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Introduction 
Preservation of primary teeth is integral 
for the harmonious development of 
occlusion, maintenance of arch length, 
optimum function of chewing and speech 
and preservation of healthy oral 
environment. Considering the fast 
development of caries in primary teeth, 
and consequently the pulp damage due to 
the pulpal tissue contamination by bacteria 
and their derived toxins, the endodontic 
treatment can be necessary.1Root canal 
preparation   is   a   fundamental   step   in  

 
endodontic treatment. A clean root canal 
system along with a three-dimensional 
seal is the clinician’s path to success. The 
contents of the root canal system are 
removed during the biomechanical 
preparation. However, primary teeth have 
zones inaccessible to debridement, such as 
accessory canals, ramifications, and 
dentinal tubules. Therefore, it is 
imperative to use auxiliary solutions that 
promote disinfection of these areas, 
mainly because infected primary teeth can 

Abstract:  
Successful root canal treatment is dependent on the 
removal of microorganisms from the pulp and other 
anatomical irregularities of the root canal system through 
chemo-mechanical instrumentation with the use of 
instruments and irrigating solutions. Irrigants can augment 
mechanical debridement by flushing out debris, dissolving 
tissue, and disinfecting the root canal system. Chemical 
debridement is especially needed for primary teeth with 
complex internal anatomy and zones inaccessible to 
debridement, such as accessory canals, ramifications, and 
dentinal tubules that might be missed by instrumentation. 
The choice of a cleanser in the pulpal therapy of primary 
teeth should take into account the differences among the 
dentin substrata, and not be irritating to the periapical 
tissues. The aim of this review article here is to discuss the 
efficacy and other correlates of various root canal irrigants 
used in pediatric dentistry and provide an update with 
regard to recent advancements for the sterilization of 
infected root canals.  
Key words: Irrigating Solutions, Sodium Hypochlorite 
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harbor micro-organisms inside the 
dentinal tubules,2 in the same way 
permanent teeth do.3 Irrigation is presently 
the best method for lubrication, 
destruction of microbes, the removal of 
tissue remnants, and dentin debris during 
instrumentation. The simple act of 
irrigation allows the flushes away loose, 
necrotic, contaminated materials before 
that they are inadvertently pushed deeper 
into the canal and apical tissues, 
compromising the periapical tissue and 
permanent bud. In this context, the use of 
cleansers in the irrigation process is 
essential.4 The choice of a cleanser in the 
pulpal therapy of primary teeth should 
take into account the differences among 
the dentin substrata, and not be irritating 
to the periapical tissues. It is important to 
avoid harming the germ of the permanent 
successor tooth because the physiologic 
root resorption allows the apical extrusion 
of the cleanser.5 To achieve these 
properties various root canal irrigants are 
used either singly or with combination. 

The aim of this review article here is to 
discuss the efficacy and other correlates of 
various root canal irrigants used in 
pediatric dentistry and provide an update 
with regard to recent advancements for the 
sterilization of infected root canals. 
 
Rationale for Using Root Canal 
Irrigants 
While various chemical and physical 
irritants can cause irritation and even 
necrosis of the pulp, the most common 
causes for pulpal inflammation (pulpitis) 
are bacteria and/or their products entering 
the pulp through a deep caries lesion or a 
leaking filling, e.g. an inflammatory 
reaction in the pulp starts long before 
bacteria invade the pulp tissue. The 
inflammatory reaction is first initiated by 
bacterial antigens interacting with the 
local immune system6,7 Although no exact 
data are available, it is likely that the 
majority of bacteria in most primary root 
canal infections are located in the main 
root canal, while a minority of the cells 

would have invaded further into the 
dentinal tubules and lateral canals.8 In root 
canal treatment, cleaning is the removal of 
all contents of root canal system before 
and during shaping. Irrigation is presently 
the best method for lubrication, 
destruction of microbes, the removal of 
tissue remnants, and dentin debris during 
instrumentation. The simple act of 
irrigation allows the flushes away loose, 
necrotic, contaminated materials before 
that they are inadvertently pushed deeper 
into the canal and apical tissues, 
compromising the periapical tissue and 
permanent bud. In this context, the use of 
cleansers in the irrigation process is 
essential.4 

 

Ideal Requirements of Root Canal 
Irrigants9 

1. Broad antimicrobial spectrum 
2. High efficacy against anaerobic and 
facultative microorganisms organized in 
biofilms. 
3. Ability to dissolve necrotic pulp tissue 
remnants 
4. Ability to inactivate endotoxin 
5. Ability to prevent the formation of a 
smear layer during instrumentation or to 
dissolve the latter once it has formed. 
6. Systemically nontoxic when they come 
in contact with vital tissues, noncaustic to 
periodontal tissues, and with little 
potential to cause an anaphylactic 
reaction. 
 

