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Abstract

Obijectives: The purpose of the present study was to determine the location and configuration of the mandibular
canal and related vital structures as a pre-implant assessment using Cone Beam Computed Tomography.
Materials and Methods: 141CBCT scans were undertaken by Kodak 9500® Cone Beam 3D Systems and the
scanning parameters were 90 kV, 10 mA, voxel size 0.2 mm and medium field of view.

Results: The course of the mandibular canal reported (61.17%) catenary-like, (28.19%) progressive descent and
(10.64%) had a straight pattern. The buccolingual dimension showed that the mandibular canal was located close
to the lingual cortical plate (almost 2-3 mm) in the molar region and as it proceeds antetiorly it moves toward
the buccal aspect of the mandible to emerge finally through the mental foramen. The vertical dimension showed
that the canal was located almost 1 cm above the inferior border of the mandible and then ascended to reach the
mental foramen, which is located 15.72mm (range 13.82-18.25 mm) above the inferior border of the mandible.
Conclusions: Anatomic variations and lesions affecting the mandibular canal were common findings in the
CBCT images of the mandible produced for dental implant planning. An awareness of these alterations is im-
portant for dentistry because some of them might require treatment, change oral surgery planning and difficult
inferior alveolar nerve anesthetic block.

Introduction gery, dental anesthesia, mandibular osteotomy, root canal therapy
and any other surgical procedures involving the mandible [2-4].

The mandibular canal is a bony canal that emerges from the man-

dibular foramen on the medial aspect of ramus and runs obliquely
in downward and forward direction to ends at the mental fora-
men. The mandibular canal contains the inferior alveolar artery
and the inferior alveolar nerve, which branch to provide innerva-
tion to the mandibular teeth and adjacent structures [1].

Identification of the detailed anatomy of the inferior alveolar ca-
nal (IAC) including the position, course and morphology is ex-
tremely important for dental implantplacement, third molar sur-
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Many complications, such as altered sensation, paresthesia, numb-
ness and pain, often occurred if vital structures, such as inferior
alveolar nerve (IAN) and mental foramen, are not properly identi-
fied. In addition, damage of the related blood vessels such as in-
ferior alveolar or lingual artery that induce massive bleeding may
also arise from failing to identify these structures. So, it is critical
to determine the location and configuration of IAC and related
anatomical structures to minimize these types of damages |[5].
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Significant limitations have been found in earlier studies describ-
ing the intra-bony anatomy of mandibular canal. For example,
dry skull reports may have variable diseases and lack relevant data
such as age, gender, or include edentulous mandibles, or use in-
consistent and anatomically irrelevant landmarks [0].

In particular, the distances between IAC and dental implants or
prostheses are so small as to require preoperative evaluation that
includes precise measurements with an error of less than 1 to 2
mm [7].

Panoramic radiograph is a quick, simple, low-dose, and low-cost
pre-surgical diagnostic tool for implant planning [8] and provide
an excellent general overview of the jaws and the dentition. How-
ever, panoramic radiography represents an insufficient method
for determining the pre-implant bone status due to magnification
in the vertical plane, distortion in the horizontal plane, super-im-
position of airway shadows, soft tissue shadows, and ghost im-
ages |9] in addition to provision of a 2D image so the true rela-
tionships may not be demonstrated well and neither bucco-lingual
width nor angulation of the available bone can be visualized on
panoramic radiographs [10].

For many years Computed tomography (CT) has been the gold
standard and the most accurate pre-implant evaluation technique,
as the information provided is three-dimensional. Its diagnostic
value may also be limited by sever dental artifacts, high radiation
doses, image noise and higher costs of the procedure [9].

Recently, cone beam computed tomography units has gained con-
siderable importance as a 3D assessment of the dento-maxillofa-
cial region with a single rotation of the gantry. The use of CBCT
provides a number of potential advantages over conventional CT,
including x-ray beam collimation, reduced effective doses, fewer
artifacts and easy handling [11, 12].

