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This study aims to assess the frequency of the lingual foramina and canals relative to their location on the
mandibular cortical plate and also to closely inspect the course of the lingual canals inside the mandibular
body using 3D reconstruction of the evaluated area. A retrospective study was conducted with 55 cone bean
computed tomography (CBCT) scans in order to analyze the location, number, course and anastomosing
pattern of the lingual canals. A total number of 165 lingual canals (LCs) were recorded from 55 patients, as
follows: 94 median (MLC), 16 paramedian (PLC) and 55 lateral lingual canals (LLC). MLCs were a constant
finding in all 55 patients (100% of the cases), PLCs were present in 15 patients (27.3% of the cases), and
LLCs were identified in 35 patients (63.3% of the cases). The anastomosing pattern of the MLC, in which a
supraspinous canal anastomosed with an infraspinous canal, was found in 10.9% of the cases (6 of 55
patients),. The LLCs were anastomosed with the mandibular incisive canal (MIC) in 56.3% of the cases (31
of 55 LLCs) and with the mandibular canal (MC) in 3.6% of the cases (2 of 55 LLCs). CBCT revealed itself to
be a reliable tool for evaluating the intramandibular topography of the LCs. The anastomosing pattern of the
lingual canals might raise the question whether the LCs could be responsible for incomplete anesthesia
after conventional mandibular block by carrying sensory innervation from the mylohyoid nerve to the inferior
alveolar nerve.
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Lingual canals (LCs) were first documented by
Hirschfeld et al. [1], who described them as interdental
canals with vascular content that descended from the
lingual cortical plate in the mandibular body, between the
central and the lateral incisor. The foramen located in the
genial tubercles region was described by Ennis et al. [2],
from 1937, as a nutrient foramen. Some classifications of
LCs were made based on their foramina localization on
the mandibular body internal surface. Those in the midline
were termed median lingual canals (MLCs), paramedian
lingual canals (PLCs) were situated between the midline
and canine’s distal surface, and lateral lingual canals
(LLCs) were placed distally to the canine. MLCs can be
located either above, between or below the mental spines
[3].

MLCs were a constant finding in all studies, being found
in 100% of the cases [4-7]. The number of LCs situated on
the midline varied from 1 to 4 [8, 9], but most frequently
one [5, 10] or two [6, 11] canals were identified. A recent
study designed to report on lingual foramina and canals
evaluated exclusively those in the anterior mandible [12],
but seemingly the LCs were overlooked. This could explain
why in 6/90 mandibles the LCs and foramina could not be
located  [12]. Therefore, when identifying LCs and
foramina, the interforaminal mandibular region should be
investigated, rather than just the anterior mandible. When
only one MLC was seen, it was usually situated above the
genial tubercles, and when two MLC were noticed, one
was situated above and the other below the mental spine
[4, 8, 9].
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PLC and LLCs seem less frequent than MLCs, with a
prevalence ranging between 6 and 80% [3]. The LLCs were
often situated in the premolar area. In 50% of the cases [6,
9], studies found LLCs located above the premolars, and in
70% of the cases the LLCs [13] were placed in the mental
foramen area. The paramedian localization of the LC was
observed by von Arx et al. [11], who found PLCs in 9.7% of
cases.

The content of MLCs was studied by McDonnell et al.
[14], who found an arterial anastomosis, resulting from
the sublingual artery and its contralateral branch, entering
the supraspinous foramen. Different studies found
neurovascular content in MLCs [15], with the mylohyoid
nerve entering the infraspinous median lingual foramen
(16), while the supraspinous foramen was speculated from
histology slides to contain branches of the lingual nerve
and artery [17].

We hypothesized that the anatomy of LCs is consistently
documented and should not differ significantly between
ethnic groups. We therefore aimed to study the prevalence
of different patterns of LCs in a Romanian sample and to
compare the results with those resulted from previous
studies.

Experimental part
Material and ethod

A retrospective study was conducted on 55 archived
files of Romanian patients who had undergone dental CBCT
scans. The patients were between 27 and 70 years old,
with a group average of 42 years. The archived files
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belonged to 29 females and 26 males, who were analyzed
in the study. The scans were made, as in previous studies
[18-21], with an iCat CBCT machine (Imaging Sciences
International) using the following settings: resolution 0.250,
field of view 130, image matrix size 640 x 640, sensor
dimensions 20 x 25 cm, and grayscale resolution 14 bits.
The voxel dimension was set on 0.250 mm and the
acquisition time on 13.9 seconds. The files collected were
converted in a DICOM format, as in other previous studies
[22-27], and were further evaluated using the Planmeca
Romexis Viewer 3.5.0.R software. The patients’ mandibles
were investigated in bidimensional multiplanar
reconstructions (MPRs): axial, coronal and sagittal. Three-
dimensional volume renderizations were also used to
evaluate the morphology of the intramandibular canals.

