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Abstract 

Introduction: In the context of endodontic treatment, 

mainly endodontic irrigation, endodontic therapy 

promotes the removal of debris from the pulp tissue, 

seeking cleaning and asepsis against various 

microorganisms. Objective: Carried out a systematic 

review of the main methods and clinical outcomes of 

irrigation in endodontics, presenting information on the 

effectiveness and biocompatibility on the dentin surface. 

Methods: The present study followed by a systematic 

review (PRISMA). The search strategy was performed in 

the PubMed, Scielo, Cochrane Library, Web of Science 

and Scopus, and Google Scholar databases. Results 

and Conclusion: The success of endodontic treatment 

depends on eradicating microbes (if present) from the 

root canal system and preventing reinfection. In 

research comparing the effectiveness of EDTA 17% 

maleic acid to 7%, and observed a greater effectiveness 

of maleic acid in removing the smear layer from the 

apical third of single-adicular human teeth. When 

compared to maleic acid, 5% of 17% EDTA proved to 

be equally effective. Irrigation with 70% ethanol showed 

a significantly higher percentage of clean root canal 

walls and greater depth of clean dentinal tubules when 

compared to irrigation with 2.5% sodium hypochlorite 

and 17% EDTA-T. The volume of irrigants and agitation 

act to reduce the microhardness of dentin in the root 

canal. The smallest reduction in hardness was found in 

the EDTA + NaOCl association, which can be explained 

by the fact that one substance has the power to 

neutralize the other. An alternative EDTA (EDTA - T) to 

the conventional one was studied and showed good 

results to remove the smear layer and a good 

antimicrobial action, but showed a greater potential to 

generate inflammation than conventional 17% EDTA 

and 10% citric acid. Finally, one study showed that PUI 

with continuous irrigation and SAF were more effective 

than EndoVac and the conventional syringe in removing 

the drug Ca(OH)2 from a standardized artificial groove 

in the apical part of the root canal. 

Keywords: Endodontic irrigation. Techniques. Root 

irrigation channel. Efficiency. Dentin surface. 

 

Introduction 

In the context of endodontic treatment, mainly 

endodontic irrigation, endodontic therapy promotes the 

removal of debris from the pulp tissue, seeking cleaning 

and asepsis against several microorganisms [1]. 

Irrigation is the biomechanical preparation of the root 

canal, reaching places where instruments cannot, due 

to the complex anatomy of the root system [1]. 

In this scenario, there are several irrigation 

solutions designed for endodontic treatment [2,3]. In 

cases where the pulp is mortified and there is an 

infection, the irrigating solutions have the function of 

promoting asepsis, dissolving the necrotic tissue, and 

facilitating its removal, in addition to neutralizing the 

bacterial toxin [3]. In this context, 

ethylenediaminetetraacetic acid (EDTA) is generally 

used after endodontic instrumentation for its chelating 

action by which it removes the layer from the smear 

layer [4]. EDTA in endodontics was introduced in 1957 

by Ostby, as a 15.5% aqueous solution at pH 7.3. This 

facilitates the atresia of the irrigating instrumentation 

channels, it has the ability to demineralize the dentin 

through stable calcium ions [4]. 

In this aspect, as EDTA is one of the most used 
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endodontic irrigants, it is important that the clinician is 

aware of the irrigator's properties. Added to this, 

calcium hydroxide, Ca(OH)2 has important antimicrobial 

properties for endodontic treatment [5]. In addition, 

continuous passive ultrasonic irrigation (PUI) uses an 

ultrasound-activated file inside the root canal with a 

continuous irrigant provided by the handpiece. Studies 

have shown that the PUI was more effective in 

removing Ca(OH)2 from the root canal walls than 

releasing the irrigant by positive pressure [5]. 

Based on these techniques, the present study 

carried out a systematic review of the main methods and 

clinical outcomes of irrigation in endodontics, presenting 

information on efficacy and biocompatibility on the 

dentin surface. 

 

Methods 

Study Design 

The present study followed a systematic review 

model, following the rules of systematic review - 

PRISMA (Transparent reporting of systematic review 

and meta-analysis, access available in: 

http://www.prisma-statement.org/). The search 

strategy was performed in the PubMed, Scielo, 

Cochrane Library, Web of Science and Scopus, and 

Google Scholar databases, using scientific articles from 

2004 to 2021. 

 

Descriptors (MeSH Terms) 

The main MeSH Terms used were “Endodontic 

irrigation. Techniques. Root irrigation channel. 

