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Review Article

ABSTRACT

Objectives: The aim of this study was to evaluate the prevalence of bifid 
mandibular canal (BMC) using cone-beam computed tomography (CBCT) 
and panoramic images through meta-analysis.
Methods: Databases of Scopus, PubMed, and Web of Science were searched 
to find the relevant studies. Studies the met the inclusion criteria were 
selected. Variables of prevalence, side, length and diameter of BMC and sex 
were assessed. Data was analyzed using STATA software version 17.
Results: Of the 1164 articles initially selected, 36 were enrolled. A total of 
38077 patients were considered. The overall prevalence of BMC was 18.0%. 
Studies that evaluated CBCT images reported higher prevalence of BMC 
compared to panoramic images (25.0% vs 3.0%). The prevalence of BMC 
was higher in men than women and slightly higher in right side than the left 
side of the jaw, but none of those differences were significant.
Conclusion: The results have shown a total prevalence of 18.0% for BMC. 
Detection power of CBCT images were higher than panoramics. There was 
no significant relation between prevalence of BMC with sex or side of the jaw.
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INTRODUCTION

Mandibular canal (MC) is located bilaterally in the mandibular bone 1. 
This canal begins in the mandibular foremen in the lingual region and 
passes through the mandibular angle and leads to the mental foremen. 
This canal that passes obliquely through the whole mandibular body and 
bends anterior-posteriorly, contains the inferior alveolar neurovascular 
bundles 2, 3. Knowing the location and the shape of the MC is crucial 
for performing surgical procedures on the lower jaw like placing dental 
implants, osteotomy, tooth extraction or orthognathic surgery 4, 5.  
Although there is often only one MC on each side of the mandible, 
different anatomical variations have been observed 6-9.
Most often, the MC is identifiable as a single duct. However, in certain 
cases, one or more lateral canals may be observed 2. The bifid mandibular 
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canal (BMC) is an anatomical variation found in the 
ramus or mandibular body, where the MC divides 
into two branches, and each canal may contain a 
distinct neurovascular bundle 10. In 1996, Chávez-
Lomeli et al. proposed that three different inferior 
dental nerves fuse together during embryonic 
maturation to form a single nerve 11. Thus, when 
the fusion of these three nerves is incomplete, 
the MCs become bifid and trifid 12. Awareness 
of the anatomical variations of the MC is of great 
clinical importance; because it can be helpful in 
preventing complications from trauma to the BMC 
during surgery. Traumatic neuroma, paresthesia, 
anesthesia, bleeding, and bruising are all possible 
complications 5, 8, 13.
Wide differences have been observed in the results 
of studies regarding issues such as the prevalence, 
route, and length of BMCs, which may have been 
due to the differences in race, sample size, image 
quality, and interpretation of the researchers14. The 
prevalence of BMC in studies examining panoramic 
images has been reported from 0.08% to 0.95%15-17.  
Detection of the MC and its variations using 
panoramic radiography may be difficult due to ghost 
images formed by the superimposition of adjacent 
and opposite structures of the mandible 6, 8, 18. Due 
to the limitations of panoramic radiography, the 
prevalence reported by previous studies may have 
been lower than the actual value 8. Because in the 
studies that examined CBCT images, the prevalence 
of BMC was reported from 9.8% to 65% in CBCT 
images 4, 8, 18-20.
Despite the importance of correct diagnosis of MC 
anatomical variations in order to avoid clinical 
complications, the scope of these variations are not 
well known yet. Because there is only one systematic 
review published on this topic 4, the aim of this  
review was to assess BMC frequency.

METHODS

This systematic review was reported following the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses checklist 21. In addition, 
this systematic review protocol was completed 
and registered at the International Prospective 
Register of Systematic Reviews (PROSPERO 
CRD42021293310).

Eligibility criteria
The authors selected articles in which the major 
goal was to assess the anatomical differences of the 
mandibular canal in humans utilizing evaluation 
of panoramic, CT, or CBCT images. This research 
looked at studies that were published in Persian 
and English. The following articles were excluded: 
reviews, case reports, editorials, guidelines, letter 
to the editors, and abstracts from conferences; 
studies in which the sample included subjects with 
pathologies in the area around the mandibular nerve, 
craniofacial syndrome, or previous orthognathic 
or craniofacial surgery, because these may affect 
the shape and the mandibular canal, as well as the 
surrounding bone structures; studies that evaluated 
other imaging methods such as micro-CT and 
angiography; studies that evaluated other imaging 
methods such as micro-CT and angiography; and 
studies that evaluated in vivo, cadavers or dry skulls 
4.

