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Comparison Between Different Irrigation Methods in Endodontics: A Literature Review


ABSTRACT 
Aims: To compare the effectiveness of manual irrigation techniques with enhanced irrigation methods in the disinfection and cleaning of the root canal system in Endodontics.
Study design: Descriptive literature review.
Place and Duration of Study: The review was conducted using scientific articles retrieved from the SciELO, PubMed, and LILACS databases, covering the period from February to August 2019.
Methodology: A total of 45 scientific articles published between 1970 and 2019 were selected based on predefined eligibility criteria. The search included descriptors in Portuguese and English related to irrigation techniques in Endodontics. The selected studies focused on the performance of various irrigation methods, including manual irrigation with syringe and needle, Passive Ultrasonic Irrigation (PUI), the Easy Clean system, and the XP-Endo Finisher file.

Results: Manual irrigation was found to be the least effective method for canal disinfection and debris removal. In contrast, activation techniques such as PUI, Easy Clean, and XP-Endo Finisher showed significantly better cleaning outcomes, especially in anatomically complex areas. Among them, the XP-Endo Finisher provided the most effective results in cleaning after instrumentation and final irrigation.

Conclusion: Enhanced irrigation techniques, particularly those involving mechanical activation, significantly improve root canal cleaning compared to conventional methods. Nevertheless, manual irrigation remains a valuable tool when applied with appropriate solutions and clinical protocols. The choice of irrigation strategy should be guided by anatomical considerations and clinical objectives to ensure the success of endodontic treatment.
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1. INTRODUCTION 


The success of endodontic treatment is one of the central goals of contemporary clinical dental practice. In this context, technological advances and the consolidation of scientific knowledge have driven the development of techniques and materials aimed at improving the predictability and therapeutic efficacy of endodontic procedures (ESPÍNOLA et al., 2002; PETERS, 2022).

The literature reports success rates exceeding 78% in endodontic treatments, a result attributed to the evolution of clinical protocols, the improvement of materials used, and the increasing training of specialized professionals in the field. However, the high success rate does not eliminate the need for clinical and radiographic follow-up of treated cases, since failures may still occur even after the completion of treatment (CARVALHO, 2018; NG et al., 2011).

Effective decontamination of the root canal system (RCS) depends on the proper execution of biomechanical preparation, whose goal is the removal of necrotic tissues and present microorganisms. In this process, irrigation plays a key role, as studies have shown that considerable portions of root canal walls are not touched by endodontic instruments, highlighting the need for the use of chemical adjuncts (HAAPASALO et al., 2010; VERA et al., 2012).

The use of irrigation in Endodontics dates back to the 19th century, when Taft, in 1859, recommended the use of irrigating solutions such as sodium chloride. Since then, a wide variety of substances have been investigated regarding their effectiveness in cleaning and disinfecting the root canal. The ideal properties of an irrigating solution include tissue dissolution capacity, dentin debris removal, biocompatibility, low toxicity, broad-spectrum antimicrobial activity, canal lubrication, low surface tension, and efficacy in smear layer removal (ABRAHAM et al., 2015; ZEHM et al., 2020).

The conventional irrigation technique involves the introduction of irrigating solutions using syringes and blunt needles, preferably positioned up to the apical third of the canal. However, recognizing the limitations of this method, several strategies have been developed to optimize the action of irrigating solutions. Among these are ultrasonic irrigation, sonic irrigation, negative pressure irrigation, continuous irrigation coupled with rotary instrumentation, endocanal brushes, and laser-activated methods (BARBOSA, 2016; KESKIN et al., 2023).

Passive Ultrasonic Irrigation (PUI) is one such strategy and consists of activating the irrigating solution within the RCS through ultrasonic tips, generating an acoustic streaming effect with energy capable of disrupting bacterial biofilms and efficiently removing debris. This technique allows access to anatomically challenging areas without direct contact with the canal walls, thereby reducing the risk of canal transportation or perforation (QUEIROZ et al., 2016; RÖDIG et al., 2021).

Given the variety of available options, comparative studies are essential to support the dental surgeon in selecting the most effective irrigation technique, contributing to the predictability of clinical outcomes and the reduction of therapeutic failures (ROMUALDO, 2013; KIM et al., 2020).

