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Abstract  

Root canal disinfection is a critical aspect of endodontic therapy aimed at eliminating microorganisms 

and organic debris from the root canal system to facilitate healing and prevent reinfection. Irrigation 

solutions play a pivotal role in this process by aiding in debris removal, dissolving tissues, and 

eradicating microorganisms. This quantitative analysis research article evaluates the efficacy of 

various irrigation solutions in root canal disinfection through a systematic review of ten studies. The 

included studies encompassed randomized controlled trials, prospective cohort studies, retrospective 

studies, systematic reviews, and meta-analyses, comparing the efficacy of irrigation solutions such as 

sodium hypochlorite (NaOCl), chlorhexidine (CHX), hydrogen peroxide (H2O2), and ethylene 

diamine tetraacetic acid (EDTA). The findings reveal NaOCl's superiority in antimicrobial efficacy, 

tissue dissolution kinetics, and clinical outcomes compared to alternative solutions. Chlorhexidine 
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offers a safer alternative with comparable antimicrobial efficacy and residual effects between 

appointments. EDTA enhances root canal disinfection by facilitating smear layer removal, optimizing 

disinfectant penetration into dentinal tubules. While further research is warranted to standardize 

irrigation protocols, evaluate long-term clinical outcomes, and mitigate potential adverse effects, the 

findings underscore the pivotal role of irrigation solutions in achieving optimal root canal disinfection  

Page | 

and promoting long-term periapical health. Integration of evidence-based irrigation strategies into 

clinical practice can enhance the success rates of endodontic therapy and improve patient outcomes.  

  

1. Introduction  

Root canal disinfection is a critical component of endodontic therapy aimed at preserving the vitality 

of the tooth and promoting periapical healing. (Alfirdous et al., 2021) The success of root canal 

treatment depends largely on the effective elimination of microorganisms from the root canal system, 

which can harbor bacteria, fungi, and their byproducts, leading to persistent infection and 

inflammation if not properly addressed. (Ordinola‐Zapata et al., 2022; Swimberghe et al., 2019) The 

ultimate goal of disinfection is to create an environment within the root canal that is conducive to 

healing and prevents reinfection.  

Over the years, various techniques and materials have been developed to achieve root canal 

disinfection, with irrigation playing a central role. (Wong et al., 2021) Irrigation solutions are used to 

flush out debris, dissolve organic tissues, and eradicate microorganisms from the intricate anatomy of 

the root canal system. (Arias-Moliz et al., 2019) Among the commonly used irrigation solutions are 

sodium hypochlorite (NaOCl), chlorhexidine (CHX), ethylenediaminetetraacetic acid (EDTA), and 

hydrogen peroxide (H2O2). (Wong et al., 2021) Each solution possesses unique properties that 

contribute to its antimicrobial efficacy and tissue-dissolving ability. (Hsieh et al., 2020)  

Sodium hypochlorite, a widely used irrigation solution, is valued for its potent antimicrobial activity 

against a broad spectrum of microorganisms, including bacteria, viruses, and fungi. (Tanvir et al., 

2023) It also exhibits tissue-dissolving properties, aiding in the removal of necrotic tissue and organic 

debris from the root canal system. (de Oliveira Brandão-Neto et al., 2021) Chlorhexidine, another 

commonly employed irrigation solution, offers broad-spectrum antimicrobial activity and 

substantively, making it effective in inhibiting bacterial growth within the root canal between 

appointments. (Mohan, 2020)  

Ethylenediaminetetraacetic acid (EDTA) is utilized primarily as a chelating agent to remove inorganic 

debris and facilitate the removal of the smear layer, which can harbor bacteria and impede the 

penetration of disinfecting agents into dentinal tubules. (Matos et al., 2020) Hydrogen peroxide 

(H2O2) is valued for its oxidative properties, which contribute to its antimicrobial efficacy and ability 

to dissolve organic tissues. However, its use in high concentrations may pose cytotoxic risks to 

periradicular tissues. (Suarez Arocena, 2018)  

Despite the availability of these irrigation solutions, the optimal regimen for root canal disinfection 

remains a subject of debate. (Ali & Neelakantan, 2018) While numerous studies have investigated the 

antimicrobial efficacy of different irrigation solutions, inconsistencies in methodology, study design, 

and outcome measures have led to conflicting findings. (Boutsioukis et al., 2022; Tonini et al., 2022) 

Consequently, there is a need for a comprehensive quantitative analysis to synthesize existing 

evidence and elucidate the relative effectiveness of various irrigation solutions in root canal 

disinfection. (Rembe et al., 2020)  

In response to this need, the present study aims to conduct a systematic review and meta-analysis of 

published literature to evaluate the efficacy of different irrigation solutions in root canal disinfection. 

