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Abstract

Disinfection of root canal using root canal medicaments is considered to be an essential step for a successful
endodontic treatment. Ideal requisite of intracanal madicaments is the disinfection of the root canal and
rendering it free of bacteria without causing harm to the tooth and oral tissues. Most commonly used
intracanal medicaments are calcium hydroxide, chlorhexidine and iodine potassium iodide. Sodium chloride
is not preferred as a medicament due to its property of irritating the surrounding tissues. Dentin has an
inherent inhibiting effect on intracanal medicaments as it has the buffering effect which tends to neutralise
the pH of the medicaments rendering them with decreased antibacterial property. The antibacterial effect of a
medicament indicates its level of action. More the antibacterial action, less the dentinal inhibition. A review
of scientific literature was done using databases such as pubmed, google scholar, MESH and so on. The time
frame of the articles taken is between 2000 to 2020. The results are based on previous studies done on this
topic. Newer methods such as bioactive glass, photon induced acoustic streaming and gentlewave system
were introduced to overcome this discrepancy in disinfecting the root canal. Even though the success rates of
endodontic treatments are high, it can be improved by researching and using newer and better materials for
elimination of bacteria. Thus, in this review we have analysed the relation between root canal medicaments
and their inhibition by dentin.
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Introduction

Success or failure of an endodontic treatment
depends on many factors. One of the most important
prerequisites is the disinfection of the root canal
and rendering it free of bacteria. One of the common
etiologies of periapical diseases is the invasion of the
infected root canal by bacteria which can be the result
of periapical inflammation which is also caused by
bacterial infection!. Disinfection of the root canal using
medicaments is considered to be an essential step for
a successful endodontic treatment. In the modern days
however, shaping and cleaning is preferred more as a
means of disinfection’. But, cleaning and shaping, use
of rotary and hand instrumentation, alone is not enough
in cases of severe infections and in root canals with

3. Instrumentation of canals with

complex anatomies
such anatomy, such as, oval shaped canals, can lead

to buccal and lingual recesses or extensions which

serves as a collection point for necrotic debris and
biofilms*’. This can lead to the failure of the treatment
and recurrent infections®®. Further disinfection after
instrumentation is required in order to increase the
success of the endodontic treatment. Usage of phenols
and its derivatives and compounds of formaldehyde
and formocresol, previously preferred, are now not
used due to their action as irritants'®. Formocresol is
also said to lead to brain injury by anaphylactic shock.
Biocompatibility and stability are properties important
for root canal medicaments. The long acting activity and
stability of calcium hydroxide has made it one of the most
widely used medicaments. For a root canal treatment, a
single visit treatment is considered advantageous over
multiple visits!!. In case of multiple visit treatment,
calcium hydroxide is the most preferred medicament.
Root canal medicaments act by disinfecting the root canal
and rendering it clean and free of bacteria and infected
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tissues
can be analysed by their action against microorganisms
such as Enterococcus faecalis and Candida albicans. The
more the antibacterial action, the lesser is the dentinal
inhibition. Some of the most commonly used root canal
medicaments are calcium hydroxide, chlorhexidine and

iodine potassium iodide'*.

Chlorhexidine is widely used as an irrigant and
disinfectant and is mainly available in form of salts'>. The
original salts were CHX acetate and CHX hydrochloride.
Both were replaced with CHX digluconate due to their
insufficient solubility in water. CHX is a cationic
molecule with a pH of 5.5 - 7', It has a central
hexamethylene chain which connects two biguanide
groups and has two symmetric 4-chlorophenyl rings in
the sides. It acts better against gram positive bacteria
than gram negative bacteria!”. The bacterial cell wall
is destroyed by the attachment of CHX to the surface
of the bacteria rendering it permeable. The subsequent
entering of the medicament into the bacteria causes the
precipitation of the cytoplasm damaging the self repair
mechanism. The function is usually bacteriostatic.
Chlorhexidine was found to be inhibited by dentine
powder Invitro. However, at higher concentrations, the
effect of inhibition was not observed!'®.

