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ABSTRACT

Introduction: Dental surgeries involving structures adjacent to the mandibular canal require greater 
knowledge of the intraosseous path, anatomical structure, and its variables, reducing the risk of injuries 
to this region. This research aimed to verify on the panoramic radiographs the anatomical characteristics 
of the mandibular canal, as well as to analyze and classify its pathways.

Methods: The classification of anatomical variations of the mandibular canal was divided into four types: 
Class A (inferior direction); Class B (mesial direction); Class C (alveolar direction); and Class D (retromolar 
direction). The sample consisted of 500 exams, 207 (41.4%) males and 293 (58.6%) females, with a 
mean age of 29.51 years.

Results: A prevalence of 30 anatomical variations of the mandibular canal was observed. The most prev-
alent classifications were Class B (43.6%) followed by Class C (23.1%) and D (33.3%). In no case was the 
presence of bifid canals classified as Class A. The anatomical variations of the mandibular canal appeared 
both unilaterally and bilaterally, in which unilaterally the prevalence was on the left side (50%), on the 
right side (20%), and bilaterally (30%).

Conclusions: According to the results obtained in this study, a prevalence of 6% of bifid mandibular 
canals was found. The most prevalent types of the bifid canal were Class B and Class D, and the highest 
occurrence of bifid mandibular canals was left unilateral. It is concluded that the appearance of mandib-
ular canal anatomical variations in panoramic radiographs is frequent and that additional care must be 
taken to approach the region.
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INTRODUCTION
The mandibular canal is located internally to the 
mandibular bone starting in the mandibular fora-
men in the lingual region, going through the man-
dibular angle and ending with its exteriorization, 
in the mental foramen, and may or may not con-
tinue its intraosseous path toward the mandibular 
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region as a single canal. This canal obliquely crosses 
the entire mandibular body, becoming curved from 
posterior to anterior (1).
The radiographic aspect of the mandibular canal is 
characterized by a radiolucent band delimited by 
two radiopaque lines, usually as an odd structure, 
assuming different positions within the mandible 
body, both in the upper-lower and mid-lateral direc-
tions and may also present duplications or bifurca-
tions in its path and, in some cases, trifurcations (2).
Anatomical variations of the mandibular canal may 
have different configurations and paths. Most of the 
time, the mandibular canal presents itself as a single 
conduit. However, in certain cases, the presence of an 
accessory canal can be identified and is called bifid. 
Although bifid mandibular canals are observed in a 
small portion of the population, detection of this type 
of anomaly is of fundamental importance for the cor-
rect planning of clinical and surgical interventions (3).
Dental surgeons are unaware of the anatomical vari-
ances of this canal and thus cannot visualize them in 
panoramic radiographs (4). The possibility of con-
siderable variation in the path and number of canals 
makes it difficult to accurately visualize the man-
dible canal. The present study aimed to investigate 
the existence of anatomical variations of the man-
dibular canal in panoramic radiographs, as well as 
to correlate the types of anatomical variations in the 
mandibular canal with the sex and the affected side.

METHODS
The present study was observational, retrospec-
tive, epidemiological, and descriptive. The sam-
ple consisted of panoramic radiographic images of 
500 patients that were selected from a total of 750 
archival images from the Patos Image Clinic – PB 
Integrated College, according to the inclusion and 
exclusion criteria. The project was submitted and 
approved by the Research Ethics Committee with 
opinion number: 2.491.239 according to resolution 
196/96 and the images were selected at random.
Samples of satisfactory quality of patients of both 
sexes over 18 years of age undergoing panoramic 
radiographs from 2014 to 2018 were included in 
the sample. Patients should have exclusively per-
manent dentition and the images should not have 
artifacts.