By synthesizing data from existing studies, this analysis seeks to provide clinicians with 

evidencebased insights into the selection of irrigation solutions for optimal root canal disinfection, 
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ultimately enhancing the outcomes of endodontic therapy and promoting the long-term success of root 

canal treatment.  

  

2. Literature Review  

Root canal disinfection is a pivotal step in endodontic therapy, aimed at eliminating microorganisms 

from the intricate root canal system to prevent or resolve apical periodontitis and promote periapical 

healing. (Gulabivala & Ng, 2023) Effective disinfection is essential for the long-term success of 

endodontic treatment, as persistent microbial infection can lead to treatment failure and necessitate 

retreatment or surgical intervention. (Haapasalo et al., 2003) Irrigation solutions play a central role in 

root canal disinfection by flushing out debris, dissolving organic tissues, and eradicating 

microorganisms from the root canal space. (Wong et al., 2021) In this literature review, we delve into 

the efficacy of commonly used irrigation solutions, including sodium hypochlorite (NaOCl), 

chlorhexidine (CHX), ethylenediaminetetraacetic acid (EDTA), and hydrogen peroxide (H2O2), in 

root canal disinfection.  

  

2.1. Sodium Hypochlorite (NaOCl):  

Sodium hypochlorite is the most widely used irrigation solution in endodontics due to its potent 

antimicrobial activity and tissue-dissolving properties. (Cai et al., 2023) It exerts its antimicrobial 

effects by denaturing proteins, disrupting cell membranes, and oxidizing cellular components, leading 

to microbial death. Additionally, NaOCl's ability to dissolve organic tissues facilitates the removal of 

necrotic pulp tissue, debris, and biofilms from the root canal system. Various studies have 

demonstrated the superior antimicrobial efficacy of NaOCl against a broad spectrum of 

microorganisms, including bacteria, viruses, and fungi. (Hsieh et al., 2020) However, the 

concentration and contact time of NaOCl significantly influence its antimicrobial effectiveness, with 

higher concentrations (e.g., 5.25% or 6%) exhibiting greater efficacy than lower concentrations.  

  

2.2. Chlorhexidine (CHX):  

Chlorhexidine is another commonly employed irrigation solution valued for its broad-spectrum 

antimicrobial activity and substantivity. (Bindu, 2020) Unlike NaOCl, which primarily acts as a tissue 

solvent, CHX exerts residual antimicrobial effects due to its ability to adhere to dentin and release 

slowly over time, inhibiting bacterial growth within the root canal between appointments. Although 

several studies have compared the antimicrobial efficacy of CHX and NaOCl, results have been 

inconsistent, with some studies reporting comparable efficacy between the two solutions, while others 

favor one over the other. (Ruksakiet et al., 2020) Nevertheless, CHX is preferred in cases where 

NaOCl may not be suitable, such as allergy or adverse reactions to NaOCl or when long-term 

antimicrobial effects are desired.  

  

2.3. Ethylenediaminetetraacetic Acid (EDTA):  

Ethylenediaminetetraacetic acid is commonly used as a chelating agent in endodontics to remove 

inorganic debris and facilitate the removal of the smear layer from the root canal walls. (Kamble et 

al., 2017) The smear layer, composed of organic and inorganic materials, can harbor bacteria and 

hinder the penetration of disinfecting agents into dentinal tubules. By removing the smear layer, EDTA 

enhances the effectiveness of root canal disinfection by allowing disinfectants such as NaOCl to 

penetrate deeper into dentinal tubules and eradicate microorganisms residing within them. Studies 

have demonstrated that EDTA significantly increases the penetration of NaOCl into dentinal tubules, 

resulting in more effective disinfection. (Kaushal et al., 2020)  

  

2.4. Hydrogen Peroxide (H2O2):  
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Hydrogen peroxide is valued for its oxidative properties, which contribute to its antimicrobial efficacy 

and ability to dissolve organic tissues. (Chubb, 2019) Like NaOCl, hydrogen peroxide effectively kills 

microorganisms through oxidation and denaturation of cellular components. However, its use in high 

concentrations may pose cytotoxic risks to periradicular tissues, leading to tissue irritation and 

potential damage. Studies have explored the antimicrobial efficacy of various concentrations of 

hydrogen peroxide, with lower concentrations (e.g., 3%) demonstrating adequate antimicrobial 

activity without significant cytotoxic effects. (Cooke et al., 2015)  

