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Abstract

Background: Accurately locating the mandibular foramen is crucial for oral and maxillofacial surgeons due to its

variability and difficulty in conventional clinical palpation, necessitating advanced imaging techniques such as cone-
beam computed tomography (CBCT).

Objective: This study aims to utilize CBCT to accurately ascertain the precise location of the mandibular foramen and
investigate potential variations across different age groups and genders in our population. These insights can improve
surgical precision and patient care in oral and maxillofacial procedures.

Methods: A retrospective comprehensive radio-anatomical investigation analyzed CBCT images of 103 patients collected
over 21 months using convenient sampling. The distances between the mandibular foramen (MF) and key mandibular
landmarks (anterior and posterior ramus borders, deepest sigmoid notch point, lowest mandibular notch point, and
mandibular occlusal plane) were measured. Ratios for MF's horizontal and vertical locations were assessed. Statistical
analysis was performed using Student's t-test and one-way ANOVA.

Results: The average distance between the MF and the occlusal plane was 5.38 mm. The MF was centrally positioned
along the anteroposterior axis and shifted anteriorly and superiorly with age. No significant difference in MF location
was found between the right and left sides, except for the distance to the posterior ramus border (13.89 + 2 mm on the

right vs. 14.46 + 1.99 mm on the left, p=0.041). Males had greater distances to landmarks compared to females, but the
overall MF position was similar across genders.

Conclusion: Understanding MF variations, demonstrating that while gender differences exist in mandible dimensions,
the MF's position remains consistent. These findings emphasize the need for tailored approaches in local anesthesia
administration and surgical planning, particularly in the context of demographic-specific anatomical variations.
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lower teeth and surrounding structures. Locating the
mandibular foramen is crucial for various dental and
surgical procedures.' However pinpointing its exact
position can be relatively challenging as it is not visible
through clinical examination in the oral cavity. Instead
the location is determined using specific landmarks
and techniques which includes studying dried human
mandibles or imaging radiographs like Orthopantogram
(OPG) and Cone beam Computed Tomography (CBCT).?
In comparison to 2D OPG or the conventional CT scans,
CBCT offers several advantages, including its greater
accuracy, higher image resolution and shorter exposure
time which makes it more dependable for identifying
anatomical structures with precision.™*

Accurate knowledge of the mandibular foramen location
is essential. Various procedures such as inferior alveolar
nerve blocks, performing ramus osteotomies and plann-
ing dentoalveolar surgeries cannot be planned or per-
formed without precise awareness of its location. On
the contrary misjudging its position can not only result
in failed anesthesia but also accidental injury to nerves
and blood vessels during the surgical procedures.” Many
scholarly articles detail the anatomy crucial for effective
mandibular anesthesia, yet challenges persist, with esti-
mates of nerve block failures ranging from 20-25%."*

Road traffic accidents have a major cause of injury to
the orofacial region.” As Oral and Maxillofacial sur-
geons, the main focus is on creating a safe area for gui-
ding mandibular osteotomies, including vertical sub-
sigmoid osteotomy (VSS) and inverted L osteotomy
(ILO)." These procedures are necessary for treating
hypertrophic or dysplastic mandibles. The demarcation
of this area aims to alleviate common difficulties that
arise during inferior alveolar nerve anaesthesia and
orthognathic surgeries such as bleeding control,
irreversible injury to inferior alveolar nerve or
unusual fractures of the mandibular ramus."

In the subcontinent region, there is a notable absence of
studies assessing the location of the mandibular foramen,
making it imperative to investigate this aspect. Our
study’s main objective is to establish a precise 'target
zone' for guiding the administration of the inferior
alveolar nerve block. This research addresses the vari-
ability in the mandibular foramen's location across
different demographics, including age and gender,
comparing it with existing studies of diverse ethnicities.

By exploring potential ethnic influences on the mandi-
bular foramen's location, our study aims to bridge the
existing gap in knowledge. This study’s ultimate aim is
to improve the efficacy of local anesthesia administration
and other surgical procedures involving the mandible
without any complications by considering the variations
accounted by the demographical variations.

