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Introduction

Abstract

The goal of endodontic treatment is to remove all the vital and
necrotic tissues, microorganisms and microbial byproducts from root
canal system. This goal can be achieved through chemical and
mechanical debridement of root canals. This article narrates the
specifics and requirements of the irrigation solutions. Sodium
hypochlorite is proposed as the primary irrigant by virtue of its
organic tissue dissolution capacity and broad antimicrobial properties.
On the other hand, chelation solutions are recommended as auxiliary
solutions to remove the smear layer or to hinder its formation on
dentin surface. Thus, it's hoped that sealers and root canal fillers can
penetrate to dentin tubules and obturate the canals hermetically.
There are new studies on traditional irrigants especially on some
irrigants that can replace sodium hypoclorite. This article reviews the
new irrigants which can be used in future endodontic practice, and
their advantages and limitations. Moreover, actions and interactions
of recently used irrigants are adverted.
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Root canals are usually shaped under constant
irrigation with hand instruments and rotary systems
(1). In a study of micro-CT images obtained before
and after root canal shaping, 35% or more of the

The goal of endodontic treatment is to
remove all vital and necrotic  tissues,
microorganisms, and microbial byproducts from the
root canal system. This goal can be accomplished by
chemical and mechanical cleaning of the root canal
system. The anatomy of the root canal system is
extremely complex and variable, and effective
cleaning and disinfection are not always possible.
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root canal surface (including the isthmus) was found
to be untouched, regardless of the canal preparation
technique. Therefore, the importance of irrigation
and the complete disinfection of root canals has
been emphasized (2). In addition, irrigation
solutions should aid removal of the smear layer. As
no single solution has all of the desired properties, a
combination of two or more solutions is required for
safe and effective irrigation.
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Properties of an ideal irrigant are: (3, 4).

e Bactericidal, germicidal, and fungicidal
effects

e Ability to serve as a lubricant during
instrumentation

e Ability to dissolve organic dentinal tissues

(pulp tissue, collagen, and biofilm)

Ability to dissolve inorganic dentinal tissues

No irritation of periapical tissues

Solution stability

Prolonged and

activity after use

e Activity in an environment in which blood,

serum, and tissue protein products are

present

Ability to remove the smear layer completely

Low surface tension

Disinfection of dentin and dentinal tubules

No interference with periapical tissue

healing

No staining of tooth tissues

¢ No weakening of tooth tissues

e No triggering of a cell-mediated immune
response

¢ No antigenic, toxic, or carcinogenic effect on
the peripheral tissue cells of the tooth

¢ No negative effect on the physical properties
of the exposed dentin

¢ No negative effect on the sealing abilities of
sealers

e Ease of application and low cost

e Long shelf life.

sustainable antibacterial

Sodium Hypochlorite (NaOCI)

NaOCl is the most widely used irrigation
solution. It is ideal compared with other irrigation
solutions because it is the only solution that
possesses most required properties. The first
chemically produced liquid chlorine solution was
potassium hypochlorite, discovered in France by
Berthollet (1748-1822). The chemist Labarraque
(1777-1850) proposed the use of NaOCl for the
prevention of puerperium and other infectious
diseases (5).

Based on controlled laboratory studies
conducted by Koch and Pasteur, the use of NaOClI as
a disinfectant became extremely widespread in the
late 19" century. During World War I, the chemist
Henry Drysdale Dakin and the surgeon Alexis Carrel
used buffered 0.5% NaOCl to wash and disinfect
infected wounds, based on Dakin's study of the
effectiveness of different solutions on infected
necrotic tissues (5, 6).
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NaOCl has a broad antibacterial spectrum
and is sporicidal and viricidal. Its tissue-dissolving
activity is greater for necrotic tissue than for vital
tissue. These valuable properties have encouraged
the use of liquid NaOCI as a basic irrigation solution
in endodontics since the early 1920s (5).

Pécora et al have shown that when NaOCl is
in a reaction with water, it reaches a dynamic
equilibrium as shown below (7).

NaOCl + H20 « NaOH + HOC| < Na* + OH + H*
+ OCI

NaOCI reacts with organic tissue, resulting in
saponification, amino acid neutralization, and
chloramine reactions. Owing to its solvent effect on
necrotic tissues, NaOCl has become the most widely
used irrigation solution in endodontics (8). However,
the appropriate concentration for NaOCl solutions
used in endodontics is a matter of much debate.