Patients with a history of mandible trauma, bone 
lesions in the lower arch and orthognathic, repar-
ative surgery in the posterior region of the mandi-
ble, syndromic patients, or low-quality images were 
excluded from the sample.
To select panoramic X-ray acquisitions, all examina-
tions were performed on the Orthophos XG Sirona 
device. The factors used for acquisitions were those 
pre-established by the equipment that works with 
86 kV fixed and with 8 mA variation, according to 
the resolution.
Image selection was performed by chronological 
order using SIDEXIS XG panoramic radiographs 
software, to observe which have alterations in the 
mandible canal. In the data collection, an excel 
spreadsheet (Microsoft, Seattle, USA) was developed 
to record the selected exam number, identifying the 
presence of bifid mandibular canal, bifid canal type, 
affected side, age, and gender of the patient.
In cases where bifurcations occurred in the man-
dibular canal, based on Freitas et al. (2), a new 
classification was suggested that included all types 
of mandibular canal bifurcations visualized in pan-
oramic radiographs, where these alterations were 
classified into four distinct classes: A, B, C, and 
D classes (Table 1 and Figures 1-4), according to 
the path of the bifid canal, taking as reference the 
beginning of the mandibular canal in the mandible 
foramen.
The standardization process for classifying mandib-
ular canal bifurcation types, according to Freitas 
et al. (2), was performed by a single examiner with 
experience in the area. Thus, the examiner evaluated 
20 panoramic X-rays randomly selected; after 30 
days, a new evaluation of the images was performed 
to verify the intra-examiner agreement.

TABLE 1. Bifid mandibular canals classification
Class A Lower direction – Direction of the bifid MC toward 

the lower face of the mandibular
Class B Mesial direction – MC bifid direction to mesial or 

anterior
Class C Alveolar direction – Bifid MC direction to alveolar 

or higher
Class D Retromolar direction – MC bifid direction for 

retromolar region
*MC: Mandibular canal
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The evaluation of classification and frequency of 
anatomical alterations of the mandibular canal in 

the radiographs, as well as the identification of gen-
der, age, and the affected side was analyzed by per-
centage frequency. Statistical analysis was described 
as absolute and relative frequencies, according to 
participants’ gender and location (right unilateral, 
left unilateral, and bilateral). At the same time, asso-
ciations between bifid mandibular canals and gen-
der or location were investigated by Fisher’s exact 
test and Chi-square tests, respectively.
The trajectory classification of the bifid mandibular 
canals was also submitted to descriptive approaches 
through frequencies. Statistical calculations were 
performed using SPSS 20 programs (SPSS INC., 
Chicago, IL, USA) and a significance level of 5% 
(0.05) was adopted.

RESULTS
In the 500 panoramic radiographs analyzed, 470 
(94.0%) presented single mandibular canals, while 
in the others, the presence of bifid mandibular canals 
was found, indicating that the prevalence rate of this 
condition in the sample of this study was 6.0%.
The mean age between both genders with bifid man-
dibular canal was 31.5 years (Table  2). Regarding 
the absolute and relative frequencies of bifid man-
dibular canals according to location, the Chi-square 
test showed that the proportions of patients with 
bifid, bilateral, and unilateral canals, only on the 
left side, were significantly higher than the propor-
tion of individuals with exclusively right bifid canals 
(Table 3).
In the 30 patients, that is, 18 males and 12 females, 
with the presence of bifid mandibular canals, these 
added 39 accessory conduits. In 17 of these (43.6%), 
the direction was to mesial or anterior (Class B), 
while in another 13 (33.3%), the trajectory was ret-
romolar (Class D) (Table 4).

TABLE 2. Absolute (n) and relative (%) frequencies of bifid 
mandibular canals on panoramic radiographs by gender
Gender Bifid mandibular canals Total (%) p-value

Present (%) Absent (%)
Male 18 (8.7) 189 (91.3) 207 (41.4)
Female 12 (4.1) 281 (95.9) 293 (58.6) 0.036
Total 30 (6.0) 470 (94.0) 500 (100.0)
*The p-value results from the application of Fisher’s exact test

FIGURE 1. Class A – lower direction.

FIGURE 2. Class B – mesial direction.

FIGURE 3. Class C – alveolar direction.

FIGURE 4. Class D – retromolar direction.
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In the absolute and relative frequencies of 
 mandibular canals, according to classification and 
gender, in 18 male patients, Class B and Class D 
were the most prevalent (38.9%) (Table 5).

