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            Abstract

            
               
Aim: The aim of this in vitro study is to compare the efficacy of three diagnostic methods, Direct visual method, Magnifying loupes
                  and Dental operating microscope in recognising all the canals of the root canal system in maxillary first molars using CBCT
                  and reference standard method.
               

               Materials and Methods:  A total of 65 maxillary first molars were selected for this study. Teeth selected were evaluated by Periapical radiographs
                  and CBCT. Access cavities of selected extracted human maxillary first molars were prepared, and the floor of the pulp chamber
                  was then explored to locate the MB2 canal in five stages: Stage I (Direct Visual Method), Stage II (under ×3.5 Magnifying
                  Loupes with light-emitting diode [LED] light), Stage III (Under Dental Operating Microscope), and Stage IV (Cross-sectioning
                  was done below CEJ and the sections were evaluated using stereomicroscope at 10x magnification).
               

               Statistical Analysis:  The descriptive statistics were tabulated using Chi square test to compare the efficacy between the diagnostic methods.
                  Senstivity, specificity, Positive /Negative predictive values were calculated for each method.
               

               Results: The results obtained in this study showed that CBCT was most accurate with the dimensional accuracy of 96% followed by Dental
                  operating microscope which performed better (with the diagnostic accuracy of 76%) than the magnifying loupes (with the diagnostic
                  accuracy of 64%) direct visual method (with the diagnostic accuracy 60%).
               

               Conclusion: The dental operating microscope was most effective in the detection of MB2 canals followed by magnifying loupes and direct
                  visual method. Additionally, CBCT could be used as a supplementary diagnostic tool in cases in which canals are not found
                  using the methods available in the dental office.
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               Introduction

            A major cause for the failure of root canal therapy is the inability of clinician to localize and treat all the canals of
               the complex root canal system. The clinical impact of missed anatomy can be clearly understood with the large number of re-treatment
               case reports available in the literature. According to a study done by Hoen and Pink, missed canals are noted in 42% teeth
               that required endodontic retreatment. Canals may be left untreated mainly because their presence is not recognised by the
               dentist.1

            Traditionally, clinical inspection and intraoral radiography were the methods used to identify root canals. However, efficacy
               of clinical inspection is directly dependent on examiner’s knowledge and skills2 whereas radiography is limited by technical factors such as contrast and angulation.3 Each method has its own unique limitation which contributes to a relatively high rate of unidentified canals particularly
               when canal location and number are atypical.
            

            Endodontics, as we all understand, is confined to narrow operating space as it deals with miniscule anatomy.4 Unaided eyes can only see upto the level of canal orifice.5 Moreover, natural vision may begin to deteriorate at the age of 40 for maximum people.6 As a result, it is assumed that higher magnification, achieved either by using recently introduced diagnostic aids such as
               magnifying loupes or an operating microscope, may enhance the ability of clinician to detect even those canals that could
               not normally be observed by naked eye alone.7

            Cone beam computed tomography (CBCT) presents a new technological approach that is non-invasive and overcomes many of the
               disadvantages of clinical inspection and radiography because the operator can visualise the morphologic characteristic of
               the sample in 3-dimensional slices without destroying the specimens.8 CBCT has the unique ability to provide high -resolution images in multiple planes of space while eliminating superimposition
               of surrounding structures.9

            So, many methods are available to aid the clinicians in detecting additional canals in Mesiobuccal root of maxillary first
               molar, but no studies have evaluated the diagnostic efficacy of Direct visual inspection, inspection using loupes, inspection
               using microscope and analysis of CBCT images.
            

            Thus, an invitro study is designed to compare the diagnostic efficacy of direct visual method, magnifying loupes and dental
               operating microscope in locating MB2 canals in maxillary molars using CBCT and reference standard method of cross-sectioning.
            

         

         
               Materials and Methods

            The study was conducted in the department of Conservative Dentistry and Endodontics at J.N Kapoor D.A.V. (C) Dental College,
               Yamunanagar. For this in-vitro study, approximately 200 extracted human permanent maxillary first and second molars (preferably
               from the age group of 18-55 years) were obtained. The inclusion criteria were maxillary first molars with the roots of fully
               formed apices and with no previous restorative and endodontic treatment.
            

            On the basis of this exclusion and inclusion criteria, a total of 65 maxillary first molars were selected for this study (Figure  1). Teeth selected were cleaned using ultrasonic scaler and gracey curette so as to remove soft tissues and hard aggregations,
               if present, on their surfaces.
            

