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Introduction: The mandibular foramen, located on the medial surface of the mandibular ramus, 
is a crucial anatomical landmark for delivering local anesthesia during dental procedures. 
Accurate localization of this foramen is critical for successful inferior alveolar nerve block 
administration. However, the conventional approach to this nerve block often relies on blind 
techniques, which are associated with a high failure rate and potential complications. This 
study aimed to enhance the precision of locating the mandibular foramen by evaluating two 
different methods to improve the effectiveness of nerve blocks.

Methods: This study was conducted using a sample size of sixty-three mandibles, wherein 
the precise position of the mandibular foramen was analysed using two separate localization 
techniques: 1) the linear measurement method, which determines distances from the foramen 
to key anatomical landmarks, such as the mandibular notch, posterior border of the ramus, 
angle of the mandible, base of the mandible, and anterior border of the ramus; and 2) the 
triangular measurement method, which utilizes three reference points—midpoint of the 
anterior border of the mandibular ramus, the socket for the third molar tooth, and their distance 
from the mandibular foramen—to create a triangular framework for foramen localization. The 
efficacy of each method was assessed based on its accuracy and clinical applicability.

Results: The study assessed the precise anatomical location of the mandibular foramen using two 
different methods. No statistically significant differences were found between the right and left sides 
for any measured parameters, including distances from the mandibular foramen to various anatomical 
landmarks. Both methods were valuable, with the first providing more comprehensive data through 
multiple measurements, while the second offered simplicity and ease of clinical application. Although 
the first method was more detailed, the second may be more practical in clinical settings. 

Conclusion:  Precise localization of the mandibular foramen is essential for the effective 
administration of inferior alveolar nerve blocks. This study highlights the importance of 
adopting accurate methods for foramen identification, as doing so can significantly improve 
the success rate of dental anesthesia and reduce the risk of complications. 
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Introduction

he mandibular foramen is located on the 
medial surface of the ramus of the man-
dible, roughly midway between the man-
dibular notch and the angle of the man-
dible [1]. This foramen is an opening that 

leads to a canal, which curves downward and forward 
into the body of the mandible until it reaches the mental 
foramen. Through this canal, the inferior alveolar nerve 
and vessels pass, making its precise location critical for 
effective anesthesia administration during dental proce-
dures [2]. The position of the mandibular foramen serves 
as a vital anatomical landmark for achieving successful 
anesthesia of the inferior alveolar nerve, which is essen-
tial for dental extractions and pain management [3].

This study aimed to determine the exact position of the 
inferior alveolar nerve using two different methods, and 
to identify which method is more convenient, adding 
novelty to our research. The mandibular foramen is cru-
cial for administering local anesthesia in the lower jaw. 
The inferior alveolar nerve, which carries sensation from 
the lower teeth and gums, passes through this foramen. 
Anesthetizing this nerve is essential for ensuring pain 
control during dental procedures such as extractions, 
root canals, and other surgical interventions in the lower 
jaw [4]. Therefore, identifying the mandibular foramen 
accurately is of utmost importance in dental anesthesia 
management [5].

The conventional inferior alveolar nerve block is com-
monly performed near the mandibular foramen. This 
technique is widely used to achieve anesthesia for proce-
dures involving the mandibular teeth. Despite its wide-
spread use, this method often involves a blind approach 
based on anticipated anatomical landmarks, leading to a 
high failure rate and potential complications, such as as-
piration and inadvertent nerve injury [6]. Enhancing the 
success rate and minimizing complications necessitates 
precise identification of the foramen [7].

The mandibular foramen opens into the mandibular 
canal, a bony channel that extends downward and for-
ward within the mandible. This canal contains the in-
ferior alveolar nerve and blood vessels, which supply 
the lower teeth, gums, and other structures in the region 
[8]. Accurate localization of the mandibular foramen is 
also crucial for oral surgeons when performing surgi-
cal procedures in the lower jaw, such as wisdom tooth 
extraction or implant placement. Precise identification 
helps prevent inadvertent nerve injury, which can result 
in complications, such as numbness or paresthesia in the 

lower lip, chin, and tongue [9]. Identifying the mandibu-
lar foramen on dental radiographs (X-rays) is vital for 
diagnosing and planning treatments for various dental 
and oral conditions [10]. Understanding the anatomical 
landmarks of the mandibular foramen is fundamental for 
dental students and practitioners. It contributes to their 
knowledge of oral and maxillofacial anatomy, aiding in 
accurate treatment planning and patient care [11].

