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ABSTRACT:

Root canal irrigation is an indispensable component of endodontic therapy, complementing mechanical instrumentation to
eliminate microbial biofilms, pulp remnants, and smear layers. Despite advancements in shaping techniques, anatomical
complexities hinder complete debridement, making chemical irrigation crucial. Sodium hypochlorite remains the gold
standard for its tissue-dissolving and antimicrobial properties, while agents like chlorhexidine, EDTA, and modern
combination solutions such as QMix and MTAD offer enhanced cleaning efficacy. The integration of ultrasonic activation

further improves irrigant penetration and biofilm disruption, optimizing root canal disinfection and clinical success.
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INTRODUCTION

Root canal therapy is an elaborated procedure in
which each step is crucial to ensure a successful
debridement, disinfection and sealing of the root canal
with the goal of preventing or curing of the apical
periodontitis. Apical periodontitis is an inflammatory
condition caused primarily by bacterial infection
within the root canal system of a tooth along with
peri-radicular tissues which is characterized by the
formation of periapical lesions and bone resorption
().

The removal of necrotic pulp tissue, debridement of
dentinal wall and shaping of the canal for optimal
obturation is done using endodontic file systems. In
vitro and clinical records have suggested that
mechanical instrumentation of the canal does not
debride all areas of the canal walls (2) which can be
attributed to anatomy of root canal, dentinal
structures, constituents of dentin and biofilm (3) (4)
(5) and hence it seems impossible that
microorganisms can be completely eliminated from
the canal by mechanical preparation solely (6).
Although the cleaning and shaping of the root canal
system are efficiently done using endodontic file but
the biofilm removal is done by copious irrigation.
Irrigation of the root canal system plays a vital role in
dissolution of the biofilm and removal of the dentinal

debris produced during filing of the root canal. Variety
of irrigating solution can be employed to efficiently
dissolve the biofilm complex while acting as a
bactericidal to the microorganisms (7).

Microbial Biofilm in Endodontics

Layers of enamel and dentine encloses the dental
pulp, preventing bacterial invasion yet the entry of
micro-organisms happens most commonly through
caries. Microbial action on the surface of the tooth
leads to cavitation, as the caries progresses through
enamel then to dentin, the endotoxins seep into the
pulp. Colonization of the root canal leading to
necrosis of pulp and periapical lesion eventually
leading to formation of bio-film (9).

A biofilm is a complex aggregation of
microorganisms growing on the surface of the teeth or
other oral structures. These microorganisms are
embedded within a self-produced matrix of
extracellular polymeric substances (EPS), which
protects the bacteria from external threats and allows
them to adhere firmly to the surfaces. Biofilms are
responsible for pulpal and periapical diseases, due to
the pathogenic activities of the bacteria within them
(10) (11). Within the root canal system, bacteria
adhere to the dentinal walls, apical complex area
andaccessory canals (1)(8). These colonies are far
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from the reach of any mechanical removal techniques.
Formation of the bio-film initiate by microbe
attaching to the substrate and the production of the
extracellular polymeric substances leaded to the
matrix formation. Matrix provides the colony with a
safe harbour to replicate and proliferate as described
in Figure 1. The microbes communicate through
quorum sensing, which regulates gene expression and
enhances biofilm maturation. The diversity of the
biofilm makes it a tedious to remove it efficiently.
Complex matrix and various microbes resist
antimicrobial action and host immune response (8).
The copious irrigation along with mechanical
preparation is necessary for efficient and effective
removal of the biofilm complex. The list of microbes
present in the biofilm in the root canal biofilm, these
bacteria often present a collaboration they produce the
biofilm :

1. Gram-negative anaerobes:

Fusobacterium nucleatum

Porphyromonas gingivalis

Prevotella intermedia

Tannerella forsythia

O O O O

o Treponema denticola
2. Gram-positive facultative anaerobes:
o  Streptococcus spp. (e.g., Streptococcus sanguinis,

Streptococcus gordonii)

o Actinomyces spp.

o Lactobacillus spp.

