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Abstract 

Root canal irrigation and disinfection are crucial steps in endodontic therapy that involve removing 
debris, lubricating the canal, and disinfecting the canal walls. The utilization of an appropriate irrigant 
and disinfectant is essential for the effective debridement and disinfection of the root canal system, and 
the choice of solution can affect the success of the treatment as well as the safety of surrounding tissues. 
Sodium hypochlorite, chlorhexidine, EDTA, and MTAD are commonly used irrigants and disinfectants 
in endodontics. Sodium hypochlorite is one of the most frequently used irrigants due to its high 
antimicrobial activity against a wide range of microorganisms, while chlorhexidine is less cytotoxic and 
has a lower risk of causing tissue damage. Advances in research have led to the development of new 
techniques and solutions, such as the use of nanoparticles, photodynamic therapy, and low-frequency 
ultrasound. While these novel developments show promise, more investigations are needed to evaluate 
their efficacy and safety for irrigation and disinfection in endodontic therapy. 
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Introduction 
Root canal irrigation (RCI) and disinfection are 
important aspects of endodontic treatment for the 
elimination or minimization of bacterial infection in 
the canal system. RCI comprises debridement by 
flushing the canal system with a solution, 
lubrication, and disinfection of the canal walls. 
Successfully debriding and disinfecting the canals 
requires the use of a suitable irrigant and 
disinfectant. The choice of root canal irrigant and 
disinfectant can affect the success of root canal 
treatment, as some solutions are more effective than 
others at eliminating bacteria while maintaining the 
safety of the surrounding tissues (1). Advances in 
research have led to the development of new 
irrigation and disinfection techniques and solutions, 
providing clinicians with a range of options to 
optimize root canal treatment outcomes. Research 
on the efficacy and safety of root canal irrigants and 
disinfectants is a constantly evolving field (2). 
Endodontic therapy commonly uses various 
solutions for irrigating and disinfecting root canals, 
including sodium hypochlorite, chlorhexidine, 
EDTA (ethylenediaminetetraacetic acid), and 
MTAD (a mixture of doxycycline, citric acid, and a 
detergent) (3). Sodium hypochlorite is a widely used 
root canal irrigant due to its strong antimicrobial 
activity against a broad range of microorganisms, its 
ability to dissolve organic tissue and debris, and its 
effective disinfection of the root canal system. 
Chlorhexidine is also a widely used irrigant that has 
broad-spectrum antimicrobial activity against 
various microorganisms, including bacteria, fungi, 
and viruses. Unlike sodium hypochlorite, 
chlorhexidine is less cytotoxic and has a lower risk 
of causing tissue damage. MTAD is utilized for final 
rinsing in the canal disinfection process. Recent 
research has evaluated the effectiveness of MTAD 
against biofilm and persistent microorganisms, as 
well as its potential cytotoxicity and effect on the 
sealing ability of root canal fillings (4). 

Methodology 
This study is based on a comprehensive literature 
search conducted on March 14, 2023, in the Medline 
and Cochrane databases, utilizing the medical topic 

headings (MeSH) and a combination of all available 
related terms, according to the database. To prevent 
missing any possible research, a manual search for 
publications was conducted through Google 
Scholar, using the reference lists of the previously 
listed papers as a starting point. We looked for 
valuable information in papers that discussed the 
efficacy and safety of various root canal irrigants 
and disinfectants. There were no restrictions on the 
date, language, participant age, or type of 
publication. 

Discussion 
The following are some of the commonly used root 
canal irrigants and disinfectants in endodontics, 
along with their efficacy and safety considerations. 

Sodium Hypochlorite (NaOCl)  

