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Objective:
buccal foramen (ABF) with CT.
Methods:

To investigate the frequency and characteristics of the mandibular accessory

A retrospective study was carried out using the CT records of 504 patients

referred to the Erciyes University Medical School (Kayseri, Turkey) between 2007 and 2010.
Presence, location, diameter, area and number of ABFs and their continuity with mandibular
canal and distance to the mental foramen were evaluated using axial, sagittal and three-
dimensional CT images. Statistical analysis was performed using SPSS® v. 15 (SPSS Inc.,
Chicago, IL), and #-tests were used for statistical analysis.

Results: 14 ABFs were observed in 10 (2%) of 504 patients. The frequency of ABFs was
found to be 2.6% in males and 1% in females. The mean distance between the ABF and the
mental foramen was 5.0 mm [standard deviation (SD) + 2.48]. The mean long axis of the
ABFs was 1.4mm (SD + 0.4) and the mean area of them was 1.5 mm? (SD + 0.8). The mean
area of the mental foramen on the side with the ABF was 4.1 mm? (SD +2.71).
Conclusions: This study presents a relatively lower frequency of ABFs than that in the
literature. These foramina could have more complex neurovascular structures than was
previously thought. Thus, in special cases where a direct surgical exploration during the
planned surgery is not indicated, CT or cone beam CT examination to determine the possible

presence of ABFs may be indicated.
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Introduction

The mental nerve is a somatic afferent sensory nerve of
the mandibular nerve that emerges from the mental
foramen and which presents as a single circular, or
elliptical, bilateral radiolucent area in the premolar
region.! On the perimandibular surface, accessory
foramina smaller than the mental foramen have been
frequently reported in the literature.’~ The evaluations
of accessory foramina that relate to the mandibular
canal are clinically important in endodontic treatments
and surgical procedures such as dental implant inser-
tion, implant-related bone grafting, genioplasty and
mandibular anterior segmented osteotomy.*®
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Recently, some studies investigating the presence of
small foramina in the perimandibular region have been
carried out.*>-7-8 In CT-based studies, Naitoh et al®> and
Katakami et al” classified accessory foramina according
to their continuity with the mandibular canal. Accord-
ing to these reports, an accessory foramen showing a
connection with the mandibular canal was defined as
accessory mental foramen (AMF), and an accessory
foramen showing no connection with the mandibular
canal was defined as a nutrient foramen.>’ However, in
a cadaveric study, Fuakami et al® stated that neuro-
vascularization of these foramina is more complex than
was previously thought. Thus, in that report, all the
detected accessory foramina on the buccal mandibular
surface were defined as accessory buccal foramina
(ABFs), regardless of location and course.

ABFs are rarely observed with conventional radio-
graphy techniques, such as periapical and panoramic
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Figure 1
arrow shows the ABF has a connection with the mandibular canal

radiographs, because the long axis of an ABF is
generally less than 1.5mm, and it is difficult to
recognize this structure with two-dimensional techni-
ques.”!! Three-dimensional (3D) evaluation with CT
and cone beam CT (CBCT) could demonstrate the
presence and course of ABFs. The detection of ABFs
may reduce the rates of haemorrhage, post-operative
pain and paralysis in surgical procedures.’

In the present study, we aimed to investigate the
frequency and characteristics of ABFs using CT
images.

Material and methods

A retrospective study was performed using the CT
records of 504 patients referred to the Erciyes
University Medical School, Kayseri, Turkey, from
2007 to 2010. All records were selected from a
Turkish population from the Cappadocia region of
Turkey. CT images had been taken because of the
patients’ previous medical problems. The exposure
factors and slice thickness (0.625-1.25mm) varied

b

Axial CT images of an accessory buccal foramen (ABF) on the left side (Patient 9). (a) Arrowhead shows the mental foramen and (b)

according to the requirement of each individual, and
images were taken by a radiology technician with
a CT machine (LightSpeed™; GE Medical Systems,
Milwaukee, WI). Reformat images were generated
in a PACS (Picture Archiving and Communication
Systems) unit and evaluated using Infinitt™ software v.
3.0.8.1 (Infinitt Medical Imaging and Archive System,
Seoul, Republic of Korea). All CT images were
examined by two oral radiologists (YS with 11 years
of experience and HS with 4 years of experience in CT).

A buccal foramen, except for the mental foramen, was
identified as ABF regardless of location and course.
Images were examined in axial and sagittal planes and
3D reformats. Each ABF was investigated with regards
to its continuity with the mandibular canal (Figures 1
and 2). The relative location of the ABF in relation to the
mental foramen was marked according to the illustration
in Figure 3. The distance between the centre of the ABF
and the mental foramen was measured in the sagittal CT
images (Figure 4). In addition, the long (a) and short (b)
axes of each ABF and mental foramen on the side with
the ABF were measured (Figure 5) to calculate the
elliptical area using the following formula:

a

b

Figure 2 Three-dimensional reconstruction (a) and axial CT images (b) of an accessory buccal foramen (ABF) on the right side (Patient 6).
Images show the mental foramen (arrowheads) and that the ABF (arrows) has a connection with the anterior loop of the mental nerve
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Figure 3 Three-dimensional reconstruction shows the location of the
accessory buccal foramen (ABF). The origin was defined as the centre
of the mental foramen. The x-axis was parallel to the occlusal plane

and the arrow shows the ABF

Statistical analysis

Statistical evaluation of the data was carried out using
SPSS® v. 15.0 (SPSS Inc., Chicago, IL). The differences
between categorical variables were analysed using #-tests.
p<0.05 was considered to be statistically significant.

