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Abstract: Background/Objectives: The mental foramen (MF) constitutes a passage for men-
tal nerves and vessels, and it is a crucial anatomical landmark in the body of the mandible.
The accessory mental foramen (AMF) is a small, addable foramen proximate to the MF,
and it is mainly located posteriorly. The AMF is a rare anatomical variation in human
mandibles that must be taken into consideration throughout dental and surgical operations.
We aimed to assess the incidence and perform morphological and morphometric analyses
of AMFs in the human dry mandibles of the Greek population, in addition to a relevant
systematic review and meta-analysis of global data. Methods: We studied 114 human adult
dry mandibles of unknown gender and age available from the Laboratory of Anatomy,
Medical School, Democritus University of Thrace, Greece. We used the search term “acces-
sory mental foramen” in the PubMed, Scopus, and Google Scholar databases to detect all
publications of the last 50 years reporting the prevalence and morphology of AMFs in dry
mandibles; the search ended on 13 January 2025. Quality assessments were performed us-
ing the relevant Joanna Briggs Institute tool. Data were synthesized with the random-effects
REML model after Freeman-Tukey double arcsine transformationusing STATA 18. No
external funding was received. The PROSPERO CRD is 42025638135. Results: According
to our data, the MF was present in all observed mandibles, and it was bilateral. Nine AMFs
(five right/four left; five round/four oval; six posterior/three anterior to the MF) were
found in seven mandibles (five single and two double), and all were unilateral. AMFs
presented a mean diameter of 0.96 + 0.43 mm and mean distances of 4.12 &= 2.15 mm from
the MF, 12.68 £ 4.10 mm from the alveolar ridge, and 11.92 &+ 1.57 mm from the lower
border of the mandible. Furthermore, 27 publications were included in the meta-analysis;
the combined AMF prevalence was 6.1% (95% CI: 4.8-7.6%; I?> 60%), the combined mean
vertical axis was 1.18 + 0.61 mm, and the combined mean distance from the MF was
3.64 &+ 2.29 mm. Bilateral AMFs were detected in 2.1% of AMF cases. An oval shape was
described in 37.3% of AMFs. No publication bias was detected. Conclusions: AMFs are not
considered rare, and they are occasionally bilateral or even multiple in number. Moreover,
they demonstrate considerable variation regarding their size, shape, anddistance from the
ME, alveolar ridge, and lower border of the mandible. Dental surgeons must be aware of
AMFs’ anatomical variations during surgical and anesthetic planning in order to effectively
prevent or mitigate the risk of postoperative complications, such as pain, anesthesia, injury,
and other adverse outcomes.

Keywords: accessory mental foramen; mental foramen; Greek population; prevalence;
meta-analysis
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1. Introduction

The mental foramen (MF) is an oval or circular opening located on the body of the
mandible, and it is typically equidistant from its superior and inferior borders. It serves
as a passage for the mental nerve, artery, and vein, playing a vital role in innervating the
lower face, including the lower teeth, lip, labial mucosa, and gingiva.

The accessory mental foramen (AMF), when present, is identified as a smaller opening
located alongside the MF, and it is typically positioned posterior to it. The AMF plays a
critical role, particularly during operating procedures, rendering it essential for surgeons to
recognize its presence and morphology. Precise knowledge of the variations in the anatomy,
shape, size, and position of the MF, along with the presence of the AMF, is invaluable
for performing mandibular surgical procedures. These include filling treatments, premo-
lar curettage, root canal therapy, dental implant placement, orthognathic and periapical
surgeries, jaw surgeries, and the enucleation of pathologies in the mental region. Given
the frequency of dental and maxillofacial procedures involving the mental region, it is
imperative for dental practitioners to be well informed about these anatomical details in
order to prevent postoperative complications such as lip numbness, which is a significant
consequence of improper handling or violation of the AMF [1].

The presence of an AMF is a critical consideration in surgical procedures involving
the mental region. These additional foramina house nerves and blood vessels that, if
damaged during surgery, can result in complications, such as lower lip numbness or
bleeding. Consequently, understanding the location and content of AMFs is essential for
planning and executing safe and effective surgical interventions.

Saywer et al. demonstrated that the morphology, position, and incidence of AMFs
vary among individuals and across ethnic groups [2]. Additionally, the position of the
MF differs between edentulous and dentate subjects [3]. While many studies focus on
dry mandibles, others have utilized data from cone-beam computed tomography (CBCT)
and panoramic radiographs. Notably, linear measurements from CBCT have been shown
to align closely with those obtained from dry mandibles using a digital caliper, the gold-
standard method [4]. CBCT measurements of the MF’s size have also been validated for
accuracy [5]. However, comprehensive data on AMFs remain limited.

Although numerous observational studies, case series, and case reports have been
published, a systematic review and meta-analysis focusing on dry mandibles has yet to
be conducted. This study aims to assess the incidence and perform morphological and
morphometric analyses of AMFs in human dry mandibles from the Greek population,
complemented by a systematic review and meta-analysis of available global data.

2. Materials and Methods

The present observational study was conducted on 114 dry adult human mandibles
of unknown gender and age, obtained from the osteological collection of the Anatomy
Department, Democritus University of Thrace, Greece.

This study’s objectives were to measure the location, shape, incidence, and diameter
of AMFs, as well as the distances between AMFs and the MF, alveolar crest, and inferior
border in each mandible. For these purposes, we used a digimatic caliper (Mitutoyo
Co., Kawasaki, Kanagawa, Japan) with 0.1 mm accuracy. Each distance was measured
from the center of each foramen, either the MF or AMF. The location of each AMF was
determined using two imaginary lines (horizontal and vertical) intersecting at the MF,
dividing the area into four quadrants: anterior superior, posterior superior, anterior inferior,
and posterior inferior. The diameter of the AMF was measured using a single stainless-steel
wire (UA218893; Zhejiang, China) with a diameter ranging from 0.2 mm to 1.4 mm. For
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oval-shaped foramina, the horizontal distance was measured using up to two wires with
diameters ranging from 0.02 mm to 3 mm (Figure 1).
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Figure 1. Wires used to additionally determine the diameter of AMFs.

All measurements were performed independently by two investigators. The inter-rater
reliability assessment for categorical variables was assessed using Cohen’s kappa estimates;
in the case of continuous variables, the intraclass correlation coefficient (ICC) estimates and
their 95% confidence intervals (Cls) based on a mean rating (n = 2), absolute agreement,
two-way random model were alternatively applied [6]. The means are accompanied
by the relevant standard deviation (SD). The two-way random-effects model approach
was preferred as we aimed to further generalize our reliability results relative to any
raters sharing the characteristics of the selected raters (undergraduate medical or dentistry
students) [7]. Based on the 95% confidence interval of the ICC estimate, values less than
0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater than 0.90 are indicative of poor,
moderate, good, and excellent reliability, respectively [7]. The level of statistical significance
was set to p = 0.05. SPSS software (version 26.0.0.0) was used for statistical analyses.

