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Abstract

Background / Introduction: The main aim of root canal treatment is
to significantly eradicate the microorganisms, and achieve hermetic
seal. Silver nanoparticles are shown to have positive effect on
inhibiting the growth of various oral pathogenic bacteria. Hence present
study is designed to evaluate the antimicrobial efficacy of different
endodontic sealers incorporated with silver nanoparticles.

Aim: To assess and compare the antimicrobial efficacy of four
different root canal sealers against E. faecalis.

Methodology: Four different commercially available root canal sealers
were used in the present study. Aliquots of the suspension containing
E. faecalis were spread on Mueller-Hinton agar medium. Freshly mixed
sealers and silver nanoparticle incorporated sealers were placed into
wells of petri dishes. All plates were incubated for 72 h at 37°C under
aerobic conditions, and zones of inhibition were measured at 24, 48,
and 72 h.

Results: All the four commercial endodontic sealers when used alone
and in combination with silver nanoparticles showed antimicrobial
activity against E. faecalis. The antimicrobial activity of the sealers at
the end of 72 hours is as follows: Zinc Oxide Eugenol
>Endomethasone N > Nishika Canal Sealer BG > AH Plus. When the
sealers were incorporated with silver nanoparticles, antimicrobial
efficacy of AH Plus and Endomethasone N was enhanced.

Conclusion: Incorporation of silver nanoparticles had positive effect
on antimicrobial efficacy of sealers, especially AH Plus and
Endomethasone N, although the effectiveness of all the root canal
sealers against E. faecalis decreased with time.

Copyright, IJAR, 2024,. All rights reserved.

Achieving optimal disinfection and a fluid-tight seal within the root canal system are indeed crucial aspects of
successful endodontic treatment. Endodontic sealers play a key role in this process by filling the space between the
obturating material and the root dentin, thereby creating a hermetic seal that prevents the ingress of microorganisms
and fluids (Muniti¢ M. et al, 2019) Despite thorough disinfection efforts during root canal treatment, reinfection
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remains a significant concern and a leading cause of treatment failure. This is attributed to various factors, including
the complex anatomy of root canals, which may harbor residual bacteria even after meticulous cleaning, and the
presence of pathogenic bacteria that possess remarkable survival abilities and can form biofilms, rendering them
more resistant to disinfection strategies (Tabassum S et al, 2016). Endodontic sealers with adequate antimicrobial
activity can help create an environment within the root canal system that discourages microbial growth and reduces
the risk of reinfection (Rathi CH et al, 2020).

To address this challenge, ongoing research is focused on developing endodontic sealers with enhanced and long-
lasting antimicrobial properties. Incorporating antimicrobial agents, such as silver nanoparticles or antibiotics, into
sealers is one approach being explored to improve their efficacy against microorganisms. Additionally,
advancements in material science and nanotechnology may lead to the development of novel sealers with superior
antimicrobial activity and prolonged effectiveness.

The incorporation of silver nanoparticles (Ag NPs) into endodontic sealers represents a promising application of
nanotechnology to enhance antimicrobial efficacy in root canal treatments. This was because, silver shows low
toxicity to mammalian cells and high toxicity towards bacterial microorganisms. They can also be used for
prolonged drug delivery at the required site of action (D. Chandra Lekha et al 2021). Previously, Ag NPs have been
used in dentistry to treat early carious lesions, regulate the plaque bacteria and also as root canal irrigants to
eliminate the pathogenic residual bacteria. Among many properties of these nanoparticles, these are some important
properties that make them more acceptable to use in endodontic therapy (Emmanuel R et al, 2015 and Bhandi.S et
al, 2021).

Hence the present study is designed to assess and compare the antimicrobial activity of four different root canal
sealers against E. faecalis in conventional form and after they are incorporated with Ag NP. The reason for using E.
faecalis for assessment of antimicrobial activity is that although Enterococcus species comprise a small proportion
of the initial flora in infected root canal, they are most commonly recovered from unsuccessful endodontic treatment
and has also been associated with existing root canal infections (Farahat et al, 2022).

Materials and Methodology:-
Four different commercially available root canal sealers were used in the present study.Sub grouping of samples was
done in the following manner: (Table 1)

The microorganisms are grown in sterile solid media and standard strains of E. faecalis were obtained. Mueller
Hinton agar medium is commonly used for testing the antimicrobial susceptibility of bacteria. This microbial
suspension was spread evenly on Mueller Hinton agar and incubated at 37°C for microbial growth. After 24 hours,
E. faecalis growth was observed. Each agar plate was divided equally and a 5mm diameter well was created at
equidistant places using a sterile stainless steel cylinder by removal of agar. All the wells in each plate were filled
with one of the eight subgroups of sealers. All the plates were incubated at 37°C under aerobic conditions for 72
hours, and zones of inhibition were measured at 24, 48, and 72 hours (Dalmia S et al, 2018).

