JCHR (2025) 15(5), 1328-1333 | ISSN:2251-6727

Journal of Chemical Health Risks

www.jchr.org

Endodontic

Irrigation Revisited:  Historical = Perspectives to

Contemporary Properties

! Dr.Bandana Mishra,” Dr. Desavath Anjaneya Naik,> Dr.Nallamilli Lalitha sri roja,* Dr.Sruthi Kapu,® Dr.
Konagala Ravi Kumar, °Dr.Sahithi Pamidimukkala

! Assistant professor, GITAM Dental College and Hospitals,Rushikonda, Visakhapatnam-530045

2Assistant professor, GITAM Dental College and Hospitals,Rushikonda, Visakhapatnam-530045

3 Assistant professor, GITAM Dental College and Hospitals,Rushikonda, Visakhapatnam-530045

4Assistant professor, GITAM Dental College and Hospitals,Rushikonda,Visakhapatnam-530045

SProfessor, GITAM Dental College and Hospitals, ,Rushikonda, Visakhapatnam-530045

8 Assistant professor, GITAM Dental College and Hospitals,Rushikonda, Visakhapatnam-530045

Affiliation: GITAM DENTAL COLLEGE AND HOSPITALS,VISAKHAPATNAM, 530045

(Received: 16 July 2025

KEYWORDS
Irrigant, Sodium
Hypochlorite,
Biofilm, Ethylene

diaminetetraacetic
acid (EDTA),

Chlorhexidine
Gluconate(CHX)

Revised: 20 August 2025 Accepted: 20 September 2025)

ABSTRACT:

Endodontic irrigation has long been recognized as a critical adjunct to mechanical instrumentation in root canal
therapy. Historically, the concept of irrigation emerged with the realization that mechanical preparation alone was
insufficient to completely eliminate pulp tissue remnants, microbial biofilms, and smear layer from the intricate
root canal system. Early irrigation practices were limited to simple saline and antiseptic rinses, but progressive
research led to the introduction of more effective solutions such as sodium hypochlorite, chlorhexidine, and
chelating agents.

The primary purpose of irrigation is to complement canal shaping by dissolving organic and inorganic tissue,
disinfecting areas inaccessible to instruments, and flushing out debris while minimizing bacterial persistence.
Beyond microbial control, irrigation enhances the penetration of intracanal medicaments and improves the
adaptability of root canal filling materials.An ideal irrigant should be potent against microorganisms, capable of
dissolving necrotic tissue, and safe for periapical tissues without compromising dentin integrity.

1. Introduction

plays a critical role in preventing and treating

Endodontology is the dental specialty concerned with
the study of the structure, physiology, and health of the
dental pulp along with the periradicular tissues
surrounding the tooth root. Root canal therapy is
performed to eliminate and prevent infections affecting
the pulp and periradicular region. The predominant
etiological factor in pulpal and periradicular disease is
microorganisms or the diverse oral microflora present in
the human mouth.! These microbes have the ability to
form biofilms on both hard and soft oral tissues, making
eradication more challenging.?

The central aim of endodontic therapy is to identify and
eliminate these causative organisms. Thorough
debridement of the root canal system through
instrumentation, irrigation, and removal of biofilm
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endodontic pathology.® The primary goal of treatment is
to preserve the functionality of teeth with diseased
pulps. Endodontic procedures are conventionally
divided into three essential phases, all equally important
for treatment success: root canal preparation, chemo-
mechanical debridement, and obturation.

Chemo-mechanical Debridement

Chemo-mechanical debridement comprises
instrumentation and irrigation. The purpose of
instrumentation is to create a canal form that facilitates
placement of intracanal medicaments and allows proper
obturation. Nevertheless, instrumentation alone cannot
remove all infected or necrotic tissues within the
complex root canal anatomy. Therefore, irrigation
becomes indispensable.
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Irrigation

Irrigation refers to the flushing away of organic
remnants and dentinal debris from the canal using
irrigating solutions during and after instrumentation.*
The irregularities of dentin provide niches for bacterial
survival, while residual tissue tags serve as nutrients for
microbial growth. Irrigation is initiated before
instrumentation and continued throughout canal
shaping.

