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RESUMO

O objetivo do estudo foi avaliar a influéncia do hexafluorofosfato de difeniliod6nio (DFI)
e da adig&o do vidro bioativo 58S (VBA) e nanoparticulas de hidroxiapatita (HAp) nas
propriedades fisicas e bioatividade de infiltrantes experimentais. Seis grupos
experimentais e um grupo comercial foram utilizados no estudo (lcon®). Os grupos
experimentais foram compostos de 75% TEGDMA e 25% Bis-EMA e o sistema
fotoiniciador de 0,5 mol% de canforoquinona (CQ) e 1 mol% dimetilaminoetil benzoato
(EDAB). Ap6s a manipulagdo das bases monoméricas, foram adicionados ou nao
0,5mol% de DFI, 10% de BAG produzido pelo método sol-gel ou nanoparticulas de
HAp. Todas as manipulagcdes foram realizadas em ambiente com temperatura
controlada (25 °C). A cristalinidade dos infiltrantes foi avaliada qualitativamente apos
imersdo das amostras em FCS (Fluido Corporal Simulado) em diferentes periodos
(6h, 1 dia, 3 dias e 7 dias) por meio da difragcado de raios X (DRX), espectrometria FT-
IR e MEV para caracterizagao das particulas (n=1). Foram realizadas a avaliacédo da
cinética de polimerizacdo e o grau de conversdo (GC, n=3), sorcdo em agua,
solubilidade (n=10), e viscosidade (n=3). Todos os corpos de prova foram
polimerizados com fonte de luz LED, durante 40 segundos (Valo, Ultradent) para os
corpos de prova imersos em FCS e para sor¢cao e solubilidade. O tempo total de
fotoativagdo para a cinética de polimerizagdo foi de 5 minutos. Para as analises
quantitativas, comparacgdes estatisticas entre os grupos foram feitas usando analise
de variancia (ANOVA 1 fator) e teste de Tukey, com significancia de 5%. Para todos
os tempos de imersdo no FCS, nao foi detectada presenca de cristalinidade nos
grupos com VBA. DRX e FT-IR demonstraram presenga de fase cristalina da HAp nos
grupos com HAp. Icon e grupo com VBA sem DFIl apresentaram menor grau de
conversdo em 40s (< 50%) e taxa de polimerizagdo, enquanto a presengca de HAp
aumentou esses valores. DFI sé aumentou a taxa de polimerizagdo e GC em 40s para
o grupo com VBA. Apds 5 minutos de fotoativagdo todos os grupos apresentaram GC
acima de 80%. Grupos com HAp apresentaram maior viscosidade, porém DFI
diminuiu a viscosidade para os grupos com particulas. As particulas nao influenciaram
a sorcédo de agua. A maior sor¢do de agua foi apresentada pelo Icon. Nao houve
diferencas estatisticas para os valores de solubilidade. Pode-se concluir que a adigao
de 10% de VBA nao melhora as propriedades fisico-quimicas estudadas nem produz
efeito bioativo nos infiltrantes testados. Além disso, o DFI reduz a viscosidade gerada
pela adicao de particulas, bem como atenua a diminuicdo do GC promovida pela
adicdo de VBA.

Palavras-chave: Materiais dentarios. Polimerizag&o. Hidroxiapatita.



ABSTRACT

The objective of this study was to evaluate the influence of diphenyliodonium
hexafluorophosphate (onium salt - DPI) and the addition of 58S bioactive glass (BAG)
and hydroxyapatite nanoparticles (HAp) on physical properties and bioactivity of
experimental infiltrants. Six experimental groups and one commercial control (Icon®)
were studied. The experimental groups were composed by 75% wt TEGDMA and 25%
wt Bis-EMA, the photoinitiator system was 0.5 mol% camphorquinone (CQ) and 1
mol% dimethylaminoethyl benzoate (EDAB). After manipulation of the blends, 0.5
mol% DPI, 10% BAG produced by the sol-gel method or HAp nanoparticles were
added or not. lcon was used as a commercial control. All manipulations were
performed in an environment with temperature (25 °C). The crystallinity of the infiltrants
was qualitatively evaluated after immersion of the samples in SBF (Stimulated Body
Fluid) at different periods (6h, 1 day, 3 days and 7 days) by means of X-ray diffraction
(XRD), FT-IR spectrometry and SEM for characterization of the particles (n=1).
Polymerization kinetics and degree of conversion (DC, n= 3), water sorption and
solubility (n= 10) and viscosity (n = 3) were performed. All specimens were polymerized
with LED light source for 40 seconds (Valo, Ultradent) for samples immersed in SBF
and water sorption and solubility. For polymerization kinetics the total time of
photoactivation was 5 minutes. Statistical comparisons between groups were made
using analysis of variance (one-way ANOVA) and Tukey's test with significance of 5%.
After all periods of immersion in the SBF, no crystallinity was detected in the groups
with BAG. XRD and FT-IR demonstrated presence of HAp crystalline phase in HAp
groups. lcon and group B-BAG showed a lower degree of conversion (DC) in 40s
(<50%) and polymerization rate, while the presence of HAp increased these values.
DPI only increased the polymerization rate and DC in 40s for the BAG group. After 5
minutes of photoactivation, all groups presented DC above 80%. HAp groups showed
higher viscosity, but DPI decreased the viscosity for groups with particles. The particles
did not influence the sorption. The highest water sorption was presented by Icon. There
were no statistical differences for solubility values. It can be concluded that the addition
of 10% 58S BAG does not improve the physical-chemical properties studied nor
produce bioactive effect. DPI reduces the viscosity presented by particles addition
besides attenuate the DC decreasing promoted by BAG addition.

Key-words: Dental materials. Polymerization. Hydroxyapatites.
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1 INTRODUGAO

O diagnostico precoce das lesbes de carie permite abordagens
minimamente invasivas para o tratamento proposto, uma vez que lesdes incipientes
que atigem até o tergo externo da dentina podem ser tratadas por meio da utilizagéo
de infiltrantes resinosos, em detrimento do tratamento restaurador, que
inevitavelmente resulta em remocgao de tecido dentario sadio (Schwendicke et al.,
2015; Paris et al. 2007a). O tratamento remineralizador das lesdes de carie, por meio
da utilizacdo de fluoretos e medidas de orientagao de higiene bucal tem limitagdes em
relagdo a colaboragdo do paciente (Meyer-Lueckel e Paris, 2010; Meyer-Lueckel et
al., 2015, Araujo et al. 2015). Dessa forma, a utilizagdo de infiltrantes resinosos com
o objetivo de preencher os poros da leséo e a difusdo dos acidos bacterianos, evitando
a progressao da lesédo cariosa, tem sido realizada com sucesso, de acordo com
estudos (Paris et al., 2007b; Jia et al., 2012; Belli et al, 2011; Meyer-Lueckel et al.,
2012; Paris et al., 2010a; Ekstrand et al. 2010).