Materials and Methods
Study Design and Subjects

This is a cross-sectional retrospective study carried out on ran-
domly selected 141 CBCT scans (66 male & 75 female ranged
in age from 17 to 70 years with mean age 41.65). These CBCT
scans undertaken in the Department of Oral Medicine, Periodon-
tology, Diagnosis, and Oral Radiology, Al-Azhar University be-
tween 2012 and 2016 as a part of clinical diagnostic procedure
for various reasons, such as implant placement, extraction of the
third molar, or orthodontic treatment planning. CBCT scans with
positioning errors or subjects with mandibular pathology were
excluded from the study. CBCT scans were undertaken by Kodak
9500® (Carestream Dental, USA) Cone Beam 3D Systems and the
scanning parameters were 90 kV, 10 mA, voxel size 0.2 mm and
medium field of view.

Image Evaluation
CBCT images were processed and observed with Blue Sky Plan®
(Blue Sky Bio, LLL.C, Grayslake, IL, USA) program (Version 3.39.5)

to assess the following criteria:

1. Course of the mandibular canal:

http://scidoc.org/IJDOS.php

The course of the mandibular canal, as seen in the panoramic re-
construction, was classified into three types according to Ozturk
etal., (2012) [13] and Worthington (2004) [14]: (a) Straight projec-
tion, (b) catenary-like configuration; “curled as hanging between
two points” and (c) progressive descent.

2. Location of the mandibular canal in the mandibular body:

In cross sections of the mandibular arch the following measure-
ments were undertaken:

1. Upper border of the mental foramen (MF) to the inferior
and superior border of the mandible.

2. Upper border of the mandibular canal (MC) to the inferior
and supetior border of the mandible at the level of the me-
sial root of the first molar.

3. Upper border of the MC to the inferior and superior border
of the mandible at the level of the distal root of the first
molar.

4. Upper border of the MC to the inferior and superior border
of the mandible at the level of the mesial root of the second
molar.

5. Upper border of the MC to the inferior and superior border
of the mandible at the level of the distal root of the second
molar.

6. MC to the buccal and lingual cortex at the level of mesial
root of the first molar.

7. MC to the buccal and lingual cortex at the level of distal root
of the first molar.

8. MC to the buccal and lingual cortex at the level of mesial
root of the second molar.

9. MC to the buccal and lingual cortex at the level of distal root
of the second molar.

In panoramic reconstruction, the distance between upper border
of the MF to the infetrior border of the MC as well as the distance
between upper border of the MF to the root tip of 2™ premolar
were assessed.

Results
Course of Mandibular Canal

Based on our findings the course of the mandibular canal, into
3 different configurations: 1) a straight projection; the final part
of the canal was almost at the same level with mental foramen,
2) a catenary-like configuration; “curled as hanging between two
points” and 3) progressive descent; the mandibular canal trave-
led anteriorly and downward, then leveled off around the mo-
lar teeth, in almost horizontal course, and then in a sharp ascent
to emerge in the mental foramen in the premolar region (Figure
1). The most common configuration was a catenary-like canal
present in almost more than one-half of the specimens (N=87;
61.17%) without predilection between males and females (51.7%
to 48.3%) and slight predilection < 40 years by about 55.2%. This
pattern was followed by the progressive descent (N=39; 28.19%)
that showed an obvious predilection in females by about 77%
with slight predilection to found in = 40 years by about 54%. The
remaining specimens(N=15; 10.64%) had a straight pattern that
showed a significant predilection in males and = 40 years by 80%
Table (1).
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Figure 1. Shows the Anatomic Configurations of the Mandibular Canal in the Vertical Plane into Catenary - like (A),
Straight (B) and Progressive Descent (C) Respectively.

Table 1. Summarize the Anatomic Variations of the Course of Mandibular Canal and its Relations with Gender and Age.

(141 )CBCT scans Male (66) | Female (75) | <40 (63) | =240 (78)
Catenary like (87) 61.17% 45 42 48 39
Straight (15)10.64% 12 3 3 12
Progressive descent  (39)28.19% 9 30 18 21

The Horizontal Location of the MC within the Body of the
Mandible

In the buccolingual dimension, the mandibular canal was found
to be either in contact with or close to the lingual cortical plate in
the molar region in the majority of cases.

