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INTRODUCTION
v 1700’s- Anton Van Leeuwenhoek – Microscopes and Microorganisms

v Micro-organisms- Pulpal and Periradicular pathoses

v Because of  inter-relationship between pulp and periradicular tissues, 
pulpal inflammation can cause  inflammatory changes in periodontal 
ligament even before the pulp becomes totally necrotic

v To effectively treat endodontic infections- Knowledge of  endodontic 
microbiology is essential



HISTORY



HISTORY
v 1700’s - Anton Van Leeuwenhoek- Micro –organisms

v 1890- W.D. Miller – Author of  Micro-organisms of  Human 

Mouth ; First researcher to identify bacteria in the diseased pulp

v 1909- E.C. Rosenow – “Theory of  Focal Infection” - localized 

or generalized infection caused by bacteria traveling through the 

bloodstream from a distant focus of  infection



HISTORY
v 1939- Winfred Fish 

– Fish Zones of  Periapical Reaction

- Related these bone changes to infections from the dental pulp

- Removal of  infection nidus leads to resolution

v 1940- Schuller – Anachoresis- blood borne bacteria attracted 
towards inflammation areas

v 1941- Robinson and Boiling – Anachoretic pulpitis- Movement 
of  systemic bacteria into inflamed pulps- Major concern in dental 
related bacterial endocarditis





HISTORY
v1981- Moller and associates – Importance of  bacteria 
towards development of  pulp and periapical pathologies

vSundqwist

– Signifiance of  bacteria and its association in 
periapical diseases

- Analysis of  aerobic  and anaerobic bacteria

- Positive cultures for teeth with radiographically
exhibited periradicular disease
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NORMAL PULP & PERIRADICULAR
TISSUES



REACTION OF DENTAL  PU L P 
TO E XTE RNA L  S TIMU L U S





MICRO-
ORGANISMS –
AETIOLOGIC 

FACTOR 



LESIONS OF ENDODONTIC ORIGIN

v Microbial
• Dental caries

v Trauma
• Accidental
• Instrumentation
• Traumatic occlusion

v Chemical irritation

ETIOLOGY



• Caries & clinical procedures 
• Trauma induced fractures and cracks
• Gingival sulcus
• Exposed  & infected dentinal tubules
• Blood circulation by “Anachoresis”
• Periodontal pocket via accessory canals

Most important route of endodontic infection-
Pulpal exposure

ROUTES FOR MICRORGANISMS
TO INVADE PULP-PERIAPEX





PERIAPICAL CYST



BASIC FACTS OF 
MICRO-

ORGANISMS



v Bacterial Cell Wall - An essential structure that protects the delicate

cell protoplast from osmotic lysis and is complex in nature.

v Consists of  - a polymer of  disaccharides cross-linked by short chains of  amino 

acids (peptides). This molecule is a type of  peptidoglycan called murein

CELL WALL



GRAM +VE AND –VE BACTERIA
v In the Gram-positive bacteria- the cell wall is thick (15-80 nanometers), 

consisting of  several layers of  peptidoglycan complexed with molecules called    

teichoic acids

v In the Gram-negative bacteria- the cell wall is relatively thin (10 nanometers) 

and is composed of  a single layer of  peptidoglycan surrounded by a membranous 

structure called the outer membrane



GRAM +VE AND –VE BACTERIA
v Gram staining by Christian Gram

Gram +ve bacteria retain the primary stain and resist 

decolorisation and appears violet

Gram –ve bacteria get decolorised and take up the counter 

stain and appear red



OXYGEN REQUIREMENT
vAssimilation of  glucose results in terminal generation 

of  free oxygen radical superoxide(O2
-)

vReduced to oxygen gas and H2O2- Superoxide

dismutase 

vH2O2 is converted into water and oxygen- Catalase

v Bacteria classification – based on oxygen

requirement



OXYGEN REQUIREMENT
Anaerobic bacteria grow only in the absence of oxygen but vary in their 

sensitivity to oxygen and lack the enzymes superoxide dismutase and catalase

Microaerophilic bacteria can grow in an environment with oxygen but 

predominantly derive their energy from anaerobic energy pathways

Facultative anaerobes grow in the presence or absence of oxygen and usually 

have the enzymes superoxide dismutase and catalase

Obligate aerobes require oxygen for growth and possess both superoxide 

dismutase and catalase



MICROFLORA IN 
ENDODONTICS



NORMAL FLORA IN ORAL CAVITY

v Staphylococcus epidermidis

v Staphylococcus aureus

v Streptococcus mitis

v Streptococcus salivarius

v Streptococcus mutans

v Enterococcus faecalis

v Streptococcus pneumoniae

v Streptococcus pyogenes

v Neisseria sp

v Neisseria meningitidis

v Veillonellae sp

v Enterobacteriaceae (Escherichia 

coli) 

