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ABSTRACT
Introduction: The mechanical action in endodontic treatment is performed by endodontic files, and the chemical action by auxiliary solutions. However, both individually are insufficient in cleaning and removing the smear layer. Thus, there was a need to develop techniques for activate the solutions using ultrasound tips or plastic instruments that would assist in this process, for better disinfection of the canals.
Aims: Evaluate the effectiveness of plastic endodontic instruments (EDDY, Easy Clean and EndoActivator) in cleaning the root canals and their efficiency in endodontic treatment.
Methodology: A search for articles was conducted in the PubMed, Bireme and SciELO databases. The descriptors “Endodontic Irrigation”, “Sonic Irrigation” and “Activation Systems” were used in a cross-search. Articles in both Portuguese and English, from January 2015 to April 2020, were included. Literature review articles that were not relevant to the study were excluded. Of the total of 17 articles found, 5 were duplicates across the platforms, 5 met the exclusion criteria, and 7 were selected for the integrative review.
Results: The instruments showed greater efficiency in removing smear layer, biofilm and bacteria present inside the root canal, through activation of auxiliary chemical solutions, such as sodium hypochlorite and EDTA.
Discussion: The studies analyzed demonstrate the effectiveness of sonic activation systems in cleaning the root canal. However, despite the advances, there are still limitations in eliminating deep bacteria, indicating the need for complementary methods to optimize clinical results.
Conclusion: It can be concluded that the plastic instruments EDDY, Easy Clean and EndoActivator proved to be a good option in the cleaning protocol of root canal systems.
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1. INTRODUCTION
Endodontic treatment consists of the disinfection and sealing of the root canals, with the goal of eliminating the microbial infection present. Thus, the main purpose of endodontic

treatment is the eradication of a possible infection in the dental element, promoting pain relief and eliminating the patient's discomfort. It is expected that through this procedure, the tooth will be functionally preserved in the oral cavity (Bragante et al., 2018; Neelakantan et al., 2020).

However, for endodontic treatment to be successful, it is essential to follow specific protocols. Considering that the treatment typically involves four stages (surgical access, root canal shaping, cleaning and disinfection, and obturation), it is imperative that the dentist has appropriate technical and procedural expertise to carry out each phase of the procedure (Marcos-Arenal et al., 2009). Given the challenges presented in each clinical case, the need for technological advances in endodontic treatment arose, aiming to optimize the effectiveness of protocols during the procedure. In this context, endodontic motors were developed, offering the dentist greater modeling capacity and speed control during root canal instrumentation. However, the mere increase in speed and improvement of modeling does not, by itself, ensure effective canal cleaning.

Several studies indicate that more than 60% of the total area of the root canal is not adequately prepared after the use of rotary instruments, regardless of the technique used (Wagner et al., 2017; Oliveira et al., 2014). This fact is attributed to the lack of compatibility between the geometry of the files and the anatomy of the canal, as the instruments were designed to fit the conical shape of the canal without considering the existing anatomical variations. Curvatures and complex internal anatomy represent considerable challenges during the procedure (Siqueira Júnior et al., 2018). Thus, remaining microorganisms are left in areas where the instruments cannot perform their cutting function, and the irrigants do not reach the required concentration or contact time.

During the shaping process, cutting the dental structure results in the formation of a layer known as the "smear layer," which consists of a mixture of organic and inorganic materials from the dentin tissues, microorganisms, and pulp debris (Araújo et al., 1998). Several methods are employed during endodontic procedures to eliminate this layer, such as the use of chemical substances, forming the process known as Chemomechanical Preparation (Siqueira, 2007; Dioguardi et al., 2018).

Sodium hypochlorite (NaOCl) is the most commonly used irrigant for canal disinfection. In addition, 17% EDTA (ethylene diamine tetraacetic acid), which is a chelating agent, is also commonly used and has been recommended to improve the effectiveness in removing the smear layer (Bueno et al., 2019; McComb & Smith, 1975; Scelza et al., 2003; Hülsmann et al., 2003). This agent acts as an adjunct, compensating for the limitation of NaOCl in removing the mineral dentin matrix during the biomechanical preparation of the root canals (Hülsmann et al., 2003; Scelza et al., 2004).

