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Abstract

Objective: The present study was conducted to evaluate the effect of silver nanoparticles in root canal treatment.

Methods: All articles published in international databases such as PubMed, Scopus, Science Direct, ISI Web of knowledge,
and Embase until July 2022 included. A 95% confidence interval (Cl) for effect size with a fixed effect modal was calculated. Data
analysis was performed using Stata/MP.V17 software.

Results: In the initial review, the abstracts of 141 studies were reviewed, two authors reviewed the full text of 30 studies, and
finally, eight studies were selected. The effectiveness of silver nanoparticles compared to the control group was 86% (ES: 95% Cl,
0.39 to 1.33; p<0.001).

Conclusions: Based on the findings of the present meta-analysis, AgNPs have a high antimicrobial effect in preventing the
persistence of microorganisms in the root canal.

Key words: Nanoparticles, Root Canal Irrigants, Root Canal Therapy.

Resumen

Objetivos: El presente estudio se realizd para evaluar el efecto de las nanoparticulas de plata en el tratamiento de conductos
radiculares.

Métodos: Se incluyen todos los articulos publicados en bases de datos internacionales como PubMed, Scopus, Science Direct,
ISl Web of Knowledge y Embase hasta julio de 2022. Se calculd un intervalo de confianza (IC) del 95% para el tamafo del efecto
con un modal de efectos fijos. El andlisis de datos se realizo utilizando el software Stata/MP.V17.

Resultados: En la revision inicial se revisaron los resimenes de 141 estudios, dos autores revisaron el texto completo de 30
estudios y finalmente se seleccionaron ocho estudios. La eficacia de las nanoparticulas de plata en comparacion con el grupo
control fue del 86 % (ES: 95 % IC, 0,39 a 1,33; p<0,001).

Conclusiones: Segun los hallazgos del presente metanalisis, las AgNP tienen un alto efecto antimicrobiano en la prevencion de
la persistencia de microorganismos en el conducto radicular.

Palabras clave: Nanoparticulas, Irrigantes del conducto radicular, Terapia del conducto radicular.
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Introduction

One of the reasons that can cause the root canal treatment
to fail is the presence of microorganisms in the root canal,
which must be done with methods such as mechanical
cleaning and irrigation using antimicrobial solutions to
reduce the persistence of microorganisms'?, However,
disinfection requires patients to visit again, or people are
busy nowadays, so saving time is very important®. The
evidence indicates that despite the disinfection of the root
canal, the persistence of microorganisms in the root canal
is evident*. Generally, an antimicrobial agent that can be
effective on Gram-positive, aerobic, or Gram-negative
bacteria is used for disinfection, which is an inappropriate
choice and is effective only on one type of microbe®®,
The most common disinfectants are sodium hypochlorite
and chlorhexidine. Sodium hypochlorite can dissolve
tissue residues and has high antibacterial effectiveness.
However, one of its advantages is that organic materials
can affect its efficiency; Studies have shown that sodium
hypochlorite is used in different concentrations from 0.5%
to 6%. The effectiveness of chlorhexidine on antimicrobial
activity is very high. However, one of its disadvantages is
that it is not able to dissolve tissue residues in the canal”®,

As aresult, there is a need for an optimal root canal cleaner
to be available that has both high safety and proven
effectiveness. Studies using photodynamic therapy have
reported nanoparticles to have a high antimicrobial effect,
which can be used to disinfect root canals®'®. Recent
studies have suggested using nanoparticles due to
their size and their effectiveness on microbes at lower
levels' 4, One of the most popular proposed nanowires
is Silver nanoparticles (AgNPs), whose action mechanism
is controversial and has many challenges'. AgNPs can
cause cell membrane perforation by affecting bacteria;
Evidence has shown that cell DNA denaturation can also
be affected by AgNPs™, There is no evidence that the
size or concentration of AQNPs affects the mechanism of
action. However, dentists use it because of its effective
properties on antimicrobial activity. Studies have shown
the positive effect of using nanoparticles on antimicrobial
activity in the root canal'®'®, Therefore, the present
study was conducted to evaluate the effect of silver
nanoparticles in root canal treatment.

