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        Abstract



        
          

          Introduction


          This study aimed to compare the efficacy of the reciprocating system for the retreatment procedure of root canals obturated with two different sealers, through two different access designs.

        


        
          

          Methods


          A total of 40 extracted human mandibular premolars with single oval canals were selected. The samples were divided into two groups (n = 20): Group I, which had an endodontic access cavity (CEC), and Group II, which had a traditional endodontic access cavity (TEC). The samples were divided into subgroups (n = 10) according to the following sealers: Bioceramic, AH, and Saler. Retreatment was performed using the Reciproc system. Teeth were scanned with CBCT, and the percentage of residual filling was calculated. The time needed for retreatment was recorded. The ANOVA test was used for statistical analysis.

        


        
          

          Results


          A significant difference was observed in retreatment times, with the contracted access combined with the bioceramic (BC) sealer requiring the longest time. Overall, no significant difference was found in the amount of remaining obturating material among the four groups. However, when using contracted access and the BC sealer, a significant difference was noted among the root thirds, with the coronal third showing the highest volume of residual material.

        


        
          

          Discussion


          The reciprocating retreatment system was not effective in completely cleaning the canals, regardless of the access cavity design or the type of sealer used. One limitation of this study is the use of CBCT; more accurate results might have been obtained with the use of micro-CT.

        


        
          

          Conclusions


          The contracted access combined with the bioceramic (BC) sealer required the longest retreatment time. Residual obturating material was observed in all groups. The contracted access/BC sealer group exhibited the highest amount of remaining material in the coronal third.
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      1. INTRODUCTION


      The primary objective of retreatment for an endodontically treated tooth is to eliminate persistent microorganisms and/or cure apical periodontitis, hence providing an optimal environment for recovery [1]. The removal of root canal filling would improve the disinfection of the root canal system, followed by three-dimensional root canal obturation [2]. Orthograde retreatment of endodontically treated teeth is considered one of the applicable treatment solutions in cases of post-treatment diseases, based on the good outcome results concluded in the literature [3].


      The mechanical removal of gutta-percha is often conducted utilizing several techniques and materials, including hand files, rotary tools, ultrasonic tips, or heating equipment, with or without the application of softening agents such as chloroform [4-9]. The remnants of filling materials left on dentin walls may hinder irrigation and medication from effectively cleaning the canals, which can affect adequate disinfection [10]. Moreover, these remnants can hinder adequate sealing [5].


      The complex internal morphology of the root canal system, characterized by isthmuses, apical ramifications, accessory canals, and oval canals, significantly influences the effective removal of residual obturated materials from root canals [11, 12].


      The challenges faced in removing gutta-percha primarily stem from the obturation methods and the type of sealer used. Epoxy resin-based sealers, as AH Plus (Dentsply Sirona, Konstanz, Germany), are available in a paste-paste mixture with high physical properties [13]. Calcium silicate-based bioceramic sealers promote efficient tissue healing, along with the hydroxyapatite mineralization of dentin, thereby improving the sealing of root canals [6, 14, 15]. Calcium silicate-based EndoSequence BC (Brassler USA, Savannah, GA) demonstrates low cytotoxicity, superior bonding strength, and effective sealing capability [16]. Moreover, several studies have revealed that BC sealer induces mineralization and stimulates the induction of hard tissue [17].


      Removing gutta-percha from root canals using NiTi rotary systems is more effective than hand instruments and is characterized by fewer procedural errors [18]. Root canal instrumentation using nickel-titanium (NiTi) instruments usually rotates inside root canals with limited effect in oval-shaped root canals [19, 20]. Despite the application of circumferential filing motions, a proportion of dentin walls remains untouched [21]. Recent innovations have been implemented in instrument designs to increase their cutting efficiency and fatigue resistance. Modifications have also been done in the metallurgy to improve the nanocrystalline structure [22, 23].


      In recent years, reciprocating motions have become a common choice for root canal preparation due to their shorter preparation times, high quality, and ease of use [24]. Several researchers have studied the effectiveness of these file systems for endodontic retreatment procedures [9, 12, 25]. Few studies have investigated the impact of contracted access design on the efficacy of retreatment treatments [26].


      Therefore, the aim of this in vitro study was to analyse the effect of contracted and traditional endodontic access cavity outlines on the retreatment efficacy of single oval canals using the reciprocal single-file systems when obturated with two different sealers. This aim was based on the hypothesis that none of the systems can completely remove the root filling material from root canals.

    


    
      

      2. MATERIALS AND METHODS


      This study was designed as an Ex-Vivo comparative study, and for standardization, all procedures were performed by the same operator. Ethical approval for this study was obtained from the Institutional Biomedical Research Ethics Committee of Umm al-Qura University (IRB Approval No. HAPO-02-K-012-2023-06-1664, dated June 20, 2023).


