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Buccolingual course of the inferior alveolar canal in
different mental foramen locations: A cone beam
computed tomography study of an Iranian population
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ABSTRACT

Context: Better understanding of the anatomical location and course of the mandibular canal is necessary to avoid damaging
inferior alveolar nerve. Aims: The aim of this study was to investigate the buccolingual course of the inferior alveolar canal (IAC)

in different mental foramen locations, using cone beam computed tomography. Materials and Methods: Three hundred
and twelve hemimandibular images were evaluated in this study. The location of mental foramen in relation to the apices of
mandibular premolar and molar teeth were recorded. Nine measurements (in millimeters) were taken at the level of the IAC :
and posterior mandibular premolar and molar root apices. Relative distances of IAC to buccal and lingual mandibular cortex
were calculated for different mental foramen types. Statistical Analysis Used: Data were analyzed by one-way analysis
of variance and P < 0.05 was considered to be statistically significant. Results: The distribution of subjects according to the
type of mental foramen includes:Type | = 50.3% (at the level of second premolar apex), Type 2 = 33% (between the apices of
first and second premolars),and Type 3 = 16.7% (between the apices of second premolars and first molars).The buccolingual
ratio of the IAC position was statistically significant in different mental foramen types (P = 0.00). Conclusion: The position
of IAC was affected by the location of the mental foramen. The direction of IAC gradually changed from lingual to buccal
and from posterior to anterior.
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INTRODUCTION Cone beam computed tomography (CBCT) has been
introduced as a three-dimensional (3D) imaging modality

in the recent decades. The information obtained through
the CBCT around specific area is reconstructed in the
axial, sagittal, coronal planes and also panoramic and
cross-sectional views.”"''l Having less exposure than
computed tomography (CT), CBCT can be considered as
an ideal imaging modality for maxillofacial diagnosis./-'2This
CBCT study evaluates the course of IAC, in different mental
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Entrance into the inferior alveolar canal (IAC) is one of the
most serious complications during surgical procedures of the
mandible.l'1 To avoid this problem, a better understanding of
the anatomical location and course of the mandibular canal
before surgery is recommended.l'”? One of the predicting
factors of IAC course is the location of mental foramen.®
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MATERIALS AND METHODS

CBCT images of patients from June 2012 to May 2014, who
underwent CBCT scan for different dental purposes were
enrolled in this study.A database of 1840 hemimandibular CBCT
scans was searched; 312 hemimandibular images with acceptable
quality that conformed to inclusion and exclusion criteria were
selected for the study. Inclusion criteria were: (1) The presence
of the first and second premolars and molars and (2) those
CBCT scans that contained the entire IAC. Exclusion criteria
consisted of any pathology (radiolucencies that might represent
cyst and tumor or periapical lesion), fracture, supernumerary,
or impacted teeth in ROI, which might alter the IAC course or
obscure visualization. Anatomic measurements were made by
an experienced oral and maxillofacial radiologist.

CBCT scans were taken with NewTomVGi Scanner (NewTom
QR srl,Verona, Italy) in standard resolution mode (1 10 kV, voxel
size = 0.3 mm and with field of view 26 cm x 6 cm).The image
acquisition protocol consisted of 360° rotation of the C-arm with
an X-ray tube and a flat panel detector.The scans were viewed
and measured using the NNT software version 4.0 (NewTom
QR srl,Verona, Italy) supplied by the manufacturer and viewed on
a flat-panel color active matrix TFT Medical Display (Nio Color 3
MP, Barco, Kortrijk, Belgium) 27 inch diagonally, with 1280 x 1024
pixel screen resolution. The volumes were displayed with a 0.3
mm thickness and | mm intervals. All volumes were standardized
in the same orientation, with the sagittal plane parallel to the
IAC and the coronal plane perpendicular to the IAC.

Panoramic reconstruction views of the volume studies
were created in 5. mm thickness. Then, | mm thickness
cross-sectional cuts from the interested region were produced.
Nine measurements (in millimeters) were taken at the level
of the IAC and mandibular premolar and molar root in
cross-sectional cuts [Figure 1].These measurements included:
P2-L, MI-L, and M2-L, which were the distance between the
outer margin of the lingual cortical plate and the center of the
IAC at the level of the second premolar apex, median point of
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Figure 1: Reformatted panoramic image providing reference for multiple narrow
transaxial thin cross-sectional slices (a). Cross-sectional images of mandibular
arch at the second premolar apex (b), median point of two root apices of the first
molar (c) and median point of two root apices of the second molar (d)
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two root apices of first molar, and median point of two root
apices of second molar, respectively; P2-B, MI-B, and M2-B,
which were the distance between the outer margin of buccal
cortical plate and the center of the IAC at the level of the
second premolar apex, median point of two root apices of the
first molar,and median point of two root apices of the second
molar, respectively; P2-Width, M|-Width, and M2-Width,
which were the total buccolingual width of mandibular body
along the center of IAC at the level of the second premolar
apex, median point of two root apices of the first molar, and
median point of two root apices of second molar; respectively;
P2-ratio(P2-B/P2width), M| -ratio(M|-B/MI-width), and M2-
ratio(M2-B/M2-width) which are the relative buccolingual
position of the IAC in mandibular body at the level of the
second premolar apex, median point of two root apices of first
molar and median point of two root apices of second molar,
respectively, calculated by (P2-B/P2-width, M|-B/MI-width,
M2-B/M2-width).Scans were randomly selected as to whether
the right side or the left side was used for a single patient.

