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ABSTRACT

Nanosilver and other forms of silver are widely used
nowadays for their antibacterial activity. The different
forms of silver, including silver salts, silver oxides
and silver materials appearing as silver wires, silver
nanopartilces (AgNP) and others, which are used in
consumer and medical products, may have different
physic-chemical properties such as distinct solubility
and surface-to-volume ratio, which all may affect
their fate and biological activity. AgNPs display
different applications in the field of dentistry owing to
their antimicrobial effect. Various evidences has been
found for several advantages of using natural or
synthetic organic nanostructures in a wide variety of
dental fields, from implantology, endodontics and
periodontics, to regenerative dentistry and wound
healing. This review aims to discuss the current
progress in this field, highlighting aspects regarding
silver  nanoparticles  incorporation  such  as
antimicrobial potential, mechanical properties and
long-term effectiveness.

Keywords:  Silver  Nanoparticles; ~ Dentristry;
Restorative Material; Periodontal Pockets;
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INTRODUCTION

Nanotechnology, which concerns structures at the
nanometer scale (1-100 nm), is considered as a vital
current technology of the 21st century based on its
economic and scientific potential. Nanoparticles
(NPs) have a greater surface-to-volume ratio (per unit
mass) than non-nanoscale particles of the same
material, and therefore are more reactive. Particles
smaller than 50 nm are subject to the laws of quantum
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physics [1]. Over the years, silver compounds and
NPs have exhibited antibacterial activity resulting in
the widespread use of silver nanoparticles (Ag NPs) in
bedding, washing machines, water purification,
toothpaste, shampoo and rinse, nursing bottles,
fabrics, deodorants, filters, kitchen utensils, toys and
humidifiers [2].  Furthermore, silver compounds and
NPs [3] have been studied for dental applications
including dental restorative material [4], endodontic
retrofill cement [5], dental implants [6] and caries
inhibitory solution [7]. AgNPs have also been applied
in several areas of dentistry, as endodontics [8, 9],
dental prostheses [10], implantology [11, 12], and
restorative dentistry [13-15]. AgNPs incorporation
aims to avoid or at least to decrease the microbial
colonization over dental materials, increasing oral
health  levels and improving life quality.
Nanotechnology is emerging as an interdisciplinary
field that is undergoing rapid development and has
become a powerful tool for various biomedical
applications such as tissue regeneration, drug
delivery, biosensors, gene transfection and imaging.
Nanomaterial-based design is able to mimic some of
the mechanical and structural properties of native
tissue and can promote biointegration. Ceramic, metal
and carbon-based nanoparticles possess unique
physical, chemical, and biological characteristics due
to the high surface-to-volume ratio. A range of
synthetic nanoparticles such as hydroxyapatite,
bioglass, titanium, zirconia, and silver nanoparticles
are proposed for dental restoration due to their unique
bioactive characteristic.

A range of nanomaterials such as electrospun
nanofiber, nanotextured surfaces, self assembled
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nanoparticles and nanocomposites are used to mimic
mechanical, chemical, and biological properties of
native tissues [16,17] Nanomaterials with pre defined
geometries, surface characteristics, and mechanical
strength are used to control various biological
processes [18]. For example, by controlling the

mechanical stiffness of a matrix, cell-matrix
interactions such as cellular morphology, cell
adhesion,  cell  spreading,  migration, and

differentiation can be controlled. The addition of
silica nanospheres to a poly(ethylene glycol) (PEG)
network resulted in a significant increase in
mechanical stiffness and bioactivity compared to PEG
hydrogels [19]. These mechanically stiff and bioactive
nanocomposite hydrogels can be used as an injectable
matrix for orthopedic and dental applications. Apart
from these, a range of nanoparticles is used to provide
bioactive properties to enhance biological properties
[19-22].

Ag NPs coated with antibodies can regulate the
process of membrane receptor internalisation. The
binding and activation of membrane receptors and
subsequent protein expression strongly depends on
nanoparticle size. Although all NPs within the 2-100
nm size range alter signaling processes essential for
basic cell functions (including cell death) 40 and 50
nm NPs demonstrate the greatest effect. These results
show that NPs should no longer be viewed as simple
carriers for biomedical applications, but can also play
an active role in mediating biological effects. These
findings may assist in the design of nanoscale delivery
and therapeutic systems and provide insights into
nanotoxicity [23].

Caries Inhibitory Properties

The most common worldwide oral diseases are dental
caries and periodontal diseases, 60-90%, according
to the World Health Organization (WHO) [24]. In
Mexico, authors have estimated that such disease
affect 90% and 70% of the population respectively.
[25]. In this regard, the use of silver solution,
specifically, silver diamine fluoride [Ag(NHz)2F] has
been used as a caries inhibitor. In context, fluoride
and silver interact synergistically to form
fluoroapatite. The first step is the formation of
calcium fluoride and silver phosphate in a basic
environment, the second reaction is the subsequent
dissociation of calcium and fluoride [26].
experimental composite adhesives (ECAs) showed
slower bacterial growth than those containing

conventional adhesives, suggesting that ECAs can
help prevent enamel demineralisation around their
surfaces without compromising physical properties
[27].