      
        

        2.1. Sample Size Calculation and Selection


        The G*Power statistical power analysis program (version 3.1.9.4) was utilized for sample size determination, indicating that a total sample size (n=40; divided into 10 per subgroup) was adequate to identify an effect size of (F=0.711), achieving an actual power (1-β error) of 0.95 (95%) and a significance level (α error) of 0.05 (5%). Forty extracted human mandibular first and second premolars with mature apices and single roots were collected from the oral surgery clinics of the dental teaching hospital at Umm Al-Qura University in Makkah, Saudi Arabia. The collected teeth were then stored in a 10% formalin solution. The teeth had been extracted due to periodontal disease or orthodontic considerations, and all study participants (from whom mandibular premolars were extracted) provided written informed consent, granting permission to use their extracted teeth in the research. The extracted teeth were rinsed under running water for 60 minutes, then cleaned using a scaler. Periapical radiographs were taken, and the final sample was selected based on specific inclusion and exclusion criteria. Teeth with single roots and fully developed, closed apices were included, while teeth exhibiting multiple canals, fractures, resorption, caries, cracks, open apices, or root curvature exceeding 15° were excluded.

      


      
        

        2.2. Samples Grouping


        The teeth were divided into two groups of 20 teeth each based on the endodontic access cavity design: Traditional Endodontic Cavity (TEC) and Contracted Endodontic Cavity (CEC). Each group was further subdivided into two subgroups of 10 teeth each according to the type of sealer used: AH Plus sealer or bioceramic (BC) sealer. Accordingly, Group I-A included teeth with TEC, obturated with gutta-percha and AH Plus sealer; Group I-B included teeth with TEC, obturated with gutta-percha and BC sealer; Group II-A included teeth with CEC, obturated with gutta-percha and AH Plus sealer; and Group II-B included teeth with CEC, obturated with gutta-percha and BC sealer.

      


      
        

        2.3. Sample Preparation


        The teeth were embedded in cold-cured resin blocks. The samples were randomly grouped into two experimental groups based on the type of access cavity preparation (n = 20 each): traditional access cavity preparation and contracted access cavity preparation. The working length was calculated radiographically as 0.5 mm from the apex, and the glide path was established using manual files up to size #25. The cleaning and shaping procedures were done using Protaper Next files (Dentsply Maillefer, Ballaigues, Switzerland). Every file utilized was lubricated with Glyde (Dentsply Maillefer, Ballaigues, Switzerland). Irrigation was performed after each file using 2 mL of 5% NaOCl. Upon completion of instrumentation, all specimens were irrigated with 5 mL of 17% EDTA solution, followed by 5 mL of saline solution, and then dried using appropriate paper points. The specimens were subsequently subgrouped according to the sealer used (n = 10 each): AH Plus (DenTsply, Germany) or BioRoot RCS (Septodont, France). The canals were then obturated with gutta-percha and sealer (Dentsply Maillefer, Ballaigues, Switzerland) utilizing the cold lateral condensation technique. The quality of obturation was assessed radiographically and considered adequate when no voids were detected on the radiograph. The access cavity was filled with interim filling material (Cavit, Detrey, Dentsply) and kept in a humidifier at 37°C for 30 days.

      


      
        

        2.4. Retreatment Technique


        For filling material removal, the Reciproc Blue RB25 and RB40 instruments (VDW GmbH) were used in all experimental groups, and the protocol was followed according to the manufacturer's instructions. NaOCl alternating with EDTA was used as the irrigation protocol; root canals were then dried using the corresponding paper points (size #40/0.04; VDW GmbH). The retreatment was deemed sufficient when no visible remnants of obturating material were observed.

      


      
        

        2.5. Time Recording


        The retreatment time was recorded in minutes using a stopwatch till adequate gutta-percha removal was achieved. The time required for changing the instrument was excluded from the analysis.

      


      
        

        2.6. Cone Beam Computed Tomography (CBCT) Evaluation and 3D Evaluation of the Volumetric Images


        After completion of the retreatment procedure, the specimens were scanned using cone-beam computed tomography (CBCT) to calculate the percentage of residual obturating material at the coronal, middle, and apical thirds of the root [12]. The CBCT images were acquired using the Planmeca ProMax 3D scanner (Planmeca, Helsinki, Finland). Each sample was scanned using an amorphous silicon flat panel sensor with a 0.5 mm focal spot size, 14-bit grayscale resolution, and a cesium iodide (CsI) scintillator. The scanning parameters were standardized for all samples: a voxel size of 0.3 mm, a tube current of 18.54 mA, a tube voltage of 120 kVp, and a scanning time of 8.9 seconds. Following the acquisition of cone-beam CT images, the Digital Imaging and Communications in Medicine (DICOM) files were imported into Mimics Medical (v19.0; Materialise, Belgium), an image processing application used for three-dimensional modeling and design. The amount of obturation material that remained was measured and examined using a threshold procedure. Along the length of the root, masks were produced at the apical, middle, and coronal levels, and the associated volumes were calculated in cubic millimeters (Fig. 1).

      


      
        

        2.7. Statistical Analysis


        Numerical data were assessed for normality by examining the data distribution and conducting normality tests (Kolmogorov-Smirnov and Shapiro-Wilk tests). The retreatment time data had a normal (parametric) distribution; however, the volume of remaining obturating material data demonstrated a non-normal (non-parametric) distribution. Data was presented as median, range, mean, and standard deviation. The one-way ANOVA test was employed to compare the groups for parametric data. Bonferroni's post-hoc test was employed for pairwise comparisons following a significant ANOVA test. The Mann-Whitney U test was utilized to compare the two access techniques and the two sealing types for non-parametric data. The Friedman test was employed to compare root levels within the group. The Kruskal-Wallis test was employed to compare the total volume of residual obturating material between the four groups. Dunn's test was utilized for pairwise comparisons where either Friedman’s test or the Kruskal-Wallis test yielded significant results. The significance level was established at p < 0.05. Statistical analysis was conducted using IBM SPSS Statistics for Windows, Version 23.0. Armonk, New York: IBM Corporation.