Organic matter (inflammatory exudate,
tissue residue, and microbial mass) in root canals
reduces the effect of NaOCI. High concentrations of
NaOCl have better tissue-dissolving effects. Low
concentrations used in high volumes have potency
equivalent to that of high concentrations (9). In
addition, higher concentrations of NaOCl are more
toxic than lower concentrations (10).

As the anatomy of the root canal system
enables limited application to the root alone, NaOCI
can be wused safely and reliably in high
concentrations during root canal treatment if it is not
introduced into the periapical tissues. The
achievement of NaOCI contact with all canal surfaces
for an optimal duration is much more important than
the NaOCI concentration (11).

The necrotic tissue-dissolving property of
NaOCl is unique (11). Its activity increases with the
concentration, temperature, and duration of
application (12). When NaOCl is used as the first
irrigant, its dentinal organic tissue-dissolving effect
is not very strong, as hydroxyapatite in the smear
layer covers the collagen surface. However, when a
decalcifying agent is used prior to NaOCl,
hydroxyapatite dissolves readily and the underlying
collagen fibrils become clear. When NaOClI is used in
this stage, it acts directly on collagen, leading to the
rapid destruction of collagen in the superficial dentin
(13). After chemomechanical preparation, erosion of
the dentin has been demonstrated when irrigation
with  NaOCl is followed by the wuse of
ethylenediaminetetraacetic acid (EDTA) or citric acid
(CA) (14).

The tissue-dissolving capacity of NaOCl
solutions can be increased by increasing the solution
temperature, by ultrasonic activation, and by
prolongation of the working time (5). One of the
most frequently used methods of increasing activity
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is to increase the temperature of a low-
concentration NaOCI solution. The tissue-dissolving
capacity of a 1% NaOCI solution at 45°C was found
to be equivalent to that of a 5.25% solution at 20°C.
In addition, the systemic toxicity of heated low-
density NaOCl solutions is less than that of
unheated, higher-concentration ones (15).

The antibacterial and tissue-dissolving
effects of a 5.25% NaOCI solution are diminished
when the solution is diluted (15). When NaOCI is
mixed with water, the following reaction occurs:
NaOCl + H.0 — NaOH + HOCI (hypochlorous acid)
[1.]

The hypochlorous acid in aqueous solution
dissolves to hypochlorite anion (OCI'):

HOCl <~ H + OCI [2.]

Hypochlorous acid (HOCI) is a stronger
oxidant than the hypochlorite ion (OCI~). The
dissociation of HOCI depends on pH [2.reaction]. A
balance exists between HOCI and OCI~. HOCI has a
germicidal effect. At a pH of 10, essentially all
chlorine is OCl~; at a pH of 4.5, all chlorine is HOCI.
The disinfecting properties of hypochlorite solutions
decrease with increasing pH, whereas their
antimicrobial efficacy increases with decreasing
pH.'> Moorer and Wesselink found that mechanical
agitation with NaOCl is very important for the
generation of a tissue-dissolving effect (9).
Ultrasonic agitation increased the activity of a 5%
NaOCI solution in the apical third of the root canal
wall (16). When NaOCl is activated with an
ultrasonic device, it must be used after the
completion of root canal preparation.

Compared with a device that contacts the
root canal wall, a device that oscillates freely has
more ultrasonic effects on the irrigation solution
(17). The use of NaOCI for irrigation was found to
reduce the bond strength between the adhesive
system and the dentinal wall. NaOCl is thought to
remove collagen fibrils from the dentin surface,
thereby inhibiting the formation of the hybrid layer,
as required to achieve a dentin—adhesive link (18).

Interactions of NaOCI

The reaction between NaOCl and
chlorhexidine (CHX) produces para-chloroaniline
(PCA), which is carcinogenic. This reaction product
covers the surfaces of root canals, blocking the
dentinal tubules and compromising the root canal
seal (19).

With the aim of reducing PCA formation,
Mortenson et al. investigated the use of an
alternative intermediate irrigation solution in root
canal treatment. They found that CA led to less PCA
formation than did sterile saline or EDTA (20).
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Grawehr et al. found that a solution of EDTA
mixed with NaOClI retained calcium-binding capacity,
but showed a sudden and rapid decrease in the
amount of chlorine in NaOCI, significantly reducing
the ability of NaOCI to degrade tissue (21). Many
mishaps, such as the splashing of NaOCl into the
patient's or dentist's eye, damaging of the patient's
clothes, extrusion of NaOCl beyond the apical
foramen, inadvertent injection of irrigants instead of
anesthesia, or allergic reaction to the irrigation
solution, can occur during root canal treatment (22).
However, NaOCl solutions are inexpensive and easy
to use, and they have a long shelf life (23).

