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Localization of the Mental Foramen Through Digital
Panoramic Radiographs in a Chilean Population
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SUMMARY: The purpose of the current research was to describe the location of mental foramen (MF) through digital panoramic
radiographs in a Chilean population sample. A cross sectional study was carried out in which 500 radiographs takenigteinivers
in Temuco, Chile, were analyzed. Exclusion criteria were applied and the radiographs were analyzed by two previously calibrated
examiners. The antero-posterior and supero-inferior positions of the MF were established in relation to longitudinaleamekaos pr
and the height of their apices, respectively. The distances from the center of the MF to the inferior margin of the inamdlitliect
and the height of the dental apices were measured. In total, 163 radiographs were analyzed (93 female, 70 male). @ bigtht left a
sides, the MF was most commonly found between the longitudinal axes of premolars (58.49 % and 65.43 %) and below of the apices
(94.34 % and 95.68 %), with no significant differences for sex and age. On the right side the mean distance to the gifedbthmar
mandible (D1) was 11.87.46 mm; to the midline (D2) it was 244699 mm and to the height of the apices (D3) it was#BGRB mm.
On the left side the same distances were ¥L®2 mm, 25.852.87 mm and 4.02.21 mm respectively. In conclusions, the distances
measured from the MF to anatomical landmarks are smaller in women, however significant differences were only found for D1 (righ
and left sides) and D3 (left side). D2 was the only distance found to diminish with age (left side).
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INTRODUCTION

The mental foramen (MF) is a small foramen locateg E|l Wady). The MF and observation of the MN are
in the antero-lateral surface of the body of the mandibﬁatomically important, and must be considered during
(Voljevicaet al, 2015). Its position is commonly describedhossible traumas and in maxillofacial surgical procedures
as being below the second premolar and close to the inferipich as implants, and periapical and orthognathic surgery
margin of the mandible (Afkhangt al, 2013), although (Afkhamiet al). Precise knowledge of the variations in the
some reports show variations in its location associated Wighape, size and position of the MF is therefore very useful
ethnic group, sex (Afkhaneit al; Chkoura & El Wady, 2013) (\oljevica et al). Together with the mandibular canal, the
and age (Ajmal, 2014). The MF is not always symmetricaliF is also an important reference for forensic analysis
in the same individual (Gangotet al, 2011) and it is (Ajmal) and oral pathology (Chkoura & El Wady).
normally single, although the existence of double and even
multiple foramina has been shown (Al-Khateghl, 2007; Panoramic radiograph are often used to study the MF
Al-Talabaniet al, 2008). The mental nerve (MN) is a ter-(Afkhami et al; Al-Talabaniet al; Fuenteset al, 2014;
minal branch of the inferior alveolar nerve (Haghanifar &angotriet al; Haghanifar & Rokouei; Shadt al, 2013;
Rokouei, 2009); it passes through this foramen anghibliet al, 2012) since they offer a good diagnostic image
innervates the lower lip, the vestibule and the gum fromr an immediate view of the patient's whole maxillofacial
mesial of the first molar forwards (Talabatial; Chkoura system (Fuentest al; Mohamedet al, 2016), including
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teeth, jaw and temporomandibular joint (Afkhaatial). We excluded radiograph of patients aged less than
Panoramic radiography is considered a standard examinatiinyears old and those with deficientimage quality (distortion
for planning various treatments, including implants (Pyuar contrast alteration). Cases also excluded were those
et al, 2013); the image quality can be improved by usinghowing evidence of pathologies affecting visibility in the
digital format (Afkhamet al). This examination, commonly study zone, teeth with incomplete or abnormal development,
used in clinical dental practice, is much more accessible thiampacted or clearly malpositioned teeth, partial edentulism
other three-dimensional image exams, such as cone bearthe canine, premolar and/or molar region (to the 2nd molar
computerized tomography, which although more precigerward) and evidence of orthognathic surgery, orthodontics
requires greater expertise, involves higher costs and takedrauma. These criteria were applied in order to obtain a
longer to analyze. normal sample of patients without anatomic alterations.

