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ABSTRACT
This systematic review aimed to evaluate the use of different nanoparticles for their ability to impart antimicrobial properties to convention-
ally  inert  gutta-percha when it  is  coated with  nanoparticles.  After  registering with  PROSPERO (CRD42023420939),  the  search was
conducted  using  the  PubMed,  Cochrane,  Scopus,  CINAHL,  and  Google  Scholar  with  predefined  keywords.  The  research  question  was
constructed on PICO as “Does gutta-percha coated with various nanoparticles provide antibacterial activity against root canal microbes
compared to conventional gutta-percha points?”. A total of five relevant in-vitro studies published in English were included. Nanoparticles
used for coating included nanopropolis, silver-curcumin, chitosan, silver, and zinc oxide. Micro-organisms tested comprised of Enterococcus
faecalis, Escherichia coli, Staphylococcus aureus, and Candida albicans. Higher concentration of nanoparticles and prolonged coating dura-
tion resulted in increased antimicrobial activity, irrespective of the type of nanoparticle, as compared to conventional gutta-percha. The
highest risk of bias was identified in reporting of blinding, randomisation, sampling techniques, and sample size calculation. Fewer studies,
as well as heterogeneity of methodologies and results preclude the recommendation of a specific nanoparticle for coating gutta-percha.
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INTRODUCTION
Nanoparticles (NP) are being utilised in specialities of healthcare,
medicine, medical imaging, and dentistry, indicating the potential
of this novel modality.1-4 The term nanomaterial is defined by the
European Commission's recommendation as a natural or manu-
factured material containing particles, in an unbound state, as an
aggregate, or an agglomerate, in which ≥50% of the particles
have external dimensions of 1-100 nm.5 Nanomaterials exhibit
diverse compositions and morphologies, including spheres, rods,
tubes, and prisms.6  Based on their composition, nanoparticles can
typically be classified as naturally occurring (organic or inorganic)
or man-made.7 The enhanced efficacy of nanoparticles is derived
from their capability to interact with living tissues at a molecular
and subcellular level, to alter hydrogen bonding, unwind DNA, ulti-
mately lead to cell death.6 Nanoparticles enhance the physical prop-
erties of root dentine when used with photosensitisers.8
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In addition, they decrease the formation of biofilm and augment
mineralisation of tooth structure by halting its de-mineralisa-
tion.9 The innate antimicrobial property of nanoparticles can be
utilised by incorporation into dental materials or by utilising
them as surface coatings.10,11

In endodontics, proper cleaning and shaping of root canal space
is essential to remove all infective tissue and micro-organisms
before this space is obturated. Gutta percha (GP) is a commonly
used material for root-canal filling because of its biocompati-
bility, affordability, and aseptic nature. Even though GP cones
are made in an aseptic environment, investigations have shown
that  even  recently  opened  boxes  of  GP  have  an  increased
chance  of  contamination,  especially  with  Staphylococcus
species, due to poor handling, storage, and aerosolisation.11

Additionally, since gutta-percha cones have negligible anti-
bacterial activity, they are ineffective in preventing microbial
infections post-obturation.

Various strategies have been employed to help improve and
enhance the antimicrobial properties of GP, including surface- 
modified  and  medicated  gutta-percha.  Calcium  hydroxide,
ZnO/chlorhexidine, and ZnO/iodine-polyvinylpyrrolidone con-
taining gutta-percha cones failed to suppress endodontic infec-
tions in root canals despite being generally recognised as antimi-
crobial materials. As a result, finding the alternate coating mate-
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rials  for  gutta-percha  cones  to  boost  their  anti-bacterial
efficiency is imperative for the improved prognosis of root canal
therapy.12

The use of nanoparticles has been tested in obturating mate-
rials, sealers, restorative and regeneration materials, irrigation
strategies,  photodynamic  therapy,  and  medicine  delivery
systems.6,8,13 The most frequently used nanoparticles in endo-
dontics are composed of silver, followed by those of polymeric
origin.14 However, the majority of the novel nanoparticles are
still in the early stages of laboratory evaluation.15

The ability of nanoparticles to function effectively in preventing
and treating dental infections caused by various microbes is an
exciting dimension to be further explored.16  The aim of this
systematic review was to evaluate all current scientific litera-
ture available on the use of different nanoparticles for their
ability to impart antimicrobial properties to the conventionally
inert gutta percha when it is coated with them. This would help
to comprehensively compile relevant current evidence, eval-
uate  effectiveness,  identify  knowledge  gaps,  and  provide
guidance for  clinical  practice with the aim of  improving the
outcome of endodontic treatment.

