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Abstract

Background. Knowing the radiologic anatomy of the mandibular canal is essential to perform optimal anesthetic techni-
ques in dentistry, especially in endodontic and surgical procedures. Bifid mandibular canals figure as anatomic variations
that may hamper dental anesthesia and lead to surgical accidents.
Objective. This study aims to investigate the prevalence of bifid mandibular canals in cone beam computed tomography
(CBCT) images of patients under dental treatment.
Material and methods. The sample consisted of 700 patients (448 females and 252 males) under dental treatment. CBCT
images taken from each patient for dental treatment purposes were analyzed retrospectively in order to search for bifid man-
dibular canals. The detected bifid mandibular canals were classified according to their morphological arrangement and the
prevalence of this anatomic variation was tested for association with patients’ sex using Pearson’s Chi-square test (χ2).
Results. The prevalence rate of bifid mandibular canals reached 2% (n=14). Mandibular canals with an additional bifurca-
tion towards the anterior region of the mandibular ramus were the most prevalent (100%). Lack of statistical association
was observed between the occurrence of bifid mandibular canals and patients’ sex (p>0.05).
Conclusion. Despite uncommon, bifid mandibular canals may occur. Dentists must be aware of this anatomic variation to
perform safely and optimally in the clinical routine.
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INTRODUCTION
Radiographic assessment of the anatomy of dento-

maxillofacial structures is fundamental to guide the
best practices at the dental clinic. Anesthetic procedu-
res are necessary prior to most of the dental trea-
tments, especially for root canal therapeutics in En-
dodontics and any surgical interventions in Periodon-
tology and Stomatology [1–3]. Success and
effectiveness of anesthetic procedures rely on the se-
lection of the anesthetic drug, technique and know-
ledge of craniofacial anatomy [4].

The most common anesthetic techniques for thera-
peutic interventions in the mandible aim to reach and
block the Inferior Alveolar Nerve (IAN) [5]. Following
an intraosseous pathway together with a vascular bundle,
this nerve provides sensitive response to the mandibular
teeth and adjacent soft tissue – including the lower lip
[6]. The intraosseous pathway that protects the IAN and
guides it through the mandible is named mandibular ca-
nal [7]. This anatomic structure is distributed bilaterally
in the mandible and extends from the mandibular fora-
men to the mental foramen [7].
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In the dental practice, the mandibular canal is often
examined with the aid of panoramic radiographs. Howe-
ver, especial clinical procedures may require a deeper
anatomical analysis of the mandibular canal, such com-
plex extractions of impacted or unerupted third molars
[8] and case-specific dental implant placement [9]. In
the first, a high risk of neurovascular injuries is faced
when the mandibular canal has a close relation with the
third molar [10], while in the second injuries may be ex-
pected from the iatrogenic trauma between the neuro-
vascular bundle and the anesthetic needle, bone drill or
the implant itself [11].

In order to perform safely and optimally, cone beam
computed tomography (CBCT) may be used to have a
better view of the anatomy of the mandibular canal [12].
This modality of imaging exam contributes not only to
anesthetic procedures but also to the surgical interven-
tion itself. In opposite, anesthetic and surgical procedu-
res may be hampered due to potential anatomic varia-
tions in the mandibular canal. Bifid mandibular canals
were previously reported in the scientific literature [13].
This variation consists of a bifurcation in the mandibular
canal that is detectable through imaging exams and must
be considered prior to any intervention in the mandible.
Knowing the prevalence of this anatomic alteration and
the correct interpretation of imaginological exams are
necessary to carry evidence-based practices in the dental
routine.

This study aimed to perform a radiographic and ana-
tomic assessment on the prevalence of bifid mandibular
canals in CBCT scans of patients that underwent dental
treatment and test the potential association of these fin-
dings with their sex.

MATERIAL AND METHODS
Ethical aspects and research design

The present study was carried with the approval of the
local Committee of Ethics in Human Research under
the protocol numbers 907.032.10.03 and
0019.0.091.000-10. The study was designed as observa-
tional, cross-sectional and retrospective and was perfor-
med by experienced researchers in the field of Radiology,
Stomatology and Anatomy.

Sampling
The sample consisted of 700 patients (448 females

and 252 males) with age between 6 and 82 years (mean
age 32.6 years) that underwent CBCT scanning for den-
tal treatment purposes. The Scanning process was per-
formed with the iCAT imaging device (Imaging Science
International, Hatfield, PA, USA). The CBCT device
was set with a field of view of 16 13 cm, voxel size of
0.25, 26.7 seconds of acquisition time, 37.07 mA and 
120 kVp. Slice thickness was set in 0.25 mm with 1mm of
distance between slices.