A utilizagdo de infiltrantes em lesdes cariosas no esmalte e até tergo
externo da dentina pode ser feita em superficies lisas ou na regido interproximal, e
também tem sido testada nas superficies oclusais que sdo submetidas a cargas
mastigatorias (Araujo et al., 2013; Paris et al., 2014; Lausch et al., 2017). Uma vez
que o infiltrante € composto basicamente pelo monémero TEGDMA (trietilene glicol
dimetacrilato), que apresenta alta hidrofilia e é susceptivel a degradagao hidrolitica no
meio oral, modificagcbes de modo a melhorar as propriedades do material tém sido
sugeridas (Paris et al., 2010b; Brambilla et al., 2014; Khalichi et al., 2004). Desse
modo, a associacdo do TEGDMA ao ménomero BisEMA (etoxifenol-A dimetacrilato
de glicidilo) foi proposta, devido a sua caracteristica mais hidrofébica comparada ao
TEGDMA e, ainda, por permitir alcancar propriedades mecanicas adequadas,

necessarias para ampliar sua indicagao para superficies oclusais (Araujo et al., 2013).

Além disso, estudos relatam que a utilizagdo de sistemas fotoiniciadores
ternarios em metacrilatos, com a incorporagado de sais de 6nio no sistema, tém
capacidade de aumentar o grau de conversdo, resultando em materiais com
propriedades mecanicas superiores quando comparados aqueles utilizando sistemas
fotoiniciadores binarios (Ogliari et al., 2007; Ogliari et al., 2008; Ely et al., 2012;
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Gongalves et al.,, 2013). A influéncia do uso do sal de hexafluorofosfato de
difeniliodénio (DFI) tem sido demonstrada para materias resinosos como adesivos e
cimentos, onde o mesmo se decompde em radical fenil por meio da quebra da ligag&o
entre o carbono e iodo do sal, apds receber um eletron gerado pelo estado excitatorio
da canforoquinona, sendo esse radical capaz de iniciar a reagao de polimerizacédo dos
mondmeros. Os radicais gerados podem reagir com as aminas residuais por meio da
liberacao de protons, gerando mais radicais amina livres e aumentando a reatividade
do sistema (Ogliari et al., 2007; Dressano et al., 2016; Andrade et al., 2016; Crivello e
Lam, 1977).

Diante dos desafios encontrados na cavidade oral, como o ciclo
desmineralizador-remineralizador e o processo da doenga carie, € desejavel que
infiltrantes resinosos utilizados para impedir a progressédo da lesao cariosa tenham
propriedades antimicrobianas e remineralizadoras, por meio da liberacdo de ions
previamente selecionados, sem no entanto aumentar a degradacgéo hidrolitica do

material, uma vez que para liberagédo dos ions ocorre o fendbmeno da solubilidade.

Portanto, o desenvolvimento de materiais restauradores com atividade
antimicrobiana e remineralizadora tem sido objetivo de estudo nos ultimos anos, uma
vez que essas propriedades sdo importantes para reduzir o risco de carie recorrente
(Chiari et al., 2015). A bioatividade de um material refere-se a um processo bioldgico,
com diversas caracteristicas, entre as quais se destaca a presenga de componentes
que se dissolvem em um processo quimico passivo, gerando precipitacdo de fosfatos
de calcio e materiais semelhantes a bioapatita (Frank Pfefferkorn et al., 2019).

Considerando a utilizacdo dos infiltrantes resinosos em superficies
oclusais, estudos sugerem que a adicdo de particulas bioativas melhorariam as
propriedades fisico-quimicas do material e, ainda, inibiria a formacado de carie
recorrente na regido infiltrada (Sfalcin et al., 2016; Khvostenko et al., 2016). Dessa
forma, alguns tipos de particulas bioativas tém sido testadas em materiais resinosos,
incluindo vidros bioativos de variadas composigdes e particulas de nano-hidroxiapatita
(Sfalcin et al., 2016; Khvostenko et al., 2016; Hyun et al., 2015).

Os vidros bioativos sdo materiais a base de silicato, altamente
biocompativeis, inicialmente utilizados na area ortopédica, os quais sao capazes de
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estimular uma resposta biolégica no corpo humano, sem, no entanto, produzir
inflamagé&o e toxicidade (Boccaccini et al., 2010; Abbasi et al., 2015). Na Odontologia,
os biovidros desenvolvidos s&o importantes para a implantodontia, uma vez que
auxiliam na manutencgao da crista 6ssea alveolar apos exodontias, por meio da ligagéo
da hidroxiapatita formada na superficie do biovidro com o osso, de forma
osteointegrada (Zhong e Greenspan, 2000; Hench, 2006).

A formacgao da camada de hidroxiapatita na superficie do material ocorre
quando o vidro bioativo € exposto ao meio aquoso; assim, ha uma troca idbnica com o
meio oral que permite a remineralizagdo dental quando o vidro bioativo esta
incorporado em materiais restauradores, além de também estar relacionado a
atividade antimicrobiana (Hyun et al., 2015). A produgao de vidros bioativos pelo
meétodo convencional da fundi¢do atinge altas temperaturas (1250-1400°C) e possui
desvantagens, uma vez que alta pureza da particula € requerida para uma o6tima
bioatividade, e o método convencional resulta em biovidros com impurezas,
prejudicando sua bioatividade (Abbasi et al.,, 2015). O vidro bioativo 58S
(60mol% SiO2, 36mol% CaO e 4mol% P20s5) € um vidro bioativo conhecido produzido
pelo método sol-gel. No método sol-gel a hidrolise dos componentes do vidro bioativo
ocorre em meio aquoso favorecendo o controle de impurezas e produzindo vidros com
bioatividade aumentada em comparacido aqueles produzidos por meio de fundigéo
(Sepulveda et al., 2001).

Outra particula utilizada em compdsitos € a Hidroxiapatita [HAp =
Ca10(PO4)s(OH),] devido a sua biocompatibilidade, osteocondutividade e bioatividade,
com estudo demonstrando que nanoparticulas de HAp tém desempenho superior que
HAp de outros tamanhos. Assim, esta poderia ser incluida em infiltrantes sem
prejudicar a penetragdo do material nos poros da lesdo e, ainda, aumentaria o grau

de converséo e a resisténcia contra desafios acidos (Andrade Neto et al., 2016).

Além de poucos estudos demonstrarem que a incorporagao de particulas
bioativas melhoram as propriedades mecanicas de infiltrantes experimentais (Sfalcin
et al., 2016; Andrade Neto et al., 2016), ainda faltam informacgdes na literatura acerca
do comportamento quimico, fisico e da bioatividade de infiltrantes contendo o vidro
bioativo 58S ou nanoparticula de HAp. Além disso, ha poucas informacgdes a respeito

dos sistemas fotoiniciadores ternarios contendo DFI serem capazes de evitar uma
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maior degradacao hidrolitica de infiltrantes contendo particulas bioativas, uma vez que
este sal melhora as propriedades mecanicas dos materiais resinosos. O objetivo do
estudo foi avaliar a influéncia do hexafluorofosfato de difeniliodénio e da adicdo do
vidro bioativo 58S e nanoparticulas de hidroxiapatita nas propriedades fisicas e
bioatividade de infiltrantes experimentais. As hipoteses investigadas foram: 1 — Os
infiltrantes contendo particulas bioativas seria capaz de exibir bioatividade
demonstrada pela cristalinidade apds a imersao em fluido corporal simulado; 2 — A
adicao de particulas bioativas aumentaria o grau de conversao de infiltrantes; 3 — O
DFI| seria capaz de diminuir a sor¢do de agua e solubilidade e a viscosidade dos

infiltrantes.
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Influence of bioactive particles and onium salt on physical-chemical properties

of experimental infiltrants.