Methods

The present study is a systematic review and meta-
analysis that was conducted based on PRISMA
guidelines®. In this study, international databases
such as PubMed, Scopus, Science Direct, 1SI, Web of
Knowledge, and Embase were reviewed to select articles
related to the purpose of this study until July 2022. Mesh
keywords were used for searching in PubMed, and
similar keywords were searched in other databases. In
the current study, table | shows the response to PICO;

the Google Scholar search engine was also used. MeSH
terms keywords:

((("Nanoparticles"[Mesh]) OR ( “Nanoparticles/
administration and dosage’[Mesh] OR “Nanoparticles/
adverse effects”Mesh] OR “Nanoparticles/
classification’[Mesh] OR “Nanoparticles/
standards’[Mesh] OR “Nanoparticles/statistics

and numerical data’[Mesh] OR “Nanoparticles/
toxicity’[Mesh] )) AND “Silver’[Mesh]) AND ( “Dental
Pulp Cavity’[Mesh] OR “Root Canal Preparation’[Mesh|
OR “Root Canal Therapy'[Mesh] OR “Root Canal
Obturation”Mesh] OR “Root Canal Irrigants”[Mesh]

) OR (“Root Canal Irrigants/administration

and dosage’[Mesh] OR “Root Canal Irrigants/

adverse effects’[Mesh] OR “Root Canal Irrigants/
classification”[Mesh] OR “Root Canal Irrigants/
standards’[Mesh] ).

Table I: PICO strategy.

PICO Description
strategy
P Population: tooth roots with root canals infected
with any microbial organism
| Intervention: silver nanoparticles
C Comparison: conventional irrigants or did not have an irrigant
O Outcome: Effectiveness

Inclusion and exclusion criteria

In-vitro studies, articles published in English included.
Studies other than In-vitro studies, conflicting data with
objective, and studies without full text were excluded
from the study.

Reporting and extracting study data

It used a checklist that included the author's name,
year of publication, type of study, Specimens, Bacterial
Inoculation, groups, and Detection; the data of the studies
were extracted and reported in table Il.

Evaluating the quality of studies

The quality of the studies was evaluated based on the
risk of bias assessment of the previous Systematic
Review and Meta-analysis of In Vitro Studies®??, The
way of scoring the studies is such that if a study did
not report one to three cases, it is of high quality (low
risk of bias); Failure to report four to six cases indicates
moderate quality (moderate risk of bias) and more than
six cases indicates that the quality of the studies is very
low (high risk of bias).

Data analysis

STATAV17 software was used for data analysis. Effect
size with 95% confidence interval (Cl) with fixed effect
modal and inverse-variance method were done. The
level of heterogeneity was evaluated using the I° index
test (7 < 50% = low levels, 50 < 12 < 756% = moderate
and > > 75% = high levels).
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Table II: Data extracted from studies selected.

No. Study. Years Study design Sample size Bacterial Inoculation
Experimental Group Control group
1 Gholami et al., 2022% In-vitro AgNP solution (1.0 mL, particle Alcoholic solution of CHX Enterococcus faecalis
size 27.43 nm and 29.66 nm) for 20 min (2 mg/mL)
2 Farahat et al., 2022 In-vitro AgNP solution, 200ppm SNPs Gel Enterococcus faecalis
3 Razumova et al., 2022% In-vitro AgNP solution CHX Enterococcus faecalis
4 Abdelfatah et al., 2020%° In-vitro AgNPs solution CHX and sterile saline Enterococcus faecalis
5 Kushwaha et al., 2018%" In-vitro AgNP suspension (20 nm, 3 min CHX (2 %) Enterococcus faecalis
6 | De Ameida et al., 2018% In-vitro AgNP solution (5- 20 nm, 1 min Saline ultrasonically Enterococcus faecalis
activated (1 min, 0.85%)
7 Afkhami et al., 20172 In-vitro AgNP suspension (30 nm, 5 min NaOCI (2.5%, 5 min) Enterococcus faecalis
8 Wu et al., 2014%° In-vitro AgNP solution (2 min) NaOCl (2%) Enterococcus faecalis
Table llI: Data extracted from studies selected.
No.  Study. Years Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Risk of Bias
1 Gholami et al., 20222 Yes NR Yes Yes Yes Yes Yes NR None Low
2 Farahat et al., 20222 Yes NR Yes Yes Yes Yes Yes NR None Low
3 Razumova et al., 20222 Yes NR Yes Yes Yes Yes Yes NR None Low
4 Abdelfatah et al., 2020% Yes NR Yes Yes Yes Yes Yes NR None Low
5 Kushwaha et al., 201827 Yes NR No Yes Yes Yes Yes NR NR Medium
6 De Almeida et al., 2018%¢ Yes NR Yes Yes Yes Yes Yes NR None Low
7 Afkhami et al., 2017 Yes NR Yes Yes Yes Yes Yes NR None Low
8 Wu et al., 20142 Yes NR Yes NM Yes NR Yes NR None Medium
Q1: Were Human Teeth Used as Specimens?
Resu Its Q2: Was the Sample Size Statistically Calculated?
Q8: Was Bacterial Inoculation Verified?
] Q4: Was Particle Size Mentioned?
The search was Condulcted based on the mennoned Q5. Was a Control Group Presert?
keywords, and 141 studies were found in the introduced Q6 Were the Testh Cleaned and Shaped before Iigation?
. ] ] ' Q7: Was the Irrigation Time the Same for Experimental and Control Groups?
datapases; After entering the studies into the EndNote. 351 viae ihe Ooserver/Evaluator Blind o o Groups?

