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ABSTRAcT

The endodontic triad consists of cleaning and shaping, 

disinfection and obturation. Success of root canal therapy in 

primary teeth is mainly achieved by thorough removal of debris 

and necrotic tissue. However, complete elimination of bacterial 

contaminants as well as necrotic debris require adjunctive use 

of root canal irrigants along with mechanical instrumentation. 

As we know from literature that none of the available irrigating 

solutions alone provides all the ideal requirements. Studies 

have shown that a combination of two or more irrigating 

solutions in a specific sequence will help to achieve optimal 
irrigation. This review article mainly highlights the mechanism 

of action, safety and biocompatibility of currently used irrigation 

solutions and also the other materials that can be used as a 

potent irrigants, their advantages and limitations in future of 

endodontics.
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INTRoducTIoN

Successful endodontic treatment requires combination of 

variety of factors, such as an accurate diagnosis, thorough 

cleaning, a predictable disinfection protocol achieved with 

the help of various intracanal medicaments and irrigation 

solutions followed by obturation of the pulp space and 

adequate final restoration.1 there exists anatomical 

differences between primary and permanent teeth 

with respect to size, internal and external morphology.2 

treating the primary teeth endodontically is considered 

highly complicated as the primary teeth exhibits bizzare 

internal geometry and other features like furcational 

connections and horizontal anastomoses which is 

uncommon in permanent teeth.3 the recent imaging 

techniques showed that some part of the pulp spaces 

remain uninstrumented with the use of mechanical 

preparation alone. Hence, irrigation and instrumentation 

complement each other in complete debridement and 

disinfection of root canal.4 In primary tooth root canal 

infections, the largest number of microorganisms can 

be found in main root canal. However, a considerable 

portion of infection is located deeper, in the lateral canals, 

apical ramifications and dentinal tubules. In clinical 
practice instrumentation and irrigation of canal within 

endodontic treatment is time-consuming and the most 

demanding treatment phase in children.5

ENdodoNTIc MIcRoBIology of  

PRIMARy TEETh

the microorganisms associated with endodontic 

infections comprises of a complex mixture of bacterial 

species. It has been reported that the root canal 

microbiota recovered from asymptomatic teeth is 

different from that isolated from clinically symptomatic 

teeth.6 Both aerobic and anaerobic microorganisms as 

well as facultative microorganisms can be found in the 

primary root canal. Cogulu et al found that the most 

prevalent species of bacteria in primary teeth root canal 

were Enterococcus faecalis, Porphyromonas gingivalis and 

Treponema denticola.7,8 Although E. faecalis is occasionally 

found in the initial root canal infections in permanent 

teeth, it was found to be present in 63% of the necrotic 

primary teeth. Necrotic teeth are clinical features 

commonly seen in early childhood caries, a form of dental 

caries largely prevalent in children.9 Hu et al isolated 240 

strains of bacteria from 22 infected primary root canal. 

Among 240 strains, 200 strains were obligate anaerobes, 

belonging to genera Peptostreptococcus, Bacteroides, 

Veillonella, Eubacterium, Propionibacterium, Actinomyces and 

Fusobacterium. Bacteroides and Fusobacterium especially 

P. gingivalis and F. nucleatum probably were related to 

acute periapical inflammation and Veillonella parvula 

from chronic periapical inflammation of primary teeth.10

RooT cANAl IRRIgANTS

the currently used irrigants can be grouped into anti-

bacterial and decalcifying agents or their combinations. 

Two or more irrigating solutions in a specific sequence 
contributes to a successful treatment outcome as no single 
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irrigating solution is regarded optimal. And the ideal 

requisites of root canal irrigants are:

• Should possess broad antimicrobial spectrum
• High efficiency against anaerobic and facultative 

microorganisms organized in biofilm
• Completely dissolve necrotic pulp tissue remnants

• Inactivate endotoxins effectively

• Should be able to avoid formation or dissolve smear 

layer that has formed during instrumentation

• Should be nontoxic to vital tissues, non caustic to 
periapical and periodontal tissues when accidently 

injected beyond apex, and with little or no potential 

to cause anaphylactic reactions.11

SodIuM hyPochloRITE 

Sodium hypochlorite (NaOCl) is the most commonly 

used irrigating solution. Sodium hypochlorite gives rise 

to sodium and the hypochlorite ion when combined 

with water thereby establishing an equilibrium 

with hypochlorous acid which is responsible for the 

antibacterial activity of NaOCl. It acts on microbial cells 

disrupting the most vital functions of the cell leading 

to the cell death.12,13 Sodium hypochlorite when used in 

concentration of 0.5% (most commonly used) acts as a 

potent antimicrobial agent killing the bacterias instantly. 

