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ABSTRACT

Mandibular premolars are challenging to treat endodontically due to their varied root and canal morphology, impacting 
treatment prognosis. This study aimed to assess the root and canal morphology of mandibular premolars in a Nepali 
subpopulation using Cone Beam Computed Tomography (CBCT) images.

INTRODUCTION

A descriptive cross-sectional study was conducted on 348 untreated mandibular first and second premolars teeth of both right 
and left side having completely developed roots from 87 CBCT images of patients from September 2021-April 2024. The study 
assessed the number of roots, root canals, their configurations and the tooth length.

MATERIAL AND METHODS

Significant variations in root morphology were observed in mandibular premolars, with most having one root (91.40% in first 
premolars, 100% in second premolars) and one canal (50% in first premolars, 70.69% in second premolars). Type I 
configurations were most common (50% in first premolars, 70.69% in second premolars), followed by Type V (21.26% in first 
premolars, 13.79% in second premolars). C-shaped canals were more frequent in first premolars (2.3%) than second premolars 
(1.15%).

RESULTS

This study provides valuable insights into root canal morphology variations of mandibular premolars in Nepalese sub 
population. The findings can help clinicians better understand importance CBCT's in anatomical variations and improve 
endodontic diagnosis and treatment planning for better outcomes.

CONCLUSION

Cone beam computed tomography, Configurations, Mandibular premolars, Nepalese sub-population, Root canal
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Dental morphology, a subject of intense scrutiny and 
research for over a century, has evolved into a 
comprehensive discipline that amalgamates genetics, 
embryology, and environmental factors. Mandibular 
premolars, often regarded as chameleons of dental anatomy, 
have historically presented challenges due to their 
unpredictable and intricate canal configurations.1 Global 
research showcases vast heterogeneity in mandibular 
premolar root canal morphology across various ethnic and 
geographic groups.

The inherent complexity of mandibular premolars is not 
merely an academic curiosity; it holds profound clinical 
implications. Successful endodontic treatment relies heavily 
on accurate understanding of internal anatomy of the tooth. 
Misinterpretation of presence of extra canal, bifurcations, or 
other anatomical variations can lead to incomplete 
treatment, persistent infections, and eventually, treatment 
failure.2 

Historically, dental professionals relied on periapical 
radiographs. While beneficial, 2-dimensional images often 
fell short in providing comprehensive view, especially for 
teeth with complex root and canal configurations.3 

In recent years, CBCT technology has been instrumental in 
enhancing our understanding of dental anatomy, particularly 
root canal morphology, contributing significantly to 
advances in endodontic practice.4,5 

One of the critical areas of interest in endodontics is intricate 
anatomy of mandibular premolars, which often pose 
challenges during endodontic procedures due to their 
anatomical variations. Nepal, with its diverse population and 
unique genetic makeup, presents an intriguing opportunity to 
investigate the root and canal morphology of mandibular 
first and second premolars. Nepalese population's distinct 
genetic and environmental factors may lead to variations in 
dental anatomy that could have implications for endodontic 
treatment outcomes. Hence, comprehensive study exploring 
the root and canal morphology of mandibular premolars in 
Nepalese population through CBCT imaging is essential to 
better understand these anatomical variations.

This study aims to bridge the gap in existing literature by 
providing valuable insights into the root canal morphology 
of mandibular first and second premolars in Nepalese 
individuals. By utilizing advanced CBCT technology, this 
research endeavors to delineate the various anatomical 
configurations that may be encountered, such as number of 
roots, canals and other intricate details. Such knowledge is 
crucial for endodontists to tailor their treatment strategies, 
improve procedural success rates, and ultimately enhance 
patient care.

In addition, this study holds academic significance by 
contributing to global body of knowledge regarding dental 
anatomy and endodontic practices. The findings may serve 
as a foundation for future research endeavors aimed at 
unraveling the genetic and environmental factors influencing 
dental variations in different populations.