Ethylenediaminetetraacetic Acid (EDTA)

Complete cleaning of the root canal system
requires the combined use of organic and inorganic
tissue-dissolving irrigation solutions. As NaOCl
effectively dissolves only organic tissue, other
solutions should be used to remove the smear layer
and debris from the root canal system. The use of
demineralizing agents, such as EDTA and CA, as
auxiliary solutions during root canal treatment is
recommended. In 1957, Nygaart-Ostby proposed
the use of chelating agents to aid in the preparation
of narrow and calcified root canals. The first
recommended EDTA solution had a concentration of
15% and a pH of 7.3 (24, 25).

EDTA is used most commonly as a 17%
neutralized solution. The solution reacts with the
calcium ions in the dentin and forms soluble calcium
chelates. Decalcification is a self-limiting process
that eventually stops due to the lack of a chelator
that will react quickly enough (26).

Calt and Serper showed that 1 min irrigation
with 10 ml of 17% EDTA solution effectively
removed the smear layer from the canal wall. They
observed that dentin demineralization increased with
the contact time, the EDTA concentration (from
10% to 17%), and the pH (from 7.5 to 9) (27).

The ultrasonic application of 17% EDTA for
1 min is very effective for removal of the smear
layer, especially from the apical third of the root,
and the continuous use of liquid EDTA during root
canal treatment is recommended (28). Under normal
conditions, CHX solutions are insoluble in EDTA. The
resulting precipitate is a salt formed by electrostatic
neutralization of the cationic CHX by the anionic
EDTA.

The ionic equation is:

2HEDTA3 (aq) + 3H2CHX?* (aq) <> (HEDTA)2(H2CHX)3
(S
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The clinical implications of this precipitate
are not known widely. It is known to reduce the
ability of EDTA to remove the smear layer (29).

Citric Acid (CA)

CA is also available on the market and is
used at concentrations ranging from 1% to 50%.
The use of 10% CA as a final irrigation solution
yielded very good results in terms of smear layer
removal (30). CA has shown slightly better
performance than EDTA at similar concentrations,
although both solutions are highly effective in
removing the smear layer from root canal walls (31).
In vitro studies have provided insight into the
cytotoxicity of chelators. A 10% CA solution was
proven to be more biocompatible than a 17% EDTA
solution (32). In one study, a 25% CA solution failed
to destroy Enterococcus faecalis biofilms in 1-, 5-,
and 10-min applications (33).

Hydroxyethylidene Bisphosphonate
(HEBP)

HEBP, also known as etidronic acid or
etidronate, is a decalcifying agent that has little
interaction with NaOCl. It has been proposed as an
alternative to EDTA or CA (31). HEBP prevents bone
resorption, and thus is used as a systemic drug in
the treatment of osteoporosis and Paget's disease
(34). However, additional studies are needed to
determine whether this solution improves or
shortens the duration of endodontic irrigation.
Demineralization with 9% or 18% HEBP is slower
than that with 17% EDTA (35).

Chlorhexidine (CHX)

CHX is a powerful antiseptic used commonly
for the chemical control of plaque in the oral cavity.
Whereas 0.1%-0.2% aqueous solutions are used as
mouthwash, a 2% concentration is used for root
canal irrigation in endodontic treatment. The
antimicrobial activity of CHX depends on the
achievement of an optimal pH (5.5-7) (38). CHX is
bacteriostatic at lower concentrations and
bactericidal at higher concentrations (39).

CHX is active against Gram-positive and
Gram-negative bacteria, bacterial spores, lipophilic
viruses, yeast, fungi, and dermatophytes (40). As
with other endodontic disinfectants, however, these
effects are greatly reduced in the presence of
organic matter, as the activity of CHX is dependent
on pH (38). Although CHX Kills bacteria, it is
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ineffective in removing biofilm and other organic
substances (19). A 2% solution of CHX is
appropriate to achieve the desired maximal
antibacterial effect at the end of chemomechanical
preparation. This solution is used commonly as an
intracanal medicament with calcium hydroxide
(Ca(0OH)2) (41).

One reason for the widespread use of CHX is
its prolonged antibacterial effect; CHX binds to hard
tissues and maintains its antimicrobial action. This
effect is due to the number of CHX molecules
interacting with dentin (42). White et al. reported
that the effect of 2% CHX persisted for 72 h to 12
weeks (43). The main disadvantage of CHX is the
lack of tissue solubility (44).

CHX is a broad-spectrum  matrix
metalloproteinase (MMP) inhibitor (anticollagenolytic
effect). Attachment of CHX to the dentin surface
increases resin infiltration into the dentinal tubules,
thereby increasing the bond strength (45).