This study aimed to provide valuable insights into the 
anatomical and morphological characteristics of the 
mandibular foramen, and to enhance clinical practices in 
dental anesthesia and surgical procedures. By identifying 
different landmarks that help accurately locate the man-
dibular foramen using two measurement methods, we 
aim to improve clinical practices, ultimately benefiting 
patient care and minimizing potential complications [12, 
13]. Accurate identification of the mandibular foramen is 
vital to enhance the success rate of inferior alveolar nerve 
blocks and minimize complications [14]. Despite being 
performed based on anticipated anatomical landmarks, 
the conventional intraoral approach to this nerve block 
often has a high failure rate and potential complications, 
such as nerve injury and aspiration. Therefore, precise 
localization of the mandibular foramen is imperative for 
dental anesthesia, surgical procedures, and radiographic 
interpretations [15]. This knowledge significantly con-
tributes to dental students’ and practitioners’ understand-
ing of oral and maxillofacial anatomy

Materials and Methods 

This study was designed as an observational cross-
sectional study, conducted over six months at Jalpaiguri 
Government Medical College (JGMCH) in the Depart-
ment of Anatomy. The study employed convenient sam-
pling, utilizing available mandibles from the Department 
of Anatomy at JGMCH. Total sixty three mandibles were 
collected from the Department of Anatomy, JGMCH. 
The exclusion criteria were applied to omit deformed 
and damaged bones to ensure accuracy in measurements. 
All measurements were performed by Vernier callipers.

Measurement methods

1) Linear measurement method: (Figure 1):

1. Superior border of mandibular foramen (MF) to the 
mandibular notch (MN) (MF-MN); 2. Posterior border 
of MF to the posterior border of ramus (MF-PBR); 3. 
Posteroinferior border of MF to the angle of mandible 
(MF-ANGLE); 4. Inferior border of MF to the base of 
mandible (MF-BASE);
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2) Triangular measurement method (Figure 2):

1. distance from MF to midpoint of the anterior border 
of mandibular ramus (MF to 1); 2. distance from MF to 
socket for 3rd molar tooth (MF to 2); 3. distance from 
first and second point.

These three measurements form a triangle, aiding in the 
precise localization of the inferior alveolar nerve. The re-
corded measurements were tabulated and analyzed using 
Epi-info software, version 7.2.6.0. Descriptive statistics, 
including minimum, maximum, Mean±SD, were calcu-
lated for all parameters. 

Results

The study aimed to determine the precise anatomical 
location of the MF using two different measurement 
methods on both the right and left sides of the mandible. 
The Tables 1, 2, 3, 4, 5, 6 and 7 present the summarized 
data for each parameter, including the measurements 
from the superior border of the mandibular foramen to 
the mandibular notch (MF-MN), posterior border of the 
mandibular foramen to the MF-PBR, posteroinferior 
border of the mandibular foramen to the angle of the 
mandible (MF-ANGLE), inferior border of the mandib-
ular foramen to the base of the mandible (MF-BASE), 
and anterior border of the mandibular foramen to the an-
terior border of the ramus (MF-ABR).

Figure 1. Linear measurement method
Abbreviation: MF: Mandibular foramen; A: Mandibular notch; B: Posterior border; C: Angle of mandible; D: Base of mandible; 
E: Anterior of border.

Figure 2. Triangular measurement method
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MF-BASE

The mean measurement on the right side was 24.5 mm 
with a standard deviation of 4.78 mm, and the median 
was 24.8 mm. Measurements ranged from 13.5 mm to 
32.0 mm. On the left side, the Mean±SD was slightly 
higher at 25.07±4.51 mm, and the median was 26.2 mm, 
with measurements ranging from 15.1 mm to 32.0 mm. 
The t-test for the difference between the means showed 
no statistically significant difference, with a P=0.4928, 
indicating that the side (right or left) does not signifi-
cantly affect the mean measurement (Table 1).

