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ABSTRACT

Purpose: The positions of the mandibular foramen (MnF) and the lingula affect the success rate of inferior alveolar
nerve block. The objective of this study was to investigate aspects of the MnF and the lingula relevant for mandibular
block anesthesia using cone-beam computed tomography (CBCT).

Materials and Methods: Fifty CBCT scans were collected from a picture archiving and communications system.
All scans were taken using an Alphard Vega 3030 (Asahi Roentgen Co. Ltd., Kyoto, Japan). Fifty-eight MnFs of
30 subjects were included in the study. The position of the MnF, the size of the MnF, the position of the lingula, the
size of the lingula, and the shape of the lingula were measured and recorded. All data were statistically analyzed at a
significance level of P<0.05.

Results: The position of MnF was 0.1 mm and 0.8 mm below the occlusal plane in males and females, respectively.
The horizontal position of the MnF was slightly anterior to the center of the ramus in males and in the center in females
(P<0.05). The vertical position of the MnF was lower in females than in males (P <0.05). The MnF was an oval shape
with a longer anteroposterior dimension. The height of the lingula was 9.3 mm in males and 8.2 mm in females. The
nodular type was the most common shape of the lingula, followed by the triangular, truncated, and assimilated types.
Conclusion: CBCT provided useful information about the MnF and lingula. This information could improve the

success rate of mandibular blocks. (Imaging Sci Dent 2020; 50: 125-32)
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Introduction

The inferior alveolar nerve (IAN) is the largest branch
of the mandibular nerve and gives off the mylohyoid, den-
tal, incisive, and mental branches. The IAN branches off
the mandibular nerve and enters the mandible through the
mandibular foramen (MnF), which is located on the medial
surface of the ramus of the jaw.'

The lingula is a structure located near the MnF on the
medial side of the mandibular ramus. Tuli et al.* classified
the shape of the lingula into 4 types: triangular, truncated,
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nodular, and assimilated. It is a landmark for mandibular
nerve block anesthesia and in mandibular orthognathic sur-
gery such as sagittal ramus osteotorny.3’4

IAN block is an anesthesia technique for the mandible.
Infiltration is effective in the anterior area; however, it is
insufficient in the posterior region of the mandible because
of differences in the cortication thickness. In contrast, in-
filtration is sufficient for most cases in the maxilla due to
its thinner cortical plate and lower density compared to the
mandible.”

However, IAN block is challenging and does not have a
high success rate.®” This technique is often unsuccessful
even when performed by dentists who have several years
of experience. The failure rate of IAN block is especially
high in the anterior mandibular area. Furthermore, its com-
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plications include direct nerve penetration, hematoma, and
anesthetic toxicity.6 When TAN block fails, an alternative
anesthetic technique, such as high-level block of the AN,
may be effective. The Gow-Gates technique or the Vazira-
ni-Akinosi (or Akinosi-Vazirani) technique could be the
second choice for high-level nerve block.”’

Soft tissues obscure bony landmarks for IAN block pro-
cedures. Instead, the only reliable indicators in the IAN
block technique are soft tissue landmarks in the mouth and

the tactile sense of the operator. The dentist must inject the
anesthetic in the pterygomandibular space near the lingula
and the MnF of the mandible® Variation in the location of
the MnF and the lingula contribute to the low success rate.
In addition, bifid mandibular canals can cause anesthesia to
fail.* Another cause of anesthetic failure is the innervation
of mandibular teeth by other nerves. Furthermore, the pa-
tient’s psychological state can also affect the success rate of
anesthesia.”

Fig. 1. Measurement of the distance between the occlusal plane and the mandibular foramen. A. Rotation of the axial plane to the occlusal
plane. B. The center of the 3 planes is moved to the center of the mandibular foramen. The sagittal plane is aligned with the line passing
from the center point of the ramus anterior border to the posterior border of the mandible. C. A reference point (green double circle) is
marked on the axial plane line. D. The axial plane is moved to where the cortication of the mandibular foramen is completed. The distance
from the reference point to the axial plane is measured.
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Several studies have investigated the anatomy of the
MnF using dry skulls,>? plain radiography,g’10 or conven-
tional computed tomography (CT)."> Plain radiographs,
even cephalometric radiographs, usually show distorted
images, while panoramic radiographs provide various mag-
nifications of the maxilla and the mandible. In contrast,
cone-beam CT (CBCT), which is commonly used in dental
clinics, can produce highly accurate images14 and provide
precise locations of anatomical structures.

The position of the MnF and the shape of the lingula are
expected to affect the success rate of IAN block. However,
few CBCT studies of these structures have been conducted.
Therefore, the purpose of this study was to provide ana-
tomical information on the MnF and lingula relevant for
TAN block using CBCT.

