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Abstract

Background: The mandibular foramen has often been considered as the most reliable reference point for several anesthetic and
surgical procedures in the maxillofacial region. This study evaluated the position of the mandibular foramen in different skeletal
classes.
Methods: A total of 90 panoramic and lateral cephalometric images belonging to class I (n = 30), class II (n = 30), and class III (n
= 30) patients were used for this study. The position of the mandibular foramen in relation to the anterior and posterior borders
of the mandibular ramus, inferior border of the mandible, sigmoid notch and occlusal plane was determined in each panoramic
radiograph.
Results: The position of the mandibular foramen relative to the occlusal plane and the sigmoid notch significantly differed among
the three skeletal groups; however, no significant difference existed among the skeletal classes with regard to the position of the
mandibular foramen in relation to the anterior and posterior borders of the ramus and the inferior border of the mandible.
Conclusions: The position of the mandibular foramen tends to be lower in skeletal class II patients; therefore, it seems that lower
injection heights in these patients could result in better outcomes.
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1. Background

The inferior alveolar nerve is the largest branch of the
mandibular nerve that enters the mandibular foramen to-
gether with the inferior alveolar artery. The nerve supplies
the pulps of ipsilateral mandibular teeth, periodontal lig-
aments, lower lip, and the chin skin (1).

The mandibular foramen is considered as the most
reliable reference point for accessing the inferior alve-
olar nerve (2). Knowledge of the exact location of the
mandibular foramen is crucial for successfully performing
mandibular block anesthesia. Proper accomplishment of
other procedures such as sagittal split ramus osteotomy,
vertical ramus osteotomy, inverted L osteotomy, orthog-
nathic surgery, mandibular trauma management, benign
and malignant lesion removal, and preprosthetic surgery
also depends on proper localization of the position and
path of the mandibular foramen and canal (3, 4).

Radiography is considered as the only non-invasive
method of diagnosing and treatment planning for the

surgical procedures of the mandible. Among the various
imaging modalities, panoramic radiographs are routinely
used for screening, diagnosing and selecting the most ap-
propriate surgical approach.

It has been postulated that the position of the
mandibular foramen differs among various ethnic groups
(1, 5-8); moreover, the mandibular foramen gradually
changes its position corresponding to the growth of the
mandibular ramus in children (4, 9).

2. Objectives

Considering the variations in mandibular morphol-
ogy among different skeletal classes, the present study was
aimed at evaluating the position of the mandibular fora-
men in class I, II and III skeletal groups using panoramic
radiographs; thereby, reducing the risk of mislocalization
of the foramen during surgical and anesthetic procedures.
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3. Methods

Panoramic radiographs of 90 patients aged between 18
- 35 years were used for the present study. The radiographs
belonged to 30 skeletal class I, 30 skeletal class II and 30
skeletal class III patients. The patients’ skeletal classes
were determined by two skilled orthodontists based on the
criteria of Steiner’s cephalometric analysis using patients’
lateral cephalograms. As the radiographs had already been
taken for other purposes, no additional radiographic expo-
sure was imposed on the patients for the performance of
this study.

Radiographs of patients with systemic disorders, jaw
asymmetry, prior orthognathic surgery and absence of
mandibular molar teeth were not included in the inves-
tigation. Furthermore, radiographs that suffered from
poor resolution, improper geometry, head rotation and
motion artifacts were excluded from the study. In case
the mandibular foramen could not be identified with cer-
tainty on the panoramic image, the radiograph was not in-
cluded in the study sample.

All panoramic and lateral cephalometric images had
been prepared by Cranex D machine (Soredex, Helsinki,
Finland). The radiographs were printed with 1:1 magnifi-
cation factor by Dry Laser printer (Dry Pro 873-Konica Mi-
nolta, Tokyo, Japan). The ethical approval number of this
research was IR.GUMS.RED.1394.647 (registered by Guilan
University of Medical Sciences).

3.1. Identification of Lines and Points on Panoramic Radio-
graphs

In each panoramic image, the anterior and posterior
borders of the mandibular ramus, inferior margin of the
sigmoid notch and inferior border of the mandible were
drawn bilaterally on a tracing paper by a senior dental stu-
dent and confirmed by a qualified maxillofacial radiologist
with 15 years of professional experience.

The center of the mandibular foramen (point “O”) was
identified by the radiologist on all panoramic images. A
horizontal tangent line along the inferior margin of the
sigmoid notch was drawn. A vertical line that passed
through the center of the mandibular foramen was drawn
perpendicular to the tangent of the sigmoid notch until it
cut the tangent superiorly (point “S”) and the inferior bor-
der of the mandible inferiorly (point “R”) (Figure 1A). An-
other line passing horizontally through the center of the
mandibular foramen was drawn parallel to the tangent of
the sigmoid notch; the point at which this line met the an-
terior border of the ramus was named “A” and the point at

Figure 1. A, Identification of points “S” and “R” on the traced panoramic images; B,
identification of points “A” and “P” on the traced panoramic images

which it reached the posterior border of the ramus was de-
fined as “P” (Figure 1B).