For the purpose of the present proportion meta-analysis, we implemented a PROS-
PERO registered protocol (CRD#42025638135), following PRISMA 2020 statement guide-
lines (Supplementary Table S1) [8]. No amendments to information provided at registration
were performed.

We used the search term “accessory mental foramen” in the PubMed, Scopus, and
Google Scholar databases to detect all publications reporting the prevalence and mor-
phology of AMFs in dry mandibles; the latter was manually searched for unpublished
dissertations and other unpublished studies based on an iterative approach performed
until no additional publications could be traced. The Google Scholar search was explicitly
extended to every not PubMed-indexed or Scopus-indexed citation identified in the in-
cluded studies; all identified records were included. The literature search was restricted to
papers published over the last 50 years (from 1974) until 13 January 2025. No language lim-
itations were applied. The inclusion and exclusion criteria followed the PICOTS framework
(Table 1).
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Table 1. A synopsis of the inclusion criteria using the PICOTS framework.

Parameters

Inclusion Criteria Exclusion Criteria

(P) Population

Cone-beam computed

Human dry mandibles tomography; panoramic Rx

(I) Indicator (Exposure)

Measurements with digital caliper and wires

(C) Comparison Normal/common anatomical condition
p
AMEF prevalence, location, shape, size, and distances Cases involving mandible
(O) Outcome from the ME, alveolar ridge, and lower border of the &
mandible pathology (fracture and tumor)
(T) Time Papers published over the last 50 years (from 1974) Previously published duplicates
(S) Setting Universities (dissection rooms; osteological

collections)

Ethics committee approval was not applicable due to the cadaveric material studied.

Quality assessments were performed using the Joanna Briggs Institute (JBI) Critical
Appraisal Checklist for analytical cross-sectional study tools [9].

All data regarding the author, year of publication, origin of population studied, sample
size, number of cases presenting AMF, number of cases presenting unilateral AMF, number
of cases presenting bilateral AMF, number of total AMFs detected, number of AMFs
detected on the right side, number of AMFs detected on the left side, number of single
AMFs, number of multiple AMFs, number of round-shaped AMFs, number of oval-shaped
AMFs, diameter in mm (if round) or vertical axis in mm (if oval), distance from the MF in
mm, distance from the alveolar ridge in mm, and distance from the lower border of the
mandible were recorded in a suitable Excel sheet. Quantitative synthesis was performed in
cases in which data were available from >5 sources. No imputation with respect to missing
data was performed.

All steps, including the literature search, record screening, and data extraction, were
performed independently by two authors (Z.-M.T. and C.T.). In the case of disputes, a third
author (V.P.) was responsible for the final judgment. No automation tools were applied.

Data were synthesized using STATA 18 Statistical Software. Prevalence and propor-
tion data were combined using the random-effects REML model after Freeman-Tuckey
double arcsine transformations. The combination of means and standard deviations
(SDs) was performed using a freely available online tool: https://www.statstodo.com/
CombineMeansSDs.php (accessed on 12 January 2025).

Means and estimates based on the sample size, median, range, and interquartile range
were calculated using a freely available online tool: https://www.math.hkbu.edu.hk/
~tongt/papers/median2mean.html (accessed on 12 January 2025) [10-12].

Heterogeneity was approached using the Q test and 12 statistic. A Q test p-value of
<0.10 was indicative of a statistically significant result. Furthermore, an I? value of <25%
was indicative of insignificant heterogeneity, 26-50% was indicative of low heterogene-
ity, 51-75% was indicative of moderate heterogeneity, and >75% was indicative of high
heterogeneity [13]. A Galbraith plot was used to assess potential outliers in relation to
study-specific effect sizes, their precisions, and the overall effect size. Publication bias
was approached via a visual inspection of the symmetry of the relevant funnel plot, aided
by the use of Egger’s and Begg'’s tests. The trim-and-fill method was implemented to
impute “unpublished” studies on either side, thus compensating for any publication bias.
Sensitivity analysis was performed using the leave-one-out procedure to investigate the
effect of each included study on heterogeneity.


https://www.statstodo.com/CombineMeansSDs.php
https://www.statstodo.com/CombineMeansSDs.php
https://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html
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GRADE was used to rate evidence certainty for every endpoint, assessing the risk of
bias, imprecision, inconsistency, indirectness, publication bias, and effect size [14]. However,
four levels of evidence certainty were used (“very high”, “high”, “low”, and “very low”).
In cases in which randomized controlled trials were lacking from included studies, the
baseline level is set to “low”. As far as prevalence or proportions are concerned, the effect
size is considered small in the case of values of <0.1.

3. Results
3.1. Primary Data

According to our data, the MF was present in all observed mandibles, and it was
bilateral. Nine AMFs were found in seven mandibles (five single and two double), and all

were unilateral; five AMFs were located at the right hemimandible, and four were located
at the left hemimandible (Figure 2).

Figure 2. Two small accessory mental foramina located very close to the main mental foramen (top
right arrow) and the other one at a far distance from it anterosuperiorly (bottom left arrow)”.

As far as the shape of AMFs is concerned, five were round, and four were oval
(Figure 3).
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Figure 3. Double accessory mental foramina, round and oval, were found superior and antero-
superior to the main mental foramen.

As far as the location of the AMFs is concerned, six AMFs were located posterior and
three were located anterior to the MF (Figure 4).

Figure 4. Accessory mental foramen located immediately posterior to the main mental foramen.

Additionally, four AMFs were located inferior to the MF, three superior to it, and two
at the same horizontal level as the MF (Figure 5).
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Figure 5. Accessory mental foramen located postero-inferior to the main mental foramen.

AMFs presented a mean diameter of 0.96 £ 0.43 mm, ranging from 0.40 to 1.70 mm
(Figure 6).

Figure 6. A wide accessory mental foramen located inferiorly to the main mental foramen.
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Additionally, AMFs presented a mean distance of 4.12 & 2.15 mm from the MF, ranging
from 3.20 to 17.72 mm (Figure 7).

Figure 7. Accessory mental foramen very close to the main mental foramen.

Of note, AMFs were measured to be located 12.68 £ 4.10 mm from the alveolar ridge
and 11.92 + 1.57 mm from the lower border of the mandible (Table 2).

Table 2. Characteristics of the accessory mental foramen (AMF) cases of the present study.