Over time, research and clinical practice have
consistently emphasized the combined wuse of
instrumentation, irrigation, and intracanal medicaments,
followed by obturation and coronal sealing. It is aptly
stated:  “Instruments  shape, irrigants clean.”
Mechanical methods alone cannot clean the entire root
canal system. Complex anatomical spaces such as
lateral canals, accessory canals, and isthmuses can only
be effectively managed through irrigation.®

The early stage of biofilm development involves
bacterial adhesion to a substrate, followed by
proliferation, colonization, and maturation. Importantly,
biofilms are not uniform; in multispecies biofilms,
bacteria are organized in a manner that optimizes
survival within their environment.® This structural
complexity highlights the indispensable role of
irrigation in endodontic therapy.

HISTORY OF IRRIGANTS

The earliest documented mention of the significance of
regular irrigation of root canals was made by Taft in
1859, who recommended the use of a ‘“deodorizing
substance” such as chloride of sodium. The early
endodontic literature also describes various approaches
intended to achieve a clean root canal, employing
different flushing solutions and medicaments.

In the later part of the 19th century, attempts were made
to use metallic elements such as potassium and sodium
within the canals to facilitate the removal of necrotic
pulp remnants.

In 1894, Callahan introduced the use of a 20-50%
aqueous sulphuric acid solution, which was placed on a
cotton pellet and sealed inside the canal for 24—48 hours
to dissolve organic tissue.

Following this step, a saturated solution of sodium
bicarbonate ~ was  applied, = which  generated
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effervescence, thereby loosening debris and driving it
toward the canal orifice.

During the 20th century, further developments
emerged when Grossman and Meiman (1941)
recommended a combination of double-strength sodium
hypochlorite with hydrogen peroxide to flush out pulp
fragments and dentinal shavings after mechanical
instrumentation.

Their findings were later published by Grossman in
1943, and this technique greatly influenced clinical
protocols. At present, sodium hypochlorite remains the
principal irrigant in modern endodontic practice.

TABLE- 01 CLASSIFICATION

TABLE- §1 CLASSIFICATION

l Endodontic Irrigants ‘

e
l Chemical Irrigants l NaturalIrrigants
Chemica il sow ach

- sailine:
- Wy
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PURPOSE — WHY IRRIGATION IS REQUIRED?
Formation of microbial biofilm

The development of bacterial biofilm is a sequential and
highly regulated process that initiates when an
individual microbial cell attaches to a surface.” The
entire process of biofilm formation can be broadly
categorized into two stages:

(a) the initial interaction of microbial cells with the
substrate, and (b) the subsequent growth, multiplication,
and maturation of the biofilm.

Microorganisms in nature are capable of surviving
either as free-floating, planktonic cells or as organized,
surface-associated microbial populations known as
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biofilms.® These biofilms are made wup of
microorganisms that are encased within a self-produced
extracellular polymeric matrix, which firmly holds the
microbial community together.®

From a clinical perspective, biofilms are of great
importance because they provide microorganisms with
a protective environment that shields them from hostile
conditions, host immune defenses, antibacterial agents,
and even antibiotics.!® After decades of research, it has
become clear that biofilm formation represents a
complex developmental sequence, beginning with
initial cell adhesion to a surface and strictly controlled
by local environmental conditions.'!

The process begins when a planktonic bacterial cell
comes into contact with a substratum coated with an
organic “conditioning film.” Such films consist of
constituents of the surrounding environment, including
water molecules, salt ions, albumin, or fibronectin.
Upon the arrival of bacterial cells, weak and reversible
attachment occurs due to physical forces such as
Brownian motion, gravitational pull, diffusion, and
electrostatic interactions.'?

