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1 INTRODUCTION:

Biofilm can be defined as a sessile multi-cellular microbial
community characterized by cells that are firmly attached to
a surface and enmeshed in a self produced matrix of extra-
cellular polymeric substances. [1, 2] These are very preva-
lent in the apical root canals of teeth with primary and
post-treatment apical periodontitis. [3] It can be categorised
as intracanal biofilms, extra radicular biofilms, periapical
biofilms and biomaterial centered infections. [4] The in-
fected root canal harbors a polymicrobial population of aer-
obic, anaerobic, Gram-positive and Gram-negative bacteria
in a biofilm mode of growth. Bacterias involved are E. fae-
calis, Coagulase–negative Staphylococcus, S. aureus, Strep-
tococci, P.aeruginosa, fungi, F. nucleatum, P. gingivalis,
T. forsythensis, Actinomyces species and P. Propionicum.
These are commonly isolated by culture, microscopy, im-
munological methods and molecular biology methods [3] .
The microbial communities grown in biofilm are remarkably
difficult to eradicate with antimicrobial agents. Therefore,
different antimicrobials ranging from antimicrobial irrigants
to advanced antimicrobial methods such as lasers, photoac-
tivated disinfection, and nanoparticles are employed in the
management of infected root canal systems. [4]
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2 DISCUSSION:
Bacteria which are known to be the main agents of tooth
decay [5] always show the ability to aggregate in adherent
microbic communities. The biofilm forms on any surface
that comes in contact with natural liquids. The formation
of biofilm follows a series of developmental stages. [6]

Stages in biofilm formation:
Biofilms can be formed on any surface that is bathed

in a nutrient-containing fluid. The three major components
involved in biofilm formation are bacterial cells, solid surface
and fluid medium. [3, 4] Formation of biofilm includes four
stages:

1. Deposition of conditioning film

2. Adhesion and colonization of planktonic microorgan-
isms

3. Bacterial growth and biofilm expansion

4. Detachment of biofilm microorganisms into their sur-
roundings.

Stage I : Deposition of conditioning film:
The earliest stage of biofilm formation involves the ad-

sorption of inorganic and macromolecules in the planktonic
phase to the surface, leading to the formation of a condi-
tioning film. This film contains proteins and glycoproteins
from saliva and gingival crevicular fluid along with some
secreted microbial products. [4]
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Stage II: Adhesion and colonization of planktonic
microorganisms:

Attachment may be strengthened through polymer pro-
duction and unfolding of cell surface structures. [6]

Stage II involves three phases:
1.Microbes are transported to substrate surface and get

attached
2.Initial non specific microbial-substrate adherence

phase.
3.Specific microbial–substrate adherence phase [3]
Stage III : Bacterial growth and biofilm expansion:
The third stage involves multiplication and metabolism

of attached microorganisms that ultimately will result in a
structurally organized mixed microbial community. At the
end of this stage biofilm is seen as corncob structure. [6]

Stage IV: Detachment of biofilm microorganisms
into their surroundings:

Detachment of biofilm microorganisms is of two types –
seeding disposal and clumping dispersal. [7]

3 METHODS TO EXAMINE BIOFILM:
Traditionally endodontic bacteria have been studied by
means of cultivation based techniques. The past decade has
brought many advances in methods based on detection and
analysis of microbial nucleic acids. Findings from cultiva-
tion based method with regard to the microbiota living in
diverse ecosystem have been supplemented and significantly
expanded with molecular biology techniques.

Various methods used to examine biofilm are:
A. Culture
B. Microscopy
C. Immunological methods
D. Molecular biology methods
A. Culture [8, 9]:
Culture is defined as the process of propagating microor-

ganisms in the laboratory and provide them with proper
environmental conditions. Ingredients necessary for micro-
bial pathogens can be supplied by living systems or artificial
means.

A culture medium or growth medium is a substance in
which cells or organisms can grow.

Advantages:

1. Broad-range nature, identification of unexpected cases.

2. Allow quantification of all major viable micro-
organisms in the sample.

3. Antimicrobial susceptibilities of the isolates is deter-
mined

4. Physiological and Pathological studies are possible.

Types of culture medium [? ]:

1. According to the consistency:

• Liquid media.

• Semi-solid media.

• Solid media.

