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ﬂBSTRACT \

Background: The anatomical complexity of maxillary first premolars in root and canal configurations
can present challenges in endodontic treatment and extractions. Maxillary first premolars may
occasionally have three roots and three canals, affecting freatment outcomes. Therefore, this study
was designed to assess the variations in the number of roots and root canals in maxillary first
premolars in the Pakistani subpopulation using Cone Beam Computed Tomography.

Methods: Using convenient sampling, a cross-sectional study was conducted from January 2023 to
January 2024 at Fatima Memorial Hospital. A total of 270 maxillary first premolars were analyzed on
143 CBCTs to identify several roots and canals. Patients aged 13 years and older with premolars
having fully erupted and completely formed roots were included. Data was analyzed using SPSS
version 23 with a Chi-square test to evaluate the differences between genders on both sides.

Results: A Total of 143 participants were analyzed, having 270 maxillary first premolars. 14.8% (n=40)
had one root and one canal, 9.3% (n=25) had one root and two canals, 73.3% (n=198) had two roots
and two canals, and 2.6% (n=7) exhibited three roofs and three canals. A statistically significant
difference (p=0.036) in root and canal morphology was observed between genders, with males
showing more variations. Bilateral symmetry was noted in 88.7% (n=127) of cases, with the right side
showing a slightly higher prevalence of three roots and three canals (2.96%; n=4).

Conclusion: The study highlighted the uncommon but possible occurrence of three roots and three
canals in maxillary first premolars, underlining the importance of thorough radiographic evaluation
for successful treatment.
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INTRODUCTION

Many patients visit the dental outpatient
department (OPD) with painful, carious teeth
requiring freatments  from extractions  to

conservative approaches like root canal therapy
(RCT). RCT involves removing infected coronal and
radicular pulp, a process complicated by the
intfricate  and variable root canal systems'.
Therefore, a thorough understanding of root and
root canal anatomy is vital fo successful endodontic
freatment, which includes comprehensive cleaning
and shaping of canals, three-dimensional
obturation, and a tightly sealed coronal restoration
to prevent any leakage?.

Successful endodontic outcomes rely on a thorough
understanding of the root canal morphology.
particularly in  premolars and molars, where
anatomical variations can complicate the
freatmentss. Effective chemo-mechanical
preparation and filling of the root canal system
depend on knowledge of normal root canal
anatomy and its variations, as identified in various
studies®. Missed canals, often due to limited
anatomical knowledge, lead to poor freatment
outcomes®. Notably, the presence of three roofts
and three canals in maxillary first premolars is
through rare presents a significant challenge for
clinicians in terms of diagnosis and freatments.

Accurate RCT and the safest exiraction mandate
precise knowledge of several canals and roots is
mandatory’. Premolars and molars are known for
variation in the number of roots and canals, ranging
from one to three across different populations®. This
variability is further influenced by individual and
population-specific anatomical differences’.

Traditionally, two-dimensional imaging is the
standard for dental radiographic examinations, but
it often results in superimposed or distorted images,
hindering accurate diagnosis and treatment
planning'®. To overcome these limitations, various
methods such as dye injection, decalcification, and
sectioning enhanced radiographic imaging with
contrast media have been employed to study tooth
morphology''.

Since its infroduction in 1998, Cone Beam
Computed Tomography (CBCT) has become a
valuable tool in dentistry, providing precise
three-dimensional images. CBCT is widely used in
oral and maxillofacial surgery, implant denfistry,
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endodontics, orthodontics, and general dentistry. It
also aids in understanding the complex root canal
morphologies and dental anomalies associated
with cleft lip and palate with a generation of less
ionizing radiation along with better magnification
and better measurements without geometric
distortion!21314,

The maxillary first premolar typically erupts between
the ages of 10 and 11 years, with root development
completed by ages 12 to 14 years's. These
premolars are predominantly two-rooted with
twolé, Therefore, this study aimed to explore
variations in the number of roots and root canals in
the maxillary first premolar within the Pakistani
subpopulation.