In the context of the cleaning protocol, it is essential to ensure the complete removal of the smear layer, promoting the opening of dentinal tubules to prevent the persistence of an infectious process that may compromise the success of the treatment (Chugal et al., 2003). Therefore, it is crucial to have rigorous control over the disinfection process, with particular emphasis on the fact that the persistence of infections is associated with microorganisms' resistance to antimicrobial agents. In this context, irrigation plays an essential role in endodontic treatment (Qing et al., 2006).

Conventional manual irrigation is typically carried out through plastic syringes and needles, which deliver the irrigating solution into the root canal. However, literature reviews indicate that the conventional approach results in less effective irrigation, especially in certain anatomical regions and in the apical third of the root canal. As a result, various techniques have been developed to optimize the action of the solutions after canal

instrumentation, including sonic irrigation and ultrasonic irrigation (Gulabivala et al., 2010). This allows for more effective cleaning through the use of chemomechanical methods, utilizing auxiliary means, where the mechanical action is carried out by the endodontic files and the chemical action is performed by the auxiliary solutions. However, when used in isolation, both approaches prove insufficient for the cleaning and complete removal of the smear layer.

Thus, the activation of the irrigating solution has proven to be a fundamental step for the success of endodontic treatment, being recommended to promote antisepsis in isthmus regions and areas of difficult access, where conventional instruments cannot reach. Studies demonstrate that this technique is effective in cleaning the root canal system (RCS), allowing the removal of inorganic residues that would not be eliminated by conventional irrigation (Ahmad et al., 1987; Sabins et al., 2003; Van der Sluis et al., 2007).

Passive Ultrasonic Irrigation (PUI) refers to the activation of the chemical irrigating solution within the SCR, aiming to improve the effectiveness of disinfection. Studies have shown that this technique makes root canal cleaning more efficient (Van Der Sluis et al., 2007; Gu et al., 2009), as well as optimizing the removal of the smear layer and dentin debris, especially in the apical region (Ahmad et al., 1987).

Sonic activation is performed using devices attached to handpieces or electric motors, where forced vibration occurs at the connected end, and at the other end, the vibration occurs freely. These systems operate with high amplitude vibration but at a low frequency (Jiang et al., 2010; Blank-Gonçalves et al., 2011). Several systems are available on the market, including those that are important for this study: Eddy®, Easy Clean®, and EndoActivator®.

The EDDY® (VDW, Munich, Germany) tips are flexible, sterile, disposable, made of non-cutting polyamide material, with a size 25 and a taper of 0.04. Their operating principle is sonic activation, functioning at frequencies of 5000 to 6000 Hz, and are activated by an air-driven handpiece (Fig. 1).
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Fig. 1 - EDDY® (a) tip (b) movement (c) handpiece

Source: https://www.vdw-dental.com/en/

The Easy Clean® from Easy Dental Equipment (Belo Horizonte, MG, Brazil) is a sterilized plastic device that resembles a rotary endodontic instrument with a 25 gauge and
0.04 taper. The active part of the device has the shape of an "airplane wing" (Fig. 2).
[image: ][image: ]
(a)	(b)
Fig. 2 - Easy Clean® (a) product (b) active part and movement Source: https://easybassi.com.br/
The EndoActivator® (Dentsply Tulsa Dental, Tulsa) is a sonic activation device that operates through a cordless, battery-powered handpiece to activate flexible tips made of polymeric material (Urban et al., 2017) (Fig. 3).
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Fig. 3 - EndoActivator®

Source: https://www.dentsplysirona.com/en-si/discover/discover-by- brand/endoactivator.html



Therefore, auxiliary methods for cleaning root canals are extremely relevant. In this context, the study aimed to provide a literature review with the objective of evaluating the effectiveness of plastic endodontic instruments (EDDY, Easy Clean and EndoActivator) in cleaning root canals and their efficiency in endodontic treatment. Aiming to find the best protocol to be adopted, as well as greater effectiveness in endodontic therapy, contributing to a more solid scientific basis and, consequently, to improving the quality of endodontic treatments.


2. METHODOLOGY


A literature review was conducted with the aim of identifying articles that investigate the use of plastic endodontic instruments in the disinfection and removal of the smear layer during the root canal cleaning protocol. For this purpose, the databases PubMed, Bireme, and SciELO were consulted. The search resulted in the identification of studies that discuss the influence of plastic instruments on the cleaning efficacy during endodontic treatment.