2. According to the constituents:
. Simple media-nutrient broth (peptone, meat extract,

NaCl and H2O).
. Complex 2% agar
. Synthetic ( peptone water medium)
. Special - a) Enriched media – blood agar, chocolate agar
b) Enrichment media – tetrathionate broth.
3. Aerobic media or anaerobic media:
. Aerobic media : Bower’s thioglycolate broth
. Anaerobic media: fat free minced cooked meat in broth

with a layer of sterile Vaseline.
Common ingredients of culture media [10]:

1. Water.

2. Agar.

3. Casein hydrolysate.

4. Peptone

Anaerobic bacterial techniques [10]:
They are important in endodontics since strict aerobic

bacteria are not present in the root canals. The safest way
to protect anaerobic bacteria is to avoid exposure to O2

during the lab work.
Two methods have made this possible:
1) The prereduced anaerobically sterilized technique by

Hungate. Simplified and further developed by Moore. It is
based on production of low reduction oxidation potential
by gassing the media with O2 free gas and affording protec-
tion from oxygenation during sterilization and subsequent
handling.

2) To use anaerobic glove box. The atmosphere in this box
is usually a mixture of N2-90%, CO2-10% and H2O-10%.

Limitations of culture technique:

1. Impossibility of culturing a large number of bacterial
species.

2. Not all viable bacteria can be recovered.

3. Once isolated, bacteria require identification using a
number of techniques.

4. Misidentification of strains with ambiguous phenotypic
behavior.

5. Low sensitivity.

6. Strict dependence on the mode of sample transport.

7. Sample require immediate processing.

8. Costly, time consuming, and laborious.

Reasons for bacterial ‘unculturability:’

1. Lack of essential nutrients or growth factors in the ar-
tificial culture medium.
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2. Overfeeding conditions

3. Toxicity of the culture medium itself

4. Production of substance inhibitory to the target mi-
croorganisms by other species present in a mixed con-
sortium

5. Metabolic dependence on other species for growth

6. Disruption of bacterial intercommunication systems
introduced by separation of bacteria on solid culture
media.

7. Bacterial dormancy or ‘viable but non-cultivable state’.

B. Microscopy [11]:
Direct microscopic examination represents a quick, easy

and inexpensive means of screening microbial samples for
major morphotypes and staining patterns. However, mi-
croscopy has limited senstivity and specificity to detect mi-
croorganisms in clinical samples.

• Scanning electron microscope

• Environment scanning electron microscope

• Transmission electron microscopy

• Confocal laser scanning microscope (CLSM)

• Epifluorescence microscopy

C. Immunological methods [12]:
Immunological methods employ antibodies that recognize

specific microbial antigens to directly detect target species.
Antibodies targeting host immunoglobulins specific to a

target species can also be used for indirect detection assays.
The reaction can be visualized using a variety of techniques
and reaction including direct and indirect immunofluores-
cence, flow cytometry and ELISA.

Advantages:

1. Rapid –no more than a few hours to identify a micro-
bial species.

2. Easily standardized

3. Low cost

4. Detect dead micro-organisms.

Limitations:

1. Detect only the target species

2. Low sensitivity

3. Specificity is variable and depends on the type of an-
tibodies

D. Molecular biology methods:
The basic strategy for diagnostic molecular microbiology

is using microbial DNA or RNA to detect a relatively short
sequence of nucleotide bases that is unique to the organism
being detected or identified. This is accomplished by using
a complementary sequence of nucleotide bases known as the
probe or primer.

There are plethora of molecular methods for the study of
microorganisms such as:

PCR (Polymerase Chain Reaction) / Genetic Xe-
roxing [13, 14]:

Principle: The PCR method is based on the in vitro
replication of DNA through repetitive cycles of denatura-
tion, primer annealing and extension steps carried out in
automated devices called thermocyclers.

Method: There are several methods to check if the in-
tended PCR product was generated. The most commonly
used method for detecting PCR product is electrophoresis
in an agarose gel.

Uses: PCR has unrivaled sensitivity, it can detect as few
as 1 to 10 bacterial cells in a sample, making it atleast 10 to
100 times more sensitive than any other scientific method.