Results:-

The obtained values were tabulated and subjected to statistical analysis. When observed individually, the
antimicrobial efficacy was as follows: ZOE >Endomethasone N > Nishika BG > AH Plus. When the antimicrobial
activity of the sealers incorporated with Ag NP was compared to that of the conventional sealers, there was increase
in antimicrobial activity of AH Plus and Endomethasone N whereas addition of AgNP didn’t show any
improvement in antimicrobial activity in the other 2 sealers.

On intergroup comparison, AH Plus group showed highly significant value after incorporation of silver
nanoparticles, Endomethasone and Nishika BG sealer showed a significant value. On intragroup comparison, both
the groups showed highly significant values. (Table 2,3,4,5)

Discussion:-

Advancements in endodontic treatment have indeed been propelled by the development of new root canal filling
materials. These materials are designed with enhanced capabilities to seal off bacterial in-growth and prevent fluid
inflow, both of which are essential for successful treatment outcomes (Farahat et al, 2022).In recent years,
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nanotechnology has been increasingly integrated into the field of dentistry, including endodontics. Nanoparticles,
due to their minuscule size, provide a larger surface area relative to their volume. This characteristic enhances their
effectiveness even when used in small doses. Moreover, nanoparticles exhibit antibacterial properties that are not
limited to specific bacterial species (Bhandi.S et al, 2021).

Studying the antibacterial properties of nanoparticles, particularly silver nanoparticles, has been a significant focus
in dental research. Silver has long been recognized as an effective antibacterial agent in dentistry, owing to its ability
to release silver ions which have a detrimental effect on bacterial membranes, as they are electrostatically attracted
to sulfur proteins, leading to membrane adhesion and deterioration (Bhandi.S et al, 2021). The objective of this
study is to investigate whether the incorporation of silver nanoparticles into traditional root canal sealers can
enhance their ability to combat pathogens.

The agar diffusion test is indeed a commonly utilized method for evaluating the antimicrobial efficacy of various
endodontic sealers, and it was employed in the present investigation. The agar diffusion test offers a visual
representation of the results, making it easier to interpret and compare the antimicrobial activity of different sealers.
Zones of inhibition surrounding the sealers on the agar plates observed, allowing for a qualitative assessment of
which sealer is most effective in eradicating microorganisms from the local microenvironment of the root canal
system (Dalmia S et al, 2018).

AH Plus is indeed regarded as the gold standard among endodontic sealers, primarily due to its superior adhesion
properties. It forms covalent bonds with dentin collagen, ensuring a strong and durable seal within the root canal
system (Rathee G et al, 2020). Nishika canal sealer, on the other hand, incorporates bioactive glass in its
composition as reported helps in reducing microbial colonization within the root canal system, thereby aiding in the
success of the treatment (Washio A et al, 2019). Zinc Oxide Eugenol and Endomethasone both derive their
antimicrobial activity from eugenol, which is the main constituent in their liquid composition. Additionally, in
Endomethasone, the presence of hydrocortisone may provide an additional advantage due to its anti-inflammatory
properties (JeanneauC et al, 2019).

The observed differences in antimicrobial activity among plain endodontic sealers can indeed be attributed to their
respective compositions. In the case of Zinc Oxide Eugenol (ZOE) and Endomethasone N, both sealers exhibited the
highest antimicrobial activity. This heightened activity is largely due to the presence of eugenol, a key component in
their composition. Conversely, AH Plus showed the least antimicrobial activity in the study. This difference can be
attributed to the composition of AH Plus, which includes epoxy resin and amine ingredients. During the
polymerization process, these components release formaldehyde, which possesses antimicrobial properties.
However, the antimicrobial activity of formaldehyde released from AH Plus may be comparatively lower than that
of eugenol in ZOE and Endomethasone N, resulting in AH Plus exhibiting the least antimicrobial activity among the
sealers tested and freshly mixed AH plus has a higher antimicrobial efficacy compared to set AH plus as observed
by (Zhang et al, 2009). The findings of (Gomes et al, 2004)study corroborate the observations regarding the
antimicrobial activity of eugenol-based sealers compared to resin-based and MTA-based sealers.