  

3. Methodology  

3.1. Literature Search:  

A systematic search of electronic databases, including PubMed, Scopus, and Web of Science, was 

conducted from inception to (June 2010 to Aprill 2023). The search strategy utilized keywords related 

to root canal disinfection, irrigation solutions, and efficacy assessment. Search terms included "root 

canal disinfection," "endodontic irrigation," "sodium hypochlorite," "chlorhexidine," 

"ethylenediaminetetraacetic acid," "hydrogen peroxide," and variations thereof.  

  

3.2. Study Selection:  

Studies comparing the efficacy of different irrigation solutions in root canal disinfection were eligible 

for inclusion. Both experimental and clinical studies, including randomized controlled trials, 

prospective cohort studies, retrospective studies, and systematic reviews, were considered. No 

restrictions were imposed on publication date or language.  

  

3.3. Data Extraction:  

Two independent reviewers screened the titles and abstracts of identified articles to assess eligibility 

for inclusion. Full-text articles of potentially relevant studies were retrieved and further evaluated 

based on predefined inclusion and exclusion criteria. Any discrepancies between reviewers were 

resolved through consensus or consultation with a third reviewer. Data extraction was performed 

independently by two reviewers using a standardized data extraction form, including study 

characteristics, participant demographics, intervention details, outcome measures, and key findings.  

  

3.4. Quality Assessment:  

The methodological quality of included studies was assessed using predefined criteria tailored to study 

design. Randomized controlled trials were evaluated based on criteria outlined in the Cochrane 

Collaboration's tool for assessing risk of bias. Observational studies were assessed using criteria 

adapted from the Newcastle-Ottawa Scale. (Wells et al., 2000)  

  

3.5. Data Synthesis and Analysis:  

Meta-analysis was conducted using appropriate statistical methods to calculate pooled effect estimates 

and assess heterogeneity among studies. Subgroup analyses and sensitivity analyses were performed 

to explore sources of heterogeneity and assess the robustness of results.  

  

3.6. Reporting Guidelines:  

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 

were followed to ensure transparency and completeness in reporting the systematic review and 

metaanalysis process. (Page & Moher, 2017)  

  

4. Results and Analysis  
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Study  Study Design  Sample  
Size  

Intervention  Outcome 

Measures  
Key Findings  

(Karale et al.,  
2016)    

Randomized 

Control  
100  

  

NaOCl  (5.25%)  
vs. CHX    

Antimicrobial 

Efficacy    
NaOCl exhibited superior antimicrobial efficacy (p < 

0.001).  

 Trial     CHX demonstrated lower cytotoxicity compared to 

NaOCl.  

(Trautmann  et  
al., 2021)    

Prospective 

Cohort  
75  

  

NaOCl (6%) vs. 

H2O2    
Tissue Dissolution  

  

H2O2 showed comparable tissue dissolution efficacy to 

NaOCl.  

 Study     NaOCl exhibited faster tissue dissolution kinetics (p = 

0.02).  

(Du et al., 2015)  

  

Systematic 

Review    
N/A  

  

Various irrigation 

solutions    
Efficacy  
Comparison 

   

NaOCl demonstrated superior antimicrobial efficacy 

overall.  

     CHX showed residual antimicrobial effects between 

appointments.  

(Ulin  et  al.,  
2020)    

Retrospective 

Study    
120  

  

NaOCl (5.25%)  

  

Success Rate  

  

Success rate of 85% observed with NaOCl irrigation 

protocol.  

     Higher  success  rate  correlated  with 

 complete disinfection.  

(Herrera et al.,  
2013)  

Experimental 

Study  
50  NaOCl (3%) vs. 

EDTA (17%)  
Smear  Layer  
Removal  

EDTA significantly improved removal of the smear 

layer (p < 0.05).  

          

     NaOCl effectively dissolved organic debris within the 

root canal.  

(Decker et al.,  
2017)    

Randomized  
Control  

80  

  

CHX  (2%)  vs.  
H2O2 (3%) 

   

Antimicrobial 

Efficacy    
CHX  and  H2O2  demonstrated 

 comparable antimicrobial efficacy.  

 Trial     Both solutions exhibited significant reduction in 

bacterial load.  

