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ABSTRACT

The aim of this retrospective study was to analyse the location of the mandibular foramen (MF) in 
the vertical and horizontal planes by using a cone-beam computed tomography (CBCT) volumetric 
data set obtained from an adult Saudi population. CBCT data from 57 females and 50 males 
(mean age, 38 years; range, 20–56 years) were randomly selected from the Oral & Maxillofacial 
Radiology Division, Faculty of Dentistry, Princess Nourah Bint Abdulrahman University, between 
2017 and 2019. CBCT images were acquired using an i-CAT three-dimensional (3D) imaging 
system. Standardization of the 3D-rendered volume within the three coordinates was performed. 
All radiographs were interpreted independently by two observers, and there was satisfactory intra- 
and inter-observer agreement. All measurements (MF/deepest point at the anterior border of the 
ramus [A], MF/most convex point of the mandibular angle [I], MF/deepest point of the mandibular 
sigmoid notch, MF/deepest point at the posterior border of the ramus, MF/reference occlusal 
plane line) were performed on both the right and left rami on a total of 214 CBCT scans. MF/A  
(P = 0.001) and MF/superior vertical height (P = 0.0082) were significantly different between age 
groups, while males and females exhibited significant differences in MF/I (P = 0.0045) and MF/
superior vertical height (P = 0.0297). The study results indicated that the MF is located posteriorly 
and superiorly and its position is directly correlated with patient age and sex. Therefore, patient age 
and sex may be used to predict MF location, thereby facilitating the administration of IAN block 
anaesthesia and orthognathic surgery. 
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INTRODUCTION 

The mandibular foramen (MF) is an important 
anatomical structure located on the ramus of 
the mandible and is the opening at which the 
inferior alveolar nerve (IAN) and vessels enter 
the mandibular canal. The IAN gives off sensory 
branches to the inferior dental plexus. The nerve 
exits the mandibular canal through the mental 
foramen as the mental nerve, which supplies sensory 
branches to the skin of the chin, and mucosa of the 
lower lip [1].

The IAN block is the most commonly used 
method to achieve anaesthesia during surgical pro-
cedures (e.g., tooth extraction, dental implantation) 
in the mandible [2]. However, as the anaesthetic is 
delivered directly above the MF, the effect is often 
inadequate if the surgeon does not accurately iden-
tify the anatomical site of the foramen or if the fora-
men has been dislocated [2]. In addition, orthognathic 
surgery for maxillofacial deformities and aesthetic 
indications may result in complications (e.g., dam-
age to the IAN and local blood vessels), unless the 
foramen is precisely located [3]. Therefore, recently 
sagittal split ramus osteotomy became frequent sur-
gical treatment for the rectification of dentofacial 
deformities due to its advantages, such as an inter-
nal approach, easy internal fixation and early jaw 
function [4-5].

Determining the accurate anatomical location of 
the MF and mandibular lingula (ML) is important 
to achieve a clear fracture line on the ramus and 
prevent IAN damage [4]. The ML has been labelled 
as an essential surgical landmark for horizontal 
osteotomy in orthognathic surgery, as the horizontal 
line is situated close to the ML and IAN [4-6]. 
The precise determination of its location is also 
critical for the surgical management of mandibular 
trauma, tumour removal, as well as mandibular and 
temporomandibular joint reconstruction [7].

Nevertheless, the estimated failure rate of 
the IAN block has been stated to range between 
10% and 39% [8, 9]. The most common cause of 

block failure has been reported to be the incorrect 
placement of the hypodermic needle tip, such that 
it is too far away from the MF [10]. This suggests 
that the location of the IAN may vary within the 
patient population. This variation in location has 
been reported by numerous studies, and several 
alternative anaesthesia techniques, such as the Gow-
Gates and Vazirani–-Akinosi injections, have been 
proposed to manage this issue [11–12]. However, none 
of these alternative reported techniques reported 
have been able to consistently provide has resulted 
in an increased rate of successful rate by delivering 
consistent IAN anaesthesia. Furthermore, the 
majority of prior most studies have do not reported 
the indicate a range of variation in MF location [13].