METHODOLOGY
This study protocol was registered with PROSPERO (CRD4202
3420939), and PRISMA guidelines were followed for reporting.
The  research  question  was  “Does  gutta-percha  coated  with
various nanoparticles provide antibacterial activity against root-
canal microbes compared to conventional gutta-percha points?”
The PICO was applied as; population: Gutta-percha, interven-
tion: Coating of  gutta-percha with any type of  nanoparticles,
comparator / control: Coating of gutta-percha with another type
of  nanoparticles,  an  antimicrobial  agent  or  no  coating,  and
outcomes:  Antimicrobial  efficacy  against  common root  canal
microbes as assessed through various methods.

The search strategy and article selection were completed by the
first and second authors. All in-vitro, in-vivo or ex-vivo experi-
mental  studies  where  nanoparticles  were  used  to  coat  the
surface of gutta-percha and anti-bacterial properties of these
nanoparticles were compared to other interventions, or one type
of nanoparticle was compared to another type, published in the
English language, were to be included. Studies where nanoparti-
cles had been incorporated into the structure of gutta-percha
instead of coating the gutta-percha points were excluded, as
were case series, case reports, conference proceedings / arti-
cles,  book  chapters,  dissertations  /  theses,  reviews,  ideas,
opinions, and editorials. Articles with inaccessible full text were
also not included. The period of publication was restricted from
2000  till  June  2023.  Databases  including  PubMed,  Cochrane,
Scopus,  and  CINAHL  were  used.  Hand  searching  was  not
conducted;  however,  grey  literature  was  searched  by  using
Google Scholar. The electronic search was conducted on 1st July
2023  using  keywords  including  endodontology,  endodontics,
root-canal therapy, root-canal treatment, gutta-percha, nano-
particle,  nanomaterial,  bacteria,  micro-organisms,  Entero-
coccus  faecalis,  Staphylococcus  aureus,  Candida  albicans,

Escherichia coli, antibacterial, antifungal, biocompatibility, cyto-
toxicity, and disinfection. All retrieved records were imported
into EndNote, followed by the removal of duplicates.

The third, fourth, and fifth authors independently screened arti-
cles by assessing their titles and abstracts to determine their
potential eligibility. After initial screening, full texts of articles
were further screened by these three reviewers. The bibliogra-
phies and citations of the included studies were searched manu-
ally to make sure all the relevant studies were included, in case
they had been missed by the initial electronic search. Any discrep-
ancies between the three reviewers were resolved by a fourth
reviewer (HS). All data from included studies were to be entered
into a specifically designed data extraction form on Microsoft
Word and were based on all information pertinent to this system-
atic review.

Articles selected for inclusion were to be evaluated for risk of bias
by two independent reviewers (HS, MSZ) using risk-assessment
tools based on the type of included studies. A third reviewer (SA)
was to be consulted about any disagreements in terms of data
extraction and quality assessment between the two reviewers.

RESULTS

A total of 5,230 records were initially identified for screening
from the selected databases and registers after the removal of
duplicates, and five studies were finally included in this system-
atic review. The PRISMA flowchart for the included studies is
shown in Figure 1.

The summary of methodologies used in the five in-vitro studies
fulfilling  the  inclusion  criteria,  along  with  the  procedure  of
coating gutta-percha with nanoparticles, is given in Table I. The
included articles were published from the year 2018 till 2023.
Nanoparticles  used  in  the  studies  for  coating  gutta-percha
were nanopropolis, silver-curcumin, chitosan, silver, and zinc
oxide.