Sample Size

Mandibles 114

Sides 228

Mental foramina 228
Accessory mental foramina 9

AMF cases (per mandible)

Absent 107/114 (93.9%)
Present; total 7/114 (6.1%)
Present; unilateral 7/114 (6.1%)
Present; bilateral 0/114 (0%)
Location

Right side 5/9 (55.6%)
Left side 4/9 (44.4%)
Anterior to mental foramen 3/9 (33.3%)
Posterior to mental foramen 6/9 (66.7%)
Shape

Round 5/9 (55.6%)
Oval 4/9 (44.4%)
Dimensions (mean &+ SD); n =9

Diameter /vertical axis ' (mm) 0.96 £0.43
Horizontal axis (mm) 1.33 £ 0.55
Area (mm?) 0.94 £+ 0.87

Dimensions (mean & SD); n =9
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Table 2. Cont.

Sample Size

From mental foramen (mm) 412+£215
From alveolar ridge (mm) 12.68 + 4.10
From lower border of mandible (mm) 11.92 +1.57

1 In the case of oval-shaped AMFs.

Lastly, in one mandible, the AMF was located at the same horizontal level as the MF
but did not fall within any quadrant (Table 3).

Table 3. Inter-rater reliability assessment for categorical variables; Cohen’s kappa estimates.

Samples Side; Side; Position Regarding MF; Position Regarding MF;  Shape; Shape;
P 1st Rater 2nd Rater 1st Rater 2nd Rater 1st Rater  2nd Rater
posterior; same posterior; same
1 left left horizontal level horizontal level oval oval
2 right right posterior inferior posterior inferior circle circle
3 right right posterior inferior posterior inferior oval oval
4 left left posterior inferior posterior inferior oval oval
5A right right posterior inferior posterior inferior oval oval
5B right right anterior superior anterior superior circle circle
. . .. . posterior; same . )
6 right right posterior inferior horizontal level circle circle
7A left left anterior superior anterior superior circle circle
7B left left anterior superior anterior superior circle circle
Cohen’s 4 0o 0.805 1.000
kappa
p-value 0.008 0.001 0.008
Considerable inter-rater agreement was observed for all measurements (Table 4).
Table 4. Inter-rater reliability assessment for continuous variables; intraclass correlation coefficient
(ICC) estimates and their 95% confidence intervals (CIs) based on a mean rating (n = 2), absolute
agreement, two-way random model.
Mean = SD Mean £ SD Mean + SD ICC
Parameter (Average); (1st Rater); (2nd Rater); ICC;95% CI
p-Value
n=9 n=9 n=9
Diameter/vertical axis ! (mm) 096 £043 097+042 094+043 0.997;0.987-0.999 <0.001
Horizontal axis (mm) ! 133 £055 1344+056 1.324+053 0.997;0.970-1.000 <0.001
Area (mm?) 094+087 096+0.87 093+0.86 1.000;0.996-1.000 <0.001
Distance from mental foramen (mm) 4.12 +2.15 409 4+215 4144215 1.000; 0.998-1.000 <0.001
Distance from alveolar ridge (mm) 12.68 £4.10 12.66 +4.03 12.69 +4.17 0.999; 0.998-1.000 <0.001
Distance from lower border of 1192 +157 1190 +156 1193+ 158 0.998;0.991-1.000 <0.001
mandible (mm)
Diameter/vertical axis' (mm) 096 +043 097+£042 094+043 0.997;0.987-0.999 <0.001

! In cases of oval-shaped AMFs.

3.2. Meta-Analysis Data

For the purpose of the meta-analysis, 252 publications were identified from a search in

PubMed and Scopus databases; ten additional publications were retrieved through citation
searching (Supplementary Figure S1). No study that appeared to meet the inclusion criteria
was excluded for any reason.
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After screening, 27 publications were included in the qualitative review and
quantitative synthesis, along with data obtained from the present observational study
(Tables 5 and 6).

The quality assessment is presented in detail in Table 7. In particular, eight domains
were assessed using respective questions (Q1-Q8) as follows: Q1: “Were the criteria for
inclusion in the sample clearly defined?”; Q2: “Were the study subjects and the setting
described in detail?”; Q3: “Was the exposure measured in a valid and reliable way?”; Q4:
“Were objective, standard criteria used for measurement of the condition?”; Q5: “Were
confounding factors identified?”; Q6: “Were strategies to deal with confounding factors
stated?”; Q7: “Were the outcomes measured in a valid and reliable way?”; Q8: “Was
appropriate statistical analysis used?”. The response options were recorded as “Yes” (Y),
“No” (N), “Unclear (U)”, and “Not Applicable” (NA).

Table 5. Prevalence meta-analysis; included studies.

Stud Origin  Size Cases Total Right Left Unilateral Bilateral Single Multiple
y & with AMF AMF AMF AMF AMF AMF  AMF AMFs

Agthong, 2005 [15] Thailand 110 2 4 2 2 0 2 4 0

Budhiraja, .

2013 [16] India 105 7 7 7 0

Chrcanovic, .

2010 [17] Brazil 80 5 5 5 0 5 0

Dave, 2019 [18] India 300 50 51 8 43 49 1

Gershenshon, Israel;

1986 [19] India > 39 z5

Gupta, 2012 [20] India 120 8 8 5 3 8 0 8 0

Igbigbi, 2005 [21] Malawi 70 1 1 0 1 1 0 1 0

Kadel, 2018 [22] Nepal 100 7 7 3 4 7 0

Kokten, 2004 [23] Turkey 45 1 1 1 0 1 0

Kumari, 2018 [24]  India 50 5 6 2 4 3 1

Lal, 2018 [25] India 50 4 5 4 1 5 0 5 0

Nalbantoglu,

2004 [26] Turkey 249 11 12 10 1

Paraskevas,

2015 [27] Greece 96 4 5 3 2 3 1 5 0

Prabodha, Sri

2006 [28] Lanka 24 2 2 2 0 2 0

Raikohila, .

2018 [29] India 260 23 27 16 11 19 4 27 0

Sakalem, 2024 [30]  Brazil 63 4 6 2 2

Sawyer, 1998 [2] USA 705 42 46 22 20 38 4

Shukla, 2015 [31] India 70 6 5 2 3

Singh, 2010 [32] India 100 13 13 5 8 13 0 13 0

Subramanian, .

2019 [33] Zambia 33 2 2 1 1 2 0 2 0

Suman, 2020 [34] India 61 4 5 3 2 3 1

Tiwari, 2022 [35] Nepal 47 4 4 0 4 4 0

Toh, 1992 [36] Japan 3 2 1 3 0 3 0

Udhaya, 2013 [37] India 90 4 5 2 3 3 1

Vimala, 2015 [38] India 35 2 2 2 0 2 0 2 0

Voljevica, 2015 [39] DO~ 450 4 4 4 0 4 0 4 0

Herz.
Zografos, 1989 [40] Greece 464 31
Present study Greece 114 7 9 5 4 7 0 5 2
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Table 6. Meta-analysis of the shape, size, and distance from the mental foramen; included studies.
The combined mean vertical axis is 1.18 & 0.61 mm, while the combined mean distance from the MF
is 3.64 £ 2.29 mm.