The main objective of this study was to describe the The measurements were taken using AutoCAD soft-
location of the MF in relation to the adjacent teeth, and itgare (version 2006; Autodesk, San Rafael, CA, USA), which
distance from reference points which are easily identifiabldlowed the measure of straight lines and angles between
in clinical practice. For this work we used digital panoramithe different anatomical reference points in the radiograph.
radiograph from a sample Chilean population. The size of each radiograph was adjusted in the measurement

software following the parameters indicated by the software
of the orthopantomograph. All digital panoramic radiographs
MATERIAL AND METHOD were projected on a 29" LED monitor (LG, model 29UM67)
with a resolution of 2560x1080 pixels and were analyzed
by two previously calibrated examiners. The presence and
Cross sectional study in which 500 radiograph (ratio 1:position of the MF visible on both sides of the mandible
taken in March 2015 in the Dental Teaching Clinic (CODAJright and left) were determined independently for each
of the Dental School of Universidad de La Frontera, Temuc@diograph. To describe their position, the classification
Chile were examined. The radiographs were taken using stdescribed by Fuentes al., was used, summarized in Table
dard technique with a PAX-400C orthopantomographand Fig. 1. Then the distance from the MF to certain
(VATECH, Korea, 2010). This study was approved by thanatomical reference points was determined. To do this a
Scientific Ethics Committee (CEC) of Universidad de Ldine was drawn parallel to the horizon and tangential to the
Frontera, Chile (Folio no. 015/2014). inferior margin of the body of the mandible (L1) and a second

Fig. 1. The antero-posterior and supero-inferior positions of the MF were defined by classification in relation to thenkdragiesof
the mandibular premolars and the location of the dental apices respectively.
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Fig. 2. Reference lines drawn on the digital panoramic radiograph and used to establish the posterior measurementsntal,iamriz
tangential to the inferior margin of the mandible; L2 is the midline which passes through the anterior nasal spine andicsi e oe
L1; L3 is the line joining the apices of the teeth adjacent to the MF.

s, "

s

Fig. 3. Diagram of measurements taken with the AutoCad software on the digital panoramic radiograph. D1 is the shorgest distanc
between the MF and the inferior margin of the mandible; it is found by tracing straight radii from the center of the Mf ¢veid

mm along the inferior margin of the mandible. D2 is the shortest distance between the MF and the midline and is perpar®iiDdar t

is the shortest distance between the MF and the height of the apices and is perpendicular to L3.

line (L2) through the midline determined by the anterior nasBl1: minimum distance between the centre of the MF and
spine and perpendicular to L1 (Fig. 2). A third line (L3) wathe inferior margin of the mandible (Fig. 3). This minimum
drawn to join the anatomical apices of the first and secowlistance was found by tracing straight radii from the centre
premolars adjacent to the MF (Fig. 2). The followingf the MF to points every 1 mm along the inferior margin of
measurements were then taken: the mandible.
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D2: minimum distance between the centre of the MF armut using SPSS/PC software (20.0, Chicago, IL). For
the midline (L2) i.e. perpendicular to the midline (Fig. 3). descriptive statistics we used mearstandard deviation.

The homogeneity of variance was determined by Levene's
D3: minimum distance between the center of the MF antkst; the T-test for independent samples, chi square test and
the line joining the dental apices (L3) i.e. perpendicular tdtNOVA was applied. The level of significance used in all
that line (Fig. 3). For the cases of MF in the antero-posteristatistical analyses was@.05.
positions 1, 2, 4 and 5 (Table | and Fig. 1) in which a straight
line could not be drawn perpendicular to L3, the latter was
extended to mesial or distal (according to the case) in ord(RESULTS
to obtain a perpendicular to the center of the MF.