Micro-organisms against which nanoparticles were tested in
these studies included Enterococcus faecalis, Escherichia coli,
Staphylococcus aureus, and Candida albicans. In all studies,
the primary method employed to evaluate the zone of inhibi-
tion formed around the nanoparticle-coated gutta-percha was
the agar diffusion method. The zone of inhibition was measured
24 hours after exposure to nanoparticle-coated gutta-percha.
Higher concentration of nanoparticles and prolonged duration
of coating resulted in increased antimicrobial activity, irrespec-
tive of the type of the nanoparticle used for coating. Results
reported in the included studies are summarised in Table II.

Apart from assessing antimicrobial efficacy by agar diffusion
method, other methods used were live-dead assay, growth-
curve  analysis,  colony-forming  unit  (CFU)  assay,  reactive
oxygen species (ROS) assay,17 live-dead staining and osteo-
blastic cytocompatibility,18 and colony counting method and
ROS assay.19 Irrespective of the method used to assess antimi-
crobial  efficacy,  nano-particle-coated  gutta-percha  showed
more antimicrobial activity than uncoated gutta-percha.
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Table I: Summary of methodologies used in the included studies.

Author- year Size / specification
of GP

No. of
GP

No. of groups Nanoparticle used Size of
nano- particle
used

Method of coating
nanoparticle on GP

Mohan et al.17

(2020)
60 / 2% taper 03

each
05 (untreated control- 1%
Chitosan, 2% Chitosan,
1% Silver, 2% Silver)

Chitosan, Silver 30-40 nm
(chitosan)
20-30 nm (Silver)

Dipped in solution and
left to dry for 20
minutes

Alves et al.18

(2018)
ISO 80 06 06 (Control; NaOCl; PT;

ZnO; PT + ZnO; PT + ZnO
+ UV)

ZnO Not mentioned Physical vapour
deposition by Magnetron
sputtering

Monisha et al.19

(2023)
Not mentioned 05 05 (untreated control; 30

AgGP, 60 AgGP, 60 + 60
AgGP; Azithromycin
antibiotic discs)

Nano-silver 50-100 nm In-situ route-nucleation
and crystal growth

Hamid  et al.20

(2020)
40 / 6% taper 10

each
02 (Nanopropolis coated
GP; Ag-Curcumin coated
GP)

Nanopropolis, silver-
curcumin

Not mentioned Dipped in solution for 24
hours. Removed and left
to dry for 24 hours

Panwar et al.21

(2023)
30 / 4% taper 22

each
02 (control- uncoated GP;
experimental-
Nanocurcumin coated GP)

Nanocurcumin 2-40 nm Manually

Table II: Summary of the results reported in the included studies.

Author- year Micro-organisms tested Method to assess
antimicrobial efficacy

Time of
testing

Results

Mohan et al.17

(2020)
E. faecalis ATCC29212 Zone of inhibition measurement

by agar diffusion method
24 hours Concentration-dependent anti-bacterial activity.

2% AgNP-GP >1%AgNP-GP >2% Chit NP GP
>1% Chit NP GP.

Alves et al.18

(2018)
E. faecalis;
S. aureus

Direct assay- sessile bacteria
quantified by cultivable cell
numbers

24 hours PT >ZnO >ZnO alone
S. Aureus >E. fecalis.

Monisha et al.19

(2023)
E. faecalis ATCC29212;
E. coli ATCC25922

Zone of inhibition measurement
by agar diffusion method

24 hours Increased coating duration a improves anti-
bacterial activity a higher Ag loading.
E. faecalis >E. coli.

Hamid  et al.20

(2020)
E. faecalis ATCC29212;
E. coli ATCC 25922;
S. aureus ATCC 6538;
C. albicans ATCC 10231

Zone of inhibition measurement
by agar diffusion method

24 hours Silver-curcumin > nanopropolis.
Inhibitory effect S. aureus = C. albicans >E. coli
= E. faecalis.

Panwar et al.21

(2023)
E. faecalis ATCC29212 Zone of inhibition measurement

by agar diffusion method
24 hours 12.5 mm- experimental group (MIC-50 mg/ml)

2.5 mm- control group

Figure 1: PRISMA flowchart for the included studies.
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Figure 2: Risk of bias of each included study based on the QUIN tool.

 

Figure 3: Overall risk of bias of the included studies.

