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Evaluation the Relationship between Mandibular Molar Root Apices and
Mandibular Canal among Residents of the Moscow Population using
Cone-Beam Computed Tomography Technique

Abstract

Background: The relationship between the inferior alveolar nerve and the root apices of the
mandibular molars and premolars is of clinical importance. The aim of this study was to determine
the relationship between the mandibular canal (MC) and the mandibular molar root apices using
cone-beam computed tomography (CBCT) scanning among residents of the Moscow population.
Materials and Methods: Three hundred CBCT scans for patients aged 20-70 years were
analyzed. Patients were divided into three age groups: young group (2044 years), middle-age
group (45-59 years), and elderly group (60-70). The distance from the MC and the mandibular molar
root apices was measured in each group in the coronal view of CBCT scans. Statistical analysis was
set on P < 0.05. Results: The mean distance from the mesial root apices of the first, second, and
third molars to the MC was 4.92, 2.85, and 2.24 mm, respectively. The distal root showed to be the
closest root to the MC in multirooted teeth. The young age group showed smaller distances to MC
than other age groups (P < 0.05). Females showed smaller distances to MC in mandibular molars
than males (P < 0.05). Conclusions: The distance between the root apices and the MC has to be
taken into consideration when performing surgical or endodontic procedures.
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Introduction

The mandibular canal (MC) is an
intraosseous duct, begins at the mandibular
foramen on the medial surface of the
mandibular ramus, curves downward and
forward until it becomes horizontal below
the apices of the mandibular molars,
then it divides in the premolar area in
two branches; the incisive canal which
continues horizontally to the midline, and
the mental canal, which turns upward and
opens in the mental foramen. The inferior
alveolar nerve (IAN), artery, and vein are
located inside this canal.lV

The relationship between the IAN and
the root apices of the mandibular molars
and premolars is of clinical importance,
especially  during  complex  surgical
procedures, that involve interfering
with the IAN, such as extraction of the
mandibular third molar located close to
MC which considered a risk factor of
IAN injuries,” or surgical endodontic
procedures in the posterior mandible.
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These procedures could damage the TAN
as a result of its proximity to root apices,
and this damage can cause paresthesia or
dysesthesia in the region of distribution
of the nerve.’* The TAN could also be
affected during nonsurgical endodontic
treatment by mechanical irritation like over
instrumentation with endodontic files®>® or
by chemical processes such extrusion of
irritants!” or root canal filling materialst®*!
or by increasing in temperature proximal to
the IAN >10 C.['I

IAN damage occurs frequently between
0.5% and 8% during surgical or endodontic
procedures in the posterior mandible.!"
For that, clinicians should pay attention to
avoid any extrusion of root canal material
close to IAN, and before undertaking any
procedure that may damage the IAN, it is
critical to identify the location of the IAN
with respect to the surrounding structures to
avoid any injury.l'”

A few studies have evaluated the
relationship between the MC and the root

How to cite this article: Razumova S, Brago A,
Howijieh A, Barakat H, Kozlova Y, Razumov N.
Evaluation the relationship between mandibular
molar root apices and mandibular canal among
residents of the moscow population using cone-beam
computed tomography technique. Contemp Clin Dent

2022;13:3-8.

Svetlana Razumova,
Anzhela Brago,
Ammar Howijieh,
Haydar Barakat,
Yuliya Kozlova,
Nikolay Razumov

Department of Propaedeutics
of Dental Diseases, Medical
Institute, Peoples’ Friendship
University of Russia (RUDN
University), Moscow, Russia

Submitted : 08-Nov-2019
Revised :28-Feb-2020
Accepted : 01-Oct-2020
Published : 23-Mar-2022

Address for correspondence:
Dr. Ammar Howijieh,

117198, Miklukho-Maklaya
Street, 6, Moscow, Russia.
E-mail: amarhweje@gmail.com

Access this article online

Website:
www.contempclindent.org

DOI: 10.4103/ccd.ccd_388_19
Quick Response Code:

© 2022 Contemporary Clinical Dentistry | Published by Wolters Kluwer - Medknow



Razumova, et al.: The radiologic relationship between mandibular molars and mandibular canal

apices of mandibular teeth using periapical or panoramic
radiographs.'”  Panoramic radiography is a routine
preoperative examination in dentistry; it displays a full view
of the dentition and the anatomical structures. However, it
could not give an accurate confirmation of the relationship
between the anatomical structures and the teeth because of
the two-dimensional (2D) image.['

Recently, cone-beam computed tomographic (CBCT)
technique allows to assess the distance between the MC
and the mandibular molar root apices in 3D images with
high accuracy and high reliability.'>'! The aim of this
study was to determine the distance between the MC and
the root apices of mandibular molars among residents of
the Moscow region.