Advantage:
PCR can have remarkable specificity because each dis-

tinct microbial species has unique DNA signature sequence.
Derivatives of PCR:
Touchdown PCR [15]
Nested PCR [14, 16]
Multiplex PCR [17]
Reverse transcriptase PCR [18]
Real-Time PCR [19]
PCR based microbial typing [20, 21]
Broad-Range PCR [22, 23]
Denaturing Gradient Gel Electrophoresis

(DGGE):
DNA fragments of the same length but with different nu-

cleotide sequence can be separated in polyacrylamide gels
containing a linearly increasing gradient of DNA denatu-
rants. [24, 25]

Terminal Restriction Fragment Length Polymor-
phism (T – RFLP):

It provide insight into the structure and function of bac-
terial communities. T-RLP analysis measures the size poly-
morphism of terminal restriction fragments from a PCR am-
plified marker. [26, 27]

DNA – DNA Hybridization:
It is the process of annealing the complimentary bases

of two single stranded DNA molecules. It employs labeled
DNA molecules that can locate and bind to a target se-
quence forming a new duplex molecule. The labeled duplex
can then be detected [28] .

Types of DNA-DNA hybridization:
Checkerboard DNA-DNA hybridization [29]
DNA microarrays [30]
FISH (Fluorescence In Situ Hybridization):
This method uses fluorescently labeled rRNA probes and

fluorescence microscopy to detect intact microbial cells di-
rectly in clinical specimens. It gives information about pres-
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ence, morphology, number, organization and spatial distri-
bution of microorganisms. [31, 32]

4 MICROBES IN ROOT CANAL INFEC-
TION: [33]
Almost 700 bacterial species can be found in the oral cavity,
with any particular individual harboring 100–200 of these
species. Infection progress to apical once the root canal is
infected coronally until bacterial products or bacteria them-
selves got the capability to infect the periapical tissues,
which leads to apical periodontitis. Endodontic infections
have a polymicrobial nature, with obligate anaerobic bac-
teria conspicuously dominating the microbiota in primary
infections. Intra-radicular and extraradicular infections are
associated with many microorganisms which are involved in
persistent infection

A. Intraradicular infections:
Primary intraradicular infections are associated with fol-

lowing organisms.
B .melaninogenicus P. intermedia, P. nigrescens, P. tan-

nerae, P. multissacharivorax, P. baroniae, P. denticola, P.
endodontalis and P. gingivalis.

Tannerella forsythia D. Pneumosintes , D. invisus , F.
nucleatum, F. periodonticum, T. denticola, T. sacranskii, T.
parvum, T. maltophilum, T. lecithinolyticum, P. alactolyti-
cus, F. alocis, Actinomyces spp, P. propionicum, Olsenella
spp, S. exigua, M. timidum, Eubacterium spp., P. micra
(previously called Peptostreptococcus micros or Micromonas
micros), Streptococcus spp. which include S. anginosus, S.
mitisi, S. sanguinis, E. faecalis.

Other microorganisms in endodontic infections
• Fungi – particularly Candida spp. (e.g.) C. albicans

• Viruses –human cytomegalovirus and Epstein–Barr
virus

B. Extraradicular infections:
The extraradicular infections may or may not depen-

dent on intraradicular infection. The dominant microorgan-
isms present are anaerobic bacteria like Actinomyces spp.,
P. propionicum, Treponema spp., P. endodontalis, Porphy-
romonas gingivalis, T. forsythia Prevotella spp. and F. nu-
cleatum.

C. Bacteria persisting intracanal disinfection pro-
cedures and after root canal treatment:

Microorganisms which are resistant to antimicrobial
treatment will survive in the root canal even after biome-
chanical preparation.

The most common Gram negative anaerobic rods are : F.
nucleatum, Prevotella spp. and C. rectus.

The most common Gram positive bacteria are : Strepto-
cocci (S. mitis, S. gordonii, S. anginosus, S. oralis), Lacto-
bacilli (L. paracasei , L. acidophilus), Staphylococci, E. fae-
calis, O. uli, P micra, P. alactolyticus, Propionibacterium
spp., Actinomyces spp., Bifidobacterium spp. and Eubac-
terium spp.

Sometimes, yeasts, commonly C. albicans, are also found
in small amounts.

5 IMPLICATIONS OF BIOFILM IN EN-
DODONTICS : [3, 4, 6]
Primary source of biofilm formation within the root canal
are the microorganisms present in the oral cavity and the
anatomical complexities in the root canal system provide
shelter to these microorganisms.