Results

A total of 504 CT images obtained between 2007 and
2011 were evaluated. Of these patients, 307 (60.9%)
were male and 197 (39.1%) were female. The mean age
of the patients was 39.73 + 15.88 years and there was no
statistically significant difference in mean age between
males (40.8+16.7 years) and females (38.1+14.9
years) (p=0.458). 14 ABFs were detected in 10 (2%, 8

males and 2 females) of the 504 patients. The frequency
of ABFs was found to be 2.6% in males and 1% in
females. There was no statistically significant difference
in males and females (p=0.327). Of the cases of ABF,
three were bilateral and seven were unilateral: three
were on the right and four were on the left side. No
statistically significant differences were found between
either the right- and left-sided ABFs or between female
and male patients (p > 0.05). In addition, three ABFs
were detected on the right side of Patient 5 (Figure 6).
Also, there was no statistically significant difference in
mean age between patients with ABFs (39.73 +£15.8
years) and those without (39.73 £ 15.8 years) (p > 0.05).
The mean distance between the ABF and the mental
foramen was 5.0mm (SD =+ 2.48 mm). The mean area
of the 14 ABFs was 1.5 mm? (SD + 0.8 mm?). The mean
area of the mental foramen on the side with the ABF
was 4.1 mm? (SD +2.7mm?). Also, the proportion of
the area of the ABF to the area of the mental foramen
on the same side ranged from 5.6% to 92.9% (mean
50.3%, SD +27%) (Table 1).

The locations of the ABFs in relation to the mental
foramina are illustrated in Figure 7. Most of the ABFs
(5, 35.8%) were located in the inferodistal region and
the fewest (1, 7.1%) were located in the superomesial
and mesial regions (Table 1). Furthermore, 8 of the 14
ABFs had continuity with the mandibular canal. Two
ABFs had a connection with the anterior loop of the
mental foramen (Figure 2) and six ABFs had a direct
connection with the mandibular canal at the posterior
of the mental foramen.

Discussion

An accessory foramen located in the region surround-
ing the mental foramen and showing a connection with
the mandibular canal is defined as AMF and is believed
to relate to the mental nerve. On the other hand, an
accessory foramen showing no connection with the
mandibular canal is defined as a nutrient foramen,
which nourishes the bone with arterial structures.>’
Ichikawa'? reported that the submental, lower lip,

Figure 4 Longitudinal CT images of the buccal surface show two accessory buccal foramina on the right side (Patient 5). The distances between
the centre of the mental foramen and the farther accessory buccal foramen (ABF) (a), and between the centre of mental foramen and the nearby

ABF (b) are shown
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Figure 5 Longitudinal CT image of the buccal surface and
measurement of axes of a foramen. The long (a) and short (b) axes
of a foramen were measured

buccal arteries and branches of the facial artery enter
into the mandibular cancellous bone through the
nutrient foramina. However, a clear distinction between
AMF and the nutrient foramen has not been identified
or supported in previous reports. In a cadaveric study,
Fuakami et al® reported some remarkable findings: (a)
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a branch of the facial artery coursed beside the mandible
and re-entered through an ABF which showed a
connection with the mandibular canal; and (b) a branch
of the mental nerve re-entered the mandible through an
ABF which showed no connection to the mandibular
canal. Therefore, neurovascularization of these foramina
may be more complex than was previously thought, and
we also called the accessory foramina found in the
present study “‘accessory buccal foramina™ regardless of
location and course.

The reported frequency of ABFs has been reported
to range widely from 1.4% to 30%.'3"!7 However, the
frequency of ABFs was found to be 4%, 7.7% and
10.7% in CT-based studies performed in the last 3
years.> 1118 In the present study, 14 ABFs were detected
in 10 of the 504 patients, and the frequency rate was
found to be 2%, which is lower than that generally
reported in the literature. There was no statistically
significant difference in males and females and no
significant gender differences were observed in the
present and previous studies.