o Enterococcus faecalis

o Propionibacterium spp.
3. Gram-positive obligate anaerobes:
o Parvimonas micra

o Eubacterium spp.

o Peptostreptococcus spp.
4. Other notable bacteria:

o Dialister spp.

o Pseudoramibacteralactolyticus
o Olsenellauli

o Filifactoralocis

Fungi:

1. Candida albicans

2. Candida glabrata
Archaea:

1. Methanobrevibacteroralis
2. Methanobacterium spp.

J,“"w‘_:,‘ﬁ.‘w\ o PP

Initial surface coating by the microbes

Do W o\ L

Initial adhesion of bacteria to dentin

RSV, e e

Secondary colonization of the substrate

pr— \

Growth and maturation of the bio-film

2
A

(FIGURE 1 - Schematic representation of biofilm formation)

Endodontic Irrigating Solutions

Irrigation of the root canal during the endodontic
procedure is crucial to not only remove dentinal
debris but also to irradicate the microbial biofilm.
Each irrigating solution must meet up to following:

- Effective antimicrobial activity against a wide
range of microorganisms, including both free-
floating and biofilm-structured forms.

- Neutralization of bacterial virulence factors like
endotoxins and lipoteichoic acids.
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- Disruption or removal of biofilm structures.

Breakdown of residual pulp tissue.

- Elimination of hard-tissue debris and smear layer,
or prevention of their buildup.

- No adwerse effects on local tissues (such as
dentine and periapical tissues) or systemic issues
(like toxicity and allergic reactions).

- Easily accessible and inexpensive.

The list of the irrigating solutions available are as

Sodium hypochlorite, Chlorhexidine, Chelating

Agents (EDTA, HEBP), Mixtures.

Sodium Hypochlorite (NaOCI)

Sodium Hypochlorite is the most common yet the

gold standard for irritating the canal system because

of its exceptional antimicrobial action particularly

against bacteria organized in biofilms (14) (15).

NaOCI produces two strong oxidizing agents that

being hypochlorite (OCI-) and hypochlorous acid

(HOCI) (16) (17). It is an effective proteolytic,

antimicrobial agent efficient in dissolving organic

tissue. NaOCI is both an oxidizing and hydrolysing

agent (18).

It is important to understand the working of sodium

hypochlorite as with the pH of 11 it is a basic solution.

Mechanism of action of NaOCI described by Estrela

et al. as the initial reaction produced is saponification

reaction, which accounts for degradation of fatty acids
into fatty acid salts and glycerol. The NaOCI
neutralize ammino acids produced by microbes and is
refred to as Neutralization Reaction. Formation of
hypochlorous acid due to chlorine coming in contact
with the organic matter referred to as Hypochlorous
acid formation which act as an oxidizer. Solvent
action of sodium hypochlorite is efficient as it
produces chlorine free radicles. As mentioned earlier
high pH of the solution which is 11, this interferes
with cytoplasmic membrane integrity due to
irreversible enzymatic inhibition and phospholipid

degeneration (19).

According to the literature, sodium hypochlorite

(NaOCI) can be utilized in concentrations ranging

from 0.5% to 6%. Tissue dissolving ability of the

irrigating solution varies with varying concentration
while disinfecting ability is efficient irrespective of

the concentration (20).

Estrela’s in vitro study examined the dissolution of

bovine pulp tissue using sodium hypochlorite at

concentrations of 0.5%, 1.0%, 2.5%, and 5.0% under
various conditions. The study concluded that:

1. The dissolution speed of bovine pulp fragments
rose with increased concentrations of sodium
hypochlorite and was more rapid in the absence
of a surfactant.

2. Changes in surface tension throughout the pulp
dissolution process were directly related to the
sodium hypochlorite concentration, with more
pronounced variations in solutions lacking
surfactant. Solutions without surfactant showed a

reduction in surface tension, whereas those with
surfactant exhibited an increase.