As all included studies were in-vitro, therefore, the QUIN tool
was used to assess and record the risk of bias and quality of
studies.22 Risk of bias in individual studies, as well as overall
risk, is depicted in Figure 2 and 3, respectively. All studies
were found to be in the “medium” category in terms of risk
of bias, as these studies encompassed most of the relevant
methodology information. The included studies had clearly
stated aims and objectives, details of a comparison group,
and detailed descriptions of  the statistical  analysis used.
However,  no study reported blinding, details  of  sampling
technique,  and sample size  calculations.  The majority  of

studies  gave  a  detailed  explanation  of  the  methodology
used,17-20 a clear presentation of results,17-20 methods used to
measure the outcome,17-20 and outcome assessor details.18-21

Three studies gave clear operator details in their method-
ology.17,19,20

DISCUSSION

To  increase  the  anti-bacterial  effectiveness  of  root-canal
obturation,  coating  gutta-percha  with  nanoparticles  that
exhibit antimicrobial properties has been investigated as a
viable method. The objective of this systematic review was
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to evaluate if gutta-percha coated with various nanoparticles
provides antibacterial  activity  against  root-canal  microbes
compared to the conventional gutta-percha points. All avail-
able literature was assessed that was based on the applica-
tion of various nanoparticles and their capacity to impart
inert gutta-percha with antimicrobial properties after coating
it. Various methods have been advocated in literature for
coating  nanoparticles  on  gutta-percha  surface.  These
include simple deposition of nanoparticles on gutta-percha
by dipping in nanoparticles solution, depositing nanoparti-
cles  using  a  reactive  magnetron  sputtering,  manually-
coating gutta-percha points or using in-situ methods, among
others.17-20

A comparative in-vitro study,21 included in this review, was
conducted  on  antimicrobial  effectiveness  of  size  40  /  6%
gutta-percha  points  coated  with  nanopropolis  and  with
silver-curcumin  nanoparticles  on  a  variety  of  bacteria
species,  including E.  faecalis,  E.  coli,  C.  albicans,  and S.
aureus. Besides E. coli and E. faecalis, it was found that Ag-
curcumin nanoparticles inhibited the growth of S. aureus as
well as C. albicans.20 C. albicans and S. aureus were likewise
inhibited by nanopropolis, followed by E. coli and E. faecalis.
The antimicrobial effectiveness of silver-curcumin nanoparti-
cles was more noticeable compared to nanopropolis when
used as a coating on the gutta-percha points. Curcumin has
the potential to disrupt bacterial biofilms by inhibiting bacte-
rial quorum sensing, damaging cell walls and membranes,
and interfering with cellular processes by targeting bacterial
DNA.  Curcumin has  also  been reported to  down-regulate
genes involved in oxidative stress response and adhesion in
Candida  biofilms,  thereby  disrupting  the  biofilm  and
improving  its  antifungal  efficacy  in  the  root-canal  space.23,24

Flavonoids in propolis bind to the DNA gyrase subunit of E.
coli, hindering its activity, causing fractional bacterial lysis,
and  affecting  cell  proteins.25  Hydrolytic  enzymes  in  the  cell
membrane of gram-negative bacteria reduce the functionality
of  propolis,  thus  making it  less  effective  against  gram-nega-
tive in comparison to gram-positive bacteria. This may be a
reason  for  its  reduced  antimicrobial  effect  in  comparison  to
silver-curcumin.25,26  Both  materials  have  an  inhibitory  effect
on a variety of bacteria, and gutta-percha cones coated with
one  or  the  other  could  be  very  effective  against  microbes
that persist in the canal space post-obturation. This would
minimise chances of flare-ups, subsequently lowering endo-
dontic treatment failure rates,20 since E. faecalis is reported
to be resistant to many of the regularly used modalities used
for its eradication.27

In another study,18 authors reported a favourable antimicro-
bial  effect  of  chitosan  and  silver  nanoparticle-coated  GP,
evaluated by determining their  ability to inhibit  microbial
growth  by  a  modified  technique  i.e.  induction  of  oxidative
stress by reactive oxygen species (ROS) generation.17 The
authors  recommend  that  silver  nanoparticles  coating
exhibited  greater  antimicrobial  activity  compared  to

chitosan-coated gutta-percha points. The Ag+ ions released
by silver  nanoparticles  cause  increased-cell  wall  permea-
bility  resulting in  damage to  bacterial  DNA and its  cyto-
plasm.20  The  positively  charged  NH3