MF-3rd molar 

The  Mean±SD measurement for the right side was 
19.14±5.14 mm, and the median was 19.7 mm, ranging from 
8.4 mm to 29.9 mm. For the left side, the mean was 19.47±4.82 
mm, and the median was 19.9 mm, with a range of 8.0 mm to 
28.2 mm. The t-test results also showed no significant differ-
ence between the sides, with a P=0.7120 (Table 2).

MF-ABR 

For the right side, the mean measurement was 
16.15±2.60 mm, and the median was 16.8 mm, ranging 
from 10.1 mm to 21.7 mm. The left side had a mean 
of 16.53±3.05 mm, and the median was 16.7 mm, with 
a range of 10.6 mm to 24.7 mm. The t-test indicated 
no significant difference between the two sides, with a 
P=0.4504 (Table 3).

MF-MN

The mean measurement on the right side was 
17.73±3.23 mm, and the median was 16.7 mm, ranging 
from 12.8 mm to 26.7 mm. On the left side, the mean 
was 17.58±3.03 mm, and the median was 17.4 mm, 
with a range of 12.2 mm to 26.1 mm. The t-test for this 
comparison also showed no significant difference, with 
a P=0.7919 (Table 4).

Table 1. Descriptive statistics for MF-BASE by side (unit of measurement in mm) (n=63)

Variables Mean±SD Variance Min 25th (%) Median 75th (%) Max Mode

Right side 24.5±4.78 22.88 13.5 21.0 24.8 28.3 32.0 18.9

Left side 25.07±4.51 20.36 15.1 21.7 26.2 28.5 32.0 26.2

ANOVA for MF-BASE by Side

Source SS df MS F Statistic P

Between 10.22865 1 10.22865 0.47312 0.49284

Within 2680.85270 124 21.61978

Total 2691.08135 125

Bartlett’s Test for MF-BASE by Side

Bartlett’s Chi Square df P

0.20987 1 0.64687

Mann-Whitney/Wilcoxon Two-sample Test for MF-BASE by Side

Statistic Value

Kruskal-Wallis H 0.4404

Degrees of freedom 1

P 0.5069

These tables organize and present the statistical analysis results for each measurement by side (right and left) and include 
descriptive statistics, t-tests, ANOVA, Bartlett’s test, and Mann-Whitney/Wilcoxon tests.
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MF-PBR

The right side had a mean measurement of 11.33±2.21 
mm, and the median was 11.6 mm, with measurements 
ranging from 5.9 mm to 15.7 mm. The left side had a 
mean of 11.32±2.06 mm, and the median was 11.1 mm, 
with a range of 7.5 mm to 15.8 mm. The t-test results 
showed no significant difference between the sides, with 
a P=0.9701 (Table 5).

MF-angle of the mandible (ANGLE) 

The mean measurement on the right side was 
21.68±3.71 mm, and the median was 21.4 mm, ranging 
from 13.9 mm to 27.9 mm. The left side had a mean of 
22.00±4.12 mm, and the median was 21.7 mm, with a 
range of 12.6 mm to 30.3 mm. The t-test indicated no 
significant difference, with a P=0.6393 (Table 6).

(MF-ABR) to (MF-3rd molar)

For the right side, the mean was 4.40±3.23 mm, and 
the median was 3.8 mm, ranging from 0.1 mm to 12.1 
mm. The left side had a mean of 4.77±3.4 mm, and the 
median was 4.0 mm, with a range of 0.2 mm to 11.0 
mm. The t-test showed no significant difference, with a 
P=0.5306 (Table 7). Overall, no statistically significant 
differences were found between the right and left sides 
for any of the measured variables. This suggests that the 
measurements are consistent and symmetrical between 
the sides.