Thus, the present study aimed to compare, through a literature review, the different endodontic irrigation methods in terms of their effectiveness in cleaning the root canals. 
2. material and methods 

This study was conducted as a literature review, with a bibliographic search carried out in the PubMed, Scientific Electronic Library Online (SciELO), and Latin American and Caribbean Health Sciences Literature (LILACS) databases, from February to August 2019.

Eligible articles were those published in Portuguese or English between 1970 and 2019, addressing themes related to irrigation in Endodontics. The descriptors used in the search were: “irrigação” (irrigation), “endodontia” (endodontics), “sistemas ultrassônicos” (ultrasonic systems), “lama dentinária” (smear layer), and “preparo químico-mecânico” (mechanical chemical preparation), along with their English equivalents.

Study selection was performed independently by three researchers, based on the titles and abstracts. Subsequently, full texts of potentially relevant articles were read in full. Studies that did not meet the predefined eligibility criteria, as well as those with redundant or repeated data, were excluded.
At the end of the screening and analysis process, the final sample consisted of 45 scientific articles.
3 THEORETICAL FRAMEWORK
3.1 Endodontic Treatment
Endodontic infections are generally associated with the colonization of the pulp tissue by microorganisms that invade the root canal system (RCS) due to pulp necrosis, dental trauma, extensive carious lesions, defective restorations, or failures in previous endodontic treatments (KIRKEVANG et al., 2007; LATHEEF et al., 2016).
The primary objective of endodontic treatment is the complete decontamination of the RCS, which includes the removal of necrotic tissues, microbial biofilm, and their byproducts. This cleaning is achieved through chemomechanical preparation (CMP), which combines endodontic instruments with irrigating solutions possessing antimicrobial, solvent, and chelating properties (PLOTINO et al., 2016; DIETRICH et al., 2023).
3.2 Main Irrigating Solutions

Irrigating solutions are fundamental to the success of endodontic therapy, as mechanical preparation alone is not capable of reaching all areas of the RCS due to its complex internal anatomy (CARPIO-PEROCHENA et al., 2010; VERGOS et al., 2022).
These solutions must possess properties such as broad-spectrum antimicrobial activity, the ability to dissolve organic tissue, biocompatibility, low toxicity, substantivity, and effectiveness in smear layer removal (CÂMARA et al., 2010; KESKIN et al., 2022).



3.2.1 Sodium Hypochlorite (NaOCl)
Sodium hypochlorite (NaOCl) is considered the gold standard irrigant in Endodontics due to its ability to dissolve organic tissues and its broad-spectrum antimicrobial effect. Historically, hypochlorite-based solutions have been used as disinfectants since the 18th century. In the 19th century, Labarraque recommended their use as hospital antiseptics, and by 1920, NaOCl had been adopted as an endodontic irrigant (ZEHNDER, 2006).
Among its advantages are its action against anaerobic and facultative bacteria, its efficacy in dissolving pulp tissues and biofilms, and its low cost. However, disadvantages include high cytotoxicity when extruded, unpleasant odor, and chemical instability (ZEHNDER, 2006; CÂMARA et al., 2010; BASRANI & HAAPASALO, 2012; CASTRO et al., 2021).
Recent studies also highlight the use of heated NaOCl and its ultrasonic activation as strategies to enhance its antimicrobial and solvent action, contributing to improved canal cleanliness (VERGOS et al., 2022; DIETRICH et al., 2023).
Nevertheless, sodium hypochlorite must be in direct contact with the tissue to be disinfected to exert a satisfactory effect. Its mechanisms of action include oxidation, hydrolysis, and to some extent, osmotic removal of tissue fluids. Clinically, this means that the irrigant must reach the full extent of the root canal system, including dentinal tubules, accessory canals, apical deltas, and isthmuses (GREGORIO et al., 2010).
Scientific literature indicates that short exposure times of NaOCl to the root canal system may be insufficient for effective biofilm dissolution, especially when using 1% or 2.5% concentrations for periods equal to or less than 15 minutes. Conversely, when the irrigant is maintained in direct contact with the canal for 30 minutes, in larger volumes and with frequent replenishment, even lower concentrations (1% or 2.5%) show comparable efficacy to 5.25% NaOCl applied for only 5 minutes (CARPIO-PEROCHENA et al., 2010; BASRANI & HAAPASALO, 2012).
One clinical advantage of using lower concentration solutions is the significant reduction in cytotoxicity, which is desirable in endodontic procedures. Still, reduced contact time within the canal may not be sufficient to promote complete biofilm disintegration, particularly in the apical third (CARPIO-PEROCHENA et al., 2010; GREGORIO et al., 2010).
Therefore, NaOCl remains the main irrigating solution used in endodontic treatment, as it meets most of the criteria required for ideal irrigants. Its well-documented antimicrobial efficacy, combined with its tissue dissolution capacity, justifies its widespread use in clinical practice (ZEHNDER, 2006; BASRANI & HAAPASALO, 2012).

