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Objective: To retrospectively investigate the location, conformation of mental foramen (MF), anterior loop and accessory foramina 
in dentate population with three-dimensional imaging. 

Materials and Methods: Cone Beam Computed Tomogram (CBCT) scans of dentate patients were analyzed to determine horizontal 
and vertical location of the MF, its dimension and the presence of accessory mental foramina and anterior loops.

Results: One thousand and twenty six patients CBCT scans were reviewed. In 50.5% of the analyzed CBCT scans, the MF was under 
the mandibular second premolar. The distance from the line passing through the CEJ was 15.91 ± 1.92mm on the right side and 16.07 
± 1.76mm on the left side. The distance from the base of the mandible was 15.08 ± 1.65mm on the right side and 15.2 ± 1.5mm on 
the left side. Anterior loop is present in more than 60% of the analyzed scans while accessory mental foramina were absent in more 
than 80% of cases. 

Conclusion: Mental foramina are mainly located either below the apex of second premolar or between the first and second premo-
lars, and their vertical location is halfway between the CEJ and the lower border of the mandible. A careful evaluation of anterior loop 
and additional foramina is recommended since their presence in more than 60% and 16% of cases, respectively.

The mental foramen (MF), a paired bilateral, round or oval, fo-
ramen on the facial surface of the mandibular premolar area [1], 
transmits the terminal branches of the inferior alveolar nerve and 
its neurovascular bundle. There are three nervous branches emerg-
ing from the MF and directed to the skin of the mental area, mucous 
membrane, lower lip and the gingiva posterior to the second pre-
molar [2].

Introduction In the vertical and horizontal planes, the location of the mental 
foramen on the facial mandibular surface is not constant but rath-
er variable between different people [3-5]. Generally, it is said to be 
found equi-distant from the bone crest to the inferior border of the 
mandible [2], thus its vertical position could be hardly influenced 
by the amount of bone loss. Measurements using the lower border 
of the mandible as reference line have been advocated to overcome 
variations due to the crestal resorption, with a mean distance of 
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12 mm (9 to 15 mm) from the apical portion of the lower cortex of 
the mandible [6,7]. The most frequently common horizontal loca-
tion was reported in the apical area of the second premolar [8-10] 
and the space between the apices of the first and second premolars 
[7,11].

It is possible for the mandibular canal to bifurcate in the infe-
rior superior or medial lateral plane, close in proximity to the facial 
mandibular bone plate and thus showing more than one foramen 
or even no foramina in radiographic investigations [12,13]. The 
prevalence of accessory foramina is highly affected by race rang-
ing from 1.4% in American Caucasican to 9.0% in pre-Columbian 
Nazca Indians [14]. However, there are rare cases that present a 
unilateral absence of the foramen [15,16] having less than 0.1% 
prevalence [17]. In a cadaver study, Kieser., et al. reported that 
more than 80% of the mental foramina were posteriorly directed 
[18] which shows a clear anteroposterior emergence of the in-
ferior alveolar nerve. The anterior loop or N point (nerve point)
[19] is defined as the highest mesial deflection of the intraosseous 
nerve prior to exiting the canal [20, 21]. Arzouman., et al. reported 
a prevalence of anterior loop up to 75%, with an extension up to 
4.64 mm without bone markers, and 6.95 mm with a polyethylene 
tube into the mesial aspect of the MF [22].

Prior to preparing an osteotomy in the premolar mandibular 
area, several factors need to be considered to avoid injury of the 
nerves and vessels that lead to temporary or permanent paresthe-
sia, hypoesthesia, hyperesthesia, dysthesia, anesthesia of the teeth, 
lower lip or surrounding skin and mucosa [2,23] These include but 
are not limited to anatomical variation in location and the number 
of foramina and the possibility of a greater extent of the anterior 
loop [3]. Also, venous or arterial bleeding could be a remarkable 
intra- and post- operative complication [2].

Potential injury to these vital structure including denture pres-
sure, osteotomy drilling, implant impingement, bone compression, 
pressure caused by the edema, hematomas, cut by the vertical or 
muscle releasing incisions, scars or even the anesthetic injections 
[23,24].