ABSTRACT

Objectives: To evaluate physicochemical properties of experimental infiltrants after
addition of hydroxyapatite nanoparticles (HAp) or 58S bioactive glass (BAG) and
diphenyliodonium hexafluorophosphate (DPI).

Methods: The resin matrix were composed by TEGDMA/Bis-EMA (3:1), 0.5 mol%
camphorquinone (CQ) and 1 mol% dimethylaminoethyl benzoate (EDAB). Half of the
blends received 0.5 mol% DPI, 10% wt BAG or HAp. Icon was used as commercial
control. The groups were characterized by XRD, FT-IR spectrometry and SEM before
and after SBF immersion in up to 7 days. Polymerization kinetics (n=3), water sorption
and solubility (n=10) and viscosity (n=3) were performed. The samples were
polymerized for 40 seconds, or 5 minutes for polymerization kinetics. Statistical
analysis were made using one-way ANOVA and Tukey's test (a=0.05).

Results: XRD and FT-IR demonstrated presence of HAp crystalline phase only in HAp
groups even after 7 days of SBF immersion. lcon and the binary BAG group showed
lower degree of conversion (DC) in 40s (<50%) and polymerization rate, while the
presence of HAp increased these values. DPI only increased polymerization rate and
DC in 40s for BAG group. After 5 minutes, all groups presented DC above 80%. HAp
groups showed higher viscosity, but DPI decreased the viscosity for groups with
particles. The particles did not influence water sorption. Icon had the highest water
sorption. There was no difference for solubility values.

Conclusions: BAG did not improve physical-chemical properties studied nor produced
bioactive effect. DPI reduced viscosity promoted by particles addition besides
attenuate the DC decreasing promoted by BAG addition.

Clinical Significance: The addition of bioactive particles in infiltrants should be seen
with caution since they increase viscosity and may not bring major clinical
improvements that justify their use. DPI might have indication only if any component is
added to the infiltrant to act as a compensation mechanism.

Key-words: Infiltrant. 58S Bioactive glass. Hydroxyapatites. Icon.
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1. INTRODUCTION

The use of infiltrant to treat initial caries lesions as white spots has been reported
successfully [1-3]. This approach is used to create a mechanical barrier into the body
lesion to avoid its progression, blocking the paths of bacterial acids [3]. Studies have
been done evaluating the infiltrant application in pit and fissures lesions, besides the
previously indication of its use on interproximal lesions [4-6]. However, the main
concern about sealing this area is the retention of sealants over time, therefore the
infiltration technique would be advantageous [6]. Considering that the occlusal surface
is submitted to masticatory loadings [4-6] and the main component of the infiltrant is
TEGDMA, a monomer with low mechanical properties and high hydrolytic degradation,
modifications have been suggested in order to improve the properties of these
materials [7-9].

One of these modifications is in the monomeric matrix of the infiltrants. The
addition of BisEMA has been suggested, due to its hydrophobic characteristic
compared to TEGDMA, providing materials with adequates mechanical properties [4].
Besides this, the incorporation of onium salts as diphenyliodonium
hexafluorophosphate (DPI) in methacrylates has been reported as a strategy to
improve the mechanical properties [10-12] due to its ability to increase the reactivity of
polymerization system [13].

The functionalization of restorative materials has been studied, where
antimicrobial and remineralizing properties are desirable to reduce the recurrent caries
risk [14]. One of the limitations of the infiltrant is the absence of microfillers, which are
important to promote mechanical strength, which limits the use of the material for
occlusal surfaces [6]. Studies suggest the addition of bioactive particles in the resin-
based materials would improve the physical-chemical properties of materials and also
would inhibit the caries recurrence in the infiltrated region [15,16]. In this way, some
compositions of bioactive glasses and nanohydroxyapatite particles have been tested
in infiltrants and resin composites [15-17].

The bioactive glasses are silicate based materials, highly biocompatible, able to
estimulate a biological response in the human body, without producing inflammation
and toxicity [18-19]. The hydroxyapatite deposition on the material surface occurs
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when the bioactive glass is exposed to aqueous environment. Thereby, there is an
ionic exchange with the oral medium that allows dental remineralization when the
bioactive glass is incorporated in restorative materials, besides also being related to
the antimicrobial activity [20]. The production of bioactive glasses by the conventional
method, melting process, which reaches high temperatures (1250-1400 °C) has
numerous disadvantages, since high purity of the particle is required for an optimal
bioactivity, and the conventional method results in impure bioactive glass, affecting its
bioactivity [19]. The bioactive glass 58S (60 mol% SiO2, 36 mol% CaO and 4 mol%
P20s) is the best known bioactive glass produced by the sol-gel method. In this way,
the sol-gel method favors the control of impurities and produces glasses with increased
bioactivity compared to those produced by melting [21].

Another particle incorporated in composites is Hydroxyapatite [Hap, Cao
(PO4)s(OH)2] due to its biocompatibility, osteoconductivity and bioactivity, with a study
demonstrating that HAp nanoparticles perform better than HAp of other sizes [17].
Thus, it could be included in infiltrants without impairing the penetration of the material
into the lesion pores and, furthermore, increase the degree of conversion and

resistance against acidic challenges [17].

Faced with the challenges to which dental materials are exposed in the oral
cavity, such as the demineralizer-remineralizing cycle and the caries disease process,
it is desirable that resin infiltrants have antimicrobial and remineralizing properties,
through the release of previously selected ions. However, this release of ions may be
affect the hydrolytic degradation of the material, considering that the water sorption
and solubility are necessary for ion leaching [15].

Few studies have shown that the incorporation of bioactive particles improves
the mechanical properties of experimental infiltrants [15,17]. Therefore, there is a lack
of information in the literature about the chemical, physical and bioactivity performance
of infiltrants containing 58S bioactive glass or HAp nanoparticle. In addition, few
information is found about the capacity of DPI to prevent further hydrolytic degradation
of infiltrants containing bioactive particles, since this salt improves the mechanical
properties of resin materials.
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The objective of this study was to evaluate the influence of the onium salt
diphenyliodonium hexafluorophosphate and the addition of 58S bioactive glass and
nanoparticles of hydroxyapatite on the physical properties and bioactivity of
experimental infiltrants. The hypotheses of the study are: 1- the infiltrants containing
bioactive particles would be able to exhibit bioactivity, showing crystallinity after SBF
immersion; 2- the addition of bioactive particles would increase the degree of
conversion of infiltrants; 3- DPI would be able to decrease the water sorption and
solubility and viscosity of infiltrants.