Information sources and search

PubMed, Scopus, and Web of Science were used to 
create detailed unique search techniques for each of 
the electronic databases. Any further references that 
were overlooked in the electronic database searches 
were manually sought in the reference lists of the 
selected papers. From their inception till 20 January 
2022, all searches were made in the databases. 
Duplicate hits were deleted using the EndNote 
Basic® software (Thompson Reuters, New York, 
NY). With the help of a health sciences librarian, 
appropriate truncation and word combinations were 
chosen and altered for each database search ((“bifid” 
AND “mandibular” AND (“canal” OR “canals”)) 
OR (“bifid” AND “mandibular” AND (“nerve” OR 
“nerves”)) OR (“inferior” AND “alveolar” AND 
“nerve” AND “branch”) OR (“inferior” AND 
“alveolar” AND “nerve” AND “segmentation”)). 

Study selection

First, two writers (MA and ME) independently 
assessed all articles’ titles and abstracts. Any articles 
that did not appear to fit the criteria for inclusion 
were discarded. Then, full texts were evaluated and 
screened separately. Disagreements were settled 
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through conversation. When the first two reviewers 
couldn’t come to an agreement, a third author (AE) 
was brought in to make the final choice.

Data collection process and data items

Study information (authors, year of publication, 
and country), sample characteristics (size, gender), 
diagnostic assessment methods (panoramic, CT, or 
CBCT), and outcome variables (frequency, sides, 
mean length, mean diameter) were retrieved from 
the selected studies by one author (IM). A second 
author (AM) double-checked all of the information 
that had been retrieved. Any mistyping was rectified 
through discussion once more, and a third author 
(AE) was brought in to make the final decision.

Risk of bias in individual studies

The Meta Analysis of Statistics Assessment 
and Review Instrument was used to assess the 
methodology of chosen papers. Two authors (IM 
and AM) independently examined the quality of 
each included study by scoring each data item 
as “yes”, “no”, “unclear” or “not applicable”. Any 
disagreements between the writers were handled by 
the third author (AE).

Statistical analysis

A random effect technique was used to derive 
pooled estimates of bifid prevalence rate and 95% 
confidence intervals (CIs) overall and by subgroup 
(CBCT and panoramic). The inverse of the variance 
of log prevalence was used to weight the studies. 
The binomial distribution was used to calculate the 
standard error in each study. The precise binomial 
and score tests were used to calculate CIs for the 
original data using STATA’s metaprop program. 
Because the prevalence rate as a proportion is 
always a positive figure, and asymmetry in the 
funnel plot is not related to publication bias, it was 
not analyzed. The Chi square test and the I2 statistic 
were used to measure studies’ heterogeneity. The I2 
statistic was used to classify heterogeneity: less than 
25% indicated a low level of heterogeneity, 25–50% 
suggested a moderate level, and more than 50% 
indicated a high one 22. The data were presented 
using forest plots with a 95% CI by treatment group 
(CBCT and panoramic). The metareg package in 

STATA was used to conduct subgroup analysis by 
group (CBCT and panoramic) and meta-regression 
analysis including the following covariates: number 
of sample, year of data collection, mean length of 
bifid canal, and mean diameter of bifid canal to 
investigate the main factors influencing prevalence 
estimation and sources of heterogeneity. Data was 
analyzed using STATA version 17 (Stata Corporation, 
College Station, TX, USA) and MedCalc (MedCalc, 
Ostend, Belgium) software. Statistical significance 
was defined as a P-value of less than 0.05.

RESULTS

Study Selection
Of the 1164 articles that were initially selected, 433 
were duplicate and were excluded. After screening 
the titles and abstracts, out of the remaining 731 
articles, 130 articles were found relevant. In the next 
phase, according to the exclusion criteria, 98 studies 
were excluded and finally 36 articles were included 
in the study. Of these 36 articles, 2 were in Persian 
and 34 were in English. Study selection process is 
shown in Figure 1.