x8 software, duplicate studies were removed, and finally,
the abstract of 110 studies were reviewed, and the
studies that met the inclusion criteria were left out for the
full-text review; at this stage, 80 studies were removed.
The full text of 30 studies was carefully reviewed, and
studies that had incomplete data, very low quality, or
did not include the inclusion criteria and matched the
exclusion criteria were excluded from the study (22
articles); finally, eight articles were selected, and their
data were extracted for meta-analysis (Figure 1).

Characteristics

Eight in-vitro studies have been included in the present
article; a summary of the data of the selected studies is
reported in table .

Risk assessment

According to table lll, out of the eight selected studies,
two studies were of medium quality and six studies
were of high quality; the answers to 9 questions are
summarized in table llI; all studies did not report Sample
Size Statistically Calculated and Observer/Evaluator
Blind to the Groups.

Assessment of Antibacterial Activity

The significantly highest reduction in bacteria count was
followed by silver nanoparticles groups (p=0.00); the
effectiveness of silver nanoparticles compared to the control
group was 86% (ES: 95% CI, 0.39 to 1.33; p<0.001).
(12<0%; P=1.00; low heterogeneity) (Figure 2). Galbraith
plot for heterogeneity analysis showed no inconsistency
across studies (Figure 3).

: Was There Any Conflict of Interest?
. not reported; NM: Not mentioned

Figure 1: PRISMA flowcharts.
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Figure 2: The Forest plot showed the effectiveness of silver nanoparticles on Antibacterial Activity.

Effect size Weight

Study with 95% Cl (%)
Gholami et al., 2022 —a— 0.90[-0.47, 2.27] 11.87
Farahat et al., 2022 L 0.91[-0.66, 2.48] 9.09
Abdelfatah et al., 2020 043[-1.33, 2.19] 7.18
Kushwaha et al., 2018 L 0.90[-0.67, 2.47] 9.09
De Almeida et al., 2018 L 0.57[-1.19, 2.33] 7.18
Afkhami et al., 2017 —u— 0.94[-0.24, 2.12] 16.16
Wu et al., 2014 —— 0.81[-0.37, 1.99] 16.16
Razumova et al., 2022 — 1.00[ 0.02, 1.98] 23.27
Overall > 0.86[ 0.39, 1.33]
Heterogeneity: I’ = 0.00%, H’ = 1.00
Test of 6, = 6;: Q(7) = 0.44, p = 1.00
Testof 8 =0:z=3.56, p = 0.00

4 0 1 2 3

Fixed-effects inverse-variance model

Figure 3: Galbraith plot for assessing heterogeneity.
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Discussion

In recent years, the use of nanotechnology in medicine
and dentistry has received much attention. In dentistry,
to achieve ideal oral and dental health, nano dentistry
has been proposed, which is the use of biotechnology,
nanomaterials, and dental nanorobotics®?, In the past
years, nanotechnology has been used in orthodontic
treatments, periodontal diseases, dental implants, the
development of nanocomposites, drug delivery systems,
and the making of disinfectant solutions®®. Due to their
small size, nanoparticles can be used in a very small
volume, so they have better antimicrobial performance. As
reported, several mechanisms of AgNPs make bacteria
less resistant to them. As studies have shown, the main
challenge in root canal treatment is treatment failure, which
is caused by repeated infections and antimicrobial agents