The mean distance from muost lingnal point of the canal to external
surface of lingual cortex at mesial root of 1 molar was 3.67 + 1.72
mm; the mean distance from most lingual point of the canal to external
surface of lingual cortex at distal root of 1% molar was 2.24 = 1.43
mm; the mean distance from mzost lingual point of the canal to external
surface of lingnal cortex at mesial root of 2" molar was 2.15 = 1.30
mm; and the mean distance from muost lingual point of the canal to
excternal surface of lingual cortex at distal root of 2" molar was 2.13 £
1.26 mm (Figure 2, Table 2).

The mean distance from most buccal point of the canal to external sur-
Jace of buccal corfex at mesial root of 1% molar was 4.09 £ 1.54 mm;
the mean distance from most buccal point of the canal to external surface
of buccal cortex at distal root of 1stmolar was 5.34 * 1.80 mm,; the
mean distance from most buccal point of the canal to external surface
of buccal corfex at mesial root of 2™ molar was 6.04 £ 1.76 mm;
and the mean distance from most buccal point of the canal to external
surface of buccal corfex at distal root of 2 molar was 6.25 * 2.00
mm (Figure 2, Table 2).

The vertical location of the MC within the body of the man-
dible

In vertical dimension, the detailed anatomy of the mandibular
canal was studied considering the inferior and superior borders of
the mandible as reference points. The measurements of the upper
border of the mandibular canal with respect to the body of the
mandible were performed at 5 different points (mental foramen,
mesial and distal roots of first and second molars).

The course of MC in relation to the inferior border of the

mandible: The mean vertical position as measured from the up-
per border of the mandibular canal to the inferior border of the
mandible at the level of the mesial root of 1st molar was 11.39
+ 2.03mm, ranging from 9.70 to 14.46 mm. The mean vertical
position as measured from the upper border of the mandibular
canal to the inferior border of the mandible at the level of the
distal root of 1st molar was 10.81 £ 1.75mm, ranging from 9.65
to 13.80 mm. The mean vertical position as measured from the
upper border of the mandibular canal to the inferior border of
the mandible at the level of the mesial root of 2°! molar was 10.86
+ 2.21mm, ranging from 8.94 to 14.70 mm. The mean vertical
position as measured from the upper border of the mandibular
canal to the inferior border of the mandible at the level of the
distal root of 2" molar was 11.33  2.30mm, ranging from 8.87
to 15.40 mm (Figure 3, Table 2).

The course of MC in relation to the superior border of the
mandible: The mean vertical position as measured from the up-
per border of the mandibular canal to the superior border of the
mandible at the level of the mesial root of 1% molar was 18.38
+ 2.04mm, ranging from 15.00 to 21.01 mm. The mean vertical
position as measured from the upper border of the mandibular
canal to the superior border of the mandible at the level of the
distal root of 1* molar was 17.63 * 1.81mm, ranging from 15.10
to 20.90 mm. The mean vertical position as measured from the
upper border of the mandibular canal to the superior border of
the mandible at the level of the mesial root of 2" molar was 17.43
t+ 2.20mm, ranging from 15.10 to 21.23 mm. The mean vertical
position as measured from the upper border of the mandibular
canal to the superior border of the mandible at the level of the
distal root of 2™ molar was 17.29 + 2.69mm, ranging from 12.30
to 20.90 mm (Figure 3, Table 2).

The Relations of MF

The mean vertical position as measured from the upper border
of the mental foramen to the inferior border of the mandible
was 15.72 + 1.84mm, ranging from 13.82 to 18.25 mm. The mean
vertical position as measured from the upper border of MF to
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Figure 2. Shows Relations of Mandibular Canal to the Buccal and Lingual Cortex at the Level of Mesial and Distal Root of
1¢* and 2" Molar Respectively.