Materials and Methods

In this study, CBCT data of 50 patients were selected
randomly from the picture archiving and communication
system of Kyung Hee University Dental Hospital from a
6-month period. The scans had been taken for orthodontic
treatments, orthognathic surgery, and temporomandibular
disorder using an Alphard Vega 3030 (Asahi Roentgen Co.
Ltd., Kyoto, Japan) with parameters of 80 kVp, 10 mA, and
13.3 seconds. The exclusion criteria were an asymmetric
mandibular shape, a history of mandibular fracture, and a
history of mandibular surgery. Thirty of the 50 initial pa-
tients were included in the study. Two MnFs were excluded
from the measurements because they were not well ob-
served due to movement artifacts. Thus, in total, 58 MnFs
and lingulae were studied in this study.

The image processing software OsiriX (v. 4.0; http://www.
osirix.com) on MacOS X (version 10.8; Apple, Inc., Cuper-
tino, CA, USA) was used to study the MnF and its surround-
ing structures. All measurements were made on multi-planar
reconstruction (MPR) with maximum intensity projection
(MIP). Observations of the shape of the lingula were made
on volume-rendering mode using the InVivoDental applica-
tion (v. 5.2; Anatomage Inc., San Jose, CA, USA).

To measure the distance between the occlusal plane
and the MnF, the axial plane was adjusted to the occlusal
plane (Fig. 1A). The center of the 3 planes was moved to
the center of the MnF. The sagittal plane line was then ro-
tated on the axial plane until it met the line passing from
the midpoint of the anterior border or the distal side of the
second molar area to the posterior border of the mandible
(Fig. 1B). The point was marked on the axial plane line as
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Fig. 2. Distance between the anterior and posterior borders and the
mandibular foramen. A. The center of the 3 planes is positioned at
the center of the mandibular foramen. B. Anterior and posterior dis-
tances are measured from the center of the mandibular foramen.

a reference point (Fig. 1C). The axial plane line was moved
to where the cortication of the MnF was completed. A mea-
surement was made between the reference point and the
axial plane on the rotated sagittal plane (Fig. 1D). A posi-
tive value indicated that the MnF was above the occlusal
plane, and a negative value meant that it was below the oc-
clusal plane.

The anterior border and the posterior border of the ramus
were confirmed on the same plane as the MnF. Specifically,
the distances from the center of the MnF to each anterior and
posterior border were measured on the axial plane (Fig. 2).

To measure the distances between the sigmoid notch and
the MnF and between the gonion and the MnF, the thickness
was adjusted and MIP-reconstructed (Fig. 3A). The thick-
ness was set to sufficient to cover the entire thickness of the
ramus in order to visualize the sigmoid notch and the gon-
ion (Figs. 3B and C). The distances from the center of the
MnF to the sigmoid notch and to the gonion were measured.

The anteroposterior and mediolateral diameters of the
MnF were measured (Fig. 4). The axial plane line was ro-
tated until the frontal plane line aligned with the long axis
of the mandibular canal (Fig. 4A). If this procedure had not
been done, the anteroposterior diameter would have been
longer than the real size of the MnF.
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Fig. 3. Distance between the sigmoid notch and the mandibular foramen. A. The center of the 3 planes is positioned at the center of the
mandibular foramen. B. The thickness is applied using the maximum intensity projection to visualize the sigmoid notch and the gonion. C.
The distances from the sigmoid notch and the gonion to the center of the mandibular foramen are measured.

Fig. 4. Anteroposterior and mediolateral diameters of the man-
dibular foramen. A. The axial plane line is rotated until the frontal
plane line aligned with the long axis of the mandibular canal. B.
Diameters are measured anteroposteriorly and mediolaterally.

For the lingula size, vertical length was measured from
the center of the MnF to the most protruding point of the
lingula (Fig. 5). For this measurement, the axial plane line

Fig. 5. Size of the lingula. A. The center of the 3 planes is on the
center of the mandibular foramen. B. The frontal plane line is
moved to where the tip of the lingula could be confirmed. The
vertical length is measured between the tip of the lingula and the
center of the mandibular foramen.

was rotated to the position parallel to the occlusal plane.
The frontal plane line was moved to visualize the ligula.
The vertical distance from the axial line to the tip of the
lingula was measured (Fig. 5B).

The shape of the lingula was observed on 3-dimensional
(3-D) volume rendering, and the shapes were classified ac-
cording to the system proposed by Tuli et al.” as triangular,
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truncated, nodular, or assimilated (Fig. 6).

All measurements were statistically analyzed using SPSS
version 20.0 (IBM Corp., Armonk, NY, USA). Mixed re-
peated-measures analysis of variance was used to evaluate
the significance of differences in each variables according
to sex and side. The threshold for statistical significance of
between-group differences was set at P<0.05.