3.2.2 Chlorhexidine (CHX)
Chlorhexidine was developed in the late 1940s with the initial goal of acting as an antiviral agent. However, due to its low efficacy against viruses, it was abandoned for that purpose. Subsequently, its potent antibacterial activity was discovered. Chlorhexidine is a strongly basic molecule with stable behavior in salt form. The first synthesized salts were chlorhexidine acetate and hydrochloride, both of which showed low water solubility, leading to their replacement by chlorhexidine digluconate, a more soluble and stable form (ZEHNDER, 2006; MOHAMMADI & ABBASZADEH, 2020).

Chlorhexidine is a broad-spectrum antiseptic, extensively used for plaque control in the oral cavity, mainly at concentrations of 0.1% and 0.12%. In Endodontics, a 2.0% solution is commonly employed as an auxiliary irrigant. However, it is not indicated as the primary irrigating solution in all cases, since it lacks tissue-dissolving capability and shows reduced efficacy against Gram-negative bacteria when compared to Gram-positive species (NAENNI et al., 2004; CLEGG et al., 2006; RÔÇAS et al., 2023).

Studies have demonstrated that 2% CHX irrigation for 15 minutes can eliminate cultivable microorganisms from root canals and dentinal tubules. However, when examined under scanning electron microscopy (SEM), the smear layer remains intact even after irrigation (CLEGG et al., 2006; CARPIO-PEROCHENA et al., 2010; CASTRO et al., 2022).

Therefore, when CHX is chosen as the irrigating solution, additional agents are necessary to physically remove the biofilm and smear layer, as its primary function is antimicrobial (CLEGG et al., 2006; SANTOS et al., 2021).

3.2.3 Ethylenediaminetetraacetic Acid (EDTA)
Ethylenediaminetetraacetic acid (EDTA) was first described by Ferdinand Münz in 1935 and later introduced into endodontic practice by Nygaard-Östby in 1957 as an irrigating solution for chemical preparation of the root canal. It is widely used as a lubricant and chelating agent, promoting softening and removal of the smear layer from dentinal walls (ÇALT & SERPER, 2002; MOHAMMADI & SHALAVI, 2013).

EDTA is the most commonly used chelating agent in dentistry due to its effectiveness in removing inorganic components. Its mechanism of action involves chelation of calcium ions from the mineralized dentin matrix, forming a soluble calcium chelate. This results in superficial demineralization of dentin, typically around 20 to 30 µm in depth (ÇALT & SERPER, 2002; MAFRA et al., 2017; KARYGIANNI et al., 2021).

Although EDTA is effective in removing the smear layer, prolonged use may lead to dentin erosion, especially when combined with sodium hypochlorite. Therefore, its application time should be limited—usually between 1 and 3 minutes at the end of instrumentation—followed by a final rinse with NaOCl to ensure additional antimicrobial action (PAIVA et al., 2022; VIEIRA et al., 2023).

