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Abstract
Background Bifid mandibular canals (BMC) and trifid
mandibular canals (TMC) are variations on the normal
anatomy with incidences ranging from 0.08% to 65.0%.
Such aberrations have an important clinical impact. For
example, an extra mandibular canal may explain inadequate
anesthesia, especially when two mandibular foramina are
involved. Furthermore, during mandibular surgery, a sec-
ond, or even third, neurovascular bundle may be damaged
causing paresthesia, neuroma development, or bleeding.
Case report Two cases are presented in this article. One
patient had a BMC on both sites, and the other patient had a
TMC on one site and a BMC on the other site.
Discussion Initial screening for the presence of a BMC or
TMC can be executed by conventional panoramic radiog-
raphy. BMCs or TMCs are diagnosed, before executing
mandibular surgery; additional CBCT scanning is indicated.
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Background

The inferior alveolar nerve (IAN) is of particular interest to
all who work in the field of oral maxillofacial surgery for
obvious reasons. For example, a reliable insight in the

three-dimensional relationship of the mandibular third
molar root with the mandibular canal is essential for an
optimal surgical procedure to remove wisdom teeth, thereby
taking care to avoid any pressure on the IAN [10]. Also, the
IAN may be traumatized by an implant intruding into the
canal or penetration by the drill preceding implant
placement [28]. In addition, in cases of a bilateral sagittal
split osteotomy, three-dimensional information about the
IAN may prevent nerve damage during surgery.

In contrast to the panoramic radiography, computed
tomography (CT) allows three-dimensional insight. How-
ever, drawbacks of computed tomography are the higher
radiation dose [23] and elevated financial costs compared to
panoramic imaging. Recently, cone beam computed tomog-
raphy (CBCT) has been introduced in an effort to improve
the performance of the conventional CT, such as reducing
the radiation dose [2], offering high spatial resolution [17],
and decreasing the costs. As the CBCT gains popularity,
more anatomical aberrations of the IAN will be recognized
and three-dimensionally presented.

As main trunk of the IAN, the trigeminal nerve emerges
as the fifth cranial nerve from the lateral surface of the
pons in both a motor and a sensory root. Subsequently, the
sensory root expands into the trigeminal ganglion, from
which three divisions of the nerve arise. As one of these,
the mandibular nerve passes through the foramen ovale to
the infratemporal fossa, wherein subsequently different
branches are sprouted. One of them is the IAN, which
enters the lower jaw as a sensible nerve at the mandibular
foramen and runs in company with the mandibular vessels
in the mandibular canal anteriorly, gradually crossing from
a lingual to a more buccal plane. It supplies the
mandibular teeth with sensory branches that form into
the inferior dental plexus and give off small dental nerves
to the teeth [1].
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The cranio-caudal and bucco-lingual positions, as also
the branching pattern of the neurovascular bundle, differ
within the mandibular body when different mandibles are
compared. At the mental foramen, the nerve leaves the
corpus mandibula mostly after a short recurrent intra-
osseous course, creating the so-called anterior loop [9].
The shape, curve, and direction of this terminal segment are
quite variable. Before the nerve leaves the corpus man-
dibula, it gives birth to a small branch as the continuation of
the inferior alveolar nerve, which prolongs its course inside
the mandible and innervates the mandibular canines and
incisors.

Additionally, the position of the mental foramen itself
also varies. Nevertheless, it is mostly situated below the
apex of the second premolar [1, 10, 12, 28]. Due to its
considerable variation in course, it can be difficult to
predict the exact position of the IAN, thus frustrating a
proper pre-operative planning.

Case report 1

A 22-year-old healthy female was referred because of pain
located at her lower right wisdom tooth. Intra-oral examina-
tion revealed inflammation of the pericoronal mucosa
(pericoronitis) around the partially erupted molar due to
ineffective cleaning. On the routinely performed panoramic
radiograph (Fig. 1a), bilaterally, a bifid mandibular canal
(BMC) was suggested. This was confirmed by CBCT
imaging using axial and coronal cross sections (Fig. 1b, c).