Vertical Vertical Distance Distance

Study Origin Total AMF  Round Oval Axis Axis from MF  from MF
(Mean) (SD) (Mean) (SD)

Paraskevas, 2015 [27] Greece 5 5 0 1.09 0.15 5.24 3.21

Prabodha, 2006 [28] SriLanka 2 0 2 1.70 0.28

Raikohila, 2018 [29] India 27 20 7 1.27 0.77 2.96 2.07

Singh, 2010 [32] India 13 13 0

Subramanian, 2019 [33] Zambia 2 0 2 1.53 0.35

Tiwari, 2022 [35] Nepal 4 1 3 1.02 0.03 5.72 0.40

Toh, 1992 [36] Japan 3 0.84 0.12 2.84 2.13

Present study Greece 9 5 4 0.96 0.43 412 2.15

Table 7. Quality assessment of the included studies using the Joanna Briggs Institute (JBI) Critical
Appraisal Checklist for analytical cross-sectional studies.

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Overall Appraisal
Agthong, 2005 [15] Y Y NA Y N N Y Y Include
Budhiraja, 2013 [16] Y Y NA Y N N Y NA Include
Chrcanovic, 2010 [17] Y Y NA Y N N Y Y Include
Dave, 2019 [18] Y Y NA Y N N Y NA  Include
Gershenshon, 1986 [19] Y Y NA Y N N Y NA  Include
Gupta, 2012 [20] Y Y NA Y N N Y NA Include
Igbigbi, 2005 [21] Y Y NA Y N N Y Y Include
Kadel, 2018 [22] Y Y NA Y N N Y NA Include
Kokten, 2004 [23] Y Y NA Y N N Y NA  Include
Kumari, 2018 [24] Y Y NA Y N N Y NA  Include
Lal, 2018 [25] Y Y NA Y N N Y NA  Include
Nalbantoglu, 2024 [26] Y Y NA Y N N Y Y Include
Paraskevas, 2015 [27] Y Y NA Y N N Y NA Include
Prabodha, 2006 [28] Y Y NA Y N N Y NA Include
Raikohila, 2018 [29] Y Y NA Y N N Y NA  Include
Sakalem, 2024 [30] Y Y NA Y N N Y Y Include
Sawyer, 1998 [2] Y Y NA Y Y Y Y Y Include
Shukla, 2015 [31] Y Y NA Y N N Y NA Include
Singh, 2010 [32] Y Y NA Y N N Y NA Include
Subramanian, 2019 [33] Y Y NA Y N N Y Y Include
Suman, 2020 [34] Y Y NA Y N N Y NA  Include
Tiwari, 2022 [35] Y Y NA Y N N Y Y Include
Toh, 1992 [36] Y Y NA Y N N Y Y Include
Udhaya, 2013 [37] Y Y NA Y N N Y NA Include
Vimala, 2015 [38] Y Y NA Y N N Y NA Include
Voljevica, 2015 [39] Y Y NA Y N N Y Y Include
Zografos, 1989 [40] Y Y NA Y N N Y U Include
Present study Y Y NA Y Y Y Y Y Include

The combined AMF prevalence was 6.1% (95% CI: 4.8-7.6%; 12 60%) (Figure 8).
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Number of Proportion Weight

Study successes Total with 95% ClI (%)
Agthong, 2005 110 i 0.02[0.00, 0.05] 3.90
Budbhiraja, 2013 105 —— 0.07[0.03, 0.12] 3.81
Chrcanovic, 2010 80 —— 0.06[0.02, 0.13] 3.32
Dave, 2019 50 300 —— 0.17[0.13, 0.21] 5.54
Gershenshon, 1986 28 575 . 0.05[0.03, 0.07) 6.27
Gupta, 2012 8 120 —i— 0.07[0.03, 0.12] 4.06
Igbigbi, 2005 1 70 | 0.01[0.01, 0.06] 3.08
Kadel, 2018 7 100 —— 0.07[0.03, 0.13] 3.72
Kokten, 2004 1 45 — 0.02[0.02, 0.09] 2.34
Kumari, 2018 5 50 B 0.10[0.03, 0.20] 2.51
Lal, 2018 4 50 —a— 0.08[0.02, 0.17] 2.51
Nalbantoglu, 2024 11 249 i 0.04[0.02, 0.07] 5.27
Paraskevas, 2015 4 96 —— 0.04[0.01, 0.09] 3.65
Prabodha, 2006 2 24 = 0.08[0.00, 0.24] 1.48
Raikohila, 2018 23 260 —— 0.09[0.06, 0.13] 5.34
Sakalem, 2024 4 63 — 0.06 [0.01, 0.14] 2.90
Sawyer, 1998 38 705 - 0.05[0.04, 0.07] 6.44
Shukla, 2015 6 70 —— 0.09[0.03, 0.16] 3.08
Singh, 2010 13 100 —— 0.13[0.07, 0.20] 3.72
Subramanian, 2019 2 33 . 0.06 [ 0.00, 0.17] 1.88
Suman, 2020 4 61 —— 0.07[0.01, 0.14] 2.84
Tiwari, 2022 4 47 —— 0.09[0.02, 0.19] 2.41
Udhaya, 2013 4 90 — 0.04[0.01, 0.10] 3.53
Vimala, 2015 2 35 —a— 0.06 [ 0.00, 0.16] 1.96
Voljevica, 2015 4 150 i 0.03[0.01, 0.06] 4.45
Zografos, 1989 31 464 B 0.07 [ 0.05, 0.09] 6.06
Present study 7 114 —— 0.06 [0.02, 0.11] 3.96
Overall @ 0.06 [ 0.05, 0.08]

Heterogeneity: 7° = 0.01, I* = 60.33%, H* = 2.52
Test of 6, = 6;: Q(26) = 64.69, p = 0.00
Testof 8 =0:z=14.90, p=0.00

Random-effects REML model

Figure 8. AMF prevalence meta-analysis; the combined prevalence of AMFs in dry mandibles is 6.1%
(95% CI: 4.8-7.6%) with I2 60% [2,15-40].

AMFs were detected in 48.2% (95% CI: 35.2-61.2%; I?> 50%) on the right side
(Supplementary Figure S2) and in 51.8% (95% CI: 38.8-64.8%; I?> 50%) on the left side
(Supplementary Figure S3); no difference was documented as the CIs referring to both sides
were found to overlap.

The combined mean vertical axis was 1.18 & 0.61 mm, and the combined mean distance
from the MF was 3.64 &+ 2.29 mm.

