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INTRODUCTION: 

 

The most common etiology for the pulpal and periradicular pathologies is the 

microorganisms or the microflora. A number of organisms cause infection in the 

oral cavity from different species found in the human mouth. 

 

These oral bacteria have the capacity to form biofilms on distinct surfaces 

ranging from hard to soft tissues. Therefore, the fundamental to maintain oral 

health and prevent dental caries, gingivitis, and periodontitis is to control the 

oral biofilms. 

 

Biofilm mode of growth is advantageous for microorganisms, as they form 

three-dimensional structured communities with fluid channels for transport of 

substrate, waste products, and signal molecules. Biofilm formation in root 

canals is probably initiated sometime after the first invasion of the pulp chamber 

by planktonic oral microorganisms after some tissue breakdown, as 

hypothesized by Svensäter and Bergenholtz. 

 

Costerton et al. stated that biofilm consists of single cells and microcolonies, all 

embedded in a highly hydrated, predominantly anionic exopolymer matrix. 

Bacteria can form biofilms on any surface that has nutrient-containing fluid. 

biofilm formation mainly involves the three major components: Bacterial cells, 

a solid surface, and a fluid medium. 

 

HISTORY OF BIOFILM: 

 

Biofilms are hypothesised to have arisen during primitive Earth as a defence 

mechanism for prokaryotes at that time, as the conditions of primitive Earth 

were too harsh for the survival of prokaryotes. Biofilms protect prokaryotic 
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cells by providing them homeostasis encouraging the development of complex 

interactions between the biofilm cells. 

 

Rediscovery of a microbiological phenomenon, first described by van 

Leeuwenhoek, that microorganisms attach to and grow universally on exposed 

surfaces led to studies that revealed that surface-associated microorganisms 

(biofilms) exhibited a distinct phenotype with respect to gene transcription and 

growth rate. These microorganisms involved in biofilm elicit specific 

mechanisms for initial attachment to a surface, development of a community 

structure and ecosystem, and detachment. 

 

In 1894, Miller published his findings on the bacteriological investigation of 

pulps. He observed many different microorganisms in the infected pulp space 

and realized that some were uncultivable when compared with the full range 

observed by microscopy, and that the flora was different in the coronal, middle, 

and apical parts of the canal system. 

 

Kakehashi et al. exposed the dental pulps of conventional and germ-free rats to 

the oral cavity and reported that only conventional rats with an oral microbiota 

showed pulp necrosis and periradicular lesions. 

 

Bacteria may sometimes be unaffected by endodontic disinfection procedures in 

areas such as isthmuses, ramifications, deltas, irregularities, and dentinal 

tubules. 
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DEFINITION: 

 

Aggregate of microorganisms in which cells that are frequently embedded 

within a self-produced matrix of extracellular polymeric substances (EPSs) 

adhere to each other and/or to a surface – International Union of Pure and 

Applied Chemistry (IUPAC). 

 

BASIC CRITERIA OF A BIOFILM: 

 

Caldwell et al. highlighted four characteristics of biofilm as follows: 

 

Autopoiesis – Must possess the ability to self-organize 

 

Homeostasis – Should resist environmental perturbations 

 

Synergy – Must be more effective in association than in isolation 

 

Communality – Should respond to environmental changes as a unit rather than 

as single individuals. 

 

The typical example of a biofilm is dental plaque. 

 

COMPOSITION: 

 

A fully developed biofilm is described as a heterogeneous arrangement of 

microbial cells on a solid surface. The basic structural unit, microcolonies or 

cell clusters, is formed by the surface-adherent bacterial cells. It is composed of 

matrix material consisting of proteins, polysaccharides, nucleic acids, and salt, 

which makes up 85% by volume, while 15% is made up of cells. 
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As biofilm get matured, its structure and composition are modified according to 

the environmental conditions (growth conditions, nature of fluid movements, 

physicochemical properties of the substrate, nutritional availability, etc.) The 

water channels are regarded as a primitive circulatory system in a biofilm. 

 

 

These microcolonies have a tendency to detach from the biofilm community 

and have the highest impact in chronic bacterial infection. 

 

During the process of detachment, the biofilm transfers cells, polymers, and 

precipitates from the biofilm to the fluid bathing the biofilm, which is important 

in shaping the morphological characteristics and structure of mature biofilm. It 

is also considered as an active dispersive mechanism (seeding dispersal). 

 

Biofilm-mediated mineralization occurs when the metal ions including Ca2+, 

Mg2+, and Fe3+ readily bind and precipitate within an ionic biofilm under a 

favorable environment. 
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CHARACTERISTICS OF BIOFILM: 

 

The organic substances surround the microorganisms of a biofilm and contain 

primarily carbohydrates, proteins, and lipids. Among the inorganic elements in 

biofilms are calcium, phosphorous, magnesium, and fluoride. 

 

Bacteria in a biofilm have the ability to survive tough growth and environmental 

conditions. This unique capacity of bacteria in a biofilm state is due to the 

following features: 

 

Residing bacteria are protected from environmental threats; trapping of 

nutrients and metabolic cooperation between resident cells of the same species 

and/or different species is allowed by the biofilm structure 

 

It also exhibits organized internal compartmentalization which helps the 

bacterial species in each compartment with different growth requirements 

 

By communicating and exchanging genetic materials, these bacterial cells in a 

biofilm community may acquire new traits. 

 

Bacterial biofilm provides a setting for the residing bacterial cells to 

communicate with each other. Some of these signals, produced by the cells, 

may be interpreted not just by members of the same species but also by other 

microbial species. 