The final sample of patients derived from inclusion
and exclusion criteria previously applied. The inclusion

criteria consisted of selecting patients treated in the local
Department of Stomatology and with no evident radio-
graphic signs of bone deformities or lesions in the man-
dible. According to the exclusion criteria, patients with
not record of their sex in the medical file were not sam-
pled as well patients with poor-quality CBCT scans.

Data extraction
Digital files of the CBCT scans formatted in Digital

Image Communication in Medicine (DICOM) were im-
ported in a personal computer (Dell Inspiron Small
Desktop, Dell Technol., Round Rock, TX, USA) equip-
ped with proper monitor (Dell LCL LED 18.5”, Dell
Technol., Round Rock, TX, USA) for data extraction
and analysis.

Using a CBCT imaging navigation software package
(VisionQ, Imaging Science International, Hatfield, PA,
USA) the process of image analysis was performed.
Axial, sagittal and coronal slices (multiplanar view) of
the mandible and panoramic reconstructions of each pa-
tient were examined in order to observe and register the
anatomic arrangement of the mandibular canal. Right
and left mandibular canals were classified separately as
bifid or not based on their anatomy. For an optimal judg-
ment of the canal bifurcation, the classification descri-
bed by Langlais et al. [14] (1985) was consulted. Accor-
ding to this classification, bifid mandibular canals may
be divided into types I, II, III and IV. Type I consists of
an arm-shaped bifurcation from the mandibular foramen
to the anterior limit of the mandibular ramus (adjacent
to the third molar); type II shows a bifurcation that re-
turns to the main canal forming an island-shaped bone
region surrounded by the canals; type III is the manife-
station of types I and II in the same patient (bilateral oc-
currence); type IV consists of a main canal that has ori-
gin in two different mandibular foramen (figure 1).

Data analysis
The obtained data was digitally registered in spreads-

heets (Excel, Microsoft Corp., Redmond, WA, USA)
and underwent descriptive statistics to verify the preva-
lence of bifid mandibular canals in the sampled CBCT
scans. Next, with the hypothesis that no association wo-
uld be detected, Pearson’s Chi-square (χ2) test was used
to associate the presence of bifid mandibular canals and
patient’s sex. Data analysis was performed with SPSS
20.0 software package (IBM Corp., Armonk, NY, USA)
for Windows operating system (Microsoft Corp., Red-
mond, WA, USA). The level of statistical significance
was set in 0.05 (5%).

RESULTS
Out of the 700 CBCT scans of the patients sampled

in this study fourteen presented bifid mandibular canals,
out of which seven were females and seven were males.
This number of patients represented 2% of the sample
(table 1). All the bifid mandibular canals detected in this



study were classified as type I (figure 2) according to
Langlais et al. [14] (1985).

In females 3 bifid mandibular canals were observed in
the right side, while four were observed in the left side. Op-
positely, in males bifid mandibular canals were observed 
4 times in the right side and 3 in the right side (table 1).

Pearson’s Chi-square statistical test revealed the lack
of significant association (p=0.27) between the presence
of bifid mandibular canals and sex (table 1).

DISCUSSION
Knowing the radiographic anatomy of the mandibu-

lar canal is a fundamental step to perform surgical proce-
dures in the routine of Stomatology. Invasive techniques

in the mandible may trespass the anatomic limits of the
mandibular canal and promote injuries to the neurovas-
cular bundle that provides sensitive response and blood
supply to the mandibular soft and hard tissues [15]. Bifid
mandibular canals may represent a risky condition to
surgical procedures. In order to avoid malpractice, Den-
tists must predict accidents and complications with pro-
per imaginological treatment planning. In this scenario,
the present study aimed to investigate the prevalence of
bifid mandibular canals in dental patients through
CBCT scanning.

The prevalence rate detected in this study reached
2%. Highly similar findings were observed in the scienti-
fic literature. Kuczynski et al. [16] (2014) examined 3024
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FIGURE 1. Types of bifid mandibular canals according to the classification of Langlais et al. [14] (1985).
Legend: Non-bifid mandibular canal (A) and bifid mandibular canals (B and C). In type I bifid mandibular canals an additional
canal is projected from the mandibular foramen to the anterior region of the mandibular ramus (B); In type II an additional
canal is formed and returns to the main canal forming an island-shaped bone area (C); in type III there is combination of ty-
pes I and II in the same patient; in type IV the main canal is originated from two distinct mandibular foramina (D).