METHODS

The study was a cross-sectional study conducted
from January 2023 to January 2024 in the
Department of Radiology, Fatima Memorial Hospital
(FMH) College of Medicine and Dentistry, Lahore. It
was approved by the Institutional Review Board
(Reference number: FMH-26/12/2022-IRB-1156). The
sample size was calculated by using the formula
(n=p (1-p) (Z/e)2)'%. Using CBCT imaging, data on
143 maxillary first premolars were collected via
convenient sampling and recorded in a structured
proforma.

CBCT scans, cdlibrated to ?0kV and 10mA, with a
12-second exposure, were analyzed bilaterally to
identify roots and canals. Standardized settings
included a scan diameter of 100mm, a volume of
80mm, and a slice thickness of 0.35mm. Images
were evaluated using Planmeca Romexis software
(v6.0.0.3) on a 24-inch monitor in a dimly it
environment. Patient demographics, including age
and gender, were documented.

Patients aged 13 years and older with fully formed
maxillary first premolars were included, while those
under 13 or missing these teeth were excluded.
Informed consent was obtained, and confidentiality
was ensured.

Data were analyzed using SPSS v23, with categorical
variables  presented as  frequencies and
percentages. Chi-square test were performed to
assess significant differences by gender and side,
with a p-value < 0.05 considered stafistically
significant.
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RESULTS

Table 1: Participants’ Demographics and Premolar Analysis Overview

36,94+ Male Female Right Left
13.83 57(40%) 86(60%) 135(50%) 135(50%)
Total Participants: 143 (100%) Total Premoilars: 270 (100%)

The present study assessed maxillary first premolars in 143 participants with 57 (40%) males and 86(60%)
females using CBCT imaging with a mean age of 36.94 + 13.83. A totfal of 270 teeth were analyzed after
accounting for missing or extracted premolars (Table 1).

Table 2: Variation in Number of Roots and Canals of Maxillary First Premolar

One Root, One Candl 20 (14.8%) 20 (14.8%) 40 (14.8%)
One Root, Two Canals 13 (9.6%) 12 (8.9%) 25 (9.3%)
Two Roots, Two Canals 99 (73.4%) 99 (73.4%) 198 (73.3%)
Three Roots, Three Canals 3 (2.2%) 4 (2.9%) 7 (2.6%)
Total 135 (100%) 135 (100%) 270 (100%)

The maijority of premolars, 198 (73.3%), had two roots, followed by 40 (14.8%) with one root and one canal,
25 (9.3%) with one root and two canals, and 7 (2.6%) with three roots and three canals (Table 2).

CBCT images illustrating three bilateral roots and three canals are shown in Figure 1.

Figure 1: CBCT Slices Showing Bilateral Three Roots and Three Canails. Slices: A) Cervical, B) Middle, C) Apical.

Bilateral symmetry in root morphology was observed in 88.7% (n=127) of participants, while 11.3% (n=16)
exhibited asymmetry. CBCT images illustrating bilateral asymmetry are shown in Figure 2.

Figure 2: CBCT Slices Showing Bilateral Asymmetry with One Root (One Canal) on the Right Side (Yellow
arrows) and Two Roots (Two Canals) on the Left Side (White arrows). Slices: A) Cervical, B) Middle, C) Apical.
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Table 3: Distribution of Root Numbers and Root Canals in Maxillary First Premolars (Left and Right Sides)

Left Right Left Right
One 33 (24.4%) 32 (23.7%) 20 (14.8%) 20 (14.8%)
Two 99 (73.3%) 99 (73.3%) 112 (82.9%) 111 (82.2%)
Three 3 (2.22%) 3 (2.22%) 3 (2.22%) 4 (2.96%)
Total 135 (100%) 135 (100%) 135 (100%) 135 (100%)

Three roots were observed infrequently at 2.22% (n=3) on both sides, while the corresponding three root
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canals were more common on the right side (2.96%; n=4) (Table 3).