Sodium Hypochlorite 
Sodium Hypochlorite (NaOCl) have been 
used separately or associated with other 
medicines. NaOCl is a weak alkaline/ base 
that acts on the albumin (remains of pulpal 
tissue, foods and microorganisms), 
denaturing them and turning them soluble 
in water. Like soap, it facilitates the 
removal of debris from the root canals 
and, in spite of being a necrosis agent (to 
act on organic matter) it is little poisonous 
or irritating to the live tissues.10 When 
hypochlorous acid, a substance present in 
NaOCl solution, comes in contact with 
organic tissue it acts as a solvent and 
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releases chlorine, which combines with 
the protein amino group to form 
chloramines. Hypochlorous acid (HOCl−) 
and hypochlorite ions (OCl−) lead to 
amino acid degradation and hydrolysis.11 
The chloramination reaction between 
chlorine and the amino group (NH) forms 
chloramines that interfere in cell 
metabolism. Chlorine (a strong oxidant) 
has an antimicrobial action, inhibiting 
bacterial enzymes and leading to an 
irreversible oxidation of SH groups 
(sulphydryl group) of essential bacterial 
enzymes.11 Thus, the saponification, 
amino acid neutralization, and 
chloramination reactions that occur in the 
presence of microorganisms and organic 
tissue lead to the antimicrobial effect and 
tissue dissolution process.11 NaOCl is used 
in concentrations varying from 0.5% to 
5.25%; it is a potent antimicrobial agent, 
and effectively dissolves pulpal remnants 
and organic components of dentine. It is 
used both as an unbuffered solution at pH 
11 in concentration 0.5– 5.25%, and 
buffered with bicarbonate buffer (pH 9.0) 
usually as a 0.5% solution (Dakin’s 
solution).12  Contradicting earlier 
statements, Zehnder et al.13  reported that 
buffering had little effect on tissue 
dissolution, and Dakin’s solution was 
equally effective on decayed (necrotic) 
and fresh tissues. In addition, no 
differences were recorded for the 
antibacterial properties of Dakin’s solution 
and an equivalent unbuffered hypochlorite 
solution. NaOCl is best known for its 
strong antibacterial activity; it kills 
bacteria very rapidly even at low 
concentrations. Waltimo et al14 showed 
that the resistant microorganism, Candida 
albicans, was killed in vitro in 30 s by 
both 5% and 0.5% NaOCl, whereas 
concentrations 0.05% and 0.005% were 
too weak to kill the yeast even after 24 h 
of incubation. Recent laboratory 
experiments using three Gramnegative 
anaerobic rods typically isolated from 
primary apical periodontitis, 
Porphyromonas gingivalis, P. 

endodontalis, and Prevotella intermedia 
demonstrated high susceptibility to 
NaOCl, and all three species were killed 
within 15s with all concentrations tested 
(0.5– 5%)15 The efficacy of NaOCl can be 
increased by altering the pH, temperature 
and method of irrigation. The antibacterial 
properties and tissue-dissolving properties 
of 5.25% NaOCl decrease when it is 
diluted.16,17  A rise in temperature by 25°C 
increased NaOCl efficacy by a factor of 
100.18 The capacity of a 1% NaOCl at 
45°C to dissolve human dental pulps was 
found to be equal to that of a 5.25% 
solution at 20°C.19 The use of ultrasonic 
agitation increased the effectiveness of 5% 
NaOCl in the apical third of the canal 
wall. NaOCl has been criticized for its 
unpleasant taste, relative toxicity, and its 
inability to remove smear layer.20,21 
Pashley et al compared the biological 
effects of mild and strong NaOCl 
solutions and demonstrated greater 
cytotoxicity and caustic effects on healthy 
tissue with 5.25% NaOCl than with 0.5% 
and 1% solutions.22 Chang et al  also 
showed the relationship between the 
concentration and cytotoxicity of 
NaOCl.23 Therefore, it might be 
recommended to use 0.5–1% NaOCl for 
canal irrigation instead of the 5.25% 
solution. 
 

Chlorhexidine Gluconate 
CHX gluconate has been in use for a long 
time in dentistry because of its 
antimicrobial properties, its substantivity, 
and its relatively low toxicity. It has a 
wide antimicrobial spectrum and is 
effective against both Gram-positive and 
Gram-negative bacteria as well as yeasts, 
while mycobacteria and bacterial spores 
are resistant to CHX.24, 25 Chlorhexidine 
Gluconate, currently used in endodontic 
therapy, seems to act by adsorbing onto 
the cell wall of the microorganisms and 
causing leakage of the intracellular 
components. At low concentrations, small 
molecular weight substances will leak out, 
especially potassium and phosphorus, 
resulting in a bacteriostatic effect. At high 
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concentrations, chlorhexidine gluconate 
has a bactericidal effect due to the 
precipitation and/or coagulation of the 
cellular cytoplasm, probably caused by 
cross-linking proteins26.  Although studies 
comparing the antibacterial effect of 
NaOCl and CHX have produced 
somewhat conflicting results, it seems that 
when used in identical concentrations, 
their antibacterial effect in the root canal 
and in infected dentine is similar.27-29 
Vahdaty et al evaluated in vitro the 
antibacterial efficiency of 2% and 0.2% 
chlorhexidine, comparing them with 
NaOCl in the same concentrations.30 
These cleansers were used in the infected 
dentin tubules. The results indicated that 
both substances reduced the number of 
bacteria in the superficial layers of the 
dentin tubules. Oncag et al31 evaluated the 
antibacterial properties against 
Enterococcus faecalis of 5.25% NaOCl, 
2% CHX, and 0.2% CHX plus 0.2% 
cetrimide after 5 min and 48 h. The 2% 
CHX and Cetrexidin® were significantly 
more effective against E faecalis. Gomes 
et al32 evaluated the antimicrobial activity 
of the two formulations of Chlorhexidine 
Gluconate (liquid and gel) in three 
concentrations (0.2%, 1.0% and 2%), and 
of NaOCl (0.5%, 1.0%, 2.5%, 4.0%). The 
results showed that chlorhexidine in liquid 
form eliminated bacterial cells more 
quickly than the chlorhexidine gel. Even 
though all tested cleansers possessed 
antimicrobial activity, the time required to 
eliminate the studied microorganisms 
depended on the concentration and of the 
type of cleansers used. CHX lacks the 
tissue-dissolving ability, which is one of 
the obvious benefits of NaOCl. While the 
in vitro studies have demonstrated the 
antibacterial effect of CHX against E. 
faecalis to be superior to that of NaOCl, 
there are no in vivo studies yet available 
that would confirm the better activity of 
CHX against this resistant species also in 
the infected root canal. Nevertheless, there 
is no doubt that CHX gluconate, in 
concentrations between 0.2% and 2%, 

offers a good alternative for root canal 
irrigation with potent antimicrobial 
activity. Future studies of CHX 
combinations are needed to establish 
whether these could give additional 
advantage in the fight against resistant 
root canal microbes. 
 

