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ABSTRACT

Aim: Using cone beam computed tomography, the study intends to assess changes in mandibular
premolar root canal shape and its link to the mental foramen in the Central Gujarat population.
Study Design: This is a retrospective, cross-sectional analysis.

Place and Duration of Study: Between September 2021 and December 2022 the was conducted
at the K M Shah Dental College in Vadodara, Gujarat, India, in combination with CBCT facilities in
the Central Gujarat area.
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Methodology:250 CBCT scans of medium and large FOV were obtained with approval from the
institutional ethics committee. The images were analyzed for anatomical differences between the
mandibular first and second premolars as well as the position of the mental foramen and how it
relates to the mandibular premolars.

Results: The most frequent morphologies in both the premolars were type I, that is 89.6 % and
72% respectively followed by type Il 6.4% and 20.8%. Only one 1st Premolar [0.8%] and four 2nd
premolars [3.2%] out of 250 were reported with type Ill Vertucci’'s canal configuration. The
Prevalence rate of Straight root canals in both premolars was 98.1%. Mental foramen were most
frequently found [58%] under the apex of the first premolar.

Conclusion: Type | Vertucci's canal configuration is the most prevalent morphological variation
observed in the mandibular premolar population in central Gujarat, followed by type Il Vertucci's
canal configuration. Additionally, the mental foramen is most frequently found between the apex of

premolars and below the apex of the mandibular second premolar.

Keywords: Mental foramen; canal configuration; mandibular premolar; vertucci’s classification;

computed tomography.

1. INTRODUCTION

The success rate of root canal therapy can be
increased by being aware of the anatomical
variances in root canal systems beforehand. A
contributing factor to the failure of root canal
therapy is a lack of understanding of the
variations in canal design and pulp architecture.

It is critical to understand both the pulp's typical
design and any anticipated changes. Along with
being able to identify the many types of normal
and pathological pulp architecture, a dentist
should be able to use specific procedures to
choose the type of anatomy within the pulp
during treatment [1,2]. Understanding the root
numbers, the number of canals in each root and
where they are located, the width and length of
the root's cross-section, the root's most common
curvature (especially in the buccoligual parts),
and the outline form of each root in all
dimensions [3-5].

The teeth with the highest prevalence of root can
al variation are premolars, second molars and
mandibular  incisors. Mandibular  premolar
canal variation was seen in 16.5% of instances
[6] 12.9% of cases [7] and 8% of cases [8]
Mandibular premolars usually have one root with
a single canal (54- 88.5%) [9]. Between 11.5 and
46% of mandibular premolars have been
reported to have several canals [10,11]. Two or
more canals have been identified in about 24%
of mandibular premolar instances [12]. Estimates
indicate the percentage of mandibular second
premolars having two or three root canals at
1.2% [9], 11% [13], and 0.4%, respectively.

The mental foramen is where the mental nerve
(MN), a branch of the IAN, exits the mandible

(MF). The MF can be situated anywhere between
the first molars in the posterior and the distal to
the mandibular canine in the anterior [14]. Both
surgical and non-surgical endodontic treatments
tend to injure this nerve, which manifests as
paresthesia due to the way the MF and MN are
positioned in relation to the mandibular posterior
teeth's root apices [15]. The risk of harm to the
MN increases if the MF is incorrectly identified
and insulted [16]. The location of the MF is
frequently difficult because there are no specific
anatomical indicators to utilize as a point of
reference.

Additionally, the majority of people cannot
clinically see or feel the foramen. A range of
techniques, including radiographic imaging and
the dissection of human mandibles, are used to
pinpoint the location of the MF [17]. However,
there is a significant potential for misidentification
considering the radiographic appearance of
radiolucent MFs. As a result, a 3-dimensional
(3D) picture of the MF and surrounding teeth is
necessary as conventional radiographs cannot
adequately inspect them [18].

In contrast to 2D radiography, Cone Beam
Computed Tomography (CBCT) scans produce
3D pictures that accurately depict root canal
systems, making them a dependable, non-
invasive evaluation method applicable in all
spatial planes [19]. Recent years have seen
widespread adoption of CBCT in dentistry as a
result of its advantages over traditional computed
tomography (CT) [20,21]. CBCT is a reliable and
accurate imaging modality that allows a 3-
dimensional evaluation of root canal morphology
of in vivo teeth with similar diagnostic accuracy
as micro-CT imaging [22]. This method allows for
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accurate measurements of the data obtained in
terms of both linear geometry and three
dimensions by using isotropic voxels, which have
similar dimensions in all three planes of space.

Due to a lack of knowledge regarding variability
in root canal morphological features of
mandibular premolars and their correlation to the
mental foramen, the goal of the current CBCT
study was to evaluate the root canal structure of
the mandibular first and second premolars and
their relation to mental foramen in the Central
Guijarat population.