Table 2. Summarize mean, standard deviation, minimum and maximum values of all cone-beam CT measurements; UD,

upper distance: the distance between upper border of MC and the superior border of the alveolar ridge; LD, lower dis-

tance: the distance between upper border of MC and the inferior border of the mandible; BD, buccal distance: the distance
between the most buccal point of the canal and the perpendicular point on the buccal margin of the mandible; LID, lingual
distance: the distance between the most lingual point of the canal and the perpendicular point on the lingual margin of the

mandible.
MC UD LD BD LID
Mean 18.38 11.39 4.09 3.67
SD + 2.04 2.03 1.54 1.72
Mesial root 1" molar -
Min 15.00 9.70 217 1.51
Max 21.01 14.46 5.82 6.74
Mean 17.63 10.81 5.34 2.24
) SD * 1.81 1.75 1.80 1.43
Distal root 1 molar -
Min 15.10 9.65 2.38 0.95
Max 20.90 13.80 8.19 4.68
Mean 17.43 10.86 6.04 2.15
SD + 2.20 2.21 1.76 1.30
Mesial root 2" molar -
Min 15.10 8.94 3.15 0.61
Max 21.23 14.70 8.37 4.20
Mean 17.29 11.33 6.25 2.13
SD + 2.69 2.30 2.00 1.26
Distal root 2" molar -
Min 12.30 8.87 3.19 0.43
Max 20.90 15.40 9.36 3.96

upper border of the mandible was 15.41 & 1.85mm, ranging from
13.00 to 18.86 mm. The mean vertical position as measured from
the upper border of MF to inferior border of MC was 4.21 = 1.23
mm, ranging from 2.80 to 5.90 mm. The mean vertical position
as measured from the upper border of MF to the root tip of 2nd
premolar was 4.41 * 2.49 mm, ranging from 1.20 to 5.70 mm
(Figure 4, Table 3).

Discussion

Presently, CBCT and Multi Slice Computed Tomography (MSCT)

have been recommended as appropriate diagnostic imaging tools

for assessment of dental implant; the accuracy of both CBCT
and MSCT images is reportedly high in linear measurement [15].
In addition; the diagnostic quality and depiction of fine anatomic
features in the mandible associated with neurovascular structures
is consistent between CBCT and MSCT images [16]. The present
study used CBCT due to its superiority over MSCT as; the radia-
tion dose is relatively low, CBCT machine can be used easily and
effectively in a dental clinic and the higher level of resolution in
CBCT images than that in MSCT images [17].

The course of the mandibular canal axial and sagittal views was
studied in CBCT images. The mandibular canal followed 3 differ-
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Figure 3. Shows Relations of Upper Border of Mandibular Canal to the Superior and Inferior Border of the Mandible at the
Level of 1 and 2** Molar Respectively.

Figure 4. Shows Relations of Upper Border of Mental Foramen to Inferior Border of Both the Mandible and Mandibular
Canal Respectively.

Table 3. Summarize Mean, Standard Deviation, Minimum and Maximum Distance from the Upper Border of MF to Supe-
rior (UD) and Inferior border (LD) of the Mandible as well as to Root tip of 2° Premolar and the Inferior Border of MC.

UD LD UB to 2™ premolar toot tip | UB of MF to LB of MC
MF | Mean 15.41 15.72 4.41 4.21
SD+ 1.85 1.84 2.49 1.23
Min 13.00 13.82 1.20 2.80
Max 18.86 18.25 5.70 5.90

ent patterns: a straight projection, a catenary-like configuration
and progressive descent. In our study, only a small percentage
(10.64%) had the mandibular canal fitting the classic description
of straight projection. This group is less favorable for implant
placement posterior to premolars. The most common pattern
found in our study group was the catenary-like canal (61.17%).
This pattern provides more space for implant placement, espe-

cially in the first molar region compared with the premolar region.
This was followed by the progressive descent (28.19%). The find-
ings of this study are nearly in agreement with the results of Oz-
turk et al., (2012) [13] on adult dry skulls who recorded (51.1%)
catenary-like, (36.7%) progressive descent and (12.2%) straight
projection and very similar to a recent report on panaromic radio-
graphs by Liu et al., (2009) [18].
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It was showed that, as the MC runs from the mandibular foramen
obliquely not only in downward and forward direction, but also in
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