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ABSTRACT

Background: Cone Beam Computed Tomography (CBCT) provides 3D image, which can help in identifying
more than one canals, accessory and lateral canals. This study aimed to evaluate the commonly found root
canal morphology of mandibular premolars according fo Vertucci's classification in the target Pakistani
population using CBCT.

Methods: This is a cross-sectional study performed on n=432 mandibular premolars bilaterally. Patients who
fulfilled the inclusion criteria were sent to radiology department for CBCT. The CBCT images were examined
with the help of 3D planner version 2.0_2018 villa SM 2018 software. For the number of the roofs, position of
the root, canal bifurcation and Vertucci's classification of root canals Descriptive and Chi-squared statistics
were applied to observe most prevalent type of Vertucci's classification and to study its association
between genders.

Results: Type | root canal configuration was identified as most common type in mandibular first premolars of
right side [males: 36(87.8%); females: 65(100%)] and left side [males: 37(90.2%); females: 65(100%)]. In
mandibular second premolar Type | was commonly observed in right as well as left side [males: 34(82.9%),
females: 60(92.3%)]. Type V 3 (3.8%) was the second most common type followed by Type IV 1 (100%). The
significant difference was observed in both males and females mandibular first premolars right and left sides
(p=0.016, p=0.01 respectively).

Conclusion: Type-l root canal configuration in mandibular first premolars of right side was found the most
common in the targeted population. We also found that mandibular first and second premolars are
single-rooted and have single ovoid canal.

Keywords: Mandibular Premolars; Cone Beam Computed Tomography; Gender; Sexual Differentiation; Root
Canal Configuration.
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INTRODUCTION deviations during root canal therapy, enhancing the

chance for successful freatment? Overlooking to
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The morphology of aroot canal plays a vital role in the
endodontic freatment of teeth. The roots and their
configuration differ in different teeth'. Therefore, a
comprehensive knowledge of their anatomic
dissimilarities may help clinicians to perceive those

locate, prepare and obturate all the canals may
cause failure in treatment. The root and canal
anatomy may vary in a different ethnic or regional
population®4, It is essential to be aware of deviationsin
tooth morphology and distinguishing features in
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different ethnic groups as such, information can assist
in locating, negotiating and managing the canals’. It
has been stated that the original geometry of a
canal, before shaping and cleaning procedures, had
more influence on the changes, which occurred

during preparation, than the instrumentation
technigue itself®.
Conventional radiographic  techniques such as

periapical radiographs are used commonly in clinical
practice to identify the configuration of canals’.
However, the 2D imaging of the canals sometimes
results in missed canals and other anatomical structures,
which may lead to reinfection and failure of root canal
freatment®, The competent calculation of the anatomic
morphology before performing endodontic freatment
should use the most precise imaging system. Various
systems have been employed to study the internal
anatomy of teeth in three dimensions including clearing
and staining canal technique, cone beam computed

radiography (CBCT), digital and contrast
medium-enhanced radiographic techniques’,
scanning  electron  microscope (SEM) and

micro-computed radiography®.

CBCT in particular is a non-invasive and a sensitive
method which provides the three-dimensional
image of entire footh and its supporting structure''.
It is very valuable in dento-maxillofacial imaging.
The non-invasive, CBCT scanning was introduced in
the 1990s and has many dental applications,
including morphologic analysis'?. The variations in
root canal configuration are influenced by genetic
factors. Asian populations present one of the widest
variations in coronal shape, external root form and
internal canal space morphology's. The root canal
system is infricate and the canal may branch,
divide and re-join taking various pathways to the
apex. Vertucci found numerous complex canal
systems and idenfified eight pulp canal
configurations'. Many other classification systems
and modifications have been introduced but
to-date Vertucci's system remains the most reliable
method to identify the anatomical variations in the
root canal system of different teeth. None of these
studies has data related to the morphology of
mandibular premolars of Pakistani population.
Therefore, mandibular premolars have been
selected for this study.