As bacteria in biofilm survive the unfavourable environ-
mental and nutritional conditions, bacterial biofilm can be
easily seen beyond the apex of the root. Infectious processes
in root canal gain sufficient power to cause subsequent de-
struction of the pulpal tissues only after biofilm formation.
Pulp chamber is invaded by planktonic oral organisms after
some tissue breakdown, then only biofilm formation is inti-
ated. At this point, the inflammatory lesion frontage that
moves successively towards the apex will provide the fluid
vehicle

for the invading planktonic organisms so that these can
multiply and continue attaching to the root canal walls. The
necrotic pulp tissue becomes a favorable 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 frequently associated with
biofilm formation than Gram- positive bacteria. Facultative
or strict anaerobic microorganisms are more frequent than
aerobic microorganisms, and the presence of bacilli and fil-
aments is equivalent to that of cocci.

5.1 Endodontic bacterial biofilms are categorized
as: [34]

• Intracanal biofilms

• Extra radicular biofilms

• Periapical biofilms

• Biomaterial centered infection

5.2 Ultrastructure of biofilm
A fully developed biofilm is described as a heterogeneous
arrangement of microbial cells on a solid surface. [3]

5.3 Characteristics of biofilm
Bacteria in a biofilm can survive tough growth and envi-

ronmental conditions due to presence of following unique
features:

1. Biofilm structure protects the residing bacteria from
environmental threats such as UV radiation, osmotic shock,
metals and toxins.

2. Structure of biofilm permits trapping of nutrients
and metabolic cooperativity between resident cells of same
species and/or different species.

3. Biofilm structure display organized internal compart-
mentalization which allows bacterial species with different
growth requirements to survive in each compartment.

4. Bacterial cells in a biofilm community may communi-
cate and exchange genetic materials to acquire new traits.(
quorum sensing). [3]
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5.4 Interactions in biofilm [3]
Interaction in biofilm is of two types:

• Interaction between microorganisms and the host

Interaction between microorganisms in biofilm
Methods to eradicate biofilm:

1. Sodium hypochlorite (NaOCl)

NaOCl is the most widely used irrigating solution. It is a
potent antimicrobial agent, and effectively dissolves pulpal
remnants and organic components of smear layer. NaOCl
ionizes in water to produce Na+ and the hypochlorite ion,
OCl− , which establishes an equilibrium with hypochlorous
acid, HOCl. Hypochlorous acid is responsible for bacterial
inactivation by chlorine release. It disrupts oxidative phos-
phorylation and inhibits DNA synthesis. [35]

2. Chlorhexidine (CHX)
CHX gluconate has been in use for a long time in den-

tistry because of its antimicrobial properties its substan-
tivity, and its relatively low toxicity. Presence of organic
matter reduces capacity of CHXas its activity is ph depen-
dent. [36]

3. QMix
2in1 is a single solution that provides one-step smear

layer removal and disinfection. This saves time as compared
to using 17% EDTA and 2% Chlorhexidine sequentially.
antibiotic-free formula shows that upto 99.99% of E. fae-
calis can be killed, which provides the best practice irriga-
tion protocol for proven and effective irrigation in 60 to 90
seconds. [37]

4. Irrigation with iodine compounds like iodine potassium
iodide (IPI). [37]

5. EDTA
EDTA (17%, disodium salt, pH 7) has little if any an-

tibacterial activity. Bacterial death occur as EDTA extracts
bacterial surface proteins by combining with metal ions
from the cell envelope. [38]

6. Citric acid : Citric acid is used for irrigation of the root
canal. To remove the smear layer. concentrations ranging
from 1% to 50% have been used. [39]

7. MTAD: Bio Pure MTAD (Dentsply, Tulsa, OK) is a
mixture of a tetracycline isomer, an acetic acid and Tween
80 detergent (MTAD)—was designed to be used as a final
root canal rinse before obturation. [40]

8. Tetraclean
Tetraclean (Ogna Laboratori Farmaceutici, Muggiò (Mi),

Italy), like MTAD, is a mixture of an antibiotic, an acid,
and a detergent. However, the concentration of the antibi-
otic, doxycycline (50 mg/mL), and the type of detergent
(cetrimide and polypropylene glycol) differ from those of
MTAD. [41]

