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bacterial condensations on the walls of 
infected root canals have been observed 
[8], [9] suggesting that mechanisms for 
biofilm formation may also exist inside 
the root canal space. In fact, biofilms 
have been experimentally produced in 
root canals of extracted teeth with mixed 

[10]cultures of anaerobic bacteria  or pure 
[11], [12]cultures of Enterococcus faecalis .

Formation Of Biofilm
Biofilm formation is a step-wise 
procedure its formation occurs in the 
presence of microorganisms, fluid and 
solid surface. The phases for microbial 
community to develop a biofilm and 
colonize  the  envi ronment  may 
sometimes be unusual, but basically 
occur with the same sequence of 
developmental steps:
1. Deposition of conditioning film
2. Adhesion and colonization of 

planktonic microorganisms
3. Bacterial growth and biofilm 

expansion
4. D e t a c h m e n t  o f  b i o f i l m  

m i c r o o r g a n i s m s  i n t o  t h e i r  
surroundings.

Step 1 involves adsorption of inorganic 
and organic molecules, to the solid 
surface which leads to the formation of 

Introduction
The term biofilm was introduced to 
designate the thin-layered condensations 
of microbes (e.g. bacteria, fungi, 
protozoa) that may occur on various 
surface structures in nature. Free-floating 
bacteria existing in an aqueous 
environment, so-called planktonic 
microorganisms are a prerequisite for 
biofilm formation. Such films may thus 
become established on any organic or 
inorganic surface substrate where 
planktonic microorganisms prevail in a 
water-based solution. In dental contexts, 
a well-known and extensively studied 
biofilm structure is established during the 
attachment of bacteria to teeth to form 
dental plaque. Here, bacteria free in 
saliva (planktonic organisms) serve as 
the primary source for the organization of 

[1]this specific biofilm .

As far as endodontic infections are 
concerned, the biofilm concept has thus 
far gained limited attention. It has been 
discussed mainly within the framework 
of bacterial appearances on root tips of 

[2], [3], [4], [5], [6]teeth with non-vital pulps . 
Such bacterial aggregations have been 
thought to be the cause of therapy-

[6], [7]resistant apical periodontitis . 
Although not described in great detail, 
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conditioning film. Conditioning film is 
composed of proteins and glycoproteins 
which are derived from saliva and 

[13]gingival crevicular fluid . Dental 
plaque formation on the tooth surface 
involves conditioning with salivary 
pellicle.

Step 2  involves Adhesion and 
c o l o n i z a t i o n  o f  p l a n k t o n i c  
microorganisms and its attachment is 
strengthened by polymer production and 
unfolding of cell surface structures. 
Pioneer organism which is involved in 
the formation of biofilm on the tooth 
surface is streptococcus followed by 
subsequent attachment of gram positive 

[14]and gram negative bacteria's .

There are numerous factors affecting 
bacterial attachment which includes pH, 
temperature variations, flow rate of fluid, 
nutrients, surface energy of the substrate, 
bacterial content, bacterial growth stage, 
bacterial cell surface charge, and surface 
hyrophobocity.

Abstract
Microbial biofilms are clusters of microorganisms immobilised on a surface or an interface, 
enveloped in a slimy matrix of their own creation. The goal of endodontic therapy is the removal of 
all vital or necrotic tissue, micro-organisms, and microbial by-products from the root canal 
system. The intricate nature of root canal anatomy has complicated the complete debridement of 
all areas of the root canal. Debridement of the root canal by instrumentation, irrigation and 
removal of biofilm is considered important factor to prevent and treat endodontic disease. 
My presentation explores the biofilm formation which commences from adhesion of 
microorganisms to a surface followed by colonization, co adhesion, growth and maturation and 
finally detachment of some microorganisms. This presentation also includes its relevance in 
persistent endodontic infection and its resistance to antimicrobial agents, root canal irrigants, and 
root canal instruments for its removal.
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Step 2 involves three phases:

Phase 1: Transport of the microbe to 
substrate surface and its attachment. 
Adherence factors includes fimbriae, 
pili, flagella, EPS (glycocalyx).

Phase 2: Microbial and substrate 
adherence phase to form bridge. These 
bridges which are formed in a 
combination of electrostatic attraction, 
covalent and hydrogen bonding, dipole 
interaction and hydrophobic interaction. 
Initial bond between the bacteria and 
substrate is weak slowly over a period 
they gain strength with polysaccharide 
adhesion or ligand formation.