 

Quorum sensing is process by which communications between these bacterial 

cells is established through signaling molecules in a biofilm. 
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FACTORS AFFECTING FORMATION OF BIOFILM: 

 

Development of biofilm 

 

The three components involved in biofilm formation are:  

 Bacterial cells, a fluid medium, and a solid surface. 

 

Stages 

 

Stage 1 (formation of conditioning layer): Adsorption of inorganic and 

organic molecules to the solid surface, creating what is termed a conditioning 

layer 

 

During dental plaque formation, the tooth surface is conditioned by the saliva 

pellicle. 

 

Stage 2 (planktonic bacterial cell attachment): Adhesion of microbial cells to 

this layer. 

 

Stages of biofilm formation 

 

Phase 1 (transport of microbe to the substrate surface): The nature of initial 

bacteria–substrate interaction is determined by physicochemical properties such 

as surface energy and charge density. The bacteria adhere to a substrate by 

bacterial surface structures such as fimbriae, pili, flagella, and EPS 

(g1ycocalyx). Bridges are formed between the bacteria and the conditioning 

film by these bacterial structures. 
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Phase 2 (initial non-specific microbial–substrate adherence phase): Molecular-

specific interactions between bacterial surface structures and substrate become 

active. These bridges are a combination of electrostatic attraction, covalent and 

hydrogen bonding, dipole interaction, and hydrophobic interaction. 

 

Porphyromonas gingivalis, Streptococcus mitis, Streptococcus salivarius, 

Prevotella intermedia, Prevotella nigrescens, Streptococcus mutans, and 

Actinomyces naeslundii are some of the oral bacteria possessing surface 

structures. 

 

Phase 3 (specific microbial–substrate adherence phase): With the help of 

polysaccharide adhesin or ligand formation which binds to receptors on the 

substrate, specific bacterial adhesion with a substrate is produced. 

 

Stage 3 (bacterial growth and biofilm expansion). 

 

Microcolony is formed by the monolayer of microbes which attracts secondary 

colonizers, and gives rise to the final structure of biofilm. This metabolically 

active community of microorganisms is a mature biofilm where individuals 

share duties and benefits. 

 

Two types of microbial interactions occur at the cellular level during the 

formation of biofilm: 

 

Co-adhesion 

 

Co-aggregation. 
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MICROBIOLOGY OF ROOT CANAL INFECTIONS:  

 

The bacterial microflora of the root canal is initially dominated by aerobes and 

facultative anaerobes. As disease progresses, the ecology within the root canal 

system changes. Such changes maybe related to the oxygen tension when root 

canals are opened up during treatment, use of root canal irrigating agents and 

changes in the canal pH due to various materials introduced into the root canal. 

This results in phenotypic changes driven by genetic population shift. 

Endodontic infection may be primary or secondary. In general, primary 

infection involves pulp inflammation and root canal infection following 

invasion by microbes or microbial by-products, eventually resulting in 

inflammation of the supporting tissues i.e., apical periodontitis. Secondary 

infection (or post-treatment infection) occurs either as reinfection (acquired or 

emergent), remnant (persistent) infection or recurrent infection (re-developed in 

teeth after apparent healing) in teeth that have been previously root canal treated 

[11]. Primary endodontic infections are polymicrobial. They are predominantly 

Bacteroides, Prophyromonas, Prevotella, Fusobacterium, Treponema, 

Peptostreptococcos, Eubacterium, and Camphylobacter species. 

 

It is believed that persistence of microorganisms within the root canal system 

after treatment is the major cause of treatment failure. The ratios of the 

microbes in primary infections could be different after root canal treatment, as 

well as a shift in species propagation and quantity. The microbial flora found in 

secondary infections, typically, are able to survive harsh conditions such as a 

wide pH range and nutrient-limited conditions. There is a definite contrast in the 

microbial phenotypes in primary infections as compared to secondary infection, 

with the latter being predominated by gram-positive bacteria. Studies have 

shown the prevalence of certain species in teeth with post-treatment infection, 

such as Enterococci, Streptococci, Lactobacilli, Actinomyces and fungi (such as 
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Candida). In particular, a high proportion of Enterococcus fecalis in cases with 

persistent apical periodontitis was noted [25,26]. 

 

Mixed infections are more common than single-organism isolates. Also, the 

wide variety of organisms found in root canals can be partially related to the 

principal interests and culture techniques of different investigators. Isolates 

from the exposed pulp are similar to the oral flora in which gram-positive cocci 

predominate, and approximately 25% of the isolates are anaerobes. Organisms 

associated with flare ups (which are emergency conditions characterized by pain 

and/or swelling) seem to share a similar composition as those from 

asymptomatic root canals [27,28]. These are usually phenotypic changes due to 

ecological shifts. Organisms cultured from infected canals elaborate a variety of 

invasive enzymes, but it is unclear if it can be equated with pathogenicity. 

 

 

 

ROLE OF E. FEACALIS IN BIOFILM: 

 

One clinically important property of endodontic microorganisms is their ability 

to form biofilms. In treated and untreated root canals, apical periodontitis can be 

classified as a biofilm-induced disease. 

 

To the best of our knowledge, among different clinical bacterial isolates 

recovered from endodontic infections, E. faecalis is the only species that has 

been widely studied for its capacity to form biofilms. 

