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ABSTRACT

Aim: Detection of the prevalence of bifid mandibular canal and classification of its types in the 
Egyptian population.

   Methodology: Radiographic examination of 329 mandibular sides was done using Planmeca 
Promax 3D Mid CBCT machine. The scans varied depending on patients’ sizes (according to 
the manufacturer’s recommendations) using different FOVs with the same voxel size (0.4 mm 
(400 μm)). The bifid the mandibular canal was observed and classified according to Naitoh`s 
classification (retromolar, dental, forward, and buccolingual canals). In addition, the prevalence 
of location of accessory canal types and the mean distance to the alveolar ridge and teeth were 
reported.

Results: In 329 hemimandibles, there were 101 bifid canals (30.7%) and 37 trifid canals 
(11.2%). The dental canal type was the most common (43.3%), followed by retromolar canal type 
(33.7%), forward canal type (17.2%), and buccolingual canal type (5.7%). The forward canals and 
the dental canals had statistically similar mean distances of 11.1 ±2.1 and 11.1±2.5 mm respectively. 
The accessory canals were at a significantly longer mean distance (12.1±1.6 mm) to the alveolar 
crest in the premolar area compared to distance in the molar area (10.9 ± 2.3 mm). Retromolar 
canals showed a significantly longer distance of 13.8± 4.4 mm.

Conclusions: Examination of the mandibular canal is mandatory by surgeons to minimize the 
chance of missing any accessory branches, since its prevalence was more than 40% with 21.3% 
presented with bilateral manifestation.
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INTRODUCTION 

The mandibular canal or inferior alveolar canal 
(IAC) is a hollow tubule spanning the mandible 
containing a vital structure, called the neurovascular 
bundle. The identification of such canal becomes 
mandatory for the planning of a wide range of dental 
procedures such as insertion of implants, extraction 
of impacted teeth, surgical planning of biopsies, 
enucleations of pathologies, and orthognathic 
surgeries. Normally, the mandibular canal is a single 
structure, however, it may show some variations in 
such regard with a single smaller branch or branches 
sprouting from the main stem called accessory 
canals. This is labeled bifid and trifid mandibular 
canals if one or two extra branches were manifested. 
The observation of bifid mandibular canals was 
firstly noted in 1973 by Patterson and Funke(27) on 
panoramic radiographs. Since then, the existence 
and morphology of bifid mandibular canal were 
analyzed using various techniques, as panoramic, 
autopsy, histopathology, computed tomography 
(CT), and cone beam computed tomography 
(CBCT). This gave a wide range of prevalence from 
0.08% to 69%.(1-2-8—21-22—24-25-34)

The theory of existence of the bifid and trifid 
mandibular canals was explained as incomplete 
fusion of separate mandibular canal nerves from 
the incisors, primary molars, and permanent molars 
during embryonic development. (5) Gross anatomical 
sections and histological examination has confirmed 
the presence of all or part of the neurovascular 
bundle. Therefore, according to this diversity 
in content, the post-operative complications are 
usually unpredictable ranging from simple to more 
complicated ones. (10) Irrespective to the content of 
these canals, they must be adequately examined and 
described according to their location and direction. 

There were several classifications of the bifid 
mandibular canal that have been reported in 
literature, which were mainly serving the panoramic 
examinations. In 1977, Nortje et al (22) classified the 
bifid canals into three main types of the branches. 

Type 1, which is the most common type, where 
duplicate canals emerge from a single mandibular 
foramen, whereas type 2 is a short upper canal, 
which extends to the second or the third molar area. 
Type 3 is the least common, which emerges as two 
canals of equal size from two separate foramina that 
join each other in the molar area. Later, according to 
anatomical location and configuration, 

Langlais et al (1985) (16) have observed and 
classified the bifid mandibular canal into four types. 
Type 1 is unilateral or bilateral bifid mandibular 
canal, which extend to the third molar or the 
surrounding area. Type 2 is a unilateral or bilateral 
bifid mandibular canal that run along the course 
of the main canal and rejoins it at the ramus of the 
body of the mandible. Type 3 is a combination of 
the first two ones. Type 4 is described as two canals, 
originating from a separate mandibular foramen and 
then join each other to form a larger canal. 