Methods

The retrospective, cross-sectional study utilized CBCT
data from 103 cases obtained from the Department of
Oral and Maxillofacial Surgery, University College of
Dentistry, The University of Lahore, between January
2021 and September 2023. CBCT scans of
individuals with fully developed mandibles and no
history of trauma or surgery were included. Exclusion
criteria involved patients under 12 years (due to
incomplete mandibular growth), as well as scans with
mandibular pathologies, syndromic conditions, or
poor image quality caused by positioning errors or
motion artifacts. After applying these criteria, the
sample size calculated for the study was achieved

The CBCT scans were performed using Planmeca Pro-
max, with parameters set at 5.6 mA, 90 kV, voxel size
0f400 micrometers, a 12-second scan time and an image
size of sigma 23.0%27.6cm (576x576x689). The scans
were reconstructed and analyzed using Planmeca
Romexis software under standardized conditions,
including controlled lighting and opacity adjustments.

For the 3D panoramic reconstruction, the origin of the
mandibular canal was located and marked on the axial
plane, which was then replicated on the reconstructed
panoramic view and labeled as the mandibular foramen
(MF). The analysis of the MF location was performed
using axial, cross-sectional, sagittal, and panoramic
views. Nerve tracing in the panoramic reconstruction
facilitated the identification of the nerve entering the
MF (Figure 1), which was further confirmed using a
3D skeletal model. Distances from the MF to specific
anatomical landmarks—including the anterior (A) and
posterior (P) borders of the ramus, the mandibular notch
(N), and the mandibular angle (I)—were measured
based on previous studies. For vertical and horizontal
position assessments, the shortest distances between
MF and these landmarks were recorded, and ratios for
these positions were subsequently calculated (Figure 2).
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Figure 1: a) Marking is done on the starting point of
the mandibular canal in the sagittal view. b) Marking
is replicated on the panoramic view.

Figure 2: The shortest distance between marked mandi-
bular foramen (MF) to the landmarks A, P, S and I.

The occlusal plane, connecting the mesiobuccal cusp
of'the first premolar and the distobuccal cusp of the first
molar, served as a reference. The proceeding measure-
ments were then taken as:

*  MF-A: The shortest distance between MF and A

*  MF-P: The shortest distance between MF and P

*  MF-S: The shortest distance between MF and S

*  MF-I: The shortest distance between MF and I

* AP:Distance fromAtoP

«  SI: Distance from Sto [

The use of these landmarks was justified by their repro-
ducibility on other radiographs due to their specific
anatomical locations, with the occlusal plane serving as
an excellent reference for the intraoral IAN approach.
Subjects were divided into four age groups to account
for differences in mandibular growth: young adults
(12-25 years), adults (26-40 years), middle-aged (41-
60 years), and elderly (>60 years).

To ensure consistency and minimize intra-observer
variability, the radiographs were analyzed by the same
examiner twice, with a 2-month interval between analy-
ses. An intra-examiner reliability test was conducted,
and the results were validated by a senior consultant.
It involved measuring the distance between the mandi-
bular foramen (MF) and the shortest distance to the
anatomical landmarks, as well as the anterior-posterior
and superior-inferior dimensions of the mandible. The
examiner was pre-calibrated to proficiently use the
CBCT software and accurately identify the required
landmarks. Standard radiographic evaluation conditions,
such as light adjustment and opacity modifications,
were consistently applied throughout the analysis.

Statistical analysis was performed using SPSS version
25. Descriptive statistics were computed for all variables,
including means and standard deviations. To compare
distances between the mandibular foramen and anatomi-
cal landmarks across different age groups and genders,
Student's t-test was used for two-group comparisons,
and one-way ANOVA was employed for comparisons
among multiple groups. A p-value of less than 0.05
was considered statistically significant.

Results

A total of 103 study participants were selected on which
206 mandibular foramina were analyzed, with an almost
even split in gender distribution: 56 (54.37%) being
male and 47 (45.63%) being female with a mean age of
28.87 £ 15.91 and 28.38 + 14.18 respectively. Intra-
observer reliability test showed perfect agreement
(Table 1), confirming intra-observer consistency.

Table 1: Intra-observer reliability
95% Confidence Interval

Para-

ICC P value
meters Lower Bound Upper Bound

MF-A  0.963 0.849 0.996 <0.001*
MF-P  0.983 0.930 0.998 <0.001*
MF-S  0.995 0.978 0.999 <0.001*
MF-I  0.991 0.963 0.999 <0.001*
MF-O  0.995 0.978 0.999 <0.001*
SI 0.998 0.992 0.992 <0.001*
AP 0.981 0.920 0.920 <0.001*

*Significant p-value

Upon comparing the location of the mandibular
foramen (MF) with the studied landmarks, there was
no significant difference between the distances
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measured on the right and left sides of the patients'
mandibles, except for MF-P. On the right side, the mean
distance was 13.89 + 2 mm, while on the left side, it
was 14.46 +£1.99 mm. The corresponding p-value was
0.041, indicating a statistically significant difference
for MF-P between the two sides.

