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Abstract: Restorative dentistry is based on a continuous development of materials that make the best
possible connection with dental tissues. Thus, dental adhesives have been researched with increasing interest.
A successful adhesive system depends very much on its chemistry, as well as on the clinical procedures that
must be appropriate for that type of dental adhesive. This review presents a retrospective of dental adhesives
focusing on research into new types of adhesive systems that involves the use of nanoparticles. Dental
adhesive systems are used in most clinical procedures related to restorative dentistry and can be classified
into “etch-and-rinse” adhesives and “self-etch” adhesives. Recently, both types of adhesive systems have been
modified, being loaded with different types of nanoparticles to try to improve them in terms of the thickness
of the adhesive layer, but also to induce other special qualities. Therefore, in order to avoid compromising the
restorative procedures by losing the restorations or by affecting the dental pulp due to cytotoxicity, several
factors must be considered in choosing the adhesive system.
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Introduction

Today, dental adhesives have a wide range of uses. Direct composite restorations in the frontal or posterior
areas require the use of dental adhesives. These adhesives are also needed during the cementation of ceramic or
composite prosthetic restorations made in the dental laboratory such as inlays, onlays, crowns or veneers [1].

The use of composite materials for the restoration of dental cavities resulting from the removal of decayed
tissues is increasing, due to the links between the aesthetic and mechanical properties of polymers reinforced
with different loads [2].

Themainpurpose of adhesive systems is the adhesion of compositematerials to structures. In order to achieve
the closest possible connection, the surface of the compositematerials and the dental surfacesmust be as close
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as possible. In addition to this goal, adhesive systemsmust have characteristics such as low viscosity, substrate
umectability and fluidity [3].

One of the biggest causes of failure of composite resin-based restorations is micro infiltration.
Micro-infiltrations can be defined as the passage of fluids, bacteria, molecules or ions between the restoration
material and the walls of the cavity [4].

Themost used adhesive systems are of the “etch and rinse” and “self-etch” type [5]. Recent studies have shown
similar behaviors at the tooth–restoration material interface, between the etch and rinse adhesive system and
the self-etch adhesive system, from the perspective of the presence of micro infiltrations [6].

Dental adhesives must make a connection between the tooth and the restorative material that does not
allow the appearance of micro-infiltrations. Different techniques are used to analyze the occurrence of
microinfiltrations, among which the most accessible is that of penetration with different dyes [7].

The method of penetration with different dyes (such as silver nitrate) consists of immersing the sample in a
dye for a specific period of time, following the sectioning of the sample and its optical analysis to confirm the
presence or absence of infiltration areas. These tests are semi-qualitative or qualitative and make the studies
limited due to the evaluation of the sample, this being analyzed only in the plane where it was sectioned,
the dye infiltration not being uniform, the degree of microinfiltration being difficult to measure subjectively.
Therefore, other techniques are needed for the analysis of microinfiltrations [8–10].

In addition to the method of impregnation with different dyes, there is testing for marginal integrity using
penetration procedures with radioactive isotopes, bacteria or pressure from an air source [11].

In addition to the analysis techniques by the impregnation method, electronic detection methods by
electrochemical studies and electronic monitoring of microinfiltrations can also be used. As microscopic
evaluations we can use electron scanning microscopy, replication and scanning electrone microscopy,
fluorescent microscopy, confocal microscopy and optical coherence tomography [12].

Studies performedusing stereomicroscopy have demonstrated the presence ofmicroinfiltration areas, mainly
in composite restorations performed by direct techniques, compared to prosthetic restorations performed
in the dental laboratory [13–15]. In the case of class II cavities, studies performed using scanning electron
microscopy have shown more microinfiltrations in the cervical areas compared to the occlusal areas [16].
The analysis of the interface surface between the restoration materials and the dental structures performed
with the help of optical coherence tomography showed that there are areas where the interface is optimal, but
there are also areas that showed microinfiltrations. Almost all the samples that were analyzed presented such
areas, the results being validated with the help of micro-computer tomography investigations [17].