A descriptive, cross-sectional study was conducted in the 
Department of Conservative Dentistry and Endodontics, 
Universal College of Medical Sciences. The CBCT images 
of mandibular premolars from patients who were referred 
from for diagnostic and treatment planning purposes, and 
attending the Radiology unit at the Department of Oral 
Medicine and Radiology were collected by convenient 
sampling method for a duration of 2 years (September 
2021-April 2024). The study was conducted after getting the 
ethical clearance from the Institutional Review Committee 
of Universal College of Medical Sciences 
(UCMS/IRC/078/21).

The CBCT images were obtained using Clear rainbowTM CT 
(Dentium Co. Ltd, Korea) at 94 kVp, 9 mA and an exposure 
time of 19 sec and 5×5 FOV. The voxel size of the images 
was 76×76×76; and the slice thickness was 200 μm with 16 
bits grayscale. An experienced radiologist performed the 
acquisition process according to the manufacturer’s recom-
mended protocol with the minimum exposure necessary for 
adequate image quality. According to human ethics 
procedures, all methods were carried out in accordance with 
relevant guidelines and regulations. All the images of 
mandibular premolars were evaluated with a 3D Imaging 
Software 3.3.9.0 (Dentium Co.Ltd, Korea).
 
Two endodontists independently evaluated the images twice, 
with a week interval between the assessments. In case of 
disagreement, a radiologist with endodontic experience were 
asked to perform a third evaluation and then reach a final 
consensus. All the evaluators were calibrated by analyzing 
20 random cases of mandibular premolars based on the same 
criteria and variants. The Cohen ́s Kappa was used to 
analyze presence of anatomical variation and variation type, 
and the intraclass correlation coefficient (ICC) was used to 
analyze the roots and root canals number.
 
The CBCT images taken were as part of their routine 
examination, diagnosis and treatment planning. To obtain 
clear images of the mandibular premolar teeth, those teeth 
with physiological and/or pathological defects were exclud-
ed. Teeth were selected according to the following criteria: 
(i) mandibular permanent premolars with no periapical 
lesions; (ii) no root canal treatment; (iii) no root canals with 
open apices, resorption or calcification and (iv) the CBCT 
images of good quality. Informed consent was obtained from 
all participants, adhering to the principles outlined in the 
Declaration of Helsinki. Patient anonymity and confidentiali-
ty were strictly maintained throughout the study.

The sample size was calculated using a formula n = Z2pq/e2, 
where, n = sample size,  z=standard deviation set at 1.96 
(95% confidence level), p=prevalence of condition (87.1% 
prevalence of type-I configuration of first premolar  
according  to Xuan Yu et al)6 , q=100-p, e=permissible 
error=5%.

INTRODUCTION

MATERIAL AND METHODS

Journal of Universal College of Medical Sciences (2024) Vol.12, No.02, Issue 31 16

CONE-BEAM COMPUTED TOMOGRAPHY STUDY OF ROOT AND CANAL MORPHOLOGY OF
MANDIBULAR FIRST AND SECOND PREMOLARS IN NEPALESE POPULATION
Snigdha Shubham, Kriti Shrestha, Sageer Ahmad, Vanita Gautam, Vaibhav Rai

Through this study, we anticipate shedding light on the 
intricate root and canal morphology that characterizes this 
specific demograph leading to advance our understanding of 
dental anatomy, refine endodontic procedures, and pave the 
way for improved dental care tailored to the unique needs of 
the Nepalese population.



DISCUSSION
Cone-Beam Computed Tomography (CBCT) has emerged 
as a revolutionary imaging modality in the field of dentistry, 
enabling three-dimensional visualization of dental structures 
with remarkable precision and detail.4 This technology has 
contributed significantly in our understanding of intricate 
anatomy of mandibular premolars particularly root and canal 
morphology, which often pose challenges during endodontic 
procedures due to their anatomical variations.1

Hence, comprehensive study exploring the root and canal 
morphology of mandibular premolars in the Nepalese 
population through CBCT imaging is essential to better 
understand these anatomical variations.8-10 The American 
Association of Endodontists (AAE) and the American 
Academy of Oral and Maxillofacial Radiology (AAOMR) 
recommend using Cone Beam Computed Tomography 
(CBCT) in endodontics to detect abnormalities or variations 
when complex morphology is suspected from conventional 
radiographs.11

