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ABSTRACT

Over time, different silver preparations have maintained a sustained interest from the medical
community. The article highlights the up-to-date knowledge on qualities, properties and applications
of the colloidal silver in the field of surgery and dentistry. It aims to provide a synthesis of current
issues regarding the complex action of colloidal silver on burn wounds and analyzes the anti-
infectious, anti-inflammatory and wound healing properties of modern silver releasing systems. The
silver nanoparticles have also been implemented in various fields of dentistry, including dental
prostheses, implantology, restorative and endodontic dentistry, with very promising results.
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1. INTRODUCTION

Especially due to its intrinsic and non-toxic anti-
infectious activity, the silver has been used in
medicine since ancient times and in different
formulations. Silver was the most important
antimicrobial agent available before the
introduction of antibiotics. In the 1880 s, Carl
Credé, a German obstetrician, introduced the
use of silver nitrate eye drops as an antiseptic for
the prevention of ophthalmia neonatorum in
newborns [1,2]. The surgeon B. Credé, Carl
Credé’s son, is accredited as the first to use
colloidal silver for wound antisepsis in 1891, after
observing Halsted applying silver foil to infected
wounds [1,3].

The electric colloids of silver became the
standard of antimicrobial therapy in the first part
of the 20th Century until the emergence of
antibiotics in the early 1940 s, together with the
complexes of silver and protein known as mild
silver proteins [1]. In present, the silver ion is the
most commonly used antimicrobial agent in the
topical treatment of burns and silver sulfadiazine
(SSD), introduced by Fox in 1968, is the gold
standard for the burns treatment.

2. MATERIALS AND METHODS

A huge amount of observations and results is
available in the literature regarding the use of
various silver formulations in surgery and
dentistry. These data are available from
databases, such as Medline, from journals, such
as Burns, from search engines and from
specialized books. This article has performed
comprehensive analyses of silver nano-particles,
by selecting the most reliable and representative
studies, without applying any restrictions
regarding the source or date of publication.

The complex activity of silver nano-particles in
burns and other types of wounds has been
evidenced by its anti-infectious and wound
healing properties, as revealed from the studies
undertaken. The effectiveness of topical
administration of silver nano-particles
preparations has been highlighted both by a
series of laboratory experiments, and also by
clinical trials. Advantages, application procedures
and risks of silver administration have been also
investigated, together with a significant series of
recent uses of silver nano-particles in various
fields of dentistry, including dental prostheses,
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implantology, restorative and  endodontic

dentistry.
3. RESULTS AND DISCUSSION
3.1 The Anti-infectious Activity of Silver

Much more potent than any antibiotic, silver has
been proved a very broad-spectrum anti-
microbial agent, against some 650 micro-
organisms, yeast, mold and bacteria [4],
including methicillin-resistant  Staphylococcus
aureus (MRSA), vancomycin-resistant
enterococci (VRE) and multidrug-resistant (MDR)
Pseudomonas aeruginosa [5-8]. Moreover,
studies revealed that the prevalence of bacterial
resistance was low [9] and that the anti-infectious
effect of the silver dressings increased when pH
became more acidic [7].

Silver nano-particles (AgNPs) also exert
antimicrobial properties against bacteria and
viruses [10,11] with close attachment of the
nano-particles to the bacterial cells or to the virus
particles. The bactericidal properties of the nano-
particles are size dependent, as the nano-
particles that interact directly with the bacteria
preferentially have a diameter ranging from 1 to
10 nm [12]. However, the main anti-
infectious activity of silver results from the
production of silver ions within an aqueous
environment.

Silver ions manifest a complex approach of anti-
infectious activity. Antimicrobial action depends
on the intracellular accumulation of low
concentrations of silver ions. These avidly bind to
negatively charged components in proteins and
nucleic acids, thereby inducing structural
changes in bacterial cell walls, membranes and
nucleic acids that affect viability. Silver ions alter
microbial functions through multiple harmful
effects rather than specific disturbances, through
simultaneous interaction with amines, thiol,
phosphates, carboxylates, hydroxyls, indoles and
imidazoles groups [13]. Thus, they interact with a
wide range of molecular processes within
microorganisms and produce a range of effects
from inhibition of growth, loss of infectivity, to cell
death. The anti-infectious capacity depends on
both the concentration of silver ions and the
sensitivity of the microbes. The spectrum of
activity is very wide and the occurrence of
bacterial resistance is relatively low, especially in
clinical cases [14].
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In modern times of bacterial multi-resistance to
antibiotics, the broad-spectrum anti-infectious
activity and the significantly low bacterial
resistance have made silver a very important
agent in the wound care armamentarium [15]. In
contrast to conventional antibiotics, an aspect of
particular interest is the significant anti-biofilms
activity of silver against different microorganisms,
including staphylococci and Pseudomonas
aeruginosa [16-19].