The occlusal plane was identified as a line passing
through the distal cusp tip of the mandibular second mo-
lar tooth and parallel to the tangent to the sigmoid notch.
The point at which the occlusal plane crossed the vertical
line through the center of the mandibular foramen was
named “B” (Figure 2).
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Figure 2. Identification of the occlusal plane and point “B” on the traced panoramic
images

3.2. Measurement of Distances on Panoramic Radiographs

The following distances were defined and measured on
both sides of each panoramic radiograph (Figure 2):

- OS: Distance from the center of the mandibular fora-
men to the sigmoid notch

- OA: Distance from the center of the mandibular fora-
men to the anterior border of mandibular ramus

- OP: Distance from the center of the mandibular fora-
men to the posterior border of mandibular ramus

- SR: Distance from the sigmoid notch to the inferior
border of the mandible

- OR: Distance from the center of the mandibular fora-
men to the inferior border of the mandible

- OB: Distance from the center of the mandibular fora-
men to the occlusal plane

- SB: Distance from the sigmoid notch to the occlusal
plane

3.3. Determination of Horizontal and Vertical Ratios

The following ratios were calculated for both sides of
each radiograph:

1. H ratio: Ratio of OA to AP ( OA
OA+OP )

2. V1 ratio: Ratio of OS to SR (OS
SR )

3. V2 ratio: Ratio of OR to SR (OR
SR )

4. V3 ratio: Ratio of OB to SB (OB
SB )

The mean values for H, V1, V2 and V3 ratios in different
skeletal classes were analyzed by means of ANOVA test. P
value < 0.05 was considered to be statistically significant.

4. Results

Of the 90 cases studied, 19 (21.1%) were males and 71
(78.9%) were females. Mean age of the patients was 23.91 ±
4.1with the minimum age being 18 and the maximum age
being 35 years.

The ANOVA test revealed no significant differences in
OS (P = 0.41), OA (P = 0.21), OP (P = 0.33), SR (P = 0.35) and OR
(P = 0.11) dimensions among the three skeletal classes; how-
ever, OB and SB dimensions showed significant differences
among the skeletal groups (P = 0.001). Furthermore, only
the V3 ratio differed significantly in class I, II and III skeletal
groups (P = 0.001).

Tables 1 and 2 represent the distances and ratios in dif-
ferent skeletal classes respectively.

Comparison of the distances and ratios among the
skeletal classes based on patients’ right and left sides
showed similar results as the above mentioned summated
ones. In this regard, the ANOVA test revealed that in either
side of the patients’ mandibles, there were statistically sig-
nificant differences in OB dimension, SB dimension and V3

ratio among the skeletal classes (P = 0.001).

5. Discussion

It is obviously clear that precise localization of the
mandibular foramen and lingula is essential for proper
performance of several surgical and anesthetic procedures
(10). Moreover, position of the mandibular foramen is of
utmost importance for neurolysis in neuralgia (11). Failure
to properly identify the location of lingula and mandibu-
lar foramen could result in complications such as hem-
orrhage and nerve injury during surgical procedures (12,
13). As there are considerable variations in the position
of mandibular structures among different skeletal classes,
the present study was conducted to determine the position
of mandibular foramen in class I, II and III patients using
panoramic radiographs.

In the study performed by Kaffe et al. (3), position of the
mandibular foramen was evaluated on panoramic radio-
graphs in comparison with the true position on dry skulls.
In the mentioned study, panoramic radiographs were pre-
pared by two different panoramic machines, namely Or-
thoralix SD and Panelipse. The mean distance from the
mandibular foramen to the lowest point of the mandibu-
lar notch was calculated 21.89 mm on the dry skulls, 24.94
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Table 1. Mean ± Standard Deviation (SD) of the Measured Distances in the Three Skeletal Groups

Distance Class I Patients Class II Patients Class III Patients P Value

OS 13.20 ± 2.83 13.69 ± 3.10 14.16 ± 2.37 0.41

OA 17.53 ± 2.03 16.58 ± 2.24 17.34 ± 2.32 0.21

OP 9.89 ± 1.58 9.36 ± 1.42 9.97 ± 2.08 0.33

SR 43.97 ± 3.57 42.68 ± 6.44 44.70 ± 5.81 0.35

OR 30.78 ± 3.04 28.62 ± 4.73 30.37 ± 4.47 0.11

OBa 10.27 ± 2.23 8.18 ± 2.52 12.30 ± 3.86 0.001

SBa 23.39 ± 3.65 21.87 ± 4.58 26.39± 4.87 0.001

a Statistically significant.