Regarding the temporary, long-term or permanent symptoms 
following well-planned implant positioning, an incidence in up to 
7% of cases has been reported without agreement between au-
thors [25-27]. Bartling., et al. reported after 4 months absence of 
permanent alterations [25] whereas Walton., et al. and Wismeijer., 

et al. noted respectively 1% and 7% of sensory discomfort after 
more than 1 year port-therapy [26,27]. Knowledge of the location 
and conformation of MF as well as the anterior loop and the ana-
tomical variations that occur is mandatory despite all the existing 
variations in the frequency of neurological symptoms reported in 
literature.

Therefore, the aim of the present study was to retrospectively 
investigate the horizontal and vertical position, conformation and 
occurrence of the mental foramen, anterior loop and accessory fo-
ramina in dentate and edentulous people using three-dimensional 
imaging files.

The present study was conducted according to the principles 
embodied in the Helsinki Declaration of 1975, as revised in 2000 
for biomedical research involving human subjects and was ap-
proved by the Institutional Review Board for Human Studies, 
School of Dentistry, University of Michigan, Ann Arbor, MI, USA 
(HUM00137249). The study population consisted of all dentate 
patients who had a mandibular cone beam computed tomography 
(CBCT) taken for diagnostic purposes between January 2007 and 
December 2017 at the School of Dentistry, University of Michigan, 
Ann Arbor, MI, USA. All patients, regardless of racial or ethnic ori-
gin, were included. CBCT scans were excluded in case of previous 
oral-maxillofacial surgeries, and skeletal disorders influencing 
bone shape. 

Materials and Methods

A calibration session was performed to determine intra-exam-
iner consistency in the CBCT measurements. Files of fifty patients 
were included and measurements were repeated twice after an 
interval of 12 hours in order to increase intra-observer reliability. 
The k agreement for the distance between MF and CEJ line was 
0.87, indicating consistent reliability during the evaluation period.

All CBCT scans were adjusted to view the MF in a cross sectional 
and longitudinal view using a slice thickness of 1 mm. Measure-
ments were performed to evaluate the distance between the infe-
rior border of the MF and the inferior border of the mandible, be-
tween the superior border of the MF and the line passing through 
the cemento-enamel junctions (CEJ) of the premolars and the first 
molar, to determine the horizontal position of the foramen using 
the apices of first and second premolars as reference points, to 
evaluate the extent of the anterior loop and the number of addi-
tional foramina if present. Horizontal location of the MF was re-
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corded according to 4 different zones: zone A: is in line with the 
apex of the first premolar; zone B: is between the apices of the first 
and second premolars; zone C: is in line with the apex of the sec-
ond premolar; and zone D: is between the second premolar and 
the first molar (Figure 1). Height and width of MF, defined as the 
longest vertical and horizontal linear measurements, were also re-
corded. Statistical analysis was carried out using the SPSS software 
(Version 20; IBM Corp., NY, USA). Analysis was performed to dis-
play mean, standard deviations, and range for all parameters mea-
sured. Means were considered to be significantly different for p < 
0.05 within a confidence interval of 95%.

Figure 1: The four zones of the mental foramen.

Files from 1026 patients were retrieved, CBCT images were 
obtained and evaluated using Invivo5 Software (Silicon Valley, CA, 
USA). The mean age of the included patients was 41.07 ± 13.9 (53% 
males and 47% females).

Results

The location of mental foramen varied between the 4 zones with 
zone C having the highest incidence on both right and left sides 
(50.5%) (Table 1). The distance from the superior border of the 
mental foramen and the line passing through the enamel junction 
was 15.91 ± 1.92 mm and ranged between 13.3 and 22.7 mm on 
the right side and 16.07 ± 1.76 mm on the left side. The distance 
from the inferior border of the mental foramen and the base of the 

Mental foramen location and size

mandible was 15.08 ± 1.65 mm with ranged between 12.2 and 22 
mm on the right side and 15.2 ± 1.5 mm on the left side and ranged 
between 12.3 and 20.7 mm. The width x height of the mental fora-
men was 2.79 ± 0.72 x 2.35 ± 0.68 mm and ranged between [1.5, 
4.1 mm] x [1.1, 3.7 mm] on the right side and 2.70 ± 0.69 x 2.49 ± 
0.56 and ranged between [1.6, 4.3 mm] x [1.2, 4.3 mm] on the left 
side (Table 2).