Bilateral AMFs were detected in 2.1% of AMF cases (95% CI: 0.0-7.3%; 1?> 18%)
(Supplementary Figure S4); being a rare anatomic variant, bilateral AMFs are prone to
reporting bias.
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The oval shape was described in 37.0% of AMFs (95% CI: 5.1-75.8%; 12 83%)

(Supplementary Figure S5).
All but one study were close to the 95% confidence intervals of the Galbraith plot

(Figure 9).
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Figure 9. AMF prevalence meta-analysis; Galbraith plot.

No significant publication bias was detected; the funnel plot was symmetrical on
visual inspection. Moreover, no additional study was imputed using the trim-and-fill
method on either side (Figure 10); both Egger’s and Begg's tests yielded a non-significant
result (p = 0.914 and 0.234, respectively).
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Figure 10. AMF prevalence meta-analysis; funnel plot. Trim-and-fill analysis does not impute any
studies on either side. Egger’s p = 0.914; Begg’s p = 0.234.

The leave-one-out sensitivity analysis revealed no critical effect on the combined mean
prevalence due to single publications (Supplementary Figure S6).

The GRADE assessment of the certainty of evidence is provided in Table 8. The
certainty-of-evidence level is high concerning the endpoints related to the location and
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shape of AMFs. On the contrary, the overall and bilateral AMF combined prevalence is
characterized by low and very low levels of evidence, respectively.

Table 8. GRADE assessment of evidence certainty for every endpoint.

Endpoint Risk of Bias Imprecision Inconsistency Indirectness P}lbhcatlon Effect Ev1de.nce
Bias Size  Certainty
él‘\:gﬁff valence Not serious  Not serious Not serious Not serious  Unlikely Small Low
AMF location (right) Not serious Notserious Notserious Notserious Unlikely Large High
AMF location (left)  Notserious Notserious Notserious Notserious Unlikely Large High
(?oli\g:eliaﬁ; alence Not serious  Serious Not serious  Not serious  Unlikely Small Very Low
AMEF shape (oval) Not serious Not serious Notserious Notserious Unlikely Large High

4. Discussion

The present observational study investigates the location, shape, and dimensions
of AMFs in dry adult human mandibles. The presentation of our data is accompanied
by a systematic review and meta-analysis of global data. Notably, this is the first meta-
analysis focusing on AMF data obtained exclusively from dry mandibles. In contrast, three
previously published meta-analyses primarily relied on CBCT data [41-43].

Our data are in keeping with the results of the consequent meta-analysis, thus ren-
dering them credible and representative. Of note, we reported that the combined AMF
prevalence is 6.1% (95% CI: 4.8-7.6%) and that there is no difference between the right and
left sides. Moreover, AMFs were mostly rounded, while the oval shape was described
in 37.0% of cases; the combined mean AMF vertical axis was 1.18 & 0.61 mm, and the
combined mean distance from the MF was 3.64 & 2.29 mm. Lastly, AMFs were detected
bilaterally in 2.1% of cases. The heterogeneity of our results, measured as 12, ranged from
unimportant to considerable, reaching 83% in the case of AMF shape determination. Both
publication bias and the critical effect of any single publication were ruled out as significant
sources of heterogeneity. This immediately provides support for the potential contribution
of other, as-yet-undetermined parameters, such as gender, origin, and quality of included
publications, to the explanation of total heterogeneity.

It is very important to consider accessory mental foramina in surgical procedures
involving the mental region of the mandible. These “extra” foramina, which are addi-
tional openings in the mandible, house nerves, and blood vessels that could be damaged
during surgery, resulting in complications such as lower lip numbness or bleeding. There-
fore, understanding their location and content is crucial for surgeons to plan and execute
procedures safely and effectively.

The AMF is at risk in many dental and oral surgery procedures carried out in the
mental region, such as periapical surgery of the mandibular premolars, genioplasty, bone
harvesting from the chin, inferior alveolar nerve repositioning, trauma surgery, and par-
ticularly dental implant placement ([44—49]). With dental implant procedures being very
common, the accessory mental foramen (AMF) represents a key anatomical variation that
must be evaluated preoperatively [50-53]. If the AMF is not identified prior to implant
insertion, there is a risk of damaging the accessory mental neurovascular bundle. Such
injuries can lead to temporary or permanent numbness, tingling, or pain in the chin and
lower lip. Furthermore, the AMF’s location can influence implant placement, potentially
requiring the implant to be placed at a different site or angle.

Accessory mental foramina (AMFs) can affect the success of mental nerve blocks,
a crucial consideration when administering local anesthesia [54]. If an AMF is located
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close to the main mental foramen, a single injection of anesthetic solution into the main
foramen is often sufficient to anesthetize both. This is because the anesthetic solution can
diffuse into the smaller AMF. If an AMF is situated further away from the main foramen,
either anteriorly or posteriorly, a separate injection may be necessary to ensure adequate
anesthesia. This is because the anesthetic solution from the main foramen injection may not
reach the more distant AMF. By understanding the potential variations in AMF location,
dental professionals and anesthesiologists can optimize their anesthesia techniques in order
to minimize patient discomfort and carry out successful procedures.

In this study, we assessed AMF locations by measuring distances from the AMFs to
both the alveolar crest and the inferior border of the mandible. The latter measurement is
considered more reliable, as it remains consistent regardless of whether the mandible is
dentate or edentulous. In contrast, the distance between the AMF and the alveolar ridge
can change due to the resorption of the alveolar ridge with age [3]. However, several
studies have demonstrated the superior accuracy and reliability of cone-beam computed
tomography (CBCT) when compared to conventional imaging techniques for identifying
the accessory mental foramen (AMF) [55-59]. This enhanced visualization makes CBCT
an invaluable tool for presurgical planning and execution, enabling clinicians to minimize
potential complications and achieve optimal results.

The major strength of this study is its integration of primary data from the well-
established osteological collection of the Anatomy Department at Democritus University of
Thrace, Greece, with data from a systematic review and meta-analysis. To our knowledge,
this is the first study of its kind. However, a certain limitation of this study is that the
total heterogeneity, mostly attributable to ethnicity-related variations, could not be further
assessed due to the lack of gender-specific information. Moreover, prevalence analyses
of rare anatomic variants, such as bilateral AMFs, might be accompanied by considerable
reporting bias [60]. Future research incorporating subgroup analyses or meta-regression
could explore potential gender-related differences in AMF anatomy.

5. Conclusions

AMFs are not considered rare, and they are occasionally bilateral or even multiple
in number; moreover, they demonstrate considerable variation regarding size, shape, and
distance from the MF, alveolar ridge, and lower border of the mandible. Dental surgeons
must be aware of AMFs’ anatomical variations during surgical and anesthetic planning
in order to effectively prevent or mitigate the risk of postoperative complications, such as
pain, anesthesia, injury, and other adverse outcomes.

Supplementary Materials: The following supporting information can be downloaded at: https:
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out analysis).