The present study demonstrated mandibular significant 
variation of first premolars in the root canal morphologies 
compared to second premolar. The prevalence of 
single-rooted premolars was higher, with 91.40% in first 
premolars and 100% in second premolars, compared to 
double roots, which were found in 8.60% of first premolars. 
Similar findings have been reported in other literature as 
well.12,13 In contrast to other studies14,15 this research found a 
greater incidence of two roots in mandibular first premolars. 
This variation might be attributed to the differences in racial 

The study cohort consisted sample size of 87 patients 
representing diverse population within the age groups of 
18-65 years old. The gender distribution comprised 58 
(66.67%) males and 29 (33.33%) females. The number of 
roots and canal configurations of 348 mandibular premolars 
(174 first premolars and 174 second premolars) were 
evaluated.
 
Number of roots and canals
Out of 174 mandibular first premolar 159 (91.40%) had one 
root and 15 (8.60%) had two roots; 87 (50%) had one canal, 
79 (45.40%) had two canals, 4 (2.3%) had three canals and 
the prevalence of C-shaped canals was 2.3%. All mandibular 
second premolars had one root. Of these, 123 (70.69%) had 
one canal and 49 (28.16%) had two canals. The prevalence 
of C shaped canals was 2 (1.15%) (Table 1).

Root length
The mean length of the first premolars was 20.46 mm and 
that of second premolars was 20.31 mm.

Root canal configuration
The canal morphology of mandibular first premolars 
according to Vertucci’s classification7 was as follows:

RESULTS
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Figure 1. Root of mandibular premolars showing 
Vertucci’s canal configuration Type II, III, V and 
C-shaped canal
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Hence, 87 CBCT images were taken to evaluate 348 first and 
second premolars. The following parameters were assessed 
for each mandibular premolar:
•  Number of roots 
•  Number of canals
•  Canal configuration: Classified according to the Vertucci 
classification system and C-shaped configuration 
•  Root length: Measurement from apex to coronal reference 
point.

The tooth length in the mesiodistal plane (maximum 
crown-apex distance) was measured with the linear measure-
ment tool. A number of canals were observed by moving the 
coronal plane, checking them in the axial plane (Figure 1), 
and covering the tooth from the pulp chamber to the apex in 
order to confirm the observed configuration.

Vertucci’s Classification7 was used to determine the type of 
root canal configuration. Vertucci’s classification is as 
follows: type I (1), type II (2-1), type III (1-2-1), type IV (2), 
type V (1-2), type VI (2-1-2), type VII (1-2-1-2), and type 
VIII (3).

Data were tabulated and analyzed using descriptive 
statistics.

Type I = 87 (50%), Type II = 37 (21.26%), Type III = 4 
(2.3%), Type IV= 16 (9.2), Type V= 16 (9.2%), Type VIII = 
3 (1.72%) (Figure 1), while four teeth had C-shaped 
configuration (2.3%) (Table 2). All 174 mandibular second 
premolars were single-rooted and the canal configurations of 
these teeth were Type I (123 teeth, 70.69%), Type II (3 teeth, 
1.72%) Type IV (24 teeth,13.79%) and Type V (22 teeth, 
12.65%); two teeth had a C-shaped configuration (1.15%) 
(Table 3, Figure1).

In both first and second mandibular premolar teeth 
exhibiting Type V or Type VIII morphology, the canal 
bifurcation occurred at the middle-apical part of the roots.