Study Characteristics
In 36 studies examining the prevalence of BMC 
included in this systematic review, a total of 38077 
patients were considered in these studies and the 
average number of patients in each study was 1058 
patients. The sample size in these studies ranged from 
61 23 to 5000 24. These studies were conducted in 17 
different countries and the frequency of distribution 
of these countries were Brazil 4 (11.11%), Iran 4 
(11.11%), Turkey 4 (11.11%), China 3 (8.33%), 
Taiwan 3 (8.33% ), Chile 2 (5.56%), United Kingdom 
2 (5.56%), Germany 2 (5.56%), India 2 (5.56%), 
Korea 2 (5.56%), USA 2 (5.56%), Croatia 1 (2.78%), 
Egypt 1 (2.78%), Italy 1 (2.78%), Japan 1 (2.78%), 
Syria 1 (2.78%), and Yemen 1 (2.78%). All of these 
articles were published in English. Of the 36 studies 
that examined the prevalence of BMC, 27 examined 
CBCT studies and 9 panoramic studies.
In addition, the prevalence of BMC based on side, 
sex, mean length, and mean diameter can be seen in 
the Table 1. Side was evaluated in 20 studies, gender 
in 21, mean length in 10, and mean diameter in 
11. The mean length was reported from 7.1 to 16.9 
mm, and the mean diameter from 0.9 to 2.26 mm. 
According to the results, the prevalence of BMC on 
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the right and left sides and also between men and 
women was not statistically significant.

Results of Individual Studies
According to the studies, the lowest and highest 
prevalence of BMC was related to Grover and 
Lorton’s study in the United States 24 and Tassoker 

and Sener’s in Turkey 25 with a prevalence of 0.08% 
and 76.47%, respectively. In addition, the overall 
prevalence of BMC was 18.0% (with a 95% CI of 
16.0, 19.0). Aggregated prevalence according to 
CBCT group was 25.0% (with 95% CI of 19.0, 31.0) 
and according to panoramic group was 3.0% (with 
95% CI of 2.0, 4.0). Heterogeneity index was 99.23%, 

 
Figure 1: Prisma flow diagram 
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Table 1: Prevalence of BMC based on side, sex, mean length, and mean diameter 

Variable Number of studies Values P-value* 

Side 
Left 20 0.48 † 

0.916 

Right 20 0.52 † 

Gender 
Men 21 0.514 † 

0.931 

Women 21 0.486 † 
Mean length 10 12.38 ± 2.92 ‡ - 

Mean diameter 11 1.64 ± 0.46 ‡ - 
† Proportion 
‡ Mean ± SD (mm) 
* Significant at < 0.05 
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which shows that 99.23% of the differences observed 
between different studies are due to heterogeneity of 
studies, and therefore the Random Effect model was 
used (Table 2).
The forest plot diagram of the aggregated prevalence 
of BMC categorized into CBCT and panoramic 
groups and also as a whole, is shown in Figure 2. 
The midpoint of each line segment estimates the 
prevalence percentage and length of line segments 

indicates a 95% prevalence interval in each study. 
The rhombus symbol indicates the prevalence 
of BMC in general and separately for CBCT and 
panoramic.

DISCUSSION

The differences and variations in the shape of the 
MC are very important for maxillofacial surgeons, 

Table 2: Estimated prevalence of BMC in CBCT and panoramic studies 

 1st author (year) (reference) ES 
[95% Confidence Interval] 

I2 
Lower Upper 

CBCT 

Chanda (2021) 34 0.08 0.05 0.13 

 

Elnadoury (2021) 35 0.65 0.59 0.71 
Qaid (2021) 36 0.15 0.12 0.19 

DeDeoglu (2020) 37 0.25 0.22 0.28 
Nithya (2020) 38 0.10 0.07 0.15 
Panahi (2020) 39 0.10 0.05 0.17 
Zhou (2020) 33 0.26 0.23 0.30 

Okumus (2019) 12 0.28 0.26 0.31 
de Castro (2018) 40 0.13 0.11 0.16 

Yoon (2018) 41 0.13 0.09 0.19 
Zhang (2018) 14 0.17 0.15 0.19 
Afsa (2017) 42 0.31 0.23 0.40 

Palma (2017) 23 0.25 0.14 0.37 
Tassoker (2017) 25 0.76 0.69 0.83 

Yang (2017) 43 0.40 0.35 0.46 
Allison (2016) 44 0.19 0.15 0.24 
Shen (2016) 45 0.26 0.21 0.31 

Villaça-Carvalho (2016) 46 0.27 0.22 0.32 
de Freitas (2015) 47 0.15 0.12 0.18 

Choi (2014) 48 0.01 0.00 0.02 
Muinelo-Lorenzo (2014) 13 0.37 0.31 0.44 

Shen (2014) 49 0.28 0.24 0.31 
Kang (2013) 8 0.10 0.09 0.12 

de Oliveira-Santos (2012) 17 0.19 0.12 0.28 
Fu (2010) 15 0.37 0.30 0.45 

Kuribayashi (2010) 50 0.16 0.12 0.20 
Orhan (2010) 6 0.46 0.42 0.51 

Sub-total Random pooled  ES 0.25 0.19 0.31 99.06% 

Panoramic 

Miličević (2021) 51 0.05 0.03 0.06  
Mehdizadeh (2020) 52 0.01 0.01 0.02  

de Freitas (2020) 2 0.04 0.03 0.05  
Fuentes (2019) 1 0.11 0.09 0.13  

Kalantar Motamedi (2015) 53 0.01 0.01 0.02  
Kuczynski (2014) 3 0.02 0.02 0.03  
Kasabah (2013) 54 0.01 0.01 0.01  