that have become resistant to the use of antibiotics'9%+%7,
Today, the effort is to introduce an ideal antiseptic so that
the treatment failure can be practically reduced and root
canals free from germs can be obtained for the general
public. Studies have shown that Enterococcus faecalis
was isolated from many examined samples®“°, Also, some
studies have reported Fusobacteria and Pseudomonas
with a high prevalence ratio*'#?, The literature shows that
nanoparticles can have antimicrobial effects**#°, Silver
is one of the oldest nanoparticles used as antimicrobial
agents*®4’, However, the mechanism of action of AgNPs
is not precisely known, and several methods have been
proposed. Based on the findings of the present study,
the use of AgNPs can have an antimicrobial effect;
the experimental group had a significant improvement
compared to the control group. Nanoparticles have
increased antimicrobial activity by decreasing size due to
increased surface area, which allows for greater interaction
between ions and the microbial organism. The properties
of nanoparticles are different from their corresponding
bulk materials, resulting from a high surface-to-volume
ratio®®. It can be stated that nanoparticles perform a better
antimicrobial function by increasing the surface-to-volume
ratio. It affects their biocompatibility and cytotoxicity much
less than conventional compounds*®®",

One of the limitations of the present study was that most
of the existing studies had used AgNPs as an additive
for a detergent and were not considered due to possible
confounders excluded from the study. The standard or
non-standard of the tested conditions can also affect the
study results, which tried to use the criteria to determine
the strength of the study protocol. In the studies, the
concentration of the used solution and the size of the
particles were different, which can be considered a
confounding factor, and the findings of the present study
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should be interpreted with caution. Also, one of the other
limitations of the study was the time of disinfection in the
studies, which was different from each other and could affect
the results of the study; In the future, it is better to conduct
studies with a similar method (particle size, concentration of
silver nanoparticles and disinfection time) to provide better
results with stronger evidence. One of the similarities of
the informants was the use of syringes for AQNP; however,
the needle size of the syringes was not the same. In the
studies, the contact times of AgNP compared to other
detergents differed from 1 to 20 minutes, which should
be used with caution. More studies are needed, taking
into account the size of the particles, the concentration
of silver nanoparticles, the time of disinfection, similar to
other studies, and taking into account the changes in
the properties that affect the antimicrobial activity of silver
nanoparticles to confim the current evidence and provide
more accurate and comprehensive results.

References

1.Tabassum S, Khan FR. Failure of endodontic treatment: The usual
suspects. European jounal of dentistry. 2016;10(01):144-7. https://
doi.org/10.4103/1305-7456.175682.

2. Migas K, Marchlewska J. Influence of Periapical Lesion on Healing
in Sinus after Endodontics. European Journal of General Dentistry.
2022;11(01):046-50. https://doi.org/10.1065/s-0041-1739509.

3. Jamali S, Basturk FB, Das M, de Oliveira Pinto R. The Effect of
Passive Ultrasonic Irrigation in Comparison with other Techniques
on Removing Calcium Hydroxide from Root Canals: A Systematic
Review. International Journal of Scientific Research in Dental and
Medical Sciences. 2019;1(4):80-3. https://dx.doi.org/10.30485/
ijsrdms.2019.192766.1009.

4, Tzanetakis GN, Azcarate-Peril MA, Zachaki S, Panopoulos P,
Kontakiotis EG, Madianos PN, et al. Comparison of bacterial community
composition of primary and persistent endodontic infections using
pyroseguencing. Journal of endodontics. 2015;41(8):1226-33. https://
doi.org/10.1016/}.joen.2015.03.010.

5. Breilyeh Z, Jubeh B, Karaman R. Resistance of gram-negative bacteria
to current antibacterial agents and approaches to resolve it. Molecules.
2020;25(6):1340. https://doi.org/10.3390/molecules25061340.

6. Sakko M, Tjaderhane L, Rautemaa-Richardson R. Microbiology of
root canal infections. Primary dental journal. 2016;5(2):84-9. https://doi.
0rg/10.1308%2F205016816819304231.

7. Haapasalo M, Shen Y, Qian W, Gao V. lIrigation in endodontics.
Dental  Clinics.  2010;564(2):291-312.  https://doi.org/10.1016/j.
cden.2009.12.001.

Conclusions

Based on the findings of the present study, AgNPs have
a high antimicrobial effect in preventing the persistence of
microorganisms in the root canal and root canal treatment
failure, and AgNPs with different formulations can have
an antimicrobial effect. However, the present study had
limitations that should be considered when interpreting the
results; Also, the size of the particles, the concentration of
silver nanoparticles, and the time of disinfection can affect
the antimicrobial properties of AgQNPs, which requires more
studies in this field.