2. MATERIALS AND METHODS

2.1 Synthesis of 58S bioactive glass by sol-gel method

The 58S bioactive glass (BAG) was composed by 60mol % SiO,, 36mol % CaO and
4mol % P,0s. A solution of tetraethoxysilane (TEOS, Si(OC2Hs)4, 98%, Sigma-Aldrich,
Steinheim, Germany), dionized water (H20), triethylphosphate (TEP, (C2Hs)3PO.),
99,8%, Sigma-Aldrich, Steinheim, Germany) and calcium nitrate tetrahydrate (CaN2Osg
* 4H,0) was made under continuous stirring until gelatation. For this, 13.2 ml TEOS,
used as precursor for silica (SiO), was added in 1.6 ml nitric acid and 9.5 ml water,
stirred for 30 min. Then, 0.7 ml TEP, used as precursor for phosphate, was added in
the mixture and after 20 min of stirring 5.8 g calcium nitrate tetrahydrate was added.
To achieve the complete dissolution of calcium nitrate and hydrolysis reaction the
stirring was maintained until forming a gel. The solution was oven dried at 180 °C for
6 h followed by the stabilization cycle in a furnace for 18 h at 700 °C. The dried products
were pulverized in an agate mortar with a pestle and sieved to powders (particle size
<45 um) [19,22].

2.2 Experimental infiltrants formulation

Experimental infiltrants were made based on previous studies [10], in a controlled light
and temperature room (25 °C). The resin blends were made by mixing 75 wt%
triethylene-glycol-dimethacrylate (TEGDMA), 25 wt% ethoxy bisphenol A glycidyl
dimethacrylate (BisEMA), 0.5 mol% camphoroquinone (CQ), 1 mol% ethyl 4-
dimethylaminebenzoate (EDAB). This blend was divided into 6 experimental groups
according to the photoinitiator system and unsilanized bioactive particles and the
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infiltrant Icon (DMG, Hamburg, Germany) was used as commercial control, as shown
in table 1.

After addition of 10 wt% Hydroxyapatite (Sigma-Aldrich, Steinheim,
Germany, <200 nm) or 10 wt% 58S bioactive glass (<45 um), the experimental
infiltrants were mixed in a magnetic stirrer for 24 h. After, the mixtures were placed in
a tub attached to a vacuum pump (Quimis Aparelhos Cientificos Ltda., Diadema, SP,
Brazil) for 20 minutes to eliminate air bubbles. Subsequently, they were placed in an
ultrasonic bath for 30 minutes to avoid agglutination of the particles. All experimental
infiltrants were stored under refrigeration at 4 °C.

Table 1. Composition of groups according to photoinitiator system and bioactive particles used.

Groups | Composition

B-Neat | (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB

T-Neat | (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB/ 0.5 mol% DPI
(3:1) TEGDMA/BISsEMA, 0.5 mol% CQ/ 1 mol% EDAB + 10 wt%

B-HAp
Hydroxyapatite

T-HAp (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB/ 0.5 mol% DPI + 10
wt% Hydroxyapatite

B-BAG (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB + 10 wt% 58S
Bioactive glass

T-BAG (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB/ 0.5 mol% DPI + 10

wt% 58S Bioactive glass

Icon TEGDMA resin-based

All materials were from Sigma-Aldrich (Steinheim, Germany). TEGDMA: triethylene glycol
dimethacrylate; Bis-EMA: ethoxy bisphenol A glycidyl dimethacrylate; CQ: camphorquinone; EDAB:
ethyl 4- (dimethylamino) benzoate; DPI: diphenyliodonium hexafluorophosphate; B: binary; T: ternary.

2.3 SBF immersion

To evaluate the ability of forming hydroxyapatite on the surface of the infiltrant, resin
disks were made (9.5 mm x 2 mm; n=1) using a metallic matrix and photoactivated for
40 seconds (Valo corded, 1000 mW/cm?, Ultradent, South Jordan, UT, USA) under a
mylar strip. The samples were initially qualitatively characterized using XRD, FT-IR
and SEM (JSM-5600LV, Jeol, Boston, Massachusetts, EUA). Then, the samples were
immersed in SBF solution (in 10 mol: 142 Na*, 5 K*, 1.5 Mg®*, 2.5 Ca**, 147.8 CI', 4.2
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HCO5', 1.0 HPO,%, 0.5 SO4%, pH=7.4) during 6h, 1, 3 and 7 days, using 7ml of SBF
for sample at 37 °C. The SBF solution was replaced every 3 days to avoid increasing
the concentration of cations in the solution. After these periods, the samples were
washed with distilled water and dried to XRD. The FT-IR and SEM analysis were
performed using the samples non-submitted to SBF and samples submitted to SBF for

7 days.

The XRD assay was performed using an X-ray powder diffractometer
Bruker D8 Advance 3kW (Karlsruhe, Germany) equipped with Cu Ka tube, 40 kV
voltage and a 30 mA. For FT-IR spectroscopy analysis, the specimens were grounded

on an agate mortar and pressed in a disks with KBr at a ratio between 1:30
-1
(sample:KBr). The spectra were recorded in the range 4000-400 cm  with 32 scans

-1
at4 cm resolution using the FT- IR (Nicolet 6700 FTIR, Thermo Scientific, Pittsburgh,
PA, USA).

2.5 Photopolymerization reaction kinetics and degree of conversion

Degree of conversion and polymerization kinetics were monitored by near-infrared in
a spectrometer (Nicolet 6700 FTIR, Thermo Scientific, Pittsburgh, PA, USA). Infiltrant
samples were placed in silicone rubber molds (n = 3; @ = 5.0 mm; h = 0.5 mm)
sandwiched between glass slides and positioned inside the FT-IR. FT-IR spectra (2
scans per spectrum, 4cm™ resolution, with collection speed of two spectra/s) were
collected during 330 s, in which the first 30 seconds were without photoactivation and
the remaining 300 seconds were performed with photoactivation. The materials were
photoactivated with 390 mW/cm?, due to the distance of 3 cm from the LED device to
the sample surface (Valo cordless, Ultradent, South Jordan, UT, USA). The peak area
corresponding to vinyl stretching (6165 cm™) was used. Degree of conversion (DC)

was calculated from the ratio of peak area according the formula: DC =

( __ monomer area) % 100

polymer area

The rate of polymerization (Rp) was calculated as the first derivative of
the conversion vs. time curve. Kinetics parameters as maximum rate of polymerization

Rpmax (%/s) and DC at Rpmax (%) were determined.

2.6 Viscosity assessment before curing
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All groups were subject to rheological analysis using a cone-plate rheometer (ARES,
TA Instruments, New Castle, DE, USA). Approximately 1 g of each material was placed
between 20-mm diameter plates, tested at 1Hz with a gap of 0.3mm and shear rate
ranging from 0.1 to 100s™ (n=3).