Calcium hydroxide is the most commonly used root
canal medicament. It has a high ph, 12.5 to 12.8, and
has less solubility in water compared to tissue fluids'®.
It is not soluble in alcohol. When in the oral cavity,
calcium hydroxide gets soluble in the tissue fluids on
direct contact with the tissues. Calcium hydroxide
exerts antimicrobial action by direct contact and high
pH. It creates an alkaline environment which is not not
suitable for microorganisms by release and diffusion of
hydroxyl ions?°. However, the rate of diffusion is slow
due to the inhibitive and buffering action of the dentin.
Some microorganisms are not susceptible to the action
of calcium hydroxide. These include Enterococcus
faecalis and Candida albicans®'. CHX is usually used
in combination with calcium hydroxide to improve
its antimicrobial property??>. Calcium hydroxide is
inhibited in the dentin by the buffering action of dentin
which neutralises the pH and reduces the antibacterial
property?3.
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lodine potassium iodide (IKI) when used as a
2% solution, acts as a root canal disinfectant. When
compared to sodium hydroxide, which is not used as
a disinfectant much these days die to their bad odour,
taste, cytotoxicity, damaging effect on dentin, harmful
effects on the mechanical properties of nickel titanium
instruments and its negative effect on the bond strength
of bonding system, IKI has a pleasant odour, taste and
lower toxicity?*. IKI can penetrate deep until 1000 um
when irrigated in dentin for 5 minutes. It has rapid
microbial activity against Enterococcus faecalis,
Streptococcus sanguis, Fusobacterium, Pseudomonas
aeruginosa, Bacillus subtilis, Escherichia coli,
Staphylococcus aureus and Candida albicans®. It is
generally used in concentrations ranging from 1% to
5% with the minimum active concentration of IKI being
1%. IKI also shows less toxicity and tissue irritation
than chlorhexidine, camphorated monoparachlorhenol,
formocresol and sodium hypochlorite. Combination
of IKI with calcium hypochlorite tends to increase

its antimicrobial properties?®.

The mechanism of
action of IKI has not been clearly understood. The
level of inhibition of dentin is dependent on the
IKI

showed high antimicrobial properties in both high and
27

concentration of the medicament. However,
low concentrations“’. But, at diluted concentrations
of 0.2% - 0.4%, the dentin exhibited strong inhibitory
effect and if IKI is preincubated in dentin for 1 hour,
the bactericidal effect was completely abolished. It is a
possibility that dentin has limited capacity to inactivate
IKI and a solution of stronger concentration remained
viable and killed the bacteria in 5 minutes. In previous
studies, the rapid loss of antibacterial activity has also
been noted?®.

Finally, this review is aimed at assessing the
inactivation of root canal medicaments by dentin and its
implications.

Materials and Methods

A review of scientific literature was done in
preparation of the manuscript. The relevant articles
were collected from databases such as pubmed, google
scholar, MESH etc. The Time frame of the articles are
between the year 2000 to 2020. Around 25 articles were
collected, analysed and reviewed. The articles were
collected on the basis of containing keywords such as
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root canal medicaments, inactivation, antimicrobial
properties, dentin powder etc. All topics irrelevant to the
subject are excluded. The results of this review are based
on previous studies done by other esteemed authors.

INHIBITIVE AND BUFFERING ACTION OF
DENTIN:

Calcium hydroxide is one of the main medicaments
whichdisplaysits antimicrobial activity due toits high pH.
A few earlier studies indicate that Enterococcus faecalis
may survive in the root canal disinfected by calcium
hydroxide, due to the buffering mechanism of dentin®.
This action of dentin is against the pH rise by alkaline
medicaments. The mechanism of action of calcium
hydroxide medicaments is the ability of the medicament
to dissociate and release calcium and hydroxyl ions
which leads to increase in pH and ultimately results in
bacterial cell toxicity’. However the dentinal structure
has a buffering effect which causes pH variations and
reduces the antimicrobial action of calcium hydroxide
in the root canal. Such interaction between alkaline
medicaments and dentine leads to negative impact
on their performance and impaired disinfection of the
canal’!. In a previous study, it was observed that invitro
inhibition of root canal medicaments such as calcium
hydroxide was observed when the medicament was
incubated with dentin taken from the canal walls as it
reduced the pH significantly. On the other hand, dentin
taken from the pulp chamber floor did not play such an
active role of inhibiting the alkaline medicaments3?.
A 1.8% dentine powder prevented the eradication of
Enterococcus faecalis by saturated calcium hydroxide
solution.