9. Calcium hydroxide:
Calcium hydroxide, a commonly used intracanal medica-

ment, has been shown to be ineffective at killing E. faecalis
on its own, especially when a high pH is not maintained. [42]

10. Ozone
Ozone is a very powerful bactericide that can kill mi-

croorganisms effectively. A very low concentration of 0.1

ppm, is sufficient to inactivate bacterial cells including their
spores. [43]

11. Electrochemically activated water
Anolyte and Catholyte solutions are 2 types of ECAs

produced. [44]
12. Lasers
Infrared lasers such as CO2, Nd:YAG, diode and Erbium

lasers have been used for endodontic disinfection. The laser-
induced thermal effect produces an alteration in the bacte-
rial cell wall leading to changes in the osmotic gradient and
cell death. [44]

13. Photon-activated disinfection
Oscar Raab firstly reported the lethal effect of acridine

hydrochloride on Paramecia caudatum. [44]
14. Antibacterial nanoparticles
Antibacterial nanoparticles have been found to have a

broad spectrum of antimicrobial activity and a far lower
propensity to induce microbial resistance than antibiotics.
Nanoparticles synthesized from powders of silver (Ag), cop-
per oxide (CuO), and ZnO are currently used for their an-
timicrobial activity. [45]

15. Herbal alternatives
Morinda citrifolia (MCJ) is an herb that has a broad

range of anti bacterial, antiviral, antifungal, analgesic, anti-
inflammatory, and immune-enhancing effects. [46]

16. Endovac system
It is a novel new irrigation system in which a deliv-

ery/evacuation tip is attached to a syringe of irrigant and
the high speed suction of the dental chair. A small tube at-
taches either a macro- or microcannula to the suction. The
delivery/evacuation tip places irrigant in the chamber and
siphons off the excess to prevent overflow. The macrocan-
nula is plastic with an open end that measures size 55 with
a .02 taper. Stainless steel being the microcanula has 12
small, laterally positioned, offset holes in 4 rows of 3, with
a closed end. As these cannulas are placed in the canal,
negative pressure pulls irrigant from a fresh supply in the
chamber, down the canal to the tip of the cannula, into the
cannula, and out through the suction hose. [47]

17. Ultrasonic irrigation
Two types of ultrasonic irrigation have been described:

one where irrigation is combined with simultaneous ul-
trasonic instrumentation (UI) and another so called pas-
sive ultrasonic irrigation (without simultaneous instrumen-
tation). [47]

18. Endoactivator
The EndoActivator System is comprised of a handpiece

and variously sized polymer tips. This system is sonically-
driven to safely activate various intracanal reagents and vig-
orously produce the hydrodynamic phenomenon. [47]

19. Rotary Endodontics
This is used for cleaning and shaping of the root

canal which helps in elimination of intra radicualr biofilm
also. [48]
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6 SUMMARY:
The infected root canal harbors a polymicrobial population
of aerobic, anaerobic, Gram-positive, and Gram-negative
bacteria in a biofilm mode of growth. These are commonly
isolated by culture, microscopy, immunological methods
and molecular biology methods. Pulp chamber is invaded
by planktonic oral organisms after some tissue breakdown
which initiates biofilm formation.

Biofilm bacteria might not express the drug target as they
have been found to be more resistant to amoxicillin, doxycy-
cline, and metronidazole. NaOCl, chlorhexidine, Qmix, IPI,
EDTA, citric acid, MTAD, Tetraclean, ozone, Electrochem-
ically activated water, lasers, Photon activated disinfection,
antibacterial nanoparticles, herbal alternatives (turmeric,
triphala), endovac system, ultrasonic and endoactivator are
used for biofilm removal with varying degree of efficacy

7 CONCLUSION:
Root canal environment is a challenging locate for elimi-
nating surface-adherent biofilm bacteria. Different antimi-
crobials are being employed in the management of infected
root canal systems with varying success. However, sodium
hypochlorite has been found to be the most effective irrigant
against biofilm. However, further research on endodontic
biofilms is required so as to provide a better understanding
of its physiology, ecology, pathogenicity, and its response
to treatment.

REFERENCES

Journal of Current Medical Research and Opinion, Vol 03 Iss 06, 487–493 (2020)

1. Costerton JW. The Biofilm Primer. Berlin, Heidelberg:
Springer-Verlag, 2007.

2. Donlan RM, Costerton JW. Biofilms: survival mechanisms of
clinically relevant microorganisms. Clin Microbiol Rev 2002; 15:
167-93.

