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Abstract

The objective is to evaluate the mechanical properties of the material bioactive restorative Giomer through an
integrative literature review. The search was carried out in the months of July and August 2020 in the databases
Pubmed and BVL, using two groups of descriptors connected by the boolean “AND” that allowed the inclusion of 20
articles in this review. The results show that the Giomer material showed laboratory flexural behavior superior to that
compomer and glass ionomer cement, in addition to not reducing its flexural modulus when submerged in some
substances. The microhardness of the Giomer suffered a reduction when in contact with acid solutions, such as
refrigerant at based on Cola, coffee, citric acid and ethanol, in addition to undergoing changes according to
photopolymerization protocol. It was possible to conclude that several factors can positively and negatively interfere
with the mechanical properties of the Giomer composite when evaluated in vitro, as observed for acidic solutions and
carbamide peroxide.

Keywords: Composite resins; Biocompatible materials; Mechanical phenomena.

Resumo

O objetivo é avaliar as propriedades mecanicas do material restaurador bioativo Giomer através de uma reviséo
integrativa da literatura. Realizou-se a busca nos meses de Julho e Agosto de 2020 nas bases de dados Pubmed e BVS,
através do uso de dois grupos de descritores unidos pelo booleano “AND” que permitiram a inclusdo de 20 artigos
nessa revisdo. Os resultados mostram que o material Giomer mostrou laboratorialmente comportamento flexural
superior ao compdmero e ao cimento de ionémero de vidro, além de ndo sofrer redugdo do seu médulo de flexdo
quando submerso em algumas substancias. A microdureza do Giomer sofreu reducdo quando em contato com
solucdes acidas, como refrigerante a base de Cola, café, acido citrico e etanol, além de sofrer alteracdo de acordo com
0 protocolo de fotopolimerizagdo. Foi possivel concluir que vérios fatores podem interferir positivamente e
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negativamente nas propriedades mecéanicas do compoésito Giomer quando avaliados in vitro, como observado para
solucdes acidas e perdxido de carbamida.
Palavras-chave: Resinas compostas; Materiais biocompativeis; Fendmenos mecanicos.

Resumen

El objetivo es evaluar las propiedades mecanicas del material restaurador bioactivo Giomer a través de una revision
integradora de la literatura. La bisqueda se realizé en los meses de julio y agosto de 2020 en las bases de datos
Pubmed y BVS, utilizando dos grupos de descriptores unidos por el booleano “AND” que permitio6 la inclusion de 20
articulos en esta revision. Los resultados muestran que el material Giomer mostro, en laboratorio, un comportamiento
de flexién superior al cemento de iondmero de vidrio y compémero, ademas de no sufrir una reduccién de su modulo
de flexion al sumergirse en algunas sustancias. La microdureza de Giomer se redujo al entrar en contacto con
soluciones acidas, como refrigerante a base de cola, café, acido citrico y etanol, ademas de sufrir cambios segln el
protocolo de fotopolimerizacién. Fue posible concluir que varios factores pueden interferir positiva y negativamente
en las propiedades mecanicas del compuesto de Giomer cuando se evalla in vitro, como se observo para las
soluciones acidas y el peréxido de carbamida.

Palabras clave: Resinas compuestas; Materiales biocompatibles; Fenémenos mecanicos.

1. Introduction

The increased clinical applicability of resinous materials has generated evolution and improvement of its properties, in
order to guarantee greater predictability and longevity of restorations. Since the introduction of composite resins in the market,
the industry seeks to improve the physical properties and mechanics by modifying some component of the material to make it
so more stable (Ergucu & Turkun, 2007; Ferracane, 2011; Soares et al., 2019).

One of the most important innovations that occurred in recent years was the incorporation of nanometric-sized charge
particles, giving rise to nano-hybrid and nanoparticulate composites. This particle size allows the increase in volume of
inorganic content improving resistance to flexion, traction and compression of the material (Ozak & Ozkan, 2013; Silva,
Poskus, Guimaraes, 2008; Van DEken, 2000; Van Nieuwenhuysen et al., 2003).