The aim of this study is to determine the most
common type of root canal configuration of
mandibular premolars and their frequency amongst
males and females in sample size of Pakistani
population. The data for the morphological
variations in the root canal of mandibular premolars
is limited. Therefore, mandibular premolars have
been selected for this study. The study aimed to
evaluate the Vertucci's classification to describe
the canal configuration and root canal
morphology of mandibular premolars in sample size
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of Pakistani population using CBCT.
METHODS

This is a cross sectional observational study, to
evaluate the commonly found type of vertucci's
clossification and to compare the root canal
morphology of mandibular premolars in males and
females. The estimated population size was 432
mandibular premolar teeth of right and left side.
Patients from Dow University of Health Sciences, both
male and female with age ranging between 18-30
years were selected. Patients that reported to the
dental OPD of Dow International Dental College, Dow
University of Health Sciences were identified and
selected according to the inclusion criteria. These
patients were referred to radiology department for
the need of X-rays having either third molar impaction
or caries in different feeth but not involving
mandibular premolars. Patients having caries or
restored mandibular premolars, having periodontal
abscess, fractured mandibular premolars or any other
root anomaly were excluded. Rotograph Evo 3D and
3D planner version 2.0_2018° villa SM 2018 software
was used. The convenience sampling technique was
used to identify and recruit the patients for the study.
The participants were explained the steps involved in
the procedure. After taking informed consent from
the subjects, their socio-demographic details and
medical and dental history were obtained.

The patients were then referred to the Radiology
department where the CBCT images were
obtained using the CBCT equipment. The subjects
were provided neck collars and lead aprons and as
low as reasonably achievable (ALARA) principle
was followed. After obtaining the CBCT images, the
number of the roots, position of the root, canal
bifurcation and Vertucci's classification of root
canals was examined with the help of 3D planner
version 2.0_2018 villa SM 2018 by two examiners at
two different times. The inter-examiner reliability was
calculated for the observed parameters and found
out fo be highly significant.

The data analysis was executed using SPSS v21.
Chi-squared  test was  applied between
classification and mandibular first and second
premolar to identify the evaluation and compare
the differences in the mandibular first and second
premolar between males and females. The data
was non-parametric and sample size was less than
1000, therefore, Fisher Exact test was used for
comparison. Using PASS v11, test for 01 sample
proportfion with 95% confidence interval, 80% power
of the test, 5% margin of error and prevalence of
62.84% of type | classification.

RESULTS

The descripftive statistics were applied to calculate the
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mean age of the participants and gender. The mean
age of the study participants was 23.3+4.3 years. There
were 43 males and 65 female patients. The fotal
number of teeth observed on the right and the left
side are 432 of which 48.8% (n=211) first premolars and
49% (n=212) second premolars had one canal and
1.1% (n=5) first premolars and 0.9% (n=4) second
premolars were found fo have fwo canals. The
tfwo-canal morphology of the premolars was only
observed in males therefore no stafistics could be
computed for them. No variation was observed in the
number of roots. All the premolars that were observed
were single rooted.

The Chi-square statistics were applied to check the
association of the Vertucci's classification in
mandibular first and second premolars bilaterally.
Type | was the most commonly observed Vertucci's
classification in mandibular premolars of both sides
followed by Type V. Type IV was the least commonly
observed classification (Table 1). No other Vertucci's
type was observed in the premolars. Statistically
significant  association was observed in  the
mandibular first and second premolar on the right
(p<0.001) and left side (p<0.001). The values obtained
by Fisher's exact test were used, as the cell count was
less than 20. Table 1 shows the association when one
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particular type was compared to another type.