3. Ingle JI, Bakland LK. Endodontics. 6th ed. B. C. Decker,
Elsevier;2008

4. Usha HL, Kaiwar A, Mehta D. Biofilms in endodontics: new
understanding to an old problem. Int J Cont Dent
2010;1(3):44-51.

5. Bhat N, Bansal S, Thakur K, Rawat A, Sharma S, Singh N.
Probiotics for Oral Health: Boon or Bane. Res Pharm Health Sci.
Apr-Jun, 2018;4(2):448-453.

6. Svensater G, Bergerholtz G. Biofilms in endodontic infections.
Endo topics 2004;9:27-36
.
7. Costerton JW, Stewart PS, Geenberg EP. Bacterial biofilms: a
common cause of persistant infections. Science 1999;
284:1318-22.

8. Slots J. Rapid identification of important periodontal microorganisms 
by cultivation. Oral Microbiol Immunol 1986;1:48-57

9. Engelkirk PG, Duben-Engelkirk J, Dowell VR Jr. Principles
and practice of clinical anaerobic bacteriology. Belmont, CA:
Star Publishing Company;1992.

10. Garg N, Garg A. Textbook of endodontics. 2nd ed. New
Delhi: Jaypee Brothers;2010.

11. Rodney M, Donlan, Costerton JW. Biofilms: Survival
Mechanisms of Clinically Relevant Microorganisms. Clin
Microbiol Rev 2002;15:167-93.

12. Sanz M, Lau L, Herrera D. Methods of detection of Actinobacillus 
actinomycetemcomitans, Porphyromonas gingivalis and Tannerella 
forsythensis in periodontal microbiology, with special emphasis on 
advanced molecular techniques: a review. J Clin Periodontol 
2004;31:1034-47.

13. Zambon JJ, Haraszthy VI. The laboratory diagnosis of
periodontal infections. Periodontal 2000 1995;7:69-82.

14. Siqueira JF Jr, Rocas IN. PCR methodology as a valuable
tool for identification of endodontic pathogens. J Dent 2003;
31:333-9.

15. Don RH, Cox PT, Wainwright BJ. “Touchdown” PCR to
circumvent spurious priming during gene amplification.
Nucleic Acids Res 1991;19:4008.

16. Haqqi TM, Sarkar G, David CS, Sommer SS. Specific
amplification with PCR of a refractory segment of Genomic
DNA. Nucleic Acids Res 1988;16:11844.

17. Chamberlain JS, Gibbs RA, Ranier JE. Deletion screening of
the Duchenne muscular dystrophy locus via multiplex DNA
amplification. Nucleic Acids Res 1988;16:11141-56.

18. Sambrook JF, Russell DW. Molecular cloning : A laboratory
manual 4th ed Vol 1 CSHL Press 2012.

19. Welsh J , McClelland M. Fingerprinting genomes using a
PCR with arbitrary primers. Nucleic Acids Res 1990;18(24):7213-18

20. Power EG. RAPD typing in microbiology-a technical
review. J Hosp Infect 1996;34(4):247-65

21. Raoult D, Fournier PE, Drancourt M. What does the future
hold for clinincal microbiology? Nat Rav Microbiol 2004; 2(2):
151-9

22.Maiwald M. Broad range PCR for detection and
identification of bacteria. In : Persing DH, Tenover FC,
Versalovic J, Tang Y-W, Relman D, White TJ,editiors.
Molecular microbiology. Diagnostic principles and practice.
Washington, DC:ASM Press; 2004. pp.379-90

23.Pitt TL, Saunders NA. Molecular bacteriology : a diagnostic
tool for the millennium. J Clin Pathol 2000;53(1): 71-5

24. Myers RM, Fischer SG, Lerman LS, Maniatis T. Nearly all
single base substitutions in DNA fragments joined to a GCclamp can be 
detected by denaturing gradient gel electrophoresis. Nucleic Acids Res 
1985;13(9): 3131-45.