            These selected teeth were further evaluated by periapical radiographs to evaluate their internal anatomy as well as to rule
               out any internal resorption or calcification (Figure  2). These selected teeth were then stored in 10% formalin at the room temperature till their further use.
            

            For this in-vitro study, firstly CBCT Images (Figure  3) were obtained using a Newtom 3-D unit operating at 90 KVP. All images were analysed independently by an expert radiologist.
               The operator was kept blind to the results of CBCT findings till completion of the study.
            

            

            
                  
                  Figure 1

                  Samples for the study
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                  Figure 2

                  Preoperative radiographs of maxillary molars 
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                  Figure 3

                  CBCT scan image
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            The teeth were accessed with sterile Endo Access Bur & Endo Z bur (Dentsply‑Maillefer, Ballaigues, Switzerland). The access
               cavity was prepared initially with triangular outline. Mesiobuccal 1 (MB1), distobuccal, and palatal (P) canal orifices were
               located with the help of an endodontic explorer (DG16, Hu‑Friedy), and canals were negotiated with 10 or 15 K‑files (Mani,
               Japan). Hand instrumentation followed by copious irrigation with 3% sodium hypochlorite (Parcan; Septodont, Saint‑Maur‑des‑Fosses,
               France) was used to remove the contents within pulp chamber and root canal space. The outline of the access cavity was further
               improved from a triangular to a rhomboidal shape (Figure  4) to increase the visibility of the pulpal floor.
            

            The pulp chamber floor was then negotiated to locate the MB2 canal in four stages.

            
                  Stage I (Direct visual method)

               Initially, the MB2 canal orifice was located with a DG16 explorer under direct vision. The explorer was run from the main
                  MB1 canal toward the palatal canal 1–2 mm mesially.
               

            

            
                  Stage II (Using magnifying loupes with ligh‑emitting diode light)

               The teeth which did not detect the presence of MB2 canal after Stage I were examined under magnification (×3.5) using Dental
                  Loupes (Unicorn Denmart Galilean Dental Loupes) with LED light with the help of a DG16 explorer.
               

            

            
                  Stage III (Under dental operating microscope ×16)

               Further, the teeth in which the MB2 canal could not be detected after Stage II, dental operating microscope at ×16 magnification
                  (Labomed Prima DNT Microscope with 5 Step magnification changer) was used.
               

            

            
                  Stage IV (Cross-sectioning)

               Finally, the selected 48 maxillary molars were cross-sectioned (Figure  4) below the cement-enamel junction(CEJ) at three different levels using diamond discs (SS White) at low speed and then these
                  sections were analysed by the examiner under stereomicroscope at 10X magnification to confirm the presence of all the canals
                  in the root canal system.
               

               The teeth which could not detect the MB2 canal after Stage IV were reported to be absent or missing.

               Throughout the procedure, copious irrigation was done with 3% sodium hypochlorite solution and normal saline intermittently.
                  After locating the canal orifice, the MB2 canal was negotiated using 06, 08, and 10 K‑files. The presence of MB2 canal located
                  was confirmed with working length determination radiographs (Figure  5).
               

               
                     
                     Figure 4

                     Access cavity preparation
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                     Figure 5

                     Post operative radiograph
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               Results

            The number of teeth in which MB2 canal was found with each diagnostic method has been shown in Table  1.
            

            
                  
                  Table 1

               

               
                     
                        
                           	
                              
                           
                            Method

                           
                        
                        	
                              
                           
                            No. of MB2 canals (%)

                           
                        
                     

                     
                           	
                              
                           
                            CBCT

                           
                        
                        	
                              
                           
                            48 (96)

                           
                        
                     

                     
                           	
                              
                           
                            Direct Visual Method

                           
                        
                        	
                              
                           
                            30 (60)

                           
                        
                     

                     
                           	
                              
                           
                            Magnifying Loupes

                           
                        
                        	
                              
                           
                            32 (64)

                           
                        
                     

                     
                           	
                              
                           
                            Dental Operating Microscope

                           
                        
                        	
                              
                           
                            38 (76)

                           
                        
                     

                     
                           	
                              
                           
                            Cross-sectioning

                           
                        
                        	
                              
                           
                             50 (100)

                           
                        
                     

                  
               

               

            

            

            

            
                  
                  Table 2

               

               
                     
                        
                           	
                              
                           
                           
                              Method
                              
                           

                           
                        
                        	
                              
                           
                           
                              Cross-sectioning (%)
                              
                           

