
  
    
      
    
  


  
    Table of Contents
  


  
    Welcome
  


  
    Table of Contents
  


  
    Different Disinfection Protocols for Pulp Revitalization: An In Vitro Study

    
      Abstract

      
        Objectives
      


      
        Materials and Methods
      


      
        Results & Discussion
      


      
        Conclusion
      


      
        Article Information

        
          Identifiers and Pagination:
        


        
          Article History:
        

      

    


    
      1. INTRODUCTION
    


    
      2. MATERIALS AND METHODS

      
        2.1. General Sample Preparation and Microbial Load Reduction Analysis
      


      
        2.2. The Endodontic Procedure
      


      
        2.3. New Instruments were Used for Each Specimen of Each Group
      


      
        2.4. Statistical Analysis
      

    


    
      3. RESULTS
    


    
      4. DISCUSSION
    


    
      CONCLUSION
    


    
      ABBREVIATION
    


    
      ETHICS APPROVAL AND CONSENT TO PARTICIPATE
    


    
      HUMAN AND ANIMAL RIGHTS
    


    
      CONSENT FOR PUBLICATION
    


    
      STANDARDS OF REPORTING
    


    
      AVAILABILITY OF DATA AND MATERIALS
    


    
      FUNDING
    


    
      CONFLICT OF INTEREST
    


    
      ACKNOWLEDGEMENTS
    


    
      REFERENCES
    

  


  
    Different Disinfection Protocols for Pulp Revitalization: An In Vitro Study
Leonardo dos Santos Barroso1, 2[image: ], Kusai Baroudi2, 3, *[image: ], Adriana Marques Nunes1[image: ], Milena Nascimento de Paula1[image: ], Laís Regiane da Silva Concílio2[image: ], Sandra Márcia Habitante2[image: ]

    


    
      1 Endodontics Post Graduate Program, University of Volta Redonda (UNIFOA), Rio de Janeiro, Brazil

    


    
      2 School of Dentistry, University of Taubaté (UNITAU), São Paulo, Brazil

    


    
      3 Pediatric Dentistry, RAK College of Dental Sciences, RAK Medical & Health Sciences University, Ras Al Khaimah, United Arab Emirates

    


    
      
        Abstract



        
          Objectives


          Pulp revitalization is a procedure indicated for immature teeth with pulp necrosis. This study aimed to investigate the microbial load reduction of four cleaning protocols for pulp revitalization: Prophylactic Brush for canal (MK Life), microbrush Aplik Extrafine (Angelus), n. 50 K file (Dentsply) and XP Endo Finisher (FKG).

        


        
          Materials and Methods


          Fifty single-rooted mandibular premolars were standardized in canal size and diameter. Contamination by E. faecalis was induced for 21 days in 50 specimens, where 48 were used for the experimental groups (n=12) and 2 were used as a negative control to validate the sterilization process before contamination. Irrigation with saline solution at 36.5°C was performed, where the mechanical resource for cleaning was varied (n=12). Colony counting (CFU) was performed before (S1) and after (S2) the cleaning procedure. Kruskal Wallis accounted for and analyzed the differences between S2 and S1.

        


        
          Results & Discussion


          Prophylactic Brush for the canal reduced 99.27% of the microbial load, followed by XP Endo Finisher (99.13%), Aplik microbrush (98.71%) and K file (98.66%). (p=0.3616). There was no statistical difference in the reduction of microbial load between the groups tested.

        


        
          Conclusion


          The mechanical cleaning methods tested alone were effective in substantially reducing the microbial load of E. faecalis on lower premolars by simulating open apex teeth and showed that bristle instruments such as Prophylactic Brush for Canal and microbrush Aplik Extrafine could be used to accomplish mechanical debridement of large canals.
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      1. INTRODUCTION


      The highest prevalence of trauma and the presence of caries are in the age group of 6 to 13 years old [1]. The endodontic management of immature permanent teeth is a challenge for clinicians and a public health problem [2].


      The paralization of the root formation process leaves, as a consequence, an expressive structural limitation due to the thin remaining root walls and fragile to resist the masticatory efforts. Reactivating the root development process is of great importance in increasing the lifespan of teeth, making their roots gain structure, strength and resistance both in terms of adequate length and wall thickness. Such thinking greatly impacts the restorability and longevity of immature permanent teeth affected by pulp necrosis [2-6].


      Regenerative Endodontics or Pulp Revitalization are a set of procedures that aim to promote the biological replacement of necrotic pulp tissue. It was developed based on the principles of tissue engineering, which considers three factors: stem cells, nutritional matrix, and environment [2, 7]. In general, in order to be successful, the procedure must carry out three important steps: 1- maximum possible disinfection of the root canal area; 2- the formation of a nutritional matrix within the canal system; 3- sealing the canal entrance area with bioceramic material and subsequent coronal restoration [7-9].