It also has the ability to dissolve the organic components 

of dentin such as pulpal remnants and collagen. the only 

limitation of hypochlorite is that its inability to remove 

the smear layer, however when canals were subse-

quently irrigated with ethylenediaminetetraacetic acid 

(EDtA) or citric acid (CA) following NaOCl irrigation it 

has shown to effect organic portion of the smear layer 

thereby leading to its complete removal.14 A comparative 

study done to evaluated the effectiveness of NaOCl (0.5% 

or 5%) with or without EDtA and saline when used as 

root canal irrigants in necrotic canals with anaerobic 

bacteria showed considerable reduction of bacterial 

counts in the canal when compared with canals irrigated 

only with saline. However, it was difficult to render the 
canals completely free from bacteria, even after repeated 

sessions.15,16 A study compared saline and NaOCl in its 

ability to remove smear layer in primary teeth which 

showed NaOCl was better than saline, although it 

partially removes smear layer.17 Another study showed 

when 6.0% CA is used in association with hypochlorite 

as auxiliary chemical substances for irrigating primary 

teeth has remarkable effect on smear layer removal of 

primary molars.18

 though NaOCl is a commonly used root canal 

irrigant, it has an unpleasant odor and taste; it does not 

consistently disinfect the root canal system and is toxic 

when extruded into the periradicular tissues. It can 

damage permanent tooth follicles, peripheral tissues and 

oral mucosa.19 

chloRhExIdINE

Endodontic literature has shown that chlorhexidine 

(CHX) is used at 2% concentration as root canal irrigating 

solution it, reacts with negatively charged groups on 

the cell surface, thereby showing greater reduction 

of intracanal bacteria compared with sterile saline 

solution.20 this is thus suggested as an alternative for 

pulpectomy of necrotic primary teeth.21 though CHX as a 

root canal irrigant has not shown any long-term damage 

to host tissues, inflammatory responses were expressed 
from the host tissues when it was accidently injected 

beyond the root apex. though CHX is considered as a 

potent irrigating solution, its ineffectiveness on removal 

of necrotic remnants and limited action on Gram-negative 

organisms compared to Gram-positive bacteria it cannot 

be used as a final irrigant in endodontic cases.22

EThylENEdIAMINETETRAAcETIc AcId 

ANd cITRIc AcId

Ethylenediaminetetraacetic acid is most commonly used 

as 17% neutralized solultion. Citric acid is made available 

in various concentrations from 1 to 50%, although 10% 

CA is more commonly used as it is effective in removal 

of the smear layer. Ethylenediaminetetraacetic acid and 

CA are available as liquids and gels.23 they effectively 

dissolve the inorganic component and smear layer with 

little or no effect on organic tissue.

 However, they themselves do not possess any anti-

bacterial activity.24,25 though smear layer removal was 

better when EDtA was used in combination with sodium 

hypochlorite damage to the dentinal tubules, peritubular 

dentin erosion and disruption of intertubular dentin 

was found.17 Studies have shown irrigation with 6% CA 

for 15 or 30 seconds is quite effective in removing all 

the components of the smear layer of the primary teeth 

whereas peritubular dentin destruction was observed 

when higher concentration of CA was used as an 

irrigating solution.17,18,26

MIxTuRE of doxycyclINE, cITRIc AcId ANd 

A dETERgENT

Mixture of doxycycline, citric acid and a detergent 

torabinejad et al introduced MtAD which is a mixture 

of 3% doxycycline, 4.25% and detergent-tween 80. It 

has been as an alternative to EDtA which removes 

the smear layer effectively when used as a final rinse 
to disinfect the root canals of primary teeth. It also 

possesses antibacterial and chelating properties.27 
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Various studies have shown that MtAD was effective in 

removal of smear layer without causing any significant 
changes in the structure of dentinal tubules when used 

as a final rinse followed by irrigation with NaOCl. 

Mixture of doxycycline, citric acid and a detergent also 

exhibited superior antimicrobial efficacy (statistically 
significant decrease of E. faecalis, P. intermedia and T. 

forsythenis) compared with 2.5% NaOCl, 17% EDtA 

and 2% CHX and also shown to eliminate bacteria in 

human root canals that had been infected by whole 

saliva.28 MTAD solution as the final irrigant has shown 
to meet all the standards for good irrigant prescribed. 