Nevertheless, Naitoh et al in 2009 (21) changed 
such classifications by observing the origin and 
direction of branches of the bifid canal on a 
more advanced imaging technique, the CBCT. 
Accordingly, it was classified into 4 groups, where 
forward canal emerges from the superior wall of the 
main canal, whereas canals emerge from the buccal 
or the lingual wall are termed bucco-lingual canals. 
Dental canals are those that end at the root apex of 
the molars. Lastly, retromolar canal emerges from 
the main canal turning backwards to the retromolar 
area.

The significance of existence of these branches is 
very prominent in several clinical scenarios. In cases 
of trauma, impingement of the neurovascular bundle 
usually happens when the fracture is reduced. In the 
presence of bifid mandibular canal, the alignment 
becomes more difficult as it is located in another 
plane. Moreover, in elderly patients as alveolar 
bone resorbs, the patients with mandibular dentures 
may experience discomfort if pressure is placed 
on the neurovascular bundle of the bifid canal. (6) 
Furthermore, the mandible has been considered as 
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an intraoral harvesting donor for autogenous grafts. 
The most common region for such harvesting 
is the symphysis and the retromolar region and 
ignorance of the presence of the retromolar branch 
will lead to complications. When it comes to daily 
dental practices, the anesthesia of only lips and 
chin without the teeth may be an indication of the 
presence of a bifid canal.

Therefore, it is prudent that assessment of 
such phenomenon is very crucial and may affect 
clinicians during their day-to-day procedures. 
Nevertheless, scarceness of such data was found 
in Egyptian literature. Therefore, this study was 
conducted to help clinicians bridge this gap and give 
better understanding about prevalence and location 
of mandibular accessory canals.

MATERIALS AND METHODS

In this observational cross-sectional retrospective 
study, 329 mandibular sides were analyzed fulfilling 
the sample size calculation result based on the 
previous paper by Afsa and Rahmati 2017 (1), the 
prevalence of bifid mandibular canal was 31%. 
Using a precision of 5, a design effect set at 1 with 
95% CI (confidence interval). The sample size was 
calculated by Epi info 7 software. Using Planmeca 
Promax 3D Mid CBCT machine, scans with 
different FOVs of voxel size (0.4 mm (400 μm)) 
were studied using the Planmeca Romexis software 
viewer version 4.6.2.R (Planmeca). The scans were 
interpreted by two oral and maxillofacial radiologists 
(with different experiences) independently and 
blinded from demographic data of patients and from 
the results of each other. One radiologist evaluated 
the images for the presence of bifid canals twice 
with a time lag of two weeks between the two 
reading sessions. If secondary canal was present, 
its configuration (classification) was registered. 
The second observer evaluated 40% of the total 
sample size for inter-reliability assessment. Any 
disagreement was solved by consensus between the 
two observers.

1. Eligibility criteria and selection method:

Scans of patients aged from 18 to 70 and showing 
the premolar, molar, retromolar area were included, 
whereas, scans of patients with mandibular lesions, 
severe metallic artifacts, previous fractures or 
surgeries and severe bone resorption till the level of 
the mandibular canal were excluded from this study.

2. Image Assessment:

The primary outcome was the prevalence of 
bifid mandibular canals in the Egyptian population. 
Several other outcomes were sought as well such 
as, the classification of accessory canals, their exact 
location, and their mean distance in relation to teeth 
and alveolar crest.     

2.1 Detection of the Bifid Mandibular Canal:

Before analysis of images, all slice thicknesses 
and inter-slice distances were adjusted to be 0.4 
mm. For proper assessment of the mandibular 
canal, axial cuts were scrolled to reach a cut with 
the most adequately displayed mandibular foramen. 
Reference lines were rotated on the axial image, so 
that the coronal reference line was perpendicular 
to the mandibular foramen. This step was repeated 
also at the mental foramen to assess both areas.

According to the classification of Naitoh et al 
2009 (21), different terms are applied to the extra 
canal depending on its direction (Figure 1).

1. Forward canal: Emerging from the superior 
wall of the main canal and extends parallel to 
the main canal till it fades away.