3.3 Traditional Irrigation Method (Manual)
Manual irrigation is performed using a syringe coupled with a side-vented needle, allowing the irrigating solution to be delivered along the length of the root canal (GU, 2009; GREGORIO et al., 2010).
3.3.1 Needle Gauge
The effectiveness of irrigating solutions may be compromised when needles with larger diameters are used, as they hinder access to the apical third of the canal (PSIMMA, 2012; FILHO et al., 2014). In a study by Tanomaru et al. (2013), four needle gauges were tested at different stages of instrumentation: 23G (side-vented), 22G (end-vented), 30G (side-vented), and 30G (end-vented). Distilled water was used as the irrigant at a volume of 2 mL and a flow rate of 5 mL/minute. The results demonstrated that 30G needles, both side-vented and end-vented, were more effective in debris removal in the apical region.

3.3.2 Needle Bevel Design
The bevel design of irrigation needles aims primarily to optimize solution delivery and minimize apical extrusion. Recently, new designs have been proposed to improve irrigation control (SHEN, 2010; SILVA et al., 2016). Silva et al. (2016) compared three types of needles: open-ended, closed-ended with a single lateral port, and closed-ended with dual lateral ports. The results indicated that the closed-ended needle with dual lateral ports presented the lowest level of apical extrusion, making it clinically safer.

3.4 Methods for Enhancing Irrigation

The complex anatomy of the root canal system (RCS) has driven the development of techniques aimed at optimizing the action of irrigating solutions. Two critical factors influence this process: the type of irrigant and the delivery system. The latter can be divided into manual methods and those assisted by automated devices (GREGORIO et al., 2010).
Assisted agitation techniques are designed to increase disinfection effectiveness by enhancing irrigant penetration, particularly in anatomically challenging areas. Among the systems available are Passive Ultrasonic Irrigation (PUI), Easy Clean (Easy®), and XP-Endo Finisher (FKG®) (GREGORIO et al., 2010; DESAI et al., 2009).


3.4.1 Passive Ultrasonic Irrigation (PUI)
The term "Passive Ultrasonic Irrigation" was first described in 1980 by Weller, Brandy, and Bernier. It refers to the activation of the irrigant solution via ultrasonic vibration, without any cutting action from the instrument. Studies have shown that PUI significantly improves the removal of debris, microorganisms, and smear layer, particularly in hard-to-reach areas (JUSTO, 2013; VIVAN et al., 2016). The most widely adopted clinical protocol recommends inserting the ultrasonic tip 1 mm short of the working length, performing three repeated cycles of 20 seconds each.

3.4.2 Easy Clean System (Easy®)
Easy Clean is a plastic instrument made of ABS, with a cross-sectional shape resembling an "airplane wing," and operates using a reciprocating motion. Developed to mechanically activate the irrigant, it removes debris without causing significant wear to the dentinal walls (KATO et al., 2016; SIMEZO et al., 2017). Its clinical protocol prescribes three agitation cycles of 20 seconds each, with the irrigant being refreshed after each cycle, totaling one minute of activation (DUQUE et al., 2017).
3.4.3 XP-Endo Finisher (FKG®)
The XP-Endo Finisher is a NiTi file with shape memory that expands up to 6 mm in diameter at intracanal temperature. Its design allows it to adapt to the canal anatomy, promoting effective cleaning and smear layer removal, especially in the apical third (ZAND et al., 2017; ALVES et al., 2016). The clinical protocol involves three 20-second agitation cycles, with the irrigant being renewed between cycles (DUQUE et al., 2017; RODRIGUES et al., 2017).
4. RESULTS AND DISCUSSION


The primary objective of dental professionals is always to preserve natural teeth. Despite clinical efforts and patient commitment, many teeth are still affected by caries, trauma, or other conditions that necessitate endodontic treatment. Endodontics, the branch of dentistry responsible for studying the physiology, pathology, and morphology of the dental pulp and periapical tissues, aims to diagnose and treat conditions that compromise these structures, with the ultimate goal of preserving them (torabinejad et al., 2010).
For effective decontamination of the root canal system (rcs), chemomechanical preparation is essential. This process combines endodontic instrumentation with chemical irrigants, aiming to clean, enlarge, and shape the canal, preparing it adequately for obturation (siqueira et al., 2004). 
The scientific literature emphasizes that irrigating solutions should be carefully selected based on their physicochemical and biological properties, as well as their ability to act on biofilms and organic and inorganic debris.

