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SUMMARY

Rare variations of several additional fo-
ramina of the mandible and their combina-
tions were visualized in the dry mandible
and in vivo using Cone-Beam Computed
Tomography images. One accessory
mental foramen (AMF) was located at the
root apex of the right second premolar up-
ward from the mental foramen (MF), al-
most in the middle between the base of
the mandible and the alveolar ridge. The
second AMF was detected between the
first and second left premolars downward
from the MF. Two separate foramina in
the buccal cortical plate of each half of the
dry mandible located along a horizontal
line were classified as the mental and
mandibular incisive canal foramina. In all
presented cases other additional foramina
were identified. They were located on the
buccal and/or lingual surface of the man-
dibular body.

Key words: Accessory mental foramen — Cone-
beam computed tomography — Mandible

Corresponding author: Melnichenko Yuliya Mikhaylovna.
Belarusian State Medical University, Department of Human
Morphology, Romenskaya str. 5-54, 220028 Minsk, Belarus.
E-mail: mjm1980@yandex.ru

INTRODUCTION

Mental foramina (MF) are located on the
external surface of the body of the mandi-
ble on each side from the midline. Being
the external hole of the mandibular canal,
it transmits a bundle composed of a
nerve, artery and vein of the same name.

It has also been reported that besides of
MF additional buccal holes could be de-
tected by macroscopic investigations of
dry skulls, as well as two-dimensional ra-
diography (periapical and panoramic radi-
ography), and computed tomography
analysis (Garay and Cantin, 2013).

Buccal foramina (BFs) that have no com-
munication with the mandibular canal are
known as nutrient foramina. Blood vessels
originating from the submental, facial
(lower labial) or buccal arteries are locat-
ed inside them (Fuakami et al., 2011).
One or more additional mental foramina
(accessory mental foramina, AMFs) are
opening into the mandibular canal and
usually contain branches of the inferior
alveolar nerve (Fuakami et al., 2011; Ka-
takami et al., 2008; Naitoh et al., 2009a).

The prevalence of AMFs varies in differ-
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ent ethnic groups. Hanihara and Ishida
(2001) reported the highest AMF occur-
rence rate in the Kazakhs (more than 30%
of cases), based on the analysis of ana-
tomical data collected from representa-
tives of 81 populations. AMFs were de-
tected in almost 20% of Russians and less
than 5% of the British. The frequency of
AMFs detection using the Cone Beam
Computed Tomography (CBCT) was
found to be 3.2% in Brazil (Leite et al.,
2014), 6.3 - 6.5% in Turkey (Kalender et
al., 2012; Goregen et al., 2013), 7% in Ja-
pan (Naitoh et al., 2009a), 8.1% in Korea
(Han et al., 2016) and 13% in Spain
(Muinelo-Lorenzo et al., 2015). Nutrient
foramina in the buccal cortical plate are
much more common than AMF. According
to Naitoh et al. (2009b), BFs were found in
44% of cases between the midline and
level of mandibular molars, and only in 7%
of them joined the mandibular canal i.e.
were defined as AMF.

The anterior jaw bones are often consid-
ered relatively safe surgical sites. None-
theless, the increasing rate of surgical in-
terventions in that area, such as oral im-
plant placement and bone grafting, has
highlighted the potential risks of complica-
tions (Garay and Cantin, 2013; Arquez,
2014; Aykol et al., 2015; lwanaga et al.,
2015; Sisman et al., 2012). A careful doc-
umentation of all anatomic variations in
anterior jaw bone neurovascularization
has thus become necessary (Salinas-
Goodier et al., 2016).

The aim of the present report was to de-
scribe the presence of accessory foramina
in the anterior mandible and to discuss the
practical impact of these anatomical varia-
tions. We considered AMF as a foramen
connecting with mandibular canal and
smaller than MF.

All CBCT scans were performed on Gal-
ileos GAX5 (Sirona Dental Systems,
Bensheim, Germany) using standard set-
tings (85 kV; tube current: 5-7 mA; acqui-
sition period: 14 s; effective radiation time:
2-6 s; voxel size: 0.3 x 0.3 x 0.3 mm).
Reformatted sagittal and axial CBCT im-

ages were analyzed using GALILEOS
Viewer 1.9 (Sirona, Bensheim, Germany).