3.2 The Influence on Wound Healing

Due to the anti-infectious activity and to the
decrease of the bacterial burden, silver has an
essential contribution to the proper wound
healing, as the increased bacterial load can
delay wound healing by multiple mechanisms
[6,20]. In addition to the anti-infectious effect,
silver has proven a significant anti-inflammatory
activity [21], which has been evidenced by the
decrease in erythema and edema and by the
increased wound healing. The anti-inflammatory
action depends on the delivery vehicle, on the

duration of release and on the available
concentration and species of silver [5].
Quantitative PCR, proteomic and

immunohistochemical studies highlighted the fast
and effective wound healing activity of silver
nanoparticles, as a result of their antimicrobial
actions, decrease of wound inflammation and
modulation of fibrogenic cytokines, in a dose
dependent way [20].

The anti-inflammatory  activity in the
nanocrystalline silver-treated wounds has been
associated with:

- The increased inflammatory cell apoptosis.

- The decreased expression of proinflamma-
tory cytokines (TNF-a).

- The decreased gelatinase activity [21-23].

Ag°, which is found in nanocrystalline silver and
in colloidal silver and which is probably released
in a cluster form, is the most likely species to
have anti-inflammatory activity, as other noble
metals have demonstrated similar activity [23].
The application of silver nitrate induced
apoptosis in all cell types, including
keratinocytes, resulting in delayed wound healing
[22].

A special biochemical aspect in wound healing is
the relationship between tissue destruction by a
group of collagenase enzymes known as matrix
metalloproteinases (MMP) and tissue synthesis
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which is stimulated by growth factors. The matrix
metalloproteinases facilitate wound healing, but
excessive levels degrade fibronectin and peptide
growth factors. The silver preparations provide
additional benefits by down-regulating MMPs to
levels that alter the inflammatory events and
contribute to faster wound healing. The
nanocrystalline silver dressings modulate the
inflammatory process at or above the level of
TNF-a expression, thus generating an anti-
inflammatory effect [5].

3.3 Silver Releasing Systems
Nanocrystalline Silver Dressings

The nanocrystalline silver dressings were
developed and introduced in the late 1990 s and
represent the latest forms of silver wound
dressings. These products have been created to
exceed some of the drawbacks of the previous
silver dressings [24], as they represent further
improvement in prolongation of silver delivery,
with sustained release of silver in a less rapidly
deactivated form [25]. The nanocrystalline silver
technology is able to more consistently maintain
adequate antibacterial concentrations with good
residual activity, keeping elevated levels over
longer periods of time [24]. These wound
dressings generally appear to stimulate healing,
as well as inhibiting micro-organisms.

The nanocrystalline silver is deactivated much
more slowly and provides a broad initial bolus
followed by a continuous release of silver into the
wound, as uncharged nanocrystalline silver
reacts less with the negatively charged particles
in the wound bed [24].

Besides the more substantial effective dose of
silver, an additional benefit of nanocrystalline
formulations is less frequent dressing changes,
on the order of days as compared to standard,
once-to twice daily dressing changes for SSD
and up to twelve times per day for silver nitrate.
This frequency improves patient comfort as well
as provides wound healing due to favorable
moist environment and to less disruption to the
newly formed epithelium [24].

As with other wound topical applications, the
evaluation of silver impregnated dressings has
been accomplished by in vitro antibacterial
studies, animal models and clinical trials. A large
number of studies have assessed different silver
releasing dressings [26-35] and have revealed
that, compared to SSD, they have increased
wounds healing, decreased pain symptoms and
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increased patient convenience because of
limiting the frequency of dressing changes, even
at lower total cost. Moreover, serum silver levels
in the case of some silver releasing dressings
(eg Acticoat) were elevated, but remained similar
to that reported following the use of silver
sulfadiazine [36]. However, various silver
concentrations and different modes of silver ions
delivery make the direct comparison
inappropriate [13].

Moreover, silver-based technologies can provide
added benefits, such as down-regulation of
MMPs to levels that facilitate wound healing.
Silver is a powerful, broad-spectrum antimicrobial
with anti-inflammatory and healing properties, but
only if it is delivered at the right concentration
and species and over an appropriate interval of
time. In particular, the nanocrystalline silver
dressings meet these requirements. When the
heavy bacterial burden in a wound is eradicated,
the wound is turned back to an appropriate
healing pathway [20]. Also, the inflamed wounds
can benefit from the application of silver
dressings, due to the anti-inflammatory effect
highlighted in experimental studies [27,37].