Several studies have demonstrated the efficacy of 
NaOCl in removing bacteria from infected root 
canals and reducing bacterial load (5). A study 
published in the Journal of Endodontics in 2021 
evaluated the antimicrobial efficacy of different 
concentrations of NaOCl against Enterococcus 
faecalis, a common bacteria found in infected root 
canals. The study found that higher concentrations 
of NaOCl (3% and 6%) showed significantly better 
antimicrobial efficacy than lower concentrations 
(1% and 2%) (6). However, the study also noted that 
the use of higher concentrations of NaOCl can lead 
to dentin erosion and other adverse effects. While 
NaOCl is generally considered safe for use as a root 
canal irrigant, there have been reports of adverse 
effects associated with its use. These adverse effects 
include chemical burns, tissue necrosis, and nerve 
damage (7-9). To minimize the risk of adverse 
effects, it is important to use the appropriate 
concentration of NaOCl and avoid overfilling the 
root canal. Researchers are also exploring new 
formulations of NaOCl that can improve its efficacy 
and safety as a root canal irrigant. For example, a 
recent study published in the Journal of Endodontics 
in 2020 evaluated the antimicrobial efficacy of a 
novel NaOCl formulation that included surfactants 
and chelating agents (10). The study found that the 
novel formulation showed better antimicrobial 
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efficacy than traditional NaOCl solutions while also 
causing less dentin erosion. Overall, NaOCl is a 
widely used root canal irrigant that has 
demonstrated efficacy in removing bacteria from 
infected root canals. However, its use should be 
carefully controlled to minimize the risk of adverse 
effects.  

Chlorhexidine (CHX) 

Chlorhexidine (CHX) is a commonly used root 
canal irrigant in endodontics. Several studies have 
evaluated its efficacy and safety in this context. 
With respect to efficacy, CHX has been shown to be 
effective in reducing bacterial load in root canals, 
including the reduction of E. faecalis. (11) 

According to a systematic review and meta-
analysis, using CHX as an RCI led to a notable 
decrease in the number of bacteria in infected root 
canals compared to control groups (11). 
Additionally, CHX can remain active in the root 
canal for an extended period of time after 
application, which is known as substantivity (12). 
Although CHX is generally safe to use as a root 
canal irrigant, it can cause discoloration of teeth and 
restorations if not rinsed out properly. There have 
been reports of allergic reactions to CHX in some 
patients, although these are rare. In vitro studies 
have shown that CHX can have cytotoxic effects on 
some types of cells, although these effects are 
generally mild and only occur at high 
concentrations.  

Ethylenediaminetetraacetic acid (EDTA)  

EDTA is a commonly used chelating agent in 
endodontic treatment as an RCI. Its main purpose is 
to remove the smear layer from the root canal walls, 
which aids in better penetration of disinfectants and 
sealers. EDTA has the ability to bind to calcium 
ions, disrupting the bacterial biofilm and improving 
disinfection. Various studies have investigated the 
safety and efficacy of EDTA as a root canal irrigant. 
One study demonstrated that a 17% EDTA solution 
was effective in removing the smear layer from the 
root canal walls and enhancing the penetration of 
disinfectants (13). Another study found that a 
combination of sodium hypochlorite and EDTA was 

more successful in reducing bacterial growth than 
using only sodium hypochlorite (14). In terms of 
safety, EDTA has a low toxicity profile and is 
considered safe for use in endodontic treatment. 
However, there have been some reports of adverse 
reactions to EDTA, such as allergic reactions and 
irritation of the skin and mucous membranes (15). 
Therefore, it is important to use EDTA in the 
appropriate concentrations and to follow 
recommended safety protocols, such as wearing 
protective gloves and eyewear. Overall, EDTA is an 
effective and safe root canal irrigant that can 
improve disinfection and facilitate the sealing of the 
root canal system.  

Calcium hydroxide  

Calcium hydroxide (Ca(OH)2) has been widely used 
in endodontics as an RCI and medicament. It is 
known to possess high antibacterial properties 
against a diverse range of microbial species 
predominantly found in infected canal systems, 
including E. faecalis, Porphyromonas gingivalis, 
and Prevotella intermedia (16). Several studies have 
investigated the efficacy and safety of calcium 
hydroxide as an RCI. One study found that calcium 
hydroxide was effective at reducing the number of 
bacteria in infected root canals, but it was less 
effective than other irrigants, such as chlorhexidine 
and MTAD (17, 18). In terms of safety, calcium 
hydroxide has been shown to have low toxicity and 
biocompatibility. However, it can cause damage to 
periapical tissues if overextended beyond the root 
canal system. Additionally, prolonged use of 
calcium hydroxide can lead to the weakening of the 
dentin and increased susceptibility to fracture. 
Overall, calcium hydroxide has been shown to be an 
effective root canal irrigant with antibacterial 
properties and low toxicity. However, it may not be 
as effective as other irrigants, and care should be 
taken to avoid overextension and prolonged use 
(19). 

Ozonated water 

Ozonated water has been proposed as an alternative 
root canal irrigant due to its antimicrobial and 
tissue-dissolving properties (20). However, there is 
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limited research on its efficacy and safety as a root 
canal irrigant. A study published in 2022 evaluated 
the efficacy of ozonated water as a root canal 
irrigant compared to sodium hypochlorite and found 
that while ozonated water showed some 
antimicrobial efficacy, it was generally less 
effective than sodium hypochlorite in reducing the 
bacterial load in root canals (21). The review also 
noted that the quality of the evidence was low due 
to limitations in the study design and methodology. 
While there is some evidence to suggest that 
ozonated water may have antimicrobial properties, 
more research is needed to evaluate its efficacy and 
safety as a root canal irrigant.  

Laser irradiation 

Laser irradiation has been investigated as a potential 
root canal disinfectant. Some studies have suggested 
that laser irradiation may have antibacterial effects 
and could be effective in eliminating bacteria in root 
canals. For example, one study found that laser 
irradiation with an erbium-doped yttrium aluminum 
garnet (Er: YAG) laser significantly reduced 
bacterial counts in root canals compared to a control 
group (22). Another study found that a diode laser 
was effective in eliminating E. faecalis (23). 
However, some studies have reported conflicting 
results and questioned the efficacy and safety of 
laser irradiation as a root canal disinfectant. Some 
studies have suggested that laser irradiation may not 
be effective in eliminating bacteria and may even 
cause thermal damage to the tooth structure (24, 25). 
For example, one study found that laser irradiation 
with an Nd: YAG laser did not have any significant 
effect on bacterial counts in root canals (24).  

Over the years, several innovations and 
developments have been made to improve their 
safety and efficacy.  

Nanoparticles  

There have been some studies investigating the 
efficacy and safety of using nanoparticles as root 
canal irrigants. Studies examining the utilization of 
silver nanoparticles as an RCI for endodontic 
treatment have found silver nanoparticles to display 
robust antibacterial activity against common 

pathogens found in endodontic infections, and to be 
successful in sanitizing the root canal system (26). 
Nonetheless, the research also highlighted the need 
for additional investigation to fully comprehend the 
safety and long-term consequences of employing 
silver nanoparticles as an RCI. In a distinct 
investigation, zinc oxide nanoparticles were 
assessed as a root canal irrigant (27). The findings 
revealed that zinc oxide nanoparticles effectively 
eliminated the smear layer and disinfected the root 
canal system without harming human cells. 
However, further research is required to fully assess 
the safety and long-term effects of utilizing zinc 
oxide nanoparticles as an RCI. 

Photodynamic therapy (PDT)  

Photodynamic therapy (PDT) has been explored as 
a promising method for endodontic irrigation and 
disinfection (28). PDT involves using a 
photosensitizer, which, when exposed to specific 
wavelengths of light, produces reactive oxygen 
species (ROS) that can destroy bacteria. In 
endodontics, PDT can be used after mechanical 
cleaning and shaping to disinfect the root canal 
system. According to a systematic review and meta-
analysis, adjunctive PDT is more effective than 
conventional root canal treatment alone in 
decreasing bacterial load in the root canal system 
(29). PDT has been shown to be safe for use in 
endodontics. One study found that PDT did not 
cause any adverse effects on the pulp tissue or 
dentin structure of extracted human teeth (30).  

Antibiotic-carrying polymers  

Antibiotic-carrying polymers have the advantage of 
releasing antibiotics in a sustained and controlled 
manner, which can enhance their effectiveness in 
eliminating bacteria and preventing reinfection (31). 
One study that evaluated the antimicrobial activity 
of a polymer-based root canal irrigant containing 
minocycline, a broad-spectrum antibiotic, found 
that the minocycline-carrying polymer had 
significant antimicrobial activity against E. faecalis 
(32). The polymer also showed sustained release of 
minocycline over a period of seven days, indicating 
its potential as a long-lasting root canal disinfectant. 
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The polymer also showed sustained release of 
amoxicillin over a period of 21 days, indicating its 
potential as a long-lasting root canal disinfectant. 
While these studies show promising results for the 
use of antibiotic-carrying polymers as root canal 
irrigants and disinfectants, the use of antibiotics in 
endodontics remains a controversial topic due to 
concerns about antibiotic resistance and the 
potential for adverse effects.  

Low-frequency ultrasound 

Low-frequency ultrasound has been studied as a 
potential root canal disinfection method. Several 
studies have shown that low-frequency ultrasound 
can significantly reduce the number of bacteria in 
root canals, including those that are resistant to 
conventional disinfection methods (33). In one 
investigation, low-frequency ultrasound in 
combination with sodium hypochlorite exhibited 
greater effectiveness in achieving root canal 
disinfection than sodium hypochlorite alone (34). 
Another study found that low-frequency ultrasound 
combined with an antimicrobial agent called 
cetrimide was more effective at eliminating bacteria 
from root canals than either treatment alone (35). 
Low-frequency ultrasound has also been shown to 
have other beneficial effects on root canal treatment, 
such as improving the penetration of disinfectants 
into the root canal system and removing debris and 
biofilms from the canal walls (36).  

Plasma sterilization 

Plasma sterilization is a novel method of 
disinfecting root canals that involves using a low-
temperature plasma to kill bacteria and other 
microorganisms (37). There is limited research 
available on the efficacy and safety of plasma 
sterilization as a root canal irrigant and disinfectant, 
as it is a relatively new technology. One study 
assessed the antibacterial efficacy of plasma 
sterilization in comparison to traditional RCIs like 
sodium hypochlorite and CHX (38). The results 
revealed that plasma sterilization was successful in 
eliminating bacteria, yeasts, and fungi 
predominantly found in infected canal systems with 

similar or superior antimicrobial efficacy compared 
to the alternative irrigation techniques.  

Conclusion 
The safety and efficacy of these new technologies 
and materials need to be evaluated before they can 
be widely used in clinical practice. Nonetheless, 
these innovations have the potential for enhancing 
the safety and efficacy of RCIs and disinfectants in 
endodontics. In conclusion, RCIs and disinfectants 
play a crucial role in the success of endodontic 
therapy. Sodium hypochlorite and CHX are the most 
frequently utilized RCIs, followed by other choices 
such as EDTA, calcium hydroxide, ozonated water, 
and laser irradiation. It is important to use these 
agents with caution and to follow appropriate safety 
protocols to minimize the risk of tissue damage or 
other adverse effects. 

Disclosure 
Conflict of interest 

There is no conflict of interest 

Funding 

No funding 

Ethical consideration 

Non applicable 

Data availability 

Data that support the findings of this study are 
embedded within the manuscript. 

Author contribution 

All authors contributed to conceptualizing, data 
drafting, collection, and final writing of the 
manuscript. 

References 
1. Zehnder M. Root canal irrigants. Journal of 
endodontics. 2006;32(5):389-98. 

2. Jaju S, Jaju PP. Newer root canal irrigants in 
horizon: a review. International journal of dentistry. 
2011;2011. 

3. Topbas C, Adiguzel O. Endodontic Irrigation 
Solutions: A Review: Endodontic Irrigation 

http://dx.doi.org/10.52533/JOHS.2023.30301


Journal of Healthcare Sciences 
 

108 http://dx.doi.org/10.52533/JOHS.2023.30301  

 

Solutions. International Dental Research. 
2017;7(3):54-61. 

4. Haapasalo M, Endal U, Zandi H, Coil JM. 
Eradication of endodontic infection by 
instrumentation and irrigation solutions. Endodontic 
topics. 2005;10(1):77-102. 

5. Byström A, Sundqvist G. Bacteriologic 
evaluation of the effect of 0.5 percent sodium 
hypochlorite in endodontic therapy. Oral Surgery, 
Oral Medicine, Oral Pathology. 1983;55(3):307-12. 

6. Alfadda S, Alquria T, Karaismailoglu E, Aksel H, 
Azim AA. Antibacterial effect and bioactivity of 
innovative and currently used intracanal 
medicaments in regenerative endodontics. Journal 
of Endodontics. 2021;47(8):1294-300. 

7. Faras F, Abo-Alhassan F, Sadeq A, Burezq H. 
Complication of improper management of sodium 
hypochlorite accident during root canal treatment. 
Journal of International Society of Preventive & 
Community Dentistry. 2016;6(5):493. 

8. Perotti S, Bin P, Cecchi R. Hypochlorite accident 
during endodontic therapy with nerve damage–A 
case report. Acta Bio Medica: Atenei Parmensis. 
2018;89(1):104. 

9. Pelka M, Petschelt A. Permanent mimic 
musculature and nerve damage caused by sodium 
hypochlorite: a case report. Oral Surgery, Oral 
Medicine, Oral Pathology, Oral Radiology, and 
Endodontology. 2008;106(3):e80-e3. 

10. Dotto L, Onofre RS, Bacchi A, Pereira GKR. 
Effect of root canal irrigants on the mechanical 
properties of endodontically treated teeth: a scoping 
review. Journal of Endodontics. 2020;46(5):596-
604. e3. 

11. Almadi KH, Ahmed MA, Ghazal T, Jouhar R, 
Alkahtany MF, Abduljabbar T, et al. Antimicrobial 
Efficacy of Propolis in Comparison to 
Chlorhexidine against Enterococcus faecalis: A 
Systematic Review and Meta-Analysis. Applied 
Sciences. 2021;11(8):3469. 

12. Rosenthal S, Spångberg L, Safavi K. 
Chlorhexidine substantivity in root canal dentin. 

Oral Surgery, Oral Medicine, Oral Pathology, Oral 
Radiology, and Endodontology. 2004;98(4):488-92. 

13. Mello I, Robazza CRC, Antoniazzi JH, Coil J. 
Influence of different volumes of EDTA for final 
rinse on smear layer removal. Oral Surgery, Oral 
Medicine, Oral Pathology, Oral Radiology, and 
Endodontology. 2008;106(5):e40-e3. 

14. Heling I, Chandler N. Antimicrobial effect of 
irrigant combinations within dentinal tubules. 
International endodontic journal. 1998;31(1):8-14. 

15. Hauman C, Love R. Biocompatibility of dental 
materials used in contemporary endodontic therapy: 
a review. Part 1. Intracanal drugs and substances. 
International endodontic journal. 2003;36(2):75-85. 

16. Neelakantan P, Sanjeev K, Subbarao C. 
Duration-dependent susceptibility of endodontic 
pathogens to calcium hydroxide and chlorhexidene 
gel used as intracanal medicament: an in vitro 
evaluation. Oral Surgery, Oral Medicine, Oral 
Pathology, Oral Radiology, and Endodontology. 
2007;104(4):e138-e41. 

17. Delgado RJ, Gasparoto TH, Sipert CR, Pinheiro 
CR, Moraes IG, Garcia RB, et al. Antimicrobial 
effects of calcium hydroxide and chlorhexidine on 
Enterococcus faecalis. Journal of endodontics. 
2010;36(8):1389-93. 

18. Tirali RE, Gulsahi K, Cehreli SB, Karahan ZC, 
Uzunoglu E, Elhan A. Antimicrobial efficacy of 
octenidine hydrochloride, MTAD and chlorhexidine 
gluconate mixed with calcium hydroxide. The 
Journal of Contemporary Dental Practice. 
2013;14(3):456. 

19. Ba-Hattab R, Al-Jamie M, Aldreib H, Alessa L, 
Alonazi M. Calcium hydroxide in endodontics: An 
overview. Open Journal of Stomatology. 
2016;6(12):274-89. 

20. Agrawal Vineet S, Rajesh M, Sonali K, Mukesh 
P. A contemporary overview of endodontic 
irrigants–A review. J Dent App. 2014;1(6):105-15. 

21. Shetty N, Mathew T, Shetty A, Hegde MN, 
Attavar S. Ozonated water as an irrigant in 

http://dx.doi.org/10.52533/JOHS.2023.30301


Journal of Healthcare Sciences 
 

109 http://dx.doi.org/10.52533/JOHS.2023.30301  

 

disinfecting root canal systems-a systematic review. 
Evidence-Based Dentistry. 2022:1-5. 

22. Noiri Y, Katsumoto T, Azakami H, Ebisu S. 
Effects of Er: YAG laser irradiation on biofilm-
forming bacteria associated with endodontic 
pathogens in vitro. Journal of endodontics. 
2008;34(7):826-9. 

23. Dai S, Xiao G, Dong N, Liu F, He S, Guo Q. 
Bactericidal effect of a diode laser on Enterococcus 
faecalis in human primary teeth—an in vitro study. 
BMC Oral Health. 2018;18(1):1-7. 