As the development of research in the dental materials area is in progress constant evolution, materials with bioactive
properties were added to the market. These composites behave as an alternative to traditional composites without bioactive
potential and glass ionomer cements, which despite the release of fluoride ions have aesthetic impairment and low physical
properties (Bayrak et al., 2010; McCabe et al., 2011). Among these materials considered to be intelligent behavior is the group
of Giomer light-cured resin composites, which employ glass particles with pre-reacted surface (S-PRG), as components of the
inorganic filler. These particles release various ions like fluoride in the presence of acids and water, assisting the biodynamic
balance of teeth and saliva and acting on maintenance of oral health (Yu, Yap, Wang, 2017).

However, the mechanical properties of this material can be compromised when subjected to high stress areas.
Fractures in the body and margins of the restorations can lead to failure of the giomer composite. Knowing that the properties
mechanics of fracture toughness and flexural strength are important criteria for the longevity of any dental material (Garoushi,
Vallittu, Lassila, 2018), the guiding question of this study was: what factors can interfere in the mechanical properties of the
giomer composites? Therefore, the objective of this integrative review was to assess mechanical properties of Giomer bioactive

restorative materials.

2. Methodology

This is a integrative review, a secondary study developed to gather the main findings on the mechanical properties of
Giomer composites (Pereira et al., 2018). In order to achieve the objective of the study, during the months of July and August
2020 the search for scientific articles was carried out in the databases Pubmed and BVS (Biblioteca Virtual em Sadde). The
research strategy was based initially using two groups of descriptors united by the boolean “OR”: group #1 composed by

EEINT3 CEINT3

“beautifil restorative”, “beautifil composite resin”, “giomer”; grupo #2 composed by “hardness”, “hardness test”, “compressive
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strenght”, “flexural strenght”, “flexural resistance”. Then the results of group #1 were connected and filtered with those of
group #2 through a new search using the boolean “AND”.

The inclusion criteria used were: scientific articles published among the years 2010 and 2020; studies with in vitro
development methodology; studies published in the English language; studies that evaluate the mechanical properties of
Giomer restorative materials. The established exclusion criteria were: thesis; dissertations; articles published before 2010;

articles not available in whole; literature review articles.

3. Results

After searching the databases, 29 articles were found in Pubmed and 37 in the BVS, totaling 66 articles. After reading
the title and summary of these studies the inclusion criteria were applied, thus leaving 48 studies. Of these, after reading in full,
28 duplicate studies were removed and that contemplated the established exclusion criteria, thus ending the selection with the
20 articles used in the integrative review. Selected studies are characterized in Table 1 by the authors, year of publication,

mechanical tests made and Giomers materials used.

Table 1. Description of the selected studies regarding the authors, year of publication, mechanical tests performed and material

used.
Authors Year Mechanical tests performed Giomer tested
Ugurlu et al. 2020 3-point bending test Beautifil 11 (Shofu Co. Kyoto,
Japan)
Parasher et al. 2020 Vickers microhardness Beautifil Bulk restorative (Shofu

Co. Kyoto, Japan)

Eweis et al. 2020 3-point bending test, miniflexural and flexural Beautifil I1;
modulus test Beautifil Bulk restorative;

Beautifil Bulk flowable (Shofu
Co. Kyoto, Japan)

Spajic et al. 2019 Vickers microhardness Beautifil 11 (Shofu Co. Kyoto,
Japan)
Choi et al. 2019 Vickers microhardness Beautifil 11 (Shofu Co. Kyoto,
Japan)
Silvaetal. 2019 Knoop microhardness Beautifil 11 (Shofu Co. Kyoto,
Japan)
Garoushi et al. 2018 3-point bending test and Vickers microhardness Beautifil 11 (Shofu Co. Kyoto,
Japan)
Kaya et al. 2018 Vickers microhardness Beautifil Bulk restorative (Shofu