Results

All results were expressed as mean * standard deviation.
The distance between the occlusal plane and the MnF was
—0.1 4.6 mm in males, while it was —0.8+3.1 mm in
females (Table 1). The distance between the anterior bor-
der of the mandibular ramus and the MnF was 15.3%+2.7
mm in males and 15.7%£2.6 mm in females. The distance
between the posterior border of the mandibular ramus and
the MnF was 19.1 £2.2 mm in males and 16.9 £ 1.5 mm
in females, which was a statistically significant difference
(P<0.05) (Table 2). The average distance between the sig-
moid notch and the MnF was 23.9+3.6 mm in males and
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Fig. 6. Shapes of the lingula. A. Tri-
angular type. B. Truncated type. C.
Nodular type. D. Assimilated type of
the lingula. The shapes are observed
in 3-dimensional volume-rendering
mode.

Table 1. Distance between the occlusal plane and mandibular foramen

Distance (mm) Number
Right Male -0.5+5.1 15
Female -03x29 14
Left Male 04+44 15
Female —-13+32 14

A minus sign (— ) means that the mandibular foramen is below the occlusal plane.

21.8+4.3 mm in females (Table 3). The distance between
the gonion and the MnF was 22.3+4.5 mm in males and
19.6 £2.5 mm in females. This distance showed statistical-
ly significant differences according to sex and side of the
mouth (P <0.05) (Table 3). The anteroposterior diameter of
the mandibular foramen was 3.2 0.7 mm, while the medi-
olateral diameter was 2.7 0.6 mm (Table 4). The distance
between the lingula and MnF was 9.3+2.4 mm in males
and 8.2 £2.6 mm in females (Table 5).

The most common shape of the lingula was the nodular
type (32.8%), followed by the triangular type (31.0%), the
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truncated type (25.9%), and the assimilated type (10.3%).
In males, the triangular type was the most common (33.3%),
followed by the nodular type (20.0%), the truncated type
(30.0%), and the assimilated type (16.7%). In females, the
nodular type (35.7%) was the most common, followed by
the truncated type (32.1%), the triangular type (28.6%), and
the assimilated type (3.6%) (Table 6).

Discussion

The position of the MnF and the position and shape of
the lingula affect the success rate of IAN block. Previous

Table 2. Distance between the anterior and posterior borders of

studies have investigated the location of the lingula and/
or MnF**'° but no study in the literature has yet investi-
gated the relationship between the shape of the lingula and
the success rate of anesthesia. Nonetheless, a prior study
did analyze the position of the lingula and the success rate
of AN block." That study argued that the lingula on pan-
oramic radiography is not a suitable landmark for the nee-
dle insertion point for IAN block due to the distortion pres-
ent on panoramic radiographs. By contrast, measurements
of distance and angles on CT and CBCT correspond very
closely to the actual size of the object.12

Table 4. Diameter of the mandibular foramen (mm)

the mandibular ramus and mandibular foramen (mm) Ante'roposterlor Me.dlolater‘al Number
diameter diameter*
. . "
Anterior border  Posterior border Number Male Right 3440 28408 15
Right Male 157426 193422 15 Left 34£05 26%05 15
Female —15.3£2.3 17.1£14 14 Female ~Right 30405 26404 14
Left ~ Male 152425 190422 15 Left 3.1£07 2.7£0.6 14
+ +
Female —— 15.9+24 16.9£1.6 14 All Male 34407 27406 30
#: P<0.05 between males and females Female 3.1%£0.6 27x05 28
*: P<0.05 between both sides
Table 3. Distance from the mandibular foramen to sigmoid notch
and gonion (mm)
Table 5. Length of the lingula (mm)
Sigmoid notch Gonion* Number
Length of the lingula Number
Right Male 240£40 215+4.6 15
Female 22.1+37 193+26 14 Right Male 94£26 15
Female 83+2.7 14
Left Male 238133 23.1+45 15
Female 21750 199+24 14 Left Male 92+24 15
Female 83+2.7 14
*: P<0.05 between males and females and between both sides (P =0.029)
Table 6. Shape of the lingula
Number Triangular type Truncated type Nodular type Assimilated type
Male Right 15 7(46.7%) 2(13.3%) 4(26.7%) 2(13.3%)
Left 15 3(20.0%) 4(26.7%) 5(33.3%) 3(20.0%)
Both sides 30 10(33.3%) 6(20.0%) 9(30.0%) 5(16.7%)
Female Right 14 3(21.4%) 6(42.9%) 4(28.6%) 1(7.1%)
Left 14 5(35.7%) 3(21.4%) 6(42.9%) 0(0.0%)
Both sides 28 8(28.6%) 9(32.1%) 10 (35.7%) 1(3.6%)
All Right 29 10 (34.5%) 8(27.6%) 8(27.6%) 3(10.3%)
Left 29 8(27.6%) 7(24.1%) 11 (37.9%) 3(10.3%)
Both sides 58 18 (31.0%) 15 (25.9%) 19 (32.8%) 6(10.3%)
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The diagnostic ability of CBCT has been useful to many
dentists. CBCT has become increasingly common in the
Republic of Korea because it has smaller voxels than con-
ventional CT, enabling it to express fine structures. Howev-
er, despite its versatility, it can only delineate calcified tis-
sue. Although it shows the outlines of soft tissues, it lacks
the ability to distinguish between soft tissues. It works at
a lower tube voltage and with less tube current than CT,
and the radiation dose of CBCT is lower than that of multi-
slice CT."” Nonetheless, depending on the instruments, the
radiation dose of CBCT is several times higher than that of
panoramic radiography.14