Ethylenediamine tetraacetic acid 
(EDTA) 
EDTA is a chelating agent used for the 
removal of the inorganic portion of the 
smear layer. NaOCl is an adjunct solution 
for removal of the remaining organic 
components. Irrigation with 17% EDTA 
for one minute followed by a final rinse 
with NaOCl is the most commonly 
recommended method to remove the 
smear layer.33 Longer exposures can cause 
excessive removal of both peritubular and 
intratubular dentin.34  EDTA (17%, 
disodium salt, pH 7) has little if any 
antibacterial activity. On direct exposure 
for extended time, EDTA extracts 
bacterial surface proteins by combining 
with metal ions from the cell envelope, 
which can eventually lead to bacterial 
death. EDTA is an effective chelating 
agent, which is widely used in endodontic 
preparation.35 EDTA reacts with the 
calcium ions in dentine and forms soluble 
calcium chelates. It has been reported that 
EDTA decalcified dentin to a depth of 20–
30 µm in 5 min.36 It effectively removes 
smear layer by chelating the inorganic 
component of the dentine. Therefore, by 
facilitating cleaning and removal of 
infected tissue, EDTA contributes to the 
elimination of bacteria in the root canal. 
Niu et al37 studied the ultrastructure on 
canal walls after EDTA and combined 
EDTA plus NaOCl irrigation by scanning 
electron microscopy: more debris was 
removed by irrigation with EDTA 
followed by NaOCl than with EDTA 
alone. According to Saito et al. greater 
smear layer removal was found in the 1-
min EDTA irrigation group than the 30-
sec or 15-sec groups.38,39 Hariharan et al40 
showed that EDTA when used as a root 
canal irrigant in primary teeth, it removed 
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the smear layer but adversely affected the 
dentinal tubules. The similar type of 
damage was also noted in permanent teeth 
studies but with 17% EDTA.34 The work 
by Marshall showed that there was a 
substantial difference in the microstructure 
of primary dentin as compared to 
permanent dentin, substantial differences 
with location, and the relatively common 
occurrence of microcanals.41 These may 
be the reasons for the occurrence of 
erosion in primary teeth. Pitoni et al42 
compared EDTA and Citric acid solution 
for smear layer removal in primary tooth 
root canals. The authors concluded that 
there is no statistically significant 
difference between 17% EDTA solution 
and the 6% citric solution regarding smear 
layer removal efficiency.  
 

Citric acid 
Citric acid can also be used for irrigation 
of the root canal to remove the smear 
layer.35,43,44 Concentrations ranging from 
1% to 50% have been used.43 The use of 
10% citric acid as final irrigation has 
shown good results in smear layer 
removal45 and proven to be more 
biocompatible than 17% EDTA-T and 
17% EDTA.46,47 Gutmann et al48 showed 
that 10% citric acid was more effective in 
removing the smear layer from apical 
root-end cavities than ultrasound. 
Yamaguchi et al49 compared the chelating 
and antibacterial properties of citric acid 
and EDTA. Powdered dentine–resin 
mixture was found to be more soluble in a 
0.5, 1, and 2M citric acid solutions than in 
a 0.5M EDTA solution. Citric acid 
solution showed antibacterial effects on all 
12 root canal bacteria tested. Di Lenarda 
et al  and Scelza et al50  reported a minor 
or no difference in smear layer removal 
with citric acid and 15% EDTA. The use 
of 25% citric acid was found to be 
ineffective in eradication of biofilms of E 
faecalis after 1, 5, and 10 mins of 
exposure.51 In a recent study, Machado-
Silveiro et al52 measured the 
demineralization capability of 1% and 

10% citric acid, 10% sodium citrate, and 
17% EDTA during immersions of 5, 10, 
and 15 min on root canal dentine. Ten 
percent citric acid was more effective than 
1% citric acid, which was more effective 
than EDTA. Hariharan et al40 conducted 
an in vitro study to determine the efficacy 
of 5.25% NaOCl, 5.25 NaOCl + 10% 
EDTA, 6% citric acid and 2% 
chlorhexidine and saline (control) in 
removing the smear layer in primary teeth 
root canals after hand instrumentation. 
They showed the superior efficacy of 6% 
citric acid than the other tested irrigants on 
removing the smear layer in primary teeth. 
Both EDTA and citric acid can effectively 
remove the smear layer created during 
canal instrumentation. Although citric acid 
may also have an antibacterial effect, this 
has not been compared with other root 
canal disinfecting agents in in vitro or in 
vivo studies.8 

 

