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Aim:This invitro study aimed to evaluate the variation in root canal 

morphology of Mandibular premolars using CBCT in North Indian 

population. 

Methods and Material:In this invitro study 120 single rooted 

extracted mandibular first premolar teeth free of any root caries were 

included. The teeth were stored in 5.25% sodium hypochlorite for 30 

minutes, then cleaned using ultrasonic scalers and finally stored in 10% 

formalin. The sample was subjected to 3D scan and images were 

obtained and evaluated to check root canal configuration using 

Vertucci’s classification, shape of canal orifice and length of tooth. 

Statistical analysis used: The software used for the statistical analysis 

were SPSS (statistical package for social sciences) version 25.0 and 

MedCalc software. The statistical tests used were One-way ANOVA 

(Analysis of Variance) test and chi square test. 

Results: The results were drawn, and Type I was found to be maximum 

(80.0%) followed by Type V, Type II, Type IV, Type III. Type VI was 

minimum (0.8%). There were no samples found for Type VII and Type 

VIII. Maximum of oval shape was found with a percentage of 31.7% 

and minimum of 2 orifices in 2.5% of samples. The overall length of 

mandibular first premolar in north Indian population with a maximum 

of 25.60 mm and a minimum length of 17.30 mm. 

Conclusions: Hence concluding that mandibular premolar still stands a 

mystery in varied region and population in every single case attempted 

for endodontic treatment and thorough knowledge of the canal anatomy 

is must for successful endodontic treatment. 
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Introduction:- 
Understanding and mastering the appearance and internal structure of human teeth are essential for successful 

endodontic treatment.
[1]

Lack of knowledge about root canal anatomy in terms of configuration of the pulp and 

possible variation is one of the main reasons for failure in treatment.
[2,3]

These missed roots are the blind folds where 

microbial flora gets inherently colonized. To avoid or minimize failures, proper access to all hidden regions should 

be done.
[3] 
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Endodontically, the mandibular premolars are considered to be the most difficult teeth to treat with the highest 

failure rate (up to 11.45%) reported during RCT. Interestingly, there is a wide variation in coronal shape, external 

root form, and internal canal space morphology in the Asian population.
[4]

Different cross-sectional canal shapes are 

seen in
 

mandibular premolars which are categorized into oval, round, irregular, dumbbell and C- shape.
[5] 

 

The first attempts were made by Hess and Zurcher, who visualized lateral canals and isthmi.Vertucci et al. 

suggested a classification that is still used despite the recent implementation of further sub-classes.
[6]

 Numerous 

techniques have been developed and implemented to investigate the root canal anatomy, such as canal staining and 

tooth clearing techniques as well as alternative and conventional imaging methods.
[7]

 

 

To overcome the disadvantages of conventional radiography and to reveal the hidden mysteries modern radiographic 

techniques like cone beam computed tomography and micro-computed tomography are highly helpful in making a 

proper diagnosis as they offer noninvasive reproducible techniques for three-dimensional assessment of root canal 

system.
[8] 

Cone beam tomography is a useful recent diagnostic methodology that provides additional information 

compared to conventional intraoral radiography regarding the tooth and the surrounding structures.
[9] 

 

Material and Method:- 
The present in vitro study was done in the Department of Conservative Dentistry and Endodontics. A total of 120 

extracted single rooted permanent mandibular premolar teeth were selected for the study. The teeth were collected 

from the Department of Oral and Maxillofacial Surgery. Permission was taken from the institutional Ethical 

Committee provided with a manuscript number 80AIDSR280323. 

 

Teeth were washed with soft brush, under water to remove blood, saliva and soft debris. The teeth were then placed 

in 5.25% sodium hypochlorite solution for 30 minutes to remove organic debris from the surface. If any calculus, it 

was removed using ultrasonic scalers. The cleaned specimens were then stored in 10% formalin until further 

investigation was carried out.
[10] 

 

The teeth were mounted on to the wax rims made with modeling wax in such manner that they mimic the human 

mandibular arches. The samples with the rims were then coded and numbered separately for easy identification. 

 

CBCT Scanning 
CBCT scans were performed placing the wax rims in position and images were obtained using Fussen D50 CBCT 

extraoral imaging system at Diagnostic Centre. The scan parameter was set with 80kv, 4.5 mA with an exposure 

time of 12 seconds. With the voxel size of 0.2 mm a fixed FOV was set i.e. 5x5 cm across the whole rim. The 

images were taken by an experienced radiologist at Advance Diagnostic Centre, Ludhiana for further analysis. After 

acquisition data was exported and transferred in DICOM format to be assessed by CS 3D Imaging software. The 

consecutive slice images on axial, coronal and sagittal planes were set by 0.20mm thickness for accurate 

evaluation.
[11] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

120 single rooted extracted teeth were 

collected 

Cleaned using Ultrasonic scalers 

Teeth were mounted in modelling wax 

Stored in 5.25% Sodium Hypochlorite solution for 30 minutes 

Stored in 10% Formalin 
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Result: - 
In the present study the Descriptive statistics was performed by calculating mean and standard deviation for the continuous 

variables. Categorical variables are presented as absolute numbers and percentage. 