Co. Kyoto, Japan)

Yap et al. 2018 3-point dynamic and static flexion and flexural Beautifil Bulk restorative (Shofu
strength tests Co. Kyoto, Japan)

Zhou et al. 2018 3-point bending test, flexural strength and modulus Beautifil flow plus (Shofu Co.
of elasticity Kyoto, Japan)

Eweis et al. 2018 3-point bending test Beautifil Bulk restorative (Shofu

Co. Kyoto, Japan)

Tsujimoto et al. 2017 3-point bending test and flexural strength Beautifil Bulk restorative;

Beautifil Bulk flow (Shofu Co.
Kyoto, Japan)
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Kimyai et al. 2017 Vickers microhardness Beautifil 11 (Shofu Co. Kyoto,
Japan)
llie & 2016 Vickers microhardness and indentation modulus Beautifil Bulk restorative (Shofu
Stawarczyk Co. Kyoto, Japan)
Gonulol et al. 2016 Vickers microhardness Beautifil 1 (Shofu Co. Kyoto,
Japan)
llie & Fleming 2015 Vickers microhardness and indentation modulus Beautifil Bulk restorative;

Beautifil Bulk flow (Shofu Co.
Kyoto, Japan)

Tanthanuch et al. 2014 Vickers microhardness Beautifil 11 (Shofu Co. Kyoto,
Japan)
Kooi et al. 2012 Knoop microhardness Beautifil 11; Beautifil Bulk flow

plus (Shofu Co. Kyoto, Japan)

Naoum et al. 2011 Berkovich hardness test Beautifil 11 (Shofu Co. Kyoto,
Japan)

Lien & 2010 Tests of resistance to diametrical traction, Beautifil 11 (Shofu Co. Kyoto,
Vandewalle compression force, resistance and flexural modulus, Japan)

fracture resistance and Knoop microhardness

Source: Authors.

Flexural properties:

The effect of ionizing radiation from X-rays with high energy does not seem to interfere with the flexural properties of
restorative materials, especially for the giomer that has shown a higher flexural strength value when compared to glass ionomer
cements and a carbomer. In addition, the flexural strength was not influenced by the surface roughness of the materials
(Ugurlu, Ozkan, Ozseven, 2020). When subjected to dry and wet conditions, the material presented a flexural strength value
superior to that of other bioactive resin, to the ionomer modified by resin and to compomers, being considered the most stable
material among those studied (Garoushi, Vallittu, Lassila, 2018). When compared to a compomer and three composites
(nanoparticulate, hybrid and micro-hybrid) the giomer presented with the highest flexural modulus value (Lien & Vanderwalle,
2010).

When comparing three different giomer viscosities, it was observed that the high viscosity bulk-fill showed the
highest flexural modulus when stored in ethanol, artificial saliva and air. When stored in citric acid, the conventional giomer
demonstrated the greatest flexion modulus (Eweis, Yap, Yahya, 2020).

When testing the effect of aqueous solutions on the reduction of strength and flexural modulus of various bulk-fill
materials, it was observed that all of these suffered a reduction, especially in contact with artificial saliva (Eweis, Yap, Yahya,
2018). After aging by water and salivary microorganisms, the giomer significantly reduced its resistance to flexion, but with an
elastic modulus higher than that observed before aging. In addition, for aging performed with Streptococcus mutans, the
giomer showed positive and superior characteristics to the glass ionomer cement tested (Zhou et al., 2018).

Comparing low and high viscosity bulk-fill materials, it was found that the giomers showed positive flexural strength
and modulus values, comparable to conventional bulk-fill composites, regardless of the polymerization time employed
(Tsujimoto et al., 2017).

An interesting finding was observed in one study (Yap, Eweis, Yahya, 2018) who found that samples with dimensions
of 25 x 2 x 2 mm showed superior static and dynamic flexural properties when compared to dimensions 12 x 2 x 2 mm,

providing important information for future in vitro studies using a 3-point flexion test.
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Microhardness:

The Vickers microhardness of the bulk-fill giomer was superior when compared to the Tetric EvoCeram bulk fill
(Ivoclar/Vivadent AG, Schaan, Liechtenstein), but it presented a low polymerization depth value (Parasher et al., 2020). In
addition, the giomer showed Knoop values higher than that obtained for silorane, as well as for the micro-hybrid composite
and compomer (Lien & Vandewalle, 2010).

Extremely relevant information was verified in the studies by Choi et al. (2019) and Tanthanuch et al. (2014) who
observed that the submersion of the giomer in Cola-based soft drink brought a significant rate of reduction in the hardness of
the material. In addition, the study by Silva et al. (2019) achieved significant reduction in the microhardness of the material
with its immersion in coffee associated with the brushing simulation, as well as with its immersion in artificial saliva, showing
that the Knoop microhardness of the giomer was inferior to that observed by the nanoparticulate composite. Another study
verified this reduction when the material was put in contact with citric acid and ethanol (Kooi et al., 2012).

On the other hand, no significant change in the hardness of the material was observed when submitted to three months
of aging in acidic solution of pH 4.0. However, after the same time in water, the material showed an increase in the modulus of
elasticity (Naoum et al., 2011). The storage for one year in distilled water was related to the improvement of the mechanical
properties of the restoration, so that the dentin-giomer interface at the bottom of the preparation maintained its favorable
mechanical characteristics during the study period (llie & Stawarczyk, 2016).

Comparing the degree of polymerization of the bulk-fill giomer submitted to three different photopolymerization
units, it was possible to associate the third generation Polywave Valo (Ultradent, South Jordan, USA) with the lowest
microhardness of the giomer among the units tested. In addition, the polymerization protocol influenced the mechanical
performance of the material, thus concluding that the polymerization time may influence the compression strength of the
giomer more than the power of the device (Kaya et al., 2018). In addition, another study found that Valo's “extra Power”
polymerization mode (Ultradent, South Jordan, USA) resulted in lower Vickers microhardness values in the material samples
(Gonulol, Ozer, Tunc, 2016).

It has been seen that high and low viscosity bulk-fill giomers keep their mechanical properties at a clinically
acceptable level when polymerized at a thickness of 4 mm. In addition, they behaved mechanically in a superior way to the
conventional bulk fill composites tested (llie & Fleming, 2015). The hardness values were twice as high for the giomer when
compared to self-curing and light-curing glass ionomer cements. In addition, it was found that the light curing power of 1,100
mW/cm2 proved to be the most efficient for improving the microhardness of all the materials studied (Spajic et al., 2019).

By evaluating bleaching techniques, it was possible to obtain a relationship between contact with carbamide peroxide
and the reduction of the material's microhardness, so that the higher the concentration of the peroxide, the greater the reduction
observed (Kimyai et al., 2017).

4. Discussion

The variables that can be used to measure the mechanical properties of giomers are diverse, as verified in the studies
included in this review. The giomer material is shown to be laboratory superior to some other materials such as compomer and
glass ionomer cement, especially when observing its flexural behavior. In addition, the immersion of this material in some
substances does not seem to negatively interfere with its flexion modulus (Garoushi, Vallittu, Lassila, 2018; Eweis, Yap,
Yahya, 2020; Zhou et al., 2018).

Regarding microhardness, the use of the Vickers microhardness technique was predominant in the in vitro studies
observed, due to its accuracy for the methodologies used (Garoushi, Vallittu, Lassila, 2018; Parasher et al., 2020; Spajic et al.,

2019; Choi et al., 2019; Kaya et al., 2018; Kimyai et al., 2017; llie & Stawarczyk, 2016; Gonulol, Ozer, Tunc, 2016; llie e
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Fleming, 2015; Tanthauch et al., 2014). Instead to what was observed for flexural properties, in some studies the material
suffered a reduction in microhardness when submerged in some solutions (Choi et al., 2019; Silva et al., 2019; Tanthanuch et
al., 2014; Kooi et al., 2012). In addition, the polymerization protocol influenced the microhardness of the giomer, as well as the
supervised whitening at home protocol (Kaya et al., 2018; Kimyai et al., 2017; Gonulol, Ozer, Tunc, 2016).