2.7 Water Sorption and Solubility

The water sorption (WS) and solubility (Sol) tests were performed based on ISO
4049:2009, except for sample dimensions. Resin infiltrant disks were made (n=10)
using a polyvinyl siloxane mold (Express XT Putty Soft-VPS; 3M ESPE, St. Paul, MN,
USA), (5 mm x 1 mm), covered with a polyester strip and photoactivated for 40 seconds
(Valo corded, 1000 mW/cm?; Ultradent, South Jordan, UT, USA). The samples were
dried in a desiccator containing silica gel (37 °C) and weighed daily on a precision
analytical balance (AUW220D Shimadzu, Kyoto, Japan) until a constant mass (m7) be
obtained (i.e. when the weight varied less than 0.1 mg in 24 hours). The volume (v) of
all of the disks was calculated using a digital caliper (Mitutoyo, Kanagawa, Japan) and
then the specimens were immersed in 1.5 ml of deionized water at 37 °C using
microtubes (Flex-tube; Eppendorf, Hamburg, Germany). After 7 days, the samples
were washed in running distilled water, blot-dried, weighed (m2), and then returned to
the desiccator (silica gel, 37 °C). These samples were weighed daily until a new
constant mass be achieved (m3). The values of water sorption and solubility were
calculated using the following formulas respectively:

__ (m2-m3) (m1-m3)

Ws and Sol =

2.8 Statistical analysis

The normality and homogeneity of the studied parameters were checked for the for
quantitative analyzes using Shapiro-Wilk and Levene’s test, respectively. All groups
presented normal distribution and homogeneity of variance. Statistical comparisons
between the groups were made for the for quantitative analyzes using analysis of
variance (one-way ANOVA) and post hoc comparisons by Tukey’'s test with a
significance level of a=0.05 using SPSS 23 (IBM Corp., Somers, NY, USA).

3 RESULTS

3.1 SBF immersion
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The XRD pattern of the infiltrants at baseline are showed in figure 1. The XRD pattern
of the groups without particles, as expected, shows no crystalline peaks. Instead, they
show a characteristic pattern of polymers with a broad hump distributed in a wide range
(20) indicating an amorphous state, instead of high intensity narrower peaks. The BAG
groups present similar pattern compared to no-particle groups since the 58s particles
present also a disorderly and amorphous nature when not submitted to a crystallization
process. Differently, the HAp groups show several sharp peaks typical from HAp,
indicating also a high crystallinity by presenting a similar ratio between 20 position of
32.166 (112 plane) and 32.92 (300 plane). No difference was observed in the XRD
patterns after 7 days of SBF immersion (figure 2), nor any of the evaluated days (6h,
1 day and 3 days), for all groups.
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Figure 1. XRD patterns obtained from all groups at baseline (no SBF immersion).
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Figure 2. XRD patterns obtained from all groups after 7 days of SBF immersion.

The infrared transmittance spectra of the samples before and after 7 days
in immersion in SBF are showed in figure 3. The BAG groups did not show crystallinity
after SBF immersion due to the absence of the PO,> functional group, following the
same results of XRD analysis. The broad band in spectral region 3100-3600 cm-1 is
caused by the adsorbed water with a peak at 3448 cm™ assigned to the hydroxyl group
stretching mode [23]. The other main peak is presented in 1730 cm™ assigned to C=0
stretch. The groups with particles showed a slight difference in the peaks. HAp groups
showed peaks at the region of 1040 cm™ and 560 cm™ assigned to asymmetric
stretching mode of the PO, functional group [24] while BAG groups showed a peak
at 1080-1090 cm™ that corresponds to Si-O-Si stretching.



Transmitance

Transmitance

—ICON

0d

—— B-Neat

0d

:

E

2

4

=

7d
CH
c=0

T T T T T T T a T -
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000

Wavenumbers (cm™')

——B-HAp

0d

Transmitance

T T T T
4000 3500 3000 2500 2000

Wavenumbers (cm ‘)

T
1500

T
1000

——T-HAp

T
1000

T T T T T
4000 3500 3000 2500 2000 1500

Wavenumbers (cm™')

' v
2500 2000
Wavenumbers (cm™)

0d

Transmitance)

T
1500

T
1000

Transmitance

25

—— T-Neat

0d

7d

——B-BAG

T T
2500 2000

v
3000
Wavenumbers (cm™')

T
1500

T
1000

500

T T
4000 3500 3000

T T T T
2500 2000 1500 1000

Wavenumbers (cm™')

—T-BAG
0d
0d
8
<
B
:
7d =
7d
f = g
v T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm ')
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The representative SEM images (figure 4) show the surface of Icon and
infiltrants disks before (left images) and after 7 days of SBF immersion (right images).
The images 4e and 4f show the distribution of HAp nanoparticles. Some agglomerates
can be seen, but in general the distribution of HAp is more homogeneous than 58S
BAG distribution. However, no difference was noticeable in the HAp particles after 7
days of SBF immersion. Less particles can be seen in the 4g and 4h images,
representing 58S BAG. There were more agglomeration of these particles if compared
to HAp, and also more size variation. It was observed a slight increase in the

concentration of these particles after 7 days of SBF immersion.
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Figure 4. SEM representative images of the groups at baseline and after 7 days of SBF immersion.
It can be noted the absence of particles in the groups Icon at baseline (a) and after 7 days of SBF
immersion (b) and Neat group at baseline (c) and after 7 days of SBF immersion (d). Images (e) and
(f) show the small aggregates of HAp particles, dispersed in the resin before and after SBF
immersion, respectively. Images (g) and (h) show the BAG particles dispersed in the resin, with a

slight increase in the concentration of particles after 7 days of SBF immersion (h).
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3.2 Photopolymerization reaction kinetics and degree of conversion

At 40 seconds of photoactivation, lcon and B-BAG groups had the lowest conversion
values, which were below 50% (DC at 40s, table 2). At the same time, the Neat and
HAp groups did not differ significantly in the degree of conversion values, ranging from
70.86 to 77.60%. After 5 minutes of photoactivation, all groups presented conversion

values higher than 80% (figure 5).

Table 2. Mean and standard deviation of maximum rate of polymerization (Rpmax), degree of
conversion at maximum rate of polymerization (DC at Rpmax), DC at 40s and Final DC
according to the groups.

Rpmax (% s-1) DC at Rpmax (%) | DC at 40s (%) | Final DC (%)
Groups Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Icon 1.59E-02 (8.41E-04)° 46.26 (2.02)° 44.94 (1.85)° | 84.32(1.15)°
B-Neat | 3.66E-02 (2.41E-03)° 50.31 (1.74)™® 74.01 (3.28)° | 84.05(0.84)®
T-Neat | 3.45E-02 (1.61E-03)° 47.98 (1.30)° 70.86 (1.28)° | 84.63 (0.62)°
B-HAp | 3.42E-02 (3.44E-03)? 54.97 (4.38)° 77.60 (3.12) | 83.70(0.88)®
T-HAp | 4.01E-02 (2.92E-03)° 46.97 (2.41)° 75.58 (3.87)° | 84.65 (1.13)°
B-BAG | 1.36E-02 (1.66E-03)° 33.73 (1.59)° 4712 (2.95)° | 81.42(1.01)]
T-BAG | 2.35E-02 (9.35E-04)° 48.21 (2.23)° 57.95 (2.36)° | 83.93 (1.02)®

Values followed by the same letter in the same column are statistically similar (One-way ANOVA/Tukeys

test, p< 0.05).
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Figure 5. Degree of conversion (DC) x time of all groups.