                           
                           

                           
                        
                        	
                              
                           
                           
                              Total
                              
                           

                           
                        
                        	
                              
                           
                           
                              p-value
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           Yes

                           
                        
                        	
                              
                           
                           No

                           
                        
                     

                     
                           	
                              
                           
                           CBCT 

                           
                        
                        	
                              
                           
                           Yes 

                           
                        
                        	
                              
                           
                           48 (73.8)

                           
                        
                        	
                              
                           
                           0 (0)

                           
                        
                        	
                              
                           
                           48 (73.8)

                           
                        
                        	
                              
                           
                           0.360

                           
                        
                     

                     
                           	
                              
                           
                           No

                           
                        
                        	
                              
                           
                           2 (3)

                           
                        
                        	
                              
                           
                           15 (23)

                           
                        
                        	
                              
                           
                           17 (26)

                           
                        
                     

                     
                           	
                              
                           
                           
                              Total
                              
                           

                           
                        
                        	
                              
                           
                           50 (77)

                           
                        
                        	
                              
                           
                           15 (23)

                           
                        
                        	
                              
                           
                           65 (100)

                           
                        
                     

                     
                           	
                              
                           
                           DVM 

                           
                        
                        	
                              
                           
                           Yes 

                           
                        
                        	
                              
                           
                           30 (46)

                           
                        
                        	
                              
                           
                           0 (0)

                           
                        
                        	
                              
                           
                           30 (46)

                           
                        
                        	
                              
                           
                           < 0.001*

                           
                        
                     

                     
                           	
                              
                           
                           No

                           
                        
                        	
                              
                           
                           20 (31)

                           
                        
                        	
                              
                           
                           15 (23)

                           
                        
                        	
                              
                           
                           35 (54)

                           
                        
                     

                     
                           	
                              
                           
                           
                              Total
                              
                           

                           
                        
                        	
                              
                           
                           50 (77)

                           
                        
                        	
                              
                           
                           15(23)

                           
                        
                        	
                              
                           
                           65 (100)

                           
                        
                     

                     
                           	
                              
                           
                           M. Loupes 

                           
                        
                        	
                              
                           
                           Yes 

                           
                        
                        	
                              
                           
                           32 (49)

                           
                        
                        	
                              
                           
                           0 (0)

                           
                        
                        	
                              
                           
                           32 (49)

                           
                        
                        	
                              
                           
                           < 0.001*

                           
                        
                     

                     
                           	
                              
                           
                           No

                           
                        
                        	
                              
                           
                           18 (27.6)

                           
                        
                        	
                              
                           
                           15 (23)

                           
                        
                        	
                              
                           
                           33(50.7)

                           
                        
                     

                     
                           	
                              
                           
                           
                              Total
                              
                           

                           
                        
                        	
                              
                           
                           50 (77)

                           
                        
                        	
                              
                           
                           15 (23)

                           
                        
                        	
                              
                           
                           65 (100)

                           
                        
                     

                     
                           	
                              
                           
                           DOM 

                           
                        
                        	
                              
                           
                           Yes 

                           
                        
                        	
                              
                           
                           38 (58.4)

                           
                        
                        	
                              
                           
                           0 (0)

                           
                        
                        	
                              
                           
                           38 (58.4)

                           
                        
                        	
                              
                           
                           < 0.001*

                           
                        
                     

                     
                           	
                              
                           
                           No

                           
                        
                        	
                              
                           
                           12 (18.4)

                           
                        
                        	
                              
                           
                           15 (23)

                           
                        
                        	
                              
                           
                           27 (41.5)

                           
                        
                     

                     
                           	
                              
                           
                           
                              Total
                              
                           

                           
                        
                        	
                              
                           
                           50 (77)

                           
                        
                        	
                              
                           
                           15 (23)

                           
                        
                        	
                              
                           
                           65 (100)

                           
                        
                     

                  
               

               

            

            

            Direct visual method (DVM), Magnifying loupes and Dental operating microscope (DOM) detected significantly lesser canals compared
               to the cross-sectioning.
            