Henceforth, when calculating the vertical and horizontal
location of the foramen on the right and left sides, there
was no significant difference (Table 2). As there was
no difference found between the right and left sides
therefore for further discussion only the left side was
taken into consideration.

Table 2: Comparison of the distances between the mandi-
bular landmarks for the right and left sides.

anterior border decreases, while MF-P, MF-I, and
MF-O increase. MF-S also increases, peaking at 26-
40 years before decreasing (Table 4).”

Horizontally, with an increasing age MF moves anteriorly.
Vertically with an increasing age, MF moves superiorly
(Table 5). The average distance between the mandibular
foramen and occlusal plane in our population was 5.38
mm.

Table4: Comparison among age groups, a significant
increase in MF-Iwith increasing age

Right side Left side
Parameters Mean=SD Mean+SD P value
(mm) (mm)
MF-A 13.79+2.46 13.734+2.46 0.873
MF -P 13.89+2 14.46 £ 1.99 0.041*
ME -S 15.65+3.24 15.56 £ 3.16 0.833
MF -1 28.47+4.63 27.89 +4.57 0.367
MF-0O 5.51+3.42 5.26 +3.54 0.602
MF -A/AP 50.40+5.74 48.96 + 5.81 0.075
MF -S/S1 37.16£10.81 36.80 £ 6.72 0.771

*Significant p-value

When comparing the distance between MF to the cho-
sen landmarks between males and females, there was a
statistically significant difference in the measurement
of MF-P, MF-S, and MF-I with mean values being higher
in males as compared to females (Table 3). There was
no significant difference between the vertical and hori-
zontal location of mandibular foramen between males
and females.

Table 3: Comparison of the distances between the mandi-
bular landmarks for males and females

Parameters Age groups Mean(mm) SD(+) p-value
MF-A 12-25 13.88 2.32 0.267
26-40 13.97 2.66
41-60 13.43 2.09

>60 11.91 3.32

MEF -P 12-25 14.05 1.9 0.148
26-40 14.87 2.11
41-60 15.06 1.77
>60 15.08 2.33

MEF-S 12-25 15.42 3.15 0.665
26-40 15.57 3.15
41-60 16.5 2.62
>60 14.8 4.67

MEF -1 12-25 26.75 4.09 0.035%*
26-40 29.46 5.13
41-60 28.35 4.4
>60 30.19 4.27

MF -O 12-25 5.16 3.33 0.866
26-40 5.55 4.44
41-60 5.51 2.78
>60 4.29 2.66

*Significant p-value

Table 5: Comparison of horizontal and vertical location
of mandibular foramen among age groups.

Parameters Male Female p-value
(Mean + SD) (Mean = SD)
MF-A 14.19+2.4 13.31+2.46  0.068
MEF -P 14.33 +£2.09 13.37+1.76  0.015*
MEF-S 16.57 £3.25 14.57+2.92  0.002*
MEF -1 29.89+53 26.77+291 <0.001*
MEF-O 5.23 £3.68 5.85+3.08 0.365
MF -A/AP 50.57+5.42 50.2+£6.15 0.746
ME -S/SI 36.49 + 6.47 37.97+1442 0491

*Significant p-value

With increasing age, the distance from the MF to the

Parameters Age groups Mean SD  p-value

MF -A/AP 12-25 50.06 5.46  0.036*
26-40 48.54  5.74
41-60 47.69 552
>60 4334 732

MEF -S/SI 12-25 3746  5.88 0.429

26-40 36.07 8.45
41-60 37.23  5.53
>60 33.05 7.57

*Significant p-value
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Discussion

The landmarks used to locate the position of the mandi-
bular foramen are critical for surgical procedures, although
they may pose challenges for some practitioners to
locate accurately. These landmarks are essential for
designing optimal inferior alveolar nerve blocks and
ramus osteotomy lines, which can enhance the success
rate of [AN blocks and minimize the risks of morbidity
or nerve injury during ramus osteotomies."” This study
is the first to investigate the location of the mandibular
foramen in a Pakistani subpopulation, employing a
design and methodology similar to that of previous

. 3813
studies.

Our study revealed no significant difference in the loca-
tion of the MF between the sides (right and left) aligning
with findings from earlier studies conducted in Jordan
and the USA."" Additionally we observed no significant
variation in MF location across genders which was also
consistent with results from other ethnic groups.""
While the males exhibited significantly greater distances
between certain anatomical landmarks and MF, these
differences did not impact the overall position of the

foramen.