In order to determine inter-operator agreement, the The entire study consisted of 500 digital panoramic
intraclass correlation coefficient (ICC) was calculated toadiograph. Once the exclusion criteria had been applied,
measure the distances between MF and anatomid&3 images were analyzed: 93 women and 70 men, mean
landmarks and a kappa statistic (k) was used to identify thge 34.6511.73 years. A total of 321 MF were identified
relation of the MF to adjacent structures. Both examineend analyzed, 159 on the right side and 162 on the left.
separately analyzed 50 digital panoramic radiographs. Thle ICC in the inter-operator concordance analysis was
data were recorded separately for each MF (right and [e&® % (very good concordance), while the k index was
identified in the radiograph. Statistical analysis was carrieD0 %.

Table I. Classification of the position of the MF relative to the height of the dental apices and the longitudinal akest aitthieecond
mandibular premolar.

Anterior of the longitudinal axis of the first mandibular premolar

In line with the longitudinal axis of the first mandibular premolar

Between the longitudinal axes of the first and second mandibular premolars
In line with the longitudinal axis of the second mandibular premolar
Posterior of the longitudinal axis of the second mandibular premolar
Coronal of the apex of the teeth directly related with the MF

At the same level with the apex of the teeth directly related with the MF
Apical of the apex of the teeth directly related with the MF

Antero-Posterior

Supero-Inferior

AW >lu b wN —

Table Il. Frequency and percentage of the antero-posterior and supero-inferior positions of the MF on the right side duyeskbarahd
The x2 test was used to detect statistical differences between the variables.

Antero-posterior position Supero-inferior position
1 2 3 4 5 P A B C P
value value
N % n % n % N % n % n % n % N %
S Male 0 0.00 2 126 40 2516 22 1384 4 2.52 1 063 2 126 65 40.88
ex
Female 1 0.63 4 252 53 3333 28 1760 5 3.14 0908 0 0.00 6 377 85 5346 0.303
Total 1 063 6 378 93 5849 50 3144 9 5.66 1 063 8 503 150 9434
21-35
1 063 6 378 56 3522 28 1760 5 3.14 1 063 4 252 91 5723
years
36-50
0 000 0 000 26 1635 14 881 4 252 0 000 4 252 40 2516
years
Age
51-65 0.754 0.768
0 000 0O 000 10 629 8 503 0 0.00 0 000 0 0.00 18 1131
years
> 65
0 000 0O 000 1 063 0 0.00 0 0.00 0 000 0 0.00 1 0.63
years
Total 1 063 6 378 93 5849 50 3144 9 5.66 1 063 8 503 150 94.34
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The most common antero-posterior position of the For the distances measured from the center of the
MF on the right and left sides (Tables Il and 11l respectively}IF to adjacent anatomical reference points, on the right side
was between the longitudinal axes of the first and secotite mean distance to the inferior margin of the mandible
premolars, with 58.49 % (n=93) and 65.43 % (n=106D1) was 11.8%1.46 mm; to the midline (D2) it was
respectively (position 3 in Table I); there were no statistic24.46:2.99 mm and to the height of the apices (D3) it was
differences according to sex (p=0.908 and p=0.291) or agH3t8.44 mm. On the left side the same distances were
(p=0.754 and p=0.975). For the supero-inferior position, boftl.981.62 mm, 25.852.87 mm and 4.0e2.21 mm
on the right and the left side (Tables Il and Ill respectivelyjespectively. Table IV shows measurements D1, D2 and D3
the MF was located apical of the apex of the adjacent tedétbm the MF on each side (right and left), by sex and age.
in 94.34 % (n=150) and 95.68 % (n=155) respectivelpl was longer in men than women on both the right side
(position C in Table I), without significant differences(p=0.000) and the left (p=0.000), while D3 was only longer
according to sex (p=0.303 and p=0.460) or age (p=0.768 the left side (p=0.004). D2 diminished with advancing
and p=0.951). age on the left side only (p=0.001).

Table IIl. Frequency and percentage of the antero-posterior and supero-inferior position of the MF on the left side hgsdyandd
The ¥ test was used to detect statistical differences between the variables.

