8%), and the forward
type (4.1%). Not even one case of the buccolingual canal
type was observed. Although the result by Kang et al20 was
not the same as ours, it was consistent that the retromolar
canal type was the most common in the Korean population.
One important finding in our study was the observation of
a relatively high prevalence rate of the trifid mandibular
canal. To the best of our knowledge, only four cases of the
trifid mandibular canal have been reported.6,18 In this study,
seven cases of the trifid mandibular canal were observed,
and they were classified into five subtypes: A. two acces-
sory canals of the retromolar type, B. two accessory canals
of one retromolar and one dental type, C. two accessory
canals of the dental type, D. two accessory canals of one
dental and one forward type, and E. two accessory canals

of the retromolar type with two mandibular foramina. Sub-
type A was observed in two cases, subtype B in one case,
subtype C in one case, subtype D in two cases, and subtype
E in one case. Interestingly, two mandibular foramina were
observed in the subtype E case, and two accessory canals
of the retromolar canal type were divided from the acces-
sory foramina.

The classification of the bifid mandibular canal, particu-
larly of the retromolar and dental canal type, may be clini-
cally important.1 When the retromolar region is used as a
donor site for harvesting a bone block, the identification
of the retromolar canal is important for a safe harvest. Fur-
ther, identification of the dental canal may be important in
the extraction and the root canal treatment of the teeth.1

In addition, the detection of bifid and trifid canals may
have some other important clinical implications such as
inadequate anesthesia, complications after mandibular oste-
otomy or implant placement, pain, and discomfort due to
the additional pressure of the mandibular prosthesis.6,8,16,18

Some studies have included a morphometric analysis of
the bifid mandibular canal and have considered the differ-
ences in factors such as length, angles, and diameter accord-
ing to the canal type.1,15-17,19 Orhan et al16 reported that the
mean length of the bifid mandibular canal was 13.6 mm on
the right side and 14.1 mm on the left side. The mean supe-
rior angle between the main canal and the superior wall
of the bifid mandibular canal was 139�on the right side
and 141�on the left side, whereas the mean inferior angle
between the main canal and the inferior wall was 38�on
the right side and 32�on the left side. Naitoh et al1 report-
ed 9.6 mm for forward canals, 14.8 mm for retromolar
canals, 8.9 mm for dental canals, and 1.6 mm for buccolin-
gual canals. Fu et al19 reported that the canal was 10.1 mm
in length and 0.9 mm in width. The present study showed
that the mean length of the bifid mandibular canal was 16.9
mm and that this value was longer than that reported in the
previous literature. As for the angles of the bifid mandibu-
lar canal, the mean superior angle was 149.2�and the mean
inferior angle was 37.7�, which was similar to the result
obtained by Orhan et al.16 The diameters of the bifid mandi-
bular canal were reported using the following two cate-
gories: greater than 50% of the main canal and less than
50% of the main canal.15,17 The mean diameter of the bifid
canal was 1.27-1.68 mm and that of the main canal was
2.85-3.28 mm.15,20 Further, bifid canals greater than 50%
of the main canal and less than 50% of the main canal
appeared at an almost equal ratio.15 In this study, the mean
diameter of the bifid canal was 2.2 mm and that of the main
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canal was 4.3 mm, which was slightly larger than the results
obtained by others. Further, the diameter of the bifid canal
appeared to be nearly half of that of the main canal. The
slightly larger diameter of the bifid and the main canals
was attributed to the fact that the canal diameters were
measured on a cross-sectional image oblique to the long
axis of the bifid and the main mandibular canals, particu-
larly in the mandibular ramus region. Previous studies have
not described how to measure the diameter of the canal
precisely.

In summary, this study shows that the bifid and trifid
mandibular canals in the Korean population have a relati-
vely high prevalence rate through a CBCT evaluation and
that the retromolar canal is the most common type of man-
dibular canal in this population. CBCT is suggested for a
detailed evaluation of the bifid and trifid mandibular canals
before mandibular surgery.
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