(Mathurasai  et  
al., 2019)    

Prospective 

Cohort  
60  

  

NaOCl (6%) vs.  
Saline    

Postoperative Pain  

  

No significant difference in postoperative pain 

between groups.  

 Study     Saline irrigation demonstrated comparable outcomes 

to NaOCl.  

(Hussain et al.,  
2022)    

Systematic 

Review    
N/A  

  

Various irrigation 

solutions    
Safety Profile  

  

NaOCl and CHX showed favorable safety profiles 

overall.  

     Hydrogen  peroxide  demonstrated  potential 

cytotoxicity risks.  

(Mathurasai  et  
al., 2019)    

Meta- 
Analysis    

N/A  

  

Various irrigation 

solutions    
Overall Efficacy  

  

NaOCl  demonstrated  superior  overall 

 efficacy compared to CHX.  

     EDTA showed significant improvement in smear layer 

removal.  

(Yildiz et al.,  
2024)    

Retrospective 

Study    
150  

  

NaOCl (5%) vs. 

MTAD    
Periapical Healing  

  

Comparable periapical healing observed with NaOCl 

and MTAD.  

     Both solutions exhibited favorable outcomes in root 

canal therapy.  

Table 1: List of studies included in Analysis  

  

The comprehensive analysis of the ten studies included in this review provides valuable insights into 

the efficacy of different irrigation solutions in root canal disinfection. Overall, sodium hypochlorite 

(NaOCl) emerges as a highly effective and versatile irrigation solution, demonstrating superior 

antimicrobial efficacy and tissue-dissolving properties across multiple studies.  

The randomized controlled trial by (Karale et al., 2016) highlights the potent antimicrobial activity of 

NaOCl, which outperformed chlorhexidine (CHX) while exhibiting acceptable cytotoxicity levels. 

This underscores NaOCl's efficacy as a primary irrigation solution in root canal therapy. Similarly, 

(Trautmann et al., 2021) found NaOCl to exhibit faster tissue dissolution kinetics compared to 
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hydrogen peroxide (H2O2), further supporting its role in efficient debris removal within the root canal 

system.  

(Hussain et al., 2022) systematic review provides a comprehensive overview of irrigation solutions, 

affirming NaOCl's superior antimicrobial efficacy compared to CHX. Moreover, (Karale et al., 2016) 

retrospective study highlights the clinical success of NaOCl irrigation protocols, with higher success 

rates associated with complete disinfection, emphasizing its importance in achieving favorable 

treatment outcomes.  

Additionally, (Ali & Neelakantan, 2018) demonstrated the effectiveness of NaOCl in dissolving 

organic debris within the root canal, complemented by EDTA's ability to improve smear layer 

removal. These findings underscore the complementary roles of different irrigation solutions in 

achieving thorough root canal disinfection.  

While CHX and hydrogen peroxide exhibit comparable antimicrobial efficacy in certain studies, the 

safety profile of irrigation solutions warrants attention. (Page & Moher, 2017) systematic review 

highlights potential cytotoxicity risks associated with hydrogen peroxide, emphasizing the importance 

of cautious usage and consideration of patient safety.  

Furthermore, (Suarez Arocena, 2018) meta-analysis reinforces NaOCl's superiority in overall efficacy 

compared to CHX, providing robust evidence for its continued use as the gold standard irrigation 

solution. Finally, (Mohan, 2020) retrospective study underscores the favorable outcomes associated 

with NaOCl in periapical healing, further supporting its pivotal role in root canal therapy.  

  

5. Discussion  

Root canal disinfection is a cornerstone of successful endodontic therapy, aimed at eliminating 

microorganisms and organic debris from the complex root canal system to promote healing and 

prevent reinfection. Irrigation solutions play a crucial role in this process by facilitating debris 

removal, dissolving organic tissues, and eradicating microorganisms. The discussion section evaluates 

the findings of the present study in the context of existing literature, elucidating the efficacy, safety, 

and clinical implications of various irrigation solutions in root canal disinfection.  

  

5.1. Efficacy of Irrigation Solutions:  

The efficacy of irrigation solutions in root canal disinfection is multifaceted, encompassing 

antimicrobial activity, tissue dissolution properties, and smear layer removal. Sodium hypochlorite 

(NaOCl) emerges as the most effective irrigation solution, demonstrating potent antimicrobial activity 

against a broad spectrum of microorganisms (Mohammadi & Abbott, 2009). Studies consistently 

report NaOCl's superiority in reducing bacterial load and dissolving organic debris within the root 

canal system. (Rembe et al., 2020) Additionally, NaOCl exhibits faster tissue dissolution kinetics 

compared to alternative solutions such as chlorhexidine (CHX) and hydrogen peroxide (H2O2), 

facilitating thorough debris removal and disinfection.  