As a general classification, the silver component
of dressings may appear:

- As a coating, on one or both outer surfaces
of the dressing.

- Within the structure of the dressing, either as
a coating on dressing materials, within the
spaces of the dressing materials, or as a
compound that forms part of the dressing
structure (eg silver alginate).

- As a combination of these [38].

Silver on the surface of the dressing comes into
direct contact with the wound bed where it exerts
the antimicrobial action. Silver within the dressing
structure acts on bacteria absorbed into the
dressing with wound exudate, but may also
diffuse to some extent into the wound [26,38].

The total amount of silver delivered to wounds
varies considerably between different dressings
[26]. Into the wound environment, the amount of
available silver decreases further due to the
interaction of the ionized silver (in the aqueous
environment) with exudate and wound
components such as chloride ions and proteins,
which chelate free silver ion or precipitate it as an
insoluble salt (eg silver chloride), inhibiting
antibacterial action [5,38]. Whilst in some
laboratory experiments very low concentrations
of silver nanoparticles (1ppm or less) have been
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evidenced to be effective against bacteria [39], it
is unclear how quantity and availability of silver
measured experimentally can relate to clinical
effectiveness [26,38].

The main concern about the application of
antiseptics and antimicrobial agents on open
wounds is their potential for cytotoxicity to cells
implicated in wound healing process, such as
keratinocytes and fibroblasts, primarily In vitro
encountered and concentration dependent
[26,40]. Even since 1919, Fleming has stated
that anything that is bactericidal may well be
tissuecidal [41]. Some silver-containing
antimicrobials agents have been found to exert
cytotoxic effects on wound tissue and to inhibit
keratinocyte proliferation [42-44]. Also, using
them on open wounds may be injurious to
fibroblasts and may inhibit wound healing
[40,45,46].

Nevertheless, despite some in vitro cytotoxicity,
in general the silver-releasing dressings
appeared to promote healing of the wounds [47-
49]. Just as in vitro bacteriologic evaluation of an
antimicrobial do not fully predict its effect in the In
vivo or clinical circumstances, In vitro cytotoxicity
tests do not fully predict the effect of an agent on
wound healing intricate processes. Due to the
different antimicrobial and wound healing
properties among manufactured products, a
careful consideration of the particular effects is
needed when deciding on use of a specific silver-
containing dressing. Studies revealed that
healing was accelerated with the use of most of
the silver-containing dressings. The effective
decrease of the tissue bacterial load seemed to
be the best predictor of acceleration of healing.
Thus, studies revealed that Actisorb, Acticoat
Absorbent, and Urgotul SSD had the most rapid
wound healing and also effective in vivo
antimicrobial activities, when different types of
silver dressings were evaluated: Acticoat 7
(Smith and Nephew, London, UK), Acticoat
Absorbent (Smith and Nephew, London, UK),
Acticoat Moisture Control (Smith and Nephew,

London, UK), Actisorb (Systagenix, North
Yorkshire, UK), Aquacel Ag (ConvaTeclinc,
Skillman, New Jersey), Contreet Foam
(Coloplast, Minneapolis, Minnesota), Silvercel

(Systagenix, North Yorkshire, UK), Urgotul SSD
(silver sulfadiazine) (LaboratoireUrgo, Chenove,
France) and Silverlon (Cura Surgical, Geneva,
llinois) [41].

Silver formulations have been assessed in a
series of controlled clinical studies, many of
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which have compared SSD with silver-containing
dressings. RCTs have been performed in a
range of acute and chronic wounds, searching
different endpoints [38]:

- Bacteriological endpoints (improvement of
bacteriological status) [50,51].

- Clinical indicators of infection (signs of heavy
bacterial colonization) [52,53].

- Endpoints related to healing (level of pain,
healing rate, time to complete wound
healing, frequency of dressings changes)
[54-57].

RCTs, systematic reviews and meta-analyses of
silver dressings for superficial and partial
thickness burns and for split skin donor sites
have evidenced that SSD was consistently
associated with poorer healing outcomes than
silver-containing dressings, biosynthetic (skin
substitute)  dressings and  silicon-coated
dressings. Silver-impregnated dressings heal
burns more quickly than SSD, although the
evidence is of poor quality [58].

All these studies have indicated that silver
dressings are associated with factors that may
be beneficial in terms of cost effectiveness [38]:

Decreased time to wound healing [29].
Shorter hospitalization time [59,60].