The results for all 55 patients were included in a table
containing the following information for each patient: the
number of MLCs and their position relative to the mental
spine (supraspinous, interspinous or infraspinous). The
direction in the vertical plane (ascending, horizontal or
descending) and in the horizontal plane (anterior or lateral)
were also included in the table. The LLCs’ number and
position relative to the teeth and the direction in the vertical
and horizontal planes (as for the MLCs) were additional
parameters taken into consideration for the table. The
anastomosing pattern of the lingual canals was also
observed, and each anastomosis between a lingual canal
and another intramandibular canal was registered in the
same table.

All of the examined patients gave their informal consent,
according to which their medical data could be used for

research and for teaching purposes, as long as the patients’
identities were protected.

Results and discussions
A total of 165 LCs were identified in 55 patients. One LC

was found in 14% of the patients (n=8), two in 24% of the
patients (n=13), three in another 24% of the cases (n=13),
four LCs occurred the most often, in 27% of the patients
(n=15), five were identified in 9% of the cases (n=5), and
one patient (2% of the cases) had seven LCs (fig. 1).

MLCs were a constant finding, every patient having at
least one MLC. There were 94 MLCs: 54 supraspinous, 10
interspinous and 30 infraspinous (fig. 2). All of the MLCs
had an anterior direction in the horizontal plane. In the
vertical plane, the supraspinous canals were descending
in 100% of the cases (n=54), the interspinous canals had
a horizontal course in 50% (n=5) and a descending course
in the other 50% of the cases (n=5), and the infraspinous
canals had an ascending course in 93% (n=28) and a
horizontal course in 7% of the cases (n=2).

PLCs were observed in 27.3% (n=15) of the cases; they
were always single and unilateral, excepting one case
when a patient had 2 PLCs that were found on the same
side (in the canine area), making 16 PLCs in total. On the
right side, they were seen in 6 patients, all of them being
positioned in the canine area. On the left side, PLCs were
observed in 9 patients, 7 of them presenting a PLC in the
canine area and 2 patients having a PLC in the lateral incisor
area. The direction of the PLCs in the horizontal plane was
anterior in 94% of the cases (n=15) and lateral,
perpendicular to the lingual cortical plate, in 6% of the cases

Fig. 1  The graphic representation of the total
number of the patients divided in 6 groups,

depending on the number of the lingual canals

Fig. 2  The graphic representation of the total
number of the median lingual canals (N=94),

depending on their position relative to the
mental spine.
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(n=1). In the vertical plane, 69% (n=11) had a descending
course from the paramedian foramina, and 31% (n=5)
had a horizontal course.

LLCs were found in 35 patients (63.6% of the patients),
27 on the right side (50%) and 25 on the left side (45.5%).
A total of 55 LLCs were identified, ranging between 1 and
3 per patient and 1 and 2 per side. In 51% of the cases
(n=18), only one LLC was seen per patient, 2 LLCs were
identified in one patient in 40% of the cases (n=14), and in
9% of the cases (n=3), 3 LLCs were present in the same
patient. On the right side, 28 LLCs were seen in 27 patients,
the most common localization being the premolar area.
The LLCs’ frequency on the right side was 7.3% in the first
premolar area (n=4 canals), 29% in the second premolar
area (n=16 canals), and 14.5% in the first molar area (n=8
canals) (fig. 3). On the left side, 27 canals were identified
in 25 patients with a frequency of 9% in the first premolar
area (n=5 canals), 32.7% in the second premolar area
(n=18 canals), and 7.3% in the first molar area (n=4
canals) (fig. 3).

The LLCs were unilateral in 51% of the cases (18
patients) and bilateral in 49% of the cases (17 patients).
Symmetrical bilaterally LLCs were found in 20% of the
cases (n=7 patients). The symmetrical bilaterally LLCs
were most often seen situated in the PM2 area (5 patients)

cases, the infraspinous canal in 57%, and the interspinous
canal in 49.5%. The number of MLCs range between 1 and
3 in the current study, with the presence of 2 MLCs in 53%
of the patients (n=29) and 1 canal in 38% of the patients
(n=21). This finding is in accordance with  Naitoh et al.’s
(6) study, which also found a range of MLCs from 1 to 3,
with the highest occurrence being 2 MLCs, which were
seen in 53.6% of his cases. Tepper et al. (5) also found
MLCs between 1 and 3 MLCs, but in most of the cases,
64.3%, he found 1 LC situated on the anatomical midline.
Examining 36 patients using CBCT, Babiuc et al. (7) found
from 1 to 4 MLCs, with the highest occurrence being 1
MLC, in 71.9% of the study’s cases. The absence of the
MLC was also reported (10, 11, 29-31), varying between 2
and 9.6%.