2. Bucco-lingual canal: Emerging from the 
buccal or the lingual wall of the main canal.

3. Dental canal: Emerging from the main canal 
and ends at the root apex of the molars or 
premolars.

4. Retromolar canal: Emerging from the main 
canal extending to the retromolar area with/
without an obvious foramen. 
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The exit of the retromolar canal was thoroughly 
checked whether it opens bucally, lingually, 
superiorly, or just fades away along its path (invisible 
foramen). The location of buccal/lingual, dental and 
forward variations were examined whether they 
were teeth-bearing (premolar/molar teeth/traversing 
both areas) or ramus-area related (not applied on 
dental type). 

2.2 Quantitative Assessment:

Using the built-in measuring tool, distances of 
forward/dental canals to the alveolar crest and dis-
tances of retromolar canals to the mesial of 3rd mo-
lars were measured by one observer (EE). First of 
all, on the axial cut, the sagittal and coronal refer-
ence lines were adjusted to be parallel and perpen-

dicular to the buccal cortical plate. For retromolar 
canal measurements, the volume was rotated on 
corrected sagittal cuts in order to align the occulsal 
plane to be parallel to the floor. The coronal refer-
ence line, which was used as a reference for mea-
surements, was adjusted at the retromolar foramen 
or the end of the canal. Then, scrolling through sag-
ittal cuts was done to reach the first cut with visible 
teeth (Figure 2).

Subsequently, the distances from the adjusted 
coronal reference line to the mesial surface of the 
3rd molar or to the distal surface of the 2nd molar 
were measured. For the forward and the dental 
canals, on the corrected sagittal cut, the alveolar 
crest was adjusted to be parallel to the floor. Then, 
scrolling through the sagittal cuts till a clear view 

Fig. (1) Different types of mandibular canal branching. (A) Forward canal manifested as a parallel canal of higher level to the main 
canal in the sagittal cut. Axial CBCT cut showing (B) Buccal canal and coronal CBCT cut showing (C) Lingual canal. 
Sagittal CBCT cuts showing (D) Dental canal reaching out to the molar apex and (E) Retromolar canal opening superiorly 
in the retromolar area.
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of the canal was obtained. Thereafter, the axial 
reference line was adjusted at the end of the detected 
canal and distances from the end of detected canals 
to the alveolar crest were measured on the corrected 
coronal cut.

Fig. (2) For the Retromolar canal the distance from the coronal 
reference line to the tooth was measured to crudely 
calculate the distance between the retromolar canal and 
teeth bearing area on the corrected sagittal cut.

Statistical Analysis

Statistical analysis was performed using 
IBM SPSS Statistics Version 2.0 for Windows. 
Data was presented as mean, standard deviation 
(SD), absolute (n) and relative (%) frequencies. 
Kolmogorov-Smirnov and Shapiro-Wilk tests were 
used to assess data normality of continuous data. 
The significance level was set at P ≤ 0.05. Chi-
square test was used to compare prevalence of canal 
branching and accessory canal types according 
to gender, lateralization and location. Kruskal-
Wallis test followed by Mann-Whitney test were 
conducted to compare distance of accessory canals 
from involved teeth/alveolar crest. Intra- and inter-
examiner reliability regarding canal branching and 
types of accessory canals was performed using 
Cohen’s Kappa test. Kappa values were interpreted 
as follows: no agreement (≤0), none to slight 
(0.01–0.20), fair (0.21–0.40), moderate (0.41– 
0.60), substantial (0.61–0.80), and almost perfect 
agreement (0.81–1).

RESULTS

In 329 hemimandibles, there were 101 bifid 
canals (30.7%) and 37 trifid canals (11.2%) (Ta-
ble 1). The dental canal type was the most com-
mon (43.3%), followed by retromolar canal type 
(33.7%), forward canal type (17.2%), and buccolin-
gual canal type (5.7%) (Table 2). Thirty-five bilat-
eral canals (21.3%) and only one double canal were 
found. Males showed significantly higher preva-
lence for the bifid mandibular canal. For lateraliza-
tion, bifid canals were significantly higher in right 
sides, whereas trifid canals were abundant in the left 
side. There was no statistically significant differ-
ence in prevalence of types regarding genders and 
lateralization. The most common location of occur-
rence of the accessory canals was the molar region 
(75.4%,80 cases), followed by the premolar region 
(20.8%, 22 cases) and finally the premolar-molar 
(1.9%, 2 cases) and ramus (1.9%, 2 cases) regions. 

