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Abstract

Background The aim of this study was to identify the

relative position and course of the inferior alveolar canal

(IAC) in relation to the apices of the teeth in Saudi dentate

subjects. Measurements were taken using cone beam

computed tomography (CBCT).

Patient and Methods In this cross-sectional retrospective

study, 124 cases were selected from the archived images in

‘‘Galileos’’ CBCT machine in Riyadh Colleges of Dentistry

and Pharmacy. The sample included both males and

females with their ages ranging from 15 to 61 years. The

distance between the apices of the teeth from the first

premolar till the second molar was measured. Also, the

distance between the buccal and lingual alveolar plates and

the inferior alveolar canal and the distance from the infe-

rior border of the mandible to the alveolar canal were

assessed utilizing the cross-sectional images.

Results The buccolingual linear measurements indicated a

lingual course of the canal in both males and females. A

significant difference existed between males and females

regarding the vertical distance inferior to the IAC at first

premolar on the right and left sides, On the right side in

females the linear distance was (9.2 mm ± 1.03), and in

males (10.9 mm ± 1.5), while on the left side in females

the distance was (8.9 mm ± 1.7), while in males

(11.3 mm ± 0.34). In 57% of the study group the mental

foramen was found between the first and second premolars,

while in 35% of the studied cases it was located below the

second premolar.

Conclusion The inferior alveolar canal acquires a lingual

course in this selected sample of the Saudi population

detected by cone beam computed tomography.

Keywords Cone beam volumetric computed tomography �
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Introduction

The inferior alveolar canal (IAC) or the mandibular canal

(MC) is an important osseous structure located in the

mandible that permits the passage of the neurovascular

bundle including the inferior alveolar nerve (IAN) and the

mandibular division of the trigeminal nerve (V3). The

(IAC) begins at the mandibular foramen in the middle third

of the ascending ramus and ends in the mental foramen

(MF) usually below the apex of the second premolar or

between the first and second premolars [1].

Better understanding of the intrabony anatomy of the

(IAC) and its relationship to mandibular molar (MM)

anatomic landmarks, particularly with emphasis on the

tooth, may aid to decrease the risk of inadvertent (IAN)

injury associated with various surgical interventions in the

area including sagittal split osteotomies or placement of

fixation screws [2].

Periapical and panoramic radiographs are two-dimen-

sional, conventional imaging techniques that have been

used for the evaluation of surgical sites for the localization

of critical anatomic structures [3, 4].

The main drawbacks of these imaging techniques are

superimposition of overlying anatomy, distortion and

magnification, the presence of acquisition and processing

artifacts and lack of information in the third dimension [5].

Cone beam computed tomography (CBCT) is an

excellent preoperative diagnostic tool for visualization of

the (MC) and the collection of accurate measurements.

CBCT allows the three-dimensional reconstruction of

maxillofacial structures overcoming all limitations of two-

dimensional imaging [6].

Aim

Owing to the absence of such (IAC) studies from this part

of the world, this preliminary study was performed. The

aim of this study was to identify the relative position of the

inferior alveolar canal in relation to the apices of the teeth

and its course variability in dentate Saudi subjects.

Materials and Methods

One hundred twenty-four cone beam computed tomo-

graphic (CBCT) images were randomly selected from

saved cases in the Department of Oral Radiology, Riyadh

Colleges of Dentistry and Pharmacy (RCsDP). From these

cases 56 patients were males and 68 were females. Their

ages range from 15 to 61 years. Ages were further

classified into 4 groups from 15–25, 26–35, 36–45 to

46–61 years.

All patients were Saudi patients with full set of dentition

excluding the third molar. The exclusion criteria included

radiographs with one or more missing teeth, deeply

impacted third molar, large pathological lesion or an

obvious surgical procedure that could affect the course of

the canal. The study was approved by the ethical com-

mittee of (RCsDP) under the number FIRP/2014/108.