      Disinfection is vital for the success of therapy, as the microbial presence alone is an impediment to the establishment and differentiation of stem cells from the new tissue [10-14]. However, the management of such teeth offers two important challenges: 1- the impossibility of carrying out a vigorous mechanical preparation to disorganize and neutralize organic matter and bacterial biofilm; 2- the size of the foraminal opening, which may favor the extrusion of irrigants [15, 16]. In a deeper analysis, it is observed that the concern with the first factor ends up overlapping the care with the second. It is observed in the literature that disinfection protocols focus much more on irrigation regimes of high volume of disinfectant substances and the use of intracanal medication based on compounds that can have toxic effects on the mesenchymal cells of the apical papilla [17, 18].


      Several studies have shown that irrigation effectively eliminates the surface cells of the bacterial biofilm, as well as those that are free in the root canal in their planktonic form. However, the major concern is the bacterial presence inside the dentinal tubules and in the deeper and adherent layers of the biofilm [8, 19-22].


      Thus, seeking mechanical methods to favor cleaning the root canal walls that do not wear the surface or weaken it is important to ensure greater efficiency and safety for the procedure, and it may favor using smaller volumes of irrigants. In view of this, we hypothesized that instruments with bristles can be effective resources for the mechanical disinfection of such wide canals. Thus, the present study aimed to analyze the microbial load reduction of four mechanical root canal preparation techniques, two of which are traditional in the endodontic field: K file n° 50 (Densptly Syrona) and XP Endo Finisher® (FKG Dentaire), with two experimental ones with bristles: microbrush Aplik Extrafino® (Angelus) and Prophylactic Brush for canal® (MK Life).

    


    
      

      2. MATERIALS AND METHODS


      The present research was submitted and approved by the Research Ethics Committee of the University of Taubate, Brazil (CEP – CAAE 45245820.7.1001.5501). The sample size was determined based on studies that used a similar methodology, followed by sensitivity power analysis (G*Power software, version 3.1.9.2; Heinrich-Heine- Universitat) with fixed main effects and interaction with a power of 80% and a significance level of 95%. Fifty human lower premolar teeth, with straight and formed roots and only one canal, were selected from the University of Taubate Tooth Bank. Teeth with fractures or cracks on the root surface of more than one canal or curvature were excluded. Radiographs were taken in the orthoradial and mesioradial direction to confirm the presence of a single canal.


      
        

        2.1. General Sample Preparation and Microbial Load Reduction Analysis


        Selected teeth were submerged in a 2.5% sodium hypochlorite solution for 2 hours. Then, the root surfaces were scraped with a No. 15 scalpel blade to remove eventual organic remains, washed with 5% sodium thiosulfate solution, and stored in saline solution. The crowns were preserved, and the root apices were cut with a diamond disc. The tooth segments were standardized to 15 mm long, with the apical portions removed. After access surgery, the teeth were initially explored with a No. 10 K-file, and then a Protaper Gold SX nickel-titanium rotary instrument was used to promote initial canal widening. Subsequently, a Gates Glidden No. 5 drill was activated to standardize the diameters of the canals at 1.3 mm (ISO 130) throughout their length and simulate immature teeth with an open apex. Subsequently, the teeth were sterilized by 2 cycles of autoclaving process at 131oC. Two specimens out of the selected 50 were immersed in sterile Brain-Heart Infusion (BHI) broth and incubated for 48 hours to function as a negative control, attesting to the effectiveness of the sterilization method. A McFarland level 1 suspension was prepared in BHI broth and diluted 30 times to obtain an initial 1 x 107 CFU/mL suspension. The 48 remaining teeth were accessed and individually immersed in 1mL of BHI broth of pure culture suspension of Enterococcus faecalis (CCT 14494) in 1.8 mL polypropylene cryogenic tubes. These samples were incubated in an oven at 37 oC, with 5% CO2 and 95% humidity for 3 weeks, with the BHI broth being replenished every 48 hours. Confirmation of bacterial growth was obtained by the intense turbidity of the medium during the incubation period, and the purity of the cultures was attested by the Gram stain method and observation under an optical microscope.