For oral implantology, it is very important to know the
anatomical configuration and its variation areas and
structures of risk to manage the complications that can
appear during surgical procedures. These complications
include bleeding, infection and neurosensory deficit; it is
necessary to evaluate with CBCT the position of the
neurovascular canals in order to avoid damaging their
content.

and less often in the PM1 (1 patient) and M1 (1 patient)
areas. The direction in the horizontal plane of the LLCs
was anterior in 98% of the cases (n=54) and lateral in 2%
of the cases (n=1), perpendicular to the lingual cortical
plate. In the vertical plane, 67% of the LLCs had an
ascending course (n=37), 29% had a horizontal course
(n=16), and 3.6% (n=2) had a descending course in the
mandibular body.

Intramandibular anastomosis of the MLCs was reported
in 6 patients (10.9% of cases), where a descending
supraspinous MLC was observed to be anastomosing with
an ascending infraspinous MLC (fig. 4). The PLCs were
seen anastomosing with the mandibular incisive canal
(MIC) in 25% of the cases (n=4). The LLCs were
communicating with other intramandibular canals in 60%
of the cases (n=33). In 56.3% of the cases (n=31), the
anastomosis was found between an LLC and the MIC (fig.
5), and in 3.6% of the cases (n=2), the anastomosis of the
LLCs was along the mandibular canal (MC) (fig. 6).

Each of the 55 patients included in this study had at
least one LC, and when only one was present, it was an
MLC. On the anatomical midline, the highest frequency
was found in the supraspinous lingual canal, in 98% of the
patients (n=54). Second, the occurrence of the
infraspinous lingual canal was 54.5% (n=30), and third,
the interspinous lingual canal had an incidence of 18%
(n=10). Similarly, Tagaya et al. and Katakami et al. (13,
28) found the supraspinous canal in 95% of the studied

Fig. 3. The topography and prevalence of the lingual foramina and
canals, relative to the mandibular tooth.

Fig.4. Mediosagittal MPR
depicting anastomosed

supraspinous (arrow) and
infraspinous (arrowhead) canals.

Fig.5. Axial MPR of the mandible depicting a lateral lingual canal
(arrowhead) which anastomoses with the incisive mandibular

canal (arrow)

Fig.6. Three-dimensional volume renderization of the right
hemimandible, internal view. 1.mandibular canal; 2.mental canal;

3.lateral lingual canal; 4.mylohyoid line.
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In the vertical plane, the course of the MLCs followed a
pattern also found in other studies [7, 10]. Liang et al. [10]
shows in his work that supraspinous canals are descending
in 77.8% of the reported cases and that infraspinous canals
have an ascending course in 91.9% of the cases. The current
study found 100% of the supraspinous canals having a
descending course, and 91.9% of the infraspinous canals
having an ascending course.

PLCs were present in 27.2% of the studied cases (n=15).
The most common localization was the canine area, being
identified with a frequency of 11% below the right canine
and 13.7% below the left canine. Von Arx et al. [11]
calculated a frequency of 7.4% for PLCs below the right
canine and of 14.9% below the left canine, also finding
PLCs with a frequency of 8.2% and 10% below the right
and left lateral incisors, respectively. In the current study,
below the lateral incisor, PLCs were seen only on the left
side, with a frequency of 3.6%. Liang et al. [10] found PLCs
in 62% of the reported cases (n=31 jaws), and from those
31 cases, 15 had bilateral PLCs, 8 had PLCs on the right
side only, and another 8 had PLCs on the left side only.

The current study found LLCs in 63.6% (n=35) of the
patients and in 47.2% (n=52) of sides. By examining 28
patients who had undergone the CBCT procedure, Naitoh
et al. [6] found LLC in 64.3% of patients (n=18) and in 50%
of sides (n=28). Tepper et al. [5] used 70 CT scans and
identified LLC in 52.9% of the cases and in 30.7% of sides.
A higher occurrence of the LLCs was discovered by Tagaya
et al. [13], who studied 200 patients using CT scans and
found LLCs in 160 patients (80% of the cases). The number
of LLCs in this study ranges between 0 and 3 per patient
and from 0 to 2 per side. Tepper et al. [5] observed 2 LLCs
on the same side in 8.6% of the cases, 1 LLC in 44.3% of
the patients, and no LLC in 47.1% of the patients. The
absence of  LLCs in this study was noticed in 36.4% of the
cases. One LC was seen in 32.7% of the cases (n=18), 2
canals in 25.4% (n=14), and 3 canals were found in 5.4%
of the cases (n=3).