RESULTS

Case 1

In 2016 March, after obtained signed
consent form, a 35-year-old Caucasian
woman was referred for CBCT examina-
tion by dentist of the outpatient clinic due
to a chronic inflammatory process in the
area of a partially erupted left lower third
molar. The mandibular canal was visual-
ized as a radiolucent strip with well-
defined smooth borders formed by thin
linear shadows of high intensity (cortical
plate).

The right mandibular canal could be
traced from the mandibular foramen to the
level of the second premolar. At this point
two lateral branches were detected de-
parting from the inner contour of the ves-
tibular cortical plate. The main canal's di-
ameter was 3.1 mm at the starting point
and 2.7mmat the point of division into two
lateral branches. The largest of the lateral
branches, which was 2.8 mm in length
and 2.1 mm in diameter, deviated from the
main canal at the right angle and it termi-
nated at the MF, which is located on the
buccal surface of the mandibular body be-
tween premolars (closer to the root of the
second premolar). The vertical and hori-
zontal dimensions of that foramen were
found to be 2.0 mm and 2.5 mm respec-
tively. It was located 7.3 mm from the root
apex of the second premolar, 10.3 mm
from the base of the mandible and 14.7
mm from the alveolar ridge. The smaller
lateral branch deviated from the main ca-
nal at the angle of 58.9 degrees, pierced
the buccal cortical plate and terminated at
the AMF 2.0 mm mesially to the root apex
of the second premolar and 5.1 mm up-
wards from the MF (Fig. 1A). The vertical
and horizontal dimensions of the AMF
were 1.3 mm and 1.8 mm respectively.
The distance to the base of the mandible
was 16.1 mm and to the alveolar ridge —
9.8 mm. On the mesial aspect the man-
dibular canal extended directly into the
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mandibular incisive canal with the diame-
ter of 1.6 mm at the starting point.

The left mandibular canal had one lateral
branch in its distal part, which terminated
at the MF on the buccal surface of the
mandibular body between the roots of the
premolars closer to the second premolar
(5.7 mm from its root apex). The vertical
and horizontal dimensions were 2.6 mm
and 3.1 mm respectively.

Beside the AMF, additional buccal and
lingual holes of exit were also detected in
this patient. Totally 6 BFs have been
found, the largest of which was located
8.21 mm from the root of the left central
incisor, 7.7 mm from the root of the left
canine, and 5.9 mm from the root of the
right canine. Those openings led into the
buccal perforating canals that penetrated
into the vestibular cortical plate by 1.8

Fig.1.- Accessory buccal and lingual foramina of anterior mandible.

1 — mental foramen; 2 — accessory mental foramen; 3 — lingual lateral foramen; 4 — mandibular incisive canal; 5 —
mandibular canal; buccal foramina (black arrows); 6 — alveolar canal.

CBCT: A, B — three-dimensional reconstruction; C — coronal, D — sagittal; E, G — axial sections. F — dry mandible
(right side, macroscopic view). Case 1 (A); case 2 (B, C, D, E); case 3 (F, G).
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mm, 2.7 mm and 3.3 mm, respectively
(Fig. 1A). Any communication of those ca-
nals with the mandibular incisive canal
was not found.

In the middle of mandible body on it’s the
lingual side a LF of 0.4 mm in diameter
was found. It was located down from the
genial spines and led to the canal of 6.6
mm in length. Its diameter decreased from
the outer cortical plate to the deeper part
of the spongy substance.

Case 2

A 57-year-old Caucasian woman in 2016
September after obtained signed consent
form was referred for CBCT examination
by dentist of the outpatient clinic because
of restorative treatment planning needs.