3. Heated sodium hypochlorite solutions dissolved
bovine pulp tissue more swiftly.

4. Higher initial concentrations of sodium
hypochlorite resulted in a smaller drop in pH.

The volume used to irrigate the canal is critical for
canal disinfection. Larger amount of solution with
lesser concentration is equally effective in disinfecting
the root canal to that of the lesser volume of high
concentration solution. While volume is set and
concentration is decided time is the next important
parameter to take in consideration. Bacterial killing
efficacy of irrigating solution increases as the
clinician increase the contact time. A lesser
concentration with higher contact time will give
similar results to that of solution with higher
concentration but lesser contact time.

Clegg et al. (21) found that a 6% NaOCI solution was

the only substance effective at both physically

removing artificial biofilm and eradicating bacteria.

The antibacterial efficacy of NaOCl was dose-

dependent, with higher concentrations providing

greater antibacterial effects. In summary, 3% and 6%

NaOClI resulted in the complete absence of biofilm,

1% NaOCI led to biofilm disruption, and 2% CHX

left the biofilm intact.

Despite its many ideal properties, NaOCI has several

limitations. It is toxic non substantive, ineffective at

removing the smear layer, and corrosive. Additionally,

NaOCI can cause discoloration and has an unpleasant

odor. Using NaOCI as a final rinse can also affect the

bonding of the sealer to the dentin (22) (23).

Most complications with NaOCI use involve accidents

where NaOCI is unintentionally injected beyond the

apical foramen, causing severe tissue reactions,
extreme pain, swelling, and possibly secondary

infections (24). An in vitro study by Brown et al. (25)

suggested that filling the coronal access cavity with

NaOCI and allowing it to flow into the canal space

during instrumentation can result insignificantly less

extrusion of irrigation solutions from the apical
foramen compared to deep irrigant distribution using
needles.

Ultrasonic activation of sodium hypochlorite (NaOCI)

is used to enhance its effectiveness in endodontic

treatment. Here are some key effects and benefits of
ultrasonic activation:

1. Improved Cleaning and Disinfection:

a.  Ultrasonic activation creates acoustic cavitation,
which produces microscopic bubbles that
collapse rapidly, generating shock waves and
micro-streaming.  This  process helps in
dislodging debris and improving the penetration
of NaOCI into dentinal tubules and canal
irreqularities, leading to better cleaning and
disinfection of the root canal system (26).

2. Enhanced Removal of Smear Layer:

a. The mechanical agitation caused by ultrasonic
waves helps in the effective removal of the
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smear layer, a residual layer of debris that forms
on the canal walls during instrumentation. This
is crucial for ensuring better adhesion of root
canal sealer and preventing bacterial growth
[27].

3. Reduced Need for Multiple Irrigation Solutions:

a. By improving the efficacy of NaOCI, ultrasonic
activation may reduce the need for additional
irrigation solutions, such as EDTA, as it
enhances the ability of NaOCI to dissolve
organic material and remove debris [28].

4.  Better Penetration in Complex Canal Systems:

a. Ultrasonic activation aids in the delivery of
NaOCI to complex canal systems and areas that
are difficult to reach with conventional irrigation
techniques, leading to more thorough cleaning
[29].

5. Potential for Increased Dentinal Erosion:

a. It is important to use ultrasonic activation with
caution, as prolonged or excessive use can
potentially lead to dentinal erosion and
weakening of the tooth structure [30].

Chlorhexidine Gluconate (CHX)

Chlorhexidine being lipophilic and hydrophobic is
capable of penetrating the cell wall of bacteria. It
belongs to the class of poly-biguanide which consist
of two symmetrical rings. This molecule is
electrostatic as it binds to negatively charge
membrane of bacterial cell, while damaging the outer
layer and changing the osmolarity. CHX
ishacteriostatic in action at 0.2% conc. whereas at 2%
conc. act as bactericidal (31).

In an in vitro study, Oncag et al. (33) found that a 2%
CHX solution was more effective against
*Enterococcus faecalis* than 5.25% NaOCI after both
5 minutes and 48 hours. Ercan et al. (34) reported that
2% CHX significantly reduced microbial volume in
teeth with necrotic pulp, periapical disease, or both.
Basson and Tait (33) demonstrated that 2% CHX was
the only irrigant capable of fully disinfecting channels
contaminated with *Actinomyces israelii* even after
two months. However, Tanomaru et al. (35) found that
2% CHX, combined with biomechanical preparation,
did not inactivate endotoxins in vivo.