        [image: ]
Fig. (1)


        Cone beam CT showing the measuring technique of residual filling material in contracted access + BC sealer.


        
          Table 1 Mean, standard deviation (SD) values, and results of the one-way ANOVA test for comparison between retreatment times (minutes) in different groups.


          
            
              
                	Traditional Access + AH Sealer (n = 10)

                	Traditional Access + BC Sealer (n = 10)

                	Contracted Access + AH Sealer (n = 10)

                	Contracted Access + BC Sealer (n = 10)

                	p-value

                	Effect Size (Eta Squared)
              


              
                	Mean

                	SD

                	Mean

                	SD

                	Mean

                	SD

                	Mean

                	SD
              

            

            
              
                	4.1 B

                	0.91

                	4.56 B

                	0.99

                	4.11 B

                	0.58

                	5.02 A

                	0.57

                	0.038*

                	0.206
              

            
          


          
            Note: *: Significant at p ≤ 0.05, Different superscripts indicate statistically significant difference between groups.
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Fig. (2)


        Bar chart representing mean and standard deviation of the results of retreatment times in different groups.

      

    


    
      

      3. RESULTS


      
        

        3.1. Retreatment Time


        The results showed a statistically significant difference in retreatment times among the groups (p = 0.038; effect size = 0.206). The group with contracted access and BC sealer demonstrated a significantly higher mean retreatment time compared to the other three groups. However, pairwise comparisons among the remaining groups revealed no statistically significant differences (Table 1, Fig. 2).

      


      
        

        3.2. Volume of Remaining Obturating Material


        
          

          3.2.1. Comparison between Access Techniques


          As shown in Table 2 (group AH sealer), there was no significant difference between traditional and contracted access designs at the coronal, middle, and apical root levels, as well as the overall volume of remaining obturating material.


          While in the BC sealer group, there was no statistically significant difference between traditional and contracted access techniques at the coronal root level. While at the middle, apical root levels as well as the overall volume of remaining obturating material, traditional access showed statistically significantly lower volume of remaining obturating material than contracted access (p-value = 0.017, Effect size = 1.258), (p-value = 0.002, Effect size = 1.835) and (p-value = 0.021, Effect size = 1.203), respectively.

        


        
          

          3.2.2. Comparison between sealers


          There was no statistically significant difference between AH and BC with traditional and contracted accesses. While at the coronal root level as well as the overall volume of remaining obturating material, AH sealer showed statistically significantly lower volume of remaining obturating material than BC sealer (p-value = 0.001 and 0.031, respectively) (Table 3).

        


        
          

          3.2.3. Comparison between Root Levels


          Analysis of the percentage of remaining obturating material at different root levels is presented in Table 4. A statistically significant difference was observed among the root levels (p = 0.004, <0.001, and <0.001, respectively). Pairwise comparisons revealed that the coronal third had a significantly higher volume of remaining obturating material compared to the middle and apical thirds (Table 4).

        


        
          

          3.2.4. Comparison between the Overall Volume of Remaining Obturating Material in the Four Groups


          Regardless of the root level, the results showed that there was no significant difference among the overall volume of remaining obturating material in the four groups (Table 5, Fig. 3).


          
            Table 2 Results of the Mann-Whitney U test for comparison between volume of remaining obturating material (mm3) after using the two access techniques (Descriptive statistics).


            
              
                
                  	Sealer

                  	Root Level

                  	Traditional Access (n = 10)

                  	Contracted Access (n = 10)

                  	p-value

                  	Effect Size (d)
                


                
                  	Median (Range)

                  	Mean (SD)

                  	Median (Range)

                  	Mean (SD)
                

              

              
                
                  	AH sealer

                  	Coronal

                  	2.5 (1.2, 4.9)

                  	2.69 (1.28)

                  	2.5 (0.9, 3.4)

                  	2.26 (0.82)

                  	0.519

                  	0.29
                


                
                  	Middle

                  	1.2 (0.5, 10.1)

                  	2.01 (2.88)

                  	1.65 (0, 3)

                  	1.66 (0.97)

                  	0.448

                  	0.343
                


                
                  	Apical

                  	1.85 (0.8, 3)

                  	1.89 (0.78)

                  	1.8 (0.5, 3.9)

                  	1.9 (1.03)

                  	0.940

                  	0.034
                


                
                  	Overall

                  	1.8 (1.13, 5.27)

                  	2.2 (1.23)

                  	2.15 (0.77, 2.93)

                  	1.94 (0.83)

                  	0.791

                  	0.119
                


                
                  	BC sealer

                  	Coronal

                  	2.9 (0.9, 6.1)

                  	3.22 (1.75)

                  	4 (2.6, 8.6)

                  	4.48 (1.82)

                  	0.130

                  	0.718
                


                
                  	Middle

                  	0.45 (0, 2.3)

                  	0.75 (0.9)

                  	1.55 (0.8, 2.5)

                  	1.67 (0.54)

                  	0.017*

                  	1.258
                


                
                  	Apical

                  	1.3 (0, 2.8)

                  	1.27 (0.88)

                  	2.35 (1.3, 3.7)

                  	2.57 (0.77)

                  	0.002*

                  	1.835
                


                
                  	Overall

                  	1.62 (0.43, 3.23)

                  	1.75 (0.94)

                  	2.8 (1.77, 4.03)

                  	2.91 (0.73)

                  	0.021*

                  	1.203
                

              
            


            
              Note: *: Significant at p ≤ 0.05.
            