Data were statistically analyzed using SPSS software (version 15.0
for Windows, Chicago, IL, USA). Descriptive statistics for each
variable were calculated.The differences in each variable with
respect to mental foramen type were tested with one-way
analysis of variance between groups. P < 0.05 was considered
to be statistically significant.

RESuULTS

According to the inclusion and exclusion criteria, 312
hemimandibular CBCT images were enrolled in this study.
The descriptive statistics of the study subjects are presented in
Table 1.Mean age of all subjects was 34.2 (standard deviation:9.79)
ranging from 20 to 49. Of the 312 hemimandibular images
analyzed, 138 belonged to males and 174 belonged to females.

The results of mental foramen classification by anteroposterior
position were - of the 312 mental foramens, |57 were Type |,
at the level of second premolar apex (50.3%) and 103 were
Type 2, between the apices of the first and second premolars
(33%) and 52 were Type 3, between the apices of the second
and first molar (16.7%). The distribution of mental foramen
types is shown in Table 2.

Detailed measurements of buccolingual position of IAC are
presented in Table 3. Buccolingual ratio of IAC according

Table I: Descriptive of the study subjects

Gender Total
Male Female
Number 138 174 312
Mean age£SD (years old) 35.4£10.23 33.7+9.39 34.2+9.79

SD: Standard deviation
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to different mental foramen types were stated in Table 4.
Buccolingual ratios were found to be significantly different
between different mental foramen types.

DiscussioN

CBCT imaging has been introduced as a 3D imaging modality
in the recent decades. Information can be obtained through
the cone beam around a specific area and is reconstructed
in the axial, sagittal, and coronal planes.’"'"! In addition,
the information can be reconstructed in panoramic and
cross-sectional views. Another notable feature of CBCT
is the ability to correct magnification and perform precise
measurements on the reconstructed information. Having less
exposure than CT,CBCT can be considered as an ideal imaging
modality for maxillofacial diagnosis.’-'2

The vertical course of mandibular canal can be observed in
routine panoramic radiography; the buccolingual course was
emphasized in this study. All subjects in this study were of
Iranian origin and therefore represented a very ethnically

Table 2: Frequency of mental foramen type

Mental foramen type

Type |
CBCT images of mandible (%) 157 (50.3)
CBCT: Cone beam computed tomography

Type 2
103 (33)

Type 3
52 (16.7)

Table 3:Detailed measured distances according to mental foramen
types
Measured distances (mm)

Mental foramen type

Type | Type 2 Type 3

P2-L 5.55+0.97 3.83%0.69 -
MI-L 3.91+0.71 2.52+0.82 3.4340.72
M2-L 2.63+0.76 1.71£0.46 2.67+0.71
P2-B 5.12+0.95 5.97+0.93 -
MI-B 7.93£1.13 8.43£1.12 8.81+1.02
M2-B 11.16£1.77 1144145  [1.35%1.17
P2-width 10.67+0.74 9.8+1.06 10.78+0.93
MI-width 11.84+£0.76  10.95£0.85  12.24%].09
M2-width 13.79£1.96  13.15£1.23  14.02+1.8I

Definition of each distance abbreviation is available under materials and methods
section

Table 4: Buccolingual ratio of inferior alveolar canal according to
mental foramen type

Buccolingual Mental foramen type Significance*

ratio Typel Type2  Type3

P2-ratio 048006 0613006 -  Type I<Type2
P=0.00

MI-ratio 0.67£0.06 0774007 0.72£0.07 Type I<Type 3<Type 2
P=0.00

M2-ratio 08101 087£0.15 0.81£0.19 Type I=Type 3<Type 2
P=0.05

*One-way ANOVA. Definition of each distance abbreviation is available under
materials and methods section. ANOVA: Analysis of variance