For the search, the descriptors "Endodontic Irrigation," "Sonic Irrigation," and "Activation Systems" were used and combined. Articles in Portuguese and English, published between January 2015 and April 2020, were considered. The search resulted in nine articles on the PubMed platform, seven on Bireme, and one on SciELO. Among the 17 articles identified, five presented duplicates across the platforms. Additionally, one article was excluded because it did not use plastic instruments in its methodology, and another was disregarded as it was a literature review rather than a clinical or laboratory study. As a result, seven articles were selected to compose the final sample of the research.

All authors participated in the research and read the articles to prepare this study. There were no disagreements regarding the inclusion or exclusion of any text; everything was written by consensus.





3. RESULTS
The research on the influence of plastic endodontic instruments, using the previously mentioned descriptors, resulted in seven articles. The abstracts were read and evaluated by a single examiner, who excluded one article for being clinical and laboratory tests unrelated to root canal cleaning, but rather to apical blockage. Therefore, six articles remained, which are explained in table 1.

Table 1 – Summary of the Studied Articles

	Author (year) country
	Sample and Methodology
	Results

	





Kaloustian et al. (2019)
France.
	The distal canals of forty lower molars, previously shaped with the Protaper System and filled with X2 gutta-percha, were subjected to an initial root filling and later a retreatment, with the aim of evaluating the volume of remaining material. The teeth were divided into four groups to test the additional effect of two sonic irrigations using devices in the removal of the filling material: EDDY (VDW) and MM1500 (Micro-Mega). In the first two groups, the 2shape system was followed by MM1500 and EDDY; in the third and fourth groups, the Reciproc System was followed by MM1500 and EDDY.
	Sonic activation resulted in a significant reduction in the residual filling material volume, with a decrease of 3.21% (P = 0.013) in the first group, 1.38% (P = 0.012) in the second group, 1.83% (P = 0.008) in the third group, and 1.83% (P = 0.012) in the fourth group. However, at the end of the study, the percentage of residual material did not show a significant difference between the groups throughout the entire length of the canal (P = 0.163).

	





Zeng et al., (2018) China.
	Thirty-eight single-rooted premolars, previously instrumented and autoclaved, were inoculated with enterococcus faecalis (ATCC-29212) for a period of 21 days. Two teeth were kept as negative controls, without bacterial exposure. For the inoculated teeth, six were used as positive controls, without irrigation. The remaining teeth (30 units) were randomly assigned to two groups (N = 15), using 3% NaOCl as the irrigant: (A) size 30 - Syringe Needle Irrigation (SNI), and (B) EDDY (VDW, Munich, Germany). Twelve teeth from each group and four teeth from the positive control group were evaluated for bacterial reduction using the MTT test.
	The MTT test indicated that both SNI and EDDY significantly reduced the intracanal bacterial load compared to the positive control, with no significant difference between the two techniques. Confocal Laser Scanning Microscopy (CLSM) revealed that EDDY was more effective in eliminating intratubular bacteria in the coronal and middle portions of the root canal, compared to SNI, but not in the apical portion. In all regions of the canal (coronal, apical, and middle third of the root), both systems failed to completely eradicate bacteria that proliferated deep within the dentinal tubules.




	






Mancini et al. (2018) Italy.
	Eighty single-rooted mandibular premolars were decoronated to a standardized length of 15mm. The specimens were shaped to ProTaper F4 (Dentsply Maillefer) and irrigated with 5.25% NaOCl at 37°C. The teeth were divided into six groups (two control groups [N = 10] and four test groups [N = 15]) according to the final irrigation/activation technique (sonic irrigation [EndoActivator], Passive Ultrasonic Irrigation [PUI], negative apical pressure [EndoVac], and Laser-Activated Irrigation [LAI]). The root canals were then sectioned longitudinally and observed under field emission scanning electron microscopy to assess the presence of smear layer at 1, 3, 5, and 8mm from the apex. The scores were analyzed by Kruskal-Wallis and Mann-
Whitney U tests.
	The EndoActivator was more efficient than the PUI, LAI, and control groups in removing the smear layer at 3, 5, and 8mm from the apex. The EndoVac was superior to all groups in smear layer removal at 1mm from the apex. At 5mm from the apex, both the EndoActivator and EndoVac removed more smear layer than the LAI and control groups. None of the activation/application	systems completely removed the smear layer, but the EndoVac and EndoActivator showed the best results at different points along the canal.