Comparison of two methods

The first method involves more measurements directly 
related to anatomical landmarks, which could potentially 
provide more detailed and consistent results. The second 
method is less complex but may lack the detailed spa-
tial orientation provided by the first method. The second 
method might be more straightforward to apply clini-

Table 2. Descriptive statistics for MF-3rd molar by side (n=63) (unit of measurement in mm)

Variables Mean±SD Variance Min 25th (%) Median 75th (%) Max Mode

Right side 19.14±5.14 26.40 8.4 15.8 19.7 22.0 29.9 8.4

Left side 19.47±4.82 23.26 8.0 15.8 19.9 22.3 28.2 15.5

ANOVA for MF-3rd Molar by Side

Source SS df MS F statistic P

Between 3.40071 1 3.40071 0.13695 0.71196

Within 3079.10286 124 24.83147

Total 3082.50357 125

Bartlett’s Test for MF-3rd Molar by Side

Bartlett’s Chi Square df P

0.24739 1 0.61892

Mann-Whitney/Wilcoxon Two-sample Test for MF-3rd Molar by Side

Statistic Value

Kruskal-Wallis H 0.0607

Degrees of freedom 1

P 0.8053

These tables organize and present the statistical analysis results for each measurement by side (right and left) and include 
descriptive statistics, t-tests, ANOVA, Bartlett’s test, and Mann-Whitney/Wilcoxon tests.
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cally because it involves fewer steps and measurements. 
However, the first method’s multiple parameters might 
offer more comprehensive data, making it more reliable 
despite its complexity.

Based on the detailed and comprehensive nature of the 
first method, it seems to provide a more thorough ap-
proach to identifying the exact anatomical location of the 
mandibular foramen. Although it involves more steps, the 
detailed measurements from various landmarks likely en-
hance the accuracy and reliability of the location. Howev-
er, if ease and speed of application are critical, the second 
method could be more convenient in clinical practice. Fur-
ther study is needed to draw a more definitive conclusion. 
Both methods, when used appropriately, contribute valu-
able insights for dental anesthesia and surgical procedures.

Discussion 

The mandible, the largest and strongest bone of the 
face, plays a vital role in multiple functions, including 
mastication, speech, and facial expression. Its anatomy, 

particularly the mandibular foramen, is crucial for vari-
ous clinical procedures, especially in dental and maxil-
lofacial surgery. Mandible forms the lower jaw and the 
only movable bone of the skull. This discussion inte-
grates findings from multiple studies to offer a detailed 
understanding of the morphometric characteristics of the 
mandibular foramen and its clinical relevance.

Saify et al. (2023) conducted a detailed morphomet-
ric study of the mandibular foramen, finding it located 
at an average distance of 18.1±2.4 mm from the ante-
rior border of the ramus. This information is crucial for 
clinicians performing inferior alveolar nerve blocks, as 
accurate knowledge of the foramen’s position facilitates 
effective anesthesia administration [2]. This finding cor-
roborates the study by Kilarkaje et al. (2005), which ob-
served that the mandibular foramen maintains bilateral 
symmetry across different age groups. This consistency 
in anatomical landmarks is significant for surgical plan-
ning and ensures predictable outcomes in different popu-
lations [3].

Table 3. Descriptive statistics for MF-ABR by side (n=63) (Unit of measurement in mm)

Variables Mean±SD Variance Min 25th (%) Median 75th (%) Max Mode

Right side 16.15±2.60 6.78 10.1 14.2 16.8 17.8 21.7 16.2

Left side 16.53±3.05 9.31 10.6 14.0 16.7 19.0 24.7 16.7

ANOVA for MF-ABR by Side

Source SS df MS F statistic P

Between 4.60960 1 4.60960 0.57317 0.45044

Within 997.24508 124 8.04230

Total 1001.85468 125

Bartlett’s Test for MF-ABR by Side

Bartlett’s Chi Square df P

1.53589 1 0.21523

Mann-Whitney/Wilcoxon Two-sample Test for MF-ABR by Side

Statistic Value

Kruskal-Wallis H 0.7588

Degrees of freedom 1

P 0.3837

These tables organize and present the statistical analysis results for each measurement by side (right and left) and include 
descriptive statistics, t-tests, ANOVA, Bartlett’s test, and Mann-Whitney/Wilcoxon tests.

