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ABSTRACT 

This study is a literature review in order to irrigants in endodontics. A successful endodontic treatment relies on 

eradicating the germs found in the canal system and preventing reinfection. Alongside the irrigants commonly used in 

endodontics, in order for the treatment to be successful there have been introduced different irrigation systems that 

bring benefits such as: decreased time to act and the way of penetration at the isthmi level and lateral canals and of 

irrigation substances, where instrumentation is not sufficient. 
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INTRODUCTION 

 

If mechanical instrumentation of the radicular 

canals could be 100% efficient in removing 

all of the pathogenic microorganisms and 

remains of tissue, endodontic irrigation would 

be considered a simple adjuvant of 

mechanical debridement, having a strict role 

of lubricating and facilitating instrumentation 

of radicular canals. Unfortunately, this is not 

possible because most radicular canal 

infections involve a mix of aerobic and 

anaerobic microorganisms, rooted deeply in 

the canal system which cannot be destroyed 

through a regular mechanical instrumentation 

of the canal. Thus, the main goal of the 

endodontic treatment is to eliminate, as 

efficiently as possible, all of the infected 

tissue remains and associated pathogens 

through a mechanical debridement associated 

with a constant intracanal irrigation with 

antiseptic substances. The irrigant should be 

able to dissolve necrotic residue from the 

dental pulp, deactivate the endotoxin and 

prevent a smear layer from forming during 

treatment or to remove it after forming [1]. 

A bigger challenge for irrigants can be the 

areas untouched by the files such as isthmi 

and large lateral canals [2]. These areas 

contain tissue remains and biofilms which can 

be removed only through chemical methods 

using irrigation. The apical root canal is a 

special challenge for irrigation because the 
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balance between safety and effectiveness is 

extremely important in this area [3]. 

In order to be effective in cleaning, 

disinfecting and permeating the root canal 

endodontics irrigants must bring certain, 

essential benefits[4]. 

 

Benefits of using irrigants in endodontic 

treatment 

- Removing debris and wetting of the 

canal walls; 

- Destruction of microorganisms; 

- Dissolving organic remains; 

- Opening of the dentine tubules 

through removing the smear layer; 

- Disinfecting and cleaning the areas 

unreachable through mechanical 

means [5]. 

Therefore, the irrigation substances used in 

endodontic therapy can be categorised in: 

- Antibacterial irrigation substances that 

target the organic matter of the root 

canal (microorganisms, biofilm and 

pulpar tissue remains); 

- Chelating agents acting on the 

inorganic component of the root canal 

(intracanal dentine and dentine 

detritus); 

- Combinations of these. 

 

In terms of mode of action, the irrigation 

substances work through: 

- Their physical action 

dependent on the quantity and 

volume used 

- Their chemical action 

dependent on their quality and 

nature.  

 

MATERIAL AND METHOD 

There were studied in detail 43 articles 

regarding the solutions and irrigation systems 

used in endodontics using databases in 

english: Medline, PubMed, Nature.com and 

specialised material. 

 

RESULTS  

At the moment, the most commonly used 

irrigation substances in endodontic therapy 

include sodium hypochlorite (NaClO), 

chlorhexidine, alexidine, 

ethylenediaminetetraacetic acid (EDTA), 

citric acid, ethanol and a mixture of 

tetracycline, acid and a detergent known as 

MTAD. The restorative protocol of 

endodontic disinfection for immature teeth 

with necrotic pulp includes minimal to no 

instrumentation, irrigation and intracanal 

medication with antimicrobial agents [6]. 

 

Sodium hypochlorite  

Sodium hypochlorite is the most frequently 

used substance in endodontic irrigation due to 

its antimicrobial feature and its ability to 

dissolve necrotic tissue, vital tissue and 

organic components of dentine and biofilms 

in a fast, efficient manner [7]. Used in 

concentrations of between 0.5% and 6%, 

NaClO kills bacteria instantly following direct 

contact and it is also efficient in dissolving 

pulp remains and colagen, the principal 

component of dentine [8]. Moreover, NaClO 

is the only endodontic irrigant that can 

dissolve the vital and necrotic pulp tissue [9], 

so it is hard to imagine a successful 

endodontic treatment without it. NaClO’s 

properties are based on its concentration, 

volume, temperature and pH [1]. 