Materials and Methods

This cross-sectional study included
patients (170 females and 130 males) from those
attending the radiologic diagnostic center for CBCT
images in Moscow in the period between October
2017 and May 2018. Written consent was signed by
all patients. The study protocol was approved by the
Ethics Committee in People’s Friendship University of
Russia (RUDN University).

Patient confidentiality was strictly respected and no
personal information was divulged except the age and the
sex, whereas patients were divided into three age groups:
young age (20—44 years), middle age (4559 years), and
elderly (6070 years).

CBCT scans were taken by a 3D eXam (Kavo, Biberach,
Germany) with standard exposure settings (23 cm x 17
cm field of view, 0.3 mm voxel size, 110 kV, 1.6-20 s)
and were analyzed by two endodontic examiners in a
semi-dark room using [-CAT viewer software (version 10,
Hatfield, England). Inclusion criteria were (1) patients aged
20-70 years and (2) permanent mandibular molars with
no periapical lesions. Scans were excluded if a periapical
lesion or root resorption was discovered. The mandibular
molars were studied in three-plane (sagittal, axial, and
coronal) slices. The shorter distance between the root
apices and the MC was measured in mm from the closed
point of the apices of both roots (distal and mesial roots)
to the border of the MC in the coronal view. The contrast
and brightness tools were used to enhance the measuring
procedures.

IBM SPSS Statistics v 22.0 licensed package (IBM,
Chicago, IL, USA) was used for statistical processing of
the used data. The method of descriptive statistics (mean
and standard division) was used for statistical processing of
the received data. The comparison between the age groups
was analyzed by one-way ANOVA test with P < 0.05.
The comparison between males and females was done by
independent #-test with P < 0.05.

Results

Three hundred CBCT scans (170 females and 130 males)
were analyzed and resulted in 396 mandibular first molars
and 378 second molars and 125 third molars.

Mandibular first molar

For the first molar, the younger group showed to have
smaller distances to MC than other age groups (P < 0.05).
The mean distance for mesial root was 4.46 mm in the
young group, 5.04 mm in the middle group, and 5.11
mm in the elderly group. For the distal root, the mean
distance was 4.25, 4.59, and 4.69 mm for age groups,
respectively [Table 1 and Figure 1].

Mandibular second molar

The roots of the mandibular second molar were closer to
MC than the first molar. The mean distance for the mesial
root was 2.52, 3.01, and 3.05 mm in the young, middle,
and elderly groups (P < 0.05).

When comparing the distances on both right and
left sides, no difference was observed in each
group (P > 0.05) [Table 2 and Figure 2a and b].

Mandibular third molar

The mandibular third molar was observed to have one
root in most cases. The mean distance for one-rooted third
molar was 1.84, 2.02, and 2.05 mm in the young, middle,
and elderly groups, respectively (P > 0.05). The roots for
this tooth had the closest distance to MC [Table 3 and
Figure 2c].

the distance between the roots

molars and MC in males and
females, it was observed that molar roots in
females had a smaller distance to MC than in
males (P < 0.05) [Table 4 and Figure 3].

When comparing
of mandibular

Distance:
1: 3.89 mm
2: 414 mm

Distance 3.00 mm

Figure 1: (a) The distance from mesial roots of mandibular first molar in both
sides the right one 4.14 mm and the left 3.89 mm. (b) The distance from the
distal root of the mandibular first molar on the right side and about 3.00 mm
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Table 1: The meanzstandard deviation of the distance between mandibular first molar root apices and mandibular