The maximum rate polymerization (Rpmax, table 2) had a same trend of DC at 40s,
Icon and B-BAG group had slower rates, B-BAG presenting the lowest DC at Rpmax.
All groups presented the double kinetic profile (figure 6).
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Figure 6. Rate polymerization (Rpmax) x degree of conversion (DC) of all groups.
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3.3 Viscosity assessment before curing

All experimental infiltrants presented significant increase in viscosity compared to Icon
(Figure 7) that showed the statistically lower viscosity. B-HAp group presented the
highest value among the groups and no statistical difference was found between the
groups without filler. DPI decreased the viscosity for groups containing the particles,

rendering T-BAG similar to Neat groups.
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Figure 7. Mean and standard deviation for viscosity according to the groups. Values followed by the
same letter are statistically similar (One-way ANOVA/Tukeys test, p< 0.05).

3.4 Water Sorption and Solubility
Icon presented the highest value of water sorption among the tested groups. The
lowest value of water sorption was found for B-Neat (Table 3). No statistically

significant difference was found for the solubility values (Table 3).

Table 3. Mean and standard deviation of water sorption and solubility according to the groups
(Mg/mm?).

Groups Water Sorption (SD) Solubility (SD)
Icon 49.58 (5.84)° 5.16 (3.03)°
B-Neat 30.55 (3.63)° 6.13 (2.01)°
T-Neat 38.63 (3.88)° 5.35 (1.96)°
B-HAp 35.18 (3.76)> 7.55 (1.64)
T-HAp 38.48 (4.36)° 8.14 (3.10)
B-BAG 36.29 (4.37)° 7.22 (1.96)°
T-BAG 38.78 (4.13)° 6.39 (2.33)°

Values followed by the same letter in the same column are statistically similar (One-way ANOVA/Tukeys
test, p< 0.05).
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4. DISCUSSION

The experimental infiltrants in this study presented variable changes in the physical
properties tested after incorporation of bioactive particles and few changes after adding
DPI. The first hypothesis of this study can not be accept, once was not possible to
confirm the bioactivity of 58S bioactivity glass. The incorporation of bioactive particles
in infiltrants is innovative and enables its use in pit and fissures lesions, once the
occlusal surface requires a material with better mechanical properties. Few studies
have investigated the addition of particles in infiltrants [6,15,17]. One study has tested
the incorporation of many types of bioactive particles, but only mechanical properties
were performed [15]. Additionally, the crystalline phase of HAp nanorods investigated
by Andrade et al. (2016) was characterized by XDR and FT-IR only before its
incorporation into the material. At our knowledge, no information was found in the
literature regarding the functionality of the bioactive particles after incorporation into
the infiltrants.

Considering studies that investigated the antimicrobial effect of bioactive
glasses in dimethacylate-based dental resin, perhaps the addition of only 10% of BAG
in the infiltrants may not be sensible enough to have its bioactivity demonstrated by
XDR and FT-IR in this study [16,19,25]. According a study, which tested the
incorporation of 10% or 20%wt of BAG in experimental adhesives, at 20%wt
concentration, the nanoparticles presented bioactivity while 10%wt concentration
seems to be low to induce the expected effect in the material [25], this fact was also
observed in the present study. Once the addition of particles in infiltrants increase its
viscosity, the authors recommend the incorporation of at most 15%wt particles to not
harm the penetrability of the infiltrant [26].

The monomer size, mobility and functionality are factors that can influence
the rate of polymerization of the material [27]. The rate of polymerization of all groups
presented a double kinetic profile formed by two phases. This could be occurred due
to the presence of microgels resulting in the polymerization-induced phase separation
[28]. Also, TEGDMA-rich mixtures can form island of heterogeneity and tends to
primary cyclization, where the pendant double bond reacts intramolecularly [28-30].
This two factors may be result in a synergistic effect leading to the double kinetic profile
presented, once all groups were composed by at least 75% of TEGDMA.
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Icon presented the lowest DC after at least 40 seconds of photoactivation,
which is the time of curing recommended by the manufacturer. However, the irradiance
used in this study has to be considered. Studies have found about 50-56% of degree
of conversion, considering 60s photoactivation time for Icon [15,31]. The low DC of
Icon could be explained by the high amount of TEGDMA (> 90%) in the material [15].
Therefore, the addition of other low viscosity monomers as Bis-EMA could improve the
polymerization of dimethacrylates, resulting in a cross-linked polymer that is related to
better mechanical properties [15,27].

The presence of HAp increased the DC at 40s compared to Icon and BAG
particles, therefore the second hypothesis of this study was partially accepted. This
found could be explained by the crystallinity of HAp, its diffraction and less scattering
effects may increase the rate of polymerization [17]. However, the addition of BAG
worsened polymerization kinetics, so possibly the vitrification happened earlier,
resulting in lower overall DC. It can be explained by the inhibition of free-radical
polymerization by electron transfer to oxides on the surface of particles [32]. This may
occur when the particles are unsilanized, so the oxide radicals formed are not able to
continue the reaction at the near-room temperature [32]. The particles were

unsilanized to allow an improved ion release.

Regarding DC at 40s, binary and ternary groups are similar, except when
BAG is present. It seems that the addition of DPI was not much helpful if the rate is
lower, because as DPI is a third component of the photoinitiator system, the reaction
becomes more sensitive and needs more activation energy to occur. In the reaction,
DPI decomposes into a phenyl radical by breaking the bond between the carbon and
iodine of the salt after receiving an electron generated by the excitatory state of
camphorquinone. The generated radicals can react with the residual amines by
releasing protons, generating more free amine radicals [13].

The lowest viscosity was found to Icon, due to the low molecular weight of
TEGDMA. Some rheology studies showed that viscosity increase exponentially when
smaller particles are added in the matrix [33]. Therefore, the presence of HAp and BAG
increased the viscosity as expected, being that B-HAp presented the higher viscosity
due to its smaller size (< 200nm). However, DPI| was able to compensate for this
increasing, reducing the viscosity and rendering T-BAG group similar to Neat groups.
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Although the higher viscosity has been found for HAp groups, this fact did not influence
DC, as well as, B-BAG that presented lowest DC did not have higher viscosity than
HAp groups. It is known that the higher the viscosity of the material the lower DC
reached by this, because of the reduced chain mobility in free-radical polymerization.
However, it is possible to obtain similar DC from blends with different viscosities, once
the blends have different structures and reactivities. Moreover, the intermolecular and
intramolecular interactions in the uncured material and during the photopolymerization
are not the same [34]. In this study, it seems that the interaction between the particles
and the light had more influence in the DC than the viscosity of the material.

Considering that the partition coefficient in water (log P) of TEGDMA is 1.42 and
BisEMA is 6.01 and that the more log P is near zero the higher the hydrophilicity of the
monomer, it is clear that Icon presented higher water sorption due to higher
concentration of TEDGMA in its composition. The water sorption is usually related to
the conversion achieved by the polymer besides the nature of its network [30], what it
was true for Icon. However, the B-BAG group also presented lowest DC at 40s (time
of photoactivation for WS/Sol tests), but it was not the one with the greatest WS.
Therefore, the log P seemed to have been more influential in water uptake. It is
important to note that low DC does not mean high concentration of unreacted
monomer, once the low DC could mean a lot of pedant bonds or presence of oligomers
that were not extracted in water [32].