This is used widely as a disinfectant or a 

whitening agent. It is the irrigant of choice in 

endodontics due to its efficiency against 

pathogenic organisms and fulfills the qualities 

mentioned above. Even so, because of the 

complex endodontic system with lateral 

canals, isthmi, ramifications and apical delta, 

successful irrigation affects the dissolution of 

pulp remains [10]. The ability of NaOCl to 
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dissolve organic tissue is proportional to its 

concentration [11]. A concentration of 2.5% 

was found to be better than the rest [12], 

because its efficiency is greater than that of 

concentrations of 0.5% and 1% and it has a 

lower cytotoxicity than the 5.25% 

concentration. 2.5% NaOCl can inhibit 100% 

of Enterococcus faecalis in 5 minutes, 

eliminating the pain a critical patient 

experiences, with a faster inhibition of 

bacteria and a shorter time for cleaning the 

root canal [13]. According to a study, 5.25% 

NaOCl is better at dissolving organic tissue, it 

has a higher antibacterial action, a higher 

alkaline pH and a shorter time to becoming 

effective due to its high concentration of 

hypochlorous acid when it comes in contact 

with organic tissue; these lead to degradation 

and amino acid hydrolysis, promoting 

destruction of bacteria from the root canal in 

under 2 minutes [14]. On the other hand, it is 

more irritating to periapical tissue making its 

use less favourable [15]. 

 

Mode of action 

When the NaClO comes in contact with 

proteins, nitrogen, formaldehyde and 

acetaldehyde are formed. Fragments of 

peptides result from the decay of proteins 

which allows replacement of hydrogen from 

the amino (NH) bonds with sodium chlorate 

(NCl) forming chloramine; this plays a vital 

role for the antimicrobial effectiveness. 

Through the efficacy of the antimicrobial 

agent, the necrotic tissue and the pustulating 

tissue are dissolved and it can reach and better 

clean the infected areas [14]. 

 

Chlorhexydine  

Chlorhexidine was developed in the United 

Kingdom and commercialised for the first 

time as an antiseptic cream used mainly for 

disinfecting and treating skin, eyes and throat 

conditions. It is a cationic molecule which can 

be utilised during treatment. It has a wide 

range of antimicrobial properties. Its cationic 

structure offers a unique property called 

substantivity [16]. 

 

Mode of action 

Chlorhexidine (CHX), due to its cationic 

properties, is able to bind to the negatively 

charged sites on the cell wall and offers 

permeability. It is an antimicrobial agent with 

broad spectrum, active against gram-positives, 

gram-negatives, bacteria and yeasts. Studies 

showed that CHX has antibacterial effect in 

endodontics as a solution for irrigation [17] 

and as intracanal medication [18]. It also has 

effect against Enterococcus faecalis and 

Candida albicans [19]. 

Depending on the concentration, 

chlorhexidine can have a bacteriostatic or 

bactericidal effect [20]. Due to its low toxicity 

level, it is suitable for treating teeth with roots 

that are not completely formed or teeth with 

hypersensitivity to NaOCl [21]. Another 

study found that CHX does not alter cellular 

viability or immuno-stimulating and anti 

inflammatory properties [22]. 

Following a systematic review, it was proven 

that using 2% CHX as an adjuvant irrigant to 

NaOCl implies a superior periapical healing 

process. Combining chlorhexidine with other 

chemical compounds in endodontics can lead 

to formation of precipitates which affect the 

host tissue. Mixing 1% CHX with 17% 

EDTA instantly results in a solid, insoluble 

precipitate coloured pink [23]. The interaction 

of CHX with NaOCl results in a dark 

coloured precipitate. Some studies reported 

that higher concentrations of chloride in the 

NaOCl solution result în higher levels of 

precipitates [24,25]. Unlike sodium 

hypochlorite, chlorhexidine does not dissolve 

tissue. That being said, NaOCl is still 
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considered the primary solution for irrigation 

in endodontics. 

 

Ethylenediaminetetraacetic acid (EDTA) 

Ethylenediaminetetraacetic acid, EDTA, is an 

aminopolycarboxylic acid and a colourless 

solvent, soluble în water. It is a chelating 

agent used at the end after NaOCl [26]. 