Author Contributions: Conceptualization, Z.M.T. and V.P; methodology, ZM.T., C.T. and V.P;
software, V.P; validation, Z.M.T., C.T. and V.P; formal analysis, V.P; investigation, ZM.T., C.T. and
V.P; resources, ZM.T., C.T. and V.P;; data curation, V.P,; writing—original draft preparation, Z.M.T.
and V.P; writing—review and editing, Z.M.T., C.T. and V.P; visualization, ZM.T., C.T. and V.P;


https://www.mdpi.com/article/10.3390/dj13030094/s1
https://www.mdpi.com/article/10.3390/dj13030094/s1

Dent. |. 2025, 13, 94 16 of 18

supervision, V.P.,; project administration, V.P. All authors have read and agreed to the published

version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: Ethical approval was not applicable due to the cadaveric
material studied.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article/Supplementary Material. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Montagu, M.F. The direction and position of the mental foramen in the great apes and man. Am. J. Phys. Anthropol. 1954, 12,
503-518. [CrossRef] [PubMed]

2. Sawyer, D.R;; Kiely, M.L.; Pyle, M.A. The frequency of accessory mental foramina in four ethnic groups. Arch. Oral Biol. 1998, 43,
417-420. [CrossRef]

3.  Charalampakis, A.; Kourkoumelis, G.; Psari, C.; Antoniou, V.; Piagkou, M.; Demesticha, T.; Kotsiomitis, E.; Troupis, T. The
position of the mental foramen in dentate and edentulous mandibles: Clinical and surgical relevance. Folia Morphol. 2017, 76,
709-714. [CrossRef]

4. Almeida, V.S.M.; Bomfim, R.T.; Sobreira, A.C.R.; Barbosa, I.D.S.; Leite-Ribeiro, PM.; Rubira-Bullen, I.R.; Sarmento, V.A. Linear
measurement accuracy of CBCT panoramic reconstructions: Experimental study with dry human mandibles. Oral Radiol. 2021,
37,421-426. [CrossRef]

5. Ahmed, A.A.; Ahmed, R.M,; Jamleh, A.; Spagnuolo, G. Morphometric Analysis of the Mandibular Canal, Anterior Loop, and
Mental Foramen: A Cone-Beam Computed Tomography Evaluation. Int. ]. Environ. Res. Public Health 2021, 18, 3365. [CrossRef]

6. Hallgren, K.A. Computing Inter-Rater Reliability for Observational Data: An Overview and Tutorial. Tutor. Quant. Methods
Psychol. 2012, 8, 23-34. [CrossRef]

7. Koo, TK,; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.
Med. 2016, 15, 155-163. [CrossRef]

8.  Page, MJ.; McKenzie, J.E.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A,;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BM]J 2021, 372, n71.
[CrossRef]

9. Ma, LL; Wang, Y.Y,; Yang, Z.H.; Huang, D.; Weng, H.; Zeng, X.T. Methodological quality (risk of bias) assessment tools for
primary and secondary medical studies: What are they and which is better? Mil. Med. Res. 2020, 7, 7. [CrossRef]

10. Wan, X.; Wang, W.; Liu, J.; Tong, T. Estimating the sample mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med. Res. Methodol. 2014, 14, 135. [CrossRef]

11. Luo, D.; Wan, X,; Liu, J.; Tong, T. Optimally estimating the sample mean from the sample size, median, mid-range, and/or
mid-quartile range. Stat. Methods Med. Res. 2018, 27, 1785-1805. [CrossRef] [PubMed]

12. Shi, J.; Luo, D.; Weng, H.; Zeng, X.T.; Lin, L.; Chu, H.; Tong, T. Optimally estimating the sample standard deviation from the
five-number summary. Res. Synth. Methods 2020, 11, 641-654. [CrossRef] [PubMed]

13. Higgins, J.P; Thompson, S.G.; Deeks, ].J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557-560.
[CrossRef]

14. Guyatt, G.; Oxman, A.D.; Akl, E.A.; Kunz, R.; Vist, G.; Brozek, |.; Norris, S.; Falck-Ytter, Y.; Glasziou, P.; DeBeer, H.; et al. GRADE
guidelines: 1. Introduction-GRADE evidence profiles and summary of findings tables. J. Clin. Epidemiol. 2011, 64, 383-394.
[CrossRef]

15. Agthong, S.; Huanmanop, T.; Chentanez, V. Anatomical variations of the supraorbital, infraorbital, and mental foramina related
to gender and side. J. Oral Maxillofac. Surg. 2005, 63, 800-804. [CrossRef]

16. Budhiraja, V.; Rastogi, R.; Lalwani, R.; Goel, P.; Bose, S.C. Study of position, shape, and size of mental foramen utilizing various
parameters in dry adult human mandibles from north India. ISRN Anat. 2012, 2013, 961429.

17.  Chrcanovic, B.R.; Abreu, M.H.; Custédio, A.L. Morphological variation in dentate and edentulous human mandibles. Surg. Radiol.
Anat. 2011, 33, 203-213. [CrossRef]

18. Dave, U.H.; Gupta, S.; Astik, R. Cross sectional analysis of positional and numerical variations of mental foramina in dry human

mandibles. Indian |. Clin. Anat. Physiol. 2019, 6, 81-84.


https://doi.org/10.1002/ajpa.1330120404
https://www.ncbi.nlm.nih.gov/pubmed/14350073
https://doi.org/10.1016/S0003-9969(98)00012-0
https://doi.org/10.5603/FM.a2017.0042
https://doi.org/10.1007/s11282-020-00477-4
https://doi.org/10.3390/ijerph18073365
https://doi.org/10.20982/tqmp.08.1.p023
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1186/s40779-020-00238-8
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1177/0962280216669183
https://www.ncbi.nlm.nih.gov/pubmed/27683581
https://doi.org/10.1002/jrsm.1429
https://www.ncbi.nlm.nih.gov/pubmed/32562361
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1016/j.jclinepi.2010.04.026
https://doi.org/10.1016/j.joms.2005.02.016
https://doi.org/10.1007/s00276-010-0731-4

Dent. |. 2025, 13, 94 17 of 18

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gershenson, A.; Nathan, H.; Luchansky, E. Mental foramen and mental nerve: Changes with age. Acta Anat. 1986, 126, 21-28.
[CrossRef]

Gupta, S.; Soni, ].S. Study of anatomical variations and incidence of mental foramen and accessory mental foramen in dry human
mandibles. Natl. J. Med. Res. 2012, 2, 28-30.

Igbigbi, PS.; Lebona, S. The position and dimensions of the mental foramen in adult Malawian mandibles. West Afr. J. Med. 2005,
24, 184-189. [CrossRef] [PubMed]

Kadel, M.; Sedhain, B.P. Morphometric Analysis of Accessory Mental Foramen in Human Dry Mandibles. ]. Nepal Dent. Assoc.
2018, 18, 17-20.