Phase 3: specific microbial -substrate 
adherence phase which involves bonding 
of adhesin or ligand on the bacterial cell 
surface.

Step 3 involves bacterial growth and 
e x p a n s i o n .  M o n o l a y e r  o f  
microorganisms attracts secondary 

[15]colonizers to form microcolonies . 
These microcolonies are similar to 
towers with lateral and vertical growth of 
microorganisms. Two types of microbial 
interaction are seen at cellular level 
during biofilm formation-co-adhesion 

[16]and coaggregation . Coadhesion is a 
process of recognition between a 
suspended cell and cell already attached 
to substratum. Coaggregation is a process 
where genetically distinct cells in 
suspension recognize each other and 
results in a clump formation. At the end of 
this stage biofilm is seen as corncob 

[17]structure .

Step 4 involves the deattachment of 
biofilm microorganisms into their 
surroundings which are of two types -
seeding disposal and clumping dispersal.

Seeding dispersal: it is a programmed 
detachment of Planktonic bacterial cells 
caused by local hydrolysis of the 
extracellular polysaccharide matrix, and 
conversion of a subpopulation of cells 
into motile planktonic cells. The 
detached cells are the ones which causes 

[18]persistent infection .

Clumping Dispersal: A physical 
detachment pathway in which a fragment 
of a micro colony, simply detaches from 
the biofilm and is carried by the bulk until 
it lodges in a new location and initiates a 
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new sessile population. Deattachment 
can be of two types Erosion (continous 
deattachment of single cell) and 
Sloughing (rapid detachment of biofilm)

Electron microscopically Biofilms 
appears as tower or mushroom shaped 
microcolonies with interspersed 
channels that are separated from the 
external environment through which 

[19]fluids move by convection .

Hypothesis For Root Canal Biofilm 
Formations
It is reasonable to assume that the 
preconditions for biofilm formation in 
the root canal vary depending on the 
cause of the pulpal breakdown. An 
ischemic injury by trauma, leading to 
pulpal necrosis, is likely to provide 
totally different prerequisites for the 
colonization phase than in a caries 
exposure of the pulp. In the latter case, the 
inflammatory lesion front may recede 
successively towards the apex, possibly 

in bursts, and provide the fluid vehicle by 
which invading planktonic organisms 
can multiply and start attaching to the 
root canal walls.

I m p l i c a t i o n s  O f  B i o f i l m  I n  
Endodontics
Microorganisms present in the oral cavity 
serves as primary source of biofilm 
formation within the root canal. The 
anatomical complexities in the root canal 
s y s t e m  p r o v i d e  s h e l t e r  t o  

[20]microorganisms . Bacterial biofilm can 
be seen beyond the apex of the root as 
bacteria in biofilm survive unfavourable 
environmental and nutritional conditions 
[20], [21].

The necrotic pulp tissue becomes a 
favourable environment for microbial 
proliferation due to the presence of 
organic residue or nutrients, which act as 
substrate or culture medium. Gram-
negative bacteria are more frequent than 
Gram-positive bacteria. Facultative or 



strict anaerobic microorganisms are more 
frequent than aerobic microorganisms, 
and the presence of bacilli and filaments 
is equivalent to that of cocci.

Endodontic biofilm can be of various 
categories:
1. Intracanal biofilm
2. Extra radicular biofilm
3. Periapical biofilm
4. Foreign body centered biofilm

Intracanal biofilm are microbial biofilm 
formed on the root canal dentine of 
infected tooth. First identification of 
biofilm was earlier reported by Nair 1987 
under transmission electron microscopy 
[22]. Major bulk of the organisms existed as 
loose collections of cocci, rods, filaments 
and spirochetes apart from this bacterial 
condensation were seen as palisade 
structure similar to dental plaque seen on 

[23]tooth surface . The extracellular matrix 
material of bacterial origin was also 
found. 

Extra radicular biofilm are root surface 
biofilms formed on root surface adjacent 
to the root apex of endodontically 

[24]infected teeth . In a study of cases 
r es i s t ing  t r ea tment  ( r e f rac to ry  
endodontic cases) Tronstad et al 
examined root tips of surgical extracted 
teeth under SEM and found structureless 
smooth biofilm with multispecies 
bacteria and varying degree of 

[25]extracellular matrix .

[26]Lomcali et al  used SEM to examine 
root tips of asymptomatic apical 
periodontitis under which multilayered 
bacteria was seen embedded in a heavy 
extracellular matrix. Calculus like 
deposits was noticed at the root apex of 
extracted teeth after post treatment 

[27]periapical periodontitis .