If anaesthesia is not achieved with the first at-
tempt of the IAN block, a second injection would be 
necessary, due to the assumption that the needle was 
placed inaccurately. However, this is often a blind 
attempt, which usually uses the same intraoral land-
marks used to guide the first injection [14, 15]. There-
fore, proper evaluation of anatomical landmarks, 
such as the ML and MF, is the key to achieving ade-
quate IAN anaesthesia in routine dental practice [16]. 

The implementation of cone-beam computed 
tomography (CBCT) in dentistry field has rapidly 
grown recently. CBCT has several advantages 
over conventional medical computed tomography, 
such as a lower radiation dose, shorter radiation 
exposure time and higher resolution ratio. It has 
been mentioned that the radiation dose of CBCT 
is only 25% of that of a panoramic radiograph and 
1.6–2.5% of the dose of a conventional medical CT 
image [17, 18]. One of the most remarkable advantages 
of CBCT is its high resolution, as it provides a 
voxel size as small as 0.125 mm; this facilitates the 
generation of highly accurate three-dimensional 
(3D) reconstructions [19–20].

Conventional radiographic techniques are as-
sociated with distortion and magnification of the 
imaged anatomical structures [21-23]. These imaging 
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flaws range from 3.4% for periapical radiographs 
to >14% for panoramic radiographs; therefore, 
conventional radiographs are insufficiently ac-
curate for measuring angulation and height above 
the mandibular occlusal plane[21]. Recent studies 
[23–24] evaluating the accuracy of digital measure-
ments obtained via CBCT imaging software re-
ported an error range between 0.07 and 0.27 mm 
when compared with known standardised measure-
ments. These studies also reported a distortion of 
<1.8% in the images, as well as a high sensitiv-
ity for the accurate identification of anatomical  
structures [21, 22–24].

The objectives of this retrospective study were 
to assess MF location with CBCT and identify 
its range of normal variability with specific land-
marks, as well as evaluate the association between 
MF location and both patient age and sex in Saudi 
population. The overarching aim was to provide an 
accurate guide for IAN block administration using 
CBCT, thereby increasing the safety and effective-
ness of anaesthesia and surgical procedures. 

MATERIALS AND METHODS

The ethics committee at the College of Dentistry 
Research Centre, Princess Nourah Bint Abdulrah-
man University (PNU), Saudi Arabia, approved the 
study protocol (institutional review board number: 
19-0282) and provided ethical guidelines. This ret-
rospective study included 107 Saudi patients (214 
CBCT images) who were collected from the Oral 
and Maxillofacial Radiology Division, Faculty 
of Dentistry, PNU, between 2017 and 2019. The 
samples were experimental design and calculated 
depending on anticipated effect size, desired statis-
tical power level, number of predictors, and prob-
ability level. All the patients had been referred for 
CBCT scans with large field of view (FOVs). CBCT 
images were acquired using an i-CAT 3D imaging 
system (Imaging Science International, USA 2008). 
The imaging parameters were set as follows: 12mA 

and 90 kVp with an FOV of 80 x 100 mm. Using 
the CBCT data, the 3D models of the selected cas-
es were rendered using the Planmeca Romexis® 
Viewer 6.0 software program, with a voxel size of 
0.2 mm, and slice thickness of 0.2 mm. All scans 
were viewed on an LCD Dell monitor with a 24-
inch screen size and 1920 x 1080 high-definition 
screen resolution.

Inclusion and exclusion criteria

The inclusion criteria comprised the following: 
(1) CBCT data of the mandibular ramus obtained 
from adult patients (aged >18 years); and (2) presence 
of premolars and molars for the identification of the 
occlusal plane. Patients with mandibular edentulism 
or a history of mandibular pathology or surgery 
were excluded.

Standardisation of 3D images

Prior to conducting radiographic measurements, 
the 3D-rendered volume was standardised by the 
automatic selection of the reference line buttons, 
such that the 3D images were oriented in the hori-
zontal and vertical planes. According to the hori-
zontal reference line, the occlusal plane was simul-
taneously oriented parallel and perpendicular to the 
vertical reference line. Using the software clipping 
icon, the mandible was clipped from the buccal to 
the lingual direction to obtain measurements of the 
MF. Measurements between the anatomical refer-
ence points were performed using the Planmeca 
Romexis® Viewer 6.0 software measuring tool. 
Standardisation steps were performed by an expert 
maxillofacial radiology specialist and an adequately 
calibrated examiner. 