        At the end of the incubation period, the teeth were externally washed in saline to remove free cells, and samples were collected from each canal before (S1) and after (S2) endodontic preparation (to be explained later) with n. Forty sterile papers point to the full length of the specimen for 1 minute in circular motions to allow maximum contact with the canal wall. Paper points were transferred to test tubes containing 1 mL of 0.85% saline. Each tube was vortexed for 1 minute, and its contents were diluted in 9 mL of sterile saline. Aliquots of 0.1 mL of each sample from the 10-1 dilution were seeded in triplicate on Petri dishes with BHI agar medium and incubated for 24h at 37 oC. At the end of the period, the plates were removed from the oven to count colonies in CFU. The same procedure was performed before and after the application of the endodontic procedure, and the data collected were recorded and tabulated for posterior analysis [23]. The irrigant used was 5 mL of sterile saline solution at 36.5 °C and only the mechanical cleaning method employed was varied.

      


      
        

        2.2. The Endodontic Procedure


        Forty-eight specimens were randomly divided into 4 groups (n=12).


        The groups were randomly divided as follows, according to the endodontic instrument to be used:


        Group 1 - K file No. 50 (n=12).


        Group 2 – Microbrush Aplik Extrafino® (n=12).


        Group 3 - Prophylactic Brush for Canal® (n=12).


        Group 4 – XP Endo Finisher® (n=12).


        At the end of the incubation period in culture broth with E. faecalis, each specimen was individually removed from the cryogenic tube and washed in saline solution. The irrigation regimen adopted for all groups was 5 mL of saline solution at 36.5 °C in a syringe with a silicone plunger and a side-vented needle. An immersion thermometer was used to measure the temperature. A workbench was set up in the laboratory to perform the endodontic procedure inside a laminar flow chamber.

      


      
        

        2.3. New Instruments were Used for Each Specimen of Each Group


        In group 1, the canal was filled with saline solution and a K file n. 50 (Dentsply Syrona, Ballaigues, Switzerland) was gently introduced in clockwise and counterclockwise oscillating movements, associated with gentle forward and backward movement until reaching a working length of 14 mm. Scrape movements were done to promote the disorganization of organic matter and biofilm. The time for the procedure was standardized at 1 minute and 20 seconds for all specimens, and the saline solution was renewed every 20 seconds of instrument preparation. At the end of the procedure, a sterile paper point was introduced for 1 minute to collect the post-procedure sample (S2), and this step was repeated in the same way in all the experimental groups.


        In group 2 (Applik® Extrafino microbrush (Angelus, Londrina, Paraná), the teeth were filled with a saline solution at 36.5°C and the microbrush was introduced in back-and-forth movements seeking to brush the walls until a working length of 14 mm was reached. The solution was renewed every 20 seconds of the instrument's action. The procedure was repeated until a total time of 1 minute and 20 seconds. At the end of the step, sample collection was performed (S2).


        In group 3 (Prophylactic Brush for Canal® - MK Life, Porto Alegre, Rio Grande do Sul), the instrument was coupled to a contra-angle with 1:1 reduction and driven by an endodontic electric motor (VDW Silver, Dentsply Syrona, Ballaigues, Switzerland), with 800 rpm and a torque of 1 N/cm2, in back-and-forth and circular movements to seek contact with the walls of the canals, for 1 minute and 20 seconds. Every 20 seconds of instrument activation, the solution was renewed. At the end of time, the sample was collected (S2).


        Finally, in group 4, the teeth were filled with saline solution at 36.5 °C, and the XP Endo Finisher® instrument (FKG Dentaire, La Chauxdes Fonds, Switzerland) was activated at the parameters of 800 rpm speed and torque of 1 N/cm2, according to the manufacturer's instructions. Inlet and outlet movements were used to allow agitation of the irrigant throughout the entire length of the canal. The procedure was performed on each specimen for 1 minute and 20 seconds, with intervals for renewing the irrigating solution every 20 sec. At the end, sample collection (S2) was performed.

      


      
        

        2.4. Statistical Analysis


        Data were analyzed using the BioEstat 5.3 software. The sample distribution was not normal, so a non-parametric Kruskal Wallis test was used.

      

    


    
      

      3. RESULTS


      Table 1 shows the results found in the microbial load reduction analysis in each specimen according to the method that was tested. In S1, the CFU count is before the cleaning procedure. In S2, the count after mechanical preparation with saline as an irrigant, then the difference between post and before the procedure. Table 2 summarizes the results found in each group. Fig. (1) presents the microbial load reduction experiment based on the averages of the differences found between S1 and S2 and transformed into percentages.


      
        Table 1 Distribution of colony counts according to each specimen in each group.
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        Table 2 Colony count before (S1) and after procedure (S2) and percentage of microbial load reduction – CFU.
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Fig. (1)

      The means' values of differences between S1 and S2 in percentage (non-significant, p=0.3616).