          


          
            Table 3 Results of the Mann-Whitney U test for comparison between volume of remaining obturating material (mm3) after using the two sealers (descriptive statistics).


            
              
                
                  	Access Technique

                  	Root Level

                  	AH Sealer (n = 10)

                  	BC Sealer (n = 10)

                  	p-value

                  	Effect Size (d)
                


                
                  	Median (Range)

                  	Mean (SD)

                  	Median (Range)

                  	Mean (SD)
                

              

              
                
                  	Traditional access

                  	Coronal

                  	2.5 (1.2, 4.9)

                  	2.69 (1.28)

                  	2.9 (0.9, 6.1)

                  	3.22 (1.75)

                  	0.596

                  	0.238
                


                
                  	Middle

                  	1.2 (0.5, 10.1)

                  	2.01 (2.88)

                  	0.45 (0, 2.3)

                  	0.75 (0.9)

                  	0.082

                  	0.844
                


                
                  	Apical

                  	1.85 (0.8, 3)

                  	1.89 (0.78)

                  	1.3 (0, 2.8)

                  	1.27 (0.88)

                  	0.096

                  	0.801
                


                
                  	Overall

                  	1.8 (1.13, 5.27)

                  	2.2 (1.23)

                  	1.62 (0.43, 3.23)

                  	1.75 (0.94)

                  	0.449

                  	0.343
                


                
                  	Contracted access

                  	Coronal

                  	2.5 (0.9, 3.4)

                  	2.26 (0.82)

                  	4 (2.6, 8.6)

                  	4.48 (1.82)

                  	0.001*

                  	2.065
                


                
                  	Middle

                  	1.65 (0, 3)

                  	1.66 (0.97)

                  	1.55 (0.8, 2.5)

                  	1.67 (0.54)

                  	0.940

                  	0.034
                


                
                  	Apical

                  	1.8 (0.5, 3.9)

                  	1.9 (1.03)

                  	2.35 (1.3, 3.7)

                  	2.57 (0.77)

                  	0.096

                  	0.801
                


                
                  	Overall

                  	2.15 (0.77, 2.93)

                  	1.94 (0.83)

                  	2.8 (1.77, 4.03)

                  	2.91 (0.73)

                  	0.031*

                  	1.099
                

              
            


            
              Note: *: Significant at p ≤ 0.05.
            


          


          
            Table 4 Results of friedman’s test for comparison between volume of remaining obturating material (mm3) at different root levels (descriptive statistics).


            
              
                
                  	Access Technique

                  	Root Level

                  	AH Sealer (n = 10)

                  	BC Sealer (n = 10)
                


                
                  	Median (Range)

                  	Mean (SD)

                  	Median (Range)

                  	Mean (SD)
                

              

              
                
                  	Traditional access

                  	Coronal

                  	2.5 (1.2, 4.9) A

                  	2.69 (1.28)

                  	2.9 (0.9, 6.1) A

                  	3.22 (1.75)
                


                
                  	Middle

                  	1.2 (0.5, 10.1) B

                  	2.01 (2.88)

                  	0.45 (0, 2.3) C

                  	0.75 (0.9)
                


                
                  	Apical

                  	1.85 (0.8, 3) B

                  	1.89 (0.78)

                  	1.3 (0, 2.8) B

                  	1.27 (0.88)
                


                
                  	p-value

                  	0.004*

                  	<0.001*
                


                
                  	Effect size (w)

                  	0.556

                  	0.833
                


                
                  	Contracted access

                  	Coronal

                  	2.5 (0.9, 3.4)

                  	2.26 (0.82)

                  	4 (2.6, 8.6) A

                  	4.48 (1.82)
                


                
                  	Middle

                  	1.65 (0, 3)

                  	1.66 (0.97)

                  	1.55 (0.8, 2.5) C

                  	1.67 (0.54)
                


                
                  	Apical

                  	1.8 (0.5, 3.9)

                  	1.9 (1.03)

                  	2.35 (1.3, 3.7) B

                  	2.57 (0.77)
                


                
                  	p-value

                  	0.067

                  	<0.001*
                


                
                  	Effect size (w)

                  	0.27

                  	0.91
                

              
            


            
              Note: *: Significant at p ≤ 0.05, Different superscripts in the same group indicate statistically significant difference between root levels.
            


          


          
            Table 5 Results of the kruskal-wallis test for comparison between volume of remaining obturating material (mm3) in different groups (descriptive statistics).