DISCUSSION
This type of study seeks a detailed description of a 
number of changes, reporting in-depth the char-
acteristics of interest that may suggest etiological 
hypotheses and represent an important interface 
between clinic and epidemiology referring to ana-
tomical variations of the mandibular canal (5).
According to Kuribayashi et al. (6), the anatomical 
variations of the mandibular canal can be identified 
on panoramic radiographs (7). In another study, the 

authors advocated the use of panoramic radiogra-
phy to detect changes in the mandibular canal and 
stated that panoramic radiography is the exam of 
choice in the initial planning of dental patients, due 
to low doses of ionizing radiation, low cost, and 
allows a holistic evaluation of the maxillomandib-
ular complex.
Langlais et al. (8) suggested the classification of bifid 
mandibular canals into four types: Type I (unilat-
eral or bilateral bifurcation extending to the third 
molar region), Type II (unilateral or bilateral bifur-
cation extending along the main canal, joining the 
branch later), Type III (a combination of the first 
two classifications), and Type IV (two canals from 
two distinct holes that join to form a single man-
dibular canal).
Nortjé et al. (9), classified the variations of the man-
dibular canal anatomy in four different configura-
tions: Two canals originating from a single mandibu-
lar foramen, Type 1; duplication or division of canals 
being one superior that goes toward the second or 
third molar, Type 2; duplicate canals starting from 
two distinct foramina and joining to form a single 
canal in the molar region of the body of the mandible, 
Type 3; and other variations, including duplication 
or division of the canal, apparent partial or complete 
absence of the canal or lack of symmetry, Type 4.
In our study, more complete classification was sug-
gested that took into account other directions of 
the bifid canal, not contemplated by previous clas-
sifications, and that could correlate the anatomical 
changes of the mandibular canal with clinical and 
surgical practice, Class A (lower sense), Class B 
(mesial or anterior), Class C (alveolar), and Class 
D (retromolar). Therefore, the importance of this 
study is ratified.
Panoramic radiography is an initial image exam for plan-
ning implants in the posterior region of the mandible, 
although this presents limitations for the evaluation of 

TABLE 5. Absolute (n) and relative (%) frequencies of bifid mandibular canals on panoramic radiographs, by classification and gender.
Gender Classification Total

Class A Class B Class C Class D
Male 0 (0,0%) 7 (38,9%) 4 (22,2%) 7 (38,9%) 18 (60,0%)
Female  0 (0,0%) 6 (50,0%) 2 (16,7%) 4 (33,3%) 12 (40,0%)
Total 0 (0,0%) 13 (43,6%) 6 (20%) 11 (36,4%) 30 (100,0%)

TABLE 3. Absolute (n) and relative (%) frequencies of 
unilateral and bilateral bifid mandibular canals in panoramic 
radiographs, according to gender and affected side
Gender Unilateral Bilateral Total (%) p-value

Right (%) Left (%) Both (%)
Male 1 (5.6) 13 (72.2) 4 (22.2) 18 (60.0) 0.0065
Female 5 (41.6) 2 (16.8) 5 (41.6) 12 (40.0)
Total 6 (20.0) 15 (50.0) 9 (30.0) 30 (100.0)
*The p-value results from the application of Pearson’s Chi-
square test. Statistically significant at p<0.05

TABLE 4. Absolute (n) and relative (%) frequencies of 
unilateral and bilateral bifid mandibular canal accessory 
conduits in panoramic radiographs
CMBs 
classification

Unilateral Bilateral 
(%)

Total (%)
Right (%) Left (%)

Class A 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Class B 4 (23.5) 5 (29.4) 8 (47.1) 17 (43.6)
Class C 0 (0.0) 3 (33.3) 6 (66.7) 9 (23.1)
Class D 2 (15.4) 7 (53.8) 4 (30.8) 13 (33.3)
Total 6 (15.3) 15 