      Mechanical cleaning alone promoted a considerable reduction in the microbial load. The instruments used were equivalent to each other, and such confirmation was clear in the statistical analysis by the Kruskal Wallis test, where there was no significant difference (p=0.3616)

    


    
      

      4. DISCUSSION


      The challenges involving Regenerative Endodontics are many. In particular, expectations involve meeting the patient's wishes and seeking clinical and radiographic evidence that supports the restoration of health and the root development process. The researcher's focus is on identifying and offering solutions that make processes more predictable and controllable [2]. Therefore, an important focus is on improving Regenerative Endodontics processes to induce tissue regeneration. Several studies have suggested that disinfection plays an important role in its good conduction [8, 12-14, 24].


      The microbial presence within the root canal system produces inflammation of the apical tissues, altering the circulatory and cellular dynamics, which may divert an originally regenerative process to a reparative one. The bacterial biofilm adhered to the walls can cause damage to the dentin microstructure and its collagen fibers, leaving the surface eroded and irregular, hindering or preventing the adhesion, proliferation, and differentiation of stem cells from the new tissue [24]. Preserving predentin with minimal mechanical preparation can cause higher levels of growth factors to be released, favoring the quality of the cell differentiation process [25, 26].


      A common point in the different regenerative therapy protocols is the recommendation to use large volumes of irrigating solution passively, given the concern with wall thickness [27]. To improve the mechanical displacement provided by irrigation, recently, methods of agitation of such solutions have been suggested, such as using sonic and ultrasonic currents, low-power lasers (PIPS), and rotating instruments made of different materials. The agitation and vortexing of the liquid are capable of causing small currents that exert shear forces on the organic mass adhered to the root canal walls, breaking and displacing its contents, favoring its removal [23, 24, 28-30].


      The concern of not promoting wear of root structures is well defined when evaluating data from work by Kontakiotis et al. (2015) [21], who surveyed the endodontic literature on the various regenerative protocols used, found that of 32 articles analyzed, 25 (78%) do not recommend mechanical resources, focusing disinfection on irrigants and intracanal medication. Only seven studies (22%) mentioned the use of instrumentation but with the description “minimal” or “mild.” Hristov et al. (2020) demonstrated that the use of stainless steel hand files removed 200% more dentin structure in immature permanent teeth when compared with XP Endo Finisher and a bristle device (GentleBrush) [31].


      Keir et al. (1990) introduced the concept of using brushes to improve the degree of cleaning of dentin walls after mechanical preparation [32]. Salman et al. (2010), Gorduysus et al. (2012), and Markovic et al. (2015) evaluated the performance of a polypropylene-based brush (CanalBrush) and observed good results in the degree of post-preparation cleaning [33-35]. Therefore, our objective was to evaluate the performance of instruments with bristles in the mechanical cleaning of large canals simulating immature permanent teeth.


      Elnaghy et al. (2017), Turkaydin et al. (2017), and Kaya et al. (2018) [23, 28, 29] demonstrated better performance of a resource with bristles (Irrigation needle Navitip FX - Ultradent) and XP EndoFinisher®, either to reduce the microbial load of canals contaminated with E. faecalis or to remove calcium hydroxide paste when compared with K file. These results were in agreement with the results of our study. The idea of thinking about instruments that have non-invasive action, i. e., not wearing down the dentin, led to the Aplik Extrafino® microbrush (Angelus) and the Prophylactic Brush (MK Life). Analyzing their dimensions, it has been verified that they could fit in cleaning large ducts since their tuft diameter is around 1.5 mm (equivalent to an ISO n° 150 instrument) and 2 mm (ISO n° 200), respectively. The XP Endo Finisher® instrument has been successfully tested in similar situations as it has the characteristic of deforming when in contact with body temperature. Such deformation, in the shape of a spoon, promotes greater drag of the liquid and even contact of the instrument's surface with the canal wall, helping to displace the organic mass. In our study, bristle resources achieved similar results to XP Endo Finisher®, which is very interesting to use as an alternative. Our results showed that the microbrush performance was similar to that of traditional resources, and that of the Brush was superior [23, 28, 29].


      Although a single operator carried out the operative steps of the present experiment with almost 30 years of clinical experience in Endodontics, a fact that drew attention was the ease with which the brush and microbrush techniques were performed. It was decided that only one operator would perform the procedure in order to minimize bias related to operator skills. The XP Endo Finisher® needs a specific resource, the electric endodontic motor, as it demands specific parameters of torque and speed for its safe use without fractures. Although the Prophylactic Brush was used in the same way as a matter of logistics due to its use in the microbiology laboratory, it was designed to be used in a conventional micromotor. The use of the microbrush was performed manually in brushing movements of the walls, which certainly reduces its operational costs even more, as well as the training of professionals for its proper use.