CBCT analysis and measurement techniques

Calibration sessions were conducted prior to per-
forming the radiographic measurements; these ses-
sions included practical discussion on mandibular 
CBCT landmarks by a senior maxillofacial radiolo-
gist in the PNU clinics. The examiners performed 
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the radiographic measurements independently and 
blindly. The confidence interval (CI) 95% and inter-
examiner reliability were then determined. The reli-
ability levels ranged from 90% to 94%.

The calibrated examiners measured the shortest 
distance (in mm) between the landmarks using a 
digital ruler. The selected landmarks were as follows 
(Figure 1):

1- “MF” (opening of the MF);

2- “ML” (tip of the ML); 

3- “A” (deepest point at the anterior border of the 
ramus);

4- “P” (deepest point at the posterior border of the 
ramus);

5- “S” (deepest point of the mandibular sigmoid 
notch);

6- “I” (most convex point of the mandibular an-
gle); and

7- “O” (reference occlusal plane line connecting 
the mesiobuccal line angle of the second pre-
molar to the mesiobuccal cusp tip of the second 
mandibular molar).

The measured distances were reported as the 
shortest distances from the MF to A, P, S, I and O. 
In addition, the location of the MF in the horizontal 

and vertical planes was calibrated using the 
following ratios [19, 25, 26]: A-MF/A-P (MF location in 
the horizontal plane); and S-MF/S-I (MF location 
in the vertical plane) (Figure 2). All measurements 
were performed on both the right and left rami; 
hence, 107 Saudi patients (214 CBCT scans) were 
analysed. 

Statistical analysis

Data were statistically analysed to determine 
the location of the MF in the antero-posterior and 
vertical planes. In addition, the location of the MF 
was determined with reference to the occlusal plane. 
The distribution of numerical data was assessed 
for normality using the Kolmogorov–Smirnov 
and Shapiro–Wilk tests. All data showed a normal 
(parametric) distribution. Data are presented as 
mean, standard deviation (SD) and 95% CI values. 
For parametric data, a repeated measures analysis 
of variance (ANOVA) test was used to compare 
radiographic measurements between males and 
females, as well as between patients in their early 
and late adulthood. Bonferroni’s post-hoc test was 
used for pairwise comparisons when the ANOVA 
test was significant. The significance level was set 
at P ≤ 0.05. Statistical analysis was performed using 
IBM SPSS Statistics for Windows, version 23.0 
(Armonk, NY: IBM Corp.).

Fig. (1): Photograph showing the anatomical landmarks and 
reference points.

Fig. (2): 3D rendering reveals the linear measurements of MF 
location as; MF/S = 15.6mm, MF/I= 26.2 mm, MF/
A= 15.1 mm, MF/P= 11.3 mm, AP= 27.3 mm, and SI= 
42.7mm.
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RESULTS 

A total of Saudi 107 patients; (214 MF) (57 
women [53.3%]; 50 men [46.7%]) with the mean 
± standard deviation values for age were 35.9 ± 
11.1 years were assessed. The majority of patients 
(59.8%) were in their early adulthood (20–39 years 
old); 40.2% of the patients were in their late adult-
hood (40–56 years old). 

Comparisons of mean radiographic measure-

ments of the left and right mandibular rami between 
males and females indicated that females had sig-
nificantly lower mean values for MF/I (P = 0.001, 
effect size = 0.098), L/O (P = 0.010, effect size = 
0.061) and SI (P = 0.004, effect size = 0.075) (Table 
1). In terms of the right side, females exhibited sig-
nificantly lower mean values for MF/I, MF/O, L/O 
and SI compared to males. In terms of the left side, 
mean values for MF/I and SI were significantly low-
er in females (Table 1).

TABLE (1) Descriptive statistics and results of the analysis of variance test for comparison of different 
measurements between males and females.