 

If bacteria participate in gene exchange within a biofilm via horizontal gene 

transfer, processes leading to a spread of antibiotic resistance genes between 

different clinically relevant species can be accelerated. As summarized by 
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Madson et al., horizontal gene transfer rates are typically higher in biofilm 

communities, compared with those in planktonic niches. Thus, there is a 

connection between biofilm formation and horizontal gene transfer. In addition 

to this, the persistence of endodontic bacteria via biofilm formation underlines 

the necessity for more effective methods not only to completely eliminate 

bacteria during endodontic retreatment but also to isolate all the existing 

microorganisms during the microbiological sampling from infected root canals. 

It should also be kept in mind that the complex anatomy of the root canal poses 

further difficulties because biofilms of persistent microorganisms within the 

root canals may also be located on the walls of ramifications and isthmuses. 

 

E. faecalis is a gram-positive, facultative anaerobic coccus that is strongly 

associated with endodontic infections. Being an opportunistic pathogen, it 

causes nosocomial infections and is frequently isolated from the failed root 

canals undergoing retreatment. The ability of E. faecalis to form biofilms is 

advantageous in certain situations. For example, clinical strains of E. faecalis 

isolated from infective endocarditis patients were significantly associated with 

greater biofilm formation than nonendocarditis clinical isolates. This may be 

attributable in part to specific virulence traits such as gelatinase production and 

presence of the adherence determinant; this combination was shown to be 

associated with the formation of thicker biofilms. These virulence traits and 

others have also been identified in the clinical isolates of E. faecalis from 

asymptomatic, persistent endodontic infections of the root canals and the oral 

cavity. Its prevalence in such infections ranges from 24 to 77%. Factors which 

lead to a persistent periradicular infection after root canal treatment are 

intraradicular infection, extraradicular infection, foreign body reaction, and 

cysts containing cholesterol crystals. Major cause of failure is believed to be the 

survival of microorganisms in the apical portion of the root-filled tooth. 
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Enterococci are gram-positive cocci that can occur singly, in pairs, or as short 

chains. They are facultative anaerobes which have the ability to grow in the 

presence or absence of oxygen. They can grow in extremely alkaline pH, salt 

concentrated environment, in a temperature range of 10–45°C, and survive a 

temperature of 60°C for 30 min. E. faecalis is able to suppress the action of 

lymphocytes, potentially contributing to endodontic failure. 

 

E. faecalis in dentinal tubules can resist intracanal dressings of calcium 

hydroxide for over 10 days by forming a biofilm that helps it resist destruction 

by enabling the bacteria to become 1000 times more resistant to phagocytosis, 

antibodies, and antimicrobials than non-biofilm producing organisms. Calcium 

hydroxide, a commonly used intracanal medicament, may be ineffective to kill 

E. faecalis on its own, if a high pH is not maintained. 

 

E. faecalis has the ability to form biofilm that can resist calcium hydroxide 

dressing by maintaining pH homeostasis, but at a pH of 11.5 or greater, E. 

faecalis is unable to survive. 

 

 

 

METHODS OF STUDYING BIOFILMS IN ENDODONTICS:  

 

Contemporary microbiological research has helped us develop an understanding 

that interactions between microorganisms are complex and play an important 

role in pathogenesis, either by synergistic or antagonistic mechanisms. This 

understanding has led to increased interest in studying the mechanisms involved 

and to a shift away from being monomicrobial to polymicrobial nature, when 

studying root canal biofilms in vitro. Recent studies have focused on multi-

species bacterial biofilms as a more realistic reflection of what happens in the 
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real in vivo situation in the root canal system. Endodontic infection 

demonstrates significant microbial diversity, and the properties of such complex 

biofilms cannot be observed in studies with one species alone. 

 

It is known that the functional properties of biofilms are intimately related to 

their 3-dimensional structure. It is necessary to understand and to study this 

architecture, not only to observe them on a cellular scale, but also in relation to 

the extracellular matrix, which creates such a special ecosystem. To achieve this 

objective, it is necessary to use techniques that allow observation of 

reconstructions of the communities. 

 

Appreciation of bacteria living in multi-species biofilms rather than in mono-

species communities, or in a free-living state, has changed the way bacteria are 

studied in the laboratory. Models are being created to replicate biofilm 

environments, thereby entering times of re-learning bacterial behavior as they 

live and survive in biofilms. In the same way, meta-genomic studies have 

increased knowledge of the complexity of microbial relations within the biofilm 

population. 

 

Nowadays, biofilms are studied in two ways: in one, the consortia of 

microorganisms as a single unit and, in the second, by studying the effects and 

relationships between one species and others. Because of advances in 

technology and computational biology, it is possible to study gene and protein 

expression in such communities, thus revealing the role that each species has in 

that specific community. Pragmatically speaking, identification of the exact 

nature of an intracanal biofilm is a real challenge, because few techniques are 

capable of re-creating both the extracellular matrix as well as the 

microorganisms in that biofilm. 

 



RECENT ADVANCES IN BIOFILM 
 

15 

 

There are numerous advantages of using an in vitro biofilm model, which 

include ease of modification if necessary, control of variables, low cost and ease 

of replication. They are also very useful in answering some initial but 

fundamental questions, providing preliminary data, which is essential for future 

confirmation by in vivo testing. 

 

 

Microtiter Plate-Based Systems 

 

These are useful and consistently used biofilm model systems. The system is 

closed; therefore, there is no flow in or out of the reactor during 

experimentation. Consequently, the environment in the experimental model 

changes, for example, with regard to the availability of nutrients and molecules. 