            

            
                  
                  Table 3

               

               
                     
                        
                           	
                              
                           
                            

                           
                        
                        	
                              
                           
                           
                              CBCT
                              
                           

                           
                        
                        	
                              
                           
                           
                              DVM
                              
                           

                           
                        
                        	
                              
                           
                           
                              Magnifying loupes
                              
                           

                           
                        
                        	
                              
                           
                           
                              DOM
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           Sensitivity

                           
                        
                        	
                              
                           
                           96.00%

                           
                        
                        	
                              
                           
                           60.00%

                           
                        
                        	
                              
                           
                           64.00%

                           
                        
                        	
                              
                           
                           76.00%

                           
                        
                     

                     
                           	
                              
                           
                           (86.29-99.51%)

                           
                        
                        	
                              
                           
                           (45.18-73.59%)

                           
                        
                        	
                              
                           
                           (49.19-77.08%)

                           
                        
                        	
                              
                           
                           (61.83-86.94%)

                           
                        
                     

                     
                           	
                              
                           
                           Specificity

                           
                        
                        	
                              
                           
                           100.00%

                           
                        
                        	
                              
                           
                           100.00%

                           
                        
                        	
                              
                           
                           100.00%

                           
                        
                        	
                              
                           
                           100.00%

                           
                        
                     

                     
                           	
                              
                           
                           (78.20-100.00%

                           
                        
                        	
                              
                           
                           (78.20-100.00%)

                           
                        
                        	
                              
                           
                           (78.20-100.00%)

                           
                        
                        	
                              
                           
                           (78.20-100.00%)

                           
                        
                     

                     
                           	
                              
                           
                           Positive 

                           
                        
                        	
                              
                           
                           100.00%

                           
                        
                        	
                              
                           
                           100.00%

                           
                        
                        	
                              
                           
                           100.00%

                           
                        
                        	
                              
                           
                           100.00%

                           
                        
                     

                     
                           	
                              
                           
                           Predictive

                           
                        
                        	
                              
                           
                           (78.20-100.00%)

                           
                        
                        	
                              
                           
                           (78.20-100.00%)

                           
                        
                        	
                              
                           
                           (78.20-100.00%)

                           
                        
                        	
                              
                           
                           (78.20-100.00%)

                           
                        
                     

                     
                           	
                              
                           
                           Value

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Negative 

                           
                        
                        	
                              
                           
                           88.24%

                           
                        
                        	
                              
                           
                           42.86%

                           
                        
                        	
                              
                           
                           45.45%

                           
                        
                        	
                              
                           
                           55.56%

                           
                        
                     

                     
                           	
                              
                           
                           Predictive 

                           
                        
                        	
                              
                           
                           (65.86-96.68%)

                           
                        
                        	
                              
                           
                           (34.82-51.29%)

                           
                        
                        	
                              
                           
                           (36.54-54.67%)

                           
                        
                        	
                              
                           
                           (43.29-67.18%)

                           
                        
                     

                     
                           	
                              
                           
                           Value

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                        	
                              
                           
                           

                           
                        
                     

                     
                           	
                              
                           
                           Accuracy

                           
                        
                        	
                              
                           
                           96.92%

                           
                        
                        	
                              
                           
                           69.23%

                           
                        
                        	
                              
                           
                           72.31%

                           
                        
                        	
                              
                           
                           81.54%

                           
                        
                     

                     
                           	
                              
                           
                           (89.32-99.63%)

                           
                        
                        	
                              
                           
                           (56.55-80.09%)

                           
                        
                        	
                              
                           
                           (59.81-82.69%)

                           
                        
                        	
                              
                           
                           (69.97-90.08%)

                           
                        
                     

                  
               

            

            

         

         
               Discussion

            A predictable successful endodontic therapy starts with identification of all the canals in the root canal system. If a canal
               is not identified, it cannot be cleaned and filled and is the potential cause of failure in the endodontic therapy. Many diagnostic
               methods are available to aid clinicians in detecting the MB2 canals in maxillary first molars,10, 11, 12, 13 but no studies have evaluated the diagnostic efficacy of direct visual inspection, inspection using loupe, inspection using
               microscope, and analysis of CBCT images.
            

            The present study highlights the importance of recent advancing techniques such as CBCT in determining the root canal morphologies
               in the maxillary first molar and the use of magnifying aids such as magnifying loupes and dental operating microscope for
               locating canals which are usually missed by naked eye in general practice.
            