MTAD 
BioPure MTAD has been introduced to 
dentistry as a final irrigant for smear layer 
removal.53 MTAD has been proved to be 
effective in eliminating resistant 
microorganisms and providing sustained 
antimicrobial activity.54,54 Minimal 
erosion of intra-radicular dentin has been 
reported after final canal irrigation with 
MTAD.56 Torabinejad et al. developed a 
irrigant with combined chelating and 
antibacterial properties.53 MTAD (a 
mixture of tetracycline isomer, acid, and 
detergent, Biopure, Tulsa Dentsply, Tulsa 
OK, USA) is a new product in the quest 
for a better root canal irrigant, with a pH 
as low as 2.15.53 In their study, the above 
authors used this new irrigant, focusing on 
the removal of smear layer, 48 extracted 
single-rooted teeth were prepared by using 
passive stepback and rotary 0.04 taper 
NiTi files. Distilled water or 5.25% 
NaOCl was used for irrigation followed by 
a 5mL irrigation with one of the 
following: sterile distilled water, 5.25% 
NaOCl, 17% EDTA, or MTAD.  The 
results indicated that MTAD is an 
effective solution for the removal of the 
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smear layer and does not significantly 
change the structure of the dentinal 
tubules, when canals are first irrigated 
with NaOCl, followed by a final rinse of 
MTAD.53 MTAD is an irrigant solution 
with ingredients capable of disinfecting 
the dentin, removing the smear layer, 
opening the dentinal tubules and allowing 
the antibacterial agents to penetrate the 
entire root canal system.53  
In another study, the same group 
investigated the effect of various 
concentrations of sodium NaOCl as an 
intracanal irrigant before irrigation with 
MTAD as a final rinse on the smear layer. 
The results showed that MTAD removed 
most of the smear layer when used alone; 
however, remnants of the organic 
component of the smear layer could be 
detected on the root canal walls. There 
were no significant differences between 
the ability of 1.3%, 2.6%, and 5.25% 
NaOCl as root canal irrigants and MTAD 
as a final rinse to remove the smear layer. 
All combinations removed both the smear 
layer as well as the organic remnants. 
Therefore, it seems to be reasonable to use 
1.3% NaOCl during instrumentation, 
followed by MTAD to remove the smear 
layer.56 Beltz et al.57 compared the tissue-
solubilizing action of MTAD, NaOCl, and 
EDTA. MTAD solubilised dentine well, 
whereas organic pulp tissue was clearly 
more unaffected by it. Nara et al58 
compared the antimicrobial efficacy of 3% 
NaOCl, Biopure MTAD and Brazilian 
ethanolic extract of propolis (EEP) against 
Enterococcus faecalis. Their study 
concluded that MTAD was more effective 
than 3% NaOCl and propolis against E. 
Faecalis. Venkataram et al59 compare the 
effectiveness of chamomile 
hydroalcoholic extract, Biopure MTAD 
and 2.5 % sodium hypochlorite (NaOCl) 
on removal of the smear layer in the root 
canals of primary teeth. They concluded 
that the efficacy of chamomile to remove 
the smear layer was superior to 2.5 % 
NaOCl alone, but less effective than 
MTAD mixture In the MTAD preparation, 

the citric acid may serve to remove the 
smear layer, allowing doxycycline to enter 
the dentinal tubules and exert an 
antibacterial effect.56 The recently revised 
protocol for clinical use of MTAD advises 
an initial irrigation for 20 min with 1.3% 
NaOCl, followed by a 5-min final rinse 
with MTAD.56 

 

Other Irrigants  
H2O2 

Hydrogen peroxide was used for many 
years as an endodontic irrigant. H2O2 is a 
widely used biocide for disinfection and 
sterilization.60 It is a clear, colorless liquid 
that is used in a variety of concentrations 
in dentistry, ranging from 1% to 30%. 
When combined with sodium hypochlorite 
it creates effervescence, which was 
thought to facilitate debris removal. H2O2 
is active against viruses, bacteria, yeasts, 
and even bacterial spores.  It has greater 
activity against Gram positive than Gram-
negative bacteria. H2O2 produces 
hydroxyl free radicals (-OH), which attack 
several cell components such as proteins 
and DNA.60 In addition, the idea that 
peroxide acts as an oxidizing agent was 
extremely attractive to many dental 
professionals. Unfortunately, at high 
concentrations, hydrogen peroxide is not 
well tolerated in the body and might play a 
role in the development of cervical 
resorption. There is not a great deal of 
evidence supporting the use of hydrogen 
peroxide as an endodontic irrigant. 
 

Maleic acid 
Maleic acid is a mild organic acid used as 
an acid conditioner in adhesive dentistry.62  
Ballal et al. reported that final irrigation 
with 7% maleic acid for 1 min was more 
efficient than 17% EDTA in the removal 
of smear layer from the apical third of the 
root canal system.62 
 

Chlorine dioxide 
Chlorine dioxide has recently come under 
consideration as a possible root canal 
irrigant. It is reported to be tuberculocidal, 
bactericidal, virucidal, and fungicidal.  
Chlorine dioxide can be more effective as 
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a disinfectant when compared to sodium 
hypochlorite because HOCl-

(Hypochlorous acid) or OCl- (hypochlorite 
ions), two effective components of sodium 
hypochlorite, when come in contact with 
negatively charged bacterial cell wall 
might be repelled as both are negatively 
charged, thus causing less penetration and 
absorption of the disinfectant into the 
membranes, whereas chlorine dioxide 
irrigant, exists as gas in water, which 
enables it to permeate through bacterial 
cell membranes and bring about its 
destruction at a wide range of pH from 3 
to 9.63 Brian D et al concluded that 
chlorine dioxide is less cytotoxic as 
compared to Sodium hypochlorite.64 
Sodium hypochlorite reacts with natural 
organic matter to produce trihalomethanes 
and haloacetic acids both of which are 
animal carcinogens and suspected human 
carcinogens. Chlorine dioxide produces 
little or no trihalomethanes, and may be a 
better dental disinfectant than NaOCl.65 
Singh et al compared the dissolution 
efficacy of chlorine dioxide and sodium 
hypochlorite on human pulp tissue. They 
concluded that 5% Chlorine dioxide is 
capable of dissolving human pulp tissue 
but sodium hypochlorite was more 
effective.66 

 

Tetraclean 
Tetraclean is a mixture of doxycycline 
hyclate (at a lower concentration than in 
MTAD), an acid, and a detergent.53,67 It is 
recommended to be used as a final rinse 
after root canal preparation.67 It is similar 
to MTAD but with a reduced amount of 
doxycycline (50mg/5ml instead of 
150mg/5ml for MTAD), with 
polypropylene glycol (a surfactant), citric 
acid, and cetrimide. This substance is 
supposedly capable of eliminating all 
bacteria and smear layer from the root 
canal system when used as a final 
irrigation. It is able to eliminate 
microorganisms and smear layer in 
dentinal tubules of infected root canals 
with a final 5-min rinse. Comparison of 
antimicrobial efficacy of 5.25% NaOCl, 