Conflict of Interest
The authors declared that there is no conflict of interest.

Acknowledgements
This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

8. Bas MK, Betul Basturk F, SAZAK OVECOGLU H. Awareness
of Antibiotics and Analgesics Use In Marmara University Hospital.
International Journal of Scientific Research in Dental and Medical
Sciences. 2019;1(4):57-61. https://dx.doi.org/10.30485/
jsrdms.2019.199805.1017.

9. Samiei M, Ghasemi N, Divband B, Balaei E, Divband A. Antibacterial
efficacy of polymer containing nanoparticles in comparison  with
sodium hypochlorite in infected root canals. Minerva stomatologica.
2015;64(6):275-81.

10. Diogo P, F. Faustino MA, PMS Neves MG, Palma PJ, P. Baptista
|, Gongalves T, et al. An insight into advanced approaches for
photosensitizer optimization in endodontics—A critical review. Journal
of functional biomaterials. 2019;10(4):44. https://doi.org/10.3390/
ffo10040044.

11.Yin X, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH. The antibacterial
mechanism of silver nanoparticles and its application in dentistry.
International  journal of nanomedicine. 2020;15:2555. https://dol.
0rg/10.2147%2FIUN.S246764.

12. Salnus S, Wahab W, Arfah R, Zenta F, Natsir H, Muri M, et al. A
Review on Green Synthesis, Antimicrobial Applications and Toxicity of
Silver Nanoparticles Mediated by Plant Extract. Indonesian Joumal of
Chemistry. 2022;22(4):1129-43. https://doi.org/10.22146/ijc.71053.

13. Allafchian A, Jalali SA, Mirahmadi Zare SZ, Amiri R. Biosynthesis
of silver nanoparticles using Poa bulbosa extract and their antibacterial
activity.  Micro & Nano Letters. 2022. https://doi.org/10.1049/
mna2.12139.

14, Kodintcev AN. Characterization and potential applications of silver
nanoparticles: an insight on different mechanisms. Chimica Techno
Acta. 2022;9(4):20229402.

ACADEMIC JOURNAL OF HEALTH SCIENCES
2023/38 (1): 85-91

89



Elnaz Mousavi et al.

156, Avila-Quezada GD, Espino-Solis GP. Silver nanoparticles offer
effective control of pathogenic bacteria in a wide range of food products.
InPathogenic Bacteria 2019. IntechOpen.

16. Shrestha A, Kishen A. Antibacterial nanoparticles in endodontics:
a review. Journal of endodontics. 2016;42(10):1417-26. https://doi.
org/10.1016/}.joen.2016.05.021.

17. Samiel M, Farjami A, Dizaj SM, Lotfipour F. Nanoparticles for
antimicrobial purposes in Endodontics: A systematic review of in vitro
studies. Materials Science and Engineering: C. 2016;58:1269-78.
https://doi.org/10.1016/j.msec.2015.08.070.

18. Raura N, Garg A, Arora A, Roma M. Nanoparticle technology
and its implications in endodontics: A review. Biomaterials Research.
2020;24(1):1-8. https://doi.org/10.1186/540824-020-00198-z.

19. Bhandi S, Mehta D, Mashyakhy M, Chohan H, Testarelli L, Thomas J,
et al. Antimicrobial efficacy of silver nanoparticles as root canal irrigant’s:
a systematic review. Journal of Clinical Medicine. 2021;10(6):1152.
https://doi.org/10.3390/jcm10061152.

20. Wu YC, Chen CS, Chan YJ. The outbreak of COVID-19: An
overview. Journal of the Chinese medical association. 2020;83(3):217 -
220. https://doi.org/10.1097%2FJCMA.0000000000000270.

21. Sarkis-Onofre R, Skupien JA, Cenci MS, Moraes RR, Pereira-
Cenci T. The role of resin cement on bond strength of glass-fiber
posts luted into root canals: a systematic review and meta-analysis of
in vitro studies. Operative dentistry. 2014;39(1):E31-44. https://doi.
0rg/10.2341/13-070-LIT.

22. Aishwaimi E, Bogarl D, Ajaj R, Al-Shahrani S, Almas K, Majeed
A. In vitro antimicrobial effectiveness of root canal sealers against
Enterococcus faecalis: a systematic review. Journal of endodontics.
2016;42(11):15688-97. https://doi.org/10.1016/}.joen.2016.08.001.