Restorative Materials

Restorative materials with a silver polymer compound
have shown effective antimicrobial properties on
implant components against Streptococcus sanguis
[3], silver has been incorporated into glass ionomer
cements in order to improve the antibacterial
properties, also including compressive tensile strength
and creep resistance. Biofilms are surface adherent
populations of microorganisms consisting of cells,
water and  extracellular ~ matrix  material.
Nanotechnology is a promising field of science which
can guide our understanding of the role of interspecies
interaction in the development of the biofilm.
Streptococcus mutants with other species of bacteria
has been known to form dental biofilm. The
correlation between genetically modified bacteria
Streptococcus mutants and nanoscale morphology
has been assessed using Atomic Force Microscopy
(AFM). Occasionally, silver nanofibers have been
attached to the implant surfaces to reduce the need of
using the high doses of antibiotics during the healing
period, providing self cleaning against plaque biofilm

[6].

Antimicrobial efficacy of silver Nanoparticles in
the treament of Periodontal pockets

Periodontics is a chronic inflammation of the
peridontium that results in periodontal tissue
destruction and alveolar bone loss. Tissue destruction
occurs as a consequence of the host's attempt to
eliminate bacteria from the gingival sulcus by evoking
an immune inflammatory response. [28, 29]. The
main objective of periodontal therapies to reduce the
pathogenic bacterial count to the level at which the
periodontal destruction is arrested [30]. The non
surgical periodontal treatment remains the gold
standard for managing the patients with periodontitis.
Matthews (2005)[31], Cobb (2008) [32] and
Apatzidou et al. (2010) [33] postulated that the
nonsurgical treatment can result in reduction of
inflammation, decrease in pocket depth and gain of
attachment. However, mechanical therapy may fail to
eliminate the pathogenic bacteria because of their
location within gingival tissues or in order areas
inaccessible to periodontal instrumentation [34].
Although, an additional clinical benefit of adjuvant
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systemic antibiotics has been described, it is only
recommended in cases of refractory or aggressive
periodontics to prevent the development of
antimicrobial resistance [35]. In earlier studies, it has
been reported that the local delivery of adjuvant
antimicrobial therapy is considered a safe and
effective alternative to systemic administration [36,
37, 38]. In one of the studies, a non-surgical approach
using the repeated intrasulcular application of
tetracycline films and AgNPs was used. The main
advantage of tetracycline films is the ease of it's
insertion inside the pocket and that the dimension of
the films could be easily adjusted according to the
size of the periodontal pocket, causing no or only
minimal discomfort to the patient [39]. But the
application of AgNPs will be an alternative modality
to the patient that are hypersensitive to tetracycline.
The reduction of inflammation in one of the study
group could be attributed to the antibacterial activity
of AgNPs which plays an important role in subsiding
the inflammation. This suggestion is in accordance
with that reported by Nadworny, et al; (2008), when
they found that AgNPs had direct ant-inflammatory
effect [40]. Nanoparticles owing to their small size,
shows high penetration capability to deep periodontal
pockets which may be inaccessible to other delivery
systems [41]. In addition, nanoparticles provide a
uniform distribution of the active agent over an
extended period of time and thus the frequency of
administration of these systems is reduced [39]. Based
on the results studied, it can be concluded that
intrasulcular injection of AgNPs resulted in a
pronounced improvement in clinical parameters and
reduction of microbial infection. AgNPs were as
effective as local application of tetracycline films in
treatment of periodontal pockets. AgNPs are also used
in restorative dentistry, where they were incorporated
into nanocomposites of quaternary ammonium
dimethyl acrylate and calcium phosphate [14,15].
Results showed that these nanocomposites are
promising as they posses the double benefits of
demineralization and antibacterial capabilities to
inhibit dental caries. AgNPs were also incorporated
into tissues conditioners for patients using dental
prosthesis. It was demonstrated that a dose of 0.1%
AgNPs combined to tissue conditioners displayed a
minimal bactericidal effect against Staphylococcus
aureus and Streptococcus mutans strains, whereas
0.5% was lethal for fungal strains [10]. In addition,
AgNPs have been used with endodontic retrofill
cements; where the combination of AgNPs to Angelus
white mineral trioxide aggregate enhanced its

antimicrobial activity against Enterococcus faecalis,
Candida albicans and Pseudomonas aeruginosa [8].
In the field of implantology, AgNPs were
incorporated in the coating of titanium implants.
Results revealed that titania nanotubes incorporated
with AgNPs posses acceptable osteoconductivity, a
relatively long term antibacterial effect and good
tissue  integration  [11,12].  Corrosion  and
discolouration of dental materials in contact with
AgNPs may be one of the concern. On the other hand,
antibacterial property carries with it a potential
environmental risk once these nanoparticles are
discharged into the environment. Of particular
concern, Ag" ions from AgNOs, inhibits the algal
photosynthesis around 18 times more than AgNPs.
However, over long period, NPs are even more toxic
than the ions alone [42]. These environmental
concerns have led to the debate among advocacy
groups and governments on whether special
regulation of nanotechnology is warranted.

CONCLUSION

Despite the effectiveness that AgNPs have showed in
the dental practice, AgNPs remain a controversial area
of research with respect to their toxicity in biological
systems. Therefore, any application of AgNPs in
dentistry requires more study. Initially, in order to
avoid the toxicity of these materials we think AgNPs
can be used for temporary periods in the dental field.
Moreover, further studies are needed to investigate the
Ag ions release and long term properties of the AgNP
containing dental materials. There is a need to study
and elucidate the best ways of silver incorporation as
well as the possible negative influence of its addition
in dental materials, especially regarding colour
changes and mechanical properties. There is a need
for more studies to determine the optimal
concentration of AgNPs and its release over time.
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