2. MATERIALS AND METHODS

Between September 2021 and December 2022,
this retrospective, cross-sectional analysis was
conducted at the K M Shah Dental College in
Vadodara, Gujarat, India, in combination with
CBCT facilities in the Central Gujarat area. Since
this is a retrospective study, So 250 premolars
were evaluated by taking CBCT scans from the
database available at five distinct CBCT centers
situated in central Gujarat cities - Ahmedabad,
Nadiad, Anand and Vadodara.

2.1 Sample Size Calculation

The sample size was calculated according to a
previous study done [23], Using the formula [Z2.p
[1-p)/ e? | 1+ [Z2.p [1-p)/ €?p], and the minimal
sample size was calculated to be 250 with a 95%
confidence interval.

The estimated percent frequency of the outcome
factor in the population(p) is 9.2% %5, and the
population size (for the finite population
correction factor, or fpc) is 5000. The percentage
of 100 (absolute %) that represents the
confidence intervals are as follows: d = 5%; p =
0.09 (proportion of the result under study); 95%
confidence interval; 1.959964 Z-score.

2.2 Inclusion and Exclusion Criteria

The high-quality CBCT scans of first, second
premolar and first molar from the right or left
side of mandibular jaws with medium and large
FOV from the central Gujarat population, patients
belonging to the age group of 18 to 60 years;
premolars with the absence of periapical lesion;
and with no previous endodontic treatment were
included in the study. CBCT scans of missing
mandibular premolars; scans with any artefacts
that hinder the view of canals; fractured

mandibular jaw and premolars with open apex
and resorption were excluded from the study.

2.3 CBCT Evaluation

CBCT scans were taken from 5 different CBCT
center, all were calibrated and high-quality
Scans. Scans were selected as per inclusion and
exclusion criteria and all the scans of CBCT were
evaluated by both the principal investigator and
co-investigator who had undergone training to
evaluate the CBCT scans. Then 15 CBCT scans
were randomly allotted to the Principal
investigator and Co-investigator. The Kappa test
was done to check the Intra-examiner variability
and inter-examiner variability and a minimum
85% value was set to get common consent.
These scans were assessed till they reached an
assessment value of (<_ 85%). The remaining
scans were further evaluated by both
investigators in the same manner.

Sagittal, coronal, and axial parts of CBCT scan
DICOM files were examined, and the following
data was assessed:

1. In the sagittal and coronal sections of
the CBCT, the root canal system
configuration of the mandibular first and
second premolars is as per Vertucci
[1984].

2. The quantity of canals seen in the
mandibular premolars on the CBCT's
axial section.

3. The mandibular premolars' root canals
exhibit bifurcation or trifurcations.

4. The degree of apical bifurcation, if any,
or trifurcation

5. The separation between the mandibular
posterior teeth's root apex and the
mental foramen in the sagittal area of
the CBCT.

6. Degree of root curvature in mandibular first
and second premolars in sagittal or
Coronal section.

7. This was then further evaluated by a
blinded co-investigator who is well-versed
in the evaluation of CBCT scans.

2.4 Statistical Analysis

The information was then assembled and
computed. The analysis of the data was done
using IBM SPSS Version 21.0. The data were
expressed using the frequency for categorical
variables and the mean SD for continuous
variables.
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3. RESULTS

Table 1 illustrates, 250 CBCT scans from people
living in Central Gujarat were used in this
investigation. In the first and second premolars,
the most prevalent morphologies were type |,
that is 89.6 % and 72% respectively followed by
type 116.4% and 20.8%. Only one 1st Premolar
(0.8%) and four 2nd premolars (3.2%) out of 250
showed type Il vertucci’s canal configuration and
only one-second Premolar (0.8%) and three first
premolars (2.4%) showed type V configuration.
The rest five premolars did not fit into any of
Vertucci's classifications as 2 of them displayed
type | and 3 teeth appeared to be in Gulabiwala's
classification.

This means that type | was the most prominent
pattern detected in premolar root canals,
followed by type Il and occasionally type V,
although type Ill, type IV, and type VI were less
frequent.

The Prevalence rate of Straight root canals in
both premolars was 98.1% and only 5 premolars
[2%] out of 250 showed curvature which ranges
from 7-40° (Table 2). Only 3 teeth out of 250(i.e.
1.2%) show bifurcation & other are single-rooted
in which two were mandibular second premolar
(Table 2).

The location of the mental foramen was found
most frequently below the apex of the first
premolar (58%), followed by the area between
the first and second premolar (33.2%). less
commonly it was found below the apex of the first
premolar in 1.6% of cases (Fig. 1).

4. DISCUSSION

Researchers can perform root canal therapy
more successfully and reduce the chance of
failure by understanding the shape and structure
of the root canals as well as the variations in
appearance between various populations. Similar
studies have helped us to understand the canal
morphology of mandibular premolars better
before endodontic treatment because they
exhibit significant variance in that area.
Specific forms of canal arise in different
ethnic groups because genetic and racial
variances are major factors that may alter root
canal structure.