Table 2. Mean ± Standard Deviation (SD) of the Horizontal and Vertical Ratios in the Three Skeletal Groups

Ratio Class I Patients Class II Patients Class III Patients P Value

H 62.85 ± 4.29 63.02 ± 3.88 62.91 ± 5.89 0.99

V1 29.92 ± 6.83 31.93 ± 3.94 31.33 ± 4.10 0.30

V2 68.87 ± 6.99 65.83 ± 7.64 67.53 ± 4.53 0.20

V3
a 44.90 ± 8.80 36.57 ± 7.98 45.5 ± 8.08 0.001

a Statistically significant.

mm on the images taken with Orthoralix SD and 23.55 mm
on the images taken with Panelipse. The aforementioned
distance which was measured on panoramic images of
Cranex D machine in our study was calculated 13.2 mm in
class I, 13.69 mm in class II and 14.16 mm in class III pa-
tients. The dissimilarities in the obtained results could
be explained by the differences in the panoramic devices
used, the magnification value of the panoramic machines
and perhaps most important, the ethnicity of the study pa-
tients.

Prado et al. (14) reported vertical distances of the
mandibular foramen from the sigmoid notch and inferior
border of the mandible in dentate and edentulous Brazil-
ian mandibles. The upper vertical distances were greater
than reported “OS” distances and the lower vertical dis-
tances were smaller than reported “OR” distances in the
present study. The linear horizontal measurements be-
tween the mandibular foramen and posterior border of
the ramus were significantly greater than reported “OP”
distances in the current study.

Park and Lee (15) measured vertical distances of the
mandibular foramen from the sigmoid notch on CBCT im-
ages of normal occlusion, skeletal class II and III malocclu-
sion patients. Our results showed significantly lower val-
ues than their reports; 21.59 in normal occlusion, 20.49 in
class II and 18.77 in class III malocclusion patients. They
used reconstructed panoramic views for their measure-

ments instead of three dimensional views. They also stated
that the vertical length of the mandibular ramus in class
III malocclusion patients was greater than the other two
groups; this finding was in agreement with ours.

Kim et al. (6) measured the distance from the mandibu-
lar lingula to the anterior border of the ramus on dry skulls
using a caliper. They found the mentioned distance to be
17.5 mm in dentulous patients which was almost similar
to that of our study in which the distance between the
mandibular foramen and the anterior border of the ramus
was 17.53 in class I, 16.58 in class II and 17.34 in class III pa-
tients. These distances were lower than those reported by
Park and Lee in their study on CBCT images (15) and also Seo
et al. (16) in their study on panoramic radiographs.

In the study performed by Jansisyanont et al. (5) on the
shape, height and position of the lingula in Thai dry skulls,
the results were very close to our study; however, our study
was performed on panoramic images of the patients rather
than dry skulls.

Keros et al. (17) evaluated the distance of the mandibu-
lar foramen to the sigmoid notch and anterior border of
the ramus in two groups of patients with and without suc-
cessful inferior alveolar nerve anesthesia. Their measure-
ments were to some extent different from those of our
study, most likely due to different panoramic devices used.

In their text book of local anesthesia, Malamed (18) sug-
gested that during inferior alveolar nerve block, the injec-
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tion height should be 6 - 10 mm above the occlusal plane.
In the current study, we came to the conclusion that the in-
jection height ought to be 10.27 mm in class I, 8.18 in class
II and 12.3 in class III patients.

To our knowledge, until now only limited researches
have been performed on the position of the lingula and
mandibular foramen in different skeletal classes. Our
study revealed that the distance between the mandibular
foramen and the occlusal plane is least in skeletal class II
patients; therefore, less injection height from the sigmoid
notch should be chosen during inferior alveolar nerve
block in these patients in comparison with class I and class
III groups. However, no significant differences exist be-
tween class I and III patients regarding the injection height
in achieving inferior alveolar nerve anesthesia. Consider-
ing the position of the mandibular foramen in the hori-
zontal plane, there is no substantial variation among the
different skeletal classes; hence the injection is performed
in an analogous antero-posterior location. Finally, it is sug-
gested that the position of the mandibular foramen and
its surrounding structures be evaluated via CBCT examina-
tions to take advantage of images with less distortion and
magnification.

5.1. Conclusions

In conclusion, it seems that the position of the
mandibular foramen tends to be lower in skeletal class II
patients; therefor, lower injection heights in these patients
might increase the success rate of inferior alveolar nerve
blocks.
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