When DPI is present, WS was slightly greater for Neat groups. However, no
difference was found for solubility results regardless presence of the bioactive particles
or DPI. These results corroborate with another study that have tested the same matrix
composition and the addition of 0.5mol% DPI increased the WS but not the solubility
[10]. According to studies, the amount and hydrophilicity of the leachable present in
the material also has influence in the solubility values, not only the amount of water
uptake into the network. So, pendant double bonds that favor WS, might not contribute
to monomers and oligomers leachable, which are tied to the network [30]. Therefore,
the third hypothesis of this study was partially rejected, once DPI did not decrease WS

and solubility and only decrease the viscosity when bioactive particles are present.

This study provided useful outcomes to guide new formulations of infiltrants.
The trend to achieve bioactive materials having remineralizing or antibacterial effect



34

need to be investigated to expand the infiltrants indications, as pit and fissures lesions,
and provide better restorative materials in general. Further studies should demonstrate
the bioactivity of other types of particles to find the better balance between these
effects in the oral cavity, physical-mechanical properties and also the penetrability of
the infiltrants.

4 CONCLUSIONS

According to the results of the present study, it can be concluded that BAG did not
improved physical-chemical properties nor produced bioactivity. The HAp particle
improved DC and presented crystallinity. The addition of particles resulted in higher
viscosity, which was decreased by DPI addition. HAp groups presented best balance
among the properties tested. SW/Sol were not affected by the presence of the

particles.
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3 CONCLUSAO

De acordo com os resultados do presente estudo, pode-se concluir que os padrdes
da difracdo de raios X e os espectros do FT-IR dos infiltrantes experimentais contendo
particulas bioativas ndo demonstraram a presenca da HAp apds 7 dias de imerséo no
SBF para os grupos contendo biovidro 58S. O grau de converséo, viscosidade e
sorgao em agua e solubilidade foram afetadas pela adigdo das particulas, onde a HAp
teve melhor desempenho para o GC, apesar de maior viscosidade. O biovidro 58S
diminuiu a taxa de polimerizagdo e GC, no entanto, a sor¢do em agua e solubilidade
nao foram afetadas pela adigdo do biovidro. A presenga de DFI diminuiu a viscosidade
apenas para grupos contendo particulas, mas n&o foi vantajoso para sor¢do e

solubilidade. Icon teve o menor grau de conversdo em 40s e maior sorgdo de agua.
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APENDICE 1

METODOLOGIA ILUSTRADA

1.1 Sintese do vidro bioativo 58S pelo método sol-gel

O vidro bioativo 58S foi composto por 60mol % SiO2, 36mol % CaO and 4mol % P20s
Para sintese desse material, foram misturados em um becker de vidro os
componentes tetraetil orto silicato (TEOS), agua destilada, trietil fosfato (TEP) e nitrato
de calcio tetrahidratado e essa solugdo foi agitada em um agitador magnético até a
formacdo de um gel. O TEOS foi adicionado em 1,6 ml de acido nitrico e 9,5 ml de
agua destilada, em uma concentragao de 13,2 ml, e foi utilizado como precursor para
a silica. Essa solugao foi agitada durante 30 minutos em agitador magnético. Em
seguida, 0,7 ml de TEP, que foi utilizado como precursor para o fosfato, foi adicionado
na solugdo, e, apos 20 minutos de agitagcdo magnética, 5,8 g de nitrato de calcio
tetrahidratado foi adicionado. A agitagao ocorreu durante um tempo suficiente para
dissolver completamente o nitrato de calcio e até formar um gel. O gel foi seco em
forno a uma temperatura de 180 °C, durante 6 horas, seguido pela secagem do
material no forno durante 17 horas em 700 °C. O aspecto do material apos a secagem
pode ser observado na imagem 1, lado esquerdo, onde esse produto foi triturado em
almofariz de agata e peneirado de forma a se obter particulas de tamanho inferior a

45 um, prontas para serem incorporadas nos infiltrantes experimentais.

Figura 1 — Aspecto do biovidro 58S apds secagem em forno, antes e apds trituragéao
mecanica em almofariz de agata.
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1.2 Formulagao dos grupos experimentais

Os infiltrantes experimentais tiveram sua composicao definida baseada em estudos
prévios (Mathias et al., 2018) e foram manipulados em ambiente com luz amarela e
temperatura controlada (25 °C). As matrizes foram obtidas misturando-se 75% em
peso de trietilene glicol dimetacrilato (TEGDMA) e 25% em peso de etoxi bisfenol A
glicidil dimetacrilato (BisEMA). A essas matrizes foram adicionadas 0,5 mol% de
canfororquinona e 1 mol% de etil 4-dimetilaminobenzoato (EDAB). Essa mistura foi
dividida em 6 grupos experimentais de acordo com o sistema fotoiniciador e as
particulas bioativas utilizadas. O infiltrante Icon foi utilizado como controle comercial
(tabela 1).

Apoés a adicdo de 10% em peso de hidroxiapatita (Sigma-Aldrich, Steinheim,
Alemanha, <200 nm) ou 10% em peso de vidro bioativo 58S (<45 um), os infiltrantes
experimentais foram agitados em agitador magnético durante 24 horas para
incorporacgao das particulas. Apos esse periodo, as misturas foram colocadas em um
dispositivo a vacuo durante 20 minutos para eliminacédo de bolhas de ar do material.
Apos esse procedimento, as misturas foram submetidas a banho ultrasénico durante
30 minutos para evitar a aglutinagdo das particulas. Todos os infiltrantes foram
armazenados sob refrigeragéo (4°C).

Tabela 1. Composi¢ao dos grupos de acordo com o sistema fotoiniciador e particulas bioativas
utilizadas.

Grupos | Composigcao

B-Neat | (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB

T-Neat | (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB/ 0.5 mol% DFI
(3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB + 10 wt%

B-HAp
Hidroxiapatita

T-HAp (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB/ 0.5 mol% DFI + 10
wt% Hidroxiapatita

B-BAG (3:1) TEGDMA/BIsEMA, 0.5 mol% CQ/ 1 mol% EDAB + 10 wt% vidro
bioativo 58S

T-BAG (3:1) TEGDMA/BisEMA, 0.5 mol% CQ/ 1 mol% EDAB/ 0.5 mol% DFI + 10

wt% vidro bioativo 58S

Icon Resina a base de TEGDMA
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Todos os materiais foram obtidos da Sigma-Aldrich (Steinheim, Alemanha). TEGDMA: trietilene glicol
dimetacrilato; Bis-EMA: etoxi bisfenol A glicidil dimetacrilato; CQ: canforoquinona; EDAB: etil 4-

(dimetilamino) benzoato; DFI: hexafluorofosfato de difeniliodonio; B: grupos binarios; T: grupos ternarios.

1.3 Imersao de corpos de prova no FCS e caracterizagao por DRX e FT-IR

Para avaliar a capacidade de formacao de hidroxiapatita (bioatividade) pelos grupos
que continham particulas bioativas, um disco de cada grupo foi confeccionado com as
dimensdes de 9,5mm de didmetro e 2 mm de altura, utilizando uma matriz metalica
(Figura 2a), para posterior imersdo em FCS. Os discos foram fotoativados com luz
LED por 40 segundos, e uma tira de poliéster foi utilizada para garantir a lisura da
superficie a ser analisada.