As an intracanal irrigant CHX is well capable of
disinfecting the root canal system but as tissue
dissolution capacity is lacking. In-vivo and In vitro
studies showed comparison between sodium
hypochlorite and CHX, where 2.5% NaOCI was more
effective than 0.2% CHX when effected root canals
were irrigated for 30 mins with either of the solution
(32).

Allergic reaction to CHX is uncommon, but a few
allergic reactions such as anaphylactic, contact
dermatitis and urticaria have been reported as CHX
had a direct contact with the mucosa and open wound
(36).

Clinical consideration while using CHX are as, it is a
better irrigating solution in teeth with open apex or

teeth with perforation. CHX is a better choice of
irrigating solution in pediatric patients where using
sodium hypochlorite is tedious job, considering
behaviour and co operation of the patient.

When sodium hypochlorite (NaOCI) is combined with
chlorhexidine (CHX), it results in a color change and
the formation of a precipitate, with the extent of this
precipitate increasing as the concentration of NaOCI
rises, provided 2% CHX is used. This color change
may raise clinical concerns, potentially leading to
staining of the tooth. Moreover, the precipitate could
affect the sealing of the root canal during obturation.
Basrani et al. investigated the nature of this precipitate
and identified it as 4-chloroaniline (PCA). Recent
TOF-SIMS analyses revealed PCA's infiltration into
dentinal tubules. PCA is known to be toxic to humans
and can cause cyanosis due to methemoglobin
formation with short-term exposure. To avoid these
issues, it is advisable to use EDTA or other irrigants
following NaOCI and before applyingCHX, or
alternatively, to dry the canals with paper points prior
to the final rinse.

Ethylenediaminetetraacetic Acid (EDTA)

EDTA s a colourless, water soluble solid amino-poly-
carboxylic acid. It is a chelating agent well capable of
removing the mineralized portion of the smear layer.
First described in 1935 by Ferdinand Munz as it was
prepared by him, yet Nygaard-Ostby used it in
calcified root canal in 1957.

EDTA extract metal ions from cell membrane and lead
to cell death eventually. Chelator such as EDTA
makes a stable complex with metals such as Ca+ and
Fe+.

Endodontic treatment using EDTA, is efficient when
used with a proteolytic agent such as sodium
hypochlorite. While EDTA, act upon the matrix of the
biofilm disintegrating the complexes NaOCI act upon
the bacteria. 17% EDTA is normally used for efficient
removal of smear layer.

A controversial opinion upon use of EDTA on the
dentin, where Hulsmann et al. states that 50pm
demineralization of dentin occurs with the use of
EDTA whereas Qian et al. reported that no erosion
was detected when demineralizing agent were used
post NaOCl.

Researchers examined how EDTA interacts with
sodium hypochlorite (NaOCI) and found that while
EDTA retains its ability to form calcium complexes
when combined with NaOCIl, it impairs NaOCl’s
tissue-dissolving  properties, leading to nearly
undetectable levels of free chlorine in the mixture.
This implies that EDTA and NaOCI should be used
sequentially rather than together. In practice, a
regimen where NaOCI is applied after EDTA is
essential to ensure the removal of any EDTA residues
(37) (38).

In contemporary endodontic practice, EDTA is
typically used after the cleaning and shaping phase for
about one minute, and it can be enhanced with
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ultrasonic activation to improve its penetration into
dentinal tubules. However, it's important to avoid
heating EDTA, as its calcium-binding efficiency
diminishes when the temperature rises from 20°C to
90°C.

Combination Solutions

In endodontics, combining irrigation solutions with
detergents can further enhance the cleaning and
disinfection of root canals. Here’s a summary of
commonly used combinations involving detergents
and their effects. Some of the latestcommercially
available are SmearClear, Chlor-XTRA, CHX-Plus,
Tetraclean, MTAD, QMiX.