Side Measurement
(57 = Females (n (50 = Males (n

 P-value  Effect size (Partial
(Eta SquaredMean SD Mean SD

Right side

MF/A 14.19 2.45 15.04 2.42 0.073 0.03

MF/P 12.41 2.52 12.42 2.22 0.978 0.00001

MF/S 15.38 3.12 15.23 2.68 0.791 0.001

MF/I 23.96 3.35 26.43 5.53 *0.006 0.071

MF/O 3.01 2.16 4.03 2.87 *0.038 0.04

L/O 6.2 2.19 7.6 2.93 *0.006 0.071

AP 26.96 4.81 27.61 3.98 0.457 0.005

SI 37.92 7.18 41.4 6.76 *0.012 0.059

Left side

MF/A 14.2 2.46 15.72 7.22 0.138 0.021

MF/P 12.98 2.66 13.66 2.71 0.192 0.016

MF/S 15.43 2.78 15.78 3.05 0.533 0.004

MF/I 23.32 3.68 26.16 4.23 *0.001> 0.117

MF/O 2.42 2.27 2.86 2.07 0.305 0.01

L/O 5.88 2.22 6.45 1.75 0.143 0.02

AP 27.2 4.19 27.88 3.98 0.393 0.007

SI 38.75 5.84 42.25 6.33 *0.004 0.078

 Mean of the
two sides

MF/A 14.21 2.22 15.41 4.14 0.060 0.033

MF/P 12.73 2.45 13.06 2.28 0.477 0.005

MF/S 15.44 2.78 15.55 2.61 0.832 0.0004

MF/I 23.66 3.39 26.32 4.71 *0.001 0.098

MF/O 2.73 2.09 3.48 1.92 0.057 0.034

L/O 6.05 2.06 7.05 1.88 *0.010 0.061

AP 27.11 4.21 27.75 3.86 0.412 0.006

SI 38.36 5.95 41.84 6.4 *0.004 0.075
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Comparisons of mean radiographic measure-
ments of the left and right sides between age groups 
indicated that patients in their early adulthood had 
significantly lower mean values for MF/A (P = 
0.001, effect size = 0.1), AP (P = 0.027, effect size = 
0.046) and SI (P = 0.050, effect size = 0.036) com-
pared to patients in their late adulthood (Table 2). In 

terms of measurements on the right side, patients in 
their early adulthood had a significantly lower mean 
SI compared to patients in their late adulthood. In 
terms of the left side, patients in their early adult-
hood had a significantly lower mean MF/A and AP 
(Table 2).

Table 2. Descriptive statistics and results of the repeated measures analysis of variance test for the 
comparison of different measurements between the early and middle adulthood age categories.

Side Measurement
Early adulthood (n = 64) Late adulthood (n = 43)

P-value 
Effect size (Partial 

Eta Squared)Mean SD Mean SD

Right side

MF/A 14.33 1.98 14.96 3.03 0.194 0.016

MF/P 12.17 2.33 12.77 2.41 0.198 0.016

MF/S 15.3 2.6 15.33 3.35 0.958 0.00003

MF/I 24.53 4.29 25.98 5.05 0.113 0.024

MF/O 3.18 2.4 3.94 2.74 0.129 0.022

L/O 6.59 2.38 7.24 2.98 0.212 0.015

AP 26.86 4.22 27.86 4.72 0.255 0.012

SI 38.07 7.25 41.76 6.53 0.008* 0.064

Left side

MF/A 13.47 2.47 17.06 7.29 <0.001* 0.113

MF/P 12.9 2.58 13.9 2.77 0.061 0.033

MF/S 15.69 2.79 15.46 3.09 0.699 0.001

MF/I 24.11 4.31 25.44 3.88 0.107 0.025

MF/O 2.78 2.24 2.4 2.09 0.377 0.007

L/O 6.4 1.91 5.77 2.15 0.115 0.024

AP 26.51 3.51 29.02 4.46 0.002* 0.091

SI 39.9 6.28 41.11 6.33 0.329 0.009

Mean of the 
two sides

MF/A 13.92 1.98 16.03 4.34 0.001* 0.1

MF/P 12.55 2.25 13.37 2.49 0.080 0.029

MF/S 15.53 2.48 15.43 2.99 0.850 0.0003

MF/I 24.34 4.17 25.75 4.3 0.095 0.026

MF/O 3 2.2 3.2 1.77 0.630 0.002

L/O 6.52 2.03 6.52 2.06 0.998 0.000001

AP 26.7 3.62 28.46 4.44 0.027* 0.046

SI 39 6.27 41.46 6.33 0.050* 0.036
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DISCUSSION