	







Duque et al.
(2016) Brazil.
	Fifty mesial roots from lower molars were embedded in epoxy resin using a metal mold. The blocks containing the roots were then sectioned at 2, 4, and 6mm from the apex. After instrumentation, the roots were divided into five groups (n = 10) to apply the final irrigation protocol, using the following methods: Easy Clean in continuous rotation, Easy Clean in alternating motion, PUI, EndoActivator, and conventional irrigation. Scanning electron microscope (SEM) images were obtained after instrumentation and after the first, second, and third activations of the irrigating solution to assess the area of remaining debris.
	The three activation protocol of the irrigating solution for 20 seconds resulted in better cleaning of the canal and isthmus. At the end of all procedures, the analysis of the canals revealed a statistical difference only at 2mm, where Easy Clean in continuous rotation was more efficient than conventional irrigation. Regarding the isthmus, the greatest difference was observed, with Easy Clean in continuous rotation showing greater efficacy than conventional irrigation at all three levels analyzed, and EndoActivator being more effective at 4mm. PUI provided greater cleaning than conventional irrigation at 6mm. No statistical differences were observed  between  Easy  Clean  in
continuous rotation, Easy Clean in alternating motion, and PUI.




	





Cesário et al. (2018) Brazil.
	Fifty acrylic prototype maxillary incisors were instrumented and included in a mold. The specimens were longitudinally sectioned, and a longitudinal groove was made on the inner surface of the root canal in one of the hemisected portions, where dentin remnants were inserted. The specimens were divided into five groups (N = 10): G1: conventional irrigation with an open-ended needle; G2: conventional irrigation with a dual needle with lateral ventilation; G3: Easy Clean in alternating motion; G4: Easy Clean in continuous rotation (ECCR); and G5: passive ultrasonic irrigation (PUI). All samples were scanned using tomography for analysis.
	No significant difference (P > 0.05) was observed between passive ultrasonic irrigation (PUI) and Easy Clean in Continuous Rotation (ECCR). However, ECCR was significantly more effective (P = 0.05) than the groups using conventional irrigation techniques.

	







Kato et al. (2016) Brazil.
	Mesiobuccal root canals of 10 mandibular molars were prepared with a 30/.05 final instrument. The specimens were embedded in flasks containing heavy body silicone, cleaved longitudinally, and 6 round indentations were made into the apical region of the buccal half at 1-mm intervals. The same specimens were used to prepare a blank control group (no debris), a negative control group (completely covered by debris), and 2 experimental groups: PUI and irrigation with reciprocating activation: Easy Clean (EC). Standardized images of the indentations were obtained under environmental scanning electron microscopy and assessed by 2 examiners. The amount of debris was then classified using a 4-category scoring
system.
	The EC group showed statistically similar results to the blank control group at all 6 root levels examined. The PUI group obtained statistically similar results to the negative control group at the three most apical levels, and similar results to the blank control group at the three most cervical levels.

	




Haupt et al. (2019)
Germany.
	This study evaluates the effectiveness of different activated irrigation techniques in removing debris and smear layer from curved root canals. Ninety lower molars, with a root canal curvature between 20 and 40 degrees, were divided into 4 groups (N = 20): Syringe Irrigation (SI), Passive Ultrasonic Irrigation (PUI), sonic activation with EDDY (ED) or EndoActivator (EA), and a control group. The mesiobuccal root canals were prepared to size 40, 0.04 and irrigated with NaOCl (3%), according to the corresponding irrigation technique.
	One sample was excluded due to root fracture during the separation procedure. None of the irrigation techniques were able to completely remove the debris and smear layer.


Source: Direct research (2020)