MTAD, and Tetraclean® against E 
faecalis biofilm showed that only 5.25% 
NaOCl could consistently disgregate and 
remove the biofilm at every time interval. 
However, treatment with Tetraclean® 
caused a high degree of biofilm 
disgregation in every considered time 
interval (5, 30, and 60 min at 20°C) as 
compared with MTAD.68 

 

Smear clear 
Designed to remove the smear layer, 
SmearClear contains 17% EDTA solution 
along with centrimide and additional 
proprietary surfactants. These components 
aid in the removal of inorganic matter left 
in the canal during instrumentation. By 
removing the smearlayer and leaving the 
dentinal tubules clear of inorganic matter, 
a more effective seal may be facilitated. 
SmearClear has been recently launched as 
a 17% EDTA-based endodontic irrigant 
containing cetrimide and additional 
proprietary surfactants. This product is 
known to have been evaluated in only one 
in vitro study with permanent teeth,69 
which compared the efficacy of different 
root canal irrigants against Enterococcus 
faecalis biofilms. These authors found that 
SmearClear had greater efficacy than 
almost of them. These results may be 
attributed to the fact that SmearClear 
contains cetrimide, which is a quaternary 
ammonium compound and a cationic 
detergent that is effective against gram-
positive and gram-negative micro-
organisms.70 

 
Herbal Irrigants 
 

Triphala and Green tea polyphenols 
(GTP) 
Triphala is one of the well known Indian  
Ayurvedic herbal formulation consisting 
of dried and  powdered fruits of three 
medicinal plants namely  Terminalia 
Bellerica, Terminalia Chebula and 
Emblica Officinalis.71 Triphala achieved 
100% killing of E faecalis at 6 min. This 
may be attributed to its formulation, which 
contains three different medicinal plants in 
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equal proportions; in such formulations, 
different compounds may help enhance 
the potency of the active compounds, 
producing an additive or synergistic 
effect.71 Triphala contains fruits that are 
rich in citric acid, which may aid in 
removal of the smear layer. The 
polyphenols found in Green tea are more 
commonly known as flavanols or 
catechins. Green tea polyphenols have 
significant antioxidant, anticariogenic, an 
anti-inflammatory, thermogenic, probiotic 
and antimicrobial properties in numerous 
human, animal and in vitro studies.72 It 
can be used as an effective antiplaque 
angent because of its antioxidant 
properties and it can effectively inhibit the 
biofilm formation.73 An in vitro study 
conducted to evaluate the antimicrobial 
efficacy of Triphala, GTPs, MTAD, and 
5% Sodium Hypochlorite against E 
faecalis biofilm formed on tooth substrate 
showed maximum antibacterial activity 
with NaOCl and statistically significant 
antibacterial activity with Triphala, GTPs 
and MTAD.71 

 

Morinda Citrifolia (NONI) 
Morinda Citrifolia commercially known as 
Noni, is indigenous to tropical countries 
and is considered as and is indigenous to 
tropical countries and is considered as an 
important folk medicine. Its juice has a 
broad range of therapeutic effects 
including antibacterial, anti-inflammatory, 
antiviral, antitumor, antihelmenthic, 
analgesic, hypotensive, anti-inflammatory 
and immune enhancing effects. An invitro 
study compared the effectiveness of MCJ 
with NaOCl and CHX to remove the 
smear layer from the root canal walls of 
instrumented teeth. It was concluded that 
the efficacy of Morinda Citrifolia was 
similar to NaOCl in conjunction with 
EDTA as an intracanal irrigant. The 
antimicrobial activity of 2% CHX gel 
propolis, Morinda Citrifolia juice and 
Ca(OH)2 has been compared on E.faecalis 
infected root canal dentin at two different 
depths and three intervals. It was 

concluded that Propolis and Morinda 
Citrifolia were effective against E. faecalis 
in dentin on extracted teeth.74 Morinda 
Citrifolia appears to be the first juice to be 
identified as a possible alternative to the 
use of NaOCl as an intracanal irrigant. 

German chamomile and tea tree oil 
The German chamomile (Marticaria 
recutitia L.) has been used for centuries as 
a medicinal plant mostly for its anti-
inflammatory, analgesic, anti-microbial, 
antispasmic and sedative properties. 
German chamomile, in particular, is the 
most commonly used variety. Tea tree oil 
(Melaleuca alternifolia) as it is more 
commonly known, is a native Australian 
plant with many properties such as being 
an antiseptic, an antifungal agent and a 
mild solvent. Tea tree oil’s major active 
component is terpinen-4-ol(typically 30-
40%). This compound is responsible for 
its antibacterial and antifungal 
properties.75   
In order to avoid the undesirable effects of 
NaOCl, an SEM study was conducted 
using two medicinal plants i.e german 
chamomile extract and tea tree oil which 
might disinfect the root canal system with 
less toxicity when used as irrigants. It was 
concluded that the efficacy of chamomile 
to remove smear layer was superior to 
NaOCl alone but less than NaOCl 
combined with EDTA.76 

 

Conclusion 
During instrumentation canals should be 
irrigated using copious amounts of the 
NaOCl solution. Once the shaping 
procedure is completed, canals can be 
thoroughly rinsed using aqueous EDTA or 
citric acid. Generally each canal is rinsed 
for at least 1 min using 5 to 10 ml of the 
chelator irrigant. After the smear layer 
removal procedure, a final rinse with an 
antiseptic solution appears beneficial. 
Chlorhexidine appears to be the most 
promising agent for use as a final irrigant 
in this situation. It has an affinity for 
dental hard tissues and, once bound to a 
surface, it has prolonged antimicrobial 
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activity, a phenomenon called 
substantivity. After the introduction of 
MTAD irrigant, newer irrigating regimen 
followed was initial rinse with 1.3 % 
NaOCl for 20 min and followed by final 
rinse with MTAD for 5 min. Future 
research on irrigants needs to focus on 
finding a single irrigant that has tissue 
dissolving capacity, smear layer removal 
property, and antibacterial efficacy. 
 