            
              
                
                  	Overall Remnant

                  	Traditional Access + AH Sealer (n = 10)

                  	Traditional Access + BC Sealer (n = 10)

                  	Contracted Access + AH Sealer (n = 10)

                  	Contracted Access + BC Sealer (n = 10)

                  	p-value

                  	Effect Size (Eta squared)
                

              

              
                
                  	Median (Range)

                  	1.8 (1.13, 5.27)

                  	1.3 (0, 2.8)

                  	1.8 (0.5, 3.9)

                  	2.8 (1.77, 4.03)

                  	0.051

                  	0.017
                


                
                  	Mean (SD)

                  	2.2 (1.23)

                  	1.27 (0.88)

                  	1.9 (1.03)

                  	2.91 (0.73)
                

              
            


            
              Note: *: Significant at p ≤ 0.05.
            


          


          [image: ]
Fig. (3)


          Box plot showing median and range results of volume of remaining obturating materials in different groups (Star and circle represent outliers).

        

      

    


    
      

      4. DISCUSSION


      Contracted designs of access cavities should be effective as traditional access cavities, regardless of the benefits of maintaining the pericervical dentin [26]. More reports are required to assess the impact of various access cavity outlines on the performance of NiTi rotary files in removing root canal filling materials.


      To avoid the disadvantages of previous evaluation techniques, such as sectioning and 2-D radiographic techniques, three-dimensional CBCT scanning was used in this study. This technique is non-invasive, ensuring a more accurate assessment of residual debris on the canal walls and decreasing the bias in image interpretation [10, 20].


      Although the general design of NiTi rotary systems is suitable for removing root-filling materials, no studies to date have proven the total removal of filling material during the retreatment of root canals, regardless of the techniques or instruments employed [4, 7, 8, 12, 25]. Single-rooted human extracted mandibular premolars were selected to be used in this study. It was reported that the prevalence of oval-shaped canal morphology is 27% [12, 19].


      Root canal fillings using gutta-percha with sealer are the most common filling material used for obturating the root canals [27]. An epoxy-resin sealer is regarded as the gold standard for root canal filling materials, so it was used in comparison to BC sealer in this study [16, 27, 28].


      In the current study, the removal of root canal filling was performed using rotary files with reciprocating motion, without the use of solvent, as concerns have been raised regarding the cytotoxicity of solvents. Some studies reported that rotary instruments without solvent shortened the time of retreatment [29], while other studies showed that when solvents were utilized, a thin coating of softened gutta-percha would adhere to the dentin walls of the root canals, increasing the time needed for the removal of filling materials [6].


      Moreover, the solvent did not play a significant role in the cleanliness of the root canal wall, as it resulted in an increased percentage of gutta-percha and sealer remnants inside the dentinal tubules of the root canal walls, which may impede adherence to new filling materials on the dentin walls [4, 6].


      The type of instrument motion significantly influences the removal of root filling materials. In the present study, the reciprocating motion was used. Numerous investigations have revealed that the adaptive reciprocating motion removes a greater percentage of filling materials from root canals compared to continuous rotational movement [25, 30, 31]. However, the results were conflicting regarding the efficiency of reciprocating motion in removing root canal filling materials. Rodig et al. [32] stated that no statistically significant variations were observed between Reciproc and ProTaper Universal in the context of retreatment. Kfir et al. [33] established that reciprocating SafeSider files were as successful as ProTaper Universal retreatment equipment.


      The results of the present study showed that with contracted access and BC sealer, there was a significant difference between the root levels, as the coronal level showed the highest volume of remaining obturating material (Figs. 1 and 2). In agreement with our findings, Hess et al. [34], and others concluded that more sealer remnants were found with BC sealers than resin-based sealers [16, 35, 36]. Moreover, according to various studies, bioceramic sealer becomes harder after setting, due to its greater penetration inside the dentinal tubules, so the retreatability is reduced [14, 15].


      In contrast to our results, as reported by Jurić Kaćunić et al. [36] and others, who concluded that BioRoot RCS showed better retreatability than AH Plus [37-41]. Contrary to these results, other studies reported no significant difference in the quantity of remaining filling material during the retreatment procedure between bioceramic sealer and AH Plus sealer, and these results agreed with those of other studies [42, 43]. The discrepancies in results can be attributed to the differing protocols of the employed methodology, including variations in access design, the different retreatment files evaluated, and the evaluation methodologies that utilize two-dimensional or three-dimensional methods.


      The results of the present study showed that the percentage of residual filling materials left was higher in the coronal thirds of the root canal in the contracted access design (Fig. 3). This finding was in agreement with Elsheref et al. [25], who found that the coronal segment showed the highest mean value of remaining filling materials using the Reciproc file. The results of this study can be attributed to the presence of more coronal interferences in the contracted access and to variations in tooth morphology. These results are in agreement with previous studies [16, 30], which attributed their findings to the absence of Gates-Glidden drills. However, the results of the present study contradict other reports that found a greater quantity of residual filling material in the apical region of root canals. Those studies explained their outcomes by citing the difficulty of engaging rotary instruments in the apical third [40-43].

    


    
      

      5. STUDY LIMITATIONS


      The shortcomings of this study include the use of an ex vivo model, which doesn’t mimic clinical situations. Therefore, more studies should be conducted to focus attention on long-term clinical studies to evaluate and compare different techniques and/or materials. Additionally, the application of μ-CT would yield more accurate results and is recommended for further studies. More research on larger samples is required to validate the results obtained from this study.