Para formulacdo do FCS foram utilizados os seguintes reagentes: (1)
cloreto de sdédio, (2) bicarbonato de sdédio, (3) cloreto de potassio, (4) fosfato
dipotassico tetrahidratado, (5) cloreto de magnésio hexahidratado, (6) cloreto de
calcio, (7) sulfato de sddio, (8) tris-hidroximetil aminometano, (9) 1M (mol/l) acido
cloridrico e (10) solugéo padrao de pH (pH 4, 7 e 9). Para preparacgao de 1| de SBF,
foram colocados 700 ml de agua deionizada e destilada em um recipiente plastico de
1000ml, com uma barra de agitagao. O frasco foi coberto com tampa e colocado em
banho-maria no agitador magnético. A agua foi aquecida no frasco ate 36,5 + 1,5 °C
sob agitagdo. Os reagentes de 1 a 8, nessa ordem, foram dissolvidos um a um na
solugédo a 36.5 + 1.5 °C. Os reagentes 9 e 10 (pequena quantidade de acido cloridrico)
foram dissolvidos para o ajuste do pH. O pH foi ajustado a 7,4 exatamente a 36,5 °C,
na condigao de que a taxa de aumento ou diminuicdo da temperatura da solucéo fosse
menor do que 0,1 °C/min. Apds o ajuste do pH, a solugéo foi despejada em baldo
volumétrico de 1000 ml (Figura 2b), que foi mantido na agua para arrefecer até 20 °C.
Agua deionizada e destilada foi adicionada até a linha demarcada do balo e a solugéo
foi entdo preservada em garrafa plastica sob refrigeracéo (5-10 °C). Os corpos de
prova foram imersos em 7 ml de SBF por amostra, durante 6 horas, 1, 3 e 7 dias. A
solucao de SBF foi renovada em 3 dias para evitar o aumento da concentracédo de
cations na solugdo. Ao final de cada periodo de avaliagdo, as amostras foram
removidas do SBF, lavadas com agua destilada e secadas para avaliagcdo no
difratdbmetro de raios X (Figura 3).
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Figura 2 — a — Matriz metalica utilizada para confecgdo dos corpos de prova para
caracterizagao por meio do DRX, FT-IR e MEV apds imersédo em SBF; b — Aspecto
transparente da solugdo SBF utilizada no estudo, imediatamente antes a graduagéao
final.

Figura 3 — Difratdmetro de raios X. a — visao externa do equipamento, b — viséo interna
do equipamento. (Imagem disponivel em
https://sites.google.com/view/drxccn/informagoes).
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Para analise das amostras em FT-IR (Figura 4b), as amostras que foram
submetidas ao SBF por 7 dias e amostras de cada grupo ndo submetidas ao SBF
(controle) foram seccionadas ao meio e individualmente trituradas em almofariz de
agata. O po resultante foi pesado e misturado ao brometo de potassio (KBr) em uma
proporcao de 1:30. A mistura em po6 foi pressionada em um dispositivo metalico em
formato de disco, durante 10 minutos (Figura 4a). Apds, o dispositivo foi posicionado
no suporte no interior do FT-IR de modo que o feixe de luz infravermelho passasse no
centro da amostra (Figura 4c). O espectro foi registrado em um intervalo entre 4000-

-1 -1
400 cm com 32 escaneamentos e resolucdo de 4 cm .

Figura 4 — a — Dispositivo utilizado para confec¢gdo da amostra em estudo
triturada e acrescida de brometo de potassio; b — Equipamento de espectroscopia por
transformada de Fourier (FT-IR) utilizado para caracterizagdo do material estudado; c
— Posicionamento da amostra no interior do FT-IR.

1.3 Cinética de polimerizagao

Para a realizagdo da cinética de polimerizagdo, amostras em formato de disco (n=3)
foram confeccionadas, com as dimensdes de 5 mm de didmetro e 0,5mm de altura,
utilizando borrachas pré-cortadas. As amostras foram confeccionadas entre duas
ldminas de vidro (Figura 5a). Esse conjunto foi fixado verticalmente no porta-amostras
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do FT-IR, de modo que o feixe infravermelho passasse no centro da amostra. O
aparelho fotoativador Valo foi fixado em um suporte metalico externo ao FT-IR e
posicionado a 3 cm da amostra, de modo a ndo se sobrepor ao feixe do infravermelho
(Figura 5b). Os espectros foram coletados durante 330 segundos, nos quais nos 30
primeiros segundos a amostra ndo estava sendo polimerizada, e apds 30 segundos a
luz LED foi acionada e a amostra foi polimerizada durante 300 segundos. Foram
realizados 2 escaneamentos por espectro, com resolucdo de 4cm™ e o pico

considerado foi 6165 cm™. O grau de conversao foi calculad a partir da razdo da area

area do mondémero

do pico examinado de acordo com a férmula: GC = (1 — )x 100

area do polimero

A taxa de polimerizagao foi calculada de acordo com a curva da conversao x
tempo. Os parametros de maxima taxa de polimerizagéo e grau de conversao na taxa

maxima de polimerizagdo também foram determinados.

Figura 5 — a — Confecgao das amostras para cinética de polimerizagao, utilizando duas
laminas de vidro e matriz de borracha preta; b — posicionamento da amostra e do
aparelho fotopolimerizador (Valo) para realizagao da cinética de polimerizagdo no FT-
IR.

1.4 Viscosidade

A analise reoldgica da viscosidade (n = 3) dos materiais testados foi realizada em
redmetro. O prato de acrilico de 20 mm foi utilizado devido a presenca de particulas
em alguns grupos. Aproximadamente 1 g de cada material previamente pesado
(Figura 6a) foi depositado sobre o prato de acrilico com auxilio de uma espatula
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(Figura 6b). Apos a aproximagao dos pratos, formando 300um entre eles (Figura 6¢),
0 excesso de material foi limpo com papel absorvente. A taxa de velocidade utilizada
variou entre 0,1 to 100s™.

Figura 6 — Metodologia para teste de viscosidade; a — Aproximadamente 1g de cada
infiltrante experimental e o infiltrante comercial foi utilizado para afericdo da
propriedade reoldgica; b — prato de acrilico acoplado ao reémetro, onde os materiais
foram depositados para medigao da rugosidade; ¢ — pratos exibindo gap de 300um
entre si, contendo o material testado.

Durante o experimento, o grafico da viscosidade x taxa de velocidade foi
sendo formado no software TRIOS acoplado ao redbmetro (Figura 7). Para o calculo
da vicosidade foi considerada a média dos 3 pontos mais lineares da linha azul do
grafico para cada amostra.

Figura 7 — Grafico de viscosidade exibido pelo software TRIOS (TA Instruments, New
Castle, DE, USA).
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1.5 Dado utilizado na discussao

Foi utilizado o software ChemBioDrawn Ultra para desenho e calculo do partition
coefficient in water (log P) para os monémeros Bis-EMA e TEGDMA (Figuras 8 e 9).

Figura 8 — Calculo do log P para o Bis-EMA executado pelo software ChemBioDrawn
Ultra (PerkinElmer, Waltham, MA, EUA).
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Figura 9 — Calculo do log P para o TEGDMA executado pelo software ChemBioDrawn
Ultra (PerkinElmer, Waltham, MA, EUA).
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