The toxic potency of CHX depends on the
size and structure of the region exposed to it.
Although CHX does not cause long-term damage to
host tissues, it can cause an inflammatory response
if it is extruded from root canals or injected
inadvertently (46).

CHX has several rarely occurring side
effects, such as desquamative gingivitis, dental and
oral pigmentation, and disgusting (bad-metallic taste
in the mouth) (42). The heating of a low-
concentration CHX  solution increases total
antimicrobial efficacy while maintaining low systemic
toxicity (47). CHX can be used in the disinfection of
gutta percha. The addition of surface-active agents
to a CHX product (CHX-Plus) reduces the surface
tension, significantly increasing the activity against
bacteria and biofilms. However, no study has
examined complications that may arise when an
irrigation solution with surfactant overflows from the
periapical tissues in clinical practice (48).

QMix is an irrigation solution developed for
use in the final root canal cleaning. A combination of
CHX with an added surfactant and EDTA is used to
increase penetration to the dentinal tubules (4, 49).

Mixture of Tetracycline Isomer, Acid, and
Detergent (MTAD)

Torabinejad et al. introduced a combination
of 3% doxycycline, 4.25% CA, and detergent
(Tween-80) as an alternative to EDTA with the aim
of improving smear layer removal. This mixture acts
as a chelator and has antimicrobial activity. As it has
no organic tissue-dissolving effect, its use after
NaOCl at the end of chemomechanical preparation is
recommended (49).
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MTAD is a mixture of three substances
expected to affect bacteria synergistically (50). Its
bactericidal effect on E£. faecalis biofilm is less than
that of NaOCI solution at concentrations of 1%—-6%.
The CA in the MTAD solution enables smear layer
removal and allows doxycycline to enter the dentinal
tubules and exert antibacterial effects (51). In a
canal filled with AH Plus and gutta percha, the use
of MTAD as a final irrigation solution significantly
reduces bond strength compared with the use of
EDTA (52). When MTAD is used instead of EDTA,
resistance to tetracycline can develop in bacteria
isolated from root canals (53).

Generally, the use of antibiotics instead of
biocides, such as NaOCl and CHX, is not
recommended because antibiotics have been
developed for systemic use, rather than for local
wound healing, and they have a narrower spectrum
than do biocides (54).

Tetraclean

Like MTAD, Tetraclean (Ogna Laboratori
Farmaceutici, Muggio (Mi), Italy) is a mixture of CA,
doxycycline (at a lower concentration than MTAD),
and detergent. The concentration of antibiotic
(doxycycline-50 mg / ml) and the type of detergent
(propylene glycol) differ from those in MTAD.
Tetraclean does not dissolve organic tissue, and its
use after NaOCl at the end of chemomechanical
preparation is recommended (49, 55).

Tetraclean exhibits high activity against
anaerobic and facultative anaerobic bacteria.
Compared with MTAD, Tetraclean is more effective
against planktonic cultures of £. faecalis and in vitro
biofilms composed of mixed species (56).

Maleic Acid (MA)

MA is a mild organic acid used to roughen
enamel and dentin surfaces in adhesive dentistry
(57). It removes the smear layer effectively at
concentrations of 5% and 7%. In addition, when
used at concentrations of 10% or higher, it causes
demineralization and erosion of the root canal wall.
Ballal et al. reported that 1 min application of 7%
MA as the final irrigation agent removed the smear
layer more effectively than did 1 min irrigation with
17% EDTA, especially in the apical third of the root
canal system (57).

Compared with 17% EDTA, 7% MA has
been reported to cause more surface roughening of
root canal walls. However, before routine clinical
endodontic use, the effects of MA on periapical
tissues, its biocompatibility, and appropriate usage
techniques need to be investigated (58).
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Chlorine Dioxide (CIO)

Patients use ClIO2, which is chemically similar
to NaOCl and chlorine, as a whitening agent in their
homes. An in vitro study showed that the organic
tissue-dissolving capacities of NaOCl and ClO2 were
similar (59).

Silver Diamine Fluoride

A 3.8% silver diamine fluoride (Ag[NHs]zF)
solution was developed for use as an irrigation
solution in root canal treatment. This solution is the
1:10-diluted form of the original 38% solution of
Ag[NHs]2F, which was developed for the treatment
of root canal infection (60).