References 
1. Pascon FM, Kantovitz KR, Puppin-

Rontani RM. Influence of cleansers and 
irrigation methods on primary and 
permanent root dentin permeability: a 
literature review. Braz J Oral Sci. 
2006;5:18. 

2. Hobson P. Pulp treatment of deciduous 
teeth & Factors affecting diagnosis and 
treatment. Br Dent J 1970;128:232-8. 

3. Oguntebi BR. Dentine tubule infection 
and endodontic therapy implications. 
Int Endod J 1994;27: 218-22. 

4. Cobankara FK, Adanr N, Belli S. 
Evaluation of the influence of smear 
layer on the apical and coronal sealing 
ability of two sealers. J Endod. 
2004;30:406-9. 

5. Willians CECS, Reid JS, Sharkey SW, 
Saunders WP. In vitro measurement of 
apically extruded irrigant in primary 
molars. Int Endod J. 1995;28:221-5. 

6. Pashley DH. Dynamics of the pulpo-
dentin complex. Review. Crit Rev Oral 
Biol Med 1996: 7: 104–133. 

7. Bergenholtz G. Pathogenic 
mechanisms in pulpal disease. J Endod 
1990: 16: 98–101. 

8. Haapasalo M, Endal U, Zandi H, 
Jeffrey M. Coil. Eradication of 
endodontic infection by instru-
mentation and irrigation solutions. 
Endodontic Topics 2005; 10: 77–102. 

9. Zehnder M. Root Canal Irrigants. J 
Endod 2006;32:389-98. 

10. Alacan A. The effect of various 
irrigants on the adaptation of paste 
filling in primary teeth.   J Clin 
Pediatr Dent. 1992;16:243-6. 

11. Esterla C, Cyntia RA. Esterla, Barbin 
EL. Mechanism of action of sodium 
hypochlorite. Braz Dent J 
2002;13:113-7. 

12. Mcdonnell G, Russell D. Antiseptics 
and disinfectants: activity, action, and 
resistance. Clin Microbiol Rev 1999: 
12: 147–179. 

13. Zehnder M, Kosicki D, Luder H, 
Sener B, Waltimo T. Tissue-dissolving 
capacity and antibacterial effect of 
buffered and unbuffered hypochlorite 
solutions. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 2002:94: 
756–62. 

14. Waltimo TM, Ørstavik D, Siren EK, 
Haapasalo MP. Invitro susceptibility 
of Candida albicans to four 
disinfectants and their combinations. 
Int Endod J 1999: 32: 421–429 

15. Vianna ME, Gomes BP, Berber VB, 
Zaia AA, Ferraz CC, de Souza-Filho 
FJ. In vitro evaluation of the 
antimicrobial activity of chlorhexidine 
and sodium hypochlorite. Oral Surg 
Oral Med Oral Pathol Oral Radiol 
Endod 2004: 97: 79–84. 

16. Harrison JW, Hand RE. The effect of 
dilution and organic matter on the 
antibacterial property of 5.25% 
sodium hypochlorite. J Endod 
1981;7:128-32. 

17. Hand RE, Smith ML. Analysis of the 
effect of dilution on the necrotic tissue 
dissolution property of sodium 
hypochlorite. J Endod 1978;2:60-4. 

18. Sirtes G, Waltimo T, Schaetzle M, 
Zehnder M. The effects of temperature 
on sodium hypochlorite short-term 
stability, pulp dissolution capacity and 
antimicrobial efficacy. J Endod 
2005;31:669-71. 

19. Paragliola R, Franco V, Fabiani C. 
Final Rinse Optimization: Influence of 
Different Agitation Protocols. J Endod 
2010;36:282-5. 

20. Spa°ngberg L, Engstro¨m B, 
Langeland K. Biologic effects of 
dental materials. 3. Toxicity and 
antimicrobial effect of endodontic 



Kaur R et al. Irrigating Solutions. 

113 

 

                          Journal of Advanced Medical and Dental Sciences Research |Vol. 2|Issue 2| April-June 2014 

antiseptics in vitro. Oral Surg Oral 
Med Oral Pathol 1973: 36: 856–871. 

21. McComb D, Smith DC, Beagrie GS. 
The results of in vivo endodontic 
chemomechanical instrumentation: a 
scanning electron microscopic study. J 
Br Endod Soc 1976: 9: 11–18. 

22. Pashley EL, Birdsong NL, Bowman K, 
Pashley DH. Cytotoxic effects of 
NaOCl on vital tissue. J Endod 1985: 
11: 525–528. 

23. Chang YC, Huang FM, Tai KW, 
Chou MY. The effect of sodium 
hypochlorite and chlorhexidine on 
cultured human periodontal ligament 
cells. Oral Surg Oral Med            Oral 
Pathol Oral Radiol Endod 2001: 92: 
446–450. 

24. Russell AD. Activity of biocides 
against mycobacteria. J Appl Bacteriol 
Symp 1996: 81(Suppl): 87S–101S. 

25. Shaker LA, Dancer BN, Russell AD, 
Furr JR. Emergence and development 
of chlorhexidine resistance during 
sporulation of Bacillus subtilis 168. 
FEMS Microbiol Lett 1988: 51: 73–
76. 

26. Leonardo MR, Tanomaru Filho M, 
Silva LAB, Nelson Filho P, Bonifácio 
KC, Ito IY. In vivo antimicrobial 
activity of 2% chlorhexidine used as a 
root canal irrigating solution. J Endod 
1999;25:167-171. 

27.  Heling I, Chandler NP. Antimicrobial 
effect of irrigant combinations within 
dentinal tubules. Int Endod J 1998: 31: 
8–14. 