The microtiter plate-based system is used to perform different tests at the same 

time, which may be ideal for rapid screening of methods for biofilm disinfection 

and removal. Biofilm quantification with microtiter plates may be categorized 

into biomass assays, viability assays and matrix quantification assays. 

 

Biofilm analysis on microtiter-plate based systems may be performed using 

crystal violet, nucleic acid stains such as Styo9, non-fluorescent fluorescein 

diacetate, tetrazolium salts such as XTT, resazurin or dimethyl methylene blue. 

These methods show differential results for fungal and bacterial biofilms. 

Furthermore, it has been suggested that the Styo9 assay should not be used for 

CFU measurements in biofilms and that the crystal violet assay was non-

repeatable for Pseudomonas aeruginosa biofilms. A limitation of the Styo9 

assay is that it depends on microbial cell wall integrity, and thus can be 

misrepresented by microbes that may be dead, yet have an intact cell wall. CFU 

counts only reproducing cells, and can over-quantify killed cells based on 

reduction of metabolic activity (chemostatic treatments would be considered 
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killed). Since these test methods measure different analytics to describe 

viability, it is quite possible the results do not match. Hence, it may be 

preferable to perform tests such as FDA or resazurin for quantification of 

biofilms with differentiation between dead and live cells. 

 

Flow Displacement Biofilm Model Systems 

 

In contrast to the microtiter plate-based system, the flow displacement system is 

open. In this system, the growth medium containing the nutrients needed for 

growth is added at a constant rate, with the waste products and toxins from the 

biofilm removed simultaneously. The concept of flow displacement is based on 

the premise that an initial film of macromolecular components needs to form on 

a surface to allow microbial adhesion. The fluid flow, in an optimal manner 

ensures adhesion of microbial cells to a substrate, which is a characteristic 

property of any biofilm. 

 

It has been suggested that experiments using parallel plate flow chamber 

performed with controlled hydrodynamic conditions would offer ideal flow 

rates for microbial adhesion and reduces technical variables. This also helps in 

repeatability of the study designs in different laboratories. 

 

Modified Robbins Device 

 

The modified Robbins device is a device in which there is a continuous 

formation of biofilm which is exposed to fluid flow. This device may employ 

silicone or hydroxyapatite discs as the substrate for biofilm growth, with or 

without addition of agents that support or inhibit microbial growth. The main 

advantage of this system is that it allows evaluation of more than one 
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antibiofilm agent in the same experiment. This device can also be modified and 

used in conjunction with flow devices. 

 

Microfluidic Device 

 

This is becoming a popular method of studying biofilms, because of the 

possibility of forming a biofilm under conditions similar to that physiologically, 

for example, cell-to-fluid volume ratios and flow velocities. Also, since the 

chamber is small, it allows for a single cell resolution analysis of the biofilm 

under tightly controlled conditions. In essence, this device allows the analysis of 

chemical assays using small quantities of liquids on a small chip. Such an 

approach could be very useful in techniques such as polymerase chain reaction, 

protein analysis and DNA sequencing. However, there are challenges in this 

approach in terms of analysis of biofilms, with specific reference to 

quantification using methods such as fluorescent staining. An interesting 

development in this aspect was the application of a modified confocal reflection 

microscopic approach, termed the continuous optimizing confocal reflection 

microscopy, to quantitatively study the biovolume of biofilms. 

 

In essence, various techniques and technologies have helped to increase our 

understanding of biofilm physiology and the behavior of bacteria living there. 

However, these experiments are performed on in vitro biofilm models that may 

not accurately represent or mimic in vivo biofilm behavior or they simply 

under-represent it. Another important issue is that in vitro models lack the 

reaction or challenge imposed on a biofilm in vivo due to the host immune 

response, therefore limiting the knowledge of how this very important aspect 

would add to the survival and/or elimination of a biofilm. 
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Confocal Laser Scanning Microscopy 

 

In recent years, confocal laser scanning microscopy has emerged as a very good 

method to study biofilms structure, because it allows non-destructive 

investigation of these ecosystems and the hydrated spatial arrangement at 

cellular scale. The use of fluorescent markers allows targeting of particular cells 

or, even certain components of the extracellular matrix. 

 

The use of specific stains [e.g., live/dead stains] allows differentiation of live 

and dead bacteria often times demonstrated by green or red fluorescent signals. 

However, this may be controversial as the processing of a specimen may result 

in bacterial death and hence falsely reported as efficacy of a treatment approach. 

Nevertheless, this technique allows us to have a fair idea of the effectiveness of 

irrigating solutions and techniques in bringing about disruption of the biofilm 

structure using a three-dimensional reconstruction of the biomass as to study 

biofilm architecture. Limitations are the same as those for light microscopy, 

including the fact that it is not able to visualize the cellular ultrastructure, which 

requires higher-resolution imaging. 

 

Fluorescent Microscopic Techniques with Super Resolution 

 

New microscopic techniques such as STED (Stimulated Emission Depletion), 

PALM (Photo-Activated Localization Microscopy) and SIM (Structured-

Illumination Microscopy) are able to eliminate some of the limitations in terms 

of resolution. However, for this purpose, the biofilm must be labeled with 

fluorescing dyes. Hence, it is essential to identify specific markers for the 

biofilm components that are to be imaged and analyzed. 
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Scanning Electron Microscopy (SEM) 

 

The use of SEM overcomes some of the limitations related to the use of 

fluorescent dyes. This technique allows scanning of microbial ecosystems to 

obtain qualitative information as well as detailed analysis of morphological 

structures, such as the cellular surface of one bacterium or identification of 

damage to the cell membrane. It also allows analysis of cell-to-cell interactions 

by detecting structural changes in the ecosystems. However, it must be 

appreciated that the sample preparation for this kind of microscopy usually 

involved high vacuum conditions which results in distortion of the extracellular 

polymeric matrix. Low vacuum methods, such as environmental SEM, may be 

more useful in this regard. 

