
         
            
               
                  Journal Information

                  
                     Publisher: Innovative Publication
                     

                     Title: IP International Journal of Maxillofacial Imaging
                     

                     ISSN (print): 2581-3838
                     

                  

               

               
                  Article Information

                  
                     Copyright: 2021
                     

                     Date received: 26 May 2021
                     

                     Date accepted: 15 June 2021
                     

                     Publication date: 14 July 2021
                     

                     Volume: 7
                     

                     Issue: 2
                     

                     DOI: 10.18231/j.ijmi.2021.012
                     

                  

               

            

         

         

         
            Variations in root canal morphology of the permanent mandibular first molar in Indian population- A CBCT study

         

         
                     
                           Rhea Reji John
                           ​[image: ORCID][1]

                     
                        Bio: 

                        
                           Ex PG Student

                        

                     

                     
                           Vasavi Santosh
                           ​[image: ORCID][1]

                     Email: sanvas72@yahoo.com

                     
                        Bio: 

                        
                           Professor

                        

                     

                     
                           Mandavi Waghmare
                           ​[image: ORCID][1]

                     
                        Bio: 

                        
                           Professor and HOD

                        

                     

                     
                           Reema Manoj
                           ​[image: ORCID][1]

                     
                        Bio: 

                        
                           Associate Professor

                        

                     


         
            
                  
               Dept. of Oral Medicine & Radiology, D Y Patil University School of Dentistry
               Navi Mumbai, Maharashtra
               India
               
            

         

         Corresponding Author: Vasavi Santosh
         

         
            Abstract

            
               
Aim and Objective: The purpose of this study was to determine the variations in the number of canals and its morphology in permanent mandibular
                  first molars using cone-beam computed tomography (CBCT) in a subset of Indian population.
               

               Materials and Methods: A total of 350 CBCT scans were collected and evaluated in all three orthogonal planes to determine the number of root canals
                  and study their anatomic variations using Vertucci’s classification.
               

               Statistical Analysis used: The total number of roots and root canals, the root canal configuration, the incidence, and the correlations between left-
                  and right-side occurrences and between males and females were analysed. Statistically significant differences were evaluated
                  using the chi-square test with SPSS 16.0 for Windows (SPSS, Chicago, IL), with significance set at p < 0.05.
               

               Result: The results of this study showed that predominantly, two thirds of the subjects had type VI mesial canal configuration and
                  two-thirds had type I distal canal configuration. Also there was significant variance in the canal anatomy across gender and
                  age of the subjects.
               

               Conclusion: CBCT is a clinically useful tool in understanding the variations in root canal morphology, which guides in the assessment
                  of the canal morphology aiding in successful root canal treatment. 
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               Introduction

            A detailed knowledge of the root canal morphology and its variation is an essential prerequisite for successful endodontic
               diagnosis and treatment.1 The goal of root canal treatment is thorough mechanical and chemical clearing of the entire pulp cavity, its 3D obturation
               with an inert material and the attainment of a proper hermetic coronal seal to prevent microorganism intrusion. The most common
               reason for endodontic failure has been recognised as the lack of thorough knowledge about root canal anatomy.2

            The permanent mandibular first molar (PMFM) generally has two separate roots with a round, or more frequently elliptical canal
               in the distal root and two canals in the mesial root. The distal canal is normally straight all the way to the apex, oval
               or flattened in cross- section, but quite large which makes instrumentation easy. Regarding mesial root, in 90% they remain
               separate as far as the foramen; in the remaining 10%, they join together at a common foramen. Studies done in vitro and in
               vivo have indicated that mandibular molars can have more than three root canals. The PMFM have been reported to have three
               roots, mesial and distal roots with three canals each or molar with 5, 6, or more canals.3 Root canal morphologies have been analysed by using many methods in earlier studies including use of hematoxylin dye, decalcification
               and diaphinization techniques, use of electron microscopy, canal staining and clearing technique and micro computed tomography.4

            However, drawbacks of these techniques in detecting the variations in the canals have directed to the use of 3D techniques
               to analyse variations. 3D imaging has facilitated the clinician with better insight into tooth morphology along with interactive
               image manipulation.5

            Inherent genetic variations are seen in the root canal anatomy. Variance from different population groups have been cited
               in literature, but however literature lacks study on Indian population. Hence this study was taken up to evaluate the variations
               in root canal anatomy of PMFM in a subset of Indian using CBCT imaging. 
            