Our study reveals that the distance between MF and
anatomical landmarks varies as one ages. This change
is attribute to growth and remodeling of ramus, the bony
structure of the lower jaw, involving resorption on its
anterior surface and deposition at the head of the con-
dyle.""” These developmental changes alter the position
of the MF over time, a finding that is consistent with
previous studies. The mandibular foramen moves ante-
riorly and superiorly with ongoing remodeling, resulting
in an overall increase in distances between the MF and
the landmarks MF-P, MF-1, and MF-O as a person ages.
This finding was consistent across all previous studies."

There has been a long-standing debate regarding the
exact horizontal location of the mandibular foramen.
Some studies indicate that the mandibular foramen is
situated at the midpoint of the mandible's ramus,® which
aligns with our findings. However, other studies suggest
that it is located just behind the midline of the ramus
which is different from what we observed in our popu-
lation."™"

The IAN block targets an area where the horizontal and
vertical positions of MF intersect. This area is typically

calculated as 50% of the anteroposterior dimension
and a ratio of 35% to 65% in the superoinferior dimen-
sion. However, a study done in Jordan declared a 40%
rule for the target area, which differs slightly from Trost's
findings."

The average distance between MF and the occlusal
plane in our population was 5.38mm, indicating that
our population falls on the lower end of Malamed's
recommended distance of 6-10 mm for administering
local anaesthesia. An Iranian and Indian study also had
the average distance within the range given by Malamed."
The differences observed in the mandibular foramen's
location between this study and others alike may stem
from anatomical variations among different populations
for which this study has given insight for our popula-
tion which will help in providing them the best clinical
services.

Our study provides valuable insights into the variability
of mandibular foramen (MF) location across different
ages and genders. The observed shifts in MF position
have significant implications for surgical planning and
anesthesia techniques. Particularly, the anterior and
superior displacement of the MF with age suggests that
surgical and anesthesia protocols should be adjusted
accordingly. Future studies should be conducted. Large
sample sizes are essential to establish a standardized
understating of the MF’s location in our population.
The larger the dataset, the more it facilitate
comprehensive statistical analyses. This would improve
precision in identifying demographic specific variations
and enhance the clinical significance of these findings.

Conclusion

MF location had minor changes in the mandibular
dimensions across age groups and gender. It was observed
that MF tend to shift anteriorly and superiorly with age
with an average distance of 5.38mm above the occlusal
plane. Although gender based differences in distances
to anatomical landmarks were noted, they had no signi-
ficant impact on the overall position of the MF. These
findings of our demographics can help in better surgical
planning resulting in improved precision and outcomes.

Ethical Approval: The Institutional Review Board,
University College of Dentistry, The University of
Lahore, approved this study vide letter No Ref No.
UCD/ERCA/452.

October - December 2024 | Volume 30 | Issue 04 | Page 393



Annals of King Edward Medical University

Conflict of Interest: The authors declare no conflict
of interest.

Funding Source: None
Authors' Contribution:

TS: Conception & design, analysis & interpretation
of data, drafting the article

AL: Analysis & interpretation of data, final approval
of the version

HH: Acquisition of data, drafting the article

NN: Acquisition of data, analysis & interpretation of
data

MAA: Analysis & interpretation of data, drafting the
article, critically revision for important intellectual
content

SA: Drafting the article

MAB: Critically revision for important intellectual
content

References

1. Tshite K, Olaleye O. Location of mandibular foramen in
adult black South African population: A morphometric
analysis and investigation into possible radiographic
correlation. SADJ. 2024;79(04):191-98. Doi: 10.17159/
sadj.v79i04.18570

2. Narmadha C, Ganesh MR, Vardhan BGH, Gopal. SK.
CBCT based pre-implant assessment of maxilla and
mandible - an insight to vital anatomical structures.
IJRP. 2023; 10(7): 514-525. Doi: 10.52403/ijrr.2023
0763

3. Bano S, Asif SM, Shehzad F, Idrees N, IThsan A, Anwar
MA. Exploring Variation in Root Canal Morphology
of Maxillary Second Premolars: A Cone-Beam Computed
Tomography Study in a Pakistani Subpopulation. PJHS.
2024;5(8): 60-65. Doi: 10.54393/pjhs.v5i08.1622

4. Shakeel S, Fahim A, Tariq K, Haider I, ur Rehman I,
Anwar MA et al. Root Canal Configuration Using Cone
Beam Computed Tomography in Mandibular Incisors
of Pakistani Individuals: Root Canal Configuration
Using Cone Beam Computed Tomography in Mandi-
bular Incisors. PJHS. 2024;5(12);87-92. Doi: 10.54393/
pjhs.v5i12.2115

5. Jang HY, Han SJ. Measurement of mandibular lingula
location using cone-beam computed tomography and
internal oblique ridge-guided inferior alveolar nerve
block. J Korean Assoc Oral Maxillofac Surg. 2019;
45(3):158-66. Doi: 10.5125/jkaoms.2019.45.3.158.