The software used for the statistical analysis were SPSS (statistical package for social sciences) version 25.0 and 

MedCalc software. The statistical tests used were One-way ANOVA(Analysis of Variance) test and chi square 

test.The result drawn are stated in Table 1-3 with CBCT images in Figure 1-2. 

 

 

 

Figure 1-Shape of orifices 

                                              

Figure 2- Types of canal configuration 

 

 

CBCT evaluation was performed to 

evaluate 

 

Estimation of length Shape of orifice of canals Type of canals 
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Table 1:-Distribution of study population according to Type of canal morphology. 

 

Table 2:- Distribution of study population according to Type of canal and shape of orifice in comparison. 

 Round Oval Ribbon Dumbbell Triangular Two 

Orifice 

Type I 24 33 15 10 14 0 

 25.0% 34.4% 15.6% 10.4% 14.6% 0.0% 

Type II 0 1 1 3 0 1 

 0.0% 16.7% 16.7% 50.0% 0.0% 16.7% 

Type III 1 1 1 0 0 0 

 33.3% 33.3% 33.3% 0.0% 0.0% 0.0% 

Type IV 0 0 1 2 0 1 

 0.0% 0.0% 25.0% 50.0% 0.0% 25.0% 

Type V 2 3 4 1 0 0 

 20.0% 30.0% 40.0% 10.0% 0.0% 0.0% 

Type VI 0 0 0 0 0 1 

 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

p-value 0.582 0.656 0.492 0.023* 0.555 0.001* 

 

Table 3:- Distribution of study population according to length of mandibular 1
st
 premolar based on type of canals. 

 

Discussion:- 

An in-depth comprehension of external and internal anatomy of tooth is imperative for successful endodontic 

therapy.
[3] 

Hoen and Pink reported a 42% incidence of missed canal or root while Karabucak et al reported an overall 

prevalence of 23%.
[12] 

 

Mandibular premolars are often considered as an ENIGMA TO ENDODONTIST due to high occurrence of 

additional roots or canals certainly an endodontic challenge. Sherman and Hasselgren reported a higher incidence of 

multiple roots and canals in mandibular premolar teeth.
[13]

According to a Washington study, mandibular first 

premolars had the highest failure rate of 11.45% with a wide discrepancy in the failure rates among mandibular 

premolars.
[4] 

 

A higher incidence of two canals in mandibular first premolars was reported in several populations, up to 50% in 

Indian populations and approximately 40% in Middle Eastern populations from Kuwait, Jordan, and Turkey.
[14] 

 

Types of canal morphology Frequency Percent 

Type I 96 80.0% 

Type II 6 5.0% 

Type III 3 2.5% 

Type IV 4 3.3% 

Type V 10 8.3% 

Type VI 1 0.8% 

Type VII 0 0.0% 

Type VIII 0 0.0% 

 Length 

 Mean Std. Deviation F-value 

(ANOVA test) 

p-value 

Type I 21.16 1.92 0.845 0.520 

Type II 20.63 2.43   

Type III 21.13 2.34   

Type IV 19.75 0.93   

Type V 21.86 1.23   

Type VI 21.90 -   
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In the present study, CBCT was used to analyze the root canal anatomy. Iqbal A et al also used CBCT as a 

diagnostic tool over the routine periapical radiography stating its 3D image projection which is a major disadvantage 

of routine radiographs as they provide a 2D image of a 3D structure.CBCT subdues the limitation that conventional 

radiography encounters such as early detection of lesion 3D visualization of canal trajectory which contributed to an 

accurate identification of canal morphology.
[9,10]

 Hence, CBCT has proved to be a bizarre tool in endodontics.  

 

For assessing the root canal classification in anatomical and morphological terms, the data from the CBCT scans 

were collected and evaluated using vertucci classification as it is still widely used classification in the literature of 

modern ages.
[15]

A mean length of 21.18 mm was observed with a minimum length of 17.3 mm and maximum length 

of 25.60 mm which was in corresponding to the study done by Sandhya R and Velmurugan (2009).Observations for 

shapes of canal orifices were obtained with a maximum value of Oval (31.7%) followed by Round (22.5%), Ribbon 

(18.3%), Dumbbell (13.3%), Triangular (11.7%), Two orifices (2.5%) which were also supported by the previous 

studies done by AbrahamSB and Gopinath VK (2015)
[50]

 and Jain A and Bahuguna H (2011). 

 

Mylswamy S and Raj UJ evaluated root canal morphology of maxillary second premolars in an Indian population 

using Vertucci’s classification.
[16] 

Elnour M et al conducted an invitro study to evaluate root canal morphology using 

Vertucci’s classification of maxillary second premolars in a Saudi Arabian sub-population.
[17] 

 

In conclusion to the present study, it reveals that high variation have been reported in mandibular premolar teeth 

enhancing the need for an endodontist to be aware of the high anatomical variabilities, complexities, and intricacies 

of root canal architecture of mandibular premolars in accordance to avoid any failures caused by additional missed 

canals.
[18]

Hence not just knowing the anatomy but employing the most up-to-date and precise armamentarium is a 

perquisite. Therefore, limiting the limitations of 2D radiography in normal dental operatory, adjuncts like CBCT, 

dental operating microscope play an important role in root canal identification in a human dentition with suspected 

complex root canal morphology.
[19] 
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