v Proteus sp



NORMAL FLORA IN ORAL CAVITY

v Pseudomonas aeruginosa

v Haemophilus influenzae

v Bacteroides sp

v Bifidobacterium bifidum

v Lactobacillus sp

v Clostridium sp

v Clostridium tetani

§Corynebacteria

§Mycobacteria

§ Actinomycetes

§ Spirochetes

§Mycoplasmas



PULPAL AND PERIAPICAL
INFECTION

v Endodontic infections are polymicrobial

v The number of  CFU is usually between 102 to 108

v Majority of  the microbes associated with endodontic infections

are ANAEROBIC

Obligate Anaerobes 60-63%

Facultative Anaerobes 34-36%



MICRO FLORA IN ENDODONTIC 
INFECTIONS

Anaerobic Bacteria causing primary endodontic infections 
can be grouped into:

Gram Positive Rods:
v Actinomyces sp.,
v Lactobacillus,
v Eubacterium sp.

Gram Positive Cocci:
v Peptostreptococcus sp.,
v Streptococcus sp.,
v Staphylococcus sp.

Gram Negative Rods:
v Bacteroides sp., 
v Fusobacterium sp.,
v Campylobacter,
v Prevotella sp.,
v Porphyromonas sp. 



MICRO FLORA IN ENDODONTIC 
INFECTIONS

Secondary endodontic/refractory lesions:

v Actinomyces sp- A. israelli

v Bacillus 

v Bacteriodes

v Candida sp- C. albicans

v Clostridium sp

v E.faecalis (Dentinal tubule penetration, 

long starvation, resistance to high pH, no need synergistic bacteria)

.

v Hemophilus sp., 

v Streptococcus sp.,

v Staphylococcus sp.,

v Viellonella sp.,



PATHOGENECITY 
OF ENDODONTIC 

MICROFLORA



PA THOG E N E C I TY

vMicrobial pathogenicity- Defined as the structural and 

biochemical mechanisms whereby microorganisms cause disease

vPathogenicity in bacteria may be associated with unique structural 

components of  the cells (e.g. capsules, fimbriae, LPS or other cell 

wall components) or active secretion of  substances that either 

damage host tissues or protect the bacteria against host defenses

vInfection may imply colonization, multiplication, invasion or 

persistence of  a pathogen on or within a host



PA THOG E N E C I TY
v Disease -described as infection that causes significant overt

damage to host

v Colonization - establishment of microbes in a host if

appropriate biochemical and physical conditions are available for

growth

v Normal oral flora - permanent microbial colonization in a

symbiotic relationship with the host

v Microbes in the normal oral flora- opportunistic pathogens if

they gain access to a normally sterile area of the body such as the

dental pulp or periradicular tissues and produce disease



PA THOG E N E C I TY OF E ND O
MICROFL ORA

v Interactions between micro-organisms in root canal

– Symbiotic/beneficial relationship

v Ability to interfere with and evade host defences

- Enzymes, Toxins, Host immune response

v Virulence factors

- Cellular components, Enzymes, Toxins



VIRU L E NCE  FA CTORS

v Capsules – Present external to outer layer of cell wall, mostly

polysaccharide; Protection, bacterial adherence,

Resistance to medicaments

v Pili/Fimbriae – Hair like appendages; Movement

Transfer of genetic material through pili- conjugation

Bacterial Adherence; Resistance to antibiotics



VIRU L E NCE  FA CTORS

Enzymes- Act as spreading factors

v Hyaluronidase (Streptococci and Staphylococci)

v Collagenase (Clostridium sp)

v Neuraminidase (Most microbes)

v Streptokinase (Streptococci)

v Staphylokinase (Staphylococci)