It proves it to be an effective irrigant for the primary 

teeth. Studies have shown that MtAD is less cytotoxic 

compared to other endodontic medicaments such as 

eugenol, hydrogen peroxide (3%), EDtA.3,19 However 

the use of MtAD in primary teeth is limited because 

of chance of discoloration in permanent buds present  

below. However, its use in young permanent teeth may 

not be controversial.19

TETRAclEAN

tetraclean, is a mixture of an antibiotic, an acid (citric acid), 

and a detergent(polypropylene glycol). the concentration 

of citric acid and the type of detergent used varies from 

that of MtAD.29 the properties of tetraclean is due to its 

low surface tension which enables better adaptation of 

the mixtures to the dentinal walls. It removes the smear 

layer, effective against strictly anaerobic and facultative 

anaerobic bacteria like E. faecalis.30

cARISolV

Carisolv contains 0.5% sodium hypochlorite along with 

amino acids. thus it was hypothesized that this agent 

can also be effective in removal of smear layer in root 

canal when used as an irrigant. the mode of action is to 

degrade the denatured collagen. A study which compared 

Carisolv with 17% EDtA and 5.25% sodium hypochlorite 

in removing layer on radicular dentin showed that 

Carisolv was ineffective in removal of smear layer. the 

reason attributed was because it was in gel form which

made it difficult to wet and flush the canals.31 However, 

very little evidence is available in literature. A study 

was done to compare the efficacy of Carisolv, 1% NaOCl 
gel, and 1% NaOCl solution as root canal irrigants in 

primary teeth showed that Carisolv was better compared 

to NaOCl gel in cleaning the debris at the apical third. 

And hence concluded that Carisolv can be used as an 

effective root canal irrigant.32

ElEcTRochEMIcAlly AcTIVATEd SoluTIoNS

A mixture of tap water and low concentrated salt 

solutions forms the electrochemically activated (ECA) 

which results in synthesis of Anolyte, and Catholyte. the 

oxydizing substances of anolyte exhibits microbicidal 

activity against bacteria, viruses, fungi and protozoa 

and therefore termed Superoxidized Water or Oxidative 

Potential Water. Due to its various advantages like ease 

of removal of debris and smear layer even at the apical 

third as well as its nontoxic properties it can be used as 

a potent root canal irrigant. A study showed that OPW 

was as effective as the NaOCl when used as an irrigant in 

necrotic pulpectomized primary teeth and is suggested 

as an alternative for irrigating primary teeth.33

ozoNATEd WATER

Ozone is a chemical compound consisting of three 

oxygen atoms (O3-triatomic oxygen), which has higher 

energetic form than normal atmospheric oxygen. Ozone 

is capable of oxidizing any biological entity due to its 

powerful bactericidal properties where even at low 

concentration, (0.1 ppm), it is capable of inactivating 

bacterial cells including their spores.3 Although it is a 

powerful antimicrobial agent, less attention has been 

paid to its antibacterial activity on bacterial biofilm and 
hence in root canal infection.34,35 Studies have found that 

when the specimen was irrigated with sonication killing 

ability of ozonated water and 2.5% sodium hypochlorite 

was almost comparable, However, it was found that 

effect on E. faecalis was more with NaOCl than ozonated 

water in broth culture and in biofilm. Hence concluded 
that there is need for further studies and modifications 
in ozonated water before it could be used as a root 

canal irrigant.3 Photon activated disinfection. Photon 

activated disinfection is based on the concept where light 

of the appropriate wavelength is used to preferentially 

localize the nontoxic photosensitizers to generate singlet 

oxygen and free radicals that are cytotoxic to cells of 

the target tissue.36 Blue dyes, especially toluidine blue 

and methylene blue used with a 632.8 nm wavelength 

laser have shown significant result. A study in primary 
teeth showed a microbial reduction of 98.37% after using 

photodynamic therapy.37 the literature highlights PDt in 

endodontic treatment of permanent teeth unlike primary 

teeth. thus in future PAD could be a low-cost and non-

traumatic alternative to other irrigants to be used in 

today’s treatment of primary teeth.

hERBAl IRRIgANTS

The use of herbal products in the field of medicine has 
been practiced since ancient times and has significantly 
increased over the last few decades. In recent endodontics 

because of the limitations of most of the commercial 

intracanal medicaments used such as cytotoxicity and 
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their inability to eliminate bacteria from dentinal tubules, 

trend of recent medicine to use biologic medication 

extracted from natural plants is drawing a lot of attention.

the major advantages of using herbal alternatives are 

easy availability, cost-effectiveness, increased shelf life, 

low toxicity, and lack of microbial resistance reported. 