Because the MPR of CT is not an effective method for
recognizing shapes with a certain thickness, we used 3-D
volume rendering to observe the shape of the lingula, as it
is a more effective modality for distinguishing shapes. Dif-
ferences in the voxel size of CT (or CBCT) and the use of
different volume rendering software can affect the results,
which may explain discrepancies between our findings and
those of other studies.

The anteroposterior and mediolateral diameters of the
MnF in this study were 3.2+£0.7 mm and 2.7 +0.6 mm, re-
spectively; in contrast, Jansisyanont et al.? reported that the
mean anteroposterior diameter of the MnF was 4.7+0.8
mm. This discrepancy may reflect racial differences.

Tuli et al.” reported that the most common shape of the
lingula was the triangular type (68.5%) In a study of Indian
adult mandibles, followed by the truncated type (15.8%),
the nodular type (10.9%), and the assimilated type. Kosit-
bowornchai et al.'"’ studied Thai adult mandibles and re-
ported that the truncated type was present in 47.0% of man-
dibles, while the nodular, triangular, and assimilated types
were present in 23.0%, 17.0%, and 13.0% of mandibles,
respectively. Jansisyanont et al.’ studied the anatomy of
the ligula in dry mandibles from Thai individuals. In their
study, the truncated type was the most common (46.2%),
followed by the triangular type (29.9%), the nodular type
(19.6%), and the assimilated type (4.3%). In contrast, in our
study, the nodular type was the most common shape of the
lingula (32.8%), followed by the triangular type (31%), the
truncated type (25.9%), and the assimilated type (10.3%).
These discrepancies reflect racial differences among the
subjects in these studies.

Jansisyanont et al’ reported that the tip of the lingula
was positioned 8.2+2.3 mm above the occlusal plane. The
location was 20.6 +3.5 mm from the anterior border of the
mandible and 16.6 £2.9 mm from the mandibular notch.
In this study, the distance of the lingula from the MnF was
8.8+2.6 mm. The distance between the tip of the lingula
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and the occlusal plane was 8.9+ 5.3 mm. The distance be-
tween the anterior border and the MnF was 15.5+2.6 mm,
and the distance between the posterior border of the man-
dible and the MnF was 18.1 £2.2 mm. The anteroposterior
position of the lingula on the surface of mandibular ramus
was almost in the central area. The distance between the
gonion and the MnF was 21.0 3.9 mm. Based on these
results, the insertion point of the needle into the mouth
during the TAN block technique should be approximately 9
mm above the occlusal plane.

There are some limitations of this study. First, the thick-
ness of the soft tissue that the needle passes through could
not be measured. The length from the anterior margin of
the mandible to the MnF was 15.5+2.6 mm. A short nee-
dle is 20 mm long. Even though the length of a short needle
may be sufficient to reach the MnF, the hub of the needle
might touch the surface of the oral mucosa. The hub is
the weakest point of the needle, and is a common location
where needles break."”> Therefore, a long 25- or 27-gauge
needle has been recommended for the IAN block tech-
nique.ls’16 However, the thickness of the soft tissue over
this area has not been studied, and further research into
the proper length of the needle is needed. The distance be-
tween the anterior border of the mandibular ramus and the
MnF could not be measured in some cases. In those cases,
the position of the MnF was below the occlusal plane, and
the anterior margin was merged with the alveolar bone pro-
cess.

In conclusion, CBCT provided sufficient information on
the MnF and the lingula. For clinicians, it is essential to be
familiar with the anatomy of the MnF and the lingula in or-
der to perform IAN block successfully. Knowledge of the
insertion point and of the depth of needle insertion is need-
ed to achieve sufficient anesthesia of the mandible.
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