Triclosan and Gantrez

Triclosan is a Gram-positive and Gram-
negative bactericide, as well as a broad-spectrum
agent effective against fungi and viruses. Nudera et
al. investigated the minimum inhibitory and bacterial
concentrations of triclosan and triclosan with
Gantrez against Prevotella intermedia,
Fusobacterium nucleatum, Actinomyces naesiundli,
Porphyromonas gingivalis, and E. faecalis. The
addition of Gantrez to triclosan increased bacterial
activity. Both preparations showed bactericidal
activity against the five major endodontic pathogens
examined (61, 62).

Herbal Alternatives

Many plant species have been tested to
determine their abilities to disinfect the root canal
system in root canal treatment. Root canal
disinfection with propolis, miswak, neem tree,
Morinda citrifolia (MC), Myrtus communis, Myristica
fragrance, turmeric, chamomile, babool, garlic, aloe
vera, triphala, green tea polyphenols (GTP), and
other terrestrial plant products has been attempted.
The main advantages of the use of herbal
alternatives in root canal treatment are that the
products are easy to acquire and inexpensive, have
long shelf lives and low toxicity, and cause no
microbial resistance (63, 64). The most commonly
used alternatives include the following.

Triphala: Triphala is a plant blend created by drying
and pulverizing the fruit of three plants (termina
bellerica, termina chebula, and emblica officinalis)
used for medicinal purposes. Triphala kills 100% of
E. faecalis within 6 min. When used at different
rates, its effects can be increased synergistically.
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Triphala contains fruit rich in CA, which can aid
smear layer removal (65).

Green Tea Polyphenols (GTP): GTP are derived
from fresh leaves of tea (Camellia sinensis), an
important component of traditional Japanese and
Chinese cultures. They have shown significant
antibacterial activity in £. faecalis biofilms grown on
dental culture, killing £. faecalis completely within 6
min (65, 66).

Morinda Citrifolia (MC): MC (noni fruit) has a

wide range of therapeutic effects, such as
antibacterial, antiviral, antifungal, antitumor,
antihelminthic,  analgesic,  hypotensive,  anti-

inflammatory, and immune-developmental effects
(67, 68). MC contains L-asperuloside and alizarin,
which have antibacterial properties Murray et al.
compared the abilities of 6% MC and 6% NaOCI
irrigation solutions to remove the smear layer. As a
final irrigating agent, 17% EDTA was used after
both solutions. The two solutions were found to
have equivalent smear layer removal capabilities
(68). The use of MC for endodontic irrigation may be
advantageous because it is a more biocompatible
antioxidant. In addition, it has no harmful effect on
the patient or the environment, which is relevant in
the context of NaOClI irrigation accidents (68).

Electrochemically Activated Water
(Superoxidized Water)

Electrochemically activated solutions (ECA)
are produced from tap water and salt solutions with
low concentrations (69). Anolyte solutions include
combinations of oxidizing agents with microbicidal
activity against bacteria, viruses, fungi, and protozoa
(70). They are referred to as superoxidized water or
oxidative potential water (71). They do not damage
vital biological tissues and are not toxic (72).
Electrochemical activation has produced promising
results in terms of effective root canal irrigation
(69).

Ozonated Water

Even at a low concentration (0.01 ppm),
ozone (03) can effectively kill bacteria, including
spores (73). It can be produced easily with an ozone
generator. Ozone dissolves easily and rapidly in
water (73). In one study, the researchers compared
the microbicidal activities of ozonated water and
2.5% NaOCl under sonic activation. They reported
that ozonated water did not neutralize Escherichia
coli or lipopolysaccharides in root canals and that
the amount of remaining lipopolysaccharides may
have biological effects, such as the induction of
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apical periodontitis (74, 75). Before its routine
clinical use for root canal treatment, ozonated water
needs to be investigated further.

Recommended Irrigation Method

NaOCl solution should be used during root
canal preparation. Between fillings, root canals
should be irrigated with copious amounts of NaOCI
solution. After the completion of shaping, the canals
should be irrigated with liquid EDTA or CA.

Generally, each canal should be irrigated for
at least 1 min with 5-10 ml of chelating solution.
After smear layer removal, irrigation with an
antiseptic solution is helpful. CHX is one of the most
promising solutions for final irrigation in this context.

CHX has high affinity for dental hard tissues
and its antimicrobial activity persists for a long time
once it is bound to the surface. After the
introduction of MTAD irrigants to the market, a new
irrigation method was recommended: initial
irrigation with 1.3% NaOCI for 20 min, followed by
final irrigation with MTAD for 5 min.

Conclusion

Future studies of irrigants should focus on
the production of a single solution that is
biocompatible, has tissue-solubilizing properties,
removes the smear layer, and has antibacterial
effects.
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