Zone Frequency Percentage
Left side A 108 10.5

B 314 30.6
C 518 50.5
D 86 8.4

Right 
side

A 108 10.5
B 314 30.6
C 518 50.5
D 86 8.4

Table 1: Horizontal location of MF based on apices of mandibular 
teeth. Zone A: below the apex of the first premolar. Zone B: be-

tween the apices of the first and second premolars. Zone C: below 
the apex of the second premolar. Zone D: between the apices of 

second premolar and the first molar.

Anterior loop Frequency Percentage
Right 
side

Absent 377 36.70%
Present 649 63.30%

Left side Absent 407 39.70%
Present 619 60.30%

Table 2: Prevalence of presence of anterior loop on the  
right and left sides.

In 83.9% of the cases on the right side and 82.9% on the left 
side, there was absence of accessory mental foramina around the 
MF. However, one accessory mental foramen was detected in 3% 
of the scans on the right side and 3.3% on the left side. In 9.2% of 
the cases on the right side and 8.8% on the left side two accessory 
mental foramina were detected. In addition, in 2.4% of the analyzed 
scans on the right side and 2.7% on the left side three accessory 
mental foramina were detected. And in 1.5% of the cases on the 
right side and 1.8% on the left side four accessory mental foramina 
were detected (Figure 2).

Accessory mental foramina
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Figure 2: Accessory mental foramina.

A high incidence of inferior alveolar nerve anterior loops was 
reported. On the right side 63.3% of the analyzed scans had an an-
terior loop and 60.3% on the left side (Table 3).

Anterior loops

Number of  
accessory foramina Frequency Percentage

Right 
side

0 861 83.9
1 31 3
2 94 9.2
3 25 2.4
4 15 1.5

Left 
side

0 851 82.9
1 39 3.8
2 90 8.8
3 28 2.7
4 18 1.8

Table 3: Prevalence and number of accessory foramina on the 
right and left sides.

The precise position of MF is a key anatomical landmark for 
implant placement in the mandibular premolar areas [28, 29]. 
Our data indicated that the most prevalent horizontal location of 
the MF, in both right and left sides, was below the apex of second 
premolar (50%), followed by the space between first and second 

Discussion

premolars (30.6%). These obtained values are in agreement with 
other epidemiological studies, reporting that the most common 
locations are between mandibular premolars or below the second 
mandibular premolar [10,11,28,30-33]. 

Radiographically, the MF appeared oval in shape having mean 
width and height of 2.7 and 2.4 mm respectively. Previous anatomi-
cal studies reported that both round and oval shapes are possible; 
however, as documented in the present study, there is an agree-
ment that the oval one is more common [1,34]. Mbajiorgu., et al. re-
ported the presence of a round MF in 43.8% of 32 evaluated man-
dibles and an oval MF in the remaining 56.3% [1]. Others reported 
a round or oval MF in 34.5% and 65.5% of cases respectively, with 
a population size of 575 cases [34].

However, it has been reported that in the elderly edentulous 
subjects, the distance of the MF from the lower mandibular cortex 
could be smaller than in younger dentate subjects [7,34-36]. Our 
study has a mean age of 41 years which allows for a better repre-
sentation of general population. We reported that the mean MF-CEJ 
distance was 15.91 mm for the right side and 16.07 mm for the left 
one. This is almost similar to the study that evaluated 22 Caucasian 
skulls with a mean of 79.1 years old, they reported a distance of 
15.52 mm between MF and CEJ of the most adjacent teeth [7].

Regarding the anterior loop, authors have agreed on its high 
prevalence in the examined specimens. Solar., et al. reported the 
presence of anterior loop in 22 out of 37 cases [37]. Neiva., et al. 
reported a prevalence of 88% of 22 skulls, and bilaterally in 76.2% 
of cases [7]. Our finding is in agreement with previously reported 
studies with a 60-63% prevalence of anterior loop in more than 
one thousand patients evaluated bilaterally. The clinical implica-
tion of the existence and the extent of anterior loop is highly signifi-
cant since it may present a potential risk of sensory disturbances 
caused by implant installation in the anterior mandible [2,22]. The 
average length of the anterior loop has been an interesting object of 
investigation since iatrogenic injuries may lead to permanent neu-
rosensory damages [20]. Authors have agreed and reported most of 
the measurements between 3 and 7 mm [22,38-40] with a mean of 
4.13 mm and a range from 1 to 11 mm [7].