homogenous group. Evaluation of the location of the mental
foramen regarding the mandibular posterior teeth in this study
showed that the most common types of mental foramens
wereType | (which was located below the apex of the second
premolar) (50.31%) and Type 2 (which was located between
the apices of the first and second premolars) (33%) and were
in agreement with the results of Singh and Srivastav,l'” Genu
et al.l'¥1 Pokhrel and Bhatnagar et al.,!'"¥ Fujita and Suzuki,!'!
Afkhami et al.l'! Udhaya et al.,!'"? Adejuwon et al.,l'® and
Yesilyurt et al’s!'”! studies on different ethnic populations.
On the other hand in other studies,?>?2 the most common
positions of the mental foramen were reported to be Type 2
followed by Type |. However, in all these studies, the Type |
and Type 2 mental foramina had two top frequencies.The slight
differences in the same population could be explained using
different imaging techniques. Panoramic radiography provides
a flat image of a curved structure and is not as accurate as
CBCT in the horizontal localization of objects, especially in
the premolar region.”®! Based on green’s study, the relative
position of the mental foramen to the mandibular teeth could
be affected by the mesiodistal size of the teeth and attrition
of their proximal surfaces.?" In addition, Yesilhurt et al.l'!
theorized that these differences might be due to the difference
in dietary habits that affect the development of the mandible.

In the present study, the mean distances from the center of
IAC to the buccal and lingual cortex of the mandible and also
the buccal to lingual mandibular cortex distance along the IAC
was measured at the level of the second premolar, first and
second molar. The mean distance between the outer buccal
and lingual cortex of the mandible along the IAC increased
from the second premolar to the second molar region and the
maximum value was at the second molar area. Regarding the
anatomy of mandibular body, this finding would be expected.
In this study, all the mandibular buccolingual distances were
greater for males without exception. However, this difference
was not statistically significant between both sexes.This finding
is in accordance with Balaji et al’s study.]

According to the results of this study, the greatest distance,
from IAC to the buccal cortex existed at the second molar
region, where the lingual distances in some cases reached
zero. The maximum values of the buccal distances were
reported at the second molar region, in the studies by Balaji
et al.® Nagadia et al.,?* Al-Siweedi et al.,*! and Shokri et al.?®!
The results of this study also showed that buccal distances
increased significantly from the second premolar to the second
molar region while lingual distances decreased.This is similar to
the results of various studies.l’>>-3% Balaji et al.! reported no
statistically significant difference in mean values of buccal and
lingual distances between both sexes and different age groups,
whereas Levine et al. suggested that the buccolingual position
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of IAC was age-related.”! In all these studies, the mean buccal
and lingual distances were measured to be less than those of
this study. This difference could be due to different reference
points. In the current study, the distance between buccal/lingual
cortexes of the mandible of the IAC was measured, whereas
in other studies, buccal/lingual borders of the IAC were used
for measurements.

In the current study, the relative buccolingual position of the
mandibular canal was calculated as 0.83, 0.71, and 0.53 at
the second molar, first molar, and second premolar regions,
respectively.This showed that the |AC progresses from the lingual
to the buccal side clearly, from the second molar to the second
premolar region. In Pyun et al’s™ study, this ratio was 0.68, 0.64,
and 0.47, respectively,but the change in direction from the lingual
to the buccal side was less prominent from the second molar
to the first molar. The studies of Simonton et al¥! and Balaji
et al.”®! were also evaluated and the buccolingual ratios from
their average measurements were calculated. In Balaji et al’s®?*]
study, this ratio was 0.30 and 0.31 at the first and second molar
regions, respectively. Their ratios were dramatically less than
that of the present study (0.7 and 0.83) because they used the
inner buccal cortex of the mandible and buccal border of the
IAC.However, this result indicates a gradual change in the course
of IAC from lingual to buccal, when it comes to the anterior
of the mandible. The study of Simonton et al.!* calculated the
buccolingual ratio of the IAC position, as 0.61 and 0.66 at the
mesial and distal roots of the first molar, respectively.>?*]

This study also found that in the buccolingual dimension, in
many cases, the IAC was near or in contact with the lingual
cortex and in some cases, the lingual distance reached
to zero. Another important finding of this study is the
relationship between the location of mental foramen and
the buccolingual position of the IAC. At all regions (second
premolar, first molar, and second molar), the more distally
the mental foramen was located, the more buccally the IAC
progressed in the mandibular body. In Pyun et al’s®? study,
this was true just about the second premolar region. In the
current study, the minimum values for the buccolingual ratio
of the canal at all regions were found inType | (in which the
mental foramen was located below the second premolar).
In this type of mental foramen, the second premolar region
seems to be subjected to high risk of damage to the inferior
alveolar nerve during implant placements or endodontic
surgeries.

CONCLUSION

Based on the CBCT findings of this study, there was a relation
between the buccolingual position of the IAC and the location
of the mental foramen. In the first type of mental foramen,
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the most common type, buccolingual ratio of IAC was equal
to 0.45 at the second premolar region.This is where the IAC,
approximately passes through half the distance between the
buccal and lingual mandibular cortex.

The general course of the IAC changes smoothly from lingual
to buccal from the mandibular second molar to the second
premolar and exits from the mental foramen, at the buccal
part of the mandible bone. The horizontal location of the
mental foramen which was seen in routine radiographs such as
panoramic would be helpful for surgeons to estimate the risk
of inferior alveolar nerve injury, even before using advanced
imaging techniques such as CBCT.
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