4. DISCUSSION
The studies present different approaches to irrigation and instrumentation techniques used in endodontic treatment, and although they share the goal of improving the effectiveness of cleaning and removal of material in root canals, the methodologies and results vary. Comparison between these studies reveals both similarities and differences regarding the methods tested, effectiveness, limitations and clinical implications.
Kaloustian et al. (2019) and Haupt et al. (2019) compared the effectiveness of irrigation systems and instrumentation, focusing on sonic devices and specific systems such as MM1500, Eddy, EndoActivator, and others. Both studies highlight the effectiveness of sonic activation to improve material removal, with Haupt et al. showing a broader comparison of systems, including EndoActivator and PUI.
Zeng et al. (2018) investigated the reduction of intracanal bacterial load, while other studies, such as Mancini et al. (2018) and Duque (2016), focused on techniques for smear layer removal and general cleaning, using systems such as EndoActivator, EndoVac, and Easy Clean.
Cesário et al. (2018) and Kato et al. (2016) specifically evaluated the Easy Clean system, with Kato focusing on its effectiveness in reciprocating motion, while Cesário compared Easy Clean with conventional methods and other irrigation systems such as PUI.
Kaloustian et al. (2019) and Haupt et al. (2019) observed that sonic activation (MM1500, EDDY, EndoActivator) significantly improved the removal of filling material, with Haupt et al. highlighting EndoActivator as the most efficient, followed by EDDY. This suggests that sonic activation is a highly effective method for improving canal cleaning, especially in cases of endodontic retreatment.
Mancini et al. (2018) indicated that EndoActivator and EndoVac were more effective than PUI and LAI in removing the smear layer, which is a crucial factor in ensuring effective cleaning and preventing reinfection. Cesário et al. (2018) showed that Easy Clean was more efficient than conventional techniques, although the study did not address other advanced systems.
Zeng et al. (2018) revealed that although both syringe and sonic irrigation reduced bacterial load, neither technique was completely effective in eliminating all bacteria, especially deep within the dentinal tubules, suggesting that additional methods may be needed.
· Limitations:
Most of the reviewed studies have limitations regarding the generalizability of the results. Kaloustian et al. (2019) did not compare systems other than 2Shape and Reciproc, which limits the applicability of the results. Similarly, Zeng et al. (2018) focused on Enterococcus faecalis, without exploring other types of bacterial infection, which could influence the interpretation of the results in a broader clinical setting.
Duque (2016) evaluated the Easy Clean technique, but did not consider the long- term impact of canal cleaning on clinical outcomes. Similarly, Kato et al. (2016) compared Easy Clean with reciprocating motion with PUI, but the study did not include other modern irrigation systems.
A common point among most studies is the lack of analysis on the long-term efficacy of the methods, especially regarding the clinical success rate and preservation of periapical health after treatment.

· Clinical Implications:
Importance of Sonic Activation: Sonic activation is an important technique to improve the effectiveness of irrigation. The use of devices is recommended to ensure efficient cleaning.

Need for Combined Methods: A combined approach, using different irrigation or activation systems, may be more effective in eliminating deep infections and debris in the root canal.
Although several studies demonstrate advances in the use of irrigation systems and instrumentation to improve root canal cleaning and disinfection, results vary depending on the system used. EndoActivator and Easy Clean show promise in improving the efficacy of removal of filling materials, smear layer and bacterial load. However, many of these studies have limitations, such as the lack of long-term analysis, the lack of comparison with other newer systems or the exclusion of anatomical variations of the root canals, which prevent a more complete understanding of how these techniques translate into long-term clinical success. To optimize endodontic treatments, more clinical studies are needed to compare different approaches, evaluate long-term results and adapt protocols to specific clinical needs.

5. CONCLUSION
Based on the results presented, it can be concluded that irrigation activation systems such as EndoActivator and Easy Clean demonstrated greater effectiveness in removing residual material and the smear layer from the root canal walls, compared to conventional techniques or other systems like PUI (Passive Ultrasonic Irrigation) and LAI (Laser-Activated Irrigation). Among the methods evaluated, EndoActivator stood out as highly efficient in smear layer removal, while Easy Clean, especially in continuous motion, was more effective in cleaning the canal and isthmus. In comparison with other methods, the EDDY system was more effective than PUI (72.5%) and syringe irrigation (55%). This indicates that the EDDY system achieved good results in terms of cleaning the dentin surface, although it did not surpass the EndoActivator.
However, none of the systems managed to completely remove the smear layer or the bacteria located in the deep dentinal tubules. These results suggest that, although there is no completely ideal solution, the use of advanced irrigation activation technologies can significantly optimize root canal cleaning and improve outcomes in endodontic treatment.
[bookmark: _GoBack]Thusly, to find the best protocol to be adopted, with greater effectiveness for endodontic treatment, more clinical studies are needed, especially regarding techniques that guarantee more efficient cleaning and higher quality results. The constant evolution of endodontics requires a more solid scientific basis, capable of supporting innovations that improve the precision of treatments, reduce complications and maximize long-term results. Such research is essential for the development of more personalized protocols, considering the specific needs of each patient, which will contribute to more effective endodontic treatments with more predictable and long-lasting results.
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