SmearClear

SmearClear is an endodontic irrigating solution
designed to effectively remove the smear layer formed
during the instrumentation of root canals. Composed
primarily of EDTA (ethylenediaminetetraacetic acid)
along with surfactants and other agents, SmearClear
works by chelating calcium ions to dissolve the
inorganic component of the smear layer while the
surfactants reduce surface tension, enhancing
penetration and efficacy (39). This combination
results in the efficient removal of the smear layer,
which in turn exposes the dentinal tubules and
improves the adhesion of root canal sealers (40).
Additionally, by eliminating the smear layer,
SmearClear enhances the effectiveness of subsequent
antimicrobial irrigants like sodium hypochlorite
(NaOCI) and chlorhexidine (CHX), as these agents
can penetrate more deeply into the dentinal tubules.
Clinically, SmearClear is used after the cleaning and
shaping phase of endodontic treatment, typically for
1-2 minutes, to ensure thorough removal of the smear
layer before the final irrigation (41) (42).

It is essential to rinse thoroughly after using
SmearClear to avoid any potential interaction with
other irrigants. While SmearClear provides significant
benefits in terms of cleaning and disinfection, care
must be taken to follow recommended usage
protocols, as owveruse or prolonged exposure to
chelating agents like EDTA can potentially weaken
the dentin structure (43).

Chlor-XTRA

Chlor-XTRA is an advanced sodium hypochlorite
(NaOCI) solution used in endodontic irrigation to
enhance root canal cleaning and disinfection. It
features a higher NaOCI concentration, typically
around 6%, along with added surfactants and wetting
agents. These surfactants lower the solution's surface
tension, allowing it to penetrate deeper into the root
canal's intricate anatomy, including lateral canals and
dentinal tubules.

This improved penetration capability enhances Chlor-
XTRA's ability to dissolve organic tissues and
biofilms more effectively (42). The increased NaOCI
concentration also provides stronger antimicrobial

action, eliminating a broad spectrum of pathogens
within the root canal (39).

Clinically, Chlor-XTRA is used throughout the
cleaning and shaping phases of endodontic treatment,
often with activation techniques like passive
ultrasonic irrigation to boost its efficacy further. While
it offers significant advantages in tissue dissolution
and antimicrobial properties, it requires careful use to
avoid potential dentin erosion and cytotoxic effects
associated with high NaOCI concentrations (43).

CHX-Plus

CHX-Plus is an advanced chlorhexidine (CHX)
solution used in endodontic irrigation, known for its
superior antimicrobial properties and enhanced
cleaning capabilities. Formulated with chlorhexidine
gluconate and additional surfactants, CHX-Plus
reduces surface tension, allowing deeper penetration
into dentinal tubules and more effective elimination of
pathogens, including bacteria, fungi, and viruses (39).
The inclusion of wetting agents in CHX-Plus aids in
breaking down biofilms and removing debris,
ensuring a comprehensive cleaning of the root canal
system (41).

It also leaves a residual antimicrobial effect, providing
prolonged protection against reinfection. Typically
used as a final rinse following sodium hypochlorite
(NaOCl) and EDTA, CHX-Plus ensures thorough
disinfection and removal of the smear layer (42).
However, it is crucial to rinse out NaOCI completely
before using CHX-Plus to avoid the formation of
precipitates that could impact the canal seal and stain
the tooth. By following the manufacturer's guidelines
for concentration and duration, CHX-Plus maximizes
its benefits while minimizing potential adverse effects
(43).

MTAD

MTAD (Mixture of Tetracycline, Acid, and Detergent)
is a specialized endodontic irrigating solution used for
root canal disinfection and smear layer removal.
Comprising doxycycline, citric acid, and a detergent
(Tween 80), MTAD provides a comprehensive
cleaning approach. Doxycycline offers broad-
spectrum  antimicrobial  properties, effectively
eliminating various bacteria, while citric acid
demineralizes the smear layer, exposing dentinal
tubules for enhanced cleaning (44).