Antero-posterior position p Supero-inferior position p
1 2 3 4 3 value A B C value
n % n % n % N % n % n % n % N %
Sex Male 1 062 1 062 44 2716 18 11.11 6 3.70 0.291 1 062 2 123 67 4136 0460
Female 0 000 1 062 62 3827 27 1667 2 1.23 0 000 4 247 88 5432
Total 1 062 2 124 106 6543 45 2778 8 4093 1 062 6 370 155 95.68
Age 21-35
years 1 062 2 124 64 3951 25 1543 5 3.09 1 062 4 247 92 5679
36-50
years 0 000 O 0.00 28 1728 13 802 3 1.85 0 000 2 123 42 2593
51-65 0.975 0.951
years 0 000 0 0.00 13 8.02 7 432 0 0.00 0 000 O 000 20 1235
> 65
0 0.00 0 0.00 1 0.62 0 0.00 0 0.00 0 000 0 0.00 1 0.62
years
Total 1 062 2 124 106 6543 45 2778 8 4.93 1 062 6 370 155 9568

Table IV. Distances (meanstandard deviation) measured from the center of the MF to the inferior margin of the mandible,
midline and height of the corresponding dental apices, for each side by sex and age band. The T-test for independent samples
and ANOVA was used to detect statistical differences between variables.

Distances from the centre of the MF

Right side Left side
D1 D2 D3 D1 D2 D3
mm P mm p Mm p mm P mm P mm P
Male 12.49 24.57 4.83 12.60 25.95 4.66
+1.5 * +3.21 0.674 +2.17 +1.45 « T3l +2.17 *
Sex Female 11.40 0.000 2437 519 0.789 11.50 0.000 2577 0.703 365 0.004
+1.25 +2.84 +11.02 +1.59 +2.7 +2.16
Total mean 11.87 24.46 5.03 11.98 25.85 4.09
+1.46 +2.99 +8.44 +1.62 +2.87 +221
21-35 11.9 24.69 4.51 12.11 26.42 4.09
years +1.49 0.704 +3.16 0.510 +2.38 0.637 +1.67 0380 £2.54 0.001* +2.30
36-50 11.92 23.90 6.45 11.64 25.76 4.10
years  £1.43 +2.61 +15.66 +1.45 +3.13 +2.14
Age 51-65 11.49 24.50 4.45 11.72 23.59 3.95 1000
years =147 +3.02 +1.78 +1.68 +2.92 +2.00
205 400 23.53" 439" 12.43" 22.11" 417"
years

* Statistically significant difference
1 Measured in only one case (n=1). These values were discarded for the statistical analysis
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DISCUSSION The MF is an important anatomical reference which
must be considered during some surgical procedures.
Through analysis of digital panoramic radiography we
The location of the MF has been widely studied usingetermined that it is most frequently located between the
various methods. In our study with digital panoramidirst and second premolar, on both the right side (58.49 %)
radiograph, we found that its most frequent position is betweand the left (65.43 %), and below the height of the adjacent
the first and second premolar (58.49 % on the right side adédntal apices on both the right side (94.34 %) and the left
65.43 % on the left), similar to the findings reported by oth€B5.68 %). In general, the distances measured from the center
authors such as Al-Khateebal (47 %), EI-Anwaet al (2016) of the MF to anatomical references (inferior margin of the
(78.3 %), Von Anet al. (2013) (56 %) and Currigt al (2016) mandible, height of the apices or midline) are smaller in
(51 %), who used the same type of examination. Other studigemen, however significant differences were only found
contributed different data and aspects in the location of tfier D1 (right and left sides) and D3 (left side). D2 was the
MF, for example Gungaet al (2017), who related the position only distance found to diminish with age (left side).
of the MF between the first and second premolar with the female
sex, or studies such as Thakateal. (2016), Chonget al
(2017), al Jasser & Nwoku (1998) and Ngeow & YuzawathCKNOWLEDGMENTS. Financial support (partially) by
(2003) who found a higher frequency of the MF close to thibe Office of Research, Universidad de La Frontera, Chile.
second premolar.