Periapical microbial biofilms are 
isolated biofilms in the periapical region 
of endodontically infected teeth. They 
can be seen even in the absence of root 
canal infections. Bacteria's present in 
such biofilm should have the capacity to 
overcome host defence mechanisms and 

[ 2 8 ]result in periapical lesions .  
Actinomyces species and P. Propionicum 
are associated with periapical lesions. 
Actinomyces species show the presence 
of yellow granules commonly referred as 

[29]sulphur granules .

Microscopically these granules appear as 
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ray fungus. The aggregation of 
Actinomyces cells are influenced by pH, 

[30]ionic strength and cell concentration . 
Aggregat ion faci l i ta tes  biof i lm 
formation.

Foreign body - centered biofilm is seen 
when bacteria adheres to an artificial 
biomaterial surface and forms biofilm 

[31]structures . It is also known as 
biomaterial centered infection. It is a 
major complication associated with 
prosthesis and also in an implant 
supported prosthesis. Biomaterial 
centered infection reveals opportunistic 
invasion by nosocomial organisms. In 
endodontics, biomaterial centered 
biofilm can be intraradicular or 
extraradicular depending upon the 
position of obturating material.

Role Of Enterococcus Faecalis In 
Biofilm:
Enterococcus faecalis the unique 
property of these organisms is biofilm 
formation and the physiochemical 
properties of organisms help them to 
modify according to the prevailing 
environmental and nutrient conditions. 
Biofilms formed by Enterococcus 
faecalis are able to resist destruction by 
enabling the bacteria to become 1000 
times more resistant to phagocytoses, 
antibodies and antimicrobials than non 

[32]biofilm producing bacteria .

Enterococcus faecalis forms biofilm in 
various stages which includes adherence 
of the organisms and formation of micro 
colonies followed by bacterial mediated 
dissolution of the mineral fraction from 
the dentin which results in release of 
calcium and phosphate ions leading to 
initial calcification. At later stages E. 
Faecalis biofilm shows carbonated -
apatite structure as compared to natural 
dentine which contains carbonated flour 
apatite structure which are more resistant 

[ 2 0 ]and  d i ff i cu l t  to  e rad ica te  .  
Enterococcus faecalis co aggregates with 
F.nucleatum which results in further 

[33]aggravate endodontic infection .

Apical Periodontitis Due To Biofilm
Apical periodontitis is a biofilm related 
chronic infectious disease that occurs 
very frequently.

Apical periodontitis is an inflammatory 
process in the periradicular tissues 
caused by microorganisms in the necrotic 
root canal. Accordingly, to achieve 

healing of apical periodontitis, the main 
goal of the treatment must be elimination 
of the infection and prevention of re-
infection. 

Once endodontic therapy has been 
initiated, several factors may potentially 
contribute to breakdown of the periapical 
tissues, resulting in persistence of the 
disease process. These factors include 
complications such as perforations, 
instrument fractures, and extrusion of 
materials used during the treatment in the 
periapical area.

In addition, development of a radicular 
cyst or cholesterol crystals may 
contribute to persistence of disease after 
endodontic treatment 

The etiology of apical periodontitis in a 
root-filled tooth (post-treatment disease) 
is generally the same as in primary apical 
periodontitis: microbial infection of the 
root canal. However, the root-filled tooth 
and the root canal(s) have already 
undergone a variety of treatment 
procedures, including use of mechanical 
instruments such as burs, and files, local 
disinfecting agents such as irrigants, and 
inter-appointment dressings and root 
filling. Consequently, secondary factors 
are often highlighted when persistence of 
disease is analyzed. Nevertheless, as 
indicated earlier, without the presence of 
a microbial infection, mechanical 
complications related to technical 
procedures and use of materials do not 
cause more than temporary problems 
such as  shor t - las t ing  (asept ic)  
inflammatory reaction due to physical or 
chemical trauma and the occasional 

[39]occurrence of pain .

Anti-microbial Agents And Biofilms
Central to the theme of biofilm control is 
the use of surfactants, anti-microbial 
agents and preservatives.