28. Gholami A, Ghezelbash K, Asheghi B, Abbaszadegan A, Amini A.
An In Vitro Study on the Antibacterial Effects of Chlorhexidine-Loaded
Positively Charged Silver Nanoparticles on Enterococcus faecalis. Journal
of Nanomaterials. 2022. https://doi.org/10.1155/2022/6405772.

24, Farahat M, Elfaramawy M, Yehia T. The effect of addition of silver
nanoparticles on the antibacterial effect of three different root canal
sealers (an in vitro study). Egyptian Dental Journal. 2022;68(2):1775-9.
https://doi.org/10.21608/ed}.2021.108299.1888.

25. Razumova S, Brago A, Serebrov D, Barakat H, Kozlova Y, Howijieh
A, et al. The Application of Nano Silver Argitos as a Final Root Canal
Irigation for the Treatment of Pulpitis and Apical Periodontitis. In Vitro
Study.  Nanomaterials. 2022;12(2):248.  https://doi.org/10.3390/
nano12020248.

26. Abdelfatah SS, Fahmy SH, Hashem AA. Antimicrobial Efficacy of
Chlorhexidine-Loaded Silver Nanoparticles as an Endodontic Irrigation
on Enterococcus Faecalis Biofim: An in-vitro study. PanEndo Journal.
2022;1(1):12-21. https://dx.doi.org/10.21608/endo.2022.247713.

27. Kushwaha V, Yadav RK, Tikku AP, Chandra A, Verma P, Gupta P,
et al. Comparative evaluation of antibacterial effect of nanoparticles
and lasers against Endodontic Microbiota: An in vitro study. Journal of
Clinical and Experimental Dentistry. 2018;10(12):e1155. https://doi.
0rg/10.4317%2Fjced.55076.

28. De Aimeida J, Cechella BC, Bemardi AV, de Lima Pimenta A,
Felippe WT. Effectiveness of nanoparticles solutions and conventional
endodontic irmigants against Enterococcus faecalis biofim.  Indian
Journal of Dental Research. 2018;29(3):347-51.

29. Afkhami F, Akbari S, Chiniforush N. Entrococcus faecalis elimination
in root canals using silver nanoparticles, photodynamic therapy,
diode laser, or laser-activated nanoparticles: an in vitro study. Journal
of endodontics.  2017;43(2):279-82.  https://doi.org/10.1016/].
joen.2016.08.029.

30. Wu D, Fan W, Kishen A, Gutmann JL, Fan B. Evaluation of the
antibacterial efficacy of silver nanoparticles against Enterococcus
faecalis biofilm. Journal of endodontics. 2014;40(2):285-90. https://
doi.org/10.1016/.joen.2013.08.022.

31. Ozak ST, Ozkan P Nanotechnology and dentistry.
European journal of dentistry. 2013;7(01):145-561.  https://doi.
org/10.1055/s-0039-1699010.

32. Chovatiya N, Shah S, Dalwadi ND, Bagirathy S, Patel DK, Shah
A. Nanotechnology in Dentistry: An Updated Assessment. Journal of
Advanced Medical and Dental Sciences Research. 2018;6(5):50-2.
https://doi.org/10.21276/jamdsr.

33. Panchbhai A. Nanotechnology in dentistry. InApplications of
Nanocomposite Materials in Dentistry 2019;191-203. https://doi.
org/10.1016/B978-0-12-813742-0.00012-2.

34, Liao C, Li Y, Tjong SC. Bactericidal and cytotoxic properties
of silver nanoparticles. International journal of molecular sciences.
2019;20(2):449. https://doi.org/10.3390/ijms20020449.

35. Anwar S, Sivalingam B, Vijayakumar N, Vivek K, Perumal LP, Prabha
EA. An In Vitro comparison of the effect of wound irrigating solution
(0.01% hypochlorous acid) and 2.5% sodium hypochlorite against
enterococcus faecalis. Journal of Pharmacy And Bioallied Sciences.
2022;14(5):796-801. https://doi.org/10.4103/jpbs jpbs_172_22.

36. Ashraf A, Pérez Alfayate R. Regenerative Endodontic Treatment
in Teeth with Internal Root Resorption: An Insight Over the
Available  Literature.2020;2(4):131-4.  https://dx.doi.org/10.30485/
jsrdms.2020.245647.1082.