(38.5)
18 (46.2) 39 (100.0)
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anatomical variations. Therefore,  according to Freitas 
et al. (10), the exam of choice to assess such changes is 
cone-beam computed tomography.
Regarding the affected side, in this study, it was 
observed that the right side (20.0%) was less affected 
than the left side (50.0%) and 30% were bilateral. 
Data disagreeing with the studies Rossi et al. (4) and 
Freitas et al. (2), which found a higher prevalence on 
the right side, with a percentage ranging from 25.2 
to 32.2% of the cases. Regarding both sides, in this 
study, 30.0% of bilateral bifid canals were observed, 
in agreement with the study by Freitas et al. (10) 
and Rossi et al. (4), finding the bilateral prevalence 
of the bifid mandibular canal with a percentage 
ranging from 25.0% to 43.3% of cases.
Sanchis et al. (11) and Nortjé et al. (9) reported a 
higher prevalence of bifid mandibular canals among 
females. While in the present study, the presence of 
bifid mandibular canal is more prevalent in male 
individuals, 8.7%. One study (12) revealed a higher 
rate of the bifid mandibular canal on the right side of 
male patients (66.67%), disagreeing with the results 
of our study, which shows a higher incidence of the 
left bifid mandibular canal (72.2%), and female 
agreement in our study with 41.6% of the bifid 
mandibular canal prevailed on the right. However, 
some authors have not mentioned a higher inci-
dence of gender in previous studies (13-15).
In our study, the images were classified as 43.6% for 
Class B (mesial or anterior feeling), 23.1% for Class 
C (alveolar sense), and 33.3% for Class D (retromo-
lar sense). Freitas et al. (15), in their study, showed a 
39.1% prevalence of retromolar canals, corroborat-
ing with this study.
In the present study, Type B (mesial or anterior 
feeling) was the most prevalent mandibular canal 
bifurcation (43.6%), followed by Class D (retro-
molar direction), which occurred in 33.3%. Freitas 
et al. (15) found a prevalence of 39.1% of bifid ret-
romolar canals in their study. These data converge 
with our work. Less frequently, 23.1% of cases were 
classified as Class C (alveolar direction). Class A 
(lower direction) was not found in any of the 30 
cases of the fork. Studies were not found classifying 
the variations of the mandibular canal concerning 
panoramic radiographs, thus confirming the impor-
tance of this study.

Classes B and C ducts presented the highest bilat-
eral frequency, respectively, 47.1% and 66.7%, 
followed by the left side, ranging from 29.4% to 
33.3% and right from 15.4% to 23. 5%. Class D 
presented more frequently unilaterally on the left 
side (53.8%), 15.4% on the right side, and 30.8% 
bilateral. Some authors (16,17) showed a higher 
incidence on the left side, confirming the results of 
our study. Moreover, other studies found a higher 
prevalence on the right side (18,19). Furthermore, 
some authors did not find a preference for the 
affected side in their studies (20,21).
Regarding the frequency of bifid mandibular canal, 
according to classification and gender, Type B pre-
sented 50.0% of female patients, D 33.3%, and C 
16.7%. In a male, Classes B and D had a similar fre-
quency of 38.9% among themselves and C 22.2%. 
Literature was not found to relate the frequencies 
of classification according to gender, confirming the 
importance of this research.
According to Perin et al. (22), a large number of dental 
surgeons do not know well about the morphological 
variations of the mandibular canal, and the presence 
of these variations when not previously identified 
causes several clinical implications, including nerve 
damage, such as paresthesia, hyperesthesia, bleeding, 
and lower efficiency in anesthetic technique.
According to Neves et al. (3), the dentist should 
recognize the possible anatomical variations of the 
mandibular canal while performing surgical or anes-
thetic techniques to reduce the risk of failure. For 
Orhan et al. (23), knowledge of the anatomy of this 
canal is essential for successful dental interventions 
and regional mandibular anesthesia, as well as dental 
implant placement and jaw surgery.
For Patriota (24), knowledge of the anatomy of the 
mandibular canal and its anatomical variations is 
essential for the planning of successful surgical pro-
cedures in the region. Lack of knowledge can lead to 
the failure of the conventional anesthetic technique, 
as well as intermittent bleeding during surgery, often 
leading the dentist to abort the procedure.
According to Kuribayashi et al. (6), in panoramic 
radiographs, anatomical variations of the mandibular 
canal can be identified. However, when more accurate 
information about the path of this channel is needed, 
the most appropriate exam is computed tomography. 
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Naitoh et al. (25) performed a study comparing 
 panoramic radiography with CBCT and were able to 
visualize bifid mandibular canals and accessory fora-
men in 48.6% of the cases, in which no changes were 
observed in panoramic radiographic images.
Freitas et al. (2) analyzed 300 CBCT images, in 
which they found 30.0% with anatomical variations 
of the bifid mandibular canals. Thus, panoramic 
radiography is the routine examination of dentists 
and is valid for the initial diagnosis of variations 
in the anatomy of the mandibular canal. However, 
whenever duplication of the mandibular canal is 
suspected, a conical beam tomographic examination 
should be ordered to confirm the diagnosis.

CONCLUSIONS
Based on the results obtained in this study, a preva-
lence of 6% of bifid mandibular canals was found. 
Being more prevalent in men, unilaterally, on the 
left side and the most frequent classification was 
Class B, followed by Class D. 
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