The analysis of the supero-inferior position of the MEEUENTES, R.: FLORES, T.: DIAS, F.: FARFAN, C.: ASTETE,
in our study agrees with other reports (Al-Khateelal; Al-  N.; NAVARRO, P. & ARIAS, A. Localizacion del foramen men-
Shayyabet al, 2016; Chkoura & El Wady; Von Argt al), tal através de radiografias panoramicas digitales en una poblacion
which frequently locate it below the level of the dental apiceghilena.Int. J. Morphol., 35(4)L309-1315, 2017.
of the adjacent teeth (94.34 % on the right side and 95.68 % on o _ o
the left). It has been reported that this location may vary with ~ RESUMEN: El objetivo de este estudio fue describir la
age (Mohameet al) and sex (Al-Talabaret al: Gungoret localizacion del foramen mental (FM) a través de radiografias pa-

al.: Mohamedet al). In our study we found no statisticall noramicas digitales en una poblacion chilena. Se realiz6 un estu-
N ’ ur study wi u ISUCaAlY ig de corte transversal en el cual se analizaron 500 radiografias

significant differences in the supero-inferior position of th¢ymadas en una clinica universitaria de la ciudad de Temuco. Se

MF according to sex, in agreement with Al-Anwetral,  aplicaron criterios de exclusion y las radiografias incluidas fueron
Thakareet al, Al-Khateetet al, Al-Shayyatet al and Chkoura analizadas por dos examinadores previamente calibrados. La posi-

& El Wady. cion antero-posterior y supero-inferior del FM se establecio de
acuerdo a los ejes longitudinales de los premolares y la altura de
Measurement of distances from the MF to anatomicaHs apices respectivamente. También se midio la distancia desde el
reference points is a widely-used method for estimating jfentro del FM hasta el borde inferior de la mandibula, hasta la

position as accurately as possible (Al-Talalsal; Mohamed Ilne_a meclila y hasta la aIFura de los apices dentarios. En total, 163

t al: Thakareet al). In this study we present different radiografias fueron analizadas (93 mujeres, 70 hombres). Tanto
et al, e - y i para el lado derecho como izquierdo, la ubicacion mas frecuente
measurements which were defined in an earlier report (FUGRs F fue entre los ejes longitudinales de los premolares (58,49

teset al) carried out with conventional panoramic radiographyy, y 65,43 %) y debajo de los apices (94,34 % y 96,68 %), sin
In our analysis of digital radiograph, the measurements obtaingitkrencias significativas por sexo y edad. En el lado derecho la
were smaller than those reported previously from conventiondiktancia promedio desde el FM hasta el borde inferior de la man-
examinations (Fuentest al), both for the distance from the dibula (o D1) fue 11,871,46 mm; a la linea media (o D2) fue
MF to the inferior margin of the mandible or D1 (186 24,46:2,99 mmYy a la altura de los apices fue de£508 mm.

mm v/s 16.&2.5 mm on the right side and 1149862 mm v/ En el lado izquierdo el promedio de las mismas distar_mias fueron
s 17.4:2.3 mm on the left side) and for the distance from th 2 " ® e T e o centro del F
MF to the midline or D2 (24.4£2.99 mm v/s 35:85.1 mm on ' '

) . hacia referencias anatémicas son menores en mujeres, sin embar-
the right side and 25.82.87 mm v/s 35:66.4 mm on the left go solo se encontraron diferencias significativas para D1 (en el

side). In our study, statistically significant differences by seido derecho e izquierdo) y D3 (en el lado izquierdo). D2 fue la
were observed only for D1 on the right and left sides and Digica distancia encontrada que disminuye con la edad (lado iz-
on the right side (smaller measurement in women); this agregserdo).

with Gungoret al, who used cone beam computerized

tomography in their analysis. We also observed statistically =~ PALABRAS CLAVE: Foramen mental; Radiografias
significant differences by age only for D2 on the left side; thBanoramicas digitales; Morfometria; Poblacion chilena; Lo-
distance diminished with advancing age. calizacion.
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