Anti-microbial agents have often been 
developed and optimized for their 
activity against fast growing, dispersed 
populations containing a single micro-
o rgan i sm.  However,  mic rob ia l  
communities grown in biofilms are 
remarkably difficult to eradicate with 
a n t i - m i c r o b i a l  a g e n t s  a n d  
microorganisms in mature biofilms can 
be notoriously resistant for reasons that 
have yet to be adequately explained. 
There are reports showing that 
microorganisms grown in biofilms could 



be two- to 1000-fold more resistant than 
[34], [35]the corresponding planktonic form . 

With respect to oral bacteria, the biofilm 
i n h i b i t o r y  c o n c e n t r a t i o n s  f o r  
chlorhexidine and amine fluoride are 300 
and 75 times greater, respectively, when 
Streptococcus sobrinus is grown as a 
biofilm compared with the minimum 
bactericidal concentration for planktonic 

[36]cells . Biofilms of oral bacteria have 
also been found to be more resistant to 
a m o x y c i l l i n ,  d o x y c y c l i n e  a n d  

[37]metronidazole .

Removal Of Biofilm:
The structural dense organization of the 
biofilm within the polymeric matrix 
restricts the penetration of any agent into 
them. Biofilm are found to be resistant to 
a m o x i c i l l i n ,  d o x y c y c l i n e  a n d  

[36]metronidazole .

Sodium hypochlorite is an effective 
irrigant to destroy all forms of 
Enterococcus faecalis including its 

[37]biofilm form . Chlorhexidine 2% gel or 
liquid form is effective to eliminate 
Enterococcus faecalis from the 
superficial layers of dentinal tubules up 
to 100micrometer.50

The new techniques include use of 
ultrasonic irrigation, ozone, plasma 
dental probe, photoactivated disinfection 
with low-energy laser for biofilm 
removal. 1-minute use of ultrasonically 
activated irrigation, followed by root 
canal cleaning and shaping has been 
shown to improve canal and isthmus 
cleanliness in terms of necrotic 
debris/biofilm removal.

High concentrated gaseous and aqueous 
ozone is strain, dose and time 
dependently effective against the tested 
microorganisms in suspension and 
biofilm test model. However, NaOCl was 
the only method that eliminated biofilm.

Plasma dental probe is effective for tooth 
dis infect ion.  Scanning electron 
microscopy shows complete destruction 
of endodontic biofilms for a depth of 1 
mm inside a root canal after plasma 
treatment for 5 min.

Plasma emission spectroscopy identifies 
atomic oxygen as one of the likely active 
agents for the bactericidal effect.

The Er:YAG laser have produced 
excellent results due to its capacity for 
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ablating hard tissue with very less 
thermal effects. They are considered to be 
effective tool for the removal of apical 
biofilm.

Photodynamic therapy/ Light Activated 
Therapy is the latest method used to 
destruct endodontic biofilm. It involves 
the killing of microorganisms when a 
photo sensitizer selectively accumulated 
in the target is activated by a visible light 
of appropriate wavelength. PAD is a 
unique combination of a photosensitizer 
solution and low-power laser light. The 
photosensitizer, which is mostly colored, 
adheres to or gets absorbed by microbial 
cells. The low-power laser will destruct 
the target area and inactivate the 
microbial invaders. 

Usually sodium hypochlorite, antibiotics 
and other methods against microbial 
threats need a lot of time to inactivate the 
microbes. PAD needs a maximum of 150 
seconds. PAD is effective against 
Enterococcus faecalis, Streptococcus 
intermedius, Fusobacterium nucleotum, 
Peptostreptococcus micros, Prevotella 
intermedia)

Root Canal Disinfection
The application of PDT in clinical 
practice is as follows: 

The photoactive drug will be applied in 
t h e  r o o t  c a n a l  s y s t e m  a f t e r  
instrumentation is complete for a short 
time (up to five minutes) and will 
strongly bind to the negatively charged 
matrix and to bacteria. Then a fiber optic 
will be used to deliver red light from a 
diode laser to irradiate microbial biofilms 
on the root canal surface as well as in the 
dentinal tubules. The entire root canal 
system will be exposed to light 
simultaneously for five minutes. 

Conclusions
The surface-associated growth of 
microorganisms is the cause of most 
endodontic infection.

The application of the biofilm concept to 
endodontic microbiology will play a 
crucial role in helping us to understand, 
not only the pathogenic potential of the 
root canal microbiota, but also the basis 
for new approaches for disinfection. 
Microorganisms adaptation under 
different disease conditions as well as 
how biofilms are organized in root canals 
are important issues to be addressed on 

the road to obtain a clear understanding 
of how the root canal bacteria resist 
endodontic treatment measures.
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