EDTA is a neutral, slightly alkaline solution. 

It is usually used in concentrations of 17%/ 

15%, although some studies suggest that even 

5% and 1% is strong enough to remove the 

smear layer. The recommended time to 

remove it is 2 minutes but thick layers may 

require longer exposure [27]. 

EDTA affects only the inorganic part of the 

dentine and the smear layer (hydroxyapatite); 

the complete removal of the smear layer can 

be done only when NaOCl was used before 

the final flush with EDTA [28,29]. Studies 

indicate antifungal properties for EDTA 

[30,31]. 

 

Citric Acid  

Citric acid is a mild, organic chelating agent. 

It is used in periodontal therapy for 

restaurative stomatology and maintaining 

dentine [32]. Citric acid is used as a 

component in MTAD and Tetraclean, 

products combined to remove the smear layer 

[33]. It is somewhat more aggressive than 

EDTA and if NaOCl is used after the citric 

acid (not recommended), erosion of the root 

canal’s wall is more prominent than in the 

EDTA- NaOCl sequence [34]. The decalcified 

capacity of citric acid is due to chelation of 

Ca2+ ion and acidity of the solution. Citric 

acid solutions are approved for use in 

endodontics in higher concentrations (25% 

and 50%) [35]. In vitro and in vivo studies 

have shown that 10% citric acid demineralises 

the root canal dentine [36] while having a 

lesser cytotoxic effect  than 17% EDTA 

[37,38] and presents a slight antimicrobial 

effect [9]. 

Irrigation systems  

 

Vibringe  

Vibringe is the first sonic irrigation system 

that allows delivering and activating the 

irrigation solution in the root canal in one 

phase. Activating the irrigant through sonic 

emission facilitates and completes the 

irrigation procedure and has a better success 

rate of endodontic treatments. It was proven 

that this system improves significantly 

intracanal debridement. Moreover, it 

improves destruction and removal of the 

smear layer and biofilm through irrigation 

solutions.  

It is an innovative wireless device using sonic 

technology developed by industrial designers, 

engineers, endodontists and dentists. Vibringe 

is an endodontic device that can be used with 

disinfectant solutions or with irrigation 

solutions in the root canal. It is a new 

technology that allows for continuous, sonic 

irrigation during the endodontic treatment 

[38]. 

This system combines manual release of the 

solution with sonic technology controlled by a 

patented microprocessor. This allows to 

release and activate the irrigation solution in 

one phase.  

Vibringe lets the solution reach and disinfect 

the whole area of the root canal. The irrigant 

can reach inaccessible areas such as lateral 

canals, isthmi, anastomoses. When the 

ultrasound irrigation is used, the sonic syringe 

acts as a complementary device, replacing the 

regular syringe and achieving a better, more 

predictable result. 

Indications for this irrigation system include: 

cleaning the root canal during and after 

endodontic mechanical instrumentation to 
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eliminate necrotic tissue residue, bacteria and 

smear layer [20]. 

 

Ultrasound 

Since the late 50s, using ultrasound 

technology in endodontic treatments across 

the world has been common practice for 

hygiene and periodontal procedures. Recently, 

endodontists have presented the clinical 

advantages of using it in root canal therapy 

and we are starting to notice these benefits in 

endorestaurative and microrestaurative work.  

Ultrasounds are used for operative and 

preventive procedures and are usually split in 

two groups: magnetostrictive (e.g. Cavitron 

[DENTSPLY Professional]) and piezoelectric 

(P5 Newtron, Satelec [ACTEON North 

America]). Both groups are clinically 

endorsed in stomatology. Although, the 

piezoelectric ultrasound is preferred in 

endodontics. 

Similar to sonic activation, the instruments 

used during ultrasound activation have a 

forced vibration at one end (the manual piece) 

and vibrate free at the other end. Ultrasonic 

devices work at higher frequencies 9usually 

20-200 kHz) and have a smaller amplitude of 

100 μm. The higher frequency used in 

ultrasound activation leads to more complex 

models of nodes and antinodes than the ones 

in sonic devices. 