         

         
               Materials and Methods

            450 CBCT scans were scrutinized and diagnostic images of patients aged above 10 yrs with fully matured apices of healthy permanent
               mandibular molars were selected from the data base of the oral and maxillofacial radiology unit of our institute. Carious,
               fractured teeth and teeth with periapical lesions or calcifications were eliminated from the study. 350 scans were finally
               selected to be included in the study.
            

            These CBCT scans were taken using a KODAK CS9000 3D unit with a FOV of 5 X 3.5cm (Care stream Health Inc. NY 14608, USA).

            Reformatted axial, coronal, sagittal sections of PMFM images were analysed for root canal configuration in both mesial and
               distal roots at 200µ resolution and categorised according to Vertucci’s classification (Figure  1). All the images were obtained in the Digital Image Communication in Medicine (DICOM) format and assessed using the Kodak
               Dental Imaging Software (KDIS).
            

            The images were assessed separately by two residents in oral and maxillofacial radiology and any disagreement was discussed
               until a consensus was reached.
            

            
                  
                  Figure 1

                  Vertuccis classification of root canal system

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/59919014-39d2-43fe-873e-ca74ba6d3df4image1.png]

         

         
               Results

            52.9% was male cohort and 47.1% was female cohort in the study, with slightly more number of samples of 46 (50.6%) compared
               to 36 (49.4%).
            

            In the mesial root, incidence of type 6 was seen in 65.4%, followed by type 4 in 33.4%. However, incidence of type 2 canal
               was very low, only 1.1%. Type 4 mesial canal was more common among males (36.8%) than females (29.7%) whereas type 6 (67.9%)
               was more common in females and type 1, 3 and 5 were not seen in the mesial root. Statistically significant difference was
               seen between the genders in respect to the mesial canal (Table  1). We found a  statistically insignificant association between the right and left PMFMs with the type of mesial root canal
               (Table  2). Age cohorts were formed in a manner such that there was an equal distribution of the samples in each group. Type 6 canal
               in mesial root was seen prominently across all the age groups. (Table  3)
            

            In the distal root, incidence of type 1 was 64% followed by type 2 (17.1%), type 3 (1.7%), type 4 (6.9%)and type 5 (10.3%).
               Type 1 canal is seen in almost two-thirds of both males and females whereas type 2 and type 5 canal is slightly more common
               among males than females. We found a significant variance in the type of canal in distal root across the gender (Table  4). However, statistically  insignificant association  was seen between the right and left PMFMs and type of distal root canal.(Table  5)
            

            Type 1 distal canal was found to be most prevalent across all age groups but a higher percentage of incidence was seen in
               the age groups of 10-22 and from 33-70; the variance being statistically significant.(Table  6) 
            

            
                  
                  Table 1

                  Crosstab across gender for mesial root canal configuration

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            Total 

                           
                        
                     

                     
                           	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            Female

                           
                        
                     

                     
                           	
                              
                           
                           Mesial

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            0%

                           
                        
                        	
                              
                           
                            2.4%

                           
                        
                        	
                              
                           
                            1.1%

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            68

                           
                        
                        	
                              
                           
                            49

                           
                        
                        	
                              
                           
                            117

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            36.8%

                           
                        
                        	
                              
                           
                            29.7%

                           
                        
                        	
                              
                           
                            33.4%

                           
                        
                     

                     
                           	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            117

                           
                        
                        	
                              
                           
                            112

                           
                        
                        	
                              
                           
                            229

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            63.2%

                           
                        
                        	
                              
                           
                            67.9%

                           
                        
                        	
                              
                           
                            65.4%

                           
                        
                     

                     
                           	
                              
                           
                           Total

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            185

                           
                        
                        	
                              
                           
                            165

                           
                        
                        	
                              
                           
                            350

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 2

                  Crosstab across tooth for mesial root canal configuration

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Tooth number 

                           
                        
                        	
                              
                           
                            Total

                           
                        
                     

                     
                           	
                              
                           
                            36

                           
                        
                        	
                              
                           
                            46

                           
                        
                     

                     
                           	
                              
                           
                            Mesial

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            2.3%

                           
                        
                        	
                              
                           
                            .0%

                           
                        
                        	
                              
                           
                            1.1%

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            57

                           
                        
                        	
                              
                           
                            60

                           
                        
                        	
                              
                           
                            117

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            32.9%

                           
                        
                        	
                              
                           
                            33.9%

                           
                        
                        	
                              
                           
                            33.4%

                           
                        
                     

                     
                           	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            112

                           
                        
                        	
                              
                           
                            117

                           
                        