Table 2. Number and percentage of canal system types 
in 174 single-rooted mandibular first premolars

Number
Percentage

87
50%

16
9.2%

4
2.3%

16
9.2%

37
21.26%

4
2.3%

3
1.72%

3
1.72%

4
2.3%

Root canal configuration (Vertucci classification)

Type 
I

Type 
II

Type 
III

Type 
IV

Type
V

Type 
VI

Type 
VII

Type 
VIII

C
Shaped

Table 3. Number and percentage of canal system types 
in 174 single-rooted mandibular second premolars

Number
Percentage

123
70.69%

3
1.72%

0 22
12.65%

24
13.79%

0 0 0 2
1.15%

Root canal configuration (Vertucci classification)

Type 
I

Type 
II

Type 
III

Type 
IV

Type
V

Type 
VI

Type 
VII

Type 
VIII

C
Shaped
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Table 1. Numbers and percentage of roots and canals in 348 mandibular premolars according to location

First
Premolar

Total

Second
Premolar

Total

No. of
canal

No. of
roots

One
rooted

Right

76 (87.36%)

159 (91.40%)

87 (100%)

174 (100%)

Two
rooted

Right

11 (12.64%)

15 (8.60%)

0

0

Left

33 (37.93%)

58 (66.66%)

One
canal

Right

54 (62.07%)

87 (50%)

65 (74.70%)

123 (70.69%)

Left

54 (62.07%)

29 (33.33%)

Two
canal

Right

25 (28.73%)

79 (45.40%)

20 (23%)

49 (28.16%)

Three
canal

Right

4 (4.6%)

4 (2.3%)

0

0

C
shaped

Right

4 (4.6%)

4 (2.3%)

2 (2.3)

2 (1.15%)

Left

0%

0

Left

0%

0

Left

83 (95.40%)

87 (100%)

Left

4 (4.60%)

0
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backgrounds, study design and smaller sample size of this 
study.
 
This study also found a significant variation in the number of 
root canals between the two premolars. The mandibular first 
premolar exhibited a single canal in 50% of cases, consistent 
with findings from other studies.16,17 Additionally, 45.40% of 
samples displayed two canals, aligning with results reported 
in other studies.18,19 This suggests a possible influence of 
genetic and developmental factors on root and canal 
morphology. 

The analysis based on Vertucci’s classification showed Type 
I configurations as the most common in both first (50%) and 
second (70.69%) mandibular premolars which was similar to 
the findings of another research.12,20 In this study, the 
mandibular first premolar most commonly exhibited a type 
V configuration as the second most frequent (21.26%), 
similar to findings of another studies,20 followed by type II 
and IV (9.2%). In the mandibular second premolar, type V 
was also the second most common (13.79%) consistent with 
the findings of previous studies,6,20 followed by type IV 
(12.65%). The result was in contrast to the study on Iranian 
subpopulation which showed type III configuration (11%) as 
the second most prevalent canal configuration.21 These 
variations can be attributed to differences in ethnicity, study 
methods, sample sizes, gender, and geographic distribution, 
which can all affect root canal configuration. Type III, VI, 
VII and VIII configurations were not identified in this study, 
consistent with findings from other similar study.21 

In Vertucci's classification, type I and IV are relatively 
simple with distinct orifices and apices, while types II, III, V, 
VI, VII, and VIII are more complex and challenging to treat, 
often leading to higher failure rates.12,22 Clinicians should be 
aware of these complexities and possess the skills necessary 
to achieve successful outcomes.

C-shaped canal is a unique and complex root canal 
configuration primarily found in mandibular second molars; 
second most prevalent teeth for C-shaped canal is 
mandibular premolars.6,17

 
In the present study, a C-shaped configuration was identified 
in 2.3% of first premolars, consistent with previous 
findings.6 However, it was found in 1.15% of second 
premolars, which is similar than reported in other studies.23 
This variation could stem from differences in racial 
demographics and sample sizes. 

The mean root length of first and second premolars were 
almost identical (20.46 mm and 20.31 mm respectively) 
which was similar to the study8 but the lengths were 
comparatively shorter than the data available from other 
population like Indian, Jordan and Spanish population.20,24-25 
This might be due to genetic factors, environmental factors 
and evolutionary adaptations to Nepalese diet and chewing 
habits over generations.

The cross-sectional design limits the study to a single time 
point. In addition, the study's focus is on anatomical 
parameters; clinical implications were not considered. The 
sample size may impact generalizability to the entire 
Nepalese population. Hence, multicentric study design with 
larger sample size is recommended. 
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