All images were taken by the same trained personnel

on the same machine. Images were obtained by Sirona,

Galileos CBCT 3D Digital Imaging System, at 85 kV,

5–7 mA and 14 s, Germany. Images were displayed on a

3–9-in. LCD monitor with 1280 9 1024-pixel

resolution.

The exact location of (IAN) was identified by utilizing

the cross-sectional view where the following measurements

in millimeter were taken, as shown in Figs. 1(1A, 1B) and

2.

Kappa value between observers was 0.98 for measured

values. All the data were analyzed using descriptive anal-

ysis, ANOVA and Chi-square through SPSS software

version 20.

Fig. 1 (1A) Schematic diagram of various linear measurement

parameters modified from Balaji et al. [6], where (A): distance

between the root apex to the superior surface of IAN canal; (B): outer

cortex of the buccal side to outer buccal surface of (IAN) canal; (L):

outer cortex of the lingual side to outer lingual surface of (IAN) canal;

and (D): outer cortex of the inferior side to outer inferior surface of

(IAN) canal. (1B) Cross-sectional view, showing the measured

distances using Galileos, Sirona software
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Results

Regarding the apical position of the canal in relation to

second molar, first molar, second premolar and first pre-

molar, it was found that the closest apical distance to the

IAC was related to the distal root of the second molar,

while the farthest location is below the apex of the first

premolar. The closest to the buccal cortex was the relation

of the IAC and the first and second premolar. On the other

hand, the farthest inferior distance was in relation to the

first and second premolars, as represented in Fig. 3.

The IAC was located more lingually in the mandibles of

Saudi males and in females. In males there was not any

significant difference between the right side and the left

sides of the jaws regarding the course of the IAC at

p\ 0.05. On the other hand, in females there was a sig-

nificant difference in the course of the IAC between the

right and left side of the mandible in relation to the first

molar’s mesial and distal roots at p = 0.04 and p = 0.001,

respectively. The IAC tended to shift more lingually on the

right side of the jaw at the mesial root (2.9 mm ± 1.5) than

the same root on the left side of the jaw (3.6 mm ± 1.41)

Fig. 2 A tangential view

demonstrating all measured

distances
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and at the distal root (2.2 mm ± 1.5) on the right side than

on the left side (2.9 mm ± 1.3).

A significant relation existed on the left side of the

mandible (p = 0.04) at the mesial root of the first molar

buccally, where in males (5.2 mm ± 1.6), while in females

(4.2 mm ± 1.4). Moreover, a significant difference existed

between males and females regarding the vertical distance

inferior to the IAC at first premolar on the right and left

sides at (p = 0.01). On the right side in females the linear

distance was (9.2 mm ± 1.03), and in males (10.9 mm ±

1.5), while on the left side in females the distance was

(8.9 mm ± 1.7), while in males (11.3 mm ± 0.34)

(Figs. 3, 4, 5).

In the relationship between different age categories and

different measured variables, a significant relation

(p = 0.02) was found between ages 36–45 and ages 46–61

regarding the buccal aspect of the distal root of the second

molar where mean distances were (5.4 mm ± 1.5) and

(6.02 mm ± 1.7), respectively. Moreover, a significant

correlation was found (p = 0.02) regarding the lingual

aspect of the mesial root of the first molar between ages

15–25 and ages 36–45 where means of measured distances

were (3.7 mm ± 1.7) and (2.7 mm ± 1.2), respectively.

Regarding the distribution of different mental foramen

location among Saudis, see Figs. 6, 7, 8.

The distribution of mental foramen location in relation

to gender is shown in Fig. 6.

Discussion

The inferior alveolar canal (IAC) shows variety of patterns

in its course both in vertical and in buccolingual dimen-

sion, resulting in an increased incidence of unintentional

injury to IAN (inferior alveolar nerve) during treatment

procedures like implant placement and mandibular

osteotomy. This makes the knowledge of the anatomy of

the mandibular canal and its related structures crucial [7]

where according to Gerlach et al. [8] IAC damage may

cause sensory deficits up to 8.3%.