On both sides, two mandibular canals were observed
ending into one single mental foramen. The detailed cross
section at the right side shows that the lowest canal showed
no relation with the apical part of the root. The upper canal,
however, was positioned lingually of the root, a sign of high
risk for nerve damage [10]. The patient was informed about
the presence of this anatomical aberration, an informed
consent was given, and 1 week later, the wisdom tooth was

Panoramic radiograph 

coronal cross-section axial cross-section 

Fig. 1 a Panoramic radiograph.
b Coronal cross section. c Axial
cross section

Fig. 2 Panoramic radiograph
showing the two mandibular
canals (see arrows)
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surgically removed. To avoid pressure on the IAN, first, the
roots were sectioned and subsequently individually mobi-
lized in a strict buccal direction. Post-operatively, the patient
experienced a normal sensibility, and the further course was
completely uneventful.

Case report 2

A 26-year-old healthy male was referred for surgical
removal of both his impacted mandibular third molars.
Intra-orally at both sides, pericoronitis was observed,
causing severe complaints. The pre-surgical panoramic
radiograph (Fig. 2) revealed only at the right side a
duplicated mandibular canal. Surprisingly, an additional
CBCT with coronal cross sections (Fig. 3) elucidated an

extra canal on both sides, implicating the presence of two
canals (BMC) for the left side and even three canals (trifid
mandibular canal, TMC) for the right side. These two
unexpected extra canals showed a backward loop to the
retromolar region (Fig. 4).

After informing the patient about the risk of IAN
damage, it was decided to remove both wisdom teeth in
two separate sessions. Both surgical procedures were
uneventful, and post-operatively, the patient experienced
normal sensibility.

Discussion

Despite the shortcomings of panoramic radiographs, like
distortions and a two-dimensional visualization [24, 25],

Fig. 3 Showing coronal cross
sections. a Before the splitting
of the canal. b The bifurcation
just started. c Showing two
separate canals. d Vertical
course of the retromolar
canal

Fig. 4 Reconstruction with
nerve tracking showing the
bifid and trifid mandibular
canals
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anatomical variations of the mandibular canal can be
detected. However, three-dimensional radiographs offer
more insight in the exact position of the canal, specifically
about its bucco-lingual position.

Recently, CBCT has been introduced in an effort to
compensate the shortcomings of the conventional CT,
such as the higher radiation dose, lower spatial resolu-
tion, and the higher costs [4, 17]. In addition, with the use
of three-dimensional-image-based planning software, the
course of the mandibular canal can be marked at different
locations depicting anatomical variations more clearly
(Figs. 2 and 3).

Variations of the mandibular canal, such as BMC, are
reported with incidences ranging from 0.08% to 65.0% [3,
5, 7, 19, 20] (Table 1). The first-mentioned TMC was only
based on a conventional optical projection tomography
(OPT3), however, not confirmed by CBCT. Causes for
misinterpretation underlying a false double-canal radio-
graph using a conventional OPT may include the imprint of
the mylohyoid nerve on the internal mandibular surface,
where it separates from the inferior alveolar nerve and
travels to the floor of the mouth. Another explanation is the
radiologic osteocondensation image produced by the
insertion of the mylohyoid muscle into the internal
mandibular surface, with a distribution parallel to the dental
canal [15, 26]. The first established case of a TMC was
presented in a study on dry mandibles [5].

Identifying aberrant courses of the IAN, and thereby
recognizing surgical pitfalls, became much easier by the
introduction of CBCT. Obviously, BMCs and TMCs have
important clinical implications, for example, in explaining

the reason for inadequate anesthesia, especially when two
mandibular foramens are involved [11]. Furthermore,
planning of third molar removal needs extra attention when
bifid or trifid canals are present in that specific area. In
addition, damaging a second, or even third, neurovascular
bundle can cause complications such as a paresthesia,
neuroma, or bleeding.

To conclude, initial screening for the presence of a BMC
can be executed by conventional panoramic radiography. In
case BMCs are diagnosed, before executing mandibular
surgery, additional CBCT scanning is indicated. The CBCT
can also reveal any TMCs and gives insight in the exact
course of the canals.
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