25. Muyzer G, de Waal EC, Uitterlinden AG. Profiling of
complex microbial populations by denaturing gradient gel
electrophoresis analysis of polymerase chain reaction-amplified
genes coding for 16S rRNA. Appl Environ microbial
1993;59(3):695-700

26.Marsh TL. Terminal restriction fragment length
polymorphism (T-RFLP): an emerging method for charcaterizing 
diversity among homologous populations ofamplification products. 
Curr Opin Microbiol 1999;2(3):323-7

https://dx.doi.org/10.1155/2011/851359
https://dx.doi.org/10.1093/nar/18.24.7213
https://dx.doi.org/10.1093/nar/18.24.7213
https://dx.doi.org/10.1111/j.1365-2591.2011.01985.x
https://dx.doi.org/10.1111/j.1365-2591.2011.01985.x
https://dx.doi.org/10.1038/nrmicro820
https://dx.doi.org/10.1038/nrmicro820
https://dx.doi.org/10.1016/s0167-7012(97)00105-x
https://dx.doi.org/10.1016/s0167-7012(97)00105-x
https://dx.doi.org/10.32463/rphs.2018.v04i02.08
https://dx.doi.org/10.32463/rphs.2018.v04i02.08
https://dx.doi.org/10.1111/j.1365-2591.2004.00891.x
https://dx.doi.org/10.1111/j.1365-2591.2004.00891.x
https://dx.doi.org/10.1016/s0099-2399(84)80137-5
https://dx.doi.org/10.1016/s0099-2399(84)80137-5
https://dx.doi.org/10.1128/aem.59.3.695-700.1993
https://dx.doi.org/10.1128/aem.59.3.695-700.1993
https://dx.doi.org/10.1128/cmr.15.2.167-193.2002
https://dx.doi.org/10.1128/cmr.15.2.167-193.2002
https://dx.doi.org/10.4103/0972-0707.73386
https://dx.doi.org/10.1111/j.1399-302x.1986.tb00318.x
https://dx.doi.org/10.1111/j.1399-302x.1986.tb00318.x
https://dx.doi.org/10.1097/00004770-200303000-00002
https://dx.doi.org/10.1097/00004770-200303000-00002
https://dx.doi.org/10.1016/s0167-7012(00)00152-4
https://dx.doi.org/10.1128/cmr.15.2.167-193.2002
https://dx.doi.org/10.1128/cmr.15.2.167-193.2002


Endodontic Biofilm -  An E nigma t o t he D entist: A  Review Article 493

Journal of Current Medical Research and Opinion, Vol 03 Iss 06, 487–493 (2020)

27. Clement BG, Khel LE, De Bord KL, Kitts CL. Terminal
restriction fragment patterns (TRFPs), a rapid, PCR- based
method for the comparison of complex bacterial communities.
J Microbiol Methods 1998;31:135-42

28. Li J, Hanna BA. DNA probes for culture confirmation and
direct detection of bacterial infections: a review of technology.
In: Persing DH, Tenover FC, Versalovic J, Tang Y-W, Unger
ER, Relman DA, et al.,editors. Molecular microbiology.
Diagnostic principles and practice. Washington , DC:ASM
Press; 2004. pp.19-26

29. Socransky SS, Smith C, Martin L. “Checkerboard” DNADNA 
hybridization. Biotechniques 1994;17(4):788-92.

30. Schena M, Shalon D, Davis RW, Brown PO. Quantitative
monitoring of gene expression patterns with a complementary
DNA microaaray. Science 1995;270(5235):467-70

31. Moter A, Gobel UB. Fluorescence in situ hybridization
of(FISH) for direct visualization of microorganisms. J
Microbiol Methods 2000;41(2):85-112

32. Amann R, Fuchs BM, Behrens S. The identification of
microorganisms by fluorescene in situ hybridisation. Curr
Opin Biotechnol 2001; 12(3): 231-6

.33. Narayanan LL, Vaishnavi C. Endodontic microbiology. J
consDent 2010;13:233-9.

34. Jhajharia K, Arolia A, Shetty KV, Mehta LK. Biofilm in
endodontics : A review. J Int Soc Prev Community Dent
2015;5(1): 1-12.

35. Hargreaves KM, Cohen S. Pathways of the Pulp. 10th ed.
Mosby: Elsevier;2012.

36. Estrela C, Silva JA, Alencar AHG, Leles CR, Decurcio DA.
Efficacy of sodium hypochlorite and Chlorhexidine against
enterococcus faecalis – Systematic review. J Appl Oral Sci.
2008;16(6):364-8.
37. Stojicic S, Shen Y, Qian W, Johnson B, Haapasalo M.
Antibacterial and smear layer removal ability of a novel
irrigant, QMiX. Int Endod J. 2012 Apr;45(4):363-71.