The flexural strength of a material consists of the maximum flexural charge capable of stressing it before failure, so
for restorations in the posterior region, especially Class | and Class 11, the test requires a minimum flexural strength value of 80
MPa for dental polymeric materials (Heintze et al., 2017).

The changes that occur when a resinous material is submerged in water are justified by the hydrolytic degradation on
the silane, which leads to the weakening of the resinous matrix due to water sorption and dissolution of the material
components. This causes the displacement of particles from its external surface, leading to increased surface roughness and
decreased hardness (Boaro et al., 2013; Toledano et al., 2003; Santos et al., 2002; EL-Sharkawy, Zaghloul, Ell-Kapanney,
2012). However, in the case of a giomer material there is a stability of properties due to the pre-reacted surface glass particles
(S-PRG), which protect the material from the damaging effects of moisture. This occurs due to the acid-base reaction that is
carried out on S-PRG charges even during manufacture (llie & Stawarczyk, 2016; Roberts et al, 1999). This justifies the
findings of improvement in some mechanical properties of this material seen in studies present in this review, even after long
contact with water.

Adequate polymerization of the composite resin is achieved through a uniform distribution of the energy emitted to all
layers of the material, allowing the formation of a sufficient number of free radicals (Michaud et al., 2014). When it comes to
the size and volume of the charge particles, they relate to the rate of wear and resistance, so that the greater the volume of
charge the lower the rate of wear. This happens due to the smaller extent of resin unprotected by the load (Tanthanuch et al.,
2014; Condor & Ferracane, 1997).

The acidic pH of the substances can induce erosive wear thanks to the dissolution of the resin matrix. This process
causes the matrix to soften and promotes displacement and leaching of the charge particles (Coombes, 2005; Erdemir et al.,
2012). For this reason, in addition to the cola-based drink having a low measurable acidity, it is a carbonated drink that
contains phosphoric acid and therefore, together with alcohol, were able to reduce microhardness in the studies evaluated (Choi
et al., 2019; Tanthanuch et al., 2014; Kooi et al., 2012; Bagheri, Tyas, Burrow, 2007).

As observed in the results of the present study, the bleaching agents seem to interfere with resins, impairing their
mechanical properties, with a greater amplitude for those with a greater volume of organic matrix. These agents can affect both
the resin matrix and the bonding interface, but do not affect the filler particles. The mechanism that justifies this relationship is
the disruption of double bonds and the separation of polymeric chains from the material through the production of free radicals
that affect the existing interface between resin matrix and filler particles, which can create micro cracks that reduce
microhardness. This process is amplified the higher the concentration of peroxide (Briso et al., 2010; Campos et al., 2003).

The limitations of this integrative review were based on the small number of studies available for inclusion in this
review, as it is a relatively recent restorative material. In addition, it is not possible to faithfully extrapolate the information
obtained in this article into clinical practice, so that further studies involving the use of Giomer technology are necessary.
Therefore, it is suggested to carry out new clinical trials that monitor the behavior of restorations performed with giomer

restorative materials, especially assessing their anticariogenic function.

5. Conclusion

Thus, it was noted that several factors can interfere in the mechanical properties of restorative materials with Giomer

technology, both positively and negatively, when evaluated in vitro. More specifically, the flexural properties seem to be
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affected by the contact of the material with artificial saliva and water, while the microhardness was reduced when in contact
with acidic solutions and carbamide peroxide.

This integrative review is expected to provide support to guide future in vitro studies involving bioactive restorative
materials, especially those focusing on the study of the mechanical behavior of these products. New studies that evaluate other
properties of this material are recommended, such as color characteristics, for example, both with in vitro methodology and

randomized clinical trials with a follow-up time.
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