+  ion  in  the  chitosan
molecule  binds  electrostatically  to  bacterial  membranes,
thereby impairing vital bacterial activities and contributing
to its antimicrobial mode of action.28

To evaluate the biocompatibility and anti-bacterial proper-
ties  of  nanostructured  ZnO,  an  innovative  technique  of
coating gutta-percha was reported in another study where
untreated GP cones were compared with cones coated with
a thin film of ZnO, which caused the growth of roughly 30%
less E. faecalis.19 This reduction was comparable to GP cones
which  were  submerged  in  NaOCl.  Contrary  to  uncoated
gutta-percha and coating with ZnO without any surface treat-
ment, ZnO-coated cones following plasma treatment (PT +
ZnO)  had  considerably  improved  anti-bacterial  activity.
When additional UV activation was done on plasma-treated
ZnO-coated  cones,  no  additional  anti-bacterial  effect  was
reported. Anti-bacterial  effect of PT + ZnO cones against S.
aureus showed a similar pattern, but with greater microbial
load reduction, compared to uncoated gutta-percha and ZnO
cones. The bactericidal effect was also seen on PT + ZnO GP
cones.18 This novel approach of surface treatment with argon
plasma prior  to  deposition  of  ZnO nanoparticles  appears
promising to help prevent the ingress of micro-organisms
and formation of biofilms within the root-canal space.

Another in-vitro study analysed gutta-percha surfaces after
disinfecting them with NaOCl and Ag nanoparticles using an
atomic force microscope method.21 The ex-vivo study evalu-
ated  the  antimicrobial  efficacy  of  silver  nanoparticles  (70
ug/ml  AgNPs)-coated  GP  compared  to  NaOCl  disinfected
gutta-percha points.21  AgNP demonstrated efficacy in  killing
micro-organisms equivalent to that of NaOCl.

The study by Monisha et al.19 explored the relationship between
internal endodontic failures brought on by bacterial infections
and gutta-percha cones that have been coated with nano-Ag.
A straightforward in-situ growing method was used to coat
gutta-percha surface with AgNPs. Using zone of inhibition and
colony-counting procedures,  the anti-bacterial  susceptibility
of GP coated with AgNPs was evaluated against E. faecalis
and E. coli. Results showed that there was a proportionate
increase in the anti-bacterial activity of AgNPs with its growth
on GP increased. This was supported by the increased diam-
eter of the zone of inhibition and decreased colony counts.19

Assays used to determine the mechanism underlying anti-
bacterial action discovered that this effect was caused due to
Ag+ ionic release from AgNPs on the GP surface. As a result
of  recent  advancements  in  nano-technology,  researchers
have manufactured pure silver nanoparticles that have been
shown  to  be  more  effective  than  silver  ions.  AgNPs  hold
interest  because  they  offer  a  wide  range  of  anti-bacterial
effects  and are  harmless  to  humans at  low concentrations.29

Scientists  have  developed nano-silver-coated  GP in  an  effort
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to  enhance  the  anti-bacterial  function  of  GP.  This  AgNP-
coated  GP  has  shown  a  notable  negative  impact  on  the
growth of Candida albicans, Staphylococcus aureus, E. coli,
and E. faecalis. The positive charge on silver ions is essential
to its anti-bacterial activity, as positively- charged nanoparti-
cles are attracted to negatively-charged cell membranes of
micro-organisms  electrostatically.  The  bacterial  membrane
permeability  is  disturbed  by  nanoparticle  accumulation,
leading to cell death.30 Because they exhibit a complex mech-
anism of action that is not constrained to a single channel,
silver (Ag)NPs appear to possess the most promising anti-bac-
terial activity.