38. Czonstkowsky M, Wilson EG, Holstein FA. The smear
layer in endodontics. Dent Clin North Am 1990: 34:13–25.

39. Baumgartner JC, Brown CM, Mader CL, Peters DD,
Shulman JD. A scanning electron microscopic evaluation of
root canal debridement using saline, sodium hypochlorite, and
citric acid. J Endod 1984: 10: 525–531.

40.Torabinejad M, Khademi AA, Babagoli J, Cho Y, Johnson
WB, Bozhilov K, Kim J, Shabahang S. A new solution for the
removal of the smear layer. J Endod 2003: 29: 170–175.

41.Haapasalo M, EndaL U, Zandi H, Coil JM. Eradication of
endodontic infection by instrumentation and irrigation
solutions. Endo Topics 2005, 10, 77–102.

42.Mohammadi Z, Dummer PMH. Properties and applications
of calcium hydroxide in endodontics and dental traumatology.
Int Endod J 2011; 44: 697–730.

43. Hems RS, Gulabivala K, Ng YL, Ready D, Spratt DA. An in
vitro evaluation of the ability of ozone to kill a strain of
Enterococcus faecalis. Int Endod J 2005: 38: 22-29.

44. Jaju S, Jaju PP. Newer Root Canal Irrigants in Horizon: A
Review. Int J Dent 2011;1-9.

45. Kishen A. Advanced therapeutic options for endodontic
biofilms. Endo Topics 2012;22: 99-123.

46. Miller TA, Baumgartner JC. Comparison of the
Antimicrobial Efficacy of Irrigation Using the EndoVac to
Endodontic Needle Delivery. J Endod 2010;36:509–11.

47. Ruddle CJ. Endodontic disinfection – tsunami irrigation.
Endod prac 2008.

48. Jindal L, Bhat N, Mehta S, Bansal S, Sharma S, Kumar A.
Rotary Endodontics in Pediatric Dentistry : Literature review.
Int J Health Biol Sci 2020;3(2): 09-13

https://dx.doi.org/10.1128/cmr.15.2.167-193.2002
https://dx.doi.org/10.1128/cmr.15.2.167-193.2002
https://dx.doi.org/10.1126/science.270.5235.467
https://dx.doi.org/10.1126/science.270.5235.467
https://dx.doi.org/10.4103/2231-0762.151956
https://dx.doi.org/10.1126/science.284.5418.1318
https://dx.doi.org/10.1126/science.284.5418.1318
https://dx.doi.org/10.1111/j.1601-1546.2004.00112.x
https://dx.doi.org/10.1093/nar/16.23.11141
https://dx.doi.org/10.1016/s0958-1669(00)00204-4
https://dx.doi.org/10.1590/s1678-77572008000600002
https://dx.doi.org/10.1016/j.joen.2009.10.008
https://dx.doi.org/10.1016/j.joen.2009.10.008
https://dx.doi.org/10.1093/nar/16.24.11844
https://dx.doi.org/10.1111/j.1600-051x.2004.00609.x
https://dx.doi.org/10.1111/j.1600-051x.2004.00609.x
https://dx.doi.org/10.1093/nar/19.14.4008
https://dx.doi.org/10.1093/nar/19.14.4008
https://dx.doi.org/10.1093/nar/13.9.3131
https://dx.doi.org/10.1111/j.1601-1546.2005.00135.x
https://dx.doi.org/10.1136/jcp.53.1.71
https://dx.doi.org/10.1111/j.1365-2591.2011.01886.x
https://dx.doi.org/10.1111/j.1365-2591.2011.01886.x

	Introduction:
	 Discussion:
	Methods to examine biofilm:
	Microbes in root canal infection:  806675:19262680
	Implications of biofilm in endodontics :  806675:19262650,806675:19262651,806675:19262653
	 Endodontic bacterial biofilms are categorized as: 806675:19262681
	 Ultrastructure of biofilm   
	 Characteristics of biofilm 
	Interactions in biofilm 806675:19262650

	Summary:
	Conclusion:



