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A B S T R A C T

The objective of endodontic treatment is the eradication of microbiota from root canals. This is achieved
by using an efficient irrigating solution along with the mechanical preparation done with the various file
systems. Sodium hypochlorite is the earliest and most efficacious irrigant in the field of dentistry. It acts
by confiscating the dentinal debris and pulpal remnants dependent on various factors such as the time and
concentration of the solution, anatomy of root canal. There are certain factors which boost the efficiency
and potency of sodium hypochlorite solution for instance warming the solution, use it in concurrence with
few components, or actuating via varied mode of agitation. Regardless of its efficient and potent capabilities
to act as an irrigant, there are few side effects of sodium hypochlorite on the soft and hard tissues of the
oral cavity. Hence, this article focuses to analyze and review the advancement in the sodium hypochlorite
solution in relation to its concentration, irrigation techniques and factors affecting its efficacy and efficiency.
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1. Introduction

Endodontic treatment is an amalgamation of the
mechanical and chemical prepartation.1 Despite various
instrumentation techniques have been introduced in the
past, approximately 35% of the root canal surface remained
unmarked, which makes it indispensable to employ the
disinfecting solutions to irrigate the root canal system.2

Irrigation kinetics carries out a decisive task in endodontic
treatment.2 The impact of irrigating solution counts upon
its mechanism of the action and its capability to affect the
microorganisms and dentinal debris within the root canal.1

A quintessential irrigant should be orally biocompatible,
must deliver strong flushing action, be microbiocidal and
able to dissolve remnants of organic tissues without being
detrimental to the periradicular tissues on extrusion.1 The
classification of root canal irrigants is as follows:3
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Table 1:
Endodontic Iirigants

Chemical Agents Natural Agents
i. Tissue dissolving agents – Sodium
hypochlorite, ClO2

i. Green tea

ii. Antibacterial agents i. Triphala
Bacteriocidal – Chlorhexidine
Bacteriostatic - MTAD
iii. Chelating agent
Mild pH – HEBP
Strong pH - EDTA

Sodium hypochlorite (NaOCl) is the most widely used
irrigant in endodontics. It has a broad history in the
field of medicine and dentistry. During World War I,
Henry Drysdale Dakin and Alexis Carrel have used the
buffered 0.5% NaOCl solution to irrigate the infected
wounds.3 It is bench mark in root canal irrigants because
of the antibacterial and tissue-dissolving properties.2,3
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Nevertheless, the role of NaOCl as endodontic irrigant has
been well-established long back but it is crucial to discuss
the factors that has a role in the effectiveness of NaOCl.2

Therefore, the aim of the present article is to discuss the
advancement in sodium hypochlorite solution in relation to
its concentration, irrigation techniques and factors affecting
its efficacy and efficiency.

2. Mechanism of Action

Step 1: Hypochlorous acid, present in the sodium
hypochlorite solution, when comes in contact with organic
tissue, acts as a solvent and releases chlorine, which
further combines with the protein amino group to form
chloramines.2,3

Step 2: The chloramines inhibit cell metabolism.
Chlorine has an antimicrobial action, preventing bacterial
enzymes that results into an irreversible oxidation of
sulphydryl group present in the bacteria.2,3

Step 3: Hypochlorous acid (HOCl−) and hypochlorite
ions (OCl−) bring about amino acid degradation and
hydrolysis.2,3

Pulpal remnants provide competent environment for
the growth and propagation of microorganisms, hence the
dissolution of pulpal remnant and organic tissue via sodium
hypochlorite is inimitable in the success of endodontic
treatment.4–6

The organic component when comes in contact with the
free chlorine molecules account for amino acid degradation
and hydrolysis, and also saponification of fats. It is believed
that the dissolution effect of sodium hypochlorite on
necrotic tissue is more than that on normal, healthy tissue.7

2.1. Consequential factors determining the strength of
sodium hypochlorite are

1. Exposure Time - Increase in exposure time would
necessitate better antibacterial effectiveness. The
suggested exposure time varies from 1 – 3 mins.8

2. Potency - Sodium hypochlorite incurs its antibacterial
and tissue-dissolving ability due to the presence of free
chlorine molecules, though as the interaction ensues
between free chlorine molecules and organic tissue, the
potency of solution decreases. Therefore, renewal of
sodium hypochlorite solution is advised to enhance the
potency of the solution by reimbursing the free chlorine
molecules.9

3. Concentration – It is used at differed concentrations
ranging between 0.5% - 6%. Its concentration is
analogous to the rate of collagen dissolution and
penetration depth.9,10

4. pH - The decrease in pH value leads to a higher
proportion of HOCl, which is a strong antiseptic,
resulting in greater antibacterial efficacy of the irrigant,
while its tissue-dissolving capacity would be reduced.

Neutralizing or stabilizing the pH value of NaOCl
irrigant has been proposed as strategy of achieving
ideal chemical properties.8–10

2.2. Modus operandi for amelioration in chemical
efficacy and potency of sodium hypochlorite

1. Surfactant- High surface tension of sodium
hypochlorite solution restricts its usefulness as an
irrigant by decreasing its penetration into lateral
canals and dentinal tubules. Thus, surfactants e.g.
Benzalkonium chloride etc. were launched as
supplement with NaOCl. It helps in strengthening the
penetration depth along with the tissue dissolution
capacity of sodium hypochlorite.11–14

2. Constant Chelation - It is a prolific root canal irrigation
practice where NaOCl is mixed with a chelating agent
such as EDTA and HEDP.
Sodium hypochlorite with EDTA – EDTA is a strong
chelating agent which helps in removal of dental
smear layer which sodium hypochlorite is unable
to dissolve. Although, EDTA reduces the tissue-
dissolving capability of NaOCl due to the dramatic
depletion of free chlorine molecules. Therefore,
constant replenishment of sodium hypochlorite is
required. Few studies suggest not to use EDTA
and sodium hypochlorite together due to the same
reason. 11–14

Sodium hypochlorite with HEDP - It is a weak
chelating agent comparatively to EDTA but highly
cooperative to sodium hypochlorite. Many authors
have endorsed this combination as preferred choice
than the NaOCl and EDTA method. This combination
is found to be more potent as bactericidal and in
dissolution of pulp. Nevertheless, there is no study that
have suggested disparity in disposition of smear layer
and dentinal debris.15

3. Increase temperature - The temperature of the solution
can be raised via heating of the sodium hypochlorite
solution in varied ways. This will ameliorate the
efficiency and efficacy of sodium hypochlorite by
accelerating the reaction. Heating of the solution can
be achieved either by using preheated solution or
heating it within the root canal by using agitation
techniques such as sonic or ultrasonic devices. The rise
in temperature also helps in improving the dissolution
and antibacterial capabilities of the solution.16

2.3. Diverse agitation approaches to expand the
efficiency of sodium hypochlorite

Agitation is an arbitrating protocol that expand the
efficiency and potency of sodium hypochlorite irrigating
solution. Primarily it is suggested that the sonic activation
is apparently less potent than that of ultrasonic activation
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because of its high-speed fluid flow. Additionally, size and
taper of instrument, tip diameter, circumscription of the
instrument within the reach of the canal and the type of
irrigant, all do have a collective impact on the efficiency of
the irrigating solution.3,17

1. Sonic activation approach – EDDY, a sonically
activated device armed by noncutting plastic tips that
possibly diminish the risk of hampering the anatomy
of root canal when comes in contact with them.17 The
device has a circular motion in over-all along with the
added motion in the most apical part of the tip.18

2. EndoActivator (Ultrasonic activation approach) - It
is ultrasonic activated device, encompassed of a
handpiece along with wide-range sized polymer tips.
The tip of this device stream dynamic intracanal
fluid agitation by means of ultrasonic wave and high
pressure and build up a swarm of dentinal debris. This
physicochemical activation boosts the penetration,
circulation and flow of sodium hypochlorite solution
into the lateral or curved canals.17,18

3. Vibringe – It is an innovative sonic irrigation approach
that works in conjunction with perforated irrigation
needle and sonic activation. It is battery enabled and
produces vibrations when attached with the irrigating
needle. It permits activation of the irrigation solution
and high-pressure streaming at once within the root
canal resulting in flushing out of dentinal debris.18–20

4. XP-endo Finisher – It is non tapered rotary tool, 25
nm in size made up of NiTi wire which enables it
to have good handling and manipulation properties.
It has dual shape feature which means a straight
shape at room temperature while spoon-like shape at
high temperature. This exclusive feature upsurges the
probability to come into contact of canal walls and stir
the irrigant once in motion.3,18

5. Gentle Wave System – It is designed to work by
applying negative pressure to flush out the debris
during initial stages of biomechanical preparation
because the tip is placed only in the pulp chamber. This
approach helps to avoid sodium hypochlorite accident
in the patient’s oral cavity.17,18

2.4. Shortcomings of sodium hypochlorite irrigant

1. Hypochlorite accident – It is also acknowledged as
apical extrusion occurs when sodium hypochlorite
irrigant draw out beyond apex mostly seen in cases
with open apex, root resorption, and malposition of
irrigating needle. NaOCl is considered cytotoxic
to periapical tissues so results into exuberant
inflammatory response, discoloration and damage
to localized tissue.21,22

2. Cytotoxic – Sodium hypochlorite is a strong oxidizing
agent which makes it cytotoxic to the periapical tissue
and stem cells present in dentin.23–25

3. Post endo discomfort – The concentration of sodium
hypochlorite plays an important role in the incidence
rate of discomfort post biomechanical preparation.
High concentration has high chances of cytotoxic
effects on soft tissue which may last up to 24
hours. The intensity and duration of pain is directly
proportional to the concentration of the irrigating
solution.26–28

4. Catastrophic effect on dentin – This irrigant has a
catastrophic effect on the mechanical properties of the
dentin. It is in proportion to the concentration and
frequency of the sodium hypochlorite irrigant resulting
into the decrease in microhardness and modulus of
elasticity of dentin by the development of a hydroxy
appetite rich and collagen-scant dentin layer stated as
Ghost layer.29,30

3. Conclusion

Sodium hypochlorite irrigant has a requisite part in the
accomplishment of biomechanical preparation during root
canal treatment. Numerous consequential factors such as
the exposure time, potency, concentration, and pH of
the sodium hypochlorite solution helps in determining its
strength. There are many factors which ameliorate the
chemical efficacy and potency of sodium hypochlorite such
as surfactant e.g. Benzonium chloride, constant chelation
by using EDTA and HEDP, and increase in temperature.
The literature has suggested varied modes of agitation
to increase the temperature likewise sonic and ultrasonic
activation using EDDY, Endoactivator etc., vibringe, gentle
wave system. Nonetheless, many studies are need to be
done to establish the clinical efficacy and efficiency of these
methods. In spite of numerous aids of sodium hypochlorite
as an effective irrigant there are few limitations as well
because of its cytotoxic nature and catastrophic effect on
the mechanical properties of dentin which need to be taken
care of.

4. Source of Funding

None.

5. Conflict of Interest

None.

References
1. Jaju S, Jaju P. Newer root canal irrigants in horizon: a review. Int J

Dent. 2011;1:851359. doi:10.1155/2011/851359.
2. Cai C, Chen X, Li Y, Jiang Q. Advances in the role of sodium

hypochlorite irrigant in chemical preparation of root canal treatment.
Biomed Res Int. 2023;1:8858283. doi:10.1155/2023/8858283.

3. Kandaswamy D, Venkateshbabu N. Root canal irrigants. J Conserv
Dent. 2010;13(4):256–64.

4. Bystrom A, Sundqvist A. Bacteriologic evaluation of the efficacy of
mechanical root canal instrumentation in endodontic therapy. Scand J

http://dx.doi.org/10.1155/2011/851359
http://dx.doi.org/10.1155/2023/8858283


68 Sehrawat / International Dental Journal of Student’s Research 2024;12(2):65–68

Dent Res. 1981;89(4):321–8.
5. Zehnder M. Root canal irrigants. J Endo. 2006;32(5):389–98.
6. Guneser MB, Arslan D, Usumez A. Tissue dissolution ability

of sodium hypochlorite activated by photoninitiated photoacoustic
streaming technique. J Endod. 2005;41(5):729–32.

7. Jungbluth H, Marending M, De-Deus G, Sener B, Zehnder M.
Stabilizing sodium hypochlorite at high pH: effects on soft tissue and
dentin. J Endo. 2011;37(5):693–6.

8. Wang J, Jiang Y, Chen W, Zhu C, Liang J. Bacterial flora and
extraradicular biofilm associated with the apical segment of teeth with
post-treatment apical periodontitis. J Endo. 2012;38(7):954–9.

9. Clarkson RM, Moule AJ, Podlich H. Dissolution of porcine incisor
pulps in sodium hypochlorite solutions of varying compositions and
concentrations. Aust Dent J. 2006;51(3):245–51.

10. Macedo RG, Wesselink PR, Zaccheo F, Fanali D, Van Der Sluis
L. Reaction rate of NaOCl in contact with bovine dentine: effect
of activation, exposure time, concentration and pH. Int Endo J.
2010;43(12):1108–15.

11. Giardino L, Ambu E, Becce C, Rimondini L, Morra M. Surface
tension comparison of four common root canal irrigants and two new
irrigants containing antibiotic. J Endo. 2006;32(11):1091–3.

12. Dragan O, Tomuta I, Casoni D, Sarbu C, Campian R, Frentiu T, et al.
Influence of mixed additives on the physicochemical properties of
a 5.25% sodium hypochlorite solution: an unsupervised multivariate
statistical approach. J Endo. 2018;44(2):280–5.

13. Bukiet F, Couderc G, Camps J. Wetting properties and critical
micellar concentration of benzalkonium chloride mixed in sodium
hypochlorite. J Endo. 2012;38(11):1525–9.

14. Coaguila-Llerena H, Barbieri I, Tanomaru-Filho M, Leonardo RT,
Ramos AT, Faria G, et al. Physicochemical properties, cytotoxicity
and penetration into dentinal tubules of sodium hypochlorite with
and without surfactants. Restor Dent Endod. 2020;45(4):47.
doi:10.5395/rde.2020.45.e47.

15. Kfir A, Goldenberg C, Metzger HZ, Baxter S. Cleanliness and erosion
of root canal walls after irrigation with a new HEDP-based solution
vs. traditional sodium hypochlorite followed by EDTA. A scanning
electron microscope study. Clin Oral Investig. 2020;24(10):3699–706.

16. Estevez R, Conde AJ, De Pablo OV, Torre FDL, Rossi-Fedele G,
Cisneros R, et al. Effect of passive ultrasonic activation on organic
tissue dissolution from simulated grooves in root canals using sodium
hypochlorite with or without surfactants and EDTA. J Endod.
2017;43(7):1161–5.

17. Hage W, De Moor R, Hajj D, Sfeir G, Sarkis DK, Zogheib C,
et al. Impact of Different Irrigant Agitation Methods on Bacterial
Elimination from Infected Root Canals. Dent J. 2019;7(3):64.
doi:10.3390/dj7030064.

18. Bystrom A, Sundqvist G. Bacteriologic evaluation of the efficacy of
mechanical root canal instrumentation in endodontic therapy. Scand J

Dent Res. 1981;89(4):321–8.
19. Galler KM, Grubmuller V, Schlichting R, Widbiller M, Eidt A,

Schuller C, et al. Penetration depth of irrigants into root dentine
after sonic, ultrasonic and photoacoustic activation. Int Endod J.
2019;52(8):1210–7.

20. Liu S, Zhai H, Fu S. Evaluation of the cytotoxic effects of sodium
hypochlorite on human dental stem cells. Tropic J Pharma Res.
2019;17(12):2375–80.

21. Mitchell RP, Baumgartner JC, Sedgley CM. Apical extrusion of
sodium hypochlorite using different root canal irrigation systems. J
Endod. 2011;37(12):1677–81.

22. Ballal NV, Das S, Rao B, Zehnder M, Mohn D. Chemical, cytotoxic
and genotoxic analysis of etidronate in sodium hypochlorite solution.
Int Endod J. 2019;52(8):1228–34.

23. Nogueira BML, Pereira T, Pedrinha VF, Rodrigues PA. Effects of
different irrigation solutions and protocols on mineral content and
ultrastructure of root canal dentine. Iran Endod J. 2018;13(2):209–
15.

24. Elumalai D, Kumar A, Tewari RK, Mishra SK. Newer Endodontic
irrigation devices: An update. IOSR J Dent Med Sci. 2014;13(6):4–8.

25. Roeland JG, De Moor M, Meire. Efficacy of Ultrasonic versus Laser-
activated Irrigation to Remove Artificially Placed Dentin Debris Plugs.
J Endod. 2010;36(9):1580–3.

26. Siqueira JF, Rocas IN, Santos SR, Lima KC, Magalhaes FA, De
Uzeda M, et al. Efficacy of instrumentation techniques and irrigation
regimens in reducing the bacterial population within root canals. J
Endod. 2002;28(3):181–4.

27. Pouch D, Bohne W, Enkel B. Comparative Safety of Various
Intracanal Irrigation Systems. J Endod. 2007;35(4):545–9.

28. Hockett JL. Antimicrobial efficacy of two irrigation techniques in
tapered and nontapered canal preparations: an in vitro study. J Endod.
2008;34(11):1374–7.

29. Grossman LI. Origin of microorganisms in traumatized, pulpless,
sound teeth. J Dent Res. 1967;46:551–3.

30. Bystrom A, Sundqvist G. Bacteriologic evaluation of the efficacy of
mechanical root canal instrumentation in endodontic therapy. Scand J
Dent Res. 1981;89(4):321–8.

Author biography

Preety Sehrawat, Consultant Dental Surgeon
 

 

https://orcid.org/0000-
0003-0618-1773

Cite this article: Sehrawat P. Amelioration in the sodium hypochlorite
as root canal irrigant – A review. International Dental Journal of
Student’s Research 2024;12(2):65-68.

http://dx.doi.org/10.5395/rde.2020.45.e47
http://dx.doi.org/10.3390/dj7030064
https://orcid.org/0000-0003-0618-1773
https://orcid.org/0000-0003-0618-1773
https://orcid.org/0000-0003-0618-1773

	Introduction
	Mechanism of Action
	Consequential factors determining the strength of sodium hypochlorite are
	Modus operandi for amelioration in chemical efficacy and potency of sodium hypochlorite
	Diverse agitation approaches to expand the efficiency of sodium hypochlorite 
	Shortcomings of sodium hypochlorite irrigant

	Conclusion
	Source of Funding
	Conflict of Interest