VIRU L E NCE  FA CTORS

Toxins- Released by bacteria

v Exotoxins are proteins formed by Gram +ve bacteria

and are highly potent in minute quantities

v Endotoxins are polysacharide protein complexes 

which form an integral part of  the cell wall of  Gram –ve

bacteria ; Less potent than the exotoxins



VIRU L E NCE  FA CTORS

Other considerable virulence factors :

vLipopolysaccharides – Mostly produced by Gram negative

bacteria and present in endotoxins

vExtracellular vehicles – Bacterial Adhesion, Hemolytic

and proteolytic action (Contains enzymes, toxins)

vFatty Acids - Stimulates inflammatory mediators (Propionic

acid, butyric acid)

vPolyamines- Modulator of inflammation (Eg; Ammonia, Polysulfides)



BIOFILMS



D E FINITION 

v Bacteria like E. fecalis form biofilms that are defined

as complex microbial communities composed of a

variety of bacteria with different ecological requirements

and pathogenic potential

v Biofilm- Offers effective protection and increased

resistance



C O M PO S I TI O N  

vSingle cells, microcolonies, all embedded in a

highly hydrated, predominantly anionic exopolymer matrix

vMatrix contains:

-Proteins+ Polysaccharides+Nucleic Acids +Salt – 85%

- Cells – 15%

vHighly advantageous – Three dimensional structured

communities with fluid channels for transport of substrate, waste

products and signal molecules



C HA R A C TE R I S TI C S

Bacteria in biofilm possess - Ability to survive harsh environments:

v Resident bacteria – Trapping of nutrients and metabolic co-

operation between resident cells of the same species/different species

v Organized internal compartmentalization – So bacterial species in

each compartments differ in growth requirements

v Quorum sensing- Communication and exchange of genetic

materials between bacterial species



FORMA TION

vBacteria can form biofilms on any surface that has nutrient-

containing fluid

v Biofilm formation mainly involves:

- Bacterial Cells

- Solid surface

- Nutrient fluid film



S TA G E S  OF FORMA TION
vStage 1 : Formation of conditioning layer

Adsorption of organic and inorganic molecules to a solid surface

vStage 2 : Planktonic bacterial cell attachment

Adhesion of microbial cells to this conditioning layer

vStage 3 : Bacterial Growth and Biofilm Expansion

Microcolony growth formed by monolayer of microbes- Attracts

secondary colonizers- Microbial interactions - Mature biofilm



CULTURE IN 
ENDODONTICS



C U LTU R E
v Culturing helps in clinical identification of bacteria

that provides a more specific targeting of the microbes

CULTURE TESTS:
Clinical reasons for culturing root canals: 

1.To determine the bacteriologic status of  the root canal system before 
obturation and assess the efficacy of  debridement procedure 

2.To isolate microbial flora for antibiotic sensitivity and resistance 
profiles in cases of  persistent infections



C U LTU R E

When culturing is done a proper media must be used that 
will support the growth of  aerobic and anaerobic organisms

Common endodontic culture media:
vThioglycollate
vTrypticase soy broth(with 1% agar)
vDextrose broth
vBrain heart infusion broth
vSerum dextrose broth



C U LTU R E
Specimen collection from root canal:

1) Tooth isolation under rubber dam to obtain aseptic sample
2) The surface of  the tooth and surrounding field must be 
disinfected with Sodium hypochlorite or other disinfectants
3) Access to the canal is made with sterile burs and 
instruments,
4) If  there is drainage the sample is collected using sterile 
needle and syringe or sterile paper points



C U LTU R E
Specimen collection from root canal:

When samples are taken, it is important that the canal orifice

Be free from atmospheric oxygen by the proper use of

nitrogen gas flow over the canal orifice before the

samples are taken

-To maintain anaerobic environment



C U LTU R E
CULTURE REVERSAL might happen : (ie., initially
negative before obturation then after few days of 
obturation positive) 

- Advisable to give adequate time interval, atleast
48-96 hrs before root canal filling
- Culture tube re-examined immediately before obturation



FA L S E  P O S I T I V E  A N D  FA L S E  N E G A T I V E  
C U LT U R E

False-positive culture: 
1. Failure in sterilization of  the operating field, and instruments

2. Rubber dam leaks
3. Use of  unsterile paper points and cotton tube plugs
4. Air or hand contamination during collection or transport

False- negative culture: 
1. Incomplete penetration of  a paper point 
2. Use of  a paper point that is too narrow
3. A relatively dry canal
4. Undetectable microbes ( hidden in dentinal tubules, accessory or lateral canals, or 
cementum lacunae)
5. Presence of  antimicrobial medicaments and inadequate time consdieration



FAQS

v Microbiology/ Microbiota in Endodontics

v Virulence Factors

v Biofilms/Endodontic Biofilms

v Culture in Endodontics