    


    
      

      CONCLUSION


      Within the limitations of this study, it can be concluded that the use of the reciproc retreatment system was not efficient in completely cleaning the oval canals, regardless of the design of the access cavity or the sealer used. The remaining filling material left in canals obturated with BC sealer was more than AH plus. The single-rooted teeth with a contracted endodontic access cavity and used BC sealers in obturation showed the highest time needed for retreatment, mostly due to their constricted nature.


      The volume of remaining filling material was highest in the coronal third of the root. However, remnants of obturation materials were observed on the root canal dentin regardless of the retreatment system or access cavity design used.


      Further research should be conducted to evaluate the effectiveness of various instruments and techniques in facilitating retreatment procedures for oval-shaped canals with a contracted access cavity design.
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            	= Cone Beam Computed Tomography
          


          
            	3D

            	= Three Dimensions
          

        
      

    


    
      

      ETHICS APPROVAL AND CONSENT TO PARTICIPATE


      The current study was approved by the Institutional Biomedical Research Ethics Committee of Umm al-Qura University (IRB Approval No. HAPO-02-K-012-2023-06-1664 & Date: 20/6/2023).

    


    
      

      HUMAN AND ANIMAL RIGHTS


      All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or research committee and with the 1975 Declaration of Helsinki, as revised in 2013.

    


    
      

      CONSENT FOR PUBLICATION


      Informed written consent was obtained from all participants of this study.

    


    
      

      STANDARDS OF REPORTING


      STROBE guidelines were followed.

    


    
      

      AVAILABILITY OF DATA AND MATERIALS


      The data and supportive information are available within the article.

    


    
      

      FUNDING


      None.

    


    
      

      CONFLICT OF INTEREST


      The authors declare no conflict of interest, financial or otherwise.

    


    ACKNOWLEDGEMENTS


    Declared none.


    REFERENCES


    
      
        
          	

          	
        


        
          	[1]

          	Torabinejad M., Corr R., Handysides R., Shabahang S.. Outcomes of nonsurgical retreatment and endodontic surgery: A systematic review., J. Endod.. 2009; 35(7): 930-937.

          [CrossRef] [PubMed]
        


        
          	[2]

          	Mittal N., Jain J.. Spiral computed tomography assessment of the efficacy of different rotary versus hand retreatment system., J. Conserv. Dent.. 2014; 17(1): 8-12.

          [CrossRef] [PubMed]
        


        
          	[3]

          	Zanza A., Reda R., Testarelli L.. Endodontic orthograde retreatments: Challenges and solutions., Clin. Cosmet. Investig. Dent.. 2023; 15: 245-265.

          [CrossRef] [PubMed]
        


        
          	[4]

          	Sonarkar S.S., Purba R., Podar R., Singh S., Babel S., Kulkarni G.. Comparative evaluation of retreatment techniques by using different file systems from oval-shaped canals., J. Conserv. Dent.. 2020; 23(1): 91-96.

          [CrossRef] [PubMed]
        


        
          	[5]

          	Rechenberg D.K., Paqué F.. Impact of cross‐sectional root canal shape on filled canal volume and remaining root filling material after retreatment., Int. Endod. J.. 2013; 46(6): 547-555.

          [CrossRef] [PubMed]
        


        
          	[6]

          	Horvath S.D., Altenburger M.J., Naumann M., Wolkewitz M., Schirrmeister J.F.. Cleanliness of dentinal tubules following gutta‐percha removal with and without solvents: A scanning electron microscopic study., Int. Endod. J.. 2009; 42(11): 1032-1038.

          [CrossRef] [PubMed]
        


        
          	[7]

          	Colaco A.S., Pai V.A.R.. Evaluation of the efficiency of manual and rotary gutta-percha removal techniques., J. Endod.. 2015; 41(11): 1871-1874.

          [CrossRef] [PubMed]
        


        
          	[8]

          	Rios M.A., Villela A.M., Cunha R.S., Velasco R.C., De Martin A.S., Kato A.S., Bueno C.E.S.. Efficacy of 2 reciprocating systems compared with a rotary retreatment system for gutta-percha removal., J. Endod.. 2014; 40(4): 543-546.

          [CrossRef] [PubMed]
        


        
          	[9]

          	Özyürek T., Demiryürek E.Ö.. Efficacy of different nickel-titanium instruments in removing gutta-percha during root canal retreatment., J. Endod.. 2016; 42(4): 646-649.

          [CrossRef] [PubMed]
        


        
          	[10]

          	Roggendorf M.J., Legner M., Ebert J., Fillery E., Frankenberger R., Friedman S.. Micro‐CT evaluation of residual material in canals filled with Activ GP or GuttaFlow following removal with NiTi instruments., Int. Endod. J.. 2010; 43(3): 200-209.

          [CrossRef] [PubMed]
        


        
          	[11]

          	Zmener O., Pameijer C.H., Banegas G.. Retreatment efficacy of hand versus automated instrumentation in oval‐shaped root canals: An ex vivo study., Int. Endod. J.. 2006; 39(7): 521-526.

          [CrossRef] [PubMed]
        


        
          	[12]

          	Crozeta B.M., Silva-Sousa Y.T.C., Leoni G.B., Mazzi-Chaves J.F., Fantinato T., Baratto-Filho F., Sousa-Neto M.D.. Micro–computed tomography study of filling material removal from oval-shaped canals by using rotary, reciprocating, and adaptive motion systems., J. Endod.. 2016; 42(5): 793-797.