The MF is a significant anatomical structure lo-
cated on the ramus of the mandible [1,27]. The accu-
rate determination of its anatomical position is inte-
gral to achieving optimal IAN anaesthesia, as well 
as preventing intraoperative complications, such as 
bleeding and permanent neurological damage due 
to neurovascular bundle transection [26,28]. 

CBCT provides surgeons with numerous ad-
vantages over conventional tomography and plain 
films. Therefore, CBCT is considered the radio-
graphic technique of choice for the accurate iden-
tification of MF location [29,30]. Furthermore, the 
landmarks used with CBCT have the advantages of 
simplicity, accessibility and the capability to be eas-
ily transposed to the patient. As such, they are more 
likely to be used by oral and maxillofacial surgeons 
to guide IAN block administration and plan ramus 
osteotomy lines, which are approaching from the 
external surface. 

The location of the MF may be affected by 
individual, racial, ethnic and age-related variations 
[15, 26, 28,30,31]. The present study evaluated MF 
location in Saudi population 50 (46.7 %) men and 
57 (53.3%) women (mean age, 38 years; range, 20–
56 years) via mandibular CBCT 3D-reconstructed 
radiographs. CBCT radiographs were obtained over 
a period of 3 years, and the sample size in this study 
was comparable to that of previous studies utilising 
similar designs and methodologies [28, 29,32,33].

The findings of this study indicate that in Saudi 
population the position of the MF is highly bilat-
erally symmetrical. In terms of sex differences, the 
MF to inferior mandibular angle distances in males 
were significantly higher than those in females. 
This result is supported by the findings of previous 
studies that utilised CBCT and conventional radio-
graphs [25,34,35]. Nevertheless, current evidence indi-
cates that observed sexual dimorphisms in bone size 
and thickness can be attributed to a combination of 
environmental and genetic factors [36,37]. 

In terms of differences in MF location accord-
ing to age, the present study found that patients in 
their early adulthood had significantly lower mean 
measurements for MF/A, AP and SI compared to 
those in their late adulthood. These findings are in 
concordance with the fact that the position of the 
MF and other landmarks are not stationary and are 
affected by growth and remodelling that occurs with 
advancing age. The ramus develops by a combina-
tion of resorption and deposition on the anterior and 
posterior regions of the ramus, respectively. These 
processes extend up to the coronoid process, involv-
ing the mandibular notch. The attachment of the 
elevator muscles to the ramus determines the final 
size and proportion of the mandibular ramus. The 
remodelling process continues until the bone reach-
es adult size, providing the necessary space for per-
manent molar teeth. In old age, the deposition and 
resorption processes are imbalanced, resulting in a 
decreased ramus size; this causes the MF position 
to shift in the anterior and superior directions [38-40]. 
This may explain the posterior shift of the MF in 
the present study, from a MF/A of 13.9 and 16.3 in 
early and middle adulthood and the mean (MF-A)/
AP was 56.42. and (MF-S)/S-I was 39.08 respec-
tively. However, in the vertical dimension, the MF 
was located superiorly, with a mean (MF-S)/S-I of 
39.08 in late adulthood. This was in agreement with 
the results of the CBCT study conducted by Altun-
soy (2014), who concluded that the MF continued to 
move in a more superior direction [25].

CONCLUSIONS 

The results of this study indicated that the MF 
is located posteriorly and superiorly on the ramus. 
Furthermore, MF position is directly correlated with 
sex and age group. Therefore, sex and age group 
may be particularly useful for the prediction of MF 
location, thereby facilitating the administration of 
IAN block anaesthesia and orthognathic surgery. 
Further clinical studies are required to validate the 
parameters used in this study.
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