On the left side the mandibular canal
could be traced from the mandibular fora-
men to the level of the second premolar.
At that point two lateral branches departed
from the inner contour of the vestibular
cortical plate. The diameter of the mandib-
ular canal at the starting point was 3.4 mm
narrowing down to 2.5 mm at the point of
division into two lateral branches. The
larger lateral branch was 1.5 mm in width,
left the main canal at an angle of 40 de-
grees and ran for 4.2 mm to the buccal
surface of the mandibular body between
the roots of premolars (closer to the root
of the first premolar), where it opened with
the MF. The size of the MF was 2.1
(vertical) x 2.8 (horizontal) mm. It was lo-
cated at the distance of 2.3 mm from the
first premolar’s root apex, 12.1 mm from
the base of the mandible and 13.4 mm
from the alveolar ridge. The second
(smaller) branch of the mandibular canal
extended downwards at an angle of 21.4
degrees, pierced the buccal cortical plate
and opened with the AMF at the distance
of 7.3 mm from the first premolar’s root
apex and 3.6 mm down from the mental
foramen (Fig. 1B). The size of AMF was
0.9 (vertical) x 0.9 (horizontal) mm. It was
located at the distance of 8.3 mm from the
base of the mandible and 18.0 mm from
the alveolar ridge (Fig. 1B).

The mandibular canal continued directly

to the mandibular incisive canal in the an-
terior part of mandible being 1.9 mm in
diameter at the starting point (Figs. 1C,
D).

The right mandibular canal had one lat-
eral branch in its distal part, which termi-
nated with the MF on the buccal surface
of the mandibular body between the roots
of premolars closer to the first premolar
(at the distance of 3.8 mm from its root).
The size of the foramen was 1.9 (vertical)
x 2.5 (horizontal) mm.

Besides the AMF, three additional lingual
foramina (LFs) were also found in this pa-
tient. The central foramen with the diame-
ter of 1.3 mm on the sagittal section and
1.0 mm on axial section was located
above genial spines and led to the canal
of 9.8 mm in length. Its diameter de-
creased from 1.0 mm in the outer cortical
plate to 0.6 mm deeper in the spongy sub-
stance. The right lateral LF was located at
the canine root level in the range of
19.7 mm from the alveolar crest and 8.3
mm from the base of the mandible. It led
into the canal of 7.43 mm in length, repre-
sented as a thin radiolucent strip in the
compact and cancellous bone, which was
oriented at an angle of 58.1 degrees to
the bone surface and connected to the
mandibular incisive canal.

The left lateral LF was located at the lev-
el of the firstpremolar in the range of
18.19 mm from the alveolar crest and 9.7
mm from the base of the mandible. It led
into the canal of 8.9 mm in length, which
was oriented at an angle of 15.9 degrees
to the bone surface and connected to the
mandibular incisive canal (Fig. 1E).

Case 3

Two grooves of 6.7 mm (right) and 6.2
mm (left) in length and 4.3 mm and 3.9
mm in width respectively were detected
on both sides on the buccal surface of the
dry mandibular body from an adult human
cadaver of an unknown sex and age from
the collection of anatomical specimens of
Belarusian State Medical University. Fo-
ramina were present on each side of the
grooves.
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Mandibular canal with well-defined corti-
calization of the walls were detected on
the CBCT scans. It began from the man-
dibular foramen on the lingual surface of
the mandibular ramus, passed in the me-
sial direction, gradually approaching the
vestibular cortical plate. In the area be-
tween the second premolar and the first
molar on the right and left sides of the
mandible it pierced the inner contour of
the cortical plate and went obliquely for-
ward. The angulation of canals in relation
to the vestibular surface of the bone was
26.9 and 23.8 degrees; and the length
within the cortical plate was 4.1 mm and
3.9 mm on the right and left sides respec-
tively. Each canal terminated with MF at
the distal end of the grooves located on
the buccal surface of the mandibular
body.

Two foramina were found in the mesial
end of the groove at the level of the right
first premolar. The smaller one (1.3 mm x
0.9 mm) led into the intraosseous alveolar
canal, which passed obliquely upwards
and forwards in the direction of the dental
alveolus of the first premolar (Figs. 1F, G).
The second foramen also transformed in
the canal within the bone. It passed for-
ward and was defined as the incisive
mandibular canal (Figs. 1F, G).