                        	
                              
                           
                            229

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            64.7%

                           
                        
                        	
                              
                           
                            66.1%

                           
                        
                        	
                              
                           
                            65.4%

                           
                        
                     

                     
                           	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            173

                           
                        
                        	
                              
                           
                            177

                           
                        
                        	
                              
                           
                            350

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 3

                  Crosstab across age groups for mesial canal configuration

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Mesial

                           
                        
                        	
                              
                           
                            Total

                           
                        
                     

                     
                           	
                              
                           
                            Age group

                           
                        
                        	
                              
                           
                            Age

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            6

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            10-22

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            20

                           
                        
                        	
                              
                           
                            47

                           
                        
                        	
                              
                           
                            68

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            1.5%

                           
                        
                        	
                              
                           
                            29.4%

                           
                        
                        	
                              
                           
                            69.1%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            23-27

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            30

                           
                        
                        	
                              
                           
                            43

                           
                        
                        	
                              
                           
                            73

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            .0%

                           
                        
                        	
                              
                           
                            41.1%

                           
                        
                        	
                              
                           
                            58.9%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            28-32

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            29

                           
                        
                        	
                              
                           
                            38

                           
                        
                        	
                              
                           
                            68

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            1.5%

                           
                        
                        	
                              
                           
                            42.6%

                           
                        
                        	
                              
                           
                            55.9%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            33-42

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            26

                           
                        
                        	
                              
                           
                            52

                           
                        
                        	
                              
                           
                            80

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            2.5%

                           
                        
                        	
                              
                           
                            32.5%

                           
                        
                        	
                              
                           
                            65.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            43-70

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            12

                           
                        
                        	
                              
                           
                            49

                           
                        
                        	
                              
                           
                            61

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            .0%

                           
                        
                        	
                              
                           
                            19.7%

                           
                        
                        	
                              
                           
                            80.3%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            117

                           
                        
                        	
                              
                           
                            229

                           
                        
                        	
                              
                           
                            350

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            1.1%

                           
                        
                        	
                              
                           
                            33.4%

                           
                        
                        	
                              
                           
                            65.4%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 4

                  Crosstab across gender for distal canal configuration

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            Total

                           
                        
                     

                     
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Type of canal

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Male

                           
                        
                        	
                              
                           
                            Female

                           
                        
                     

                     
                           	
                              
                           
                            Distal

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            121

                           
                        
                        	
                              
                           
                            103

                           
                        
                        	
                              
                           
                            224

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            65.4%

                           
                        
                        	
                              
                           
                            62.4%

                           
                        
                        	
                              
                           
                            64.0%

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            36

                           
                        
                        	
                              
                           
                            24

                           
                        
                        	
                              
                           
                            60

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            19.5%

                           
                        
                        	
                              
                           
                            14.5%

                           
                        
                        	
                              
                           
                            17.1%

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            6

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            1.1%

                           
                        
                        	
                              
                           
                            2.4%

                           
                        
                        	
                              
                           
                            1.7%

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            18

                           
                        
                        	
                              
                           
                            24

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            3.2%

                           
                        
                        	
                              
                           
                            10.9%

                           
                        
                        	
                              
                           
                            6.9%

                           
                        
                     

                     
                           	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            20

                           
                        
                        	
                              
                           
                            16

                           
                        
                        	
                              
                           
                            36

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            10.8%

                           
                        
                        	
                              
                           
                            9.7%

                           
                        
                        	
                              
                           
                            10.3%

                           
                        
                     

                     
                           	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            185

                           
                        
                        	
                              
                           
                            165

                           
                        
                        	
                              
                           
                            350

                           
                        
                     

                     
                           	
                              
                           
                            %within sex

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 5

                  Crosstab across tooth number for distal canal configuration

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Tooth number

                           
                        
                        	
                              
                           
                            Total

                           
                        
                     

                     
                           	
                              
                           
                            36

                           
                        
                        	
                              
                           
                            46

                           
                        
                     

                     
                           	
                              
                           
                            Distal

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            113

                           
                        
                        	
                              
                           
                            111

                           
                        
                        	
                              
                           
                            224

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            65.3%

                           
                        
                        	
                              
                           
                            62.7%

                           
                        
                        	
                              
                           
                            64.0%

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            28

                           
                        
                        	
                              
                           
                            32

                           
                        
                        	
                              
                           
                            60

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            16.2%

                           
                        
                        	
                              
                           
                            18.1%

                           
                        
                        	
                              