canal

Distance Young group Middle group Elderly group Total Test P
Left

M 4.45+2.32 5.08+2.70 5.114+2.61 4.81+£2.81 ANOVA 0.04

D 4.22+2.50 4.66+2.51 4.72+2.55 4.60+2.51 ANOVA 0.03
Right

M 4.50+2.40 5.01+2.80 5.154€2.18 4.91+2.62 ANOVA 0.04

D 4.28+2.71 4.58+2.82 4.65+2.60 4.46+2.60 ANOVA 0.03
Total

M 4.46+2.41 5.04+2.73 5.114+2.60 4.92+2.71 ANOVA 0.04

D 4.25+2.50 4.59+2.72 4.69+2.42 4.5142.40 ANOVA 0.03

Comparison between left and right

Independent #-test >0.05

Table 2: The meantstandard deviation of the distance between mandibular second molar root apices and mandibular

canal

Distance Young group Middle group Elderly group Total Test P
Left

M 2.5242.12 2.93+£2.20 3.12+£2.19 2.85+2.13 ANOVA 0.03

D 2.41£1.85 2.82+2.20 2.8542.33 2.64+2.10 ANOVA 0.03
Right

M 2.53+£2.20 3.10£2.22 3.01£2.20 2.82+2.20 ANOVA 0.03

D 2.35£1.97 2.81£2.10 2.85+2.11 2.65+2.03 ANOVA 0.02
Total

M 2.52+2.10 3.01£2.01 3.05+£2.10 2.85+2.01 ANOVA 0.03

D 2.38+1.92 2.82+2.14 2.85+2.21 2.64+2.05 ANOVA 0.04

Comparison between left and right

Independent ¢-test >0.05

Table 3: The meantstandard deviation of the distance between mandibular third molar root apices and mandibular

canal
Distance Young group Middle group Elderly group Total Test P
Left
M 2.15+1.92 2.29+2.01 2.31+1.98 2.22+1.98 ANOVA 0.04
D 2.02+1.91 2.15£1.98 2.16£2.05 2.08+1.97 ANOVA 0.04
1 root 1.85£1.65 2.05£1.87 2.06£1.96 1.95+1.85 ANOVA 0.02
Right
M 2.14+1.95 2.30+2.00 2.32+1.98 2.24+1.94 ANOVA 0.01
D 2.01£1.72 2.16£1.91 2.18+1.95 2.06£1.91 ANOVA 0.04
1 root 1.81£1.70 2.02+1.82 2.05+1.96 1.92+1.84 ANOVA 0.02
Total
M 2.15£1.91 2.29+2.00 2.31£1.99 2.24+1.92 ANOVA 0.03
D 2.00+1.81 2.15£1.90 2.16£2.00 2.05+1.91 ANOVA 0.03
1 root 1.84+1.63 2.02+1.86 2.05+1.96 1.94+1.88 ANOVA 0.54

Comparison between left and right

Independent #-test >0.05

Discussion

IAN injuries are serious complications during surgical
extraction of the mandibular third molar or during
endodontic treatment in the posterior mandible, which
is responsible for 8%-35% of reported iatrogenic nerve
damage.'"'® The risk factors of IAN damage in the
literature are the clinicians’ experience and age and sex of
the patient, and the most important one is the anatomical

relationship between the root apices of mandibular
molars and MC.["! TAN damage could also be a result
of accidental extrusion of sealer into the MC. In the
literature, it was observed four possibilities of extrusion
of endodontic sealer into the periapical region: (1)
toward the MC, (2) drainage through lymphatic
vessels, (3) systemic diffusion through a periapical vein,
and (4) progression toward soft tissues between bone and
mucosal membrane.?%
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Figure 2: A coronal view of the second and third mandibular molar. (a)
The distance from the mesial root of the second molar to the mandibular
canal, (b) The distance from the distal root of the second molar to the
mandibular canal, (c) the proximity of the third molar to the canal

The precise identification of the MC is so important for the
planning of many dental procedures, and the knowledge
of relationship between the MC and teeth roots is of
clinical significance for clinicians,?'?? and using the CBCT
technique is considered the gold standard for judging this
relation.

In 2018, a review was conducted to assess the IAN injuries
due to endodontic treatment and resulted that IAN injuries
after endodontic treatment require urgent management
and suggested that early surgical removal of excess of
endodontic materials near the nerve during 72 h allows the
best recovery.?)