In order to have the best results in the investigation of different adhesives, it is necessary to increase the
reflectance. The use of a normal adhesive can influence future results due to the inaccuracy of differentiating
the adhesive layer from air inclusions [18].

Innovative Dental Adhesives

In recent years, research on adhesive systems has focused on their structural modification. Thus, different
research groups have modified the content of different types of adhesive systems by adding to their content
particles or nanoparticles that wanted to show changes in different directions including antibacterial effects,

https://doi.org/10.35995/tmj20200107


TimisoaraMed. 2020, 2020(1), 7; 10.35995/tmj20200107 3

regeneration effects, increased adhesion effects and also visible effects in reducing the thickness of the adhesive
film applied on different dental surfaces.

Thus, the functionalization of carboxylic acid with titanium dioxide produces high levels of reactive
oxygen species when irradiated with visible light in the field of 400–800 nm. Under these irradiation
conditions, reactive oxygen species failed to generate oxidatively induced DNA for cell-free systems at
TiO2 concentrations of 0.5 mg/L. On the other hand, the incorporation of TiO2 nanoparticles that
have been functionalized with acrylic acid has allowed the use of reactive oxygen species to improve the
photopolymerization process of adhesives. Dental adhesives that were loaded with TiO2 nanoparticles, and
that functionalized with acrylic acid under the action of visible light, showed an increase in shear strength by
about 29% [19].

TiO2 has proven to be the most widely used photocatalyst in dentistry due to its biocompatibility, strong
oxidizing effect, as well as low cost and long-term photostability. In addition, it is known to be effective
against Gram-negative and Gram-positive bacteria in UV irradiation conditions, the irradiation energy
required for proper sterilization being dangerous for the human body [20–23].

By doping the TiO2 nanoparticles with nitrogen using a solvothermal method, a photocatalyst that has
higher levels of visible light absorption was produced. This was generated by the presence of nitrogen in
the crystal lattice of titanium. The bacterial efficacy of TiO2 nanoparticles was analyzed by embedding them
in a dental adhesive. Specimens that were doped with 50, 67 or 80% TiO2 nanoparticles showed strong
antibacterial behavior compared to control samples, both in dark irradiation and light irradiation conditions.
This conclusion denotes that TiO2 nanoparticles can be used against cariogenic biofilms [24,25].

Once the acid biofilm has generated dental caries, their treatment involves removing carious lesions and
replacing them with a material that restores the defect formed [26,27]. The use of nanotechnology
will help inhibit the appearance of cavities by improving remineralization and controlling acid biofilm.
To combat bacterial biofilm, silver nanoparticles were integrated into dental adhesives along with quaternary
ammonium methacrylate. The dental lesions were remineralized and the acids were neutralized by
calcium/phosphate ions released by amorphous calcium phosphate nanoparticles. The combination of
amorphous calcium phosphate nanoparticles, quaternary ammonium methacrylate and silver could develop
a new class of dental adhesives with dual, remineralizing and antibacterial benefits. Following the same
protocol, other nanoparticles such as ZnO, TiO2 and polyethyleneimine were tested, the results being
promising for their incorporation into various dental materials such as adhesives and composites [28].
HEMA (2-hydroxyethyl methacrylate) is widely used in dental adhesive systems, especially for binding to
dentin. It behaves as an element of compatibility between hydrophilic and hydrophobic components,
stabilizing the adhesive system. Its use entails several disadvantages, including water retention in the adhesive
layer which can lead to the failure of adhesive restorations. Thus, finding a replacement for HEMA is
necessary, with subsequent studies showing that Janus nanoparticles are better than HEMA in stabilizing
dentinal adhesives and reducing phase separation. Janus reactive amphiphilic nanoparticles are synthesized
by selective etching at the interfaces of a Pickering emulsion. Janus reactive nanoparticles improve the dentin
binding interface without cytotoxic effects and can be promising materials to replace HEMA in the content
of adhesive systems [29].