Bhattacharya & Saha. Morphoanatomy of the Mandibular Foramen. ASJ. 2024; 21(1), 31-42.

http://anatomyjournal.ir/


37

Winter & Spring 2024, Volume 21, Number 1

Further research has explored the variability in the man-
dibular foramen’s location across various populations. 
Gupta et al. (2021) highlighted the variability in the fora-
men’s position and its implications for dental anesthesia, 
emphasizing the importance of anatomical knowledge 
tailored to specific populations [4]. This variability un-
derscores the necessity for region-specific studies to im-
prove the effectiveness of dental procedures, especially 
in areas with diverse demographic profiles.

In a study focused on the Thai population, Thunyacha-
roen et al. (2020) examined not only the location of the 
mandibular foramen but also the prevalence of accessory 
mandibular foramina. Their findings revealed differenc-
es among ethnic groups, indicating that anatomical vari-
ations can influence clinical outcomes and the approach 
to mandibular procedures [5]. Such studies are pivotal in 
developing region-specific protocols and enhancing the 
precision of medical and dental interventions.

The relationship between mandibular morphology and 
functional aspects, such as masticatory muscle force, has 
been explored by Sella Tunis et al. (2018), who found that 
the shape of the mandible is significantly correlated with 
masticatory muscle strength. This suggests that varia-
tions in mandibular structure may impact its functional 
performance, which could, in turn, influence the position 
and structure of the mandibular foramen [6]. Similarly, 
Simione et al. (2018) investigated how food hardness af-
fects mandibular development and muscle coordination 
in infants and young children. Their study indicated that 
dietary factors might lead to structural differences in the 
mandible, potentially affecting the location of the man-
dibular foramen across different populations [7].

Selukar et al. (2020) provided valuable insights into the 
anatomical distances between the mandibular foramen 
and other key landmarks, which are essential for accu-
rate surgical planning. Their study highlights the impor-
tance of detailed anatomical knowledge for minimizing 
complications during mandibular procedures [8]. Com-

Table 4. Descriptive Statistics for MF-MN by Side (N=63) (Unit of measurement in mm)

Variables Mean±SD Variance Min 25th (%) Median 75th (%) Max Mode

Right side 17.73±3.23 10.46 12.8 15.7 16.7 19.4 26.7 16.6

Left side 17.58±3.03 9.17 12.2 15.4 17.4 19.0 26.1 17.4

ANOVA for MF-MN by Side

Source SS df MS F statistic P

Between 0.86470 1 0.86470 0.07010 0.79192

Within 1530.5790 124 12.3434

Total 1531.4438 125

Bartlett’s Test for MF-MN by Side

Bartlett’s Chi Square df P

0.15821 1 0.69099

Mann-Whitney/Wilcoxon Two-sample Test for MF-MN by Side

Statistic Value

Kruskal-Wallis H 0.0462

Degrees of freedom 1

P 0.8298

These tables organize and present the statistical analysis results for each measurement by side (right and left) and include 
descriptive statistics, t-tests, ANOVA, Bartlett’s test, and Mann-Whitney/Wilcoxon tests.

Bhattacharya & Saha. Morphoanatomy of the Mandibular Foramen. ASJ. 2024; 21(1), 31-42.

http://anatomyjournal.ir/


38

Winter & Spring 2024, Volume 21, Number 1

plementing this, Sultana et al. (2019) conducted a study 
in Southern India, while Muche et al. (2019) focused on 
Switzerland, both contributing to our understanding of 
the bilateral symmetry of the mandibular foramen’s po-
sition [9, 10]. Gopalakrishna et al. (2016) also confirmed 
the bilateral symmetry of the mandibular foramen’s po-
sition, reinforcing the consistency observed in various 
studies [11].

The study by Amjad et al. (2018) on Maharashtrian 
mandibles provided data on the average width of the 
mandibular ramus, with measurements of 30.23 mm on 
the right side and 30.02 mm on the left side. This find-
ing aligns with the research by Patil et al. (2015), which 
also reported similar dimensions, emphasizing the con-
sistency in mandibular ramus measurements across dif-
ferent studies [12, 13]. Prado et al. (2010) investigated 
Brazilian subjects and found that the position of the man-
dibular foramen relative to the anterior and posterior bor-
ders of the ramus is similar on both sides, a finding also 
supported by Sastya et al. (2016) [14, 15]. These studies 

highlight the bilateral symmetry of the mandibular fora-
men, which is crucial for developing standardized clini-
cal practices.