The forward canals had a mean distance of 11.1 
±2.1 mm, which was statistically similar to mean 
distance of dental canals that measured 11.1±2.5 
mm. Retromolar canals showed a significantly 
longer distance of 13.8± 4.4 mm (P=0.001).When 
assessing each area separately, the accessory 
canals were at a significantly longer mean distance 
(12.1±1.6 mm) to the alveolar crest in the premolar 
area compared to distance in the molar area (10.9 
± 2.3 mm) (P=0.030).  For the exit of retromolar 
canals, 54.7% (29 canals) of the retromolar canals 
had invisible exits, 43.4% (23 canals) had superior 
exits and 1.8% (1 canal) had lingual exit.

Kappa test showed that there was an almost per-
fect intra-examiner agreement concerning canal 
branching (Kappa=0.895, P=0.000) and accessory 
canal types (Kappa=1.000, P=0.000). However, 
there was a substantial inter-examiner agreement 
concerning the detection of canal branching (Kap-
pa=0.691, P=0.000) but almost perfect agreement 
regarding accessory canal types (Kappa=0.905, 
P=0.000).
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TABLE (1): Prevalence (n/%) of mandibular canal branchings and their prevalence according to gender and 
side.

Total (329) Bifid canal Trifid canal P value

Frequency (n/%) 101 (30.7%) 37 (11.2%)

Gender
Male 41a (38.3%) 13a (12.1%)

0.035*
Female 60b (27%) 24a (10.8%)

Side
Right 54a (32.7%) 12b (7.2%)

0.028*
Left 47b (28.6%) 25a (15.2%)

*: Significant at P≤0.05

Proportions with different superscript letters within each column are statistically significantly different at P≤0.05

TABLE (2): Prevalence (n/%) of accessory canal types and their prevalence according to gender and side 

Total (157) Forward Retromolar Dental
Buccolingual

Buccal Lingual

Frequency (n/%) 27 (17.2%) 53 (33.7%) 68 (43.3%)
6 (3.8%) 3 (1.9%)

9 (5.7%)

Forward Retromolar Dental Buccolingual Total P-value

Gender
Male 13 (20.3%) 22 (34.3%) 27 (42.1%) 2 (3.1%) 64

0.874NS
Female 14 (15%) 31 (33.3%) 41 (44.1%) 7 (7.5%) 93

Side
Right 11 (14.8%) 24 (32.4%) 33 (44.6%) 6 (8.1%) 74

0.278NS
Left 16 (19.2%) 29 (34.9%) 35 (42.1%) 3 (3.6%) 83

NS: non-significant at P>0.05

DISCUSSION

This study comprised a detailed analysis 
for the bifid and trifid mandibular canals using 
CBCT, since, it has high resolution, 3-dimensional 
capabilities and low radiation dose in comparison 
to CT. For good representation of the prevalence 
of bifid mandibular canal, a wide age range (18 to 
70 years) was selected to represent the Egyptian 

population. In the scans, reference lines were 
adjusted twice, once perpendicular at the mandibular 
canal and the other at the mental foramen, since the 
pathway of mandibular canal change its direction 
along the body of the mandible beginning from the 
mandibular foramen ending to the mental foramen. 
It’s noteworthy that none of the previous reported 
studies applied this additional step at the mental 
foramen site.
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In our study and that of Naitoh et al. (2009) (21), 
Orhan et al. (2011)(25), Afsa and Rahmati (2017)(1), 
Luangchana et al. (2019)(19), Okumuş and Dumlu 
(2019)(23) and  DeDeoglu and Duman (2020)(7), 
the prevalence of bifid canals showed comparable 
values of 41.9%, 43%, 46.5%, 40.5%, 43.6%, 
40% and 41.9% respectively. However, prevalence 
showed lower rates in Kuribayashi et al. (2010(14), 
Rashsuren et al. (2014)(29), Kang et al. (2014(10), 
Villaça-Carvalho et al. (2016)(33),  Karnasuta et al. 
(2017)(11), Yang et al. (2017)(34), Laçin et al. (2018)
(15), Singh et al. (2018)(31) and Zhou et al. (2020)(35) 
studies ranging from 5.63 - 31.1%.