                           
                            17.1%

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            6

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            2.3%

                           
                        
                        	
                              
                           
                            1.1%

                           
                        
                        	
                              
                           
                            1.7%

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            13

                           
                        
                        	
                              
                           
                            24

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            6.4%

                           
                        
                        	
                              
                           
                            7.3%

                           
                        
                        	
                              
                           
                            6.9%

                           
                        
                     

                     
                           	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            17

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            36

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            9.8%

                           
                        
                        	
                              
                           
                            10.7%

                           
                        
                        	
                              
                           
                            10.3%

                           
                        
                     

                     
                           	
                              
                           
                           Total

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            173

                           
                        
                        	
                              
                           
                            177

                           
                        
                        	
                              
                           
                            350

                           
                        
                     

                     
                           	
                              
                           
                            %within tooth no.

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                  
               

               

            

            

            
                  
                  Table 6

                  Crosstab across age groups for distal canal configuration

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                            Distal 

                           
                        
                        	
                              
                           
                            Total

                           
                        
                     

                     
                           	
                              
                           
                            Age group 

                           
                        
                        	
                              
                           
                            Age

                           
                        
                        	
                              
                           
                            

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            5

                           
                        
                     

                     
                           	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            10-22

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            47

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            68

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            69.1`%

                           
                        
                        	
                              
                           
                            11.8%

                           
                        
                        	
                              
                           
                            .0%

                           
                        
                        	
                              
                           
                            8.8%

                           
                        
                        	
                              
                           
                            10.3%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            23-27

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            37

                           
                        
                        	
                              
                           
                            19

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            73

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            50.7%

                           
                        
                        	
                              
                           
                            26.0%

                           
                        
                        	
                              
                           
                            5.5%

                           
                        
                        	
                              
                           
                            8.2%

                           
                        
                        	
                              
                           
                            9.6%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            28-32

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            37

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            68

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            54.4%

                           
                        
                        	
                              
                           
                            16.2%

                           
                        
                        	
                              
                           
                            1.5%

                           
                        
                        	
                              
                           
                            7.4%

                           
                        
                        	
                              
                           
                            20.6%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            33-42

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            59

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            80

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            73.8%

                           
                        
                        	
                              
                           
                            13.8%

                           
                        
                        	
                              
                           
                            1.3%

                           
                        
                        	
                              
                           
                            2.5%

                           
                        
                        	
                              
                           
                            8.8%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            43-70

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            44

                           
                        
                        	
                              
                           
                            11

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            5

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            61

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            72.1%

                           
                        
                        	
                              
                           
                            18.0%

                           
                        
                        	
                              
                           
                            .0%

                           
                        
                        	
                              
                           
                            8.2%

                           
                        
                        	
                              
                           
                            1.6%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                     
                           	
                              
                           
                            Total

                           
                        
                        	
                              
                           
                            count

                           
                        
                        	
                              
                           
                            224

                           
                        
                        	
                              
                           
                            60

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            24

                           
                        
                        	
                              
                           
                            36

                           
                        
                        	
                              
                           
                            350

                           
                        
                     

                     
                           	
                              
                           
                            %within age

                           
                        
                        	
                              
                           
                            64.0%

                           
                        
                        	
                              
                           
                            17.1%

                           
                        
                        	
                              
                           
                            1.7%

                           
                        
                        	
                              
                           
                            6.9%

                           
                        
                        	
                              
                           
                            10.3%

                           
                        
                        	
                              
                           
                            100.0%

                           
                        
                     

                  
               

               

            

            

         

         
               Discussion

            The advent of CBCT has made it possible to visualise the dentition, the maxillofacial skeleton, and the relationship of anatomic
               structures in three-dimensions.6 Significantly increased use of CBCT is evidenced by a recent Web-based survey of active AAE members in the U.S. and Canada
               which found that the most frequent use of CBCT was for diagnosis of pathosis, preparation for endodontic treatment or endodontic
               surgery, and for assistance in the diagnosis of trauma related injuries.7 
            

            CBCT provides clinicians with three-dimensional information about the external and internal morphology of the root and canal
               systems. 
            

            A comparative evaluation of canal staining techniques, CBCT, peripheral quantitative computed tomography, spiral computed
               tomography, plain and contrast medium enhanced digital radiography has shown that CBCT and pQCT are as accurate as gold standard
               in identifying the root canal configuration.7 
            

            In addition, root canal contours studied with CBCT showed very high correlation to histological sections8 and to operating microscopes9 providing a realistic prognosis prior to commencing treatment.
            