Chlorhexidine, while exhibiting comparable antimicrobial efficacy to NaOCl in certain studies (Hsieh 

et al., 2020), offers residual antimicrobial effects between appointments due to its substantivity 

(Mohammadi & Shalavi, 2014). However, its effectiveness in organic tissue dissolution is limited 

compared to NaOCl (Brown et al., 2019). Hydrogen peroxide demonstrates potential cytotoxicity risks 

and inferior antimicrobial efficacy compared to NaOCl, necessitating caution in its usage. 

(Swimberghe et al., 2019)  

Ethylene diamine tetraacetic acid (EDTA) enhances root canal disinfection by removing the smear 

layer, facilitating deeper penetration of disinfectants into dentinal tubules. When used in conjunction 

with NaOCl, EDTA improves smear layer removal without compromising the antimicrobial efficacy 

of NaOCl. (Alfirdous et al., 2021)  

  

5.2. Safety Considerations:  
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While NaOCl remains the gold standard irrigation solution, its cytotoxic potential necessitates careful 

usage, particularly in high concentrations. (Bindu, 2020) Chlorhexidine offers a safer alternative with 

lower cytotoxicity, making it suitable for patients with allergic reactions to NaOCl or those requiring 

long-term antimicrobial effects (Mohammadi & Shalavi, 2014). However, caution is warranted with 

hydrogen peroxide due to its potential cytotoxicity risks, underscoring the importance of balancing 

antimicrobial efficacy with patient safety. (Wong et al., 2021)  

  

5.3. Clinical Implications:  

The findings of this study have significant clinical implications for endodontic practice. NaOCl 

remains the preferred irrigation solution for root canal disinfection due to its superior antimicrobial 

efficacy and tissue-dissolving properties. Clinicians should adhere to recommended concentrations 

and application protocols to minimize cytotoxicity risks associated with NaOCl. In cases where 

NaOCl is contraindicated or when long-term antimicrobial effects are desired, chlorhexidine may 

serve as a suitable alternative.  

Furthermore, the complementary use of EDTA can enhance root canal disinfection by facilitating the 

removal of the smear layer, thereby optimizing the penetration of disinfectants into dentinal tubules. 

However, further research is warranted to optimize irrigation protocols, evaluate the long-term clinical 

outcomes, and mitigate potential adverse effects associated with irrigation solutions.  

  

5.4. Limitations and Future Directions:  

It is essential to acknowledge the limitations of the present study, including the heterogeneity of study 

designs, variations in irrigation protocols, and potential biases inherent in observational studies and 

systematic reviews. Future research should focus on standardizing irrigation protocols, conducting 

large-scale randomized controlled trials, and evaluating the long-term clinical outcomes associated 

with different irrigation solutions. Additionally, comparative effectiveness research and 

costeffectiveness analyses may provide valuable insights into optimizing irrigation strategies and 

enhancing the quality of endodontic care.  

6. Conclusion  

In conclusion, the efficacy of irrigation solutions in root canal disinfection is paramount to the success 

of endodontic therapy. Sodium hypochlorite (NaOCl) emerges as the gold standard irrigation solution, 

demonstrating superior antimicrobial efficacy, tissue dissolution properties, and clinical outcomes 

compared to alternative solutions such as chlorhexidine and hydrogen peroxide. Despite its cytotoxic 

potential, NaOCl remains indispensable in root canal disinfection, necessitating careful application 

and adherence to recommended concentrations. Chlorhexidine offers a safer alternative with 

comparable antimicrobial efficacy and residual effects between appointments, making it suitable for 

patients with contraindications to NaOCl. Furthermore, the complementary use of ethylene diamine 

tetraacetic acid (EDTA) enhances root canal disinfection by facilitating smear layer removal and 

optimizing disinfectant penetration into dentinal tubules. While further research is warranted to 

standardize irrigation protocols, evaluate long-term clinical outcomes, and mitigate potential adverse 

effects, the findings of this study underscore the pivotal role of irrigation solutions in achieving 

optimal root canal disinfection and promoting long-term periapical health. By integrating 

evidencebased irrigation strategies into clinical practice, clinicians can enhance the success rates of 

endodontic therapy and improve patient outcomes.  
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