The observed enhancement in antimicrobial activity in AH Plus and Endomethasone N when incorporated with
silver nanoparticles (Ag NP) aligns with previous discussions regarding the antimicrobial properties of these sealers
(zhang et al, 2009). AH Plus, despite its initial lower antimicrobial activity compared to eugenol-based sealers, may
benefit from the addition of Ag NP, which possess strong antimicrobial properties on their own. This addition likely
enhances the overall antimicrobial efficacy of AH Plus, particularly considering that set AH Plus might not retain
significant antimicrobial activity on its own (Faris et al, 2018). Similarly, Endomethasone N, which already
demonstrated optimal antimicrobial properties in its plain form due to the presence of eugenol, may further amplify
its antimicrobial activity with the incorporation of Ag NP. This combination of eugenol and Ag NP could
synergistically enhance the antimicrobial action of Endomethasone N.

The absence of significant enhancement in antimicrobial activity in ZOE and Nishika sealers after incorporation
with Ag NP could be attributed to several factors. One possibility is that the antimicrobial activity of ZOE and
Nishika sealers in their plain form is already robust, possibly due to the presence of eugenol in ZOE or bioactive
glass in Nishika. This inherent antimicrobial activity might overshadow any additional effect conferred by the Ag
NP, resulting in no significant improvement. Additionally, the interactions between the components of the sealers
and Ag NP may vary, influencing the overall antimicrobial efficacy. Further research may be needed to elucidate the
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specific mechanisms underlying the observed outcomes and to explore potential strategies for optimizing the
antimicrobial activity of all types of endodontic sealers, including those incorporating Ag NP.

Conclusion:-

The conclusion drawn from the study suggests that the incorporation of silver nanoparticles (Ag NP) into endodontic
sealers enhances their antimicrobial activity. This finding implies that the use of sealers containing Ag NP could
offer a promising approach to minimize endodontic failures, particularly those related to microbial re-infection or
persistence. However, it's essential to acknowledge the limitations of the study and interpret the findings within that
context. Further research may be warranted to validate these results, explore potential long-term effects, assess
biocompatibility, and evaluate the clinical applicability of sealers containing Ag NP.

Limitations of the present study

The size of the inhibition zones depends on the ability of the material to diffuse through the particular medium. In
turn, the diffusibility is mainly affected by three factors which include: (1) hydrophobicity or hydrophilicity of the
material, (2) the rate of release from the matrix in which the material is placed, and (3) size. These factors are
difficult to control in in vitro studies and the agar medium doesn’t exactly replicates the tooth structure and its
surrounding conditions/medium. Also the size of inhibition zone doesn’t exactly measure the antimicrobial activity
of a particular material.

Table list:

Subgroup 1 1la AH Plus

1b AH Plus + AgNP
Subgroup 2 2a Endomethasone

2b Endomethasone + AgNP
Subgroup 3 3a Nishika BG

3b Nishika BG + AgNP
Subgroup 4 4a Zinc Oxide Eugenol

4b Zinc Oxide Eugenol + AgNP

Table 1 - Subgrouping of endodontic sealers

Sealers 24 hours 48 hours 72 hours
Mean (mm)  Mean (mm)  Mean (mm)

Sub group 1a (AH Plus) 5.57 5.26 5.26
Sub group 1b (AH plus + Ag NP) 8.52 7.86 7.51
Sub group 2a (Endomethasone ) 10.13 9.26 8.82
Sub group 2b (Endomethasone + Ag NP) 15.13 14.42 12.96
Sub group 3a (Nishika BG) 9.22 9.08 8.8
Sub group 3b (Nishika BG + Ag NP) 8.7 8.33 8.06
Sub group 4a (Zinc Oxide Eugenol ) 20.42 19.8 18.58
Sub group 4b (Zinc Oxide Eugenol + Ag NP) 19.62 19 18.01
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Table 2 - Zones of inhibition observed (in mm) at 24, 48 and 72 hours.

Pair of Mean inhibition zone SD SE t P value
comparision
Sub group la-1b 5.36 0.25 0.436 -1.21 0.0 (highly
7.96 1.16 significant)
Subgroup 2a—-2b 9.40 0.65 1.81 -2.28 0.04
14.17 5.47 (significant)
Sub group 3a-3b 9.03 0.73 0.26 2.74 0.04
8.36 0.31 (significant)
Sub group 4a —-4b 19.60 1.27 0.46 1.24 0.20 (not
18.87 0.71 significant)

Table 3 - Intergroup comparision of antimicrobial activity of endodontic sealers.

GroupA (Unmodified Sum of df Mean Square F P —value
group) Squares

Between Groups 39 17 2.294 32.118 0.00*
Within Groups 1 14 0.71

Total 40 31

Group B Sum of df Mean Square F P - value
(Ag NP modified Squares

group)

Between Groups 34.3 16 2.144 5.641 0.01*
Within Groups 5.7 15 0.380

Total 40 31

Table 4 - Intragroup comparision of antimicrobial activity of endodontic sealers
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