Kokten, G.; Buyukanten, M.; Balcioglu, H.A. Comparison of the diameter and the location of mental foramen in dry mandible
and panoramic. J. Istanbul Univ. Fac. Dent. 2024, 38, 65-71.

Kumari, R.; Panchal, P; Prasad, A.; Prasad, B.; Britto, J. Incidence of Accessory Mental Foramen in Mandible and its Clinical
Signifiance. Int. J. Sci. Res. 2018, 7. Available online: https:/ /www.worldwidejournals.com/international-journal-of-scientific-
research-(IJSR)/article/incidence-of-accessory-mental-foramen-in-mandible-and-its-clinical-significance/ MTM4MDQ=/ ?is=
1&b1=61&k=16 (accessed on 12 January 2025).

Lal, N.; Mathur, S.; Joshi, P. A study on incidence of Accessory Mental Foramen in Dry Human Mandibles of Rajasthan State. J.
Med. Sci. Clin. Res. 2018, 6, 1049-1053. [CrossRef]

Nalbantoglu, A.M.; Yanik, D.; Albay, S. Location and Anatomic Characteristics of Mental Foramen in Dry Adult Human
Mandibles. ADO Klin. Bilim. Dergisi. 2024, 13, 51-58. [CrossRef]

Paraskevas, G.; Mavrodi, A.; Natsis, K. Accessory mental foramen: An anatomical study on dry mandibles and review of the
literature. Oral Maxillofac. Surg. 2015, 19, 177-181. [CrossRef]

Prabodha, L.B.L.; Nanayakkara, B.G. The position, dimensions and morphological variations of mental foramen in mandibles.
Galle Med. ]. 2006, 11, 13-15. [CrossRef]

Rajkohila, J.; Daniel, P.; Ambikaipakan, S.; Rabi, S. Morphological and morphometric analysis of accessory mental foramen in dry
human mandibles of south indian population. Indian J. Dent. Res. 2018, 29, 56-60.

Sakalem, M.E.; Sestario, C.S.; Motta, A.L.; Quintilhano, D.; Myszynski, S.L.; Sato, V.A.H. Anatomical variations of the human
mandible and prevalence of duplicated mental and mandibular foramina in the collection of the State University of Londrina.
Transl. Res. Anat. 2024, 37, 100357. [CrossRef]

Shukla, R.K.; Gupta, P.; Hussein, M.; Hussain, F,; Singh, A.B. Morphometric measurement of mental foramen in dry human
mandible in north Indian population. Int. J. Anat. Res. 2015, 3, 899-905. [CrossRef]

Singh, R.; Srivastav, A K. Study of position, shape, size and incidence of mental foramen and accessory mental foramen in Indian
adult human skulls. Int. ]. Morphol. 2010, 28, 1141-1146. [CrossRef]

Subramanian, B.; Anthony, S.N.; Mubbunu, L.; Hachombwa, C.; Mlawa, M.S.; Majambo, M.M.; Sasi, R M. Anthropometrics
Analysis of Mental Foramen and Accessory Mental Foramen in Zambian Adult Human Mandibles. Sci. World J. 2019, 2019,
9093474. [CrossRef] [PubMed]

Suman, P; Singh, S.; Mahato, R.K. Mental foramen and accessory mental foramen: A dry human mandibles study in South Indian
population. Nat. |. Clin. Anat. 2018, 7, 182-189. [CrossRef]

Tiwari, N. Left Accessory Mental Foramen in Dry Mandibles in Department of Anatomy in a Medical College: A Descriptive
Cross-sectional Study. [NMA ]. Nepal Med. Assoc. 2022, 60, 805-807. [CrossRef]

Toh, H.; Kodama, J.; Yanagisako, M.; Ohmori, T. Anatomical study of the accessory mental foramen and the distribution of its
nerve. Okajimas Folia Anat. Jpn. 1992, 69, 85-88. [CrossRef]

Udhaya, K.; Saraladevi, K.V,; Sridhar, J. The morphometric analysis of the mental foramen in adult dry human mandibles: A
study on the South Indian population. J. Clin. Diagn. Res. 2013, 7, 1547-1551.

Vimala, V.; Rohinidevi, M.; Mekala, D. Study of Anatomical Variations of Mental Foramen in Dry Adult Human Mandibles and
its clinical importance. J. Dent. Med. Sci. 2015, 14, 40-44.

Voljevica, A.; Talovi¢, E.; Hasanovié, A. Morphological and morphometric analysis of the shape, position, number and size of
mental foramen on human mandibles. Acta Med. Acad. 2015, 44, 31-38. [CrossRef]

Zografos, J.; Mutzuri, A. Incidence of double mental foramen in a sample of Greek population. Odontostomatol. Prood. 1989,
43,521-523.

Muinelo-Lorenzo, J.; Rodriguez-Pato, R.; Martinez-Reglero, C.; Salgado-Barreira, A.; Sudrez-Cunqueiro, M.M. Detection of
the Accessory Mental Foramina on Human Mandibles Using Cone-beam Computed Tomography: A Systematic Review and
Meta-analysis. J. Endod. 2021, 47, 1215-1228. [CrossRef] [PubMed]

Shan, S.; Zhong, S.; Li, J.; Wang, T. Systematic review and meta-analysis of mandibular canal variations on cone beam computed
tomography. Oral Radiol. 2022, 38, 445-451. [CrossRef] [PubMed]


https://doi.org/10.1159/000146181
https://doi.org/10.4314/wajm.v24i3.28195
https://www.ncbi.nlm.nih.gov/pubmed/16276691
https://www.worldwidejournals.com/international-journal-of-scientific-research-(IJSR)/article/incidence-of-accessory-mental-foramen-in-mandible-and-its-clinical-significance/MTM4MDQ=/?is=1&b1=61&k=16
https://www.worldwidejournals.com/international-journal-of-scientific-research-(IJSR)/article/incidence-of-accessory-mental-foramen-in-mandible-and-its-clinical-significance/MTM4MDQ=/?is=1&b1=61&k=16
https://www.worldwidejournals.com/international-journal-of-scientific-research-(IJSR)/article/incidence-of-accessory-mental-foramen-in-mandible-and-its-clinical-significance/MTM4MDQ=/?is=1&b1=61&k=16
https://doi.org/10.18535/jmscr/v6i4.172
https://doi.org/10.54617/adoklinikbilimler.1177886
https://doi.org/10.1007/s10006-014-0474-1
https://doi.org/10.4038/gmj.v11i1.1111
https://doi.org/10.1016/j.tria.2024.100357
https://doi.org/10.16965/ijar.2015.106
https://doi.org/10.4067/S0717-95022010000400025
https://doi.org/10.1155/2019/9093474
https://www.ncbi.nlm.nih.gov/pubmed/31379470
https://doi.org/10.1055/s-0040-1701734
https://doi.org/10.31729/jnma.7770
https://doi.org/10.2535/ofaj1936.69.2-3_85
https://doi.org/10.5644/ama2006-124.124
https://doi.org/10.1016/j.joen.2021.04.023
https://www.ncbi.nlm.nih.gov/pubmed/33957175
https://doi.org/10.1007/s11282-022-00610-5
https://www.ncbi.nlm.nih.gov/pubmed/35503592