The detergent component reduces surface tension,
allowing the solution to penetrate the intricate
anatomy of the root canal system, including lateral
canals and dentinal tubules. MTAD is typically used
as a final rinse after initial cleaning and shaping with
sodium hypochlorite (NaOCI), ensuring thorough
disinfection and smear layer removal.

Although MTAD excels in antimicrobial efficacy and
smear layer removal, it is less effective at dissolving
organic tissue compared to NaOCI, making it essential
to use it in conjunction with other irrigants for
comprehensive  cleaning.  Adhering to the
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manufacturer's guidelines is crucial to avoid potential
adverse effects or interactions with other solutions
(45).

QMix

QMuix is an advanced endodontic irrigating solution
that combines chlorhexidine (CHX), EDTA
(ethylenediaminetetraacetic acid), and a detergent to
provide effective smear layer removal and
antimicrobial activity in a single step. The
chlorhexidine component offers broad-spectrum
antimicrobial  properties, effectively eliminating
bacteria, fungi, and viruses, while the EDTA chelates
calcium ions, dissolving the inorganic component of
the smear layer and exposing dentinal tubules. The
detergent reduces surface tension, enhancing the
solution's penetration into the complex anatomy of the
root canal system, including dentinal tubules and
lateral canals (41) (42).

Clinically, QMix is used as a final rinse following the
initial cleaning and shaping with sodium hypochlorite
(NaOClI), simplifying the irrigation protocol by
combining smear layer removal and disinfection in
one application. This dual action not only ensures
thorough cleaning and disinfection but also saves time
during the procedure. It is essential to thoroughly
rinse out NaOCI before using QMix to avoid potential
interactions and to follow the manufacturer's
guidelines for optimal results and minimal adverse
effects (44) (45).

Suggested Disinfection Protocol

In modern endodontics, several irrigation protocols

are recommended for effective root canal treatment.

The following steps outline a widely accepted

approach:

1. Initial Irrigation:

a. Use 25-5% sodium hypochlorite (NaOCI)
throughout the instrumentation process until the
root canal achieves its final shape, including the
desired size and taper.

2. Activation and Heating:

a. Activate and heat the fresh NaOCI solution using
techniques such as ultrasonic, sonic, or laser
activation for approximately 30 seconds per
canal.

3. Apical Negative Pressure:

a. Optionally employ apical negative pressure
devices (e.g., Endovac) to enhance irrigation at
the apex without causing extrusion.

4. 4.Smear Layer Removal:

a. Apply a solution like EDTA or citric acid for

about 1 minute to remove the smear layer.

Activation and/or apical negative pressure can be

used optionally during this step.

Final Rinse Options:

Choose one of the following for the final rinse:

Fresh NaOCI for approximately 1 minute, or

Chlorhexidine (CHX), or

QMix, or

a0 oo

e.  Alcohol, or
f.  Dry with paper
obturation.

points and proceed with

CONCLUSION

Root canal therapy is a complex process crucial for
treating apical periodontitis and ensuring the
longevity of endodontically treated teeth. The
mechanical preparation of the root canal, though
essential, often fails to completely debride all canal
areas due to the intricate anatomy and biofilm
formation. Therefore, irrigation plays a pivotal role in
the success of root canal treatments by effectively
dissolving biofilms and removing debris.

The selection of appropriate irrigating solutions is
critical. Sodium hypochlorite (NaOCI) remains the
gold standard due to its strong antimicrobial
properties and ability to dissolve organic tissue.
However, it has limitations such as potential toxicity
and the risk of creating a precipitate when mixed with
chlorhexidine (CHX). CHX, while excellent at
reducing microbial load, lacks tissue dissolution
capabilities. Ethylenediaminetetraacetic acid (EDTA)
is used to remove the smear layer but should be
applied sequentially with NaOCI to avoid
compromising its effectiveness.

Recent advancements include the use of combination
solutions like SmearClear, Chlor-XTRA, and QMix,
which integrate multiple functions into a single
irrigation step. These innovations enhance the
cleaning and disinfection process, making it more
efficient.
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