Efficiency. Dentin surface”. For greater specification, the 

description "Endodontic irrigation techniques" for 

refinement was added during the searches, following 

the rules of the word PICOS (Patient; Intervention; 

Control; Outcomes; Study Design). The Cochrane 

Instrument was used to assess the risk of bias of the 

included studies. 

 

Results and Discussion 

Summary of Findings 

A total of 283 articles were found involving 

endodontic irrigation, techniques and root irrigation 

channel. Initially, the duplication of articles was 

excluded. After this process, the abstracts were 

evaluated and a new exclusion was performed, based 

on the elimination of articles with biases that could 

compromise the reliability of the results, according to 

the rules of the Cochrane instrument, as well as articles 

that presented low quality in their methodologies, 

according to the GRADE classification. A total of 110 

articles were fully evaluated and 20 were included in this 

study (Figure 1). 

 

Figure 1. Flowchart showing the article selection 

process. 

 

After this process, it was observed that the success 

of endodontic treatment depends on the eradication of 

microbes from the root canal system and the prevention 

of reinfection [1]. The root canal is formed with manual 

and rotary instruments under constant irrigation to 

remove inflamed and necrotic tissue, microbes/biofilms, 

and other debris from the root space [1]. The main 

purpose of instrumentation is to facilitate effective 

irrigation, disinfection, and filling. Several studies using 

advanced techniques, such as microcomputer 

tomography, have shown that proportionately large 

areas of the main wall of the root canal remain 

untouched by instruments, emphasizing the importance 

of chemical means to clean and disinfect all areas of the 

root canal [2]. 

There is no single irrigation solution that, by itself, 

sufficiently covers all the functions required of an 

irrigator [4]. Optimal irrigation is based on the combined 

use of 2 different irrigation solutions, specific sequence, 

to predictably achieve the goals of safe and effective 

irrigation. Traditionally, irrigants are distributed in the 

space of the chest canal using metal syringes and 

needles of different sizes and designs. Clinical 

experience and research have shown, however, that this 

classic approach typically results in ineffective irrigation, 

particularly in peripheral areas such as the canals, fins, 
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and the most apical part of the main root canal [5,6]. 

In this sense, the removal of the smear layer 

generated during the instrumentation of the root canal 

walls is an essential condition for the best antimicrobial 

efficacy of the irrigation solution in the dentinal tubules, 

in addition to improving the obturator sealing capacity 

[7]. The smear layer removal power by the EDTA 

chelator makes it one of the most used in root canal 

irrigation. This is generally used as the gold standard for 

smear layer removal in comparative research studies 

comparing the effectiveness of EDTA 17% maleic acid 

to 7% and observed greater effectiveness of maleic acid 

in removing the smear layer from apical third of single-

radicular human teeth. When compared to maleic acid, 

5% of 17% EDTA proved to be equally effective [8]. 

Furthermore, a study evaluated the cleaning of the 

walls of the root canal and dentinal tubules after an 

attempt to remove the calcium hydroxide dressing with 

different irrigating solutions and the use of non-

activated irrigation or PUI. Irrigation with 70% ethanol 

showed a significantly higher percentage of clean root 

canal walls and greater depth of clean dentinal tubules 

when compared to irrigation with 2.5% sodium 

hypochlorite and 17% EDTA-T for both irrigation 

methods (p<0.05). No differences were observed 

between the non-activated or PUI irrigation protocols 

[9]. 

In addition, a study analyzed the effect of the 

volume of endodontic irrigants used in different 

techniques of activation of final irrigation on the 

microhardness of root canal dentin. A reduction in root 

canal dentin microhardness was observed with all 

endodontic irrigation techniques tested. EndoVac and 

combined irrigation techniques showed maximum 

reduction in root canal dentin microhardness in all thirds 

of the root canal. Therefore, the volume of irrigants and 

the agitation act to reduce the microhardness of the root 

canal dentin. The total volume of irrigants to cause 

maximum reduction was 25 mL, beyond which neither 

volume nor agitation affected root canal dentin 

microhardness [10,11]. 

In mixed biofilms developed in situ in the oral 

cavity, Ordinola-Zapata et al. (2012) [12] evaluated the 

effectiveness of irrigation agents commonly used in 

endodontics and found that sodium hypochlorite was 

the most effective for biofilm dissolution and exhaustion. 