28. Vahdaty A, Pitt Ford TR, Wilson RF. 
Efficacy of chlorhexidine in 
disinfecting dentinal tubules in vitro. 
Endod Dent Traumatol 1993;9: 243–8. 

29. Buck RA, Eleazer PD, Staat RH, 
Scheetz JP. Effectiveness of three 
endodontic irrigants at various 
Eradication of endodontic infection 
tubular depths in human dentin. J 
Endod 2001: 27:206–208. 

30. Vahdaty A, Pitt Ford TR, Wilson RF. 
Efficacy of chlorhexidine in 

disinfecting dentintubules in vitro. 
Endod Dent Traumatol. 1993;9:243-8. 

31. Oncag O, Hosgor M, Hilmioglu S, 
Zekioglu O, Eronat C, Burhanoglu D. 
Comparison of antibacterial and toxic 
effects of various root canal irrigants. 
Int Endod J 2003;36:423-32. 

32. Gomes BPFA, Ferraz CCR, Vianna 
ME, Berber VB, Teixeira FB. In vitro 
antimicrobial activity of several 
concentrations of sodium hypochlorite 
and chlorhexidine gluconate in the 
elimination of Enterococcus faecalis. 
Int Endod J. 2001;34:424-8. 

33. Johnson WT, Noblett WC. Cleaning 
and Shaping in: Endodontics: 
Principles and Practice. 4th ed. 

34. Calt S, Serpen A. Smear layer removal 
by EGTA.J ENdod. 2000; 26: 459-61. 

35.  Saunders, Philadelphia, PA, 2009. 
Czonstkowsky M, Wilson EG, 
Holstein FA. The smear layer in 
endodontics. Dent Clin North Am 
1990: 34: 13–25. 

36. Von Der Fehr FR, Nygaard Östby B. 
Effect of EDTAC and sulfuric acid on 
root canal dentine. Oral Surg Oral 
Med Oral Pathol 1963;16:199-205. 

37. Niu W, Yoshioka T, Kobayashi C. A 
scanning electron microscopic study of 
dentinal erosion by final irrigation 
with EDTA and NaOCl sol. Int Endod 
J 2002: 35: 934–939. 

38. Saito K, Webb TD, Imamura GM. 
Effect of Shortened Irrigation Times 
with 17% Ethylene diamine tetra-
acetic acid on smear layer removal 
after rotary canal instrumentation. J 
Endod 2008; 34:1011-4. 

39. Sudha R, Sukumaran VR, 
Ranganathan J, Bharadwaj N. 
Comparative evaluation of the effect 
of two different concentrations of 
EDTA at two different PH and time 
periods on root dentin. J cons dent 
2006;9:36-42. 

40. Hariharan VS, Nandlal B, Srilatha KT. 
Efficacy of various root canal irrigants 
on removal of smear layer in the 
primary root canals after hand 



Kaur R et al. Irrigating Solutions. 

114 

 

                          Journal of Advanced Medical and Dental Sciences Research |Vol. 2|Issue 2| April-June 2014 

instrumentation: A scanning electron 
microscopy study. J Indian Soc Pedod 
Prev Dent 2010;28:271-7. 

41. Sumikawa DA, Marshall GW, Gee L, 
Marshall SJ. Microstructure of 
primary tooth dentin. Pediatr Dent 
1999; 21: 439-44. 

42. Pitoni CM, Figueiredo MC, Araújo 
FB, Souza MA. 
Ethylenediaminetetraacetic acid and 
Citric acid   solutions for smear layer 
removal in primary tooth root canals. J 
Dent Child 2011;78(3):131-7 

43. Loel DA. Use of acid cleanser in 
endodontic therapy. J Am Dent Assoc 
1975: 90: 148–151. 

44. Baumgartner JC, Brown CM, Mader 
CL, Peters DD, Shulman JD. A 
scanning electron microscopic 
evaluation of root canal debridement 
using saline, sodium hypochlorite, and 
citric acid. J Endod 1984:10:525–531. 

45. Smith J, Wayman B. An evaluation of 
the antimicrobial effect of citric acid 
as root canal irrigants. J Endod 
1986;12:54-8 

46. Sceiza MF, Daniel RL, Santos EM, 
Jaeger MM. Cytotoxic effects of 10% 
citric acid and EDTA-T used as root 
canal irrigants: An In vitro Analysis. J 
Endod 2001;7:741-3. 

47. Malheiros CF, Marques MM, Gavini 
G. In vitro evaluation of the cytotoxic 
effects of acid solutions used as canal 
irrigants. J Endod 2005;31:746-8. 

48. Gutmann JL, Saunders WP, Nguyen L, 
Guo IY, Saunders EM. Ultrasonic 
root-end preparation. SEM analysis. 
Int Endod J 1994: 27: 318–324. 

49. Yamaguchi M, Yoshida K, Suzuki R, 
Nakamura H. Root canal irrigation 
with citric acid solution. J Endod 
1996: 22: 27–29. 

50. Di Lenarda R, Cadenaro M, Sbaizero 
O. Effectiveness of 1 mol L-1 citric 
acid and 15% EDTA irrigation on 
smear layer removal. Int Endod J 
2000: 33: 46–52. 

51. Moliz MT, Luque CM, García ME, 
Baca P. Enterococcus faecalis 

Biofilms eradication by root canal 
irrigants. J Endod 2009;35:711-4. 

52. Machado-Silveiro LF, Gonzalez-
Lopez S, Gonzalez- Rodriguez MP. 
Decalcification of root canal dentine 
by citric acid, EDTA and sodium 
citrate. Int Endod J 2004: 37: 365–369. 

53. Torabinejad M, Khademi AA, 
Babagoli J, Cho Y, Johnson WB, 
Bozhilov K, et al. A new solution for 
the removal of smear layer. J Endod 
2003:29;170-5. 