TIME DEPENDENT
MEDICAMENTS BY DENTIN:

INHIBITION OF

It is a generalised opinion that medicaments tend
to get inhibited and use their activity in the root canal
environment. The inhibitory effect of dentin on calcium
hydroxide due to its buffering action is seen to decrease
with time®. In previous studies it was seen that the
pH of the dentin located in the root canal was seen to
increase from 6.2 to 7.4 in about 1 hour of placement
and increased upto 10.8 within 24 hours of placement of
the medicament®*. The antibacterial property of calcium
hydroxide is mainly mediated by the release of hydroxide
ions into the surrounding aqueous environment and
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the rate of such ionic dissociation tends to increased
time®33%. The synergistic effect of the hydroxide ions
and iodoform aids in overcoming the buffering activity
of the dentin leading to the rise in pH*.

INHIBITION OF IODINE POTASSIUM IODINE
AND CHLORHEXIDINE DIGLUCONATE BY
DENTIN:

The most effective inhibitors of chlorhexidine
digluconate were seen to be dentin matrix and heat killed
microbial cells*’. Dentin which is pretreated with citric
acid or EDTA tended to display only a slight inhibition of
the medicament*!. Similar to calcium hydroxide, while
dentin displays inhibition of the medicament within 1
hour of administration, the level of inhibition decreases
with time and no inhibition is seen at 24 hours of
application of the disinfectant. IKI can also be inhibited
by dentin, dentinal matrix and heat killed microbial cells
and application of EDTA to dentin lead to little or no
inhibitory effect*?. IKI is a strong medicament and does
not get inhibited at high and medium concentrations*#4,
Different components of the dentin are responsible
for inhibition in divergent patterns of the antibacterial
activity of chlorhexidine digluconate and potassium
iodide. Inorder to lessen the inhibitory effect, it is
better to chemically heat dentin before application of
medicaments™®.

ASSESSING THE ERADICATION OF
Enterococcus faecalis BY MEDICAMENTS IN
PRESENCE OF DENTIN:

In most medicaments, the inhibitory effect of dentin
would not be observable at a higher concentration*S.
Calcium hydroxide tends to completely lose activity
against Enterococcus faecalis in presence of dentin®’.
Presence of dentin induces a strong inhibitory
effect on diluted iodine potassium iodide whereas a
stronger solution of IKI displayed reduced activity
against Enterococcus faecalis*®. While chlorhexidine
digluconate showed reduced activity against dentin
initially, extended incubation, upto 24 hours, leads to
loss of 99% viability of bacteria. Sodium hypochlorite
also displays inhibition by dentine and is also not much

preferred as a disinfecting agent!!.

NEWER METHODS OF ROOT CANAL
DISINFECTION:
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Newer and better methods of root canal disinfection
are developed in order to get better results*. Bioactive
glass can be used as an alternative to calcium hydroxide™.
Bioactive glass which contains silicon dioxide, sodium
oxide, calcium oxide and phosphorus pentoxide has a
superior disinfecting effect. It does not irritate or affect
dentin and can induce dentin mineralisation®'. It is also
used as an intracanal dressing. The antibacterial effect
of bioglass increases when mixed with dentin unlike
other medicaments which get inhibited*>>3. Chitosan
nanoparticles act synergistically with chlorhexidine
inorder to eliminate qmore number of colony forming
Photon
antibacterial fluid within the canal by creating successive

units>, induced acoustic streaming of
shockwaves®>. Another system known as Gentlewave
system aids in cleaning the root canal by generation of
various broad spectrum sound waves through different

physical, chemical and biological mechanisms>°.

Limitations:

Even though studies have been made to analyse
the inhibition of medicaments by dentine, no adequate
quantitative data is available. Since disinfection is a
technique which has been used for a longer time, dental
practitioners are skeptical to try newer products. The
mechanism of action and inhibition of some medicaments
are not yet available and have to be researched upon.

FUTURE SCOPE:

Further research can aid in discovery of newer
products with better properties and functions. Usage
of newer techniques can create better treatment plans
and treatment success rates. Since disinfectants are
commonly used materials for endodontic procedures,
ways to overcome inhibition can go a long way for
success of the treatment in the long run. Awareness must
be created among dentists about the availability of newer
products that can help expand their horizons and aid in
doing better clinical treatments.

Conclusion

The success rates of endodontic treatments are
high and can be improved by using newer and better
materials for elimination of bacteria. Consideration
of the medicament’s therapeutic action and level of
inhibition based on the type of treatment is crucial.
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Newer materials can be researched upon as many of the
commercial preparations fail to fulfil the requirements
for an ideal root canal medicament. Thus, we have
analysed the relation between root canal medicaments
and their inhibition by dentin.
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