But, EDTA was not effective for this purpose and had a 

role compared to saline. Low efficacy of EDTA results 

was found in another study where we compared EDTA 

to Qmix, 0.2% cetrimide, 2% chlorhexidine and EDTA, 

antimicrobial activity, and also substantively. However, 

some contradict these findings. There is one study that 

shows almost no potential for disruption of the biofilm 

structure; however, a high antimicrobial potential of 

EDTA, reaching levels similar to those of sodium 

hypochlorite when used at pH 12 and 50 mmol/L, 

affecting the membrane integrity of the 24-hour biofilm 

E. faecalis, L. paracasei and S. anginosus. 

Furthermore, EDTA also has antifungal activity 

against Candida albicans, which is a fungus commonly 

associated with endodontic failures. The evaluation of 

the antifungal effect of EDTA to ethylene glycol-

tetraacetic acid, titanium tetrafluoride, sodium fluoride, 

nystatin, ketoconazole, EDTA and titanium tetrafluoride 

showed better antifungal activity [11]. This study 

corroborates another previous study that compared the 

inhibition of halo EDTA to various antifungal agents and 

sodium hypochlorite and EDTA with more satisfactory 

results [12]. 

An alternative EDTA (EDTA - T) to the conventional 

one was studied and showed good results to remove the 

smear layer and a good antimicrobial action, but showed 

a greater potential to generate inflammation than 

conventional 17% EDTA and 10% citric acid [13]. Even 

when compared to light-sensitized personnel, FotoSan 

EDTA showed similar cytotoxic action, showing a 

biocompatible material and similar to other 

decontamination methods used. 

Also, studies have shown that, in addition to 

removing microorganisms, dissolved organic and 

inorganic matter, irrigators are capable of damaging the 

dentin microstructure, leading to changes in the organic 

material/inorganic surface [14]. The type and intensity 

of these alterations in the proportion of dentin 

components depend on the irrigation solution used and 

can influence the quality of adhesion of sealants and 

cements used for intraradicular cementation. 

Another study evaluated the effects of QMix EDTA 

Chlorhexidine + EDTA + NaOCl and maleic acid on root 

dentin microhardness. In this study, the authors found 

that maleic acid has a high dentin hardness-reducing 

ability compared to the other groups. The smallest 

reduction in hardness was found in the EDTA + NaOCl 

association, which can be explained by the fact that one 

substance has the power to neutralize the other [15]. 

Also, the combination of EDTA and NaOCl as a final 

rinse had no important effect in removing Ca(OH)2 

residues from dentin walls [16]. The differences 

between the studies may be originated from the use of 

SAF for removal of Ca(OH)2. Previous studies used a 

standardized artificial groove design in the Ca(OH)2 

drug removal assessments. In addition, this model 

allows you to standardize the size and location of the 

grooves and the amounts of medication used before 

irrigation. A disadvantage of this standardized artificial 

groove design is that it does not represent the 

complexity of a natural root canal system.  

Thus, one study showed that PUI with continuous 
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irrigation and SAF were more effective than EndoVac 

and the conventional syringe in removing the drug 

Ca(OH)2 from a standardized artificial groove in the 

apical part of the root canal. Similar to these findings, 

several previous studies showed that drug Ca(OH)2 

removal was superior to PUI compared with 

conventional syringe irrigation and sonic irrigation 

[11,12,15]. The higher speed of the irrigating flow 

generated by the PUI may explain its efficiency in 

removing Ca(OH)2 from root canals. The efficiency of 

the PUI is also improved with the replacement of fresh 

irrigators [17-20]. 

 

Conclusion 

The success of endodontic treatment depends on 

eradicating microbes from the root canal system and 

preventing reinfection. In research comparing the 

effectiveness of EDTA 17% maleic acid to 7%, and 

observed a greater effectiveness of maleic acid in 

removing the smear layer from the apical third of single-

adicular human teeth. When compared to maleic acid, 

5% of 17% EDTA proved to be equally effective. 

Irrigation with 70% ethanol showed a significantly 

higher percentage of clean root canal walls and greater 

depth of clean dentinal tubules when compared to 

irrigation with 2.5% sodium hypochlorite and 17% 

EDTA-T. The volume of irrigants and agitation act to 

reduce the microhardness of dentin in the root canal. 

The smallest reduction in hardness was found in the 

EDTA + NaOCl association, which can be explained by 

the fact that one substance has the power to neutralize 

the other. An alternative EDTA (EDTA - T) to the 

conventional one was studied and showed good results 

to remove the smear layer and a good antimicrobial 

action, but showed a greater potential to generate 

inflammation than conventional 17% EDTA and 10% 

citric acid. Finally, one study showed that PUI with 

continuous irrigation and SAF were more effective than 

EndoVac and the conventional syringe in removing the 

drug Ca(OH)2 from a standardized artificial groove in 

the apical part of the root canal. 
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