Ennes et al. (2009) observed that the most frequent lo-
cation of the mandibular foramen is in the mean third of 
the mandibular ramus, both in anteroposterior and su-
peroinferior directions. This finding helps in establishing 
a standardized anatomical reference for clinical applica-
tions, ensuring more accurate and predictable outcomes 
in mandibular-related procedures [15].

Shah et al. [16] studied 100 human mandibles from Ah-
madabad and found the average distance of mandibular 
foramen was 23-25 mm from mandibular notch (it was 
average17.73 mm on right side and 17.58 average mm 
on left side),16-18 mm from anterior border of ramus 
(it was 16.15 mm on right side and 16.53 mm on left 
side),which is quiet similar with the study. 

Table 5.Descriptive statistics for MF-PBR by side (n=63) (unit of measurement in mm)

Variables Mean±SD Variance Min 25th (%) Median 75th (%) Max Mode

Right side 11.33±2.21 4.88 5.9 9.5 11.6 12.9 15.7 15.0

Left side 11.32±2.06 4.23 7.5 9.7 11.1 12.7 15.8 11.0

ANOVA for MF-PBR by Side

Source SS df MS F statistic P

Between 0.00785 1 0.00785 0.00103 0.97006

Within 941.00552 124 7.58956

Total 941.01337 125

Bartlett’s Test for MF-PBR by Side

Bartlett’s chi square df P

0.73292 1 0.39210

Mann-Whitney/Wilcoxon Two-sample Test for MF-PBR by Side

Statistic Value

Kruskal-Wallis H 0.0052

Degrees of freedom 1

P 0.9424

These tables organize and present the statistical analysis results for each measurement by side (right and left) and include 
descriptive statistics, t-tests, ANOVA, Bartlett’s test, and Mann-Whitney/Wilcoxon tests.
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According to study conducted by Oguz et al. [17] on 
west Indian mandibles, the mandibular foramen was po-
sitioned at 16.09 mm on right side and 16.78 mm on left 
side from anterior border of mandibular ramus, whereas 
in our study, it was 16.15 mm in right side and 16.53mm 
on left side.

The second method, which features a triangle designed 
by the authors, is highly practical and straightforward, 
making it an invaluable tool for clinicians, especially in 
situations where efficiency and simplicity are crucial. 
Although it may not yield the detailed data offered by the 
first method, its clinical usefulness lies in providing suf-
ficiently accurate results with minimal complexity. This 
makes it an ideal option for routine dental anesthesia and 
surgical procedures. 

Conclusion

In conclusion, the morphometric study of the mandibu-
lar foramen reveals crucial insights into its anatomical 
variability and clinical significance. The consistency in 

bilateral symmetry and average dimensions across differ-
ent studies supports its clinical utility, while the observed 
variability across populations underscores the need for 
localized anatomical assessments. These findings are 
crucial for enhancing surgical precision and optimizing 
patient outcomes in mandibular-related procedures. Fu-
ture research should continue to explore these variations 
to further refine clinical practices and improve the effec-
tiveness of interventions involving the mandible.
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Table 6. Descriptive statistics for MF-ANGLE by side (n=63) (unit of measurement in mm)

Variables Mean±SD Variance Min 25th (%) Median 75th (%) Max Mode

Right side 21.68±3.71 13.74 13.9 19.2 21.4 23.7 27.9 21.4

Left side 22.00±4.12 16.96 12.6 19.6 21.7 24.8 30.3 15.0

ANOVA for MF-ANGLE by Side

Source SS df MS F statistic P

Between 3.02990 1 3.02990 0.22114 0.63927

Within 1698.1615 124 13.6926

Total 1701.1914 125

Bartlett’s Test for MF-ANGLE by Side

Bartlett’s Chi Square df P

1.04507 1 0.30659

Mann-Whitney/Wilcoxon Two-Sample Test for MF-ANGLE by Side

Statistic Value

7Kruskal-Wallis H 0.3143

Degrees of freedom 1

P 0.5752

These tables organize and present the statistical analysis results for each measurement by side (right and left) and include 
descriptive statistics, t-tests, ANOVA, Bartlett’s test, and Mann-Whitney/Wilcoxon tests.
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