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ABSTRACT

Objective: The objective of this study was to analyze root canal variations in permanent mandibular 
central incisors using cone beam computed tomography.

Design Place and Duration of Study: This descriptive study was undertaken in department of 
radiology, Rehman college of Dentistry, Peshawar, from 15th October 2022 till 15th April 2023.

Methodology: Cone Beam Computed Tomography scans of 128 patients of both genders between 18 
and 60 years of age were studied and The Cone Beam Computed Tompgraphy scans were studied for 
type of mandibular central incisor. Results were analyzed with the help of SPSS (version 21). Chi 
square test was done to stratify teeth type among genders to see effect modifiers. P-value of 0.05 was 
considered significant.

Results: Out of 128 CBCT scans of patients (n=128), there were 70 females (54.68 %)and 58 males 
(45.32%) having mean age of 28.7 years, ranging from 22-41 years with a standard deviation of 5.25 
years. Most of the mandibular central incisors were type I (n=91, 71.09%) followed by Type III canals 
(n=37, 28.91%). Type II and type IV were not found.

Conclusion: Most of the mandibular central incisors are type I followed by type III. Type II and IV 
were not found in our population.
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incisors, presents significant challenges for clinicians 
aiming to achieve optimal treatment outcomes.2 Proper 
knowledge of the root canal configurations is crucial to 
ensure effective cleaning, shaping, and obturation of 
the root canal system.3 Despite the advancements in 
endodontic techniques and technology, a comprehensive 
understanding of the intricate root canal variations in 
mandibular incisors remains imperative.

The anatomy of mandibular incisors has been widely 
studied, revealing a range of variations in root canal 
configurations.4 Traditional studies, mainly based on 
two-dimensional radiographs and sectioned teeth, have 
contributed to our understanding of these variations. 
However, these methods often lack precision in rep-
resenting the intricate three-dimensional structure 
of root canal systems. With the advent of Cone Beam 
Computerized Tomography (CBCT), researchers and 
clinicians now have a more accurate and detailed tool 
to visualize and analyze the internal structure of teeth.5

Cone Beam Computerized Tomography (CBCT) has 
emerged as a revolutionary imaging modality in the field 

INTRODUCTION

 Dental anatomy and morphology play a critical role 
in endodontic treatment success.1 The complexity of root 
canal systems within teeth, particularly in mandibular 
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of endodontics, enabling researchers and practitioners 
to examine dental structures in three dimensions. CBCT 
provides high-resolution images, allowing for the precise 
identification and classification of root canal configu-
rations.6 This technology has significantly enhanced 
our comprehension of the complexities associated with 
root canal morphology, aiding in the diagnosis and 
treatment planning of endodontic cases7. Mandibular 
incisors have variations in their canal configurations 
and they need to be evaluated for proper treatment of 
these teeth.

The rationale for this study lies in the need to bridge 
the gap between traditional methods of understand-
ing root canal anatomy and the capabilities offered by 
Cone Beam CT imaging. By addressing the challenges 
posed by complex root canal morphology in mandibular 
incisors, this study aims to provide valuable insights 
that can lead to improved clinical outcomes and more 
effective endodontic treatments.

The objective of this study was to analyze root canal 
variations in permanent mandibular central incisors 
using cone beam computed tomography.

METHODOLOGY

 This descriptive study was done in department of 
radiology at Rehman college of dentistry after getting 
ethical approval from ethical committee review board 
(RCD-10-06-116). It was carried out from 15th October 
2022 till 15th April 2023. After taking consent, CBCT 
scans of 128 patients of both genders above 18 years 
of age were included. The G* Power software version 
3.1.9.4 with a 29.9% proportion of type III root canals 
at a p-value of 0.05, medium-power (0.3) and confidence 
level of 95.1% was used to calculate sample size.8 Non 
probability , consecutive sampling technique was used 
to enroll patients. Patients who had restorations or 
caries in their mandibular central incisors and those 
CBCT which had distorted images were excluded. The 
radiographs were taken by “Carestream Ger, model 
90003D” with 73.9 kv (male patients), 69.9kv (female 
patients), 10.1mA. These values were adjusted accord-
ing to manufacturer’s radiation protocols for different 
age groups and genders. Standard resolution of 0.30 
mm voxel and 10.80 s was used for all scans. Images 

were analyzed by using CS Imaging Browser 7.0.20 
software. Two experiences examiners studied these 
images. The images were observed in cornal, sagittal 
and axial views. Number and configuration of root canals 
was recorded and classified according to classification 
done by Weine et al.9 According to this classification 
mandibular central incisors were classified into 4 types 
i.e.

Type I having a single canal. 

Type II having two canals which fuse into one canal 
near the apical area of root. 

Type III having one canal which later divides into two 
separate ones. 

Type IV having two separate canals.