Passive irrigation with ultrasound can be 

achieved with a small file or a smooth wire 

(dimension 10 20) oscillating freely in the 

root canal to induce a strong, acoustic 

microstream. PUI can be an important 

addition in cleaning the root canal and, 

compared to the traditional irrigation of the 

syringe, it removes more organic tissue, 

bacteria and dentine remains from the root 

canal [39]. Passive irrigation with ultrasound 

is more efficient than the Vibringe system 

[40] and than the irrigation with a syringe in 

the debridement of the root canal in the apical 

area [41]. 

 

EndoUltra 

Science has proven that the irrigants are more 

effective when they are activated 

electromagnetically. Ultrasonic emission and 

agitation of the intracanal irrigant improve 

significantly the cleaning and disinfection of 

root canals. 

EndoUltra is the only cordless activation unit 

capable of generating peak frequency (40000 

Hz) required for adequate cleaning and 

debridement. The energy with ultrasounds not 

only targets the biofilm while improving the 

penetrating property of the irrigants and 

removing dentine residue but it also reduces 

significantly the level of bacteria and 

enhances root sealing.  

EndoUltra is a compact, easy to use device 

that presents unique 15/02 activation 

characteristics and resonates through the 

length of the tip without catching on the 

structure of the teeth. The activation tips have 

depth markers of 18, 19 and 20 mm. It also 

includes an LED light for better visualisation. 

 

EndoActivator 

The EndoActivator system is utilised in 

endodontic treatment through the application 

of sonic energy. This device is made of a hand 

piece. Driver, and polymer tips of different 

sizes. The hand piece provides energy for 

oscillation and vibration of the tips. The 

activated fluids favour deep cleaning and 

disinfection in the lateral canals, isthmi, apical 

delta and anastomoses.  

This sonic activated system is designed to 

activate safely diverse intracanal reactives and 

it vigorously produces the hydrodynamic 

phenomena.  
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This technology provides a safer, better and 

faster method of disinfection of the 

endodontic system. 

A well cleaned and disinfected endodontic 

space facilitates 3D obturation and long term 

success. 

 

EndoVac  

The EndoVac system is used to administer 

and evacuate irrigation solutions during root 

canal procedures. This apical irrigation 

system with negative pressure is used in root 

canal therapy and it consists of four principal 

components. An adaptor with multiple ports is 

used to connect the main irrigation tip to the 

Hi-Vac system for dental practices. The main 

irrigation tip ensures a constant flow of 

irrigation solution which reduces the risk of 

overflow due to continuous suction. The 

auxiliary tips include: macrocannula used to 

remove the detritus following instrumentation 

and microcannula with microscopic 

evacuation openings which allow the 

irrigation solution to flow to the apex. 

This irrigation/ aspiration system is formed of 

a hand piece, a finger piece, adaptor with 

multiple ports, 25 mm macrocannula, 25mm 

microcrannula, 20cc syringe for NaOCl, tips 

for MDT main irrigation, 3cc syringe for 

EDTA, MDT evacuation tube and evacuation 

for the hand/ finger piece. 

When using EndoVac, the mechanics of the 

fluids depend on an intact clinical crown with 

an access opening of at least 6-8 mm from 

cavosurface angle to the pulp floor. If the 

clinical crown is compromised, there has to be 

created a temporary one using composite 

material [42]. This irrigation system has 

significantly improved the penetration of the 

sealer at the 1 to 3 mm level compared to the 

conventional irrigation with an endodontic 

needle [43]. 

 

CONCLUSION 

Instrumentation and irrigation are the most 

important parts of the root canal treatments. 

Irrigation has many key functions, some of 

the most important being dissolving tissue 

and the antimicrobial effect. The irrigant of 

choice remains sodium hypochlorite used in 

endodontics in both concentrations (2% and 

5.25%) completely dissolving the vital pulp 

tissue as well as necrotic tissue in a relatively 

short period of time. The difference is given 

by the waiting time for the development of 

this. Increasing the concentration as well as 

heating the irrigant solution increase 

proportionally its property to dissolve; 

consequently, there is less waiting time for 

completely dissolving the organic matter 

inside the root canal. Associating different 

intracanal agitation techniques of irrigation 

solutions increases their ability to penetrate 

the endodontic space, reducing the time it 

takes for irrigants to act and consequently the 

duration of the modern endodontic treatment. 
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