The localization of LLCs was often identified in the
premolar area, both in this and in other studies. This study
registered the presence of LLCs with a frequency of 36.3%
in the right premolar area and 41.7% in the left premolar
area. Von Arx et al. (11) found LLCs in the premolar area
with a frequency of 51.4% on the right side and 35.3% on
the left side. LLCs were seen with less frequency by
Katakami et al. [28]: 27.7% in the right premolar area and
28.5% in the left premolar area. Even if some authors [11,
32] found LLCs both in the second and in the third molar
areas, the current study shows that LLCs most distal
location is the first molar area.

The bilateral aspect of LLCs’ has been addressed in other
studies [5, 9, 13], but none of the studies discussed bilateral
symmetry. Naitoh et al. [6] found 28 LLCs in 28 sides in the
premolar area of 18 patients, 55.5% of them having bilateral
LLCs. This study found bilateral LLCs in 49% of the cases
(n= 17) and identified bilateral symmetry in 20% of them
(n=7). Bilateral symmetry was noticed in 14% of the cases
(n=5) in the second premolar area; in 3% of the cases
(n=1), the bilateral symmetry was observed in the first
molar and first premolar areas.

The direction of the LLCs in the horizontal plane was
registered in the current study as follows: anterior in 98%
of the cases (n=54) and lateral, perpendicular to the lingual
cortical bone, in 2% of the cases. Other reports [11] found
a perpendicular orientation to the lingual cortical plane in
22.3% of the LLCs studied, a posterior orientation in a
recurrent manner in 0.8% of the LLCs, and an anterior
orientation in 76.9% of the LLCs. In the vertical plane, the

position according to the anatomical midline may influence
the direction of the LCs. It was shown in this study that
PLCs which are closer to the midline have a descending
course in 69% of the cases, while in 31% of the cases they
have a horizontal course. LLCs which are further away from
the midline have an ascending course in 67% of the cases,
a horizontal course in 29% of the cases, and a descending
course in 3.6% of the cases. This finding might be explained
by PLCs being localized higher than the LLCs, from the
lower mandible border on the lingual cortical bone [11].

The anastomosis of LCs with other canals in the
mandibular body was discussed by von Arx et al. [11], who
found LLCs anastomosing with other canals in 62.8% of
the studied cases. LLCs were seen most frequently, in
64.5% of the cases, anastomosing with the MIC; in 28.9%
of the cases, LLCs were communicating with the MC; and
in 5% of the cases, LLCs were identified as being linked to
a dental apex. This study found 25% (n=4) of the PLCs and
56.3% (n=31) of the LLCs studied anastomosing with the
MIC. Anastomosis between the LLC and MC was identified
in 3.6% (n=2) of the cases. The anastomosis of LLCs with
the MIC was observed by Carter and Keen (1971) [33],
who found, below the premolars, a communicating branch
of the mylohyoid nerve that traverses the lingual cortical
bone through an LC for anastomosing with the incisive
branch or plexus of the inferior alveolar nerve. Carter and
Keen (33) assumed these canals were used for the
anastomosis of the mylohyoid nerve and incisor plexus
and compared their findings to those of Shiller and Wiswell
(1954) [34] and Shirai (1960) [35].

In the symphyseal area, the supraspinous canal was
identified to anastomose with the infraspinous canal in 6
cases. This anastomosing pattern, of a supraspinous canal
contacting an infraspinous canal in the mandibular body,
could be caused by an arterial arcade from which small
arterial branches spread out in order to irrigate the anterior
region of the mandibular bone and periosteum [3].

Most lingual, sublingual and submental hemorrhagic
incidents are caused by iatrogenic manipulation during
different medical procedures, such as implant surgery. A
massive hemorrhage in the floor of the mouth caused by
damaging these arteries during an implant drilling
procedure will cause an elevation of the floor of the mouth,
protrusion of the tongue, and difficulty in swallowing with
airway embarrassment. These incidents happen especially
in the premolar and canine regions [36, 37]. To prevent
significant bleeding, the practitioner has to be able to
identify the source of bleeding, which can be related to
anatomical variants, medication or other diseases. The key
factor to avoid bleeding is prevention facilitated by good
preparation and analysis, radiographic and clinical, on a
case-by-case basis [26, 38].

The present study provides indirect information on the
possible patterns of the sublingual and submental arteries
intramandibular distribution via LCs. One should not ignore
that the neurovascular content of such canals is individually
variable, and a vascular content of the lingual canals does
not mandatorily locate a certain artery. It should also be
taken into account that the extramandibular anatomic
variation related to the dominant arterial distribution in the
floor of the mouth of the submental and sublingual arteries
[39] increases the risk of life-threatening hemorrhaging of
the floor of the mouth. The present study may suggest the
importance of CBCT-based identification of LC topography,
which could result in the increased success of oral implant
osteointegration [39].

By 3D reconstructions of the mandibular body one could
easily evaluate the intramandibular canals for their position,
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number and anastomosing pattern. This study revealed the
symmetrical bilateral aspect of the LLCs placed below the
second premolar.
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