To our knowledge, a few studies were conducted to assess
the relationship between the MC and the root apices of the
posterior mandible in different populations;!'>¥ therefore,
this study aimed to determine the relationship of the MC
and the root apices of mandibular molars in different
age groups using CBCT among residents of the Moscow
population.

Various studies have been conducted to study the proximity
of the MC and the root apices of mandibular molars.
A study by Simonton et al. reported that females had
significantly more vertical distance from the [AN to the
mesial and distal roots.”> Denio et al. used sectioning on
22 mandibles to evaluate the relationship of the MCs to
root apices, finding that the mandibular second molar had

Figure 3: A panoramic view of a female, 23 years old, and it is observed the
small distance between the mandibular molars and the mandibular canal

Table 4: The meantstandard deviation of the distance
between mandibular molar root apices and mandibular
canal according to sex

Tooth Root Male Female Test P

Mandibular M 5.1242.10 3.98+2.06 Independent z-test 0.001
first molar D 4.67+2.13 3.64+2.10 Independent ¢-test 0.02
Mandibular M 3.0542.21 2.55+1.97 Independent ¢-test 0.04
second molar D 2.7542.04 2.20£1.90 Independent #-test 0.04
Mandibular M 2.2942.01 1.95£1.83 Independent ¢-test 0.01

third molar D 2.09+1.87 1.91£1.85 Independent #-test 0.03
1 root 2.03£1.96 1.90+1.87 Independent ¢-test 0.04

the closest distance to the canal.?®! Sato et al. studied the
distance from root apices to the superior border of the
MC using computed tomography images and panoramic
radiographs and found that the root apices of the first and
second molars were closer to the MC in females than in
males. In addition, the average distance from the first molar
mesial root was 1.06 mm and from the distal root was
0.99 mm.['3

A study by Koivisto et al. used CBCT to determine the
proximity of the MC to the tooth apex and found that the
mandibular second molars were closed to the MC than
other teeth, and younger patients were significantly closer
to the MC than older patients.'

Another retrospective study among central Indians by
Hiremath et al. resulted in that the average distance of IAN
to the mesial root apex of the first molar was 1.46-13.23
mm for males and 0.93-8.03 mm for females, and for the
second molar, the average distance was 1.31-14.71 mm for
males and 0.00-6.91 for females.?*!

In a study by Biirklein ef al. in the German population,
627 CBCT scans were analyzed and the results showed
that the mean distance from the MC to the root apices of
the first, second, and third molars was 4.9, 3.1, and 2.6
mm, respectively, and the distance was smaller in women
compared to men and smaller in young patients.!'>) Chong
et al. found in their study that in 54.8% of the cases, the
IAN lies <3 mm from the anatomic apex of the root.l*”

This study included 300 CBCT images and recorded 396
mandibular first molars, 378 second molars, and 125 third
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molars and resulted that the mean distance from the root
apices of the first, second, and third molars was higher
in mesial roots of the first molars (4.92 mm) and smaller
in the third molars (1.94 mm). The results also showed
that distal roots of mandibular molars were closer to the
MC than mesial roots in each age group; these results are
agreement with other studies.['3!”]

Regarding the difference between the groups, the young
group showed a smaller significant distance between the
root apices and the MC than other age groups, and this
is also incompatible to Birklein er /'™ and Koivisto
et al. ' where the distance was increased with age. This
result indicates that the facial skeletal growth may continue
during late adolescence.

Regarding the distance between molar roots and MC in
males and females, our results coincide with the results of
Hiremath et al.?* and Sato ef al.,/'¥ in which females show
a smaller distance to MC than males. The mean distance
in distal roots in mandibular first, second, and third molars
was 4.67, 2.75, and 2.09 mm in males, respectively, while
in females, the mean distance was 3.64, 2.20, and 1.91
mm, respectively.

Conclusions

Within the limits of this study, the distal roots of
mandibular molars were closer to the MC than mesial
roots. The young age group showed a smaller distance to
MC than other age groups. This relationship between the
MC and the root apices should be taken into consideration
when performing surgical and endodontic procedures in the
posterior mandible, and clinicians should be aware of the
proximity of root apices to the MC to avoid any damage
to the TAN. Using CBCT is an invasive technique and
provides accurate 3D images for the anatomic structures
and helps avoiding the IAN injuries.
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