Our study reported 83.9 on the right and 82.9% left site showed 
a single MF, followed by a frequency of 8.8-9.2% for triple foramina 
and 3.0-3.8% for double foramina. Four and five foramina were rare 
findings with an incidence of 2.4-2.7% and 1.5-1.8%, respectively. 
Variation in the number of foramina has been reported in literature 
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The occurrence of such anatomical variations, like adjunctive 
foramina or hyper-extensive anterior loop, plays a non-negligible 
role on the risk of iatrogenic neurological lesions following implant 
surgery [45]. For the anterior mandible, there is no consensus on 
the occurrence of neurological symptoms after implant place-
ment in this region. Yet Steenberghe., et al. documented a high in-
cidence of neurological discomfort with 10% of treated patients 
suffering from alterations of the mental nerve [46]. Other authors 
have reported much lower risks with 1.7% of patients referring 
temporary sensory alterations, and 0.3% permanent ones [47]. A 
retrospective analysis of 1156 patients documented 0.3% of the 
cases having symptomatic lesions to the inferior alveolar nerve, a 
non-symptomatic prevalence of 0.5%, and an overall frequency of 
0.8% [48], resulting nerve injury after implant placement is even 
more frequent than the 0.38% of nerve discomfort reported after 
removal of lower third molars [49]. The most frequently common 
causes of nerve lesions were violation of the inferior alveolar nerve 
canal, periosteal incisions, vertical ridge augmentation and lesion 
during the surgical drilling [48]. 

[41-44]. In general, our findings are consistent with literature that 
reported up to 12.5% for double and 1.2% for triple foramina, and 
these findings are more common than absence of distinct mental 
foramina [4,42,44]. Interesting, they also found that white Cauca-
sians had a very low incidence of no MF [4,42,44]. Even though up 
to five mental foramina can be reported within the same mandible 
[41], the typical finding is a single mental foramen on each side. 

Regarding the radiographic detection of the mental foramen, 
we are faced by some limitations for both the periapical and pan-
oramic investigations. Jacobs., et al. as well as Yosue and Brooks, 
reported that MF was clearly detectable in panoramic radiographs 
yet only in 49% [50] and 64% of cases [51] respectively. On the 
other hand, the use of periapical radiographs was reliable in only 
less than 50% of cases [52]. Despite the much higher dose of radia-
tions when compared with panoramic or periapical radiographs, 
CBCT scans allow for a much more precise localization of those 
vital structures which are considered crucial during implant plan-
ning [53]. The use of CBCT scans enhance the characterization of 
the neurovascular content of the MF and anterior loop with a clear 
view of these anatomical structures [41,53-55]. Anatomical dissec-
tion is the only tool superior to the CBCT in the diagnosis of hidden 
anatomical areas such as the anterior loop. Solar., et al. reported 
an anterior loop in 60% of 37 dissected cadavers, with a range in 
length from 0.5 to 5 mm [37]. Consequently, implants should be 

placed at least 6 mm anterior to the mental foramen to avoid pos-
sible injury to the mental nerve. Results of our retrospective analy-
sis regarding the prevalence of anterior loop are in close agreement 
with those reported by Solar., et al., with a prevalence of 60 - 63% 
of cases. Considering the practical inapplicability of surgical dis-
section for the detection of anterior loop and close neurovascular 
structures in living patients, CBCT scan remains the highest pos-
sible diagnostic tool.

Within the limitation of the present retrospective study, it can 
be concluded that in the 82% of the evaluated CBCTs mental foram-
ina are situated below the apex of second premolar or between the 
first and second premolar, making these regions the most prevalent 
among the investigated population. Its vertical location is halfway 
between the CEJ and the lower border of the mandible within a 
range from 13.3 to 23.6 mm from the CEJ and between 12.2 and 
20.7 mm from the inferior border of the mandible. A careful evalu-
ation of anterior loop present in more than 60% of cases, and ad-
ditional foramina, present in 16% of cases, represent a critical step 
to decrease the chances of complications. CBCT showed to be a re-
liable investigation for critical mandibular anatomical landmarks 
such as position/dimension of mental foramen and number/exten-
sion of anterior loop.
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