Cone beam computed tomography (CBCT), a relatively

new imaging modality in dentistry, produces high-resolu-

tion, superimposition-free, artifact-free, non-magnified and

undistorted 3D images of the maxillofacial anatomy that

can be reformatted in any desired plane for interactive

viewing and image manipulation [9].

Fig. 4 Schematic presentation of the course of the IAC in both right and left sides of the jaw in males and females in apical to dentition

J. Maxillofac. Oral Surg. (July–Sept 2019) 18(3):452–458 455

123



In this study the course of the IAC in Saudi population

was studied using CBCT imaging, where it was found that

the linear distance from the buccal cortical plate to the IAC

is more than the linear distance from the lingual cortical

plate to the IAC, indicating a lingual course of the canal.

This finding is consistent with the finding of Tae et al.

[10], where they found that alveolar canal followed the

lingual cortical plate at the mandibular body and ramus.

This type of buccolingual course was considered favorable

in implant placement without causing any damage to

inferior alveolar canal.

Moreover, it was also found that the closest distance was

related to the mesial root of the second molar, while the

farthest lingual distance was related to the first premolar

region due to tendency of the inferior alveolar nerve to

emerge through the mental foramen. This finding was

confirmed by the findings of other investigators who dis-

sected the mandibles of cadavers [11].

The closest apical distance was related to the apex of the

distal root of the second molar with mean apical distance

3.7 mm. This finding is similar to the finding of Abdullah,

Fig. 5 Schematic presentation of the course of the IAC in both right and left sides of the jaw in males and females in buccolingual relation to

dentition
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2008, in his study where he found that the closest apical

distance was related to the apices of the distal and mesial

roots of the second molar, but with lesser mean apical

distances (2.3 mm) for the distal root [12].

Regarding the inferior distance from the inferior border

of the mandible to the IAC, the highest vertical distance

was related to the first premolar due to the ascending

course of the canal in this region toward the mental

foramen.

Comparing between the different studied parameters in

relation to gender, it was found that no significant differ-

ence was found in males between the right and the left

sides of the jaw, while in females a significant difference

existed between the right and left sides, where the canal

had a more lingual course on the right side of the mandible

below the first molar than the left side. This finding is

related to previous findings where the right and left halves

are not entirely symmetrical. The right halves value is

noted to be always higher than the left values which is

consistent with reports from the literature [13]. On the

other hand, when comparing between males and females,

there was a significant increase in the buccal distance in

relation to the mesial root of the first molar in males more

than in females. Also, there was a significant increase in the

vertical distance in males at the first premolar region than

in females, which may be attributed to increase in the

overall vertical dimension in the mandible in males more

than in females.

When comparing different age categories to measured

parameters, there was a significant difference between

36–45 years and 46–61 years in the area of the distal root

of second molar buccally where the distance increased by

age, shifting the canal more lingually by age. At the same

time the lingual distance increases in relation to the mesial

root of first molar in the age 15–25 than 36–45 year.

The location of the mental foramen varies from being

between the first and second premolars, which constituted

57% of the population, or below the second premolar

constituting 35% of the population. This finding is contrary

to the finding of Ngeow et al. [14] in his study indicating

the most common position for the MF was in line with the

longitudinal axis of the second premolar (69.2%) followed

by a location between the first and second premolar

(19.6%).

When relating the location to gender prevalence, it was

found that females surpass males in the prevalence of the

two common locations, while males surpass the females in

the location between the second premolar and first molar.

Regarding different age categories, the common loca-

tion in different age categories is between the first and

second premolars, while the location below the second

premolar is more prevalent in the oldest age category

between 46 and 61 age categories.

Conclusion

The identification of the location of the IAC using CBCT is

crucial for avoidance of IAC injury during implant place-

ment or other surgeries such as sagittal split osteotomy.

According to the current study of a sample of the Saudi

population, it was found that the linear distance from the

buccal cortical plate to the IAC is more than the linear

distance from the lingual cortical plate to the IAC, indi-

cating a lingual course of the canal.

The location of the mental foramen varies from being

between the first and second premolars, which constituted

57% of the population, or below the second premolar

constituting 35% of the population.
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