Table 1: Association of Vertucci's Classification in mandibular first and second premolar’s right side and left side.
Mandibular First and Second Premolar’s Right Side

Second Premolar

First Premolar

Type | Type IV Type V Total p-Valve

n (%) n (%) n (%)
Type | 92 (91.1%) 4 (4%) 5 (5%) 101
Type IV 1 (100%) 0 (0%) 0 (0%) 1 <0.001**
Type V 1(88.7%) 0 (0%) 3 (3.8%) 4

Mandibular First and Second Premolar’s Left Side

Type | 93 (98.9%) 0 (0%) 1(1.1%) 94
Type IV 4 (100%) 0 (0%) 0 (0%) 4 <0.007**
Type V 5 (62.5%) 0 (0%) 3 (37.5%) 8

**p-value less than 1% as computed by Fisher's exact test.

Table 2: Frequency of Vertucci's classification in mandibular premolars (both sides) between males and females.

Vertucci’s Classification

Mandibular Premolar Sides Type | Type IV N Type V Total | p-Value

N (%) (%) N (%)
Mandibular First Premolar (Right Side)
Males 36 (87.8%) 1(2.4%) 4(9.8%) 41 .
Females 65 (100%) 0 (0%) 0 (0%) 65 0016
Mandibular Second Premolar (Right Side)
Males 34 (82.9%) 3 (7.3%) 4(9.8%) 41
Females 60 (92.3%) 4 (3.8%) 8 (7.5%) 65 023
Mandibular First Premolar (Left Side)
Males 37 (90.2%) 0 (0%) 4 (9.8%) 41 001"
Females 65 (100%) 0 (0%) 0 (0%) 65
Mandibular Second Premolar (Left Side)
Males 34 (82.9%) 3(7.3%) 4(9.8%) 41 0.23
Females 60 (92.3%) 1 (1.5%) 4 (6.2%) 65

*p-value significant at 5% as computed by Fisher's exact test.
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In males, Type | was commonly observed in
mandibular premolars. In the right mandibular first
premolar 87.8% teeth had the Type | configuration
(n=3¢), followed by Type V which is 9.8% (n=4) and
2.4% of Type VI configuration (n=1) in males. Type |
was the only type that was observed in mandibular
first premolars of right side in females. Stafistically
significant differences were observed between
right mandibular first premolars of males and
females (p- =0.016) (Table 2). The Type |
classification was a common observation in right
mandibular second premolars in both males and
females 82.9% (n=34) and 92.3% (n=60) respectively.
Type IV was observed in 7.3% males (n=3) and 3.8%
of females (n=4). Type V was observed in 9.8%
males (n=4) and 7.5% of females (n=8). No
significant difference was observed between males
and females (p-value=0.23).

In the left mandibular first premolars, Type | was the
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only type observed in females. In males 90.2% teeth
had Type | (n=37) followed by Type V which was
9.8% (n=4). Type IV was not observed in males.
Statistically significant  association was found
between males and females (p-value=0.01). In the
left mandibular second premolars Type | was
observed in 82.9% (n=34) of males and 92.3% (n=60)
of females. Type IV was observed in 7.3% (n=3) of
males and 1.5% (n=1) of females. While type V was
observed in 9.8% of males (n=4) and 6.8% of females
(n=4). No significant was observed between males
and females.

The coronal view (Figure 1) of the teeth that were
used to observe the shape of orifice, which was
ovoid in all mandibular premolars and no
exceptions, were observed. The sagittal view of the
tooth and these images were used to identify the
Vertucci's classification  in the  mandibular
premolars (Figures 2a and b).

Figure 1: The coronal view of the cone beam computed tomography (CBCT) image showing the shape of

the orifice of the canals of the teeth.

Figure 2a: The left mandibular premolar showing Type | canal configuration in the sagittal view; 2b: The
sagittal view of the mandibular premolar showing the Type V configuration of the canal.

DISCUSSION

The most common type of root canal configuration
in our study was Type | that is a single canal from the
start of the pulp chamber to the apical foramen.
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Next common type that was observed was type V,
a single canal starting from the pulp chamber and
dividing into two separate canals af the apical part
of tooth. Type IV, that is presence of two canals with
two separate openings was also observed in our
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study. Other canal configurations were not
observed. Many patients involved in the study had
one root and type | configuration in mandibular first
(96.4%) and mandibular second premolar (95.6%) '°.
As per study conducted in Saudi Arabia 79.2% of
females had single canal configuration, whereas
males had 54.1% single canal, respectively’s.