      The time was standardized at 1 minute and 20 seconds to simulate the clinical conditions of chemical solution agitation protocols that prescribe 20 seconds of instrument action at each liquid renewal. An extra 20 seconds was added to compensate for the irrigant suction moments every 20-second cycle, which required a change in handling the instrument with the aspirator and syringe.


      The investigation was aimed to analyze which instrument promotes a greater reduction of microbial load. Thus, to have a real evaluation of the impact of mechanical resources in the disinfection of root canals, it was decided to use irrigation with saline solution only to eliminate a possible influence of the antimicrobial activity of irrigants, such as sodium hypochlorite. If, on the one hand, using instruments associated with disinfectant-acting irrigants can simulate conditions closer to the clinical reality, in the specific case of the performance evaluation of new proposals, such use could mask eventual differences and point to wrong directions. Kaya et al. (2018) performed a study comparing the performance of XP Endo Finisher® with other rotary instruments, using the induction of E. faecalis biofilm formation in extracted teeth and saline solution [23]. Carvalho et al. (2018) also induced in vitro biofilm of the same bacterial species and compared two rotary instruments regarding the reduction of bacterial presence, varying the irrigating solution (2.5% sodium hypochlorite or saline solution). The results showed that even with the use of the saline solution, the mechanical preparation alone produced a decrease in the microbial population, as was also verified in our findings. Yet, the use of XP Endo Finisher® at the end potentiated the antimicrobial effect, even in the specimens in which saline solution was used [36]. However, Sasanakul et al. (2019) performed an experiment in which they also induced the formation of E. faecalis biofilm for analysis of microbial load reduction in extracted teeth and tested the passive irrigation of 1.5% and 2.5% NaOCl solutions with their associations with PUI, Navitip FX, XP Endo Finisher®, Self Adjustment File (SAF), circumferential file with N. 50 K file and preparation sequence with K files n. 90 to 110. The results showed that the presence of a solution at 2.5% improved microbial reduction due to all resources. However, the Navitip NF needle, with its bristles and brushing the walls with each irrigation, was the one that provided the best results, with the advantage of not causing wear on the dentin [37].


      As one of the instruments under test depended on a specific temperature to achieve its best performance, the saline solution used in our experiment was heated to 36.5 °C. In the same way, it was done for all groups. The choice of Enterococcus faecalis as a microbial agent was made due to the objective of seeking maximum similarity with clinical conditions. Its use as an experimental model in endodontic research is widely accepted and established [23, 37].


      In the colony count in the second sample collected, the following percentage reductions were observed after mechanical preparation: Prophylactic Brush for Canal (99.27%), XP Endo Finisher® (99.13%), n. 50 K file (98.71%) and Aplik Extrafino® microbrush (98.66%). The results showed that the resources are equivalent when comparing the microbial reduction provided by the different instruments. The use of a mechanical resource had a great impact on disinfection, even without the use of an antimicrobial irrigant substance. There was a small advantage in the numbers related to the Prophylactic Brush. With regard to microbrush, this is a promising result when it comes to an experimental resource not originally designed for this purpose. Of special interest was that both the Prophylactic Brush and the microbrush, at the end of the procedure, had their bristles with a brownish color, as if some dirt had been impregnated. No deformation of the Prophylactic Brush bristles was observed after use. However, every Aplik microbrush showed deformation of its bristles at the end of its use.


      In general, the performance of the tested instruments was similar in the laboratory environment. Using mechanical resources with bristles to debride the walls of infected root canals in teeth with pulp necrosis and incomplete root development may allow a reduction in the volumes of irrigants used, thus reducing any extravasated volumes.


      Comparing such instruments with the best results in the endodontic literature, the XP Endo Finisher®, the alternatives proposed by this work appear to be promising, and future modifications can be developed to improve the performance and contribution of such experimental resources to the disinfection process in Regenerative Endodontics. The results of this laboratory study can not be extrapolated to clinical situations. Nevertheless, they point out a new direction in the investigation of cleaning resources in Regenerative Endodontics.

    


    
      

      CONCLUSION


      
        	No significant difference in the reduction of microbial load promoted by the four methods tested.


        	The mechanical cleaning methods tested alone effectively reduced the microbial load of E. faecalis on lower premolars by simulating open apex teeth.


        	Bristle instruments (Prophylactic Brush for Canal and microbrush Aplik Extrafine) were effective in eliminating E. faecalis from large canals.
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