Sodium hypochlorite (naocl) 
has been widely used for over four decades due to its notable antimicrobial properties and ability to dissolve organic tissue. However, its cytotoxicity at high concentrations remains a significant limitation (pretel et al., 2011). As an alternative, bonan et al. (2011) suggest the use of chlorhexidine (chx), which has a broad antimicrobial spectrum and the ability to adsorb to dentin, thus providing prolonged residual activity. Chx acts by adhering to microbial cell walls, promoting cell lysis.

Studies by jana et al. (2015) and rôças et al. (2011) confirm chx’s efficacy against a wide range of microorganisms, including gram-positive and gram-negative bacteria, yeasts, and fungi, with particular effectiveness against candida albicans. The 2% chx solution also showed activity against enterococcus faecalis, a bacterium resistant to naocl and often associated with endodontic treatment failures.

However, when the criterion evaluated is pulp tissue dissolution, naocl yields superior results compared to any other irrigant, especially when used at appropriate concentrations, as demonstrated by bonan et al. (2011). Despite its antimicrobial properties, chx does not dissolve tissue, which limits its isolated use.

Neither naocl nor chx is effective in removing the inorganic components of the smear layer. This layer, formed during canal instrumentation, consists of organic and inorganic debris. The association of edta (ethylenediaminetetraacetic acid) and naocl has proven effective for smear layer removal, as edta acts as a chelating agent, removing the mineralized portion and exposing the collagen matrix, which can subsequently be dissolved by naocl (lopes et al., 2004).
Several authors recommend a sequential irrigation protocol to maximize antimicrobial action and canal cleaning: initial irrigation with naocl, followed by rinsing with distilled water, application of edta to remove the smear layer, and final use of chx to expand the antimicrobial spectrum (gašić et al., 2013; haapasalo et al., 2014).
Despite the wide range of irrigating substances and techniques, complete elimination of microorganisms from the root canal system remains a challenge, primarily due to the complexity of microbial biofilms. Irrigant activation methods have been proposed to optimize penetration and efficacy. Bao et al. (2017) demonstrated that devices such as easy clean promote greater smear layer removal and improved tissue dissolution when compared to the conventional syringe-and-needle technique.

Supporting these findings, blank-gonçalves et al. (2011) observed that conventional irrigation, despite its widespread use, has limitations—especially in the apical third. Techniques that activate the irrigant, such as ultrasonic or reciprocating instruments, have shown better results in canal cleaning and microbial reduction.

Justo (2013) compared conventional irrigation with passive ultrasonic irrigation (pui) and observed greater debris removal in the pui group, particularly in the apical third of the root canal, underscoring the superiority of this technique over manual irrigation.

More recent studies by alves et al. (2016), zand et al. (2017), and živković et al. (2015) demonstrated that the use of the xp-endo finisher file, in combination with naocl and edta, provided greater efficiency in root canal cleaning—even in retreatment cases. Due to its design and shape memory, this file can reach hard-to-access areas, promoting more uniform and complete cleaning compared to conventional methods.
5. Conclusion
This study demonstrated that, to achieve greater effectiveness in the decontamination and cleaning of dentinal walls during endodontic treatment, the use of mechanized irrigation methods is more efficient than the conventional manual technique.

Among the devices analyzed, the XP-Endo Finisher file showed the best results, promoting more thorough and effective cleaning of the entire root canal system. However, it is worth emphasizing that conventional irrigation with syringe and needle remains a valuable resource and should not be dismissed, especially when combined with appropriate irrigating solutions and optimized clinical protocols.

The choice of irrigant and application technique should consider factors such as tissue type, presence of biofilm, canal anatomy, and clinical objectives. The rational combination of chemical substances and activation methods represents the most promising approach for successful endodontic treatment. 
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�The title can be made more specific. For example: “A Literature Review on the Effectiveness of Manual and Mechanically Enhanced Irrigation Techniques in Root Canal Disinfection”


�Current and specific problems affecting the success of endodontic treatment can be further emphasized.