FIGURE 2. Sequential cone beam computed tomography slices (arrows) of a patient with bifid mandibular canal sam-
pled in this study
Legend: Type I bifid mandibular canal (arrow head) extending from the mandibular foramen towards to the anterior re-
gion of the mandibular ramus.
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patients and observed a prevalence rate of bifid mandi-
bular canals of 1.98% (n=60). Differently to the present
study, these authors performed their study in panoramic
radiographs and with a sample considerably larger. In the
present study, CBCT was used as an attempt to perform a
more accurate assessment of the anatomy of mandibular
canals. Despite the differences between studies, the
outcomes were nearly the same. It is important to note
that these studies were similar in outcomes however the
scientific literature reports a large range of prevalence ra-
tes of bifid mandibular canals that may vary from 0.2% to
65% [14, 17, 18]. In practice, the uncertainty on the
exact prevalence rate of this anatomic variation must be
interpreted towards more careful treatment planning be-
cause. In other words, bifid mandibular canals may not
be rare and the Dentists must be aware and prepared to
perform effective anesthetic and surgical procedures in
these patients.

In a deeper look in the bifid mandibular canals, the
present study observed that all the cases were classified as
bifurcation type I (n=14). Other types of bifurcations
were previously reported in scientific studies. In a study
with 1500 panoramic radiographs, Andrade et al. [19]
(2014) detected 80 bifid mandibular canals, out of which
types I, II, II and IV accounted 51, 26, 2 and 1 cases, re-
spectively. Similarly, Kuczynski et al. [15] (2014) detec-
ted 50 bifid mandibular canals type I and 10 type II.
These outcomes show a potential prevalence of bifid
mandibular canals type I over the other types. Type I bi-
furcation consists of the projection of the additional
mandibular canal to the anterior part of the mandibular
ramus – adjacent to the third molar region. In practice,
this type of mandibular canal may be interpreted as a risk
factor for neurovascular injuries, especially during third
molar extractions. In other study, Kuribayashi et al. [20]
(2010) found more prevalent bifurcations type II
(n=40), followed by type IV (n=5) and type I (n=2).

Type II bifurcations include an additional canal that bi-
furcates and returns to the original canal forming an is-
land-shape area in the mandible. The bifurcation may be
restricted to the mandibular ramus or may extend to the
mandible body. The last is more risky from a clinical
scope because it may represent a complex condition for
surgical implant placement along the mandible body. In
these cases, CBCT exams may be useful to guide optimal
preoperative treatment planning.

The last topic investigated in this study was the po-
tential association between bifid mandibular canals and
patients’ sex. As expected according to the research hy-
pothesis, no association was found between both variab-
les. In practice, it suggests that any patient may reveal bi-
fid mandibular canals and these canals must be radio-
graphically assessed prior to clinical decisions.

The prevalence rate of bifid mandibular canals expres-
sed in this investigation was compatible to most of the sci-
entific literature. However, exact values are still uncertain.
Future studies should be designed to systematically review
the current evidences in science in order to enable more
solid and well-supported conclusions. With a large sample
of CBCT scans, the present study contributes to the scien-
tific community by adding more information on the po-
tential prevalence rates of bifid mandibular canals.

CONCLUSION
A prevalence rate of bifid mandibular canals of 2% was

detected in this study; all the cases involved type I bifurca-
tions; and no association was detected between the occur-
rence of bifid mandibular canals and patients’ sex.

Dentists must be aware of potential anatomic varia-
tions in the mandibular canals, such as bifurcations.
CBCT imaging exams figure as tools able to guide the
best clinical practices, especially to plan surgical inter-
ventions (e.g. third molar extraction and dental implant
placement) in patients with bifid mandibular canals.

Table 1
Sample distribution based on sex, prevalence of bifid mandibular canals and side of occurrence.

Sex Sample n (%)
Mandibular canal Side of occurrence

p
Normal n (%) Bifid n (%) Left n (%) Right n (%)

Female 448 (64) 441 (63) 7 (1) 4 (57.14) 3 (42.80) 0.27

Male 252 (36) 245 (35) 7 (1) 3 (42.80) 4 (57.14)

Total 700 (100) 686 (98) 14 (2) 7 (1) 7 (1)

n: absolute values; %: relative values; p: statistical significance set at 5%.
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