One important finding in our study was the 
observation of a high prevalence rate of the 
trifid mandibular canal of 11.2% (37 cases). The 
prevalence of trifid mandibular canal stated by 
Naitoh et al. (2009)(21), Rashsuren et al. (2014)(29), 
Yang et al. (2017)(34), Okumuş and Dumlu (2019(23) 
and Zhou et al. (2020)(35) was 3.6 %, 5.8 %, 1.1%, 
2.4% and 0.3% respectively. Furthermore, Afsa 
and Rahmati 2017(1) documented the presence of 
mandibular canals with 3 and 5 accessory branches 
of 1.7% and 0.9% respectively. 

The dental canal was found to be the most 
commonly occurring type of bifid mandibular 
canal (43.3%). Interestingly enough, and up to 
our knowledge, none of the authors stated that the 
dental canals were the most prevalent, where on the 
contrary, they were the least common type in Orhan 
et al. (2011)(25) and Orhan et al. (2013)(24) studies of 
values 4.3% and 2.4% respectively. Further sample 
size calculation was performed to the accessory 
types and it revealed that only 57 subjects were 
needed according to Orhan et al. (2011)(25) to 
extract reliable percentage rates. Thus, this unique 
dominance of dental canals in our population may 
show a trustworthy and real distribution.

Regarding gender, in this current study, 
the prevalence of bifid canal branching was 
proportionally higher in males than females with 
statistically significant difference. In line with this 

finding, the prevalence was higher in males in Kang 
et al. (2014)(10), Yang et al. (2017)(34), Rashsuren 
et al. (2014)(29), Zhou et al. (2020)(35),  Singh et 
al. (2018)(31) and Laçin et al. (2018)(15) studies but 
without statistical significance. On the other hand, 
the prevalence was reported higher in females in 
Naitoh et al. (2009)(21), Kuribayashi et al. (2010(14), 
Orhan et al. (2011)(25) and Villaça-Carvalho et al. 
(2016)(33) studies. Regarding lateralization, right 
sides showed significantly higher prevalence of 
bifid canals, which corroborated with Laçin et al. 
(2018)(15) findings. 

The highest occurrences of such phenomenon 
were in the molar region (75.4%) followed by 
the premolar region (20.8%). This finding was 
in concordance with Luangchana et al. (2019)
(19) who documented the branch prevalence in the 
molar region to be 80% and in the premolar region 
20%. Some studies reported otherwise, as Afsa and 
Rahmati (2017)(1) and Yang et al. (2017)(34) with 
values of 49.2%, 35% in the molar region and 25.4%, 
38% in the ramus region. Not all studies showed 
expression of accessory canals in all different areas 
as Afsa and Rahmati (2017)(1), where they reported 
that no such occurrence in the premolar region. This 
can be attributed to the alignment of reference lines 
to the mandibular foramen only, and being oblivious 
about the second adjustment to the mental foramen.

A previous knowledge of the exact location of 
the accessory canals from the alveolar crest is of 
paramount importance to avoid future neurovascular 
bundle damage.(35) Zhou et al (2020)(35) measured the 
end of the accessory branch in relation to the alveolar 
crest and found that the median vertical distance 
from all the accessory canal types to the mandibular 
alveolar ridge was 0.00–8.50 mm. However, in our 
study, the mean distance for both forward and dental 
canals exceeded the upper range showing 11.1 ± 2.1 
and 11.1 ± 2.5 mm values and the closest canals to 
the alveolar crest exhibited distances of 8 and 8.4 
mm respectively. Since the pathway of the main 
mandibular canal along the jaw differs in molar 
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and premolar area, the distance of accessory canals 
in relation to both was assessed. Accessory canals 
in the premolar area were at a significantly longer 
mean distance (12.1±1.6 mm) compared to molar 
teeth (10.9±2.3 mm). 