54. Newberry BM, Shabahang S, Johnson 
N, Aprecio RM, Torabinejad M. The 
antimicrobial effect of biopure MTAD 
on eight strains of Enterococcus 
faecalis: an in vitro investigation. J 
Endod 2007;33:1352- 1354. 

55. Shabahang S, Torabinejad M. Effect 
of MTAD on Enterococcus faecalis-
contaminated root canals of extracted 
human teeth. J Endod 2003; 29, 576-
579. 

56. Torabinejad M, Cho Y, Khademi AA, 
Bakland LK, Shabahang S. The effect 
of various concentrations of sodium 
hypochlorite on the ability of MTAD 
to remove the smear layer. J Endod 
2003: 29: 233–239. 

57. Beltz RE, Torabinejad M, Pouresmail 
M. Quantitative analysis of the 
solubilizing action of MTAD, NaOCl, 
and EDTA on bovine pulp and dentin. 
J Endod 2003:29: 334–7. 

58. Nara A, Dhanu, Chandra P, 
Anandakrishna L, Dhananjaya. 
Comparative Evaluation of 
antimicrobial efficacy of MTAD, 3% 
NaOCl and Propolis against E 
Faecalis.  

59. Venkataram V, Gokhale ST, 
Kenchappa M, Nagarajappa R. 
Effectiveness of chamomile (MTAD 
and sodium hypochlorite irrigants on 
smear layer. Eur Arch Paediatr Dent 
2013; 14:247–252. 

60. Mcdonnell G, Russell D. Antiseptics 
and disinfectants: activity, action, and 
resistance. Clin Microbiol Rev 1999: 
12: 147–179. 



Kaur R et al. Irrigating Solutions. 

115 

 

                          Journal of Advanced Medical and Dental Sciences Research |Vol. 2|Issue 2| April-June 2014 

61. Block SS. Peroxygen compounds. In: 
Block SS, ed. Disinfection, 
Sterilization, and Preservation, 4th 
edn. Philadelphia, PA: Lea & Febiger, 
1991: 167–181. 

62. Ballal NV, Kandian S, Mala K, Bhat 
KS. Comparison of the efficacy of 
maleic acid and 
ethylenediaminetetraacetic acid in 
smear layer removal from 
instrumented human root canal: A 
Scanning Electron Microscopic Study. 
J Endod 2009;35:1573-6. 

63. Conference Paper. Deininger R, 
Ancheta A, Ziegler A. Chlorine 
dioxide. In: Paper presented at the 
PAN AmericanHealth Organization 
(PAHO) Symposium:Water Quality: 
Effective Disinfection (1998). Also 
Available from 
http://www.bvsd.ops.oms.org.  

64. Barnhart BD, Chuang A, Lucca JJ, 
Roberts S, Liewehr F, Joyce AP. An in 
vitro evaluation of the cytotoxicity of 
various endodontic irrigants on human 
gingival fibroblasts. J Endod. 
2005;31:613-616. 

65. Nishikiori R, Nomura Y, Sawajiri M, 
Masuki K, Hirata I, Okazaki M. 
Influence of chlorine dioxide on cell 
death and cell cycle of human gingival 
fibroblasts. J Dent. 2008;36:993-998. 

66. Singh S, Sinha R, Kar SK, Ather A, 
Limaye N. Effect of chlorine dioxide 
and sodium hypochlorite on the 
dissolution of human pulp tissue An in 
vitro study  

67. Giardino L, Ambu E, Becce C, 
Rimondini L, Moora M. Surface 
tension comparison of four common 
root canal irrigants and two new 
irrigantscontaining antibiotic. J Endod 
2006;32:1091-3.  

68. Giardino L, Ambu E, Savoldi E, 
Rimondini R, Cassanelli C, Debbia 
EA. Comparative evaluation of 
antimicrobial efficacy of sodium 
hypochlorite, mtad, and tetraclean 

against Enterococcus faecalis biofilm. 
J Endod 2007;33:852-5. 

69. Dunavant TR, Regan JD, Glickman 
GN, Solomon ES, Honeyman AL. 
Comparative evaluation of endodontic 
irrigants against Enterococcus faecalis 
biofilms. J Endod 2006;32:527-31. 

70. D’Arcangelo C, Varvara G, De Fazio 
P. An evaluation of the action of 
different root canal irrigants on 
facultative aerobic-anaerobic, obligate 
anaerobic, and microaerophilic 
bacteria. J Endod 1999;25:351-3. 

71. J.Prabhakar, M.Senthikumar, 
M.S.Priya et.al. Evaluation of 
Antimicrobial Efficacy of Herbal 
Alternatives (Triphala and Green Tea 
Polyphenols), MTAD, and 5% Sodium 
Hypochlorite against Enterococcus 
faecalis Biofilm Formed on Tooth 
Substrate: An In Vitro Study. J Endod 
2010;36:83-86. 

72. Pulok K. Mukherjee, Sujay Rai, 
Sauvik Bhattacharyya et.al. Clinical 
study of ‘Triphala’- A Well Known 
Phytomedicine from India. IJPT 
2006;5:51-4. 

73. L. Jagadish, V.K. Anand kumar, V. 
Kaviyarasan. Effect of Triphala on 
dental bio-film. Indian J.Sci.Technol. 
2009;2:30-3. 

74. Ferreira FA, Torres SA, da Silva R. 
Antimicrobial effect of propolis and 
other substances against selected 
endodontic pathogens. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod 
2007; 104:709-16. 

75. Parle M, Bansal N. Herbal medicines: 
Are they safe? –Natural Product 
Radiance 2006;5: 6-14. 

76. Lahijani MS, Kateb HR, Heady R.The 
effect of German chamomile 
(Marticaria recutitia L.) extract and tea 
tree (Melaleuca alternifolia L.) oil 
used as irrigants on removal of smear 
layer: a scanning electron microscopy 
study. Int Endod J 2006;39:190-95. 

 
Source of support: Nil       Conflict of interest: None declared 
 