 

 

REMOVAL OF ENDODONTIC BIOFILMS DURING ROOT CANAL 

TREATMENT: 

 

The objectives of root canal irrigation are to dissolve vital or necrotic pulp 

tissues, disrupt endodontic biofilms, neutralize endotoxins and remove the 

smear layer. Antimicrobial activity and biofilm destruction appear to be the 

most important objectives targeted towards the etiology of pulp and 

periradicular infections.  
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Histological section of the isthmus area between two canals in a mandibular 

molar, stained by Taylor modified Brown and Brenn stain (16× and 100×) 

showing the presence of numerous bacterial masses with tissue. A higher 

magnification (100× and 400×) reveals the presence of residual bacteria and 

debris in the communications between canals after cleaning and instrumentation 

of root canal systems. This is the existing challenge in root canal treatment 

(Courtesy: Dr. Domenico Ricucci, Italy). 

 

The challenge in endodontic treatment is for the disinfectants to reach those 

minute areas and facilitate removal of the inflamed or necrotic tissue within 

biofilms.  
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ROOT CANAL IRRIGANT: 

 

 

1. PROTEOLYTIC IRRIGANTS: 

 

Sodium hypochlorite (NaOCl) is regarded as the most potent disinfectant in 

endodontics due to its excellent ability to dissolve vital and necrotic tissues, in 

addition to its antimicrobial activity. In endodontic therapy, NaOCl is used in 

concentrations ranging from 0.5 to 6%, all of which demonstrate antibacterial 

activity. Studies show that the antimicrobial activity is not concentration 

dependent, but tissue dissolution and biofilm disruption are concentration 

dependent. The recommended irrigation regimen involves a sequential use of 

NaOCl and a decalcifying agent. Ozdemir et al., concluded that the combined 

application of 17% EDTA and 2.5% NaOCl reduces the amount of intracanal 

biofilm significantly. The effectiveness of sodium hypochlorite may be 

improved by warming the solution, use of agitation/activation methods, 

increasing the volume of the irrigant, and lowering the pH of the irrigant 

solution. While the role of warm NaOCl is not clear, owing to the fact that 

extreme temperature is rapidly buffered within the root canal system, it could be 

advantageous to continuously deliver warm NaOCl via new devices based on 

negative pressure. Alternatively, techniques such as ultrasonic activation also 

increases the temperature of the irrigating solution and may prove to be 

beneficial. The endodontic literature is consistent in demonstrating that NaOCl 

is able to completely disrupt the biofilms within the root canal system. 

However, Rosen et al., reported a very interesting finding that NaOCl induces a 

viable but non-culturable state of bacteria in biofilms and that this might 

contribute to bacterial persistence. 
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ANTISEPTICS 

 

Chlorhexidine (CHX) gluconate with a very broad antimicrobial spectrum is 

used as an oral antiseptic mouthwash for plaque control and as an irrigant for 

periodontal therapy and infected root canals . It has a lower grade of toxicity 

compared to sodium hypochlorite and sustained action i.e., substantivity. A 

concentration of 2% is recommended as a root canal irrigant . Arias-Moliz et al., 

showed that alternating the application of CHX and cetrimide resulted in a 

higher percentage reduction of Enterococcus fecalis compared to the combined 

use of these 2 agents. Cetrimide facilitates the destruction of EPS matrix 

allowing CHX to act more directly on Enterococcus fecalis thus resulting in a 

greater bactericidal potential. 

 

In two different studies, Baca et al., concluded that the combination of 2% CHX 

and 0.2% cetrimide as a final irrigating solution showed maximum residual and 

antimicrobial activity on Enterococcus fecalis biofilm. CHX Plus, which is a 

combination of chlorhexidine gluconate with surface modifiers, showed higher 

levels of bactericidal activity compared to CHX alone. Mechanical agitation of 

CHX has been proven to promote its antimicrobial effectiveness. Comparing 

CHX and NaOCl, it is now known that although CHX exhibits antibacterial 

activity but is unable to destroy the biofilm structure. 

 

Another bisbiguanide, Alexidine (ALX) was introduced as a root canal irrigant 

quite recently. Alexidine differs from CHX due to the presence of 2 

hydrophobic ethylhexyl groups, which enables rapid antibacterial action. 

Compared to CHX, ALX has a greater affinity for lipoteicoic acids resulting in 

an increased permeability into the bacterial membrane. ALX (1%) has been 

shown to bring about bacterial killing similar to 2% CHX, although both agents 

do not appear to disrupt the biofilms of E. faecalis.  
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Octenidine hydrochloride (OCT) is a positively charged bispyridinamine. It acts 

by binding to the negatively charged bacterial cell envelope resulting in 

disruption of the functions of bacterial cell membrane. The antimicrobial 

activity of OCT on Candida albicans was studied by Eldeniz and coworkers 

who reported that OCT was able to totally eliminate all Candida cells when 

used as a root canal irrigant. Not enough evidence exists at this time evaluating 

alexidine or octendine on complex biofilms and future research is warranted. 