Literature has shown that herbs can have a promising 

role as root canal irrigants.

MISWAK

Miswak is derived from the plant Salvadora persica (known 

asÿarakÿ in Arabic) mainly used as a chewing stick, 

which is used for cleansing the teeth.38 Wolinsky and 

Sote, by isolation of the active ingredient from S. persica, 

found that the limonoid had a great antimicrobial activity 

by inhibiting the growth of various Gram-positive 

and Gram-negative microorganisms by interfering 

extrapolysaccharides and glycosidase enzymes produced 

by these microorganisms.39 An in vitro study showed 

that 10 to 20% miswak extract was effective antifungal 

and antibacterial agent when used as an irrigant in the 

endodontic treatment of teeth with necrotic pulps against 

candida albicans and E. fecalis. A study done on primary 

teeth showed that for root canal irrigation miswak could 

be a good natural substitute to sodium hypochlorite.40 

MoRINdA cITRIfolIA

Morinda citrifolia commercially known as Noni or Indian 

Mulberry, has a broad range of therapeutic effects such 

as antibacterial anti-inflammatory, antiviral, antitumor, 
anthelmintic, analgesic, hypotensive, anti-inflammatory 
and immune enhancing effects might be advantageous.

 Due to its properties and not likely to cause the severe 

injuries to patients that might occur through NaOCl 

accidents its juice can be used as a potent irrigant in 

primary teeth.41 the antimicrobial activity on E. faecalis 

of 2% CHX gel, propolis, M. citrifolia juice and Ca(OH)2 

has been compared. It was concluded that Propolis and 

M. citrifolia were effective against E. faecalis in dentin on 

extracted teeth.42 Study has also shown that MCJ had 

anti candidal activity in vitro.43

TRIPhAlA ANd gREEN TEA PhENolS

triphala is one of the well known Indian Ayurvedic 

herbal formulation consisting of dried and powdered 

fruits of three medicinal plants namely Terminalia 

bellirica (Gaertn) Roxb, Terminalia chebula Retz and 

Emblica officinalis Gaertn.3,44 Green tea polyphenols-

Numerous human, animal and in vitro studies have 

shown anticariogenic, anti-inflammatory, thermogenic, 
probiotic and antimicrobial properties.41 An in vitro study 

showed maximum antibacterial activity with NaOCl 

and statistically significant antibacterial activity with 
triphala, GtPs, MtAD and 5% hypochlorite against E. 

faecalis biofilm.44 

gERMAN chAMoMIlE ANd TEA TREE oIl 

German chamomile is a medicinal plant known for its 

anti-inflammatory, analgesic, anti-microbial, antispasmic 
and sedative properties. Chamomile was found to be 

effective when used as a mouthwash and many properties 

such as antiseptic, antifungal agent and a mild solvent.41 

An SEM study done on German chamomile extract 

and tea tree oil as irrigants and showed that efficacy of 
chamomile to remove smear layer was superior to NaOCl 

alone but less than NaOCl combined with EDtA.45

PRoPolIS

Propolis, a resinous beehive product is a potent anti-

microbial, antioxidant and anti-inflammatory agent.19 

Very few studies have evaluated propolis as a root 

canal irrigant. Comparative evaluation of antimicrobial 

activity of miswak, propolis, sodium hypochlorite and 

saline as root canal irrigants by microbial culturing and 

quantification in chronically exposed primary teeth was 
done showed that results of propolis was comparable to 

those of the negative control.40 An in vivo randomized trial 

was conducted where root canals were irrigated using 

either 2% CHX, 4% calcium hydroxide or DMSO) extract 

of propolis with normal saline as the control irrigant. 

Which showed a significant decrease in mean aerobic 
colony forming units count in all the groups, however 

CHX was superior.46 Propolis has also shown to be an 

effective intracanal irrigant in eradicating E. faecalis and 

c. albicans.47-50

coNcluSIoN

Elimination of microorganisms from infected root canals 

of primary teeth is a complicated task. the chances of a 

favorable outcome with root canal treatment are signi-

ficantly high if infection is eradicated effectively before 
obturation. Hence irrigating solutions play a key role in 

the success of endodontic treatment of primary teeth.
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