          [CrossRef] [PubMed]
        


        
          	[13]

          	Duarte M.A.H., Ordinola-Zapata R., Bernardes R.A., Bramante C.M., Bernardineli N., Garcia R.B., de Moraes I.G.. Influence of calcium hydroxide association on the physical properties of AH Plus., J. Endod.. 2010; 36(6): 1048-1051.

          [CrossRef] [PubMed]
        


        
          	[14]

          	Al-Haddad A., Abu Kasim N.H., Che Ab Aziz Z.A.. Interfacial adaptation and thickness of bioceramic-based root canal sealers., Dent. Mater. J.. 2015; 34(4): 516-521.

          [CrossRef] [PubMed]
        


        
          	[15]

          	Silva E.J.N.L., Rosa T.P., Herrera D.R., Jacinto R.C., Gomes B.P.F.A., Zaia A.A.. Evaluation of cytotoxicity and physicochemical properties of calcium silicate-based endodontic sealer MTA Fillapex., J. Endod.. 2013; 39(2): 274-277.

          [CrossRef] [PubMed]
        


        
          	[16]

          	Oltra E., Cox T.C., LaCourse M.R., Johnson J.D., Paranjpe A.. Retreatability of two endodontic sealers, EndoSequence BC Sealer and AH Plus: A micro-computed tomographic comparison., Restor. Dent. Endod. 2017; 42(1): 19-26.

          [CrossRef] [PubMed]
        


        
          	[17]

          	Güven E.P., Taşlı P.N., Yalvac M.E., Sofiev N., Kayahan M.B., Sahin F.. In vitro comparison of induction capacity and biomineralization ability of mineral trioxide aggregate and a bioceramic root canal sealer., Int. Endod. J.. 2013; 46(12): 1173-1182.

          [CrossRef] [PubMed]
        


        
          	[18]

          	Barrieshinusair K.. Gutta-percha retreatment: Effectiveness of nickel-titanium rotary instruments versus stainless steel hand files., J. Endod.. 2002; 28(6): 454-456.

          [CrossRef] [PubMed]
        


        
          	[19]

          	Vicentebaronibarbizam J., Fernandofariniuk L., Andreiamarchesan M., Djalmapecora J., Sousaneto M.. Effectiveness of manual and rotary instrumentation techniques for cleaning flattened root canals., J. Endod.. 2002; 28(5): 365-366.

          [CrossRef] [PubMed]
        


        
          	[20]

          	Hammad M., Qualtrough A., Silikas N.. Three-dimensional evaluation of effectiveness of hand and rotary instrumentation for retreatment of canals filled with different materials., J. Endod.. 2008; 34(11): 1370-1373.

          [CrossRef] [PubMed]
        


        
          	[21]

          	Peters O.. Current challenges and concepts in the preparation of root canal systems: A review., J. Endod.. 2004; 30(8): 559-567.

          [CrossRef] [PubMed]
        


        
          	[22]

          	Zhang E.W., Cheung G.S.P., Zheng Y.F.. Influence of cross-sectional design and dimension on mechanical behavior of nickel-titanium instruments under torsion and bending: A numerical analysis., J. Endod.. 2010; 36(8): 1394-1398.

          [CrossRef] [PubMed]
        


        
          	[23]

          	Shen Y., Zhou H., Zheng Y., Peng B., Haapasalo M.. Current challenges and concepts of the thermomechanical treatment of nickel-titanium instruments., J. Endod.. 2013; 39(2): 163-172.

          [CrossRef] [PubMed]
        


        
          	[24]

          	De-Deus G., Arruda T.E.P., Souza E.M., Neves A., Magalhães K., Thuanne E., Fidel R.A.S.. The ability of the Reciproc R25 instrument to reach the full root canal working length without a glide path., Int. Endod. J.. 2013; 46(10): 993-998.

          [CrossRef] [PubMed]
        


        
          	[25]

          	Elsherief S.M., Abdel-Wahed N., Abdel-Latif Z.S.. Micro-computed tomographic comparative evaluation of efficacy of different rotary instrument systems for removal of gutta-percha/bioceramic sealer from oval root canals (in vitro study)., J. Dent. Res. Rev.. 2018; 5(4): 132.

          [CrossRef]
        


        
          	[26]

          	Niemi T.K., Marchesan M.A., Lloyd A., Seltzer R.J.. Effect of instrument design and access outlines on the removal of root canal obturation materials in oval-shaped canals., J. Endod.. 2016; 42(10): 1550-1554.

          [CrossRef] [PubMed]
        


        
          	[27]

          	Good M-L., McCammon A.. Removal of gutta-percha and root canal sealer: A literature review and an audit comparing current practice in dental schools., Dent. Update. 2012; 39(10): 703-708.

          [CrossRef] [PubMed]
        


        
          	[28]

          	Komabayashi T., Colmenar D., Cvach N., Bhat A., Primus C., Imai Y.. Comprehensive review of current endodontic sealers., Dent. Mater. J.. 2020; 39(5): 703-720.

          [CrossRef] [PubMed]
        


        
          	[29]

          	Gu L.S., Ling J.Q., Wei X., Huang X.Y.. Efficacy of protaper universal rotary retreatment system for gutta‐percha removal from root canals., Int. Endod. J.. 2008; 41(4): 288-295.