            Maxillary first molar is one of the most misunderstood tooth, as it's root canal system presents a variety of considerations
               for the treating practitioner. Clinically, the mesio-buccal root contains a second root canal system which can be identified
               and treated in more than 70% of the cases.14 Also, MB2 canal often goes unnoticed as it departs the pulp chamber at a sharp mesial inclination and is then bent again
               in the distal direction, making its detection highly challenging.12 Inability to identify this MB2 may often result in a high percentage of endodontic failure, requiring re-treatment among
               these teeth.15

            It is worth mentioning that when a method is used to determine its ability in detecting what it is looking for, measuring
               its diagnostic accuracy is useful to judge the options and choose the best one. 16

            The results obtained in this study showed that CBCT was most accurate with the dimensional accuracy of 96% followed by Dental
               operating microscope which performed better (with the diagnostic accuracy of 76%) than the magnifying loupes (with the diagnostic
               accuracy of 64%) direct visual method (with the diagnostic accuracy 60%).
            

            The reason that can be attributed to the increase likelihood of the detection of additional canals using magnification is
               that when using adequate "illumination and magnification" provided by the DOM, two main features become evident which helps
               in canal location. The first was the presence of a groove in the pulpal floor, serving as a map for canal location. Second,
               there was a color difference between the dentin of the pulpal floor and that around the canal orifices, which becomes clearly
               evident with DOM.17

            Naked Eye has limited resolving power. Carr reported that the human eye, when unaided by magnification, has the inherent ability
               to resolve or distinguish two separate lines or entities that are at least 200 microns, or 0.2mm, apart. If the lines are
               closer together, two separate entities or the objects will appear as one. It means if the distance between MB1 and MB2, anything
               less than one fifth (i.e., 0.2 mm) of a millimetre, it becomes extremely difficult for the human eye to resolve them as two
               separate canals and that’s where the role of magnification comes into play. Alternatively, a dental operating microscope can
               dramatically improve the resolving limit from 0.2mm to 0.006 mm.18

            These results are also supported by Rajput F et al. who in their study stated that dental operating microscope examination
               may be more effective for location of the MB-2 canal than naked eye examination.19 The results of this study are also supported by previous studies done by Buhrley et al. who showed that the use of magnification
               increased MB2 detection rate in comparison to that of non-magnification.7

            However the differences between dental operating microscope, magnifying loupes and the direct visual method was statistically
               insignificant. The reason that can be attributed to this is that the operators experience in using visual method and loupes
               is much more than that of using DOM which actually is of Resident's level. According to Corcoran et al. the examiner’s ability
               to locate root canals is largely dependent on clinical experience.2

            Additionally, analysis of CBCT images proved to be a highly accurate method for detecting MB2 canals, with diagnostic accuracy
               similar to that of the reference standard method. This is due to the fact that CBCT has the unique ability of providing 3
               dimensional undistorted images without destroying the specimen.8 Baratto Filho et al. reported that operating microscope and CBCT have been important for locating and identifying root canals,
               and CBCT can be used as a good method for initial identification of maxillary first molar internal morphology.20 Michetti et al. compared CBCT reconstructions of root canal systems with histological sections. The authors found a strong
               correlation between data acquired through CBCT and histological sections.21

            A limitation of the method is that patients are subjected to a certain radiation dose. The American Association of Endodontists
               (AAE) and American Association of Oral Maxillofacial Radiology (AAOMR) recommend that the CBCT should not be used in the endodontic
               routine. However, if necessary, it is preferable to obtain acquisitions with small FOV and voxel aiming to reduce the radiation
               dose. Besides Radiation issues, the presence of artefacts created by metallic restorations present in mouth may compromise
               image quality.22

            In vitro studies have some limitations and translating their results to the clinical situation seems to be inappropriate.
               However, the recent literature supports our findings and points out that CBCT is reliable tool for detecting missing canals
               in vivo.23

            This study, however, supports the fact that the long-term prognosis in endodontics can be enhanced with the use of magnifying
               aids in locating the untreated canals which often gets overlooked without magnification, for e.g. MB2 canal of the maxillary
               molars.24 This huge shift in clinical accuracy, even by using low magnification, is bringing a revolution in the field of endodontics
               with greater success rate by transforming "tactile-driven endodontics" to “vision-based endodontics”.4 Additionally, CBCT could be used as a supplementary diagnostic tool in cases in which canals are not found using the methods
               available in the dental office. However, to reduce the radiation dose, it is preferable to obtain acquisitions with small
               FOV and voxel.22 
            

         

         
               Conclusion

            The operating microscope was most effective in the detection of MB2 canals. Furthermore, the magnifying loupes with LED light
               when compared to the operating microscope did not show a significant difference in the detection of MB2 canals, suggesting
               that magnifying loupes with LED light can be used as a suitable alternative to operating microscope. Additionally, CBCT could
               be used as a supplementary diagnostic tool in cases in which canals are not found using the methods available in the dental
               office.
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