Table 4: Distribution of Root and Canal Configurations in Maxillary First Premolars by Gender and Side

Males Females Males Females

n=55 n=80 n=57 n=78
One Root, One Candl 5(9.1%) 15 (18.75%) 5 (8.8%) 15 (17.4%)
One Root, Two Canals 7 (12.7%) 6 (7.5%) 6 (10.5%) 6 (7.0%)
Two Roots, Two Canals 41 (74.6%) 58 (72.5%) 43 (75.4%) 56 (65.1%)
Three Roots, Three Canals 2 (3.6%) 1 (1.25%) 3 (5.3%) 1(1.2%)
P-value 0.326 0.036*

*Significant p-value

Gender analysis revealed that males had a slightly higher prevalence of two roofs with two canals (74.6% on
the left and 75.4% on the right). Three roofts with three canals were rare, with a slightly higher occurrence in
males on the right side. Additionally, three roots and three canals were rarely observed in females (Table 4).

DISCUSSION

The findings showed 24.4% of makxillary premolars
had asingle rooft, aligning with a study done in Saudi
Arabia (23.7%) and in Jordan (30.8%) but differing
significantly from studies in Nepal (65.9%) and Japan
(80.8%), 70, The most common configuration was
two roofs with two canals (73.3%), consistent with
Jordanian (63.2%), Saudi (75.1%), and Kosovar
(70.14%) populations'®?'22, However, a study report-
ed 33.7% of two-rooted premolars in Nepal®.

Single-rooted premolars with a single canal were
observed in 14.8%, and 9.3% had a single rootf with
two canals. Side-specific differences in canal
configuration were also noticed. While most of the
teeth on both sides had two roofs with two canals in
alignment, studies on Egyptian and Jordanian
populations reported similar values of 73.2% and
79.7%, respectively, with two roofs and two
canals®8,

Three roots with three canals were rare (2.6%), align-
ing with the Saudi study (1.2%) but differ from

higher prevalence of two roots with two canals
(74.6% left and 75.4% right) compared to females
(72.5% left and 71.8% right). Conversely, females
exhibited a slightly higher prevalence of single-root-
ed premolars (18.75% left and 17.4% right) com-
pared to males (9.1% left and 8.8% right). These
findings align with a study done in 2023 that report-
ed gender differences in root morphology?.

Additionally, three-rooted premolars were more
frequently observed in males (3.6% on the left and
5.3% on the right) compared to females (1.25% and
1.2%, respectively). Similar gender-based variations
have been reported in other studies, such as the
research on the Chinese population, where males
exhibited a higher prevalence of complex root
configuration?,

Bilateral symmetry was observed in 88.7% of partici-
pants, while 11.3% showed asymmetry. This suggests
that in most cases, clinicians can reasonably expect
similar root configuration on both sides consistent
with a study done in 2024 by Olczak’s observation

Kogani reporting 8.14% in  the  Kosovar on bilateral variability?.
population222,  Jordan, Nepal, and Japan
showed lower frequen-cies (0.8%, 0.4%, and Compared to natfional studies, our findings align with

1.6%)181920_|n the study, the right side exhibited a
slightly higher percentage of three roofts and
three canals. This suggests that two-rooted
maxillary first premolars are typical glob-ally, while
single and three-rooted variations exist
regionally.

Gender-based variations were evident. Males had a
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a study done in Lahore, where 60% of participants
had two roots and 72% had two canals?. However,
it was observed that there were more three-rooted
premolars compared to the study that reported
no three-rooted cases?. In Karachi, research
found a lower prevalence of single-rooted
premolars (31.5%) but a similar distribution of two
canals (89.6%)%.
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Confrastingly, Peshawar showed a higher preva-
lence of single-rooted premolars (92.8%) and fewer
two-rooted premolars (7.14%)28. These regional
differences suggest variability in roof morphology
within Pakistan, potentially due to genetic diversity
or environmental factors.

The study'’s limitations include its focus on a single
population, representing a Punjabi subpopulation in
Lahore. Futfure studies should expand to include
diverse samples across Pakistan to betfter under-
stand root morphology across demographics.

CONCLUSION

The complex root and canal morphology of maxil-
lary first premolars is significantly with two roots and
two canals. However, the presence of three roots
and three canals through rare was observed. The
bilateral symmetry noted in most participants
emphasizes consistency in morphology, yet varia-
tions, particularly the occurrence of three-rooted
premolars, demand atftention during clinical and
endodontic procedures. Thus, adds unique insight
info the morphological diversity in this population,
aiding in improved diagnosis and treatment plan-
ning strategies for dental practitioners.
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