Results were analyzed with the help of SPSS (version 
21). Chi square test was done to stratify pulp canals 
among genders to see effect modifiers. P-value of 0.05 
was considered significant. 

RESULTS

 Scans of 128 patients were analysed using CBCT 
(n=128). There were 70 females (54.68%) and 58 
males(45.32%) having a mean age of 28.7 years rang-
ing from 22-41 years with a standard deviation of 5.25 
years( Table 1). CBCT scans revealed that most of the 
teeth were of type I(n=91,71.09%). Type III canals 
were also found (n=37, 28.91%). Type II and type IV 
canals were not found in the studied CBCT scans. No 
significant statistical difference was observed between 
the male and female groups (P > 0.05) . These results 
are summarized in table 2.

Figure 1 showing classification of permanent mandib-
ular central incisors according to Weine et al.9

Figure 2a: CBCT scan showing Axial view of Class I 

TABLE 1: AGE AND GENDER DISTRIBUTION 
(N=128)

Age Gender
Range: 22-41 years Male: 58 (45.32%)

Mean: (+/- SD): 28.7 
years(+/- 5.25)

Female: 70 (54.68 %)

TABLE 2: TYPE OF ROOT CANALS IN PERMANENT MANDIBULAR CENTRAL INCISORS (N=128)

TYPE OF ROOT 
CANALS

Male Female Total P-value

I 48(52.74%) 43(47.26%) 91(71.09%)

0.121

II 0(0%) 0(0%) 0(0%)

III 17(45.94%) 20(54.06%) 37(28.91%)

IV 0(0%) 0(0%) 0(0%)

Total 65(54.16%) 63(45.84%) 128(100%)
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DISCUSSION

 Endodontic treatment failure in mandibular central 
incisors can result from a combination of factors. The 
complexity of root canal morphology, the challenges 
associated with proper disinfection and obturation, as 
well as patient-related and procedural variables, can all 
contribute to treatment failure.10 In effective cleaning 
and disinfection, missed canals, incomplete obturation, 
root fractures, periapical pathology, coronal leakage con-
tribute to endodontic failures.11 Proper understanding of 
root canal morphology, utilization of advanced imaging, 
adherence to thorough cleaning and shaping protocols, 
and attention to proper obturation techniques are cru-
cial to minimize the risk of treatment failure in these 
teeth.12 To mitigate the risk of endodontic treatment 
failure in mandibular central incisors, it's essential for 
clinicians to have a thorough understanding of root canal 
morphology, utilize advanced imaging techniques like 
Cone Beam CT to identify anatomical variations, adhere 
to proper cleaning and shaping protocols, ensure proper 
obturation, and provide adequate patient education for 
post-treatment care and maintenance.13 Differences in 
teeth types among different populations arise from a 
combination of genetic, environmental, and cultural 
factors.14 These variations have implications for dental 
treatment, research, and forensic identification.15 Den-
tists and researchers must consider these differences 
to provide effective dental care and contribute to the 
broader understanding of human dental diversity.16

Our study found type I mandibular central incisors to 
be the most prevalent type followed by type III. Simi-
lar results were found in studies done in India where 
they found 84% of patients had Type I, 8% had Type 
II, 4% had Type III, and 4% had Type IV.17 Another 
study done in Iran found 83.1% of mandibular central 
incisors to be Type I and 16.9% of teeth to be Type II.18 
In majority of studies done worldwide, scientists have 
found mandibular central incisors to have single roots 
but Kanyılmaz AN et al in a study done in Turkey 

Fig 1: Classification of mandibular central incisor 
root canals.

Fig 2a: CBCT scan of Mandibular central incisor

Fig 2b: 

Fig 2c: 

right mandibular central incisor

Figure 2b: CBCT scan showing sagittal view of Class 
I right mandibular central incisor

Figure 2c: CBCT scan showing Coronal view of Class 
I right mandibular central incisor
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examined 400 teeth and found 67.5 % of permanent 
central incisors had more than one root.19 While the 
exact causes may not be fully elucidated, several factors 
are believed to contribute to this anatomical variation. 
This may be a result of a complex interplay between 
genetic, developmental, evolutionary, and environ-
mental factors.20 Further research, including genetic 
studies and investigations into the developmental 
pathways of tooth formation, could provide more in-
sights into the specific causes of this variation in the 
Turkish population and beyond.21 Our study found no 
difference in mandibular central incisor types among 
genders. A study in china found a higher incidence of 
type I in males when compared to females. The higher 
incidence of Type I mandibular central incisors in males 
in China can likely be attributed to a combination of 
genetic, developmental, and hormonal factors.22 While 
the precise causes may not be fully understood, several 
factors are thought to contribute to this phenomenon. 
This dental morphological variation reflects the com-
plex interplay of biological processes that result in 
differences between genders.

CONCLUSION

 Most of the mandibular central incisors are type I 
followed by type III. Type II and IV were not found in 
our population.
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