The connection between dental adhesives and restorative materials may fail due to imperfections present at
the interfaces [30]. The use of nanoparticles by incorporating them in the content of an adhesive system
can lead to a change in its mechanical and physical properties. An adhesive system was doped with 5, 10,
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15 or 25% by weight glass filler, analyzing the measurements on water solubility and absorption, as well as
the dynamic viscosity during the polymerization compared to the undoped system. Tensile strength and
fracture energy measurements were used to calculate the tensile strength of the adhesive. The results showed
an increased efficiency in increasing the healing degree, as well as accelerating the polymerization reaction
without compromising the viscosity of the adhesive film for samples loaded with 5–10% nanoparticles.
Nanoparticles increased tensile strength and breaking strength, even though nanoparticles tended to clump
together. The strength of the bond between the nanoparticle-loaded adhesive and the restorative composite
also increased when loaded with up to 10% by weight loaded adhesives were used, improving the mechanical
properties [31].

Adhesive systems are in a continuous race for improvement, to increase their retention to hard dental
structures. The development of adhesive dentistry has led to increased aesthetic requirements and an
exponential increase in the number of adhesive restorations performed in dental offices [32].

The main reason for the failure of an adhesive restoration is the appearance of microcracks in the adhesive
layer and their colonization with bacteria, following the appearance of secondary caries [33].

The thickness of the adhesive layer is the basis of the viability of the adhesive restorations, an increased
thickness can lead to the failure of the therapeutic work.

The thickness of the adhesive layer, according to previous studies can be between 0.02 and 0.4 mm, the
increased thicknesses of the adhesive layer can generate microcracks [34–36].

In order to achieve a uniform thickness of the adhesive layer, the adhesive systems were loaded with ferric
nanoparticles, being applied on the dental surfaces by conventional techniques [37]. Dental adhesives were
also loaded with glass microparticles and microspheres, to formulate antibacterial dental adhesives [38]. The
presence of nanoparticles in the adhesive system was confirmed by analyzing the teeth using EDX (Energy
Dispersive X-ray analysis). After the polymerization of the adhesive, the teeth were analyzed with the help of
the latest generation imaging systems, resulting in themeasurements of the adhesive surfaces between the two
components. The results of the measurements were within the limits generated in the literature, with small
decreases in the thickness on certain surfaces. To improve the results, a magnetic field of constant intensity
was applied on the dental surfaces, varying only the contact time of the instrument on the dental surfaces.
After applying the magnetic field, the thickness of the adhesive layer decreased by 30% for application times
of 2min andby 86.5% for the teeth onwhich themagnetic fieldwas applied for 5min [39]. Thus, the inclusion
in the therapeutic stages of the magnetic field at certain intensities can lead to the decrease of the thickness in
the adhesive layer and to its uniformity in the surface [40].

The applicability of the magnetic field was also tested in the prophylactic procedures for sealing ditches,
pits and cracks, generating very good results regarding the thickness of the adhesive layer, uniformizing the
adhesive surface and having a much better control over the materials used [41].

Conclusions

Recent advances in dentistry have led to an increase in cosmetic restorative treatments. The development of
adhesive materials will lead to the restoration of the natural aspects of the teeth, aiming mainly at the most
aesthetic aspect of the teeth [42].
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Matching the color with that of natural teeth, but also maintaining the optical properties for longer, will be
the major requirements of aesthetic adhesive materials.

Obtaining optical, morphological and biological results are the objectives of aesthetic restorations, imitating
dentin and natural enamel [43].

The continuous evolution of these techniques and materials managed not to extract the teeth and to keep
them on the arch, these improvements being evident in the adhesive dentistry [44].

The use of filler nanoparticles to strengthen dental adhesive systems can be a great advantage by improving
mechanical properties, but also by utilizing new antibacterial and remineralizing properties.
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