The study conducted on Western Chinese
population observed single rooted first premolars
(98%) and 87.1% had single canal. They observed
type | as most common configuration followed by
type V 2. The presence of single canal have been
observed to be 69.3-86% in many studies, two
canals have been reported rarely*. In mandibular
first premolar type | was (62.2%) followed by type V
(20.3%). type Il (10.9%), type VI (4.2%) and type I, IV
and VIl respectively, whereas mandibular second
premolar had (78%) type | 7. While in our sample, it
was not observed. Studies conducted on Indian
population also observed higher prevalence of
Type | classification and single rooted teeth'®. The
study conducted on Saudi population observed
single rooted teeth with single canal and prevalent
type |'"?. In study conducted on Turkish Cypriots, 954
mandibular premolars were observed and 92.8%
teeth were noted to have single root with one
canal®. Type | followed by type V was the most
common morphology observed in their study and
type IV and Il were least common. Another study
which compared the clearing technique and CBCT
in mandibular premolars observed Type | followed
by Type V and IV 2. In our study, the percentage of
mandibular premolars with two canals was very low
(1.1% and 0.9%, respectively) and was only
observed in males. The findings in our study are in
accordance with other studies wusing similar
tfechnique.

The significant difference in males and females was
observed in mandibular first premolars on both
sides. The results of this study show that gender
dimorphism occurs in the canal configurations.
Mandibular first premolar found to have (98.8%)
single canal with (81%) type | configuration in
Chinese population?. It was observed in our study
that females had a higher percentage of Type |
prevalence in both types of premolars on each side
as compared to males. As per few studies it showed
type | configuration to be more prevalent (55.3% -
99.6%) having single root (89.5% - 100%) 2.

There are numerous methods for assessment of rootf
canal anatomy?#2?5, Using CBCT pictures has many
benefits, such as having outcomes similar to those
of direct procedures®. While taking single CBCT
image a greater area is added sometfimes resulting
in recording adjacent dentition as well®. This may
benefit in a precise identification of type of the
tooth in few cases. In comparison to CBCT images
and regular 2-Dimensional X-ray images, it is found

fo have given better accurate results that led to
more successful outcome of the treatment?-%,

Mandibular premolars have always been a
challenge for endodontists due to their diverse root
canal anatomy, and a lot of work has already been
done on it #. Still a lot more work is pending and
need to be done for the better interpretation and
hence beftter treatment by practitioners. Study
shows that rate of formation and completion of
footh roots is influenced greatly by genetic and
hormonal factors and can contribute greatly to
gender dimorphism between the roots of the
tfeeth®°,

The study is first of its kind to be conducted on
mandibular premolars of Pakistani population using
CBCT. This will provide baseline data for further
researches to be conducted on morphological
variations. One of the limitations of CBCT is that it
can only determine limited contrast resolution,
mainly due fo comparatively high-distributed
emission during image atftainment and innate flat
panel detector associated artefacts. The
technology is relatively expensive; patients have
limited knowledge of its benefits. Further studies
should be conducted on larger sample size and
ethnic variations should be identified not only on
mandibular premolars but on other teeth as well.
Combination of different techniques such as
clearing technique, 2D radiographs and CBCT
should be compared to evaluate the
morphological variations of root canal anatomy.

CONCLUSION

It has been observed in this study that mandibular
first and second premolars are single-rooted and
have single ovoid canal. The incidence of a single
canal was high in mandibular premolars as
compared to two canals. No mandibular premolars
with two canals were reported in females. Type |
root canal configuration was identified as the most
common type in mandibular 1 premolars of right
side. Type V was the second most common type
followed by Type IV. These findings are in
accordance to the studies conducted by other
researchers using CBCT in other population-based
studies.
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