Lara (2010) 55 0.05 0.04 0.07  
Grover (1983) 24 0.0008 0.0002 0.001  

Sub-total Random pooled  ES 0.03 0.02 0.04 97.94% 
Overall Random pooled  ES 0.18 0.16 0.19 99.23% 
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especially during osteotomy surgeries 26. Inferior 
alveolar nerve (IAN) block is the most common 
and important injection method in dentistry. But 
unfortunately, the probability of failure, even with the 
correct injection is very high (about 15-20%) 27. The 
failure of mandibular anesthesia can be attributed 
to the high density of the alveolar plate, limited 
access to the IAN, the anatomical diversity of this 
area, and the presence of additional nerves adjacent 
to the mandibular teeth 28. Therefore, although the 
presence of unilateral or bilateral mandibular bifid 
canals is very rare, it is important to diagnose this 
anatomical condition before mandibular surgeries 29. 
The studies included in this study were from a total 

of 17 countries, most of which are related to Iran, 
Brazil and Turkey. In general, the prevalence of BMC 
was 18% among all of the studies, with the lowest 
and highest prevalence of BMC related to studies of 
Grover from the United States 24 and Tassoker from 
Turkey 25 with a prevalence of 0.08% and 76.47%, 
respectively. The reason for this difference could be 
due to differences in the statistical population and 
racial effects on anatomical indicators such as BMC.
The mandibular dental canal is of special biological 
importance as part of the mandible, which contains 
neurovascular bundles. It is essential to have 
sufficient information about the route, topography 
and variations observed in radiography 30. Knowing 

 
Figure 2: Forest plot diagram of aggregated prevalence of BMC in two groups of CBCT and panoramic 
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the length of the canal and especially its location in 
different parts of the path and knowing the main 
points of change in direction of the canal helps 
dentists in recognizing high risk areas. This issue is 
especially important in oral surgeries, endodontic 
procedures, placement of dental implants, etc. 31, 

32. It was found in this meta-analysis that the mean 
length of BMC was 12.38 ± 2.92 mm and the mean 
diameter of the BMC was 1.64 ± 0.46 mm. The 
lowest length of BMC was reported in the study of 
Muinelo-Lorenzo et al. 13 with a mean of 7.1 ± 3.7 
and the highest value of this parameter was reported 
14.1 mm (standard deviation not reported) in the 
study of Orhan et al. 6. The lowest diameter of BMC 
was related to the study of Fu et al. 15 with a mean 
of 0.9 mm (standard deviation not reported) and 
the highest value of this parameter was 2.26 mm 
(standard deviation was not reported) to Zhou et al. 33. 
The overall prevalence of BMC in the studies that 
evaluated CBCT images was 25%, which is higher 
than studies that evaluated panoramic radiographs. 
This difference can be due to two reasons. The 
first reason is the difference in the nature of 
radiographs, including the dimension, resolution 
and measurement accuracy. The second reason 
is the difference in the number of articles studied 
(27 articles used CBCT method and 9 articles used 
panoramic method). Before performing any surgery, 
it is very important to pay attention to the anatomical 
structures of the operation area and determine their 
exact position. By providing appropriate radiography 
of the patient and determining the location of these 
structures, the occurrence of complications during 
and after surgery is significantly reduced. Diagnosis 
of a disease based on its radiographic image requires 
accurate knowledge of radiographic signs and 
natural structures. This diagnosis cannot be made 
without considering the variations and changes in 
natural anatomical structures 5, 8.
In a meta-analysis study by Haas et al. 4 , the 
mean prevalence of bifid and retromolar canals 
was generally 4.2%, which is almost similar to the 
present study. Also, the prevalence of these canals 
on CBCT radiography was 16.25%, which is slightly 
lower than the present study. This difference could 
be due to the aggregation of data related to two 
variations of bifid and retromolar canals.
One of the limitations of this study, which is related 
to the nature of meta-analysis studies, is the lack of 
access to all studies performed in this scope.

CONCLUSION

The prevalence of BMC is higher in men than 
women and this rate is slightly higher on the right 
than the left side of the mandible, none of which was 
statistically significant. The total prevalence of bifid 
canal was 18%, detected 25% in CBCT images and 
3% in panoramic images.
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