 

Iodine potassium iodide (IKI) was first used by a French physician, Lugol to 

treat scrofula in 1829. In 1927, iodine products were initially used as root canal 

irrigants. IKI has a broad spectrum of antimicrobial action and is effective 

against enteric bacteria, enteric virus, and protozoan cysts. Due to its lack of 

tissue dissolving capabilities, it has been suggested to use IKI after canal 

instrumentation and irrigation with sodium hypochlorite. Wang et al., found that 

the addition of a detergent to IKI increases the antibacterial effects against 

Enterococcus faecalis in the dentinal tubules. However, the literature lacks 

evidence on the effectiveness of this compound on the biofilm structure itself. 

 

DEMINERALIZING AGENTS 

 

Ethylenediaminetetraacetic acid (EDTA) is a chelating agent recommended as 

an adjuvant in root canal therapy. Many authors have shown its efficacy for 

removing the inorganic portion of the smear layer. However, EDTA has little or 

no antimicrobial activity. Alternating the use of NaOCl and EDTA during root 

canal treatment appears to be a promising approach to remove the organic and 

inorganic debris, in addition to disrupting microbial biofilms. 

Soares et al., studied the effectiveness of chemomechanical preparation with 

alternating use of sodium hypochlorite and EDTA on an intracanal E. fecalis 

biofilm and found that the alternating use of these 2 agents promoted the 
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elimination of root canal E. fecalis biofilm. While EDTA has been shown to be 

effective against Candida albicans, its efficacy on Candida albicans biofilms or 

multi-species biofilms has not yet been documented. 

 

Another demineralizing agent, maleic acid has been shown to be effective 

against E. fecalis at a concentration of 0.88% for 30 seconds. It is believed that 

the cell membrane permeability is altered due to the decrease in the internal pH 

of the microbial cell, resulting in death of the bacterial cell. However, such an 

action was not shown against intra-orally formed multispecies biofilms. A 

2.25% peracetic acid (PAA) solution was recommended as a final irrigant after 

the use of sodium hypochlorite during instrumentation. Peracetic acid has been 

shown to be more effective than chlorhexidine against root canal mono-species 

E. fecalis biofilms. One may consider peracetic acid as a single irrigant with 

two purposes—it is a demineralizing agent with strong antibacterial properties . 

 

Combination of Irrigating Solutions 

 

MTAD (BioPure MTAD, Dentsply Sirona Endodontics, York, PA, USA) is a 

mixture of 3% doxycycline, 4.25% citric acid and 0.5% Tween 80. Prabhakar 

and coworkers showed complete inhibition of bacterial growth by MTAD in a 3 

week old biofilm. In contrast, some studies have concluded that MTAD did not 

have good antibacterial activity against E. faecalis. QMiX is a mixture of CHX, 

EDTA and a detergent. It has been shown to be as effective as NaOCl and 

superior to CHX against Enterococcus fecalis and mixed plaque bacteria in 

planktonic and biofilm states. 

 

An interesting concept called continuous chelation involves mixing 5% sodium 

hypochlorite with 18% etidronic acid to serve as a single proteolytic-

antibacterial-demineralising solution. Etidronic acid is a weak chelator and 
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hence, when mixed with NaOCl, can be indicated as an irrigant during the entire 

instrumentation process. The continuous chelation protocol has been shown to 

bring about excellent antibiofilm activity against biofilms of E. faecalis.  

 

Natural Agents (Phytotherapeutic or Ethnopharmacological Approaches) 

 

Although several studies have evaluated the antibacterial actions of essential 

oils, none have tested them on biofilm models. Hence, this category of materials 

is not discussed. Other phyotherapeutic agents such as Berberine, Morinda 

citrifolia and curcumin have also been evaluated against root canal biofilms. 

Berberine, an antimicrobial plant alkaloid, when combined with 1% 

chlorhexidine has antibacterial activity comparable to 5.25% sodium 

hypochlorite and 2% chlorhexidine. It has been tested on Candida albicans 

biofilms in a non-endodontic model, and appears to show favorable antibiofilm 

activity when combined with miconazole. 

 

Curcumin is a naturally occurring yellow compound found in Curcuma longa L. 

which is most commonly known as turmeric. Many studies have shown that 

curcumin has antimicrobial, anti-inflammatory and anti-oxidant activities. 

Recent evidence shows that curcumin is an effective photosensitizer and brings 

about antibiofilm activity and dentinal tubule disinfection similar to sodium 

hypochlorite. 

 

Nanoparticles Based Disinfection 

 

In recent years, the use of nanoparticles to disinfect root canals has gained 

popularity due to their broad spectrum antibacterial activity. Chitosan (CS-np), 

zinc oxide (ZnO-np) and silver (Ag-np) nanoparticles possess a broad spectrum 
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of antimicrobial activity, caused by altering cell wall permeability resulting in 

cell death.  

 

Rose bengal-functionalized CS-np have been widely studied and appear to be 

effective against monospecies and multispecies biofilms, even in the presence 

of tissue inhibitors. When attempting to disinfect the root canal system, the 

priority is on targeting the microbial biofilm and to render the substrate less or 

not amenable to microbial adhesion. However, it is also important to protect the 

substrate dentin from further degradation or, at least, not damaged by the 

irrigants in terms of their physical and chemical structure. 

 

Photodynamic therapy (PDT) has been used to disinfect root canals because it 

has antimicrobial activity and the ability to cross-link collagen with proteins. 