The current study examined the prevalence of
anatomical variations in the mandibular
premolars in people of central Gujarat, as well as

their association with the mental foramen. We
discovered that type | Vertucci's design is the
most prevalent root canal configuration, with
89.6% and 72% of cases in the mandibular first
and second premolars, respectively. Although
Type | is widespread in different populations, the
percentage varies. However, a study by Lu et al.
and Yang et al. on the Chinese population found
that only 54% and 86.8% of mandibular first
premolars, respectively, had a single canal, but
only 22% and 97.2% of mandibular second
premolars did [24] in contrast to 92% and 72% in
our study on the central Gujarat population.
Similar research on the south Indian population
revealed that type | was most prevalent, with first
and second premolars showing it in 83.88% and
93.48% of cases, respectively [25]. The first and
second premolars in the mandible had the
highest prevalence of Type | morphology,
according to research by Salar Pour et al. and
Kim et al. using similar CBCT data on
Iranian and Korean populations, respectively
[26,27].

Type |l Vertucci's canal arrangement is the
second most frequent variation identified in our
investigation. In contrast with what our study
found, type V was the second most common
pattern among South Indian and Chinese groups.
Parallel for the Iranian population, it was the
second most common pattern of occurrence,
however, the percentage differed in each
population [26]. 3.2% of first premolars and 0.8%
of second premolars in the mandible in central
Gujarat's population had type V vertucci's canal
structure.

About 98.2 % of premolars exhibited single roots
while only 3Premolars included an apical
bifurcation and two roots. These findings align
with research conducted on the populations of
South India and Thailand [24].

In our study, the curvatures of the root and canal
were also assessed. In our study, the most
frequent shape was a straight root with a straight
root canal. Only 2% of premolars had curvatures,
ranging from 7 to 40 degrees, with the distal
curvature being more common in both premolars.
These findings are comparable to research done
on the population of Iran [26].

One of the most important anatomical features in
the anterior part of the mandible is the mental
foramen and numerous researches have focused
on determining its location, shape, opening
angle, and distances from other significant
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Table 1. Frequent morphology found in mandibular premolars (Vertucci’s canal configuration)

Vertucci’s
classification

15t mandibular premolar [%]

2" mandibular premolar [%]

| 112 [ 89.6%)]

[ 8 [6.4%]
Il 1[0.8%]
\Y 0
Vv 3
VI 0

90 [72%]
26 [20.8%]
4 [3.2%]

0

1[0.8%]
0

Table 2. Prevalence of anatomic variation in mandibular premolars

Curvature

Straight — 245

Curvature — 5 [7-40°]

C-shaped Canal 0
Number of Roots

Single Rooted — 247 [98.85]

Bifurcation — 3 [1.2%)]
Trifurcation — 0

Below the Apex of
1st Premolar

Between 1st and
2nd Premolar

18

Between 2nd
Premolar & 1st
Molar

Below the Apex of
2nd Premolar

® Location of Mental Foramen

Fig. 1. Location of mental foramen in relation to mandibular premolars

anatomic landmarks. When performing some
surgical treatments, such as apicectomy and
genioplasty, the distance between the MF and
the apex of the nearest adjacent root is a crucial
element to take into account. To prevent harm to
the neurovascular bundle leaving the Mental
foramen, a surgeon and an endodontist must be
aware of the precise distance of the MF from the
root. Lower lip paresthesia can also be caused
by neglecting the mental foramen.

Individual deviations may occasionally occur, but
the most commonly documented location of the
mental foramen in the scientific literature is the
region of the second premolar in the fully formed
jaw.

This study indicates that the mental
foramen is most frequently found below the
second mandibular premolar's apex and then
between the first and second mandibular
premolar's apices. The findings are comparable
to those of another study conducted among
Indians [28].

5. CONCLUSION

Within the limits of the study, it was concluded
that Type | and Type Il vertucci's canal
configurations are the most prevalent
morphological variations observed in the
mandibular first and second premolars of the
central Gujarat population. Mandibular premolars
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typically consist of a single root and one canal.
Additionally, the mental foramen is most
frequently found below the mandibular second
premolar's apex and between the first and
second premolar's apexes. Further studies are
required to know the canal configuration of
premolars in various regions of the Indian
population.

6. LIMITATIONS

This study has a few limitations that must be
addressed. To fully represent the Gujarat
population, a larger sample size is advocated for
future study. The age of the patients, as well as
changes in FOV, should be taken into account in
future research. Furthermore, the spatial
resolution of the CBCT employed in this study
was lower than that of micro- and nano-CT,
which might have influenced the results. Since
scans of CBCT were acquired from five distinct
CBCT centres, there was the possibility of bias
due to different machines used and possible
differences in magnification, but all the
machines used were calibrated and with higher
quality. Further multicenter research employing
improved methods such as micro-CT may be
able to address the limitations of the current
study.
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