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Abstract. With the rapid development of nanotechnology, in recent years, the application of
advanced materials in dentistry is widely researched. Some scientists agree that nanomaterials
might be very useful in caries prevention and treatment, as well as in reconstructive dentistry and
bone regeneration. Some of compounds currently in focus include titanium, silver nanoparticles,
chitosan, calcium phosphate, nano-hydroxyapatite, and nanoceramics. Certain materials may
have unique physical and chemical properties that make them applicable in design of dental
implants. Other nano-based systems are suitable for experimental research in fundamental
medical/dental sciences such as cell biology and histology. However, some important issues,
such as local and systemic toxicity of certain nanomaterials need to be resolved before they can
be more widely used in clinical practice. This concise review focuses on recent research on
potential application of these advanced compounds in oral physiology, pathophysiology and
clinical disciplines.

1. INTRODUCTION

Over the last several decades, nanotechnology has
revolutionized many aspects of biological and medi-
cal research. With the development of novel, ad-
vanced nanomaterials with unique physical proper-
ties and applications, researchers were able to pro-
pose innovative diagnostic and therapeutic strate-
gies in many fundamental and clinical medical ar-
eas. Dentistry is no exception, where advanced
materials were suggested to be applicable in caries
prevention and treatment, dental biomimetics, ana-
esthesia, as well as periodontal drug delivery. Vari-
ous studies have also been performed to investi-
gate the use of nanomaterials as biosensors of ac-
tive compounds in oral fluid, and as potential induc-
tors of osteogenesis. These and other applications
are promising, and still in initial stages of develop-

ment, so it is estimated that in the next several
years nanodentistry will become a rapidly growing
multidisciplinary area which will significantly con-
tribute to our knowledge and practices in stomatol-
ogy [1-3].

Particularly important is the fact that in funda-
mental medicine, nanoparticles can be used both
as biosensor and chemical delivery systems in vir-
tually all tissues. This opens new possibilities for
the research of normal, physiological processes
occurring in oral cavity environment, as well as for
investigation of pathophysiological basis of oral dis-
eases. For example, it is possible that in the future,
thanks to novel technologies in advanced material
design, we will be able to better comprehend the
physiology of saliva production, and
immunomodulatory processes occurring in saliva.
Also some aspects regarding the development of
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periodontal disease could be clarified using these
novel research approaches [1-5].

In this concise review, we focus on the recently
published data on potential nanomaterial applica-
tion in oral physiology, pathophysiology and related
disciplines. We also present suggestions and ideas
for future research in these fields, and discuss po-
tential limitations and challenges that need to be
resolved before nanomaterials can be introduced in
everyday dental practice. Local and systemic tox-
icity of certain nanomaterials, as well as
immunomodulatory effects of some types of
nanoparticles are also discussed.

2. NANOMATERIALS AND CARIES
RESEARCH, PREVENTION AND
TREATMENT

Dental caries (cavity) represents the process of teeth
degradation as the result of bacterial action. Some
types of bacteria normally present in the oral cavity
such as Streptococcus mutans and Lactobacillus
species, process simple sugars present in the food,
and produce relatively large amount of lactic acid.
Low pH caused by the lactic acid, leads to the break-
down of enamel and dentin and formation of cavity.
Sometimes, at first, bacteria form a thin layer, or
biofilm, which is in literature commonly referred to
as plaque [6-8].

It is thought that in the future nanomaterials could
be successfully applied both for caries prevention
and treatment, as well as better understanding of
principles of caries formation [1-3,9,10]. For ex-
ample, various nano-based systems have been cre-
ated in order to increase enamel mineralization and
reduce teeth erosion. Many of these systems con-
tain nano-hydroxyapatite as the main active com-
ponent [11-14]. For example, nanocrystals based
on calcium fluorinated hydroxyapatite may particu-
larly be useful for enamel and dental recovery

Some nanomaterials have known antimicrobial
properties which could make them good candidates
for cavity prevention. Silver nanoparticles, in colloi-
dal solutions and in certain concentrations have sig-
nificant antibacterial effect, and in some clinical dis-
ciplines, they are applicable as an addition to wound
dressings [15]. Colloidal silver in some countries is
available as over-the-counter commercial product,
often used as dietary supplement, although its ben-
eficial effects when taken in this form are not thor-
oughly investigated, and sometimes disputed. There
are indications however that primarily due to its an-
tiseptic properties, silver nanoparticles may be ap-

plicable in oral medicine for preventive purposes,
and for maintaining oral hygiene. However, before
this application may be introduced in common den-
tal practice, potential toxicity of silver nanoparticles
on human cells and tissues must be investigated
[15-17].