The mean long axis of the ABF ranged from 1.3 mm
to 1.9mm in previous CT-based studies.>”!! In
accordance with previous studies, the mean long axis
was found to be 1.4mm (SD + 0.4mm) in this study.
The mean area of the ABFs was found to be 1.7 mm?
and 1.5mm? in different studies performed by Naitoh
et al.>!® Similar to those studies, we found a mean
diameter of 1.5mm? (SD +0.8mm?). Also, Naitoh
et al’ reported that the distance between the mental

Figure 6 Three-dimensional reconstruction (a) and axial CT images (b) of the bilateral accessory buccal foramen (ABF) (Patient 5). Arrowheads

show the mental foramen and arrows show the ABF
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Table 1 Characteristics of accessory buccal foramina (ABFs) and mental foramina (MFs) on the side with ABFs

Axis of foramen (mm)

Area of foramen

ABF MF (mm?)
Proportion of the area of

Number of ABFs Location Distance to MF (mm)  Long Short Long  Short ABF  MF ABFIMF (%)
1 1D 5.3 1.7 1.5 2.1 2 2 3.2 62.5

2 SD 2.9 1.2 0.9 1.2 1.2 0.8 1.1 72.7

3 IM 7.4 1.2 1.1 1.8 1.7 1.1 2.4 45.8

4 M 2.9 1.3 1.2 14 1.2 1.2 1.3 92.3

5 M 4.5 1.7 1.6 4 24 2.1 7.7 27.3

6 IM 11.9 2.3 2.1 4 2.4 3.7 7.7 48

7 M 5.6 1.6 1.5 3.5 2.3 1.8 6.2 29

8 ID 5.6 1.1 1 4 3 0.9 9.2 9.8

9 SD 4.2 14 1.2 1.5 1.2 1.3 1.4 92.9

10 SD 3.5 1.2 1.2 14 14 1.1 1.6 68.8

11 ID 3.2 0.7 0.6 2.9 2.4 0.3 5.5 5.6

12 SM 3.6 1.6 1.5 1.9 1.8 1.9 2.6 73.1

13 ID 3.4 1.4 1.4 2.4 2.3 1.6 43 37.2

14 1D 6.1 1.4 1.3 2.6 1.8 1.4 3.6 38.9

1D, inferodistal; IM, inferomesial; M, mesial; SD, superodistal; SM, superomesial.

foramen and the ABF ranged from 4.5mm to 9.6 mm,
with a mean of 6.3mm. In the present study, the
distance between the mental foramen and the ABF
ranged from 2.9 mm to 11.9 mm, with a mean of Smm
(SD +2.5mm).

The location of the ABF in relation to the mental
foramen has been demonstrated by Katakami et al” and
Naitoh et al.> Both studies reported that the majority of
ABFs were located in the distal region of mental
foramen. Only 1 of 17 and 3 of 15 ABFs, respectively,
were located at the mesial region in the reports by
Katakami et al’” and Naitoh et al.>. However, the
mesial-to-distal ratio (mesial 6, distal 8 ABFs) in the
present study was close. According to the comparison
of the inferior and superior regions, the majority of

Superior
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Figure 7 Locations of the accessory mental foramina. The con-
fluence of the axis, defined as the centre of the mental foramen and
the x-axis, is parallel to the occlusal plane. Equal lines on the x- and y-
axis correspond to Smm
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ABFs were located in the inferior region in previous
studies as well as in our study.>’

The courses of the ABFs were also examined with
radiographic findings. 8 of the 14 ABFs had continuity
with the mandibular canal and 5 did not. As a point
of interest, a branch of the mental nerve most likely

-

b

Figure 8 Three-dimensional reconstructions (a) of an accessory
buccal foramen (ABF) on the right side (Patient 4). Arrowhead shows
the mental foramen and arrow shows the ABF. Axial CT image (b)
shows the junction point (asterisk) of the mental foramen and ABF



re-entered the mandible through an ABF and continued
to the median region in Patient 4 (Figure 8). However,
these radiographic findings could not provide conclu-
sive information about the neurovascular structures of
the ABFs in our study. Thus, in a cadaveric study,
Fuakami et al® reported the following possibilities with
regard to the neurovascularization of the ABF: it may
be due to (a) a branch of an artery which enters the
mandible, or (b) a branch of the mental nerve which re-
enters the mandible and (c) a branch of the mental
nerve which exits the mandible. As a result, radio-
graphic findings of the relation between the ABF and
the mandibular canal cannot confirm the neurovascular
structures of an accessory foramen.

Dentists routinely use panoramic radiographs in
dental examinations. These radiographs are generally
sufficient for general dental practices, and ABFs in
many surgical procedures can be found by appropriate
surgical approaches.'® However, application of tomo-
graphic techniques can reduce risk factors and provide
considerable information before surgical procedures
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involving the perimandibular region or other important
anatomical structures. In recent years, CBCT applica-
tions have become widespread. Thus, in order to avoid
excessive radiation, clinicians should prefer CBCT to
other tomographic techniques. From among different
imaging modalities of tomography, we consider that 3D
reformat is the best way to observe the presence of ABF
and its location in relation to the mental foramen.
However, axial, sagittal and cross-sectional slices are
more functional regarding the detection of the course of
ABF.

In conclusion, this study presents a relatively low
frequency rate of ABFs than that in the literature.
However, the presence and location of ABFs and their
neurovascular structures are important during surgical
procedures involving the area surrounding the mental
foramen. The presence of an arterial branch or
accessory mental nerve in the buccal perimandibular
region should be considered. This approach may reduce
the risk of paralysis, haemorrhage and post-operative
pain in this region.
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