Rose bengal, a non-toxic dye, becomes cytotoxic when activated with a low-

intensity visible light and oxygen, targeting cells or tissues in general as well as 

the lesion to which it is directed. Chitin, obtained from crustaceans, such as 

crabs and shrimps, is another important polymer. From this, chitosan, which is 

biodegradable and non-toxic, can be derived and used for biomedical and 

pharmaceutical application. Chitosan can also be decorated with 

photosensitizers and chitosan conjugated with rose bengal has been reported to 

enhance the degradation resistance of collagen than rose bengal alone, lacks 

residual activity, and is stable in the environment. 

 

Silver nanoparticles sized 10–100 nm was demonstrated to possess powerful 

antibacterial activity against gram-positive and gram-negative bacteria. 

Furthermore, mesoporous bioactive calcium silicate nanoparticles and bioactive 

glass powder loaded with AgNp demonstrated significant reduction in adhesion 

of E. faecalis biofilms and this was further exemplified by ultrasonic activation. 
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These materials appear to be potentially useful intracanal disinfectants and 

further research is needed on the biofilm disruption by these materials. 

 

Nanoparticles with reactive molecules and nanoscale materials have the 

potential to combat microorganism resistance, since they have the advantages of 

very small sizes, a large surface-area-to-mass ratio and very good reactivity. 

PDT used together with nanoparticles has enhanced the efficacy of treatment 

against microorganisms like bacteria by improving delivery and reducing 

activation. However, some limitations exist; they can form some aggregates 

compromising the area where they are used and, because of the anatomical 

complexities present in the root canal system, effective delivery to target areas 

may not be possible. Future research must focus on the delivery of nanoparticles 

into all corners of the root canal system to enable optimal disinfection. 

 

Miscellaneous Interventions 

 

Enzymatic irrigation was introduced by Niazi and coworkers, who evaluated the 

effectiveness of 1% trypsin and 1% proteinase K, with or without ultrasonic 

activation, on a multi-species biofilm. Trypsin with ultrasonic activation was 

able to effectively kill both aerobic and anaerobic bacteria and has the capability 

of disrupting the biofilm. 

 

Agents that interfere with the cell wall, such as d-amino acids, specifically d-

leucine has been demonstrated to bring about efficient dispersal of Enterococcus 

fecalis biofilms. It has been suggested that the dispersal of biofilms by sub-toxic 

concentrations of this agent reduces the success of resistant organisms.  
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Intracanal Medicaments 

 

Intracanal medicaments have conventionally been recommended as root canal 

dressing between appointments. However, with the increasing trend towards 

single visit endodontics, and the lack of a clear advantage of multiple visit 

treatments over single visit, the role of inter-appointment dressings is 

questionable and may wane with time. Nevertheless, considering the present 

evidence base (or lack of, thereof) to support one approach over the other, this 

section will briefly focus on the role of intracanal medicaments in root canal 

disinfection. The reader is referred to other reviews on this topic for details on 

the composition and mechanisms. A systematic review on the effect of 

intracanal medicaments on bacterial biofilm concluded that these agents had 

limited action against a biofilm. Furthermore, even if these agents are able to 

bring about bacterial killing inside a biofilm, it is unknown if they can disrupt or 

remove biofilms from the root canal system. 

 

Calcium hydroxide has been shown to be ineffective against biofilms of E. 

fecalis even after 24 hours of treatment. It was also reported that the addition of 

efflux pump inhibitors were unable to potentiate the antibiofilm activity of 

calcium hydroxide and nanoparticles of chitosan. While this lack of 

effectiveness of calcium hydroxide was also true for multi-species biofilms, 

addition chitosan nanoparticles to calcium hydroxide appears to enhance the 

bacterial killing in a multi-species model over a 7 and 14 day period. 

Nevertheless, it is unknown if this strategy per se can remove biofilms from 

within the radicular space. Furthermore, research is lacking in terms of the 

ability of intracanal medicaments to penetrate the EPS matrix of biofilms. 

 

Antibiotic combinations have been studied over the past few years as a regimen 

during regenerative endodontic strategies. The literature is inconsistent on the 
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effectiveness of double and triple antibiotic pastes (DAP and TAP) respectively 

against mono- and multi-species biofilms. It has been shown that TAP is 

significantly better than calcium hydroxide and chlorhexidine in disrupting 

biofilms of E. faecalis. It has been suggested that 1 mg/mL DAP is needed to 

demonstrate any significant antibiofilm activity. In addition, polymer nanofibers 

with TAP has been shown to bring about significant bacterial killing in a dual-

species model composed of Actinomyces naeslundii and E. faecalis.  However, 

the possibility of root canal bacteria to develop resistance to antibiotics and 

possible allergic reactions in patients, remain important concerns with this 

category of medicaments. With the current available evidence, it remains 

unclear if intracanal medicaments are effective against multi-species biofilms. 

 

Irrigant Activation Mechanisms 

 

Complexity of the root canal anatomy and tenacious nature of the biofilms 

dictate that simple delivery of antimicrobial agents is not sufficient for 

disinfection of root canal systems. The focus is on developing methods that will 

satisfactorily deliver these antimicrobial agents into the complex anatomy, 

interfere with the adhesive mechanisms by inducing shear stress and disrupt the 

biofilms. 

 

Sonics and Ultrasonics 

 

Ultrasonic agitation can cause dis-agglomeration of the bacterial biofilm, thus 

re-suspending the bacteria in planktonic form which are then, more susceptible 

to antimicrobial irrigants. Also, any cavitation that may be produced, would 

cause temporary weakening of the cell membrane, thereby increasing the 

bacterial cell permeability to antimicrobial irrigants. 
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There is wide variability in the endodontic literature with regards to 

effectiveness of sonic and ultrasonics in removal of smear layer as well as 

antibacterial activity. In part, this may be due to differences in the study design, 

with the parameters for using these activation methods being inconsistent. 