Antimicrobial effects of other nanosystems has
also been evaluated. For example,
caseinphosphopeptides – stabilized calcium phos-
phate nanoparticles can also be successfully used
for dental caries prevention. It has been suggested
that these nanomaterials decrease the probability
of biofilm and plaque formation on enamel by cer-
tain types of bacteria such as Streptococcus mutans
[18,19]. Samprasit et al. (2015) reported that
mucoadhesive electrospun nanofibre mats produced
with the addition of thiolated chitosan (CS-SH) as
mucoadhesive polymers may be useful for caries
prophylaxis [20]. This complex material could sub-
stantially reduce bacterial growth, without inducing
cytotoxicity to normal tissue. graphene/zinc oxide
nanocomposite film has been found to provide sig-
nificant protection against Streptococcus mutans.
Kulshrestha et al. (2014) found that this film is a
potentially effective and nontoxic protective agent
for implant surfaces [21].

It should be noted that these nano-based sys-
tems are still under investigation, and have not yet
become fully applicable in dental practice. Apart from
future confirmation of their antibacterial effectiveness,
additional research also needs to be performed re-
garding their potential local and systemic toxicity.

3. POSSIBLE APPLICATION OF
ADVANCED MATERIALS IN
RECONSTRUCTIVE DENTISTRY
AND BONE REGENERATION

Use of nanomaterials as an integral part of implants
for replacement of teeth and bone tissue is currently
being investigated in numerous research laborato-
ries [9,10]. Some of the promising compounds in-
clude, but are not limited to nanostructured hydroxya-
patite and nanostructure metalloceramic coatings,
as well as alumina/zirconia nanocomposites.
Chlorhexidine-hexametaphosphate nanoparticles
and carbon nanotubes are also potential candidates
for implant incorporation and/or modification in or-
der to increase the success rate of the operation
and the postoperative healing time [22-25].

Historically, titanium has proven to be one of the
best materials in implant manufacturing and place-
ment, predominantly because of its specific inter-
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actions with bone and other surrounding tissues
after the surgery. Kim (2014) suggested that modi-
fication of dental implant surface by Nano Titania
could be safe and beneficial for initial bine formation
after the procedure [26]. Titania particles used in
this study proved to be relatively nontoxic since the
elute from titania-treated fixtures had no significant
negative effects on cell viability.

Although titania-based materials have relatively
good biocompatibility and mechanical properties,
bacterial accumulation and subsequent inflamma-
tion remain one of the most important factors af-
fecting the success rates of implant procedures in
dentistry [27]. Fortunately, some surface modifica-
tions of these materials, such as the addition of
silver, can substantially reduce the probability of
bacterial proliferation. For example, Huang et al.
(2010) reported that TaN-Ag nanocomposite coat-
ings with different Ag contents exhibit significant
antibacterial properties, particularly against Staphy-
lococcus aureus.

In recent years, much attention has been fo-
cused on development and research of
nanoceramics. It has been noted that nanoceramics
have specific chemical and chemical properties
which enable this material to facilitate bone forming
[28-30]. Certain types of ceramic structures can
enhance proliferation of osteoblasts, cells that are
crucial in bone growth and remodeling.

Nanosized hydroxyapatite might have numerous
application in reconstructive dentistry and related
disciplines. Singh et al. (2012) demonstrated that
this advanced material in bone graft in combination
with bioresorbable collagen membrane is particu-
larly useful in the treatment of intrabony periodontal
defects [31]. Chen et al. (2011) described the prop-
erties of high aspect-ratio hydroxyapatite (HAP)
nanofibers and suggested that incorporation of small
mass fraction of these materials can be applicable
in terms of improving structural/mechanical features
of dental resins and dental composites [32]. Yasaei
et al. (2013) indicated that hydroxyapatite
nanoparticles may improve the mechanical strength
of Calcium hydroxide cement as pulp-capping sub-
stance [33].

Similarly as with materials with antibacterial
properties, the full effectiveness of some of the above-
described systems, as well as their potential toxic-
ity remains to be fully investigated in the future. Also,
the cost and the requirement of additional resources
(novel technologies for synthesis, expertise, etc.)
need to be evaluated before these material can be
used in clinical setting.