Dent. |. 2025, 13, 94 18 of 18

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Bruna-Mejias, A.; Nova-Baeza, P.; Torres-Riquelme, F.; Delgado-Retamal, M.E.; Orellana-Donoso, M.; Suazo-Santibafiez, A.;
Sepulveda-Loyola, W.; Valdés-Orrego, I.; Sanchis-Gimeno, J.; Valenzuela-Fuenzalida, J.J. Morphological Characteristics of the
Double Mental Foramen and Its Relevance in Clinical Practice: An Observational Study. Diagnostics 2024, 14, 1277. [CrossRef]
[PubMed]

Rahpeyma, A.; Khajehahmadi, S. Accessory Mental Foramen and Maxillofacial Surgery. J. Craniofac. Surg. 2018, 29, e216—e217.
[CrossRef]

Ramadhan, A.; Messo, E.; Hirsch, ].M. Anatomical variation of mental foramen. A case report. Stomatologija 2010, 12, 93-96.
Concepcion, M.; Rankow, H.J. Accessory branch of the mental nerve. J. Endod. 2000, 26, 619-620. [CrossRef]

Iwanaga, J.; Watanabe, K.; Saga, T.; Tabira, Y.; Kitashima, S.; Kusukawa, J.; Yamaki, K. Accessory mental foramina and nerves:
Application to periodontal, periapical, and implant surgery. Clin. Anat. 2016, 29, 493-501. [CrossRef]

Iwanaga, J.; Kikuta, S.; Tanaka, T.; Kamura, Y.; Tubbs, R.S. Review of Risk Assessment of Major Anatomical Variations in Clinical
Dentistry: Accessory Foramina of the Mandible. Clin. Anat. 2019, 32, 672—-677. [CrossRef]

Mitra, P.; Radder, K.; Ghanti, P; Kurian, D.J.; Desai, A.K. Accessory mental foramen: A peerless anatomical entity. Indian J. Clin.
Anat. Physiol. 2023, 10, 178-180. [CrossRef]

Yoshimoto, M.; Marques, G.B.; Andrade, M.; Shinohara, E.H. Inferior Alveolar Nerve Lateralization Surgery for Implant
Installation in Atrophic Posterior Mandible with Accessory Mental Foramen: A Challenge for the Usual Technique. J. Craniofac.
Surg. 2022, 33, €255-e257. [CrossRef]

Pancer, B.; Garaicoa-Pazmifio, C.; Bashutski, ].D. Accessory mandibular foramen during dental implant placement: Case report
and review of literature. Implant Dent. 2014, 23, 116-124. [CrossRef] [PubMed]

Wei, X.; Gu, P; Hao, Y.; Wang, J.J. Detection and characterization of anterior loop, accessory mental foramen, and lateral lingual
foramen by using cone beam computed tomography. J. Prosthet. Dent. 2020, 124, 365-371. [CrossRef]

Karabiyik, Z.; Kiranatli, M. A Rare Anatomical Finding: Bilateral Accessory Mental Foramen. Case Rep. Dent. 2021, 2021, 6020515.
[CrossRef] [PubMed]

Boronat Lépez, A.; Penarrocha Diago, M. Failure of locoregional anesthesia in dental practice. Review of the literature. Med. Oral
Patol. Oral Cir. Bucal 2006, 11, E510-E513.

Naitoh, M.; Yoshida, K.; Nakahara, K.; Gotoh, K.; Ariji, E. Demonstration of the accessory mental foramen using rotational
panoramic radiography compared with cone-beam computed tomography. Clin. Oral Implants Res. 2011, 22, 1415-1419. [CrossRef]
Imada, T.S.; Fernandes, L.M.; Centurion, B.S.; de Oliveira-Santos, C.; Honério, H.M.; Rubira-Bullen, I.R. Accessory mental
foramina: Prevalence, position and diameter assessed by cone-beam computed tomography and digital panoramic radiographs.
Clin. Oral Implants Res. 2014, 25, €94-€99. [CrossRef]

Muinelo-Lorenzo, J.; Sudrez-Quintanilla, J.A.; Ferndndez-Alonso, A.; Varela-Mallou, J.; Sudrez-Cunqueiro, M.M. Anatomical
characteristics and visibility of mental foramen and accessory mental foramen: Panoramic radiography vs. cone beam CT. Med.
Oral Patol. Oral Cir. Bucal 2015, 20, €707-e714. [CrossRef]

Li, Y; Yang, X.; Zhang, B.; Wei, B.; Gong, Y. Detection and characterization of the accessory mental foramen using cone-beam
computed tomography. Acta Odontol. Scand. 2018, 76, 77-85. [CrossRef]

Lam, M.; Koong, C.; Kruger, E.; Tennant, M. Prevalence of Accessory Mental Foramina: A Study of 4000 CBCT Scans. Clin. Anat.
2019, 32, 1048-1052. [CrossRef]

Papadopoulos, V.; Filippou, D.; Fiska, A. Prevalence of rare anatomic variants—Publication bias due to selective reporting in
meta-analyses studies. Folia Med. 2024, 66, 795-817. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/diagnostics14121277
https://www.ncbi.nlm.nih.gov/pubmed/38928695
https://doi.org/10.1097/SCS.0000000000004094
https://doi.org/10.1097/00004770-200010000-00010
https://doi.org/10.1002/ca.22635
https://doi.org/10.1002/ca.23366
https://doi.org/10.18231/j.ijcap.2023.039
https://doi.org/10.1097/SCS.0000000000008039
https://doi.org/10.1097/ID.0000000000000056
https://www.ncbi.nlm.nih.gov/pubmed/24637530
https://doi.org/10.1016/j.prosdent.2019.06.026
https://doi.org/10.1155/2021/6020515
https://www.ncbi.nlm.nih.gov/pubmed/34471550
https://doi.org/10.1111/j.1600-0501.2010.02116.x
https://doi.org/10.1111/clr.12066
https://doi.org/10.4317/medoral.20585
https://doi.org/10.1080/00016357.2017.1382715
https://doi.org/10.1002/ca.23434
https://doi.org/10.3897/folmed.66.e137881

	Introduction 
	Materials and Methods 
	Results 
	Primary Data 
	Meta-Analysis Data 

	Discussion 
	Conclusions 
	References