Likewise, the distance of the retromolar canal 
to the teeth was assessed herein, since this area 
is considered the first choice for the intraoral 
autologous graft as asserted by He et al. (2017).(9) 
Retromolar canals showed a distance of 13.8±4.4 
mm to the mesial surface of the 3rd molar. This 
retromolar finding was corresponding to the 
studies conducted by Park et al. (2016)(26), Kim et 
al. (2017)(12) and Badry et al. (2020)(4), where the 
mean distance to the distal surface of the second 
molar was 12.1±3.3 mm, 13.13 ± 3.24 mm and 
14.70 ± 5.07 mm respectively. This will ultimately 
enrich the Egyptian surgeons with knowledge on 
estimating safe margins for donor sites when using 
the 2nd and 3rd molars as references. 

In 2007, Misch(20) explained the autologous 
retromolar graft surgery, stating that the incision 
begins from retromolar papilla on the midcrest in 
edentulous patients, where in the dentate patients, 
the incision begins from the buccal sulcus of  
retromolar papilla. In addition, another incision is 
done lateral to the retromolar pad, thus the incisions 
are done mainly in the superior and buccal sides 
of the retromolar area. Consequently, it is highly 
advocated to adequately assess the buccal and 
superior sides of the retromolar area before planning 
for autologous graft surgeries in this area. In this 
study, more than half the cases (54.7%) had invisible 
exits, 43.4% had superior exits and 1.8% (one case) 
had a lingual exit. On the other hand, Sisman et al. 
(2015)(32) revealed that 88.9% cases were of visible 
foramina and classified them into lingual (18.58%) 
and buccal (70.36%) foramina. 

In this study, other scenarios have been observed 
such as bilateral cases having 2 or more branches 
showing prevalence of 21.3%. It is worthy to note 
that the accessory canals in bilateral cases were of 

different types and not identical. Shen et al. (2014)(30), 
Yang et al. (2017)(34), Singh et al. (2018)(31), Laçin et 
al. (2018)(15) declared a prevalence of bilateral cases 
ranging from 2.4% -13.9%. In 2010, Kuribayashi et 
al.(14) were the only CBCT study that reported double 
canal phenomenon in 2 cases. This manifestation 
was scarce in reported literature, and in this present 
study, only one case showed double canals spanning 
the mandible as two parallel separate canals. On the 
flip side, higher percentages were usually reported in 
panoramic-based studies. These false positive bifid 
canals were due to mimicing the mylohyoid groove 
to the mandibular canal (Kim et al. 2011).(13) In this 
current study, multiple cases showed double canals 
in the sagital cross-sections spanning the mandible 
parallel to each other. Nevertheless, and thanks to 
the 3D capabilities of CBCT and assessment using 
different planes, it showed that these were only 
grooves in the lingual surface of the mandible. 

In 2019, Ramirez(28) published a case report for 
a unilateral variant of a double canal discovered 
during the dissection of a 92- year-old African 
American female. The two distinct mandibular 
canals showed distinct branches of inferior alveolar 
artery and mandibular nerve. This finding showcases 
the threat that might be encountered if these canals 
are missed during any invasive surgical procedure 
as well as simpler consequences as inadequate 
ansthesia. The author even recommended to rely on 
other cross-sectional techniques such as MRI with 
better contrast resolution to reveal the contents of 
these structure before planned surgical procedures. 
When it comes to risk of injury, it was reported 
according to Augusto et al., 2015(3) systematic 
review that the evaluation of the diameters of bifid 
and trifid accesory branches is considered valuable 
before surgical procedures.

We can conclude from the current study that 
careful examination of the course of the mandibular 
canal is mandatory by Egyptian surgeons to minimize 
the chance of missing any accessory branches, since 
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the prevalence of such event wasn’t just occasional 
especially in the molar region. In addition, it is 
recommended that large-scale CBCT studies based 
on sample size calculation should be accomplished 
for prevalence of bifid canals in subgroups. 
Additionally, steering the focus on the less common 
incidents as trifid and double canals, to acquire more 
valuable recommendations. Furthermore, cohort 
studies are needed for demonstrating the relation of 
the location of the retromolar canal and its exit with 
the site of autologous graft surgery.
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