            Many studies have been undertaken in various ethnic groups to analyse the canal configuration of PMFM. This study was carried
               out on the institutional population representing a population of Indian origin, study using CBCT on this population is not
               reported in literature to the best of our knowledge.
            

            We found that more than two-thirds of the patients had type 6 mesial canal configuration in PMFM and about one third had type
               4 whereas type 2 was found to be relatively very low. In the distal canal, two-thirds had type 1 followed by type 2; type
               3,4 and 5 was found to be lower than 10%. 
            

            Using radiographs on Indian population authors have found type 2 as the most common in both mesial and the distal root.10 Clearing technique has shown type 4 to be the most prevalent in mesial root and type 1 in distal root.11 
            

            A study on Burmese inhabitants showed that majority had type 1 in distal root whereas type 2 and 4 were prevalent in the mesial
               root.12 
            

            South-Asian Pakistani nationals had type 2,4,6 in mesial root and type 1 or 5 in distal.13 Zhang R concluded that the Chinese population had most distal roots with type 1 canal whereas mesial roots had more complex
               canal systems with more than one canal.14 The denizens of Spain had 2 as the most frequent configuration in mesial root and type 1 and 4 in distal root15 whereas Ahmed HA16 concluded that in the Sudanese population, 59% PMFMs had four canals. Inhabitants of Turkey had predominantly type 4 in mesial
               root and type 1 in distal root.17, 18, 19 
            

            All these above studies show that the configuration of the root canal system in PMFM shows high diversity appearing with different
               frequencies in different ethnicities. 
            

            However, most of the population showed type 1 to be the most prevalent in the distal canal. 

            In contrast, comparing the configuration in the mesial canal, most of the population studies showed type 4 to be the predominant
               type followed by type 2 whereas this study showed type 6 with the highest frequency.
            

            Such high frequency of type 6 was not seen in any other study done either in the Indian population or in any South Asian population.
               The high prevalence of type 6 could be due to the vast latitude of age group included in this study as it was found in higher
               frequency both in the younger as well as the older age group. Type 6 has intercanal communication in the middle third which
               can be easily detected in CBCT scans.
            

            Authors have reported that inter-canal communications are more common in the mesial roots16 which are similar to results found in this study where type 6 was most common in mesial root. Endodontic therapy for these
               type of canals is comparatively more complicated than the simple tubular and tapered canals.17 
            

            Peiris20 concluded that the canal systems are completely defined by 30-40 yrs and intercanal communications are less prevalent in
               younger and older groups but high at intermediate ages. However, we found a higher frequency in young as well as older age
               group.
            

            Results of this study show a significant variance in the type of canal in distal root across the gender which were unlike
               the results derived by Berkan Celikter et al.21 
            

            Studies comparing the left and the right PMFM was not found in the literature. Though it did not show any statistical significance
               it was seen that some types were slightly predominant over the others either in the right or the left.
            

            Successful endodontic therapy is dependent on identification of all root canals followed by proper cleaning, shaping and obturation
               of all canals. Most often radiographs may not show the presence of all canals within the root, especially in the buccolingual
               plane. 
            

            In several cases, endodontic procedures fail due to varied canal anatomy. We have seen that PMFM has varied anatomy in both
               mesial and distal canals, which have been reliably detected due to the use of high resolution focused CBCT.  The selection
               of the most appropriate imaging protocol for the diagnostic task at hand is paramount.
            

            Hence we conclude that knowledge of CBCT will help clinicians  to visualize the complex root canal anatomy and improve treatment
               outcome.
            

         

         
               Limitations 

            One significant problem, which can affect the image quality and diagnostic accuracy of CBCT images is the scatter and beam
               hardening caused by high density neighbouring structures, such as enamel, metal posts and restorations. If this scattering
               and beam hardening is associated close to or with the tooth being assessed, the resulting CBCT images may be of minimal diagnostic
               value. In clinical endodontic practice, CBCT scanners with a limited field of view will provide clearer images as they will
               avoid scanning structures outside the region of interest susceptible to beam hardening (e.g., metallic restorations, dental
               implants).
            

         

         
               Conclusion

            The authors conclude that PMFM shows high degree of variations in the canal system as well as differences exist between the
               gender and across the age of the individual. In the subset of Indian population studied, more than two-thirds of the subjects
               had type 6 mesial canal configuration and two-thirds had type 1 in the distal root. CBCT plays a phenomenal role in diagnosis
               and treatment planning facilitating image guidance in operative and surgical procedures.
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