          [CrossRef] [PubMed]
        


        
          	[30]

          	Capar I.D., Arslan H., Ertas H., Gök T., Saygılı G.. Effectiveness of protaper universal retreatment instruments used with rotary or reciprocating adaptive motion in the removal of root canal filling material., Int. Endod. J.. 2015; 48(1): 79-83.

          [CrossRef] [PubMed]
        


        
          	[31]

          	Zuolo A.S., Mello J.E. Jr, Cunha R.S., Zuolo M.L., Bueno C.E.S.. Efficacy of reciprocating and rotary techniques for removing filling material during root canal retreatment., Int. Endod. J.. 2013; 46(10): 947-953.

          [CrossRef] [PubMed]
        


        
          	[32]

          	Rödig T., Reicherts P., Konietschke F., Dullin C., Hahn W., Hülsmann M.. Efficacy of reciprocating and rotary N i T i instruments for retreatment of curved root canals assessed by micro‐ CT., Int. Endod. J.. 2014; 47(10): 942-948.

          [CrossRef] [PubMed]
        


        
          	[33]

          	Kfir A., Tsesis I., Yakirevich E., Matalon S., Abramovitz I.. The efficacy of five techniques for removing root filling material: Microscopic versus radiographic evaluation., Int. Endod. J.. 2012; 45(1): 35-41.

          [CrossRef] [PubMed]
        


        
          	[34]

          	Hess D., Solomon E., Spears R., He J.. Retreatability of a bioceramic root canal sealing material., J. Endod.. 2011; 37(11): 1547-1549.

          [CrossRef] [PubMed]
        


        
          	[35]

          	de Siqueira Zuolo A., Zuolo M.L., da Silveira Bueno C.E., Chu R., Cunha R.S.. Evaluation of the Efficacy of TRUShape and reciproc file systems in the removal of root filling material: An ex vivo micro-computed tomographic study., J. Endod.. 2016; 42(2): 315-319.

          [CrossRef] [PubMed]
        


        
          	[36]

          	Jurić Kaćunić D., Tadin A., Dijanić P., Katunarić A., Matijević J., Trutina-Gavran M., Galić N.. Efficacy of reciprocating instruments in retreatment of Bioactive and Resin-Based root canal sealers., Acta Stomatol. Croat.. 2022; 56(4): 338-350.

          [CrossRef] [PubMed]
        


        
          	[37]

          	Alsubait S., Alhathlol N., Alqedairi A., Alfawaz H.. A micro‐computed tomographic evaluation of retreatability of BioRoot RCS in comparison with AH Plus., Aust. Endod. J.. 2021; 47(2): 222-227.

          [CrossRef] [PubMed]
        


        
          	[38]

          	Donnermeyer D., Bunne C., Schäfer E., Dammaschke T.. Retreatability of three calcium silicate-containing sealers and one epoxy resin-based root canal sealer with four different root canal instruments., Clin. Oral Investig.. 2018; 22(2): 811-817.

          [CrossRef] [PubMed]
        


        
          	[39]

          	Rajda M., Miletić I., Baršić G., Krmek S.J., Šnjarić D., Baraba A.. Efficacy of reciprocating instruments in the removal of bioceramic and epoxy resin-based sealers: Micro-CT analysis., Materials. 2021; 14(21): 6670.

          [CrossRef] [PubMed]
        


        
          	[40]

          	Ma J., Al-Ashaw A.J., Shen Y., Gao Y., Yang Y., Zhang C., Haapasalo M.. Efficacy of protaper universal rotary retreatment system for gutta-percha removal from oval root canals: A micro-computed tomography study., J. Endod.. 2012; 38(11): 1516-1520.

          [CrossRef] [PubMed]
        


        
          	[41]

          	Yilmaz Z., Karapinar S.P., Ozcelik B.. Efficacy of rotary Ni-Ti retreatment systems in root canals filled with a new warm vertical compaction technique., Dent. Mater. J.. 2011; 30(6): 948-953.

          [CrossRef] [PubMed]
        


        
          	[42]

          	Mandava J., Athkuri S., Chalasani U., Ravi R., Munagapati V., Chennareddy A.. Effect of different obturating techniques and sealers on the removal of filling materials during endodontic retreatment., J. Conserv. Dent.. 2019; 22(6): 578-582.

          [CrossRef] [PubMed]
        


        
          	[43]

          	Kim H., Kim E., Lee S.J., Shin S.J.. Comparisons of the retreatment efficacy of calcium silicate and epoxy resin–based sealers and residual sealer in dentinal tubules., J. Endod.. 2015; 41(12): 2025-2030.

          [CrossRef] [PubMed]
        

      
    

  

OEBPS/Images/e18742106387068_F1.jpg





OEBPS/Images/cover.jpg
ISSN: 1874-2106

The

Open Dentistry
Journal

The Impact of Different Access Cavity Designs on
the Retreatment Procedure of Single Oval Canals

Using Reciprocating File Systems: An Ex-Vivo Study

TR

o

BENTHAM OPEN





OEBPS/Images/orcid.png





OEBPS/Images/e18742106387068_F3.jpg
Sealer
S Apical
= Overall

£
£
i
H
2
H
H
H
g
3
2

STRTTIN RN TTL

Traditional Contracted Tradiional Contracted
Access






OEBPS/Images/e18742106387068_F2.jpg