Notable differences concerned include the volume of irrigating solution used, 

concentration, activation cycle and replenishment cycle of the solution, which 

result in inconclusive results. From a logical standpoint, agitation of irrigating 

agents with sonic or ultrasonic should result in shear stresses that may cause 

detachment of the biofilms from the root canal walls. It will also enable better 

penetration of irrigating agents into the lateral channels of the root canal system 

allowing better disinfection. However, there appears to be no strong evidence to 

demonstrate the clinical effectiveness of this approach. 

 

Light: Non-Coherent (Photoactivated Disinfection) and Coherent (Laser 

Activated Disinfection) 

 

Since the concept of photoactivated disinfection against root canal biofilms has 

been discussed already, this section will only focus on the role of lasers against 

biofilms within root canals. Incomplete dissolution of intracanal biofilm seems 

to be a common finding after chemo-mechanical preparation of the root canal 

system. Lasers that have a wavelength interacting with water molecules have 

been used to produce cavitation in liquids. When laser irradiation pulses, the 

cavitation effect produces a shockwave that can move the irrigating solution 

within the canal. One brand of Erbium:YAG (Er:YAG) laser propose its use in 

combination with a special tip to achieve the so-called Photon-induced 

photoacoustic streaming (PIPS) or irrigant in the canal. This device has been 

researched for removing debris and smear layer from the root canal system and 

the results seem positive. 
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There are only a few studies that evaluated laser activation of irrigants using a 

bioflm model; one of them examined the cleaning of biofilm-infected dentin on 

a bovine root canal comparing it with sonic or ultrasonic activation and needle 

irrigation. The authors showed favorable results for PIPS when compared to the 

other irrigant agitation methods. Neelakantan et al., demonstrated that both 

diode and Er:YAG lasers were more effective than ultrasonic activation or 

syringe irrigation method for removing E. fecalis biofilms. However, this study 

reported no significant difference between Er:YAG and diode laser when a new 

irrigating agent (sodium hypochlorite mixed with etidronic acid) was used. 

 

Microbubble Emulsion 

 

Halford et al., were the first to employ a microbubble emulsion to enhance the 

effect of sonic and ultrasonic agitation of sodium hypochlorite. Essentially, the 

technique employs unstable gas-filled microbubbles that expand when exposed 

to ultrasonic waves. The dynamics thereby induced in the fluid would help in 

detaching surface adherent bacteria or biofilm destruction. In addition, it may 

also generate reactive oxygen species to exhibit an antibacterial effect. 

Microbubble emulsion in combination with ultrasonic agitation was shown to be 

superior than with sonic agitation . This approach appears clinically interesting 

and warrants further research. 

 

 

Effect of Lactobacillus plantarum LTA: 

 

Lactobacillus plantarum (L. plantarum) is a probiotic that is known to have 

anti-inflammatory and anti-biofilm effect. Bacterial cell wall components 

especially LTA inhibit Streptococcus mutans (S. mutans), E. faecalis, and 

Staphylococcus aureus (S. aureus) biofilm formation by controlling gene 
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expression, quorum sensing, and inhibiting exopolysaccharides production. 

Furthermore, L. plantarum LTA also disrupted preformed biofilm of E. faecalis 

and S. aureus. Interestingly, L. plantarum LTA reduced not only mono-species 

biofilm, but also multi-species biofilm consisting of A. naeslundii, E. faecalis, 

Lactobacillus salivarius, and S. mutans and it also cooperatively enhanced 

disruption of oral multispecies biofilm when combined with CH and CHX 

intracanal medicaments (unpublished data). 

 

 

FUTURE DIRECTIONS: 

 

Despite the increasing knowledge of the microbial status of root canal systems, 

much still remains unknown. The reported success rates of root canal treatment 

have not undergone significant improvement. From the clinical perspective, it is 

important to understand the etiopathogenesis of periradicular periodontitis as a 

disease caused by microbial infection of the root canal system. Even though we 

know that root canal biofilms are complex, the literature unfortunately does not 

seem to offer due credence to understanding the dynamics between the 

components of a biofilm. Crosstalk between bacteria is a paradigm that has not 

be sufficiently studied thus far in the context of endodontic disease. 

 

The need for better understanding of the interactions between microbes in 

biofilms and how each organism influences the other. This, coupled with 

targeted therapeutic strategies may help improve the success rates of root canal 

treatment. Such strategies must focus on a step-wise approach from mono- to 

multispecies biofilms so as to develop a sufficient knowledge base on their 

mechanisms at a cellular level. 
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Conclusion: 

 

The root canal biofilm is a very complex, organized entity and it is difficult, but 

not impossible to duplicate its characteristics in in vitro experiments. Within 

root canal systems, the complexity is not only related to the nature of the 

biofilm, but also the complex anatomy, which houses tissue along with biofilms 

and removal of such biomasses is as relevant as being able to kill bacteria in 

biofilms. 

 

Studies on monospecies or dual species biofilms may over-simplify this 

ecological phenomenon and may not be a true reflection of the results 

achievable in the clinical scenario. 

 

Future studies should offer due credence to the complexity of the microbial 

biofilm and evaluate models to re-evaluate removal of the biomass from the root 

canals in addition to evaluating the action of novel antimicrobial agents on 

complex biofilms.  
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