More specific interactions also play an important role,
particularly those mediated by bacterial surface
appendages such as flagella and pili. As adhesion
progresses, the process becomes irreversible. This
occurs due to the combined action of surface structures
overcoming repulsive forces and the secretion of sticky
extracellular polymers. These hydrophilic polymers
have a highly complex and dynamic nature,
contributing to the establishment and stabilization of
mature biofilms.'?

Figure 01 biofilms in root apex
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BIOFILMS DEVELOPED IN ROOT CANALS

Since surface-attached microbial communities are the
dominant mode of colonization by oral microorganisms,
it is reasonable to assume that similar biofilms also
establish themselves in root canals, displaying
characteristics comparable to those formed on enamel
and cementum surfaces.'?
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Studies have shown that microorganisms colonize the
dentinal walls throughout the full length of root canals.
These microbial clusters have been detected firmly
attached to the inner surfaces of complex apical
anatomies and within accessory canals, confirming the
widespread nature of colonization in these sites.'

When biofilms arise in areas inaccessible to mechanical
cleaning and resistant to the penetration of antimicrobial
agents, conditions that support microbial persistence are
provided by host-derived proteins from necrotic tissues,
together with adhesive substances secreted by bacteria.
In 2004, Svensdter and Bergenholtz presented a
hypothesis describing biofilm development within root
canals.'

It is generally accepted that biofilm formation in root
canals begins immediately after oral microorganisms
gain entry into the pulp chamber, usually following
inflammatory degeneration of pulp tissue. The
inflammatory front then advances gradually toward the
apical region, carrying fluid that supports microbial
proliferation and attachment along canal walls. Notably,
research has revealed that bacteria may detach from
root canal surfaces and, on occasion, accumulate within
the periapical inflammatory lesion."

This observation suggests that the advancing
inflammatory lesion not only acts as a transport medium
but may also serve as a reservoir for bacterial
detachment, enabling colonization of additional areas
within the root canal system.

Formation of conditioning film
Surface sensing and primary [~
physical interaction cell-surface

v
Specific interaction with cellular
components — Irreversible adhesion . fre—

Co-adhesion (/m
A

RESISTANCE TO ANTIMICROBIALS

Microorganisms organized within biofilms generally
exhibit a markedly elevated resistance to antimicrobial
agents, sometimes up to 1,000-fold greater than the
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resistance observed in the same species existing in a
planktonic state.?* Oral biofilms, in particular,
demonstrate stronger tolerance against chlorhexidine,
amine fluoride, amoxicillin, doxycycline, and
metronidazole than free-floating bacterial cells.?

The precise reasons underlying this heightened
resistance remain complex and multifactorial, with no
single mechanism accepted universally. Instead, it is
thought that resistance arises from an interplay of
several factors such as the biofilm’s substrate, the
surrounding microenvironment, and the stage of biofilm
maturation.*

Nonetheless, two principal categories of resistance
mechanisms are identified:

(a) Physical resistance — This is mainly due to the
reduced penetration of antimicrobials through the dense
and protective extracellular polymeric biofilm matrix.

(b) Acquired resistance — This comprises three
subdivisions:

1. Differentiation of cells into states of low
metabolic activity.

2. Differentiation into phenotypes that can
actively respond to stress.

3. Differentiation  into  highly  persistent
phenotypes that are capable of enduring
antimicrobial action.

These diverse mechanisms together create a formidable
barrier, explaining why biofilm-related infections are
significantly harder to eradicate compared to infections
involving planktonic bacteria.

ANTI-BIOFILM STRATEGIES

Over the years, multiple therapeutic interventions have
been investigated for their potential to either inhibit
biofilm establishment or disrupt mature biofilm
structures.”> Many of these approaches have emerged
from fundamental microbiological research and have
subsequently been adapted for endodontic purposes.
Within clinical practice, however, the most dependable
and widely accepted anti-biofilm measure remains the
mechanical removal of biofilm by root canal
instrumentation, complemented by copious irrigation.?