ZnO-coated gutta-percha cones maintained good cytocompati-
bility with human cells. Slight cell inhibition was reported in
gutta-percha points pre-treated with argon-plasma but this
was still  well within non-toxic parameters set by ISO stan-
dards (ISO- 10993-5).18 No other study included in this review
assessed cytocompatibility of nanoparticles used for gutta-
percha coating.

All included studies also evaluated and recorded the impact
on gutta-percha surface topography after being coated with
various nanoparticles.  Scanning electron microscope (SEM)
and field emission SEM were used for this purpose.18-21  When
the coating operation was carried out twice (60 + 60AgGP), a
consistent coating of AgNPs was obtained on gutta-percha
surface compared to a single coat of nanoparticles.11 Panwar
et al. reported greater surface irregularity when gutta-percha
was disinfected with NaOCl, but less surface degradation in
comparison when AgNPs were used for GP coating. NaOCl,
even at 700 times lower concentrations than AgNPs, resulted
in a 5x more irregular GP surface topography, and 10x more
irregular surface compared to untreated GP.21 In comparison,
Hamid  et  al.  compared  two  different  nanoparticle  coatings
and reported homogenous and tightly adherent nanopropolis
particles on GP cones compared to silver curcumin nanoparti-
cles. For silver-curcumin nanoparticles to better adapt to GP
cones without interacting with coating ingredients, a more
stable adhesive needs to be developed.20 Investigations can
also be directed towards surface-treating gutta-percha points
with argon plasma treatment before the deposition of nano-
particles to help enhance their bonding to the GP surface.
Argon plasma treatment has been reported to remove the
outer wax layer of gutta-percha, forming porosities for nano-
particle crystals to embed, forming a homogenous, nanostruc-
tured topography.18

Even though systematic reviews have been conducted on
five or less studies,  one limitation of  this systematic review
is  that  relatively  less  number  of  studies  fulfilling  the  inclu-
sion criteria were found, with only in-vitro studies available.31

As a result of heterogeneity of methodologies and results
reported  in  selected  studies,  no  specific  nanoparticle  could
be  identified  as  having  the  most  efficacious  antimicrobial
properties when coating gutta-percha. Hence, concrete clin-
ical recommendations cannot be put forth, even though the

antimicrobial  efficacy  of  gutta-percha  coated  with  various
nanoparticles was clearly evident. Further individual studies
should be conducted to evaluate and compare the antimicro-
bial  activity  of  different  nanoparticles  using  in-vitro  and  in-
vivo methods, and relevant protocols developed.

It is crucial to note that the long-term effectiveness of nano-
particle-coated gutta-percha cannot be established unless
clinical  studies  with  an  appropriate  follow-up  period  are
conducted on endodontically-treated teeth. The next step is
identifying nanoparticles that perform optimally in clinical
scenarios, based on their coating mechanism on the gutta-
percha  and  their  anti-microbial  effectiveness.  Other  clinical
factors that may have to be considered before endorsing
coated gutta-percha include the impact of heat as used in
continuous  wave  compaction  or  thermoplastic  obturation
techniques  and  the  potential  interaction  of  nanoparticles
coated on gutta-percha with sealers used for obturation.

None  of  the  studies  included  in  this  review  mentioned
methods to minimise selection bias i.e., randomisation and
allocation  concealment.  Since  blinding  of  the  outcome
assessor was not done, thereby detection bias was also not
accounted  for.  Clinical  studies,  or  more  in-vitro  studies
considering these limitations, need to be conducted before
clinical recommendations can be put forward for the use of
these  nanoparticles  in  endodontics.  The  long-term  effects,
biocompatibility, and potential side effects of using nanopar-
ticles-coated gutta-percha in clinical practice need further
investigation.

CONCLUSION

Gutta-percha coated with various nanoparticles demonstrated
enhanced antibacterial  activity  against  common root-canal
microbes.  Higher  concentration  of  the  nanoparticles  and
prolonged duration of coating resulted in increased antimicro-
bial activity irrespective of the type of nanoparticle used for
coating. Propolis,  silver-curcumin, chitosan, silver, and zinc
oxide  nanoparticles  were  suggested  to  possess  promising
antimicrobial  effects  against  common  root-canal  microbes
i.e.,  E.  faecalis,  E.  colis,  S.  aureus,  and  C.  albicans.
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