37. Bucchi C, Rosen E, Taschieri S. Non-surgical root canal treatment
and retreatment versus apical surgery in treating apical periodontitis: A
systematic review. Intemational Endodontic Journal. 2022. https://doi.
org/10.1111/ie}.13793.

38. Siqueira Jr JF, Rocas IN. Persistent and secondary endodontic
infections. Treatment of Endodontic Infections. 2022:2013.

39. Roégas IN, Siqueira Jr JF. Preventing endodontic infections.
Treatment of Endodontic Infections. 2022.

40. Karobari MI, Magbool M, Ahmad P, Abdul MS, Marya A, Venugopal
A, et al. Endodontic Microbiology: A Bibliometric Analysis of the Top
50 Classics. BioMed Research Intemational. 20271. https://doi.
org/10.11565/2021/6657167.

41. Siqueira Jr JF, Antunes HS, Rdgas IN, Rachid CT, Alves FR.
Microbiome in the apical root canal system of teeth with post-treatment
apical periodontitis. PLoS One. 2016;11(9):e0162887. https://doi.
org/10.1371/journal.pone.0162887.

42, Schirrmeister JF, Liebenow AL, Pelz K, Wittmer A, Serr A, Hellwig
E, et al. New bacterial compositions in root-filled teeth with periradicular
lesions. Journal of endodontics. 2009;35(2):169-74. https://doi.
0rg/10.1016/}.joen.2008.10.024.

43. Sathyanarayanan MB, Balachandranath R, Genji Srinivasulu Y,
Kannaiyan SK, Subbiahdoss G. The effect of gold and iron-oxide
nanoparticles on biofilm-forming pathogens. Interational Scholarly
Research Notices. 2013. http://dx.doi.org/10.1155/2013/272086.

90

ACADEMIC JOURNAL OF HEALTH SCIENCES
2023/38 (1): 85-91



Evaluation of the effect of silver nanoparticles in root canal treatment: A Systematic review and meta-analysis

44, Dizaj SM, Mennati A, Jafari S, Khezri K, Adibkia K. Antimicrobial
activity of carbon-based nanoparticles. Advanced pharmaceutical
bulletin. 2015;5(1):19-23. https://doi.org/10.5681%2Fapb.2015.003.

45. Foster HA, Ditta IB, Varghese S, Steele A. Photocatalytic disinfection
using fitanium dioxide: spectrum and mechanism of antimicrobial
activity. Applied microbiology and biotechnology. 2011;90(6):1847-68.
https://doi.org/10.1007/s00253-011-3213-7.

46. Hill TJ, Amold FA. The effect of silver nitrate in the prevention of
dental caries: I. the effect of silver nitrate upon the decalcification of
enamel. Journal of Dental Research. 1937;16(1):23-8. https://doi.org/
10.1177%2F00220345370160010301.

47. Horst JA, Ellenikiotis H, Milgrom PL. Silver Diamine.

48. Sawai J, Igarashi H, Hashimoto A, Kokugan T, Shimizu M. Effect
of particle size and heating temperature of ceramic powders on
antibacterial activity of their slurries. Journal of chemical engineering of
Japan. 1996;29(2):251-6. https://doi.org/10.1252/jce}.29.251.

49, Stebounova LV, Adamcakova-Dodd A, Km JS, Park H,
O'Shaughnessy PT, Grassian VH, et al. Nanosilver induces minimal lung
toxicity or inflamsnmation in a subacute murine inhalation model. Particle
and fibre toxicology. 2011;8(1):1-2. https://doi.org/10.1186/1743-
8977-8-5.

50. Mukherjee SG, O'Claonadh N, Casey A, Chambers G. Comparative
in vitro cytotoxicity study of silver nanoparticle on two mammalian cell
lines. Toxicology in Vitro. 2012;26(2):238-51. https://doi.org/10.1016/].
tiv.2011.12.004.

51. Besinis A, De Peralta T, Handy RD. The antibacterial effects of silver,
titanium dioxide and sllica dioxide nanoparticles compared to the dental
disinfectant chlorhexidine on Streptococcus mutans using a suite of
bioassays. Nanotoxicology. 2014;8(1):1-6. https://doi.org/10.3109/17
435390.2012.742935.

ACADEMIC JOURNAL OF HEALTH SCIENCES
2023/38 (1): 85-91

91