One foramen was found in the mesial
end of the left groove at the level of the
left first premolar, extending in the man-
dibular incisive canal.

DISCUSSION

Identified defects of the buccal cortical
plate of the mandibular body were classi-
fied as MF, AMF and additional or nutrient
foramina.

The main features suggesting a defect of
the buccal cortical plate of the mandibular
body to be an additional foramen are its
location, size and connection with the
mandibular canal. Out of all foramina
found in this study two were just additional
exits from the mandibular canal (AMF).
One of them was located at the root apex
of the right second premolar upwards from

the MF, almost in the middle of the dis-
tance between the base of the mandible
and the alveolar ridge with a slight devia-
tion towards the base. The second fora-
men was detected between the first and
second left premolars downwards from
the MF in almost 2 times closer to the
base of the mandible than to the alveolar
ridge. According to lwanaga et al. the
AMF appears to be located most com-
monly posterior to MF rather than anterior
(lwanaga et al., 2015). The highest per-
centage of AMF was found under the sec-
ond premolar (Garay and Cantin, 2013).

Muinelo-Lorenzo et al. (2015) found that
the size of MF in the presence of adjacent
AMF was considerably smaller than on
the opposite side. We observed the same
pattern only in one of two cases of unilat-
eral AMF presence.

AMF region is the additional trigger point
in the peripheral trigeminal nerve, a neu-
ralgia irritation of which provokes pain at-
tacks. Persistence of neuralgic pain after
neurectomy of the mental nerve is usually
caused by retaining of an additional
branch of the inferior alveolar nerve, pass-
ing through the AMF (Jha and Kumar,
2012).

The foramina identified in the present
study on the dry mandible are classified
as mental, alveolar and incisive canal fo-
ramina. As seen on CBCT scans, mental
and incisive canal foramina were located
along the horizontal line. The greater fora-
men was located posterior to the smaller
one. The mandibular canal configuration
showed that the canal shifted in the direc-
tion of the mesial vestibular cortical plate
and terminated on the bone surface with
the MF first. Then the groove passed into
the bone as the incisive foramen of the
mandible. This variation of the mental fo-
ramen region corresponds to the findings
of Serman (1989) and Fuakami et al.
(2011). Authors observed one of the
branches of mental nerve returning into
the bone trough the additional foramen on
the buccal surface of the mandibular body
and directing to anterior teeth.
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Besides the AMF and incisive canal fora-
men the present study disclosed other ad-
ditional foramina, which were located on
the buccal and/or lingual surfaces of the
mandibular body.

LFs were reported to be at the level of
first premolars (lateral LFs), as well at the
midline (medial LFs), above and below the
genial spine. The LFs revealed in dry
mandible and by modern methods of radi-
ological studies with a frequency of 80-
100% (Liang et al., 2007; Von Arx et al.,
2011; Sheikhi et al., 2012; Bernardi et al.,
2014). The LFs are nutrient in nature be-
cause they contain vessels and nerves.
They open into the canals, perforating the
outer cortical plate and passing inside the
bone to different depths. Canals located
above the genial spine contain branches
of the lingual artery and nerve, and there
are branches of the submental and/or
sublingual artery, as well as a branch of
the mylohyoid nerve in canals located be-
low the genial spine (Liang et al.,
2007).The size of LFs found in the present
study ranged from 0.51 to 1.01 mm. The
diameter of LFs greater than 1 mm indi-
cates the presence of a quite large arterial
branch damaging which may cause a pro-
fuse hemorrhage (Sheikhi et al., 2012).

CONCLUSION

In the present study we discovered and
described rare variations of the location of
several additional foramina and their com-
binations in the mandible. They were well
visualized in vivo with the help of CBCT
with an accuracy that is comparable to an-
atomical studies ex vivo. Information
about individual variability of the additional
foramen topography is of a high demand
among practitioners. The detection of
these foramina reduces risks of iatrogenic
damage during dental procedures, in-
creases the effectiveness of the mandibu-
lar anesthesia and helps in differential ra-
diographic diagnosis of different kinds of
pathology in the mandible.
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