10.

11.

12.

13.

14.

15.

16.

Sanwatsarkar G, Agarwal R, Hiremath H, Kulkarni S,
Agarwal J, Hiremath V. Mandibular foramen location
and its implication to the inferior alveolar nerve block:
A retrospective study. Endodontology. 2023;35(2): 113-
17.doi: 10.4103/endo.endo 82 22

Yoakum C, Terhune C. The inferior alveolar nerve and
its relationship to the mandibular canal. Anat Rec (Hobo-
ken). 2024;307(1):97-117. Doi:10.1002/ar.25243

Carlini JL, Nascimento TN, Romanovski M. Allogeneic
Bone Graft for Stability of Inverted L Osteotomy Mandi-
bular Ramus. Archives Oral Maxillofac Surg. 2022;
5(1):166-173.D0i:10.36959/379/373

Ishag Y, Noor M, Anwar MA. Comparison of
infraorbital nerve recovery after open and closed
reduction of zygomaticomaxillary complex
fractures. Int J Otorhinolaryngol Head Neck Surg.
2018;4(3):613-17. Doi: 10.18203/issn.2454-
5929.ijohns20181851

Han W, Yichi Z, Kim BS, Sun M, Chai G. Correcting
facial asymmetry through guided plate assisted mandi-
bular angle osteotomy. Front Surg. 2024;11(1): 1391231.
Doi: 10.3389/fsurg.2024.

HagA, Winterbottom T, Ong JA. Anaesthesia for orthog-
nathic surgery—a narrative review. J Oral Maxillofac
Anesth.2024;3(1):29. Doi:10.21037/joma-24-18.

Kapur M, Shah RA, Ferro A, Basyuni S, Brassett C,
Santhanam V. Sexual dimorphism and geographical
variance: their impact on the reliability of the antilingula
as a landmark in human mandibular surgery. Br J Oral
Maxillofac Surg. 2021;59(8):898-904. Do0i:10.1016/
j-bjoms.2020.08.024

Al-Shayyab MH. A simple method to locate mandibular
foramen with cone-beam computed tomography and
its relevance to oral and maxillofacial surgery: a radio-
anatomical study. Surg Radiol Anat. 2018;40(6):625-
34.doi:10.1007/s00276-018-2015-3

Valizadeh S, Tayefi M, Ghomeishi M, Ahsaie MG,
Amiri MJ. Assessment of Anatomical Location and
Variation of Mandibular Foramen Using Cone-Beam
Computed Tomography: A Cross-Sectional Study. J
Iran Med Counc. 2022;5(4):622-29.

Rashid RG, Abdul-Jabbar RM, Yaseen W, Ibrahim SK.
Cone Beam CT to map mandibular foramen variations
for improving dental and surgical accuracy. J Angiother.
2024;8(6):1-8. Doi:10.25163/angiotherapy.869729.

Fekonja A, Cretnik A. Gender and age differences in
mandibular ramus and body measurements: a radio-
graphic study. J Hard Tissue Biol. 2022;31(1):9-14.
Doi:10.2485/jhtb.31.9

October - December 2024 | Volume 30 | Issue 04 | Page 394



Annals of King Edward Medical University

17. Hwang HS, Jiang T, Sun L, Lee KM, Oh MH, Biao Y,
et al. Condylar head remodeling compensating for
condylar head displacement by orthognathic surgery. J
Craniomaxillofac Surg. 2019;47(3):406-13. Doi:10.
1016/j.jems.2018.11.029.

18. Alkohlani FHAAS, Alhadi YAA, Alasbahi AA, Al-
Shamahy HA. Anatomical pattern course of mandibular-
canal and its foramina location on sample of Yemeni
patients using cone beam computed tomography. Univers.
J. Pharm. Res. 2022;8(1):35-41. D0i:10.22270/ ujpr.
v8il. 895

October - December 2024 | Volume 30 | Issue 04 | Page 395



	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70