24. Bergmans L, Moisiadis P, Teughels W, Van 
Meerbeek B, Quirynen M, Lambrechts P. 
Bactericidal effect of Nd: YAG laser irradiation on 
some endodontic pathogens ex vivo. International 
Endodontic Journal. 2006;39(7):547-57. 

25. Hardee MW, Miserendino LJ, Kos W, Walia H. 
Evaluation of the antibacterial effects of intracanal 
Nd: YAG laser irradiation. Journal of endodontics. 
1994;20(8):377-80. 

26. Yin IX, Zhang J, Zhao IS, Mei ML, Li Q, Chu 
CH. The antibacterial mechanism of silver 
nanoparticles and its application in dentistry. 
International journal of nanomedicine. 2020:2555-
62. 

27. Hadi SA, Al-Mizraqchi AS. Antibacterial 
Activity of Zinc Oxide Nanoparticles on the Growth 
of Enterococcus Feacales, Candida and Total Root 
Canal Microbiota (in Vitro Study). Indian Journal of 
Public Health Research & Development. 
2019;10(11). 

28. Plotino G, Grande NM, Mercade M. 
Photodynamic therapy in endodontics. International 
endodontic journal. 2019;52(6):760-74. 

29. Pourhajibagher M. Adjunctive antimicrobial 
photodynamic therapy to conventional chemo-
mechanical debridement of infected root canal 
systems: A systematic review and meta-analysis. 
Photodiagnosis and Photodynamic Therapy. 
2019;26:19-26. 

30. Camacho-Alonso F, Salmerón-Lozano P, 
Martínez-Beneyto Y. Effects of photodynamic 

therapy, 2% chlorhexidine, triantibiotic mixture, 
propolis and ozone on root canals experimentally 
infected with Enterococcus faecalis: an in vitro 
study. Odontology. 2017;105:338-46. 

31. Bansal R, Jain A. Overview on the current 
antibiotic containing agents used in endodontics. 
North American journal of medical sciences. 
2014;6(8):351. 

32. Sanjay Kumar P. Nanofiber Incorporated 
Intracanal Medicaments and Its Antibacterial Effect 
against Enterococcus Faecalis Biofilm: An Invitro 
study: KSR Institute of Dental Science and 
Research, Tiruchengode; 2019. 

33. Neuhaus KW, Liebi M, Stauffacher S, Eick S, 
Lussi A. Antibacterial efficacy of a new sonic 
irrigation device for root canal disinfection. Journal 
of endodontics. 2016;42(12):1799-803. 

34. Tashkandi N, Alghamdi F. Effect of chemical 
debridement and irrigant activation on endodontic 
treatment outcomes: an updated overview. Cureus. 
2022;14(1). 

35. Montoya C, Roldan L, Yu M, Valliani S, Ta C, 
Yang M, et al. Smart dental materials for 
antimicrobial applications. Bioactive Materials. 
2023;24:1-19. 

36. Carver K, Nusstein J, Reader A, Beck M. In vivo 
antibacterial efficacy of ultrasound after hand and 
rotary instrumentation in human mandibular molars. 
Journal of endodontics. 2007;33(9):1038-43. 

37. Sakudo A, Yagyu Y, Onodera T. Disinfection 
and sterilization using plasma technology: 
Fundamentals and future perspectives for biological 
applications. International journal of molecular 
sciences. 2019;20(20):5216. 

38. Li Y, Sun K, Ye G, Liang Y, Pan H, Wang G, et 
al. Evaluation of cold plasma treatment and safety 
in disinfecting 3-week root canal Enterococcus 
faecalis biofilm in vitro. Journal of endodontics. 
2015;41(8):1325-30. 

http://dx.doi.org/10.52533/JOHS.2023.30301

	The Efficacy and Safety of Various Root Canal Irrigants and Disinfectants
	Introduction
	Methodology
	Discussion
	Sodium Hypochlorite (NaOCl)
	Chlorhexidine (CHX)
	Ethylenediaminetetraacetic acid (EDTA)
	Calcium hydroxide
	Ozonated water
	Laser irradiation
	Nanoparticles
	Photodynamic therapy (PDT)
	Antibiotic-carrying polymers
	Low-frequency ultrasound
	Plasma sterilization

	Conclusion
	Disclosure
	Conflict of interest
	Funding
	Ethical consideration
	Data availability
	Author contribution

	References