4. FUTURE STRATEGIES FOR
APPLICATION OF
NANOMATERIALS IN
STOMATOLOGY: FOCUS ON
POTENTIAL TOXICITY

It is estimated that in the future, many important
issues will have to be addressed before
nanomaterials become an integral part of everyday
stomatological practice. The most important chal-
lenge that researchers are today faced with remains
potential toxicity of nanomaterials on human cells
and tissues. Several studies have already been con-
ducted on the potential toxic effects of metallic
nanoparticles, such as silver, gold, platinum, zinc,
titanium, and iron.

Unfortunately, most of these studies have only
been done on individual cells and cell cultures.  Any
biological/toxic phenomenon observed in individual
cells does not necessarily have to be present in the
living tissue. In tissues, cells are surrounded by a
specific microenvironment with many different po-
tentially confounding factors that may influence the
previously observed relationship in in vitro conditions.
Various hormones, cytokines, growth factors and
chemical mediators may in some circumstances
increase or reduce the toxicity of nanoparticles.

Before a specific nanomaterial is considered for
application in stomatological practice, in animal
experimental models, we will have to determine its
median lethal dose, LD

50
, or the minimal dose re-

quired to kill 50% of the tested animal sample. For
many of today commercially available
nanomaterials, this important toxicity parameter has
not yet been defined. Even with known LD

50
 acute

detrimental effects on various organs and tissues
still need to be measured. This is particularly im-
portant having in mind the small size of
nanoparticles and their ability to pass through bio-
logical barriers (i.e. to get resorbed in oral cavity,
and enter the blood stream). Neurotoxicity, hepato-
toxicity and nephrotoxicity often do not have to be
dose-dependent, or even time-dependent. Therefore,
a careful histopatological evaluation, as well as a
wide range of biochemical,genetic and physiologi-
cal tests will need to be conducted to make a defi-
nite conclusion and recommendation for future den-
tal application.

Apart from acute, possible chronic toxicity of
nanomaterials in dental practice, also remains cause
for concern. In industrial workers, as well as scien-
tific, healthcare and other professionals who are due
to the nature of their work, chronically come to con-
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tact with nanomaterials, some diseases may have
higher incidence compared to the general popula-
tion. Certain respiratory, cardiovascular, urinary and
neurological illnesses have been associated to
chronic nanoparticle exposure, although the exact
causal relationship is not clear.

Some nanomaterials with potential for applica-
tion in dentistry, are unfortunately thought to have
mutagenic and cancerogenic effects, at least in
certain concentrations. DNA mutation can occur as
a result of numerous biochemical mechanisms. For
example some nanoparticles, through oxidative
stress, may induce formation of molecules of reac-
tive oxygen species such as hydroxyl radical (-OH),
hydrogen peroxide (H

2
O

2
), and superoxide radical

(O
2
-). These and other molecules may cause DNA

damage and subsequent development of various
precanceroses and cancers [15].

In recent years our research group has been fo-
cused on potential nanomaterial-induced changes
in nuclear structure in oral buccal epithelial cells
[34]. For quantification of cell structure, we have
applied fractal and textural methods, which are two
novel mathematical algorithms commonly applied
in biology and medicine for image analysis. In vari-
ous studies, these methods were used for assess-
ment of changes in chromatin organization during
physiological and pathological changes such as
programmed cell death, aging etc [35-39]. Fractal
and textural analysis could also be used in detec-
tion and evaluation of structural changes in the en-
tire buccal mucosa as the which are the result of
long-term effects of various substances (i.e. drugs,
medicaments, toxins). At present, we are focused
on application of these techniques in evaluation of
buccal mucose in patients with substance depen-
dence. Preliminary results indicate that fractal di-
mension (with the values between 1 and 2) and some
textural features can have relatively good value in
evaluation of altered oral tissues of heroin addicts.
It is possible that in the future, these two methods
may become an important addition to the conven-
tional, gold standard techniques for evaluation of
possible oral toxicity caused by nanomaterials.

5. CONCLUDING REMARKS

Nanotechnology is a novel, rapidly developing dis-
cipline that has created numerous opportunities for
advancement of current stomatological diagnostic
and therapeutic practices. Inorganic as well as or-
ganic nanoparticles have unique biological proper-
ties that are potentially valuable in virtually all fun-
damental and clinical medical sciences. With the

adequate functionalization, nanoparticles can be
successfully applied for creating novel experimen-
tal models and assays that may contribute to our
current understanding of pathological basis for many
oral diseases.
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