Experimental research has also highlighted additional
strategies. For instance, benzalkonium chloride has
demonstrated a significant reduction in biofilm mass,
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achieving approximately a 70% decrease in overall
biomass accumulation. Furthermore, sodium
hypochlorite at a concentration of 1% has proven highly
effective in decreasing biofilm formation and
maintaining antimicrobial efficacy.?’” These findings
highlight that while mechanical methods remain the
gold standard, chemical adjuncts are also essential in
enhancing disinfection and minimizing microbial
persistence within the root canal system.

OBJECTIVES OF IRRIGATION

Irrigation constitutes a critical component of endodontic
therapy because of its multifaceted functions:

e  Gross Debridement — Irrigation facilitates the
removal of dentinal debris from the canal
system, thereby preventing its accumulation or
apical extrusion.

e Lubrication — Instruments perform more
effectively in a moist environment, where
friction is reduced and fracture risk is lowered.

e Solvent Action — Irrigants dissolve necrotic
tissue remnants, dislodging debris, pulp tissue,
and microorganisms from irregular dentinal
surfaces.

e Debris Elimination — Irrigation enables
cleansing of accessory and lateral canals that
are inaccessible to mechanical instruments.

e Antibacterial Activity — Most irrigants
possess  bactericidal ~ or  bacteriostatic
properties, helping to suppress microbial load.

e Bleaching Effect — Some irrigants lighten
teeth that are discolored due to trauma or
metallic restorations.

e Facilitated Instrumentation — The use of
irrigants in combination with lubricating pastes
such as RC Prep, REDTAC, or Glyde
enhances the smoothness and efficiency of
canal preparation.?®

Thus, irrigation not only aids in mechanical cleansing
but also augments the chemical and biological aspects
of root canal disinfection.

BASIC PROPERTIES OF ROOT CANAL
IRRIGATION SOLUTIONS

For an irrigation solution to be considered ideal, it must
possess specific properties that maximize cleaning
efficacy and microbial elimination while minimizing
adverse effects:
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i. Technical property — Provide lubrication for
endodontic instruments during canal preparation.
ii. Chemical property — Demonstrate a wide-spectrum
antimicrobial action against biofilm-associated species
and neutralize bacterial endotoxins (Spratt et al. 2001).%

iii. Physical property — Allow effective flow through
the canal system to detach biofilm structures and flush
debris.

iv. Biocompatibility — Be non-toxic, non-irritating, and
safe for periapical tissues.*°
v. Efficacy — Exceed the limited cleaning effect of
water or saline, which alone cannot achieve complete
removal of pulp remnants, bacterial biofilms, or
dentinal debris even when used with instrumentation.

Several irrigating agents have been extensively studied,
such as:

e Sodium hypochlorite (NaOCl) — a potent
tissue solvent with broad antimicrobial action.

e  Chlorhexidine gluconate (CHX) — effective
against a wide range of microbes but lacks
tissue-dissolving capacity.

e Ethylenediaminetetraacetic acid (EDTA) —
primarily used for smear layer removal.

e  MTAD - a mixture of doxycycline, citric acid,
and a detergent, developed as an alternative
irrigant with combined antimicrobial and
smear layer removal properties.

CONCLUSION

Endodontic irrigation has progressed significantly,
transitioning from the early use of simple rinsing
solutions to the present era of advanced irrigants with
specialized biological and chemical properties. Its
central role lies in eliminating microbial biofilms,
dissolving residual organic tissue, and ensuring optimal
canal cleanliness, thereby enabling successful
obturation. As no single irrigant fulfills all of the ideal
criteria, the use of combined solutions and irrigant
activation strategies has become common practice.

A comprehensive understanding of the historical
development, purpose, objectives, and properties of
irrigants remains essential for clinicians. This
knowledge allows the optimization of treatment
protocols, enhances the predictability of disinfection,
and reinforces the importance of irrigation as a
cornerstone of contemporary endodontic therapy.
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