Reduced frequency of dressing changes
[65,56].

Reduced need for pain medication during
dressing change [55].

Several silver dressing studies have revealed
beneficial effects on overall charges of wound
management and on quality of life parameters
[65,56,59,60]. The  nanocrystalline  silver
dressings are generally no more expensive than
other types of antimicrobial dressings [38].

3.4 Nanocrystalline Silver in Dentistry

AgNPs have also been used in several areas of
dentistry, as endodontics [61], dental prostheses
[62], implantology [63], and restorative
dentistry [64], in order to avoid or at least to
decrease the microbial colonization and biofilm
accumulation over dental materials, to ameliorate
oral health and to improve life quality [65,66].
AgNPs could also decrease the significant
clinical and economic impact of caries, by
stimulating the remineralization process and
controlling biofilm development  [15,67].
Antimicrobial restorative materials have been
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developed through the incorporation of AgNPs to
composite resins [23] and adhesive systems [68],
for the prevention or the decrease of biofilm
formation over composite and in the restorations
margins.

Silver has also been incorporated into glass
ionomer cements in order to improve the
antibacterial properties, including compressive
tensile  strength and creep resistance.
Sometimes, silver nanofibers have been
attached to the implant surfaces for their activity
against plaque biofilm and to decrease the need
for high doses of antibiotics. In the treatment of
periodontal pockets, intrasulcular injection of
AgNPs has led to a clear improvement in clinical
parameters and decline of microbial infection,
AgNPs being as effective as application of
tetracycline films in therapy of periodontal
pockets [69].

For the prevention of denture stomatitis, AgNPs
have been incorporated into polymers used as
tissue conditioners and as denture base [70].
Some studies introduced AgNPs in endodontic
materials, as nanosilver-gutta-percha to improve
the antibacterial effect of gutta-percha [71],
AgNPs irrigant solution for disinfecting the root
canal system or AgNPs-containing mineral
trioxide aggregate (MTA) [61], an important
endodontic material used for perforations
sealing, external/internal root resorption repair,
and apexification.

In order to prevent biofilm accumulation over
Titanium implants surface, AgNPs have been
incorporated to implant surface, due to long-term
antibacterial activity through controlling Ag
release [62,63].

The adequate use in daily dental practice of the
multiple benefits and opportunities conferred by
silver nanotechnology may be a significant
adjunct for the prevention and treatment of dental
disorders, leading to the improvement of oral
health. However, extensive research is needed
to evaluate the risk and the toxicity of silver
nanostructured materials, as well as cost
effectiveness and patient acceptance [70,72].
Further studies are also needed to determine the
long term effects of the AgNP containing dental
materials, the best ways of silver incorporation,
the optimal concentration of AgNPs and its
release over time, as well as the possible
negative influence in dental materials, especially
regarding color changes and mechanical
properties [69].
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4. CONCLUSIONS

In evolving formulations, the silver has been a
constant element in local treatment and has
acquired a well definite place in the wound care
armamentarium. The role of silver is specially
increasing in burns management, keeping in
mind the susceptibility of burn lesions to localized
and spreading infection, which can determine
multiple local and systemic deleterious effects. In
present times of bacterial multi-resistance to
antibiotics, the irrefutable indication of silver in
burns, either infected or with high risk of
infection, is based on the very broad-spectrum
anti-infectious properties, including anti-biofilm
activity, and on the significantly low bacterial
resistance. In burns management, the application
of silver should be made after the carefully
assessment of the whole patient and of the burn
wounds and should accompany other therapeutic
measures addressed to local and general
repercussions of thermal aggression. Among
these measures, wound bed preparation and the
need for surgery have a decisive impact on
prophylaxis and treatment of infection and on
wound healing. As evidenced by studies and
clinical trials, modern silver containing dressing
have better healing outcomes compared to SSD
and should be used instead of SSD, whenever
possible. In addition to anti-infectious activity,
silver dressings have revealed other favorable
effects for wound healing, especially in clinical
experience. However, due to the conflicting
evidence of some studies targeting potential
silver cytotoxicity, the silver dressings should be
reserved for use in burn wounds with or at risk of
local infection and should be discontinued when
the signs and symptoms of wound infection have
disappeared, the wound has improved and the
beginning of epithelialization has occurred.
Although AgNPs have been shown to be
biocompatible with mammalian cells, further
studies are needed to assess the Ag optimal
concentration and way of incorporation, as well
as the long-term properties of the new very
promising AgNP-containing dental materials.
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