�Although the importance of irrigation is generally emphasized in the introduction, the effectiveness of irrigation strategies against persistent endodontic infection agents that require retreatment, such as E. faecalis, should be emphasized separately. Thus, the critical role of irrigation against resistant microorganisms, beyond merely compensating for mechanical deficiencies, will be more clearly demonstrated.


�The screening criteria and study selection methods can be supported by a table or diagram.





It is recommended to use a PRISMA diagram for screening results.





The selection criteria of the selected articles should be further clarified.


�The solutions used under the title "Main Irrigation Solutions" should be presented in a more systematic and orderly manner (For example, the features should be listed first, followed by the drawbacks and disadvantages).


�Adding subheadings on combined irrigant solutions such as QMix and MTAD, as well as experimental irrigants such as nanoparticles and calcium hypochlorite, which are currently included in irrigation protocols, and reviewing the literature on current trends and comparative effectiveness among irrigant options would increase the timeliness and clinical value of the article.


�In order for the article to address irrigation protocols holistically, it is recommended to add a separate subheading on precipitate formation resulting from sequential or combined use of irrigants (for example, PCA formation in the use of NaOCl and CHX) and its clinical consequences. This is important in terms of including both biological risks (potential toxicity) and physical obstruction risks that may affect post-treatment sealing.


�In order for the article to cover all aspects of irrigation, it is also recommended to briefly address the effect of the physical properties of the irrigant (e.g. heated irrigants, surface tension reducers) on efficacy, the importance of irrigation volume and time protocols, and irrigation complications (especially NaOCl extrusion) under a subheading.


�Additionally, it is recommended that the discussion incorporate considerations of the sequential use of EDTA and NaOCl and their synergistic effects on smear layer and biofilm removal, as well as the time- and concentration-dependent risk of dentin erosion associated with prolonged EDTA application. Furthermore, addressing how EDTA-modified dentin surfaces influence sealer penetration and the overall sealing ability of root canal fillings would provide valuable clinical context and enhance the comprehensiveness of the manuscript. 


�The advantages, disadvantages and indications of the methods used under the title "Methods for Enhancing Irrigation" should be stated more clearly.


�In order to make the scope of the article more up-to-date and clinically holistic, it would be beneficial to add a subheading on EDDY and EndoActivator devices, which are widely used irrigation activation methods in recent years; and to include current literature on sonic activation and laser-assisted irrigation techniques (e.g. Er:YAG laser, PIPS, SWEEPS). Thus, the study will become a more comprehensive and contemporary resource by covering modern approaches to irrigation protocols.


�While irrigation activation techniques are examined in detail in the study, the addition of a subheading on the GentleWave multisonic irrigation system, which has come to the fore in recent years and is supported by high-quality clinical and laboratory studies, will increase the up-to-dateness of the article.


�The conclusion section should state more clearly which method is more effective under which conditions.





The discussion section should include more details on the specific advantages and disadvantages of different methods in clinical use.


�Although the discussion section contains a wealth of evaluations regarding the clinical success of irrigation, it is recommended that heated irrigation applications, surfactant-containing solutions (e.g., QMix), PCA precipitates resulting from irrigant combinations, advanced multisonic systems such as GentleWave and others, the special importance of irrigation in retreatment cases, irrigation complications such as apical extrusion, and recent systematic review and meta-analysis findings supporting these topics be included in the discussion in order to comprehensively address irrigation protocols.


�In-literature citations all in lower case: must be in upper case.


�In some places, the use of lowercase/capital letters is incorrect.





The use of abbreviations should be adjusted. For example;





"NaOCl" should be used instead of "naocl",





"RCS" should be used instead of "rcs".





There are grammatical errors and grammatical errors in some sentences.





Suggestions:





The article should undergo professional English proofreading.





Abbreviations should be clearly stated when they are first used and the standard should be used.


�References are not in consistent format. Some start with lower case letters, journal names are mixed with full or short names.





Recommendation:





A single referencing system (e.g. APA or Vancouver) should be adopted and all references should be organized accordingly.





The first letter of article titles should start with capital letters.





Journal names should be consistently stated with short or full names.





Reference numbers or alphabetical order should be clear.


�A marker can be used to distinguish between two references with the same name and date within the text.


�A marker can be used to distinguish between two references with the same name and date within the text.






